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1. Purpose 

The purpose of this analysis is to provide input on the criticality potential of various degraded 
configurations to an analysis on the probability of a criticality event in a Pressurized Water Reactor 
(PWR) Advanced Uncanistered Fuel (AUCF) Waste Package (WP). The objective of this evaluation 
is to develop multivariate regressions which represent k.f for the variods degraded configurations 
as a function of fuel assembly parameters (i.e., burnup, enrichment, age), and configuration 
parameters (i.e., amount and distribution of remaining basket corrosion products, amount of borated 
stainless steel plate remaining). Potential design options for reducing the kff of the degraded 
configurations are also discussed. For guidance in determining the range of parameters which can 
occur, this analysis begins with a refinement of the WP degradation scenarios developed in previous 
degraded mode criticality evaluations (Refs. 5.16 and 5.37), as applied to the current reference WP 
designs (Ref. 5.5).  

2. Quality Assurance 

The Quality Assurance (QA) program applies to this analysis. The work reported in this document 
is part of the preliminary WP design analysis that will eventually support the License Application 
Design phase. This activity, when appropriately confirmed, can impact the proper functioning of the 
Mined Geologic Disposal System (MGDS) waste package; the waste package has been identified 
as an MGDS Q-List item important to safety and waste isolation (pp. 4, 15, Ref. 5.1). The waste 
package is on the Q-List by direct inclusion by the Department of Energy (DOE), without conducting 
a QAP-2-3 evaluation. The Waste Package Development Department responsible manager has 
evaluated this activity in accordance with QAP-2-0, Conduct of Activities. The Perform 
Probabilistic Waste Package Design Analyses activity evaluation (Ref. 5.2) has determined that 
work associated with determining the probability of criticality for degraded configurations is subject 
to Quality Assurance Requirements and Description (QARD; Ref. 5.3) requirements. As specified 
in NLP-3-18, Documentation of QA Controls on Drawings, Specifications, Design Analyses, and 
Technical Documents, this activity is subject to QA controls.  

All design parameters and assumptions which are identified in this document are for preliminary 
design and shall be treated as unqualified data unless otherwise indicated; these design parameters 
and assumptions will require subsequent qualification (or superseding inputs) as the WP design 
proceeds. This document will not directly suploort any construction, fabrication or procurement 
activity and therefore is not required to be procedurally controlled as TBV (to be verified). In 
addition, the inputs associated with this analysis are not required to be procedurally controlled as 
TBV. However, use of any data from this analysis for input into documents supporting procurement, 
fabrication, or construction is required to be controlled as TBV in accordance with the appropriate 
procedures.
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3. Method 

The method used for this analysis involves the following steps: 

A. Identify scenarios for degradation of the WP basket structure, and the PWR spent nuclear 
fuel (SNF) waste form. This task involves reviewing the available structural and corrosion 
information for the WP basket and fuel assembly materials to identify the sequence of basket 
component degradation, estimate the maximum lifetime of the component, and identify the 
corrosion products which may remain and have some impact on criticality. Based on this 
information, configurations to be evaluated in the remainder of the analysis are determined.  
This step is performed in Section 7. 1.  

B. Select fuel assembly parameters for evaluation by reviewing the historic and projected 
population of PWR fuel, and grouping the fuel according to the 10-year k. as estimated by 
a multivariate regression developed by Oak Ridge National Laboratory (ORNL; Ref. 5.4).  
This ORNL regression was used in the initial determination of WP design configurations 
(Ref. 5.5) to bin the PWR fuel population into the various conceptual PWR WP types using 
k.. as a basis. For this analysis, k- groups are defined which correspond to the binning 
method used in the design configuration analysis (e.g., k_.<l. 13 as the limit for the absorber 
plate WP), to allow an evaluation of the adequacy of that binning method. For each of these 
k.. groups, bounding burnup/enrichment pairs are identified, and their isotopics as a function 
of time since discharge are determined using the SAS2H and ORIGEN-S sequences of the 
SCALE 4.3 code package. This step is performed in Section 7.2.  

C. Perform MCNP4A calculations of kfr for the degraded internal WP configurations identified 
in step 1 above to identify the worst case configuration. The calculations start with the 
isotopics for the bounding k, group for each PWR WP design and work backwards through 
less stressing fuels until kff no longer exceeds the defined limit for criticality concern at any 
time during the postclosure phase. For the purpose of this analysis, that limit will be defined 
as keff < 0.91 (see assumption 4.3.16). This step is performed in Sections 7.3 through 7.5.  

D. Evaluate the data developed in step C and develop multivariate regressions which relate the 
kefr for a particular class of configurations (e.g., intact fuel with fully degraded basket and 
oxide settled to bottom of WP) to various parameters for that class (e.g., time, burnup, 
enrichment, assemblies covered by oxide, etc...). This will simplify application of the data 
in future probabilistic analyses. This step is performed in Section 7.6.  

E. Identify design options for reducing the peak postclosure k.t of each PWR WP design for all 
fuels which will be contained in that package and for all degraded configurations. This step 
is performed in Section 7.7 

Further detail on the specific methods employed for each step is available in Section 7 of this 
analysis.
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4. Design Inputs 

All design inputs are for preliminary design; these design inputs will require subsequent qualification 
(or superseding inputs) before this analysis can be used to support procurement, fabrication, or 
construction activities, unless otherwise noted.  

4.1 Design Parameters 

4.1.1 Spent Fuel Assembly Parameters 

The fuel assembly upon which this calculation is based is the B&W 15 x 15 fuel assembly. The 
mechanical parameters for this assembly type are shown in Table 4.1-1. Note that inches are 
converted to centimeters exactly (2.54 cm/in.); this is not an indication of tolerance, but is done for 
consistency between calculations using English or metric units. The theoretical density of UO2 is 
10.96 g/cm 3 (Ref. 5.14, Table M8.2.1). This information represents actual B&W fuel assembly 
dimensions and is considered qualified data.

"TVnh1•d zL.I. Mh�inir'�1 � nf 1�&W I 5x 1 � Pii�I A��mhlv
Radius 

Parameter Value Units Metric Units (cm) Ref.  

Fuel Rods 208 /assbly 208 /assbly - 5.7. p, 2.1.2.2-6 

Fuel Rods on a Lattice Side 15 /side 15 /side - 5.7, p. 2.1.2.2-6 

Guide Tubes i1 lassbly 1 1 /assbly - 5.7, p. 2.1.2.2-6 

Instrumentation Tubes I /assbly I /assbly - 5.7, p. 2.1.2.2-6 

Total Guide + Instrument Tubes 17 /assbly 17 /assbly 

Clad/Tube Material Zirc-4 Zirc-4 - 5.7, p. 2.1.2.2-6 

Fuel Pellet OD 0.3686 inches 0.936244 cm 0.468122 5.7, p. 2.1.2.2-6 

Fuel Stack Height 141.8 inches 360.172 cm - 5.7, p. 2.1.2.2-6 

Fuel Assembly Height 165.625 inches 420.7 cm - 5.9, p. 2A-8 

Mass of U 1023 lb 464 kg - 5.9, p. 2A-8 

MassofUO, 1160.64 lb 526.38 kg - 5.7,p. 2.1.2.2-6 

Percent of Theoretical Density 95 % 95 % - 5.7, p. 2.1.2.2-6 

Fuel Clad OD 0.430 inches 1.0922 cm 0.5461 5.7, p. 2.1.2.2-6 

Clad Thickness 0.0265 inches 0.06731 cm 5.7, p. 2.1.2.2-6 

Fuel Clad ID' 0.37A inches 0.95754 cm 0.47879 

Fuel Rod Pitch 0.564 inches 1.4427ý cm - 5.7, p. 2.1.2.2-6 

Guide Tube OD 0.53d inches 1.346 cm 0.6731 5.7, p. 2.1.2.2-6 

Guide Tube Thickness 0.014 inches 0.04064 cm - 5.7, p. 2.1.2.2-6 

Guide Tube ID' 0.498 inches 1.2649ý cm 0.63246 

Instrumentation Tube OD 0.493 inches 1.25222 cm 0.62611 5.7, p. 2.1.2.2-6 

Fuel Assembly Envelope 8.536 inches 21.68144 cm - 5.7, p. 2.1.2.2-6 

Displaced Volume per Fuel Assembly 492 inches3  0.081 m, 5.10, p. 11-3.6-98 

' The inner diameters (IDs) above are calculated by subtracting 2 X thickness from the outer diameter (OD).
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4.1.2 Intact Waste Package Geometry Parameters 

The intact waste package geometry parameters used in this analysis are listed in Table 4.1-2 below.  

Figure 4.1-1 depicts the 21 Pressurized Water Reactor (PWR) Advanced Uncanistered Fuel (AUCF) 
absorber plate WP, its internals, and the material specifications (Ref. 5.17). This is considered 
unqualified TBV information, as other WPD QAP-3-9 analyses being performed in parallel may 
result in design changes not reflected in this analysis.

Table 4.1-2. Intact WP Dimensions 

Component Dimension Reference 

Outer barrier length (skirt edge to skirt edge) 533.5 cm 5.15, p. 1-18 

Outer barrier skirt length (both ends) 22.5 cm 5.15, p. 1-18 

Outer barrier lid thickness 11.0 cm 5.15, p. 1- 18 

Outer barrier inner radii 73.1 cm 5.16 ,.p. 8 

Outer barrier outer radii 83.1 cm 5.16, p. 8 

Gap between inner and outer lids 3.0 cm 5.15, p. 1-18 & 19 

Inner barrier length (overall) 463.5 cm 5.15, p. 1-19 

Inner barrier lid thickness 2.5 cm 5.15, p. 1-19 

Inner barrier inner radii 71.095 cm' 5 .16 , p. 8 

Inner barrier outer radii 73.095 cm 5.16, p. 8 

Fuel cell tube thickness 0.5 cm 5.15, p. 1-21 

Fuel cell tube height 457.5 cm 5.15, p. 1-21 

Fuel cell tube outside width 23.64 cm 5.15, p. 1-21 

Total displaced volume of single fuel cell tube 0.02117 m3  5.15, p. VI-I 

Criticality control plate thickness 0.7 cm 5.15, p. 1-29 to 31 

Criticality control plate height 113.38 cm 5.15, p. 1-20 

Total displaced volume of all criticality control plates 0.243 m3 5.15, p. VI-I 

Total displaced volume of guides and supports 0.259 m' 5.15, p. VI-I

1- Excel spreadsheet calculations of oxide volume fractions used the more recent inner barrier inner radii ot -7U.48 cm 
from Reference 5.15, p. 1-19.
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4.1.3 Material Properties 

The atomic weights of isotopes are listed in Table 4.1-3 below (Ref. 5.18, pp. 941-978, unless 
otherwise noted). This information is obtained from qualified QAP-3-9 analyses, or is considered 
established fact, and is therefore considered qualified.  

Table 4.1-3. Atomic Weights in g/mole (Ref. 5.18)

B-10 
B-li 
Nat. 0 
0-16 
Nat. Fe 
Mo-95 
Tc-99 
Ru-101 
Rh- 103 
Ag- 109 
Nd- 143 
Nd- 145 
Sm-147 
Sm-149 
Sm-150 
Sm- 151 
Sm- 152 
Eu-151 
Eu-153 
Gd- 155 
U-233 
U-234 
U-235 
U-236 
U-238 
Np-237 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 
Am-242m 
Am-243
*ki

MC'NP 1D# 
5010.50C 
5011'.56C 
not used 
8016.50C 
26000.55C 
42095.50C 
43099.50C 
44101.50C 
45103.50C 
47109.50C 
60143.50C 
60145.50C 
62147.50C 
62149.50C 
62150.50C 
62151.50C 
62152.50C 
63151.55C 
63153.55C 
64155.50C 
92233.50C 
92234.50C 
92235.50C 
92236.50C 
92238.50C 
93237.55C 
94238.50C 
94239.55C 
94240.50C 
94241.50C 
94242.50C 
95241.50C 
95242.50C 
95243.50C

Atomic Weight 
10.0129388 
11.0093053 
15.9994" 
15.994915 
55.847' 
94.905839 
98.90627501
100.905576 
102.905511 
108.904756 
142.909779 
144.912538 
146.914867 
148.91718 
149.917276 
150.919919 
151.919756 
150.919838 
152.921242 
154.922664 
233.039522 
234.040904 
235.043915 
236.045637 
238.05077 
237.048056 
238.049511 
239.052146 
240.053882 
241.056737 
242.058725 
241.056714 
242.059502 
243.061367

From Reference 5.20, pp. 16 &17 
From Reference 5.19

Avogadro's Number [NA] = 0.602252 (g-mol)'x 1024 (Ref. 5.18, p. 933).
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Densities of non-fuel materials used in this 
A 516 Grade 55 Carbon Steel 
SS316B6A w/ 20% B removed 
B4C with natural B 
Iron Oxide (Fe20 3) 

Zircaloy-4 
Inconel Alloy 625 
Water

analysis is as follows: 
7832 kg/m3 

7745 kg/m3 

1780 kg/m3 

5240 kg/m3 

6560 kg/m3 
8442 kg/m3 

1000 kg/m3

Reference 5.19, p. I-1 
Reference 5.19, p. 1-12 
Reference 5.19, p. 1- 15 
Reference 5.22, p. B-104 
Reference 5.19, p. 1- 16 
Reference 5.23, p. 1 
Reference 5.19, p. 1-19

Chemical compositions of alloys used in this analysis are given in Table 4.1-4 below.  
Table 4.1-4. Chemical Compositions of Non-Fuel Materials 

Material A 516 Gr. 55 Inconel B4C Zircaloy-4 SS316B6A 
Carbon Steel Alloy 625 (Ref. 5.19, (Ref. 5.19, w/20% B removed 

Element (Ref. 5.19, p. 1-!) (Ref. 5.23, p. 3) p. 1-15) p. 1-16) (Ref. 5.19, p. 1-12) 

Fe 98.535% 5.000% 0.200% 60.6390% 
IDB /IlB - - 14.143%/ - 0.2311%1 

64.427% 1.0530% 

Cr 21.500% - 0.100% 19.0610% 

Ni - 58.000% - - 13.5433% 

Mn 0.900% 0.500% - - 2.0064% 

Mo - 9.000% - - 2.5080% 

N - - - - 0.1003% 

S 0.035% 0.015% - - 0.0301% 

Si 0.275% 0.500% - - 0.7524% 

P 0.035% 0.015% - - 0.0451% 

C 0.220% 0.100% 21.430% - 0.0301% 

0 - - 0.120% 

Co 0.930% -

Ti 0.400% -

A] 0.400% -

50% Nb + 3.600% -

50% Ta 

Zr - - 98.180% 

Sn - 1.400%,
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4.1.4 Stainless Steel Corrosion Data 

Several researchers have investigated the general corrosion rates of 304 and 316 series 
stainless steels in J- 13 well water environments which roughly bound the range of conditions 
indicated in assumption 4.3.8. A summary of this corrosion data for temperatures in the 28 
100°C range is given in Table 4.1-5. These temperatures cover the range expected for the 
WP internals (Ref. 5.33) for times later than 3,000 years in a repository with a thermal 
loading of 83 MTU/acre (see assumption 4.3.10), which is when the majority of WPs will 
begin to fail (see assumption 4.3.9) and release the He fill gas which previously maintained 
an inert environment within the WP. While the specified criticality control material is 
Neutronit A978 (with a composition similar to the conceptual borated 316 stainless steel, 
SS316B6A, in Ref. 5.19), much of the stainless steel corrosion data collected in repository 
relevant environments is for 304 stainless steels, because this was the material specified for 
the old borehole emplaced WP design. This data has been included in Table 4.1-5 because 
304 stainless steels have performed similarly to 316 stainless steel in repository relevant tests 
which included both materials, and they are generally recognized as being less corrosion 
resistant than 316 stainless steels in harsher environments.  

