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6.0 CRITICALITY EVALUATION 

This chapter documents the criticality evaluation of the Universal Transport Cask package with 

PWR and BWR payloads. The results demonstrate that the cask package design meets the 

criticality requirements of IAEA Safety Series No. 6 [2] and of 10 CFR 71 sections 71.55 and 

71.59 [1]. For the cask containing either PWR or BWR payload, the value of the transport index 

for nuclear criticality control is determined to be zero and thus meets the requirements of 10 CFR 

71.59. Therefore, an infinite number of packages remain subcritical during normal conditions of 

transport and hypothetical accident conditions. The transport index based on radiation is 

determined in Chapter 5.0.  

6.1 Discussion and Results 

The Universal Transport Cask is designed to safely transport 24 intact PWR fuel assemblies with an 

initial enrichment of 4.2 wt % 235U or 56 intact BWR fuel assemblies 4.0 wt % 235U. Primarily on 

the basis of their lengths and cross sections, the fuel assemblies are sorted into classes. Three 

classes of PWR fuel assemblies and two classes of BWR fuel assemblies are evaluated for 

transport. Five Transportable Storage Canister assemblies of different lengths and configuration are 

designed to transport the three classes of PWR fuel assemblies and the two classes of BWR fuel 

assemblies. The canister assembly includes a fuel basket within which fuel is loaded.  

Criticality control in the PWR basket is achieved by using a flux trap principle. Individual fuel 

assemblies are surrounded by a neutron absorber and four BORAL sheets and are separated by a 

gap that is filled with water during hypothetical accident conditions when the canister is flooded.  

Fast neutrons escaping one fuel assembly are moderated in the gap between the assemblies and 

absorbed by the neutron poison surrounding the assemblies. The flux trap spacing is maintained 

by the baskets stainless steel support disks which separate individual fuel assembly tubes.  

Alternating stainless steel disks and aluminum heat transfer disks are placed axially at intervals 

determined by thermal and structural constraints. The PWR basket design includes 30, 32, or 34 

support disks and 29, 31, or 33 heat transfer disks, respectively, depending upon the three classes 

of PWR fuel the basket is designed to contain. The minimum loading of the BORAL sheets in 

the PWR fuel tubes is 0.025 g 10B/cm2. Steel cladding holds the BORAL sheets in place.  

Individual fuel assemblies in the BWR basket are separated from adjacent fuel assemblies by a 

water gap and a single poison sheet. Although it does not form a flux trap during accident

6.1-1
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conditions this type of arrangement also absorbs thermal neutrons in the poison sheet. Given the 
smaller amount of fissile material in BWR assemblies compared with PWR assemblies, the 
single poison sheet arrangement of the BWR basket provides criticality control at a cask neutron 
multiplication factor (ks) below 0.95. The assembly spacing is maintained by carbon steel disks 
separating individual fuel assembly tubes placed axially at intervals determined by thermal and 
structural constraints. Each BWR basket design includes 40 or 41 support disks, depending upon 
the class of BWR fuel the basket is designed to contain. The BWR basket design also includes 
17 aluminum heat transfer disks. Of the total 56 fuel tubes in each BWR basket, 42 tubes 
contain BORAL sheets on two sides of the tubes; 11 tubes contain BORAL sheets on one side; 
and the remaining 3 tubes contain no BORAL. 95 BORAL sheets are sufficient to provide one 
sheet between any two adjacent fuel tubes. The minimum loading of the BORAL sheets in the 
BWR tubes is 0.011 g 10B/cm2.  

The SCALE 4.3 Criticality Safety Analysis Sequence (CSAS) [3, 4] is used to perform the 
Universal Transport Cask criticality analysis. This sequence includes KENO-Va [5] (Petrie) 
Monte Carlo analysis to determine keff under normal and accident conditions. The 27-group 
ENDF/B-IV neutron cross-section library [6] is used in all calculations, including those used to 
evaluate the sensitivity of the package to a range of moderator densities and center-to-center 
spacings. The most reactive PWR and BWR fuel assemblies, in their respective basket 
configuration, are used in the criticality calculations for the cask. The most reactive PWR 
assemblies are Westinghouse 17x17 OFA and the most reactive BWR fuel assemblies are 
Exxon/ANF (Ex/ANF) 9x9 with 79 fuel rods (see Section 6.4.1.2 for detailed discussion). These 
assemblies bound, respectively, all PWR (Classes 1-3) and BWR (Classes 4-5) fuel assemblies to 
be transported (see Table 6.2-1), as demonstrated in Section 6.4.1.2.  

The _MONK8a (AEA&Tqchnology) [20] Monte Carlo Program for Nuclear Criticality Safety 
Analysis is used to evaluate the change in reactivity as a result of the Universal Transport Cask 
top end drop accident scenario..Evaluation of this scenar iois reported in Section 6.4.5.  

The results of the criticality analyses are presented in Section 6.4.. The values are summarized in 
Table 6.1-1.

6.1-2
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Table 6.1-1 Summary of Criticality Analysis Results

PWR BWR 
(Most Reactive Assembly (Most Reactive Assembly 

Condition Westinghouse 17x17 OFA) Exxon/ANF 9x9) 

keff ± (T k, kf- k, 

Normal conditions: 

Wet-Inside and Outside-Fuel 0.9247±0.0009 0.9387 0.9055 ± 0.0008 0.91.96 

Intact (Single Cask)* 

Dry Inside and Optimum 0.3988 ± 0.0007 0.4128 0.465 ± 0.0008 0.4i46 

Moderation Outside Fuel 

Intact (Cask Array) 

Hypothetical Accident 

Conditions 

(100% Fuel Failure): 

Wet Inside and Outside 0.9333 ± 0.0009 0.9475 0.9357 ± 0.0008 0.9497 

100% Fuel Failure 

(Cask Array) 

* Cask is loaded dry and transported dry. This set added to satisfy 10CFR71.55.  

Conservatisms contained in these analyses are as follows.  

1. Fuel assembly with maximum uranium loading (95% theoretical density).  

2. 75% of the nominal 10 3B loading in the BORAL.  

3. Infinite array of casks in the x-y plane.  

4. Infinite fuel length with no inclusion of end leakage effects.  

5. No structural material present in the assembly.  

6. No dissolved boron in the cask cavity or surrounding loading or storage area.  

7. No credit taken for fuel burnup or for the buildup of fission product neutron poisons.  

8. Water inside fuel rod cladding, i.e., 100% fuel failure and water intrusion under accident 

conditions.  

9. No control components in PWR assemblies; no burnable poison in PWR or BWR assemblies.
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6.2 Package Fuel Loading 

The Universal Transport Cask is designed to transport one of five Transportable Storage 

Canisters of different lengths. Each canister is specifically designed to accommodate one of 

three classes of PWR fuel assemblies or one of two classes of BWR fuel assemblies. The 

classification of the fuel assemblies is based primarily on fuel assembly length and cross section.  

The classes of major fuel assemblies to be transported in the cask and their characteristics are 

shown in Tables 6.2-1 (PWR) and 6.2-2 (BWR). Lirmting fuel axial dimensions for-each class 

are provided in Table 6.2-3.

6.2-1
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Table 6.2-1 PWR Fuel Assembly Characteristics (Zirc-4 Clad)

6.2-2

June 1999 
Revision UMST-99A
Revision UMST-99A

No-of Active 
Fuel Max Fuel Pitch Rod Dia. Clad Thick Pellet Length Class Vendor Array Yersion MTU Rods () (in) (i) Dia (in) (in) 

1 CE 14 x 14 Std. 0.4037 176 0.5800 0.440 0.0280 0.3765 137.0 
1 CE 1i4 x 14 Ft Cal. 0.3772 176 0.5800 0.440 0.0280 P.3765 128.0 
1 CE 5 x 15 Palis. 0.4317 216 0.5500 0.418 0.0260 0.3580 132.0 
1 CE i16 x 16 Lucie 2 0.4025 236 0.5060 P.382 0.0250 0.3250 136.7 
I Ex/ANF 14 x 14 WE 03689 179 0.5560 0P424 0.0300 0.3505 142.0 
I Ex/ANF 114 x CE 0.3814 176 0.5800 0.440 0.0310 0.3700 134.0 
1 Ex/ANF 14 x 14 Praire Isi. 0.3741 179 0.5560 0.417 0,0300 0.3505 144.0 
1 Ex/ANE 15 x 15 WE 0.4410 204 0.5630 0.424 0.0300 Q.3565 144.0 
1 Ex/ANF 15 x 15 Palis 0.43 10 216 0,5500 0.417 0.0300 0.3580 131.8 
1 Ex/ANF 17Ax 17 WE 0.4123 264 0.4960 0.360 0.0250 P.3030 144.0 
j WE 14 x 14 StdiZCA 0.4144 179 0,5560 0,422 Q.0225 0.3674 '145:2 1 WE 14 x 14 OFA 0.3612 179 0.5560 0.400 0.0243 0.3444 •144.0 
1 WE 14 x 14 StdLZCB 0.4144 179 0.5560 0.422 0.0225 0.3674 145.2 
1 WE 14 x 14 CE Model 0.4115 176 0.5800 0.440 0.0260 0-3805 136.7 
1 WE 15 x15 Std 0.4646 204 0.5630 0.422 0.0242 0.3659 :144.0 
1 WE 15 x 15 Std/ZC 0.4646 204 0.5630 0.422 0.0242 0.3659 .144.0 
I WE 15 x 15 OFA 0.4646 204 0.5630 0.422 0.0242 0.3659 144.0 
1 WE 17 x 17 Std 0.4671 264 0.4960 0.374 0.0225 03225 !44.0 
1 WE 17 x 17 OFA 0.4282 264 0.4960 0.360 0.0225 0.3088 144.0 
1 WE 17 x 17 Vant 5 0.4282 264 0.4960 Q.360 0.0225 0.3088 1.0 

2 B&W 15 x 15 Mark B 0.4807 208 0.5680 0.430 0.0265 0.3686 144.0 
2 B&W 15 x 15 Mark BZ 0.4807 208 0.5680 0.430 0.0265 0.3686 14.0 
2 B&W 17 x 17 Mark C 0.4658 264 0.5020 0.379 0,0240 Q.3232 ••3.0 
3 CE 16 x 16 Sono 2&3 0.4417 236 0.5060 0.382 0.0250 0.3250 150.0 
3 CE 16 X 16 ANO2 0.4417 236 0.5060 0.382 0.0250 0.3250 150.0 
3 CE 16 x 16 SYS80 0.4417 236 0.5060 0.382 0.0250 Q.3250 150.0
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Table 6.2-2 BWR Fuel Assembly Characteristics (Zirc-2 Clad)

No of Actiye 
Fuel Max Fuel Pitch Rod Dia Clad Thick Pellet Length 

Cla s Vendor A ýrrray Version MTU Rods (in) tin) (in) Dia (in) 6in) 
4"5) Ex/ANF 7X 7 GE 0.1,960 48 0.738 0.570 0.036 0.490 144 

4 Ex/ANF 8 X 8 JP-3 0.1764 63 0.641 0.484 0.036 0.4045 145.2 

4 Ex/ANF 9 X 9 JP-3 0.1722 79 0.572 0.424 0.03 0.3565 !145.2 

4 GE 7 X 7 GE-2a 0.1985 49 0.738 0.570 0.03.6 0.488 J144 
4 GE 7 X 7 GE-2b 0.1977 49 0.738 0.563 0.032 0.487 l44 
4 GE 7 X 7 GE-3 0.1896 49 0.738 9.563 0,037 P.477 144 

4 GE X.8 GE-4 0.1855 63 0.640 0,493 0.034 0.416 144 

4 GE 8 X 8 GE-5 0.1788 62 0.640 0.483 0.032 '.410 145.2 

4 GE 8 X 8 GE-6 (prep) 0.1788 62 0.640 0.483 0.032 0.410 !45.2 

4 GE 8 X 8 GE-7 (barr) 0.1788 62 0.640 0.483 0.032 0.410 145.2 
4 GE 8 X 8 GE-8 0. 1730 60 0.640 0.484 0.032 0.410 145,2•'l 
4 GE 8 X 8 GE-10 0.1730 60 0.640 0.484 0.032 0.410 145,2(12) 

506) Ex/ANF 8 X 8 JP-4,5 0.1793 62 0.641 0.484 0.036 0.4045 150 
5 Ex/ANF 9 X 9 JP-4,5 0.1779 79 0.572 0.424 0.03 0.3565 150 
5 Ex/ANF 9 X 9 JP-4,5 0.1666 74 0.572 0.424 0..03 0.3565 150 

5 GE 7 X 7 GE-2 0.1977 49 0.738 0.563 0.032 0.487 .144 
5 GE 7 X 7 GE-3a 0.1896 49 0.738 0.563 0.03.7 0.477 J144 
5 GE 7 X 7 GE-3b 0.1923 49 0.738 0.563 0.037 0.477 146 
5 GE 8 X 8 GE-4a 0.1855 63 0.640 0.493 0.034 0.416 144 
5 GE 8 X 8 GE-4b 0.1880 63 0.640 0.493 0.034 0.416 146 
5 GE 8 X 8 GE-5 0.1847 62 0.640 0.483 0.032 0.410 150(7' 
5 GE 8 X 8 GE-6 (prep) 0.1847 62 0.640 0.483 0.032 0.410 150."' 
5 GE 8 X 8 GE-7 (barr) 0.1847 62 0.640 0.483 0.032 P.410 7150") 

5 GE 8 X 8 GE-10 0.1787 60 0.640 0.484 0.032 0.410 150(1,2) 

5 GE 9X 9 GE-I l 0.1854 74 0.566 0.441 0.028 P.376 T5ý("'1,41 

5 GE 9 X 9 GE-11 0.1979 79 0.566 0.441 0.028 0376 014 

Notes 1. 6-in, natural uranium blankets on top and bottom.  
2. 1 large water hole - 3.2 cm ID, 0.1 cm thickness.  
3.2 large water holes occupying 7 fuel rod locations -2.5-cm ID, 0.07 cm thickness.  
4. Shortened active fuel'length-in somerods.  

5. Class of fuel for BWR/2-3.  
6. Class of fuel for BWR/4-6.

6.2-3
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table 6.2-3 _jMS_ ransportCasklTogp End Impact Bounding Fuel Dimensions 

UMS Canister2Clas1 3 4 
Vendor WVE )3&W C9 E~qANF xANFf 
Array 15 x15 15 x15 16 x16 9 x9 9x9 
Xctive Length (inch) 144 144 150 14.5.2 
Fuel Rod Height (inch) 152.756 '153.125 161.168 155.52 160.288 
Top End-Cap Height (inch) 0.685 0 0.5 1.675 
B ottomEnd-CapHeight (inch) 0.685 Q 0.891 O.355 0.355 
Lower Plenum Region Height (inch) 0 4.5625 0 0 
Fuel Assembly Height (inch) 160.1 ;165,625 67.80-3 1 ;792' )'76.O58 
Lower Nozzle Height (inch) 2.738 2 3812 69.94 
Upper Nozzle Height (inch) 3.48 8.875 9.723 7.5 7.5 
Gap Fuel Rod To Bottom Nozzle (inch) 0 0 0 06 
Upper Plenum Region Height (inch) 5.01 •4.5625 19.527 9.5 p.578 
Gap Fuel Rod To Top Nozzle (inch) 1,037 19.625 2.1 Q Q 
Limiting Distance From Assembly Top 
to Fuel, Rods To Assembly Top & Fuel 
Into 50% of Plenum (inch) 6.670 11.156 14.987 13.965 13.974
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6.3 Criticality Model Specification 

6.3.1 Calculational Methodology 

The SCALE 4.3 PC CSAS25 [3, 4] sequence and the SCALE 27-group neutron library are used 

to perform the criticality analysis of the Universal Transport Cask for transporting both PWR and 

BWR fuel. This sequence includes the SCALE Material Information Processor, [7] BONAMI-S, 

[8] NITAWL-S, [9] and KENO-Va [5]. The Material Information Processor generates number 

densities for standard compositions, prepares geometry data for resonance self-shielding, and 

creates data input files for the cross-section processing codes. The BONAMI-S and NITAWL-S 

codes are used to prepare a resonance-corrected cross section library in AMPX working format.  

The KENO-Va code uses Monte Carlo techniques to calculate the model keff. The 27-group 

ENDF/B-IV group neutron library is used in all KENO-Va cask criticality calculations.  

The CSAS criticality analysis sequence is validated through a series of calculations based on 

critical experiments performed by Babcock and Wilcox (B&W), Pacific Northwest Laboratory 

(PNL), and Valduc Critical Mass Laboratory (VCML). The 27-group ENDF/B-IV neutron 

cross-section library is used in the validation, which includes statistical analysis of results.  

Validation of the CSAS and the method statistics are addressed in Section 6.5.  

The criticality analysis of the Universal Transport Cask is performed in several steps.  

The MONK8a (AEA Technology) [20] Monte Carlo Program for Nuclear Criticalityafety 

Analysis is used to evaluate the change in reactivity as a result of the Universal Transport Cask 

top end drop accident scenario. This code employs the Monte Carlo technique in combination 

with JEF 2.2-based point energy neutron libraries to determine the effectiev. ..neutron 

multiplication factor (kf,@. The specifilibraries are dec96j2v5 for general neutron cross section 

information and therm96j2v2 for thermal scatter data in the water moderator. MONKga,.with 

the JEF 2.2 neutron cross section libraries, is benchmarked by comparison to. criticalexpe-rimets 

relevant to Li'ght Water R.eactor fuel in storage andI transport casks as shown in Section06.55 

The major PWR and BWR fuel assembly designs provided in Tables 6.2-1 and 6.2-2 are 

screened to identify sets of standard PWR and BWR arrays to be included for criticality 

analysis.

6.3-1
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"* The identified sets of arrays are analyzed to determine the most reactive PWR and BWR 
fuel assemblies for design basis.  

" The criticality impact of mechanical perturbations and geometric tolerances is resolved on 
the basis of a fuel tube-in-basket model (PWR) and a basket in-cask-model (BWR) in 
which the most reactive assembly is used. See Section 6.4.1.2, the most reactive 
assembly analysis, for a description of the fuel tube-in-basket (PWR) and basket-in-cask 
(BWR) models.  

" A canister-in-transport cask model is prepared to evaluate the reactivity variation between 
normal and worst-case configuration of the cask contents under normal and hypothetical 
accident conditions.  

" Values of keff and k, (the bias adjusted keff) are evaluated for a single cask and for an array 
of casks. The evaluation is based on the worst-case configured cask basket under normal 
operating and accident conditions.  

The results of criticality calculations for PWR and BWR assembly loaded casks are provided in 
Sections 6.4.3.2 and 6.4.3.3, respectively.  

6.3.2 Basket Model Assumptions 

Assumptions for the basket model are as follows.  

"* The fuel assembly is modeled at a fuel density of 95% theoretical (0.95x10.96 gm/cm 2 = 

10.412 g/cm 2).  

" Baseline enrichment for the PWR fuel assembly is 4.2 wt% 3.5U. The PWR fuel 
assembly included in this model is the Westinghouse 17x17 OFA fuel assembly which is 
determined to be the most reactive assembly in the PWR basket (see Section 6.4.1.2.1).  
The most reactive BWR fuel assembly included in this model is the Ex/ANF 9x9 fuel 
assembly with an enrichment of 4.00 wt% ...3 U (see Section 6.4.1.2.2). BWR analysis of 
heterogeneous versus homogeneous pin enrichment shows that assuming a homogeneous 
"bundle average" enrichment produces conservative keff values in the BWR canister (see 
section 6.4.1.3.2).
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" No fuel assembly structural materials (e.g., spacer grids) are included in the active fuel 

region (except for the fuel assembly channels in the BWR case). Eliminating the 

structural materials simplifies model construction significantly. Removing parasitic 

absorbers and increasing the effective HIU ratio in the normally under-moderated 

assembly increases reactivity. Evaluation of the reactivity impact for a variety of channel 

dimensions in the BWR most reactive assembly analysis demonstrates that the impact of 

the channel material on cask criticality is not statistically significant. Removal of the 

channel on the most reactive assembly (Ex/ANF 9x9) resulted in keff decrease of 0.001 

from 0.872 to 0.871 with a Monte Carlo uncertainty of 0.001.  

"* Fuel assembly neutron poisons, e.g., gadolinium rods (BWR), are excluded from the 

analysis, thereby substantially increasing assembly reactivity of the unburned assembly.  

"* The array for all KENO-Va analyses is axially infinite, i.e., no axial leakage.  

" Geometric tolerances and mechanical perturbations (fuel movement in tube, tube 

movement in the disk opening, and combined fuel and tube movement) are analyzed to 

arrive at the highest reactivity basket configuration. PWR system geometric tolerances 

and mechanical perturbations are initially evaluated by using an "infinite array" of tubes 

in the basket model. An "infinite array" of tubes is produced by modeling mirrored 

boundary conditions in the x-y plane and a single fuel tube surrounded by the basket 

structure out to one half the web width. A basket-in-canister model taking into account 

any positive biases determined from the single-tube-in-basket model is the "worst case," 

highest reactivity, transport cask configuration. BWR geometric tolerances and 

mechanical perturbations are directly evaluated by a basket-in-cask model.  

"* Fuel assembly cladding is intact. For normal operating conditions, no water is present in 

the gap between fuel pellet and clad. For hypothetical accident conditions, water is 

present in the pellet-to-clad gap. Because the cask is shown not to fail structurally under 

normal or accident conditions and the presence of water in the pellet-to-clad gap requires 

failure of the sealed canister and fuel in addition to failure of the cask, the assumption of 
water in the pellet-to-clad gap for accident analysis is extremely conservative.  

"* Full-density moderator is water at standard temperature and pressure (293°K and 0.9982 

g/cm3).
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"* Fuel, cladding, and structural materials are at 293°K.  

"*1 0B density is reduced to 75% in accordance with 10 CFR 71 licensing guidance and 
requirements provided in the "Standard Review Plan for Dry Cask Storage Systems" 
(NUREG-1536) [11].  

"* The basket will retain their structure and will not show any significant permanent 
deformation during normal or accident conditions.  

" The basket-in-transport-cask model for the KENO-Va neutron shield dimensions for the 
account for radial neutron shield expansions space (1/8 in. modeled as void) and an 
equivalent volume neutron shield and neutron shield shell thickness.  

"Dburing ithetop end drop accident condition, aIll fuel rods in eachassemblyare shifted to 
the top of the assembly, the fuel within these rods are shifted up half, the heigýht of. the 
plenum, and each assembly is shifted up until it 'is in contact with the lid, while the' 
toleranced basket remains in contact with the canister bottom plate.  

6.3.3 Description of Calculational Models 

The Universal Transport Cask PWR KENO-Va model is derived from a cylindrical segment of 
the cask at the active fuel region. The model is a stack of four slices containing one aluminum 
disk, two identical water regions, and one steel disk region (stack is aluminum, water, steel, 
water). The basket is modeled in each slice and contains 24 design basis PWR fuel assemblies at 
4.2 wt% 235U enrichment and fuel density corresponding to a 95% theoretical fuel density. The 
fuel pin array is explicitly modeled in each of the 24 possible locations. Each basket slice is 
surrounded by the cask body shielding regions of steel, lead, steel, NS4FR and steel. Each cask 
slice is surrounded by a cuboid. The four slices are stacked into the KENO global unit.  

The KENO-Va model for the cask containing BWR fuel is also derived from a cylindrical 
segment of the cask at the active fuel region. The model is a stack of four slices, one at the 
carbon steel disk elevation and thickness, one at the aluminum disk elevation and thickness, and 
two composed of the water space between disks. The basket is modeled in each slice and 
contains 56 design basis BWR fuel assemblies at 4.0,0 wt% -,5U enrichment and fuel density 
corresponding to a 95% theoretical fuel density. The fuel pin array is explicitly modeled in each
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of the 56 possible locations. Each basket slice is surrounded by the cask body shielding regions 

of steel, lead, steel, NS4FR, and steel. Each cask slice is surrounded by a cuboid. The two slices 

are stacked into the KENO global unit.  

In both the PWR and BWR KENO-Va models, periodic boundary conditions are imposed on the 

top and bottom of the global KENO-Va unit to simulate an infinite cylinder, and reflecting 

boundary conditions are imposed on the sides, thereby simulating an infinite number of casks in 

the x-y plane. The reflecting boundary condition on the exterior cuboids x-y faces forms a square 

pitch array. As shown in Section 6.4 the transport casks are neutronically isolated from one 

another. Therefore no further array configuration (i.e. triangular pitch) requires analysis.  

Moderator density is varied both in the cask cavity regions voided during normal operations and 

in the exterior cuboid. Cask center-to-center spacing is varied by the x-y dimensions of the 

exterior cuboid. The same model is used in analysis of both normal and accident conditions 

except that the model for accident conditions assumes that the canister interior is wet and the 

radial neutron shielding (NS4FR) is replaced by external moderator.  

The Universal Transport Cask PWR and BWR KENO-Va Basket Cell models are shown in 

Figure 6.3-1 and Figure 6.3-2, respectively. The PWR and BWR cask KENO-Va models are 

shown in Figure 6.3-3 and Figure 6.3-4, respectively. Criticality control provisions in the PWR 

and BWR basket designs are illustrated in Figures 6.3-5 and 6.3-6, respectively.  

The MONK8a model geometry is constructed as a finite model that accurately represents the 

geometry of the canister, the fuel and the basket. The transport cask neutron shield and neutron 

shield shell are-not modeled. Instead, a cylindrical reflector is placed on the surface of the outer 

shell. The MONK8a criticality code relies on a combinatorial logic geometry package..  

Therefore, the fuel basket, canister, and cask components are specified by intersecting simple 

geometry bodies. The appropriate value of each of the. geometry bodies is set to recreate the 

worst case basket/cask condition determined i~n the KENQ-Va analyses, and is then modified to 

evaluate axial shifting of the contents of the canister.
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Package Regional Densities

The densities used in the KENO-Va criticality analyses are as follows.

SMaterial 

U0 2 

Zircaloy 

H20 

Stainless steel 

Carbon steel 

Lead 

Aluminum 

BORAL (core) PWR 

BORAL (core) BWR 

NS-4-FR

Density (g/cc) 

10.412 (95% theoretical) 

6.56 

0.9982 

7.92 

7.82 

11.35 

2.70 

2.60 

2.68 

1.63

6.3.4.1 Fuel Region 

Fuel rod densities for normal operations conditions are shown below.

Material

U0 2 (4.2 wt % 'U) 

U0 2 (4.0-. wt % 3 U) 

Zircaloy 

H20

Element

235U 

238 
-U 

0 

U 
.238 U

0 

Zr 

H 

0

Density (�tnm�/h�wn-rm'�

9.877 x 10-4 

2.224 x 10-2 

4.646 x 10-2 

9.406 x 104 

2.229 x 10-2 

4.646 x 10-2 

4.331 x 10-2 

6.677 x 10-2 

3.338 x 10-2

6.3-6

6.3.4

Densitv (atoms/bam-cm)
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Cask Material

Cask material densities for normal operations conditions are as follows:

MntFori n!

Boral core 

(0.025 g "'B/cm2) 

Boral core 

(0.011 g '10/cm2) 

Aluminum 

Steel 304 

Carbon steel 

Lead 

NS4FR

x4qtP1-I q] Density (atoms/barn-cm) 

8.880 x 10-3 (75% of Nominal)

(75% of Nominal)

6.3-7

6.3.4.2

Element 
1013 

C 

Al 

i0B 

C 

A] 

Al 

Cr 

Fe 

Ni 

Mn 

C 

Fe 

Pb 

H 

0 

C 

N 

Al 
113

4.906 x 10-2 

1.522 x 10-3 

2.694 x 10-2 

2.212 x 10-3 

1.219 x 10-2 

3.786 x 10-3 

5.217 x 10-2 

6.031 x 10-2 

1.743 x 10-2 

5.936 x 10.2 

7.721 x 10-3 

1.736 x 10-3 

3.925 x 10-3 

8.350 x 10-2 

3.297 x 10.2 

5.854 X10-2 

2.609 x 10-2 

2.264 x 10-2 

1.394 x 10-3 

7.763 x 10-3 

3.422 x 10-4 

8.553 x 10-5
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Water Reflector Densities

The material densities for the water reflector outside the cask under normal operations conditions 

are as follows.

Material 

H20

Element 

H 

0

Density (atoms/barn-cm) 

6.677 x 10o2 

3.338 x 10-2

6.3-8

6.3.4.3
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Figure 6.3-2 Universal Transport Cask KENO-Va BWR Basket Cell Model 
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Figure 6.3-3 Universal Transport Cask PWR KENO-Va Cask Model 
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Figure 6.3-4 Universal Transport Cask BWR KENO-Va Cask Model
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Figure 6.3-5 PWR Basket Criticality Control Design 
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Figure 6.3-6 BWR Basket Criticality Control Design
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Criticality Calculation

Calculational or Experimental Method

As discussed earlier, criticality analysis of the Universal Transport Cask involves identification 

of fuel arrays for analysis, determination of most reactive PWR and BWR assemblies, and cask 

criticality analysis. Detailed discussion follows.

6.4.1.1 Determination of Fuel Arrays for Criticality Analysis

As shown previously, the maximum values for physical dimensions, cross sections, and weights 

vary among the fuel assemblies. Therefore, qualitatively determining one enveloping assembly 

for the Universal Transport Cask criticality analysis is difficult. Thus, a set of standard fuel 

arrays in the basket configuration is selected and modeled with KENO-Va. The selected 

standard PWR and BWR assemblies qualitatively bound other assemblies in their sub classes and 

are as follows.

PWR Fuel Assemblies 

"* B&W 15x15 Mark B 9 Westinghouse 14x14 (CE) 

"* B&W 15x15 Mark BZ * Westinghouse 15x15 Std 

"* B&W 17x17 Mark C * Westinghouse 15x15 Std/ZC 

"* CE 14x14 Standard 9 Westinghouse 15x15 OFA 

"* CE 14x14 Ft. Calhoun * Westinghouse 17x17 

"* CE 14x14 Palisades * Westinghouse 17x17 Vant5 

"• CE 14 x14 Lucie 2 e Westinghouse 17x17 OFA 

"* CE 16x16 System 80 * Ex/ANF 14x14 (CE) 

"* CE 16x16 San Onofre 2&3 e Ex/ANF 14x14 (WE) 

"* CE 16x16 ANO2 * Ex/ANF 14x14 (Praire Isl.) 

"* Westinghouse 14x14 Std/ZCA 9 Ex/ANF 15x15 (WE) 

"* Westinghouse 14x14 Std/ZCB * Ex/ANF 15x15 (Palisades) 

* Westinghouse 14x14 OFA e Ex/ANF 17x17 (WE)

6.4-1
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BWR Fuel Assemblies 
"* Ex/ANF7x7 GE * GE8x8 GE-4a 
"* Ex/ANF 8x8 JP-3 * GE 8x8 GE-4b 
"* Ex/ANF 8x8 JP-4, 5 * GE 8X8 GE-5 
"* ExANF 9x9 JP-3 * GE 8X8 GE-5 
"* ExANF 9x9 JP4, 5 * GE 8X8 GE-6 (prep) 
"* ExAnf 9x9 JP4, 5 * GE 8x8 GE-6 (prep) 
"* GE x7 GE-2a * GE 8x8 GE-7 (barr) 
"* GE 7x7 GE-2b * GE 8x8 GE-7 (barr) 
"* GE 7x8 GE-2b * GE 8x8 GE-8 
"* GE7x7 GE-2 * Ge 8x8 GE-10 
"* GE 7X7 GE-3 * GE8x8 GE-10 
"* GE7X7GE-3a * GE9x9GE-11 
"* GE 7X7 GE-3b * GE9x9 GE-11 

6.4.1.2 Most Reactive Fuel Assembly Determination 

To determine the most reactive assembly within each type of fuel, a KENO-Va calculation is 
performed for the PWR and BWR fuel assemblies identified in Section 6.4.1.1. The calculated 
keff values for the various classes of fuel are given in Table 6.4-1 (located at the end of this 
section). The model for the PWR and the BWR fuel assembly types is discussed in the following 
paragraphs. On the basis of this analysis, the Westinghouse 17x17 OFA fuel assembly is 
determined to be the most reactive PWR fuel assembly. The Ex/ANF 9 x 9 fuel assembly is 
determined to be the most reactive BWR fuel assembly.

6.4.1.2.1 Most Reactive PWR Assembly Analysis

The most reactive assembly analysis is based on a single assembly model. The assembly is in the 
PWR basket surrounded by the steel tube, four BORAL sheets, BORAL cover sheets, water to 
disk gap and steel, aluminum or water disk material. For the most reactive assembly analysis, the 
assembly is centered in the tube and the tube centered in the disk opening. Web thickness of 1.5, 
1.0 and 0.875 in. is present in the PWR basket. Web thickness is assumed to have minimal
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impact on the most reactive assembly analysis. Therefore, the analysis is performed for a web 

thickness of 1.0 inch.  

To simplify modeling, three basket slices are made at the active fuel elevation: one at the 

stainless steel disk elevation and thickness, one at the aluminum disk elevations and thickness, 

and one at the water gap between disks. By stacking four of the slices (water, steel, water, and 

aluminum) on top of one another and periodically reflecting the disk stack, an axially infinite 

fuel-assembly-in-basket model is built. Building an axially infinite model eliminates axial 

leakage.  

With the exception of the axial (z) length, identical KENO-Va units are constructed for fuel pins, 

guide/instrument tubes, and poison sheets in the water and disk slice. BORAL sheet KENO-Va 

units are required, one sheet running parallel to the x plane, and one for the y plane for disk and 

water elevations. Axial dimensions for these units are made equal to either the water gap 

between disks or the disk heights (stainless steel disk and aluminum disk). In this analysis, all 

unit cells, except for the global unit, are centered on themselves, which implies symmetric upper 

and lower z elevation bounds.  

After establishing fuel pin, guide tube, instrument tubes and BORAL sheet KENO-Va units, the 

fuel assembly arrays are constructed. The fuel assembly array, composed of fuel pins and 

guide/instrument tubes, is surrounded by a water gap, the fuel tube, and a water gap equal in x, y 

dimensions to the exterior of the BORAL sheet. The BORAL sheets are placed as holes into the 

water cuboid surrounding the tube. The cuboid containing the BORAL sheets is then surrounded 

by a thin encapsulating shell and a water cuboid out to the disk opening. Surrounding the disk 

opening cuboid is either water or disk material out to one half the web thickness (in this case 0.5 

in. of material). The fuel tube is centered in the disk opening and the assembly is centered in the 

tube.  

The three complete fuel assembly/basket units are axially stacked in the GLOBAL unit, with 

mirrored boundary conditions in the x, y plane to model an infinite array of tubes in the disk. An 

axially infinite model is created by using periodic boundary conditions on the top and bottom of 

the global KENO-Va unit.

6.4-3
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Calculated values of kff for the PWR assemblies selected for most reactive assembly analysis are 
listed in Table 6.4-1 (located at the end of this section). The table includes data for assemblies 
with water in the fuel-pellet-to-cladding gap and for assemblies with no water in the gap. Also 
included is a Ak between the dry and wet cases. keff values in Table 6.4-1 are for a representative 
1.0" flux trap, a 10B areal density of 0.02 g/cm2 and infinite array of tubes in disk and therefore 
keff exceed 0.95 for a number of the assemblies analyzed. However bias and uncertainty adjusted 
keff values for all assemblies are below 0.95 in the UMS transport cask.  

Table 6.4-1 results are based on a web width of 1.0 in. The basket centerline web thickness is 
1.5 in. To assure that the most reactive assembly calculation applies to the whole basket and to 
verify that web spacing does not impact results, Table 6.4-2 (located at the end of this section) is 
generated to include reactivity data for the highest reactivity assemblies in a 1.5-in. web.  

From the 1.0-in. web, dry gap analysis, the Westinghouse 15x15 fuel assembly has a 0.0005 
higher keff than the Westinghouse. 17x17 OFA assembly. However, given the 0.001 Monte Carlo 
uncertainty associated with the keff values calculated, no statistically significant difference exists 
between the keff values. The 1.5-in. web analysis results in a statistically significantly higher kff 
for the Westinghouse 17x17 OFA assembly than for the Westinghouse 15x15 assembly, a Akeff 

of +0.005.  

6.4.1.2.2 Most Reactive BWR Assembly Analysis 

The most reactive assembly analysis is based on the full cask model. Assemblies in the BWR 
basket are surrounded by the assembly channel, channel-to-tube gap, steel fuel tube, BORAL 
sheet and BORAL cover sheet on applicable sides of the tube, water-to-disk gap, and steel and 
aluminum disk material. For the most reactive assembly analysis, the assembly is centered in the 
tube and the tube centered in the disk opening. To simplify modeling, three basket slices are 
made at the active fuel elevation: one at the carbon steel disk elevation and thickness, one at the 
aluminum disk elevation and thickness, and one at the water gap between disk elevation and 
thickness. Each of the disks containing the fuel tubes is surrounded by the canister shell and 
transport cask radial shields. By stacking the three cask slices on top of one another and 
periodically reflecting the stack, an axially infinite cask model is built. Building an axially 
infinite model eliminates axial leakage. Into each of the basket slices the 56 disk openings are 
inserted as KENO-Va HOLE's. Each of the disk openings contain a KENO-Va HOLE

6.4-4



SAR - UMS® Universal Transport Cask April 1997 

Docket No. 71-9270 Revision 0 

representing the fuel tube which in turn has the fuel assembly, including channel, inserted as a 

HOLE. This modeling approach allows simple component movement, fuel tube or fuel 

assembly, by simply modifying the HOLE origin coordinate.  

Calculated values of ktff for the BWR assemblies selected for analysis of the most reactive 

assembly are provided in Table 6.4-3 (located at the end of this section). The table includes data 

for with no water in the pellet-to-clad gap. As can be seen from the table, the most reactive is the 

Ex/ANF 9x9 fuel assembly with 79 fuel pins and 2 water rods. It is statistically significantly 

more reactive than any of the other BWR assemblies analyzed, therefore no "wet" gap cases were 

analyzed.  

6.4.1.3 Universal Transport Cask Criticality Analysis 

The KENO-Va models employed in the Universal Transport Cask criticality analysis are built on 

those developed in the most reactive assembly calculations (See Section 6.4.1.2). The transport 

cask criticality analysis is performed in three steps.  

1. Resolution of the criticality impact of mechanical perturbations and geometric tolerances on 

the basis of a fuel tube-in-basket model (PWR) and basket-in-cask-model (BWR) using the 

most reactive assembly.  

2. Preparation of a basket-in-cask model (PWR) to evaluate the reactivity variation between 

normal and worst-case configuration. (A BWR basket-in-cask model having been 

constructed in step 1 for the most reactive assembly analysis.) 

3. Evaluation of keff and k, for a single cask and for an array of casks on the basis of the worst

case configured cask basket under normal and accident conditions.  

Construction of the cask criticality models for normal and accident conditions involves 

modifications to moderator compositions, cask spacing, material in the gap between fuel pellet 

and clad, and cask neutron shield material description.
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6.4.1.3.1 Universal Transport Cask Containing PWR Fuel 

Mechanical Perturbations and Geometric Tolerance: Fuel Tube in PWR Basket Unit Cell Model 

Because of the gaps between the fuel assembly and the fuel tube, and between fuel tube and disk 
opening, a certain amount of mechanical perturbation to the system is possible. In addition, 
manufacturing tolerances in the basket cause variation in the gaps and basket disk hole positions.  
The criticality impact of such mechanical variations is evaluated with a KENO-Va model of the 
PWR basket unit cell. The following mechanical perturbations and geometric tolerances are 

evaluated: 

a. Fuel assembly movement in the tube, 

b. Fuel tube movement in the disk opening, 

c. Variation in the basket tube opening, 

d. Variation in disk opening, and 

e. Variation in positioning of the disk opening, 

Fuel assembly movement in the tube is based on the physical limits of the inside envelope of the 
tube and the width of the fuel assembly array. For the design basis fuel, the maximum movement 
within the tube is ± 0.184 in. (0.468cm). As a result of PWR basket tube symmetry, only one 
movement direction requires analysis. Fuel assembly movement is bounded by shifting the fuel 
assembly to the upper right-hand comer of the basket tube. This comer movement maximizes 

the reactivity impact of movement in one direction.  

Similarly, movement of the fuel tube is maximized by shifting to the upper right hand comer of 
the basket disk opening. The maximum tube movement in the basket disk opening is ± 0.095 in.  
(0.242cm). The tube outer BORAL sheet, and BORAL cover sheet dimensions are moved based 
on the inner tube dimension plus the relevant material thickness.  

Both the fuel assembly movement and the fuel tube movement are analyzed with periodic and 
mirrored boundary conditions. The periodic boundarsy condition approximates a shift of all 
assemblies/fuel tubes in the basket to one side. The mirrored boundary approximates clusters of 

four assemblies or fuel tubes moved towards a central location.
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Variation in tube opening is evaluated by adding and subtracting a tolerance of ± 0.030 in.  

(0.076cm) to the nominal dimensions and adjusting the BORAL sheet and cover sheet positions 

accordingly. Variation in basket disk opening also is modeled by adding or subtracting a 

tolerance of ± 0.015 in. (0.038cm) to the nominal dimension of the opening. The tolerance on 

the opening size modifies the web thickness but does not impact tube positioning.  

Variation in basket disk opening position is limited by the positional tolerance within the 

diameter of 0.015 in. (0.038cm). As with the fuel assembly and tube movements, the reactivity 

effect of the opening position is maximized by shifting the opening to the upper right hand comer 

by 0.0053 in. (0.00752/2)"' in both +x and +y directions. This minimizes the webbing and 

corresponding flux trap gap effectiveness.  

The results of the PWR basket unit cell perturbation evaluations are shown in Table 6.4-4.  

Mechanical Perturbations and Geometric Tolerance: PWR Basket in Cask 

To establish the maximum credible keff for the PWR basket with design basis fuel, the 

mechanical perturbations and basket geometric tolerances, shown in previous sections to produce 

positive reactivity relative to the nominal configuration, are included in the full cask model. The 

mechanical variations which produced positive reactivity effects are as follows.  

a. Maximum tube size, 

b. Fuel assembly centered in tube, 

c. Fuel tube with assembly centered moved towards the center, and 

d. Disk opening coordinates moved to basket center.  

The above conditions define the worst-case PWR basket configuration. The results are shown in 

Table 6.4-5 (located at the end of this section). Side and comer shifts are included in Table 6.4-5 

to provide a keff comparison to the realistic orientation of the components in the horizontally 

transported cask.  

An additional evaluation is made addressing tolerances associated with the BORAL sheet. The 

minimum BORAL sheet widths are included in the most reactive cask configuration in order to
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evaluate the potential reactivity effects from both manufacturing tolerances and shiffing of the 
BORAL sheets beneath the cover plates. For this model, BORAL sheet widths ari-erduced by a 
,total of 0.10 inches to 8.10 inches and all assemblies are shifted radially in towards the center of 
the cask. This re¢sults in a combined Akf! of +0.Q0246. However, incorporating this increase in 
reactivity, as derived from the worst case accident scenario, results in a k, = 0.9474.9 which is 
below the NRC criticality safety limit of 0.95. This Akeff of +0.00246 is, therefore, added to the 
results of all bounding PWR fuel conditions of the transport cask array reported in Section 
6.4.3.2.  

PWR Criticality Calculations for Single Cask and Array of Casks 

Values of keff and k, (the bias adjusted kff) are evaluated for single cask and for an array of casks 
containing PWR fuel. The evaluation is based on the worst-case configured cask basket under 
normal operating (dry interior) and accident (wet interior, no neutron shield) conditions of 
transport. The keff produced by KENO-Va is adjusted according to the following equations to 
account for code bias and Monte Carlo uncertainty. KENO-Va bias is calculated to be 0.0052 
with a one-sided 95/95 uncertainty factor of 0.0087 (See Section 6.5). Base model for the 
KENO-Va interior and exterior moderator variation is the "worst configuration, highest 
reactivity" basket inputs.  

ks =kff+ Ak Bias + + (2 * cyKff )2 _• 0.95 

ks = kff + 0.0052 + 0.00872 + (2am)2 •0.95 

where: 

k = the calculated allowable maximum multiplication factor, keff, of system 
being evaluated for all normal or credible abnormal conditions or events.  

keff = the KENO- Va calculated keff 
CT,, = KENO- Va calculated Monte Carlo error.  

Results of the criticality calculations are provided in Section 6.4.3.2.
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6.4.1.3.2 Universal Transport Cask Containing BWR Fuel 

Mechanical Perturbations and Geometric Tolerance: BWR Basket in Cask 

As with the PWR basket, the BWR basket is subject to the same types of mechanical 

perturbations and geometric tolerances which have an impact on the criticality evaluation.  

However, due to the asymmetry of the BWR basket and the two sided BORAL configuration of 

tube, a full basket surrounded by the cask shield regions is used in the evaluation of mechanical 

and geometric tolerances. As with the PWR basket, the following mechanical and geometric 

tolerances are evaluated: 

a. Fuel assembly movement in the tube, 

b. Fuel tube movement in the disk opening, 

c. Variation in the basket tube opening, 

d. Variation in disk opening, and 

e. Variation in positioning of the disk opening, 

For the design basis fuel, the maximum fuel movement within the tube is ± 0.231 in. (0.587cm).  

The maximum movement of the tube in the disk opening is + 0.064 in. (0.165cm). For the 

movement analysis, the components, fuel tube or assembly, are shifted radial inward, radial 

outward, left, right, top, bottom and to the four basket corner locations. Due to the asymmetric 

BORAL sheet pattern of the BWR basket, all ten movement directions are evaluated.  

Variations in the tube opening are evaluated by added and subtracting a tolerance of ± 0.02 in.  

(0.051cm) to the nominal tube inner width. Tube outer, BORAL sheet, and BORAL cover sheet 

dimensions are adjusted accordingly. Variations in disk opening by adding and subtracting a 

tolerance of ± 0.015 in. to the nominal disk opening.  

Variation in basket disk opening position is limited by the positional tolerance within a diameter 

of 0.015 in. As with the fuel assembly and tube movements, the reactivity effect of the opening 

position is maximized by shifting the opening to the upper right hand corner by 0.0053 in.  

(0.00752/2)1/2 in both +x and +y directions. This minimizes the webbing and BORAL 

effectiveness.
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The results are shown in Table 6.4-6 (located at the end of this section). The mechanical 
perturbations that produce a significant positive reactivity are included in a full cask model to 
establish the maximum credible kff for the Universal Transport Cask loaded with 4.00 wt % •2 5U 
Ex/ANF 9x9 fuel assembly. The combination of the radial movement of the fuel assembly and 
the fuel tube towards the basket center results in the maximum positive reactivity. This 
configuration is defined to be the worst-case for the BWR basket.  

An additional evaluation is made addressing tolerances associated with the BORAL sheet. The 
minimum BORAL sheet widths are included in an analysis of, the most ... reactive. cask 
configuration in order to evaluate the potential reactivity effects from both manufacturin 
tolerances and shifting of the fBORAL sheets beneath the cover plates.  

For this model, BORAL sheet widths are reduced by a total of 0.08 inches to 6.22 incfhes.The 
resulting change in reactivity is within the statistics of the Monte Carlo code. Therefore it is 
appropriate to neglect these tolerances in the maximum reactivity BWR model.  

in addition to the BORAL sheet width evaluation, an-analysis modeling the fou oversized fuel 

tubes is included. The oversized fuel -tubes are 0.15 inches larger to allow space for assemblies 
with channels that are bowed or twisted. However, the spacer grids of the fuel assembly 
maintain the pitch of the fuel rod array. Therefore, the fuel rod lattice and rod dimensions are not 
changed by, the minor distortions that occur in the channel. An additional BWR criticality 
analysis is added which conservatively models the four 'oversized' fuel tubes (with nominal 
(straight) fuel assemblies) shifted further in towards the center of the cask as far as physically 
possible. This geometry minimizes the distance between the absorber sheets of the neighboring 
fuel tubes. This results in a kýff of.0,91032. The change in reactivity, a Akeff of +0.00105. is 
within 2a of the base case. Therefore, no statistically significant conclusion can be made as-to 
the actual impact of the model change, and the existing most reactive configuration is left 
unchanged.
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BWR Criticality Calculations for Single Cask and Array of Casks 

Values of keff and k, (the bias adjusted Kefr) are evaluated for a single cask and for arrays of casks 

containing BWR fuel. The evaluation is based on the worst-case configured cask basket under 

normal operating (dry interior) and accident (wet interior, no neutron shield) conditions. The keff 

produced by KENO-Va is adjusted according to the following equation (the same equation used) 

for the PWR fuel criticality calculations; (see Section 6.4.1.3.1). A KENO-Va bias of 0.0052 and 

a one-sided 95/95 uncertainty factor of 0.0087 are used in the BWR fuel criticality calculations.  

k,= keff + AkBias + 
0

Bias + (2 * Keff)
2  0.95 

k, = keff + 0.0052 + 0.00872 + (20"mc)2 •0.95 

where: 

k, = calculated allowable maximum multiplication factor, keff, of the system 

being evaluated for all normal or credible abnormal conditions or events 

keff = KENO - Va calculated keff 

(r mc = KENO -Va calculated Monte Carlo error.  

The results of the criticality analysis for a single cask and for arrays of casks under normal and 

accident conditions are provided in Section 6.4.3.3.  

Homogenous versus Heterogeneous Assembly Enrichment Evaluation 

BWR assemblies are typically loaded with a heterogeneous enrichment scheme, implying the 

presence of multiple fuel pin enrichments in one fuel assembly. For the criticality analysis 

presented previously; apeak planar-average enrichment is used. The _pek plianar-a;erage 

enrichment is the maximum planar-average enrichment at any height along the axis of the fuel 

assembly. This section demonstrates that the use of a planar-average enrichment provides a 

conservative eigenvalue compared to the heterogeneous fuel assembly. Three fuel assembly 

loading patterns are evaluated using both homogeneous and heterogeneous enrichment schemes 

and the resulting eigenvalues compared. No gadolinium poisons were included in any of the 

models.
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Fuel assembly types studied are the GE 8 x 8 60 and 62 fuel rod assembly types;, , the GE 9 x 9 
74 fuel rod and the Ex/IAN 74 fuel Irod assembly type. Each of the fuel assemblies is evaluated 
at a pjanar-average homogeneous enrichment and the actual documented enrichment pattern. in 
addition to actual documented enrichmentpatters,_BWR assemblies are analyzed at a planar
Average enrichment of 3.75 and 4.0 wt % 235U, with 4.0 wt %bing-tebS B ,designbasis 

enrichment. Also evaluated is the impact of water holes orientation relation to rod lattice o- the 
assembly and the generation of a hypothetical enrichment pattern with 5.0Owt % e'nriched''fuel 
rods surrounding the central water holes. Results of the heterogeneous versus homogeneous 
analyses, listed in Table 6.4-16, shows that for all cases, the heterogeneous enrichment produces 
a lower keff than the homogeneous bundle average enrichment case. This demonstrates that 
applying the bundle average enrichment provides a conservative estimate of the cask ks. The 
maximum and minimum pin enrichments in each of the assemblies evaluated are listed in Table 
6.4-16.  

In addition to the homogeneous versus heterogeneous eigenvalue comparison an In-Core k- for 
the GE8x8-62 fuel rod assembly was calculated. The in-core k- of the UMS design basis BWR 
fuel assembly is 1.41.  

6.4.2 Fuel-Loading Optimization 

The fuel loading is conservatively optimized in the Universal Transport Cask criticality mnpdels 
by using: 1) fresh fuel; 2) the most reactive PWR or BWR fuel assembly type; 3) the highesi 
possible fuel stack density (95% of theoretical); and 4) the most reactive basket configuration.  
The cask models represent fully loaded baskets with 24 PWR or 56 BWR design basis fuel 
assemblies. The models use reflective boundary conditions on the sides and periodic bioundary 
conditions on the top and bottom. These boundary conditions simulate an infinite array of casks 
of infinite axial extent.
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6.4.3 Criticality Results 

6.4.3.1 Summary of Maximum Criticality Values 

The effective -neutron muiftiplication factor, k,, .for the- Universal Transport Cask containing the 

most reactive PWR or BWR fuel assemblies in the most reactive configuration is below the 0.95 

NRC criticality safety limit, including all biases and uncertainties, under normal and accident 

,conditions.  

The, maximum multiplication factor. with uncertainties for the 'Universal Transport Cask 

containing PWR fuel assemblies is 0.9473 under accident conditions involving fulmo.d.e.rator 

intrusion. Corresponding value for the cask containing channeled BWR fuel assemblies is Q0,9248ý 

under accident conditions involving full moderator intrusion, These values reflect the, following 

conditions: 

* A method bias and uncertainty associated with KENO-Va and the 27 group ENDF/B-IV 

library 

* An infinite cask array 

* Normal conditions is defined to be a dry basket, dry heat transfer annulus and dry exterir 

* Accident conditions is defined to be full interior, exterior and fuel clad gap. moderator 

(water) intrusion 

* Westinghouse 17x17 OFA fuel assemblies at 4.2 wt % 235U (most, reactive PWRfuel 

assembly type) or 56 Ex/ANF 9x9-79 rod fuel assemblies at 4.0 wt % 235U (most reactive 

BWR fuel assembly type) 

* No fuel bumup 

* 75% of the minimum itB loading in the BORAL 

* Most reactive mechanical configuration for PWR (Assemblies and fuel tubes moved 

toward the center of the basket; maximum fuel tube openings; minimum BORAL-sheet 

widths and closely packed disk openings) 

* Most reactive mechanical configuration for BVR (Assemblies and fuel tubes moved 

toward the center of the basket) 

Analysis of simultaneous moderator density variation inside and outside the transport cask shows 
a monotonic decrease in reactivity with de reasing moderator den sity. Thus, the •ull moderator 

density situation bounds any normal or accident condition. Cask pitch and exterior moderator
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density does .not_ statistica~ly_ ignificantly impact cask reactivity. No sttis ia1y iniicant 
impact on kff is calculated for the removal of the BWR fuel assembly channel. Thecritica-itvy 
transport index is 0 for the ~cask filled with maximum reactivity PWR fuel enriched to 4.2 wt ,% 
235U and the cask filled with maximum reactivity BWR fuel e riched to 4.00 w t % 2•5U unde'r 
IAEA Series No. 6 and 10 CFR 71.  

Analysis of the BWR cask reactivity of the fuel assemblies in the axial region above the top of 
partial length rods shows this region to be less reactive than the region with mall of thefuel rods 
present. Therefore, it is appropriate to represent partial length rods as full length rods in the 
BIWR fuel models.  

6.4.3.2 Criticality Results for PWR 

The criticality analysis includes variation of moderator density and cask center-to-center spacing 
under normal and hypothetical accident conditions. Results of the calculations for the PWR cask 
are provided in Tables 6.4-7 through 6.4-10 (located at the end of this section). 'he ••ables list k8 
without the Ak penalty associated with BORAL plates. A Ak of 0.00246 is added in the keff isted 
below. CSAS input and output for the normal conditions analysis is provided in Figure ý.62-1.  
Figure 6.6.2-2 provides CSAS input and output for the analysis for hypothetical accident 
conditions.  

During normal transport, the cask is expected to be dry inside (i.e., cladding is intact and no 
water is present in the gap between fuel pellet and clad) and possibly wet outside. Expected 
reactivity conditions under normal conditions of transport are provided in Table 6.4-8. As the 
table shows, klff of the package is very low and is relatively insensitive to variations of moderator 
density outside and cask center-to-center spacing. The maximum keff for this condition is 
0.3988 ± 0.0007.  

Analysis under hypothetical accident conditions conservatively assumes the presence of water in 
the gap between fuel pellet and clad. Criticality calculations are performed with the cask exterior 
both wet and misty. Expected reactivities shown in Table 6.4-9 are for conditions where both the 
inside and outside of the cask are assumed to be equally wet. The maximum kff for this 
condition is calculated to be 0.9333 ± 0.0009. As seen in Table 6.4-10, for conditions where the
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inside of the cask is wet but the outside is misty, the maximum keff is calculated to be 9.9320 + 

0.0009.  

Including the statistical and method uncertainties, all results for the normal and accident 

conditions for the PWR cask are below the 0.95 NRC criticality safety limit. Thus, compliance 

with 10 CFR 71.55 (b) and (d) as well as 10 CFR 71.75 (a) is demonstrated for the Universal 

Transport Cask containing PWR fuel.  

6.4.3.3 Criticality Results for BWR 

The criticality analysis for the BWR cask is similar to that for the PWR cask and includes 

variation of moderator density and cask center-to-center spacing under normal and hypothetical 

accident conditions. Results of the calculations are provided in Tables 6.4-1 through 6.4-15.  

These tables and the data listed below do not incorporate the Ak ppeiaty associated w ithl•th op 
end drop accident shifting scenaro. CSAS input and output for the normal conditions analysis is 

provided in Figure 6.6.2-3. Figure 6.6.2-4 provides CSAS input and output for the analysis for 

hypothetical accident conditions.  

During normal transport, the cask is expected to be dry inside (i.e., cladding is intact and there is 

no water is present in the gap between fuel pellet and cladding) and possibly wet outside.  

Expected reactivity conditions under normal conditions of transport are provided in Table 6.4-12.  

As the table shows, keff of the package is very low and is relatively insensitive to variations of 

moderator density outside and cask center-to-center spacing. The maximum kff for this 

condition is 0.4005 ± 0.0008.  

Analysis under hypothetical accident conditions conservatively assumes the presence of water in 

the gap between fuel pellet and cladding. Criticality calculations are performed with the cask 

exterior moderator at various densities. Expected reactivities shown in Table 6.4-13 are for 

conditions where both the inside and outside of the cask are assumed to be wet with exterior and 

interior densities varying simultaneously. The maximum k,ff for this condition is calculated to be 

0.9086 ± 0.0008. For conditions where the inside of the cask is wet but the outside is at optimum 

moderation, the maximum keff is calculated to be 0.0•08 ± 0.0008 (see Table 6.4-14 and T'abie 

6.4-15).
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Including the statistical and method uncertainties, all results for the normal and accident 
conditions for the BWR cask are below the 0.95 NRC criticality safety limit. Thus, compliance 
with 10 CFR 71.55 (b) and (d) as well as 10 CFR 71.75 (a) is demonstrated for the Universal 
Transport Cask containing BWR fuel.  

6.4.4 Fuel Assembly Lattice Dimension Variations 

The nominal lattice dimensions for the most reactive PWR and BWR fuel under the most 
reactive accident conditions are varied to determine if dimensional. perturbations significantly 
affect the reactivity of the system. Accident conditions are defined to jbe fullinterior, exterior 
and fuel-clad gap moderator (water) intrusion at a density of 1 g/cc and a temperature of 70TF.  
Flooding the fuel-clad gap magnifies the effect on reactivity from lattice dimensional variations 
by adding or removing moderator from the undermoderated fuel lattice. Theiconclusionssdrawn 
are then used to establish fuel dimension limits for the PWR and BWR fuel assemblies evaluated 
as VMS contents. The PWR analysis is performed modeling a Westinghouse 17XI7 OFA fuel 
assembly in an infinite array of infinitely tall fuel tube cells. This prevents any. leakage of 
neutrons from the system. The BWR analysis is performed modelingo an infinite array of 
infinitely tall concrete cask storage units filled with Exxon/ANF 9x9 fuel assemblies. The BWR 
analysis using the concrete cask is applicable to the transport cask, since the most reactiye 
canister configuration is independent of shield geometry. The large, well-shielded PWR fuel 
assembly canister, in either transport or storage configuration, produces identical reactions•s wit!h 
the uncertainty of the Monte Carlo analysis. Any Akff in reactivity from different fuel basket 
configurations would behave similarly regardless of the minor differences in the shields. The 
fuel assembly nominal lattice dimensions that are modified to determine if aperbtions 
significantly affect the reactivity of the system are: 

a) Pellet Radius 

b) Clad Inner Radius 
c) Clad Outer Radius 

d) Water Rod Inner Radius 
e) :Water Rod Outer Radius 

As shown in Tables 6.4-17 and 6.4-18, the following dimensional perturbations were determined 
to significantly decrease the reactivity of both the PWR and the BW•R systems: decreasing ethe
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clad i~nner radius and increasing the clad outer radius, i.e., increasing~cjad thickr~ess-. De~creasing 

the-pellet radius of the BWR fuel assembly was- also determined to~ s-ignificantlydecrease the 

reactiviity.. The. results are.,as expected as these perturbations •decrease the H/U ra•t•in the 

undermoderated fuel lattice. Additionally, varying the BWR water rod idimensionIs 'was 

determined to hav... e a.. .n insignificant effect on the, reactivity.. of the system The...refoIrIe.. t .he I se 

nominal dimension variations are not of concern with regard.to the criticality safety of the 

system.  

The following perturbations were determined to significantly increase the reactiyity of both -the 

PWR and BWR systems: increasing the clad inner radius and decreasing the clad outer radius, 

i.e., decreasing clad thickness. Increasing the guide tube inner radius or decreasing theguide 

tube outer radius, both decreasing tube thickness, was determined to sign.ifica.ly. increase the 

reactivity of the- PWR systems. The increase in reactivity is due to-theJfact that. thesl 

perturbations increase the H/U ration in the undermoderated fuel lattice.  

A slight increase in reactivity, 0.004 Ak, is also seen in the PWR system when decreasing the 
pellet diameter. This is due to flooding of the pellet-to-clad gap in the accident model, which 
provides additional moderator to the lattice. Since 100% of clad failure is not expected during 

normal or accident operating conditions, no lower bound limit is placed on the fuel pellet 

diameter.  

The effect on reactivity from perturbations in the nominal fuel dimensions require the following 

limits on the fuel assembly lattice parameters in order to retain the maximum reactivity of the 

UMS system below existing design basis results: 

PWR 

a) Fuel Rod Diameter > Nominal Dimension 

b) Clad Thickness > Nominal Dimension 

c Fuel Rod Pitch <Nominal Dimension 

d) Guide Tube (Instrument Tube) Thickness > Nominal Dimension 

e) Pellet Diameter <.Nominal Dimension
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BWR 

a) Fuel Rod Diameter> Nominal Dimension 
b) Clad Thickness > Nominal Dimension 

c) Fuel Rod Pitch <Nominal Dimension 
d) Pellet Diameter_< Nominal Dimension 

6.4.5 Evaluation of Transport Cask End Impact 

Axial shifting of the contents of the UMS system is considered as a result of the top end impact 
accident condition of transport. A bounding hypothetical fuel-shifting scenario is Considered.  
This scenario conservatively shifts al fuel rods to the top of each assembly. The fuel within these 
rods is assumed to shift into half the height of the plenum, and each assembly is shifted up until it 
is in contact with the lid. The conservatively toleranced basket is assumed to remain in contact 
with the canister floor. The MONK8'a criticality analysis sequence of the ANSWERS software 
code was used to evaluate the change in reactivity of the system as result of this scenario. The 
maximum reactivity worst case UMS PWR fuel and BWR fuel configurations are used as the 
base case for comparison for each fuel type. MONK8a establishes a base PWR system reactivity, 
k•ff + 2cy, of 0.9340 ± 0.0005 and a base BWR system reactivity, keff ± 2cy, of 0.9016±' 0.0005.  

As a result of the shifting scenario previoluslymentioned, some of the active fuel protrudes 
beyond the top of the BORAL. The fuel assembly dimensions that are used to determine this 
height are presented in Table 6.2.3 for the bounding fuel type of each UMS fuel class. The height 
of the active fuel that protrudes beyond the top of the BORAL sheets is calculated for each UMS 
fuel class by taking the maximum possible height from the canister lid to the top of the BORAL 
and subtracting the minimum distance from the top of the assembly to the top of the active fuel.  

Top End Impact Evaluation - PWR Fuel 

Analysis of the PWR fuel configuration is performed using the design basisWE 17x 17 OFA 
assembly. StructuralI evaluations show. that in the transport cask hypothetical top end impact 
event, the PWR top nozzle does not deform. However, for the evaluation, 1,.0 inch of9the top 
nozzle is conservatively modeled as crushed. This reduction in top nozzle height, combined with 
the hypothetical fuel-shifting, results -in a maximum of 4.520 inches' of active PWR fuel 
protruding beyond the top of the neutron poison panels for all three classes of PWR fuel. Since, 
the height of the shifted VE 17x17 OFA fuel that protrudes beyond the top of the BORA sheets
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is only,3.7o5 inches, the PWR BQRAL sheet length is reduced by 0.815 -inches for the WE 

17x17 OFA analysis. The shifted (4.520 inches of PWR fuel exposed) PWR system reactivity, 

k•ff ± 2a,-of 0.9335-5± 0,005 reflects a change in reactivity, kff, of 0.0005. This change is within' 
Ione standard deviation of the unshifted fuel configuration. Therefore, shifting the PWR fuel as a 

result of the transport cask top end impact event does not significantly affect the reactiyvit of the 

system. Figure 6.4-1 shows the resulting, geometry of 4.520 iniches of WE 17x, TOFAfuel 

shifted above the B.ORAL.  

Top End Impact Evaluation - BWR Fuel 

For both classes of BWR fuel, the lifting bail and the corner posts at the topof each assembly 

maydeform in the hypothetical top end impact. This deformation is-bounded by modeling a 

reduction in top nozzle height of 4.7 inches. The reduction in top nozzle height, combined with 

the hypothetical fuel-shifting condition, results in a maximum of 7.625 inches of active fuel 

protruding above the top of the neutron poison sheets for class 4 BWR fuel. For class 5 of BWR 

fuel, this height is limited to 7.6 16 inches of exposed fuel. This analysis., ses I the class .5 

EX.AN. 9x9 fuel; therefore, the BORAL length is reduced by 0.009 inches in the .del .to 

bound the postulated shifting of all BWR fuels. The shifted (7.625-inches ofBWR fuel exposed) 

BWR system reactivity, kIff ± 2a, of 0.9365 ± 0.,005 reflects a chlnge i reactivity, Ak'ff,. of 0.0249. Figure f.4u shistow 
0.24. igre6.4-.2 -sho ws th e resulIti ng geometry of _71.62 5 in ch es ofEN x9,' fuellsife 

above the B ORAL.  

Bottom End Impact Evaluation - PVR Fuel 

The maximum distance from the canister floor to the bottom of, the B ORAL occurs, when the 

conservatively toleranced basket components are shifted up towards the canister lid. Forthe 

PWR baskets, this distance is limited to 5.30 inches. Since the PWR fuel types •have bottom rod 

end caps and/or components of the bottom nozzle that do not deform to a total height of less than 

0.78 inches, the top end impact event, which exposes 4.52 inches of pof fuel, bounds the 

bottom end impact condition.  

Bottom End Impact Evaluation - BWR Fuel 

The maximum distance from the canister floor to the bottom of the BORALoccurs when the 

conservatively toleranced basket com onents are shiftedgup towards the caniiste lid'.. {Forp the 
BWR. baskets -this distanc~e is limited ,to.8.2 1inches.-, Given, thatBWR. .fuel types ha~ve bottom rod 

end caps and/or, tile plates that do, not deform. to a total height of less than 0.575 inches, the top
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end impact event, which exposes 7.625 inches .of BWRjuel, bounds the botton end imact 

Scoinai on.  

Given that the bounding PWR end impact event does not significantly afetthe{reactivity ofthi 
system, poison sheet coverage is adequate for all allowed PWR fuel •ontents of the UMS system.  
The increase in reactivity due to the bounding BWR end impact event is added to the, most 
reactive accident condition result, with, a kff 2a of 0.910.8 as determined in S-ection 6.4.3.3, to 
establish-a maximum BWR system reactivity, k.. ± 2a, of 0.9357 0.-0008.. Thus, poison sheet 
coverage is adequate for all allowed BWR fuel contents of the UMS systei...  

6.4.6 Regulatory Compliance 

The licensing requirements for criticality analyses are provided in 10 CFR 71.55 and 10 CFR 
71.59 for shipment of radioactive material.  

10 CFR 71.55 and 10 CFR 71.59 require that the fissile material package be subcritical under any 
credible condition, e.g., optimum interior/exterior moderation and reflection and credible 
configuration of the material. A criticality transport index is to be assigned to the fissile material 
package. This transport index must be based on the number of packages (casks in this context) 
remaining subcritical in an array configuration.  

Additional requirements imposed include the reduction in poison plate l°B from 100 to 75 
percent and water in the pellet-to-cladding gap.  

Undamaged Cask 

Compliance with the requirements of paragraphs (b) and (d) of 10 CFR 71.55 is shown by 
modeling an undamaged cask surrounded by water. Requirements of paragraphs (a) through (c) 
of 10 CFR 71.59 are satisfied by providing a value of "N" equal to infinity and a criticality 
transport index of 0 by imposing reflecting boundary conditions on the sides of the model 
simulating an infinite array of undamaged casks. Optimum interior and exterior moderation 
including exterior full reflection by more than 20 cm of water, shows compliance with 10 CFR 
71.55 paragraphs (b)(2), (b)(3) and (d)(3). Normal operating conditions for the transport cask 
include a dry canister cavity. The canister is loaded, dried, and seal welded inside a transfer cask.  
Only after the canister is dried and sealed is it placed into the transport cask. A set of exterior
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moderator density and cask pitch analyses show compliance with 10 CFR 71 under dry cavity 

conditions.  

Damaged Cask 

Compliance with the requirements of paragraph (e) of 10 CFR 71.55 is shown by modeling a 

damaged cask surrounded by water. Compliance with 10 CFR 71.59 is automatically 

demonstrated by imposing reflection boundary conditions on the sides of the model to simulate 

an infinite array of damaged casks, thereby resulting in a criticality transport index of 0.  

Optimum interior and exterior moderation, including exterior full reflection by more than 20 cm 

of water, shows compliance with 10 CFR 55 paragraphs (e)(2) and (e)(3) and 10 CFR 71.59 

paragraph (a)(2).  

A damaged transport cask is defined as having been subjected to the hypothetical accident 

conditions specified in 10 CFR 71. Under these conditions the cask containment is maintained, 

and the cavity therefore remains dry. However, to show the cask's capability to remain 

subcritical under optimum internal and external moderation, an internally wet cask is analyzed.  

During the accident, the radial neutron shield is assumed to be lost as a result of fire and is 

replaced by the external moderator. Even though the fuel is assumed to remain intact following 

the cask drop, the pellet-to-clad gap is assumed to be filled by the internal-to-cask moderator.  

Introducing additional moderator into the normally under-moderated fuel assembly lattice 

increases reactivity.
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Table 6.4-1 kff for Most Reactive PWR Fuel Assembly Determination (1.0-in. Web) 

Assembly Dry Gap Wet Gap Akeff 
Type keff CY keff cr Wet - Dry 

B&W 15x15 Mark B4 0.9613 0.0011 0.9692 0.0012 0.0079 
B&W 17x17 Mark C 0.9621 0.0012 0.9705 0.0011 0.0084 
CE 14x14 0.9295 0.0013 0.9381 0.0011 0.0085 
CE 16x16 SYS 80 0.9356 0.0012 0.9372 0.0012 0.0016 
West 14x14 0.9177 0.0013 0.9264 0.0012 0.0086 
West 14x14 OFA 0.9238 0.0012 0.9326 0.0012 0.0088 
West 15x15 0.9662 0.0011 0.9712 0.0012 0.0050 
West 17x17 0.9596 0.0012 0.9673 0.0012 0.0077 
West 17x17 OFA 0.9656 0.0013 0.9727 0.0012 0.0070 
Ex/ANF 14x14 CE 0.9309 0.0012 0.9362 0.0011 0.0053 
Ex/ANF 14x14 WE 0.9065 0.0012 0.9176 0.0011 0.0111 
Ex/ANF 15x15 WE 0.9559 0.0012 0.9634 0.0013 0.0074 
Ex/ANF 17x17 WE 0.9631 0.0012 0.9704 0.0012 0.0073

Table 6.4-2 keff for Highest Reactivity Assemblies in 1.5-in. Web (Dry Gap)

Assembly Type keff _Y 

B&W 15x15 Mark B4 0.9119 0.0011 
B&W l7x17 Mark C 0.9141 0.0011 
West 15x15 0.9147 0.0013 
West 17x17 0.9116 0.0012 
West 17x17 OFA 0.9196 0.0012 
Ex/ANF 17x17 WE 0.9172 0.0011
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Table 6.4-3 k1jf for Most Reactive BWR Fuel Assembly Determination 

Assembly Number Rods Channel Dry Gap Akeff(1/Cy 

Type Fuel Water Thickness keff CT 

GE 7x7 49 0 80 mil 0.8807 0.Q012 •68 

GE 8x8 63 1 80 mil 0,8765 0,0!,2 p9.992 
GE 8x8 63 1 100 mil 0.8755 0.0012 A9,760 

GE 8x8 63 1 120 mil 0.8784 0.0011 L9.098 
GE 8x8 62 2 80 mil 0.8821 0.0011 15.708 

GE 8x8 62 2 100 mil 0.8823 0.0011' • 5.513 

GE 8x8 60 4 2 mm 0.8772 0.0012 -9-644 
GE 9x9 79 2 2 mm 0.879,6 0.0011 E8,.A:43 

GE 9x9 74 2(2) 2 mm .878 Q.09.001 L95 58 
GE 9x9 74 2(2) 80 mil 0.8847 P.0012 ,3.342 

Ex/ANF 7x7 49 0 80 mil 0.8792' •.0012 L,6314 

Ex/ANF 8x8 63 1 80 mil 0,8778 0.0012 '8.861 
Ex/ANF 8x8 62 2 80 mil 0.8787 0.0012 8517 

Ex/ANF 9x9 79 2 2 mm 0.8886 Q.0009 Q.0Q00 

Ex/ANF 9x9 79 2 80 mil 0.8873 0.0008 .L646 

Ex/ANF 9x9 74 2(2) 80 mil Q.8862 I 0QQ12 :2.034

Note:

(1) Akeff = keff - klff(Ex/ANF 9x9 79 Fuel rod 80 mil channel) 

(2) Two large water rods occupying the space of seven fuel rods.
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Table 6.4-4 PWR Fuel Tube in Basket Model KENO-Va Results for Geometric Tolerances 
and Mechanical Perturbations

keff CY Aketf Akerf/cy 
Reference case 0.9582 0.0006 

Dimensions Tolerance on Disk Opening Center Location 
Minimum web 0.9598 0.0006 0.0015 2.6 
Maximum. web 0.9575 0.0006 -0.0008 -1.3 

Dimensions tolerance on tube opening 
Minimum tube 0.9546 0.0006 -0.0036 -6.2 
Maximum tube 0.9627 0.0006 0.0045 7.6 

Dimension tolerance on disk opening 

Minimum opening 0.9594 0.0006 0.0012 2.8 
Maximum opening 0.9591 0.0006 0.0008 1.4 

Fuel movement in tube - tube centered in disk opening 
Mirrored boundary 0.9572 0.0006 -0.0011 -1.8 
Periodic boundary 0.9566 0.0006 -0.0016 -2.8 

Tube movement in disk opening - fuel assembly centered in tube 
Mirrored boundary 0.9606 0.0006 0.0024 4.0 
Periodic boundary 0.9591 0.0006 0.0009 1.5 

Move fuel tube in opening and assembly in tube 
Mirrored boundary 0.9595 0.0006 0.0012 2.1 
Periodic boundary 0.9567 0.0006 -0.0015 -2.5 

Table 6.4-5 PWR Basket in Cask KENO-Va Results for Geometric Tolerances and Tube 
Movement 

Analysis keff 0 Aketf Akeff/cy 

Nominal 0.9192 0.0009 ........  
Geometric Tolerance 0.9227 0.0009 0.0035 4.0 

Geo. Tol.+Tube In 0.9286 0.0009 0.0094 11.1 
Geo. Tol.+Tube Out 0.9176 0.0009 -0.0017 -1.9 

Geo. Tol.+Corner 0.9240 0.0009 0.0048 5.3 
Geo. Tol.+Tube Side 0.9235 0.0009 0.0043 4.8

F' 
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Table 6.4-6 BWR Basket in Cask KENO-Va Results for Geometric Tolerances and 

Mechanical Perturbations

Analysis kef I Y Akeff Akeff/y 

Nominal basket P18873 0.0008 N/A N/A 

Geometric tolerances 

Min tube 0.8860 0.0008 L0.001p L1.607 

Max tube 0.8864 0.0008 -0.0010 4.1.69 

Min disk opening 0,8861 •.0008 10,0012 7Ls7-57 
Max disk opening 0.8855 p.0008 :0.0018 .2.244 

Shift openings in p.8879 0.0008 0Q.0006 P702.  

Shift openings out 0.8891 Q.0008 0.041,$ ____17 

Mechanical perturbations 

Assembly shift top right 0.8685 0.0008 -0,0189 -2.886 

Assembly shift top 0.8780 p.0008 1,.093 •4V402 

Assembly shift top left 0.8820 0.0008 :0.00531 r6.386 

Assembly shift left 0.8915 0.0008 0.0042 490 
Assembly shift bottom left 0.8942 0.0008 0.0069 8.747 
Assembly shift bottom 0.8918 0.0008 0.0045 5.531 

Assembly shift bottom right 0880.1 0.0008 '-0.0073 L8.667 

Assembly shift right Q.8749 0.00008 0.0124 £14988 
Assembly shift radial in 0.8990 0.0008 0.0116 1419 5 

Assembly shift radial out 0,8710 0.0008 :0.0163 :"19.927 
Fuel tube shift top right p'8873 .0.008 0.0QOQ .Q.048 

Fuel tube shift top P.8856 0.0008 -0.0017 L2.175 

Fuel tube shift top left 0.8854 0.0009 -0.0020 n2.329 

Fuel tube shift left 0.8873 p.0008 -0.0001 40,072 
Fuel tube shift bottom left 0t8858 0.0008 -0.0015 :1.795 

Fuel tube shift bottom 0.8882 0.0008 0.0008 q.976 

Fuel tube shift bottom right 0.8868 Q.0.00005 .0 .607 

Fuel tube shift right Q.8878 0.0008 O'005 0.56P3 

Fuel tube shift radial in 0.8932ý Q-QQ , QA005ý8 -952 
Fuel tube shift radial out OW827 O.0008 '!.....004.6 L..75

Combined analysis 

Tube + assembly radial in 1.9050 j,0Q, 0017-7 22.075
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Table 6.4-7 PWR Single Cask Analysis Criticality Results 

Water Density (g/cm3) Neutron Water in B keff ks 
Inside Outside Shield Gap 

1.0 1.0 Yes No 100% 0.9135 0.0009 0.9276 
1.0 1.0 Yes No 75% 0.9222 0.0009 0.9362 

0.0001 1.0 Yes No 75% 0.3774 0.0006 0.3914 
1.0 1.0 No Yes 100% 0.9210 0.0009 0.9350 
1.0 1.0 No Yes 75% 0.9295 0.0009 0.9436 

0.0001 1.0 No Yes 75% 0.3782 0.0006 0.3922

Table 6.4-8 PWR Cask Array Analysis Criticality Results - Normal Condition-Dry Interior 

Cask Water Density (g/cm3) Neutron Water in OB lfr CY k, 
Pitch Inside Outside Shield Gap 

Touching 0.0001 1.0 Yes No 75% 0.3775 0.0006 0.3914 
270 cm 0.0001 1.0 Yes No 75% 0.3774 0.0006 0.3914 
300 cm 0.0001 1.0 Yes No 75% 0.3770 0.0007 0.3910 

Touching 0.0001 0.8 Yes No 75% 0.3814 0.0006 0.3954 
270 cm 0.0001 0.8 Yes No 75% 0.3820 0.0007 0.3960 
300 cm 0.0001 0.8 Yes No 75% 0.3825 0.0006 0.3965 

Touching 0.0001 0.6 Yes No 75% 0.3874 0.0006 0.4014 
270 cm 0.0001 0.6 Yes No 75% 0.3873 0.0006 0.4013 
300 cm 0.0001 0.6 Yes No 75% 0.3864 0.0006 0.4004 

Touching 0.0001 0.4 Yes No 75% 0.3913 0.0006 0.4052 
270 cm 0.0001 0.4 Yes No 75% 0.3928 0.0006 0.4068 
300 cm 0.0001 0.4 Yes No 75% 0.3915 0.0006 0.4055 

Touching 0.0001 0.2 Yes No 75% 0.3936 0.0007 0.4076 
270 cm 0.0001 0.2 Yes No 75% 0.3941 0.0006 0.4080 
300 cm 0.0001 0.2 Yes No 75% 0.3938 0.0006 0.4078 

Touching 0.0001 0.1 Yes No 75% 0.3960 0.0006 0.4100 
270 cm 0.0001 0.1 Yes No 75% 0.3963 0.0007 0.4103 
300 cm 0.0001 0.1 Yes No 75% 0.3962 0.0006 0.4101
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Table 6.4-9 PWR Cask Array Analysis Criticality Results - Accident Condition - Wet Interior 

Cask Water Density (g/cmr3) Neutron Water in 

Pitch Inside Outside Shield Gap 1OB Y 

Touching 1.0 1.0 No Yes 75% 0.9286 0.0009 0.9427 

270 cm 1.0 1.0 No Yes 75% 0.9308 0.0009 0.9448 

300 cm 1.0 1.0 No Yes 75% 0.9295 0.0009 0.9436 

Touching 0.8 0.8 No Yes 75% 0.8645 0.0008 0.8785 

270 cm 0.8 0.8 No Yes 75% 0.8649 0.0009 0.8790 

300 cm 0.8 0.8 No Yes 75% 0.8634 0.0009 0.8775 

Touching 0.6 0.6 No Yes 75% 0.7832 0.0012 0.7974 

270 cm 0.6 0.6 No Yes 75% 0.7840 0.0012 0.7982 

300 cm 0.6 0.6 No Yes 75% 0.7826 0.0011 0.7967 
Touching 0.4 0.4 No Yes 75% 0.6808 0.0010 0.6950 

270 cm 0.4 0.4 No Yes 75% 0.6800 0.0010 0.6941 

300 cm 0.4 0.4 No Yes 75% 0.6814 0.0011 0.6956 

Touching 0.2 0.2 No Yes 75% 0.5478 0.0013 0.5620 

270 cm 0.2 0.2 No Yes 75% 0.5472 0.0012 0.5614 

300 cm 0.2 0.2 No Yes 75% 0.5445 0.0011 0.5587 

Touching 0.1 0.1 No Yes 75% 0.4762 0.0009 0.4903 

270 cm 0.1 0.1 No Yes 75% 0.4769 0.0009 0.4910 

300 cm 0.1 0.1 No Yes 75% 0.4758 0.0009 0.4899 

Table 6.4-10 PWR Cask Array Analysis Criticality Results-Mist Exterior 

Cask Water Density (g/cm 3) Neutron Water in 
Pitch Inside Outside Shield Gap 1°B kaf CY k, 

Touching 1.0 0.005 No Yes 75% 0.9285 0.0009 0.9426 

300 cm 1.0 0.005 No Yes 75% 0.9291 0.0009 0.9432 

Touching 0.8 0.005 No Yes 75% 0.8645 0.0009 0.8785 

300 cm 0.8 0.005 No Yes 75% 0.8654 0.0009 0.8795 

Touching 0.5 0.005 No Yes 75% 0.7359 0.0012 0.7501 

300 cm 0.5 0.005 No Yes 75% 0.7363 0.0011 0.7505 

Touching 0.2 0.005 No Yes 75% 0.5508 0.0012 0.5650 

300 cm 0.2 0.005 No Yes 75% 0.5488 0.0012 0.5630
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Table 6.4-11 BWR Single Cask Analysis Criticality Results 

Water Density (g/cm 3) Neutron Water in 
Inside Outside Shield Gap LB keff _ _ ks 

1.0 1.0 Yes No 100% 888J•79 0OO00 319Q37 
1.0 1.0 Yes No 75% (.9055 O.OQQ8 0.9196 

0.0001 1.0 Yes No 75% 0.3924 0Q.0007 ,.4064 
1.0 1.0 No Yes 100% 0.8949 6.00o0 0.9090 
1.0 1.0 No Yes 75% 0.9077 .O0O 0.9217 

0.0001 1.0 No Yes 75% 0.3931 0.0007 •40•ji 

Table 6.4-12 BWR Cask Array Analysis Criticality Results - Normal Condition - Dry Interior 

Cask Water Density (gm/cm 3) Neutron Water in 
Pitch Inside Outside Shield Gap 10B keff CY ks 

Touching 0.0001 1.0 Yes No 75% .3•94ý8 O Ol QA.0 8_9 
270 cm 0.0001 1.0 Yes No 75% 0.3935 0.0010 R4400 6 
300 cm 0.0001 1.0 Yes No 75% 0.3919 OQ0002 Q.,4060 

Touching 0.0001 0.8 Yes No 75% 0.395S• 0001 0.4092 
270 cm 0.0001 0.8 Yes No 75% Q.3971 O.0009 V4ijj, 
300 cm 0.0001 0.8 Yes No 75% Q.3950 •Q000_ 9 O4A091 

Touching 0.0001 0.6 Yes No 75% 03',83 0.0011 0.1A25 
270cm 0.0001 0.6 Yes No 75% !.397;2 0i001l Q•4-1 4 
300cm 0.0001 0.6 Yes No 75% 0.3966 0.00o 0! 9 L

Touching 0.0001 0.4 Yes No 75% 0.3985 QL, 125 

270 cm 0.000 1 0.4 Yes No 75% 0,39.88 Q..Q002 04IL22 
300cm 0.0001 0.4 Yes No 75% 0.3989 •0ýQQ00 QQ 3Q 

Touching 0.0001 0.2 Yes No 75% Q..3t.99: 1QQ ý32 
270cm 0.0001 0.2 Yes No 75% 0.4005 q.00O8 o4146 

300 cm 0.0001 0.2 Yes No 75% Q.3 99 ý 00Q Q.1 38 
Touching 0.0001 0.1 Yes No 75% _,3985 Q.00 L9, i2, 
270cm 0.0001 0.1 Yes No 75% .39 ;0ý09 •4j1_6 
300 cm 0.0001 0.1 Yes No 75% 0.3971 . OL 1010_ L2-ii.
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Table 6.4-13 BWR Cask Array Analysis Criticality Results - Accident Condition - Wet Interior 

Cask Water Density (gm/cm 3) Neutron Water in 

Pitch Inside Outside Shield Gap B ker Y k, 

Touching 1.0 1.0 No Yes 75% ý.9086 0.Q008 0,9226 
270 cm 1.0 1.0 No Yes 75% 0,9Q84 0.0008 0.9224ý 

300 cm 1.0 1.0 No Yes 75% .6.9075 00008 Q.9215 
Touching 0.8 0.8 No Yes 75% 0.8810 Q.QQ08 0,.50 

270 cm 0.8 0.8 No Yes 75% 0.8 785 00008 0.8926 

300 cm 0.8 0.8 No Yes 75% b.8779 0.008Q•8•1•9 
Touching 0.6 0.6 No Yes 75% 0,8370 L9QQ11 0.8511 

270 cm 0.6 0.6 No Yes 75% 8 366 .0 12 0.8508 

300 cm 0.6 0.6 No Yes 75% 0,8378 0'.0011 • .8519 

Touching 0.4 0.4 No Yes 75% D7653 0ýqQý5 0J19 

270 cm 0.4 0.4 No Yes 75% 09• 0.7(018 OQQ.2 

300 cm 0.4 0.4 No Yes 75% Q.70 • DQ Q24 

Touching 0.2 0.2 No Yes 75% 0.652•4 0 .6666 
270 cm 0.2 0.2 No Yes 75% 0.6 562j: 09.0012 0,679o 

300 cm 0.2 0.2 No Yes 75% 0.6560 0;Q12 •jO2 

Touching 0.1 0.1 No Yes 75% 05662 0.00 13, .58Q 
270 cm 0.1 0.1 No Yes 75% 0,5708 000.14 05_85 .. .  