Based on the short term (relative to the time frames being considered) corrosion information 
in Table 4.1-5, the corrosion rate for 304/316 stainless steels in the typical J-13 well water 
environment ranges between 0.02 - 0.57 pin/yr in tests lasting from less than 100 hours to 
tests lasting more than 11,000 hours. The middle of this range on a log scale is =0.1 pm/yr, 
and many of the longer corrosion test show corrosion rates that are comparable or less than 
this by the end of the test, so this value will be used as the typical corrosion rate for 304/316 
stainless steel for this analysis. At a pH slightly below that of the bottom range given in 
assumption 4.3.8, or CI" concentrations (a significant influence on SS corrosion per Ref. 5.34, 
p. 148) =2,500x that of J-13, the corrosion rates of 304/316 stainless steels were 1 to 2 orders 

of magnitude higher than in the typical environment. At a pH near the top of assumption 
4.3.8, and Cl" concentration = 150x J-13, the corrosion rates were only slightly to one order 
of magnitude higher than the typical range. Therefore, a rate of 1 pm/yr (one order of 
magnitude higher than typical) will be used as the upper bound for the 304/316 stainless steel 
corrosion rate. The lower bound of the stainless steel corrosion rate will be taken to be that 
of the lower range of the J-13 tests, 0.02 pm/yr, to account for the possibility of further 
passivation of the stainless steel than that which occured during the relatively short duration 
tests shown in Table 4.1-5. Figure 4.1-2 illustrates the effects of passivation on the corrosion 
rate of 304L stainless steel in J-13 well water at temperatures of 90 to 100°C.  

Most of the tests in Table 4.1-5 were performed for unborated stainless steel. The one 
comparison of borated versus unborated 304L stainless steel in a low pH environment found 
that the borated material (with 1.23 wt% B) had a corrosion rate that was 4x that of the 
unborated material. Reference 5.31 (pp. 3-22 to 3-27) also indicates that borated stainless 
steels with boron contents between 1-2% show decreased resistance to general, pitting, 
crevice, and intergranular corrosion in harsh (boiling acidic and/or high CF) environments 
as boron content increases. However, a six month test in more benign spent fuel pool 

conditions of 68C and pH of 5.3 (2,000 ppm boric acid) showed no difference in corrosion
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Table 4.1-5. 304 and 316 SS General Corrosion Data 

SS Environment pH Cl- Test Type Test Duration Test Temp(s) Corrosion Rate Reference 

Material (ppm) (hours) (°C) (um/yr) 

304L J-13 7.62 6.92 weight loss 10-Ilk 50-100 0.07-0.13 5.25, p. 24 

304L J-13 7.62 6.92 weight loss 3.5-5k 50-100 0.03-0.23 5.28, p. 24 

304L J-13 7.62 6.92 weight loss 8.8k 28 0.14-0.45 5.25, p- 26 

304L J- 13 w/ crushed tuff 7.62 6.92 weight loss Ik 100 0.25 5.27, p. 79 

304L Simulated ]-13 w/ Alloy 825 galv. couple 72 6.42 electrochem. 0-1k 90 0.08-0.37 5.26, p. 108 

304L Simulated J-13 w/ Alloy 825 galv. couple 72 6.42 electrochem 1-2k 90 0.04-0.07 5.26, p. 108 

304L Simulated J- 13 72 6.42 electrochem. 0-2k 90 0.02-0.14 5.27, p. 35 

304L Simulated J- 13 72 6.42 weight loss 2k 90 0.57 5.26, p. 117 

316L J-13 7.6' 6.92 weight loss 10-i lk 50-100 0.04-0.15 5.25, p. 24 

316L J-13 7.62 6.92 weight loss 3.5-5k 50-100 0.10-0.28 5.28, p. 24 

316L J-13 w/crushed tuff 7.62 6.92 weight loss 1k 100 0.51 5.27, p. 79 

304L Sim. J-13 Sol. 20 (vapor/liq./alternating) 102 10002 weight loss 2.9k 90 0.03/0.29/0.43 5.27, p. 54 

304L Sim. J-13 Sol. 20 (vapor/liq./alternating) 102 10002 electrochem. 0-2.5k 90 0.04-0.18 5.27, p. 56 

304L Sim. J-13 Sol. 20 102 10002 electrochem. 0-1k 90 0.46-1.3 5.27, p. 114 

304L Sim. J-13 Sol. 20 102 10002 electrochem. 1-2k 90 0.04-0.25 5.27, p. 114 

304L Sim. J-13 Sol. 20 102 10002 weight loss 2k 90 1.57 5.27, p. 114 

304 Ocean Surface 83 19k' weight loss 9.3k 17.6 14.6 5.24, p. 40 

316 Seawater, Kure Beach, NC 83 19k3  weight loss 11.5k 0-40 6.11 5.29, p. 21 

316 Seawater, Panama Canal 83 19k' weight loss 8.8k/70k/140k 0-40 14.99/6.4/1.25 5.29, p. 2 1 

304L See Note I below 3.8 0.4 weight loss 96 90 10 5.30, p. 14 

B-304L See Note I below 3... 0.4 weight loss 96 90 41 5.30. p. 14 

Note 1: 0,01M formic acid, 0.01M sodium formate, 0.02M sodium oxalate, 0.01M nitric acid, 0.01M sodium chloride, 0.01M hydrogen peroxide in dist. water.  
Note 2:J-13 and Simulated J-13 composition based on Reference 5.27, Table 2.3. Simulated J-1 3 Solution 20 composition from Reference 5.27, Table B.3.  
Note 3: Seawater composition based on Reference 5.24, Table 28.

)
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resistance for stainless steel with boron concentrations of 1% to 1.75% (Ref. 5.31, p. 3-22).  
Therefore, to more conservatively model the corrosion of Neutronit A978 with the available data, 
a factor of 4 will be applied to the lower bound, typical, and upper bound corrosion rates defined for 
unborated 304/316 stainless steels. Data presented in this section is based on preliminary corrosion 
testing and is therefore considered unqualified TBV data.
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4.2 Criteria 

The Engineered Barrier Design Requirements Document (EBDRD; Ref. 5.8) contains several 

criteria which relate to criticality control. The "TBD" items identified in these criteria will not be 

carried to the conclusions of this analysis based on the rationale that the conclusions are for 

preliminary design, and will not be used as input in design documents supporting construction, 

fabrication, or procurement. A review of the EBDRD and CDA identified the following relevant 

requirements: 

4.2.1 Criticality Control 

The EBDRD requirements 3.2.2.6 and 3.7.1.3.A both indicate that a WP criticality shall not 

be possible unless at least two unlikely, independent, and concurrent or sequential changes 

have occurred in the conditions essential to nuclear criticality safety. These requirements 

also indicate that the design must provide for criticality safety under normal and accident 

conditions, and, that the calculated effective multiplication factor (keff) must be sufficiently 

below unity to show at least a five percent margin after allowance for the bias in the method 

of calculation and the uncertainty in the experiments used to validate the methods of 

calculation. The latter requirement contains a "TBD" at the end.  

CDA Assumption EBDRD 3.7.1.3.A (Ref. 5.21, p. 4-32) clarifies that the above requirement 
is applicable to only the preclosure phase of the MGDS, in accordance with the current DOE 

position on postclosure criticality. This assumption also indicates that for postclosure, the 
probability and consequences of a criticality provide reasonable assurance that the 

performance objective of LOCFR60.112 is met. While the Nuclear Regulatory Commission 

(NRC) has not yet endorsed any specific change for postclosure, they have indicated that they 

agree that one is necessary.  

Finally, EBDRD 3.3. 1.G indicates that "The Engineered Barrier Segment design shall meet 

all relevant requirements imposed by 1OCFR60." The NRC has recently revised several parts 

of 1OCFR60 which relate to the identification and analysis of design basis events (Ref. 5.13) 
including the criticality control requirement, which was moved to 60.13 1(h). These changes 

are not reflected in the current versions of the EBDRD or the CDA. The change to the 

criticality requirement simply replaces'the phrase "criticality safety under normal and 

accident conditions" with "criticality safety assuming design basis events." 

This analysis contributes to satisfying the proposed postclosure requirement by supporting 

probabilistic analyses of internal PWR AUCF WP criticality. The probabilistic analysis, 

along with an estimate of internal criticality consequences to be performed in a separate 

analysis, will be considered in the Total System Performance Assessment (TSPA) -Viability 

Assessment (VA) to demonstrate compliance with the performance objective of §60.112 (or, 
as appropriate, other applicable performance objectives in effect or proposed by the NRC at 

the time the TSPA-VA analysis is performed). Evaluations of potential design options also 

consider the 5% administrative margin in the current requirement.
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4.3 Assumptions 

All assumptions are for preliminary design; these assumptions will require verification before this 

analysis can be used to support procurement, fabrication, or construction activities.  

4.3.1 Principal Isotope (PI) burnup credit is assumed to be an acceptable method to account for 

reduced reactivity of SNF in criticality evaluations. The basis for this assumption is CDA 

Key 009 (Ref. 5.44). This assumption is used throughout Section 7.  

4.3.2 It is assumed that B&W Mark B 15 x 15 fuel type is bounding for all PWR assembly designs.  

The basis for this assumption is a previous evaluation performed for the BR-100 

transportation cask, which established the B&W Mark B assembly as one of the more 

reactive PWR fuel designs under intact fuel assembly and fixed basket geometry conditions 

(Ref. 5.10, p, 11.6-6). This assumption is used throughout Section 7.  

4.3.3 For spent nuclear fuel (SNF), the list of "Principal Isotopes" previously established (Ref.  

5.46, p. 4-4) for long-term criticality control was used. The 29 principal isotopes are shown 

in Table 4.3- 1. This assumption is used throughout Sections 7.  

Table 4.3-1. Princi al Long-Term Burnu Credit Isotopes 

- Mo-95 Tc-99 Ru-101 Rh- 103 

Ag-109 Nd-143 Nd-145 Sm-147 Sm-149 

Sm- 150 Sm- 151 Sm- 152 Eu-151 Eu-153 

Gd- 155 U-233 U-234 U-235 U-236 

U-238 Np-237 Pu-238 Pu-239 Pu-240 

Pu-241 Pu 242 Am-241 Am-242m Am-243 

4.3.4 Reserved.  

4.3.5 It is assumed that the WP is fully flooded for this analysis. The basis for this assumption is 

that it is conservative, and moderation is a required condition for criticality in commercial 

SNF with an enrichment of less than 5 wt% (Ref. 5.46). Furthermore, scenarios leading to 

a fully flooded WP have been proposed in previous QAP 3-9 analyses (Ref. 5.37, p. 17). The 

probability of achieving and maintaining this condition for a long period of time will be 

evaluated in the probabilistic analysis which this document supports. This assumption is 

used throughout Section 7.  

4.3.6 It is assumed that the k,, of commercial SNF is conservatively determined using a single fuel 

region assembly in the MCNP model and using isotopics developed with the SAS2H fuel 

depletion model used in Reference 5.43. The following core operating conditions from 

Reference 5.43 were used for the SAS2H runs: a maximum B&W 177 fuel assembly core
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moderator outlet temperature of 607.6 K, maximum pellet average temperature of 975 K, 
maximum beginning of cycle hot full power boron concentration of 1,050 ppm and average 
boron concentration of 552.6 ppm, cladding temperature 42 K higher than moderator outlet 
temperature, and an average 7.25 MW/assembly. The basis for using a single node fuel 
region in the MCNP model is that a single axial node has been found to provide conservative 
results compared to a multi-node for fuel assembly bumups less than =-30 GWd/MTU (much 
of the fuel of concern for this analysis has burnup less than this) in other analyses using 
different code systems (Ref. 5.47) or depletion models (Ref. 5.48, App. B). The basis for 
using the Reference 5,43 SAS2H model is that it was developed under the M&O QAP-3-9 
procedure and attempts to conservatively model assembly isotopics (from the standpoint of 
maximizing reactivity) by minimizing moderator density and using a minimum assembly 
specific power to achieve a longer burntime. However, it does not take into account the 
effects of burnable poison rods, control rods, or axial power shaping rods which may be in 
the assembly at some time during reactor operation, and which also have the potential 
increasing the reactivity of the spent fuel assembly. Bounding methods for modeling 
commercial PWR fuel isotopics using the SAS2H/MCNP code system are currently being 
developed by the WPD Criticality Analysis Methodology Group for use during the License 
Application phase of design. This assumption is used throughout Section 7.  

4.3.7 The long-term (300-20,000 years after emplacement) design-basis ambient (naturally 
existing) flow conditions are provided by CDA Assumption TDSS 026 (Ref. 5.21, p. 10-22) 
and are grouped into three categories: Fully Mediated (steady in time and uniform in space), 
Steady Focused (steady in time and focused in space), and Episodic Focused (episodic in 
time and focused in space). The assumed flow rates of water onto the WP, and the frequency 
of occurrence for each category are as follows: 

Ctgr Flow Rate Freq.0ue=a 
Fully Mediated 0.5 m3/year Nominal 
Steady Focused 20 m3/year Once per 40 years 
Episodic Focused 20 m3 /year, occurring over one week Once per 40 years 

Furthermore, the Rationale section of TDSS 026 also indicates that the above mentioned 
ambient flow assumptions do not consider the spatial variation of average flux across the 
repository footprint, which is estimated to be between near zero to a factor of five times the 
average infiltration flux. An average value of 2.5 times the average flux will be used for this 
analysis. This assumption is used in Section 7.1.  

4.3.8 The composition of seeping water that enters the excavated volume of the repository per 
CDA Assumption TDSS 025 (Ref. 5.21, p. 10-20) is assumed to be: 

Typical: pH 7.4 (J-13) 
Variability: pH 4.5 to 10.5 

Concentration factor of 0.1 to 10 times the nominal J- 13
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These variabilities of the water chemistry are applicable to the water influx at the edge of the 
excavated volume. The basis for this assumption is given in TDSS 025. For this analysis, 
the above composition is also taken to be the composition of the water entering the WP.  

4.3.9 It is assumed, per the WP barrier design goal in CDA Assumption Key 074 (Ref. 5.21, p. 3
64), that no more than 10 waste packages will breach within 3,000 years after repository 
closure when exposed to the near-field environment based on assumptions 4.3.7 and 4.3.8 
as modified by the engineered barrier system. Breaching of the waste package is defined as 
an opening through the wall of the waste package through which advective or diffusive 
transport of gas or radionuclides can occur. The basis for this assumption is given in Key 
074. This assumption is used in Section 7. 1.  

4.3.10 It is assumed that the repository thermal loading will be within the range of 86-100 
MTU/acre (corrosion times based on WP temperatures in an 83 MTU/acre thermal loading 
are used). The basis for this assumption is provided in CDA Assumption Key 019 (Ref.  
5.21, p. 3-64). This assumption is used in Section 7.1.  

4.3.11 The following equation obtained from Reference 5.4, page 7, is assumed to provide 
representative , but slightly conservative values for PWR SNF assembly k.. values: 

k_= 1.06- 0.01.b - 0.002.c + 0.114.a + 0.00007081.b1 + 0.00007565.c2 - O.O07.a2 

0.0002671.b-a - 0.0001145.b-c + 0.0002318.c.a + O.000009366.b-c-a 

where, a = initial U235 enrichment in weight percent, 
b = assembly burnup in GWd/MTU, and 
c = assembly cooling time (i.e., age) in years (< 20 years).  

The usage and development of this equation is presented in detail in Reference 5.4. The 
basis for using this equation is that it was used in defining the WP design configurations in 
Reference 5.5, and is used in this analysis only to identify the range of burnups and 
enrichments of fuels currently intended for a specific WP design. This assumption is used 
in Sections 7.2 and 7.7.  

4.3.12 It is assumed for the purposes of estimating the amount of iron oxide removal that 100% of 
the water flowing onto the WP enters the interior, and that iron saturated internal water is 
exchanged with unsaturated water from the outside with a 10% efficiency. The basis for the 
former assumption is that it is very conservative because some fraction of water dripping 
onto the WP is likely to run off rather than enter, especially when the WP is only initially 
breached by small pits. The latter assumption is based on the high range of the exchange 
efficiency used in Reference 5.37 assumption 4.3.4, and the fact that water that is both 
entering and leaving the WP at the top is not likely to significantly mix with the water in the 
lower portion of the WP, which is where most of the iron oxide will be. This assumption is 
used in Section, 7.1.
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4.3.13 The specific MGDS commercial SNF assembly population data (burnup and enrichment) to 
consider for this analysis were identified in Reference 5.42 and have been developed based 
upon the best information available to the MGDS program. The specific electronic data file 
used from Reference 5.42 is the uncompressed ClWSM.ZIP, with only the information on 
the historic and projected PWR population used for this analysis. However, since a 10 year 
age will be assumed for all PWR assemblies in the binning process performed here, and the 
assembly receipt time information in the data file is not being used, any of the files for 
scenarios C I through C8 could be used because the bumup and enrichment information does 
not change. The basis for this assumption is that it is consistent with Ref. 5.5 and several 
other recent MGDS throughput analyses. The basis for assuming the 10 year fuel age for all 
assemblies is that it is conservative with respect to the k., calculated using the equation in 
assumption 4.3.11, and is consistent with CDA Assumption Key 004 (Ref. 5.21, p. 3-15) 
which indicates that fuel younger than 10 years will not be accepted at the MGDS. This 
assumption is used in Section 7.2.  

4.3.14 It is assumed that the 304/316 stainless steel general corrosion data can be used to represent 
the bulk corrosion of Neutronit A978 borated stainless steel in repository environments, 
when increased by a factor of 4. The basis for this assumption is that Neutronit A978 is 

similar in composition to 316 stainless steel, and corrosion data in repository relevant 
environments is only available for 304/316 stainless steels. Furthermore, a borated 304 

stainless steel was found to have a corrosion rage 4 times that of unborated stainless steel in 

a short term corrosion test in a harsh environment (see Section 4.1.4). This assumption is 
used in Section 7.1.  

4.3.15 While Reference 5.5 (p. 6) indicates that Disposal Control Rod Assemblies (DCRA) will be 

zircaloy clad with B4C as the neutron absorber material, no other design details have been 

developed at this time. Therefore, it is assumed that the DCRA rods are clad with Zircaloy-4 
and have a cladding thickness that is equivalent to that of a thick fuel rod cladding, 0.0762 

cm (based on 0.030 in. for the thickest PWR fuel cladding from Exxon; Ref. 5.7, p. 2.1.2.2
2). The basis for this assumption is that the DCRA rod cladding should be fabricated from 

material that is at least as thick and corrosion resistant as the fuel rod cladding, to ensure that 

the DCRA lasts longer than the fuel rod. Furthermore, it is assumed that there is a 0.0762 

cm gap between the OD of the DCRA rod and the ID of the guide tube. The basis for this 

assumption is engineering judgement to allow adequate clearance for insertion of the DCRA 

rod into the guide tube. Finally, it is assumed that there is a gap of 0.0165 cm between the 
ID of the DCRA rod cladding and the OD of the B4C pellets. The basis for this assumption 
is engineering judgement to make the gap thickness similar to that of a long-life control rod 

(Ref. 5.7, p. 2.1.2.2-7). Based on the above DCRA rod thickness and gap assumptions, and 

the 0.63246 cm inner radius of the guide tube (see Table 4.1-1) minus 0.1016 mm (0.004 in.) 

for tolerance, the following DCRA rod dimmensions are obtained: 

DCRA cladding outer radius 0.5461 cm 
DCRA cladding inner radius 0.4699 cm 
B4C pellet outer radius 0.4534 cm

W t Pat-- arip D velonment
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This assumption is used in Sections 7.4 and 7.7.  

4.3.16 It is assumed, for the purpose of estimating the amount of additional carbon steel necessary 
for long-term criticality control of the the absorber plate WP under the worst configuration, 
that the bias and uncertainty in the method of calculation used for this analysis is 4%. The 
basis for this assumption is that previous analyses (Ref. 5.54) of fresh medium and high 
enriched fuel using MCNP and the ENDF B/V cross section library had a bias of =2%.  
Furthermore, analyses of fresh PWR fuel using the SAS2HIKENO code system and the 
ENDF B/IV cross section library had a bias of =2.5%. As benchmarking of a model for 
PWR fuel has not yet been completed, the 4% bias is used with the expectation that it will 
be conservative. Bounding methods for modeling commercial PWR fuel isotopics using the 
SAS2H/MCNP code system and ENDF B/VI cross section library are currently being 
developed by the WPD Criticality Analysis Methodology Group for use during the License 
Application phase of design.  

4.3.17 It is assumed for the purpose of evaluating the absorber rod WP that its basket contains the 
same amount of iron as that of the absorber plate WP, and thus the amounts of iron oxide 
produced will be the same. The basis for this assumption is engineering judgement until 
detailed design information for the absorber rod WP can be developed. This assumption is 
used in Section 7.4.  

4.4 Codes and Standards

None used.
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6. Use of Computer Software 

6.1 Software Approved for QA Work 

The calculation of k.ff of degraded internal WP configurations was performed with the MCNP4A 
computer code (CSCI: 30006; Ref. 5.12). MCNP4A calculates kff for a variety of geometric 
configurations with neutron cross sections for elements and isotopes described in the Evaluated 
Nuclear Data File version B-V (ENDF-B/V). MCNP4A is appropriate for the fuel geometries and 
materials required for these analyses. The calculations using the MCNP4A software were executed 
on a Hewlett-Packard 9000 Series 735 workstation. The software qualification of the MCNP4A 
software, including problems related to calculation of kff for fissile systems, is summarized in the 
Software Qualification Report for the Monte Carlo N-Particle code (Ref. 5.12). The MCNP4A 
evaluations performed for this design are fully within the range of the validation for the MCNP4A 
software used. Access to and use of the MCNP4A software for this analysis was granted by 
Software Configuration Management and performed in accordance with the QAP-SI series 
procedures. Inputs and outputs for the MCNP4A software are included as attachments as described 
in the following design analysis.  

The calculation of the PWR spent fuel isotopics was performed with the SAS2H code sequence, 
which is a part of the SCALE 4.3 code system (CSCI: 30011 V4.3; Ref. 5.11). SAS2H is designed 
for spent fuel depletion calculations to determine spent fuel isotopic content, decay heat rates, and 
radiation source terms. Thus, SAS2H is appropriate for the generation of spent fuel isotopics for the 
calculations of this analysis. The calculations using the SAS2H software were executed on a 
Hewlett-Packard 9000 Series 735 workstation. The software qualification of the SAS2H software, 
including benchmark problems related to generation of isotope contents, is summarized in the 
Software Qualification Report for the SCALE Modular Code system (Ref. 5.11). The SAS2H 
evaluations performed for this design are fully within the range of the validation for the SAS2H 
software used. The associated 44-group cross section library was used for these calculations. Access 
to and use of the SAS2H software for this analysis was granted by Software Configuration 
Management and performed in accordance with the QAP-SI series procedures. Inputs and outputs 
for the SAS2H software are included as attachments as described in the following design analysis.  

Information on the quantity of fuel with various cladding and spacer materials was obtained from 
two qualified programs from the Characteristicý Data Base (CDB). These were the LWR Fuel 
Assemblies PC Database (CDB-F; CSCI: 20004 V 1. 1) and the LWR Quantities PC Database (CDB
Q; CSCI: 20003 V 1.3). The CDB was installed on an IBM-compatible PC in accordance with the 
User Manual for the CDB-Q (Ref. 5.55), and for the CDB-F (Ref. 5.56) and was obtained in 
accordancewith the QAP-SI series procedures. This software was appropriate for the application 
made in this analysis, was used only within its range of validation, and was obtained from the 
Software Configuration Management in accordance with appropriate procedures.  

6.2 Software Routines 

Microsoft Excel version 7.0, loaded on a 166MHz Pentium PC. This spreadsheet software package 
was used as computational support software for calculations performed throughout Section 7. The
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location of the electronic copy of the BURNRICH.XLW spreadsheet containing all inputs and 
outputs is given in Section 9, and Attachment III provides a hard copy. All calculations performed 
in BURNRICH.XLW are described in Section 7 and/or Attachment III.  

MathCad version 6.0+, loaded on a 166MHz Pentium PC. This software package was used as 
computational support software for calculations performed in Section 7.1. The location of the 
electronic copy of the BORIDE.MCD worksheet containing all inputs and outputs is given in Section 
9, and a hard copy is provided in Attachment IV. All calculations performed in BORIDE.MCD are 
described in Section 7.  

Binning of the waste stream data from assumption 4.3.13 was accomplished using a simple C 
program, BURNRICH.C, which calculates the k. for each PWR assembly in the database using the 
equation in assumption 4.3.11, and bins them based on k-,, burnup, and initial enrichment. The 
BURNRICH.C code is simply an automation of a simple calculation and data manipulation task, 
which can easily be (and has been) checked by hand, and is therefore classified as computational 
support software which is not qualified under the M&O QAP-SI series procedures. The input file 
is discussed in assumption 4.3.13 and the resulting output file is BURNRICH.OUT See Section 
9 for the location of the output. The source code is provided in Attachment I. The BURNRICH.C 
code was compiled and executed on a 166MHz Pentium PC compatible with a DOS 6.2 operating 
system using Microsoft Visual C++ version 1.0.  

Calculation of number densities for the principal isotopes were calculated from the 
SAS2H/ORIGEN-S summary files using a short BASIC code, AMIGO.BAS, which also 
automatically placed them into the appropriate spot in an MCNP input file template. The 
AMIGO.BAS code is simply an automation of a simple number density calculation and data 
manipulation task, which can easily be (and has been) checked by hand, and is therefore classified 
as computational support software which is not qualified under the M&O QAP-SI series procedures.  
The input consists of a SAS2H output summary file containing the gram concentrations per assembly 
for each of the principal isotopes, and one or more MCNP template files. The SAS2H summary file 
is produced from the SAS2H output file using the unix "awk" command on the HP9000 computer, 
and a short script, "getPr', which tells awk which lines of the output file to place in the summary file 
(see Attachment V). The template files are simply standard MCNP input with the mnemonics 
"FUELTOT" and "FUELNUM" in place of the cell card total number density and that material card 
for the fuel region. The AMIGO.BAS output is simply one or more MCNP input files. See Section 
9 for the location of the awk script "getPr', the SAS2H summary files (*.sum), the MCNP template 
files, and the resulting MCNP input files. The source code is provided in Attachment II. The 
AMIGO.BAS code was executed on a 166MHz Pentium PC compatible with a DOS 6.2 operating 
system using MS-DOS QBasic version 1.1
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7. Design Analysis 

This design analysis is presented in seven sections. Section 7.1 describes the progression of WP 
degradation and the range of configurations to be evaluated. Section 7.2 discusses the development 
of the PWR assembly isotopics to be used for this analysis. Section 7.3 discusses the evaluation of 
kfr for partially degraded baskets. Section 7.4 discusses the evaluation* of k erfor fully degraded 
baskets with intact fuel assemblies. Section 7.5 discusses the evaluation of kff for fully degraded 
baskets with degraded assemblies. Section 7.6 develops kff regressions for the various degraded 
configurations evaluated in Sections 7.3 to 7.5. Finally, Section 7.7 discusses options for reducing 
k,, for degraded configurations.  

7.1 WP Degradation Scenarios 

The purpose of this section is to summarize the range of PWR WP internal degraded configurations 
to be evaluated. In general, the degradation scenario evaluated here begins with breach of the WP, 
and proceeds through the following four phases: 1) degradation of the carbon steel (least corrosion 
resistant) basket components, 2) collapse of the basket structure following partial degradation of the 
borated stainless steel, 3) full basket degradation leaving only intact fuel and oxide corrosion 
products, and 4) degraded fuel and oxide corrosion products. The engineering analysis which 
supports this categorization, and the parameter ranges which characterize each phase is given in the 
following sub-sections.  

The design basis WP system configuration for 100% coverage of the projected PWR waste stream 
is given in Reference 5.5, Table 8-1 (p. 30), and includes five different types of PWR WPs. These 
types are: a 21 PWR no absorber WP, a 21 PWR absorber plate WP, a 21 PWR absorber rod WP, 
a 12 PWR no absorber WP, and a long 12 PWR absorber plate WP for South Texas fuel. The basis 
for the conceptual binning of the PWR waste stream into the plate, rod, and no absorber baskets was 
as follows: fuel with k.. < 1.0 was placed in a no absorber WP, fuel with 1.00 • k.. < 1.13 was placed 
in an absorber plate WP, and fuel with k.. > 1.13 was placed in an absorber rod WP. The 1.13 k.  
limit for the absorber plate was chosen because it corresponded to a kw of 0.95 in early intact designs 
of the 21 PWR WP (Ref. 5.6, Vol. MI, p. 5-5) using the old PWR criticality design basis fuel 
(bounded =98% of the PWR fuel). Since both the 21 and 12 PWR no absorber WPs are intended 
for assemblies which have a k_. < 1.0, they are not expected to be a criticality concern, and will not 
be evaluated in this analysis unless results for the more stressing WPs indicate otherwise. Therefore, 
this analysis will focus primarily on the 21 PWR absorber plate WP, with the expectation that this 
will also bound the 12 PWR absorber plate WP since previous analyses (Ref. 5.6, Vol. m, p. 6.3
157) have shown that it has a kf which is typically 3-4% lower than that of the 21 PWR WP in intact 
and collapsed conditions, with and without boron (while the South Texas WP was not evaluated, it 
is also expected to be lower). Analysis of the absorber rod WP, with a 16 rod zircaloy clad B4C 
disposal control rod assembly (DCRA, Ref. 5.5, p. 6) in each fuel assembly, will also be performed 
for the worst degraded configuration identified in the analysis of the absorber plate WP.
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7.1.1 Basket Degradation and Collapse 

This section discusses the four primary basket components responsible for maintaining the initial 

configuration of the WP, and the anticipated changes in the WP configuration which will occur as 
a result of their degradation following WP breach. These are the side and comer guides, the neutron 

absorber plates, fuel cell tubes, and the fuel assemblies themselves. Priot to WP breach, the interior 
of the WP still contains its initial charge of He gas (Ref. 5.17, p. 129), and no degradation of the 

internal components would be expected. The inert environment is lost on first pit penetration of both 

WP barriers, which TSPA-95 (Ref. 5.33, Sect. 5) predicted would occur for a majority of WPs 
(typically 80% or more) within 2,000 to 10,000 years after emplacement under most of the 83 

MTU/acre scenarios. However, those scenarios which considered that the remaining carbon steel 

could provide cathodic protection for the inner barrier showed much longer times to first pit 
penetration (in the 10,000 to 100,000 year time frame). The WP design goal for VA is that no" more 

than 10 WPs fail before 3,000 years (see assumption 4.3.9).  