300 cm 0.1 0.1 No Yes 75% 0.5668 50013 0.5810 

Table 6.4-14 BWR Cask Array Analysis Criticality Results -Mist Exterior 

Cask Water Density (g/cm 3) Neutron Water in 

Pitch Inside Outside Shield Gap 10B kefk 
Touching 1.0 0.005 No Yes 75% 0.9098 0 .08 3• 

300 cm 1.0 0.005 No Yes 75% 0.909_5 0.008 0.2235 

Touching 0.8 0.005 No Yes 75% 1 0.8795 08 Lý893 5 
300 cm 0.8 0.005 No Yes 75% 0.8793 0.0008 0.8933 

Touching 0.5 0.005 No Yes 75% 0.8078 0_.0 0 ,l20 81 
300 cm 0.5 0.005 No Yes 75% Q.809. F•03.OI L37,3 

Touching 0.2 0.005 No Yes 75% .q62?8 Q.0012 .079 
300 cm 0.2 0,005 No Yes 75% 0.660•4 000I2 0.6746
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Table 6.4-15 BY Cask Aray An alysis CriticatoylResulsz.  

Tabe 64-I Heeroeneus s. omoenousEnichmRenut- AnlyisReuts GE 

Ca sn Whtern(ensity-en 3m Neutron Watring t 
kitch ''n"s-i d~e Out side $hield (p _ ___ ___ 

8x8Oc- 2.8 N/A 757 0 9.87_5 0.0011 --

300c 1.0 2.82 No3 3.875% .79894 Q0.001 01.9221 
8x8~ ~ 62 3.5%q7 39 0.2851 0.001 -. 93~ 

300 cmp 1.0 0.6 No 'Yes 5% LO9 U Q-- W8 QL9L48 
300 m0 0.42 No X 0.875%418 0. --300 c0 3.2 N6 3.9075 0.9094 0.0011 -4.53 

300xcm 0 0.0 N o Ye s % 0.9041 0.0010 093 

Table 6.4-16 Heterogeneous vs. Homogeneous Enrichment Analysis Results (GE) 

Case Enrichment (%2 3 5 U) Loading Pattern 
Array Fuel Rods Average Min Max Heterog. Homog. kegf aY Ak/a7 

8x8 62 2.824 N/A N/A X 0.8024 0.0011 --
8x9 62 2.824 1.30 3.80 X 0.7894 0.0011 -12.28 
8x8 62 3.750 N/A N/A X 0.8683 0.0011 --
8x8 62 3.750 1.73 3.98 X 0.8501 0.0011 -15.93 
8x8 60 3.404 N/A N/A X 0.8418 0.0012 -
8x8 60 3.404 1.60 3.90 X 0.8364 0.0011 -4.53 
8x9 60 3.750 N/A N/A X 0.8648 0.0012 --
8x8 60 3.750 1.76 4.35 X 0.8547 0.0011 -8.22 
9X9 74 4.085 N/A N/A X 0.8884 0.0012 -
9X9 74 4.085 2.00 4.90 X 0.8785 0.0012 -8.37 

909111 74 4.085 2.00 4.90 X 0809 002 L63 
9X9 74 3.750 N/A N/A X 0.8707 0.0011 -
9X9 74 3.750 1.84 4.50 X 0.8608 0.0011 -8.84 

9x9 ~ -4 74 3.50 1.84 4.50 X L 087 .1 
9?o . 74 .... 0 N/A N/A 0. 0.0... .1 N/.A 9x9 74. 4•- 0 •1.,96 4.80 ___ __ Q• 759 o• QQ.Zoo • , 

9x90a' 74 4.000 3.68 5.00 X _ O.821 ,Q01i .5 

Notes: 

(1) Rotated water holes.  
(2) Exxon Assembly.  
(3) ightee 5 wt% 235U enriched rods near center of assembly
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e'W P~ic arameter S tuly qr jRayiý t

__ J~ff •L2 

Deýscripjiqin____ 
Base Case - Westinghouse 17x16 OFA 0O.9732 Q.k%08 g .00O16 Lý
decreases clad inner radius by.005cm 0.9697 0.0008 T_ 75 
increases clad inner radius by 0.005 cm 09.9784 0.0008 OQ0052 L- 3.250Q 

decreases clad outer radius by 0.005 cm 0.9782 0.0009 000Q50 a-& ,1_5 
increases clad outer radius by 0.005 cm 0.9702 0.009 •0.0030 L-- M.875Q 

decreases pellet radius by 0.005 cm 0.9-744 0.0008 p-0012 L 9750 

decreases pelletgradus by 0.010 cm 0O97t23 .90098 .QJOQ L- 6250 

decreases pellet radius by 0.015 cm 0.97j73 _Q.QO 9M~ ---- 5625 

decreases pellet radius by 0.020 cm 9.9758 O.0008 0.00 L2 
decreases pellet radius by 0.025 cm 0.9761 0.0008 0.0029, L- : •825 

decreases pellet radius by 0.030 cm 0.9754 6.098 0.0022 .: I_3750 

decreases pelletradius by 0.035 cm 0.9750 00008 0.0018ý 25 •1250 
decreases pellet radius by 0.040 cm 0,9750 -zQ.08 9.0018 L- ,' 7j125q 

increases pellet •radus by 0.005 cm 0.9714 ,.900Q9 70.0018 L:- L1.1250 

decreases pellet & clad inner radii by.Q.,15 cm 0.9637 0.0008 -0.0095 • •9375 
decreases guide tubeinner radius by 0.010cm 0.97 10 0,0008 •0.0Q22 L..-.  

increases guide tube inner radius by 0.0 15 cm 0.9753 0.0008 Z,902 Z 7 7 3125-5 

increases guide tube innerradiusby 0.O10 cm 0.97340 70090 . 0,98 i-- 0.5009 

decreases guidejtube outer radius by 0,010 cm 6.9755 0.0008 Q.00213 L: [1.4375 

increases guide tube outer radius by 0.015 cm 9.9712 0•.0008 -0.00020 -- 'L.2500 

increases guide tube outer radius by 0.010 cm 0.9720 9.0008 -0.0012 +- IQ7500
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Table 6.4-1 8 BWR Lattice Parameter St~ua-xrimt-i4ca 'W~ Y~i

BaserCase- Exxon\ANu 9x9 . c 1,86457 j;. 0.0056 • 2 

decreases"......... cla~d innteradius by&0.005. c•m .......088.8• L,00 . ° 15 tQ 75 

dncre•ses clad inner radius by 0.0 cm Q.88390 0TY7 
increases clad inner radius by 0.005 cm 0.8896 090098 00 •" ".6200 
decreases clad inter radius by 0.005 cm 0Q8919 0.0098 E.072 6 p.O0 
decreasespclad~outer radius by 0.025 cm 0.8917 9 .0008 0.0- L •_! 
decreases clad outer radius by 0.005 cm 0.8837 .0008 60,006 '•31.  
increases clad outer radius by 0.010 cm 0.8837 ... . • .........  decreas~ ~ ~ ~ ~ ~ ~ ~~Q pcltrdiby005c f896 0.0009 oo E ~.5 

increases pellet radius by 0.0 105cm Q890 9_.098 0-83 9 0_A25 
decreases pellet radius by 0.005 cm 9.8881 0.0009 T 000Q.8-- Lb-183 
decreases pellet radius by 0.020 cm 0.89082 00008 707000 L .  
decreases pwaelet radirus by 0.0215 cm 0.8861 0.0008 0_001 ---L T175.  
decreases ptellt radiust by0.030 c0! .8932 0.0008 :0009 07 2625 .decreases, pe-llet radius by 0.035 cm 0.83 Z~O8 9 ~ L~ 5 

decreases pellet radius by 0.030 cm 0.8805 b90 E7-Q~ L Ta6L25 
increases pellet radius by.0.005 cm 0.8983 0.0008 0.O,09 6 L7 __.  

increases pellet radius by 0.0408 cm 0.8807 0,0009 0-7.0003 i 5i7 

increases water rod iuner radius by 05010 cm 0.8908 6.0008 0.00024 L 7Q5 decreases wallteroinr radius by 0.015 cm 0.891-9.KQ 0.009 ,-012- -ý.7 5 

increases water rod inner radius by 0.015 cm 0.8911 0,0008 0.004 0.7500 
de~cre-ases''water ro ue aisby -0.0.10 5cm 0.89s .08 9Q.qm 9i7 
decreases, water rod outer ra~dius 1yO 01 cm 0.8913 0.0008 0.00o7Q 0.59-25 
increases water rod outer, radius b Y 0.015 cm 0.89 11 Q400 0.01 L- 7 
increases water rod outer radius by 0,015 cm 0.M912 9.009 0.0 Aý70 

replaces water rod with water Q.8926 ,.0008 .0022 0 9" 

.. . .. .... .. ........ ......... .. . . .... .. . ...... - _Q.-7-Q __L
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6.5 Critical Benchmark Experiments 

This section provides the validation of the CSAS25 criticality analysis sequence contained in 

Version 4.3 of the SCALE package. This validation is required by the criticality safety standards 

ANSI/ANS-8.1 [18]. The section describes the method, computer program and cross-section 

libraries used, experimental data, areas of applicability, and bias and margins of safety.  

ANSI/ANS-8.17 [19] prescribes the criterion to establish subcriticality safety margins. This 

criterion is as follows: 

k,• <1 - Aks - Ak, - Akm (1) 

where: 

ks = calculated allowable maximum multiplication factor, kff, of system being 

evaluated for all normal or credible abnormal conditions or events.  

1 = mean k1%f that results from calculation of benchmark criticality experiments using 

particular calculational method. If calculated keff values for criticality experiments 

exhibit trend with parameter, then kc shall be determined by extrapolation based 

on best fit to calculated values. Criticality experiments used as benchmarks in 

computing k1 should have physical compositions, configurations, and nuclear 

characteristics (including reflectors) similar to those of system being evaluated.  

Aks = allowance for 

a. statistical or convergence uncertainties, or both, in computation of k5, 

b. material and fabrication tolerances, and 

c. geometric or material representations used in computational method.  

AK = margin for uncertainty in K1 which includes allowance for 

a. uncertainties in critical experiments, 

b. statistical or convergence uncertainties, or both, in computation of k, 
c. uncertainties resulting from extrapolation of k, outside range of 

experimental data, and

6.5-1



SAR - UMS® Universal Transport Cask April 1997 
Docket No. 71-9270 Revision 0 

d. uncertainties resulting from limitations in geometrical of 

material representations used in computational method.  

Akm = arbitrary margin to ensure subcriticality of k,.  

The various uncertainties are combined statistically if they are independent. Correlated 

uncertainties are combined additively.  

Equation 1 can be rewritten as: 

k, < 1 - Akm- Aks- (1-kc) - Akc (2) 

Noting that the NRC requires a 5% subcriticality margin (Akin = 0.05) and the definition of the 

bias (0B = 1-k), the equation 2 can then be written as: 

ks •0.95- Ak- -13- A13 (3) 

where A13 = Ak. Thus, the k, (the maximum allowable value for kff) must be below 0.95 minus 
the bias, uncertainties in the bias, and uncertainties in the system being analyzed (i.e., Monte 
Carlo, mechanical, and modeling). This is an upper safety limit criteria often used in the DOE 

criticality safety community.  

Alternatively, equation 3 can be rewritten applying the bias and uncertainties to the keff of the 

system being analyzed as: 

keff + Aks + 13+ A3 • 0.95 (4) 

In Equation 4, kff replaces ks, and k, has been redefined as the effective multiplication factor of 
the system being analyzed, including the method bias and all uncertainties. This is a maximum 
calculated kff criteria often used in LWR spent fuel storage and transport analyses.  

For use in criticality evaluations of LWR fuel in storage and transport casks, both 03 and A13 are 
evaluated below for KENO-Va with the 27-group ENDF/B-IV library.
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6.5.1 Benchmark Experiments and Applicability 

The criticality safety method is CSAS embedded in SCALE version 4.3 for the PC. CSAS includes 

the SCALE Material Information Processor, BONAMI-S, NITAWL-S, and KENO-Va. The 

Material Information Processor generates number densities for standard compositions, prepares 

geometry data for resonance self-shielding, and creates data input files for the cross-section 

processing codes. The BONAMI-S and NITAWL-S codes are used to prepare a resonance

corrected cross-section library in AMPX working format. The KENO-Va code uses Monte Carlo 

techniques to calculate the model keff. The 27-group ENDF/B-IV neutron cross-section library is 

used in this validation.  

6.5.1.1 Description of Experiments 

The 63 critical experiments selected are as follows: 9 B&W 2.46 wt% 235U fuel storage (Baldwin et 

al., July 1979) [10], 10 PNL 4.31 wt% 235U lattice (Bierman and Clayton, July 1980) [12], 21 PNL 

2.35 and 4.31 wt% 235U with metal reflectors (Bierman, April 1979 and August 1981) [13, 14], 12 

PNL flux trap (Bierman, July 1980 and June 1988) [12, 15] and 11 VCML 4.74 wt % 235U 

experiments, some involving moderator density variations (Manaranche, September 1980) [16].  

These experiments span a range of fuel enrichments, fuel rod pitches, neutron absorber sheet 

characteristics, shielding materials and geometries that are typical of LWR fuel in a cask.  

To achieve accurate results, three-dimensional models, as close to the actual experiment as 

possible, are used to evaluate the experiments. Stochastic Monte Carlo error is kept within ±0.1% 

by executing at least 1,000 neutrons/generation for more than 400 generations.  

6.5.1.2 Applicability of Experiments 

All of the experiments chosen in this validation are applicable to either PWR or BWR fuel. Fuel 

enrichments have covered a range from 2.35 up to 4.74 wt % 235U, typical of LWR fuel presently 

used. The experiment fuel rod and pitch characteristics are within the range of standard PWR or 

BWR fuel rods (i.e., pellet OD from 0.78 to 1.2 cm, rod OD from 0.95 to 1.88 cm, and pitch from 

1.26 to 1.87 cm). This is particularly true of the VCML (PWR rod type) and B&W experiments 

(BWR rod type). The HIU volume ratios of the experimental fuel arrays is within the range of 

PWR fuel assemblies (1.6 to 2.32) and BWR fuel assemblies (1.6 to 1.9). Experiments covered the
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geometry and neutron absorber sheet arrangements typical of NAC basket designs. Flux trap gap 
spacings of 3.81 cm such as those in the NAC-STC and UMS PWR baskets and gap spacings as 
low 1.91 cm as in the NAC-MPC were included. I°1B neutron absorber loadings, also typical of 
NAC basket designs (0.005 to 0.025), were included as well. The experiments addressed the 
influence of water and metal reflector regions, including steel and lead, that would be present in 
storage and transport cask shielding.  

Confidence in predicting subcriticality, including bias and uncertainty, has been demonstrated for 
LWR fuel with enrichments up to 4.74 wt % 235U and results indicate confidence well above 
5 wt % 235U. Confidence in predicting subcriticality has been demonstrated for storage and 
transport arrays in which critical controls consist of flux trap or single neutron absorber sheets or 
simple spacing. Confidence in predicting subcriticality has been demonstrated for LWR fuel 
storage and transport arrays next to water and metal reflector regions.  

6.5.2 Results of Benchmark Calculations 

The k-effective results for the experiments are shown in Table 6.5-1 and a frequency plot is 
provided in Figure 6.5-1. Five sets of cases are presented: Set 1, B&W; Set 2, PNL lattice; Set 3, 
PNL reflector; Set 4, PNL flux trap, and Set 5,VCML critical experiments. Sixty-three results are 

reported.  

The overall average and standard deviation of the 63 cases is 0.9948±0.0044. The average Monte 
Carlo error (statistical convergence) is ±0.0012 for the 63 cases. This uncertainty component is 
statistically subtracted from the uncertainties,. because it is previously included in the standard 
deviation. The KENO-Va models are three-dimensional, fully explicit representations (no 
homogenization) of the experimental geometry. Therefore, the uncertainty resulting from 
limitations of geometrical modeling is taken to be 0.0. The experiments modeled cover the range of 
fuel types, enrichments, neutron absorber configurations, neutron absorber 10B loading, and metal 
reflector effects so that no extrapolations are necessary outside the range of data, and the 
uncertainty resulting from extrapolation is also taken to be 0.0. On the basis of the reported 
experimental error for the B&W cases, the reported error of the critical size number of rods for the 
PNL cases and the reported error for the critical height in the VCML cases, the experimental error 
is conservatively taken to be ±0.001. Criticality can then be represented as 1.000±+0.001. This 
uncertainty component is statistically added to the sum of the other uncertainties, because the bias is
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the difference between two random variates (i.e., criticality and code prediction, and the uncertainty 

in the difference between two random variates is the statistical sum [(rms)] of their individual 

uncertainties).  

Thus, the bias or average difference between code calculated and the critical condition is 03=1

0.9948 = 0.0052. The uncertainty in the bias, accounting for the statistical convergence (Monte 

Carlo error) and the uncertainty in criticality is (0.00442 - 0.00122 + 0.00102)1/2 = 0.0043. For 63 

samples of criticality, the 95/95 one-side tolerance factor is 2.012 (Owen, 1963) [17]. The result is 

a 95/95 one-sided uncertainty in the bias of APl= 2.012x0.0043=0.0087. Equation 3 now becomes: 

k~ff+ Ak, + 0.0052 + 0.0087•< 0.95 (5) 

where Ak, becomes the uncertainty in ks resulting from Monte Carlo error, mechanical and 

material tolerances, and geometric or material representations. If the nominal representation of 

the system is evaluated for k,, then the mechanical and material perturbations can be evaluated 

independently and can be combined statistically as the root sum of squares. If the worst-case 

mechanical and material tolerances are used to calculate k, (e. g., 75% of boron loading and most 

reactive positioning of fuel or basket components), then Ak8 becomes 0.0 and the Monte Carlo 

error, cmc, can be combined statistically, because it is independent, with the uncertainty in the 

bias as: 

ke + 0.0052 + ý0.00872 + (2y2 • 0.95 (6) 

6.5.3 Trends 

Scatter plots of kff versus wt % 235U, rod pitch, H/U volume ratio, average neutron group 

causing fission, '0B loading for flux trap cases, and flux trap gap thickness are shown in 

Figures 6.5-2 through 6.5-7. Included in these scatter plots are linear regression lines with a 

corresponding correlation coefficient to statistically indicates any trend or lack thereof. In particular, 

the correlation coefficient is a measure of the linear relationship between kff and a critical experiment 

parameter. If r is +1, a perfect linear relationship with a positive slope is indicated, and if r is -1, a 

perfect linear relationship with a negative slope is indicated. When r is 0, no linear relationship is 

indicated. The largest correlation coefficient indicated in the plots is 0.1302 (k-ff versus enrichment) 

and the lowest is 0.0048 (kff versus 1°B loading in flux trap experiments). On the basis
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of the correlation coefficients, no statistically significant trends exist over the range of variables 
studied. Most importantly, no trend is shown with flux trap gap spacing and/or [B loading. This is 
the major criticality control feature of the NAC-STC and the Universal Transport Cask basket.  

6,5.4 Comparison of NAC Method to NUREG/CR-6361 

NURl1EG/CR_-,`361, "Criticality Benchmark Guide fo ih-ae-eco u nTrans~poratipn 
and Storage Pakages" (NUREG), provides a guide to .LWRcriticality benchmark calculations and 
the determination of bias and subcritical limits in criti.cal. safety.evaluations. In Section 2-of the 

NJEa s eries of LWR critical experiments are decrbdins icen etalfo r Indpndentil 
modeling, In Section 3, thecritical experiments are modeled, and the resultsu_(f esjre 
presented. The method utilized in the NUIREG is KENO-Va With the _4- g~pENPDF/M7  cross 
section library embedded in SCALE .4..3. Inputs are provided.in Appendix A ofthe G. I• 
Section 4, a guide for the determination of bias and subcritical safety limits is orvided bedon' 
ANSI/ANS-8.17 and statistical analysis of the trending in the bias. Finally,'guidelies efor 
experiment selection and applicability are presented in Section 5.The approach outlind in Sectn 

4of the NUREG is descri'bed in detail below and is comnpared to the A 'aapro ch presented in 
Sections 6.5, 6.5.1 and 6.5.2.  

NAC has performed an extensive LWR critical benchmarking as documented in Sections 6.5.1 and 
6.5.12. The method used in, NAC benchmarking/validation included t1heCSAS25 .. a••Q-•) 
criticality. analysis sequence, with the 27 group ENDPIB-lVfibr jie 1ALE i 
Trending in keff was evaluated for the following idepndent varables: wt. U,, rod ptch, H/U 
volume ratio, average neutron group, causing fission, I(B load ng forfslux trap 

gap thickness. No statistically significant trends were found, ,and a constant bias' with associatedl 
uncertainty was determined for criticality evaluation.  

Both the NUREG/CR-6361 and t~he NAG approach to criticality, evaluation star with 
81 c••riicality safiety criten. Thi§s-crterion is-as follows

where: 

calculated al'lora-ble mabxnimu onmul ictiobn factroIr the sy gd r 
all no'mal or" c-r-e-dible a-bnor m-alc con-ditions or ev~ents.

6.5-6



SAR - UMSO Universal Transport Cask June 1999 

Docket No. 71-9270 Revision UTMST-99A 

~ ~ei~k~ff t4a results from a calculation of benchmark chiticality,,x ments sjing -a 

p uar calculatonmthod fte caluae kff,,values for the crtcliyepe iets 
Iehbta trend with an independent parameterteksalb determndb-xrplato 

basqd ~ ~ ~ ~ ~ ~ Cn bs ftt,_ jriaity experiments used as benchimarks ,in 

computing k~ shopuld h~ave physical, compositio~ns, configurations, nd nuceachrcteritics 
(including reflectors) imartthsofhessembeing evaluated 

Ak llowance for.  

a) statistical or convergence uncertainties, or both, in computation of k.j, 

b)material, and fabrication tolerances, and

0 c gegrgetricor material reprqesetaions-used in computational method.  

Ak margin for uncertainty in k, which includes allow~ance for: 
ra) u~ncertainties in critical experiments, 

s) tatistical or convergence uncertainties, or both, in computationof kj5,.  

c)uncertainties resultingy from extrapolation of k,~ outside range of exp rmental data, and 

d)uncertainties resulting from limitations in geometriqal or materialfrepresentations: 

,used, in, the computati~onal1 method'.  

Akm= ~~ abtry administrative margin to ensure subcriticality of k 

Thevari-o-u-s -u~n*ce-rtainties, -are com-b-ine-d --s~ta-tis-t-ic-all-y, -if they are idpnet oflt~ 

uncertainties are _,combined by addition.  

Equation 1 can be re~written as: 

Noting~tafi~eiiin of the. biasi 1 =- kEqqati on-2 can be wi4n nas: 

kst-Ak< M-_--4_Q
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where AB Ak,.. hus, the maxium allowable value for kf pusncratisn the yg~eiRpng 

analyzed mustb below Imins an amnstatve margi (yially 9J5),wýi~ch incluegthe bia's 
atnd the uncertaintyjin the bias. This can also be written as: 

t Aký U Ipper Safety limpit (USI.) (4) 
where: 

LJSL 7-4M 40A (5) 

This is the Uppe S Iafety Li -mit criterion as. described in- - eci -- of NiJ*URjI-EG-63l_ 
mnethods are prescribed for the statistical determ-ination of the USL: Confidence Band w'ith 
Aýdmini~strative Margin (USL-i) and Single Sided _Uniform with _lseApoc __L) Inth 
first, 'method, Akin 0. 05 and a lower. -confidence band (usually 9~%j pcfe ae nalna 

regression of ker as a function of some system parameter. In th~e seond: mtra 

administrative margin is set to zero and a uniform lower tolerance badis detried djsedin a 
lina The second method provides a ci 

0.05. in cases where there are a limited number of data points. this mehod mindicate the need 

for a larger administrative margin. In both cases, all of the signifiatyseprmtrsnd to Ibe 
studied to determine the strongest correlation.  

In the analyses presented in Section 6.5.1 and 6.5.2, the.bas and uncertainties are applied •directly- to 
the estimate of the systemn kff. Noting that the NRC requires a 5% subcriticality margin,(Ak.., 

quatpin 3 can be rewritten applying the bias and uncer6taintyin the bi to the k ip the 
system being analyzed as

k, +Ak 5 +13O+AP:3• 0.95 ~ 6 

In Equatioln,6, t~h~e ,method Ibia-s ,an~d. all, uncertainties are added to k. ~This is the mpaximujkR 
criterion defined in Section 6.5.2.  

To this ,point, both the USL criterion and maximum kqriterion are_,equivalent. Thleeffets f 
tre.nding in the bias or the uncertainty in the bias can be directly orated ti uaion 5 
or E on 6, TrenEgaso estabished . a rgession of afction o 

the enrichment, rod ... .o patio average groujp iof n 
101B a-bso6rber loading and fl-ux trap gap ýpacmng..ýqually,,sle lýinear rerssion isfromead 

the line with the greatest correlaItion is unsed to -funcionazef Ths approach is reommendd in.  
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NUdsCR-636o. However, if no strong correlation can e ndetmNined,•t te acon5stantbias 

staiti can be- made. isi typicallyc wa 

gdutenertedb.V •~ -}is 0n_!iig _oe•j1a 45 garnte 
S... ... . . .. . . .. . . .. ....  

%confidence' n -t-e-u~nce-rt-ain~tvynth bias. This is the aprahJkni teU Sciklt 

Tand the NAC ',evaluation perfohe reNA .estsion analysis o key s yIstem 

parameters. For all of the major system _parameters, the evaluation found no strong correlation..  

This is based. on the-observation. that. the correlation coefficients. are. all mnuch. lesthn1, Thus ýa 

constant bias with a 95195 confidence factor is applied to the s m k UMS aritcalcunalysis 

oftekf results produced a bias of 0,0052 and a 95195 uncertainty~QO7 Adin~ w 

together and subtracting from 9.95 yields an effective constant USL of 0.9361.  

To assure- copiace with NUREG/C'R-6361, an upper safety .limi .tJs I.ge -erated usin -g~JLTT 

and is compared to the constant NAC bias and bias uncertainty used in Section 6.5.2.  

To, evaluate the relative importance of the trend analysis to, he uppqT, safety limits, correlation 

coefficients are required for all independent parameters.. T7able 652contains the correlation 

coefficienit, R, for each linear fit of kff versus experimental parameter (da~ta is extracted from Figurp 

6.5-2 through Figure 6.5-7 by taking the square root of theR 2 value). _Base;donjhe highest 

correlation coefficient and the method presented in NTJREGICR-6361, a USL is established based 

on the variation of krf with enrichment. Note that even the enrichment function shows a ow 

statistical correlation coefficient (an_ JRI equal or near 1 would indicat e agodft.Teutl 

generated byVUSLSTATS is shown in Figure 6.5-8.  

The NAC applied USL of 10.93,61. bounds the calculated upper -safety limits-for -al enrjcieni 

values above 3.0 Wt % 235u.. Since the maximum reactiv Iities in -the .UMS -are calc Iulated ý-a t 

enrichments well above this level, the existing bias bounds the {UIREG calculated USL. The 

most reactive, UMS configuration is the~ PWR basket configuration wi th Westinghouse 17x17 

OFA fuel assenmblies. The parameters of the -most-reactive fuel c~onfigurationj-or;.the .IUM-S 

design basis fuel and for the Maine Yankee fuel are presented in Table_6.5-3. This table also 

comparesý the most r~eactive fuelparameters to the minimuum and maximum benchmark values to 

demnonstra-te ftheAppJigabilitv of -the. critical, benchmarks
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6,.5.5 MONK Valida tion 1in Accord anrce wit h NURE6CiICR-6361 

NIJ'TR*EG-/CR--636-1, j"Criticality-B~e-n-chma-rk- _Guide for Ligh It-Wate Ir-.Reac,6,tor Fuel u-,in 
Transportation and Storage Packages" _G), prowvdesa gufde toLWR criticality benchtmark 
calculations and the determination of bias and subcritical lits in tical 'safety, evaluations.  
Section 6.5.1 contains detail on the implementation of the NUREG in subcritical limit 
evaluations for the UMS Transport Cask. This section imlmnt Jh LSTATS meho ofth 
NUIRG for MONK8A-application with JEE 2.2 point enery b in t or pd 

storage applications.  

ABA Techn-ologies has performned an eoenif becmriMONK8 Critica becmak 
releant to LWR -fuel evaluation s were extracted from. the total benhmar+k set and li-sted -in~ Tf e 

6.5-6. The range o the parameters to be benclmarked is sum izedin Table_6.54.T4rnin ing..  
kff was evaluated, for the following independent vaiables: enrichment rod pitc,_ fuelpielltet 
diameter, fuel roddiameter.f•l/U raio a ver age neutrod' .  

trap cases, and flux t-rapgap thic~kness. The d~ata is plotted in Figures 6.5--9 thirough 65-1 6.  

To evaluate the relative i.•prtapn e of the trend_analysisto teUprsatyit 
coefficients are required for. all independent, parametr. Tale 65c-5~~n the correaion 
cpoefficient, jfr each linear fit of keff vimesx ental pis Fig6 0 

-.-9 throughFigure 6.5-16 by takig the square root of the RBaslede on J.the hiAg 
correlation coefficient andthe method pyrsentedin NUREGICR-6361• a USL is established based 
on the variation of kff with flux trap thickness. Note that even the flux trap functon shows a 1ow 

statistical correlation coefficient (an IRI equal or near I would indicate aRodft. P-11?W 
generated by USLSTATS is shown in Figure6.5-17.  

The NAC, ahpped. US.isJ.JS 9425 a ndbbounsoth_.e calcul4at he ali•ita torts o7 

flux-r•ap §pacing found in muli-puTpose casks._Thp e of fhmostq reactve CY
payload are inlue in able 6.5A'•
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Figure 6.5-1 KENO-Va Validation - 27 Group Library Results: Frequency Distribution of kaff Values 
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Figure 6.5-2 KENO-Va Validation - 27-Group Library Results: keff versus Enichment 
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Figure 6.5-3 KENO-Va Validation - 27-Group Library Results: kff versus Rod Pitch
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Figure 6.5-4 KENO-Va Validation - 27-Group Library Results: kff versus H/U Volume Ratio
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Figure 6.5-5 KENO-Va Validation - 27-Group Library Results: keff versus Average Group of Fission
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Figure 6.5-6
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KENO-Va Validation - 27-Group Library Results: kcff versus B Loading for Flux Trap Criticals

1.0150 

1.0100 

1.0050 

S1.0000 

0.9950 

0.9900 

0.9850

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

B 10 Loadi ng (g/cm2)

0.4 0.45

6.5-16



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270
May 2000 

Revision UMST-OOA

Figure 6.5-7 KENO-Va Validation - 27-Group Library Results: k~ff versus Flux Trap Critical Gap Thickness
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Output fo~r FujelErcmn S~~1tud (o ned) 

t6lifideic'e on-~fit. (1-gdaama), [input]-_ l 95.096 
~p~fidence on~roportion_ (alpha) linput,)- LI ý9 5,0.  

..,prtonofopulation hjalling 'above 

2.wer-tqleran-e -- -interval _(rho) [inpuC]1:7 9 5 

M~ininlunl -value -fX 17 

Average value of X -3.811.43 
ýkverage value~ of k_. 0,99482 
Miniiirixm value of k--. j7 .9.98770 

V~riance of fit,- ~s(k, X)'2 1.69.73E-05 

Pooled vari ,ance, s(p)^2 1.84 04E-05 
Poole.d std.., deviation, _ s(p)~ ~4.2900E--03 

1 *. i5488E:-02ý 
I tudeit-jt 9 n22-gia 1.67078E+00 
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Figure 6.5-10 MONK8A - JEF 2.2 Library - keff versus Rod Pitch

1.0200i 

1.0150

1.01 00 1 

S1.0050 

1.0000 

0.9950 

0.9900 

1.00

* - =-0.0018x + 100211 

S= 00197 

- - - -- - - - - - - - - -- * $* * ,

1.20 1.40

-r-

1.60 1.80 2.00 2.20 2.40

Rod Pitch (cm)

2.60 2.80



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

May 2000 
Revision UMST-00A
Revision UMST-OOA

NFige 64e,1 MON-K8A - JEF 2.2 Library - keff versus H/U (fissie)Atom Rat i
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Figure 6.5-1.2 
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Figure& 6.5-14 MONK8A - JEF 2.2 
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Library- kff versus Cluster Gap Thickness
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Figure 6.5-l1,ý O NKaA - JEF 2.2 Library - keff versus Fuel Pellet Outside Diamete
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Figure 6.5-16 MON8A - JEF 2.2 Library - keff versus Fuel Rod Outside Diameter
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Figure 6.5-17 USLSTATS Output -kjrvru GpTikes(Cnned 

qutp ut froI Im statis-tical treatment 

i10 LWR CRITiCALEPE-RIMENT KEFF-VS GAP TIUCKNESS 

Number of data points (n) 54 
Linear regression, k(X) 0.9968 + (03.5885E-05)*X 
Confidence on fit (1-gamma) [input] 95.0% 
Confidence on proportion (alpha) [input]. 95.0% 
Proportion of population falling above 
lower tolerance interval (rho) [input] 99.5% 
Minimum value of X 0.0000 
Maximum value of X 13.3700 
Average value of X 8.44389 
Average value of k 0.99646 
Minimum value of k 0.99260 
Variance of fit, s(kX)A2 3.6340E-06 
Within variance, s(w)A2 1.0000E-06 
Pooled variance, s(p)A2 4.6340E-06 
Pooled std. deviation, s(p) 2.1527E-03 
C(alpha,rho)*s(p) 8.6255E-03 

student-t @ (n-2,1-gamma) 1.67620E+00 
Confidence band width, W 3.8972E-03 
Minimum margin of subcriticality, C*s(p)-W 4.7283E-03 

Upper subcritical limits: ( 0.00000 <= X <= 13.37000) 

USL Method 1 (Confidence Band with 
Administrative Margin) USLI = 0.9429 + (-3.5885E-05)*X 

USL Method 2 (Single-Sided Uniform 
Width Closed Interval Approach)., USL2 = 0.988 1 + (-3.5885E-05)*X 

USLs Evaluated Over Range of Parameter X: 
**** ********* **** ***** ** ********* ** 

X: 0.00 1.91 3.82 5.73 7.64 9.55 11.46 13.37 

USL-l: 0.9429 0.9428 0.9427 0.9427 0.9426 0.9425 0.9425 0.9424 
USL-2: 0.9881 0.9881 0.9880 0.9879 0.9879 0.9878-0.9877 0,9877

6.5-29
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KENO-Va and 27-Group Library Validation Statistics

6.5-30

Criticals Configuration wt % Pitch (cm) Pellet 01) Clad OD Il/U Sol. B Poison g Gap(cm) Gap Den. Ave. Gfis Keff s 
23511 (cm) (CIlm) (ppm) B10/em 2 

Set 1 
Gap 

B&W-I Cylindrideal 2.46 1.636 1.03 1.206 1.6 0 na na 0 22.8 0.9921 0.0011 
lB&W-11 3X3-14X14 2.46 1,636 1.03 1.206 1.6 1037 na na 0 22.2 0.9925 0.0009 
B&W-1il 3X3-14X 14 2.46 1.636 1.03 1.206 1.6 764 na na 1.636 22.6 0.9938 0.0009 
B&W-IX 3X3-14XI4 246 1 636 1.03 1.206 1.6 0 na na 6.543 23 0.9905 0.0010 
13&W-X 3X3-14X]4 2,46 T 636 1.03 1.206 1.6 143 na na 4.907 23 0.9882 0.0010 
B&W-XI 3X3-14X14 2.46 1.636 1.113 1.206 1.6 514 Steel 0 1.636 22.6 0.9945 0.0010 B&W -XIII 3X3 -14X14 2.46 1 .636 I.03 1.2 06 1.6 15 B-AS 0e0052 1.636 22.6 0.9922 0.0010 
13&W-XIV 3X3-14XI4 2.46 1.636 1.03 1.206 1.6 92 B-Al 0.0040 1.636 22.5 0.9885 0.0010 
B&W-XVII 3X3-14X14 2.46 1.636 1.03 1.206 1.6 487 13-Al 0.0008 1,636 22.5 0.9884 0.0010 

B&W-XIX 3X3-14X14 246 1.636 1.113 1.206 1.6 634 B-Al 0.10003 1.636 22.5 0.9901 0(1009 

Average 0.9911 0.0023 
Set 2 Gap 

'NL-(143 17X13 Lattice 4.31 1.892 1.415 1.265 1.6 0 na na na na 22.0 0.9954 0.0014 
PNL044 16X14 Lattice 4.31 1.892 1.415 1.265 1.6 0 na na na na 22.0 0.9945 0.0013 
PNL-045 14X16 Lattice 4.31 1.892 1.415 1265 1.6 0 na na na na 22.0 0.9974 (1.0013 
PNL-(146 12x19 Lattice 4.31 1.892 1.415 1.265 1.6 0 na na na na 22.0 0.9963 0.0013 
PNL-087 4 1 1X14 Arrays 4.31 1.892 1.415 1.265 1.6 0 BORAL 0.066 2.83 21.8 0.9927 0.0012 
PNL-079 4 I IX14 Arrays 4.31 1.892 1.415 1.265 1.6 0 BORAL 0.030 2.83 21.8 0.9909 0.0012 
PNL-093 4 I 1X 14 Arrays 4.31 1.892 1.415 1.265 1.6 0 BORAL 0.026 2.83 21.8 0.9962 0.0012 
PNL-115 4 9X12 Arrays 4.31 1.892 1.415 1.265 1.6 0 Aluminum 0 2.83 22.3 0.9937 0.0013 
PNL-064 4 9X12 Arrays 4.31 1.892 1-415 1.265 1.6 0 Steel (.302) 0 2.83 22.2 0.9942 0.0012 
PNL-071 4 9X12 Arrays 4.31 1.892 1.415 1T265 1.6 0 Steel (.485) 0 2.83 22.2 0.9968 0.0012 

Average 0.9948 0.0020
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Table 6.5-1 KENO-Va and 27-Group Library Validation Statistics (continued)

6.5-3 f

Criticals Configuration wt % Pitch (cm) Pellet 01) Clad OD IFU Sol. B Poison g 110/cm2 
Gap(cm) Gap Den. Ave. Gfis Keff s 

235U (cm) (clII) (ppm) 

Set 3 Cluster Wall/Cluster 
PNL-STA 3XI St Refl. 2.35 2,032 1.1176 1.27 2.9 0 na na 10.65 0.00 23.5 0.9964 0.0010 
I'NL-Sill 3XI St Refl. 2.35 2.032 1.1176 1.27 2.9 0 na na 11.20 1.32 23.6 0.9944 0.0010 
PNL-SIC 3X1 St Refl. 2.35 2.032 1.1176 1.27 2.9 0 na na 10.36 2.62 23.6 0.9905 0-0010 
PNL-PITA 3X I Pb ROL1. 2.35 2.032 1.1176 1.27 2.9 10 na na 13.84 0.00 23.5 0.9960 0.0011 
PNL-PBB 3XI Pb Refl. 235 2.032 1.1176 1.27 2.9 0 na na 13.72 0.66 23.5 0.9978 0.0010 
PNL PBC 3X1 Pb Refl. 2.35 2.032 1.1176 1.27 2.9 0 na na 11.25 2.62 23.6 0.9925 0.0010 
PNL-DlJA 3XI D)U Refl. 2.35 2.032 1.1176 1.27 2.9 0 na na 11.83 0.00 22.6 0.9903 0.0009 
l'NL-I)LJB 3X1 D)U Refl. 2.35 2.032 1.1176 1.27 2.9 0 na na 14.11 1.96 22.8 0.9957 0.0010 
IPNL-I)UC 3X1 DU) Refl. 2.35 2.032 1.1176 1.27 2.9 0 na na 13.70 2.62 22-9 0.9911 0.001(1 

PNL-1120 3X1 1120 Refl 4.31 2.54 1.265 1.415 3.9 0 na na 8.24 inf 23.3 0.9877 0.0023 
PNL-STO 3X1 St Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 12.89 0 23.2 0.9993 0.0012 
PNL-STI 3X1 St Rell. 4.31 2.54 1.265 1.415 3.9 0 na na 14.12 1.32 23.3 1.0060 0.0022 
I)NL-ST26 3X1 St Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 12.44 2.62 23.3 0.9965 0.0011 
PNL-PB0 3XI Pb Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 20.62 0 23.2 1.0068 0.0021 
PNL-PBI3 3X1 Pb Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 19.04 1.32 23.3 1.0038 0.0012 
I'NL-PI35 3X1 Ph Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 10.3 5.41 23.3 0.9889 0.0011 
PNL-DUO 3X1 I)D Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 15.38 0 21.8 0.9959 (1.0111 
PNL-DUI3 3XI DU Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 19.04 1.32 22.1 1.0067 0.0010 
PNL-DUJ39 3X1 DU Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 18.05 3.91 22.5 1.0005 0.0011 
PNL- )U54 3X1 I)UI1 Refl. 4.31 2.54 1.265 1.415 3.9 0 na na 13.49 5.41 22.6 0.9908 0.0011 

I Average 0.9964 0.0060
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Table 6.5-1 KENO-Va and 27-Group Library Validation Statistics (continued)

Criticals Configuration wt % Pitch (cm) Pellet 01) Clad OD Il/U Sol. B Poison g Gap(cm) Gap Den. Ave. Gfis Keff S 
235U (cm) (cIII) (ppm) Bl0/cm2 

Set 4 
PN1.229 2x2 Flux Trap 4.31 1.89 1.265 1.415 1.6 0 Aluninu 0 3.81 0.9982 22.4 0.9989 0.0012 

m 
PNL-230 2x2 Flux Trap 4.31 1.89 1.265 1.415 1.6 0 13ORAL 0.05 3.75 0.9982 21.7 0.9921 0.0012 
PNL-228 2x2 Flux Trap 4.31 1.89 1.265 1.415 1.6 0 BORAL 0.13 3.73 0.9982 21.7 0.9911 0.0012 
PNL-214 2x2 Flux Trap 4.31 1.89 1.265 1.415 1.6 0 BORAL 0.36 3.73 0.9982 21.7 0.9968 0.0013 
l'NL-231 2x2 Flux Trap 4.31 1.89 1.265 1.415 1.6 0 13ORAL 0.45 3.71 0.9982 21.7 0.9938 0.0012 
PNL- 127 2x] Flux Trap 4.31 1.89 1 265 1.415 1.6 0 BORAL 0.026 0.64 0.9982 21.8 0.9934 0.0010 
PNL- 126 2xl Flux Trap 4.31 I.89 1.265 1.415 1.6 0 BORAL 0.026 1.54 0.9982 21.8 0.9931 0.0010 
PNL- 123 2xl Flux Trap 4.31 1.89 1.265 1.415 1.6 0 BORAL 0.026 3.80 0.9982 21.8 0.9943 0.0010 
PNL- 125 2xl Flux Trap 4.31 1.89 1.265 1.415 1.6 0 13ORAL 0.026 5.16 0.9982 218 0.9932 0.0010 
PNL-124 2x] Flux Trap 4.31 1.89 1.265 1.415 1.6 0 BORAL 0.026 INF 0.9982 21.8 0.9949 0.0010 
PNL-123-S 2xl Flux Trap 4.31 1L89 1.265 1.415 1.6 01 Steel 0 3.80 0.9982 22.1 09920 0.0010 
PNI.- 124-S 2xl Flux Trap 4.31 1.89 1.265 1.415 1.6 0 Steel 0 INF 0.9982 21.9 0.9962 0.0010 

Average 0.9941 0.0022 
Set 5 Gap(cm) Gap Den.  

V(TML 2x2 Water Gap 4.74 1.35 0.79 0.94 2.3 0 na na 1.90 0 22.0 0.9922 0.0013 
VCML 2x2 Water Gap 4.74 1.35 0.79 0.94 2.3 0 na na 1.90 0.0323 22.0 0.9889 0.0013 
VCML 2x2 Water Gap 4.74 1.35 0.79 0.94 2.3 0 na na 1.90 0.2879 22.1 0.9957 0.0013 
V(CMI. 2x2 Water Gap 4.74 1.35 0.79 094 2.3 0 na na 1.90 0.5540 22.2 1.0053 0.0011 
VCML 2x2 Water Gap 4.74 1.35 0.79 0.94 2.3 0 na na 2.50 0.9982 22.3 0.9955 0.0012 
VCML 2x2 Water Gap 4.74 1.35 0.79 0.94 2.3 0 na na 5.00 0.9982 22.5 0.9948 0.0013 
VCML Square Lattice 4.74 1.26 0.79 0.94 1.8 0 na na na na 22.2 0.9958 0.0012 
VCML Square Lattice 4.74 1.35 0.79 0.94 2.3 0 na na na na 22.0 0.9952 0.0012 
VCML Square Lattice 4.74 1.60 0.79 0.94 3.8 0 na na na na 23.3 0.9989 0.0013 
VCML Square Lattice 4.74 2.10 0.79 0)94 7.6 0 na na na na 24.0 0.9974 0..1012 
VCML Square Lattice 4.74 2.52 0.79 0.94 11.5 0 na na na na 24.2 0.9977 0.0011 

IIIII_ Average 0.9961 0.0041
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Table 6.5-2 Correlation Coefficient for Unear Curve-Fit of Critical Benchmarks

Table 6.5-3 Most Reactive Configuration System Parameters

6.51-33

Correlation Studied Correlation Coefficient (R) 

kff versus enrichment 0.361 

k•f versus rod pitch 03281 

k•ff versus H!U volume ratio 0.246 
kef versus °B loading 0.069 

keff versus average group causing fission 0.133 

k•ff versus flux gap thickness .137

VMS Design Maine Yankee 

Benchmark Benchmark Basis PWR Fuel Fuel.Most 

Minimum Maximum Most Reactive Reactive 

Parameter Value Value Configuration Configuration 

Enrichment (wt. % 235U) 2.35 4.74 4.2 4.2 

Rod pitch (cm) 1.26 2.54 j.26 1.50 

HfU volume ratio 1.6 11.5 1.9 2,6 

"'13 areal density (g/cm ) 0.00 0.45 0.025 Q.025 

Average energy group 

causingfission 21.7 24.2 22.3 22.5 

Flux gap thickness (cm) 0.64 5.16 2.12 to 3.8 2.22 to 3.8
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Table 6.5-4 Range of Correlated Parameters for Design Basis FueI 

Benchmark Benchmark )esi !-Basi 
Parameter Minimum Value Maximum Vaiue L(WE17x7l OFA) 

Enrichment (wt % 235U) 2.35 7.00 ,4.20 

Rod pitch (cm) 126 2,54 1.26 

HIU (fissile) atomic ratio 97.08 :453.84 111.31 

10B loading (g/cm 22 0.0-00 0.07 0.05 

Log energy causing fission 7.3 1E-08 3'.33E-07 2,39E-07 
lustr gap thickness (cm) .0 1192 

Fuel diameter (cm) 0.743 1,265 Q.7844 

Clad diameter (cm) 0.8324 1.4150 0.9144 

Table 6.5-5 MONK8A -Correlation Coefficient for Linear Curve-Fit of Critical Benchmarks 

Correlation Studied Correlation Coefficient (R) 
keff versus enrichment 0.390 
keff versus rod pitch 6.140 
keff versus HWU (fissile) atomic ratio 0.369 

keff versus 1% loading Q.273 
keff versus log energy causing fission 0.127 
keff versus cluster gap thickness -532 

iffversus fuel diameter 0-.236 
klff versus clad diameter 0.185

0,5-34
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics

Mean 

Log(E) 
Fuel Clad Cluster Wall/ Neutrons 

wt'% Pitch OD OD Clad H/U Sol. B Poison G Gap Cluster causing 
Cse Configuration 71u (cm) (cm) (cm) Mat'l. (fLssile) (ppm) Type/Absorber '°B/cm 2 (cm) (cm) Reflector Fission (JEF2.2) a 
1.01 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Boral 0.0720 6.33 Inf Water 1.00E-07 0.9964 0.0010 

20x17 pins' 
1.02 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Boral 0.0720 9.03 Inf Water 9.95E-08 0.9976 0.0010 

20x17 pins 
1.03 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0 10.44 Inf Water 9.97E-08 0.9950 0.0010 

20xi7 pins (no boron) 
1.04 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0 11.47 Inf Water 9.95E-08 0.9960 0.0010 

20xi7 pins (no boron) 
1.05 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0.0049 7.56 Inf Water 1.02E-07 0.9950 0.0010 

20x17 pin (1.05% boron) 

1.06 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0.0049 9.62 Inf Water 1.01E-07 0.9955 0.0010 
20x17 pins (1.05% boron)_ 

1.07 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0.0074 7.36 Inf Water 1.02E-07 0.9963 0.0010 
20x17 pins (1.62% boron) 

1.08 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0.0074 9.52 Inf Water 9.99E-08 0.9967 0.001Q 
20xi7 pins (1.62% boron) 

1.09. 3clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 None Na 11.92 Inf Water 1,O0E-07 0.9959 0.0010 
2,x0! p1i.n6sq 

2.01 1.26 (square) 4.75 1.26 0.79 0.94 Al 98.21 0 Na Na Na Na Water 2.57E-07 0.9960 0.0010 
2.02 1.60 (square) 4.75 1.60 0.79 0.94, Al 217.26 0 Na Na Na Na Water 1. 15E-07 0.9968 0.0010 
2.03 2.10 (square) 4.75 2.10 0.79 0.94 A] 443.75 0 Na Na Na Na Water 7.3 IE-08 0.9960 0.0010 
2.04 11.35 (triangular) 4.75 1.35 0.79 0.94 Al 97.08 0 Na Na Na Na Water 2.80E-07 0.9953 0.0010
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (Continued)

Mean 
Log(E) 

Fuel Clad Cluster Wail/ N eutrons 
vt % Pitch OD OD Clad HIU Sol. B Poison G Gap Cluster Cauing 

Case Configuration 235U (cm) (cm) (cm) Mat'L. (fissile) (ppm) Type/Absorber 10B/cm2 (cm) (cm) Reflector Fission (jEF2J2i 
1.01 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Boral 0.0720 6.33 Inf Water 1.OOE-07 0.9964 0.0010 

20x17 pins 
1.02 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Boral 0.0720 9.03 Inf Water 9.95E-08 0.9976 0.0010 

20x17 pins 
1.03 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0 10.44 Inf Water 9.97E-08 0.9950 0.0010 

20xi7 pins (no boron) 
1.04 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0 11.47 Inf Water 9.95E-08 0.9960 0.0010 

20x17 pins (no boron) 
1.05 3 clusters; ý235 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0.0049 7.56 Inf Water il02E-07 0.9950 0.0010 

2ox1 pins _ _ _ (1.05% boron) 
1.06 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0.0049, 9.62 Inf Water J.QIE-07 0.9955 0.0010 

20x17 pins _ ___ (1.05% boron)0 
1.07 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L SteAl 0.0074 7.36 Inf Water 1.02E107 0i9963 .0 

20x17 pins (1.621% boron) 
1.08 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 304L Steel 0.0074 9.52 Inf Water 9 99E-08 0.9967 i.0010 

20x 17- pins (1.62% boron),___ 
1.09 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 None Na 141.92 Inf Water 1.011F07 0.9959 0.0010 

_ 20x17 pins 

2.01 1.26 (square) 4.75 1.26 0.79 0.94 Al 98.21 0 Na Na Na Na4 Water 2.57E,0 Q9960 0.0010 

2.02 1.60 (square) 4.75 1.60 0.79 0.94 Al 217.26 0 Na Na Na Na Water 1.15E-07 0.9968 0.0010 
2.03 2.10 (square) 4.75 2.10 0.79 0.94 Al 443.75 0 Na Na Na Na Water 7.3 IE-08 0.9960 0.0010
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (Continued) 

Mean 
Log(E) 

Fuel Clad Cluster Wall/ Neutrons 
wt % Pitch OD OD Clad H/U Sol. B Poison G Gap Cluster Causing 

Case Configuration 235U (cm) (cm) (cm) Mat'l. (fissile) (ppm) Type/Absorber 1 °B/cnW (cm) (cm) Reflector Fission (JEF2.2) a 

2.04 1.35 (triangular) 4.75 1.35 0.79 0.94 Al 97.08 0 Na Na Na Na Water 2.80E-07 0.9953 0.0010 
2.05 1.72 (triangular) 4.75 1.72 0.79 0.94 Al 217.51 0 Na Na Na Na Water 1.15E-07 0.9975 0.0010 
2.06 2.26 (triangular) 4.75 2.26 0.79 0.94 Al 445.38 0 Na Na Na Na Water 7.34E-08 0.9965 0.0010 
2.07 1.26 (square-I in 5 4.75 1.26 0.79 0.94 Al 97.08 0 Na Na Na Na Water 2.65E-07 0.9950 0.0010 

missing) 
2.08 1.26 (square-i in 2 4.75 1.26 0.79 0.94 Al 217.51 0 Na Na Na Na Water 1.16E-07 0.9974 0.0010 

missing) 
2.09 1.26 (square-i in 3 4.75 1.26 0.79 0.94 Al 445.38 0 Na Na Na Na Water 7.42E-08 0.9969 0.0010 

_missing) 

3.01 3 clusters; 4.31 2.54 1.265 1.415 A] 256.38 0 None Na 10.62 Inf Water 1.18E-07 0.9944 0.0010 
8x15 pins 

3.02 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 304L Steel 0 8.58 Inf Water 1.17E-07 0.9957 0.0010 
8x15 pins (no boron) 

3.03 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 304L Steel 0 9.65 Inf Water 1. 18E-07 0.9953 0.0010 
8x15 pins (no boron) 

3.04 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 304L Steel 0.0049 6.10 Inf Water 1.19E-07 0.9966 0.0010 
8x15 pins (1.05% boron) 

3.05 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 304L Steel 0.0049 8.08 Inf Water 1.18E-07 0.9956 0.0010 
8x15 pins (1.05% boron) 

3.06 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 304L Steel 0.0074 5.76 Inf Water 1.18E-07 0.9968 0.0010 
8x15 pins (i .62% boron) 

3.07 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 304L Steel 0.0074 7.90 Inf Water 1.16E-07 0.9973 0.0010 
8x15 pins (1.62% boron)_
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (CoIn Itinued)

Mean 
Log(E) 

Fuel Clad Cluster, Wal/ NeutronsM 
wt % itch O.D OD Clad HlU Sol. B Poison ib dap, lu s te r CuIng, k 

Case Configuraton U (cm)j (cm) (cm) Mat'l. issile) (ppmt) Type/Absorber , IB/cm 2  (cm) (c)j Reflecto .r Fission ~E22 
3.08 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 Boral 0.70 67 n ae 1E0 .93 0.0010 

8x15 pins 

7.01, 3x3 clusters; 2.46 1.6358. 1 06 1.03, Al 538 1037 None Na 0InfWae 256 30 1. 15 .0 0 

-4 x1i4 -p-ins 
7.02 3x3 clusters; 2.46 1.6358 1.206 1.3 Alt 538 769 None Na 1.64 Inf Water 2-0513-07 0.9993 001 

l4x14 pins 
7.0 33 clstrs 2.4 135 1.0 1.03. Al 453.84 0 B34C Pins Na 1.64 Inf Water 2.0313-07 0.699-71 06.-0010 

14x14 pins 
7.04 33clusters; 2.46 1.6358 126 1.031 Al 453.84 15 B/Al 0.-0052 1,64 Inf WaeE.8-7 09-996 0.0010 

l4xl4* pis1.61lwt% B-)' 
7.05 3x clusters; .- 46 1.6358 1.2-06 1.03. Al. 453.84 217 Stainless Steel 0 3.27 Inf Water .713M-07 --96 .01 

-14'x---4 -p'in s 
7A.0 U3 cluiste'rs*; 2.46 1.6358 1.206- 1.03 Al 453.84 320- B/Al 0.0003 3.27 Inf Water 1.7-9E-07. -!.9-94 0 -50.001 

i4-x14 pins, _____ (0.lwt B) __ 

7.07. 2130clusters; 2.46 1.6358 1.206 1.03 Al 43.84 72 B/l 0.03'.1 n Wtr6-~: P9-932 ~i 
____ 14x4 pn~ 0. wt%/B) 

7.08 503 clusters' 2.46 1.6358 1.206 1.03 Al 438 oeN .4 If Wtr 11-07ý p9941, 0.0010 
;14x14 pins' 

27.01 Cylindrical, 7.00 1.2 073 0.8324 SS 118.39 0 Na Na Na Na Water 2.0913-07, 0.99941 0.0010 

3201 14x14array 4.74 1.60 0.79 0.94, Al 21.7.31, 0 Na Na Na 0.0 Lea d -and4 1-3213-07, 1.0161 0.0010 

_______light water

&.5 --3 8
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (Continued)

Mean 

Log(E) 
Fuel Clad Cluster Wall/ Neutrons 

Wt % Pitch OD OD Clad H/U Sol. B Poison G Gap Cluster Causing kff 
Case Configuration ,7U (cm) (cm) (cm) Mat'l. (fissile) (ppni) Type/Absorber 1 gB/cm 2 (cm) (cm) Reflector Fission (JEF2.2) Y 

32.02 14x14 array 4.74 1.60 0.79 0.94 Al 217.31 0 Na Na Na 0.5 Lead and 1.26E-07 1.0184 0.0010 

light 
water 

32.03 14x14 array 4.74 1.60 0.79 0.94 Al 217.31 0 Na Na Na 1.0 Lead and 1.18E-07 1.0166 0.0010 

light 
water 

32.04 14x14 array 4.74 1.60 0.79 0.94 Al 217.31 0 Na Na Na 1.5 Lead and 1.14E-07 1.0159 0.0010 
light 
water 

40.01 22x22 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.0978 Na Water 1.33E-07 0.9992 0.0010 
40.02 22x22 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.1956 Na Water 1.34E-07 1.0002 0.0010 
40.03 22x22 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.2934 Na Water 1.33E-07 0.9998 0.0010 
40.04 22x22 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.3912 Na Water 1.34E-07 0.9986 0.0010 
40.05 22x22 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.489 Na Water 1.37E-07 1.0020 0.0010 
40.06 21x21 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.0978 Na Water 1.36E-07 1.0014 0.0010 
40.07 20x21 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.0978 Na Water 1.34E-07 1.0023 0.0010 
40.08 20x20 4.74 1.60 0.79 0.94 Al 217.31 0 Hafnium plate Na 0.0978 Na Water 1.30E-07 0.9987 0.0010 
40.09 22x22 4.74 1.60 0.79 0.94 Al 217.31 0 None Na - Na Water 1.29E-07 0.9998 0.0010 
40.10 21x21 4.74 1.60 0.79 0.94 Al 217.31 0 None Na Na Water 1.27E-07 1.0006 0.0010 
40.11 21x20 4.74 1.60 0.79 0.94 Al 217.31 0 None Na - Na Water 1.25E-07 1.0016 0.0010 
40.12 20x20 4.74 1.60 0.79 0.94 Al 217.31 0 None Na - Na Water 1.25E-07 0.9988 0.0010
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (Continued)

Mean 
Log(E) 

Fuel Clad Cluster Wali Neutrons 
;t 0- Pitch OD OD Clad H/U Sol. B Poison G Gap Cluster Causing 

Case Configuration Su (cm) (cm) (cm) Mat'l. (fissile) I (ppm) Type/Absorber t0Bicm2  (cm) (cm) Reflector, Fission (JEF2.2) 
17.01 3clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 13.100 0.000 Lead 1.03E-07 1.0010 0.0010 

i6x19 pins 
17.02 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 12.980 0.660 Lead 1.OOE-07 0.9994 0.0010 

!6x19 pins 
17.03 3 clusters; 2.35 2.032 1.1176 .27 Al 398.80 0 Na Na 10.510 2.616 Lead 1.OOE-07, 0.9962 0.0010 

16x19 pins 
17.04 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 11.090 0.000 Uranium 1.05E-07 0.9955 0.0010 

i6x19 pins 
17.05 3 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 13.190 1,321 Uranium 1.02E-07 0.9972 0,0010 

!6x19 pins 
17.06 -3clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 13.370 1.956 Uranium 1.02E-07 0.9974 0.0010 

16x19 pins 
17.07, .clusters; 2.35 2.032 1.1176 1.27, A] 398.80 0 Na na 12.960 2.616 Uranium I.00E-07 0.9967 Q.0010 

~ 1 x 9 p in s 
_ _ _ _ 

-0 1 -0 ,-O I 
17.08 3 clusters' 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 9.950 5.405 Uraum 9401E407 0.94 00 

- !6x !9 pins' 
17.09 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 7.820 .10.676 Uranium •,8 8 6E6 0.0010 

_____ Y~x19pins ______ 

17.1Q~ clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 NA Na 9.888 0.000 Steel 4.0313-07, .9975 -000101 
16x19 pinrs 

17.1t 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 0.438 0.660 Steel 1.03E1-7 0.997Q 0.0010 
19 pins 

17.12 5clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 10.438 1.1321 Steel 1.02E-07 0.9958 0.0010 
___ 16x19_pi~ns ___ ___ _________ _____
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MONK8A - JEF 2.2 Library Validation Statistics (Continued)

Mean 
Log(E) 

Fuel Clad Cluster Wall/ Neutrons 
wt % Pitch OD OD Clad II/U Sol. B Poison G Gap Cluster Causing kn 

Case Configuration 23U (cm) (cm) (cm) Mat'l. (fissile) (ppni) Type/Absorber 10B/cm2 (cm) (cm) Reflector Fission (JEF2.2) a 
17.13 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 9.598 2.616 Steel 9.91E-08 0.9964 0.0010 

16x19 pins 
17.14 3 clusters; 2.35 2.032 1.1176 1.27 Al 398.80 0 Na Na 8.748 3.912 Steel 9.88E-08 0.9955 0.0010 

16x19 pins 
17.15 I1x25(center)4 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 8.566 0.000 Steel 1.89E-07 0.9943 0.0010 

18x20(two outer) 
17.16 18x25(center), 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 9.166 0.660 Steel 1.83E-07 0.9972 0.0010 

18X20(two outer) 
17.17 18x25(center), 2.35 1.684 1,1176 1.27 Al 398.80 0 Na Na 9.096 1.321 Steel 1.75E-07 0.9988 0.0010 

18x20(two outer) 
17.18 18x25(center), 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 9.246 1.684 Steel 1.77E-07 0.9965 0.0010 

I 8x20(two outer) 
17.19 18x25(center), 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 8.866 2.344 Steel 1.69E-07 0.9966 0.0010 

18x20(two outer) 
17.20 18x25(center), 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 8.646 3.005 Steel 1.73E-07 0.9959 0.0010 

18x20(two outer) 
17.21 I8x25(center), 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 8.126 3.912 Steel 1.66E-07 0.9943 0.0010 

18x20(two outer) 
17.22 18x25(center), 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 7.256 6.726 Steel 1.65E-07 0.9949 0.0010 

18x20(two outer) 
17.23 I8x23(center), 2.35 1.684 :1.1176 1.27 Al 398.80 0 Na Na 9.646 0.000 Lead 1.76E-07 0.9992 0.0010 

18x20(two outer) 
17.24 18x23(center), 2.35 1.684 1.1176 1.27 Al 398.80 0 Na Na 9.696 0.660 Lead 1.74E-07 1.0002 0.0010 

I 8x20(two outer) 
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (Continued)

Mean 
Log(E) 

Fuel Clad Cluster Wall/ Neutrons 
%t 0 Pitch OD OD Clad H/U Sol. B Poison G Gap Cluster Causing I• 

Case Configration U (cm) (cm) (cm) Mat'l. (fissile) (ppm) Type/Absorber '0B/cm2  (cm) (cm) Reflector Fission kJEF2.21 
17.25 18x23(center), 2.35 1.684 1.117 1.27 Al 398.80 0 Na Na 8.086 3.276 Lead 1.65E-07 0.9979 0.0010 

_ 18x20(two outer) 
17.26 18x23(center), 2.35 1.684 1.117 1.27 Al 398.80 0 Na Na 7.646 0.000 Uranium 1.86E-07 0.9926 0.0010 

1 8x20(two outer) 6 
17.27 18x23(center), 2.35 1.684 1.117 1.27 Al 398.80 0 NNa a 9.086 1.321 Uranium 1.78E-07 0.9936 0.0010 

18x20(two outer) 6 
17.28 18x23(center), 2.35 1.684 1.117 1.27 Al 398.80 0 Na Na 9.416 2.616 Uranium' 1.66E-07 0.9981 0.0010 

Is8x20(two outer) 6 
17.29 18x23(center), 2.35 1.684 1.117 1.27 Al 398.80 0 Na Na 9.776 3.912 Uranium 1.67E-07 0.9964 0.0010 

18x20(two outer) 6 
10.01 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 Na Na 19.495 0.000 Lead 1.22E-07 1.0091 0.0010 

8x13 pins 
10.02 clusters, 4.31 2.54 .1265 1.415 Al 256.38 0 Na Na 19.655 0.660 Lead 1.20E1-0 1.0074 0.01 

8X13 pins 
10.03 3 clusters' 4,31 2.54 1.265 J.415 Al 256.38 0 Na Na 17.915 1.321 Lead 1I 18E1-07 jiO-IF 0.0010 

8x13 pins 
10.04 3 clustersi 4.31 2.54 1.265 AN415 A 256.38 0 NA Na p.!75 5.405 Lead .I5E..7 0.9945 Q.00!0 

8x13 pins 
10.05 $'clusters; 4.31 2.54 1.265 1,415 Al 256.38 0 Na Na l4.255 0.000 •Uraniurn 1.32E-0' 0.995t 0.0010 

8x1 3,pins.  
10.06 38clusters;, 4.31 2.54 1.265 1,415 Al 256.38 0 Na Na !14.195 1956 Uranium jL8E-07 9,9974 0010 

X-1 2 piýns' 
10.07, 3 clusters; 4.31 2.54 1.265 1.415 Al 5256.38 0 Na Na 16.925 ý.912 Uranium 1.18E-07 0.9977 0.0010 

S 8xi3pins
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (Continued)

Mean 
Log(E) 

Fuel Clad Cluster Wall/ Neutrons 
wt % Pitch OD OD Clad H/U Sol. B Poison G Gap Cluster Causing ken 

Case Configuration -35u (cm) (cm) (cm) Mat'l. (fissile) (ppm) Type/Absorber 1OB/cm 2  (cm) (cm) Reflector Fission (JEF2.2) a 
10.08 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 Na Na 12.365 5.405 Uranium 1.16E-07 0.9922 0.0010 

8x13 pins 
10.09 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 Na Na 11.765 0.000 Steel 1.26E-07 1.0004 0.0010 

8x13 pins 
10.10 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 Na Na 13.125 0.660 Steel 1,25E-07 0.9981 0.0010 

8x13 pins 
10.11 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 Na Na 12.995 1.321 Steel 1.20E-07 0.9992 0.0010 

8x13 pins 
10.12 3 clusters; 4.31 2.54 1.265 1.415 Al 256.38 0 Na Na 11.315 2.616 Steel 1.17E-07 0.9987 0.0010 

8xi3 pins 
10.13 3 clustersi 4.31 2.54 1.265 1.415 Al 256.38 0 Na Na 8.675 5.405 Steel 1.16E-07 0.9954 0.0010 

8x13 pins 
10.14 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 14.393 0.000 Steel 3.27E-07 1.0002 0.0010 

12xi6 pins 
10.15 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 15.263 0.660 Steel 3.16E-07 1.0015 0.0010 

12x16 pins 
10.16 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 15.393 1.321 Steel 3.04E-07 1.0003 0.0010 

12xi6 pins 
10.17 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 15.363 1.956 Steel 2.97E-07 1.0039 0.0010 

12x16 pins 
10.18 c clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 14.973 2.616 Steel 2.91E-07 0.9994 0.0010 

12x16 pins 
10.19 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 13.343 5.405 Steel 2.80E-07 1.0007 0.0010 

12x16 pins 
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Table 6.5-6 MONK8A - JEF 2.2 Library Validation Statistics (Continued)

Mean 
Log(E) 

Fuel Clad Poison Wall/ Neutron' 
wt Pitch OD OD Clad H/U Sol. B Type/Ab G Cluster Cluster ausing k.; 

Case Configuration 21 U (cm) (cm) (cm). Mat']. (fissile) (ppm) sorber 10B/cm 2 Gap (cm) (cm) Reflector Fission JJEd.2) '7 

10.20 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 17,263 0.000 Lead 3,11E-07 1.0054 0.0010 
12xl6 pins 

10.21 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 17.703 0.660 Lead 3.01E-07 1.0047 0.0010 

12x16 pins 
10.22 3 dusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 16.953 1.956 Lead 2.89E-07 1.0042 0.0010 

"i2xI6 pins 
10.23 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 13.873 5.001 Lead 2.8113-07 0.9993 0.0010 

12x16 pins 
10.24 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 14.853 0.000 Uranium 3.33E-07 0.9965 0.0010 

l2xi6 pins 
10.25 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 16.233 0.660 Uranium 3.23E-07 0.9991 0.0010 

_12x16 pins 
10.26 clusters, 4. 31 1,892 1.265 1.415 Al 256.38 0 Na' Na 17.793 1.321 Uranium 3.1413-07 .9995, 0.0010 
______ !2x16 pins ____- 0 10.27 3 clusters; 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 18.763 '1.956 Uranium 3ý.0513-07 (.0060 0.0010 

12x16 pins 
10.28 3 clustersi 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na 18.893 2.616 Uranium 3.0113-07 0.9991 0.0010 

12x16 pins 
10.29 3 clusters. 4.31 1.892 1.265 1.415 Al 256.38 0 Na Na J8.303 3.276 Uranium 2.88E.-07, 0.9985 0.0010 

12x16 pins 
10.30 3 clusters- 4.3 1 .892 1.265 1.415 A] 256.38 0 Na Na 15.923 5.405 Uranium 2.83E-07 9 0.0010 

12x16 pins
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6.6.1 CI-ticajljy Evaiuation for Site SSpecific Contents 

This section describes fuel assembly characteristics and configurationsý, or waste configurations, 

which are unique to specific reactor sites. These site specific content configurations result from 

conditions that occurred during reactor operations, participation in research and development 

programs, testing programs intended to imprvye reactor operations, "and from decommissioning 

activities.  

Site specific fuel assembly configurations are either shown to be bounded by the analysis of the 

standard design basis fuel assembly configuration of the same type (PWR or BWR), or are shown 

to be acceptable contents by specific evaluation of the configuration.  

6.6.1.1 Criticality Evaluation for Maine Yankee Site Specific Spent Fuel 

Loading the transport cask with the standard CE 14x14 fuel assembly is shown in Section 6.4 to 

be less reactive than loading the cask- with the most reactive Westinghouse 17x17 OFAcrtcly 

design, basis. spent. fuel. This analysis addresses variations in fuel assembly -dimensions , variable 
enrichment axial zoning patterns,_annular axial fuel blankets, removed fuel rods or, empty rod 

positions, fuel rods placed in guide tubes, and consolidated fuel assemblies. These 

configurations are not included in the standardnfuel, an but are present in the site fuel 

inventory that must be transported.  

6.6.1.1.1 Maine Yanýkee Fuel Cariticality Model 

The criticality eyaluations'pf. the Maine Yankee fuel inventory require the. basket cell and basket 

in cask models described in Section 6.3 and 6.4. The basket cell model is principally employed 

in the most reactive dimension evaluation for the MaineYankee intactjfuel typ~es. The basket 

cell model, represents an infinite array_ of fuel tubes separated by one-inch flux traps and negl~ect' 

the radial neutron leakage, of the basket. This will result in keff values gzreater than 0.95.. The 

basket cell model is,,therfore, only used to determine relative reactivities of the various-physica1 

aimensions of the Maine Yankee fuel inventory,_not to establish maximum kyalues'for e 

basket loaded with Maine Yankee fuel assemblies. The basket in cask model isus'ed fort 
I evaluation of the remaininng fuel- configurations.. The basket crnoal demyocJ'use.s th9e3jn4or'nin 

baskynet gonfigurationith full moderation under accidenttconditonswheere accident conditions 
implying the loss of fuel cladding integryand flooding of the pellet to cladding- gap -inal fue 

rods. The analyses presented are performed using the UMS& transport cask~ shield geometry ,

,61,
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Transport CkMoe 

jhqnfinte arraigy• g eome js used oqnlytoN determine the most reactive dimensions. The most 
teact~ive lattic~edmnin determined by the basket cellmodl r incorporated inito the basket 
in cask model. The Unvra Transport Cask- geometry is evaluated using the, nominal ~bse 
configuration with full moderation. The-Transport Cask accide event is modeled assung that 
the fuel clad gap is flooded, the basket is flooded and the n replaced with 
,water. Evaluating 24 hybrid 14x14 fuel assemblies with the most ractiv llet dianeter for the 
accident condition prdcsa~k, + 2cy of 0.91014.__This is less reactiv thnthe ac-cident 
condition for the transport cask loaded with the Westinghouse 17 x 17 OFA ssemblhes_(k 2 
of 0.9210),. Therefore, the Westinghouse 17 x 17 OFA fuel criticality evaqation is boundin''g.  

6..6.11.11.2 Maine Yankee Intact Spent Fuel 

The, ev Ial uation of the intac It -Maine Yankee, spent fuel ,inventor 'emonstrtes- -that unaer'all 
conditions the maximum reactivity of the UMSbaskeloadedwith MaineYankee fuel 
assemblies is bounded by the Westinghouse 17 x 17 OFA evaluationpre in; ýeon 6.4.  
The intact fuel ~assembly _evaluation includes the dtriaonof mjaximum reactivity 
dimensions of the Maine Yankee fuel assemblies, and the reactivity effects ~of variably enriched 
assemblies, annular axial end blankets, removed rods, fuel in guide tubes, and consolidated fuel 
assemblies. Where necessa dj g tions are applied to limit the number and location of 
the basket, payload evaluated.  

Fuel Assembly Lattice Dimensional Variations 

Maie anee1414PWRful asben roided by Combustion Eng inee gExxi ANaiid 
Westinghouse. The range of fuel assembly dimensions evaluated for Maine Yýankee'are's'hown iný 
Table 6.6,1.1-1.  

Most Reactive Fuel Dimensions 

BPounding, fuel AsseZMbly.dAmensions are determin e~dusing the guidelinDes set ý ecti n 6.4. 4anid 
are reported in Table_6.6.1.1i-2. he dimensional pertu~rbations that cane -ecit of 
any unden oderated of y fuel assenmbhies in a flooded sysem (inCl flodeingttie l 
clad gap) are:

6{.6_.1-2
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o -Decreasing the clad outside diameter (QP) 

e Increasing, the clad inside diameter eD., (ieincreasing the gap) 

*_ Decreasing the p.l.let diameter 

SDecreasing the guide tube thickness 

To conservatively model the clad thickness of the Maine Yankee standard fuel, he outidediameter of 

the. clad, is iteratively decreased until the clad thickness reaches the minimum. -The, pejl.t diameter is 
studied separately to determine whichndiameternaximizes the reactivity of the assembly. This stud 
performed using aninflnite array of hybrid 14x14 fuel assemnblie~s, -These hybrid assembliels have the 
combination of, most reactive dimensional parameters listed in Table 6.6.1.1-2_and are used in the 
evaluation of site specific fuel configurations. The pellet diameter is modeled first at the maximum 
diameter, and then it is iteratively decreased until a peak reactivity (flU ratio) is reached, -The results 
of, this study are reported in Table 6.6.1l..1-3. The. maximum reactivity occurs at a pellet diameter of 
0.3527 inches. This pellet dliameter, which produces the most reactive system, is conservatively. used 

in the analyses of an assemblyd with 176 fuel rods.  

Thenreactivity of an2infinite array of basket unit Cells containing infinitely tall, hybrid 14xe•4 uel 
assemblies and a flooded fuel-clad gap is kff + 2a =0.96268. This is less reactive than the same 

array of Westinghouse 17x17 OFA assemblies (k,,f +2(7 = 0.9751 from Table 6.4-1). Therefore, 
the design. basis Westinghouse, 17x1.7 OFAI fuel, criticality analysis is budn~h 
conservatism obtained by decreasing the pellet diameter below that of the reported Maine 

Yankee fuel pellet diameter results in a Akgf of 0.00247.  

6.6'.1. -Variably Enriched Fuel''A'ssembiie~s 

Two ~batlches -of fuel used "at Maine Yankee ,contai vari-ably en~ri-ched fuel-rods. Fuel, ruld 
enrichments, o-f one ,balt~clh are 4-.2.1 ,w.t % 3 U and 3.5 wt %2 U The maximum pla1ar.ia~ aerage 
enraichment -of th~isb~at~c~h i~s3.99 wt-,%r 5-,U. In, the-other batch, the fuel rod enrichments are 4.0 

wt 2 5Uand 3.4 wt % "U. The maximum planar average enrichment of this batch is 3.92 
W It % -235 Uý. Loading 24._variably enriched fuel assemblies ~having both a maximumn fuel rod 

e h mum planar average enrichment of 3.99 Wt' ; 235 
results in Ia k + 2c of 0S9940._Using Iaplanar fuel rIod enrichment of 4.2 Ut % r 235eU resuisin'a 
k~f + 2a of 0.91014. Therefore, all of the fuel rods are conservatively modeled as if enriched to 
4.2 wt %ýO 23 5U fo t h e rem Iaining- MainejYan ,kee ana ,lys -es,
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6-6. 1, .14 Assemblies with Annular Axial End Blankets I 

One batch of variably enriched fuel als6 inc~orporate i l end blankets' wth 

annular. fuel pellets. The top and bottom 5% of the active fuel length, of ,each fuel rod in this 
batch contains annular fuel pelletsin having an innerpdiameter of 0.183 inches. This geoietrytis 
discretely modeled as approximately 5% annular fuel, 90% solid fuel and, then 5% annularfl with- all fuel materials enriched, to 4.2 1wt_%, 1 35 U7 The diamete ofs alapllt 

_~q all pellets is modeledflss 
the most reactive pellet diameter._The accident case model is used' for tlis evaluatidntelhih 
W des flooding the cladding annulus. The periodc boundary conditions remain, whichke 
the conservatism of the infinite fuel height.  

s .... ... ..... .. .. s mc te a .. . . . . . . ... .  

rs oftsalrpellet- -diameter is not~ considered to be cosrvtv when evl in h 
annular fuel pellets. The smaller pellet diameter i-s the most reactive underthe as~sumpiiiP~t0,t 
the fuel pellet is solid, 'not an annulus. Therefore, th'imtrof the annular pellets is als 
modeled as the maximum pellet diameter of 0.3800 inchesato regainna small portion of the fuel 
that i-s missing. The, 0.38n00 inch diameter is applied only to the annular pellets, while the sm allert 
diameter of the solid pellets remains. The results of this study are reported in Table 6.6. 1.1 4.  

As ~shown in the table, the most reactive annular fu el ~model for the axi al a nnul ar -fu el en d 
,blankets, resul~ts ,in a sligh~tly_,more reactive system than the hybrid fuel accident evaluation 
Howe~ver,, this -annular condition is less reactive than the accident evaluation _includng 
Westinghouse 17x17 OFA assemblies. Therefore, the Westinghouse 17x]7 9FA fuel criticalit 
evaluation. is boundi-ng.  

6.6.1.1'5 Aks-sem'blies ,with Removed Fuel Rods 

S-om~e-of teMieYkefulassemblies have had fuel 'rods removed fromt the,14_x 14 lttice 
or hwave had. poison rods replaced by, hollow Zircaloy rods. The. exact number and location of 
removed ro ds an d h oll ow ro is~ diffe rs from one assemnbly to another. -To determine a bounding 
reactivity for these assemblies,. an'analysi~s changing the~ location -and the number o -f remo ,ved r6o.  
isperforme~d. The removed rod analysis bounds that of thehollow rod analysis since theZiri .al 
tubes,'displacq oe rtriteunr moderated_ asembly lattice. For each case, all 24 
assemblies are centered in the fuel tubes and have the same nubrand location of removed fuel 
rodqs.,Variou Patterns of removed fue rod oations ae analyzed when the numbler of.move 
fuel-rods is small" enough~to allow, a different and,-possibly mrnor~e yeav ge'omeýtry.~si
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number of r moyed fuel rods increases, the -number of possible highly reactive locati•ns for these 

removed rods decreases. As described in. Section 16.6.1.2, the fuel pellet diameter of every fuel 

rod is modeled first usin- te most reactive pellet diameter (0.3527 inches), and then as.the 

mna~xim-um pellet- diamete (0.8 inches).  