The AUCF WP side and comer guides are fabricated from 10 mm thick carbon steel plates.  

Reference 5.36 indicates that the side guide will fail by bending at a thickness of 2.9 mm if there is 
no other material loading the basket (which would only be the case after the upper portion of the WP 

barriers have collapsed, allowing backfill and/or rockfall rubble to enter). Reference 5.36 estimated 
that this failure would occur within 60 to 340 years following WP breach for the 83 MTU/acre case 
without backfill using the TSPA-95 carbon steel corrosion model. Failure of the side guides will 

cause the bottom row of fuel assemblies to shift downward to touch the inside of the inner barrier.  
As the criticality control plate assemblies also rest on the top of the side guides, the entire basket 

structure should also shift downward. Since the comer guides are under less loading, their failure 

should occur shortly after failure of the side guides. Failure of the corner guides will result in the 

assemblies on the end of the second row from the bottom to shift downward to touch the inside of 
the inner barrier. The assemblies above them should remain in place until sufficient degradation of 
the neutron absorber plates which support them has occurred.  

The fuel cell tubes are also fabricated from carbon steel and have a wall thickness of 5 mm. The 

tubes are expected to fully degrade before the failure of the side guides (because they are thinner) 

or the criticality control plates. In structural analysis of the criticality control plates, it was 

determined that the plates could maintain the basket and SNF assembly configuration without 

structural support from the tubes (Ref. 5.36). Failure of the tubes will, therefore, not cause collapse 

of the basket, so no specific structural analyses were performed for the tubes.  

The AUCF WP neutron absorber plates are fabricated from 7 mm thick borated Neutronit A978 

stainless steel plates. Reference 5.36 found that the horizontal absorber plates will bend once 2.5 

mm of thinning has occurred, and the vertical plates will buckle after 5.36 mm of material is 

removed. Using the stainless steel general corrosion rates discussed in Section 4.1.4 (see assumption 

4.3.14), and the factor of 4 increase for the borated stainless steel corrosion rate also discussed in 

Section 4.1.4, yields a preliminary estimate that it will take =3,100 years following breach of the WP 

for general corrosion of both sides of the neutron absorber plates at the nominal rate (with a high/low 

range of 3 l0 to 15,600 years) to remove the 2.5 mm of material that would be required for bending 

to occur. It was estimated to take =6,700 years (with a range of 670 to 33,000 years) to remove the
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5.36 mm of material that would be required for buckling of the vertical plates. Considering that 
localized corrosion (pitting, crevice, etc.) is the predominant mechanism for corrosion of stainless 
steels resulting in faster localized perforation of the material, and that the egg-crate basket structure 
provides a large number of crevices, the above structural failure times calculated using general 
corrosion rates should be considered an upper bound. Regardless of the actual failure time, bending 
will likely occur first at the ends of horizontal long criticality plates, cauising the assemblies in the 
two side columns to drop down. Final collapse of the basket will occur due to bending of the 
horizontal plates supporting the assemblies (which would be expected to occur at a time later than 
the bending of the ends because the plates are supported on two sides). Final collapse will leave the 
center three columns of fuel assemblies resting on the bottom of the inner barrier.  

The corrosion products from the degradation of the carbon and stainless steel basket components 
occupy almost twice the volume of the original components, and are fairly insoluble, and thus need 
to be considered in degraded criticality analyses because they remain within the WP. Using the 
volumes of the tubes and the guides/supports (Ref. 5.15, Att. VI), the density of A516 carbon steel, 
and the weight fraction of iron in carbon steel, the total. mass of iron in the WP from these 
components is 5,430 kg (3,431 kg from the tubes and 1,999 kg from the guides/supports). The 
borated stainless steel will supply another 1,138 kg of iron when it is fully degraded. The most 
thermodynamically stable iron oxide for the water temperature and pH range of concern is hematite, 
Fe2O3. While the hydrated oxide form, FeOOH, is also possible, it will essentially be equivalent to 
the water/Fe 20 3 mixtures already considered for this analysis. By dividing by the atomic weight of 
iron, adding three moles of oxygen for every two of iron, and multiplying by the molecular weight 
of Fe20 3, it is found that a total of 7,762 kg of iron oxide will be produced from degradation of the 
carbon steel components (4,905 kg from tubes and 2,857 kg from guides/supports), and 1,626 kg 
from degradation of the borated stainless steel, for a total of 9,389 kg of Fe20 3 in the WP. These 
calculations are performed in the VOLMASS sheet of the attached Excel 7.0 worksheet, 
BURNRICH.XLW (see Section 9.0 and Attachment Im).  

A possible mechanism for removing this iron oxide from the WP is by dissolution in the incoming 
water. The solubility of iron in J-13 well water for various pH and oxidizing/reducing conditions 
was investigated in Attachment IV of Reference 5.37. Under oxidizing conditions, the solubility of 
iron was 3.45x10l' molar for neutral J-13, and 2.47x 10" molar for acidic J-13. Attachment VI of 
Reference 5.37 demonstrated that even the small amount of heat produced by the low burnup fuel 
(20 GWd/MTU evaluated) that is of concern for postclosure criticality is sufficient to drive a small 
amount of natural circulation and maintain an oxygenated environment in a flooded WP. Therefore, 
the solubilities for oxidizing conditions will be used for this analysis. The amount of oxide removal 
by flushing of a flooded WP breached only on the upper surface can be estimated using the average 
flow rate Of 1.48 m3/yr onto a WP (which can be calculated from the flow rates and frequencies of 
occurrence given in assumption 4.3.7), conservatively assuming that all of the water enters the 
package, and using the high exchange efficiency (representing the process of exchanging iron 
saturated water from inside the WP with fresh water from outside) of 10% (see assumption 4.3.12).  
This yields a 0% to 3% iron removal over a 100,000 year period, with a maximum of 7.5% removal 
if the average 2.5 times increase in flow to account for spatial variabilities in the infiltration flux is 
considered. These calculations are performed in the VOLMASS sheet of the attached Excel 7.0 
worksheet, BURNRICH.XLW (see Section 9.0 and Attachment m).
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Finally, there are several possible variations for the distribution of the oxide corrosion products 
within the WP. At the extremes are uniform distribution of the oxide in the WP void space, and 
settling of the oxide to the bottom of the WP, or to the bottom of a fuel assembly before all of the 
stainless steel plate has corroded. Using the theoretical density of Fe2O3 (see Section 4.1.3), and the 
total volume contained within the inner barrier minus that occupied by the fuel assemblies (see 
Sections 4.1.1 and 4.1.2), indicates that a uniform distribution will have the WP void space filled 
with homogenous mixture of a maximum 33 vol% Fe2O3 (all of the basket oxides) with the 
remainder as water to simulate a flooded WP. The potential removal of 7.5% of the iron by 
exchange flow represents a loss of =3 vol% of iron oxide. If the oxide is settles to the bottom of a 
fuel cell, or later the WP, the physical geometry of packed solids will result in a density that is less 
than theoretical. For example, the percent solid content noted in for a tight packing of sand (Ref.  
5.38, p. 17) is 58%. The porosity (the complement of the solids content) of tightly packed carbon 
steel tubesheet corrosion products that led to the denting of steam generator tubes at two 
Westinghouse plants was found to be between 7 and 25% (Ref. 5.39, p. 10). Since the oxides in the 
tubesheet were compressed to the point of denting the tube, and no such restriction of the oxides in 
the WP is expected, the tight packing of sand will be taken to be representative of that of iron oxide 
scale that has settled. At 58% dense packing, if all of the oxides settle to the bottom, they will 
completely cover the bottom three rows of assemblies, and cover 59% of the fourth row (53% or 8 
rows of a B&W assembly has been used for this analysis). These calculations are performed in the 
VOLMASS sheet of the attached Excel 7.0 worksheet, BURNRICH.XLW (see Section 9.0 and 
Attachment III).  

Both the uniform and completely settled extremes are expected to be conservative compared to a 
more likely semi-uniform distribution of oxide flakes and particles among and around the fuel 
assemblies. This statement is based on the fact that 70% of the Fe2O3 comes from degradation of 
the carbon steel tubes and borated stainless steel plates, and will already be intimately mixed with 
the assemblies. If only the oxide from the carbon steel tubes and borated stainless is considered, it 
will take up 40% of the assembly void space at theoretical density. At a 58% dense packing it will 
take up 70% of the void space, which is equivalent to covering 10 rows of fuel rods when settled to 
the bottom of the assembly. If only the oxide from the carbon steel is considered, it will occupy 30% 
of the assembly void space at theoretical density, or cover 8 rows of rods when settled with a 58% 
dense packing. These calculations are performed in the VOLMASS sheet of the attached Excel 7.0 
worksheet, BURNRICH.XLW (see Section 9.0 and Attachment III).  

Reference 5.36 also evaluated possible mechanisms for denting or crushing zircaloy clad 
Westinghouse 17x17 fuel assemblies such that they no longer provide an optimum geometry for 
criticality. It was concluded that denting of the fuel rods is not likely to occur because there is 
sufficient void space for expansion of the corroding basket materials, thus preventing them from 
causing any load on the fuel assemblies. Preliminary structural analyses were also performed which 
determined that the bottom-most fuel assemblies would be capable of supporting the static load from 
the entire degraded basket structure, and all fuel assemblies above them, without being crushed.  
Based on this information, the assumption of intact fuel assemblies for criticality analyses is 
appropriate and conservative until significant corrosion of the fuel rods and spacer grids has 
occurred, or other dynamic loads are applied. Further discussion on fuel assembly degradation is 
provided in Section 7.1.3.
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Based on the above discussion, Figure 7.1.1-1 summarizes the initial and degraded waste package 
internal configurations. The configurations which will be evaluated in this analysis are represented 
by the final two pictures in Figure 7.1.1-1. The intermediate configurations still retain the majority 
of the borated stainless steel, and the fully collapsed basket configuration has been previously shown 
to be more reactive than the intact basket configuration, with or without the boron (Ref. 5.6, Vol. IHI, 
p. 6.3-139). Furthermore, reduced moderator density has already been shown to be less reactive 
(Ref. 5.6, Vol. mI, p. 6.3-139) and thus will not be considered in this analysis. Similarly, all 
configurations are assumed to be in a WP filled with water (see assumption 4.3.5) unless otherwise 
noted (the effects of water level will be evaluated). The probability of obtaining and maintaining 
a flooded condition in a WP will be the subject of a future analysis. Finally, it should be noted that 
while Figure 7.1. 1-1 (and the subsequent MCNP models in Sections 7.3 through 7.5) shows the WP 
oriented such that the basket grid is perpendicular/parallel to the direction of gravity, the results are 
not expected to be affected by other orientations. In the uniform oxide cases, orientation with respect 
to gravity does not affect the distribution of the oxide, and in the settled cases, it will not alter the 
fraction of assemblies covered by oxide (as represented by rows of rods or assemblies covered).  

The specific configurations evaluated in this analysis for intact assemblies will be as follows: 

1) Collapsed Basket with Partial Thickness Borated Stainless Steel (B-SS) Remaining 

a) Uniformly distributed oxide occupying 30-40 vol% of the assembly void space 
(30% = carbon steel tube degradation only, 40% = carbon steel tube and all B-SS 
degradation), depending on the amount of B-SS plate remaining, with the remainder 
as water, and 

b) Settled oxide covering the bottom 8 to 10 rows of an assembly (8 rows = carbon steel 
tube degradation only, 10 rows = carbon steel tube and all B-SS degradation), 
depending on the amount of B-SS plate remaining. The oxide occupies 58% of the 
covered void, with the remainder being water.  

2) Completely Degraded/Oxidized Basket 

a) Uniformly distributed oxide occupying 30, 33, or 40 vol% of the WP void space 
(33% base vol%, with 30 vol% evaluated to consider 3 vol% loss due to flushing, and 
40 vol% evaluated to consider concentration of most oxides in fuel region), and 

b) Settled oxide covering the bottom 3, 3.5, 4, and 4.5 rows of assemblies (3.5 is base 
case). The oxide occupies 58% of the covered void, with the remainder being water.  

The amount of boron potentially remaining in the WP following the degradation of the borated 
stainless steel will be discussed in Section 7.1.2.
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Figure 7.1.1-1. Illustration of Degraded 21 r"'"R WP Internal Configurations with Intact Fuel 
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7.1.2 Neutron Absorber Loss 

As discussed above in Section 7.1.1, the degradation and collapse of the basket will leave behind a 
significant amount of insoluble iron oxide corrosion products. In addition, the boron in borated 
stainless steel is in the form of insoluble, elongated metal boride particles (M2B), with over half of 
the metal part being chromium, nearly half iron, and a small amnount nickel and possibly 
molybdenum (Ref. 5.40, Att. VII, p. 23). Preliminary electrochemical measurements indicate that 
the Neutronit A978 austenitic stainless steel matrix is noble with respect to the metal boride.  
Therefore, the release of the borides from the stainless steel matrix will be controlled by the 
corrosion of the matrix. Since general corrosion rate measurements for stainless steels typically 
represent weight loss due to localized corrosion (Ref. 5.34, p. 360), rather than uniform thinning, 
they are not generally useful for measuring times to penetration or structural failure of stainless steel 
components. However, in this case it is appropriate to use general corrosion rates as only th6 total 
mass of matrix material lost is of concern. Based on the 304/316 stainless steel general corrosion 
rates, and the factor of 4 increase for borated stainless steel, discussed in Section 4.1.4, it is estimated 
that it will take 8,750 years following WP breach to fully degrade the 7 mm thick borated stainless 
steel plates from both sides (with a range of 875 to 43,750 years).  

Even if the boride particles have a very small corrosion rate, they will still degrade relatively quickly 
to highly soluble orthoboric acid or borates once they have been released from the matrix (Ref. 5.40, 
Att. V11, p. 23) due to their small size. Reference 5.32 (Table 2) examined the surface area of boride 
particles in 304B5B and 304B7B stainless steel. The boride particles in the 304B5B were found to 
have an average surface area of 24.13 ptm2 and a maximum surface area of 456 pm2. The boride 
particles in the 304B7B were found to have an average surface area of 32.82 pm 2 and a maximum 
surface area of 597 pm 2. The average and maximum surface areas for boride particles in a B6B 
stainless steel can then be estimated by interpolating between the B5B and B7B areas to be 28.48 
pm 2 and 526.5 pm 2, respectively. Using a corrosion rate of 0.01 pm/yr (just below the low end of 
the stainless steel bulk corrosion rate), and treating the boride particles as spheres, indicates that only 
110 years for the average particle size and 475 years for the maximum particle size are required to 
degrade =98% of the particle. These calculations are performed in the Mathcad+ 6.0 worksheet, 
BORIDE.MCD (see Section 9.0 and Attachment IV).  

However, previous studies have found that adsorption of boron onto Fe2O3 occurs at the rate of 

approximately one mole of boron to 3,000 - 12,000 moles of Fe20 3 (2 - 0.5 mmols/kg) in the pH 
range of 5 to 10 (Ref. 5.41, p. 1377). At the peak adsorption rate, the 9,389 kg of Fe20 3 produced 
by degradation of all carbon and stainless steel basket components will adsorb 203 g of boron. This 
amounts to 0.67% of the original boron in the borated stainless steel. The effects of this potential 
mechanism for boron retention on degraded WP kcff will also be evaluated in this analysis, These 

calculations are performed in the VOLMASS sheet of the attached Excel 7.0 worksheet, 
BURNRICH.XLW (see Section 9.0 and Attachment M1).
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7.1.3 Fuel Assembly Degradation 

As discussed above in Section 7.1.1, structural calculations have shown that a zircaloy clad 
Westinghouse 17x 17 assembly on the bottom of the WP would be capable of supporting the entire 

static load of the basket corrosion products and all assemblies above it. Reference 5.53 (Sect. 7.8) 
has performed further structural analysis to demonstrate that other vendor's assemblies are at least 
as robust as the Westinghouse 17x17 assembly, and that the top assembly can support the load of 
2.5 m of tuff rubble. Significant losses of assembly structural integrity due to corrosion would not 
be expected due to the high corrosion resistance of zircaloy. Reference 5.53 (p. 40), indicates that 
at the below-boiling temperatures that would be expected in the time frames considered for WP 
breach, studies have found no localized corrosion in aqueous environments across a pH range of I 
to 12, and in the presence of a variety of ions including lithium, sodium, potassium, ammonium, 
nitrate, sulfate, chloride, and fluoride. At general corrosion rates, the zircaloy components of the fuel 
assembly would be expected to last much longer than any other internal components of the WP.  
However assembly degradation is still credible, as not all assemblies have cladding and/or spacer 
grids that are fabricated from highly corrosion resistant zircaloy, and, due to the potential for 
rockfall, some assemblies may be exposed to dynamic loads.  

Based on information in Reference 5.53 (p. 26) there are 1846 PWR assemblies with stainless steel 
cladding, which represents approximately 1.85% of the total PWR population. Almost all of this 
cladding is fabricated from Type 304 stainless steel, with thicknesses ranging from 419 to 724 p m.  
Based on the 304 stainless steel corrosion rates discussed in Section 4.1.3, general corrosion would 
require 4,190 to 7,240 years (with a range of 419 to 36,200 years) to completely corrode this 
cladding. This failure time is longer than that required for basket collapse, but shorter than that 
required for complete degradation of the neutron absorber plates. In addition, information in the 
CDB (see Section 6.1) indicates that there have been 22,536 PWR (=22.6%) assemblies discharged 
with in-core spacer grids fabricated from Inconel 718, which is less corrosion resistant than zircaloy 

but more corrosion resistant than stainless steel. This will lead to collapse of the fuel assembly 
structure and consolidation of the fuel rods for these assemblies at some time following full 
degradation of the WP basket structure. Finally, while the zircaloy fuel rods are relatively robust 
under static loads, they are not capable of withstanding significant dynamic loads. For example, 100 
kg rock falling 2 m will have sufficient energy to break some of the rods on the top row of fuel 
assemblies (Ref. 5.23, p. 47).  

Based on the above information, the following geometries involving full degradation of the basket 
structure and various degrees of rod consolidation will be evaluated for the limiting fuels: 

1) Various amounts of assembly crushing (i.e., reduced fuel rod pitch) in the vertical 
direction, and both the vertical and horizontal directions for the fully degraded basket, and 

2) Fuel rods piled at the bottom of the fully degraded basket WP (simulates complete spacer 
grid degradation),
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7.2 Development of PWR Assembly Isotoplcs 

The purpose of this section is to define the different fuel isotopic sets which will be used in the 
criticality analysis of degraded WP configurations. The 21 PWR absorber plate WP is currently 
planned to be used for fuel assemblies with k. between 1.0 and 1.13 (Ref. 5.5, p. 30). For this 
analysis it is conservatively assumed that all incoming assemblies have an age of 10 years (see 
assumption 4.3.13). Based on the database of historical and projected waste streams (see Ref. 5.42 
and assumption 4.3.13), and a non-linear regression developed by Oak Ridge National Laboratory 
(see assumption 4.3.11) to estimate k. as a function of assembly burnup, enrichment, and age, it is 
projected that there are 99,608 PWR assemblies within this range. Figure 7.2-1 below shows how 
this population of assemblies will be distributed over the above k_ range at an age of 10 years.  
Figure 7.2-2 shows the distribution of assemblies for k. > 1.13, which would be loaded into the 21 
PWR absorber rod WP under the current loading scheme (Ref. 5.5, p. 30). This binning was 
accomplished using a simple C program (BURNRICH.C with output BURNRICH.OOUT; see Section 
9.0), which calculates the k, for each PWR assembly in the database using the equation in 
assumption 4.3.11.  

Based on Figure 7.2-1, k. values of 1.13, 1.10, 1.08, 1.06, and 1.04 will bound 100%, 96.78%, 
91.92%, 82.99%, and 62.23% of the population of PWR assemblies intended for the 21 PWR 
absorber plate WP, respectively. The code also bins assemblies by burnup and initial enrichment 
within each k. group. Figures 7.2-3 to 7.2-7 show the distribution of assembly burnup in the k.  
groups just below the bounding k. values discussed above. For each of the bounding k. values 
discussed above, lower bound, median, and upper bound burnups have been selected from these 
distributions (for the 1.04 and 1.06 k. values, only the median and upper bound burnups were 
evaluated as results from evaluations of higher k_ values indicated that these would bound the low 
burnups). For each k- /burnup (hereafter refered to as "k_ bins" such as 1.13h, 1.13m, 1.131, etc.), 
an initial enrichment was selected such that the ORNL regression (assumption 4.3.11) would give 
a k. approximately equal to that of the k_ bin. The match is approximate so that the resulting 
bumup/enrichment pairs remained within the bounds of the burnup/enrichment distribution for that 
bin, as given in the BURNRICH.OUT file. The burnupfenrichment pairs for each k_ bin are given 
in Table 7.2-1. For the absorber rod WP, two bumup/enrichment pairs representing the high end of 
the k- range shown in Figure 7.2-2 were selected (designated as "cr" bins) in the same manner as the 
other bins, and are also given in Table 7.2-1. Figures 7.2-1 to 7.2-7 were generated from the 
BURNRICH.OUT file using the graphing capability of Excel 7.0.
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Table 7.2-1. Summary of k. Bin Burnup/Enrichment Pairs and 
Associated SAS211 Input Data 

Bin 10 yr k. Burnup Burnup U235 U234 U236 U238 EFPD SAS2H 
Name per assumption Coverage (GWd/MTU) weight% weight% weight% weight% at 7.25 file 

4.3.11 for k1 group MW/assy name 

1.13-1 1.128 0.4% 9 1.7 0.0137 0.0078 98.2784 576 e17b9 

1.13-m 1.127 50.5% 27 3.9 0.0338 0.0179 96.0483 1728 e39b27 

1.13-h 1.123 100.0% 34 4.9 0.0433 0.0225 95.0342 2176 e49b34 

1.10-1 1.103 1.9% 3 0.8 0.0061 0.0037 99.1902 192 ep8b3 

1.1 0-m 1.098 50.0% 23.5 3 0.0254 0.0138 96.9608 1504 e3b235 

1.10-h 1.099 100.00% 35 4.5 0.0395 0.0207 95.4398 2240 e45b35 

1.08-1 1.080 2.1% 12 1.5 0.0120 0.0069 98.4811 768 el5b12 

1.08-m 1.079 50.4% 28 3.25 0.0277 0.0150 96.7073 1792 e325b28 

1.08-h 1.076 98.5% 39 4.6 0.0404 0.0212 95.3384 2496 e46b39 

1.06-m 1.062 50.0% 32.5 3.5 0.0300 0.0161 96.4539 2080 e35b325 

1.06-h 1.059 99.90% 44 4.9 0.0433 0.0225 95.0342 2816 e49b44 

1.04-m 1.042 50.0% 38.5 3.85 0.0333 0.0177 96.0990 2464 e385b385 

1.04-h 1.037 98.2% 48 4.9 0.0433 0.0225 95.0342 3072 e49b48 

cr-I 1.383 n/a 3 4.3 0.0376 0.0198 95.6427 192 e43b3 

cr-2 1.296 n/a 13 4.7 0.0414 0.0216 95.2370 832 e47b13 

The majority of the input parameters in the SAS2H input files used to perform the depletion and 
decay are identical to those defined in Reference 5.43 and their development will not be repeated 
here (see assumption 4.3.6). Only the basis for those parameters which differ from those in the 
Reference 5.43 input file will be provided in this section. The isotopic distribution of uranium used 
in Block 4 of the input is determined by the given initial enrichment and the following empirical 
relationship (Ref. 5.43, p. 14): 

wt°234 = 0.007731 (wt%235 )'= 37, 
wt%23 = 0.0046(wt%2 35), 
wt%238 = 100% - wt% 23 - wt%2 35 - wt% 236.  

The effective full power days (EFPD) for each desired burnup is calculated as follows: 

EFPD = (Burnup in GWd/MTU * 1,000 MWd/GWd * 0.464 MTU/assy) + 7.25 MW/assy.  

Since SCALE 4.3 does not have a predefined mixture for Zircaloy-4, this material was entered as 
an arbitrary material for zone 2 (the cladding). The density for Zircaloy-4 was taken to be 6.56 
g/cm3 (Ref 5.19, p. 1- 16). The material composition used for Zircaloy-4 is that given on page 1- 16 
of Ref. 5.19, and is given in Table 4.1-4.  

The decay out to 1 million years was run as a separate case from the SAS2H burnup calculation. The 
decay case is a stand-alone ORIGEN-S problem which utilizes the output from SAS2H and decays
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to a number of specified times. However, both sequences were run using a single input file for each 
case as identified in Table 7.2-I, and a sample is provided in Attachment VI. The input files are 
echoed in the output files, which have an "output" extension. At the end of each SAS2H run, the 
gram concentrations for the principal isotopes were copied from the SAS2H output into a summary 
file (*.SUM) using the unix "awk" command and a short "getPr' script (see Attachment V). See 
Section 9 for information on the input, output files, and summary files, and the "getPr' awk script.  

The grams/assembly output per time step was used to calculate the number density of each principal 
isotope (see assumption 4.3.1). The burnup/enrichment pair number densities for the principal 
isotopes were calculated from the SAS2H summary files using a short BASIC code, AMIGO.BAS, 
which also automatically placed them into the appropriate spot in an MCNP input file template (see 
Section 9.0 for the source code). The AMIGO number density calculations are performed using the 
following equation (Ref. 5.45, p. 35): 

mipNA 

where: p is the physical density of the U0 2 in g/cm 3, 
NA is Avogadro's Number - 0.602252 x 1024 atoms/mole, 
M, is the gram atomic weight of isotope i, 
rný is the gram concentration per assembly of isotope i, and 
m is the total mass of U0 2 per assembly in grams.  

The units of the resulting number density is in atoms/cm 3. The required units for subsequent use are 
atoms/b-cm where 1 barn equals 10"4 cm2. The calculation in AMIGO drops the 1024 from 
Avagadro's Number to account for the conversion. As a conservatism in the criticality calculations 
which will use these number densities, the values are adjusted up to a 96% theoretical UO2 density 
(actual pellet is 95%; see Section 4.1. 1). Since the number density of oxygen does not change with 
time, a value of 4.6947x 10" atoms/b-cm was used for all cases (Ref. 5.43, p. 24). AMIGO number 
density calculations for the 1.13-m fuel were independently checked for accuracy in the NUMDEN 
sheet of the Excel 7.0 worksheet, BURNRICH.XLW.  

AMIGO creates MCNP inputs by searching the lines of a user supplied template for the mnemonics 
"FUELTOT" and "FUELNUM". When found in.the template file, FUELTOT is replaced with the 
total number density for the fuel region, and FUELNUM is replaced with the MCNP ID#s and 
number densities of the principal isotopes. An input file is created for each decay time available 
from the SAS2H summary file that is within the user specified range.
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7.3 Analysis of Partially Degraded Basket Configurations with Intact Fuel 

The purpose of this section is to describe the MCNP cases needed to fully characterize the possible 

partially degraded basket configurations. Both the uniformly distributed oxide and the settled oxide 

configurations were evaluated for 7 plate thicknesses. While Table 4.1-2 indicates that 7 mm is the 

design thickness of the criticality control plates, a 10 mm thickness was also evaluated in the event 

that the thickness was increased at some future point in the design process. For the uniformly 
distributed configurations, iron oxide concentrations of 30 vol%, 35 vol%, and 40 vol% were 

evaluated for the low, median, and high bumup coverage for the 1. 13 bin and the median and high 
burnup coverage for the 1.10 bin. In some cases 0 vol% iron oxide was also evaluated for the 

purpose of determining the total worth of the other oxide concentrations (0 vol% is not considered 
a realistic scenario as discussed in Section 7.1). For the settled scenarios, 58 vol% iron oxide fully 

covering the bottom 8, 9, and 10 rows of fuel rods in an assembly were evaluated for the low, 
median, and high burnup coverage for the 1.13 bin and the median and high bumup coverage for the 

1.10 bin. For most cases, each bumup/enrichment pair was only evaluated for the 14,000 year decay 

time, as this has been the time of peak postclosure krf in previous analyses of a collapsed basket with 

some boron remaining (Ref. 5.6, Vol. III, p. 6.3-142). However, time effects have been evaluated 

for 7 mm, 2.5 mm, and 0.1 mm plate thicknesses.  

The degraded 21 PWR absorber plate WP was modeled in MCNP by explicitly modeling 1/ of the 

package and then using two reflective planes to represent the entire package. The composition and 

dimensions of the containment barriers are modeled explicitly using the information in Sections 4.1.2 

and 4.1.3. The details of the outer barrier's skirt were not modeled in detail, since the skirt would 

not affect the criticality results appreciably (less than the standard deviation in the Monte Carlo 

method). The fuel assemblies are modeled as part of a lattice array, with the lattice positioned such 

that it represents a basket structure which has uniformly collapsed towards the bottom of the WP.  

The assemblies were not modeled as resting on the bottom of the WP because some oxide from 

corrosion of the side guides may be there to support them, and the approximate cylindrical geometry 

is more reactive than that which would occur if all assemblies were touching the bottom. Each fuel 

assembly is treated as a heterogeneous system with the fuel rods, control rod guide tubes, and 

instrument guide tubes modeled explicitly using the information contained in Section 4.1.1. Fuel 

rods are modeled with water in the gap region, and guide and instrument tubes are also filled with 

water only (no oxide). The remaining borated stainless steel plate is modeled at the edge of the 

assembly lattice cell. Figure 7.3-1 shows the geometry of the MCNP model for the partial basket 

uniform cases, while Figure 7.3-2 shows the geometry of the MCNP model for the partial basket 

settled case with 10 fuel rod rows covered and 0.5 mm thick borated stainless steel plate remaining 

between assemblies. Table 7.3-1 provides the naming convention for the MCNP input and output 

files (see Section 9 for file information). Sample MCNP input files are provided in Attachment VII 

for the uniform case and Attachment VIII for the settled case.
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Figure 7.3-1. MCNP partial basket model with uniformly distr" )d oxide. Assembly detail is shown at left.
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Figure 7.3-2. MCNP partial basket model with 58 vol% settled oxide (covering bottom 8 rod rows) and 7 mmn borated stainless 
steel plate between assemblies. Assembly detail is shown at left.