The results, of -these analyses, which determine the most reactive numberand geomlet• of 

removed rods for any Maine Yankee assembly, are presented. in Tables. 6.6. 1. 1-5 and 60.6 1-6ý.  
Table 6.6.1*.1- -*5 contains th -e results -based, on a 0.35-27-inch fuel pellet. ~All of the removed fuel 
Irod cases using the.~ smaller pellet diameter show cask reactivityjlevels lower than_ hose~ of 

W~est~ing~ho-use 17x 1.7 QFA fuel. Table, 6.641.1-6 contains the res~ults of- the.,evaluabion, using the 

max~imum pellet diameter-,of 0.380 inch., Using the maximum pellet diameter provide~s~for-a 

more reactive system, since moderator is added (at the removed rod locations),to an assembly 

that contains more fuel. The most reactive removed fuel rod case occurs when 24 fuel rods are 

removed in the diamond shaped geometry shown in Figure 6.6.1.1-1, from the model containing 

the largest allowed pellet diameter. This case represents the bounding number and geometry of 

.removed fuel rods for the Maine Yankee fuel assemblies. It results ihea more reactive systemx.  

thaneiter he ain Yakeehybid 4 x14 fuel accident case or the Westinghouse 17 x 1j7 
OFA accident case assuming unrestricted 1oadiing. However, as shown in Table 6.6.1.1-8, when 

the loading of any. assembly with less than 176 fuel rods or filler rods is restricted to the f6ur 

corner fuel tubes, the reactivity of the worse case drops well below that of the Ws 0tinghouse 
17 x 17 OF-A fuel, assemblies. Therefore, loading, of Maine Yankee fuel assemblies. with 
removed fuel rods, or with hollow Zircaloy _rods, isrestricted to 0the four corner fuel tube 
positions of the basket. With this loading restriction, the Westingus 17 x 7OAciiality 

evaluation remains boundinga.  

6.6.1.1.6 Assembiies with FueI Rods in the Guide'Tubes 

A fewg of &the Maine Y anik-ee intaacet assemblie's may cont ain- up.t'otwo intac-t .fuelrods in some.. s gof 
the guide tubes (ie,4lowing for. the .potentlial storageofndidlitatuerdsnannac 

fuel assembl!y).:• .T• eval!, uate2 ,loadipg of bthese assembJies into the pcanister, a anaysis ad!ing.1 

and_.,hen_2 intact fuel rods into 1, 2, 3 ande 5 guide tubes is made. Since the additional fuel 
rods ;a-r'e .added to a~fe~.ssembly,_the evaluation considers a- fulassembly withuito .186fuel 

rods.. The results of the evaluation of these configurations are shown in Table 6.6.1.1-7._While 

higher in reactivitythan the Maine Yankee hybrid base case, -any~fe Ioniguration yith up tpo2 

fuexrds per guide tube is less reactive than the accident case for theýl~estingiaouse 17.x_17_0FA

Ofi. 1 -5
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fue asembies Threfrethe Wes~tnghouse fuel 17ti~It _ Fi fe Iialt evaluation iis 

Fuel rods may_ also hbe iserte e gW_ tubes of fuel asembhes from whithe fel rods 
were removed (i.e., fuel rods remnoved from a fuel assebly, nd re-instale in the gudet.be.,0f 
the same fuel assembly). The maximum number of ferosi'tseassemblies, including fuel 
rods in the guide tubes remains 176. These configurtonsare restricted .loading in a Maine 
Yankee fuel can in a comner fu~elI pos Iiti .o n in the ba .ske It. -As sh6ip- wjn i-ýSe~on"66'..1:""'oi3 't'h'
"removed fuel rods, the maximum reactivity of Maine Yankee assemblies contai 176_ fuel 
Irods in various configurations is bounded by the Westinghouse 17 x 1 O vau ation. Thes 
non-standard Maine Yankee assemblies are restricted to the c6rner fuel positiions 

In addition to the fuel rods, some Maine Yankee assemblies, ma oti poison shim.rosJin 

guide tubes. These solid fill rods will serve as, parasitic absorber and dis'plac& 'mo-derato-r and a& 
th4erefore, not included i n the criticality model. but are bounde -d y by.te ev .aluf+& 

6.6.1.137 Consolidated Fuei 

The consolidated assemblies are a 17x 17 array of rods with a pitch of 0.492 inches. Some of the 
locations contain solid fill rods and some are ernptyo. T determine the _reativity. ofthe 
consolidated fuel lattice with empty fuel rod positions, an analysis changing' the location and the 
number of empty positions is performed. This consolidated fuel an , aysis considers- ,°24 
consolidated fuel lattices in the basket. All 24 consolidated fuel lattices are centered in the fuel 
tubes and- halve, the -slame number and location of empty fuel rod-positionis._As show-n-in Section 

661.5, the r~emovye-d-fuel rod, configuration, with a. 0.380O-i~nch pellet diameter povdsamr 
reactive system than a _sy~stem ~using the optimum pellet diameter from Section 6.6.1.1.2. The 
larger pellet cases are more reactive, since moderator is added at the empty fuel rod positionjs to 
,an assembly. that. -contains, morejfuel. Therefore, the consolidated assembly_.empty rP.d position 
evaluation is performed with the 0.380-inch pellet diameter.  

Themost reactive consohidated assembly case occurs with 113 empty rod positions in the 
geometry shown in ,Fi e&....1...2. However, when.he. loadin of the consolidated fuel is 
restrictednto thefour coader fuel tubestin reucivi7x17 the asslis l.....wtertante.acident 

caskio lode wit o~use 17x17 OFA assemblies.' Theefore, loading of 
the co-ns'olid'ate-d fudel is re-striccted, to the four corner. fel tube positions of the basket.Wihts

,6.!6.-
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Adg resriction, the Westinghouse 17 x 17 f. bounding.  

S Conclusions 

the iicri ti cali t y: a naly s es f-or-t he -M a~ine Y ank-e-e- s i te s'pe c-ific f uel d e m onstr a*t es th at t-h e UM S 

basket loaded with these fueleassemblies results in a system that is less reactive than loading the 

basket with the Westinghouse 17,x 17 OFA fuel assemblies', jprovided that loading is~ restricted to 

the four corner fuel tube positions inthe basket, for: 

a All 14 x 14 fuel assemblies with less• than 176 fuel rods or solid filler rods 

wAll 14x 14 fuel assembliestwith hollow rods 

. All 17rx 17 consolidated fuel lattices 

a All 14 x 14 fuel assemblies with fuel rods in the guide tubes and a maximum of 176 

fuel roads or solid rods~a-nd fuel-rods.  

The following Maine Yankee fuels are not restrictedas to loading position within the basket: 

*All 14x14 fuel assemblies with 176 fuel rods or solid filler rods at a maximum 
Ien .richmen It of 4.2 wt % 23 U.  

*Variably enriched fuel with a maximumn fuel rod enrchment of 4.21 wt % 23 U with a 

maximum planar average enrichment of 3.99 w 3 U 

*Fuel with solid stainless steel filler rods, solid Zircaloy filler rods or solid poison shim 

rods in "any location.  

*Fuel with annular axial end blankets of up to 4.2 wt % 23 U.  

*Fuel with- a maximum, of .2 intact fuel rods in each gietube for a total of 186 fuel 

rods., 

Assemblies defined as unrestricted may be loaded into the basket in any basket location and m~ay 

be, mixe din. the6 same basket. While,,not analyzed'in d'etaill, CEAs ~and ICI thimble assemblies 

may be lIoaded into any intact assemblies., These components, displace a significant amount of 
Iwater in the fuel lattice while adding pgarastic bobr thereby rqdqcing.syste ratvity-, 

.6.6.1.L1. 9 Transport Cask Top End Drop Event 

The exp~osed fuel evlato _ efre o~heds ai WE 17x17 OFA fuel in Section- 6.4.5 
bounds that of the less reactive Maine Yankee Fuel;

0i.6. 1-7
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Figure 6.6.1.1-2 Consolidated Fuel Geometry, 113 Em1pty Fuel Rod Positions, Maine 
Yankee Site Sipecific Fuel
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Table 6.6.1.1-1 Maine YnkeeStandard Fuel Characteristics 

Number Rod Clad glad Pellet jGT 2 

Fuel of Fuel Pitch _iameter ID Thickness Piameter Thicknetss 
Class1Vendor Array Version Rods (in.) (in.) (in.) (in.) (in.) ... " 

1 CE 14x.14 Std. 460'-176 0.570- 6.438- 0.3825- 0.024- 6.376- 6.036
__0.590, 0.442 0.138,95 0).028 .0,380 0.040 

1Ex/ANF 14x.14 CE~ '16e,-176 0,580 .381- -03 '5" 0.0244- 0.3695- 0'.03

___________O.42 0..3795 0.031, 0.7, 040 

I WE 14x14 CE 176 6.575ý- 0.438- 0.3825- 0.0262- 0,376- 0.034
0.585 0.442 0.3855 0.028 .7 0.038 

1 1. All fuel rods are Zir'caloy clad.  
2. Guide Tube thickness.  
3. Up to 16 fuel rod positions may have solid filler rods or buraable pius'iods.  
4. Up to 12 fuel rod positions may have solid filler rods b le piso

Table 6.6.1.1-2 .Maine Yankee Most R~ea~ctive Fuel Dilmensions

Parameter Bounding Dimensional Value 
Maxi mum .Rod 'Enrichment' 4.2 Wt % 235U 

Maximum Number of Fuel Rods2  176 

Maximum Pitch (in.) 0.590 
Maximum Ac~tilve Length (n)N/A - ninite Model 

Minimum Clad GD -(in.) b.4375 
Maximum, Clad fl) (in.) 039 

Minimum Clad Thick ness (in. 0.024 

Maximum ~~ ~ ~ 0 PleDaetrin).300' -Study 
Minim Ium-nI Guide"TubeOD (i.)i108 

Ma x.imum Gide,6 Tube 11)I (in.) 1.040 

Minimum Guide Tube Thickness (in.) b.634 

1. ariablye erched fuel assemblies may have a maxmumnr fuel rod enrichment of .21 
Wv 7 5  with a maximum planar average enrichment of 3 .99 Wt % 23i U 

2.Assemnblies with less than 176 fuel rods or solid duipmy rods~r addressed after the 
deteminaionof-the most-reactive dimensions.

6.6.1-10
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ta'blIe 6.*6*.1. -3 Maine Yankee Pellet Di ameter Stud'

Diameter (inches) k-eff 7 k-elf +2a 

0.3800 0.95585 0.00085 0.95755 

0.3779 0.95784 9,09080 0.95944 
0.3758 0.95714 0.00085 0.95884 

Q.3737 0.95863 0.00082 0.96027 
0.3716 0.95862 0.00084 0.96030 

0.3695 0.95855 0.00083 0.96021 

0.36ý7ý4 0.95863 0.00 085 0.96033j 
0.3653 0.95982 0.00084 0.96150 

0.3632 0,95854 0.00088 0.96030 
0.3611 0.95966 0.00083 0.96132 

0.3590 0.95990 0.00084 0.96158 
0.3569 L0.96082 0.00082 0.96246 

0.3548 0.96053 0.00083 0.96219 
0.3527 0.96104 9 .00082 9.96268 
0.3506 0.95964 0.00087 9.96138 

0,3485 0.95993 ".0086 0.96165 
0.34641 Q.95916L 0.00084 P .9608 4 
0.3443 0.95847 0.00083 0.96013 
0.3422 9.9576 10.00083 0.96042 
0.3401 0.95865 0.00081 0.96027 
0.3380 0.95734 0.00084 0.95902

Table 6.6.1.1-4 Maine- Yake e ,A-,nnul- ar- -F-uýel R e s-ults

Case Des criPiOn ker+ 2a 

All pellets with a diameter of.3527 inches 09.90896 0.00083 0.91061 

Annular pellet di amepter changed to 0.3800 inch*es 6.41013 0.007 d9 8
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Table 6.6.1.4-15 MaineYankee Remved Rod'Results w- Small Pellet Diamete'
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Table 6.6.1.1-6 Maine Yankee Removed Fuel Rod Results with Maximum Pellet Diameter 

Number of Removed Rods Number of Fuel Rods k1ff kff + 2o 

4 172 0.91078 0.00086 0.91250 

4 172 0.90916 0.00085 0.91085 

4 172 0.91164 0.00087 0.91338 

4 172 0.90809 0.00085 0.90979 

6 170 0.91223 0.00085 0.91393 

6 170 0.91223 0.00080 0.91384 
6 170 0.91270 0.00086 0.91442 

6 170 0.90245 0.00086 0,90416 

6 170 0.89801 0.00086 0.89972 
8 168 0.915617 0.00085 0,91736 

8 168 0.91448 0.00085 0.91618 

8 168 0.91355 0.00086 0.91526 

8 168 0.91293 0.000085 0.91463 

12 164 0.91639 0.00090 0.918118 
12 164 0.91803 0.00086 0.91974 

12 164 0.91235 0.00083 0.91401 
16 160 0.91665 0.00091 0.91847 

16 160 0.92136 0.00087 0.92310 

16 160 0.91231 0.00084 0.91400 

16 160 0.90883 0.00087 0,91057 

24 152 0.92227 0.00087 0'.92400 
32 144 0.92164 0.00088 0.92340 

48 128 0.91212 0.00081 0.91373 
48 128 0.86308 0.00082 0.86472 

64 112 0.81978 0.00080 0.82138 
888 8 0.72087 0.00083 0.72247 

24 (Four Corners) 152 0.91153 0.00085 0.91323 

Westinghouse 17x17 OFA 0.9192 0.0009 0.9210
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Tabl el 6i.16. 1ý.1- 7 Maine Yankee Fuel Rods in Guide Tube~sResults

Number of Guide Number of Rods 
Tubes with Rods in Each k...... ...........  

110.91102 0.00089 0.91280 
2 1 •091059 0.00088 0.91234 
Desi BsW0.91172 0.x007 ..  
... .0.914,11 0.00086 0.91583 

10.91169 0.00090 0.9149 
2 ~0.91201' 0.008 .13j75 

0913 0.00086 0,91344 
5 2 0.91 357 0.00086 0.91529 

Design Basis Westinghouse 17x1 7 OFA 0.9192 0.0009 991
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Table 6.6.1.1-8 Maine Yankee Consolidated Fuel EmptyFeioposto eut 

Number of Empty PositionsjNumber of Fuel Rods keft ky+ 2 

4 285 0,79684 0.00082 0.79848 
9 280 0.80455 0.00081 0.80616 
9 280 0.80812 0.00079 0.80970 
13 276 0.81573 0.00083 0.81739 
24 265 0.84187 0.00080 0.84347 
25 264 0.84017 0.00083 0,84182 
25 264 0.84634 0.00081 0.84795 
25 264 0.84583 0.00083 0,84750 
25 264 0.85524 0.00083 O.85690 
25 264 0.83396 0.00081 0.83558 
25 264 0.84625 0.00083 0.84790 
27 262 0.85438 0.00083 '.85604 
29 260 0.8S5179 0.00081 0.85340 
31 258 6.85930 0.00084 -0.86098 
33 256 0.86407 0.00082 .0.86571 
35 254 0.86740 0.00082 0.86904 
37 252 0.87372 0.00084 0.87541 
45 244 0.88630 0.0008i ,88793 
45 244 0.87687 0.00079 6.87844 
52 237 0.90062 0,00083 0.90228 
57 232 0.87975 0.000870 0.88149 
61 258 0.89055 0.00083o .89221 
73 216 0.90967 0.00082 0.91131 
84 205 0.93261 0.0009 1 P.93443 
85 204 0.94326 0.00086 P.94499 
113 176 0.95626 0.00084 0.95794 
117 .172 0.95373 0.00088 0.95549 
119 170 0.95315 0.00085 b.95485 
125 164 0195020 0.00086 0.95192 
141 148 0.943148 0.00086 0.94521 
.145 144 0.93868 0.00089 0.94047 

113 (FourCormers) 176 0,9.1292 0.00087 Q916 
Design Basis Westinghouse _17X17,OFA 7.9x2 7.,009 A.9210

6.6.•1-15
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6.6.2 CSAS Inputs and Outputs 

This section contains sample CSAS25 input/output for the criticality analysis of the 4ACJ},MS

.Jijvesa1 'Transort• Cask under normal ýonditions of trans~pot and pothetjca accident 

conditions. These summaries include: the input file echo, the CSAS25 and the KENO-Va 

output sections. BONAMI and NITAWL-lI output sections are not included for brevity.

�.6.2-1
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Figure 6.6.2-1 CSAS Input & Output for Normal Conditions Criticality Analysis: PWR Fuel 

PRIMARY MODULE ACCESS AND INPUT RECORD C SCALE DRIVER - 95/03/29 - 09:06:37 
MODULE CSAS25 WILL BE CALLED 

UMS PWR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PICH 
27GROUPNDF4 LATTICECELL 
U02 1 0.95 293.0 92235 4.20 92238 95.80 END 
ZIRCALLOY 2 1.0 293.0 END 
H20 3 0.0001 293.0 END 

AL 4 1.0 293.0 END 

SS304 5 1.0 293.0 END 
AL 6 DEN=2.6041 0.4635 293.0 END 

B-10 6 DEN=2.6041 0.0567 293.0 END 
B-11 6 DEN=2.6041 0.3444 293.0 END 
C 6 DEN=2.6041 0.1165 293.0 END 
PB 7 1.0 293 0 END 

B-10 8 0.0 8.553-5 293.0 END 
B-11 8 0.0 3.422-4 293.0 END 

AL 8 0.0 7.763-3 293.0 END 
H 8 0.0 5.854-2 293.0 END 
O 6 0.0 2.609-2 293.0 END 
C 8 0.0 2.264-2 293.0 END 
N 8 0.0 1.394-3 293.0 END 
H20 9 0.1 293.0 END 

H20 10 0.0001 293.0 END 

END COMP 
SQUAREPITCH 1.2598 0.7844 1 3 0.9144 2 0.8001 0 END 
NMS PNR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PITCH 

READ PARAM RUN=YES PLT=NO TME=5000 GEN-203 NPG=1000 END PARAN 
READ GEOM 

UNIT 1 
COM='FUEL PIN CELL - BETWEEN DISKS' 
CYLINDER 1 1 0.3922 2P2.4892 
CYLINDER 0 1 0.4001 2P2.4892 
CYLINDER 2 1 0.4572 2P2.4892 

CUBOID 3 1 4P0-6299 2P2.4892 
UNIT 2 

COY='WATER ROD CELL - BETWEEN DISKS' 
CYLINDER 3 1 0.5715 2P2.4892 

CYLINDER 2 1 0.6121 2P2.4892 
CUBOID 3 1 4P0.6299 2P2.4892 

UNIT 3 
COM='FUEL PIN CELL - FOR DISK SLICE OF CASK' 
CYLINDER 1 1 0.3922 2P0.6350 
CYLINDER 0 1 0.4001 2P0.6350 
CYLINDER 2 1 0.4572 2P0.6350 
CUBOID 3 1 4P0.6299 2P5.6350 
UNIT 4 
CON='WATER ROD CELL - FOR DISK SLICE OF CASK' 
CYLINDER 3 1 C.5715 220.6350 
CYLINDER 2 1 C.6121 2P0.6350 
CUBOCID 3 1 4P0.6299 2P0.6350 

UNIT 5 
CONMN'XX BCRAL SHEET BETWEEN DISKS' 
CUBOID 6 1 2P10.4140 2P0.0635 2P2.4892 
CUBOID 4 1 2P10.4140 2P1.0951 2P2.4892 

UOIT 6 
COM='Y-Y BORAL SHEET BETWOEEN DISKS' 
CUBOID 6 1 2P2.0635 2PI0.4140 2P2.4892 
CUBOID 4 1 2P2.0951 2P10.4140 2P2.4892 
UNIT 7 
CNM='X X BORAL SHEET WITH DISKS' 
CUBOID 6 1 2P10.4140 2P2.0635 2P0.6350 
CUBOID 4 1 2P10.4140 2P2.0951 2P0.0350 
UNIT 8 
COMN'1Y BCRAL SHEET WITH DISKS, "CUBOMD 6 - 2P0.0635 2P10.4141 2P0.6350 
CUBOID 4 1 2P0.0951 2Pi0.4140 2P2.6350 

UNIT 10 
CON='TUBE CELL IN H20 BETWEEN DISKS (A)' 
ARRAY I -iC.7083 -10.7083 -2.4892 
CUBOID 3 1 4Pi1.2141 2P2.4892 
CUBOID 5 1 4Pl1.3355 2P224892 
CUBOID 3 1 4P11.5260 2P224892 
HOLE 5 0.0 11.4308 0.0 
HOLE 5 0.0 -11.4308 0.0 
HOLE 6 +11.4308 0.0 0.0 
HOLE 6 -11.4308 0.0 0.0 
CUBOID 5 1 4P21.5715 2P2.4892 
CUBOID 3 1 -12.0176 -11.5715 +12.0176 -11.5715 2P2.4892 
UNIT 11 

COM='TUBE CELL IN H20 BE7,OEEN DISKS (B)
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~7igre66.2- ~S~jnpt &Out-put for Nýormal C~onditions CriticAllyqy a sistXP lR Fuel (cniued) 

ARRAY 1 -10.7083 -10.7083 -2.4892 

CUBOID 3 1 4Pi1.2141 2P2.4892 

CUBOID 5 1 4P11.3355 2P2.4892 

CUBOID 3 1 4P11.5260 2P2.4892 

HOLE 5 0 0 +11.4308 0.0 

HOLE 5 0.0 -11.4308 0.0 
HOLE 6 +11.4308 0.0 0.0 

HOLE 6 -11.4308 0.0 0.0 

CUBOID 5 1 4Pi1.5715 2P2.4892 

CUBOID 3 1 +11.5715 -12.0176 +12.0176 -11.5715 2P2.4892 

UNIT.12 
COM='TUBE CELL IN H20 BETWEEN DISKS (C)' 

ARRAY 1 -10.7083 -10-7083 -2.4892 

CUBOID 3 1 4P81.2141 2P2.4892 

CUBOID 5 1 4Pi1.3355 2P2.4892 

CUBOID 3 1 4P11.5260 2P2.4892 

HOLE 5 0.0 +11.4308 0.0 
HOLE 5 0.0 -11.4308 0.0 

HOLE 6 +11.4308 0.0 0.0 
HOLE 6 -11.4308 0.0 0.0 

CUBOID 5 1 4P11.5715 2P2.4892 

CUBOID 3 1 +11.5715 -12.0176 +11.5715 -12.0176 2P2.4892 

UNIT 13 

CON='TUBE CELL IN H20 BETWEEN DISKS (D)' 
ARRAY 1 -10.7083 -10.7083 -2.4892 

CUBOID 3 1 4PI1.2141 2P2.4892 

CUBOID 5 1 4PI1.3355 2P2.4892 

CUBOID 3 1 4P11.5260 2P2.4892 
HOLE 5 0.0 +11.4308 0.0 
HOLE 5 0.0 -11.4308 0.0 

HOLE 6 +11.4308 0.0 0.0 
HOLE 6 -11-4308 0.0 0.0 

CUBOID 5 1 4P81.5715 2P2.4892 
CUBOID 3 1 ÷12.0176 -11.5715 +11.5715 -12.0176 2P2.4892 

UNIT 14 

COM='WEB UNIT (1.5" WEB) - BETWEEN DISKS' 

CUBOID 3 1 2P11.7946 2P1.8725 2P2.4892 

UNIT 15 

COM='WEB UNIT (1.0' WEB, - BETWEEN DISKS' 

CUB0ID 3 1 2P1i.7946 2PI82510 2P2.4892 

UNIT 16 

CON:'WEB UNIT (0.875" WEB - BETWEEN DISKS' 
CUBOID 3 1 2P11.7946 2PI.0923 2P2.4892 

UNIT 17 

COM='6XI FUEL TUBE STACK BETWEEN DISKS (-X) 
ARRAY 10 -11.7946 -77.3262 -2.4892 

UNIT 18 
COM='6X1 FUEL TUBE STACK BETWEEN DISKS (+Xý' 

ARRAY 11 -11.7946 -77.3262 2,4892 

UNIT 19 
COM='2X1 FUEL TUBE STACK OF TUBES BETWEEN DISKS N-X)' 

ARPRY 12 -11.7946 -25.4616 -2.4892 

UNIT 20 

CON='2XI FUEL TUBE STACK OF TUBES BETWEEN DISKS (+X)' 

ARRAY 13 -11.7946 -25.4616 -2.4892 

UNIT 30 
CON='TUBE CELL IN ST DISK (A)' 

ARRAY 2 -10.7083 -10.7083 -0.6350 

CUB031 3 1 4P81.2141 2P8.6350 

CUBOID 5 1 4P1i.3355 2P8.6350 
CUB0D 3 1 4P11.5260 2P0.6350 
HOLE 7 0.0 +11.4308 0.0 
HOLE 7 0-0 -11.4309 0.0 
HOLE 8 -11_4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 
CUBO D 5 1 4P81.5715 2P0.6350 

CUBO D 3 1 +12.0176 -11.5715 +12.0176 -11.5715 2P0.6350 

UNIT 31 
COMN'TUBE CELL IN ST DISK ýBý' 

ARRAY 2 -10.7083 -10-7083 -0.6350 

CUBOID 3 1 4Pi8.2141 2P0.6350 
"CUBOID 5 1 4P11.3355 2P0.6350 
CUBOID 3 1 4P11.5260 2P0.6350 

HOLE 7 0.0 .11.4308 0.0 
HOLE 7 0.0 -11.4308 5.0 

HOLE 8 +11.4308 0.0 0.0 

HOLE 8 -11.4308 0.0 0.0 "CUBOID 5 1 4PI1.5715 2P0.6350 

CUBOID 3 1 +11.5715 -12.0176 -12.0176 -11.5715 2P8 .6350 

UNIT 32 
COM='TJBE CELL IN ST DISK -C!* 

ARRAY 2 -10.7083 -10.7083 -0.6350 

CUBOID 3 1 4P81.2141 2P0.6350 

CUBOID 5 1 4Pi1.3355 2P0.6350 

CUBOID 3 1 4811.5260 2P0.6350 

6.61,273
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Figure 6.6.2-1 QSASiInput & Output for Normal, Conditions. Criticality Analysis: PWR Flue (continued) 

HOLE 7 0.0 +11.4308 0.0 
HOLE 7 0.0 -11.4308 0.0 
HOLE 8 +11 .4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 
CUBOID 5 1 4PI1.5715 2P0.6350 
CUBOID 3 1 +11.5715 -12.0176 +11.5715 -12.0176 2P0.6350 
UNIT 33 
COM 'TUBE CELL IN ST DISK (D)' 
ARRAY 2 -10.7083 -10.7083 -0.6350 
CUBOID 3 1 4P81.2141 2P0.6350 
CUBOID 5 1 4PI1.3355 2P0.6350 
CUBOID 3 1 4Pi1.5260 2P0.6350 
HOLE 7 0.0 +11.4308 0.0 
HOLE 7 0.0 -11.4308 0.0 
HOLE 8 +11.4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 
CUBOID 5 1 4P11.5715 2P0.6350 
CUBOID 3 1 +12.0176 -11.5715 +11.5715 -12.0176 2P0.6350 
UNIT 34 

COM='WEB UNIT (1-5' WEB) - ST DISKS' 
CUBOID 5 1 2PI1.7946 2PI.8725 2P0.6350 
UNIT 35 
CON='WEB UNIT (1.0' WEB) - ST DISKS' 
CUBOID 5 1 2P11.7946 2Pi.2510 2P8.6350 
UNIT 36 
COM='WEB UNOIT (0.875' WEB) - ST DISKS' 
CUBOID 5 1 2PI1.7946 28i.0923 2P0.6350 

UNIT 37 
COM='6xl FUEL TUBE STACK ST DISK (-X)' 
ARRAY 20 -11-7946 -77.3262 -0.6350 
UNIT 38 
COM='6xl FUEL TUBE STACK ST DISK (+X)l 
ARRAY 21 -11.7946 -77.3262 -0.6350 

UNIT 39 
COM='2XI FUEL TUB STACK OF TUBES ST DISK (-X)' 
ARRAY 22 -11.7946 -25.4616 -0.6350 
UNIT 40 
COM='2XI FUEL TUB STACK OF TUBES ST DISK !+X)' 
ARRAY 23 -11.7946 -25.4616 -0.6350 
UNIT 50 
COM='TUBE CELL IN AL DISK (AP 
ARRAY 2 -10.7083 -10.7083 -0.6350 

CUBOID 3 1 4PI1.2141 2P0.6350 
CUSOID 5 1 41Pi.3355 2P0.6350 
CUBOID 3 1 4811.5260 2P0.6350 
HOLE 7 0-0 +11.4308 0.0 
HOLE 7 0.0 -11.4308 0.0 
HOLE 8 -11.4308 0.0 0.0 
HOLE 8 11.4308 0.0 0.0 
CUBOID 5 1 4'11.5715 2P8.6350 
CUBOID 3 1 +12.0176 -11.5715 +12.0176 -11.5715 2P0.6350 
00I0T 51 
COM='TUBE CELL IN AL DISK (B)' 
ARRAY 2 -10.7083 -10.7003 -0.6350 
CUBOID 3 1 4PI1.2141 2P0.6350 
CUBOID 5 1 4P81.3355 2P8-6350 
CUBOID 3 1 4P81.5260 2P0.6350 
HOLE 7 0.0 '11.4308 0.0 

HOLE 7 0.0 -11.4308 0.0 
HOLE 8 -11.4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 
CUBOID 5 1 4P11.5715 2P0.6350 
CUEOID 3 1 -11.5715 -12.0176 +12.0176 -11-5715 2P0.6350 
UNIT 52 
COMW'TUBE CELL IN AL DISK (C)' 
ARRAY 2 -10.7083 -10-7083 -0.6350 

CUBOID 3 1 4P11.2141 2P0.6350 
CUB0ID 5 1 4PI1.3355 2P0.6350 
CUBOID 3 1 4PI1.5260 2P0.6350 
HOLE 7 0.2 +11.4308 0.0 
HOLE 7 0.0 11.4308 0.0 
HOLE 0 +11.4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 
CUBOID 5 1 4P11.5715 2P0.6350 
CUBOIL 3 1 +11.5715 -12.0176 -11.5715 -12.0176 2P8 .6350 
UNIT 53 
COM='TUBE CELL IN AL DISK (D)0 
ARRAY 2 -10.7083 -10.7083 -0.6350 
CU0OID 3 1 4P11.2141 2P8.6350 
CU5OID 5 1 4P11.3355 2P0.6352 
CUBOID 3 1 4P11.5260 2P0.6350 
HOLE 7 0.0 +11.4308 0-0 

HOLE 7 0.0 -11.4308 0-0 
HOLE 8 '11.4308 0.0 0-0 

HOLE 8 -11.4308 0.0 0.0 
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CUBOID 5 1 4PI1.5715 2P0.6350 

CUBOID 3 1 +12.0176 _11.5715 +11.5715 -12.0176 2P0.6350 

UNIT 54 

COMW'WEB UNIT (1.5" WEB) - AL DISKS' 

CUBOID 4 1 2211.7946 2P2.8725 2P0.6350 

UNIT 55 

COM='WEB UNIT (1.0" WEB) - AL DISKS' 

CUBOID 4 1 2PI1.7946 2PI2510 2P0.6350 

UNIT 56 

COM='WEB UNIT (0.875" WEB) - AL DISKS' 

CUBOID 4 1 2P11.7946 2P1.0923 2P0.6350 

UNIT 57 

COM='6X0 FUEL TUBE STACK AL DISK' 

ARRAY 30 -11.7946 -77.3262 -0.6350 

UNIT 58 

COM='6XI FUEL TUBE STACK AL DISK' 

ARSAY 31 -11.7946 -77.3262 -0.6350 

UNIT 59 

COM='2X1 FUEL TUBE STACK OF TUBES AL DISK' 

ARRAY 32 -11.7946 -25.4616 -0.6350 

UNIT 60 

COM='2Xl FUEL TUBE STACK OF TUBES AL DISK' 

ARRAY 33 -11.7946 -25.4616 -0.6350 

UNIT 70 

COM='BASKET STRUCTURE IN TRAiPORT CASK - WATER DISK' 

CYLINDER 3 1 +83.5787 2P2.4892 

HOLE 17 -13.6669 0.0 0.0 

HOLE 18 +13.6669 0.0 0.0 

HOLE 19 39.7578 0.0 0.0 

HOLE 20 +39.7578 0.0 0.0 

HOLE 19 -65.5312 0.0 0.0 

HOLE 20 +65.5312 0.0 0.0 
HOLE 10 +40.8048 +40.8048 0.0 

HOLE 11 -40.8048 +40.8048 0.0 

HOLE 12 -40.8048 -40.8048 0.0 

HOLE 13 +40.8048 -40.8048 0.0 

CYLINDER 5 1 +85.1662 2P2.4892 

CYLINDER 9 1 +85.8647 2P2.4892 

CYLINDER 5 1 +90.9447 2P2.4892 

CYLINDER 7 1 +97.9297 2P2.4892 

CYLINDER 5 1 +104.9147 2P2.4892 

CYLINDER 8 1 +116.3604 2P2.4892 

CYLINDER 0 1 +116.6788 2P2.4892 

CYLINDER 5 1 +117.3156 2P2.4892 

CUBOID 9 1 4P135.0 2P2.4892 

UNIT 71 

COM='BASKET STRUCTURE IN TR2.PORT CASK - ST DISK' 

CYLINDER 5 1 +83.1850 2P0.6350 

HOLE 37 -13.6669 0.0 0.0 

HOLE 38 +13-6669 0.0 0.0 

HOLE 39 -39.7578 0.0 0.0 

HOLE 40 +39-7578 0.0 0.0 

HOLE 39 -65-5312 0.0 0.0 

HOLE 40 -65.5312 0.0 0.0 

HOLE 30 '40.8048 +40.8048 0.0 

HOLE 31 -40.8048 +40.8048 0.0 

HOLE 32 -40.8040 -40.8048 0.0 

HOLE 33 '40.8048 -40.8048 0.0 

CYLINDER 3 1 +83.5787 2P0.6350 

CYLINDER 5 1 +85.1662 2P0.6350 

CYLINDER 9 1 +85.8647 2P0.6350 

"CYLINDER 5 1 '90.9447 2P0.6350 

CYLINDER 7 1 +97.9297 2P0.6350 

CYLINDER 5 1 +104.9147 2P0.6350 

CYLINDER 8 1 +116.3604 2P0.6350 

CYLINDER 0 0 +116.6788 2P0-6350 

CYLINDER 5 1 +117.3156 2P0.6350 

CUBOID 9 1 4P135.0 2P0.6350 

UNIT 72 

COY='BASKET STRUCTURE IN TRANPORT CASK - AL DISK' 

CYLINDER 4 1 +82.8675 2P2.6350 

HOLE 57 -13.6669 0.0 0.0 

HOLE 58 +13.6669 0.0 0.0 

HOLE 59 -39.7578 0.0 0.0 

HOLE 6D +39.7578 0.0 0.0 

HOLE 59 -65.5312 0.0 0.0 

HOLE 63 +65.5312 0.0 0.0 

HOLE 50 '43.8048 +40.8048 0.0 

HOLE 51 -40.8048 +40.8048 0.0 

HOLC 52 -40.8049 -40.8048 0.0 
HOLE 53 .40.8048 -40.8048 0.0 

CYLINDER 3 1 +3'.5787 2P0.6350 

CYLINDER 5 1 +85.1662 2P0.6350 
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CYLINDER 9 1 -85.8647 2P5.6350 

CYLINDER 5 1 +90.9447 2P0.6350 

CYLINDER 7 1 +97.9297 2PF.6350 

CYLINDER 5 1 +104.9147 2P5.6350 

CYLINDER 8 1 +116.3604 2B0.6350 

CYLINDER 0 1 +116.6788 2P0.6350 

CYLINDER 5 1 +117.3156 2P0.6350 
CUBOID 9 1 4P135.0 2P0.6350 

GLOBAL UNIT 73 

COM='DISK SLICE STACK' 
ARRAY 40 -135.0 -135.0 0.0 
END GEOM 

READ ARRAY 
ARA=1 NUX=17 NUY=17 NUZ=I1 FILL 

341R 
SRI 2 2RI 2 2RI 2 5RL 

3RI 2 9R1 2 3RI 

17RI 
2R1 2 2R1 2 2RI 2 2R1 2 2RI 2 2RI 

34Ri 
2R1 2 2RI 2 2RI 2 2RI 2 2RI 2 2RI 

34RI 
2RI 2 2RL 2 2R1 2 2RL 2 2R1 2 2RI 

17RI 
3RL 2 9RI 2 3RI 

5RB 2 2RI 2 2R1 2 5RI 
34R1 

END FILL 
ARA=2 NUX=17 NUY=I7 NUZ=! FILL 

34R3 
5R3 4 2R3 4 2R3 4 5R3 

3R3 4 9R3 4 3R3 

17R3 
2R3 4 2R3 4 2R3 4 2R3 4 2R3 4 2R3 

34R3 
2R3 4 2R3 4 2R3 4 2R3 4 2R3 4 2R3 

34R3 
2R3 4 2R3 4 2R3 4 2R3 4 2R3 4 2R3 

17R3 
3R3 4 9R3 4 3R3 

5R3 4 2B3 4 2R3 4 5R3 

34R3 
END FILL 
ARA=10 NUX=1 NUY=E1 NUZ=1 FILL 12 16 12 15 12 14 11 15 
ARA=11 NUX=I NUY=11 rZ =SI FILL 13 16 13 15 13 14 10 15 
ARA=12 NUX=1 NUY=3 N.Z=1 FILL 12 14 13 END FILL 
ARA=33 NUX=1 NUY=3 NUZ=1 FILL 13 14 10 END FILL 
ARA=20 MIX=l NUY=11 NUZ=1 FILL 32 36 32 35 32 34 31 35 
ARA= 21 1C!X=I NUY=N1 NUZ=1 FILL 33 36 33 35 33 34 30 35 
ARA=22 N-=I NUJY=3 NUZ=1 FILL 32 34 31 END FILL 
ARA:23 N"X 1 NUT =3 NUZ=1 FILL 33 34 30 END FILL 
ARA 30 NUX=1 NU"=1l NUZ=I FILL 52 56 52 55 52 54 51 55 
ARA=31 NUX=I W= 11 NDIZ= I FILL 53 56 53 55 53 54 50 55 
ARA=32 NUX=1 N'T=3 NUOZl FILL 52 54 51 END FILL 
AA= 33 NUX=I NU- =3 NlEZ=1 FILL 53 54 50 END FILL 
AA=40 1UX =I NUYTI 17lZ=4 FILL 70 71 70 72 END FILL 
END ARRAY 
READ BOUNDS ZFC=PER YXF=MIRROR END BOUNDS 
END DATA 

SECONDARY MODULE O03005 HAS BEEN CALLED.  

MODULE 000008 IS FINISHED- COMPLETION CODE 0. CPU I 

SECONDARY MODULE 000002 HAS BEEN CALLED.  

MODULE 000002 IS FINISHED. COMPLETION CODE 0. CPU T 

SECONDARY MODULE 000009 HAS BEEN CALLED.  

MODULE 000009 IS FINISHED. COMPLETION CODE 0S CPU T 

MODULE CSAS25 IS FINISHED. COMPLETION CODE 0S CPU T

11 16 11 END FILL 

10 16 10 END FILL 

31 36 31 END FILL 

30 36 30 END FILL 

51 56 51 END FILL 

50 56 50 END FILL

'IME USED 1.21 (SECONDS).  

'IME USED 11.42 OSECONDS).  

IME USED 3681.88 (SECONDOSý 

IME USED 3696.43 (SECONDS;.
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Figue 66.21 ,AS Input..& Output for Normal Conditions criticality Aalysis; PWR Fuel (continued.) 

PROGRAM VERIFICATION INFORMATION 

"CODE SYSTEM: SCALE-PC VERSION: 4.3

PROGRAM: CSAS 

CREATION CATE: 03-08-96 

VOLUME: END

LIBRARY: G:\scale43\exe 

"PRODUCTION CODE: CSAS ...  

"VERSION: 3.1 

JOBNAME: SCALE-PC 

DATE OF EXECUTION: 08/23/96 

TIME OF EXECUTION: 06:46:26 .....  

................... ......
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UMS PWR TO; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PiCM 

... PROBLEM PARAMETERS 

LIB 27GROUPNDF4 LIBRARY 

MXX 10 MIXTURES 
MSC 19 COMPOSITION SPECIFICATIONS 

IZM 4 MATERIAL ZONES 

GE LATTICECELL GEOMETRY 

MORE 0 0/1 DO NOT READ/READ OPTIONAL PARAMETER DATA 

MSLN 0 FUEL SOLUTIONS 

"... PROBLEM COMPOSITION DESCRIPTION ...  

SC U02 STANDARD COMPOSITION 

MX I MIXTURE NO.  
VF 0 9500 VOLUME FRACTION 

BOTH 10.9600 THEORETICAL DENSITY 

NEL 2 NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEC KELVIN 

92000 1.00 ATOM/MOLECULE 

92235 4.200 WT% 
92238 95.800 BT1% 

8016 2.00 ATOMS/MOLECULE 

END 

SC ZIRCALLOY STANDARD COMPOSITION 

MX 2 MIXTURE NO.  

VF 1.0000 VOLUME FRACTION 

ROTH 6.5600 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

40302 1.00 ATOM/MOLECULE 

END 

SC H20 STANDARD COMPOSITION 

mR 3 MIXTURE NO.  

VF 0.0501 VOLUME FRACTION 

ROTH 0.9982 THEORETICAL DENSITY 

MEL 2 NO. ELEMENTS 

:CP 1 0/1 MIXTJRE/COMPOUND 

TEMP 29300 DEG KELVIN 

L001 2.00 ATOMS/MOLECULE 

8016 1.00 ATOM/MOLECULE 

ENL 

SC AL STANDARD COMPOSITION 

MX 4 MIXTURE NO.  

VF 1.0000 VOLUME FRACTION 

ROTH 2.7020 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURt/COMPOUND 

TEMP 293.0 DEG KELVIN 

13127 1.00 ATOM/MOLECULE 

END 

SC S0304 STANDARD COMPOSITION 
MX 5 MIXTURE NO.  

VF 1.0000 VOLUME FRACTION 

ROTH 7.9200 THEORETICAL DENSITY 

NEL 4 NO. ELEMENTS 

ICP 0 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

24304 19.000 WT% 

25055 2.000 WT% 
26304 69.500 WT% 

28304 9.500 WT% 

END 

SC AL STANDARD COMPOSITION 

MX 6 MIXTrRE NO.  
VF 0 4635 VOLUME FRACTION 

ROTH 0.6041 SPECIFIED DENSITY 

NEL 1 NC. ELEMENTS 

1'P 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

13027 1.00 ATOM/MOLECULE 

END 

Sc B-ic STANDARD COMPOSITION 

MX 6 MIXTURE NO.  
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igureý 6.( QSAS InpuýPt&Ouput forýNormia Conditions Criticality Analysis: PNR Fue (continued)
VF 0.0567 VOLUME FRACTION 
ROTH 2.6041 SPECIFIED DENSITY 
NEL 1 No. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

5010 1.00 ATOM/MOLECULE 
END 

SC B-11 STANDARD COMPOSITION 
MX 6 MIXTURE NO
VF 0.3444 VOLUME FRACTION 
ROTH 2.6041 SPECIFIED DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

5011 1.00 ATOM/MOLECULE 
END 

SC C STANDARD COMPOSITION 
MX 6 MIXTURE NO.  
VF 0.1165 VOLUME FRACTION 
ROTH 2.6041 SPECIFIED DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293-0 DEG KELVIN 
6012 1.00 ATOM/MOLECULE 

END 

SC PB STANDARD COMPOSITION 
MX 7 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 

ROTH 11.3440 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 
82000 1.00 ATOM/MOLECULE 

END 

SC B-10 STANDARD COMPOSITION 
MX 8 MIXTURE NO.  
DEN 8.5530E-05 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

5010 1.00 ATOM/MOLECULE 

END 

SC B-SI STANDARD COMPOSITION 
MX 8 MIXTURE NO.  
DEN 3.4220E-04 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
NEL 1 NC- ELEMENTS 
ICP ! 0/1 MIXTU'RE/COMPOUND 
TEMP 293.0 DEG KELVIN 

5011 1.00 ATOM/MOLECULE 

END 

SC AL STANDARD COMPOSITION 
MX 8 MIXTURE NO.  

DEN 7.7630E-03 ATOMIC DENSITY 
ROTH 2.7020 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/C0MPOUND 
TEMP 293.0 DEG KELVIN 

13027 1.00 ATOM/MOLECULE 

END 

SC H STANDARD COMPOSITION 
MX 8 MIXTURE NO.  
DEN 5.8543E-02 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTIURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

1001 1.00 ATOM/MOLECULE 

END 

SC 0 STANDARD COMPOSITION 
MX S MIXTURE NO.  
DEN 2.6090E-1 2 ATOMIC DENSITY 
ROTH 1 0000 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN

6.6.2-10
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8016 1.00 ATOM/MOLECULE 

END 

SC C STANDARD COMPOSITION 

Mx 8 MIXTURE NO.  

DEN 2.2640E-02 ATOMIC DENSITY 
ROTH 2.1000 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

6012 1.00 ATOM/MOLECULE 

END 

SC N STANDARD COMPOSITION 

MX 8 MIXTURE NO.  

DEN 1.3940E-03 ATOMIC DENSITY 

ROTH 1.0000 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

7014 1.00 ATOM/MOLECULE 

END 

SC H20 STANDARD COMPOSITION 

MX 9 MIXTURE NO.  
VF 0.1000 VOLUME FRACTION 

ROTH 0.9982 THEORETICAL DENSITY 

MEL 2 NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

1001 2.00 ATOMS/MOLECULE 

8016 1.00 ATOM/MOLECULE 

END 

SC H20 STANDARD COMPOSITION 

MX 10 MIXTURE NO.  

VF 0.0001 VOLUME FRACTION 

ROTH 0.9982 THEORETICAL DENSITY 

NEL 2 NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

1001 2.00 ATOMS/MOLECULE 

8016 1.00 ATOM/MOLECULE 

END 

.... PROBLEM GEOMETRY ...  

CTP SQUAREPITCH CELL TYPE 

PITCH 1.2598 CM CENTER TO CENTER SPACING 

FUELOD 0.7844 CM FUEL DIAMETER OR SLAB THICKNESS 

MFUEL 1 MIXTURE NO. OF FUEL 

M1MOD 3 MIXTURE NO. OF MODERATOR 

CLADCD 0.9144 CM CLAD OUTER DIAMETER 
MCLA: 2 MIXTURE NO. OF CLAD 

GAPCU 0.8001 CM GAP OUTER DIAMETER 

MOAP 0 MIXTURE NO. OF GAP 

ZONE SPECIFICATIONS FOR LATTICECELL GEOMETRY 

ZONE 1 IS FUEL 

ZONE 2 IS GAP 
ZONE 3 IS CLAD 

ZONE 4 IS MOD
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Figureii 6..-'SAbpt utput for Normal Conditions Cniticaiit~y Analy4§s: P3Y Fuel (cniud) 

"EMS PWR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PICH 

DATA LIBRARY INFORMATION 

UNIT VOLUME 
NUMBER DATA SET NAME NAME UNIT FUNCTION 

89 G:\scale43\DATALIB\FT89F001 STANDARD COMPOSITION LIBRARY 

"82 G:\sca1e43\DATALIB\FT82F00! CROSS SECTION LIBRARY 

"E1 C:\PROjECTS\UMS\NMS-1089\OPT-MOD\ARRAY\ARNO- SHORT CROSS SECTION LIBRARY 

90 C:\PROJECTS\UNIS\UMS-1089\OPT-MOD\ARRAY\ARNO- INPUT DATA DIRECT ACCESS 

...............................  

..................... ...... ........ ....... ......  

"STANDARD COMPOSITION LIBRARY DATA 

". OUNIT NUMBER 89 

"DATASET NAME : G\scaled3\DATALIB\FTS9F001 

LIBRARY TITLE: SCALE-4 STANDARD COMPOSITION LIBRARY 

637 STANDARD COMPOSITIONS, 490 NUCLIDES 

90 ELEMENTS WITH VARIABLE ISOTOPIC DISTRBUTIONS.  

"CREATION DATE: 6/30/95 

"CROSS SECTION LIBRARY DATA 
~~- - - - - - ... . . . . . . . . . . .. * 

* UNIT NUMBER : 82 

DATASET NAME : G:i\scale43\DATALIB\FT82F0I1 

LIBRARY TITLE: SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY 
BASED ON ENDF-B VERSION 4 DATA 

"COMPILED FOR NRC 1/27/89 
"LAST UPDATED 08/12/94 

""" L.M.PETRIE ORNL 

.............. I ............... . ..... ...... . .......  
........-- .......................... ..............

6.6-.2-,1-2*
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Figure 6.6.2-1 2 I2 A p& dutputfoirNormal.Conditions Criticality Analysis: PWR Fuel(continued)
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PROGRAM VERIFICATION INFORMATION 

CODE SYSTEM: SCALE-PC VERSION: 4.3 

PROGRAM: 000009 

CREATION DATE: 03-08-96 

VOLUME: ENG 

LIBRARY: G:\scale43\exe 

"PRODUCTION CODE. KENOVA 

"VERSION: 3.1 

JOBNAME: SCALE-PC 

DATE OF EXECUTION: 08/23/96 

TIME OF EXECUTION: 06:46:40 

.........................
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Fiue6.42'--l CSSnpt& qutput for-Normal Conditions Criticality Aaiysis: PV{J Fuel,(cpntinued,) 

*UMS PWR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GO/CC EX; 270CM PITCH 

..* ...... NUMERIC PARAMETERS 

"TME MAXIMUM PROBLEM TIME (MIN) ......  

"TBA TIME PER GENERATION (MIN) 0.50 

GEN NUMBER OF GENERATIONS 203 

NPG NUMBER PER GENERATION 1000 

... NSK NUMBER OF GENERATIONS TO BE SKIPPED 3 

BEG BEGINNING GENERATION NUMBER 1 

RES GENERATIONS BETWEEN CHECKPOINTS 0 

"XID NUMBER OF EXTRA I-D CROSS SECTIONS 1 

"NBK NEUTRON BANK SIZE 1025 

"XNB EXTRA POSITIONS IN NEUTRON BANK 0 

"NFB FISSION BANK SIZE 1000 

"XFB EXTRA POSITIONS IN FISSION BANK 0 

"WTA DEFAULT VALUE OF WEIGHT AVERAGE 0.5000 

WTH WEIGHT HIGH FOR SPLITTING 3.0000 

"WTL WEIGHT LOW FOR RUSSIAN ROULETTE 0.3333 

"* -RND STARTING RANDOM NUMBER BB82710000155 

""" NB8 NUMBER OF D.A. BLOCKS ON UNIT 8 200 

"NLO LENGTH OF D.A. BLOCKS ON UNIT 8 512 

ADJ MODE OF CALCULATION FORWARD 

INPUT DATA WRITTEN ON RESTART UNIT NO 

""" BINARY DATA INTERFACE YES 

. . . .... .
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ig u're 6.6. 2 -1- t SA S'_ u l t u fo Normal. Co ditions Criiticality A naljifsý itV k' F du c oni u d 

"UMS PWR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PITCH 

LOGICAL PARAMETERS ....

- RUN EXECUTE PROBLEM AFTER CHECKING DATA

COMPUTE FLUX 

COMPUTE AVG UNIT SELF-MULTIPLICATION 

COMPUTE MATRIX K-EFF BY UNIT NUMBER 

COMPUTE COFACTOR K-EFF BY UNIT NUMBER 

PRINT FISS PROD MATRIX BY UNIT NUMBER 

COMPUTE MATRIX K-EFF BY HOLE NHUMBER 

COMPUTE COFACTOR K-EFF BY HOLE NUMBER 

PRINT FISS PROD MATRIX BY HOLE NUMBER 

COLLECT MATRIX BY HIGHEST HOLE LEVEL 

PRINT ALL MIXED CROSS SECTIONS 

PRINT I-D MIXTURE X-SECTIONS 

PRINT 2-D MIXTURE X-SECTIONS 

PRINT MIXTURE ANGLES & PROBABILITIES 

PRINT FISSION SPECTRUM 

PRINT EXTRA 1-D CROSS SECTIONS

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO

PLT PLOT PICTURE MAP(S) NO 

FUN COMPUTE FISSION DENSITIES NO 

NUB COMPUTE NU-BAR & AVG FISSION GROUP YES 

MKP COMPUTE MATRIX K-EFF BY UNIT LOCATION NO 

CKP COMPUTE COFACTOR K-EFF BY UNIT LOCATION NO 

FMP PRINT FPSS PROD MATRIX BY UNIT LOCATION NO 

MrA COMPUTE MATRIX K-EFF BY ARRAY NUMBER NO 

CKA COMPUTE COFACTOR K-EFF BY ARRAY NUMBER NO 

FMA PRINT FIES PROD MATRIX BY ARRAY NUMBER NO 

HAL COLLECT MATRIX BY HIGHEST ARRAY LEVEL NO 

FAR PRINT FIS. AND ABS. BY REGION NO 

GAS PRINT FAR BY GROUP NO 

PAX PRINT XSEC-ALBEDO CORRELATION TABLES NO 

PWT PRINT WEIGHT AVERAGE ARRAY NO 

PGM PRINT INPUT GEOMETRY NO 

BUG PRINT DEBUG INFORMATION NO 

TRK PRINT TRACKING INFORMATION NO ...

PARAM•ETER INPUT COMPLETED 

S........ C I0'S WERE USED READING THE PARAM[ETER DATA ....  

"- -* ....... -* DATA READING COMPLETED ... - ... - ....

FLX 

SMU 

MKU 

CKU 

FMU 

CKH 

FMH4 

HKL 

AMDX 

XSI 

KS2 

XAP 

PKI 

PID

-2y... . o.
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Figure 6.6.2-1 CSAS Input & Output for Normal Conditions Criticalijy Analysis; PWR Fuel (continued) 

"M5S PWR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PITCH 

"UNIT VOLUME 

NUMBER DATA SET NAME NAME UNIT FUNCTION

C:\PROJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARNO

G:\scale43\DATALIB\FT79F001 

G:\scale43\DATALIB\FTSSF001 

UNKNOWN 

C:\PROJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARNO

C:\PROJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARNO

C:\PROJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARNO

C:\PROJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARNO

UNKNOWN 

UNKNOWN

MIXED CROSS SECTIONS 

INPUT ALBEDOS 

INPUT WEIGHTS 

WRITE SCRATCH DATA 

BINARY INPUT DATA 

READ RESTART DATA 

INPUT AMPX WORKING LIBRARY 

INPUT DATA DIRECT ACCESS 

SUPER GROUPED DIRECT ACCESS 

XSEC MIXING DIRECT ACCESS

S........ 0 IC'S WERE USED PREPARING INPUT DATA ........  

CROSS SECTIONS READ FROM THE AMPX WORKING LIBRARY ON UNIT 4 

6.6.2-'17

XSC 

ALB 

WTS 

SKT 

BIN 

RST 

LIS

14 

79 

80 

16 

95 

95 

4 

8 

9 

10
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Figue 96.2 lAjppyt,&QOutput for Normal Conditions Crfit~icait n ij'tuei&Uzittiii~ed 

COMS PWR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PITCH 

MIXING TABLE 

NUMBER OF SCATTERING ANGLES = 2 
CROSS SECTION MESSAGE THRESHOLD =3.OE-05

DENSITY(G/CC) 
WGT. FRAC.  
1.18489E-01 

3.70234E-02 

8.44487E-01

10.412 
ZA AWT 
8016 15.9904 

92235 235.0441 

92238 238.0510

2 DENSITY(G/CC) = 6.5600 
ATOM-DENS. WGT. FRAC. ZA ANT 

4.33078E-02 1.00000E+00 40000 91.2196

DENSITY)G/CC) 

WGT. FRAC.  

1.11927E-01 

8.88074E-01

0.99817E-04 

ZA AWT 

1001 1.0077 

8016 15.9904

MIXTURE 
NUCLIDE 

1008016 
08/12 /94 

1092235 

08/12/94 
1092238 

08/12/94 

MIXTURE 
NUCLIDE 

2040302 
08/12/94 

MIXTURE 

NUCLIDE 

3001001 

08/12/94 

3008016 

08/12/94 

MIXTURE 

NUCLIDE 

4013027 
08/12/94 

MIXTURE 

NUCLIDE 
5024304 

08/12/94 

5025055 
08/12/94 

5026304 
08/12/94 

5028304 
08/12/94 

MIXTURE 

NUCLIDE 

6005010 
08/12/94 

6005011 
08/12/94 

6006012 
08/12/94 

6013D27 
08/12/94 

MIXTURE 

NUCLIDE 

7082011 
08/12/94 

MIXTURE 

IC2CLIDE 

8001001 
08/12/94 

8005010 

08/12/94 

8005011 

08/12/94 

8006012 

08/12/94 

8007014 
08/12/94 

8008016 

08/12/94 

8013027 

08/12/94 

MIXTURE 

NUCLIDE 

9001001 

08/12/94 

9008016 

08/12/94 

MIXTURE

DENSITY)G/CC) 

WGT. FRAC.  
1.90000E-01 

1.99999E-02 

6.95000E-01 

9.5000!E-02 

DENSITY G/CC) 
WNT. FRAC.  

5.77924E-02 

3-51040E-01 

1.18744E-01 

4.72424E-01

= 7.9200 

ZA 
24000 

25055 

26000 

28000 

= 2.5549 

ZA 

5010 

5011 

6000 

13027

AWT 

51.9957 

54.9379 

55.8447 

58.6872 

AWT 

10.0130 

11.0096 

12.0001 

26.9818

7 DENSITY0G/CC) = 11.344 
ATOM-DENS. WGT. FRAC. ZA AWT 

3-29690E-02 1 00000E+00 82000 207.2100

DENSITY{G/CC) 

WGT. FRAC.  

6.01S23E-02 

8.72589E-04 

3.83863E-03 

2.768137-01 

'.98093E-02 

4.25068E 01 

2.13416E-01 

DENSITY G/CC: 

WGT. FRAC.  

I.I192
7

E-01 

8.80074E-01

1.6298 

ZA 

1001 

5010 

5011 

6000 

7014 

8016 

13027

AWT 

1.0077 

10.0130 

11.0096 

12.0001 

14 .0033 

15.9904 

26. 9818

0.99817E-01 

ZA AWT 

1001 1.0077 

8016 15.9904

NUCLIDE TITLE 
OXYGEN-16 ENDF/B-IV MAT 1276 

URANIUM-235 ENDF/B-IV MAT 1261 

URANIUM-238 ENDF/B-IV MAT 1262 

NUCLIDE TITLE 
ZIRCALLOY ENDF/B-IV MAT 1284

NUCLIDE TITLE 
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 

OXYGEN-16 ENDF/B-IV MAT 1276 

NUCLIDE TITLE 

AL-27 1193 218 GP 040375(5) 

NUCLIDE TITLE 
CR 1191 WT SS-304 (I/EST) P-3 293K SP=5+4 (42375) 

MANGASOESE-55 ENDF/B-IV MAT 1197 

FE 1192 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' 

NI 1190 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' 

NUCLIDE TITLE 
B-10 1273 218NGP 042375 P-3 293K 

BORON-11 SNDF/B-IV MAT 1160 

CARBON-12 ENUF/B-IV MAT 1274/THRM1065 

AL-27 1193 218 GP 040375(5) 

NUCLIDE TITLE 

PB 1288 218NGP 042375 P-3 293K 

NUCLIDE TITLE 
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 

B-10 1273 218NGP 042375 P-3 293K 

BORON-11 ENDF/B-IV MAT 1160 

CARBON-12 ENDF/B-IV MAT 1274/THRM1065 

NITROGEN-14 ENDF/B-IV MAT 1275 

OXYGEN-16 ENDF/B IV MAT 1276 

AL-27 1193 218 OP 040375(5) 

NUCLIDE TITLE 

HYDROGEN ENDF/B-IV MAT 1269/THRM002 

OXYGEN-16 ENDF/B-IV MAT 1276

10 DENSITY(G/CC; = 0.99817E-04

0.6.62-!8

I 
ATOM-DENS.  

4.64627E-02 

9.87669E-04 

2.22437E-02

3 

ATOM-DENS.  

6.67692E-06 

3.33846E-06

5 
ATOM-DENS.  

1.74286E-02 

1.73633E-03 

5.93579E-02 

7.72070E 03 

6 

ATCM-DENS.  

8.88038E-03 

4.90582E-02 

1.52248E-02 

2.69393E-02

4 DENSITY(G/CC) = 2.7020 
ATOM-DENS. WGT. FRAC. ZA AWT 

6.03066E-02 1.00000E+00 13027 26.9818

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED

a 

ATOM-DENS, 

5-85402E-02 

8.55300E-05 

3.42200E-04 

2,26400E-02 

1.39400E 03 

2.60900E 02 

7.76300E-03 

9 

ATOM-DENS.  

6.67692E-03 

3.33846E-03
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NUCLIDE ATOM-DENS.  

10001001 6.67692E-06 

08/12/94 

10008016 3.33846E-06 

08/12/94

WGT. FRAC.  
1.11927E-01 

8.88074E-01

ZA ANT 
1001 1.0077 

8016 15.9904

NUCLIDE TITLE 

HYDROGEN ENDF/B-IV MAT 1269/THRM1002 

OXYGEN-16 ENDF/B-IV MAT 1276

KENO MESSAGE NUMBER K5-222 

KENO MESSAGE NUMBER K5-222 

KENO MESSAGE NUMBER K5-222

3001001 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 

8001001 HYDROGEN ENDF/B-IV MAT 1269/THRMI002 UPDATED 08/12/94 

9001001 HYDROGEN ENDF/B-IV MAT 1269/THRMI002 UPDATED 08/12/94 

10001001 HYDROGEN ENDFOB-IV MAT 1269/THRM1002 UPDATED 08/12/94 

6005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 

8005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 

6005011 BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 

8005011 BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 

"6006012 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 

8006012 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 

8007014 NITROGEN-14 ENDF/B-IV MAT 1275 UPDATED 08/12/94 

1008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 

3008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 

8008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 

9008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 

10008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 

4013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 

6013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 

8013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 

5024304 CR 1191 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' UPDATED 08/12/94 

5025055 MANGANESE-55 ENDF/B-IV MAT 1197 UPDATED 08/12/94 

5026304 FE 1192 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' UPDATED 08/12/94 

5028304 NI 1190 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' UPDATED 08/12/94 

2040302 ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 

7082000 PB 1288 218NGP 042375 P-3 293K UPDATED 08/12/94 

1092235 URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 

1092238 URANIUM-238 ENDF/B-IV MAT 1262 UPDATED 08/12/94 

2 TRANSFERS FOR MIXTURE 3 WERE CORRECTED FOR BAD MOMENTS.  

1 TRANSFERS FOR MIXTURE 9 WERE CORRECTED FOR BAD MOMENTS.  

2 TRANSFERS FOR MIXTURE 10 WERE CORRECTED FOR BAD MOMENTS.  

S........ 0 IO'S WERE USED MIXING CROSS-SECTIONS ........  

1-D CROSS SECTION ARRAY ID NUMBERS 

1 2002 1452 27 18 1018 

........ 0 IO'S WERE USED PREPARING THE CROSS SECTIONS ........

6.6.2J19
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Fgr6.21 CSSIn-pu-t &' d0-u-tpiutjif~o-,r ,N-,orm-nal fC-o-ndi-tions Crit'icality Analysils: PWR Fuelt(continued) 

SUMS PWR TC; NORMAL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PITCH 

""........ ADDITIONAL INFORMATION .....

NUMBER OF ENERGY GROUPS 27 

*NO. OF FISSION SPECTRUM SOURCE GROUP 1 

"NO. OF SCATTERING ANGLES IN XSECS 2 

"ENTRIES/NEUTRON IN THE NEUTRON BANK 28 

"ENTRIES/NEUTRON IN THE FISSION BANR 21 

NUMBER OF MIXTURES USED 9 

/NUMBER OF BIAS ID'S USED 1 

"NU•MBER OF DIFFERENTIAL ALBEDOS USED 0 

"TOTAL INPUT GEOMETRY REGIONS 148 

"NUMBER OF GEOMETRY REGIONS USED 148 

LARGEST GEOMETRY UNIT NUMBER 73 

LARGEST ARRAY NUMBER 40

+X BOUNDARY CONDITION 

+Y BOUNDARY CONDITION 

+Z BOUNDARY CONDITION

MIRROR 

MIRROR 

PER

USE LATTICE GEOMETRY YES 

GLOBAL ARRAY NUMBER 4" 

NUMBER OF UNITS IN THE GLOBAL X DIR. I 

NUMBER OF UNITS IN THE GLOBAL Y DIR. 1 

NUMBER OF UNITS IN THE GLOBAL Z DIR. 4 

USE A GLOBAL REFLECTOR YES 

USE NESTED HOLES YES 

NUMBER OF HOLES 78 ...  

MAXIMUM HOLE NESTING LEVEL 2 :*: 

USE NESTED ARRAYS YES 

NUMBER OF ARRAYS USED 15 

MAXIMUM ARRAY NESTING LEVEL 3 

-X BOUNDARY CONDITION MIRROR 

-Y BOUNDARY CONDITION MIRROR 

-Z BOUNDARY CONDITION PER ...

6.6.2-20
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Figure 6.6.29, C2SAS Input & Output for Normial Conditions Criticali-ty Apalysi PWR uel i(-cobnti~nued)

VOLUME FRACTION OF FISSILE MATERIAL IN THE CORE= 4.20003E-02 

START TYPE 0 WAS USED.  

THE NEUTRONS WERE STARTED WITH A FLAT DISTRIBUTION IN A CUBOID DEFINED BY: 

+X= 1.35000ES02 -X=-l.35000E+02 +Y= 1.35000E+02 -Y=-1.35000E+02 +Z= 1.24968E+S1 -Z= 0.00000E+00 

THE FLAG TO START NEUTRONS IN THE REFLECTOR WAS TURNED OFF 

0.01183 MINUTES WERE REQUIRED FOR STARTING. TOTAL ELAPSED TIME IS 0.06400 MINUTES.
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igure 6.6.2-1 CSAS Input & Qutput for Normal Conditions Criticality Analyss MkFe cniud 
DYE PWR TO; NORMAL OP; AREA?; 0.0001 GM/CC IN - 01 GM/CC EX; 270CM PITCH

GENERATION 
GENERATION K -EFFECTIVE 

KENO MESSAGE NUMBER K5-132 

1 3. 91864E-01 
KENO MESSAGE NUMBER K5-132 

2 3.90933E-01 

KENO MESSAGE NUMBER K5-132 

3 3.92909E-01 

4 3.83835E-01 
5 4-08764E-01 
6 4.05077E-01 

7 4.18995E-01 

KENO MESSAGE NUMBER K5-132 

8 3.74551E-01 
9 3.91704E-01 

10 3.87236E-01 

11 3.99307E-01 
12 4.03168E-01 

13 3.95329E-01 
14 3.99014E-01 
15 3.82535E-01 

16 4.21574E-01 
17 3.84784E-01 
18 3.91699E-01 

19 3.92056E-01 

20 4.04790E-01 

21 3.96272E-01 

22 3.96804E-01 
23 4.00698E-01

195 
196 
197 
198 
199 
200 
20' 
202 
203

3.84032E-01 

3.87751E-01 

3.88469E-01 

3.96927E 01 

3.97955E-01 
3.93562E-01 
3.97456E-01 
3.90767E-01 

3-89955E-01

ELAPSED TIME 

MINUTES 

WARNING .... ONLY 

3.63333E-01 

WARNING .... ONLY 

6.69167E-01 

WARNING .... ONLY 

9.67503E-01 

1.26683E+00 
1.57533E+00 

1.87933E+00 

2.19233E+00 

WARNING .... ONLY 

2.48617EK00 

2.78833E+00 

3.09583E+00 

3.40250E+00 

3.71283E+00 
4.01133E+00 

4.30800E+00 

4.60733E+00 

4.90933E+00 

5.20867E+00 

5.49983E+00 

5.79733E+00 
6.09567E+00 

6.39700E+00 

6.70817E+00 
7-00933E+00 

5.89588E+01 

5.92627E+0! 

5.95547EK01 

5.98623E+01 

6.01543E+01 

6.034537E+01 

6.07585E+01 

6.10570E+01 
6.1360KE+01

AVERAGE 

K-EFFECTIVE 

445 INDEPENDENT 

1.00000E+00 
414 INDEPENDENT 

1.00000OE+00 

429 INDEPENDENT 

3.92909E-01 

3.88372E-01 

3.95169E-01 

3.97646E-01 

4.01916EK01 

986 INDEPENDENT 

3-97355E-01 
3.96548E-01 

3.95384E-01 

3.95820E-01 

3.96555E-01 

3.96443E-01 

3.96657E-01 

3.95571E-01 

3.97428E-01 

3.96585E-01 

3.96280E-01 

3.96032E-01 

3.96518E-01 

3.96505E-01 

3.96520E-01 

3.96719E-01 

3.96453E-01 

3.96408E-01 

3-96368E-01 

3-96370E-01 

3.96378E-01 

3.96364E 01 

3.96370E-01 

3.96342E-01 

3.9630KE-01

AVG K-EFF MATRIX 
DEVIATION K-EFFECTIVE 

FISSION POINTS WERE GENERATED 

0.00000KE-00 0.0000OE+00 

FISSION POINTS WERE GENERATED 
0.00000OE+00 0.0000E+00 

FISSION POINTS WERE GENERATED 
0.00000E+00 0.00000E+00 

4.53733E-03 0.OOOEOE+00 

7.28475E-03 0.00000E+00 

5.71570E-03 0.O0000E+00 
6.15074E-03 0.OEOO-E+00 

FISSION POINTS WERE GENERATED 
6.78394E-03 .00000rE+00 

5.79003E-03 0.0000KE+00 
5.14765E-03 0.00300E+00 

4.56068E-03 0.0000KE+00 

4.14485E-03 0.00000E+00 

3.75081E-03 0.00000E+00 
3.43071E-03 0.00000E+00 

3.33754E-03 0.00000E+00 

3.60522E-03 0.00000E+00 
3.46051E-03 0.00000E+00 

3.25139E-03 0.00000E+00 
3.06424E-03 0.00000E+00 

2.92969E-03 0.OOOOO0E+00 

2.77123E-03 0.00000E+00 
2.62907E-03 0.00000E+00 
2-50864E-03 0.00000E+00

6.86523E-04 

6.84446E-04 

6.82144E-04 

6.78660E-04 

6.75254E-04 

6.71986EK04 

6.68623E-04 

6-65861E-04 

6.63302E-04

0.00000E+00 

0.00000E+00 

0.00000E+00 

0.0000E+00 

0.OOOOOE+00 

0.OOOOOE+00 
0.OOOOOE+00 
0.00000E+00 
0.00000E+00

KENO MESSAGE NUMBER K5-123 EXECUTION TERMINATED DUE TO COMPLETION OF THE SPECIFIED NUMBER OF GENERATIONS.

1 .6,2722

MATRIX K-EFF 

DEVIATION 

0.00000OE+00 

0.00000E+00 

0.OOOOOE+00 

O.OOOOOE+O0 

0.00000E+00 

O.OOOOOE+00 

0.00000S+00 

0.00000E+00 

0.OOOOOE+00 

0.0000ME+00 

0.0000OOE+00 
0.00000E+00 

0.00000E+00 

0.OOOOOE+00 

0.00000E+00 

0.OOOOOE+00 

0.00000E+00 

0.OOO00E+00 
0.00000E+00 

0.OOOO0E+00 
0.OOOOOE+00 

0.OOOOOE+00 

0.000000E+00 

0.00000E+00 

0.00000OE+00 

O.O000OE+00 

0.00000E+00 

0.00000E+00 

0.OOOOOE+00 

O.OOOOOE+O0 
0.00000E+00 
0.00000E+00
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Figure 6.6.2-1 2SASInput & Outp~ut for Normal Conditions C 1riticality Anal- is: P R/ Fuel (continued) 

tINS PH? TOý NORMAL OP; ARRAY; 0.0001 ON/CC IN -0.1 ON/CC EX; 270CM PITCH

LIFETIME = 1.88203E-05 + OR - 3.58429E-07 GENERATION TIME

NU BAR 2.55492E+00 + OR - 4.43799E-04 AVERAGE FISSION GROUP 
ENERGY(EV) OF THE AVERAGE LETHARGY CAUSING FISSION

1.70782E-06 + OR - 1.09764E-08 
6.62068E+00 + OR - 6.12800E-03 
8.29856E+04 + OR - 5.54269E+02

NO. 0 

GENE 

SK

167.  
172 

177 

182 

187 

192 

197

0. 39464 

0 .39476 

C.39567 

0.39496 

0 .39369 

0 .39183 

0.39444

+ OR 

"+ OR 
"* OR 

"+ OR 

" OR 

" OR 

+ OR

F INITIAL 
RATIONS AVERAGE 

IPPED E-EFFECTIVE 

3 0.39633 + OR 

4 0.39639 + OR 

5 0.39633 + OR 

6 0.39628 + OR 

7 0.39617 + OR 

8 0.39628 + OR 

9 0.39630 + OR 

10 0.39635 + OR 

ii 0.39633 + OR 

12 0.39630 + OR 

17 0.39629 + OR 

22 0.39629 + OR 

27 0-39635 + OR 

32 0.39638 + OR 

37 0.39633 + OR 

42 0.39622 + OR 

47 0.39634 + OR 

52 0.39625 + OR 

57 0.39614 + OR 

62 0.39589 + OR 

67 0.39604 + OR 

72 0.39634 + OR

DEVIATION 

0.00067 

0.00067 

0.00067 

0.00067 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00067 

0.00066 

0.00068 

0.00069 

0.00070 

0.00072 

0.00073 

0.00073 

0-00074 

0.00076 

0.00077 

0.00079 

0.00080 

0.00127 

0.00136 

0.00151 

0.00167 

0.00195 

0.00133 

0.00144

67 PER CENT 

CONFIDENCE INTERVAL 

0.39566 TO 0.39699 

0.39572 TO 0.39706 

0.39566 TO 0.39699 

0.39561 TO 0.39695 

0.39550 TO 0.39683 

0.39562 TO 0.39693 

0.39564 TO 0.39696 

0.39569 TO 0.39701 

0.39567 TO 0.39700 

0.39563 TO 0.39696 

0.39562 TO 0.39695 

0.39561 TO 0.39697 

0.39566 TO 0.39704 

0.39568 TO 0.39708 

0.39561 TO 0.39704 

0.39548 TO 0.39695 

0.39561 TO 0.39706 

0.39551 TO 0.39699 

0.39538 TO 0.39690 

0.39512 TO 0.39666 

0.39525 TO 0.39684 

0.39554 TO 0.39713 

0.39337 TO 0.39591 

0.39339 TO 0.39612 

0.39416 TO 0.39719 

0.39329 TO 0.39663 

0.39174 TO 0.39563 

0.39050 TO 0.39315 

0.39300 TO 0.39587

95 PER CENT 

CONFIDENCE INTERVAL 

0.39499 TO 0.39766 

0.39506 TO 0.39772 

0.39499 TO 0.39766 

0.39494 TO 0.39762 

0.39484 TO 0.39749 

0.39496 TO 0.39759 

0.39498 TO 0.39762 

0.39503 TO 0.39767 

0.39500 TO 0.39766 

0.39496 TO 0.39763 

0.39496 TO 0.39762 

0.39493 TO 0.39765 

0.39497 TO 0.39773 

0.39498 TO 0.39777 

0.39490 TO 0.39776 

0.39475 TO 0.39768 

0.39489 TO 0.39779 

0.39477 TO 0.39773 

0.39462 TO 0.39766 

0.39435 TO 0.39743 

0.39446 TO 0.39763 

0.39474 TO 0.39793 

0.39210 TO 0.39717 

0.39203 TO 0.39749 

0.39265 TO 0.39870 

0.39162 TO 0.39830 

0.38980 TO 0.39758 

0.38918 TO 0.39448 

0.39156 TO 0.39731

6.'6.2-23

99 PER CENT 
CONFIDENCE INTERVAL 

0.39433 TO 0.39833 

0.39439 TO 0.39839 

0.39433 TO 0.39833 

0.39428 TO 0.39829 

0.39418 TO 0.39815 

0.39431 TO 0.39825 

0.39432 TO 0.39828 

0.39437 TO 0.39833 

0.39434 TO 0.39833 

0.39430 TO 0.39830 

0.39430 TO 0.39828 

0.39425 TO 0.39833 

0.39427 TO 0.39842 

0.39428 TO 0.39847 

0.39418 TO 0.39847 

0.39402 TO 0.39841 

0.39416 TO 0.39852 

0.39403 TO 0.39847 

0.39386 TO 0.39842 

0.39357 TO 0.39820 

0.39366 TO 0.39842 

0.39395 TO 0.39872 

0.39083 TO 0.39844 

0.39067 TO 0.39885 

0.39114 TO 0.40021 

0.38995 TO 0.39997 

0.38785 TO 0.39952 

0.38785 TO 0.39580 

0.39012 TO 0.39875

NUMBER OF 
HISTORIES 

200000 

199000 

198000 

197000 

196000 

195000 

194000 

193000 

192000 

191000 

186000 

181000 

176000 

171000 

166000 

161000 

156000 

151000 

146000 

141000 

136000 

131000 

36000 

31000 

26000 

21000 

16000 

11000 

6000
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figure• .6.2-1 SAS Input & Qutput for Normal Conditions Criticality ApaljS:isa fuelontinued) 

UMS PWR TC; NOR•-AL OP; ARRAY; 0.0001 GM/CC IN - 0.1 GM/CC EX; 270CM PITCH

0.3714 TO 0.3840 

0.3840 TO 0-3967 

0.3967 TO 0.4093 

0.4093 TO 0.4220 

0.4220 TO 0.4346

0.3714 

0.3840 
0.3967 

0.4093 

0.4220 

0.3714 

0.3840 

0.3967 

0.4093 

0. 4220

FREQUENCY FOR GENERATIONS 4 TO 203 

FREQUENCY FOR GENERATIONS 54 TO 203 

FREQUENCY FOR GENERATIONS 104 TO 203

TO 0.3840 

TO 0.3967 

TO 0.4093 

TO 0.4220 

TO 0.4346 

To 0. 3840 

TO 0.3967 

TO 0.4093 

TO 0.4220 

TO 0.4346

0.3714 TO 0.3840 

0.3840 TO 0.3967 

0.3967 TO 0.4093 

0.4093 TO 0-4220 

0.4220 TO 0.4346

FREQUENCY FOR GENERATIONS 154 TO 203
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Figure ,6ff.2-2 CSAS Input & Output for Accident Conditions Criticality Analysis: PWR Fuel 

PRIMARY MODULE ACCESS AND INPUT RECORD ( SCALE DRIVER - 95/03/29 - 09:06:37 

MODULE CSAS25 WILL BE CALLED 

DMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PICH 

27GROUPNDF4 LATTICECELL 

U02 1 0.95 293.0 92235 4.20 92238 95.80 END 

ZIRCALLOY 2 1.0 293.0 END 

H20 3 1.0 293.0 END 

AL 4 1.0 293.0 END 

SS304 5 1.0 293.0 END 

AL 6 DEN=2.6041 0.4635 293.0 END 

B-10 6 DEN=2.6041 0.0567 293.0 END 

B-O1 6 DEN=2.6041 0.3444 293.0 END 

C 6 DEN=2.6041 0.1165 293.0 END 

PB 7 1.0 293.0 END.  