Paae 42 of 113
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Table 7.3- 1. Naming Convention for Partial Basket MCNP Cases 

I st Character 2nd & 3rd Characters Characters 4 to 6 Character 7 
Plate Thickness Amount of Oxide k. Bin Decay Time 

Uniform a = 2,000 years 
a= 10mm 00 = no iron oxide h13 1.13-h b = 4,000 years 
b = 7mm 30 = 30 vol% iron oxide m13 = 1.13-m c = 8,000 years 
c = 5 mm 35 = 35 vol% iron oxide 113 = 1.13-1 d = 10,000 years 
d = 2.5 mm 40 = 40 vol% iron oxide hl = 1.10-h e = 12,000 years 
e= I mm Settled m10 = 1.10-m f= 14,000 years 
f= 0.5 mm 08 = 8 rows covered g = 18,000 years 
g = 0.1 mm 09 = 9 rows covered h = 25,000 years 

10 = 10 rows covered j = 45,000 years 
_k= 100,000 years 

The results of the various cases are provided in the tables on the following pages. Table 7.3-2 
presents the results for the uniformly distributed oxide cases for 14,000 years decay. Table 7.3-3 
presents the results for all 10 decay times for two of the uniform oxide cases. Table 7.3-4 presents 
the results for the 58 vol% settled oxide cases for 14,000 years decay. Table 7.3-5 presents the 
results for all 10 decay times for two of the 58 vol% settled cases.  

Table 7.3-2. Partial Basket k, Results for Uniform Oxide at 14,000 years 
Vol% B-SS 1.13-h 1.13-m 1.13-1 1.10-h 1.10-m 
.e203  Plate 

Thickness k,, 20 kff 2c kff 2a kff 2a k'y 2a 
(mm) 

0 10 0.92981 0.00438 0.90077 0.00468 0.81378 0.00354 0.88991 0.00464 0.84392 0.00372 
30 10 0.78970 0.00344 0.76174 0.00378 0.66772 0.00364 0.75310 0.00300 0.71067 0.00302 
30 7 0.80683 0.00472 0.77960 0.00388 0.68667 0.00274 0.77191 0.00380 0.72225 0.00372 
35 7 0.78417 0.00412 0.75827 0.00394 0.66638 0.00386 0.74864 0.00404 0.70235 0.00380 
30 5 0.82678 0.00412 0.80300 0.00448 0.70154 0.00350 0.78967 0.00416 0.74207 0.00366 
35 5 0.80199 0.00294 0.77443 0.00312 0.68179 0.00374 0.76393 0.00362 0.72363 0.00332 
30 2.5 0.86315 0.00406 0.83526 0.00436 0.74073 0.00324 0.82431 0.00398 0.77845 0.00354 
40 2.5 0.81769 0.00388 0.78880 0.00438 0.70174 0.00316 0.77890 0.00412 0.73330 0.00316 
30 I 0.90732 0.00404 0.88326 0.00360 0.78842 0.00368 0.87059 0.00350 0.82341 0.00398 
40 I 0.86006 0.00356 0.83612 0.00334 0.74224 0.00342 0.82300 0.00342 0.77839 0.00270 
30 0.5 0.93928 0.00428 0.91158 0.00376 0.82313 0.00388 0.89695 0.00392 0.85309 0.00250 
40 0,5 0,88658 0.00284 0.86294 0.00366 0.77465 0.00356 0.84774 0.00376 0.80680 0.00442 
30 0.1 0.97255 0.00328 0.95410 0.00372 0.87273 0.00302 0.93808 0.00496 0.89726 0.00394 
40 0.1 10.92403 0.00454 0.90248 0.00380 0.82080 0.00402 0.88169 0.00348 0.84497 0.00318
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Table 7.3-3. Time Effects on Partial Basket k. for Selected 33 vol% Uniform Oxide Cases B-SS Plate 
Decay Vol% Thickness 1.13-h 1.13-m 1.13-1 1.10-h 1.10-rm 
Time Vl hcns 
(years) Fe20 3 Remaining 2a k, 2a kf 2o Krr 2a Kr, 2a 

(mm) I _2k_0_ 21 1,_ 20 _,_, 20 

2000 30 7 0.79442 0.00340 0.76711 0.00490 0.68937 0.00394 0.75726 0.00408 0.71708 0.00442 
4000 30 7 0.79734 0.00454 0.77161 0.00446 0,69135 0.00364 0.76311 0.00398 0.71832 0.00411 
8000 30 7 0.79925 0.00476 0.77564 0.00364 0.68474 0.00350 0.76476 0.00398 0.71980 0.00344 
10000 30 7 0.80431 0.00398 0.77638 0.00468 0.68335 0.00288 0.76799 0.00366 0.72004 0.00341 
12000 30 7 0.80499 0.00384 0.77663 0.00374 0.68544 0.00320 0.76568 0.00484 0.71983 0.00344 
14000 30 7 0.80683 0.00472 0.77960 0.00388 0.68667 0.00274 0.77191 0.00380 0.72225 0.0037" 
18000 30 7 0.80485 0.00374 0.77688 0.00470 0.68053 0.00382 0,76721 0.00368 0.72098 0.0035, 
25000 30 7 0.80678 0.00426 0.77501 0.00442 0.67600 0.00298 0.76689 0.00468 0.71830 0.0030( 
45000 30 7 0.79512 0.00350 0.76448 0.00414 0.66024 0.00402 0.75574 0.00382 0.70227 0.0029ý 
100000 30 7 0.77439 0.00318 0.74502 0.00382 0.64233 0.00316 0.73295 0.00412 0.68103 0.0037q 
2000 30 2.5 0.85028 0.00432 0.82504 0.00398 0.74647 0.00368 0.81290 0.00414 0.77255 0.0045, 
4000 30 2.5 0.85212 0.00396 0.82738 0.00350 0.74465 0.00396 0.82059 0.00464 0.77481 0.00381 
8000 30 2.5 0.85692 0.00290 0.83427 0.00392 0.74163 0.00248 0.82117 0.00372 0.77573 0.0031, 
10000 30 2.5 0.85645 0.00386 0.83618 0.00414 0.74150 0.00304 0.82390 0.00366 0.78133 0.0030( 
12000 30 2.5 0.86396 0.00386 0.83368 0.00432 0.74193 0.00380 0.82528 0.00376 0.77750 0.00261 
14000 30 2.5 0.86315 0.00406 0.83526 0.00436 0.74073 0.00324 0.82431 0.00398 0.77845 0.0035d 
18000 30 2.5 0.86251 0.00338 0.83345 0.00436 0.73821 0.00320 0.82551 0.00442 0.77608 0.0035 
25000 30 2.5 0.86686 0.00392 0.83181 0.00372 0.73242 0.00318 0.82364 0.00406 0.77054 0.00350 
45000 30 2.5 0.85982 0.00366 0,82120 0.00328 0.71823 0.00346 0.81612 0.00440 0.75904 0.00361 
100000 30 2.5 0,83728 0.00384 0.80280 0.00390 0.69529 0.00256 0.79389 0.00392 0.73614 0.0032 
2000 40 0.1 0.90423 0.00526 0.88469 0.00300 0.82257 0.00354 0.86601 0.00450 0.83491 0.00464 
4000 40 0.1 0.90761 0.00272 0.89211 0.00446 0.82266 0.00298 0.86962 0.00328 0.83894 0.0035d 
8000 40 0.1 0.91552 0.00306 0.89544 0.00390 0.82281 0.00298 0.87657 0.00400 0.84267 0.00321 
10000 40 0.1 0.91673 0.00402 0.89539 0.00346 0.82296 0.00350 0,88501 0.00350 0,83920 0.0036 
12000 40 0.1 0.91879 0.00262 0.89364 0.00374 0.82515 0.00354 0.88388 0.00384 0.84598 0.0035 
14000 40 0.1 0.92403 0.00454 0.90248 0.00380 0.82080 0.00402 0.88169 0.00348 0.84497 0.0031 
18000 40 0.1 0.92510 0.00352 0.90185 0.00256 0.82173 0.00350 0.88975 0.00342 0.85046 0,0035 
25000 40 0.1 0.93057 0.00330 0.89966 0.00422 0.81602 0.00318 0.88797 0.00366 0.84532 0.003 
45000 40 0.1 0.91902 0.00276 0.89295 0.00262 0.80300 0.00404 0.88141 0.00386 0.83690 0.0035 
100000 40 0.1 0.90882 0.003381088229 0.00326 0.78268 0.00296 0.86701 0.00328 0,81286 0.0033:
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Table 7.3-4. Partial Baket kf Results for 58 vol% Settled Oxide at 14,000 years 

Fuel Rod B-SS 1.13-h 1.13-m 1.13-I 1.10-h 1.10-m 
Rows Plate 

Covered Thickness kly 2a kff 2a kff 2a kt r 2a Kff 2a 
___ (mm) I__I 

8 10 0.81426 0.00424 0.78600 0.00502 0.69733 0.00240 0.773.77 0.00380 0.73454 0.00430 

8 7 0.83278 0.00412 0.80454 0.00332 0.71029 0.00432 0.79263 0.00384 0.74996 0.00390 

9 7 0.80722 0.00354 0.78330 0.00386 0.69393 0.00392 0.77649 0.00428 0.72799 0.00324 

8 5 0.84832 0.00500 0.82299 0.00416 0.72858 0.00252 0.81019 0.00334 0.76409 0.0029( 
9 5 0.82201 0.00480 0.79672 0.00282 0.70623 0.00272 0.79002 0.00416 0.73905 0.0037( 

8 2.5 0.88197 0.00336 0.85849 0.00510 0.76804 10.00340 0.84771 0.00486 0.80536 0.00428 
10 2.5 0.83842 0.00476 0.80639 0.00378 0.71386 0.00348 0.80212 0.00276 0.75639 0.00442 

8 I 0.93080 0.00386 0.90327 0.00398 0.81482 0.00300 0.89041 0.00386 0.85276 0.0038( 

10 1 0.87887 0.00398 0.85843 0.00370 0.76977 0.00394 0.84450 0.00456 0.80226 0.00264 

8 0.5 0.95537 0.00422 0.93366 0.00506 0.84797 0.00414 0.92184 0.00444 0.88166 0.00408 

10 0.5 0.91223 0.00358 0.88869 0.00336 0.80397 0.00358 0.87377 0.00366 0.83266 0.00358 

8 0.1 0.99735 0.00484 0.97522 0.00530 0.89972 0.00316 0.95564 0.00382 0.92198 0.0037 

10 0.1 0.95201 0.00394 0.92626 0.00386 0.85450 0.00352 0.91279 0.00400 0.87553 0.00400 

Table 7.3-5. Time Effects on Partial Basket kfor Selected Settled Oxide Cases 

Decay Fuel Rod B-SS 1.13-h 1.13-m 1.13-1 1.10-h 1.10-m' 
Time Rows Thickness --

(years) Covered (mm) k, r 20 kyf 20 kff 2a k., 2a k,. 2a 

2000 8 7 0.81968 0.00522 0.79668 0.00334 0.71385 0.00436 0.7866 0.00458 0.74361 0.0033E 

4000 8 7 0.82083 0.00460 0.80040 0.00378 0.71532 0.00310 0.7862 0.00286 0.74453 0.0048E 

8000 8 7 0.82596 0.00472 0.80176 0.00374 0.71688 0.00342 0.78961 0.00448 0.74723 0.004 

10000 8 7 0.82788 0.00462 0.80426 0.00408 0.71344 0.00424 0.79237 0.00366 0.75196 0.0045 

12000 8 7 0.82521 0.00412 0.80413 0.00396 0.71437 0.00366 0.79578 0.00394 0.74649 0.0032 
14000 8 7 0.83278 0.00412 0.80454 0.00332 0.71029 0.00432 0.79263 0.00384 0.74996 0.00394 

18000 8 7 0.83212 0.00442 0.80119 0.00404 0.71366 0.00380 0.79124 0.00474 0.75135 0.00454 

25000 8 7 0.83031 0.00416 0.80436 0.00412 0.70439 0.00398 0.79446 0.0038 0.74312 0.00383 

45000 8 7 0.82001 0.00364 0.79109 0.00346 0.69252 0.00406 0.78086 0.0048 0.72786 0.00377 

100000 8 7 0.80444 0.00382 0.77576 0.00388 0.67524 0.00342 0.76311 0.00434 0.70903 0.00363 

2000 8 2.5 0.87520 0.00372 0.84608 0.00384 0.76773 0.00382 0.83303 0.0038 0.79574 0.00373 

4000 8 2.5 0.87701 0.00362 0.85366 0.00414 0.77058 0.00410 0.83772 0.00522 0.79397 0.00454 

8000 8 2.5 0.88350 0.00404 0.85561 0.00440 0.76989 0.00302 0.84566 0.00314 0.80006 0.0048 

10000 8 2.5 0,88204 0.00464 0.85818 0.00386 0.76751 0.00506 0.84542 0.0033 0.80392 0.0040 

12000 8 2.5 0.88442 0.00464 0.85917 0.00376 0.76484 0.00342 0.84552 0.00438 0.80158 0.0029 

14000 8 2.5 0.88197 0.00336 0.85849 0.00510 0.76804 0.00340 0.84771 0.00486 0.80536 0.0042 

18000 8 2.5 0.88681 0.00472 0.85647 0.00490 0.76020 0.00350 0.84669 0.00356 0.8014 0.0043 

25000 8 2.5 0.89216 0.00460 0.85408 0.00396 0.75837 0.00368 0.84528 0.00398 0.79663 0.0035 

45000 8 2.5 0.87621 0.00410 0.84662 0.00412 0.74475 0.00294 0.83947 0.00518 0.78465 0.0048 

100000 8 2.5 0.86206 0.00448 0.8273810.00330 0.71846 0.00384 0.81382 0.0045 0.7597 0.0040 

2000 10 0.1 0.93087 0.00408 0.91065 0.00362 0.84982 0.00298 0.89322 0.0041 0.86148 0.0036 

4000 10 0.1 0.93318 0.00518 0.91670 0.00354 0.85168 0.00238 0.89932 0.00338 0.86315 0.0038
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Table 7.3-5. Time Effects on Partial Basket kfor Selected Settled Oxide Cases 

Decay Fuel Rod B-SS 1.13-h 1.13-m 1.13-1 1.10-h 1.10-m 
Time Rows Thickness 

(years) Covered (mm) kff 2a kf1 20 k,• 2y k,, 2a Ky 2o 

8000 10 0.1 0.94610 0.00318 0.92098 0.00416 0.85614 0.00358 0.90762 0.00378 0.86907 0.0040ý 

10000 10 0.1 0.94883 0.00350 0.92894 0.00404 0.85544 0.00336 0.9.1083 0.00398 0.86817 0.0037 

12000 10 0.1 0.94987 0.00422 0.92751 0.00326 0.85273 0.00320 0.90755 0.0040210.87483 0.00322 

14000 10 0.1 0.95201 0.00394 0.92626 0.00386 0.85450 0.00352 0.91279 0.004 0.87553 0.004 

18000 10 0.1 0.95387 0.00422 0.93407 0.00318 0.85193 0.00296 0.91536 0.00428 0.87616 0.0033( 

25000 10 0.1 0.95868 0.00478 0.93069 0.00336 0.85235 0.00384 0.91697 0.00314 0.87748 0.004 

45000 10 0.1 0.95298 0.00444 0.92356 0.00360 0.83586 0.00386 0.90936 0.00462 0.86469 0.0036 

100000 10 0.1 0.9389110.00354 0,90975 0.00400 0.81186 0.00326 0.89438 0.00416 0.84252 0.0034E 

In addition to the boron remaining in the undegraded borated stainless steel, a significant amount of 
boron may remain in solution until sufficient flushing of the WP by dripping water occurs. To evaluate 
this configuration, water and water/oxide mixture number densities for various concentrations of 1̀B 
dissolved in the entire water volume of the flooded WP were calculated in the NUMDEN sheet of the 

Excel 7.0 spreadsheet, BURNRICH.XLW (see Section 9.0 and Attachment 1Il). Table 7.3-6 provides 
the MCNP case names (naming convention differs from that used for previous tables) and Kff results for 
the 1.13-h fuel in the settled configuration at 14,000 years with various amounts of borated stainless steel 

remaining and '0B in solution. See Section 9.0 for the MCNP input and output files for these cases.