B-10 8 0.0 8.553-5 293.0 END 

B-11 8 0.0 3.422-4 293.0 END 

AL 8 0.0 7.763-3 293.0 END 

H 8 0.0 5.854-2 293.0 END 

O 8 0.0 2.609-2 293.0 END 

C 8 0.0 2.264-2 293.0 END 

N 8 0.0 1.394-3 293.0 END 

H20 9 1.0 293.0 END 

H20 10 1.0 293.0 END 

END COMP 

SQUAREPITCH 1.2598 0.7844 1 3 0.9144 2 0.0001 10 END 

DMS PKR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH 

READ PAP-AM RUN=YES PLT=NO TME=5000 GEN=803 NPG=l000 END PARAM 

READ GEOM 

UNIT 1 

COM='FUEL PIN CELL - BETWSEEN DISKS' 

CYLINDER 1 1 0.3922 2P2.4892 

CYLINDER 10 1 0-4001 2P2.4892 

CYLINDER 2 1 0.4572 292.4892 

CUBOID 3 1 4P0.6299 2P2.4892 

UNIT 2 
COM='WATER ROD CELL - BETWEEN DISKS' 

CYLINDER 3 1 0.5715 2P2.4892 

CYLINDER 2 1 0.6121 2P2.4892 

CUBOID 3 1 4P0.6299 2P2.4892 

UNIT 3 

COM='FUEL PIN CELL - FOR DISK SLICE OF CASK' 

CYLINDER 1 1 0.3922 2P0.6350 

CYLINDER 10 1 0.4001 2P0.6350 

CYLINDER 2 1 0.4572 2P0.6350 

CUBOID 3 1 4P0.6299 2P0.6350 

UNIT 4 

COMY'WATER ROD CELL - FOR DISK SLICE OF CASK' 

CYLINDER 3 1 0.5715 290.6350 

CYLINDER 2 1 0.6121 2P0.6350 

CUBOID 3 1 4P0.6299 2P0.6350 

UNIT 5 
COMN'X-X BORAL SHEET BETWEEN DISKS' 

CUBOID 6 1 2P10.4140 2P0.0635 292.4892 

CUBOID 4 1 2P30.4140 2P0.0951 2P2.4892 

UNIT 6 

COMNY-Y BCORAL SHEET BETWEEN DISKS' 

CUBCID 6 1 2P0.0635 2Pi0.4140 2P2.4892 

CUBCID 4 1 2P0.0951 2PI0.4140 2P2.4892 

UNIT 7 

COYM'X-X BORAL SHEET WITH DISKS' 

CUBOID 6 1 2Pi0.4140 2P0.0635 2P0.6350 

CUBOID 4 1 2Pi0.4140 2P0.0951 2P0.6350 

UNIT 8 
COM='Y Y BORAL SHEET WITH DISKS' 

CUBOID 6 1 2P0.0635 2P10.4140 2P0.6350 

CUBOID 4 1 2P0.0951 2Pi0.4140 2P0.6350 

UNIT 10 

COM='TUBE CELL IN H20 BETWEEN DISKS (A)' 
ARRAY 1 1057083 -10.7083 -2.4892 

CUBOID 3 1 4Pi1.2141 2P2.4892 

CUBOID 5 1 4P11.3355 2P2.4892 
CUBOID 3 1 4P11.5260 2P2.4892 

HOLE 5 C.0 +11.4308 0.0 

HOLE 5 0.0 -11.4308 0.0 

HOLE 6 .11.4308 0.0 0.5 

HOLE 6 -11.4308 0.0 0.0 

CUBOID 5 1 4PI1.5715 2P2.4092 

CUBOID 3 1 +12.0176 -11.57:5 +12.0176 -11.5715 2P2.4892 

.6.62-25
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fgure 6.6.2-2 FSAS Input& OutpDut forAcciden Conditions Criticality Aayi:P RFe cniud 
UNIT 11 

COM='TUBE CELL IN H20 BETWEEN DISKS (B), 
ARRAY 1 -10.7083 -10.7083 -2.4892 
CUBOID 3 1 4P81.2141 2P2.4892 
CUBOID 5 1 4Pi1.3355 2P2.4892 
CUBOID 3 1 4P11.5260 2P2.4892 
HOLE 5 0.0 +11.4308 0.0 
HOLE 5 0.0 -11.4308 0.0 
HOLE 6 +11.4308 0.0 0.0 
HOLE 6 -11.4308 0.0 0.0 
CUBOID 5 1 4P81.5715 2P2.4892 
CUBOID 3 1 .11.5715 -12.0176 +12.0176 -11.5715 2P2.4892 
UNIT 12 
COM='TUBE CELL IN H20 BETWEEN DISKS (C)' 
ARRAY 1 -10-7083 -10.7083 -2.4892 
CUBOID 3 1 4Pi1.2141 2P2.4892 
CUBOID 5 1 4P!1.3355 2P2.4892 
CUBOID 3 1 4P81.5260 2P2.4892 
HOLE 5 0.0 +11.4308 0.0 
HOLE 5 0.0 -11.4308 0.0 
HOLE 6 +11.4308 0.0 0.0 
HOLE 6 -11.4308 0.0 0.0 
CUBOID 5 1 4PI1.5715 2P2.4892 
CUBDID 3 1 +11.5715 -12.0176 +11.5715 -12.0176 2P2.4892 
UNIT 13 
COM='TUBE CELL IN H20 BETWEEN DISKS (D)' 
ARRAY 1 -10.7083 -10.7083 -2.4892 
CUBOID 3 1 4PI1.2141 2P2.4892 
CUBOID 5 1 4Pi1.3355 2P2.4892 
CUBOID 3 1 4PI1.5260 2P2.4892 
HOLE 5 0.0 +11.4308 0.0 
HOLE 5 0.0 -11.4308 0.0 
HNLE 6 +11.4308 0.0 0.0 

HOLE 6 -11.4308 0.0 0.0 
CUBOID 5 1 4P11.5715 2P2.4892 "CUBOID 3 1 +12.0176 -11.5715 +11.5715 -12.0176 2P2.4892 

UNIT 14 
COM='WEB UNIT ý1.5" WEB) - BETWEEN DISKS' 
CUBOID 3 1 2PI1.7946 2PI.8725 2P2.4892 
UNIT 15 
COM='WEB UNIT ý1.0" WEB) - BETWEEN DISKS' 
CUBOID 3 1 2P11.7946 2P1.2510 2P2.4892 
UNIT 16 
COM='WEB UNIT (0.875" WEB) - BETWEEN DISKS' 
CUBOID 3 1 2P11.7946 2PI80923 2P2.4892 

UNIT 17 
CXM='6Xl FUEL TUBE STACK BETWEEN DISKS (-X)' 
ARRAY 10 11.7946 -77.3262 -2.4892 

UNIT 18 
"CNM='6X' FUEL TUBE STACK BETWEEN DISKS (+X)' 
ARRAY 1 -11-7946 -77.3262 -2.4892 

UNIT 19 
COM='2XI FUEL TUBE STACK OF TUBES BETWEEN DISKS (-X)' 
ARRAY 12 11.7946 25.4616 -2.4892 
tWIT 20 

CON='2X1 FUEL TUBE STACK OF TUBES BETWEEN DISKS '+XW 
ARRAY 13 11.7946 -25.4616 -2.4892 

UNIT 30 

COM='TUBE CELL IN ST DISK :Aý' 
ARRAY 2 -10.7083 -10.7083 -0.6350 "CUBOID 3 1 4P11.2141 2P8.6350 
CUBOI8 5 1 4Pl1.3355 2P8.6350 
CUBOID 3 1 4P8115260 2P0.6350 

RILE 7 0.0 -11.4308 0.0 

HOLE 7 .0 -11-4308 0.0 
HOLE 8 +11.4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 

CUBOID 5 1 4PI1.5715 2P0.6350 
CUB'ID 3 1 *12.0176 -11.5715 +12.0176 -11.5715 2P0,6350 
UNIT 31 
CONM'TUBE CELL IN ST DISK (B' 
ARRAY 1 -10.7013 10.7083 -0S6350 
CUBOD 3 1 4P11.2141 2P0.635C 
CUBO D 5 1 4P81.3355 2P0.6350 
"CUBOID 3 1 4P81.5260 2P0.6350 
HOLE 7 0.0 +11.4308 0.0 
HOLE 7 1.1 -11.4308 0.I 

HOLE 8 +11.4308 0-0 0.0 

HOLE 8 -11.4308 0.0 0.0 
CUBOID 5 1 4PI1.5715 2P0.6350 
CUBOID 3 1 +11.5715 -12.0176 +12.0176 -11.5715 2P0.6350 

UNIT 32 
CCXM'TUBE CELL IN ST DISK ýC:' 

ARRAY 2 10.7083 -1 .7083 -0-6350 
CUBOID 3 1 4P11.2141 2P0.6350
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CUBOID 5 1 4P11.3355 2P0.6350 

CUBOID 3 1 4P11.5260 2P0.6350 

HOLE 7 070 +11.4308 0.0 
HOLE 7 0.0 -11.4308 0.0 
HOLE 8 +11.4308 0.0 0.0 

HOLE 8 -11.4308 0.0 0.0 

CUBOID 5 1 4PI1.5715 2P0.6350 

CUBOID 3 1 +11.5715 -12.0176 +11.5715 -12.0176 2P0.6350 

UNIT 33 

"COMN'TUBE CELL IN ST DISK (D)' 
ARRAY 2 -10.7083 -10.7083 -0.6350 

CUBOID 3 1 4P11.2141 2P0.6350 
CUBOID 5 1 4P11.3355 2P0.6350 

CUBOID 3 1 4P11.5260 2P0.6350 

HOLE 7 0.0 +11.4308 0.0 
HOLE 7 0.0 -11.4308 0.0 
HOLE 8 +11.4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 

CUBOID 5 1 4PI1.5715 2P0.6350 
CUBOID 3 1 +12.0176 -11.5715 +11.5715 -12.0176 2P0.6350 

UNIT 34 

COM='WER UNIT (1.5' WEB) - ST DISKS' 

CUBOID 5 1 2PI1.7946 2P1.8725 2P0.6350 

UNIT 35 
COM='WEB UNIT (1.0' WEB) - ST DISKS' 

CUBOID 5 1 2P11.7946 2PI.2510 2P0.6350 

UNIT 36 
COM='WEB UNIT (0.875' WEB) - ST DISKS' 

CUBOID 5 1 2P11.7946 2Pi.0923 2P0.6350 
UNIT 37 
COM='6x1 FUEL TUBE STACK ST DISK (-X)' 

ARRAY 20 -11.7946 -77.3262 -0.6350 
UNIT 38 
COM-N61 FUEL TUBE STACK ST DISK (+X)' 
ARRAY 21 -11.7946 -77.3262 -0.6350 

UNIT 39 
COM='2X1 FUEL TUB STACK OF TUBES ST DISK (-X)' 
ARRAY 22 -11.7946 25.4616 -0.6350 
UNIT 40 

COM='2X3 FUEL TUB STACK OF TUBES ST DISK (+X)' 
ARRAY 23 -11.7946 -25.4616 0.6350 

UNIT 50 

"COMN'TUBE CELL IN AL DISK ýA;' 

ARRAY 2 -10.7083 -10.7083 -0.6350 

CUBOID 3 1 4Pi1.2141 2P0.6350 

CUBOID 5 1 4PI1.3355 2P0.6350 
CUBOID 3 1 4P11.5260 2P0.6350 

HOLE 7 0.0 +11.4308 0.0 
HOLE 7 0.0 -11.4308 0.0 

HOLE 8 ±11.4308 0.0 0.0 
HOLE 8 -11.4308 0.0 0.0 

CUB0ID 5 1 4P81.5715 2P0.6350 

CUBOID 3 1 +12.0176 11.5715 +12.0176 -11.5715 2P0.6350 
UNIT 51 

COM='TUBE CELL IN AL DISK (B)' 
ARRAY 2 10.7063 -10.7083 -0.6350 
CUBC"ID 3 1 4P11.2141 2P0.6350 

CUBCID 5 1 4PI1.3355 2P0.6350 
CUBOID 3 1 4Pi1.5260 2P0.6350 
HOLE 7 0 0 *11.4300 0.0 
HOLE 7 0.0 -11.4308 0.0 
HOLE 0 +11.4308 0.0 0.0 

HOLE 8 -11.4308 0.0 0-0 "CUBOID 5 1 4P11.5715 2P0.6350 

CUBOID 3 1 "11.5715 -12.0176 "12.0176 -11.5715 2P0.6350 
UNIT 52 

"COM='TUBE CELL IN AL DISK ICý' 

ARRAY 2 -10.7083 -10.7083 -0.6350 

CUBOID 3 1 4P81.2141 2P0.6350 
CUBOID 5 1 4P11.3350 2P0.6350 
CUBOID 3 1 4P81.5260 2P8.6350 

HOLE 7 0.0 +11.4308 1.1 

HOLE 7 0.0 -10.4308 0.1 

HOLE 8 +11.4308 0.0 0.1 

HOLE 8 11.4308 0.0 0.0 

CUBOID 5 1 4P11.5715 2P0,6351 
C"BOID 3 1 +11.5715 -12.0176 +11.5715 -12.0176 2P0.6350 
UNIT 53 
CON' TUBE CELL IN AL DISK (D) 

ARRAY Z -10.7083 -10.7083 -0.6350 

CUBCIID 3 1 4Pi1.2141 2P0,6350 

CUB"ID 5 1 4P81.3355 2P0.6350 
CUBOIO 3 1 4P11.5260 2P8.6350 

HOLE 7 0.0 +11.4308 0.0 

HOLE 7 0.0 -11.4308 0.0
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PigurbG.6.2-2 Q2SAS Input & Output for Accident Conditions Crjgcpaity Analysis: WRFuel (cotnud 
HOLE 8 +11.4308 0.0 0.0 

HOLE 8 -11.4308 0.0 0.0 
CUBOID 5 1 4P11.5715 2P0.6350 
CUBOTD 3 1 +12.0176 -11.5715 +11.5715 -12.0176 2P0.6350 
UNIT 54 
COM='WEB UNIT (1.5' WEB) - AL DISKS' 
CUBOID 4 1 2P11.7946 2P1.8725 2P0.6350 
UNIT 55 
COM='WEB UNIT (1.0' WEB) - AL DISKS' 
CUBOID 4 1 2P11.7946 2PI.2510 2P0.6350 
UNIT 56 
COM='WEB UNIT (0.875' WEB) - AL DISKS' 
CUBOID 4 1 2PI1.7946 2PI.0923 2P1.6350 
UNIT 57 
COM='6X1 FUEL TUBE STACK AL DISK' 
ARRAY 30 -11.7946 -77.3262 -0.6350 
UNIT 58 
COM='6XI FUEL TUBE STACK AL DISK' 
ARRAY 31 -11.7946 -77.3262 -0.6350 
UNIT 59 
COM='2Xl FUEL TUBE STACK OF TUBES AL DISK' 
ARRAY 32 -11.7946 -25.4616 -0.6350 
UNIT 60 
COM='2Xl FUEL TUBE STACK OF TUBES AL DISK' 
ARRAY 33 -11.7946 -25.4616 -0.6350 

UNIT 70 
CON='BASKET STRUCTURE IN TRANPORT CASK WATER DISK' 
CYLINDER 3 1 +83.5787 2P2.49892 
HOLE 17 -13.6669 0.0 0-0 

HOLE 18 +13.6669 0.0 0.0 
HOLE 19 -39.7578 0.0 0.0 
HOLE 20 +39.7578 0.0 0.0 
HOLE 19 -65.5312 0.0 0-0 
HOLE 20 +65.5312 0.0 0.0 

HOLE 10 +40.8048 +40.8048 0.0 
HOLE 11 -40.8048 +40.8048 0.0 
HOLE 12 -40.8048 -40.8048 0.0 
HOLE 13 +40-8048 -40.8048 0.0 "CYLINDER 5 1 +85.1662 2P2.4892 
CYLINDER 5 1 +85.8647 2P2.4892 
CYLINDER 5 - +90.9447 2P2.4892 
CYLINDER 7 1 +97.9297 2P2.4892 
CYLINDER 5 ' +104-9147 2P2.4892 
CYLIN'DER 9 1 +116.3603 2P2.4892 
CYLINDER 9 1 +116.6788 2P2.4892 
CYLINDER 5 1 +117.3156 2P2.4892 
CUBOID 9 1 4P135.0 2P2.4892 

UNIT 71 
COM='BASKET STRUCTURE IN TRANPORT CASK - ST DISK' 
CYLINDER 5 1 +83.1850 2P0.6350 
HOLE 37 -13.6669 0.0 0.0 
HOLE 38 +13.6669 0.0 0.0 
HOLE 39 -39.7578 0.0 0.0 
HOLE 40 +39.7578 0.0 0.0 

HOLE 39 -65-5312 0.0 0.0 
HOLE 40 6+5.5312 0.0 0.0 
HOLE 30 '40.8048 +40.8048 0.0 
HOLE 31 -40.8048 +40.8048 0.0 
HOLE 32 -40.8048 -40-8048 0.0 
HOLE 33 +40.8048 -40.8048 0.0 
CYLINDER 3 1 +83.5787 2P2.6350 
CYLINDER 5 1 +85.1662 220.6350 
CYLINDER 9 1 +85.8647 2P0.6350 
CYLINDER 5 1 +90.9447 2P0.6350 
CYLINDER 7 1 +97.9297 2P2.6350 

CYLINDER 5 1 +104.9147 2P0.6350 
CYLINDER 9 1 +116.3604 2P2.6350 
CYLINDER 9 1 +116.6788 2P0.6350 
CYLINDER 5 1 +117.3156 2P0.6350 

CUBOID 9 1 4P135.0 2P0.6350 
UNIT 72 
COM='BASKET STRUCTURE IN TRANPORT CASK - AL DISK' 
CYLINDER 4 1 +82.8675 2P0.6352 
HOLE 57 -13.6669 0.0 0-0 

HOLE 58 +13.6669 0.0 0-0 
HOLE 59 -39.7578 0.0 0.0 
HOLE 60 +39.7578 0.0 0.0 
HOLE 59 65.5312 0.0 0.0 

HOLE 60 +65.5312 0.0 0.0 
HOLE 50 +49.8048 +40.8048 0.0 
HOLE 51 40.8048 +40.8048 0.0 
HOLE 52 -40.8048 -40.8048 0.0 

HOLE 53 '40.8048 -40.8048 0.0 

CYLINDER 3 1 +83.5787 2P0.6351 
CYLINDER 5 1 +85.1662 2P2.6350 
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CYLINDER 9 1 +85.8647 2PF.6350 

CYLINDER 5 1 +90.9447 2PF.6350 

CYLINDER 7 1 +97.9297 2PF.6350 

CYLINDER 5 1 +104.9147 2P0.6350 

CYLINDER 9 1 +116.3604 2PF.6350 

CYLINDER 9 1 +116.6788 2P0.6350 

CYLINDER 5 1 +117.3156 2P0.6350 

CUBOID 9 1 SP135.0 2PF.6350 

GLOBAL UNIT 73 

COM='DISK SLICE STACK' 

ARRAY 40 -135.0 -135.0 0.0 

END GEOM 

READ ARRAY 
ARA=I NUX=17 NUY=17 NSZ=1 FILL 

34R1 

5RI 2 2R1 2 2R1 2 5RI 

3RI 2 9RI 2 3R1 

17R1 

2R1 2 2RI 2 2R8 2 2RI 2 2R1 2 2RI 

34R1 

2R1 2 2R1 2 2RL 2 2RI 2 2RI 2 2R1 

34R1 

2R1 2 2R1 2 2R1 2 2RL 2 2R1 2 2RI 

17RI 

3R1 2 9RI 2 3R8 

5RI 2 2R1 2 2RI 2 5R1 

34R1 

END FILL 

ARA=2 NUX=17 NUY=17 NIZ=1 FILL 

34R3 

5R3 4 2R3 4 2R3 4 5R3 

3R3 4 983 4 3R3 

17R3 

2R3 4 2R3 4 2R3 4 2R3 4 2R3 4 2R3 

34R3 

2R3 4 2R3 4 2R3 4 2R3 4 2R3 4 2R3 

34R3 

283 4 2R3 4 2R3 4 2R3 4 2R3 4 2R3 

17R3 

383 4 9R3 4 3R3 

5R3 4 2R3 4 2R3 4 5R3 
34R3 

END FILL 

ABA=10 IEX=l NROY=11 NUZ=I FILL 12 16 12 15 12 14 11 15 11 16 11 END FILL 

ARA=11 NUX=1 NROY 11 7I Zl FILL 13 16 13 15 13 14 10 15 L0 16 10 END FILL 

ARA=12 N7JX=I N1Y= 3 ZS= 1 FILL 12 14 11 END FILL 

AF.1A3 NUX1R NUY=3 NUZ=1 FILL 13 14 10 END FILL 

ARA520 N.UXU NUY=11 NUZ=I1 FILL 32 36 32 35 32 34 31 35 31 36 31 END FILL 

ARA=21 NMX1 NROY11 NUZ=I1 FILL 33 36 33 35 33 34 30 35 30 36 30 END FILL 

ARA=22 NUX=I NUY=3 NUZ=I1 FILL 32 34 31 END FILL 
ARA=23 NUXY1 NUY=3 NUZI1 FILL 33 34 30 END FILL 

ARA=30 N3X= NY =1 G NUZ=I1 FILL 52 56 52 55 52 54 51 55 51 56 51 END FILL 

ARA 31 NMX 1 NUY-11 NUZMI FILL 53 56 53 55 53 54 50 55 50 56 50 END FILL 

ARA=32 NUX=I NU-Y3 NSZ=1 FILL 52 54 51 END FILL 

ARA-33 NUX I NROY3 NUZI1 FILL 53 54 50 E17 FILL 

ARAz4C NRXO1 NUY-I NUSýS FILL 70 71 70 72 END FILL 

END ARRAY 

READ BOUNDS ZFC=PER YXF=MIRROR END BOUNDS 

END DATA 

SECONDARY MODULE 000008 HAS BEEN CALLED.  

MODULE 000008 IS FINISHED. COMPLETION CODE 0. CPU TIME USED 1.65 (SECONDS).  

SECONDARY MODULE 000002 HAS BEEN CALLED.  

MODULE 000002 IS FINISHED. COMPLETION CODE 0. CPU TIME USED 15.43 (SECONDS:.  

SECONDARY MODULE 000009 HAS BEEN CALLED.  

NODULE 000009 IS FINISHED. COMPLETION CODE 0. CPU TIME USED 2047.19 (SECONDS'.  

MNDULE CSAS25 IS FINISHED. COMPLETION CODE 0. CPU TIME USED 2066.19 (SECONDS).  
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CCCCCCCCCCC SSSSSSSSSSS AAAAAAAAA SSSSSSSSSSS 22222222222 5555555555555 
CCCCCCCCCCCCC SSSSSSSSSSSSS AAAAAAAAAAA SSSSSSSSSSSSS 2222222222222 5555555555555 
CC CC SS SS AA AA SS 0S 22 22 55 
CC SS AA AA SS 22 55 
CC SS AA AA SS 22 55 
CC SSSSSSSSSSSS AAAAAAAAAAAA SSSSSSSSSSSS 22 555555555555 
CC SSSSSSSSSSSS AAAAAAAAAAAA SSSSSSSSSSSS 22 5555555555555 
cc SS AA AA SS 22 55 
CC SS AA AA SS 22 55 
CC CC SS SS AA AA SS SS 22 55 55 
CCCCCCCCCCCCC SSSSSSSSSSSSS AA AA SSSSSSSSSSSSS 2222222222222 5555555555555 

CCCCCCCCCCC SSSSSSSSSSS AA AA SSSSSSSSSSS 2222222222222 55555555555 

SSSSSSSSSSS CCCCCCCCCCC AAAAAAAAA LL EEEEEEEEEEEEE PPPPPPPPPPPP CCCCCCCCCC 
SSSSSSSSSSSSS CCCCCCCCCCCCC NAAAAAAAAAA LL EEEEEEEEEEEEE PPPPPPPPPPPPP CCCCCCCCCCCCC 
SS SS CC CC AA AA LL EE PP PP cc CC 
SS CC AA AA LL EE PP PP cc 
SS CC AA AA LL EE PP PP cc 
SSSSSSSSSSSS CC AAAAAAAAAAAAA LL EEEEEEEEE -- PpPPPPPPPPPPP CC 
SSSSSSSSSSSS CC AAAAAAAAANAA LL EEEEEEEEE --- -- PPPPPPPPPPPP CC 

SS CC AA AA LL EE PP cc 
SS CC AA AA LL EE PP CC 

SS SS CC CC AA AA LL EE PP CC CC 
SSSSSSSSSSSSS CCCCCCCCCCCCC AA AA LLLLLLLLLLLLL EEEEEEEEEEEEE PP CCCCCCCCCCCCC 

SSSSSSSSSSS CCCCCCCCCCC AA AA LLLLLLLLLLLLL EEEEEEEEEEEEE PP CCCCCCCCCCC 

0000000 88888888888I/ 22222222222 22222222222 // 99999999999 666666666666 
000000000 8888888888888 // 2222222222222 2222222222222 // 9999999999999 6666666666666 

00 00 88 88 / 22 22 22 22 // 99 99 66 
00 00 88 88 // 22 22 99/ 5 99 66 
00 00 88 88 // 22 22 // 99 99 66 
00 00 88688888888 / 22 22 // 9999999999999 666666666666 
Uo 00 88888888888 / 22 22 // 999999999999 6666666666666 
00 00 88 88 / 22 22 // 99 66 66 
00 cc 08 // 22 22 // 99 66 66 
02 00 0 0 85 /8 22 22 // 99 66 66 

000000000 8888888888888 / 2222222222222 2222222222222 // 9999999999995 6666666666666 
0000000 8888888888 / 2222222222222 2222222222222 // 999999999999 66666666666 

ii 10 0000000 0000000 11 0000000 
iii iii 000000000 000000000 iii 000000000 
0011 111 :- 00 00 00 00 1111 00 00 

ii ii 00 00 00 00 1i 00 00 
II 01 00 00 00 00 Li 00 00 
ii ii 00 00 00 00 Ii 00 00 
11 00 00 00 00 i 00 00 
ii LB 00 00 00 00 11 00 00 
1i ii 00 00 00 00 11 00 00 
1i ii 00 00 00 00 LB 00 00 

11000011 000000000 000000000 10111111 000000000 
11111i!' 11111000 0000000 0000000 1I01111 0000000 
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SSSSSSSSSSS CCCCCCCCCCC AAAAAAARA LL EEEEEEEEEEEEE PPPPPPPPPPPP CCCCCCCCCCC 

SSSSSSSSSSSSS OCCCCCCCrCCCCC AAAAAAAASAAA rLL EEEEEEEEEEEEE PPPPPPPPPPPPP CCCCCCCCCCCCC 

SS SS CC CC AA AA LL EE PP PP CC CC 

SS CC AA AA RL EE PP PP CC 

SS CC AA AA LL ER PP PP CC 

SSSSSSSSSSSS CC AAAAAAAAAAAAA LL EEEEEEEEE PPPPPPPPPPPPP CC 

SSSSSSSSSSSS CC AAAAAAAAAAAAA LL EEEEEEEEE -- - PPPPPPPPPPPP CC 

SS CC AA AA LL EE PP CC 

SS CC AA AA LL BE PP CC 

SS SS CC CC AA AA LL EE PP CC CC 

SSSSSSSSSSSSS CCCCCCCCCCCCC AA AA LLLLLLLLLLLLL EREEEEEEEEEEE PP CCCCCCCCCCCCC 

SSSSSSSSSSS CCCCCCCCCCC AA AA LLLLLLLLLLLLL EEEEREEEEEEEE PP CCCCCCCCCCC 

PROGRAM VERIFICATION INFORMATION 

CODE SYSTEM: SCALE-PC VERSION: 4.3 

PROGRAM: CSAS 

.... CREATION DATE: 03-08-96 

VOLUME: ENG 

LIBRARY: G:\scale43\exe 

PRODUCTION CODE: CSAS 

VERSION: 3.1 

JOBNAME: SCALE-PC 

DATE OF EXECUTION: 08/22/96 

TIME OF EXECUTION: 11:00:10 
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Figure 66.2-2 ~AS Input& Ou qutfor Accidn Conditions Criticality PA§Rue(antnud 
UMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PICH 

PROBLEM PARAMETERS ...  

LIB 27GROUPNDF4 LIBRARY 
MXX I0 MIXTURES 

MSC 19 COMPOSITION SPECIFICATIONS 
IZM 4 MATERIAL ZONES 
GE LATTICECELL GEOMETRY 
MORE 0 0/1 Do NOT READ/READ OPTIONAL PARAMETER DATA 
MSLN 0 FUEL SOLUTIONS 

" " PROBLEM COMPOSITION DESCRIPTION 

SC U02 STANDARD COMPOSITION 
MX 1 MIXTURE NO.  
VF 0.9500 VOLUME FRACTION 
ROTH 10.9600 THEORETICAL DENSITY 
NEL 2 NO. ELEMENTS 
ICP 1 0/i MIXT~uRE/COMPOUND 

TEMP 293.0 DEG KELVIN 
92000 1.00 ATOM/MOLECULE 

92235 4.200 WT% 
92238 95.800 WT% 

8016 2.00 ATOMS/MOLECULE 
END 

SC ZIRCALLOY STANDARD COMPOSITION 
MX 2 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 6.5600 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293-0 DEG KELVIN 

40302 1.00 ATOM/MOLECULE 
END 

SC F20 STANDARD COMPOSITION 
YX 3 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 0.9982 THEORETICAL DENSITY 
NEL 2 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

1001 2.00 ATOMS/MOLECULE 
8016 1.00 ATOM/MOLECULE 

END 

SC AL STANDARD COMPOSITION 
M•X 4 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 2.7020 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

13027 1.00 ATOM/MOLECULE 

END 

SC SS304 STANDARD COMPOSITION 
MX 5 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 7.9200 THEORETICAL DENSITY 

NEL 4 NO. ELEMENTS 
ICP 0 C/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 
24304 19.000 WT% 
25055 2.0C0 WT% 
26304 69.50C WT% 

28304 9.500 WT% 
END 

SC AL STANDARD COMPOSITION 
MX 6 MIXTURE NO.  
VF 0.4635 VOLUME FRACTION 
ROTH 2.6041 SPECIFIED DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURS/COMPOUND 

TEMP 293.0 DEG KELVIN 
13027 1.00 ATOM/MOLECULE 

END 

SC B-10 STANDARD COMPOSITION 

MX 6 MIXTURE NO.  

6.6.2-32



SAR - UMS® Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-OOA 

...g..e.6.....2. SAS Input & Output for Accident Conditions Cnticagliy Anal•ss:PWR uel (con tiue) 
VF 0.0567 VOLUME FRACTION 
ROTH 2.6041 SPECIFIED DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

5010 1.00 ATOM/MOLECULE 

END 

SC B-11 STANDARD COMPOSITION 

MX 6 MIXTURE NO.  

VF 0.3444 VOLUME FRACTION 
ROTH 2.6041 SPECIFIED DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 
5011 1.00 ATOM/MOLECULE 

END 

SC C STANDARD COMPOSITION 

MX 6 MIXTURE NO.  

VP 0.1165 VOLUME FRACTION 
ROTH 2.6041 SPECIFIED DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 
6012 1.00 ATOM/MOLECULE 

END 

SC PB STANDARD COMPOSITION 

MX 7 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 

ROTH 11.3440 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

82000 1.00 ATOM/MOLECULE 

END 

SC B 10 STANDARD COMPOSITION 

MX 8 MIXTURE NO.  
DEN 85530E-05 ATOMIC DENSITY 

ROTH 1-0000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 

iCF 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 
5010 1-00 ATOM/MOLECULE 

END 

Sc B 11 STANDARD COMPOSITION 

MX a MIXTURE NO.  

DEN 3.4220E-04 ATOMIC DENSITY 

ROTH 1.0000 THEORETICAL DENSITY 

NEL I NO. ELEMENTS 

ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

5011 1.00 ATOM/MOLECULE 

END 

SC AL STANDARD COMPOSITION 

MX 0 MIXTURE NO.  

DEN 7.763SE-03 ATOMIC DENSITY 

ROTH 2 7020 THEORETICAL DENSITY 

NEL I NO. ELEMENTS 
ICp 1 0/1 MIXTURE/COMPOUND 

TEMP 293-0 DEG KELVIN 

13027 1.00 ATOM/MOLECULE 

INC 

S1 H STANDARD COMPOSITION 

MX S MIXTURE NO.  

DEN 5.8540E-02 ATOMIC DENSITY 

ROTH 1.0100 THEORETICAL DENSITY 

NEL NO. ELEMENTS 

1CP S0/i MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

loci 1.00 ATOM/MOLECULE 

END 

SCO STANDARD COMPOSITION 
MX 8 MIXTURE NO.  

DEN 2.6090E-02 ATOMIC DENSITY 

ROTH 1.0000 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 

ICP I 2/I MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 
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Figre .62-2~ 2AS ~xiut& O tpt fr ccdn Codtions Cfidicaliiy Analysis: PW ul,& niud 
8016 1.00 ATOM/MOLECULE 

END 

SC C STANDARD COMPOSITION 
MIX 8 MIXTURE NO.  
DEN 2.2640E-02 ATOMIC DENSITY 
ROTH 2.1000 THEORETICAL DENSITY 

NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

6012 1.00 ATOM/MOLECULE 

END 

SC N STANDARD COMPOSITION 

MX 8 MIXTURE NO.  

DEN 1.3940E-03 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

TEMP 293.0 DEG KELVIN 

7014 1.00 ATOM/MOLECULE 
END 

SC H20 STANDARD COMPOSITION 
MX 9 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 

ROTH 0-9982 THEORETICAL DENSITY 
NEL 2 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

1001 2.00 ATOMS/MOLECULE 
8016 1.00 ATOM/MOLECULE 

END 

SC H20 STANDARD COMPOSITION 

MX 10 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 0.9982 THEORETICAL DENSITY 
NEL 2 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

1001 2.00 ATOMS/MILECULE 

8016 1.00 ATOM/MOLECULE 

END 

" " PROBLEM GEOMETRY ....  

CTP SQUAREPITCH CELL TYPE 
PITCH 1.2598 CM CENTER TO CENTER SPACING 
FUELOD 0.7844 CM FUEL DIAMETER OR SLAB THICKNESS 
MFUEL 1 MIXTURE NO. OF FUEL 
MYOD 3 MIXTURE NO. OF MODERATOR 
CLADOD 0.9144 CM CLAD OUTER DIAMETER 
MCLAD 2 MIXTURE NO- OF CLAD 
GAPOD 0.8001 CM GAP OUTER DIAMETER 
MOAP 10 MIXTURE NOC OF GAP 

ZONE SPECIFICATIONS FOR LATTICECELL GEOMETRY 

ZONE 1 IS FUEL 

ZONE 2 IS GAP 
ZONE 3 IS CLAD 

ZONE 4 IS MOD
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Figur 6.62-2 5 AS Iput &Outpt forAccient'Co-n--did niti calit-y- -xayA§ [ RF e~ nju 
.. ........... ........... . ............ .................... .  

UMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PICH 

"........ -DATA LIBRARY INFORMATION. . .  

"UNIT VOLUME 

"NUMBER DATA SET NAME NAME UNIT FUNCTION 

89 G:\scale43\DATALIB\FT89FO01 STANDARD COMPOSITION LIBRARY 

82 G:\scale43\DATALIB\FT82F001 CROSS SECTION LIBRARY 

"11 C:\PROJECTS\UMS\UNS-1089\OPT-MOD\ARRAYVARAC- SHORT CROSS SECTION LIBRARY 

"90 C:\PROJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARAC- INPUT DATA DIRECT ACCESS 

... STANDARD COMPOSITION LIBRARY DATA 

UNIT NUMBER 89 

"DATASET NAME G:\scale43\DATALIB\FTS9F001 

LIBRARY TITLE: SCALE-4 STANDARD COMPOSITION LIBRARY 

"637 STANDARD COMPOSITIONS, 490 NUCLIDES "90 ELEMENTS WITH VARIABLE ISOTOPIC DISTRBUTIONS.  

CREATION DATE: 6/30/95 

"CROSS SECTION LIBRARY DATA 

"UNIT NUMBER : 82 

"*. DATASET NAME : G\scale43\DATALIB\FT82F001 

LIBRARY TITLE: SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY 
... BASED ON ENDF-B VERSION 4 DATA 

"* COMPILED FOR NRC 1/27/89 

LAST UPDATED 08/12/94 

L.M.PETRIE ORNL 
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Fgure 6.6,.21-2 q-SAS Input & butput for Accident Codtin Fuelii.A §.PV`R_~q (picotinud)
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Figure 6.6.2-2 SA Inp~ut & Output for Accident Conditions criticality Analysis: PWI3 Fuel (coptinued)

SSSSSSSSSSS CCCCCCCCCCC 
SSSSSSSSSSSSS CCCCCCCCCCCCC 
Ss SS cc cc 
SS cc 
SS cc 
SSSSSSSSSSSS cc 

SSSSSSSSSSSS cc 
SS cc 
SS cc 

SS SS cc cc 
SSSSSSSSSSSSS CCCCCCCCCCCCC 

SSSSSSSSSSS CCCCCCCCCCC
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AA AA LLLLLLLLLLLLL EEEEEEEEEEEEE 

AA AA LLLLLLLLLLLLL EEEEEEEEEEEEE

PPPPPpPPppP CCCCCCCCCCC 
PPPPPPPPPPPPP CCCCCCCCCCCCC 
PP Pp cc cc 
PP PP cc 
PP Pp cc 
PPPPPPPPPPPPP cc 
PPPPPPPPPPPP cc 
pp cc 
PP cc 
PP cc cc 
PP CCCCCCCCCCCCC 
PP CCCCCCCCCCC

PROGRAM VERIFICATION INFORMATION 

CODE SYSTEM: SCALE-PC VERSION: 4.3 

PROGRAM: 000009 

CREATION DATE: 03-08-96 

VOLUME: ENG 

LIBRARY: G:\scale43\exe 

PRODUCTION CODE: KENOVA 

"VERSION: 3.1 

JOBNAME: SCALE-PC 

DATE OF EXECUTION: 08/22/96 

TIME OF EXECUTION: 11:00:29 

...... ......3...
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iFigure 616.2-2 2SAS Input & " Oupt for Accident Conditions CritipalittnlssP R uicnidd 
.. . . . . . . ............... - -........... ...........  

UMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH 

"NUMERIC PARAMETERS ....  

TME MAXIMUM PROBLEM TIME (MIN) 

TBA TIME PER GENERATION (MIN) 0.50 

"GEN NUMBER OF GENERATIONS 803 

NPG NU3MBER PER GENERATION 1000 

NSK NUNBER OF GENERATIONS TO BE SKIPPED 3 

BEG BEGINNING GENERATION NUMBER 1 

"*" RES GENERATIONS BETWEEN CHECKPOINTS 0 

"XID NUMBER OF EXTRA 1-D CROSS SECTIONS I 

"NBK NEUTRON BANK SIZE 1025 ...  

XNB EXTRA POSITIONS IN NEUTRON BANK 0 

NFB FISSION BANK SIZE 1000 

XFB EXTRA POSITIONS IN FISSION BANK 0 

"WTA DEFAULT VALUE OF WEIGHT AVERAGE 0.5000 

"WTH WEIGHT HIGH FOR SPLITTING 3.0000 

"WTL WEIGHT LOW FOR RUSSIAN ROULETTE 0.3333 

R PND STARTING ANIOM NUNBER BB827100001 

NB8 NUMBER OF D.A. BLOCKS ON UNIT 8 200 

"NL8 LENGTH OF D.A. BLOCKS ON UNIT 8 512 

- ADJ MODE OF CALCULATION FORWARD 

INPUT DATA WRITTEN ON RESTART UNIT NO 

"BINARY DATA INTERFACE YES 

. ............................. ...  ............. ....-................. ............. . .  

6.6.2-3
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Figure 6.6.-2 OSASJwpjt & OutputforAccidewt Conditions Criticality Analysis: PWR Fuelf(continuedj) 

"DMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH 

•* ****** ~LOGICAL PARAMETERS "'' *

RUN EXECUTE PROBLEM AFTER CHECKING DATA

COMPUTE FLUX 

COMPUTE AVG UNIT SELF-MULTIPLICATION 

COMPUTE MATRIX K-EFF BY UNIT NUMBER 

COMPUTE COFACTOR K-EFF BY UNIT NUMBER 

PRINT FISS PROD MATRIX BY UNIT NUMBER 

COMPUTE MATRIX K-EFF BY HOLE NUMBER 

COMPUTE COFACTOR K-EFF BY HOLE NUMBER 

PRINT FISS PROD MATRIX BY HOLE NUMBER 

COLLECT MATRIX BY HIGHEST HOLE LEVEL 

PRINT ALL MIXED CROSS SECTIONS 

PRINT I-D MIXTURE X-SECTIONS 

PRINT 2-D MIXTURE X-SECTIONS 

PRINT MIXTURE ANGLES & PROBABILITIES 

PRINT FISSION SPECTRUM 

PRINT EXTRA 1-D CROSS SECTIONS

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO

PLT PLOT PICTURE MAP(S) NO 

FDN COMPUTE FISSION DENSITIES NO 

NUB COMPUTE NE-BAR & AVG FISSION GROUP YES 

MKP COMPUTE MATRIX K-EFF BY UINIT LOCATION NO 

CKP COMPUTE COFACTOR K-EFF BY UNIT LOCATION NO 

FMP PRINT FISS PROD MATRIX BY UNIT LOCATION NO 

MKA COMPUTE MATRIX K-EFF BY ARRAY NUMBER NO 

CKA COMPUTE COFACTOR K-EFF BY ARRAY NUMBER NO 

FMA PRINT FIES PROD MATRIX BY ARRAY NUMBER NO 

HAL COLLECT MATRIX BY HIGHEST ARRAY LEVEL NOI' 

FAR PRINT FIS. AND ABS. BY REGION NO 

GAS PRINT FAR BY GROUP NO 

PAX PRINT XSEC-ALBEDO CORRELATION TABLES NO 

PWT PRINT WEIGHT AVERAGE ARRAY NO 

PGM PRINT INPUT GEOMETRY NO 

BUG PRINT DEBUG INFORMATION NO 

TRK PRINT TRACKING INFORMATION NO ...

PARAMETER INPUT COMPLETED 

S........ 0 IO'S WERE USED READING THE PARAMETER DATA ........  

.DATA READING COMPLETED ...... ....

FLX 

SMU 

MxU 

COU 

FMU 

MKH 

CKH 

FMH 

HHL 

AMX 

XSI 

XS2 

XAP 

PKI 

PID
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UMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH 

........... ......--.... .....................--............  

.........- - .....-........... .. . . . . . . . .  

UNIT VOLUME 

"NUMBER DATA SET NAME NAME UNIT FUNCTION 

"XSC 14 C:\PRIJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARAC- MIXED CROSS SECTIONS 

"ALB 79 G:\scale43\DATALIB\FT79F001 INPUT ALBEDOS 

WTS so G:\sca1e43\DATALIB\FT80F001 INPUT WEIGHTS 

SET 16 UNKNOWN WRITE SCRATCH DATA 

"BIN 95 C:\PROJECTSNUMS\UNS-1089\OPT-MOD\ARRAY\ARAC- BINARY INPUT DATA 

"RST 95 C:\PROJECTS\UMS\UMS-1089\0PT-MOD\ARRAY\ARAC- READ RESTART DATA ...  

LIP 4 C:\PROJECTS\UMS\UMS-1089\OPT-MOD\ARRAY\ARAC- INPUT AMPX WORKING LIBRARY 

8 C:\PROJECTS\UMS\ULS-1089\OPT-MOD\ARRAY\ARAC- INPUT DATA DIRECT ACCESS 

9 UNKNOWN SUPER GROUPED DIRECT ACCESS 

10 UNKNOWN XSEC MIXING DIRECT ACCESS 

.......... . ..... . ..............  

S.... ID'S WERE USED PREPARING INPUT DATA ....

CROSS SECTIONS READ FROM THE AMPX WORKING LIBRARY ON UNIT 4



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

May 2000 
Revision UMST-00A

figure 6.6.2-2 CSAS Input & Output for AccidentgConditions Criticalit nlss W Fe cniud 

UMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH 

MIXING TABLE 

NUMBER OF SCATTERING ANGLES = 2 

CROSS SECTION MESSAGE THRESHOLD =3.OE-05 

MIXTURE 1 DENSITY(G/CC) = 10.412
AWT 

15.9904 

235.0441 

238.0510

2 DENSITY(G/CC) = 6.5600 

ATOM-DENS. WGT. FRAC. ZA AWT 
4.3307BE-02 1.00000E+00 40000 91.2196

0.99817 
ZA 

1001 

8016

AWT 

1.0077 

15.9904

4 DENSITY(G/CC) = 2.7020 

ATOM-DENS. WGT. FRAC. ZA AWT 
6.03066E-02 1.00000E+00 13027 26.9818

NUCLIDE 

1008016 
08/12/94 

1092235 
08/12/94 

1092238 

08/12/94 

MIXTURE 

NUCLIDE 
2040302 

08/12/94 

MIXTURE 
NUCLIDE 
3001001 

08/12/94 
3008016 

08/12/94 

MIXTURE 

NUCLIDE 

4013027 

08/12/94 

MIXTURE 

NUCLIDE 

5024304 

08/12/94 

5025055 

08/12/94 

5026304 

08/12/94 

5028304 

08/12/94 

MIXTURE 
NUCLIDE 

6005010 
02/12/94 

6105011 
08/12/94 

6006012 
08/12/94 

6013027 

08/12/94 

MIXTURE 
N'JCLIDE 

7082000 

08/12/94 

MIXTURE 

NUCLIDE 

8001001 

08C12/94 

80050I0 
08/12/94 

8005011 

08/12/94 

8006012 
08'12/94 

8017014 

I8/12./94 

8008016 
08/12/94 

8013027 

08/12/94 

MIXTURE 

(C'CLIDE 

9001221 

08121/94 

9008016 

09/12/94 

MIXTURE 0

= 7.9200 

ZA AWT 

24000 51.9957 

25055 54.9379 

26000 55.8447 

28000 58.6872 

= 2.5549 

ZA ANT 

5010 10.0130 

5011 11.0096 

6000 12.0001 

13027 26.9818 

11.344 
ZA AWT 

82000 207.2100 

1.6298 

ZA AWT 

1001 1.0077 

5010 10.0130 

5011 11.0096 

6000 12.0001 

7014 14.0053 

8016 15-9904 

13027 26.9818 

0.99817 

ZA AWT 

1001 1.0077 

8016 15.9904

NUCLIDE TITLE 
OXYGEN-16 ERMF/B-IV MAT 1276 

URANIUM-235 ENDF/B-IV MAT 1261 

URANIUM-238 ENDF/B-IV MAT 1262 

NUCLIDE TITLE 
ZIRCALLOY EhDF/B-IV MAT 1284

NUCLIDE TITLE 
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 

OXYGEN-16 ENDF/B-IV MAT 1276 

NUCLIDE TITLE 

AL-27 1193 218 GP 040375(5) 

NUCLIDE TITLE 

CR 1191 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' 

MANGANESE-55 ENDF/B-IV MAT 1197 

FE 1192 WT SS-304(1/EST) P-3 293K SP=5+4(42375) 

NI 1190 WT SS-304(I/EST) P-3 293K SP=5+4(42375) 

NUCLIDE TITLE 

B-10 1273 218NGP 042375 P-3 293K 

BORON-11 ENDF/B-IV MAT 1160 

CARBON-12 ENDF/B-IV MAT 1274/THRM1065 

AL-27 1193 218 GP 040375(5) 

NUCLIDE TITLE 

PB 1288 218NGP 042375 P-3 293K 

NUCLIDE TITLE 

HYDROGEN ENDF/B-IV MAT 1269/THRY1002 

B-10 1273 218NGP 042375 P-3 293K 

BORON-11 ENDF/B-IV MAT 1160 

CARBON-12 ENDF/B IV MAT 1274/THRMI065 

NITROGEN-14 ENDF/B-IV MAT 1275 

OXYGEN-16 ENDF/B-IV MAT 1276 

AL-27 1193 218 GP 040375(5) 

NUCLIDE TITLE 

HYDROGEN ENDF/B-IV MAT 1269/THRMI02 

OXYGEN-16 ENDF/B-IV MAT 1276

ATOM-DENS.  

4.64627E-02 

9.87669E-04 

2.22437E-02

10 DENSITY(G/CC1 = C.99817

6.6.2-41

WGT. FPAC.  
1.18489E-01 

3.70234E-02 

8.44487E-01

ZA 

8016 

92235 

92238

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED 

UPDATED

3 
ATOM-DENS.  

6.67692E-02 

3.33846E-02

DENSITY(G/CC) 
WGT. FRAC.  

1.11927E-01 

8.88074E-01

5 

ATOM -DENS.  

1.74286E-02 

1.73633E-03 

5.93579E-02 

7-72070E 03 

6 
ATOM-DENS.  

8.88038E-00 

4_90582E-02 

1.52248E-02 

2.69393E-02

DENSITY(G/CC) 

WGT. FRAC.  

1.90020E-01 

1.99999E-02 

6.95000E-01 

9.50001E-02 

DENSITY(G/CC) 
WGT. FRAC.  

5.77924E-02 

3.51040E-01 

1.18744E-01 

4.72424E-01

7 DENSITY(G/CC) 

ATNM-DENS. WGT. FRAC.  

3.29690E-02 1.00000EI 00

8 
ATOM-DENS_ 

5.85 40 0 E-02 

8.55300E-05 

+,42200E-04 

2.26400E-02 

1.39400E-03 

2.61900E-02 

7.
7

6300E-03 

9 

ATOM-DENSO 
6.67692E-02 

3,53846E-02

DENSITY(G/CC) 

WGT. FRAC.  

6.01023E-02 

8.72589E-04 

3.83863E 03 

2.76813E-01 

1.98893E-02 

4.25068E-01 

2.13416E-01 

DENSITY(G/CC; 

WRT. FRAC.  

1.11927E-01 

8.88074E-01
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Ejg~~~~~e 6..& u~Ajnn 4Oupt for Accident Copnditions QiiaiySy j(uV cnunid 
NUCLIDE ATOM-DENS. WGT. FRAC. ZA AWT NUCLIDE TITLE 

10001001 6.67692E-02 1.11927E-01 1001 1.0077 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 
08/12/94 

10008016 3.33846E-02 8.88074E-01 8016 15.9904 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 
08/12/94

KENO MESSAGE NUMBER K5-222 

KENO MESSAGE VUMBER K5-222 

KENO MESSAGE NIUMBER K5-222

3001001 HYDROGEN ENDF/B-IV MAT 1269/THRMOOO2 UPDATED 08/12/94 
8001001 HYDROGEN ENDF/B-IV MAT 1269/THRMOO02 UPDATED 08/12/94 
9001001 HYDROGEN ENDF/B-IV MAT 1269/THRMI002 UPDATED 08/12/94 

00001001 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 
6005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/2.2/94 
8005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 
6005011 BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 
8005011 BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 
6006012 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 
8006012 CARBON-12 ENDF/B-IV MAT 1274/THRNM1065 UPDATED 08/12/94 
8007014 NITROGEN-14 ENDF/S-IV MAT 1275 UPDATED 08/12/94 
1008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 
3008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 
8008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 
9008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 

10008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 
4013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 
6013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 
8013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 
5024304 CR 1191 WT SS-304(1/EST) P-3 293K OP=5+4(42375)' UPDATED 08/12/94 
5025055 MANGANESE-55 ENDF/B-IV MAT 1197 UPDATED 08/12/94 
5026304 FE 1192 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' UPDATED 08/12/94 
5028304 NI 1190 WT SS-304(1/EST) P-3 293K SP=5+4(42375)' UPDATED 08/12/94 
2040302 ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 
7082000 PB 1288 218NGP 042375 P-3 293Z UPDATED 08/12/94 
1092235 URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 
1092238 URANIUM-238 ENDF/B-IV MAT 1262 UPDATED 08/12/94 

1 TRANSFERS FOR MIXTURE 3 WERE CORRECTED FOR BAD MOMENTS.  

1 TRANSFERS FOR MIXTURE 9 WERE CORRECTED FOR BAD MOMENTS.  

1 TRANSFERS FOR MIXTURE 10 WERE CORRECTED FOR BAD MOMENTS.  

0 IO'S WERE USED MIXING CROSS-SECTIONS 

I-D CROSS SECTION ARRAY ID NUMBERS 
1 2002 1452 27 18 1018 

S........ 0 IO'S WERE USED PREPARING THE CROSS SECTIONS ........

6.06.2-42
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figure 6.6-.2-2 CSAS Input &,Output for Accident Conditions Giitical~ityAnys:P jFulcotiid 

"UIMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH 

ADDITIONAL INFORMATION.

NUMBER OF ENERGY GROUPS 27 

NO. OF FISSION SPECTRUM SOURCE GROUP 1 

NO. OF SCATTERING ANGLES IN XSECS 2 

ENTRIES/NEUTRON IN THE NEUTRON BANE 28 

ENTRIES/NEUTRON IN THE FISSION BANK 21 

- NUMBNER OF MIXTURES USED 9 

NUMBER OF BIAS ID'S USED 1 

"NUMBER OF DIFFERENTIAL ALBEDOS USED 0 

TOTAL INPUT GEOMETRY REGIONS 148 

NUMBER OF GEOMETRY REGIONS USED 148 

LARGEST GEOMETRY UNIT NUMBER 73 

LARGEST ARRAY NUMBER 40

+X BOUNDARY CONDITION 

#Y BOUNDARY CONDITION 

+Z BOUNDARY CONDITION

MIRROR 

MIRROR

USE LATTICE GEOMETRY 

GLOBAL ARRAY NUMBER 

NUMBER OF UNITS IN THE GLOBAL X DIR.  

NUMBER OF UNITS IN THE GLOBAL Y DIR.  

NUMBER OF UNITS IN THE GLOBAL Z DIR.  

USE A GLOBAL REFLECTOR 

USE NESTED HOLES 

NUMBER OF HOLES 

MAXIMUM HOLE NESTING LEVEL 

USE NESTED ARRAYS 

NUMBER OF ARRAYS USED 

MAXIMUM ARRAY NESTING LEVEL

-X BOUNDARY CONDITION 

-Y BOUNDARY CONDITION

PER -Z BOUNDARY CONDITION

VCLUME FRACTION OF FISSILE MATERIAL IN THE CORE= 4.20003E-02 

START TYPE 0 WAS USED.  

THE NEUTRONS WERE STARTED WITH A FLAT DISTRIBUTION IN A CUBOID DEFINED BY: 
+X= 1.35000E+02 -X=-l.35000E+02 +Y= 1.35000E+02 -Y=-1.35000E+02 +Z= 1.24968E+01 -Z= 0.00000EE00 

THE FLAG TO START NEUTRONS IN THE REFLECTOR WAS TURNED OFF 

C.04917 MINUTES WERE REQUIRED FOR STARTING. TOTAL ELAPSED TIME IS 0.07467 MINUTES.

YES 

40 

1~~ 

YES 

YES 

78 

2 * 

YES * 

15** 

MIRROR 

MIRROR 

PER
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Figue 66.22 PAS Input & Outpu~t for Accident dthditlpns rtclAasP RFe .otxud 
UMS POOR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN -1.0 TM/CC EX; 270CM PITCH

GENERATION 
GENERATION K-EFFECTIVE 

KENO MESSAGE NUMBER K5-132 
1 8.41911E-01 

KENO MESSAGE NUMBER K5-132 
2 8.91415E-01 

KENO MESSAGE NUMBER K5-132 
3 9.04504E-01 
4 9.06173E-01 
5 9.10171E-01 
6 9.50256E-01 
7 9.04911E-01 
8 9.29772E-01 
9 9.16157E-01 
10 9.84707E-01 
11 8.95141E-01 
12 9.25400E-01 
13 9.19387E-01 
14 8.94697E-01 
15 9.36445E-01 
16 9.48605E-01 
17 9.35131E-01 
10 9.22992E-01 
19 9.29173E-01 
20 9.35483E-01 
21 9.34083E-01 
22 9.30179E-01 
23 9.11446E-01 
24 8.80720E-01 
25 9.52190E-01 
26 9.21261E-01 
27 9.33612E-01 
28 9.13231E-01 
29 9.27053E-01 
30 9.66969E-01 
31 9.47153E-01 
32 9.63032E-01 
33 9.64676E-01 
34 9.50496E-01 
35 9.33633E-01 
36 9.20850E-01 
37 9.30132E-01 
38 9.28127E-01 
39 9.08762E-01 
40 9.28885E-01 
41 9.33467E-01 
42 9-12224E-01 
43 9.09205E-01 
44 9.35166E-01 
45 9.14761E-01 
46 9.44628E-01 
47 9.10068E-01 
48 9.01385E-01 
49 9.02785E-01 
50 9.24339E-01 
51 9.38424E-01 
52 9.32145E-01 
53 8.98183E-01 
54 9.37060E-01 
55 9,45753E-01 
56 9.40239E-01 
57 9.21737E-01 
59 9.39034E-01 
59 9.17091E-01 
60 9-37030E-01 
61 9.21403E-01 
62 9.05006E-01 
63 9.55974E-01 
64 9.06396E-01 
65 9.29975E-01 
66 8.89966E-01 
67 9.14582E-01 
68 8.74626E 0o.  
69 9.04011E-01 
70 9.21942E-01 
71 9.31927E-01 
72 9.06844E-01 
73 9.36779E-01 
74 9.25122E-01 
75 8.87717E-01 
76 9.34421E-01 
77 9.24711E-01 
78 9.85591E-01 
79 9 10257E 01

ELAPSED TIME 
MINUTES 

WARNING .... ONLY 
1.14333E-01 

WARNING .... ONLY 
1.59167E-01 

WARNING .... ONLY 
2.00500E-01 
2.39833E-01 
2.78167E-01 
3.17667E-01 
3.57000E-01 
3.96333E-01 
4.34833E-01 
4.74167E-01 
5.15333E-01 
5.53833E-01 
5.93167E-01 
6.32500E-01 
6.72833E-01 
7.12167E-01 
7.51500E-01 
7-90000E-01 
8.29333E-01 
8.67833E-01 
9.06167E-01 
9.44667E-01 
9.85000E-01 
1.02333EK00 
1.06183E.00 
1.10117E+00 
1.14050E+00 
1.17817E+00 
1.21750E+00 
1.25583E+00 
1.29533E+00 
1.33367E+00 
1.37217E+00 
1.40967E+00 
1.44900E+00 
1.48850E+00 
1.52867E+00 
1.56617E+00 
1.60650E+00 
1.64583E+00 
1.68333E+00 
1.72100E+00 
1.76033E000 
1.79883E+00 
1.83633E+00 
1.87283E+00 
1.91233E+00 
1.95067E+00 
1.99100E+00 
2.03033E+00 
2.06967E+00 
2.10633E+00 
2.14483E000 
2.18317E+00 
2.22267E+00 
2.26017E+00 
2.29767E+00 
2.33617E+00 
2.37550E+00 
2.41400E+00 
2.45333E000 
2.49350E+00 
2.53300EK00 
2.57133E+00 
2.61067E+00 
2.64917E+00 
2.68767E+00 
2.72700E+00 
2-76550E+00 
2-80383E+00 
2.84233E+00 
2.88083E+00 
2.91917E+00 
2.95683E+00 
2.99617E+00 
3.03467E+00 
3.07300EK00 
3.11050E+0C 
3.14900E+00

AVERAGE AVG K-EFF MATRIX 
K-EFFECTIVE DEVIATION K-EFFECTIVE 

916 INDEPENDENT FISSION POINTS WERE GENERATED 
1.00000E+00 0.00000E+00 0. 0000E+00 

976 INDEPENDENT FISSION POINTS WERE GENERATED 
1.00000E+00 0.000000E+0 0.000000E+00 

989 INDEPENDENT FISSION POINTS WERE GENERATED
9.04504E-01 
9.05338E-01 
9.06949E-01 
9.17776E-01 
9.15203E-01 
9.17631E-01 
9.17421E-01 
9.25831E-01 
9.22421E-01 
9.22719E-01 
9.22416E-01 
9.20106E-01 
9.21363E-01 
9.23309E-01 
9.24097E-01 
9.24028E-01 
9.24331E-01 
9.24950E-01 
9.25431E-01 
9.25668E-01 
9.24991E-01 
9.22979E-01 
9.24249E-01 
9.24124E001 
9.24504E-01 
9.24070E-01 
9.24181E-01 
9.25709E-01 
9.26448E-01 
9.276680E01 
9.28862E-01 
9.29538E-01 
9.29662E-01 
9.29403E-01 
9.29423E-01 
9.29387E-01 
9.28830E-01 
9.28831E-01 
9.28950E-01 
9.28532E-01 
9.28061E-01 
9.28230E-01 
9.27917E-01 
9.28297E-01 
9.2789!E-01 
9.27315EK01 
9.26793E-01 
9.26742E-01 
9.26981E-01 
9.27084E-01 
9.26517E-01 
9.26720E 01 
9.27079E-01 
9.27323E-01 
9.27221E-01 
9.27432E-01 
9.27251E-01 
9.27419E-01 
9.27317E-01 
9.26946E-01 
9.27421E 01 
9.27082E-01 
9.27128E 01 
9.26540E-01 
9.26364E-01 
9.25580E-01 
9.25258E-01 
9.25209E 01 
9.25306E-01 
9.25043E001 
9.25208E-01 
9.25207E-01 
9.24693E-01 
9.24825E-01 
9.24823E-01 
9.25623E-01 
9.25423E-01

0.0000E+00 
8.34495E-04 
1.68147E-03 
1.08918E-02 
8.82042E-03 
7.60014E-03 
6.42674E-03 
1.00856E-02 
9.52588E-03 
8.52541E-03 
7.71747E-03 
7.41408E-03 
6.93480E-03 
6.70878E-03 
6.29506E-03 
5.88890E-03 
5.53993E-03 
5.25971E-03 
4.99836E-03 
4.74780E-03 
4.56655E-03 
4.79658E-03 
4.75600E-03 
4.55522E-03 
4.38567E-03 
4.23586E-03 
4.07746E-03 
4.21584E-03 
4.13453E-03 
4.17634E-03 
4.21209E-03 
4.13400E-03 
4.00869E-03 
3.89762E-03 
3.78468E-03 
3-67823E-03 
3.62061E-03 
3.52404E-03 
3.43455E-03 
3.37360E 03 
3.32388E-03 
3.24819E-03 
3.18718E-03 
3.13698E-03 
3.09311E-03 
3.07951E-03 
3.05815E-03 
2.99419E-03 
2.94212E-03 
2.88453E-03 
2.88363E003 
2.83490E-03 
2.80399E-03 
2-76235E-03 
2.71356E-03 
2.67300E-03 
2.63194E-03 
2.59166E-03 
2.54939E-03 
2.53398E-03 
2.53712E-03 
2.51879E 03 
2.47892E-03 
2.50802E-03 
2-47599E-03 
2.56110E 03 
2-54304E-03 
2.50584E-03 
2.47118E-03 
2.44986E-03 
2.42C75E-03 
2.38690E-03 
2.40934E-03 
2.38019E-03 
2.34824E-03 
2.45121E-03 
2.42739E-03

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000EK00 
0.00OO0E+00 
0.00l00E+00 
0.OOO0E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E-00 
0.00000E+00 

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0-00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
O.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.OOOOoE+o0 
0-00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0-00000E+00 
0-00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E000 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E-00 
0.00000E+00 
0,00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
O.O0000E+00 
0.00000E+00 
0.00000E+00 
0.O0000E+00 
0.00000E+00 
0.00000E+00 
o.0000K0E00 
0.00000E+00

6.6.2-44

MATRIX K-EFF 
DEVIATION 

0.00000E+00 

3.00000E+00 

0.00000E+00 
.000000E+00 

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.000000E+00 
0.00000E+00 
0.00000E+00 
0.OOOO0E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000s+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.0OOOOE+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.OOOOOE+00 
0.00000E+00 
0.00000E 00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.0000OE+00 
O.O0000E+00 
0.00000E+00 
0.00000E+00 
0.0O000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.OOOOOE+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.0O0O0E+00 
0.00O00E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
O.00000E+00 
0.00000E+00 
0.0000CE+00 
0.00000E+00 
0.00000E+00 
O.O0000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0 00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00
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Iu up o cd ConditionC -itifcality An n"-yp9sis:wed

80 
81 
82 
83 
84 

785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
800 
802 
803

9.58537E-01 
9.33016E-01 
9O26576E-01 
9.16535E-01 
9.45884E-01 

9.54140E-01 
8.80900E-01 
9.50545E-01 
9.21978E-01 
9.38711E-01 
9.68809E-01 
9.45933E801 
9.40492E-01 
8.71320E-01 
9.28630E-01 
9.39924E-01 
9.20043E-01 
9.37450E-01 
9.46410E-01 
9.18939E-01 
9.24313E-01 
9 36265E-01 
9.78485E-01 
9.41388E-01

3.18750E+00 
3.22583E+00 
3.26533E+00 
3.30283E+00 
3.34033E+00 

3.34010E+01 
3.34405E+01 
3.34780E+01 
3.35265E+01 
3.35685E+01 
3.36080E+01 
3.36510E+01 
3.36903E+01 
3.37278E+01 
3.37663E+01 
3.38057E+01 
3.38432E+01 
3.38825E+01 
3.39202E+01 
3.39595E+01 
3.39970E+01 
3.40363E+01 
3.40748E+01 
3.41115E+01

9.25848E-01 
9.25938E-01 
9.25946E-01 
9.25830E-01 
9.26075E-01 

9.30689E-01 
9.30625E-01 
9.30651E-01 
9.30639E-01 
9.30650E-01 
9.30698E-01 
9.30717E-01 
9.30730E-01 
9.30655E-01 
9.30652E801 
9.30664E-01 
9.30650E-01 
9.30659E-01 
9.30679E-01 
9.30664E-01 
9.30656E-01 
9.30663E-01 
9.30723E-01 
9.30736E-01

2.43338E-03 
2.40410E-03 
2.37387E-03 
2.34726E-03 
2.33132E-03 

8.53588E-04 
8.54861E-04 
8.54148E-04 
8.53132E-04 
8.52109E-04 
8.52403E-04 
8.51541E-04 
8.50553E-04 
8.52791E-04 
8.51717E-04 
8.50723E-04 
8.49756E-04 
8.48729E-04 
8.47893E-04 
8.46957E-04 
8.45932E-04 
8.44902E-04 
8.45960E-04 
8.45008E-04

1.00O00E+00 
0.000008+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
O.00000E+00 
0.000008+00 

0.00000E+00 
0.00000E+00 
0.000O0E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00008E+00 
O.O0000E+00

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 

0.000O0E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 

0.000008+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.0O000E+00 
0.00000E+00 
0.00000E+00 
0.000O0E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00

KENO MESSAGE NUMBER K5-123 EXECUTION TERMINATED DUE TO COMPLETION OF THE SPECIFIED NUMBER OF GENERATIONS.

�.62A5
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Piure 6.6.2-2. CSAS Input &0 Otut for Accident Conditions Critic~ality. Analsis: PWR Fuel (cpntinu4) 
DIMS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH 

LIFETIME = 3.65041E-05 + OR - 7.13855E-08 GENERATION TIME = 2.99769E-05 + OR - 4.37968E-08 
NU BAR 2.43809E+00 + OR - 6.63659E-05 AVERAGE FISSION GROUP = 2.22802E+01 + OR - 3.88385E-03 

ENERGY(EV) OF THE AVERAGE LETHARGY CAUSING FISSION = 1.85977E-01 + OR - 5.91369E-04

AVERAGE 

K-EFFECTIVE 

0.93077 + OR 

0.93080 + OR 

0.93083 + OR 

0.93080 + OR 

0.93083 + OR 

0.93884 + OR 

0.93085 + OR 

0.93079 + OR 

0.93083 + OR 

0.93084 + OR 

0.93086 + OR 

0.93087 + OR 

0.93094 + OR

NO. OF INITIAL 

GENERATIONS 

SKIPPED 

3 

4 

5 

6 

7 

8 

9 

10 

12 

17 

22 

27 

772 

777 

782 

787 

792 

797

"+ OR 

"4 OR 

"+ OR 

+ OR 

"+ OR 

"+ OR

DEVIATION 

- 0.00085 

- 0.00085 

- 0.00085 

- 0.00085 

- 0.00085 

- 0.00085 

0.00085 

0.00085 

0.00085 

0.00085 

0.00085 

0.00086 

0.00086 

0.00533 

0.00591 

S0. 00675 

0 000587 

0.00776 

0.00861

67 PER CENT 

CONFIDENCE INTERVAL 

0.92992 TO 0.93161 

0.92995 TO 0.93165 

0.92998 TO 0.93167 

0.92995 TO 0.93165 

092999 TO 0.93168 

0.92999 TO 0.93168 

0.93000 TO 0.93170 

0.92994 TO 0.93163 

0.92998 TO 0.93168 

0.92999 TO 0.93169 

0.93001 TO 0.93172 

0.93001 TO 0.93172 

0.93008 TO 0.93180 

0.92748 TO 0.93814 

0.92889 TO 0.94072 

0.93315 TO 0.94665 

0.92908 TO 0.94081 

0.92344 TO 0.93896 

0.93236 TO 0.94957

95 PER CENT 

CONFIDENCE INTERVAL 

0.92908 TO 0.93246 

0.92911 TO 0.93249 

0.92913 TO 0.93252 

0.92911 TO 0.93250 

0.92914 TO 0.93253 

0.92914 TO 0.93253 

0.92915 TO 0.93255 

0.92909 TO 0.93248 

0.92913 TO 0.93253 

0.92914 TO 0.93254 

0.92916 TO 0.93257 

0.92915 TO 0.93258 

0.92922 TO 0.93266 

0.92214 TO 0.94348 

0.92298 TO 0.94664 

0.92640 TO 0.95340 

0.92321 TO 0.94668 

0.91567 TO 0.94672 

0.92375 TO 0.95818

99 PER CENT 

CONFIDENCE INTERVAL 

0.92823 TO 0.93331 

0.92826 To 0.93334 

0.92829 TO 0.93337 

0.92826 TO 0.93334 

0.92829 TO 0.93338 

0.92829 TO 0.93338 

0.92830 TO 0.93340 

0.92824 TO 0.93333 

0.92829 TO 0.93337 

0.92829 TO 0.93338 

0.92831 TO 0.93342 

0.92829 TO 0.93344 

0.92836 TO 0.93352 

0.91681 TO 0.94881 

0.91706 TO 0.95255 

0.91965 TO 0.96015 

0.91734 TO 0.95254 

0.90791 TO 0.95448 

0.91515 TO 0.96679

r - -

0.93281 

0.93481 

0.93990 

0.93494 

0.93120 

0.94097

NUMBER OF 

HISTORIES 

800000 

799000 

798000 

797000 

796000 

795000 

794000 

793000 

792000 

791000 

786000 

781000 

776000 

31000 

26000 

21000 

16000 

11000 

6000
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Figure 6.6.2-2 - SAS Input_& O.tput for Accident Conditions Criticalltyi n43stPWR. ue[`qq.ued.  

I!MS PWR TC; ACCIDENT; ARRAY; 1.0 GM/CC IN - 1.0 GM/CC EX; 270CM PITCH

0.8620 TO 0.8679 

0.8679 TO 0.8739 

0.8739 TO 0.8798 

0.8798 TO 0.8857 

0.8857 TO 0.8917 

0.8917 TO 0.8976 

0.8976 TO 0.9035 

0.9035 TO 0.9095 
0.9095 TO 0.9154 

0.9154 TO 0.9214 

0.9214 TO 0.9273 

0.9273 TO 0.9332 

0.9332 TO 0.9392 

0.9392 TO 0.9451 

0.9451 TO 0.9510 

0.9510 TO 0.9570 

0.9570 TO 0.9629 

0.9629 TO 0.9688 

0.9688 TO 0.9748 

0.9748 TO 0.9807 
0.9807 TO 0.9866 

0.9866 TO 0.9926 

0 9926 TO 0.9985 

0.9985 TO 1.0045 

1.0045 TO 1.0104

0.8620 TO 

0.8679 10 

0.8739 TO 

0.8798 TO 

0.8857 TO 

0 .8917 TO 

0.8976 TO 

0.9035 TO 

0.9095 TO 

0.9154 TO 

0.9214 TO 

0.9273 TO 

0.9332 TO 

0.9392 TO 

0 .9451 TO 

0.9510 TO 

S0. 9570 TO 

0.9629 TO 

0-9638 TO 

0. 948 TO 

0.9807 TO 

0.9866 TO 

0.9926 TO 

0.9985 TO 
1.0045 TO

FREQUENCY FOR GENERATIONS 4 TO 803 

...........  

............ ......  

............... ......  

...........  

FREQUENCY FOR GENERATIONS 204 TO 803 

..........  

...........  

........................  

.................. ..........

0.8679 

0.8739 

0.8798 

0.8857 

0.8917 

0. 8976 

0.9035 

0 .9095 

0.9154 

0 .9214 

0.9273 

0.9332 

0.9392 

0.9451 

0.9510 

0.9570 

0.9629 

0.9688 
0.9748 

0-9807 

0.9866 
0.9926 

0.9985 
1.0045 

.0104

6.6.2-47
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gure 6.6.2-2 QAARAy...&.CQgtN - for Ci/C EXi270CnlsiCH 
tINS PRY TC; ACCIDENT; ARRAY; 1.0 ON/CC IN -1.0 GM/CC EX; 270CM PITCH

0.8620 TO 0.8679 

0.8679 TO 0.8739 

0.8739 TO 0.8798 

0.8798 TO 0.8857 

0.8857 TO 0.8917 

0.8917 TO 0.8976 

0.8976 TO 0.9035 

0.9035 TO 0.9095 

0.9095 TO 0.9154 

0.9154 TO 0.9214 

0.9214 TO 0.9273 

0.9273 TO 0.9332 

0.9332 TO 0.9392 

0.9392 TO 0.9451 

0.9451 TO 0.9510 

0.9510 TO 0.9570 

0.9570 TO 0.9629 

0.9629 TO 0.9688 

0.9688 TO 0-9748 

0.9748 TO 0-9807 

0.9807 TO 0.9866 

0.9866 TO 0.9926 

0.9926 TO 0.9985 

0.9985 TO 1.0045 

1.0045 TO 1.0104 

0.8620 TO 0.8679 
0.8679 TO 0.8739 

0.8739 TO 0.8798 

0.8798 TO 0.8857 
0.8857 TO 0-8917 

0.8917 TO 0.8976 

0.8976 TO 0.9035 

0.9035 TO 0.9095 

0.9095 TO 0.9154 

0.9154 TO 0C9214 

0.9214 TO C.9273 

0.9273 TO 0.9332 

0.9332 TO 0.9392 

0.9392 TO 0.9451 

0.9451 TO 0.9510 

089510 TO 0-9570 

0.9570 TO 0.9629 

0.9629 TO 0.9688 

0.9688 TO 0.9748 

0.9748 TO 089007 
0.9807 TO 089866 

0.9866 TO 0.9926 

0.9926 TO 0.9985 

0.9985 TO 1-0045 

1.0045 TO 1.0!04

FREQUENCY FOR GENERATIONS 404 TO 803 

FREQUENCY FOR GENERATIONS 604 TO 803

6.-6.21-1481
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Figure 6.6.2-3 CSAS Input & Output for Normal Conditions Criticality Analysis: BWR Fuel 

PRIMIARY N1ODULE ACCESS AND.INPUT RECOR ( SCALE DKIVER.'--5/Oýý/2_q.0~0~7 
NODULE CSAS25 WILL BE CALLED 

UMS BWR TC; ACCIDENT OP; CASK ARRAY; 1.0 OGMCC -IN - 0,"6M/CC EX; 300 CM PITCH 
27GROUPNDF4 LATTICECELL 
002 1 0,95 293.0 92235 4.00 92238 96.00 END 
ZIRCALLOY 2 1.0 293.0 END 
H20 3 1.0 293.0 END 
AL 4 1.0 293.0 END 
3S304 5 1.0 293.0 END 
AL 6 DEN=2.6849 0.8706 293.0 END 
3-10 6 DEN'=2.6849 0.0137 293.0 END 
B-11 6 DEN=2.6849 0.0830 293.0 END 
C 6 DEN=2.6849 0.0281 293.0 END 
CARBONSTEEL 7 1.0 293.0 END 
PB 8 1.0 293.0 END 
E-10 9 0.0 8,553-5 END 
B-1I 9 0.0 3.422-4 END 
AL 9 0.0 7.763-3 END 
H 9 0.0 5.854-2 END 
0 9 0.0 2.609-2 END 
C 9 0.0 2.264-2 END 
N 9 0.0 1.394-3 END 
H20 10 0.6 293.0 END 
H20 11 1.0 293.0 END 
END COMP 
SQUAREPITCH 1.4529 0.9055 1 3 1.0770 2 0.9245 11 END 
UMS BWR TC; ACCIDENT 0P; CASK ARRAY; 1.0 GM/CC IN - 0.6 GM/CC EX; 300 CM PITCH 
READ PARAM TBA=5 RUN=YES PLT=NO TM2=5000 GEN=803 NPG=I1000 END PAR2AN 
READ GEOM 
UNIT 1 
COM.'FUEL PIN CELL - WITH H20' 
CYLINDER 1 1 0.4528 291.7145 
CYLINDER 11 1 0.4623 291.7145 
CYLINDER 2 1 0.5385 2PI.7145 
CUBOID 3 1 4P0.7264 2PI,7145 
UNIT 2 
COM='WATER ROD CELL - WITH H20' 
CYLINDER 3 1 0.4623 29i.7145 
CYLINDER 2 1 0.5385 2PI.7145 
CU3OID 3 1 4P0.7264 2P1,7145 
UNIT 3 
COM='FUEL PIN CELL - WITH ST DISK' 
CYLINDER 1 1 0.4528 290.7938 
CYLINDER 11 1 0.4623 2P0.7938 
CYLINDER 2 1 0,5385 2P0.7938 
CUBOID 3 1 4P0.7264 2P0.7938 
UNIT 4 
COM= 'WATER ROD CELL - WITH ST DISK' 
CYLINDER 3 1 0.4623 2P0.7939 
CYLINDER 2 1 .0.5385 2M0.7938 
CUBOID 3 1 4P0.7264 2P0.7938 
UNIT 5 
COM='FUEL PIN CELL - WITH AL DISK' 
CYLINDER 1 1 0.4528 2P0.6350 
CYLINDER 11 1 0.4623 230.6350 
CYLINDER 2 1 0.5385 2P0.6350 
CUBOID 3 1 4P0.7264 2P0.6350 
UNIT 6 
COM='WATER ROD CELL - WITH AL DISK' 
CYLINDER 3 1 0.4623 2M0.6350 
CYLINDER 2 1 0.5385 290.6350 
CUBOID 3 1 4P0.7264 2P0.6350 
UN1T 7 
COM='FUEL PIN ARRAY + CHANNEL - BE"WEEN DISKS' 
ARRAY 1 -6.5376 -6.5376 -1.7145 
CUBOID 3 1 4P6.7031 2P1.7145 
CUBOID 2 1 4P6.9063 2PI.7145 
UNIT 8 
COM='•/EL PIN ARRAY + CHANNEL - ST DISKS' 
ARRAY 2 -6.5376 -6.5376 -0.7939 
CUBOID 3 1 4P6.7031 2P9.7938 
CUBOID 2 1 406,9063 290.7938 
UNIT 9 
COW='FUEL PIN ARRAY + CHANNEL - AL DISKS' 
ARRAY 3 -6.5376 -6.5376 -0.6350 
CUBOID 3 1 4P6.7031 2P0.6350 
CUBOID 2 1 496.9063 2P0.6350 
UNITO 20
COMN'X-X BORAL +-COVER SHEET BETWEEN DISKS' 
CUBOID 6 1 2P6.7310 2P0.1124 2PI.7145 
CUBOID 4 1 2P6.7310 2P0.1714 2P9.7145 "CCUBOID 5 1 2P6.7765 40.2168 -0.1714 2P1.7145 

COCs 'Y-Y BORAL + COVER SHEET BETWlEEN DISKS' 
CUB-ID 6 1 2P0.1124 296.7310 2P1.1145 ', ' '. -

, CUBOID 4 1 2P0.1714 2P6.7310 2P1.7145 ' 
CUBOID 5 1 +0.2168 -0.1714 2P6.7765 2P1.7145 '" 
UNIT 12 
cCO='X-X SORAL + COVER SHEET WITH ST DISKS'
CUBOID 6 1 2P6.7310 2P0.1124 2P0.7938 
CUBOID 4 1 2P6.7310 290.1714 2P0.7938 
CUBOID 5 1.2P6.7765 ÷0.2168 -0.1714 290.7938 ' 

UNIT 13 .  SCOW" 'Y-Y BORAL + COVER SHEET WITH ST DISKS' 

6.64249
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Fi 6. ut&QupA o Nomil Codtin Critiaiy Analysýis: BWR Fuel (continued) 
r- _CU8ID' 4-1 280.1714826.7310 2P0.7938 

CUBOID 5 1 +0.2168 -0.1714 286.7765 2P0,7938 
UNIT 14 
COM-' E-X BORAL + COVER SHEET WITH AL, DISYS' 
CUBOID 6 1 2P6.7310 280.1124 2P0.6350 [ CUBOID 4 1 2P6.7310 280.1714 2P0.6350 , 
CUBOI1D 5 1 286.7765 40.216B ,-0.1714 280.6350 
UNIT7 15 ~' COH"'Y-Y BOEAL + COVER SHEET WITH AD DISKS' 
CUBO ID 6 1 280. 1 124 2P86.'7310 280.6350 
CUED ID 4 1 2P0. 1714L 2P6.7310 280.6350 
CUBO ID 5 1 +0-2168 -0. 1714 28P6.7765 280.6360 
UNIT 20 
C014= FUEL TUJBE CELL 2 BORAL SHEETS - BETWEEN DISKS MT)' 
CUBO ID 3 1 4P7.4930 281. ,714 5 
HOLE 7 + 0.5867 +0.586 7 0.0 

* CUBOID 5 1 487.6144i 281.*7145 
* CUBOID 3 1 +8.0028 -7.6144 +6,0028 -7.6144 +281.7145 

HOLE 10 0.0 +7.7859 0.0 
HOLES 11. +7.7859 0.0 0.0 
UNIT 21 
CDHM" FUEL TUBE CELL 2 BOHAL SHEETS -BETWEEN DISKS MT)' 
CUBOID 3 1 487.4930 281.7145 
HOLZ 7 -0.5667 +0.,5867 0.0 
CUBOID 5 1 487.6144 281.71415 
CUBOIO 3 1 +8.0028 -7.6144 +8.002B -7.6144 +291,7145 
HOLE 10 0.0 +7.7859 0.0 
HOLE 11 +7.7859,0.0 0.0 .  

UNIT 22 
COM-' 'FUEL TUBE CELL 2 BOHAL SHEETS -BETWEEN DlISKS (BL)' 
CUBOID 3 1 487.4930 281.7145 
HOLE 7 -. 5867 -05a67 0.  
CUBOID 5 1 487.6144i 281.7145 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +281.7145 
HOLE 10 0.0 +7.7659 0.0 
HOLE 11 *7.7858 0.0 0.0 

CaHK *FUEL. TUBE CELL 2 BOHAI. SHEET - BETWEEN DISKS (BR)' 
CUBOID 3 1 4P7.4930 281.7145 
HOLE 7 +0.5867 -0.5867 0.0 
CUBOID 5 1 4P7.6144 281.7145 
CUBOID 3 1 +8.0028 -7.6144 +6.0028 -7.6144 +281.7145 
HOLE ,10 0.0 +7.7859 0.0 
HOLE 11 +7.7859 0.0 0.0 
UNIT 24 
CON-' FUEL TUBE CELL 2 BOHAL SHEETS -BETWEEN DISKS MT' 
CUBOID 3 L 487.4930 281.7145 
HOLE 7 0.0 +D.5867 0.0 
CUBOID 5 1 487.6144 281.7145 
CUBOID 3 2 +8.0028 -7.6144 +8.0028 -7.6144 +281.7145 
HOLZ 10 0.0 +7.7859 0.0 
HOLE 11 +7.7859 0.0 0.0 
UNIT 25 
COW-' FUEL TlUBS CELL 2 BORAL SHEETS - BETWEEN DISKS (B)' 
CUBOID 3 1 487.4930 281,71.45 
HOLE 7 0.0 -0.5867 0.0 
CUBOID 5 1 487.6144 2P1.7145 
CUBOID 3 2. +8.0028 -7.6144 +8.0028 -7.6144 +2P1.7145 
HOLE 10 0.0 +7.7859 0.0 
HOLE 11 +7.7859 0.0 0.0 
UNIT 26 
COX-'FUEL TUBE CELL TOP BORAL SHEETS - BETWEEN DISKS OTLO' 

* CUBOID 3 1 487.4930 281.7145 
HOLE 7 -0.5867 +0.5867 0.0 

* CUBOID 5 1 487.6144.281.7145 
CUBOID 3 .1 +7.6144 -7.6144 +8.0028 -7.6144 +281.7145 
HOLE 10 0."0 +7.7859 0.  
UNI1T27 

'O-FURL, TUBE CELL TOP BORAL SHEETS -BETWEEN DISKS (BL)' 
CU1)OI:D 3 1 487.4930 281.7145 , 
HOLE 7 -,0.5867 -0.5867 0.0 
CUBOID 5 1 487.6144 281.7145 
CUSOID 3 I +7.61&44'-7.6144:+8.0028 -7.6144 +281.7145 
HOLE 10 0.0 +7.7859 0.0 
U)=T 2 8 
COX.' FURL TUBE CELL R.IGHT BOPA. SEXERTS - ET1WEEH DISKS (BLI' 
CUBOID) 3 1 487.4930 2P1.7145 
ODLE 7 -0.5867 -0.5867 0.0..4.3 

* CUDOID 5 1. 487.6144 281.7145' 
CUBOID 3 1 +8.0028'-7.6144,47,6144 -7.6144 +2P1.7145 . ., 
HOLE 11,07.7859 0.0 0.0 
UNIT 29 
CON.' FURL TUBER CELL RIGHT BORAL SHEETS BETWEEN DISKS (B)' 
CUBOID 3 1 487.49304 281.7145 -.  
HOLE: 7 0.0-0.5867. 0.0. -, 

* CUDOD 5 1487.6144 281.7145 "'' ' 
CUSOID 3 1 +8.0028 -7.6144 +7.61d44 ý76144 +221.7145 . .  
HOLE 11 +7.7859.0.0 0.0 ----. * 

UNIT 30 
CCO'U-rL TOURE CELL RIGT, BOPNL- SHEETS El 3 ETENX DISKS (B)R * 
CUOIE 3' 40987 490;2P86720045 '~ .  
HUOLID3 1, 4.7.4930.58671,0. -. ~ 
CUBOID.5 I 487.6144 281.7145 O' " - .* .( 
CUBOID 3 1'+8.0028-7.614A'+7.6144 -7.6144 +281,7145 
HOLE 11 +7.7859,0.0 0.0 .~-
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~ig~e ~?3 ~~Aj~qt_&Qýpýt for Nora Conditions. nia W~_cnm 
ý6k'UE; UB E-'ELtga O 1fE)XLS9W S-SETEEEN*) DSYS '(BL)'"'' 
" CUBOID 1 427.4930 2P1.7145 
HOLE 7 -0.5867 -0,5867 0.0 

V CUtOID 5 1 4P7.6144 2P1.71.45 
TJ14IT40 
C014= 'FUEL TUBE CELL 2 BORA. SHEETS -STEEL DISKS (TK)' 
CUBOID 3 4P7 .4930 290.7938 
HOLE 8 +0.5867 +0.5867 0.0 
CUBOID 5 2. 4P7.683.44 290.7938 
CUBOID 3 2 +8.0028 -7.6144 +8.0028 -7.6144 +290.7938 
HOLE 12 0.0 +7,7859 0.0 
HOLE 2.3 +7.7859 0.0 0.0 
UNIT 412 
COM="FUEL TUBE CELL 2 BORAL SHEETS - STEEL DISKS -I).' 