Deslan Analysis
Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs 
Document Identifier: BBAOOOOOO-01717-0200-00056 REV 00 Page 47 of 113 

Table 7.3-6. Effects of '0 B in Solution for 14,000 yr 1. 13-h Partial Basket Settled Cases 

MCNP Case Grams "°B B-SS Thickness Fuel Rod k1y AkI/kyrr 
Name in Solution (mm) Rows Covered M%) 

rblObOS 3011.26 7 8 0.61778 0.00147 -25.82% 
rb5b08 1505.63 7 8 0.70318 0.00193 -15.56% 
rb2bO8 602.25 7 8 0.76716 0.00186 -7.88% 
rblbO8 301.13 7 8 0.79461 0.0015 -4.58% 

rbp5b08 150.56 7 8 0.81381 0.00156 -2.28% 
rbp2b08 60.23 7 8 0.82237 0.00239 - 1.25% 
rbplb08 30.11 7 8 0.82797 0.00187 -0.58% 
rblObO9 3011.26 7 9 0.61689 0.00175 -23.58% 
rb5bO9 1505.63 7 9 0.69306 0.00232 -14.14% 
rb2bO9 602.25 7 9 0.75629 0.00219 -6.31% 
rblbO9 301.13 7 9 0.78311 0.00219 -2.99% 

rbp5b09 150.56 7 9 0.79658 0.00187 -1.32% 
rbp2b09 60.23 7 9 0.80211 0.00191 -0.63% 
rbplb09 30.11 7 9 0.80495 0.00217 -0.28% 
rblOdO8 3011.26 2.5 8 0.66186 0.00193 -24.96% 
rb5d08 1505.63 2.5 8 0.74542 0.00164 -15.48% 
rb2dO8 602.25 2.5 8 0.82285 0.00227 -6,70% 

rbldO8 301.13 2.5 8 0.85209 0.00211 -3.39% 
rbp5d08 150.56 2.5 8 0.86944 0.00225 -1.42% 

rbp2d08 60.23 2.5 8 0.877 13 0.00225 -0.55% 
rbpld08 30.11 2.5 8 0.88319 0.00188 0.14% 
rbIOdlO 3011.26 2.5 10 0.64902 0.00172 -22.59% 
rbSdlO 1505.63 2.5 10 0.72535 0.00214 -13.49% 
rb2dIO 602.25 2.5 10 0.78561 .0.0021 -6.30% 

rbldlO 301.13 2.5 10 0.8108 0.00197 -3.29% 
rbp5dl0 150.56 2.5 10 0.82759 0.00223 -1.29% 
rbp2dI0 60.23 2.5 10 0.83244 0.00155 -0.71% 
rbpldlO 30.11 2.5 10 0.83162 0.00192 -0.81% 
rblOgO8 3011.26 0.1 8 0.73186 0.00161 -26.62% 
rb5gO8 1505.63 0.1 8 0.83428 0.00194 -16.35% 

rb2gO8 602.25 0.1 8 0.92258 0.002 -7.50% 
rbl 08 301.13 0.1 8 0.95765 0.00195 -3.98% 

rbp5g08 150.56 0.1 8 0.97771 0.00194 -1.97% 
rbp2g08 60.23 0.1 8 0.98872 0.00216 -0.87% 
rbplgO8 30.11 0.1 8 0.99346 0.00189 -0.39% 
rblOgiO 3011.26 0.1 10 0.73003 0.00174 -23.32% 
rb5glO 1505.63 0.1 10 0.81556 0.00187 -14.33% 
rb2glO 602.25 0.1 10 0.88809 0.0016 -6.71% 

rblglO 301.13 0.1 10 0.91914 0.00215 -3.45% 
rbp5glO 150.56 0.1 10 0.93386 0.00179 -1.91% 
rbp2gl0 60.23 0.1 10 0.94266 0.00176 -0.98% 
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7.4 Analysis of Fully Degraded Basket Configurations with Intact Fuel Assemblies 

The purpose of this section is to describe the MCNP cases needed to fully characterize the possible fully 
degraded basket configurations. Both the uniformly distributed oxide and the settled oxide 
configurations were evaluated. For the uniformly distributed scenarios, iron oxide concentrations of 30 
vol%, 33 vol%, and 40 vol% were evaluated for the low, median, and high bumup coverage for the 1.13, 
1.10, and 1.08 bins, and for the median arid high burnup coverage for the 1.06 and 1.04 bins. For the 
settled scenarios, 58 vol% iron oxide fully covering the bottom 3.5 rows of assemblies were evaluated 
for the median and high bumup coverage for the 1.13 bin and the high bumup coverage for the 1.10 bin.  
Time effects were evaluated for all configurations from covering the range of 8,000 to 250,000 years.  

As with the partial basket model, the fully degraded 21 PWR absorber plate WP was modeled in MCNP 
by explicitly modeling 'A of the package and then using two reflective planes to represent the entire 
package. The composition and dimensions of the containment barriers are modeled explicitly using the 
information in Sections 4.1.2 and 4.1.3. The details of the outer barrier's skirt were not modeled in 
detail, since the skirt would not effect the criticality results appreciably (less than the standard deviation 
in the Monte Carlo method). The fuel assemblies are modeled as part of a lattice array, with the lattice 
positioned such that it represents a basket structure which has uniformly collapsed towards the bottom 
of the WP. The assemblies were not modeled as resting on the bottom of the WP because some oxide 
from corrosion of the side guides may be there to support them, and the approximate cylindrical 
geometry is more reactive than that which would occur if all assemblies were touching the bottom. Each 
fuel assembly is treated as a heterogeneous system with the fuel rods, control rod guide tubes, and 
instrument guide tubes modeled explicitly using the information contained in Section 4.1.1. Fuel rods 
are modeled with water in the gap region, and guide and instrument tubes are also filled with water only 
(no oxide). Figure 7.4-1 shows the geometry of the MCNP model for the fully degraded uniform cases, 
while Figure 7.4-2 shows the geometry of the MCNP model for the fully degraded settled case with the 
bottom 3.5 assemblies covered. Table 7.4-1 provides the naming convention for the MCNP input and 
output files (see Section 9 for file information). Sample MCNP input files are provided in Attachment 
IX for the uniform case and Attachment X for the settled case.  

The results of the various cases are provided in the tables presented below. Tables 7.4-2 to 7.4-4 present 
the results for the 30 vol%, 33 vol%, and 40 vol% uniformly distributed oxide cases. Table 7.4-5 
presents the results for the 58 vol% settled cases. The results for these configurations indicate that the 
58 vol% settled oxide configuration is the bounding case for the fully degraded WP. In all of the 
configurations, the peak kaf generally occurs between 10,000 and 35,000 years.  

To evaluate the effects of 0.67% boron adsorption onto the iron oxide, water/oxide mixture number 
densities with adsorbed '13 were calculated in the NUMDEN sheet of the Excel 7.0 spreadsheet, 
BURNRICH.XLW (see Section 9.0 and Attachment I1). Both 33 vol% uniform and 58 vol% settled 
configurations were evaluated for time of peak kyn for the 1. 13 cases. Case names are consistent with 
those given in Table 7.4-1 except that the 1st character is replaced with a "B". Table 7.4-6 presents the 
k..f and %Ak results for 0.67% `1B adsorption onto the iron oxide. The results indicate that boron 
adsorption provides less than a 1.4% reduction in ke. for the uniform cases, and a 0.2% reduction for the 
settled cases. Therefore, this boron retention mechanism cannot be counted on for significant criticality 
control.
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Table 7.4-7 presents the kerr and %Ak results for various concentrations of dissolved `'B in the entire 
water volume for the 58 vol% settled oxide 1.13 bin cases at the time of peak kf.. Based on the few cases 
run, it appears that there is a slight trend towards decreasing boron worth with increasing burnup. This 
is likely the result of the fact that higher burned fuels have higher 23Pu concentrations, and thus a harder 
spectrum (more epithermal fission) which makes the boron less effective.  

Table 7.4-8 presents the results of varying the assembly horizontal/vertical spacing from the base case 
of 0 cm for the 33 vol% uniform 1. 13-h case at the time of peak kfr (the settled case was not examined 
as most of the assemblies are covered by oxide and do not contribute significantly to kefr). Assembly 
spacing is adjusted by modifying surfaces 60 to 63 in the base "u33h13g" input. The results indicate that 
keff peaks at a value approximately 0.5% higher than the base case at a separation of 0.8 cm.  

Table 7.4-9 indicates the effect on peak kff for the 1.13-h and 1.13-im fuels of a transition from 33 vol % 
uniformly distributed oxide to 58 vol% settled oxide. The divider for the upper and lower region of the 
model is the same as that for the top of the oxide/water mixture in the 58 vol% settled cases.  

Depending on the amount of pitting on the upper surface, the WP may not be entirely flooded. Table 
7.4-10 presents the case names and kefr results for the 1.13-m and 1.13-h fuels in the 33 vol% uniform 
and 58 vol% settled oxide configurations at the time of peak k. for various water levels. The WP void 
space above the water line is filled with air. The results indicate that for the settled configuration, 
dropping the water level below the third fuel rod row in the fourth assembly from the bottom reduces 
kly below 0.91 for the I. 13-h case. While the water level must drop farther in the uniform configuration 
to achieve the same result, this is partially an artifact of maintaining 33 vol% oxide as the water level 
is reduced. These cases demonstrate that a fully degraded absorber plate WP which contains only a 
hydrated oxide will not be a criticality concern.  

Table 7.4-11 presents krff results for varying the amount of oxide for the 58 vol% settled cases from the 
base case of 3.5 rows covered. The case naming convention is consistent with that shown in Table 7.4-1 
except that the "58" is replaced by the number of rows covered ("3" = 3 rows, "4" = 4 rows, and "45" 
= 4.5 rows). This exercise demonstrates that adding additional steel to the WP initially (so that more 
oxide is available once it degrades) is an effective means of controling degraded WP criticality under 
worst cases conditions. This subject is further investigated in Section 7.7.  