. C-UEOID 3 1 4p?.4930 29P0.7938 
HOLE 8 -0,5867 +0.5867 0.0 
CUBOID 5 2 4P7.6144 2P0.7938 
CUB9OID 3 1 +8.0028 -7.6144 +0.0028 -7.6144 +2P0.7938 
HOLE 12 0.0 +7.7859 0.0, 
HOLE 1.3 +7.7859 0.0 0.0 
UNIT 42 
COH*= FUEL TUBE CELL 2 BORAL SHEETS -STEEL DISKS (SL)' 
CUBO0D 3 2 4P7.4930 2P0.7938 "HOLE 8 -0.5867 -0.5867 0.0 
C8CUBI0D 5 1 4P7.6144 2P0.7938 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.7938 
HOLE 12 0.0 +7,7859 0 0 
HOLE 13 +7.7859 0,0 0.0 
UNIT 43 
COM='FUEL TUBE CELL 2 BORAL SHEETS - STEEL DISKS (BR) 
CUBOID 3 1 4F7. 930 2P0.7938 
HOLE 8 +0.5867 -0.5867 0.0 
CUSOID 5 1 4P7.6144 290.7938 
CUOID 3 2 +8.0028 -7.61441 +8.0028 -7.6144 +2M0.7938 
HOLE 12 0.0 +7.7859 0.0 
HOLE 13 +7.7859 0.0 0.0 
UNIT 44 
COH4='FURL TUBE CELL 2 BORAL SHEETS - STEEL DISKS (T)' 
CUBOID 3 1 4P7. 4930 290O.793 8 
HOLE 8 0.0 +0.5867 0.0 
CUBOID 5 1 4P7,6144 2P0.7938 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.7938 
HOLE 12 0.0 +7,7859 0.0 
HOLE 13 +7.7859 0.0 0.0 
UNIT 45 
COM=,FUEL TUBE CELL 2 BORAL SHEETS - STEEL DISKS (B)' 
CUtOID 3 1 4P7.4930 2P0.7938 
HOLE 8 0.0 -0.5867 0.0 
CUBOID 5 1 4P7.8144 2P0.7938 
CUBO0D 3 1 +8.0028 -7.6.144 +8.0028 -7.6144 ÷2P0.7938 
HOLE 12 0.0 +7.7859 0.0 
HOLE 13 +7.7859 0.0 0.0 
UNIT 46 
COM='FUEL TUBE CELL TOP BOEAL SHEETS - STEEL DISKS (TL)' "CUBOID 3 1 497.4930 2P0.7938 
HOLE 8 -0.5867 +0.5867 0.0 "CUBOID 5 1 4P7.6144 2P0.7938 
CUBOID 3 1 +7.6144 -7.6144 +8.0028 -7.6144 +2P0.7938 
UTHOLE 12 0.0 +7.7859 0.0 
UHIT 47, 
CO= 'FUEL TUBE CELL TOP BORAL SHEETS - STEEL DISKS (BL)' SCUBOID 31 4P7.4930 2P0.7938 
HOLE 8 -0.5867 -0.5867 0.0 
CUBOID 5 1 497.6144 2P0.7938 
CUBOID 3 1 +7.6144 -7.6144 +8.0028 -7.6144 +2P0.7938 
HOLE 12 0.0 +7.7859 0.0 
UNIT 48
COM= FUEL TUBE CELL RIGHT BORAL SHEETS - STEEL DISKS (BL)' 
CUBOID 3 1 4P7.4930 2P0.7938 
HOLE 8 -0.5867 -0.5867 0.0 
CUBOID 5 2 4P7.6144 290.7938 
CUBOID 3 1 +8.0028 -7.6144 +7.6144 -7.61.44 +290.7938 
HOLE 13 +7.7859 0.0 0.0 
UNIT 49 
COM='FUEL TUBE CELL RIGHT BORAL SHEETS - STEEL DISKS ()l' 
C'M50D 3 1 4P7.4930 2P0.7938 ,.  
HOLE 8 0.0 -0.5867 0. 0 
CUBOID 5 2. 497.6144 298.7838 
CUr0ID 3 1 +8.0028 -7,6144 +7.6144 -7.6144 +2P0.7938 
HOLE .3 +7.7859 0.0 0.0 
UNIT 5V 
COX=' FUEL TUBE CELL EIGHT BORAL SHEETS -STEEL, DISKS (BR)' 
Cr15010 3 1. 497.4930 290.7938 - .

HOLE 8 +0.5867 -0.58870.0. 0 .--.  "CUBOID 5 1 4P7.6144 2P0.7938 -- - ,.  
CUBOID 3 1 +8.0028 -7.6144 +7.61244 -7,6144,+2P0"7938 
HOLE 13 +7.7859 0.0 0.0 :, ...  
UNIT 51 
COX-'FUEL TUBE CELL HO BORAL SHEETS,- STEEL DISKS (EL)' 
CUBOID 3 1 4P7.4930 290.7938 
HOLE 8 -0.5867 -0.5867 0.0 ..  

, CUBOID 5+1 4P7.62.44 290.7938 * 

CO='U"EL TUBE CELL 2 BORAL SHEETS.- AL DISKS (TR()' 
CCUBOID 3 124P7.4930 2P0.6150
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CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0 6350 ,' i-.  
HOLE 14 0.0 +7.7859 0.0 , . -' 
HOLE 15 +7,7859 0.0 o0.0 ,• .O ..-.  

COX"'?UEL TBE CELL1 2 BORAL SHEETS - AL DISKS (TL) 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 -0.5867 +0.5867 0.0 
CUBO ID 5 1 4P7. 6 144 290.6350 
Cu BSOID 3 1 +8.0028 _-7.6144 +8.0028 -7.6144 +2P0 6350 
HOLE 1 0 .0 +7.7859 0.0 
HOLE 15 +7.7859 0.0 0.0 
L UNIT 62 
CON= FUEL TUBE CELL 2 BORAL SHEETS - AL DISKS (BI) 
c050110 3 1 497.4930 290.6350 
HOLE 9 -0.5867 -0.5867 0.0 
CUBOID 5 1 4P7.614d 2P0.6350 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +290.6350 
HOLE 14 0.0 +7.7859 0.0 
HOLE 15 +7.7859 0.0 0.0 
UNIT 63 
COM=NFUEL TUBE CELL 2 BORAL SHEETS - AL DISKS (BR)' 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 +0.5867 -0.5867 0.0 
CUBOID 5 1 4P7.6144 2P0.6350 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +290.6350 
HOLE 14 0.0 +7.7859 0.0 .. , 
HOLE 15 +7.7859 0.0 0.0 
UNIT 64 .  
COM='FUEL TUBE CELL 2 BORAL SHEETS - AL DISKS (T) 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 0.0 +0.5867 0.0 
CUBOZD 5 1 4P7.6144 2P0.6350 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.6350 

* HOLE 14 0.0 +7.7859 0.0 
HOLE 15 +7.7859 0.0 0.0 

* UNIT 65 
CON-' FUEL TUBE CELL 2 BORAX. SHEE`TS -AL DISKS (B)' 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 0.0 -0.5867 0.0 .  
CUBOID 5 1 497.6144 290.6350 , * 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.63S0 
HOLE 14 0.0 +7.7859 0.0 
HOLE 15 +7.7859 0.0 0.0 *, ... '' 
UNIT 66 
COM='FUEL TUBE CELL TOP BORAL SHEETS - AL DISKS (TT)' 
005010 3 1. 497.4930 290.6350 
HOLE 9 -0.5867 +0.5867 0.0 
CUBOID 5 1 4P7.6144 2P0.6350 
CUBOID 3 1 +7.6144 -7.6144 +8.0028 -7.6144 +2P0.6350 
HOLE 14 0.0 +7.7859 0.0 
UNIT 67 
COM='FUEL TUBE CELL TOP BORAL SHEETS - AL DISKS (BL)' 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 -0.5867 -0.5867 0.0 
CUBOID 5 1 497.6144 290,6350 
CUBOID 3 1 +7.6144 -7.6144 +8.0028 -7.6144 +2P0.6350 
HOLE 14 0.0 +7.7859 0.0 
UNIT 68 
COM='FUEL TUBE CELL RIGHT flORAL SHEETS - AL DISKS (BL.)' 
CUBOID 3 1 497.4930 290.6350 
HOLE 9 -0.5867 -0.5867 0.0 
CUBOID 5 1 497.6144 2P0,6350 
CUBOID 3 1 +8.0028 -7.6144 +7.6144 -7.6144 +2P0,6350 
HOLE 15 +7.7859 0.0 0.0 
UNIT 69, 
COM='FUEL TUBE CELL RIGHT BORAL SHEETS - AL DISKS (BW' 
CtTBOID 3 2 4P7.4930 290.6350 
HOLE 9 0.0 -0.5867 0.0..  
CUBOID 5 1 497.6144 290.6350 
CUBOID 3 1 +8.0028.-7.6144 +7.6144 -7.6141 +2P0.6350 
HOLE 15 +7.7859+0.0 0.0 , 
UNIT 708 
COM='FUEL TUBE CELL RIGHT BORAL SHEETS - AL DISKS (BR)' 
CUBOID 3 1 497.4930 2P0.6350 
HOLE 9 +0.5867 -0.5867 0 0 
CUBOID 5 1 4P7.6144 2P0.6350 
CUB010 3 1 +8,0028 -7.6144 +7.6144 -7.6144 +2PO.6350 
HOLE 15 +7.7859 0.0 0.0 , 
UNIT 71 
COM.'FUEL TUBE CELL NO BORAL SHEETS - AL DISKS (BL)' 
CUBOID 3 1 4P7.4930 290.6350 
HOLE 9 -0.5867 -0.5867 0.0o'. . '* . ' , 

* 00501 5 1 497.6144 290.6350 , '. ' 
UNIT So 
COMs 'DISK OPENING 2 BORAL SHEET TUBE- BETIWEýEN DISKS (TR)' 
CUBOID 3 1 497.9731 291.7145 
HOLE 20 -0.0297 -0.0297 0.0 
UNIT 82.  
CON. 'DISK OPENING 2 BORAL SHEET TUBE - BE'EE, DISKS.(TL) 
CUBOID 3 1 697.9731 2P1.7145 , 
HOLE 21 -0.3586 -0,0297 0.0 
UNIT 82 
COK-'DISK OPENING 2 BORAX SHEET TUBE -, BENEEN DISKS (BL).  
CU0OID 3 2 4P7.9731 2PI.7145 - BOE 22.~0~586.0..3588 0,0 . r
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COM= ,'DISK OPENING 2 BORAL SHEET TUBE - BETWEEN DISKS (BRT).  
CUBOID 3 1 4P7.9731 291.7145 
-HOLE 23 -0o.0.97 -0.3586 0.0 

COM=''DISK OPENING 2 BORAL SHEET TUBE - BETWEEN DISKS (T)' 
CUBOID 3 1 4P7.9731 2PI.7145 . . .  

'HOLE 24 -0.1952 -0.0287 0.0 .  

UNIT 85 
COM=' DISK OPENING 2 GBORAL SHEET TUBBE - BETWEEN DISKS (B).  
CUSOIlD 3 1 4P7.9731 2PI.7145 
HOLE 25 -0.1942 -0.3586 0.0 
UNIT 86 
COM=' DISK OPENING TOP BORAL SHEET TUBE - BETWEEN DISKS MW 
CUBOID 3 1 4P7.9731 2P0.7145 
HOLE 26 -0.3586 -0.0297 0.0 

UIT 87 
COM 'DISK OPENING TOP BORAL SHEET TUBE - BETWEEN DISKS (in,) 

HOLE 27 -0.35a6 - 0.3586 0.0 
UNIT 88 
COM='DISK OPENING RIGHT BORAL SHEET TUBE - BETWEEN DISKS ("L) 
CUBOID 3 1 4P7.9731 2P1.7145 
HOLE 28 -0.3586 -0.3586 0.0 
UNIT 89 
CON"='DISK OPENING RIGHT BORAL SHEET TUBE - BETWEEN DISKS (8)' 
CUBOID 3 1 427.9731 2P1.7145 
HOLE 29 -0,1942 -0.3586 0.0 
UNIT 190 
CONM"'DISK OPENINRIGHT BORAL SHEET TUBE= - BETWEEN DISKS (BR)' 
CUBOID 3 1497.9731 291.7145 
HOLE 30 -0.0297 -0ý3586 0.0 
UNIT 91 
COMH'DISK OPENING HO BORAL SHEET TUBE - BETWEEN DISKS (TL)' 
CVBOID 3 1 4P7.9731 2P1.71 45 
HOLE 31 -0.3586 -0.3586 0.0 
UNIT 100 
COM='DISK OPENING 2 BORAL SNEET TUBE - STEEL DISKS (TK)' 
CUBOID 3 2 4P7.9731 2PO.7938 
HOLE 40 -0.0297 -0.0297 0.0 
UNIT 101 
COMN'DISK OPENING 2 BORAL SHEET TUBE - STEEL DISKS .TL)' -' 

CUBOID 3 1 497.9731 2P0.7938 
HOLE 41 -0.3586 -0.0297 0.0 
UNIT 102 
COM=N DISK OPENING 2 EORAL SHEET TUBE - STEEL DISKS (EL)' 
CUBOID 3 1 4P7.9731 2P0.7938 
HOLE 42 -0.3586 -0.3586 0.0 
UNIT 103 "COX" DISK OPENING 2 BORALX SHEET TUBE - STEEL DISKS (BR) 
CUBOID 3 1 4P7.9731 2P0.7938 
HOLE 43 -0.0297 -0.3586 0.0 
UNIT 104 
CON"-'DISK OPENING 2 .ORAL SHEET TUBE -STEEL DISKS (T)' 

- CUBOID 3 1 4P7.9731 2PO9.793 
HOLE 44 -0.1942 -0.0297 0.0 
UNT 105 
COM='DISK OPENING 2 DORAL SHEET TUBE - STEEL DISKS (B)' 
"CUBOID 3 1 4P7.9731 2P9,793S 
HOLE 45 -0.1942 -0.3586 0.0 
UNIT 106 
COH"'OISK OPENING TOýPBORALSSHEET TUBE - STEEL DISKS (TL)' 
CUBOI-D 3 1 497.97 31 290.7938 
HOLE 46 -0.3586 -0.0297 0.0 
UNIT 107 

CON" 'DISK OPENING Top BORAL SHEET ITUBE-STEDIK L 
CMBID 3 1 4P7.9731 290.7938 

* HOLZ, 47 -0,33586 -0.3586 0.07. ' 
UNITIO 108 

CON"' DISK OPENING RIGHT BONAL, SHEET TUBE -STEEL DISKS (EL) 
CUBOID 3 1 497 .9731 290 . 7938 
HOLE ý48, -0..3586 -0.3586 0.0A- ' 

UNIT 109'' 
COX" *DISK OPENING; RIGHT BORAX. SKEET TUBE -STEEL D IS KS (B)' 
CUBOID 3 1 497.9731 2P0.7938 
BOLE 49 -0.1942 -0.3586 0.0 ...  

UNIT 110 
COK='DISK OPENING RIGHT BORAX. SHEET TUBE STEEL DISKS (HE)' 
CUBOID 3 1 497.9731 290.7938 
HOLE 50 -0.0297 -0.3586 0.0 , 

UNIT 111 - ..  

CON" *DISK OPENING NO BlO)RAL SHEET TUBE STEEL DISKS (BL)'
CUBOID 3 1 497.9731 290.7938 'U 

"HOLE 51 -0.3586-ý0.3586 0.0 ' ~ *-~ 
-- COX_-'DISK OPENING -2. fORAL SHEET TUBE AL DISKS (ER)' 

CUBOID 3 1 IP7.9731,'2VO.6350 
BOLE 60 -0.0297 -0.0297 0.0 
UNIT,121 ' 

-COM-'D)ISK OPENING 2. flORAL SHEET TUBE AL DISKS (TL) " 

CUBOID 3 1 4P7 9731 290.6350' ~ ,,~-* 

H, OLE 61. -0.A556 -0.0297 0.0 
UNIT 122 . -'' 
'COX-'DISK OPENING 2 flORAL.SHEET TUBE AL, DISKS (BL)' 
CUBOXID 3 1 497.9731_2P0.6350. ~ " ' '~"' ~
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COM='DISK OPENING 2 BORAL SHEET TUBE - AL DISKS (BR) 
CUBOID 3 1 497.9731. 290.6350 
HOLE 63 -0.0297 -0.3586 0.0 .  
UNIT 124 
COM='DISK OPENING 2 BORAL SHEET TUBE• - AL DISKS (T)' 
CUBOID 3 1 4P7.9731 2P0.6350 
HOLE 64 -0.1942 -0.0297 00" 
UNIT 125 " - 2 
COM='DISK OPENING aP BORAL SHEET TU1E - AL DISKS (B), 
CUBOID 3 1 4P7.9731 2P0.6350 
HOLE 65 -0.1942 -0.3586 0.0 
UNIT 128 
COCM=DISK OPENING ToRP BORAL SHEET TUBE - AL DISKS (TL) 
CU0OID 3 1 4F7.9731 20.6 350 
HOLE 66 -0.3586 -;.0297 0.0 
UNIT 127 
CO='DISK OPENING TOP BORAL SHEET TUBE - AL DISKS (BL)' 
CUBOID 3 1 4P7.9731 2P0.6350 
HOLE 67 -0.3586 -0.3586 0.0 
UNIT 128 
CONM'DISK OPENING RIGHT EOPAL, SHEET TUBE - AL, DISKS (B. P 
CUBOID 3 . 4P7.9731 2P0.6350 
HOLE 68 -0.3586 -0.3586 0.0 
UNIT 129 
C02='DISK OPENING RIGHT IORAL SHEET TUSE - AL DISKS (B)' 
* CUSOIO 3 1 497.9731.2P0.6350 
HOLE 69 -0.1942 -0.3586 0.0 .  
UNI4T 130 
O ' -ISK3OPENIN RIGHT BORAL SHEET TUBE - AL DISKS BK)' 
CUHOE 3 457.9731 20 •.6350 
HOLE 70 -0.02 9+7 0.35869 0.0 
UNIT 131 
CONE'DISK OPENING NO 6ORA5L SHEET TUBE- AL DISKS (BL)' 
CUOOID 3 -1 47.9731 2P8.6350 
HOLE 71 -0.35a6 -60.3586 0.0 "UI 148 
COK-' BASKEIT STRUCTURE IN TRANPORT CASK W SATER DISK' 
CYLINDER 3 1 +83 5787 291.7145 
HOLE 90 -70.3885 +8.7986 0.0 
HOLE 83 -52.7914 +8.7986 0.0 
HOLE 83 -52.7814 +26.3957 0.0 
HOLE 90 -S2.7914 +43.9928 0.0 
HOLE 83 -35.1942 +8.7986 0.0 
HOLE 83 -35.1942 +26.3857 0.0 
HOLE 83 -35.1942 +43.9928 0.0 
HOLE 90 -35.1942 +61.5889 0.0 
HOLE 83 -17.5971 +8,7986 0.0 
HOLE 83 -.7.5971 +26.3957 0.0 
HOLE 83 -27.5971 +43.9928 0.0 
HOLE 90 -17.5971 +61.5899 0.0 
HOLE 85 0.0 +8.7986 0.0 
HOLE 85 0.0 +26.3957 0.0 
HOLE 85 0.0 +43.9928 0.0 
HOLE 89 8.0 61,.5899 0.0 
HOLE 82 -17.5971 +8.7986 0.0 
HOLE 82 +17.5971 +26.3957 0.0 
HOLE 82 +17.5971 +43.9928 0.0 
HOLE 88 +17.5971 +61.5899 0.0 
HOLE 82 +35.1942 +8.7986 0.0 
HOLE 82 +35.1942 +26.3957 0.: 
HOLE 82 +3.1942. +43.9928 0.0 
HOLE 92 +35.1942 +61.5899 0.0 
HOLE 82 +52.7914 +, 8.7986 0.0 
HOLE 87 +52.7914 +26.3957 080 
HOLE 81 +52.7914 +43.9928 0.80 
HOLE 91 +70.3885 +8.7986 0.0 
HOLE 80 -70.3885 -8.7986 0.0 
HOLE 80 -52.791.4 -8.7986 0.0 
HOLE 80 -52.7914 -26.3957 0.0 
HOLE 80 -52.7914 -43.9928 0.0 
HOLE 80 -35.1842 -8.796 0.0 
HOLE 80 -35.1942 -26.3957 0.0
HOLE 80 -35.1942 -43.9928 0.0 
HOE 80 -35.1942-61.5899 0.0 
HOLE 88 -5971-8.7986 0.0 
HOLE 80 -17.5971 -26.3957 0,0 
HOLE 680 17.5971-43.9928 0.0 ,, 
HOLE 80 --17.5971 -61.5899 0,0 
HOLE 84 0.0 . .-8.7986 0.0 
HOLE 84 0.0. -26.3957 10.0 ..
HOLE 84- 8.0 ..- &.3.9928,0.0. .  
HOLE 84 0.0 . -61.5899,0.0 ~., 
HOLE 81-+17.597 -e.7986 0.o0 ..  
HOLE 81 -+17.5971 -26.3957 0.0 r 0' ...  

* HOLE 81 ,+.17.5971 -43.9928 0.0 .,..~,,.  
HOLE 81 +17.5971 -61.5899.0.0 
HOLE 81 :+35.1942 -8.7986 0.0 
HOLE 81 +35_1942 -26.3957 0.0 
HOLE 81 +35.19412 '-43.9928 0. 0 *.  

HOLE 86 +35.1.942 -61.5889 0,0 
HOLE 81 +52.792.41 -8.7986 0.0 . ..  
HOLE 86 +52.7914 -26.3957 0.0. ,.*. ' 
-HOLE 86 +52.791.4 -43.9928 0.0 
HOLE 86 +70.3885 -8.7986'0.0 .  

6,k2-44
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K CYLINDER 5 1 +90.944- 2P1.7145 
CYLINDER 8 1 +97.9297 2I C -7145 
CYLINDER 5 1 .104.9147 291,7145 
CYLINDER 10 1 116.38604 2P9.7145 
CYLINDER 10 1 116.6788 291.71459 

oLIDER 5 1 52.117.3156 2 01.7145 
CH3OID 10 1 49150.0 23917145 
OlOIT 141 
COE= B.KSKET STRUCTURE IN0 TRANOORT CASK -CARBON STEEL DISK' 
CYLINDER 7 1 +.83,1550 290.7938 
HOLE 110 -70.3885 +8.7986 0.0 
HOLE 103 -52.7914 +8.7986 0.0 
SHOLE 103 -52.7914 +26.3957 .0
.HOLE 110 -5.17914 +43.9928 0.0 
HOLE 103 -35.1942 +,8.7986 0.0 
1C HOLE 103 -35.1942 +26.3957 0.0 
HOLE 103 -35.1942 +43,9928 0.0 
HOLE 110 -35.1942 +61.5B99 0.0 

HOLE 103 -17.5971 +8.79986 0.0 HOLE 103 -17.5971 +26,3957 0,0 
HOLE 103 -17.5971 +43.9928 0.0 
HOLE 110 017.5971 61.5899 0.0 
HOLE 105 0.0 +8.7986 0.0 
HOLE 105 0.0 ++26.3957 0.0 
HOLE 105 0.0 +43.9928 0.0 
HOLE 109 0A. +61.5899 0.0 
HOLE 102 +17.5971 +8.7986 0.0 
HOLE 102 +17.5971 +26.3957 0.0 
HOLE 102 317.5971 +43.9928 0.0 
HOLE 108 +17.5971 +61.5899 0.0 
HOLE 102 +35A.942 +8.7986 0.0 
HOLE 102 +35.1942 +26.3957 0.0
HOLE 102 +35.1942 +43.9928 0.0 
HOLE iii +35A.942 +61.5899 0.0 
HOLE 102 -52.7914 +8.7986 0.0 
HOLE 107 +52.7914 +26.3957 0.0 
HOLE 111 +52.7914 +43.9928 0.0 
HOLE Ill +70.3885 +8.7985 0.0 
HOLE 100, -70.389• -8.7986 0,0 
HOLE 100 -52.7914 -8.7986 0.0 
HOLE 100 -52.7914 -26.3957 0.0 
HOLE 100 -52.7914 -43.9928 0.0 
HOLE 300 -35.1942 -1.7986 0.0 
HOLE 100 -35.1942 -26.3957 0.0 
HOLE 100 -35.1942 -43.9928 0.0 
HOLE 100 -35.1942 -61.5899 0.0 
HOLE 100 -17.5971 -8.7986 0.0 
HOLE 100 -17.5971 -26.3957 0.0 
HOLE 100 -17,5971 -43.9928 0.0 
HOLE 100 -17.5971 -61.5899 0.0 
HOLE 1204 0.0 -8.7986 0.0 
HOLE 104 '0.0 -26.3957 0.0 
HOLE 101 0.0 -413.9928 0.0 
HOLE 1041 0.0 -61.5899 0.0 
HOLE 101 +17.5971 -8.7986 0.0 
HOLE 101 +17.5971 -26.3957 0.0 
HOLE 101 +17.5971• -43.9928 0.0 
HOLE 101 +17.5971 -61.5899 0.0 
HOLE 101 +35.1942 -8.7986 9.0 
HOLE 101 +35.1942 -26.3957 0.0 
HOLE 101 +35.1942 -43.9928 0.0 
HOLE 206 +35.1942 -61.58990,0.  
HOLE 101 +52.7914 -8.7985 0.0 
HOLE 106 .+52.7914 -26.3957 0.0 
HOLE 106 +52.7914 -43.9928 0.0 
HOLE 106 +70.3885 -8.7986 0.0 
CYLINDER 3 1i +83.5787 290.7938 
CYLINDER ý5 1 .+85.1662 2p0.7938 
CYLINDER 10 1 +85.8647 2P0.7938 
CYLINDER 5 1 +90.9447 2P0.7938 
CYLINDER 8 1 +97.9297 2P0.7938 
CYLINDER 5 1 +104.9147 2P0.7938 
CYLflODER I0 1 +116.3604'2P0.7938 
CYLINDER 10 1: +116.6788 290.7938 
CYLINDER 5 1+117.3156 290.7938 
CUBOID 10 1 40150.0 2P0.7938 
UNIT 142 
COH. 'BASKET STRUCTUR IN TRA34PORT CASEK AL DISK' 
CYLINDER 4 1 +82.8675 290.6350 
HOLE 130 -70.3885 +8.7986 0.0 
HOLE 123 -52.7914 +8,7986 0.0 
HOLE 123 -52.7914&+26.3957 .00 - , 

HOLE 130 :S2.791, +43.99268 0 0 
HOLE 123 -"35,1942C'`8,7986 0.0 
HOLE 123 -35.1942 +26.3957 00 
HOLE 123 -.&35.1942 +43,9928 0-.0 
HOLE 130 .-35.1942 +61.5899 0,0 
HOLE 123 -17.5971,',+G84986 0,0 
HOLE 123 -:17.5971 +26.3957 0.0 
HOLE 123 '-17.5971 +43.9928 0.0 
HOLE 130" -17.59712+61A,899:0.0 
HOLE 125- 0.0 +8,7986.0.0 
HOLE 125. 0.0 +26,3957 0,0 
HOLE 125 0.0 -, +43.9928 0.0

6.6
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Wf~Nt. '12 '-.17' 9 7-ý 7986~ 0, 0 
HOLE 122 +17.5971 +26.3957 0 0 
HOLE 122 +17.5971 +43.9928 0.0 
HOLE 128 +17.5971 +61.5899 0s\ 
HOLE 122 +35,1942 +8.7986 0 0 

I -HOLE 122 +35.1942 +26•.3957 0.0 • 
HOLE 122 5 5.1942 +43.9928 0.0 
HOLE 131 +35.1942 +61.5899 0 0

HOE122 + 52,7914 +8.7986 0.0 
HOLE 127 +52.7914 +26.3957 0.0 
HOLE 131 +52.7914 +43.9928 0.0 
HOLE 131 I+70.3865 +8.7986 0 0 
HSOLE -8.7986 0.0 
HOLE 120 -52.7914 -8.7986 0.0 

OLEz 120 -52.7914 _-26. 3 957 0.0 

"HOLE 120 -52.7914 -43.9928 0.0 
HOLE 120 -35.1942 -8.7996 0.0 
HOLE 120 -35.1942-26.3957 0.0 
HOLE 120 -35. 1942 -43.9928 0.0 
HOLE 120 -35.1942 -61.5899 0.0 
HOLE 120 -17.5971 -8.7986 0.0 
HOLE 120 -17.5971 -26.3957 0.0 
HOLE 120 -17.5971 -43.9928 0.0 
HOLE 1.20 -17.5971 -61.5899 0.0 p 
HOLE 124 0.0 -8.7986 0.0 . " 
HOLE 224 0.D -26.3957 0.0 
HOLE 124 0.0 -43.9928 0.0 
HOLE 124 0.0 -61.5899 0.0 
HOLE 121 +17.597 1 -8.7986 0.0 
HOLE 121 +17.5971 -26.3957 0.0 
HOLE 121 +17.5971 -43.9928 0.0 
HOLE 121 +17.5971 -61.5899 0.0 
HOLE 121 +35.1942 -8.7986 0.0 
HOLE 121 +35.1942 -28.3957 0.0 
HOLE 121 +35.1942 -43.9928 0.0 
HOLE 126 +35.1942 -61.5899 0.0 
HOLE 121 +52.7914 -8.7986 0.0 
HOLE 1286 +52.7914 -26.3957 0.0 
HOLE 126 +52.7914 -43.9928 0.0 
HOLE 126 +70.3885 -8.7986 0.0 
CYLINDER 3 1 +83.5787 2P0.6350 
CYLINDER 5 1 +85.1662 2P0.6350 
CYLINDER 10 1 +85.8647 2P0.6350 
CYLINDER 5 1 ÷90.9447 2P0.6350 
CYLINDER 8 1 +97.9297 2P0.6350 
CYLINDER 5 1 +104.9147 290.6350 
CYLINDER 10 1 +116.3604 290.6350 
CYLINDER 10 1 +116.6788 2P0.6350 
CYLINDER 5 1 +117.3156 2P0.6350 
CUBOID 10 1 4P150.0 2P0.6350 
GLOBAL UNIT 143 
COM='AXIAL STACK OF BASKET SLICES' 
ARRAY 4 -150.0 -150.0 0.0 
END GOOM 
READ ARRAY 
ARA1 N=UX=9 NUY=9 NUZ=1 FILL 

4R2 2 4R1.  
R5.1 2 39.1 

27R1.  
END FILL 

ARA=2 N1==9 NUY=9 NJ2=I FILL 
* 36R.3 

69.3 & 4R3 
5R3 34 35-3 

279.3 
EN FPILL 
ARA-3 NUIC=9 NUYs9 NUI~1 FILL 

5R5 6 :AR 

127R.5 
mED FILL .4 
ARA.4 NUX-1 NUY-1 NUZ-4 FILL 140 I11. 140 142 END FILL 
EXD ARRAY 
READ BOUNDS ZPCP9.'POIHK.RD.8UO.  

um D DATA 

0.6.-56
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PROGRAM VERIFICATION INFORMATION ' ,, ** 

*4*4* ~CODE SYSTEM: SCALE-PC VERSION: 4.3A .44 

PROGRAM: CSAB S* 

CRE-ATION DATE: 03/08/96.......................  

VOLUME: ERG 

LIEPApYz Q \BCALFA3 \WnLRST\W 

PRODUCTION Coos: CSAB S 

VERSION: 3,1.  

*4444JOSREME' SCALE-PC*4 

44* DATE OF EXECUION: 04/08/99.  

TIME_ OF EXECUION: 10:36:57 *4
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figre6.62- for Nonnal Gondition~s CrjgAq s.BWR Ful~ontinued) 

SPROLEXm PARMTR 

t IN 27 GROUPNDDF4 LIDRAR 
r• ~ ,X . - ZMIXTURES 

H OC 20 CUR OITIOO Tb lIATO4 
IZM' ".4 MATERIAL ZONES 

GE LTT1CCZLLGEOMETRY 
f MO RE 0 0/1 DO NOT RFlAD.•# O UTONA4 RA~R.Op r 

L FtMLSLNTIM 

P**ROBELM COMPOSITION IDESQRIPTION 

SCO 02 - STANDARD COMPOSITION 
MX 1 MIXTURE NO.  
VF 0.9500 VOLUME FRACTION 
ROTH 10.9600 THEORETICAL DENSITY 
MEL 2 NO. ELEMENTS 
ICP 1 ()/I MIXTURz/COMPOUND 
TEMP 293.0 DEG KELVIN 

92000 1.00 ATOM/MOLECULE "92235 4,.000 WT% 
92238 96.000JmT 

ScO ZIRCALLOY STANDARD COMPOSITION 
FMX 2 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 6.5600 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS "ICE 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

40302. 1 . 00 ATOM/MOLECULE 
END 

SC Nb20 STANDARD COMPOSITION 
HX 3 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 0.9982 THEORETICAL DENSITY 
NEL 2 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

1001 2.00 ATOMS/MOLECULE 
8016 1.00. ATOM/MOLECULE 

W.=END 

!C AL ....... STANDARD -COMPOSITION 
MX A MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 2.7020 THEORETICAL DENSITY 
NEL 3 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

.13027 .__-1.00 .ATOM/MOLECULE 
END 

SC SS304 STANDARD COMPOSITION 
" MX 5 MIXTURE NO.  

VT 1,0000 VOLUME FRACTION 
ROTH 7. 9200 THEORETICAL DENSITO 
NEL A NO. ELEMENTS 
ICP 0 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

24304 19.000 WT% 
25055 2.000 WT% 
26304 69.500 WT% 

ýC AL - . . STANDARD COMPO=3On 
F Mx 6 MIXTURE NO.  
* V " 0.8706 VOLUME FRACTION 

ROTH 2.6849 SPECIFIED DENSITY 
NEL I NO.* ELEMENTS 
ICP 1 0/1 MIXTURELCOMPOUND 
TEMP 293.0 DEG KELVIN 

" .. 13027_.,',, 1.00 ATOM/MOLECULE 

SMX 6 MIXTURE NO.  
VT 0.0137 VOLUME.FRACýTION 
ROTH . 2.6849 SPECIFIED DEISjEM 
NEL I. NO. ELEMENTS 
ICP .1 Oi1l MIXTURE/COmPUND 
TEMP 293.0 DGKELI 

i•END 

SC ~ --1~ STANDARD 'CObMPSITION 
MX 6 MIXTURE No.

6.6.2-59
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L~..MELI NO,- ELEMENTS 
-CP 1 0/1 MIXTUR/V.0MP-0,t 

'TEMP 293.0 DE5 KELVIN 

Sc TAN gAf COMPOSITION~ •-MX , ,;: 6 MIXTURlE NO.  

VP 0.0281 VOLUME FRACTION 
SROTH, 2,6849 SPECIFIED DENSITY 
MEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEC KELVIN 

--- 601ý '-- -1.00.ATOm/MOLECULE 

SC CARBONSTEEL -STAWNDAR COMPOSITION 
mx 7 MIXTURE No, 

. VF 1,0000 VOL.MEý•RACTION 
ROTH 7.8212 TREORETICAL, DENSITY 
NEL 2 NO. ELEMENTS 
* ICP 0 0/1 MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

26000 99,000 WT% 

SC PB -" STANDARD COMPOSITION 
MX 8 MIXTURE NO.  
VF 1o0000 VOLUME FRACTION 
ROTH 12.3140 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICO 1 0/1 MI"'URE/COMPFOUND 
TEMP 293.0 DEG KELVIN 

82000_._ 1.00 ATOM/MOLECULE S....END 
SOC N-10 STANDARD COMPOSITION 
M" 9 MIXTURE NO.  
DEN 8,5530E-05 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

5010 .00 ATOM/MOLECULE S...END 
SC B-II STANDARD COMPOSITION 
MX 9 MIXTURE NO.  
DEN 3.42209-04 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTUREICOMPOUND 

.501,.... 1.00 ATOM/MOLECULE 

SC - ,AL ......... STANDARD COMPOSITION 
.. •9 MIXTURE NO.  
DEN 7.7630E-03 ATOMIC DENSITY 
ROTH 2.7020 THEORETICAL DENSITY 
NEL -. 1 NO. ELEMENTS 
ICP 1 0/1 mIXTUE/CUMPOUND 

.... ATOMOLECUL 

9C H. '.. STANDARD COMPOSITION 
MX 9 MIXTURE NO.  
DEN 518540B-02 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND S. .... V00 ..J,.00 .ATOM/ OLECULE 

SC: -O STANDARD COMP0SIT%0• 
MX 9 MIXTURE NO.  
DEN 2.60903-02 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
rcP 1 0/1 MIXTURE/COMPOUND 

$01§-,1,00ATOM/MOZLBCUL3 

SC, -C . - STANDARD CO-MPSITION 
M:X 9 MIXTURE NO.  

* DEN 2.26405-02 ATOMIC DENSITY 
ROTH 2.1000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

--CT HSTAN8DARD -Comp-SITION 
S~MX. '-" 9 MIXTURE No.  

DEN 1.3940o-03 ATOMIC DENSITY
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S•"ROTH 0-• .9982 THEORETICAL-DENSITY - NET7L 2' . 1 NO. ELEMENTS 
ICr 1 011 MNxTUR•E•OMPUMOr 

•-TEMP ',293,0 DEG KELVIN 
; •; " , 1001. 2.00 ATOMS/MOLECULS 

8C>I 20' - STANDARDOME0SITION 
m- x 11 MIXTURE NO.  

V" . 6 10000 VOLUME FRACTION 
ROTH- 0,9982 THEORETICAL DENSITX 

MEL 2 110. ELEMENTS 

ICP " 1 01 MIXT RE/COMPOUND 
'TEMP 293.0 LEG KELVIN 

10013 2.00 ATOMS/MOLECULE 

C2TP SQU0STPATCH C- c OPTYPE I 

• PITCH 1-452 9 CH CENTER-TO'CENTER 'SPACING 
FUELOD 0,9055 CH FUEL DIAMETER OR SLAB. THICKNESS 
MFUEL 1 MIXTURE NO. OF FUEL 
MMOT 9 3 MIXTURE No. OF MODERATOR 

CLAI)OD 1ý0770 CM CLAD OUTER DIAMETER 
MCLAD 2 MIXTNRE No. oE CLAD 
GAPOD 0.9246 CM GAP OUTER DIAMETER 

ZONE-"'--is FEEL 
TEMP.. 2.ZONE 2 IS GAP 

• ZONE 3 is CLAD 0ZONE 2.00S MOD

0.6,2-61
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***** "*"" *i*"": .- **".-- ....... * .*. DA*******~ma"oN**.*•,*-'° --- "' , . :, ...9 -. .. -,..ý ý* gp-tf--ora~niios-rt. 7-277T ... "-Ana-"vsi":7B•R'7"7. ,..-tn-u 
tINS 2WR TC; ACCIDENT OP; CASK ARRAY7 1.0 GM/CC IN - 0.6 GM/CC EM;) 300 CM PITICH 

F *** • 

*****.DATA LIBRARY INFOEMATION ... ** 

UNIT VOLUMiE 
NUMBERA DATASET NAME NAME UNIT FUNCTION 

* *89 G:A8ca1e43\DATAL~i3\FT89F0o1 STANDARD COMPOSITION LIBRARY * 

82 GF\scale43\DATALIB\FT82F001 CROSS SECTION LIP-R 

11. D:\PROJECTS\eds-proj\TJNS\UMS-S2..3\opt-mod\va SNORT CROSS SECTION LIBRARY 

90 D:\PROJECTS\eis-projýUNS\UNS-52-.3\opt-ý*.d\Va INPUT DATA DIRECT ACCESS

STANDARD COMPOSITION LIBRARY DATA

89

0...c.1ed3\DATALIB\FT89F001 

SCALE-4 STANDARD COMPOSITION LIBRARY 
637 STANDARD COMPOSITIONS, 490 NUCLIDES 
90 ELEMENTS WITH VARIABLE ISOTOPIC DISTRBUTIONS, 

6/30/95 

CROSS SECTION LIBRARY DATA 

82 

G: \scale43\DATALIB\FT82F001 

SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY 
BASED ON ENDF-B VERSION 4 DATA 

COMPILED FOR NRC 1/27/89 
LAST UPDATED 

L.M.PETRIE - ORNL

..... . . ....  

k16,2-62

UNIT NUMBER 

DATASET NAME 

LIBRARY TITLE: 

CREATION DATE: 

UNIT NUMBER F 

DATASET NAME 

LIBRARY TITLE:

0 -** 

08/12/84
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*M W TC; ACCIDENT OP, CASK ARRAY; 1.0 GM/CC IN - 0.6 GM/CC EX; 300 CM PITCH 

*4* ***", NUMERIC PARAMETERS 4 , 

THE MAXIMfUM PROBLEM TIME (MIN) .  

,.* TEA TIME PER GENERATION (MM 5.00 ..  

**CNN NUMBER OF GENERATIONS 803 * 

NPG NUýMER PER GENRATION 1000 

4*NSK NUMtBER OF GENERA'rIONS TO BE SKIPPED 3 * 

BEG BEGINNING GENERATION NUMBER 1 

RES GEýNERATIONS BEBIEEN CHECKPO1NTS 0 *4. - 4@ ' ?, :. ' .. , 

.... . 0 NUMBER OF EXTRA 1-0 CROSS SECTIONS , *, 

44 HX NEEUTRON BANK SIZE 1025 * 

NS EXTRA POSITIONS IN4 NEUTRON BANY 0*4 

NBP FISSION BDANE SIZE 1000 

* * EN EXTRA POSITION4S IN FISSION BANK 0 * 

"WTA DEFAULT VALUE OF WEIGHT AVERAGE -. 5000 

*4* EH WEIGHT HIGH FOR SPLIT'TING 3 .0000*4 

"W`TL WEIGHT LOW FOR RUSSIAN ROULETTE 0.3333 

RHM STARTING RANDOM HUMBER EBB27100001 

**N NUMsBER OF D.A. BLOCKS OH UNIT 8 200 

NL8 LENGTH OF D.A. BLOCKS ON UNIT 8 512 

* * -" AD MODE OF CALCULATION FORWARD *4* 

4** INPUT DATA WRITTEN ON RESTART IJ14T NO *,, 

** BINARY DATA INTERFACE YES
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: l* UN4 EXECUTE PROBLEM AFTER CHECKING-DATA YES i '': PLT ;PLOT PICTURE MAP(S)'' ;;;"I)??;?.T•:' NO • 

**** FLX COMPUTE FLUX " ': JNO " . FDN. COMP.UTE FISS10O4 DENSITIES NO}::,:"?"};•i<-;• ?""' . .. . . .. .  
* SMU COMPUTE AV UNIT SELF-MULTIPLICATION. . NO "NUBC- U NU:BR . & AV FISS16N GROUP YES 

**F"U PRNT PISS PROD MATRIX BY UNIT NU•MBER NO " "-•,.FRP PRINT PISS PROD MARI BY UNIT;LOCATIO NO' 
MKq CO. NO MATRIXMPUTE MATRIX K-EFF BY HOLE NUMBER - C -F K YA**N 

**" AX PRINT ALL MIXED CROSS SECTIONS -. ".NO :.;'/ : + AR .PRINT FIS', AND ABS 13 EG` O 

** XS1 PR1INT I-D MlITUE X-SECTIONS " " " NO_ * •:- GAS..PRINT LIAR BY GROUP ?•.£2;:Si-••}. NO'** z 

****************************************************.************ *•* 

XS PRN L- ITR XSCIN OG P PR2UER PRIN 'SCA ORLTO ALS N 

RUN EXENUTEIXTBER A.TER CECPINA G IATA NOS " PLT PRINT EICTUE UNAPERS ARRA'NO 

LX COPUITE FISIUX PCTU NO N CPRPUTE ISSPOT GEOENSTRY No .  

PD S OPUIT EXTAG UNITCOS SELCMUTIPLCAS O NO BUG PRINUTDEBU N B R1& AV FISIO N RUN
-

E 

TRY PRIT UNITINLOCATIONTIO NO ~ 

......... . ...... . 4.....  

*.C. U XCOMPUT COFACTOROJECTSeBY-PUNITUNUMBER 52-NO - C\Va--'CONPMUT E CF COROSSP BYS UNIT LOCATION NO • 

* .* * . -.*. - ., . . . . . .. . .. .  

*' RNUMFBSR DROD MARXLYUIT NUMBER O( PRNAM ISERD RIB UNIT FUCNIONION* 

ý FN RIT 165 UNRODN MARWB OENME OIAPIT1 RODE SCATCHX BYARRAYUME NO 

BI** NL COLEC MATPRIX BY NIGNEST NOLE LEVEL N-OdMaL COIET NATRIBY IGNPUT DARRAYEEL 

ARE RIT AL5 MI\RWEDCROSS SECTION\J4SS N-3Op d FAR PRNT EIAND RSAB.BYRT GO DATA ~ O 

LIX S PRN 1-0 IXTRE X-ECTI\dýpoNS M\HS5-\ptmd NOPU GA RNTF BYGOPX WORIN LIBRARY 

RI\ " RN FISSION PROJECTS\edU-projMUMS\UMS-I2-3N\TIt-Ud\vT INPUT DATAR DIRET ACCESS 

P1. PRINT EXTRA -0 CO SCIN NO . BUGR••GEP RINT.CT ACCEBSSINORMATON.: ,.> 

TE PNKIOW TRACKINGXINGORMAIONC ACCESS NO

CROSS: sRCTIONS RA j O_%=AP_,OXN XTR9.~ NI~T
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8N3MEER OF SCATT RnTGJJ8LES' 

iNUCLEUS ATOM-DENS. WGT. FRAC. ZA AN'o; TLIETIL 
~ 080 461E-2847 _8... 016_ _J5,9904 ___XYGEN716 E..~..NpjI5-ZV MA:ýý6------

1092235 9.406413.-04 3,5$26069-02 92235--.235,0441- .u=uR-235S.2 =FBIA 

08/12/94 
*1092238 2.22902E-02 _8.462538-0I. .92238. _ 238,0510 I UA IU- NFB-VMT1 -T 

05/12/9.4 

MIXTURE 2 DNZY/C)'6.5600 
NUCLIDE ATIOM-DENS. NOT. FRAC. ZA ANT NU7CLIDE TITLE 
204030 4.330782-02 1~00E0. 40000._ 91,2.196 _..IRCA1LOY . N...mn?/B-W MAT, 2W4_ Z 9~ZLZ. PA3 

0,8/12/94 

MIXTURE = 3 DENSXTY{G/cc) 0.99811 
NUCLIDE 6ATO3M-DENS. WGT. FRAC. ZA ANT -NUCLIDE TITLE 
300101.6 6DDIQ2.A192E.1~ 0k. 1..j0077 ~ HVDRCG .___, IVMT 

08/12/94 
3008016 3~.33846E-02? 9-880749-01 _..801.6 .15,9904- .. O3XYGEN0-16., IV MATF5 127AW 6 

P08/;12 /9A 

MIXTURE 4 DNITGC1 2.7020 
1NUCLIDE ATIOM-DENS. WG'0. FRAC, l.A AWT NUCLIDE TITLE 

4013027.. 6.03066E-02. 1.00000A+00 13027 . 26.9818_ AL.-27 11,3.93218-G? 435(). ývp 
08/12/94 

MIXTURE'- 5 flNSMTYC/CC) 7.9200 
NUCLIDE ATOM-DENS. NGT. FRAC. ZA ANT qTJCTIDE TITLE 
5024304 1.74286E-02 1.900009-01_. 24000* 51.9957 , CR 1191ý NT SS-3041/xsT) Pý3 2ý) s 

08/12/94 
5025055 1.73633-.03 1.999993-02 25055 5d44379.. AMAGMfESE-$57INFj-.y0Aj.  

08/12/94 
15026304 5. 9357ý93-02 6_9500012-01. 260001 55ý8447 FE~ 1192 

08/12/94 
*50283041 7.7207037:03 9.,5000193-02 20000 - 58. 6872 N.NI1190 NT S8:ý30461/SSTYP, )2 

08/12194 

MIXTuRE 6- DENSITY(G/CC = 2.6726 
NUCLID)E ATOM-DENS. NGT. FRAC. ZA ANT N1UCLXEU TIttE 
6005010 _2,212283-ý03, 1.376343-702 5. 010. 10,0130 B-10 1273,218N09 042375 P-3 293K17 . .1.wA~ 

08/12/94 
6005011 1288-2 .3530 5011.71.09 B0RCN-11 ENDPE-IV M4AT 1160,. T)PP~j...SATIfl 

08/12/94 
6006012 .720-3 2,023003-02 ~6000. 12.0001 ~.CAR.8ON-i2 wm. EDF/.-rv MA7 1274/TH M1065~, EDJ,,L~V 

08/12/94 
6013021 5.21,7D73-02_ 8.746213:01. 13027. -..26.9318 At;-27 U.13 228-GG1 40375(5) . .2....... .  

0 6/12/94 

MIXTURE---I3NI'YG/C __ '7.8212 
NUCLIDE ATOM-DENS. NUT. FRAC. IZA ANT NUCLIO3 TITLE 
7006012,,3.9250.3E3-0.ý...1.000E-0D2 6000 .. 12".0001 . CARDON712 ,ENDF/C-,IVATL24/T816 12.1 .IF4E 

08/12/94 
*7026000__4 34982E.279900E0 26000, 755,8447 I IRON 7... M?8~ A 127. ,,,.IYFAE 

MIXTURE = EST(G/CC) -= 11. 34 A 
NUCLIDE ATOM-DENS. WGT. FRAC. LA ANT NUCLIUB TITLE 

80800...2690~0..1.09000,.200,..22400,~..Pa=.28 10 04tA375.ZP_3 293K IC 
00/;12/94 

MIXTURE = DENSITY(G/CCY7 &_' 1.ý6298 77 
NUCLIDE ATOM-DENS. WGT. FRAC. ZA AWT ULIETITLE 

900001. 5.8S003~Q2.601033:2 . ____;..,.0037 HYD..MTROGEN,_, NP8Zt3A..16/NM82.x..... .UDTO 

08/12/94 

08/12/94 
E 

08/12/94 

08/12/94 
9008167. 50 oo-o C4,2058,0 -7.I2014. _14. 0033,-~ .. ITXYGLN.14..7 3NDrLB3-XY MAT 17..2 j747 9A~ 

58/12/9 4 
A;OYE-6 =rB:T &-26ýý 

Q/29DOM 1 

NUCLIEU ATOM-DENS.. WOT. MRC. . . A, ),3T ~ - 'UCtIDBE 'TITLE 

08/12/94 

NUCLIDE ATOM-DENS. WGNT.,FRAC. zA .AwT * '" ~"NYLD IL
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•sas•-- •put for Noml"•aGonsitikv't n "-WR. FuelO(qook .p...  

01:O. .YO _oEN ENDF/B 101 .÷T 1269GN •*NUp/B- AT 9/T I0M2AT IT 0 
9-001001 HYDROGE ENDF/B-IV MAT M269/TNRMI0027T •6'1PDATIED08/12/9, 

10001001 NYDROGE14 ENDF/B-I(' MAT 1269/TNR,1002 UPDATED 08/12/94 
11001001 HYDROGEN ENOF/B1IV MAT 1259/TNRM1002 '*UPDATED 08/12/94 6005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 
9005010 B-10 1273 218NGiP 042375 P-3 293K UPDATED 08/12/94 

800501-1 BORON-11 ~ ENEF/S-IV MAT 1160 UPDA TED 08/12/,9i 
9005011 BORON-1I ENDF/B-IV MAT 1160 UPDATED 08/12194 
6006012 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 
7006012 CARBON-12 ENDF/B-IV MAT 1274/T"RM1065 UPDATED 08/12/94 *9006012 CRBON-12 ENDF/ B-IV MAT 1274/TNBM1065 UPDATED 08/11/94 
9007014 NITROGEN-14 'ENDFIB-IV MAT 1275 UPDATED 08/12/94 
1008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 
3008016 OXYGEN-16 ENDF/8-IV MAT 1276 UPDATED 08/12/94 
9008016 OXYGEN-16 ENDF/B-IV MAT 1276 :UPDATED 08/12/94 

10008016 OX GEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/9'4 
11008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08812194 
4013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 
6013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/9i 
9013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 "5024304 CR 1191 WT SS-304(1/EST) P-3 293K SP*5+4(42375)' UPDATED 08/12/94 
5025055 KANGANESE-55 EWDF/B-IV MAT 1197 UPDATED 08/12/94 
7026000 IRON ENDF/B-IV MAT 1192 " UPDATED 08/12/94 
5026304 FE 1192 WT SS-304(1/EST) P-3 293K SP=5 +(42375)1 UPDATED 08/12/9,4 
5028304 NI 1190 KT SS-304(1/EST) P-3 293K SP=5"4(42375)' UPDATED 08/12/94 
2040302 ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 8082000 PB 1288 218NGP 042375 P-3 293K 4 . UPDATED08/12/94 
1092235 URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 

.A002238. -URANIUM-238 ENDF/B-rJ MAT I282~.- ~.PAE,8~ 
ENmo m.SSAGE NUMBER F5-222 -" - TNANSFERS FOR MIXTURE 3, WERE C9BRECTZDJ B •o cfS' 

KEO IOESSAGE NUMBER. KS :72Z -.TRANSFERS, FOR MZXTURE~ ,10 .MERR COBREPOUP9T31)0D~S 

KING~~~ MASG U2R ~ 1TRAN0F5P.S FOR MIXTURE. 11 TATRE COB WT&D. OR BAD-XOE0)I$ 

S........ 0,1 z0 WERE. USED M4INI0G COSS-3ECTION ........  

1-D CROSS-SECTION ARRAY ID NUMBERS 

1........ 10'S WERE USED ,PREPARING THE CROSS SECT I90($2C .  

"UMS BWR TC; ACCIDENT OP; CASK ARRAY; 1.0 GM/CC IN - 0.8 GM/CC EX; 300 CM PITCH 

. IN*******************F* ** 

*4* .... ADDITIONAL INOMAIN * *

* NUMBER OF ENERGY GROUPS 27 

• NO. OF FISSION SPECTRUM SOURCE GROUP 1I 

" " NO. OF SCATTERING ANGLES IN XSECS 2 

* ENTRIES/NEUTRON IN THE NEUTRON BANK 25 

"* ENTRIES/NEUTRON IN THE FISSION BANK 18 

* NUMBER OP MIXTURES USED 10 

t NUMBER OF BIAS ID'S USED 1 

* NUMBER OF DIFFERENTIAL ALBEDOS USED 0 
. TOTAL INPUT GEOM8ETRY REGIONS 222 

** NUMBER OF GEOMETRY REGIONS USED 222 , 

* LARGEST GEOMETY UNIT, NUMBER -~ 143 

SLARGEST ARRAY WNUBER 4 

+X BOUNDIARY CONDITION MIRROR 

* +Y BOUNDARY COND ITION. K'" IRROR 

+Z BOUND)ARY CONDITION . PER

USE LATTICE GEOMETRY ' YES ** 

GLOBAL ARRAY NUMBER 4..* 

NUMBER OF UNITS IN THE GLOBAL X DIR." 1 

NUMBER OF UNITS IN 'IRE GLOBAL Y DIR. 1I * 

NUMBER or UNITS IN TIEE GLOBAL Z DIR. 4I 

USE A GLOBA-L REFLECTOR YES 4 

"USE NESTED HOLES YES " 

"N`UBER OFP OLES '. 291 HOLES 

MAXIMUJM HOLE NESTING LEVEL ~. 3 * 

USE NESTED ARRAYS ,..YES 

NUMBER OP ARRAYS USED. 4 ** 

MAXIMUM ARRAY NESTING LEVEL . 2 

-X BOUNDARY CONMITION MIRROR 

-Y BOUNDARY CONDITION MIRROR "• 

-Z BOUNDARY CONDITION : > . PER 

,,..**" _ 4. 4 * .:. ..* **:.. ; _ . .***; *****!,n * *4 4**

,662-68 .,!L, Vý!-,
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UM 86wI~ACIDNT.O~CS3ARY, 1,. GM/ IN 70 .'6, GMC X 0 

tENBRATION E~ LAPSED TIN3: 'AVERAGE AVG Y-3FF-T 6kTRIX- mXINzZ 3-38 
GENERATION AK-EFFECTIVE MINUTES 3-EFFECTIVE DEV;IATION .1EFCI4 .- ~,7Tp 

KENO MESSAGE NUMBER K5-132 WARNING... . ONLY 989 INDEPENDENT FISSION POINTS 3WRE GENERATED 
1 8.919763-01 1 i.02067S+00 1.000003+00 0.00000E+00 . 0000001 O_0 

SENO MESSAGE NUMBER K5-132 WARNING-...ONLY 942 INDEPENDENT FISSION POINTS WERE GENERATED 
2 8.34560E-01 1ý.0217E+00 -. 00000E+00 0.00000E+00 0.00000E+,00 70-00000M'00 
3 9.18523Z-01 1.17717E+00 9.18523S-01 0100000R+00-, 0.000003+00 • 0.00000z+00 
I 8.913.563-01 1.25417E+00 9.048393-01 1.36835r3-02 O.000003.O00 0.00000z+00 
5 8.72353E-01 1.32917E+00 8.94010E-01 1.34042E-02 0.00000E+00 0,00000B+00 
6 8.983203-01 1.40700B+00 8.95088E-01 9.53925E-03 0.000003,00 0.00000E+00 
7 8.975533-01 1.48300E+00 6.95581E-01 7.40550E-03 0.000003+00 ' 0,000003+00 
8 9.159343-01 1.56083E+00 8.98973E-01 6.93310E-03 0.00000E+00 .0.000003+00 
9 8.451473-01 1.638673+00 8.912833-01 9.66758E-03 0.00000E+00 0.000003+00 

10 8.72145E-01 1.71367S+00 8.88891E-01 8.70746E-03 0.00000Z+00 0.000008+00 
11 9.22529E-01 1.78783E+00 8.92629E-01 8.54049E-03 0.00000E+00 0.000008+00 
12 9.281933-01 1.86200E+00 8.96185R-01 8.42615E-03 0.00000E+01 0.00000E+00 
13 8.93256E-•01 1.93983E+00 8.95919E-01 7.62638E-03 0•.•0000+00÷.> 0.00000E+00 
14 9.55887E-01 2.01117E+00 9.00916E-01 8.569808-03 0,.000003+0.- 0.000003+D0 
15 9.274643-01 2.086173+00 9.02958Z-01 8.143293-03 0.000003+00 0.00000R+00 
16 9.002273-01 2.16217E+00 9.027633-01 7.54174E-03 0.00000E00- 0.000003+00 
17 9.14887E-01 2.236333+00 9.03571E-01 7.06735E-03 0.00000.E00 0.000003+00 
18 9.162253-01 2.310503+00 9,043623-01 6.65803E-03 • 0.000003+00 0.000003+00 
19 8.55365E-01 2.390173+0O 9.014803-o0 6.88630E-03 o.0oooo00 00 O.o00003+00 
20 9.02715E-01 2.46517E+00 9.01549E-01 6.49282E-03 .0,000003+00'. 0.000003+00 
21 8.876503-01 2.540333+00 9.00817S-01 6.18500E-03 0.00000E+00 0.00000+00 
22 9.51076E-01 2.61833E+00 9.033303-01 6.18308E-03 0.0000003t00+ 0.00000z+00 
23 8.95055E-01 . 2.690503+00 9.02936E-01 6.08429E-03 0.00000E+00 . 0.000008+00 
24 8.541213-01 2.767333+00 9.00717E-01 6.21101E-03 0.000003E00 •, 0.0000•03+00 
25 9.592683-01 2.842333+00 9.03263E-01 6.45776E-03 0.000003+00 , 0.00000E+00 
26 8.63072E-01 2.922003+00 9.01588E-01 6.40560E-03 0.00000E+00 0.000003+00 
27 8.82049E-01 2.99433E+00 9.008073-01 6.19355.-03' . 0.00000H+00 0. .000002+00 
28 9.050723-01 3.06850E+00 • 9.00971E-01 5.95283E-03 0.000000E+00o 0.000003+00 
29 9.15060E-01 3.14267E+00 9.014933-01 5.751841E-03 • .•-00000+00E0 .- •..0.000006+00 
30 8.938053-01 3.21683E+00 9.01218E-01 5.54940E-03 ,0,000002+00 - 0.00000N+00 
31 8.73769E-01 3.28733E+00 9.002713-01 5.43767E-03 0.00000R+00 .- 0.000003+00 
32 9.139108-01 3.36150E+00 9.00726E-01 5.27292E-03 .O.OOOOO3+00 0,00000+00 
33 9.013648-01 3.437333+00 9.007473-01 5.10003E-03 0.00000E300 0.00000E+00 
34 9.38928E-01 3.51150E+00 9.01940E-01 5.08019E-03 0.000003E00 0.00000Z+00 
35 9.29078E-01 3.58567E+00 9.027623-01 4.992043-03 0.000003+00 0.000008+00 
36 9.545583-01 3.659833+00 9.042858-01 5.07694E-03 0.000003+00 0.000003+00 
37 9.07369B-01 3.73500E+00 9.04374E-01 4.930543-03 0.000009+00 0,000003+00 
38 9.23832B-01 3.807173+00 9.04914E-01 4.822013-03 0.00000E+00W . 0.000003+00 
39 8.71953E-01 3.88050Z+00 9.040233-01 4.773738-03 0.00000E+00 0.000003+00 
40 9.11720E-01 3.95183E+00 9.042263-01 4.650833-03 0.000003+00 0.00000z+00 
41 9.22057E-01 4.023333+00 9.04683R-01 4.55302E-03 " 00000E+00 0.00000E+00 
. .942 9.116083-01 4.099338+00 9.04856E-01 4.I441IE-03 Q..000003+0,..,O000003+00 

781 9.16381E-01 5.86870B+01 9.108113-01 8.03059E44:0- 0G0000034000, '-0,000005+00 
-782 8.99741-01 5.87620E+01 9.10797E-01 8.021543-04 "0.00000E+00 , 0.00000H+00 

783 8.77045E-01 5.88362E+01 9.10754E-01 8.022918-04 0.000003+00 0,000003+00 
784 9.103663-01 5.89093E+01 9.10753E-01 8.01264E-04 0.00000E+00 0.000003+00 
785 9.595923-01 5.898353+01 9,108153-01 8.026683-04 0.00000.+00 0.00000Z+00 
786 9.15223E-01 5.90558E+01 9.10821E-01 8.01663E-04 0.00000+E00 0.000003+00 
787 8.88340E-01 5.913003+01 9.107928-01 8.01153E-04 0.00000E+00 0.00000E+00 
788 9.23618E-01 5.92042E+01 9.10809E-01 8.002993-04 0.00000E+00 0.000003+00 
789 8.93259E-01 5.928203401 9.107868-01 7.995933-04 0.000003+00 0.00000E+00 
790 8.998153-01 5.935983+01 9.107733-01 - 7.986998-04 0.000003+00 - 0.000003+00 

:791 8.917263-01 5.94348E+01 9.1074SE-01 7.980513-04 0.000003E00 0.000002+00 
792 9.03663E-01 5.951003+01 9.10739E-01 7.97091E-04 0.0000E+00 Q , 0.0000OE+00 
793 9.313103-01 5.95840B+01 9.107653-01 7.965073-04 0.000003+00 0.000008+00 
794 8.983683-01 5.966003+01 9.107503-01 7.956553-04 0.000003+00 0.00030E+00 

-795 9.10513E-01 5.97342E+01 9•107503-01 7.946513-04 . 0.000008+00 0,000003+00 
796 9.155243-01 5,980833+01 9,10756E-01 7.936728-04 0.0000D0+00 " 0.00000+.00 
797 9.226553-01 5.988353+01 9.107703-01 7.928153-04 0.000008+00 0.000003+00 
798 8.84725E-01 5.99603E+01 9.107383-01 7.92494E-04 0.000003.00 0.000003+00 
799 9.127573-01 6.00327E+01 9.107403-01 7.915033-04 0.000003+00 •0.O0000+00 
800 9.486283-01 6.01068E+01 9.107883-01 7.919353-04 0.000003+00 0.000003+00 
801 9.071793-01 6,01837z+01 9.107833-01 7.909563-04 0.000003+00 0.00000E+00 " 802 9.140063-01 6.025783+01 9.107873-01 7.899778-04 0.000003+00 0,000003+00 
3803 . , 6020+.,,>..09E0 .. ,,895-4...;0,00000H+00 0,L ,~,000Q00+00 

SENO MRSSAGS NUMBER TO-2 L 3SCTO.wR~zAXDDE1 COMPI.3TIONOL?,jTS89C31D:53.t0N3-OS
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_~ui 3 AAj ,Ipu& tt for :orWRguei(dpntinued) 

LIPST1M= - :.71026E4 -0 OJR - ,9 19'76r-08 ~ Gm1ERATIO20 TU1 -. W905 573ý9 
NU BAR, . 2,43758E+00 +f OIR - 6,.41447E-05 AVERAGE FISSION GRDUP -2.23967H+01 + OR - 3.673429E 03 

OF,,RTnV O ABFýAGE, fL3TAR7 .CA!YSING _q, 

GYYRTIONS "AVERAGE~ 67' PER7 CEN ~9 53rR-EN 9 9 PW CENV NMER-O 

7~10;jj OR TO 0ý090920 _ TOO,4 0.91-4236~ 

0-~1 91082±0 -R, ~0.00079-- .910 TO-.16 ý022T 4 8 : 

0.91085 ._+_OR P0.0079 04.9106 W 0.91164 0.9092~7 ýT Q-4.8 912 9003 

L2.OR2221.0 9119L.-0 L0 D192.90P T .9_9A2J QP_ 90850_ 

ox84OR 6.00079' 79sOkO16 

P ,.. 0.108~YOR -1O,0022O910~TQ0.911672 90 .92 

0.-97jO1096 't. O ý-.000079. 7P0.910ý.77 T0.911~75 

ý0.~~.91101 4OR -0.00079 .0,.91022 To 0. 9IED 0. a3- O' . 9 123529 9,0 9086d'9000 

2091100 .OR ~Q.00079. 0,90942i 0,9U7258 
21721 ,9~97 iEO 0~0079U10,910218TO 0.911?9 2CQ093 1 

_.* V91093 +2 OR~ M.0079 -: A91014 TO 0.03 O +15 

0,i9.2OR O 000079 .0.91019 TO 091177.' 0.90940 TO9 0,T ,7 

27. 0+91"1~ +~-OR 0.00079 I.0.91032 TO 0.91190 .0 90954 TO 0,9L ,, o

772 . 09112 *OR 0.92. .2ioTO 495.. 0,90344 TO Q .0. 6ý1.. .2~ 

1ý77 0.91057 +,OR -0,00424 87.906347 QO,191481, M0.02.10 TO,0.92.904 17 989'78 0,73P 2 260000 

782 1.0.91054 + OR ~0.004357 0.9D619,,Wb0.91.4U 0.90184 TO,0.91923 0.89750 ýTQ 09237 2~&12000 

7,87 -0.91067 -., OR -0. 0 0402 '701.9.0664 To 0.914697.' 0.90262,1TO 0.918721 0. 89 859.3'Qo,0, 9 74 2216000 

792 .0.914142 .+ * R -,0.ý0 0 499 0.90943 WO 0.91941 ''0. 90444 TOý0;92439 .2;9 30.92938 27"17T1~0Q4 

79.7 . 913 3 7. OR -, 0 .008372 O0 905900TO .0,921'74 -0. 89663,.30. 0, 93012 a. 682

~6,.2-71
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0.8480 TO 0.8515 
*.8515 TO:0.8551 
0.8551 TO 0.8586 
0.8586 TO 0.8621 
0.8621 TO 0.8687 
0.8657 TO 0.8692 
0.8692 TO 0;8728 
0.8728 TO 0.8763 
0.8763 TO 0.8798 
0.8798 TO 0.8834 
0.8834 TO 0.8869 
0.8869 TO 0.8905 
0.8905 To 0o8940 
0.8940 TO 0.8978 
0.8975 TO 0.99110 

0.9011 TO 0.9046 
0.9046 TO 0.9082 
0.9082 TO 0.9117 
0,9117 TO 0,9152 
0.9152 TOO 0.9188 
0.9188 TO 0.9223 
0.9223 TO 0.9259 
0.9259 TO 0.9294 
0.9294 TO 0.9329 
0.9329 TO 0.9365 
0.9365 TO 0.9400 
0.9400 TO 0.9436 
0.9436 TO 0.9471 
0.9471 TO 0.9506 
0.9506 TO 0.9542 
0.9542 TO 0.9577 
0.9577 TO 0.9613 
0.9613 TO 0.9648 
0.9648 TO 0.9683 
0.9683 TO 0.9719 
0.9719 TO 0.9754 
0.9754 TO 0.9790 
P.9790 TO 0,9285

*9 

**9* 

*9 

* ** 

* *4* .***i 

*44*9* 
* * * * * * *** 

**.** * * *4 

* * . * .**.*4*.  

* * * *

OHS BWR TC, ACCIDEWTOP; .CASK, ARRAY;I.0 0-M/CC 1N0 . 06 G/CCHX;j300"'Cj PIITO 

0 T8REQUENCYFOR. GENERATIONSOO 204oTO .803 
0,8444 TO 0.8480.'-* 

0.8480 TO 0.8515 _ ** 

0.8515 TO 0.8551 
0.8551 TO 0.8586 ** 

0.8586 TO 0.8621 
0.8621 TO 0.8657 
0.8657 TO 0.8692 **** 
0.8692 TO 0,8728 
0.8728 TO 0.8763 
0.8763 TO 0.8798 
0.8798 TO 0.8834 
0.8834 TO 0.8869* ********************** 
0.8869 TO 0.8905 ...***************************** 
0.8905 TO 0.8940 
0.8940 TO 0.8975 
0.8975 TO 0.9011 
0.9011 TO 0.9046 "********* 
0.9046 TO 0.9082 
0.9082 TO 0.9117* 
0.9117 TO 0.9152 
0.9152 TO 0.9188 
0.9188 TO 0.9223 
0.9223 TO 0.9259************************************** 
0.9259 TO 0.9294 ******* * 
0.9294 TO 0.9329* **************** 
0.9329 TO 0.9365* ****** ****** 
0.9365 TO 0.9400* ** ** ****** 
0.9400 TO 0.9436 .  
0.9436 TO 0.9471 
0.9471 TO 0.9506 
0.9506 TO 0.9542 
0.9562 TO 0.9577 **** 
0.9577 TO 0.9613 
0.9613 TO 0.9648 ** 
0.9648 TO 0.9683 * 
0.9683 TO 0.9719_,• 
0.9719 TO 0.9754 
0.9754 TO 0.9790 
0.9790.-,TO. 0.9825.-:.-

V * $_k " R'TC - "'AC:IEN QP 'CASK, '• APR--AY- ::;L, •
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Figure 6.6.2-4 CSAS Input & Output for Accident Conditions Criticality Analysis: BWR Fuel 

tlRll0kl0Y 9ODDLE TACCESSý AND INPUT RECORD Jý,SCALE RVR-90/9Z9£~~7 
r'÷MODULE CSAS25. WILL BE CALLED 

U.S 2 WR TC; NORMAL 0P CASK ARRAY; •N.'- 0GM/CC IN•--0.2 GM/CC EX; 270 CM PITCt 
" 27GROUPNDF4 LATTICECELL 

u02 1 0.95 293.0 92235 4.00 92238 96.00 END 
ZIRCALLOY 2 1.0 293.0 END 
H 0 3 0.0001 293.0 END : 
AL 4 1.0 293.0 END 
SS304 5 1.0 293.0 END 
AL 6 DEN.2.6849 0.'706 293.0 END 
B-10 6 DEN.2.6849 0.0137 293.0 END 
B-11 6 DEN=2.6849 0.0830 293.0 END 
C 6 DEN-2.6849 0.0281 293.0 END 
CARBONSTEEL 7 1.0 293.0 END 
PB 8 1.0 293.0 END 
B-10 9 0.0 8.553-5 END 
8-1i 9 0.0 3.422-4 END 
AL 9 0.0 7.763-3 END 
H 9 0,0 5.854-2 END 
0 9 0.0 2.609-2 END 
C 9 0.0 2.264-2 END1 
N 9 0.0 1.394-3 END 
HN20 10 0.2 293.0 END 
820 11 0.2 293.0 END 
END CoN? 
SQUAREpITCH 14529 0.9055 1 3 1,0770 2 0.9246 0 END 
UHS BWR TC; NORMAL OP,0 CASK ARRAY; 0.0001 GM/CC IN - 0.2 GM/CC EX; 270 CM PITCH 
READ PARAM TBA=5 RUN-YES PLT-NO THE-5000 GEN=103 NPG=-000 END PARAM 
PREAD GEO: 

UNIT 1 
CO-' FUEL PIN CELL - WITH H20' 
CYLINDER 1 1 0.4528 2P1,7145 
CYLINDER 0 1 0.4623 2P1.7145 
CYLINDER 2 1 0.5385 2P1.7145 
CUBOID 3 1 4P0.7264 2PI.7145 
UNIT 2 
COM 'WATER ROD CELL - WITH H20' 
CYLINDER 3 1 0.4623 2PI.7145 
CYLINDER 2 1 0.5385 2PI.7145 
CUBOID 3 1 4P0.7264 2P1.7145 
UNIT 3 
COM='FUEL PIN CELL - WITH ST DISK' 
CYLINDER 1 I 0.4528 2P0.7938 
CYLINDER 0 1 0.4623 2P0,7938 
CYLINDER 2 1 0.5385 2P0.7938 
CUBOID " 3 1 400.7264 2M0.7938 
UNIT 4 
COM='WATER ROD CELL - WITH ST DISK' 
CYLINDER 3 1 0.4623 2P0.7938 
CYLINDER 2 1 0.5385 2P0.7938 
CUBOID 3 1 400.7264 2P0.7938 
UNIT 5 
CD •'F7UEL PIN CELL - WITH AL DISK' 
CYLINDER 1 1 0.4528 2P0.6350 
CYLINDER 0 1 0.4623 2P0.6350 
CYLINDER 2 1 0.5385 2P0.6350 
CUBOID 3 1i 40.7264 2P0.6350 
UNIT 6 , 
COXM'WATER ROD CELL - WITH AL DISK' 
CYLINDER 3 1 0.4623 2P0.6350 
CYLINDER 2 1 0.5385 2P0.6350 
CUBOID 3 1 4P0,7264 2P006350 
UNIT 7 
CON-'FUEL PIN ARRAY + CHANNEL - BETWEEN DISKS' 
ARRAY 1 -6,5376 -6.5376 -1.7145 
CUBOID 3 1 4P6.7031 2PI.7145.  
CUDOID 2 1 406.9063 281.7145 
UNIT a 
COX-IFUEX PIN ARRAY -+ CNAbmEL - ST DISKS' 
ARRAY 2 .- 6.5376'-6.5376 -0,7938 
CUBOID 3 1 406.7031'2P0.7938 
CUBOID 2 1 4P6.9063 2P0.7938 
UNIT 9 
CCI6-'FUEL PIE ARRAY + CHANNEL - AL DISKS' 
ARRAY 3 -6,.5376 -6.5376 -0.6350 
CUBOID 3 1 0P6.7031 2P0.6350 
CUBOID 2 L 4P6.9063":200.6350 ' " 

COM.x*-x EORAL + COVER SHEET BETWEEN DISKS' 
CUBOID 6• 1 2P6.7310.200.1124, 21.7145 .
CUBOID 4 1 2P6.7310 2P0.1714 2P1.7145 
CUBOID 5 1 26.'7765 +0.2168 -0.17142P1.7145 
UNIT 1I I ~ 
CCM.'Y-Y BORAZ + COVER SHEET E•"WEEN DISKS' 

'C•UDOI -D 6 A1 2 COVER".7310 E PT.714S I .  
CUROID A j2. 2.1734,4296.7310 2P1.7145'.. '1 
CUw3:D 5 1 +026.1. 42P6,7~765 2P1.7145' ~* 
COK'.-X BORAX. + 6OE HEETWITH ST DISKS'ý 
CUDOID 6 1 206.7310,2P0.12.24 200.7938.,1...  
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COX='Y-Y BORAL + COVER SHEET WITH ST DJISKS' 
CUBOID 6 1 290.112A 2P6,7310 290.7938 
CUBOID 4 1. 2PO.172.4 296.7310 290.7930 

9 Cr58010 5 1 +0.2260 -0.1714 2P6.7765 290.7338 
SUNIT 14 

COK= 2C-X 509AL + COIVER SHEET WITH AL DISKS' 
UOD61296.731 20,1124 290 6 350 

CUBOID 4 1 2P6.7310 290.1714 290.6350 
CUBOIO 5 1 2P6.7765 40,2158 -0,17L.4 290.6350 
UNIT 15 
COM=' Y-Y BORAL, + COVER SHEET WITH A-L DISKS' 
Cr58010 6 1. 290.1124 2P6.7310 290.6350 
CUBOID A I 290.1714 2P6.7310 290. 0350 
CUBOID 5 1 +0.2168 -0.1714 29.7765 290.6350 
UNIT 2 0 
COHm 'FUBL. TUBE CELL. 2 flORAL SHEETS - BETWEEN DISKS (T~R) 
CUBO ID 3 1 4P7 .4930 291,1.714 5 
HOLE 7+0.58667 +0 .5867 0.0 
CUBOID 5 1 47.6144 291.7145 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P1.7145 
HOLE. 10 0.0 +7.7859 0.0 

HOE 11 +'7 7 85 90 0.0 0. 0 
TUNIT 21 
COHM 'OUEL TUBE CELL 2 BORAL SHEETS - BETWEEN DISKS (TI)' 
CUEOID 3 1 497.4930 29P1.714 5 
HOLE 7 -0.5067 +0.5867 0.0 
CUBOID 5 2. 4P7.6144 291.72.45 
CUROID 3 1 +89.0028 -?.6144 +e.0028 -?.6144 +2P1.7145 
HOLE 10 0.0 .7.78.59 0.0 
HOLE 11 +7.7859 0.0 0.0 
UNIT 22 
COHM" FUEL, TUBH CELL 2 BORAL SHEETS - BETWEEN DISKS (BL)' 
Cr53010 3 1 49P7.4930 2P1.71.45 
HOLE 7 -0.5867 -0.5867 0.0 
CUSOID 5 1 497.6144 291.7145 
Cr55010 3 1 +8.0028 -7.614L4 +8.002S -7.61.44 +2P1.7145 
HOLE 10 0.0 +7.7859 0.0 

* HOLE 11 .7.7859 0.0 0.0 
UNIT 23 
COMx 'FUEL. TUBB CELL 2 flORAL SHEETS - BETWEEN DISKS (ER)' 
CUSOID 3 1 497.4930 2F1.7145 
HOLE 7 +D.5867 -0.5e67 0.0 
CUSOID 5 1 497.62.44 291.7145 

* CUSOID 3 1 +8.0028 -7.6144 +8.0028 -7.62.44 +291.7145 
HOLE 20 0.0 +7.7859 0.0 
HOLE 21 +7.7859 0.0 0.0 
UNIT 24 
CON- FUEL TUBE CELL 2 BORAL. SHEETS - BESTER?) DISKS (TI' 
CUBOID 3 1 497.4930 291.7145 

* HOLE 7 0.0 +0.5867 0.0 
CUBOID 5 1. 497.6144 291.72.45 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +291.72.45 
HOLE 10 0.0 +7.7859 0.0 
HOLE 11 +7.7859 0.0 0.0 
UNIT 25 
COM='*FUEL. TUBE CELL 2 BORAL SHEETS - BETWEEN DISKS (B)' 
CUBOID 3 1 497.4920 291.72.45 
HOLE 7 0.0 -0.5867 0.0 
CLJBOID 5 1 497.6144 291.7145 

* CUBOID 3 1 +8.0028 -7.6144 +8-0028 -7.61.44 +2P1.7145 
HOLE 10 0.0 +7.7859 0.0 
HOLE 11 +7.7859.0.0 0.0 
-UNIT 26 
COX= FUEL TUBE CELL TOP BORAL SHEETS -BETWEEN DISKS (TL)' 

* Cr50010 3 2. 497.4930 291.7145 
HOLE 7 -0.5867 +0.5867 0.0 
CUSOID 5 1 497.62.44 291.7145 
Cr55010 3 1 +7.6144 -7.6144 +8.0028 -7.6144 +291..7145 
HOLE 10 0.0 +7.7859 0.0 

* UNIT 27 
CO24=IFUEL TUSK CELL TOP SORAL SHEETS -BETWEEN DISKS (SLP.  

17 CUBOID 3 1 497.4930 291.7145 
HOLE 7 -0.5867 -0.5867 0.0 
CUSOID 5 1 497.6144 2PI.7145 
CUBOID 3 2. +7.6144 -7.6144 +8.0028 -7,6144 +2PI.,72.4 
HOLE 10 0.0 +7.785-4,0.0.  
UNIT 28 
COX--'FUEL TUBE CELL RIGHT BORAL SHEETS -BETWEEN DISKS (BL) 
CUBOID 3 1 497.4930 291.7145 
HOLE 7 -0.5867 -0.5867 0.0 
CUBOID 5' 1-497.6144 291.72.45 
Cr53010 3'1 +8.0028 -7.6144 +7.6144 -7.614A +291.7145 
HOLE 11,+7.7859 0,0 0.0 ' 

UNIT 29 
CBOID'UE TUB 1 ET 497.493 291.7145.BTEE DSK () 
CUBNI 3 1UE TU749E CEL IGH ORLSHES ETEN IKS( 
HOLE 7 0.0 -0.5867 0.0. * *.  

Cr53010 5*1 497.6144 291.7145 
CUBOIO 3 1 +8.0028 -7.6144 +7.6144 -7.6144 +291.7145 

HOE,11 +7.7859 0.0 0.0 
UNIT 30".  
COX= FUREL TUBB CELL RIGHT ]lORAL SHEETS -BETWEEN DISKS (BR)' 
CUBOID 3 1 497.4930 2P1.7145
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CUBOID 3 1 +8.0028 •-7.614.4,7 614.4•,76144_ l 
.HOLE 11 +7,7859 0.0 0,0 

COM='FUE5L TUBE CELL NO BORAL SHEETS - BETWEEN DIMES (BL) 
CUBOID 3 1 4P7.14930 2P1.7145 " 
HOLE 7 -0.5867 - 0.5867 0.0 .  
CUIOD 5 1 97.0144 2P1.7145 .+ 
UNIT 40 
coH=, FUEL TUBE CELL 2 ORAL SHEETS STEEL DISKS (TR) 
CUBPID'3 1 4P7.4930 2 9 0.7938 
HOLE 8 +0.5867 +0.5867 0.0 
CU801D 5 1 4P7.6144 2P0.7938 
CUBOID 3 1 +8.0028 -7.6144 *8.0028 -7.6144 +2P0.7938 
HOLE 120.0 +7.7859 0.0 
HOLE 13 +7.7859 0.00.0 
UNIT 41 - " 

CoH='FUEL TUBE CELL 2 BORAL SHEETS - STEEL DISKS (TO)' 
CUBOID 3 1 4P7,4930 2P0.7938 
HOLE 8 -0.5867 +0.5867 0.0 

CUSOIO 5 1 4P7.6144 2P0.7938 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.7938 
HOLE 12 0.0 +7.7859 0.0 
HOLE 13 .7.7859 0.0 0.0 
UNIT 42 
CON=,'FUEL TUBE CELL 2 BORAL SHEETS - STEEL DISKS (BL)' 
CUBOID 3 1 497.4930 220,7938 : " 
HOLE 8 -0.867 -0o.5867 0.0 .  

CUBOID 5 1 497.6144 290.7938 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.7938 
HOLE 12 0.0 +7.7859 0.0 
HOLE 13 +7.7859 0.0 0.0 ." 
UNIT 43 
COM='FUEL TUBE CELL 2 BORAL SHEETS - STEEL DISKS MR) 
CUBOID 3 1 4P7.4930 290.7938 
HOLE 8 +D.5867 -0.5867 0.0 
CBOID 5 1 4P7.6144 2P0.7938 
CUBOID 3 1 +8.0028 -7.6144 +8,0028 -7.6144 +290.7938 
HOLE 12 0.0 +7.7859 0.0 .  

* HOLE, 13 +7.7859 0.0 0.0 
UNIT 4, 
CON='FUEL TUBE CELL 2 TORAL SHEETS - STEEL DISKS (T-' 
CUBOID 3 1 497.4930 2P0.7938 
HOLE 8 0.0 +0.5867 0.0 
CUBOID 5 1 497.6144 290.7938 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +290.7938 
HOLE 12 0.0 +7.7859 0.0 
HOLE 13 +7.7859 0.0 0.0 
UNIT 45 
CO•=. ,FUEL TUBE CELL 2 BORAI SHEETS - STEEL DISKS '"B)' 
CU00 D 3 1 4P7.4930 290.7938 
HOLE 8 0.0 -0.5867 0.0 
CUB00D 5 1 497.6144 290.7938 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +295.7838 
HOLE 12 0.0 +7.7859 0.0 
HOLE 13 +7.7859 0J0.0.0 
UNIT 46 
COX= FUEL TUBE CELL TOP BOHAI, SHEETS - STEEL DISKS (TL)' 
CUBOID 3 . 497.4930 2P0.7938 
HOLE 8 -0.5867 +0.5867 0.0 
CUBOID 5 1 497.6144 290.7938 
CUBOID 3 1 +7.6144 -7.6144 +8.0028 -7,614d +290.7938 
HOLE 12 0.0 +7.7859 0.0 
UNIT 47 
COM=' FU=L TUBE CELL TOP BORAL SHEETS - STEEL DISKS (BL)' 
CUBOID 3 1 497.4930 290.7938 
HOLE 8 -0.5867 -0.5867 0.0 
CUBOID 5 1 497.6144 290.7938 
CUBOID 3 1 +7.6144 -7.6144 +8.0028 -7.6144.+2P0.7938 
HOLE 1.2 0.0 +7.7859 0.0 
UNIT 48 
CON. 'FUEL TUBE CELL RIGHT'BORAL SHEETS - STEEL DISKS (BL)' 
CUBOID 3 1 4P7.4930 290.7938 
HOLE 8 -0.5867 -D.5867 0.0 
Ct0R010 5 1 497.6144 290.7938 
CUBOID 3 1 +8.0028 -7.6144 +7.6144 -7.6144 +290.7938 
HOLE 13 +7.7859,0,0 0.0
UNIT 49 ,.  
CCO.'FUEL TUBE CLELLRIGHT flORAL SHEETS - STEEL. DISKS (B) ' 
CUBOID 1 497.4930 290.7938 4 
HOLE 8 0.0 -0.5867 .0 .
CUBOID 5 1. 497.6144 2P0.7938 
C05012 3 L. +8.0028 w7.6144'+7.614t -7.61tA +290.7938 . ,*.  
HOLE 1.3, +7.7859 0.0 0.0 

CON-' FUEL TUBE CELL RIGHT. BORAL SHEE!TS -STEELDISKS (BR) .  
CUB010 3 ). 497.4930 290.7938.  
HOLE. 8 +0.5867 -0.5867 0.0 
CtUhOID 5 1 497.6144 2P0.7938- B 
005010 314+8.0028 -7.61444+7.6144 -7.6144 +2M07938 
H OLE 13 +7.7859 0.0 0.0 .. ~ ~ .  
UNI1T51 ,. .  
CON(-'FUEL TUBE CELL NO BORA6 SHEETS -STEEL DISKS (EL) 
C05010 3 1 497.4930.290.7938 
HOLE 8 -0.5887 -0.5867 0.0 ' 

6.6.2-76



SAR - UMS Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-OOA 

Crtca1itY..Awa-yvis-:BWg tgg 

COM , FUEL TUDE CELL 2 BORAL SHEETS - AL DISES -T-) 
CUBOID 3 3. 4P7.49031 2920.6 350 * 

HOLE ' 9 +0;5867 +0.5867 0.0 ' 
CUBOID 5 1 4P7.6144 2P0.6350.  S..CUBOID 3 1 +8.0028 _-7.6144 t+8.0028 -7.6144 +2P0.6350 
HOLE 14 0.0 +7,7859 0.0 
HOLE 15+7.7859 0.0 0.0 

SUNIT 61 .

COHM'7UEL TUBE CELL 2 BORAL SHEETS - AL DISKS MT), r CUBOID 3. 7 . 49330 2P0.6350 
ROLE 9 -0.5887 +0 .5867 0.0 

' CUBOID 5 1 4P7.6144 2P0.6350 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.6350 
HOLE 14 0.0 +7.7859 0.0 
HOLE 15 +7,7859 0.0 0.0 

UNIT 6: 
S COM-' FUEL TUBE CELL 2 BORAL SHEETS - AL DISKS (EL)' 

CUBOID 3 1 4;7.4930 2P0.6350 
HOLE 9 -0.5867 -0.5867 0.0 
CUBOID 5 1 427.6144 2Po.6350 
CUSOID 3 1 + 8,0028 -7.6144 +8.0028 -7.61414 +2P0.6350 
HOLE 14 0.0 +7.7859 0.0 
ROLE 15 +7.7859 0.0 0.0 
UNIT 63 "COM='FUEL TUBE CELL 2 BORAL SHEETS - AL DISKS (BR)' 
CUBOID 3 1 497,4930 290.6350 
HOLE 9 +0.5867 -0 5867 0.0 
CUBOID 5 1 4P7.6144 290.6350 
CUBOID 3 1 +8.0028 -7.6144 +8.0028 -7.6144 +2P0.6350 

O HOLE 14 0.0 +7.7859 0.0 
ROLE 15 +7.7859 0.0 0.0 
UNIT 64 
COX=' FUEL TUBE CELL 2 BORAL SHEETS - AL DISKS (T)' 
CUBOID 3 1 497.4930 290.6350 
HOLE 9 0.0 +0.5867 0.0 
CUBOID 5 1 4P7.6144 290.6350 
CUBOID 3 1 +7.$0028 -27.6144 +8.028 -7.6144 +290.6350 
HOLE 14 0.0 +7.7859 0.0 
HOLE 15 +7.7859 0.0 0.0 
UNIT 65 
COM='FUEL TUBE CELL 2 BORAL SHEETS - AL DISKS (B)' 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 0.0 -D.5867 0.0 
CUBOID 5 1 4P7.6144 2P0.6350 
CUBOID 3 1 +8.002a -7.6144 +8.0028 -7.6144 +2P0.6350 
HOLE 14 0.0 +7.7859 0.0 
HOLE 15 +7.7859 0.0 0.0 
UNIT 66 
COM=1FUEL TUBE CELL TOP BORAL SHEETS - AL DISKS (TLW' 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 -0.5867 +0.5867 0.0 
CUBOID 5 1 4P7.6144 2P0.6350 
CUBOID 3 1 +7.6144 -7.6144 +8.0028 -7.6144 +2P0.6350 
BOLE 14 0.0 +7.7859 0.0 
UNIT 67 
COM-'FUEL TUBE CELL TOP BORAL SHEETS - AL DISKS (BL)' 
CUBOID 3 1 4P7.4930 2P0.6350 
HOLE 9 -0.5867 -0.5867 0.0 
CUBOID 5 1 4P7.6144 2P0.6350 
CUBOID 3 1 +7.6144 -7.6144 +0.8028 -7.6144 +2P0.6350 
HOLE 14 0.0 +7.7859 0.0 
UNIT 68 
COM='FUEL TUBE CELL RIGHT BORAL SHEETS - AL DISKS (BL)
CUBOID 3 1 4P7.4930 2o.68350 
BOLE 9 -0.5867 -0.5867 0.0 
CUBOID 5,1 497.6144 290.6350 
CUBOID 3'1 +8.0028 -7.6144 +7.6144 -7.6144 +2P0.6350 
HOLE 15 +7.7859 0,0 0.0 
UNIT 69 
COM=r'UEL TUBE CELL RIGHT •ORAL SHEETS -AL DISKS (B)' 
CUBOIID 3 1 497.4930 290.6350 
HOLE 9 0.0 -0,5867 0.0 .  
CUBOID 5 1 4P7.6144 2P0.6350 .  
CUBOID 3 1 +8.0028.-7.6144 +7.6144 -7.6144 +290.6350 
HOLE 15 +7.7859 000.0 .' 
UNIT 70' 
COXs FUEL TUBE CELLRIGHT BORAL SHEETS . AL DISKS (BK)' 
CUBOID 3 1 497.4930 29o.6350 
HOLE-. 9 +0.5867 -0.5867• 0.0 "CUBOID 5 2 4P7.6144 2P0.6350 
CUBOID 3 1 +8.0028 -7.6144 +7 6144 7- 6144_+2906350 
ROLE 15 +7.7859 0.0 0.0 "UN'IT 71 "" 
COCs *FUEL TUBE CELL HO flORAL SHEES AL DISKS (BL) 
CUBOID 3 1 497,4930 2P0.6350 
HOLE -9 -0.5867 -0.5867 0,0 
CUBOID 5 1.497.6144 290.6350 

* UNI1T80 
COM='DISK OPENING 2 fEOAL SHEET TUBS.- BETWEEN DISKS (TR)+, 
CUBOID) 3 1 497.9731 291.7145 
BOLE 20 -0.0297 -0.0297 0.0 ,'~~ .  

UNIT81 4.. ' 
COB- 'DISK, OPENING 2 BORAI. SHEET TUBE!- BETWEEN4 DISKS (TL)' .- , 

CUBOID 3 1 4P7.9731 291.7145 .. , ,,
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CO.M='DISK OPENING 2 BORAL SHEET TUBE - RETWEEN DISKS (EL) 
F CUEOID 3 3. 497.9731 291.7145 .  

HOLE 22 -O.3586 -'0.3586 0.0 ,0 -': 
UNIT 83 
com-='DIST OPENING 2 BORAX. SHCEET TUBE - BETWEEN DISKS tPB.) 
CUB0ID 3 1 4P797331 291.7145 -:- . " : 
HOLE 2--..),,3.6 0.0 ... .  
UNIT 84 
COMH'ISK OPENNG 2 _BORAG SHEET TUBE BPETWEENDISKS_ CT) 
CMBOID 3 1 4P7.9731 2P1.7145 
HOLE 24 -0.1942 -0.0297 0.0 
UNIT S5 
CONM' DISK OPENING 2 SORAL SHEET TUBE - BETWEEN DISKS (B) 
CUEO ID 3 1 4P7.9731 2P1.7145 
HOLE 25 -0.1942 -0.3586 0.0 
UNIT 86 
CON- 'DS PNING TOP DOKAL SHEET TUBE -BETWEEN DISKS CTL) 
CUBOID 3 1 4P7.9731 2P1.714 5 
HOLE 26 -0.3586 -0,0297 0.0 
UNIT 87 
COF='DISK OPENING TOP BORAL SHEET TUBE -.BETWEEN DISKS (BL) * 
CUBOID 3 1 4P7.9731 2P1.7145 
HOLE 27 -0.3586 -0.3586 0.0 ".' 
UNIT i" 
COM='DISK OPENING RIGHT BORAL SHEET TUBE - BETWEEN DIKSK ) 
CUBOID 3 1 4P7.9731 2P1.71.9 " "EL-' 
HOLE 28 -0.3586 -0.3586 0.0 
UNIT 89 
COM='DISK OPENING RGHT BORAL SHEEET TUBE - BETWEEN DISKS CE)' 
CUBOID 3 1 4P7.9731 2P0.7 .145 
HOLE 29 -0.1942 -0.3586 0.0 
UNIT 90 
COM='DISK OPENING RIGHT BORAL SHEET TUBE - BETWEEN DISKS CBR)' 
CUBOD 3 21 4P7.9731 2P1.7145 
HOLE 30 -0.0297 -0.3586 0.0 
UNIT 91 
COX= ,DISK OPENING No BORAX. SHEET TUBE -BETWVEEN DISKS (BL)' 
CUBOID 3 1 4P7.9731 2P1.7145 
HOLE 31 -0.3586 -0.3586 0,0 
UNIT 300 
COX. 'DISK OPENING 2 BORAL SHEET TUBE - STEEL DISES (TN)' 
CUBOID 3 1 4P7.9731 2P0.7938 
HoLEs 40 -0.029 7 -0.0297 0.0 
UNIT 103.  
COX='DISK OPENING 2 BORAL SHEET TUBE - STEEL DISKS CML)' 
CUBOID 3 1 4P7.9731 2P0.7938 
HOLE 41 -0.3586 -0.0297 0.0 
UNIT 102 
CON-'DISK OPEHING 2 BORAX. SHEET TUBE - STEEL DISKS CBL)' 
CUBOID 3 1 4 7.9731 2Po.7 938 
HOLE 42 -0.3586 -0.3586 0.0 
UNIT 103 
COM='DISK OPENING 2 BORAL SHEET TUBE - STEEL DISKS CER)' 
CUBOID 3 1 4P7.9731 2P0.7938 
HOLE 43 -0.0297 -0.3586 0.0 
UNIT 104 

CON 'DISK OPENING 2 BORAG SHEET TUBE .STEEL DISKS (T)' 
CUBOID 3 1 4P7.9731 290.7938 
HDLEs 44 -0.1942 -0.0297 0.0 
'UNIT 105 
COX= ' DISK OPENING 2 BORAX. SHEET TUBE -STEEL DISKS CE)' 
CUBOID 3 1 4P7.9731 2P0.7938 
HOLE 45 -0.1942 -0.3586 0.0 
UNIT 106.  
CO.'DISH OPENING TOP BORAL SHEET TUBE -STEEL DISKS - (T.)' 
CUHOID 3 1 497.9731 290.7939 
HOLE 46 -0.3586 -0.0297 0.0 .  
UNIT 107 
CON-" DISK OPENING TOP BORAL SHEET TUBE -STEEL, DISKS CBL)' 
CUBOID 3 1 497.9731 280.7938.  
HOLEý 47 -0.3586 -0.3586 0.0.  
UNIT 108 
.C0H= 'DISK OPENIG RIGHT BoRAL SHEET TUBE -STEEL DISKS (EL), 
008010D 3 1. 4P7.9731 2073 
'HOLE 48 -358-0.3586 0. - ...  
UNIT 109 -,.  
CoMX 'DISK OPENING RIGHT BORAX. SHEET TUBE STEEL DISKS CE)' 
CUBOID 3 1 497.9731 2PO.7938 . , 
HOLE 49 -0.1942 -0.3586 0. .  
UNITli 11D 
CCX' 'DISK' OPENING RIGHT BO0RAL SHEET TUBE STEEL DISKS C BR)' ,.  
ý.CUBOID 3 3.497.9731 2P0.7938r~ 
'HOLE 50 m-0.0297 -0.3586 0 .0 
UNIT 111 . ....  
COM=' DISK OPENING HO BOPAX. SHEET TUB? STEEL DISKS (EL) ~ 
-CUBOID 3 1 497.9731. 2P0ý7938 ' 

HOE 51' -0,3596 -0.35860. ,', 
UNIT 120 *.'' 

CDMX 'DISK OPENINOG 2 EORAL SHEET TUBE AL DISKS (TR)' 
CUBOID 3 1 497.9733, 290.6350 "''"
HOLE 60 -0.0297 -0.0297 0.0 ~. 'i 
UNIT 121,. ~ ~ X ' 
COMs 'DISK OPENING 2 flORAL SHEET TUB E AL. DISKS (7CL)' 
CUBOID 3 1 497.9731 2P0.6350 *~ ~ -'
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7- "UNIT 122 "' 

COM2='DISK OPENING 2 BORAL SHEET TUBE - AL DISKS (BL) 
CUBOID 3 1 4P7.9731 2P0.6350 
0-HOLE 62 -0.3586 -0.3586 0.0 

* UNIT 123 
COMX'DISK OPENING 2 BORAL SHEET TUBE - AL DISKS (BR)' 
CUBOID 3 1 4P7.9731 2F0.6350() 
HOLE 63 -0.0297 -0.3586 0.0 
UNIT 124 
COM='DISK OPENING 2 BORAL SHEET TUBE - AL DISKS (T)M' 
CUNO,ýID 3 1. 4P7.9731 aPO.6350 

S, HOLE 64 -0.1942 -0.0297 0.0 
UNIT 125 *-' 

COC ,'DISK OPENING 2 NORAL SHEET TUBE- AL DISKS (N)' 
CUBOID 3 1 4F7.9731 2P0.6350 
HOLE 65 -0.1942 -0.3586 0.0 
U DNIT 126• 
COM= 'DISK OPENING TOP NORAL SHEET TUBE - AL DISKS RTL)' 
CUBOID 3 1 4P7.9731 2P0.6350 
HOLE 66 -0.3586 _-0.0297 0.0 

UNIT 127 
COMZ'DISK OPENING TOP BORAL SHEET TUBE - AL DISKS (L")' 
CUBOID 3 1 4P7.9731 2 0.6350 
HOLE 67 -0.3586 -0.3586 0.0 
UNIT 128 
COM'DISKHOPENIN TR HT BORAN SHEET TUNE - AL DISKS (EL) 
UC0ID 3 1 3 847.9731 2PI,6350 

HOLE 68 -0.3586 -0.3586 0.0 
UNI1T 1-29 
COM- EDISK OPENING RIGHT + ORM9 SHEET TUBE - AL DISKS (B)' 
CUNOID 3 1 4P7,9731 2P0 .6350 
HOLE 69 -0.1942 -0.3586 0.0 
UNIT 130 
CON"' DISH OPENING RIGHT BORAL SHEET TUNE - AL DISKS (NH)' 
"CUOEID 3 1 4P7. 97+391 2P0 ,.6350 
HOLE 70 -0.02971 -0.3506 0.0 
UNIT 131 
COXO'D'ISH OPENING HO NORM. SHEET TUBE - AL, DISKS (EL)' 
CUHOID 3 1 4P7.9731 2P0.6350 
HOLE 71 -0.35961 -0.3586 0.0 
UNIT 140 
CCK 'BASKET STRUCTURE IN TRANPORT CASK -WATER DISH' 
CYLINDER 3 1 +83.5787 2P1.7145 
HOLE 90 -70.3885 +8.7986 0.0 
HOLE 83 -52.7914 +8.7986 0.0 
HOLE 83 -52.7914 +26.3957 0.0 
HOLE 90 -52:7914 +43.9928 0.0 
HOLE 83 -31.1942 +8.7986 0.0 
HOLE 83 -35.1942 +26.3957 0.0 
HOLE 83 -35.1942 +43.9928 0.0 
HOLE 90 -35.1942 +61.5899 0.0 
HOLE 83 -17.5971 +8.7986 0.0 
HOLE 83 -17 .5971 +26.3957 0.0 
HOLE 83 -17.5971 +43.9928 0.0 
HOLE 90 -17.5971 +61.5899 0.0 
HOLE 85 0.0 +8.7986 0.0 
HOLE 85 0.0 +26.3957 0.0 
HOLE 85 0.0 14 -43.9928 0.0 
HOLE 09 0.0 +61.5899 0.0 
HOLE 82 +17.5971 +8.7986 0.0 
HOLE 82 +17.5971 +26.3957 0.0 
HOLE 82 +17.5971 +43.9928 0.0 
HOLE 88 +17.5971 +61.5899 0.0 
HOLE 82 -+30.1042 +8.7986 0.0 
HOLE 82 +35.1942 +26.3957 0.0 
HOLE 82 +35.1942 +43.9928 0.0 
HOLE 81 +35.1942 +61.5899 0.  
HOLE 82 +52.7914 :+8.7986 0.0 
HOLE 87 +52.7914 +26.3957 0.0 
HOLE 91 +52.7914 +43.9928 0.0 
HOLE 91 +70.3885 +1.7986 0.0 
HOLE 80 -70.3885 , -8.7986 0.0 
HOLE 80 -52.7914 --8.7986 0.0 
HOLE 80 ý-52.7914 --26.3957,0.0 
HOLE 80 -52.7914 -43.9928 0.0 
HOLE 80 -35.1942 -8.7986 0.0 
HOLE 80 -35.1942 -26.39570.0 0.  
HOLE 80 -35.1942 -43.9928 0.0 
HOLE 80 -35.1942.,-61,5899 0.0 ,' 

HOLE .0 -17.5971 -8.7986 0.-0 
HOLE 80 -17.5971 -26.3957 0.0 
HOLE 80 -17.5971 -43.9928 0.0 
ROLE so -17.5971 -061.5899 0.0 ' .ý .  

HOLE 94 0.0 .,-" --8.7986 0.0 .~ ~ 
HOLE 84 .ý .00 /'-43.9928 0. 0 
HOLE 84 0.0 + -61.5899 0.0 
HOLE 91 ,+17.5971. ,-8.7986 0.0:2 
HOLE 81 +17.5972. -26.3957 0,0 
HOLE 81 '+17.59711-43.9928 0.0 
HOLE 81 +17.5971%-61.5899+'0.0 
HOLE 81 +35.1942 ý--8.7986 0.0 
HOLE 81 +35.1942 -w26.3987 0.  
HOLE 81 +35.1942-43.9928 0,0 
HOLE 86 +35.1942,'-61.5899 C0.  

r6"6.2779
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HO1 8 86' +52. 7914d '-263957 0 V.o-r 
HOLE 86 +52 791.4 -43 9928 0 0 
HOLE 86 +70.3885 -8.7986 0.0 
CYLINDER 5 3. +85.1662 2P1.7145 
CYLINDER .0 1 +185.8647 2Pi.7145 
CYLINDER 5 1 +190.9447 2PI.7145 
CYLi' m 8 1 + 97.9297 291.7145 
CYLINDER 5 1 41.04.9147 291.71.45 .  

CYLINDER 9 1 +116.3604 291.7145 
CYLINDER 0 1 +116.6788 2P1.7145 
CYLINDER 5 1 .117.3156 291.71.45 
CUBOIE 10 1 45135.0 291.7145 
oNrr,141 
COMX ' ASKET STRUCTURE 1.00 TRANPON-CZK 7-E~CARBON0 STE EI. P1.S V 1
MINER103 -35. 7 1 +83,1850 290.7938 

HOLE 110 -70.3885 +6.7986 0.0 '".  
HOLE 103 -52.7914 +8.7986 0.0 
HOLE 103 -52.7914 +26,3957 O.0 
HOLE 110 -52.7914 +43.9928 0.0 
HOLE 103 -35.1942 +8.7986 0.0 
HOLE 103 -35.1942 +26.3957 0.0 
HOLE 103 -35.1942 +43.9928 0.0( 
HOLE 110 -35.1942 +61.5899 0.0 
HOLE 103 -17.5971 48.7986 0.0 
HOLE 103 -17.5971 +26.3957 0.0 .  
HOLE 103 -17.5971 +43.9928 0.0 
HOLE 110 -17.5971 +61.5899 0.0 
HOLE 105 0.0 +8.7986 0.0 
HOLE 105 0.0 +26.3957 0.0 
HOLE 105 0.0 +43.9928 0.0 
HOLE 109 0.0 +61.5899 0.0 
HOLE 102 +17.5971 +8.7986 0.0 
HOLE 102 +17.5971 +26.3957 0.0 
HOLE 102I 17.5971 +43.9928 0.0 
HOLE 1.08 +17.5971 +61.5899 0.0 
HOLE 102 +35.1942 -8.7986 0.0 
HOLE 102 +35.1942 +26.3957 0.0 
HOLE 102 +35.1942 -43.9928 0.0 
HOLE 111 +35.1942 +61.5899 0.0 
HOLE 102 +52.7914 +8.7986 0.0 
HOLE 107 +52.7914 +26.3957 0.0 
HOLE Ill +52.7914 +43.9928 0.0 

* HOLE Ill +70.3885 +8.7986 0.0 
HOLE 100 -70.3885 -8.7986 0.0 
HOLE 100 -52.7914 -8.7986 0.0 
HOLE 100 0-52.7914 -26.3957 0.0 
HOLE 1.00 -52.7914 -43.9928 0,0 
HOLE 100 -35.1942 -8.7986 0.0 
HOLE 100 -35.1912 -26.3957 0.0 
HOLE 100 -35.1942 -43.9920 0.0 
HOLE 100 -35.1942 -61.5899 0.0 
HOLE 100 -17.5971 -8.7986 0.0 
HOLE 100 -17.5971 -26.3957 0.0 
HOLE 100 -17.59"1 -43.9928 0.0 
HOLE 100 -17.5971 -61.5899 0.0 
HOLE 104 0.0 -8.7986 0.0 
HOLE 104 0.*0 -26.3957 0.0 
HOLE 104 0.0 -43.9928 0.0 
HOLE 1.04 0.0 -61.5899 0.0 
HOLZE 1. +17.5971 -8.7986 0.0 
HOLE 101. +1.7.5971 -26.3957 0.0 
HOLE 101. +1.7.5971 -43.9928 0.0 
HOLE 101 '+1.7.5971 -61.5999 0.0 
HOLE 101 +35 1.942 -8.7986 0. 0 
HOLE 101 +35.1942 -26.3957 0.0 
HOLE 101 +35.1942 -43.9928 0.0 
HOLE 108 435.1942 :-61.5899 0.0 
HOLE 101 *52.7914 '-8,7986 0.0 
HOLE 106 +52.7914 -26.3957 0.0 
HOLE 106 +*52.7914 -;43.9928 0.0 
HOLE 106 .+70.38854 -8.7986 0.0
CYLINDER 3 1:-+83.5787 290.7938' 
CYLINDER 5 1 +85.1662 249.783a 
CYLINDER 10 1 -+853.8647 290.7938 
CYLINDER 5 1 +90.9447 290.7939 
CYLINDER 8 1.+97.9297 290.7938 
CYLINDER ý5 1.4104L.9147 290.7938 
CYLINDER 9 1 +116.3604 290.7938: .  
CYLINDER 0 1 +1.16.788 290.7938 
CYLINDER. 51.+1.17.3156 2P0.7938~ 
CtBOID 10 1 49135.0 2V0.793 8L 
UNIT 142 .  

C09ir'BASKET STRUCTURZ IN TRANPORT CASK A-L DIK,, 
CYLINDER 4 1 +82.8875 2P0.6350ý 
1HOLE 130 t-70.3885 +48,7986 0.0~'~..  

* HOLE 123 -52.7914 +8,7986 M 
ROLE 123 -52.7914 +26.3957 0 /- 0"~ 

ZOE10 -52.7924 443.9928 0.  
*HOLE 1.23 . -:35.1.942 4+8.7986 0, :j 

HOLE 3.23 ;-35.1942 !t26.3957 00~*I 
HOLE 123 '-.35.1942. +43.9928:040--~ +.  
HOLE 130 -3.94 61.5899, 0.0,~';!'V " 
HOLE 123 ',-17.597L +8.7986 .0'~~ 

*.HOLE 1.23 t"-17.5971 +26.3957:0,.0 
*HOLE 123 a-17.5971 +43.9928 0 .ýO,,.
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Mt2HOLE 125-E0 0- 4,8:.7986' 0. .:7-,0 - "-', ' ' 
RHOLE 125 0.0 +26.3957 0.0 
HOLE 125 0.0 +43.9928 0.0 

- HOLE 128+ 0.50 +61.5899 0.0 
HOLE 122 +17.5971 +8.7986 0.0 

L HOLE 122 +17.5971 +26.3957 0.0 
EHOLE 122 .+15.5971 +43.9928 0.0 
HOLE 128 +17.5971 +61.5899 0.0 
HOLE 122 +35.1942 +8.7986 0.0 
HOLE 122 +35.1942 +26.3957 0.0 "HOLE 122 +35.1942 +43.9928 0.0 
HOLE 131 +35.1942 +61.5899 0.0 
HOLE 122 +52.7514 +8.7986 0.0 
HOLE 127 +52.7914 -26.39576 0.0 

" HOLE 131 452.7914 +43.9928 0.0 
HOLE 131 +70.3885 .7986 0.0 

* HOLE 120 -70.3885 -8,7986 0.0 
- HOLE 120 -52.7914 -8.7986 0 .0 

HOLE 120 -52.7914 -26.3957 0 .0 C 
HOLE 120 -52.7914 -43.992 0 ,o 
HOLE 120 -35.1912 -8.7986 0.0 
HOLE 120 -35.1942 -26.3957 0.0 
"HOLE 120 -35.1942 -43.9928 0.0 
HOLE 120 -35.1942 -61.5899 0.0 
HOLE 120 -17.5971 -8.7986 0.0 
HOLE 120 -17.5971 -26.3957 0.0 
HOLE 120 -17.5971 -43.9928 0.0 
HOLE 120 -10.5971 -61.5899 0.0 
HOLE 124 0.0 -8.7986 0,0 
HOLE 124 01.0 - 26.3957 0.0 
HOLE 124 0.0 -43.9928 0.0 
HOLE 124 0.0 -61.5899 0,0 
HOLE 121 +17.5971 .-8.7986 O.0 
HOLE 121 +17.5971 -26.3957 0,0 
HOLE 121 +17.5971 -43.9928 0.0 
HOLE 121 +17.5971 -61.5899 0.0 
HOLE 121 +35,1942 -8.7986 0.0 
HOLE 221 +35,1942 -26.3957 0.0 
HOLE 121, +35.1942 -43.9928 0.0 
HOLE 126 +35.1942 -61.5899 0.0 
HOLE 121 +52.7914 -6.79s6 0.0 
HOLE 126 *02.7914 -26.3957 0.0 
HOLE 126 +52.7914 -43.9928 0.0 
HOLE 126 +70.3885 -8.7986 0o0 
CYLINDER 3 1 +83.5787 2P0.6350 
CYLINDER 5 1 +85.1662 2P0.6350 
CYLINDER 10 1 +85.8647 2P0.6350 
CYLINDER 5 1 +90.9447 2P0.6350 
CYLINDER 8 1 +97.9297 2P0.6350 
CYLINDER 5 1 +104.9147 2P0.6350 
CYLINDER 9 1 +116.3604 2P0.6350 
CYLINDER 0 1 +116.6788 2P0.6350 
CYLINDER 5 1 +117.3156 2P0.6350 
CUBOID 10 1 49135.0 2P0.6350 
GLOBAL UNIT 143 
COM='AXI:AL STACK OF BASKET SLICES' 
ARRAY 4 -135.0 -135.0 0.0 
END GEON 
READ ARRAY 
ARA=I =UX9 NUY=9 NUZ=I FILL 

36RI 
4RI 2 4RI 
SRI 2 3R1 

27R1 
END FILL " 
ARA"2 NUX=9 NUY=9 NUZ=1 FILL 

36R3, 
4R3 4 4R3 
5R3 4 3R3 

27R3 .  
EN FILL " 
).34A3 NUX=9 NUY=9 NU=I1 FILL 

3615 
4R5 6 4R5 
5RS 6 3R5 

27R.5 -

END FILL 
ARA=4 -UX=1 UY=1 NUZ.I4 FILL 140 141 140 142 END PILL 

. END ARRAY 
READ BOUNDS..ZFCFR&R~ IRREDOHO 
RHOND-0ATA 

6.6.2-81
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bigure L$SW~ for A 

PRCOSLEM PWAR HST 

E.Y B7GROUPND O?4f V'IBRARt 
MXX 3.1 MIXTUR.ES 

MSC20 COMPOSITION SPEgIA' ION$ 

GE LATTICECELL GECOMTRY 
MORPNE 0 Q/1 DO NO tPL E RA . IONAELTS 

i MS M -_ 0 PTKELV0LOITION 

*** ROS-E CO PST.ION-DS~iPTZmoN 

SC -UO2 STANDARD icOMP'QsITION 
* IA 1 MIXTURE NO.  

VF 0.9500 VOLUME FRACTION 
ROTH 10.9600 THEORETICAL DENSI.TY 
NEL 2 NO. ELEMENTS 
ICP I o/1 MIXTU.RE/COP UND 
TEMP 293.0 DEG KELVIN 

92000 1.00 ATOM/MOLECULE 
92235 4.000 MT% 
92238 9 6: 000,wr 

6016~ ~2 ,00 ATOMS/MOLECULZ 

SC SIRCALLO0Y STANDARD COMPOSXWIQN 
ME 2 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 

* ROTH 6.5600 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/I MIXTURE/COmPOU 
TEMP 293.0 DEG KELVIN 

40302 -1 00 ATOMS/MOLECULE ~END 
SC 0-20 STANDARD COMPOOI7TON 
MX 3 MIXTURE NO.  
VF 0.0001 VOLUME FRACTION 
ROTH 0.0982 THEORETICAL DENSITY 
NEL 2 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/ý€OMPOU'ND 
TEMP 293.0 DEG KELVIN 

1001 2.00 ATOMS/MOLECUýLE 
. 8D16 1.0ATMMLCE 

SC AL- -STANDARD COMPO0SITION 
NE 4 MIXTURE NO.  
VF 1.0000 VOLUME FRACTION 
ROTH 2.7020 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTUREICOMXOUND 
TEMP 293.0 DEG KELVIN 

•13027-• .000 ATOMMOLCULE 

SC S304 - - -6-0STAN o5 pOSI0 IO 
.. ..5 MIXTURE NO, 
VP 1.0000 VOLUME FRACTION 

SROTH 7.9200 THEORETICALE DENSITY 
MNEL NO. ELEMENTS 
ICP 0 0/1 XXTURE•/1OxMPUND 

S TEMP 293.0 DEG KELVIN 
24304 19.000 NT$ 
25055 2.000 MIS 
26304 69.500 MT% 

.END 

SC 'AL ̀-- --STANDARD -COMPOSITICN 
ME '. 6MIXTURE NO.  
VP 0.706 VOLUMEs FRACTION 
ROTE 2.6849 SPECIFIED DENSZZy 
"NEL . 1 NO. ELEMENTS 
ICP I 0/i MIXTURECqOMPOUM 
TEMP 293.0 DOG KELVIN 

S0.TEND 

SC "9 B-10- - "7STANDARDr Cox>cSITxoN 
6 MIXTURE NO.  

'VF , 0.0137 VOLUME. •RACTION 
rROTH 2.6849 SPECIFIED.DZNSZT.X 
MEL 1ý NO. ELEMENTS 
zOPý 1 0/1 MIXTURELCOMWUND 
TEMP 293.0 D)RG KELVIN 

SC- '91 ' STANDARD .ComwomZTO2 
"HX 6 MIXTURE MO.  
VP *. 0.0830 VOLUME FRACTION

r- .-- 4
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r- --EL -- I' NO. JELERNNtA 
IC? 1 0/1 MIKTUR/jCCMPOUND 

"TTEMP 293.0 DEG KELVIN 

MX . 6 MIXTURE No.  
VF 0.0281 VOLUME FRACTION 
ROTH 2.6849 SPECIFIED DENsITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/i MIXTURE/COMPOUND 
TEMP 293.0 DEG KELVIN 

.6012 1,. ~00 ATOM/ýMOLECULS 

SC CARBONSTEEL STANDARD COMPOSITION 
MX 7 MIXTURE NO.  
VP 1.0000 VOLUME FRACTION 
ROTH' 7.8212 THEORETICAL DENSITY 
MNEL 2 NO. ELEMEN4TS 
ICP 0 0/1 MIXTURE/.COKPOUND 
TEMP 293.0 D0G KELVIN 

26000 99.000 WTI 
6012 .. ,1.000 NIB 

SC PB . STANDARD COMPOSITION 
Hx 8 MIXTURE NO.  
VF 1O0000 VOLUME FRACTION 
ROTH 11.3440 THEORETICAL DENSIT Y 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUDE 
TEMP 293.0 DEG KELVIN 

82000 ;. . i 10. ATOMMOLECULE 

SC B-10 STANDARD COMPOSITION 
- Mx 9 MIXTURE NO.  

DEN 8.5530E-05 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
NEL 1 NO, ELEMENTS 
1CP 1 0/1 MýIXTURE/COMPOUND 

50;-Q ATOM/MOLECULE 

SC B-11 STANDARD COMPOSITION 
MX 9 MIXTURE NO.  
DEN 3.4220E-04 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSITY 
MEL I NO. ELEMENTS 
IC? 1 0/1 MIXTUREICOMPOUND S..... 01! ..... 1.500 ATOM/MOLECULE 

SC AL...... STANDARD COMPOSITION 
- 9 MIXTURE NO.  
DEN 7.7630E-03 ATOMIC DENSITY 
ROTH 2.7020 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

* .. .,.. 130Z7-1-0,-2,9ATOH/M4OL8CULB 
END 

8C N ? STANDARD COMPOSITION 
MX 9 MIXTURE NO.  
DEN 5.8540B-02 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL .DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0/1 MIXTURE/COMPOUND 

._ .1...001.•..•.....,..,1.00 •ATOM/MOLECULE• 

Im 

C'S',O . . TANDARD COMPOSITION 
MX 9 MIXTURE NOD 
DEN 2.6090E-02 ATOMIC DENSITY 
ROTH L.000 THEORETICAL DENSITY 
NEL 1 NO. ELEMENTS 
ICP 1 0I/ MIXTURE/COMPOUND 

8,L .I 0 /LCEND 

00,7• C" L••'' "T•STA20D .RD-.O!,O~?S TI:O 
.Mx 9 MIXTURE NO.  
DEN 2.2640E-02 ATOMIC DENSITY 
ROTH 2. ,000 THEORETICAL DEmr "NEL 1 NO. ELEMENTS 
IC v 1 0/1 MIXTURE/.COMPOUND 

SC'N "" '-STAN3ARD 'COM1P=SITON 
SMX * 9 MIXTURE NO, 
DEN 1.3940E-03 ATOMIC DENSITY 
ROTH 1.0000 THEORETICAL DENSIV
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FigureCQupu for2- Acidn Coniton Criticality c~4~ 

UMS BWR TC; NORMAL OP; CASK ARRAY; 0,0001 GM/CC IN - 0.2 GM/CC EX; 270 CM PITCH '* 

DATA LIBRARY 2NFORMATION ... * 

* . *UNIT VOLUME ** 
*** NUMBER DATA SET NAME NAME UNIT FUNCTION * 

89 G:\sca1e43\DATALIB\FT89F001 STANDARD COMPOSITION LIBRARY '* 

4** 82 G:\scale43\DATALI13\FT82F001 CROSS SECTION LIBRARY 

11 D: \PREJECTS\eds-proj\UMS\OuS-52-3\opt-mod\Ar SHORT CROSS SECTION LIBRARY *" 

90 D: \PEOJECTS\eds-proj\UMS\UNS-52-3\opt-mOd\Ar INPUT DATA DIRECT ACCESS 

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

"*4* STANDARD COMPOSITION LIBRARY DATA ** 
*. . ------ -------- ------ -------------

T** UNIT NUMBER 89 

*4* DATASET NAME G:\sCale/3\DATALIB\FT89F001 

LIBRARY TITLE: SCALE-A STANDARD COMPOSITION LIBRARY ."" 
*4* 637 STANDARD COMPOSITIONS, 490 NUCLIDES .. * 
4* * 90 ELEMENTS WITH VARIABLE ISOTOPIC DISTRBUTIONS.  

CREATION DATE: 6/30195 

CROSS SECTION LIBRARY DATA . 4*4 

"UNIT NUMBER 82 

4** DATASET NAME : G:\scale43\DATALIB\FT82F001 

LIBRARY TITLE: SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY 
"BASED ON ENDF-B VERSION 4 DATA ** "*4* COMPILED FOR NRC 1/27/89 ** 

LAST UPDATED 08/12/94 ** 
L.M.PETRIE - ORNL 4*4 

KE --- --- RSREEEE NN. -NN 000000000 ýV 

66.2-7ý_
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Fgure,6.-6.I24 CSAS-nputL&•Žutput fo-r A-c dan~t tC.9 AW 2j~sismeA% 
tSSSSSSSSSS CCCCCCCCCCC AANAAAAAAA LL ESEEXEE PPPWPPT'CbttCcbýcCC 

SOSSSSSSSSSSS CCCCCCCCCCCCC AAAAAAAAAAA LL. EEEEEEEEEEEEE PPPPPPPPPPPPP CCCCCCCCCCCCC 
SS SS CC cc AA AA LL. ES PP. V . CC cc 
SS cc AA AA LL BE PP PP cc 

SO- cc AR AA LL. BE PP PP cc 
SSSSSSSSSSSS CC AAAAAAAAAAAAA EL -. EEE2E-- .--------------- --- ppPPPPPPPPPPP CC 

SSSSSSSSSSSS cc AAAAAAAAAAAAA L" . EEEEESE ------------------- 'PPPPPPPPPPPP CC 
SS cc AA AA LrI BE PP cc 
SS cC . AA AA LL. E PP. cC 

SS SS CC CC AA AA LL BE PP CC CC 
SSSSSSSSSSSSS CCCCCCCCCCCCC AA AA LLLLLLLLLLLLL EEEEEEEEEEEE PP CCCCCCCCCCCC 
~SOSSSOSSBSS CCCCCCCCCCC. .- A. A LLLLLLLLLLLLL. 2" " .... " ..... .;."E 

PROGRAM VERIFICATION INFORMAýTION 

CODE SYSTEM; SCALE-PC VERSION, 4.3 

****************************************************** 

PROGRAM" 000009 

CREATION DATE: 03/08/96 

VOLUME, 1 ENG 

LIBRARY: G:\SCALE43\WINNT\EXE 

PRODUCTION CODE: KXENOVA 

VERSION: 3.1 

JOBNAME: SCALE-PC 

DATE OF EXECUTIONz 04/07/99 

"TIME OF EXECUTION: 21:43,44 

****U*UM E*** **EB******************U E****E**E*S********U******* *****3*** *...*...u** 

*w ******* *****m* *m***m*. . . . m***************************** * * 

* MS BWR TC; NORMAL OPt CASK ARRAY; 0.0001 GM/CC IN -0.2 GM/CC EX; 270 CM PITCH 

NUMERIC PARAMETERS 

"THE MAXIMUM PROBLEM TIME (MIN) * 

*TA TIME PER GENERATION (MIN) 5.00 

* * * GEN NUMBER OF GENERATIONS 103 " * 

NPG NUMBER PER GENERATION 1000

NSR NUMBER OF GENERATIONS TO BE SKIPPED 3 

BEG BEGINNING GENERATION NUMBER I 

* * ES GENERATIONS BETWEEN CHECKPOINTS 0 

XID NUMBER OF EXTRA I-D CROSS SECTIONS . 1 

HEK NEUTRON BANK SIZE 1025 

"XN. EXTRA POSITIONS IN NEUTRON BANK 0 

NTB FISSION BANK SIZE 1000 

XFB EXTRA POSITIONS IN FISSION BANK 0 , . * 

WTA DEFAULT VALUE OF WEIGHT AVERAGE 0.5000 " " 

FTB WEIGHT NIGH FOR SPLITTING 3.0000 

-. WTL WEIGHT LOW FOR RUSSIAN ROULETTE . -0.3333" .  

.- R- ND - .STARTING RANDOM NUMBER- BB027100001

N18 NUMBER OFD.A.' LCS N= 200 

MNL8 LENGTHOF D.A. BL40CKS ON UNIT 8 5.12 

"* .4',.--- .... .L " 4 • '" " 

. AD MODE OF C-ALCULATION FORWARD 

PAU -w~m-

,6.10t2-89
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BINARY DATAl INERFACEYE 

UMS BMA IC; NORMAL OP; CASK ARMAY; 0.0001 GM/CC I - 0, 3 QIIC EX;4ý70 01 PITCN * 

*4. - LOGICAL ~PARAMETERS **4 * 

SRUN EXECUTE PROBLEM AFTER CHECKI-NG DATA YES PLW PLOT PICTURE MAP( S) A~NO4* 

SFLX COMPUTE FLUX NOa FU'OPT SIWDNSIT NO ...  
4PON -OPT FISO BE~ A. A4 A TAA<A E 'S 

SKGU COMPUTE AVG UNIT SELl-MULTIPLICATION NO NBCOMPUTE NU-BAR & A VG FI SSION GROU YE Ii 

* *RE COM[PUTE MATRIX K-ElF BY UNI1T NUMBER NO MP COMPUTE MATRIX K-ElF BY UNIT LOCATIONa NO 

***CR13 COMPUTE COFACTOR K-ElI BY UNIT NUMB3ER NO CP COMPUTECFATR -r BY, UNIT, LOCATION ,NO*** 

SFNU PRINT FIGS PROD MATRIX BY UNIT NUMBER NO FPPRINT FIBS PROD MATRIX BY 'UNIT LOCATION, NO ~ 
"~'MEN COMPUTE MATRIX K-El? BY HOLE9 NUMBER NO 25CR COMPUTE MATRIX K-El? BYARRAY NUMBER NA o ' 

SCXX COMPUTE COlACTOR K-El? BY MOLE NUMBER NO CRA COMPUTE COFACTOR K-Err BYZARRAY NUMBER NO~ 

* F?,[H PRINT FIGS PROD MATRIX BY MOLE NUMBER NO IRE PRINT PISS PROD MATRIX BY ARRAY NUMBER NO 

NNFL COLLECT MATRIX BY HIGHEST MOLE LEVEL NO HAL. COLLECT MATRIX BY HIGHEST ARRAY LEVEL, NO 

SAMX PRINT ALL MIXED CROSS SECTIONS ND FAR PRINT FIG, AND ABS. BY REGIOCN n o 

X XGL PRINT 1-0 MIXTURE X-SECTIONS NO GAS APRINT FAR BY GROUP -%NO* 

***X52 PRIN4T 2-D MIXTURE X-SECTIONS ND PAX PRINT XSEC-ALBEGO CORRELATION TABLES NO 

E AP PRINT MIXTURE ANGLER & PROBABILITIES NO . P'WT PRINT WEIGHT AVERAGE ARRAY NO t 

~" PSI PRINT FISSION SPECTRUM NO PGt PRINT INPUT GEOMETRY - "'-NO 

PlO PRINT EXTRA 1-D CROSS SECTIONS NO BUG PRINT DEBUG INFORM4ATION .~NO * 

TES PRINT TRACKING INFORMATION *N O 

- .. - -PARAMRTER INPUT COMPLEWTES 

..... WREUSD.EAIN TEE PARAMETER DATE ....  

UMS BWR TC; NORMAL OF; CASE ARRAY; 0.0001 01/CC IN -0.2 GM/CC EX;-27O CM PITCH*
4 

AtITVOLUME A 4 ** NUMBER DATA SET NAME ., NAME UNIT FUNCTION -A 

S XSC 14 ): \PROJECTS\eds-proJ\UMS\UMS-52..3\cptNýd\AF A MIXED CROSS SECTIONS A * 

ALE 19 G:\oc51443\DATALIB\1T791001 A INPUT ALBEDOSA 

44 AWTG 90 G*\ECa1e4SAX'ATALIB\PTOOPSI A A- INPUT WEIGHTS 9S * 

A **T 16 . UNKNOWN U WRITE SCRATCH DATA 4 

BI'N 95 AD : PROIJECTS\eds-PrOj\UMS\UNS-52-3\opt-mýd\Ar BINARY INPUT DATA AA 

ES 5 :\PROýJECTSýedB-proj\UMB\UM0.52-3\opL.IScd\Ar READ RESTART DATA 

LIB 4 D:\FROIJECTS\edls-proj\UMS\UMS-52-3\opt-mod\AX NU MXWOKN IRR 

8 D, \FROJECTG\edB-iproj\UMS\UMS-52..3\opt-Nod\A~r INPUT DATA DIRECT ACCESSA. L 

9 UNKINOlwN A *ANA AAAAAAA SUPER GROUPED D IRETACC C¶S 

A 1.0 UN4KNOWOIN A . XA A SEC MIXING DIRECT A CCESSAA

CROSS �
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iur662 ASjip~4.&p tp for Accident CodtosCitq A 

V=RRO SATRNG TABGLES 

MITR DZUSITY~iZ6) 10C3 2 
NUCISE ATO-DES. GT. FRAC. ZIA AN ' ' I'UCLIDE TI~tL 

1008016..6_ 4,64617E.-02 1.89,,_1 816__15-S9904 .. XTG 2-6 ____ ED? 5-IV HAT, 26

1092235 ,9.406412z04 3.52,606B-021 8__2235 M7.2041: 3 
08/1219423.41 

RANIUnFBIVMT26 

1092238 2.22902NE.02 8.4G2532-01 ý922.36.?2801 RAM207EW/-IV MA-IO 

MIXTURE-z- 2' DENSITY(G/CC) 6.,5600 
NUCLIDE ATOM-DENS.G WGT. FRAU. IA ANT ?MCLITDtTITLZ 
20a0302 4,33078E!-02. 1.000E0+00Q 40000 __-.9;,419,6, TCL.._ _EPzIV A 8 ý3 LATSP 

98/12/9 

MIXTURHE-ý 3 DESITY_(G/CC) 0.99017E-04 
NUCLIDE ATOM-DENS. UT. FRAC. I AWT N4un=I TITLE 
3001001...762-0 1.119273 01 I 100 (A) 07 I EYRG1, __~?B1,A 29_ 2 

08/12194 
_RAE 

3009016 3.338463-0fi 8.880743-01 8016 0.5.9904 _ OXTUOMI-16.. E.~ND Bl5v9AT 127 .... ,... t~l ~7 lT~ 
08/12/94 

kTIXTUR3E- A DENSITY(G/CC) 2.7020 
NUCLIDE ATOM DENS. WGT. FRAC. IA ANT NUCLIDE"TITLE 
4013027 6.030066-,02, 1,00000B+00 13027_ 26,9B18 A.L-27 1193 218 GP ,04037515) L..; T 

08/12/94 

MIXTURE 5 DENSITYCO/UCC) =7 .920 0 
NUCLIDE ATOM-DENS. WGT. FRAC. IA AN'r NUCLIDE TITLE 
5024304 1.74286E-~021 1.900003701 , 2 4 0 00. 51.9957 cR 1191 ?T 2WSý.  

05/12/94 
5025055_1.73633E-,03 1.99999E-02 _25055 . 54.937.9 ,MPNA202E58-ý5 _7?E14DF/i5-13 KAT 1197 

Q8/12/94 
5026304 5.93579Z402 6.950003-01 .26000, 55.0447 .FS 119,2 WTS5-304.C1I3STJP-ý 293K PAI4~5, UTDAT8E 

08/12 /94 
5028304_ 7.72070E-03, 9.50001E-02 29000 *58.6972 NI 1190 WT. SS-3(4(1/4$7ý P-3 253K~ S ;5+ý 4 

08/12/94 

MIXTURE = 6DENSITY(G/CC 2 .6726 
NUCLIDE ATOM-DENS. MOT. FRAC, 7A ANT NICLIDE TITLE 
6005010 _.2.212289-03i _1.376349-02 5010 10.0130 B-10 1273,218M00 042375 P-3 29382,.'77 .,... 2PA3 

08/12/94 
6005011_ 1.21898S-ý02 8.ý33553-02 .5011 ..11.0096 B0R0N-11 E.K DF/B-iV HAT 1160 UP 7771,7 )AZ 

08/12/94 
6006012, 3.,786203-03 -2.923003-:02 .6000 12 .0001 . CAREDN-12, E7 NDFIBV-1V MAT 1274./THMF1065 _.2......uFDT8 

00/12/94 
6013027 _5,;217073-02 8.4230 107 26.9818 A.L-27 1193 21.8 40375(51 . 77OA3 

08/12/94 

MIXTURE -x 7 - DENSITY(G/CC) ' 7.0212 
NUCLIDE ATOM-DENS. NOT. FRAU. IA ANTr NUCLIDS TITLE 

*7006012, ,3.,925033-03..1.000017-,02. 6000 .,,..2.0001 CARBRON-22 5MDP/0-ZV MAT 17/N810..,~...7LPA8 
08/12/9 4 
. 7026000 '8.349823-02- 9.900003-,01 .. 26000.,. 59-.,447'. >IRON .7 3DF/R-IV MAT 1192 - .... .....  

0-8/12/94 

MIXTURE - 0.. DENSITY(G/CC) = '11'.344
NUCLIDE ATOM-DENS,' NOT. FRAC. IA ANT - UCLIDE TITLE.  

00209....960E02.,0003+0 .200.0Z200.. .. PB 1288,218NGP _042375__ U.323 -. ,.... .~~ PDATED 

08/12/194 

MIXTURE a 9' DENSITY)G/cc)= 129 
NUCLIDS ATOM-DENS. WGT. FRAC. IA ANT - - NUCLIDS TITLE 
9001001. ý5.054003-02 ,6.010D238.702 _ 1001_.. 2..0077 ýHYDROGEN -. ,.3D.8I 0T161901922.,7jPAE 

08/12/94 
9051?'8530-0..,2084, 5..010,. ~.10.. B -20 -1273 218NGP.,0423,5 P_ 29_3K. RZT 

08/12/94 
9005011 .-'3,422003-04,J13..03$563E-3L 137 jo,09 ? 009I.,7..N3/-V9A 

0 8/12/94 
9006012, '2 260E-2..Z760.3-17..6 10?72,00901 fl':CARBO0O-22 ' MF8,S.MT 4/TMEN1065 2~2V~~8 

0 8/12/94 
900014. 14900E': 9893 D4..TZ~i0Q3I77. l3~oO3N-47.7EDF/~-v. AT 272.ITh.........2A9._7 i 

08/12/94 
9008016- 2.609003--02,, 4;25Q603,-01:'.701Zi590'7 OXYGEZo-67?8DfRI T' 7'['"'7bp A 

0 8/12/94 
9013021T,7? 76,73Q00~n3t..2 ,'7j4L63 --0 -7z3Q2 -.~4781.7 AL-'27_A0.:ý18.i..A ]0A0375 

08/12/94 

HIXTURS-i- ` 10 D3WSITY(G7CC)`9"70'I-9963" 
NUCLIDE ATOM-DENS. NOT. FRAC. z A ANT " NUCLIDE TITLE 

08/,12/94 

10002
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Acc6..4~SSpt&Q ident Condition Crti it nlss' VRFl(otned) 

3001-001 RYDRUOGIES '.No'/B-xv IOAT 1269/TNBM10o2 PTD0/29 
9001001 HYDROGEN ENDF/E-IV MAT 1.269/TERM1002 -*O*UPDATED•'08/12194 

10001001 :HDROGEN ENDrF-IV MAT 12691THRMI002. UPDATED 08112/94 
11001001 HYDROGEN - DEF/B-IV MAT I269fTHRM1002 UPDATED 06/12/94 

- 6005010 B-10 1273 218NGP 042375 P-3 293K . , UPDATED 08/12/9i 
9005010 B-10 1273 218NGP 042375 P-3 293K .9' . UPDATED 08/12/94 
6005011 BORON-1Il I ENDF/B-IV MAT 1160 UPDATED 08/12194 
900501.1 BORON-11 ENDF/B-IV MAT 1.160 -UPDATED 08/12/94 
6006011 CARBON-12 MENF/B-IV MAT 1276/TNRMO•65 UPDATED 08/12/94 
7006012 CARBON-12 ENDF/B-IV MAT 1274/TPRM1065 UPDATED 08/12194 
9006012 CARBON-12 ENDF/B-TIV MAT 1274/THRMbU16 UPDATED 08/12/94 
9007014 NITROGEN-14 ENDPB-IV MAT 1275 . UPDATED 08/12"/94 
1008016 OXYGEN-16 ENDF/E-IV MAT 1276 UPDATED 08/12/94 
3008016 OXYGEN-16 ENDFIB-IV MAT 1276 UPDATED 08/12/94 
9008016 OXYGEN-16. ENMF/B-IV MAT 1276 UPDATED 08/12/94 

D.0008016 OXYGEN-16 ENDF/B-IV MAT 1276 . UPDATED 08112/9i 
.11008016 OXYGE0 -16 ENDF/B-V MAT 1276 UPDATED 08/12/94 
4013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 
6013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 
9013027 _L-7 1193 218 OR 040375(5) UPDATED 08/L2/94 
5024304 CR 1191 WT SS-304(1/EST) P-3 293K SP=5÷4(42375)' UPDATED 08/12/94 
5025055 MRNaANESE-55 ENDF/3-IV MAT 1197 UPDATED o8/12/984 
7026000 IRON EANDF/B-IV FAT 1192 UPDATED 08/12/94 
5026304 FE 1192 WT SS-304(I/EST) P-3 293K SPo5+4(42375), UPDATED 08/12/94 
5028304 NI 1190 WT SS-304(1I/EST} P-3 293K SP=5+4(42375)' UPDATED 08/12/94 
2040302 ZIRCALLOY ENUF/B-IV MAT 1284 . UPDATED 08/12/94 
8082000 PB 1288 218NGP 042375 P-3 293K UPDATED 08/12/94 
1092235 URANIU?-235 ENIF/B-IV MAT 1261- UPDATED 08112194 

- ~ ~ 0~2238 .~~UEANXUN72-3_0,, ENDF/B-IV MAT 2Z. , P&QJ1 4 

PWHOMESSAGE NUMBER F,5-222 2 TRANSFERS-rqL FO IXUE j. WERE CORRECTED-FOR7A&DMOMNI 

MEO MESSAGE NUMBER x5-222 I TIRANSFERS FOR: MI bxTUR 10 WER~E CORRECT~ED. FOE BADJ-MENTS, 

XENO NKESSAGE NUMBER K5,-l22l MjiTA0FR O IXTURE. 11, 16SRE.CO((CýQ_9F J 0M0J 

S........ A0 oI'S WERE USED MIXING BOSS- _-. ........  

I-D CROSS SECTION ARRAY ID NUMBERS 
.. 2002. 14....52_ 27 18 Ioa.  

0 10"S WERE USED PREPARING THE 'CROSS SECTIONS ~ 
U-S EWR TC, NORMAL 0P; CASK ARRAY; 0.0001 GM/CC IN -0.2 GM/CC E• ; 270 CM PITCH * 

*****************************************0****0*******0*0* * 0** 

* * * * * * * * * *ADDITIONAL INFORMATION .. *. .  

"NUMBER OF ENERGY GROUPS 27 USE LATTICE GEOMETRY YES 

* NO. OF FISSION SPECTRUM SOURCE GROUP I GLOBAL ARRAY NUMBER 40* 
"0* NO. OF SCATTERING ANGLES IN XSECS 2 NUMBER OF UNITS IN THE GLOBAL X DIRý I 

• ENTRXES/NEUTRON.IN THE NEUTRON RANK 25 NUYBER OF UNITS IN TNE GLOBAL Y DIR. 1",*00 

"* ENTRIES/NEUTRON IN THE FISSION BANK 18 NUMBER OF UNITS IN THE GLOBAL Z DIR. 4 :*0 

0*NUMBER OF MIXTURE USED 10 USE A GLOBAL REFLECTOR -YES0* 

"" NUMBER OF BIAS ID'S USED " . USE NESTED HOLES . YE, 0* 

SNUMBER OF DIFFERENTIAL ATIBEDOS USED . 0 NUMBER OF HOLES 291 -** *0 ... •:• • •z•:;' ,2:•' i .... . *o 0* w ,:,3.  
"* TOTALINPUT GECOTRY REGIONS 222 MAXIMUM MOLE NESTING LEVEL . *- . 3 -*" 

SNUMBER OF, GEMTRY REGONS USED . 222 USE NESTED ARRAYS . ,. YES * 

"*" LARGEST GEOMrEY UNIT NUMBER 143" .NUMBER OF ARRAYS USED 4 .oo 

LARGEST ARRAY NUMBER 4 MAXIMUM ARRAY NESTING LEVEL 

O n . ,* -L . .. .:. . *.0*'.":'. •• : .-. :•. !: . - ... : .• ..  

*0*m ' l~ur• • J~&u~ . r . *0*I 

*0 -X BOUNDARY CONDITION MIRROR .- X BOUNDARY CONDITION *MIRROR 

I 0 +Y BOUNDARY CONDITION MIRROR -Y BOUNDARY CONDITION . MIBROR*0 

'*0* Z BOUNDARY CONDITION ~' PER. -Z BOUNDARY CONDITION E *0 

8TJ12A~rP A.)'PERD 

TEXNSOUTRONS WERE STARTED .WITEýK A1L .-XTSITRIBUTIO0VErArg CUBOD -EIE SYW 
+X- 1.350009+02 -ýX.-1.3 000Eo02 

0 * 4397 uTZS.wEU 

0..2-92
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0ENS9A11000 ELAPSIED TIKE AVERAGE -AV0,3-EFF- -MATRIX MARI 38? 
rKUEN3RATION' -K-EFFECTIV.- MINUTES " -EFFECTIVE DEVIATION " -3F?9CTI V ."T.00 

KENO MESSAGE NUMBER X5-132 WARNING.. .. ONLY 461 INDEPENDENT FISSION POINTS WERE GENERATED 
1 3.022139-01 8,05500E-01 1.00000E+00 0.000003+00 0,00EQQ'- ' 

3ENO MESSAGE NUMBER K5-132 WARNING .... ONLY 431 INDEPENDENT FISSION POINTS WERE GENERATED 
2 4.03006E-01 1.12.317E+00 1.00000E+00 0.000009+00 0.000002E..Q..:0•008;O0 

rEnO MESSAGE NUMBER K5-132 WARNING... ý ONLY 461 INDEPENDENT FISSION POINTS WERE GENERATED 
3 4.01194E-01 1.41983E+00 4.011948-01 0.00000:+00 0.0000OE408 '0.000000E+O0 
4 3.871018-01 1.71183E+00 3.941482-01 7.04664E-03 0.00000E+00 0.000003+00 
-5 3.887078-01 2.017508+00 3.92334E-01 4.454303-03 0.000008+00 0.00000÷+00 
6 4.074358-01 2.31867E+00 3.96109E-013 4.918488-03 0.000003+00 .0.000008+00 
7 3.98211E-01 2.621673+00 3.965388-01 3.83143E-03 0.000008+00 0.00000E+00 
8 3.93015E-01 2.91833E+00 3,959449-01 3.18269E-03 0.00000H+00 0.00000S+00 
9 3.93180E-01 3.22133E+00 3.95549B-01 2.718693-03 0.00000E800 0.0D0000+00 

10 4.033758-01 3.52617E+00 3.96527E-01 2.54956E-03 0.00000E+00- 0.000008+00 
11 3.947349-01 3.83100E+00 3.96328E-01 2.25731E-03 o0.00009+00 G. 0.000008+00 
12 3.889299-01 4.13317E+00 3.95588E-01 2.15031E-03 0.000008+00 0.00000E+00 
13 4.085578-01 4.43617E+00 3.96767E-01 2.27L43E-03 0.00O008+00 0.000003+00 
14 4.016259-01 4.732679+00 3.971728-01 2.11536E-03 0.00000E+00 0.0D0000+00 
15 4.03031E-01 5.03117E+00 3.976233-01 1.99736E-03 0.000008+00 0.000008+00 
16 3.89187E-01 5.324008+00 3.970208-01 1.9414888-03 0.000008+00 0.0000E+00 
1? 4.094299-01 5.626178+00 3.97847E-01 1.990638-03 O0.00000+00 0.0000oo +00 
18 A.009998-01 5.92467B+00 3.98044E-01 1.87246E-03 0.000008+00 0.000008+00 
19 3.933559-01 6.22850E+00 3.97769E-01 1.78037E-03 0.000009+00 0.000009+00 
20 3.954453-01 6.53617E+00 3.97639E-01 1.68351E-03 D.000003+00 0.000002+00 
21 3.94439E-01 6.83550E+00 3.974713-01 1.60132E-03 0.00000E+00 0.00000z+00 
22 3.91314E-01 7.13567E+00 3.97163E-01 1.55003E-03 0.00000E+00 0.00000E+00 
23 4.028659-01 7.43867E+00 3.97435E-01 1.499168-03 0.000009+00 " .000000+00 
24 3.901009-01 7.73717E+00 3.97101E-01 1.4.6776E-03 0.00000E+00 0.00000E+00 
25 4.01129H-01 8.04650E+00 3.97276E-01 1.413388-03 0.00000E+00 0.00000z+00 
26 3.98353E-01 8.349503+00 3.97321E-01 1.35396E-03 0.00000E+00 0.000009+00 
27 3.97776E-01 8.64800E+00 3.973399-01 1.29880E-03 0.000009+00 0,00000z+00 
28 4.046089-01 8.94817E+00 3.97619E-01 1.27$78E-03 0.00000E+00 0.000009+00 
29 4.081618-01 9.25483E+00 3.98009E-01 1.29097E-03 0,00000E+00 0.00050E+00 
30 3.91385E-01 9.55067E+00 3.97773E-01 1.26630E-03 0.000003+00 0.00000+00 
31 3.91256E-01 9.84533E+00 3.97548E-01 1.24235E-03 0.00000E+00 0.00000+00 
32 4.07376E-01 1.01530E+01 3.978769-01 1.24413E-03 0.000009+00 0.000009+00 
33 4.12498E-01 1.04532E+01 3.983479-01 1.29247E-03 O.00000+E00 0.00000E+00 
34 4.09438E-01 1.076359+01 3.986948-01 1.29853E-03 0.00000E+00 0.000D08+00 
35 4.138139-01 1.10693E+01 3.991528-01 1.33937E-03 O.00000+00 0.00O00E+00 
36 3.99710E-01 1.13687E+01 3.99169E-01 1.29948E-03 0.00000E+00 O.000009+00 
37 4.06049E-01 1.16808E+01 3.99365E-01 1.27703E-03 0.000009+00 0.00000E+00 
38 3.97738E-01 1.19792E+01 3.993208-01 1.24187E-03 0.00000R+00 0.00000E+00 
39 4.11632E-01 1.22840E+01 3.996533-01 1.252845-03 0.0000E08+0 0,00000E+00 
40 3.93501E-01 1.258438+01 3.99491E-01 1.23012E-03 0.00000+00 0.00000E+00 
41 4.079669-01 1.28937E+01 3.99708E-01 1.217713-03 0.000009+00 0.000008+00 
42 4.01763E-01 1.32022E+01 -3.99760H-01 1.18799E-03 0.00000Z+00 . - 0O00•09NtQ0 

88 . 3.97890E-01 2.714879+01 4.001079-01 S..162859-04 0'.000008+00 0:00000E+00 
89 4.16076B-01 2.74545E+01 4.00291E-01 8.27461E-04 O.0000O3+00 0.000009+D0 
90 3.90030E-01 2.77528E+51 4.001749-01 8.262739-04 0.00000R+00 0.000008+50 
91 4.25359E-01 2.80650E+01 4.004579-01 8.64557E-04 0.000003+00 0.00000E+00 
92 3.96668E-01 2.83735E+01 4.004159-01 " .55935E-04 0.00000E+00 0.000003+00 
93 4.12854E-01 2.86857E+01 4.005529-01 8.57442E-04 0.000009+00 0.00000OE÷0 
94 4.03324E-01 2.89942E+01 &.00582H-01 8.48606E-04 0.000008+00 0.00000E+00 
95 4.01746E-01 2,93073E+01 4.00594E-01 8.395258-04 0.00000z+00 .O00000+00 
96 4.127363-01 2.961858+01 4.007249-01 8.40530R-04 " 0.00000+00 0.000003+00 
97 3.98771E-01 2.99188E+01 4.007039-01 8.31889-0D4 0.00000E+00 0.00000E+00 
98 4.06101E-01 3.02208E+01 4.00759E-01 8.25096-0D4 0.00000E+00 0.00000B+00 
99 4.04630E-01 3.05212E+01 4.00799E-01 8.17520E-04 0.000008+00 0.00000E+00 

100 3.873409-01 3.08168R+01 4.00662E-01 8.20709E-04 0.00000+E00 0.00000E+00 
101 4.01485E-01 3.11262E+01 4.00670R-01 8.124198-04 0.000008+00 0.000003+00 
102 3.965433-01 3.14302E+01 4.00629E-01 8.05312E-04 0.00000E+00 0.00000E+00 
103 - 3.39331E-01 . ... 7277+01 ...... 4.057-01 . 8.05108E-04 0. 5.0000QEt00 P.-..0.000000 

KENO MESSAGE NUMBRR-68 -123 'O ZNCUION? TERMINATED 0013 9O PL3ZON 0F WEHE SPEC1F7D0 8004388 G0. ERAT30NS ,5 
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fljgure 6.6.2-4 fotcietodos~'W~~(odud 

LtrMno = '1.053103-05 + OR - .~476742-07 . -,T"-GZNRATION TIM 
Ku BAR =2.'5.3710F'+00 I OR -. 6.18291E-04 AVERAGE FISSION GROUP =7.262129+00 + OR ~- -114248E-02 

NO. "I0ITIATL 
GENEATIONS ----AVERAGE- -67' PER CENT 95''- PE CET 

O ý40065. -COR --DQ:00081L -- Oý394T "'.,93T 

0 ... O40077 . OR ý-Q.0P001 To9.~ 

ý .40070, O+R7~ 0,40151 4~0I'.~ 

0O.400,89-, 0R,- ,0.0008 4' __0.40006 392OT Q0U0, 1943 Q _' Q 3 

12 0.401086_+ OR. D .00034, (,,P40002To 0ý4O10 -O-3-1BT ,424 nACT- 9 

1? . 0,40098, -,R0008 4QT 

22 . . 0.40133 -, +OP 0.09 7040044 TO0.40225. - 2ýQ,440 1 

27- Q.'40156 +OR - 0.000696 0.40061 To 0,40252 0 _.: 

'7 0.0135 . +- OR -~ 0,00192~ 0,391943 TO 0,,40,3271 -0,395-1-70,0_ mlCT~i0 

2 .0411+R .900219, 0,39962 TO 0. 40400 0.94 1,,06B 0 55, ý 

0025+ OR. 0.00258, 0.39997j'' Toý454 0-ýl,,

92 OF 0.Q35_ + OR-_.247. 0.398a8 To 0 .40382 0,39642.QTG,40629,

97. Q,3975Z, + OR'- 0.00O32-2 0,93T 1 07 13_Q- 041-0ý46[Q 

UMS BWR TC;- ORAL0;CSK ARRAY;_0.0001 OXCC 100 - 0.-2 GM/CC EX; 270 0M PIT,%1 

FRBQUZNCY, FOR GENRATIONS ,- 4 TOý3 
0.3740 TO 0.3866 * 
0.3866 TO 0.3993***********************.  
0.3993 TO 0.4129 
D.4119 TO 0.4246 
P.4246 .TO 0.4377 

0.3740 TO-0.3866-
0.3866 TO 0.3903 .* . . .  
0.3993 TO 0.4119 
0.6119 TO 0.4246 
0, 42 46 _ I.0 - ," 

ftEQUENCY FO0R GENBRATIQNS ".1.54.10110j 
D.3740 TO 0.3866
D.3666 TO 0.3993 **** * 
0.3993 TO 0.4119 
014119 TO 0.4246 
0.4246 TO 6.4372 

FREGU==G ?FON GqENMTION6- 7A9 -TO Lj03 
0.3740'TIO 0.3966 
0.3866 TO 0.3993 ___ 
0.3993 To 0.4119 
0.4119 TO0 0.4246 ** 

0,4246TO032...* 

,016.2-94
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-6.3 MONK8a Input and Output Files 

'This section contains sample MON§K~a -n-Put files and output summary_ files for the criticality 

analysis of theNC-M Unive~rsal Transport- Cask -under _the hypothetical tqpnend drob 

a.ccident conditions. The summary output files include: the program banner page, the status of 

input units at, the end of stage one processing and the results._All other, output s~ections* areno 

included for brevity.

6.6�3-1
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Pur q6.62-71 M4ONK&a Inp jut File - US Transpcort Cask P~WR Tov EqU cLC.ptnud 

4di:_kskEtc3c - 33.77 
Obaskoff'.p' 0.0 

Ocanth I 1.5875 
licani 444.2 

4coo 43.496 
Babieldl 17.526 
Qatructl - 7.62 

±. The'jbllowing. parameters, need to be updated.' 

2tscMIX - 2 Last mixture number of TSC -going linto casit 
QtscMAT =15 1Last material number of TSC going into cask 
.tsCNMtS4 16 ILast part number of TSC going into cask 
efuelMAT 1 Material number of fuel fromT$(Z model 

SCask Pxmtr 

QtopnsOPFF 46.8376 
SalopeLT -12.7 
Oiportcavoo 171.729t 
02idrcsOD 199.0344 
QtporttopOO = 216.5604, 
OlidxcsTH 16.51 
QpbID .181,8894 
@pbOO 195.8594 
@outsh1ITH = 6.9855 
OtportbotTH - 12.7 
BbotfrgTH 10.795 
ObotnslM 2.54 
O*botringdiskTM = 17.76'_' 
StrunOPF = 30.8864 
StransportiT = 531.495'ý 
2strunnOD 30.6324 
GptrunemTll 5.06 
4ptrunbTM 8.69 
4ptrunOn) = 35.48 
iiptrUntTH_= 7.62_ 

EGIN.MATERIAL*SPEIFIATON 

NORMALISE 

.input Mixtur~es 

NMIXTURES.QtscMIX 

ATOMS 
MIXTtIEE j 
Hl 2 
016.2 

WEIGHT 
MIXTURE2 
LT235 6gU23SgUO2 
U238 OgU238gU02 

*Inserting TSC Materials Mere 

MATERXALJI$ OmOSITF.T.10.412 XIXT RR1. 99 50 

KATERIAL2YDWSILLY . .,EdCp 

MATER -4TVENSUTY 0_9962_ MIXTURE I.. ae IjulRdCa Gap 

Y9ATE9.ZAL-5- fl1CALLOY . t ?UGuidetuibe ma terieal 

MKToERAIC76-ZZRCALLOX, :ý:. ý-.. ,-".-.,! Insrtrumenht Tuba Material 

VOLUME 
MATERIAL 7 
STAINtESS 3041;'STEEL PROP Ofassn 
MIXTURZEl1 OENSITY,.0.9982 PROP gfvoidln ILowerý Nozzle -Material 

6. L6.373
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MQNK8a In-put File - VMS Trainspr Cask PW*qEni-CoJtiu

tTAINI;XSS- 3041. STEEL- PROP" Ofssdn 
KLXTOE , jDEXSITY 0.956ý2 PRPBfodu 4 pper: lozile material 

MATEIA~SAINL ZS 340.STSEL Ij~b and cover aee 

MATERIAL 10 ~su.cr 
AL27 DENSITY 2.6000 PROP 0.4627 
M10 DENSITY 2.6000 PROP 0.0568 
V11 DENSITY 2.6000 PROP 0.3449 
C DENSITY 2.&0 6Cq PROP 016 
V/OID PROP _.&0l89 

WEIGHT 
Wam~~.r~l AXooo~~uN _ _ ORAL &tu~mnisau- Clad 

WEIGHT 
MATERI.AL '12 STAINLESO 13040.'STEEL ý,$ tructural Disk Materiel 

WEIGHT 
MATERIAL 11.STAINESS 3040. STEEL 1_ Weldcssnt Xateri4l 

WEIGHT 
MATERTAV. .14 1ALUMINIUM : , 1 Heat, Transferý Dpisk Mater i.1 

WEIGH't 
WAT A07~5~TAINESS304. STEL aniterMaterial 

WEIGHT 
GmatSS304=3 
KATERIAL,,[9tscNAT 4.13 TILS 00 TE Jelcosoeoso rnpr ai 

REIGHT 
gmatLead*2 
MATERIAL (QtscMAT-+'21 'DENS=r,U.-0d-'-LEAD 

ATOMS 
ftaLNSIFR=7 
MATERIAL L6tscNAT-+_33 ..OEHSIT . . 0S4E 
B10 PROP 8.553E-5S 
B11 PROP 3.422E-4 
AL. PROP 7.763E-3 
H PROP 5.854E-2 
0 PROP 2.609E-2 
C PROP 2:2643-2 
K, .. PROP-1.3944-3 

ATOMS 

MATERIAL tQtsCMAT-+ 43 D)ENSITY 0.9982 Material '(water) 'outside of Canister, Inside, Cask 
Hi PROP 2 
01.1 PROP I 

QmatC~z.  
MATERIAL fitaCKAT 't,51.DENSITY, 0.99a2, .. ,,,Mat~eriel Ofutside ,Cask ,Body 
H1 PROP 2 
016 1.PROP, .1 

!111133 XATERIALL GEOMETRY1 

Inserting TSC Geometry Mere 

*.Fuel Assembly for St~andezd Openiag 

PART 1. NUT5 

BO1.38l.AJ 0,50,0 BwuelBi ul.Besam ~C Z...i~uelassemsbly 

luTel-Aasembly - This may be reiplaced dfikrin 

~AA?..2..111 'JIfuel-4 estaenb ly 

50BOAL and Cover.-for Standard Opening 
*Unit Compoed of BORAL sheet and'steel eovei 'sheet 
.Mawemso BRA.L aah"..t io-ut-Off-at-th~kwidth o:f. the._BORAt.,'beet

6.6.34
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6. rt Qksk PWR nd IWaqtjQqgtjRqe4) 

_JIisIi7_PART_ B --* Monier -dl:ik- 6 iW f6i'"iffiftMig- f this PAAT-i9`kýEiti4_fij 07'f 

BOX 
Owft+2 * 94thl_ (4ýftt4ý lie I Wýe 

wij h _f _,t 
BCRkL Sheet _X 

Box P3 E(ý1.0:QwftQ/2.0)j 
[(-I.o owfto/2.0 ) +(i-wfto-4.brIý/2.0+0bshifty] 

I Qbasko ff+glbw+gftoffz+gcvoffzl t.blt+6cvstl gwbrl 91cvs delEa dilEa-y- deýlta 
FIORAL Sheet +X -' prior to rotation 6hift fuel assmbly %ýi4t4 an4ý;haj f ;heet p 

BOX P3- p-1.0 .6wfto/2.0)+6wftoI 

1( -1.0*4wfto/2ý0)+fQ[wfto+gwbrl)/2.0+4bshiftyI 
(abasko ff+glbw+gftoffz+Ocvoffzl 

[Qblt+icv4t;l .4wbiýl _(*ýcvs, -- ,,,ZRW 180 
21-RAL Sheet +Y 

BOX P3 E(-I:O.Owft&/2'.-D)+ýOwfto-4wbrl)/2.0+Rbshiftxj J- x 
Cf-I 0 .4,wfto/2.0)+4wftoI Y 
[@baskoff+9lbw+4ftoffz+Qcvoffz1 z 
Cgblt+gcvsf;l,_ Qwbri 41cvs, ZROT 9 0 4elta, x__delta_,y, delta x 

BOPLAL SIleet -Y 
BOX P3 (( -1 .0 

E ( _1.0*Qwfto/2.o)j Y 
[@baskoff+@Ibw+Qftoffx+icvoffzI z 
[6blt+Qcvstj QwbrI 41cvs ZROT 270 t deltek xclelta Y, delta j 

F.Ox M3 [-I 0*2opspd/2.0-Qtboffxj [-I,0*ýopspd/2.0-9tboffyj 0,0 

_6.p;pd__4opsrL>d 4cavheight _!Support, disk openjýýW wj# 

!'PWR Caniatex CaVit7y 
models_,disks_ in, basket,-At.,smalloest disk__0*ai6eter,4 ly, 

3?ART.&_CLtISTEWý 

*Quadrantj:, Openings 12J 

BOX PIO (OsPYA'-Gopspd/2.01-'EgsPY3-96iýsi;ýd/2 01 t - 1. n 
Qopspd gopapd-Rcavl3eight 

BOXýý_PID [@spxI-6opspd/2. DI' (Qspy2ýQcpspd,ý2. 01 
Qopspd Qopspd Scavbeight Baskýt Openimg-5 

BOX P13 [qspxc-Qopspd/2.0j (4spyc-gopspd/2.0) 

1-1 1-1. . 1-1 _,_ 0op&pd.@opspd,.Qcavhejght I Bazket Opeýing 6 

BOX 'PID (9spxl-Qopspd/2.01 (6spyl-4opspd/2.01 I 
Sopspd gopspd Ocavheight Basket Openi44-10 

BOX PIO [9spx2-Ropspd/2.Qj (Qspyl-Iýopspd/2.0) 
Qopspd gopspd Qcavheight J Basket openifi4_1_1 

BOX PIO [0spx3-6opspd/2-0) [@spyl-Qopspd/2.0j 

gopspd-Ocavheight 1, Baskeý,Qpeiiiiig,', Z2 

Openiiiga 

13OX 

BOX-P9 
: - Qopspd gopspd acavheight 
BOX P12. (-l-Qspxc-6opspd/2.0j (@GpyC-6uprp0/2,0) 

-Basket _ud 

Box- P9 
9opspd Ropspd Ocavheight I Basket Openifid,.9 

BOX P9 [-I*Gspx2-Dopspd/2.01,fgspyl-gopapd/2.01 J-1.0*(Qbask.ff+9lbw+9lbwa)] 
'Gopspdgopapd Qcavheight 1 S Basket Qpeiiifig'o 

BOX P9 'l-l-gspx3-gopspd/2.03-igapylýOopapd/2.DI [-1-0-ý0baskoff+QIbw+QIbwsý3 

ýQuadzant_ 310peaiigs.- 20 

BOX' P6 -j-l-Qspxa-Qopspd/2 

BOX "P6
gopapd gopspd Ocavheight I Sasketý,'O- -ij -2 

Box 97 E-I*Qsp=-6opspd/2.0j [-I'iGpyc-Qopzpd/2.0) L-1.0-(QIbaakoff+4Ibwýqlbws)j pewrW_ _0, 

BOX-PV7 C -ýI* 9spxl-4cpspd/2_. @opýspd/2-. 0 F"T-1 A *_(Qbazko f fý41bip4lbihi) I 
.4opapd @opspd,,4cavheight I Basket Opezilhb XJS 

BOX P6 .-,,E-1-@spx2-aopspd/2.01:[-I-gspyl-gopspd/2.01 j-I.0-(4ba8k0ff+%lbw+6lbws)j 
gopspd topspd Qcavheight. I 'Basket -Ope4U-q-, 

BOX P& t-I*IIsp4-@opxpd/2.0,1 pYj_40pSpd/ 2q .01 

BOX PlI jQmpxIýaopapd/2-.0j . t'-I*GsFTy3 -Q6pApd/2-0r'1*ýT: 0*
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gge,0. ý-i KI P 

td(-, 
Qopspd Gopspd 6cavheigbt 

ýox pid Lgs]pxc-Sopspd/2.01'[-I-gspyc-&Opspd/2.01 
qCA:Vb0igbt,--__-_ 

EýOX P11 
Sopspd Oopspd 6cavheight 0j;,erdr4--U 

BOX P11 (Qspx2-Qopspd/2.0j t-1-49PYI-gopapd/2.01 
gopspd Oopspd Ocavheight B,ýket 0ý,eiing'jj 

Wx P11 [Qspx3-Qopspd/2 , 03 [-116zpyl-ýopzpý/2-01 
ýOpspd, sopapd-scavheight t Basket ope4ing'18 

tROD H7- 0 b 
-height 

Standard Opening'(PART-A)'Rotat6d:9U degrees 

maxi -- shift ý implies', zhifttoýlqwer right Qj5rxwrI(+x,-Y) :,f Z)pýehimg 

PART' 9 NEST 

Dox P6 0.0 96pso`-, 0- 0 
6opsVd 00papa 9C.Vfisiglit -ZROT 90 Rotated tpining 

BGX Y3 0.0 0.0 
Qopspd .ýJopspd _*cavheight .  

Sta4clii(f'-Oýehid4-(PART-Al"R6Eatý6d 180 degrees 

;*_xaxi==,,shiftjuplies shift, tq,,Iower left. corner (-X,-Y) ofopý114 

SOX'P6 '-9opspd--@opsp-d 0 0 
Ropspd Qopspd 8ýaVfielght ZROT, 180 Rotated Opening 

Box K3 0 * 0 0.0 0ý0 

i.p6pd__Qopspd - Qcavheioht conta iwýi 

1.  

- Stýandard Opening-'(PART X)'RJotated 270 degrees 

XaZimu= shift,.im;PlieS.8bift,_tQ upperleýt qornai' -k,4y)_-_ofj)penjn4 

DOX P6 'Gopspd 0.'0-- '0 * 0 
Qopspd Qopspd Ocavheigbt ZRC,11-270 .,ý-RQtited.:Qpenihg 

BOX H3 0.0 M 010 

Qopspd,-4opsPd_-Qcavheight 

COrner Opening Rotate-d-90 degrees 
ý,Maxi=um- shift implies shift.,to. l0WerjCj9ht--c6rn6r., 

PART-12,,HEST 

EOX-P7-0.0- - Qopspd -0-0 
. . I Ropapd Gopspd gcwvheightýL, ZROT_'g(Y' i 
BOX K3 0.0 0.0 0.0 

t., Gopspcl,-,-iopspd-.Scaývliýýiýht' containei 

6 

Cornexi-Opening-Rotated-180 degrees 

96X -P7ý'--Qopspd-- Sopso C 0 -Z 7$7 -fatsdL I Qopspd , Gopspd 6ca%,jwjght'-,_ RQT_128(ý:ý_fL 6 Opining 
Box K3, 0,0 0.0 

-- ,QPpspd, -Oopspd -Oca04ight,'= 

-Corner opening-Rotated 270 degre4i 
f-openind 

BOX-P7 -, 66pW -0 - 0 0 
' Gopspd Q.p.pd Qcaý.ýIght=-ZP=MK, 

BOX X3-0.0 - 0.0 0.0 

BiskeCiH-Ciek--Cj4jQ 

PART-15-NEST
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)Figiir -6.6.3.7j MQNK8a Input File -_UMS. Transport Cask PWR Top I� at(ýqtn 

:_H(lel._. _insert-top4br endf ittin2 and, fuel.. ,Odogethjii 

VLATE 
0.0 0OA 1.0 Adriect ion~dsn~i h drcix 

2 number of planes iJ3e ieto 
tglasem-~noz3 8 top nozzle 

(Qlbn-)z -2 space betweei~n )ioles JOLH1 21ý.,.bift~e -ib1len 

Eiole 2 17x17 OFA Westinghousde'PWR Blemeni 
A!3:umnes that guide: tubae bas maxum=m diameter from any, tube-pla5ýed into latt~ice 

LATTrICE 
*jlettice alattice I' lattice size 
Orpitch *Arod pitch.. (m) 

PINS 
Agodit/2,0 liodit/21 .i L.<.. - .. j radius, of rod, rad~ius.of can-GTI/;.3<OR 

34*-3 
5-3 - 4 2~-3 -.4 2'-3 -4. 5-.3 

3-.3 .4 9-~3 -.4 3
17~-3 

2-3 -4 2-3 -4 2-3 - 4 2-3 -4 21-3 -4 2¶-3 
345 3 

2'-3 -a 2-3 -4 2-~3 -5 .2', .. 4 '3- 2*--j 
34,-3 

2-3 -4 2-3 -4 2'-3 -4 2~-3 -.4 L 2-.3 -4 2

3-3 -1 -*3 4 3-.3 
5-3 -4 2-3 -4 2~--3 -4 5-53 

Hole 3 - Pel Rod 
Rod is shifted between enad-fitting by modifying bottom gap to fuel rodq 

'.Ful stezal i shfte jnrods by~mdifyiang lower ,plenum spa~ce 

RZMESII 
3 nunber of radial points 
tgodpellet/2.0] tf(Bodclad/2.0)-Bcladtbl Egodcladfl.0] 
7 1number of axial intervali 
Oibaoze bottom nozzle elevation-coeltso I.E1emtr 
lglbnozz+Qfgspb) gap to bottom of fuel rod 
'[Qlbnozz+Qfgapb.Plbcap] top of bottom end cep regipoo 
(61bnozz+efgapb+61boap4glowprleI bottos plenum region ends 
(glbnozz+gfgapb4glbcap+ýlow-ple+Bla.ctfuI Itop of active fuel-region 
3~lbnozz+Qfgapb4Qlfu-QltcapJ bottom of top plug 
(Qlbnozz+gfgap " lfu1 top of fuel rod 
(61assem-6ltnazz] -- bottom of_ top nozzle 

3 3 3- space frosf bottom nozzle-to hottom of -fuel rod 
2 2 2 !bottom endcap 
4 4 2 i bottom expansion space'(plenum) -with cladding 
1 4 2 !fuel material pin with clsdding 
4 4 2 t upper fuel expansion. space. Iplenuinm3 with- cladding 
2 2 2 L top steel endrap 
3 3 3 1 space above fuel rod to. top. nozz~3e 

RIIIESH 
2 -. number of radial: points 
t(Qodgt/2.0) - QOgth) [(ogt/2.01 
I I 1ý number of axial intervals 
Qlbnozz [Glassem - Oltnozz] guide end instrument tubes go- all through to t'. ntozz.  
3 5 1water-filled instrument ,tube _or_ guide. tube 

t Hole S-Cnrl.ptuer'b 

RZMESII 
2- o umbeirof-radia-l points 
((Qodit/2.0) - Gitthl 16odit/2.0] C 
I1 number of axial intervals 
Slbnozz 3 alassem. - Oltnozz3 . I guide asdlInitrument tub-es go all7 through tt.ns.  
3 6 1 water-filled instrument-tub._.or~guidqtube 

PLATE 

2 
t(gblt+6blct)/2.01-11 
I (6bjt,7.blct)/2j.0I 1.0 

*Hole-7 '- 'General' Basketý Structure 
~.tuctured-to-allow 7 ete~edfc~o fofwelmn detail
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-Fur66~- WONk a -4ut Fie'ýjMS frinsp (Contiac~?~ tnued) 

:10 b15sketelIbw.9-4lbw] I _3 Vop of EAaslke 
Bldiskstack -8 Top of H~ighest Support Disk~ 

00-10 1Bottom of Lowest Support-pisk 
[-l.0~lbwBlbe)3-9 1 Bottom of Bazkeý 

t-l.d~bskpf+B~w*9~i~, ~ Daket.,ffset 

ý 1{ole8 T61-pWel~dmeint'-Oisk ý- d structure above the iweldirentf dial 
if for shielding reason this structure is desired an additional eleviationi 

-g~an. ba-defined, and. filled bayA mre detailed plate, bole,,(for- Iexamplae._Y es) 

t~diatpw/2.03 
I1 number of axial int~ervals 
[Qbasket-@lbws--Qlbw-ýltpw] 

[Blhsket9lhw-Blb-Bltw+9lpwZ Coordinates -inherited from PLATE Kole 
13 Plate Material 

- I Outside material.  

Hole 9-,Bot~tom Wel~dmentjpisk 7no zitructure .ini the, weldment ~disk, support 

kZMESH 
I1 number of radial -points 
(Odiahw/2 .0] 
I1 number of axialjinterval.4 
E -I. 0*(Glbws+glbwd)] 
E-l..0@l1bws] Coordinates inherited from PLATE Hole~ 
13 APlate- Material.  

~Noe~1 Supot dsk ndheat, transferdisk stack 

P'LATE 
0 0-; 
4 
CELL [9tspd+9dsspht+@thtd+Qdsspht3 Sete parpa~glatc fcls 
1Qtspd+Qdsspht+4thtds-Sdsspht] 3 water 
t~tspd+Qdsspht+4thtd) 3 water dap 
fOtspd+Sdsspht] 14 1aluminium disk 
gtspd 3 water gap 

*P~ditioml hle~my beaded to. add weldmentdeausn te ymshbeficio 

SEP15W CONTROL OT 

*RZA. ' I read and 'check each-independently

!SX1K XULTIPLE DEFINIITION$ 

SEEDS -12345 -12345 

STAGBBýl0-820-5QOUSTVV-0000-5 

52015 SOURCE G3014ETRY 

ZONEJAT 

X"L L-KATUUZL gfu@M2T-

6.6.340
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~AA N NN SSSSSN 
ANNA EN "N SSSSSSSS 

AR AA NUN NI SS 
AA AA UNNN NN4 SS 
AAAAAAAA NN NN NN SSSSSSS 
AAAU NN NU NN S ssss 
A-AAAAA UNUN URRN SSSS 
AN AA U1N NNN SS 

AA AA NN NN SSSSSSSS 
AA AA ENT1 N ssssss

UN Uw 

w WW Ww Uw 
W• N, 

;ýw Kww 
VU WN 

"U wwww 
UNw WW UW UNUNUN 
WUNUNUN

EEREEBEEE 
BEEEEREE 
BE 
EE 
EEE 

EEZEESEE 
BEaSEEEZ

RRNNRRRN 

RR RN 
RN RNF 

RRRNRR 
RR RR 
RR RR 
RR RR,

.M M" 000000 -N U. NN 
:N MM 00000000 UN NN 
L 9250•(00 005 NNN NN 

[UNUNU O 00 NUNNNN 
N M MM C0 00 NN NN NN 

MM MM 00 00 NN NNNN "aN LM 00 00 NN NUN 
M O N 000000 NN NN 

Running on machine 57NST ( Windows NT) ....  
Date and time of.executionF .ii/ 5/20UG - 11,48. 0 

PPPPPPP CCCCCC N WUN 
PPPPPPPP CCCCCCCC WW WU 
PP PP CC WW WW 
PP PP CC WU WW 
PPPPPPPP CC Uw Uw 
PPPPPPP CC wU WU 
PP CC WW UN WU 
PP CC UNUNUN 
PP COCCCCOC UNWWWW

NSSSss SSSSSSS 

SS 
S3 
sssssss 
sss~ssss 

SS 
• ý5 

s~sssssss 
Nsss~ss

"BK .KK 

KK Ky 
XKK K 

KrKKK 
KK KK RK KR 
KK KR 

KK KK 
KK KK

111111 
'It"' 
II 
II 
'I 
I' 
II 
II 

III"'

cCCCCCC 00o0"0-0DDD0 D -0000 EEEEEsEE 
CCCCCCCCC 00000000 0D0D0DDD EEEEEEE 
cc 00 00 DD EsN 
CC 00 00 DD DD BE 
cc 00 00 DD DM REESE 
cc 00 00 Dr DD BEEBE 
cc 00 00 D0 DD ER 
cc 00 00 DD DI 0EE 
CCCCCCCC 00000000 D00DDDD0DD EEEEEEE ~CCCCCC,. 000000, 0000000 * XEE3EBE,

..... 8808888 
088088808 

88 88 
808888 

8008888 
88 80 
88 ,88 
88888888.

NN N 

2N IN 
NUN UZN 

NN N-N ýal 
ýa; NIN NN 
NN Zm 
N14 NNN 
NN UN

AA 
A.A AA 

AA AA 
AAAAAAAAý 
AAAAAAAA 
AA AA 
AA AA 

•AA. • AA 

A NN 
N NN 

NNANNAN 

NANANANA 

a NNN 

NN NN

TTr''I'I• 

TT 

TT 
TT' 
.TT 
ST

PP _CrCCCCCW UN UN 111111UN_- _ NUN j 

This Computer Program is Supplied Under Lic.ence by theAn. TeChnology ANSWERS So .twar Saryice .  

Program MONK BA - Release Update 1 

* This is the ANSWERS QA Set version of MONK. This * "* program has successfully executed the designated set "* of test cases on the ANSWERS QA Set computer systems.  

* This is the first update release of MONK8A, known as "* the RUI release. It contains corrections to the errors * 
* reported in ANSWERS/CRIT/ERROR(98)28,30,31 and 33 

22 January 1999 

The MONK program is developed and maintained * 

through a collaboration between ABA Technology PLC 
and British Nuclear Fuels PLC.  

******** ************************************ 

* STATUS OF INPUT UNITS AT END OP STAGE ONE PROCESSING 

PROBLEM CONTROL DATA. USED-OK 
MATERIAL GEOMETRY DATA. USED-OK 
SOURCE GEOMETRY DATA. USED-OK 
NOLE DATA USED-OK 

-&ATERIAL SPECIFICATION ....... USEDK .

b9jgure6(,63.-2

L

ý~4QN- uptSxmi~ 97asotCs W h Ep d Im.pact
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ATAGosSTR •, 0 7 M~,T PARM)RCS T"FNE-P.E •207••-• ( 86EX0"9"E•T OF; S'0Z• 6 3• LL 

STAGE Z-9 COMPLETED AFTER -AV4.36 IN -- (TREE)= 0.9205- .0031) 
*STAGE -8 COMPLETED AFTER " 669 2 I0 N X (TEREE)} 0.9231- ( 0.00246 

'STAGE -7 COMPLETED AFTER 9.02 MIN - K(THREE). 0.9250 0.0021)i 
STAGE -6 COMPLETED AFTER 116.4 KIN - K(THREE)= 0.9259 0.00192V 
STAGE -7 COMPLETED AFTER 13.63 KIN - K(THREE)= 0.9282 0.0017) 

rSTAGE -4 COMPLETED AFTER 1.86 MKIN - K(THREE)= 0.9291 0.00169 
ýSTAGE -3 COMPLETED AFTER 13.13 KIN - KfTHREE)= 0.9298( 0.0015) 
,STAGE -2 COMPLETED AFTER 20.33 MIN - K(THRZEE)ý 0.9299 (0.0016) SSTAGE -13 COMPLETED AFTER 22.69 MIN - K(THREE)= 0.9311 0,0013) 
,STAGE 0 COMPLETED AFTER 25.03 MIN - E(THREE)= 0.9315 0.0012) 
:STAGE 1 COMPLETED AFTER 27.48 MIN - K(THREE)= 0.9259 (0.0041): 
'STAGE 2 COMPLETED AFTER 30.06 MIN - K(THREE)= 0.9281 0,0029): 
;STAGE 3 COMPLETED AFTER 32.56 MIN - K(THREE)* 0.9298 0 0.0023)• 
;STAGE 4 COMPLETED AFTER 34.91 KIN - X(TREES)= 0.9311 0 0.0021) 
E STAGE 5 COMPLETED AFTER 37.52 KIN - K(THREE)= 0.9314 0.00192) 

STAGE 6 COMPLETED AFTER 39.85 KIN - X(TNREE)- 0.9321 C•0.0017), 
STAGE 7 COMPLETED AFTER 42.31 Mir - K(THREE)= 0.9324 0 0.0016) 
STAGE 8 COMPLETED AFTER 44.69 MIN - K(TXREE)= 0,9320 0.0015) 
' STAGE 9 COMPLETED AFTER 47.12 MIN - K(THREE). 0.9315 0.0014) 
STAGE 10 COMPLETED AFTER 449.58 KI - K(THREE)= 0.9319 (0.0013) 
STAGE 11 COMPLETED AFTER 51.93 MIN - K(THREE)= 0.9323 1 0.0013) 
STAGE 12 COMPLETED AFTER 54.24 KIN- KrTMREE)= 0.9328 0.00132) 
STAGE 13 COMPLETED AFTER 56.77 KIN - K(THREE]= 0.9327 0.0012) 
STAGE 14 COMPLETED AFTER 59.12 MIN - K(THREE)= 0.9325 0.0011) 
STAGE 13 COMPLETED AFTER 61.55 MIN -K(TEREE)* 0.9322 0 00011) 
STAGE 16 COMPLETED AFTER 63.94 KIN - R(THREE)= 0.9324 0.0010) 
STAGE 17 COMPLETED AFTER 66.30 MIN - KMTXREE)= 0.9324 (0.0010) 
STAGE 18 COMPLETED AFTER 63.72 KIMN - K(TREE)= 0.9324L 0.00108• 
STAGE 19 COMPLETED AFTER 71.14 MIN - KfTHREE)= 0.9329 0.0010) 
STAGE 20 COMPLETED AFTER 73.65 NTN - K{TPHREE)= 0.9328 0.0009) 
STAGE 21 COMPLETED AFTER 71.05 MIN - KRTHREE)* 0.9329 C 0.0009) 
STAGE 22 COMPLETED AFTER • 78.47 MIN - K(THREE)* 0.9333 0.0009) 
STAGE 23 COMPLETED AFTER 81.02 MIN X K(TNREE)= 0.9336 0.0009) 
STAGE 22 COMPLETED AFTER 83.46 MIN - K(THREE)= 0.9338 (0.0008) 
STAGE 25 COMPLETED AFTER 85.92 MIN - K(THREE)= 0.9340 (0.0008) 
STAGE 26 COMPLETED AFTER 88.31 HIM - K(TMREE)= 0,9339 0.0008) 
STAGE 27 COMPLETED AFTER 90.70 KIN - X(THREE). 0.9339 0.0008) 
STAGE 26 COMPLETED AFTER 93.12 MIN - R(THREE)= 0.9339 0.0008) 
STAGE 29 COMPLETED AFTER 95.51 KIN - K(THMtEE)= 0.9335 (0.0008) 
STAGE 30 COMPLETED AFTER 97.99 IMN - K(THKEE)= 0.9336 0.0008) 
STAGE 31 COMPLETED AFTER 100.41 IMN - K(THREE)= 0.9337 -0.0007) 
STAGE 32 COMPLETED AFTER 102.76 MIN - KOTHREE)= 0.9336 0.0007) 
STAGE 33 COMPLETED AFTER 105.22 KIN - K(THREE)= 0.9337 (0.0007) 
STAGE 34 COMPLETED AFTER 1.07.64 MIN - K(THREE)= 0.9337 { 0.0007) 
STAGE 33 COMPLETED AFTER 110.14 MIN - K(THREE)= 0.9338 6 0.0007) 
STAGE 38 COMPLETED AFTER 112.57 MIN - K(THREE). 0.9340 (0.0007) 
STAGE 37 COMPLETED AFTER 114.87 MIN - K(THREE]= 0.9339 (0.0007) 
STAGE 38 COMPLETED AFTER 117,31 MIN - X(THREE)= 0.9340 ( 0.0007) 
STAGE 39 COMPLETED AFTER 119.77 MIN - K(THREE)= 0.9340 ( 0.0007) 
STAGE 30 COMPLETED AFTER 122.17 MIN - R(THREE)= 0.9340 ( 0.0007) 

:STAGE 41 COMPLETED AFTER 124.61 MIN - R(THREE)= 0.9341 D 0.0006) 
STAGE 42 COMPLETED AFTER 126.97 MIN - K(THREE)= 0.9340 (0.0006) 
STAGE 43 COMPLETED AFTER 129.46 KIN - K)THREE). 0.9341 (0.0006) 
STAGE 44 COMPLETED AFTER 131.87 MIN - K(THREE)= 0.9342 (0.0006) 
STAGE 45 COMPLETED AFTER 134.35 MIN - K(THREE)= 0.9342 (0.0006) 
STAGE 46 COMPLETED AFTER 138.70 MIN - K(THREE)= 0.9342 0 0.0006) 
.STAGE 47 COMPLETED AFTER 139.11 mIN - x(THREE). 0.9342 (0.0006) 
STAGE 48 COMPLETED AFTER 141.50 MIN - K(THREE)=-O.9342 (0.0006) 
STAGE 49 COMPLETED AFTER 143.91 MIN - K(THREE)- 0.9341 C0.0006) 
STAGE 50 COMPLETED AFTER 146.35 MIN - KTHMREE)= 0.9341 0 0.0006) 
STAGE 51 COMPLETED AFTER 148.98 MIN - K{THREE)= 0.9341 ( 0.0006) 
STAGE 52 COMPLETED AFTER 151.39 MIN - K(THREE), 0.9341 C 0.0006) 
STAGE 53 COMPLETED AFTER 153.89 MIN - X(THREE)= 0.9343 { 0.0006) 
STAGE 54 COMPLETED AFTER 156.30 MIN - KCTHREE). 0.9344 C 0.0006) 
STAGE 55 COMPLETED AFTER 158.76 MIN - K(THREE)= 0.9344 " 0.0006) 
STAGE 56 COMPLETED AFTER 161.13 MIN - K4THREE). 0.9343 00.0006) 
STAGE 57 COMPLETED AFTER 1635.58 MIN - KMTREE)- 0.9343 (-0.0005) 
STAGE 58 COMPLETED AFTER 165.93 MIN - K(THREE)= 0.9341 (0.0005) 
STAGE 59 COMPLETED AFTER 168.26 KIN - C(THREE)z 0.9340 00.0005) 
STAGE 40 COMPLETED AFTER 170.99 MIN - X(TEREE). 0.9340 0.0005) 
STAGE 61 COMPLETED AFTER 173.02 KIN - KRTHREE)- 0.9339 0 0.0005) 
STAGE 62 COMPLETED AFTER 175.39 MIN - XCTXREE). 0.9339 0.0005) 
STAGE 63 COMPLETED AFTER 177.74 KIN - K[TEREE)- 0.9337 C 0.0005) 
STAGE 64 COMPLETED AFTER 180.03 MIN -( KTHREE)- 0.9339 0.0005) 
STAGE 65 COMPLETED AFTER 182.52 MIN -. KTHREE )•.0.9337' 0.0005) 

STAGE 66 COMPLETED AFTER 184.86 MIN - K(TRRES)= 0,9336 0.0.0005) 
STAGE 67 COMPLETED AFTER 187.25 KMi - EKTHmEE). 0.9335 0 0.0005) 

'STAGE 68 COMPLETED AFTER 189.61 MIN - K(THREE)- 0.9335 ( 0.0005) 

" REQUIRED ACCURACY (= -"'0.000500) REACHED BY YCTHREE) I 
"* EXECUTION ENDS AFTER STAGE• 69 .  S........................*•;* •
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jgureQý -NK8Q:puý W (onied 

NU2BER OF SAMPLES POST-SETTLING . 3452237 
,FIRST STAGE RUN . = - -10 
FINAL STAGE COMPLETED 69 

ýTOTAL C.P.U. TIME (SECONDS 11524.286 
AVERAGE TIME PER SAMPLE(SECONDS = 0.029 
AVERAGE TIME PER STAGE(SECONDS - 144.054 

•AVERAGE SAMPLES PER SECONDS - 34 
NUMBER OF RANDOM NUMBERS USED 1462709598 
AFTER SEEDING WITH VALUES = 12345 -112345 

'TRAJECTORIES TRACKED THIS RUN = 148082462 
NUMBER OF COLLISIONS THIS RUN = 194833026 
ZONE SEARCH LOCATIONS USED(PAIRS) = 297 

CUMULATIVE R-EFFECTIVE ESTIMATORS* ************************************ 

STAGE K(COLL) STDV K[SCORE) STDV A(SCORE( STDV ALPHA BETA K(THREE) STDV 

• 1 0.9294 0.0056 0.9287 0.0064 1.0028 0.0036 0.2157 1.0774 0.9259 0.0041 
* 2 0.9324 0.0038 0.9291 0.0044 1.0018 0.0025 0.2393 1.0082 0.9281 0.0029 * 

* 3 0.9319 0.0030 0.9311 0.0035 1.0016 0.0020 0.2557 0.9686 0.9298 0.0023 
A 4 0.9312 0.0027 0.9295 0.0031 0.9989 0.0017 0.2293 0.9859 0.9311 0.0021, 

I * 5 0.9317 0.0024 0.9297 0.0027 0.9988 0.0016 0.2217 1.0036 0.9314 0.0019 * 
* 6 0.9325. 0,0022 0,9305 0.0025 0.9989 0.0014 0.2253 1.0065 0.9321 0,0017 ' 
* 7 0.9329 0.0020 0.9301 0.0023 0.9983 0.0013 0.2203 1.0024 0.9324 0,0016 

8 0.9323 0.0019 0.9294 0.0022 0.9980 0.0012 0.2231 0.9881 0.9320 0.0015 " 
* 9 0.9326 0.0018 0.9288 0.0020 0.9981 0.0012 0.2159 0.9997 0.9315 0.0014 

10 0.9329 0.0017 0.9294 0.0019 0.9982 0.0011 0.2158 1.0058 0.93a9 0.0013 
11 0.9330 0.0016 0.9299 0.0019 0.9982 0.0010 0.2154 1.0055 0.9323 0.0013 * 

* 12 0.9331 0.0016 0.9308 0,0018 0.9985 0.0010 0.2180 1.0059 0.9328 0.0012 * S13 0.9335 0.0015 0.9308 0.0017 0.9987 0.0010 0.2184 1.0058 0.9327 0.0012 , 
14 0.9331 0.0015 0.9303 0.0016 0.9984 0,0009 0.2170 1.0016 0.9325 0.0011 

* 15 0.9329 0.0014 0.9306 0.0016 0.9989 0.0009 0.2195 1.0033 0.9322 0.0011 
16 0.9329 0.0014 0.9310 0.0015 0.9990 0.0009 0.2199 0.9995 . 0.9324 .0.0010 

. 17 0.9327 0.0013 0.9305 0.0015 0.9986 0.0008 0,2184 0.9989 0.93241 0.0010 * 

18 0.9328 0.0013 0.9309 0.0015 0.9990 0.0008 0.2182 1,0018 0.9324 0.0010 * 
19 0.9329 0.0013 0.9310 0.0014 10.9989 0.0008 0.2157 1.0058 0.9325 0.0010 * 
20 0.9330 0.0012 0.9311 0.0014 0.9987 0.0009 0.2174 1.0005 0.9328 0.0009 

* 21 0.9329 0.0012 0.9313 0.0013 0.9988 0.0008 0.2211 0.9997 0,9329 0.0009 * 
22 0.9330 0.0012 0.9317 0.0013 0.9986 0.0008 0.2216 0,9959 0.9333 0.0009 * 
23 0.9336 0.0011 0.9320 0.0013 0.9987 0.0007 0,2182 1,0009 0.9336 0.0009 * 
24 0.9336 0.0011 0.9322 0.0013 0.9987 0.0007 0.2210 0.9969 0.9338 0.0008 

• 25 0.9338 0.0011 0.9325 0.0012 0.9988 0.0007 0.2216 0.9958 0.9340 0.0008 
* 26 0.9338 0.0011 0,9324 0.0012 0.9988 0.0007 0.2191 0.9966 0.9339 0.0008 
" 27 0.9338 0.0010 0.9324 0.0012 0.9989 0.0007 0.2185 0.9996 0.9338 0.0008 

28 0.9337 0.0010 0.9324 0.0012 0.9990 0.0007 0.2191 0.9995 0.9336 0.0008 " " 29 0.9335 0.0010 0.9324 0.0011 0.9991 0.0007 0.2197 0.9969 0.9335 0,0008 * 
* 30 0.9336 0.0010 0.9327 0.0011 0.9993 0.0006 0.2193 0.9968 0.9336 0.0008 
* 31 0.9337 0.0010 0.9328 0.0011 0.9993 0.0006 0.2196 0.9958 0.9337 0.0007 

32 0.9336 0.0010 0.9327 0.0011 0.9993 0.0006 G0.2184 0.9958 0.9336 0.0007 
33 0.9336 0.0010 0.9331 0.0011 0.9996 0 0006 0.2206 0.9953 0.9336 0.0007 * 

* 34 0.9337 0.0009 0.9331 0.0011 0.9996 0.0006 0.2199 0.9980 0.9337 0.0007 -* 
35 0.9340 0.0009 0.9334 0.0010 0.9997 0.0006 0.2191 0.9993 0.9338 0.0007 * 

• 36 0.9341 0.0009 0.9336 0.0010 0.9997 0.0006 0.2196 1.0000 0.9340 .0.0007 
• 37 0.9340 0.0009 0.9334 0.0010 0.9996 0.0006 0.2206 0.9980 0.9339 0.0007 * 
• 38 0.9340 0.0009 0.9332 0.0010 0.9994 0.0006 0.2205 0.9961 0.9340 0.0007 * S39 0.9339 0.0009 0.9334 0.0010 0.9995 0.0006 0.2239 0.9933 .0.9340 0.0007 * S40 0.9338 0.0009 0.9335 0.0010 0.9995 0.0006 0.2236 0.9939 0.9340 0.0007 * 
* 41 0.9340 0.0009 .0.9335 0.0010 0.9995 0.0006 0.2230 0.9940 0.9341 0.0006 * 

42 0.9338 0.0008 0.9334 0.0010 0.9994 0.0005 0.2234 0.9941 , 0.9340 0.0006 * 
• 43 0.9338 0.0008 0.9335 0.0009 0.9994 0.0005 0.2229 0.9944 0.9341 0.0006 * 

44 0.9339 0.0008 0.9336 . 0.0009 0.9995 0.0005 0.2243 0.9939 0.9342 0.0006 * 
* 45 0.9339 0.0008 0.9337 0.0009 0.9996 0.0005 '-0.2245 0.9939 0.9342 0.0006 * 

46 0.9339 0.0008 0.9337 0.0009 0.9995 0.0005 . 0.2246 0.9938 0.9342 0.0006 * 
* 47 0.9338 0.0008 0.9336 0.0009 0.9995 '0.0005 0.2256 0.9911 0.9342 0.0006 * 
"* 48 0.9338 0.0008 0.9338 0.0009 0.9996 0.0005 0.2268 0.9896 0.9342 0,0006 
• 49 0.9337 0.0008 0.9337 0 0.0009 0.9996 0.0005 0.2276 0.9885 0,9341 0.0006 * 
* 50 0.9338 0.0008 0.9336 . 0.0009 0.9995 0.0005 0.2263 0.9893, 0.9341 0.0006 

5 91 0.9339 .0.0008 -:0.9336 0,0009 -. 0.9996 0.0005 0.2269 0.9891, 0.9341 0.0006 
52 0.9339 0.0008 0.9336 0.0009 0.9996 0.0005 0.2261 0.9895 0.9341 0.0006 
53 0.9341 0.0007 0.9338 0.0009 0.9996 0.0005 0 0.2265 0.9900 0,9343 0.0006 * 
54 0.9342 . 0.0007 0.9340 0.0008 0.9997 0.0005 0.2261 0.9926 0.9344 0.0006 * 

* 55 0.9342 0.0007 0.9339 . 0.0008 0.9996 0.0005 0.2256 0.9921 " 0.9344 0.0006 * 
* 56 0.9341. 0.0007 0.9338 0.0008 0.9996 0.0005 0.2268 0.9911 0.9343 0.0006 * 

57 0.9342 0.0007 0.9339 0.0008 . 0.9996 0.0005 0.2275 0.9897 0.9343. 0.0005 
* 58 0.9340 0.0007 0.9337 0.0008 . 0.9996 0.0005 0.2277 0.9894 0.9341 0.0005 
* 59 0.9339 0.0007 0.9336 : 0.0008 0.9997. 0.0005 .0.2278 0.9889 . 0.9340 0.0005 ,• 

60 0.9339 , 0.0007 - 0.9336-' 0.0008 0.9997 0.0005 0 0.2277 0.9884 " 0.9340 0.0005 * 
61 0,9338 , 0. 0 07, 0.9334 &, .0008 0.9996 0.0005 0.2273, . 0.9881 ., 0.9339 - 0.0005 .  

• 62 0.9337 '• 0.0007 • ý99334.•. 0.0008'. 0.9996 , 0.0005 0.2273 0.9886 0.9339 0.0005 'I 
* 63 : 0.9335 0 0.0007 0,9332 2:0.0008 0.9996 0.0004 . 0.2285 0.908 .6 . 0.9337 0.0005 
* 64 - 0:9332 0.0007... 0.9331V D.0.0008 : 0.9996 , 0.0004 -0.2292 0.9849 0.9336 0 .0005 * 
• 65 . 0.9333 0..0007. , 0.9334 ;.. 0.0008 , 0.9997" . 0.0004 0.2301 .0.9854 0.9337 0.0005 A.  
* . .66 0.9331 0.0007' , 0,9333 0,0008 0.9997. 0.0004 .: 0,2303 0.9853 . . 0.9336 0 .0005 

67 0.9331 -" 0.0007- 0,9333 .0.0008 , 0.9997 , 0.0004 - 0.2305 0.9851 0.9335.1 0005 . * 
. 68 .0.9330 ..- 0.0007_ 0.9331o i 0.000oo 0.9996 -0.0004 0.2190 0.9868 . 0.9335 0 .:0005 

* . 69 0.9330 0.0007 .- 0.9331 '-.0.0007 0.9996 ''0.0004 ,: 0.2300 0.9853 , .0.9335 0.0005 

.* * * * **.•".""".......", ..,*, : " , ,-******.*,*.
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Docket No. 71-9270

May 2000 

Revision UMST-OOA

iCASE CATEGORISATION 

7T"ERE ARE 912 CATEGORIES SPLIT AS 7OL•LOS: A-:URANIUN SYSTEMS.......J., ' - 32 
........... * * * * * A=2.PLUTONIUM SYSTEMS . 325- 648 

WITHIN-EACH p324 NUMBER SEGMENT I*:O NO-ULloOgTOZ. ''0 
----- -... --........- B=2-NEDIUM NON-FUEL ABSORPTION... 109 -216 

-iiiNGgO-ULABOPIN, 
2 1

,7,,, 3 

WITHIN EACH 108 NUMBER SEGMENT C*f1iLW ASSEMBLIESI .T'. 2 I" zO 
------------------------- ----- C=2 :MEDIUM LEAKAGE SYSTEAS ..... 37 - 72 

C*3; HIGH LEAKAGE. SYTM. _.ý 7 - 108 

WITHIN EACH 36 NUMBER SEGMENT 1 D=ILOW RESONANCE ABSORPTI0N. . . I' - 12 
----------------------------- D.2 MEDIUH RESONANCE ABSORPTION... 13 - 24 

O*3:Hý;IGH RESSONANCE ABSORPTION_.,, 25 - 3 

.WITHIN EACH 12 NUMBER SEGMENT ZE=1.LOW FAST FISSION........ ....... - '4 
---------------- .------- ------- E=2,M DIUM FAST FISSION . ... 5 - 8 

Z.,.,,E3;,HIGHXASTISO .. - _ -,14 

WITHIN EACH 41 NIMBER SEGMENT 7ý:FJINO HYDROGEN.....................1• 
F=2:LOW HYDROGEN CONTENT ............ 2 
Fr3 .MXDIUM HYDROGEN CONTENT .... 3

TYEOF 'SYSTEM................  

"NON-FUEL ABSORPTION............. B.* = 

LEAKAGE......................  

ýRESONANCE ABSORPTION......, D0 3 

.FxAST FISSION............... ...... 1 

F'UELHYDROGEN CONTENT. ..........

FRACTION, 09,FISSIONS IN UPRANIUM AND PLOT,, NIV ., 000 D.- -p0_0 

FRCTIONT OF TIOTAL `ABSORE'TIONS IN FUEL; *..5335 

FR-ACTION OF NEUTRONS,'LEAKING, - 0,00-04 

FRACTION OF ABSORPTIOZNS N RESONANCE' PAR~TTI0 10,2 

MEASURE ýOF_ FAST ýFISSION =a 0.,02k5$ 

MEASURE OF ,HYDROGEN ,CONTRNTI * 0.0000

S*THIS CASE FALLS ITN"O CATEGORY NU•MBER 133 

'THE CATEGORY NUMBER IS NOT A GUARANTEED INDICATOR OF THEZBIAS'TO BE EXPECTED ON THE FINAL VALUE'OF K--EFFECTVE 
,IT SHOULD BE USED WITH CAUTION SINCE MANY OTHER ,FACTORS AE I-NVOLVED ,LE.G,--,UNUSUAL/EXOTIC MATERIALS ANUCLIDES)I 

ISAMPLING GUIDANCE

1. NO PARTICLE TRACKS IN ZONE :'. 60 FOR 80 STAGES 

511•..: jx•,L ,-2 iil:igi•8•.$teg tba,6L thiS Oc~usred are;+2j• 

.2 [: •: NO1 PARTICLE •TRACKS: •N ZONE i?63 F~OR,,.' 89. OTAGES 
Th is.20 sotages-that -this o'qaurred_'areý 

' NO PARTICLE TRACKS IN ZONE z.66_ FORO -, 80 STAGES 

.. .2: . The firat.2 ,,etages that this occusred aree 

NO.PARTICLE-TRACKS IN.ZONE.•6,9._ •OAC., 80_STAGES -,.,,,,The fixot-, 20--atages- thatb.4Zhig ODGurred areL

-I _3 4- _52,.2 6_.-j S- 8

* -Ii~29Z2~J. L2322~,4 ,i'z ~-J Jt7. ,,,0.i 1~ 2..,..ZI.2, ,5LI 62..C 

,.,IO. PARTXCL&.').K .I,X_, ZON 27FHX0SAE 

.77,NO.PARTCLETRACKS NOE7iiF TJ80SGS 

__.NO PART;.ICE.TRACrS, IN,.ZOxEzJ7_. 8j_1 .102.2'66STAGES 

Thefirst.,,20 etagp thtti.eerea 

Z, .315



SAR - UMS® Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-OOA 

9 jact-L2~1~ZZ i22:22lik 

NO " PARTCLE. TRACKS. INZONE 83 FOR .$TAGEN7 

NO0 PARTICLE 'TRAORS' Q'ZNS, 88. OR STAG9S.j 

N`OPARTICLE TRACKS IN ZONE_- 91 FOR STAGES; 

..LsoPARTICI.E TRACKS IN ZON,�-92.yx~ 31~ STAGESq 

~ 20 stages that, this eourred ae;e 

>.....• L.... 55 Z4.U l~ 25...~ ~ .2~..22 2D j2~2&j428 

NO PARTICLE p TRACES IN T EDON 93A FSORS 42STAGES 

.The first 20d stage that _thies Occrred are 

. -NO P0RTZ~~ TNORALZIN ZONE_ 94-FOR_ 2STIMACS 

.. T.e. fi..t 20 setages that, this iocarred ore-* 

', .... ... 2 K LThEE. ....... 14 :A16. 18'.. 19n 24. a 

NO PARTICLE TRACEST I. ZONE 95TFOR STAGES, 

r PARTICLE TRACKS INt:a;ezOE 9d8.FOR 71 SeAGe 

212 Tke first' 2G stages that. this. occurred are 

-----NO PARTrICLE TRACKS IN ZONE 99 FGRSTAG4S~z 

-2 --'SOURCE PARTICLES STARTED FROM -ALL IT SL, ONSI LLSR 

3.2.CONISTSCYOF ESTIMATORS 

Individual: Stage'value6 of X(COLL) and r (SCORE) aeefor 'all stager 
Individual stage, valuesOf A (C=RE), agree, wih 1.0, for all stagesi 

S.TEST FOR NORMALITY OF INDIVIDUAL- STAGE ESTIMATORS 
o(es f- significance.Ž1.o ae 

,K(COLL)' - I - PASSED- L..el'.ofs .ignii. 9an 2.19% 
E(SCORE)* PASSED Level of significance =60.661h 

5. CHI-SQUARZDO TEST POR ,ADEQUATE 7SETYLING 

NO7 of -- Cbi7 Squared per' Probabi~lity 
Settling stages degree of freed=e 

XCCOLL) 11 0.JI19 0-9978 PASSED 
X(SCORE) 11 0,754 0.7648 PASSED 

.ZFIILV-DO.O- 335LZ -isi. d,',0WY~ 

KThEL2.± .. X. STDVI-2iO-"01..9354 

MONK PROCESSING COMPLETED TO STAGE 3 

UIiJý6
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-gr~.- ----- Fil - UMS 

UM-O raepz Caek Mo-del 0149 

*Inceeting TSC Parwneters Here 

qltcap g 4.2342 
QlbraP * 0.90117 
glactf. 382 
I glwple =12.164 

godclad -1.077 
Ocladtb * 0.0762 
godpellet * 0.9ý055 
glattice = 9 
4rpitch * 31.4525 
Oodwr - 1.077 
4wrth =0.0762 
9cbwi.dth = 14.0005 
fichthz ! .2032 
glasse 435.21493 
Swfel. 14.0005 
Bibnozz 1 7i6276 
,ltnOzz * 7.577 
Onwaterrodz 2 
Onfuelpin * 79 
Bfuoffiz-= .-l.674 

4faslo = 0.1665 
Ofvoidln = 0.0345 
Ofssun = 0.1755 
Rfvpidun -0.8245 

QgIU235gUO2 *0.0353 

ggU238gUO2 *0.0462 

SgOql3O2 =.0.1185 

Qwft =-14.986 
Oftth = .12192 
Bifutube = 409.448 
Owfto =15.61846 
gwfton3,= 15.22984 
0 ftoffz = 0.0 
easoff. 0.5867 
0 asoffy = 0.5867 
Qwbrl -13.5636 
Obit =0.3429 
Ob C t = 0.127 
Blboral * 396.21714 
Oblo * 0.4572 
Oboffz = 0.0 
Obsbiftx = 0.0 
Obahifty = 0.0 
Ocvst = 0.04572 
glcvs = 398.526 

Boffz * 1.6764 
Bltvbooffx =0.1637 
atboffy = 0.1637 
gtboffbmb = 0.358 
gtboffynb =0.358 
Bovwfi 15.367 

0 vwfto 15.99946 
ovwftonb =15.61084 

iovasoffx * 0.7772 
Bovasoffy . 0.7772 
govtboffx = 0.1637 
govtboffy -8.1637 
Bovtboffxnb -0.358 
QovtboffYnb a-,0.35S 

Odiabis '-- 166.37 
Blbw - 12.6492 
iBlbwd, 2.54 
BlOB = 0.1407 
Odiatpw = 166.37 
Oltpw =28.7782 

gltp~wd 2 2.54 
Bopspd 15.9461 
Bdlaspd * 166.5470 
Otspd =1,5875 
Qspxl - 17 .5830 
4spxl- 35,1942 
OSP4- s32,791~4
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CD 
C=) 

03 

CO 

.4.

CJ) 

CIO) 

S:4

too, 

f~4l 

Mfft 

COq 

AI.

24.4 
o �4 

0 44H 
044241 
44 4*40 
4$ 0 

�4 4U 
* 4$ d IA 
.d 0 
04 

tft 4* 0 4.  
12£� 4*4 
F-.  

44 OH 
444 0 LU Oft 
o 4-� 

F. �ft.4 ii� 
Fl .� �? 
4.14114 
I-I-I 41 11 
1144 41 
a441a.I 

'0 * 4* 
2-422.2* 

� ftFlFl 
� 

4 .4 
0 ft 

ft* 4.4 ft ft 

* 0 * 

:4 � : 
ft 4: ft *4 
* *4 ft ft 

ft 44 ft ft 

('U '4. * 

ci '024 o� ft ft .4 
fl14I0*0UI4ftt4I4I -ft. 24 ft * 
tftUr-.-ft "04 .. 4.4 ft 14W.  

.44-0-Or. . S �i ft ftft.-lftlft-*ftj 
CIII '�IF- II. ft

4  
� ft 

1�' *21-0 -ft 0 ft U *4442.  
ft-42ft10 *11 4.4 -ft .-ft * -! 

411 4 ft ft-i ft ft 
22 Hft-I4 ft 0 ft F-�..  

II 44044-A ft 44 ft 444- ft 

:4 � 
� : 
*0441S0 2.4 sA .

'4' 

Iji I 
ft 44 4 

- *.-4 H 
lIft *2 * 

2. � 2� 

� 

� �:�- � 

22 

224 

.i � .'2 

� I 
* 214 �Fj 

� -. 44 s�

0 

II

*4 24 

* 2' 

44 ft.  

ft* U 

*4 ft 

* 442 
40.  

.4-ft 

ft ftftft 

ft Oft 
2 *4.1* 

ft .- lft 

ft 444*.

I

rOoj

21

4*0



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

May 2000 
Revision UMST-OOA

~Auj6.3- MNKa nut File - UM4S __nqjýg 

MAWRIA~. ~RCLLO J uel' plin cladding /' End Caps 

~ATRIA~2~m~ITY9 982MIXTURE I Water in Lattice and' Tube 

HA3~AL .pES~T. 09982 0KIXTUPZ 1 I~ ~ Wa.ter .n--uelRo6d C3,ad Ga 

VO0LUME 
MATERIAL7 
STAINLESS 304••STEEL PROP Ofsain 
KIXTURE.ý. DEWS ITY_ 9.9982 PROP jofvoidln I Lower Noigle Material 

MATERIAL 8 
STAINLESS 304L STEEL PROP OfsSun 

MITUE DENSITTY0.9982- ROP jfoiu Upper Nozzle Material

WEIGHT 
MATERIAL -- 9 STAINLESS -I04L .STEEL 

VOLUME 
MATERIAL 10 
AL27 DENSITY 2.6633 PROP 0.7692 
B10 DENSITY 2.6633 PROP 0.0244 
B1l DENSITY 2,6633 PROP 0.1482 
C DENSITY 2.6633 PRO:' 0.501 
VQIP PROP_0.,0189 

WEIGHT 
MATERIAL 11 ALUMINIUM 

WEIGHT 
MATERIAL 12 STAINLESS 3041 STEEZL, 

WEIGHT 
MATERIAL 13 STAINLESS 304L STEEL 

WEIGHT 
MATERIAL, 14,ALUMINIUM-

WEIGHT 
MATERIAL E15 STAINLESS 3041. STEEl.  

WEIGHT 
ematSS304=1 
MATERIAL [£tscMAT 4 Al) STAINLESI 

WEIGHT

ITube wall-and coverasheet 

BORAL core 

DORAL,'alivnimum, clad 

Structural Disk Material 

SiWeldment Material 

Heat, Transfer Disk Material

1CanisterMaterial

S 304L STEEL� I ISteel conponents 'of Transport Cask

QmatLead-2 
MATERIAL [QtscMAT + 2] DENSITY 11.04 ;LEAD 
PB PROP 1.0000 

ATOMS 
BQatNS4FR=3 
MATERIAL IgtsCMAT 3 3 .- DENSITY- 0 ý. • C. IS
810 PROP 8.553E-5 
Ell PROP,3.4228-4 
AL PROP 7.7638-3 
H PROP 5.854E-2 
O PROP 2.609E-2 
C PROP 2.264E-2 

ATOMS 
8amatCl*4 
MATERIAL EgtscAT+&) .tW'ITL,952_.*..L a 
Hl .PROP 2 
01•6 PROP 1 

ATOMS 
SmatCE*5 
MATERIAL ~BsMT+,3 DNIY0.82 CL a 
Hi PROP 2 
016 • PROPý 3 
END 

BEGIN MATERIAL GEOMITRY 

I Inserting TSC Geometry Here * 

a1 ;•assesbly • for- Standard, Opening

L-PR 

erial. watir) .outside of Canister.lnside Cask

aerial.Outside Cask Body

6.6.3-19
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SAR - UMSO Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-OOA 

Y(cavity/ -1 ,Il "ýiX 
B'ottow.Plate/ M15 +2 

I'Shieldt~id/ 0(15 +3 
IStructLid/ x(15 +4 
/shell/ K15I +6 A.  

tLVerSjon, ~BWR. 0 

This file contains _the' geibety-,pats for th ,fe1tobu 

*These 'PARTS are'based'on ýthe assumption that zjift megoitujdaj the~m 

~ Sandrd ue tue (ART~)Rot~ated- 90 degii-es 
Maxmw sif iplessi~toloerigt, corner (ix, -y) o'f. opl WOOb 

PARkTIZ NlEST 

13OX P4 0.-0 t~wft42;%ftthV-O 00 
[Qwft+2*Oftth] [Swftt2B',ftthI- icavheight ZRPT 90 1 Rotated 4f0el;tu" 

Box M3 0.0 0.0 0.0 ~Swt.26ftb3...gwft+2'9ftthl, cvei-J.  

Standard fulltbe (PART A) PRotated 180 -degrees 
*Maximum shift. implies- -shift 5o lower _left cqorner' tjc,z-yý of fue1,.týb 

RAMT. .18 .ST1 

BOX P4 -[4wft-.21@ftthl tfgwft.2@Oftth3 0- "0 
tgwft+2-Ottth) t~wftt2'p@ftthj Qqavheig'ht, ZROT 180 -tit .~ul1u 

'lox M3 0.01 0.0 0.0 
- (Gft+a~fth] ~wf+2*ftrh .. Bcaheigtj''"'.2j contai.ner 

* Standard fuel tube"(PART A) Rotated 270 degrees 
*Maximum shift implies shift toq upperl left Corner -,yofueub 

PARTJ19.,NBST 

BOX P4 '(9wft..2*Bftth)j 0.'0- 0.0 
[gwft+2*gftth] igwft+2*gftth_ BQceVheight .ZftOT-270 yjT(Otated f.qjtb 

BOX M3 0.0 0.0 10.0 
[Owft+2fth - wf4gth'cahgt. .J..7'cotie 

*Corner/oversiz6 fuel tube Rotated'90'degrees 
*Maximum shift.,implies.-shift to.-lower -right. cornerC 1+%-) ue tbi 

PART 2U nEST 

BOX P5- 0.0 - ' [4ovwft+2ZQftth2- 0.0 
T~ovwft+2-4ftth) 8vf~~th. cvhih"'RO 90 . R.8gt ed- fueube 

BOX M3 0.0 0.0 0.0ýIza.jD tt _fjl~ 

[8ovt+~ftth~ iowf+2efthJ av~eigCL>. .j~ ,~)Icontainer 

" Corner fuel tube Rotated 180 depress 
"* maxi-Mu shift- implies shift-to,-lower leftý,cornarjkx y of'f el..tib 

PART 2110ZsT 

BOX PS 'Nowt2f7b"owr+*r-~~ 
I 6ovwf t+2*6ftthj [0o D-; twt tb 

BOX X83 0.0 0.0 " 0,0 

*Corner fuel- tube"Rota~ted'27V degre~es 
* Jiaximum shiftý implies- shift...to ~pe etcte ~~~~u
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Fge6..3-:3- DACs BN$ku.1~ Wrnp ,R Top E~nd ipc Cor~nu 

22 -2, -2 2 -2 -2 -2 -:2' -2 
L2 -2 -2 -2 -2 -2 -2 -2 -2 
ý22 -2 -2 -2 2 -3 -2 -2 -2 
-2 -2 -2 -2 -3 -2 -2 -2 -2 
-2 -2 -2 -2 -2 -2 -2 -2 -2 
ý-2 -2 -2 -2 -2 -2 -2 -2 -2 
-2 -2 -2 -2 -2 -2 -2 -2 -2 
-2 -2 -2 -2 -2 -2 -2 -2 -2 
2,3 .. Aatazl ,Iof, clad. an aeilot ide lad is[_ _thicknss in this m *odelX 

F-61e 2 -ý 1uel Rod 

"Rod is shifted between end-fitting by modifying bottom gapeto fuelrod 
SFuel material is shifted in rods by modifying,.lower plenum space 

BZMESH 

3 ' umboer of radial Points 
(Oodpellet/2.01 [todclad/2.0).-4cladthi (Podclad/2.0 .  
5i number of axial intervals 
0.0 1 lower end of fuel rod elevation (top'of lower nozzle) reset to 0 
sIbcap 3 top of bottom end cap region 
jelbcap+Qlowple] I bottom plenum region ends 
f•lbcap+&lowple÷3lactfu] ! top of active fuel region 
felfu-QItcap] I bottom of top plug 

Olfu., -I b~otto of, toq nozzle 

2- 2'2 bottom' endcap 
4 4 2 bottom expansion space' (plenum) jwith cladding 
1 4 2 1 fuel material pin with cladding 
4 4 2 3 upper fuel expansion space (plenum)-With cladding 
2 2 2 ! top steel endcap 
3-------------3 outermost material 

lHole 3 Water Rod 

OLOSE 
2 1 number-of radial points 
i iodwr/2.0 1 5 3 water rods 
I (qodwr/2.0) - awrth] 3 3 water-filjed water rods 
3 r outermost.material 

I Hole 4 - BORALCore 

PLATE 
103) 

2 
[(Gblt+gblct)/2.01 -11 
(qblt-Qblct)12.0] -.10 

11 

Hole 5 '- General' Basket Structure 
* Stuctured to allow, potential modification, of weldment detail 

PLATE 
001 
7 
[Qlbasket-Elfs-lbw. . 3 1 Top of Basket 
Odiskstack . -6 1 Top of Highest Support Disk 
(9.0*(6tspd+Slfs)-.nhtd'(Otspd+gdsspht+athtd+Pdsspht)I -- 8 ' Bottom- of Support Disk that starts Support Disk 'Array 
(9.0*(Qtspd+@lfs). -9 1 Bottom of Support Disk that starts Al Array 
0.0 -8 a Bottom of Lowest Support Disk 
E-l.0*(Qlbw+llfs)) -7 ! Bottom of Basket 

3+ , I.3 . Basket Offset I 

ýIHole 6 Topl Weldment: Disk -;no -structure abo-ve the weldment disk "If for shielding reason this structure is desired an additional elevation 
can be defined andfiille4 by a more detailed plate. hole , (for example,. XYZ mesh) 

1 .3numerof.radialv points 
[(3diatpw/2.03] 1 3 "" : n' umber.•f jaxial2 4s•nierval• 
[ 81basket- B1fs- 6lbw-BItpw] 

[albasket-&1fs-glbw-@ltpw+@Itpwd] f Coordinates-inherited from-PLATE Hola 
13 I Plate Material _.  
S:. .2. .. .. ,~... ..LOu tside material 

t'Holi.7l Bottom We nt skb o-trit.inhthe'eldsent' disk eupot 

RZXESH 

tkdiabw/2.0] 
1, - I number of axiallnitezval3 I-l.0" (Blfs+Blbwd) 1 
J-1.0-0ifs : .-, "T-C6ordiHatsr ihe-Fited" from PLATE Hole-• 
13 1 Plate Material 

Lg",la8@7SupporSd..i*Xktac~k wi-th- water" 

PLATE 
ORIGIN 0, 

1 

=VLL1Qtspd46lfs] So s.. ts up- a-.eaia1attico,of ,cells 7~' '

6-.6.3-127
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HguP3 FileUMS Tranwor~Yt _ask BWR 

W' 961e 9 ,Suxppqrt_4*k~wandjiaýat tnaer. djskrtacI g 

ORIGIN'J-L.  

:t~tspd+Qda~spht.+6thtd-4dsspht) 3 1water 
,Lot pd+Qd05Pht+0thtd] 3 water gap 
Eatapd+ 4caspht] 14 aluminiuma diak 
Qt9Pd w ater gap 

t:diltioaal h3oles p~ay_ be 
7
adede to add w~mn eal~~gte~je~ g~ to 

BOEGINCOTOLDT 
**************M********* 

I read a2~d~chee each6.de.ede'tl
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NuMBeR 4 A rkC as BWRSTApPEEnSd lIpAcTt_"(Cot3u6ed) 

! RRQTIRIRE ACCURACYý (SDO:o.000500) REAChED BY_:r(TNRF91) 

!'~EnCUTION EtTDSAFTER STAGE 6 
EU ~ ~ ~ ~ Il1IA .EEU E. .R .E .W .EE .R .ER .EE .E.E.E...m..... ur. . .. .. . .UR E E.R .HEE.E. .  

.OG. . . I . .OEB . 12l8 '. .32.3 ON .1.5.2.0.  

NUMBER OF SUPERNISTORI 2S PFOST- SETLING = 340600 
NUMBER OF SAMPLES POST-SEVFLING 3396184 
FIRST STAGE:RUN -10 
FINAL STAGE COMPLETED 68 

ýTOTAL C.P.U. TIME (SECONDSMZ -51872.99n 
ýAVERAGE TIME PER SAMPLE(SECONDS ] = -0.139 
;AVERAGE TIME PER STAGE(SECONDS I -694.595 

AVERAGE SAMPLES PER SECONDS - -7 
NUMBER OF RANDOM NUMBERS USED = 1930307058 

:AFTER SEEDING WITH VALUES - 12345: 1234N 
TRAJECTORIES TRACKED THIS RUN 205696646 
NUMBER OF COLLISIONS THIS RUN = 249336509 
ZONE SEARCH LOCATIONS USE(PAIRS) 562 

CUMULATIVE K-EFFECTIVE ESTIMATOR*** ***********************,** "* STAGE KICOLL) STDV R(SCORN) STDV A(SCORE) STDV ALPHA BETA R(THREE) STDV * 

* 1 0.9258 0.0055 0.9331 0.0062 0.9979 0.0037 0.3027 0.8204 0.9326 0.0041 
2 0.9296 0,0039 0.9356 0.0063 1.0007 0.0027 0.2791 0.8656 0.9333 0.0028 
3 0.9314 0.0032 0.9389 0.0036 1.0032 0.0022 0.2873 0.8671 0.9340 0.0023 
4 0.9325 0.0028 0.9390 0.0031 1.0035 0.0019 0.2797 0.8667 0.9341 0.0020 

* 5 0.9322 0.0025 0.9371 0.0027 1.0025 0.0017 0.2677 0,8726 0.9337 0.0018 * S6 0.9330 0.0023 0.9371 0.0025 1.0024 0,0016 0.2702 0.8750 0.9334 0.0027 

* 7 0.9319 0,0021 0.9367 0.0024 1.0019 0.0015 0.2677 0.8742 0.9338 0.0015 "8 0.9331 0.0020 0.9377 0.0022 1.0025 0.0014 0.2589 0.8981 0.9342 0.0014 
9 0.9330 0.0019 0.9368 0.002L 1.0020 0.0013 0.2554 0.8939 0.9340 0.0016 

10 0.9341 0.0018 0.9377 0.0020 1.0021 0.0012 0.2509 0.8975 0.9349 0.0013 
• 1. 0.9342 0.0017 0.9379 0.0019 1.0020 0.0012 0.2508 0,8945 0.9351 0.0012 * 

* 12 0.9339 0.0016 0.9375 0.0018 1.0019 0.0011 0.2531 0.8924 0.9350 0.0012 * 

* 13 0.9341 0.0015 0.9377 0.0017 1.0018 0.0011 0.2581 0.8818 0.9351 0.0011 
14 0.9342 0,0015 0.9370 0.0016 1.0014 0.0010 0.2524 0.8797 0.9351 0.0011 
15 0.9342 0.0014 0.9367 0.0016 1.0012 0.0010 0.2536 0.8791 0.9350 0.0011 

16 0.9346 0.0014 0.9364 0.0015 1.0009 0,0010 0.2479 0.8785 0.9351 0.0010 
• 17 0.9345 0.0013 0.9363 0.0015 1.0008 0.0009 0.2479 0.8806 0.9352 0.0010 
• 18 0,9345 0.0013 0.9367 0.0014 1.0012 .60009 0.2482 0.8788 0.9352 0.0010 

19 0.9347 0.0013 0.9364 0.0014 1.0009 0.0009 0.2483 0.8772 0.9351 0.0009 
20 0.9348 0.0012 0.9368 0.0014 1,0009 0.0009 0.2515 0.8732 0.9355 0.0009 
21 0.9354 0.0012 0.9367 0.0013 1.0007 0.0008 0.2512 0.8714 0.9358 0.0009 
22 0.9352 0.0012 0.9363 0.0013 1.0004 0.0008 0.2475 0.8747 0.9357 0.0009 

• 23 0.9352 0.0012 0.9362 0.0013 1.0003 0.0008 0.2482 0.8734 0.9357 0.0009 * "24 0.9352 0.0011 0.9361 0.0012 1.0000 0.0008 0.2434 0.8768 0.9358 0.0008 * 

25 0.9353 0.0011 0.9361 0.0012 1.0000 0.0008 0.2440 0.8755 0.9359 0.0008 

26 0.9354 0.0011 0.9363 0.0012 1.0000 0.0008 0.2450 0.8750 0,9361 0.0008 
27 0.9359 6.0011 0.9365 0.0012 1.0001 0.0007 0.2448 0.8773 0.9363 0.0008 

* 28 0.9359 0.0010 0.9366 0.0012 1.0001 0.0007 0.2468 0.8733 0.9363 0.0008 
29 0.9362 .06010 0.9370 0.0011 1.0003 0.0007 0,2488 0.8726 0.9365 0.0008 
30 0.9365 0.0010 0.9374 0.0011 1.0005 0,0007 0.2503 0,8717 0.9367 0.0007 
31 0.9367 0.0010 0.9376 0.0011 1.0005 0.0007 0.2493 0.8778 0.9369 0.0007 
32 0.9368 0.0010 0,9373 0.0011 1.0001 0.0007 0.2476 0.8779 0.9371 0.0007 

33 0.9366 0.0010 0,9370 0.0011 0.9999 0.0007 0.2474 0.8781 0.9369 0.0007 
34 0.9363 0.0009 0.9366 0.0010 0.9998 0.0007 0.2475 0.8776 0.9368 0.0007 
35 0.9364 0.0009 0,9366 0.0010 0.9998 0.0006 0.2469 0,8775 0.9367 0.0007 

* 36 0.9363 0.0009 0.9365 0.0010 0.9996 0.0006 0.2467 0,8794 0.9367 0.0007 * 
37 0.9364 0.0009 0.9365 0.0010 0.9997 0.0006 0.2441 0.8829 0.9368 0.0007 
38 0.9361 0.0009 0.9363 0.0010 0.9996 0.0006 0.2447 0.8820 0.9366 0.0007 
39 0.9361 0.0009 0.9365 0.0010 0.9996 0.0006 0.2445 0.8837 0.9366 0.0007 
40 0.9359 0.0009 0.9362 0.0010 0.9998 0.0006 0.2443 0.8837 0.9364 0.0007 * 

'* 41 0.9359 0.0009 0.9361 0.0010 0.9997 0.0006 0.2449 0.8818 0.9364 0.0006 
• 42 0.9359 0.0009 0.9362 0.0009 0.9997 0.0006 0.2448 0.8830 0.9364 0.0006 * 

4 43 0.9357 0.0008 0,9361 0.0009 0.9996 0.0006 0.2467 0.8824 0.9364 0.0006 
44 0.9355 0.0008 0.9361 0.0009 0.9996 0.0006 0.2475 0.8821 0.9363 0.0006 * 

45 0.9355 0.0008 0.9360 0.0009 0.9996 0.0006 0.2473 0.8817 0.9362 0.0006 
46 0.9354- 0.0008 0.9361 0.0009 0.9995 0.0006 0.2478 0.8829 0.9363 0.0006 

* 47 0.9352 0.0008 0.9362 0.0009 0.9996 0.0006 0.2491 0,8824 0.9363 0.0006 * 

* .48 0.9351 0.0008 0.9362 0.0009 0.9996 0.0006 0D.2502 0.8807 0.9363 0.0006 
* 49 0.9351 0.0008 0.9363 0.0009 0.9997 0.0006 0.2499 0.8826 0.9362 0.0006 

50 0.9352 0.0008 0,9363 . 0.0009 0.9998 0.0005 0.2509 0.8812 0.9363 0.0006 
51 0.9353 0,0008 0.9363 060009 ": 0.99986'0.0005 0.2510 0.8825 0.9363 0.0006 * 

* 52 .0.9354 ,0.0008 , 0.9365 0.0009 0.9999 0.0005 0.2518 0.8829 0.9363 0.0006 
,* 53 . 0.9355 0.0008 .0.9367 0,0008" 1,0000 0.0005 0.2527 0.8817 0.9364 0,0006 

* 54 0.9354 0.0008 0.9365 - 0.0008 1..60000 -. 0005 0.2533 0.8812 0.9362 0.0006 
• 55 0.9354 0.0007 0.9365 0.0008 '1,0001 00.0005 .0.2526 0.8817. 0.9362 0.0006 

* 56 0.9354 0.0007, 0.9364 0.0008 . 0.9999 0.0005 '0.2522 0.8809 0.9363 0.0006 
"57 0.9354 0,0007 0.9363 : 0.0008 0.9999 0.0005 0.2512 0.8814 0.9361 0.0005 

* 58 . 0.9354 0.0007 0.9361 .' 0.0008 *0.9998 0.0005 0.2506 0.8618 0.9361 0.0005 
* 59 0.9354 0.0007-. 0.9362 "0. 0008oo 0.9998 , 0,0005 0.2514 0.8802 0.9362 0.0005 
* 60 0.9354 .0.0007 .,,0.9362 MO 0.S008 0.9998 / .0,0005 . 0.2517. 0.8805 0.9362 0.0005'
* 61 0.9354 ,D0.0007 ,,. 0.9363 .:.0,0008 0•0.9998 '0.0005 2,0.2522 0.8808 . 0.9363 0.0005 

62 0.9356 0.0007 ' M..0.9363 . 0'.0008 ' 0.9997 .0.0005 1 0.2515 0.8809 0 .9364 0.0005 
63 0.9357 , 0.0007:' - 0.9364 ., 0.0008 0.9998 2"i0.0005 0.2513 0.8802 0 6.9364 0.0005 
64 ' 0.9358 0.0007 . 0.93662 0.0008 . 0.9999, 0.0005 O 2518 0.8807 . 0 6.9365 0.0005' 

* 65 0.9358 0.0007,:' 0.9366 "'"0.0008, '0.9999 :.0.0005 •0.2522 0.8793-. 0.9365 0.0005 , 
* 66 . 0.9357 0.0007 : 0.9365 . 0.0008 . 0.9999 0.0005 0.2531 0.8782 0.9364 0.0005 , 
* 67 0.9357 0.0007. ' 0.9365 *. 0.0008 ý.9999 >0.0005 ,. 0.2532 0.8783 0.9364 0.0005
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ICASE 'CATEGORI SATIOS 

7TERS A"E 972 CATEGORIES -SPLIT S"OLtZS A~URNU SSE' '.''' 7_1ý2 
.... A*2;PLUTONIUM SYSTEMS.........325 - 648 

B~~'2~MEOIUM NON-St649. ASRTO..19-2.6 

WITHIN EACH 108 NUMBER SE(BIENT C1LWAS BIEJ.<. 7,' 1 -log 
------------------------- -------------------C2 ýXDIUNONEA-MEL SYSORTEMS . 310 - '16 

,C=3zHIGH LEANAGE. SYSTM S... -,.75 -. 00 

WITHIN EACH 36 NUMBER SEGMENT D- Dli-OW RESOANCEl ABSORPTICbL'21. 1' '2 
------------------- D=2:2MEDIUM RESONANCE ABSORP'TION... 13 -24 

- ~- DzýEjNGHk RESONANCE ABSORPTION,. _25 36 

-WITHIN EACH 12 NUMBER SEGMENT EltD-IW -PAST' FISSION:....... .7 ~ 
---------------- 132.±4EDItuH FAST FISSION............S 5 8 

WITHIN EACH 4 NUMBER SEGMEFNT ?-- F1.wN HYDROGEN.............7.......  
--------------------- F=2LOW HYDROGEN CONTENT .... ....  

I'=3 z MEDIUM HYDROGEN CONTENT., 
-. FýAýHIQH HYDROGEN COTN.. ý _ 

NEOFSYSTEM....... A = I FRACTION OF AISOSN2RPIND ASP TONXU)X -_1000QA_, 0 q 

NQN:FUBLABSORTION............B 2 . ,FRACTION OF TOTAL ABSORPTIONS IN FUEL >0 .,5711 

LEAKAGE .............. ~ G' 1 C FRACTION OF NEUTRONS LEAKING = OQ.0q0 

RESONANCE .B'SORpTION ., _ FRACTIONOFAORI2SLRON CE TTZ LJ, 

FASTFISION.................. 1 .. ,. ERAUREOF,1AST FISSIO&N<..RSO, 

7U8ZLHYDROGEN CONTENT............ MEASURE OF HYIDROGEN CONENT 0. GOOQ 

*TNIS CASE FALLS INTO CATEGORY NUMBER 121 

'THE CATEGORY NUMBER IS' NOT A GUARANTEED INDICATOR OF THE BIAS 1tO BE EXPE3CTED O01 THE IAAU OFt-FETV 
IT SHOULD BE USED WITH, CAUTION SINCE MANY OTHER, FACTORS, ARE. INVOLVED. (Z.G.~ UNVSUAL/EXOTICO MATERIALSAN AH)JCLIDZSý 

ISAMPLING GUIDIANCE 

N1 O PARTICLE TRACKS IN EDHE 4 FOR- _59: STAGES 

-,,The- first`._2 Ptageasjthat this, cc=,Ve4 -arei 

--I:- Z:1 A~S ',.7-Z~ _B,0 2 14 3j... 6 18,,_19 120 2 4 25 &2'Z 

No P~ H ARTICLE .TRACKS,.IN ,ZONE 10 DFOR 75 STAGES 

L>7:s2~zz-4 '~3 ~ -1--1 2 '3 4 -"S'6 97 8, 9G"1 

NO PARTICLE;'TRACXS IN-ZONE, :_1,FORSTAGES: 

---.No PARTICLE. TRACES- IN ZONE'.--i i,2 FORc, _-'1 -STAGES 

,.>~h frs~.0,stages at'.~ tljtip oqiurred, OX5e 

i N.,..Jo PAR==C_.TRACEO 1JN EON Jrofý :F.2Th sTAGES 

.No PARTIZCLL.TRACES L-ZO &FGSj-L7-rwl=ZF19 STAGEHS 

T__2he, !irst1:.-20 eetIe±1.OGPr4a 

=0 __ 72 
' ,NO.ARIL EE1.3 RI79TAE 

10Tb 7'%:9~2s~ea'htt.oCfrd.e

r.6.3-33
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st ~0~ ages tbAýIt'h~io90,qd'&rcl 

fiT:ba 2 stages bi occurred are0 

NO0 PARTIC LE TRACK S IN, ýZONE 14 3 FO STAGES9:TO 

NO PARTICLE TRACKS ZýN ZONE 172, FOR STyAqGfS 

NO PARTICLE TRACKS' ZN ZONE 173- FOR' SAES 

NkO PARTICLE TRACYS INO ZONE 173 FOR0 ST 26 STA3 

' NO. PARTITCLE ~TRACZSý ZN ZON~E ý174 FOR 22 STAGES 

The, first -2.0 .tagep _that 'this ocýcurred aret 

79 , -5, -1 , , - 19 20-_. 21 22_, 24 30 31,3 3 5 

NO PARTICLE TRACYS.TN ZONE_179 FOR_ .63 STAGES 

-,;4' fie 20 stages that; this occurreýd are, 

L,:L12Z. --SOURCE PARTICL3S'-STA~REO IRNALFSIEENS~N ALL ZTGES 
LZ:3 ~~AL P4SL ZONETNCS- S7STO, 

* Idivdul s~gevaueaofK(COLL) -and X (SCORE~ aý-gree- for: ill stages 
Difference between individual stage -value-of- .A(SCORE~ e nd A !A-isý-grealteý- toum3- 50 
Stage 322 
A(SCORE) : 0.99 

DifrneinSO unita: . 3-31 

* . TEST FOR'NORMAL1TY' OF INDIVIDUAL STAGE ESTIMATORS 

* (COLLY- 7--PASSED- Livel of Significance 88'31t 
x (SCORE PASSED Level of significance =6.86% 

.~~X TNRE1 .~~ASED .kevl~ofsigificnce 82.2"~ 

.L5SI3 OAE VZST.2rokADEQUATE~l LE~~ING 

- ~ ' No7~of~ 011 squared pe~r 7~bkl 
Settling stages degree of freados 

(COLL) 11....... 0.726 0.'7555-- PASSED 
X(SCORE): 11 . 0.915 0,5642 PASSED 

*MONK PROCESSING COMPLETED TO STAGE -:3 

0.6.3-34
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7.0 OPERATING PROCEDURES 

The Universal Transport Cask is designed to transport spent nuclear fuel and Greater Than Class 
PC.(GTCC) waste. The cask is dry loaded in the spent fuel building or at the onsite Independent 

Spent Fuel Storage Installation (ISFSI). This chapter outlines the procedures for dry loading or 

unloading at either location, conducting the receiving inspection, preparing the cask prior to 

loading or unloading, and preparing the cask for transport following loading or unloading. These 

procedures are based on the assumption that an empty cask is hauled onsite by a railcar or heavy 

haul trailer. Table 7-1 summarizes the major torque values to be used in the procedures.  

The operating procedures outlined in this chapter represent the minimum generic requirements to 

ensure safe and reliable operation of the cask. The cask user is responsible for developing, 

preparing, and approving site-specific procedures in accordance with these [ procedures, the 

package certificate of compliance, and the user's quality assurance program. Following the 

user-approved operating procedures will assure that cask handling and shipping activities are 

performed in accordance with the Certificate of Compliance, safety analysis report, and 

applicable U.S. Nuclear Regulatory Commission and U.S. Department of Transportation 

regulations governing the packaging and transport of radioactive materials.  

The generic procedures primarily address the loading and unloading of a Universal Transport 

Cask with a Transportable Storage Canister that has already been loaded with spent fuel 9 

GTCC waste (Sections 7.1.3 and 7.3 .3). Thes e procedures describe the use Iof the Itransfe .r -ask 

which is primarily a lifting deyce_,obut also provides biological sh ield_ngj .•w it contains a 

loaded canister. The transfer cask is used for the vertical transfer of th -aitr ewe 
.workstations and the storage or transpprt casks~. The transfer cask- is more fully described in the 

Safety Analysis Report (SAR)_ forthe MS UiUversa Strage System, Docket No. 240 j5 

The procedures provided in Section 7.5.1 (spent fuel) and in Section 7.5, 2(GTCCWste). addres• 

the dire ct loadig of a Transportable Storage Canister installed in tharanssfercaask
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Table ,,:1 Torque Values 

Number 
Component* Used Fastener Torque Value 
Cask lid bolt 48 2 - 8 UNj - Socket 3,900 ± 100 ft-lb 

Head BlIt 
Vent/drain port coverplate bolt 8 1/2 - 13 UNC - Socket 300 ± •0in-lb 

Head Cap Screw, 
Lid_-ring test port plug 1 Parker #16 P5N 30 ± ji-lb 

Vent/Drain 0-ring tesport plugCajn 2 #Ss-2PST 25 5 . n-.i.  

Impact limiter 32 ASTM AI19J3,GRB.S 75 ± 5 ft-lb 
retaining rods Aust. Stainless Steel [51 

Impact limiter nut 32 -NC 35 ± 2 ft-lb 
Heavy Hex Nut 

Impact limiter 32 !1-1/4- 7 UNC Li 75 ± 5 ft-lb 
jam nut HexJam Nut 

Adapter plate bolts 4 11-1I4- 7 UNC - Socket 250 ± 30 ft-lb 

Head Cap Screw [51 
Secondary trunnion bolts 24 1-1/8 - 12 UNE 500 + $0 ft-lb 

Socket 

Head Cap Screw 
Personnel barrier 6 3/8 - 16 UNC A 35 2 ft-lb 
(Tie Down Bolts) H.ex Head Bolt 

p~act lite3/4 - 10 UNo S LO:± ±5 in-lb 

,'(upper and lower) HIead C Screw~

Torque values for. cmponents n 
license drawings in Section 1.3.4.

ot shown in this table are provided on the appropriate

Note: Threaded fasteners shall be lightly lubricated with Nuclear Grade NEOLUBE® or 
equivalent.
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Table 7-2 ContainmentVerification Leak. Test Reauirements 

Loaded L~oaded 
Post-Fabrication Transport TIranspor~t 

and Annual (0-Ring _(Nq_-jRjn~g )Empty 
________ Maintenane Replernt1 TIpaemn) 4Irsport 

Allowable' 
Reference Leak 

Rateý 2.4 x 10 crnl/sec 2.4 x 10- crn'/sec kI x 0' rn /see 1_X i10-._qD 
Allowable 

Helium Leak 
Rate' 3.3 x iO0 cmn /see 3.3 xlO 3 scc 

TVhe allowable leak rate is based on the bounding fuel and is thee same for the transport of 

GTCC waste.  

2 The need for o-ring replacemnent is determined by.,nspecion or byleak- test resuj!s 
3All o-rings-are replaced during Annual Maintenance. Onlyp of @L-ns 

is replaced as necess~ary duringy use.
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7.1 Receiving Universal Transport Cask and Loading Transportable Storage Canister 

into Universal Transport Cask 

The assumptions underlying these procedures are as follows.  

* The cask has been fabricated, inspected, and tested.  

* The cask is in compliance with the Certificate of Compliance prior to release from the 
fabrication facility.  

For casks previously loaded and transported, the receiving inspections will be required to include 

performance of radiation and removable contamination surveys of the empty cask and vehicle in 

accordance with 10 CFR 20, 10 CFR 71, 49 CFR 173 and IAEA Safety Series No. 6 [1 thru 4].  

7.1.1 Receiving Inspection 

1. Remove the personnel barrier.  

2. While the cask is secured to the transport vehicle in the horizontal orientation, visually 

inspect the cask for any signs of damage. Verify the integrity of the impact limiter 

lockwires and the tamper indicating seals between the upper impact limiter and a lifting 

trunnion and between the lower impact limiter and the shipping support frame.  

3. Wash the cask support structure and transport vehicle to remove any road dirt or dust, if 

needed.  

4. Move the transport vehicle with the cask and support structure to the cask receiving area.  

5. Secure the vehicle by applying the parking brake and placing rail car or truck wheel 

chocks, as applicable.  

6. Attach slings to the upper impact limiter lifting lugs and remove impact limiter seal 

wires, jam nuts, nuts, and retaining rods, and tamper indicating seal.  

7. Remove the upper impact limiter and store it in an upright transport position within the 

storage support frame.  

8. Repeat Steps 6 and 7 for the lower impact limiter.  

9. Remove the lower impact limiter positioner.  

10. Release the tiedown assembly from the front support by removing the front tiedown pins 

and retaining pins.
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11. Attach a sling to the tiedown assembly lifting lugs and remove the tiedown assembly 
from the transport vehicle.  

12. Attach the cask lifting yoke to a crane hook with An appropriate load rating.  
13. Engage the yoke with the primary (welded) lifting trunnions at the top end of the cask.  
14. Rotate/lift the cask to the vertical orientation and raise the cask off the blocks of the 

transport vehicle's rear support structure.  

15. Place the cask in the vertical orientation in a decontamination area or other suitable 
location identified by the user.  
Note: If the cask is to be lifted using the redundant lift svtmjaytuno 
bolt torque must ~be verified to be inacrac~ihTbe71 eu 
system must also be installed prior to •ifting the caski 

16. Disengage the cask lifting yoke from the lifting trunnions.  
17. Record all inspection results on p cask-receiving inspection checklist.  

7.1.2 Preparing the Universal Transport Cask for Dry Loading 

The Universal Transport Cask is dry loaded in the spent fuel building or at the onsite ISFSI by 
using a transfer cask and attendant support hardware. Operation of the transfer cask is described 
in NAC-approved site-specific procedures.  

The assumptions underlying this procedure are 

"* The cask has just been inspected and accepted and is positioned in the spent fuel 
building or the ISFSI area designated for loading.  

"* The cask is being prepared for first-time fuel loading following fabrication or the 
scheduled annual maintenance required by the certificate of compliance has been 
successfully completed within the previous 12 months.  

"* Previously used casks have been externally decontaminated and are empty of [4 
contents.  

The steps for preparing the cask for dry loading are 

1. Install appropriate work platforms/scaffolding to allow access to the top of the cask.
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2. Detorque and remove the vent coverplate bolts.  

3. Remove the i vent port coverplate from the lid L_ 
Note: The drainport coverplate need not be removed for dry load-ing or unloading; 

4. Visually~ inspect the port ,_oyvrplate o-rings, for darnage or defects and replace,ý if 

uecessa,_ Store the coveplate so that the o-rings and o-4ngrooyes arejgrotected from 

incidental. damage

5. Detorque .. the cask lid bolts ipjng thePreverse torquing eqque.e 

6. Remove the bolts and store them in a temporary storage area.  

7. Clean andyvisua!lyinspect bolts for damaged. Replace anydamaged bolts.  

8. Install the two cask lid alignment pins.  

9. Install lifting hoist rings in the lid-lifting holes.  

10. Attach the lid-lifting device to the lid and an overhead crane.  

Caution: Ensure that the o-rings and o-ring grooves in the lid are protected from any 

incidental damage to the seal area in its temporary storage position.  

11. Remove the lid and store in a temporary storage area.  

12. Decontaminate the li-d and visually inspect the lid o-rings Li for damage and ., wear An 

replace as necessary.  

Note: Visually Inspecting and cleaning of bolts an be performed in,• parall'el .toothe 

operations p~erformed in this procedure.  

113. Clean and visually inspect the threaded connections in the top forging.  

14. Remove the two cask lid alignment pins •.  
15. Visually examine the internal cavity to ensure that no damage has occurred during transit 

and that no foreign materials are present -,,,,.  

16. Record all inspection results: 

17. Install the cask adapter ring to protect the pask sealing surfaces K" 
i18. If a canister spacer is to be installed: 

a) Attach the spacer lift fixture to the spacer.  

b) Using an appropriate crane, lower the spacer into the cask cavity and remove the lift 
fixture.  

.19. Install the transfer cask adapter plate guide pins.  

20. Install the adapter plate on top of the cask.  

21. Remove the adapter plate guide pins.  

22. Install the transfer cask on the adapter plate.
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7.1.3 Loading Transportable Storage Canister into Universal Transport Cask 

A transfer cask is used to load the Transportable Storage Canister into the Universal Transport 
Cask at the spent fuel building or at the ISFSI loading area. The assumptions underlying this 
procedure are 7 

"* The canister is already loaded with fuelpr G _TCC waste.  

"* The canister is seal welded, vacuum dried, and helium backfilled.  
"* The canister is located in a transfer cask. (The procedures for closing the canister 

following fuel loading, and for draining, sealing, drying, inerting, and leak testing the 
canister and installing hoist rings are provided in Section 7•5.) 

"* All of the required steps of Section_7.1.2 are complejte, including Ldpje atp ge-44 
bottom spacer installation (if n~ecessary).  

* The Universal Transport Cask is positioned in the designated area in the spent fuel 
building or at the ISFSI with the cask lid off.  

The movement and operation of the transfer cask with a loaded canister prior to inserting the 
canister into the Universal Transport Cask are part of in-plant operations and preparation for 
storage. Steps for these operations are therefore not included in the following procedures.  

1. Verfythat theretaining ring isinstalled on'the transfer cask: 
2. Lift the transfer cask and lower it on top of the adapter plate on the transport cask and 

engage the hydraulic cylinders with the doors.  
3. Engage the transportable storage canister lifting sling's master ring with the crane hook 

and engage the individual sling hooks with their respective hoist rings located on the 
structural lid of the transportable storage canister.  

4. Raise the canister enough to irmeove the 1oad on the Transfer Cask doors and then open 
the doors.  
CAUTION: While lowering the panister in Step 5, be careful to avoid contact with the 
interior cavity wall of the PmUniS_• Transport Cask.
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5. Lower the canister into the Universal Transport Cask.  

6. Disengage the lift sling hooks from the hoist rings • loste 2TrasnferCaskdoors 

7. Remove the Transfer Cask i location.  

8. Rernove the hoist rings from the top of the a_ iiiter structural lid and install threaded 

plugs.  
9. Attach the adapter plate lifting sling to the adapter plate.  
10. Remove the four bolts attaching the adapter plate to the Universal Transport Cask.  
11. Remove the adapter plate and store it in the designated location.  
12. Remove the cask adapter ring and clean ...e sealing surface.  

13.  
14. Install the cask lid alignment pins.  

15. Attach the lid-lifting device to the lid and to the overhead crane.  
16. Install the lid, using the alignment pins to assist in proper seating.  
17. Install 10 cask lid bolts equally spaced and torque hand-tight.  
18. Remove the lid alignment pins.  
19. Install the remaining cask lid bolts and torque all of the bolts to the value specified in 

Table 7-1.  

20. If previously removed, re-install the drain port coverplate.  
21. Connect a pressure test fixture tothe drainport 0oveplae -ring test por djpx$essre 

to 15 (+2,.-0) psig and hold fora minimum ofO-J nutes. Jther~emust ben presgss 

drop in the test period.  

Note: JIfthe test condi don is not met, remove the drain_ port coverplate and inspect an 
plean the o-rings and o-ring sealing surfaces andre-performthe test. If the test condition 
is not met on the second attempt, reacpla the o-ringsclaingtheo-rin annuus 
sealing surface. A small amouint of vacuum grease may be used to lubricate n~ew o.rigs.  

Caution: the drai p~or~t oring.Ds are replaced as a r~esult of the inspecin ten ~iiu 
leak te~st of the new' o--ig mu-st -bepefre tSe'9'Uigahlu leak~ dtec 
I wih'a-s'eisit'ivit' of -'.6 x '1-5 

for helium Thel eaka, rate must be less than 3x h M in 

accordance with Table 7-? 
22. Connect the Dcask vesntpota aciut 

c~ask cavity to a~ stbl acuu 'presue ofm3mTULgi 10. inues.  
23. Blackfill ffea~.wt iý RLjSeiiý
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24. Operate the v~acuum syvacjo~i vc m.p r amI-yq 
pressure is obtained, backfilthe cask with lgp u1yhejun9 

absolute)pressur 
25. Diýsconnect t vacuu -nd m-my'steum 

26. nstall theyent por covep laan.d torque 
27. 'C-onn'ect-apressure test fixture to~ the li -igýs ot(mre Sa e 

and pressurize toi_5&(2,,-Q)_psig andi hold for must be 

no pressure dr02n the test-perio'__ 
Noe ftets odto sntmt replace th -jgcexnte 7n ro.v a 

§aigsraeA small amount of vacuum gr~ ____ 

.aution: If the lid o.rpngsaeeplaced as a resuof ection i,§SfjqpiS 
71.2,_then a helium leak test of the ne -rings must be eto d'c jn hh' e 5_,1., t3.UrSt7 tO 

detector with a sen si tivityof 16 f 0 m stablish a vac m7 
and test fo eimlan.Tela rate mutb-qs Wj 
accordcance -wit -h Table 7--2.  

28. Install the~pjg in the lidSelest port, 4 

torqu theplu to the value specified in Table ________ 

29. Coptiqqg'a pressure tes fturetothevetcovyp a.te o-ri.. • ,6e a 
(+-2, -*0) psi- and hold for a minimum of 10 minutes. There must be no presst o~drp 
t.he test period.  
Note: If the test condition is not met, . .re ..o.v thevent podi•a 
clean the o-ring-sand o-ring sealng surfaces and re-peqrm" the t t 
is nnot met on the second at m tvlace 
Iealingse A small amount of vacuu.... e ust 

q-fthe vent and/or drai o qjingsý,i are relcdaaelt qthej~n 

a helium 'leakts of. h new o-ims mut N ~ 7 
'detector wi.t a sensitivityof ....... "- - establish. .a.a.uu.i.n•h....-......  

adtest for heli urn lekae tebegjq~ , ; s: 

accrdan e with ITable 7-2 
30. Intlfh vet uin lcaj 

torque t !uespmefIdd injable 
3 - -rj--rrij, i jq tie 

31 efo' xera.di)tnnation is* wihi 0l 2' ~/6`ý 

idniidi_0Nýt,7 Q
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32. Recordtresults,_of the survev.  
33. ,q1 eurd'ciiis výbý 

34. _ te csk'tsvkif fia- te, 

ýhkqjequirernents of te etiict of Cum li~ance
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7.2 Preparing Universal Transport Cask for Transport Following Loading 

The assumptions underlying this procedure are as follows: 

* The Universal Transport Cask has been loaded and decontaminated.  

* The containment boundary has been leak tested.  

* The cask is in the vertical position readv for loading o• nte tasportvyhic 

If redundant lifting must be used to move the cask prior tocask placement onS thIranpgqr 

vehicle, the redundant lifting yoke system-.must be insalled on the crane. and thle bolt~~ 

the secondary trunnions must be verified to meet the, requirem~ent, in Tabl7-1. : h'ask canno~t 

be installed on the transport vehicle4using the redundant lifting systemp 

The procedures for preparing the cask for transport following loading are as follows: 

1. Attach the cask lifting yoke to a crane hook with the appropriate load rating.  

2. Engage the yoke with the primary (welded) lifting trunnions on the cask.  

Note: Verify engagement with primary trunnions L prior to lifting.  

3. Lift and move the cask over the transport vehicle so that the rotation pockets are aligned 

with the rear supports on the transport vehicle.  

4. Load the cask onto the transport vehicle by gently lowering the cask u, ntil'thereNr sppor 
is fully enigaged in the cask rotation jpockets& 

5. Rotate the cask to the horizontal position by moving the overhead crane in the direction 
of the front support while keeping the crane cables vertically aligned over the lifting yoke.  

6. Using a lifting sling, place the tiedown assembly over the cask upper forging between the 

neutron shield top plate and the lifting trunnions.  

7. Install the front tiedown pins and retaining pins to each side of the front support.  

8. Install the lower impact limiter positioner.  

9. Perform a contamination survey of the cask and document the results to ensure 

compliance with 49 CER 173.443 [3].  

10. Using the designated lifting slings and a crane of appropriate capacity, install the upper 

impact limiter.  

11. Install and torque the impact limiter retaining rods <
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12.Install and torque the impact limiter attachment nuts and the impact limiter jam nuts to the 

torque values specified in Table 7-i.  

13. Install the impact limiter lock wires.  

14. Repeat Steps 10 OhrougJ 13 for the lower impact limiter.  
15. Install tamper indicating seals through holes provided in the upper impact limiter and one 

of the lifting trunnions.  
16. Install tamper indicating seals through holes provided in the lower impact limiter and on 

the shipping frame assembly.  
17. Record the serial number of the seals in the cask-loading checklist.  
18. Apply labels to the cask in accordance with 49 CFR 172.200 [6].  
19. Install the personnel protection barrier and torque all attachment bolts to the torque values 

specified in Table 7-1.  
20. Install padlocks on any personnel baffler gccess poral.  

21. Perform a radiation survey of the cask and document the results to ensure compliance 
with 49 CFR 173.441 [3].  

22. Perform a contamination survey of the transport vehicle and document results to ensure 

compliance with 49 CFR 173.443 [3].  
23. Complete all shipping documentation in accordance with 49 CFR 172 Subchapter C [6].  
24. Apply placards to the transport vehicle in accordance with 49 CFR 172.500 [6].  
25. Provide special instruction for Exclusive Use Shipment to the carrier.
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7.3 Receiving Universal Transport Cask and Unloading Transportable Storage 

Canister from Universal Transport Cask 

These procedures cover inspecting the cask upon receipt, preparing the cask for removal from its 

conveyance, and unloading the canister to a transfer cask. Following unloading of the canister to 

a transfer cask, appropriate procedures should be followed to place the L ster into dry 

storage in a vertical concrete cask Lr an equivalentq•ý r4p ec tgqgeqfgution.  

7.3.1 Conducting Receiving Inspection 

1. Perform radiation and contamination surveys on the transport vehicle and personnel 
barrier in accordance with 10 CFR 20.1906 [1] and document the results on the Universal 
Transport Cask survey forms.  

2. Remove the personnel barrier.  

3. Complete the radiation and contamination surveys at the cask surfaces.  
4. While the cask is in the horizontal position on the transport vehicle, visually inspect the 

cask for any physical damage that may have been incurred during transport and record 
any damage in the cask unloading report.  

5. Verify that the tamper indicating seals are in place, and verify their numbers.  
6. Move the transport vehicle to the cask receiving area.  
7. Secure the vehicle by applying the brake and placing rail car or truck wheel chocks, as 

applicable.  
8. Attach slings to the upper impact limiter lifting lugs.  
9. Remove the tamper indicating seal.  
10. Remove the impact limiter lock wires, jam nuts, attachment nuts, and retaining rods.  
11. Remove the impact limiter and store in an upright transport position within the storage 

support frame.  
12. Repeat the operation in Steps 8 ihroug4 11 for the lower impact limiter.  
13. Remove the lower impact limiter positioner.  
14. Complete radiation and contamination surveys for exposed cask surfaces.  
15. Release the tiedown assembly from the front support by removing the front tiedown pins 

and retaining pins.  
16. Attach a sling to the tiedown assembly lifting lugs and remove the tiedown assembly 

from the transport vehicle.
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17. Attach the cask lifting yoke to a crane hook with the appropriate load rating.  
18. Engage the two yoke arms with the primary lifting trunnions at the top of the cask.  
19. Rotate/lift the cask to the vertical position and raise the cask off the pillow blocks Ff the 

q•aSpqrtehiclJ rear support structure.  
20. Place the cask in the vertical position in a decontamination area or other location 

identified by the user.  
21. Wash any dust and dirt off the cask and decontaminate cask exterior, as required by 

contamination survey results.  

7.3.2 Preparing to Unload Transportable Storage Canister from Universal Transport 

Cask 

The assumptions underlying this procedure are 

"* The Universal Transport Cask is resting in a vertical position (in the designated spent 
fuel building work area or in the cask unloading area adjacent to the ISFSI) 

"* The top of the cask is accessible.  

The procedures for preparing to unload the canister from the Universal Transport Cask areU" 

I. Loosen and remove the vent port coverplate bolts and place the coverplate and bolts in a 
designated storage area.  

2. Attach a pressure test fixture to the vent port to feasur6 the pressure in the cask-.  
3. Using a vacuum bottle attached to t I he pressuIre test tix ture,_ Sa le, the -as' in,_t-hea 

cavity.  
Caution: £Use caution in opeing cask if the sampl.ctivity ad/or cask Dressue are 
higher than expected based on the caster contents configurationi 

4. Vent, the cask. cavity gas to the gaseous waste handling system or tough an o 
HiEPA filter systern, 

5. Disconnect the pressure test fixture from the vent port.  
6. Remove the Universal Transport Cask lid bolts by following the reverse of the torquing 

sequence.  
7. Install the two closure lid alignment pins.
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8. Remove the threaded plugs and attach the lifting eyes in the cask lid.  

9. Attach the lid-lifting device to the cask lid and to the overhead crane.  

10. Remove the cask lid and place the lid in a designated area.  

11. Ensure that the O-ring grooves in the lid are protected so that they will not be damaged 

during handling.  
12. Decontaminate the lid as necessary.  
13. Remove the two alignment pins.  

14. Install the cask adapter ring to protect the sealing surfaces of the cask.  

15. Install the adapter plate guide pins.  
16. Install the transfer cask adapter plate to protect the sealing surfaces of the transport cask 

and to provide a seating'surface for the Transfer Cask.  

17. Install the four adapter plate bolts.  

18. Install the transfer cask alignment pins in the adapter plate.  

7.3.3 Unloading Transportable Storage Canister from Universal Transport Cask 

A transfer cask is used to unload the Transportable Storage Canister. The transfer cask could be 

used to transfer the loaded canister to the spent fuel building for subsequent storage in the spent 

fuel pool or to transfer it to another storage or disposal overpack. Prior to beginning operation of 

the transfer cask doors and the hydraulic system should be checked. The transfer cask retaining 

ring should be installed.  

1. Remove threaded plugs from structural lid.  

2. Install the swivel hoist rings in the canister structural lid.  

CAUTION: The structural lid may be thermally hot.  

3. Install the transport cask adapter ring to protect the sealing surfaces of the transport cask.  

4. Install the transfer cask adapter plate on the transport cask.  

5. Attach the canister lifting sling to the hoist rings in the structural lid. Position the sling so 

that the free end of the sling can be engaged by the cask-handling crane hook.  

6. Attach the transfer cask lifting yoke to the cask-handling crane hook.  

7. Engage the yoke to the lifting trunnions of the transfer cask.  

8. Lift the transfer cask and move it above the Universal Transport Cask.  

9. Lower the transfer cask to engage the alignment pins of the transfer cask adapter plate.  

10. Once the transfer cask is fully seated, remove the transfer cask lifting yoke and store it in 

the designated location.
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11. Install the transfer cask bottom door hydraulic operating system.  
12. Open the transfer cask bottom doors.  
13. Lower the cask-handling crane hook through the transfer cask and engage the canister 

lifting sling.  

CAUTION: When raising the canister in Step 14, be careful to minimize any contact 
between the canister and the cavity wall of the Universal Transport Cask and between the 
canister and the cavity wall of the transfer cask.  

14. Raise the canister into the transfer cask just far enough to allow the transfer cask bottom 
doors to close.  

15. Close the transfer cask bottom doors and install the door locking pins.  
16. Carefully lower the canister until it rests on the transfer cask bottom doors.  
17. Disengage the canister lifting sling from the crane hook.  
18. Retrieve the transfer cask lifting yoke and engage it with the transfer cask trunnions.  
19. Lift the transfer cask from the transport cask and move it to the designated location.  
20. Attach the adapter plate lifting fixture.  
21. Remove the four bolts securing the adapter plate to the Universal Transport Cask.  
22. Using the auxiliary crane, lift the adapter plate from the top of the cask and move the 

adapter plate to the designated storage location.  
23. Remove cask adapter ring.  
24. Install the vent port coverplate over the vent port in the cask lid.  
25. Install/torque the coverplate bolts to the values specified in Table 7-I.  
26. Install the cask lid alignment pins.  
27. With the lid-lifting device, install the cask lid by using the alignment pins to assist in 

proper seating.  
28. Remove the lid-lifting device, lid lift hoist rings, and the lid alignment pins.  
29. Install the lid bolts and torque them to the value specified in Table ti-i.  
30. Usiinga pyressure test fixture, pressurize t ng u f a t s 

'hold for 10 minutes. There shouldb-e nn, p1ss pbenressure during.the testr 
31. Install the plug:m in the Seal Test port,.yerifyinpg that the test plu goqrng is in iplace 

torque the plug to thie vyalue speified in Table 7-.2.* 
32. Using a pressure test fixture, jtressurize the vent covel ate ng annulusIq sN dA 

i. d ,fOr --0 m •n ut e-s-. --- Th. -e- -e s- u'-id, bien•ogI.s's, o f p- re s s.u- e•.d urnngz te'testero.• 

33. Install the plug in the seal testprt,_venfying tat the test plug o-ng ,is I an e p e and 

torque the plug to the value specified in Table 7-1 
34. Repeat Steps 32 and -33 for the drain pot fthe drinp
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7.4 Preparing Empty Universal Transport Cask for Transport 

The assumption underlying this procedure is that the Universal Transport Cask is in a 

decontamination area after unloading of the Transportable Storage Canister L:.  

* Assume the cask is closed with lid bolts and coverplate bolts torqued properly 

1. Decontaminate all surfaces of the cask to acceptable release limits as defined in 49 CFR 

173 [3].  
2. Attach the transport cask lifting yoke to a crane hook and engage the yoke arms with the 

primary lifting trunnions of the transport cask.  
3. Lift the cask onto the transport vehicle and lower it to the horizontal position.  

4. Using a lifting sling, place the tiedown assembly over the cask upper forging between the 

neutron shield top plate and the lifting trunnions.  
5. Install the front tiedown pins and retaining pins to each side of the front support.  
6. Install lower impact limiter positioner.  

7. Initiate Health Physics radiation and removable contamination surveys to ensure 
compliance with 49 CFR 173.441 and 173.443 [3].  

8, Using the designated lifting slings and a crane of appropriate capacity, install the upper 
impact limiter.  

9. Install the impact limiter retaining rods into each hole and torque to the value specified in 

Table ,7.  
10. Install the impact limiter attachment nuts and the jam nuts and torque to the values 

specified in Table 7-1.  
11. Install the impact limiter lock wires.  
12. Repeat the operations in Steps 8 through11 for the lower impact limiter installation.  
13. Install tamper indicating seals through appropriate holes and record serial numbers of the 

seals in the cask loading checklist.  
14, Apply labels to the package in accordance with 49 CFR 172.200 [6].  

15. Install the personnel barrier and torque all attachment bolts to the prescribed torque 
values in Table 74 

16. Install padlocks on all personnel barrier accesses.  
17. Complete the Health Physics radiation and removable contamination surveys to ensure 

compliance with 49 CFR 173 requirements [3].  

18. Complete all shipping documents.  

19. Apply placards, if required, to the transport vehicle in accordance with 49 CFR 172.500 

[6].
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7.5 Loading and C1os the Transportable Storage Canis ter 

The transporta le Storage Canister •qa S eJpnib9laded Stlor eS tfel ohe Greater 

Than ClassC ___QC waste. The appropraecnents arelodd intoas baket speciall 

designed orn these contents and installed in the Canistej priorst6 the loading operationn.Ekheg 

spent fuel or GTCC waste is loaded into the Canister under water while the Canister isinstallede 

in the transfer cask.  

Te transfer cask is a component of the UMS Universaltoreg nyne The controlsrAn 

limitations that apl t1 o tohe- 16adi-n-gof the. Trwhaesipisrnt,

I transfer cask, are described in the Safety Analysis Reportjfor the UMS universal-Stora 

System_ Docket No._72- 10 15.  

Ts.sprocedure, descpribespthe underwateno(wet) loading. of the Tranportable Smtorgq Cani.ster 

(canister) isl in the transfer cask. The canister is assumed oto hold an empty baskt 

designed to h~old-either spent fuel or GTCC waste.  

The spe~nt f~uel loaded into' the canister will generally consist of spnt fuel in the~taindard fuel 

assempbly confjiguration. provided tothe reactor. This spent fuel must be one of those shown in 

Table-1.2-4 (PWR fuel) or Table 1.2,-5-(B WR fuel), Whc rsnstepinia hrceitc 
of (the evaluated fuel types. In addition to these standard friel.t ssjepc spen fuelsand 

GTCC waste may also be Iloaded into the canister, 

Site Specific Spent Fuel 

Certain spent fuelasmlista have beer -chane ,Lfromthe pj'igjal configuration, -r. ha 

have compoenttadded tothe assemblies, may bedsgae o odn-it-h ýnvra 

Storage Can~ister. Thes asebisaerfre oa site~:spqc &WJ e.it pecific f-del 

configiurations result from cod thats occurred d_ rio isatc 1ý 
research. and dvlpetp q 

fro d -mmssio ing~activities, and fror thejlcmn ofi coto GOMM ont or ~othi iems 
within the fuel assembly

7.5-1
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Aprqedst pecifjic~fe ma erqurdt 
panister basket. Thispreferentia1 loading requiresththe user t 

jodng_,y~dajanister map s1ýF , 7 

ase ssemoywingg:Eos e on sj 

as-embjyserialnum. er._Correc Pu7oferenita oadiný shal be ior 
the installation of the canister shield lid.  

Site Specific Greater Than Class C (GTCC) Waste 

GTCC wat reut rmteatvto f eco oecmoet un reactor:petoh 
Decommissioning of•the reactor. requiresthe:can ese-actia td .6og 

disposal. The GTCC basket design is 1 bas eo cnii i P-W1 'Cj______T 
basket may provide addito , nashielipgjcontain,,st~e lasi e 
PWR•orB.•_ws.,b et.•nfig.rakn, provide ae ui ded ace nt G 
can be. placed, may.have provision for v ______ xrnat 

__ ~rtcal seaa on.sthat lavers of,_t 
established, and may require the use of "shoino 
canister to prevent m ovem ent of t .. ..... ...... ........ a t s .. ...ofi 
of the configuration of the GTCC basketthe loaded casester sclosed an ed i e 
as a canister containing spqnt fuel.  

7.5. Loading and Closin the Transportable Storage Canister Conataing Spin(Fuel 

This section presents the generic procedur for oading and closing:the trasprtable 
c anister 1 n the transf er c ask. T he pr Noqeure i s taen__o th e S Re h 
UMS Universal S~torage System, Docket 72-1015 with references toL in Conditons 
Qperation (LCOs) anod orther condiso n s rem oviedm Lation 

th anse ~ Jqtfulladingand cligoetionaF, an r eiedi ,0E 
Sysýtem Safety Analysis Reot ,Ti:poeu&i rvd~jrifiainý h 
loadingý and closing of the cnseisnot directly asoitdwith handlighe MS jr 
Cask. Note withoutis1r'''e~ur'e_ the LCOs.d ý.w fa*~ G ct~ 
1. t isualiy ; 

djNpally inspect te baet ftef tbe s uen t es~arek tPdedA il 
de.....bris ,:E nsur that the ewemg ng,.!hess• onfe , cani e,'sei maj!tr~~ý`-At

7.-2
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port covers are preparedfor welding. -Ensure transfer cakdoor look- bolts aeinstalled 

and secure.  

,2. Fill the canister with clean or filtered p~ool water until the water is about 4 inches from the 

top of the canister.  

Noe ontfl the caniser comnpletely in order to avoid spilling wvater during the 

transfer to the spent fuel pool.  

3. Attach clean- or filtered pool -water lines to the transfer cask.  

.4. Ifit is not already attached, attach3 thetransfer cask. lifting~,yojj to the cask 1indling 

cranie, and engage the transfer cask lifting trunnions.  

Note: The minimum temperature of the transfer cask. (ie.,_ surrounding, air tempprature) 

,must be verified to be higher than 00F prior to lifting, 
5. Ra ise the transfer cask and move it over, the qool, following ýthe preci6e,-~--v-e--,l)

6. Lower the, transfer cask to the pool surface and turn on the cla rfleed plyae 

line to fill the canister and the annulus between the transfer cask and canister2 

7. Lower the -trafisfer cask as the annulus fills with clean. or filtered p~ol water until the 

~ the surfaceand hold thatposition -until the clean orfitrdpo ae 

fills the remainder of the canister and o'verfl'ow's" the sides of the transfer cask.. -Then 

,lower the transfer cask to the bottom of the pooi cask loading area..  

Note: If an intermediate shelf is, used to avoid wetn h akhndigýrn ok 

follow the plant procedure for use ,of the crane.1lift extelision piece..  

8. Disengage the transfer cask lifting yoke, to provide clear access to the, canistr 

9. Load the previously design~ated fuel assemblies into the canister.  

Note: Contents must be in accordance with the -Certificate of Cornplian~ce,, 

Note: Contents may be administratively controlled to ensure, that fuel assemblies. With 

certain clharacteristics are preferentially loaded jn specified positions in the ba k

10. kitachi a'th'ree-leggedslim4gto the,.shieldjlid using the swivel hoisrig .Atcth 

suction pump ft~tingjQ they~entport2 

Caution: Verify t~hat the hoist rings are fully seated against the shield fid' 

Note: Ensure.t L th-esied lijey~sl~otalign~s.with-tha e key Nwelded to the canister sell! 

11. Using the cask h d ngc4r jieorauiyliar ook, ower the shield ii4.untiitiyetqs~ 

top, of. the. c-ani ster; 

1. Raise the' trahnsf&ec-'a'sk uin'ti~l its, top iust b1ears the pool surface. ol at thatpDosition, and 

uising a suction pump, drai thepool. wter from above th~e shield IiM it~ e water is 

removed, continue to raise the cask.,
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r. 3ak Asuthe r sirace __ o_ 

•aterto -wash. ffanygroscontarmnation.  
14. ~ rnse cas is clear of thpqg_ fa g illý) o e p tu fj

p1ean or filteredpoolwaterfowt the hnu remove oe u 
Iwater to drain to the, pool. ýMo-v-e -th'e 'tanfcask to the -d'ohtaiminatiloln Ar~aor bther 
suitable A worksstation.  

Note: Access to the top of the cask r A suitable wok-oR 
need to be erected.  

15., Verify that the shield lid is level and centeed.'____ 
16. Attach the suction pump to the suetion tM t o Uon 

pump tore~move- free water from the s~hi~eI..lid sufc.'Ds-,,'-4
suctio n pump_ fitting. Rem van 

from- the- ent9 and drai n_ ports., 
17. Decontaminate the top of the transfer cask and shield lid ascnnetired to all the•w l ng d 

inspection -activities.  

Note:, Supplemhiental shielding myo tbe used for activities aro .hendfoi• atiedoid 
1i.8. insertthe drain drain t of the shield hiydr g gT drain 

ube sleeve. orue tube asembly to 125hs. ontati 
quick-disc2nneet fitting in the vlent linetooopepthe vot ,ent.ld 

19. Connect the sueto pump to the drain port. Verifythttesntortsp 7R 
approximately 50 gallons ofwater from the canister. Disconnect and remocve the, mj 

aution: Radiation level may ionrea as water Iis ru.emnoved fromm .th• sccan nist e r 
20. install the automatic-,welding equipp .nt., 
21. Attach the hydrogen gasdetector tothe vent pqrt._Vrf ptati~\ 

any detectable hydr gen gas is below 24%'__ 

Note: If the concentration exceeds 2: the' vacuum syqpMto'remove: 
'from. the, underside, of the shield lid and re-veify th&ý byi a? o 
Disconnec~t and-rem o've- va-cuum 'shjstem.  

22. Operate the weldingmlet the root w~eld iopining:tesil liId. to th6 
canste shll o~ovjn aproydp~ceU'res to minimize canisters ~hlnd'wl tes 

23. Examine the root weld usincg, qiim penetrant anrecoird the resiltsi 
24. SComplete wedn ftesi dt-if atse .elRpo 

the hydrogen gas'detectorý 
25. Liquid ....... •g e xamin the final .ed..
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26.~ ~ ~ ~I Atahaýe'itdg(itro gen, heljium or air)_ _suppjy line to .he vent b6rt. Install a 

valved, fitting o-n the drain port and'ensure the valve is closed., Pressurize the canister to 

35 p~sia (approxirnateiyjo,2.5. psig anhltepy§se hr must be no loss o 

pressure for 10 minutes.  

R2~ elease the. pressure. - Visually examine the shield lid to canister shell weld for 

indications of defects. Performnaliquid penetrant exmnto of the final.,weid~sjifacei

Record the results of the examninations.  

28. Attach the suction pump to the drain line. Ensure that the. venit line is opn- the 

pump., remove th eann rewtrfrom the canistrcvt. oe the time ithat the 

las~tfree water is removed from the canister cavity.  

Caution: Radiation levels at the top and sides of the transfer cask.,may.,rie as water is 

removed.  

Note: A pressure regulated gas (ntogen, heliump or air) attached t the vent va7e-m 

be_ used to assist -water- removal from the canister cavity. ~Thep pssre must be less than 

26psig.  
29 Atah h'vacuum _ uip-ettoile vent and drain freetstandinwatef 

the vent and drain port recesses, 
30. Operate the vac~uum equipment until ayvacuum of 3 mo ecreitsi tecnse.  

31. Verify that no water rmisin the canister by hligtevacuum for 30 nut I 

,N3ater is, present- in the. cavity,.the pressure w-ill rise as the wqte~r~yaponz~es 

32.Backfill the canister cavity with .helium having a minimum 1pUrity of 99.9%tLO_qpr~sue-SUk 

of one atmosphere (0 psigo.  

Note: As an opin nomtoa eimla etmyb'odce fti on f 
th roeure using ýhefollowing steps (thprecord leak test is pqyf~prmd at Step 4) 

32a., Backfili the caitrcavity it helium haiia m ý 

pressure of ,15 psig.  

32b Using a hie] iumI eak~d eteetob! _(sni ffer" detector). withats est vt f5x1" 
cn3/§j,(l um) suvy.tewlJong theshied lid and canister sheU'L 

32c." A't th'e'co rnpletion of the surveyvent the. canister helium.pesr to one 

atmonsphere (p.§io)' 

ý33. Res tart -the vac_ anvrtutlavcu of 3mm xssi 

the canister.' 

341. Backfill the canister-with helium having a minimum purityý of ~99,9% to a presr f 

atmpsphqrp.(O psig>_.

Uj5-j5
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P~s onn ct he vac um nd h li m s ppl ji esfrom the vent , and'4 a _ r 

Le~ aw~ater thqtat _ý pTýqtn h e and jdrain por 
K", Iirisal the venthand drainpot c 2es 

37` C~o npete the root pass wlofthe over to the shield 1id 
3 8. Pre'pare -the w~el*d -and- perfoirm-a-liquid pe~n~etra-nt -ex-ain*iin-at-io,-n -o7R-t~-e JH-O-f-- fih----Re-b' 

results.; 

39. Copleteweldig of the drain port cover to the shieldJj 
40.ý Reparethe weld andperform a liii eern xmaiiO T io Of _P 1 

fnlpassý._Rec1ord the-r~esu.Jts.: 
41t. Cqmrplete the root paswl ftevn otcover to the s 

2 Prepare the weld and perform a iudeernteaiaio ftero as wr~: 

43. Comp lete welding of the vent jport cover to the shield idý 
,44. Prepare the weld and perform a thqui p~dfa sufae 

Record the results_.  
45. Remove any suqpplemental shielding used during _liqi closure activities.  
46. Install -the- helium l1eak- test fixtu'r e _.  
47. Atcthvaumline and leak detector to the lektest fixturettin 
48. Operate the vacuum sy~stem to establish a aumin the leak test fixture.  
491. Opp h eimla eetrfor15 minuites to yerif that there is no indication ofa 

helium leak exceeding 2 x 10-7cm 3I/second, 
50. Rel-ease, the vac u-u.m and disco'rne-c~t the- vacu 'um a -nd - eak ee: r n fro -m -the fi Ix tur ,e'I 

51. Remove the leakc test fixture., 
52. A&ttac'h a' th~reee-leg~g-ed s1in_,o hs'uctrll *u sing- the-_swjivelhoist rnigs.  

.qaution; Ensurle.t~hatlt~he h~ostri-fgsar fullv sete agai _ tiW strutural lid. Vq qy~it' 
the backing rigis inplaceo the structural lid.  
No0te: _Verify- that' the -struc-tural, lid i'

of the canister contents.' 
53. Qsm h akhnln rn or the"'auxiia' hok inistf the strucu' ldI 'j t~o' 

ih aiter. Verjfy that the* structural lid does notp~rotru eaoete a no'sthes el.*If 
reov telid and inspect the sur-faceo Wtc hedTfr as neeec 

Verify that the ggp i the backing tin'j qLajp4wt the shiiel&" lid -al-i~rimet yv, 
R e m o ve th e h o'i-st ri'ngs2 

54.. Install the auoai edn ito the structura
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_atjeweldnqgg~q!ipmeflt to__mltete root weId oi~n nth ru ratidto thq 

panister shellfloigarvdpceus to minimize Tcanseshell nd eldstress 

"5 "Prepare 'the' w"el-d* -and" "perf-o1Tn' liqid eern -xamafion-f th-ewe'ld -root~s 

Record the- results.  

C7 ontinue with the weldin~g procedure, -exan-inng th eld atc/ ih intervlsus n 

liquid penetrant. Record the results of each intermediate, examination, 

Note: if ultrasonic testing of, the weld is used, testing1 I's perfg-rmed after thewldi 

com leted 
158 1 kmove'the weld, e -quipment.  

59. perform a smearsurvey oQf the accessible, Area a4t.ijhe-op of the canister to ensure- that the 

surface contamination -is less than the limits esalse o h si~te.  

6. install the transfer cask retaining ring, Toqeblsto 155-±-10-ft-7lbs§ý 

61. Decontaminate the external surac of the transfer cask to th iisetbihdforth 

site,

7.51.2 Loading and Closing the Tranorortable Storage CanisterContaining Greater Tan 

Class C Waste 

GreterTha Class C '(GT CC) waste~is defined in 10 CFR 61.55(a (),3and 

concentration of long-iived rad .ionIu c li Ide Is, i.e., -
1 C, 9 i and - 94 -b, an~d/-or .s hort- -I iv' ed 

radionuclides, i.e., 'H, 60 C o, and 63Ni [7]. The disposal of GTCC waste i controlled bv*10OcFR 

61, which am-ong other -conditions, prohibits its, disposal in shallow land ffills2.  

GTCC waste consists. of-radi~ationi activated. and -surface- contaminated steel, Stainless steel core 

bflstrucue whic ist toteratrvse nahghnurnfu-il st 

Major copr~ tfGC at:-Tecr'afe tu r s v~cl yqewtr~t 

pieces of a size that are loaded into a waste basket. -The basket has the same external dimensions 

as the spent fuel basket that is installed in the transportable storagze canister 

The GTCC 'waste_ bake thegn- o -f w-aGte~jjq& 

may provide additioa sielin ýJotai~~ wast oodnýwitiossm'ar 

BW-R basket configuration,' prqvide -an ,u~ndiyid~edO~pen~sjp-ajeinto-w~h~ich. JCC( w~aste_ q4nJ 

placed, -may have provision for vertica~separato soalaes Iwse___alae s~ýl
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i nd may requtre he use of shoring or intemal bracing to ensure that the is noMoyea of the 
Iwaste inhandling operations or~storage., 

Regardless of thei configuration of te GTCC waste basket, e loaded transorbie'storage 
I anister is closed and sealed in the sm a as a anister containing ,spenfe sn 
procedure, provided in Section, 7.5.11 

,The Maine Yankee GTCwsebasket and caitraesoninDaig 9-_ 
79-612, resppectively,... The Maine Yankee GTCC waste is 1aeinto a 

basket that fits the UMS Class j transportable storage canister. Thecanister ss• a ,§lp 
Weldment," to separate upper and lower waste loadnng. areas- in the,< tav7`.wo.e 
sections within the basket acomdt G at ecin u m thxacto&-oebrrl',, 
After loading the. lower section of the basket, the -"Support Weldment,"i ntfe to es4q ta jji4 
the upper section. Non-radioactive stainless steel, internal bracing oris n ,g s-installed as 

necessary to preventthe _ C..,Aast-fro~m mo-ving,_during caitrbnlrgadtasot n s ... .... . .... .  .the upper section is filled,, the canister is had•ta a6l sKN ae-t~ 

specified for loading and closing e en 
7.5'.1. Steps 1 and 2 are revised to address GTCC waste.  

The TC'C waste, and shoring (if necessary), are loaded into the basket sections usin~g~ thjp 
fuel pool bridoge crane, or other suitable crane.  

Using the procedure provided in Scton 7.5 .1, StepiandStep9areinod etforGTGCwa'tj 

loading as: 

1. Visually inspect the GTCC waste basket tensure' at .odebtis hat he 
intermediate.,spotrn s-ntle n free-,f 
Weldment is availablead free f ebi 

9. Loa~d GT(CC waste se-cf-io-n,-,in-t-h-ý.low~er s-e-iP2 bake Sts& 
shorngif necess Whe _ th .... s 

ithe casks-e u-in La 
SupportWeldment and istall shorn.g, saea 
Caution: Verifv that the ýp 

opopf the basket preven & nali

May 2000

!7ý



Docket No. 71-9270 Revision UMST-OOA 

;_ Unloading the Transportable Storage Canister 

This sctin presents th eei rcdr o pnn h e rnpqbesoaecwtn 

if, circumstancesaise that dictate theop gp q c 

the stored spen fe obr GT waste. The procedure i takenfrmteSfienviyn visRetfor 
h so_ Universal Stor-a,--, ys t em ,Docket 72-101,5wth( efr Ine 1tn - Lotng - ----

Vf Operation(L~COs) andi othe conditins removed. LCOs describe iimitations that are awpijed 

inthe canister loading and closing •o atona seu p 

Safety Analysis Report., This procedureijs provided for information _lsince.t-djppd 

c1osim of the> canister is not directly associated with handling the jq l~r sotCH 

The.,procedure assumes tat the canister is positioned in the trans er ~ca.skand thith&,traski 

caskis in the decontamination station or other suitable work statini the facilliWTh~if 

mechanical operations are the cutting of the closure welds, filling the wha ong6i 
Ohe fuel ccontentt,,sjand remvg thespent fuel or GTCC waste., S.ppj • 

required: 

1., Remove the, transfer cask retaining ring.  

2 Sur~ey, the"i of the canister to establish the radiation level ad 0ntana 

r&e structural lid.  

SetPupthewyeld cuttin~g euipment to cut the s 

ýhydrolaser,oPrsirilarcuttin en)0,___ 
4. Enclose th-etop of the transfer cask in a radioactivemateria retentinq t as.requred` 

i~ut :M-o-n-itor for an -asigWearesiratr) 

Qperatpe the cuttg e ment to cut the structural lid weld, • ~ A g)-r --peXm-'tin -rgm°ve-..e.ten-net`geNy& : utn-g eq 

aqc~~h~-Igc.ýp tthe st-ruectura4¶id, 
"7 . c of the transfer. cask.  

eessedete'rineradi-ation and-- cont.. I• .  

covers t smei&dq l hCauinh cijst aose~p~suizd
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9. sRemove the port covers. Monitor for any outghe ingand lv at_'" - "' efu 
quick-disconnect fittings, 

io. ''tt'c -m-a~n~ua~l]yN-al -e-lin-e *wit'h _____uu-M""b-l-tletllt _en___ q~q444§qqon t~ 
Ope opte sen to thesthe obtanugassc mpe an-othe fle teerate 
the gias samplret emethe me unt puof the citea lp ere.The p 
fissi on gases indicates failed fuel and the ss•ie need to and tioedhueL 

f1. Attach aenitrogen gasline to the-rain port icktt connas e tr and a dlsctargehnetoxthe 
Vent port qqmck-disconnect ano atoff-gas hndge olsystem. oo 
appropinate instruments so that theprassure in the dinl mee res 5 
the discharge gas ae indicated. C ressl Mg 

line., 

Caution: fThe discharge gas tle dprature- - abo:ve0 T 
line and fittings may be er hot.  
Note: Any significant raito ee in the dishag gas thý sicjfjjfis 

gas prodiucts. Te e ertr ofthe -~as ictstetemlcniin in the-cani~tr
12. Start the flow of n'itrogen through. the line-untij -there- is-no'evidence of fisso cjj 

in the discharge line. Continue to moio h~adisc are§. teppatr Wi, ,h pý J 
no additional evidence of fission gas, stop the ntoeflwand dicnetthe drain and 
vent port line connections.  

13. Per'form canister refilland fuielcooldown oprtos taha source of clean or fiLtee 
pool water with a minimum temperature of 70"F and a niaxi-mium' I o~~yr5trf$ 
psigto the- drain, port. quick-disconnect. Attach a steam rated dischar~e ii e to ~the vent 
Port quick-disconnect and route it to the pentguel pool,, aj'uel pol olT'o nT-q 
steam conden'sing unit,_Slowly start the flw of clean or filtered pool qwaterl'o establish a 
flow rate at 5 (+3, 70) gpum. Monitor the dischreln p(siý,g4 edingcnitL 
flooding. Stop __ln h anse fte aitrvn line pressure exceeds 50,.psi&. Reý 
esta~blish waterIfl-ow -w~hen t~he ca~nister rssuribelow 30 'shge j i RJ Z lieill 
initially discharge lot gaso steam. AfterJ the willte f 
Caution: Relativel sta sCtOcuneshu ufle.g 

the canister.  
Caution: Ifthereaejsl aldo ~vurefulr'odsr within~~i t 

level s of radiation ~ -otmýfl~pgra edsh n 1 e 
discharge gas or water should be continuouslyjnoiA94ioqedt

7.5-10
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14. nito wter flow throuah the canister until th wae ,!ha~ emp~eraure ~is below 

200'F. Stop the flow of water and remove the connection to the drain line.  

Nt:Monitor canister water Le pgratipntaerAýyjoertosi 

temperature exceeds 200'.F 

152 .I9nnect a. suction pumnp to the drain port and remove approxim-atey 50 allons QWae.  

Disconnect ..and remove the puipp.  

Note: -Air pressure may be uetofrewtrotfthcaierbonecting theair 
iiet he vent port and a drain line to th~e drain port. _k e usbe reue q_ 

not exceed 50 psigl.  

16. et' up ,the~ weld,- cutting- equipmen-t -to' cut_ 'the shielci:ýJi'd- -wel'-djrsygin-i 

hydrolaser, or similar cutting equipment.),_ Route the vetline to avoid interference .with 

the weld cutting- operation.  

17. Tent the top of the transfer cask and wear respiratory protectinqipmntasrquqire 

Attach a hydrogen gas de~tector to the vent pqiyt., Verify hat the coietaino 

gas is less than 2.4%.  

.18., Operate the cutting equ.ipment to cut the shield lid weld.  

Note; Stop the-cutting, operation if the hydrogen gas deetridcts' ocnrto 

hydor gen gas above 2.4%. Clear the gas before proceeding wihtectigqqain 

19. Remove the cutting equipment._Remove supplemental shielding if used. Intl h shiel 

lid lifting, hoist ings, verifying that the hoist rings ar ul~etdaans tes'l i~ 
and attach a three-legg ed sling,. ttach a tag line to the slin -ras jink, to dj 

attaching the, sling to th~e auxiliary cranelhookl(at Stepq4).' 
20. ~Attach the clean or filtered poolj water line to the transfer cask.  
21. Retrieve the tranfer cask lifting yoke and, engage the transfercaskjiftjinetrunn-ion.  

22. Move the transfer cask over the. pool and lower the bottom ~of the. transýfer, cask:. to thie 
surface. Start the,-flow..of clean or filtered pool waterjto. he~ transfer~_cask ann~ulus.-: 
Continue to lower the transfer cask, as the anuu il ihwtrutltetoot~ 

transfer ca-sk is-a~bo-u~t 4 i-nche~s -a~b-o've-th~e-pool suirface." Hol-d this ji~'c' 

fiered-pool -w-at-ei f~ijs, 't.o,.th~e t-o-p. o~ft-he t~ran'sfe-r ceaski 

23. Loe ahndnfrcakt.tebotmote aklaig remiove the i1ftin
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24. Attach the shield lid lifting sigto the crane hook.  

Ceaution:_The drain line tbisupeddfrom the under side othsiedl.'The lid 
ýhoisd be raised as strailht as possible until the than tube clears-tie canlser bsket.jjhe 
6ndr sde of the- shield lid could be hi hly qqritarnnaQ.  

25. lo•w4 li•ft thes: hsiedlid. aMo side terts r , ai se car 
transfer cask.  

26.' Y_.isally.inspect the fuel for djamage.  

wt i s point, the spent fuelcould be tng.ere fr"om te i ste r • ftht e i, ra k 
4 bq,-seia ign eqie to remove the fel7' bb ý i thj'o__~~_no h 

canister could be highlycotmned GTCwsecudetaserdt utbe tr 
area or bin in-the _pn~ull ~l Care must be exercised in &,hanln _ tnh6 r'-sPr-cs 

When it is removed fromq the pool. Highly radioqactive p co~uldrest onfa ufcsof th~ 
transfer cask resulting in high dose rates;,
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

This chapter describes the acceptance tests and maintenance program to be used to assure 

compliance of the Universal Transport Cask with 10 CFR 71 [1] and IAEA Safety Series No. 6 

[2] acceptance testing and maintenance criteria. The appendix to this chapter includes 

information on the general steps in the fabrication of the cask including major weld location, 

inspection technique and acceptance criteria. The general requirements and procedures for the 

pouring of NS-4-FR and chemical copper lead in the annulus between the inner and outer shells 

of the cask body is also explained.  

Specific approved procedures for inspection, special processes, and testing are developed, as 

required. The entire manufacturing process is completed under a quality assurance program that 

has been approved as being in accordance with 10 CFR 71, Subpart H, and IAEA Safety Series 

No. 6.

8-1
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8.1 Fabrication Requirements and Acceptance Tests 

Prior to first use of the Universal Transport Cask, the inspections and tests that must be 

performed on the cask are visual inspection, structural and pressure tests, leakage tests, 

component tests, tests for shielding integrity, and a thermal acceptance test. These inspections 

and tests are described in the following sections.  

8.1.1 Visual Inspection 

Prior to construction, all cask materials are visually examined by qualified personnel in 

accordance with the License Drawings (Section 1.3.4) and in accordance with approved written 

procedures (fabrication specifications). The purpose of the examination is to verify that the 

materials used in the fabrication of the cask are as specified on the License Drawings.  

The finished surfaces of all welds on the cask are visually examined in accordance with ASME 

Code, Section V, Article 9 [3]. The purpose of the examination is to verify that the cask 

components are assembled in accordance with the License Drawings and that the components are 

free of nicks, gouges, or other damage. The acceptance criteria for the visually examined welds 

are in accordance with ASME Code, Section VIII, Division 1, UW-35 and UW-36 [4].  

Unacceptable welds are repaired as required and reexamined in accordance with the original 

acceptance criteria.  

All weld inspections are performed by qualified personnel in accordance with written procedures.  

The inspection personnel are qualified in accordance with SNT-TC-1A, "Personnel 

Qualifications and Certification in Nondestructive Testing" [5], as specified by the ASME Code, 

Section III, Division 1, Subsection NB, Paragraph NB-5520 [6].  

8.1.2 Structural and Pressure Tests 

These structural tests include load testing of the lifting trunnions, load testing of the rotation 

pockets, and pressure testing of the containment boundary.

8.1-1
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8.1.2.1 Lifting Trunnion Load Testing 

Each pair of the Universal Transport Cask lifting trunnions is designed and load tested in 
accordance with the requirements of ANSI N14.6, "Special Lifting Devices for Shipping 
Containers Weighing 10,000 lb (4500 kg) or More for Nuclear Materials" [7]. A primary pair of 
diametrically opposed trunnions is welded to the upper forging of the cask. A secondary pair of 
trunnions can be bolted to the upper forging for redundant lifts. The primary trunnions are 
designed to satisfy the critical load (non-redundant) lifting requirements of ANSI N14.6. The 
secondary trunnions are designed to satisfy the redundant lifting requirements of ANSI N14.6.  
Load tests of both pairs of trunnions are performed in accordance with ANSI N14.6 and 
approved written procedures.  

Each primary and secondary trunnion pair is separately tested. A load of 780,000 lb, which is 
300% of the maximum service load (combined weight of the heaviest, loaded transport cask), is.  
applied to the primary trunnion pair. A load of 390,000 lb, which is 150% of the maximum 
service load, is applied to the secondary trunnion pair. In each test, the load is applied in a 
vertical direction, equally distributed between the two trunnions. Trunnions have a "land" width 
of 3.0 in. The cask lid is bolted in place for the test. The test may be carried out by attaching to 
the trunnion pair either calibrated hydraulic rams (combined with a load-spreading beam) or the 
cask-lifting yoke. The load is held for a minimum of 10 minutes.  

Following completion of the lifting trunnion load tests, all trunnion welds, trunnion bolt 
load-bearing surfaces, and welds that are part of the load path are visually inspected for 
permanent deformation, galling, or cracking. Liquid penetrant examinations are performed in 
accordance with the ASME Boiler and Pressure Vessel Code, Section V, Article 6 [3]. Liquid 
penetrant acceptance standards are those of Paragraph NF-5350 of the ASMIE Boiler and 
Pressure Vessel Code, Section III, Division 1 [9].  

Any evidence of permanent deformation, cracking, galling of the load-bearing surfaces, or 
unacceptable dye penetrant results is cause for rejection of the trunnion or related welds. Any 
identified defects must be repaired and the load test repeated prior to final acceptance.
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8.1.2.2 Rotation Pocket Load Testing 

There are two rotation pockets, located on opposite sides of the bottom of the cask, which are 

simultaneously load tested prior to cask acceptance. The rotation pockets are designed and 

analyzed to satisfy the more restrictive of 10 CFR 71.45(b) [1] or AAR Field Manual [8] load 

conditions for nuclear waste transport. The rotation pockets are not used to lift the cask at any 

time. During intermodal transport, the loaded cask with the top and bottom impact limiters 

attached, the cask is horizontally mounted on a tiedown structure/personnel barrier. The tiedown 

structure is designed with four pick-up points specifically for moving the loaded cask.  

The rotation pocket recesses at the lower end of the cask shall be load tested. The load test shall 

be performed in accordance with approved written procedures.  

The load test for recesses shall consist of applying a vertical load of 390,000 Ib, + 51-0 percent, to 

the rotation pocket pair. The load will be applied in a vertical direction and equally distributed 

between the two rotation trunnion recesses by the use of hydraulic rams combined with a load 

spreading beam.  

Following completion of the rotation pocket load test, all trunnion recess welds and load bearing 

surfaces shall be visually inspected for permanent deformation, galling or cracking. Inspections 

utilizing liquid penetrant examination shall be performed in accordance with the "ASME Boiler 

and Pressure Vessel Code," Section V, Article 6 [3]. Liquid penetrant acceptance standards shall 

be as indicated in paragraph NF-5350 of the "ASME Boiler and Pressure Vessel Code," Section 

III, Division 1 [9].  

Any evidence of permanent deformation, cracking, galling of the load bearing surfaces or 

unacceptable dye penetrant results shall be cause for rejection of the rotation pocket recesses or 

related welds.  

8.1.2.3 Hydrostatic Pressure Testing of the Containment Boundary 

The Universal Transport Cask primary containment boundary components, described in detail in 

Section 4.1, include the bottom forging, inner shell, top forging, and cask lid. The cask 

containment boundary is hydrostatically pressure tested to 125% of the design pressure in
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accordance with ASME Boiler and pressure Vessel Code Section In, Paragraph NB-6220 [6].  
This test is in lieu of the 10 CFR 71.85(b) requirement that the cask containment be tested at an 
internal pressure at least 50% higher than the maximum normal operating pressure. The 
transport cask containment is hydrostatic tested to 85 psig for a minimum of 30 minutes during 
which time a visual inspection is conducted to detect any evidence of leakage. The containment 
maximum normal operating pressure (MNOP) is calculated to be 7.3 psig (able 3,4-4).  

Following the hydrostatic pressure test, all containment boundary components weld joints, 
connections and regions of high stress are visually examined to verify that no permanent 
deformation or breach of the containment boundary resulted from the hydrostatic test. All 
accessible containment boundary welds shall be liquid penetrant inspected for ASME Code 
Section V, Article 6 [3], with acceptance per ASME Code Section Im, NB-5350 [6].  

8.1.2.4 Pneumatic Bubble Testing of the Neutron Shield Shell 

A pneumatic bubble test of the neutron shield tank will be performed in accordance with Section 
V, Article 10, Appendix I, of the ASME Code following final closure welding of the bottom 
closure plates. The bubble test pressure shall be 5 (+1/-0) psig . The test shall be performed in 
accordance with approved written procedures.  

During the test, the two relief valves on the neutron shield tank will be removed. One of the 
relief valve threaded connections will be used for connection of the air pressure line and test 
pressure gauge. The other relief valve connection will be plugged with a threaded plug.  

Following introduction of pressurized air into the neutron shield, a 15 minute minimum soak 
time will be required. Following completion of the soak time, approved soap bubble solution 
will be applied to all heat transfer fins to neutron shield shell, and neutron shield shell to end 
plate welds. The acceptance criteria for the bubble test will be no air leakage from any tested 
weld as indicated by continuous bubbling of the solution. If air leakage is indicated, the weld 
shall be repaired in accordance with approved weld repair procedures and the pneumatic bubble 
test shall be repeated until no unacceptable air leakage is observed.
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8.1.3 Leak Tests 

ýAcceptance leak testing is performed on the containment weldment during fabrication and on th~e 
containment boundary having replaceable components, when fabrication is Complete. The 

purpose of this leak testing is to confirm that the leak rate from any sealed containment 

penetration does not exceed the allowable leak rates, calculated in Chapter 4.0, and to confirm 

that the 10 CFR 71.85(a) [1] requirements are satisfied. Leak tests are performed in accor dance 

with the methodologies and requirements of ANSI N14.5-1997 [1I]f, using approved written 

procedures.  

Containment Weidment Testing 

Following the hydrostatic testing of the containment weldment in accordance with Section 

8.1.2.3, the containment cavity is drained and cleaned. A helium leak test of the containment 

weldment is performed in accordance with the requirements of Section V, Article 10 of the 

ASME Code, The containment weldment shall be leak tested to demonstrate a leak rate of 2 x 

10-7 std cm3/sec (helium), or less, using a minimum detector sensitivity of I x iIx07 -stdcm3/sec 

(helium), to qualify the weldment as leak tight as defined inANISI N14.5-19971.  

If a leak is detected exceeding the acceptance criteria, the affected weld shall be rejected.  

Rejected welds shall be repaired in accordance with the requirements ,f Article NIB-4450 of the 

ASME Code. The repaired weld area shall be retested and reinspected using the same procedure 

and acceptance criteria.  

Containment Fabrication Acceptance Testing 

Once cask fabrication is complete, helium leak tests are performed on the o-rings sealing the 

mechanical joints at the containment boundary.  

Contaiment fabrication acceptance testing is performed with the cask assembled in accordnce 

with itheý cask handling procedure except that the quick disconnects at the vent and drain ports ar 

not installe~d.. Thi-s en~sures. that-when -the cask, cavity is backfilled with helium, helium ispesn 

o .n .the containen't side of -the port, coverplate 'conta'inment 0-rings. Thelektsishn 
conducted by establishing a vacuum in the o-ring annulus of the lid and rt 

the seal test ports and testing for helium.

8.1-5



SAR - UMS® Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-OOA 

teak, te s-ts aýr-e- p-e-rformn'ned- on -the" cas k li-d an-d-the_ vent and drain p Yt oerlaeorns 

Containiment o-ring testing ~is performed to demonstrate a leak rate of 3.3 x 10-st Ijcm /see 
(helium), or less. The helium leak detector sensitivity_ shall be 1.6l•x 10-5 std cm 3/ssec r"less.  
The allowable leak- rate is based on the calculated allowable leak rate for BWR fuel (Table 
4.24).  

A leak-rate that exceeds the allowable leak rate limit is cause Ior rejection of the- copon7pe nt 
beingjtested_ .Seal replacement or other corrective actions are taken to correct an.• ay _ea. The 
component is then retested and inspected in accordance :with the test req(urerments and 
acceptance criteria. On successful completion of the leak tests, the. quick disconnects are 
re-installed in the vent and drain ports.  

8.1.4 Component Tests 

Individual cask components are tested as applicable to ensure that the component meets the 
design requirements for its intended function during operation of the cask system. Test 
acceptance criteria are established on the basis of the component function, the corresponding 
graded quality category and design requirements of the component being tested.  

8.1.4.1 Transportable Storage Canister 

The Transportable Storage Canister is not considered to be a containment boundary when 
transported in the Universal Transport Cask. However, all of the longitudinal and girth welds are 
radiographically inspected in accordance with ASME Code, Section V, Article 2 >.  
Radiographic acceptance is in accordance with ASME Code Section Ell, NB-5320 . The weld 
between the canister bottom and the canister shell is ultrasonically examined in accordance with 
ASME Code Section V, Article 5. Acceptance criteria are in accordance with ASME Code 
Section Il1, NB-5330.  

The welds made in the field to attach the shield lid to the canister shell are subjected to dye
penetrant testing on the root weld and final weld surface in accordance with the requirements of 
the ASME- Code, Section V, Article 6. Following welding of the shield lid, a helium leak test 
is performed as described in the operating procedures. The root weld, intemediate, and final 
weld surface of the structural lid weld to the canister shell are also dye penetrant examined in 
accordance with ASME Code, SectionV, Article 6 to ensure the quality of the weld. The liquid 
penetrant test acceptance criteria are as described in ASME Code Section III, Article NB-5350.
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The finished surfaces of all welds on the canister are visually examined in accordance with 

ASME_ Code, Section V, Article 9, to verify that the components are assembled in accordance 

with the License Drawings (Section 1.3.4) and that the components are free of nicks, gouges, or 

other surface damage. The acceptance criteria for the visually examined welds are in accordance 

with ASME: Code, Section IIH, NB4424 and NB-4427.  

Each fabricator of the canister will be required to establish a detailed written weld inspection 

plan, in accordance with an approved quality assurance program, of visual (VT), dye-penetrant 

(PT), ultrasonic (UT), and radiographic (RT) weld examinations to be performed during 

fabrication and prior to acceptance of the canister. The weld inspection plan identifies the welds 

to be examined, the sequence of the examinations, the type of examination method to be used, 

and the criteria for acceptance of the weld in accordance with the applicable sections of the 

ASME Boiler and Pressure Vessel Code.  

The canister is pressure tested after completion of the weld between the canister shell and shield 

lid. The canister is conservatively pressure tested to 20.5 psig for10 minutes. .This pressure 

is higher than the required test pressure of 1.2 times the 7.3 psig maximum normal operating 

pressure (MNOP), or 8.8 psig. ,uipon completion of the test, the weld surface is.visually 

examined for evidence of failure. The finished weld surface is visually examined in accordance 

with ASME Code, Section V, Article 9. The acceptance criteria is in accordance with ASME 

Code, Section II, NB-4424 and NB-4427.  

8.1.4.2 Valves, Rupture Disks, and Fluid Transport Devices 

No valves are part of the Universal Transport Cask containment boundary. Access to the cask 

cavity during operations and the capability to isolate the cavity are provided by quick 

disconnects. No credit is taken for any containment function provided by the quick disconnects.  

The quick disconnects serve as valves when the mating parts are connected and are used to 
connect ancillary equipment to the cask cavity for filling, draining, drying, backfilling, 

gas-sampling, and leak-testing operations. The design and selection of the quick disconnects are 

based on the design and selection of similar equipment used with other NRC-approved storage
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and transport casks. Prior to transport, the quick disconnects are sealed by using a bolted 
coverplate fitted with O-rings. These O-rings are helium leak tested prior to each shipment.  

No rupture disks are present on the Universal Transport Cask.  

Two self-actuating pressure relief valves installed on the bottom of the external shell of the 
neutron shield provide for venting of vapor from the shielding material that results from the 
neutron shield material being exposed to transport thermal accident conditions. The neutron 
shield shell and end plates are welded to the cask body outer shell. There is no penetration 
between the neutron shield and the containment boundary; therefore, there can be no release of 
containment gas via the pressure relief valve, even during the fire accident. The. relief valves do 
not provide a safety function with respect to the cask contents in transport. They are designed to 
minimize recovery efforts by allowing the neutron shield shell to remain intact in the unlikely 
event of a neutron shield overpressure condition.  

8.1.4.3 Gaskets 

The cask lid, drain port coverplate, and vent port coverplate, are sealed using _concentric sets of 
two o-rings. The inner o-ring of each of these sets forms part of the primar contanment 
boundary. The outer o-ring of each- set is used to form an annulus, which is used to test the 
containment boundary seal at the inner 0-ring. The outer 0-rings also provide an additional 
barrier to the potential release of the cask contents, but no credit is taken in the containment 
analysis for the presence of the outer o-rings.  

The inner 0-rings, which are part of the primary containment boundary are tested in accordance 
with the requirements of ANSI N14.5-1997. Each o-ring is replaced either annually, pr as 
needed, based on operating procedure (Chapter 7)or_ ma.intenance (S.ectiio ns .8,.2.2 and 8.2.4) 
requirements.  

8.1.4.4 Miscellaneous 

The Universal Transport Cask impact limiters consist of redwood and balsa wood completely 
enclosed in a stainless steel shell. Following final closure welding of the impact limiter stainless 
steel shell, the shell welds are vacuum leak tested to verify weld integrity. If leakage exceeding
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the criteria limit is detected, the cause of the leak is determined and repaired. The leak test is 

then re-performed.  

8.1.5 Tests for Shielding Integrity 

Lead is poured in the annulus between the inner and outer shells of the cask body, and layers of 

stainless steel provide the primary radial gamma shielding in the Universal Transport Cask body.  

The general lead pour procedures are described in Section 8.3.3. A solid layer of NS-4-FR 

located in the cask bottom and in the annulus formed by the outer shell and the neutron shield 

shell provides neutron shielding of the cask. Testing of the gamma and neutron shielding 

material for effectiveness is discussed in the following paragraphs.  

8.1.5.1 Gamma Shielding Test 

To verify the integrity, a gamma scan test of the steel and lead shielding of the cask body is 

performed prior to installation of the neutron shield shell. The test is performed in accordance 

with approved written procedures. The test involves using a detector and a Co source to 
continuously scan or probe over 100% of all accessible cask surfaces. The source strength is 
sufficiently intense to produce a count rate that equals or exceeds three times the background 

count rate on the external surfaces of the cask. The maximum scan path spacing is 2.5 in. and the 

scanning speed is 4.5 ft/min or less. All probing is on a 2-in. grid pattern (when using a 3-in.  

detector) and the specified count time is greater than 1 min.  

The acceptance criterion for the test is that the shield effectiveness of the cask body and lid be 
equal to or greater than the shield effectiveness of a lead and steel mock-up, where the steel 

thickness is equivalent to the minimum thickness specified on the License Drawings and the lead 

thickness is equivalent to the minimum thickness specified in the License Drawings less 3%.  

The shielding mock-up is produced by using the approved fabrication techniques for the cask.  

Components for which measured count rates exceed those established by the test mock-up are 
rejected. The rejected areas or components are evaluated to determine the corrective action to be 

taken. Any repaired areas are retested to the original acceptance criteria prior to final acceptance.
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An additional gamma shielding effectiveness test is performed on each cask following first fuel 
loading. Details on the gamma shielding effectiveness test procedures and acceptance criteria are 
provided in Section 8.1.5.3.  

8.1.5.2 Neutron Shielding Material Testing 

The neutron shield properties of NS-4-FR are provided in Chapters 1 and 3. Each lot (mixed 
batch) of neutron shield material shall be tested to verify that the material composition 
(aluminum and hydrogen), boron concentration, and neutron shield density meet the 
requirements specified in Chapters 1 and 3 and the License Drawings, Testing shall be 
performed by qualified laboratories in accordance with written and approved procedures.  
Material composition, boron concentration, and density data for each lot of neutron shield 
material shall become part of the quality record documentation package.  

Dimensional inspection of the cavities containing the neutron shielding material shall assure that 
the required thickness specified in the License Drawings is incorporated into the cask.  

The installation of the neutron shielding material shall be performed in accordance with written, 
approved, and qualified procedures. The procedures shall ensure that mix ratios and mixing 
methods are controlled in order to achieve proper material composition, boron concentration and 
distribution, and that pours are controlled in order to prevent gaps or unacceptable voids from 
occurring in the material. Procedures shall be qualified by the use of mock-ups to ensure that the 
NS-4-FR installation does not result in the creation of unacceptable voids.. Samples of each lot 
of neutron shield material shall be maintained as part of the quality record documentation 

package.  

8.1.5.3 Neutron and Gamma Shielding Effectiveness Tests 

Following first fuel loading and prior to transport, a neutron and gamma shielding effectiveness 
test is performed for each cask in accordance with approved written procedures. The purpose of 
the test is to document the effectiveness of the neutron and gamma shielding materials. For this 
test, the cask is loaded with the canister (containing fuel) that is drained, vacuum dried, and 
backfilled with helium.
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Calibrated neutron and gamma dose rate meters are used to measure the neutron and gamma dose 

rate at contact with the outer shell of the neutron shield and at 2.3 m from the surface (equivalent 

to 2 m from the sides of the railcar). Dose measurement points are established on the external 

surface of the shell at 30' intervals and at five points along the height of the shield (a total of 60 

measuring points). In addition, neutron and gamma dose rate measurements are made at the 

trunnion areas above the neutron shield, at four points below the neutron shield, and at the edges 

and center of the cask top and bottom surfaces. Dose rates at the top and bottom of the cask are 

measured with the impact limiters installed. The dose rates measured at contact and at 2.3 m are 

recorded on the test data sheet, along with the total power of the loaded fuel assemblies; date, 

time and location of test; identification and calibration of instrumentation; and identification of 

test engineer and operators. To enable the measured dose rates to be evaluated, the burnup and 

cool time for the actual fuel assemblies loaded into the cask are determined and recorded. From 

this fuel history data, the total actual neutron and gamma source terms are estimated by using 

ORIGEN or similar calculations.  

If the measured dose rates exceed the applicable regulatory limits, the cask User must notify the 

NRC. Appropriate corrective measures are taken, including fuel unloading and correction of the 

shielding deficiency. Following corrective actions, the test is reperformed to the original 

acceptance criteria prior to final acceptance.  

8.1.6 Thermal Acceptance Test 

Prior to acceptance of the cask body at the fabrication facility, a thermal test using. dry steam 

shall be performed on each fabricated packaging to confirm and verify that the fabricated and 

assembled cask possesses the heat rejection capabilities calculated in the thermal analyses. The 

thermal test shall be performed in accordance with approved written procedures.  

8.1.6.1 Thermal Test Setup 

The thermal test set-up is shown in Figure 8.1-1--. As depicted, the thermal test shall be 

performed with the cask positioned horizontally on a test frame. The transport impact limiter or 

equivalent insulating material shall be installed on each end of the cask to simulate the transport 

configuration. The cask will be located in a covered building in a still environment.
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Twelve (12) calibrated thermocouples shall be installed on the exteral walls of the transport 
cask as shown in ,Figure 8.11-1. Three calibrated thermocouples shall be installed on the 
cavity shell in locations to be determined by procedure, but shall include the top, midbpoint and 
bottom of the caskcavity with the cask horizontal. Additional Ithermocouples or temperature 
sensors shall be used to monitor ambient temperature, steam supply tem perature, and condensate 
drain temperature., The thermocouples shall be attached to strip chart recorders, which ma have 
multiple input channels, or other similar device to allow for contnuous monitoring and recordin 
of temperatures during the test. Cask cavity pressure shall be monitored during the test.  

Following thermocouples installation, dry steam is introduced through a penetration in the cask 
test lid, which is desiRned to accommodate the cask cavity thermocouple and the test is 
initiated. Air will be purged from the cask cavity by venting during the heat up cy.le. .f not 
recorded continuously, temperatures of thermocouples, other empera ure monitoring devices, 
and pressure, shall be recorded hourly, until temperature equilibrium is reached. The time to 
equilibrium will be calculatedfor a numberof potential ambient temperature test conditions and 
incorporated into the test procedure. During the test, the steam cndensate flowing out of the 

cask drain shall be collected and the mass of the condensate measured with a precisionscale.  
After thermal equilibrium is established, the ambient, steam supply, condensate drain 

thermocoupie temperatures shall be recorded or marked on the recorder strip Chart, , as 
appropriate. These records shall be part of the quality assurance acceptance records for the cask 
under test.  

The heat rejection capability of the cask at the test conditions shall be computed as: 

Q = (hi - ho)mr 

Where: 

Q -Heat rejection rate of the cask )Btu/hr) 
hi = Enthalpy of steam entering the cask cavity (Btullbm) 

ho l.nthalpy of condensate leaving the cask cavity .BtWIrpm) 
=n Average,_ rate of condensateý flow measured at thermal equilibrium. condition 

(lbmlhr) 

Based on the cask thermal model, the design basis heat rejection rate shall be computed and 
compared to the test condition heat rejection rate (Q7. Te thermial .test shall be 'Considered
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acceptable if the m ,easured heat rejection rate is equal po, or I-gre ater tha th desig basi.hea 
.reection rate.  

Th'e'nominal test-c'ondi Itio 1ns are 170 0 OF ambient and I-in itial ca -sk -bod Iy ternp1erature I, -no s -ol ar 

insolation, still air, no external radiant heat sources, and dry steam at 2120 F. At these test 

conditions, the neutron shield shell temperature is within 2'F of the calculated steady state 

equilibrium temperature of 174'F within 48 hours, The thermal test procedure shIallprvide, a 

,thermal transient heatup curve to, show the. time at which~ equilibrium, _i~s expected to~be 

established, and a table or set of curves which correlate equilibrium neutron' shield shell 

temperature with a range of ambient temperatures. For purposes of the thermal jest, equilibrium 

temperature is assumed to be established when the change in neutron shell temperature no fonger 

exceeds 2'F in a two (2) hour period.  

8.1.6.12 Thermal Test Acceptance Criteria 

The purpose of the thermal test is to confirm that the, heat rejection capabilitie~s of the as-built 

Universal Transport Cask are acceptable by showing that the measured tem rature adents 

correspond to those calculated in the thermal analyses.  

Cask thermal test. acceptance is based on demonstration that the measured temperature.gradients 

are less than, or equal to, the thermal gradients calculated in the thermal analyses and that the 

total heat rejection rate is equal to, or greater than, the cask design basis heat rejection rate.  

8.1.7 Neutron Absorber Verification Tests 

Neutron-absorbing material,: BA�®, iis used as a poison in the BWR and PWR fuel ,tubes.  

BORALiS i manufactured byAAR Manufacturing,, Inc.,(A of Livonia,, Michigan under a 

Quality Assurance/Quality Control prPgram in conformance with therequirements, of 10 CR 5•0, 

Appendix. . The computer-aided manufacturing process consistsIof, severIalsteps-., the Xirst 

being the mixing of the aluminum~and_boron-carbide powders that form the core-of the finished 

material,'with the amount of .each poydef, a.,function of the* desie dnareal ~The 
methods used to control the weight and owders aepte d pro pr ses 

of AAR.
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After manufacturing, test samples from each batch of B ORAL neutron asorbe poisQns~e& 
shall be tested using wet chemistry techniques to verify.,the presence. prperdistiibution, and 
minimum weighýtpercent of ' The tests shall be performed in accordance with amppived 
written procedures.  

Preparation of Sqmples 

Detailed written procedures to perform wet chemistry tests of each batch qf BORALsheets shall 
be established by the manufacturer, (AAR) and approved by~ NAC. For each batch of B ORAL 
sheets, a sample shall be taken from each end of randomly selected sheets...Thes.amples shall'be 
indelibly marked and recorded for identification. At least 2 percent of the sheets in a batch shall 
be fully tested as described, with the remaining sheets to be tested at one location to ensur'e'the 
presence of boron in those sheets.  

Wet Chemis= Test Performance 

An approved facility with chemical analysis capability shall be selected to Perfor he 'wet 
chemistry tests. The tes-ts will ensure the presence of boron and enable the calculation of the" 'B 
areal density.  

The most common method of verifying the acceptability of neutron absorber material is the wet 
chemistry method-a chemical analysis where the alurinum is separated from a sample with 
known thickness and volume. The remaining boron-carbide material is weighed and the, areal density of •B.1Ois computed. A statistic-alt concl usion about the BORAL sheet from -hichh---he 
sample was taken and that batch of IBORAL sheets may then be drawn based on the test r-esulds 
and the established manufacturing processes previously noted.  

Acceptance Criteria 
The wet chemistry test results shall be considered acceptableif. e minimum 1 B areal 4ensjty i 

determined tobe aequalto-or greater tha01'O g/cm 2or r the BOR sheets used in bWR fuel 

tubes and 0.025jcm2 for t•the ' ORAL. heets .used in PWR fuel tubes.  

Any specimen not meeting the acceptance criteria shall be rejected and all of the sheets from ttiat 
batch shall be similarly rejectedI
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Figure 8.1-1 Thermal Test Arrangement
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8.2 Maintenance Program 

A maintenance program for the Universal Transport Cask is established to ensure continued 

performance and use of the package. The cask maintenance program specifies the inspections, 

tests, and replacement of components to be performed and the frequency and schedule for these 

activities. This section describes the overall requirements of the maintenance program and 

establishes the frequency and schedule for the maintenance activities. The detailed, written 

inspection, test, component replacement, and repair procedures will be included in the Universal 

Transport Cask Operations Manual. The Operations Manual is issued to users of the packaging 

prior to their use of the cask.  

The welded Transportable Storage Canister containing fuel does not require any maintenance.  

8.2.1 Structural and Pressure Tests 

The four lifting trunnions or two trunnions if the secondary trunnions are not attached and the 

two rotation pockets are visually inspected prior to each shipment. The visual inspections are 

performed in accordance with approved written procedures, and the results are evaluated against 

established acceptance criteria.  

Evidence of cracking on the load-bearing surfaces is cause for rejection of the affected trunnion 

until an approved repair is completed and the surfaces are reinspected and accepted. Such repairs 

are implemented and documented in accordance with an approved quality assurance program.  
Any identified damage to the bolted trunnions and the rotation pockets, such as cracking and 

wear, must be evaluated to determine if replacement of the affected components is necessary.  

The lifting trunnions are also inspected annually in accordance with Paragraph 6.3. 1(b).of ANSI 

N14.6 [7]. All trunnion welds, trunnion bolts, trunnion bolt load-bearing surfaces, and welds that 

are part of the load path are vis.ually inspected for permanent deformation, gallingor. cra-ckingt.  

Liquid penetrant examinations. of weld's an.d load bearing surfaces are performed in accordance 

with the ASME Code, Section V, Articles 6 [3]. Liquid penetrant acceptance standards are those 

of Paragraph NF-5350 of the ASME Boil er and-Pressure VesselCode, Section III, Division 1 [9].  

During periods of nonuse of the transport cask, the inspection -of the -tmrnnons ma,.be. omitted 

provided that the trunnions are inspected in. ac.ord.ace .wi•t this se-tion prilor-to. the nex-t use.
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8.2.2 Leak Tests 

8.2.2.1 Containment Periodic Verification Leak Testing 

As'shown in .T-.a..bl..e 8.2-1, the periodic verification leak test is performed in accordance with 
approved written test procedures and the test requirements and acceptance criteria established in 
Section 8.1.3 for the containment fabrication verification leak test.  

The periodic verification leak test is performed on each cask after the third use (prior to fourth 
cask loading sequence), and every 12 months thereafter to verify the containment capability, and 
whenever a replaceable containment component ontainment o-ring set or port coverplate) is 

,replaced.  

When the cask is not in use , the periodic verification leak test need not be performed annually 
but must be re-performed before returning the cask to service 

Leak tests are performed in accordance with the methodoloes and. requirements of 
ANSN14.5-1997, using approved written procedures.  

8.2.2.2 Periodic Verification Leak Test Acceptance Criteria 

The maximum permissible leak rate requirements and the minimum required test sensitivity for 
the containment fabrication verification and periodic verification leak tests are provided in 
Section 8.1.3. Unacceptable leak test results are cause for rejection of the component tested.  
Corrective actions, including repair or replacement of the o-rings or closure component, are taken 

and documented as appropriate. Before the cask is returned to service, the leak test and 
corrective actions are repeated until acceptable results are achieved.  

8.2.3 Subsystems Maintenance 

The Universal Transport Cask has no subsystem maintenance requirements.
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8.2.4 Valves, Rupture Disks, and Gaskets on the Containment Vessel 

No valves providing a containment function are present on the cask packaging. Three quick 

disconnects, one each on the vent, drain, and lid seal test ports, are provided for ease of cask 

operation. The Universal Transport Cask containment vessel has no rupture disks.  

The quick disconnects are inspected for proper performance and function during each cask 

loading and unloading operation and replaced as necessary. The quick disconnects are also 

replaced every 2 years during transport operations.  

The closure lid and vent port coverplate o-rings are visually inspected for damage during each 

cask closure operation. The drain port coverplate o-rings are inspected during each cask closure 

operation when the drain port is used. Any identified damage is cause for replacement.  

Containment boundary o-rings are leak tested as specified in Table 7-2. As shown in the table, 

containment boundary 0-rings are replaced as required by inspection or test, but are replaced at 

least annually during routine use of the cask.  

8.2.5 Shielding 

The camma and neutron shields of the Universal Transport Cask do not degrade with time or 

usage. The radiation surveys performed by the cask user prior to transport and upon receipt of 

the loaded cask provide continuing validation of the shield effectiveness.  

8.2.6 Miscellaneous Inspections 

Prior to each shipment, the impact limiters are visually inspected for gross damage or cracking of 

the stainless steel shells in accordance with 10 CFR 71.87 and approved written procedures and 

established acceptance criteria. Impact limiters not meeting the established acceptance criteria 

are removed from service until repairs are performed and the component reinspected and 

accepted.  

The cask cavity is visually inspected prior to each fuel loading. The overall cask exterior and 

cavity are visually inspected for evidence of foreign material, obstructions or damage prior to the 

loading of each canister. Foreign material and obstructions shall be discarded or appropriately 

removed. Damage to any sealing surface between the cask lid or upper forging seal surface or
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port cover and corresponding recessed seal surface, shall be assessed and repaired if necessary.  
Evidence of damage to the inner shell shall be examined, assessed and repaired as necessary. All 
repairs shall conclude with a re-inspection of the affected area and acceptance to criteria 
appropriate for the repair made, as described previously.  

For each cask loaded for transport, the following information is included in the cask loading 
report: results of the visual inspections, leak tests, shielding, and radiological contamination 
surveys; fuel identification information for the package contents; date, time, and location of the 
cask loading operations; and remarks regarding replaced components. The specific requirements 
of the cask loading report are detailed in the Universal Transport Cask Operations Manual.  

8.2.7 Maintenance Program Schedule 

Table 8.2-1 presents the overall maintenance program schedule for the Universal Transport Cask.
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Table 8.2-1 Maintenance Program Schedule

Task/Activity Frequency 

Visual inspection of cavity Prior to loading 

Visual inspection of o-rings Prior to loading 

Visual inspection of cask lid and port 

coverplate bolts Prior to installation (each use) 

Visual and Proper Function Inspection of Cask Prior to each shipment 

Visual inspection of lifting trunnions and 

rotation pockets Prior to each shipment 

Liquid penetrant inspection of lifting trunnion Annually during use 

surfaces 

Containment system periodic verification leak After the third use of a transport cask.  

test of lid, and port coverplate, o-rings Annually during use.  

After each o-ring or port coverplate replacement 

Containment system leak test of lid and port 

coverplate o-rings Prior to each shipment 

Visual inspection of impact limiter Prior to each shipment 

Inspection of quick disconnects for proper 

function Each cask loading/unloading operation 

Replacement of quick disconnects Every two years of service 

Replacement of 0-ring As required by inspection during operations and 

at each annual maintenance 

Replacement of lid bolts Every 20 years
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8.3 Appendices 

8.3.1 References 

1. Title 10 of the Code of Federal Regulations, Part 71 (10 CFR 71), "Packaging and 

Transportation of Radioactive Materials," April 1996.  

2. IAEA Safety Series No. 6, "Regulations for the Safe Transport of Radioactive Materials," 

International Atomic Energy Agency, Vienna, Austria, 1985 Edition, as amended 1990.  

3. ASME Boiler and Pressure Vessel Code, Section V, "Nondestructive Examination," 1995 

Edition with 1995 Addenda.  

4. ASMIE Boiler and Pressure Vessel Code, Section VIII, "Rules for Construction of Pressure 

Vessels," 1995 Edition with 1995 Addenda.  

5. American Society for Nondestructive Testing, SNT-TC-1A, "Recommended Practices, 

Nondestructive Testing, Personnel Qualifications and Certification, 1984.  

6. ASME Boiler and Pressure Vessel Code, Division I, Section M11, Subsection NB, "Class 1 

Components," 1995 Edition with 1995 Addenda.  

7. ANSI N14.6, "American National Standard for Special Lifting Devices for Shipping 

Containers Weighing 10,000 Pounds (4,500 kg) or More for Nuclear Materials," American 

National Standards Institute, February 1993.  

8. Field Manual of the Interchange Rules as Adopted by the Association of American Railroads, 

Rule 88, "Mechanical Requirements for Acceptance," Washington, D.C., 1986.  

9. ASME Boiler and Pressure Vessel Code, Division 1, Section IIn, Subsection NF, 

"Component Supports," 1995 Edition with 1995 Addenda.  

10. ASTM B-29 92, "Standard Specification for Refined Lead," American Society for Testing 

and Materials, 1992 (Reapproved 1t997).  

11. ANSI N14.5-1997,,. "American National Standard for Leakage Tests on Packages for 

Shipment of RadioacBYti Mterials," American, National Standards, Institute, D-eclember" 1,997.,
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8.3.2 Cask Body Fabrication 

The Universal Transport Cask is a welded structure of stainless steel plates and forgings. The 
major chronological steps involved in the fabrication of the cask body are: 

"* Welding of plate sections to form the inner shell.  
"* Welding of inner shell to top and bottom forging to form cask containment.  
"* Perform hydrostatic and helium leak testing of the contai•ment weidrent.  
"* Welding of plate sections to form outer shell.  
"* Welding of outer shell to cask containment to form cask body.  
"* Welding of backing bars and supports in preparation for lead pour.  
"* Lead pour.  
"* Installation of NS-4-FR shielding material between cask bottom and bottom forging.  
* Welding of cask bottom to outer shell.  
"* Welding of primary trunnions to top forging.  
"* Installation of NS-4-FR outside cask outer shell.  
"• Perform load testing of the primary and secondary lifting trunnions.  
"* Perform containment boundary o-ring leak testing.  

Welding on the cask is performed in accordance with the requirements of the ASME Boiler and 
Pressure Vessel Code as specified on the cask license drawings (Section 1.3.4). The type and 
location of the major welds on the cask body and the type of inspection required on the welds are 
shown in Figure 8.3-1. Pouring of chemical copper lead between the cask inner and outer shells 
to provide gamma shielding is addressed in Section 8.3.3. Installation of the NS-4-FR shielding 
material between the neutron shield top and bottom plates in the annulus formed by the cask 
outer shell and the neutron shield shell is discussed in the following paragraphs.  

The methods and process for installation of the NS-4-FR shielding material will be qualified by 
means of a full-scale mockup test prior to actual installation in a cask or by methods and process 
that have already demonstrated successful and proper installation. The mockup test will establish 
that appropriate procedures are followed in the NS-4-FR installation process and that critical 
NS-4-FR material properties and characteristics are in accordance with the manufacturer's 
specification. The mockup structure will consist of a minimum of two cavities separated by three 
heat transfer fins. The NS-4-FR will be installed according to an approved procedure into two 
adjacent cavities of the mockup. After mixing but prior to installation, the wet material density 
will be measured and compared with the manufacturer's specification. Upon curing, the mockup 
will undergo destructive examination and testing. The destructive examination and tests will
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confirm the NS-4-FR material characteristics through verification of appearance (i.e., color, 

voids, cracking, disbonding, shrinkage), material density, and chemical componsition (i.e., boron, 

hydrogen). The installation procedure will be considered "qualified" upon acceptance of the 

results of the destructive examination and test.  

Actual installation of. the NS-4-FR into the cask will be performed according to the procedure 

verified by the mockup test or previously used methods. The wet material density of each mix 

batch will be measured and compared with the manufacturer's specification to verify the material 

characteristics of the NS-4-FR. Compliance with the wet material density criteria will confirm 

final acceptance of the mix batch and subsequent installation.  

8.3.3 Description of Lead Pour Procedures 

Molten lead is poured into the annulus between the inner and outer shells of the Universal 

Transport Cask body to provide the primary radial gamma shielding in the cask body. The lead 

annulus is subjected to a gamma scan test to verify its shielding integrity. The description that 

follows includes the prepour preparations, the pouring of the molten lead in the annulus, and the 

postpour controlled cooldown of the cask.  

8.3.3.1 Preparation for Lead Pour 

The following activities must be completed in preparation for pouring of the lead in the cask 

body: 

1. Temporary stiffener bars/rings are installed both inside and outside the body 

weldment at intermittent locations along the cask length. To maintain the specified 

dimensions of the lead annulus, the stiffeners support the inner and outer shells during 

the lead pour and cooldown. The stiffeners are removed after the cooldown operation 

is completed.  

2. At least 12 pairs of thermocouples are used to monitor the heating and cooling cycle 

of the inner and outer shells. Each pair of thermocouples is positioned at 

approximately the same radial and axial location, one on the inside diameter of the 

inner shell and one on the outside diameter of the outer shell.
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3. Electric heaters are installed in the cask cavity to heat the inner shell.  

4. The body weldment (formed by the outer shell weldment welded to the cask cavity 
weldment at the top forging/outer shell interface) of the cask is inverted and supported 
in a stable, vertical position in a "pit" or within a windbreak structure to provide a 
basically draft-free operations area.  

5. At least 20 gas heating/water cooling rings are installed around the outside of the 
body weldment for use in heating, and later in cooling, the outer shell. Gas torches 
are provided for heating the outside surface of the bottom forging.  

6. The body weldment surfaces, especially the lead annulus, are checked for dimensional 
accuracy and cleanliness.  

7. The general arrangement of the equipment for the lead pour operation is shown in 
Figure 8.3-2.  

8.3.3.2 Lead Pour Operations 

The requirements and activities that must be completed during pouring of the lead in the 
Universal Transport Cask body are as follows: 

1. The lead material certification is checked to ensure that it conforms to the 
requirements of ASTM B29-92 for chemical copper refined lead [10].  

2. Approximately 47,500 pounds of lead is placed in appropriately sized kettles and 
melted. During the lead pour operations, the temperature of the molten lead is 
maintained between 650'F (343°C) and 750'F (399°C).  

3. At the same time that the lead is being melted, the cask body weldment is 
simultaneously heated by using both the electric heaters on the interior and the gas 
heating rings on the exterior. The body weldment is heated steadily and uniformly at 
a rate not exceeding 125°F/hr (52°C/hr). Gas torches are used to heat the exterior of
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the bottom forging. The surface temperature of the body weldment is never permitted 

to exceed 800'F (427°C). The temperature of the entire body weldment is maintained 

between 640'F (338'C) and 740'F (393°C) throughout the lead pour operations.  

4. The lead pour is initiated immediately after the temperatures of the lead and the body 

weldment are stabilized in the ranges previously specified. The actual pouring of the 

lead is completed without interruption and as quickly as possible. During the lead 

pour, the bottom end of the filler-tube is kept below the surface of the molten lead to 

keep voids from forming in the lead.  

5. The lead is poured to a level that is sufficient to ensure that dross removal and 

contraction during solidification do not reduce the finished surface below the required 

level. A long steel rod inserted into the molten lead annulus is used to ensure that no 

solidification has begun anywhere in the volume of molten lead.  

8.3.3.3 Cooldown Following Lead Pour 

The procedures and requirements that must be completed during cooldown of the cask body 

weldment following completion of the lead pour are as follows: 

1. Cooldown is initiated by turning off the electrical heater (interior) and the gas 

heating/water cooling ring (exterior) at the lowest end of the cask (in the as-poured 

position). The gas heating/water cooling ring is then used to facilitate and control 

cooling by spraying water on the exterior surface of the cask. As cooldown proceeds, 

the heaters and rings upward along the cask are successively turned off and the 

cooling water spray is turned on from each ring.  

2. The cooldown process is temperature controlled to maintain approximately uniform 

solidification conditions across the thickness and around the circumference of the 

annulus.  

3. The cooldown rate is held steady and uniform at a rate not to exceed 125°F/hr 

(52°C/hr) and the temperature differential between the inside shell and the outside 

shell is not allowed to exceed 100°F (38°C). Once the inner and outer shell
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temperatures have cooled to 150'F (66°C), controlling the cooldown rate is no longer 
necessary.  

4. The solidification level in the lead annulus is checked with the aid of a long steel rod.  
The maximum difference in the elevation of the solidified lead between the inside 
surface of the outer shell and the outside surface of the inner shell is not permitted to 
exceed 2 in. (51 mm).  

5. Dross is skimmed off the top of the lead while maintaining the molten head 
throughout the cooldown process.  

8.3.3.4 Lead Pour Documentation 

The following data are included in the data package for the lead pour operation: 

1. Certificate of chemical analysis of the lead.  

2. Heating and cooling charts showing elapsed time and temperatures.  

3. Location, time, and temperature for readings taken with a handheld pyrometer or 
other temperature-reading device.  

4. Difference in solidification elevations when checking at the inside surface of the outer 
shell and the outside surface of the inner shell.
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Figure 8.3-1 Cask Body Welds
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Figure 8.3-2 Arrangement of Lead Pour Equi
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