Table 7.4-12 presents krr results for the two PWR absorber rod WP burnup/enrichment pairs (cr-I and 
cr-2) in the 58 vol% settled oxide and 33 vol% uniform oxide configurations. For the cases with DCRAs, 
the naming convention is given in Table 7.4-1. The same naming convention, with the 5th character 
("r") removed, is used for the cases without DCRAs. The DCRAs were modeled using the dimmensions 
discussed in assumption 4.3.15, the B4C material composition provided in Table 4.1-4, and the same 
oxide amounts as for the absorber plate WP (see assumption 4.3.17). Results are presented with and 
without the 16 rod DCRAs, indicating that the DCRAs provide an =24-25% reduction in kff for these 
fuel compositions in the settled configuration, and =26-27% reduction for the uniform configuration.  
Finally, Table 7.4-13 provides an evaluation of assembly spacing effects for the cr-I burnup/enrichment 
pair of the absorber rod WP.

~~~~D Jm An. I ..... s .



Waste Package Development D
Title: Criticality Evaluation of Degraded Internal Configurations for a PWR WP 
Document Identifier: BBAOOOOOO-01717-0200-00056 REV 00

.115::

Page 50 of 113

Figure 7.4-1. MCNP fully degraded basket model with uniformlv distributed oxide. Assembly detail shown at left.
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Figure 7.4-2. MCNP fully degraded basket model with 58 vol% settled oxide covering the bottom 3.5 assemblies. Assembly detail 

is shown at left.
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Table 7.4-1. Naming Convention for Fully Degraded WP MCNP Cases 

Characters 1 to 3 Characters 4 to 6 Character 7 

Oxide Vol% and Distribution k_ Bin Decay Time 

u30 = 30% uniform h13 = 1.13-h a = 8,000 years 
u33 = 33% uniform hi0= 1.10-h b = 10,000 years 
u40 = 40% uniform hO8 = 1.08-h c = 12,000 years 
r58 = 58% settled h06 = 1.06-h d = 14,000 years 

h04 = 1.04-h e = 18,000 years 
m13 = 1.13-m f= 25,000 years 
m10 = 1.10-m g =35,000 years 
mO0 = 1.08-m h = 45,000 years 
m06 = 1.06-m i =100,000 years 
m04 = 1.04-m j =250,000 years 
113 = 1.13-I 
110= 1.10-1 
108 = 1.08-1 
cr1 = cr-I w/DCRAs 
cr2 = cr-2 w/ DCRAs 

Table 7.4-2. Time Effects on Fully Degraded Basket kf for 30 Vol% Uniform Oxide Cases 
Decay 1Yr 2o kf, 1 2a k,, 1 2o 1 2a iko 1 2a 
TimeI (ye 1.13-h 1.10-h 1.08-h 1.06-h 1.04-h (years) 

8000 0.97649 0.00344 0.94348 0.004 0.91705 0.00424 0.90146 0.00384 0.87311 0.00366 

10000 0.9812 0.00368 0.94599 0.00406 0.92438 0.00414 0.90362 0.00476 0.88218 0.00282 

12000 0,98597 0,00382 0.95051 0.00284 0.92673 0.00484 0.9089 0.00336 0.87678 0.00374 

14000 0.98853 0.00382 0.95119 0.00438 0.92421 0.00342 0.91319 0.00378 0.88121 0.0043 

18000 0.99628 0.0045 0.95391 0.0039 0.92716 0.00426 0.91344 0.00348 0.88434 0.00452 

25000 0.99309 0.00388 0.9577 0.00434 0.93164 0.00412 0.91498 0.00346 0.88538 0.0048 

35000 0.99045 0.0045 0.95418 0.0033 0.93013 0.0036 0.91195 0.0032 0.87915 0.00382 

45000 0.98956 0.0042 0.94813 0.00338 0.9246 0.00374 0.91099 0.00476 0.87934 0.00344 

100000 0.97423 0.00336 0.93377 0.0029 0.90642 0,00354 0.88838 0.00358 0.85783 0.00254 

250000 0.97543 0.0036 0.92984 0.00426 0.90591 0.00364 0.89038 0.00504 0.85309 0.00356 

1. 13-m 1.10-m 1.08-m 1.06-m 1.04-m 

8000 0.95898 0.00456 0.90754 0.00348 0.892 0.00362 0.87593 0.00294 0.86336 0.0037 

10000 0.96422 0.00446 0.90799 0.00376 0.89623 0,00288 0.87956 0.00416 0.86298 0.00368 

12000 0.96456 0.00516 0.91526 0,00406 0.89752 0.00422 0.88326 0.00398 0.86604 0.00374 

14000 0.96924 0.00456 0.91551 0.00322 0.8986 0.00358 0.88373 0.00324 0.86843 0.00422 

18000 0.96912 0.0046 0.92031 0.00408 0.90054 0.0035 0.88563 0.0046 0.87093 0.00394 

25000 0.97104 0.00426 0.91637 0,00402 0.89994 0.0041 0.88377 0.00364 0.87056 0.00478 

35000 0.97095 0.00362 0.90887 0.00324 0.8997 0.00298 0.88162 0.00324 0.86657 0.00286 

45000 0.96454 0.00336 0.90764 0.00334 0.88799 0.00308 0.87734 0.00356 0.85713 0.00326 

100000 0.95005 0.0044 0.87986 0.0038 0.86469 0.00262 0.85122 0.00318 0.83593 0.00374 

250000 0.94472 0.00372 0.88202 0.00372 0.86521 0.00358 0.84934 0.00308 0.83134 0.00336
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Table 7.4-3. Time Effects on Full De aded Basket k, for 33 Vol% Uniform Oxide Cases 
Decay K 1 2a k. 2ak 2a Time 
(years) 1.13-h 1. 1 0-h 1.08-h 1.06-h 1.04-h 
8000 0.95940 0.00500 0.92205 0.00438 0.90540 0.00410 0.88663 0.00506 0.86148 0.00464 
10000 0.96453 0.00408 0.93103 0.00292 0.90654 0.00374 0.88994 0.00426 0.86602 0.00360 
12000 0.97014 0.00450 0.92939 0.00408 0.90622 0.00354 0.89175 0.00364 0.86557 0.00484 
14000 0.97488 0.00410 0.93531 0.00428 0.91129 0.00430 0.89568 0.00344 0.87014 0.00300 
18000 0.97481 0.00432 0.93963 0.00316 0.91234 0.00376 0.89627 0.00330 0.87149 0.00400 
25000 0.97950 0.00370 0.94063 0.00478 0.91696 0.00436 0.90117 0.00294 0.87084 0.00312 
35000 0.98127 0.00352 0.94241 0.00420 0.91691 0.00342 0.89850 0.00374 0.86825 0.00398 
45000 0.97584 0.00424 0.93443 0.00430 0.90820 0.00410 0.89563 0.00364 0.86467 0.00418 
100000 0.96078 0.00330 0.91790 0.00402 0.88838 0.00422 0.87539 0.00334 0.83790 0.00346 
250000 0.95599 0.00324 0.91676 0.00280 0.88839 0.00388 0.87209 0.00402 0.83832 0.00256 

1.13-m I. 10-m 1.08-m 1.06-m 1.04-m 
8000 0.94780 0.00322 0.89034 0.00268 0.87986 0.00406 0.86300 0.00294 0.84661 0.00418 
10000 0.94559 0.00426 0.89416 0.00362 0.87991 0.00392 0.86289 0.00314 0.84513 0.00338 
12000 0.94992 0.00406 0.89767 0.00432 0.88083 0.00386 0.86876 0.00334 0.85123 0.00312 
14000 0.95091 0.00348 0.90085 0.00280 0.88070 0.00428 0.86942 0.00390 0.84967 0.00336 
18000 0.95230 0.00446 0.90109 0.00360 0.88625 0.00372 0.87165 0.00390 0.85503 0.00374 
25000 0.95880 0.00304 0.89804 0.00450 0.88413 0.00372 0.86785 0.00420 0.85525 0.00366 
35000 0.95597 0.00408 0.89851 0.00322 0.88147 0.00282 0.86730 0.00426 0.85211 0.00390 
45000 0.95108 0.00400 0.88650 0.00344 0.87449 0.00380 0.85935 0.00394 0.84109 0.00424 
100000 0.93344 0.00308 0.86718 0.00404 0.85119 0.00312 
250000 0.93282 0.00338 0.86507 0.00314 0.85089 0.00286 

_1.13-1 1.10-1 1.08-1 
8000 0.87885 0.00336 0.74746 0.00258 0.81133 0.00314 
10000 0.87710 0.00334 0.74609 0.00320 0.81620 0.00354 
12000 0.88228 0.00300 0.74567 0.00346 0.81349 0.00332 
14000 0.87892 0.00360 0.74414 0.00218 0.81734 0.00252 
18000 0.87972 0.00278 0.73717 0.00300 0.81385 0,00346 
25000 0.87467 0.00304 0.72932 0.00250 0.80625 0.00366 
35000 0.86732 0.00428 0.72132 0.00244 0.79736 0.00380 
45000 0.86190 0.00286 0.71341 0.00302 0.78899 0.00294 
100000 0.84241 0.00320 0.69060 0.00362 0.76311 0.00264 
250000 0.83725 0.00350 0.69082 0.00318 0.75251 0.00294
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Table 7.4-4. Time Effects on Fully Degraded Basket k,, for 40 Vol% 
Uniform Oxide Cases 

Decay k, 2a k• 2a k j 2a 
Time (yeas. 13-h 1.10-h 1.08-h (years) 

8000 0.92783 0.00448 0.88871 0.00364 0.8664 0.00468 

10000 0.93185 0.0038 0,89419 0.00454 0.87037 0.00426 

12000 0.93349 0.00336 0.89367 0.00346 0.87496 0.00346 

14000 0.93259 0.00358 0.89659 0.00474 0.87854 0.004 

18000 0.93961 0.00388 0.90302 0.00468 0.87989 0.00296 

25000 0.93715 0.00362 0.90235 0.00342 0.87993 0.00352 

35000 0.9367 0.0042 0.90071 0.00346 0.8788 0.00398 

45000 0.93671 0.00324 0.8961 0.004 0.86997 0.00392 

100000 0.92029 0.00506 0.87527 0.00318 0.85109 0.00336 

250(0 0.92224 0.00332 0.87731 0.00352 0.85134 0,00346 

1.13-m 1.10-M 1.08-m 

8000 0.90653 0,00362 0.85663 0.00392 0.84288 0.00458 

10000 0.91058 0.00294 0.86119 0.00326 0.84604 0.00376 

12000 0.91151 0.00376 0.85939 0.00352 0.84369 0.00358 

14000 0.92032 0.00388 0.8623 0.00418 0.8469 0.00378 

18000 0.91843 0.00526 0.86296 0.00276 0.85074 0.00334 

25000 0.91832 0.00298 0.8662 0.00268 0.85118 0.00322 

35000 0.92094 0.00352 0.85573 0.0034 0.84426 0.0031 

45000 0.91052 0.00334 0.85188 0.00276 0.83479 0.00266 

100000 0.89471 0.0038 0.82996 0.00396 0.81102 0.00296 

250000 0.895.17 0.00364 0.82722 0.00482 0.81109 0.0025
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Table 7.4-5. Time Effects on Fully Degraded Basket kf for 58 Vol% Settled Oxide Cases 
Decay kff 2a kff 2a kfrI2aof 20y Kf 
Time s. 13-h 1.10-h 1.08-h 1.06-h 1.04-h (years) 
8000 0.99890 0.00512 0.96647 0.00428 0.94470 0.00454 0.92525 0.00454 0.90404 0.00470 
10000 1.00524 0.00354 0.97254 0.00560 0.94585 0.00428 0.93297 0.00262 0.89979 0.00444 
12000 1.00927 0.00466 0.97332 0.00524 0.95118 0.00492 0.93368 0.00446 0.90453 0.00546 
14000 1.00530 0.00374 0.97561 0.00404 0.94619 0.00426 0.93212 0.00496 0.90438 0.00418 
18000 1.01008 0.00530 0.97438 0.00514 0.95400 0.00364 0.94116 0.00556 0.91260 0.00416 

25000 1.01860 0.00486 0.98364 0.00614 0.95235 0.00476 0.94242 0.00362 0.91110 0.00352 
35000 1.01296 0.00456 0.97519 0.00380 0.95284 0.00346 0.93958 0.00396 0.91557 0.00412 
45000 1.01523 0.00356 0.97643 0.00520 0.94864 0.00382 0.93424 0.00466 0.90401 0.00478 
100000 1.00509 0.00458 0.96388 0.00462 0.93881 0.00402 0.92127 0.00364 0.88384 0.00442 

250000 1.00346 0.00408 0.96210 0.00422 0.93716 0.00346 0.91772 0.00376 0.88439 0.00352 
1.13-m 1.10-m 1.08-m 1.06-m 1.04-Mr 

8000 0.98997 0.00508 0.93342 0.00362 0.92100 0.00424 0.90939 0.00438 0.88925 0.00348 
10000 0.99060 0.00432 0.93822 0.00418 0.92502 0.00404 0.90922 0.00380 0.89300 0.00350 

12000 0.99317 0.00494 0.94558 0.00462 0.92541 0.00336 0.91134 0.00512 0.89259 0.00380 

14000 0.99534 0.00480 0.94274 0.00436 0.92840 0.00448 0.91036 0.00414 0.89298 0.00460 

18000 0.99274 0.00426 0.94613 0.00354 0.92769 0.00474 0.91451 0.00396 0.89437 0.00494 
25000 0.99664 0.00492 0.94893 0.00430 0.93136 0.00380 0.91233 0.00384 0.89682 0.00358 
35000 0.99766 0.00502 0.94035 0.00388 0.92812 0.00354 0.91454 0.00436 0.89426 0.00366 
45000 0.99509 0.00432 0.93628 0.00352 0.92035 0.00444 0.90562 0.00486 0.88630 0.00356 
100000 0.97914 0.00320 0.91779 0.00308 0.90279 0.00468 0.88905 0.00398 0.86848 0.00296 
250000 0.97992 0.00488 0.91855 0.00410 0.89947 0.00370 0.88820 0.00416 0.86543 0.00362 

1.13-1 1.10-1 1.08-1 

8000 0.93247 0.00424 0.80818 0.00368 0.86661 0.00366 
10000 0.92797 0.00428 0.80556 0.00434 0.86932 0.00434 
12000 0.93130 0.00370 0.80331 0.00306 0.86715 0.00330 
14000 0.93426 0.00506 0.80484 0.00302 0.86922 0.00360 

18000 0.93316 0.00440 0.80229 0.00330 0.86592 0.00304 

25000 0.92631 0.00390 0.79302 0.00324 0.86234 0.00468 

35000 0.92286 0.00358 0.78369 0.00344 0.85044 0.00368 
45000 0.91687 0.00400 0.77854 0.00454 0.84783 0.00368 

100000 0.90259 0.00386 0.75962 0.00372 0.82496 0.00346 
250000 0.89677 0.00394 0.75451 0.00250 0,81900 0.003401
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Table 7.4-6. Effects of Peak Boron Adsorption on iron Oxide
-Decay 33 vol% Uniform 58 vol% Settled 

Bim(years) k a Ak (%) kf o Ak (%) 

1.13-h 25000 0.96586 0.00175 -1.39% 1.01598 0.00218 -0.26% 

1.13-m 35000 0.94447 0.00134 -1.20% 0.99602 0.00188 -0.16% 

1.13-1 14000 0.8695 0.00167 -1.07% 0.93223 0.00122 -0.22%

Table r.4--. trEects or0 issolveU -. on ruiiy Uc[raucu DaasiC wi JovuIoA eLU~u x.,uz Ief 

Grams `'B 1.13-h 1.13-m 1.13-1 

in Solution kaf o Ak (%) kf a Ak (%) 0 a Ak (%) 

30112.56 0.37292 0.00098 -63.39% 0.33736 0.00145 -66.18% 0.27577 0.00087 -70.48% 

3011.26 0.71735 0.00135 -29.57% 0.67794 0.00178 -32.05% 0.58924 0.00138 -36.93% 

1505.63 0.81535 0.00203 -19.95% 0.77506 0.00178 -22.31% 0.69036 0.00165 -26.11% 

602.25 0.91192 0.00204 -10.47% 0.88096 0.00181 -11.70% 0.79749 0.00141 -14.64% 

301.13 0.95768 0.00150 -5.98% 0.93122 0.00230 -6.66% 0.85199 0.00139 -8.81% 

150.56 0.99188 0.00250 -2.62% 0.97043 0.00227 -2.73% 0.89177 0.00258 -4.55% 

60.23 1.00380 0.00197 -1.45% 0.98357 0.00164 -1.41% 0.91522 0.00172 -2.04% 

30.11 1.00986 0.00186 -0.86% 0.99076 0.00200 -0.69% 0.92085 0.00215 -1.44% 

0.00 1.01860 0.00243 0.00% 0.99766 0.00251 0.00% 0.93426 0.00253 0.00% 

Table 7.4-8. Effects on Peak lf ofVarying the Fuel Assembly Spacing for the 33 Vol% Uniform Cases 

MCNP Case Name Spacing Between Fuel k,, o 
Assemblies, cm 

u33h13g none 0.98127 .00176 

u3h3g05 0.5 0.98536 .00186 

u3h3gll 1.0 0.98658 .00204 

u3h3g!5 1.5 0,97909 .00190 

u3h322 2.0 0.97561 .00237

• t t • A •
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Table 7.4-9. Peak !,, Results for Transition from 33 Vol% Uniform Oxide to 58 Vol% Settled Oxide 

Vol % Oxide 1.13-h 1.13-m 

Upper Lower kff a case ID k'r a MCNP Case 
Region Region Name 

33 33 0.96595 0.00211 r33h13g.o 0.95068 0.00196 r33m13f.o 

28.7 36 0.96112 0.00194 r36h13g.o 0.93612 0.00217 r36m13f.o 

26.1 38 0.95473 0.00206 r38h13g.o 0.93365 0.00158 r38m13f.o 

22.2 41 0.95233 0.00181 r41hl3g.o 0.93399 0.00206 r4lml3f.o 

19.6 43 0.95343 0.00195 r43h13g.o 0.93266 0.00147 r43m13f.o 

15.7 46 0.95797 0.00194 r46h13g.o 0.93746 0.00157 r46m 13f.o 

13 48 0.96813 0.00156 r48hl3g.o 0.94736 0.00211 r48m13f.o 

9.1 51 0.97723 0.00189 rSlhl3g.o 0.95829 0.00174 rSlml3f.o 

6.5 53 0.98407 0.00219 r53h13g.o 0.96797 0.00199 r53m13f.o 

2.6 56 1.00614 0.00249 r56h13g.o 0.98371 0.00267 r56m13f.o 

0 58 1.01870 0.00243 r58h13g.o 0.99359 0.00193 r58m13f.o 

Table 7.4-10. Effects of Internal Water Level on Peak Fully Degraded WP kf, 
MCNP Water Height Rows of MCNP Water Height Rows of 
Case Relative to Assys. ktn a Case Relative to Assys. k,, a 
Name Top of Upper Below Name Top of Upper Below 

Assy. (cm) Water Line Assy. (cm) Water Line 

33 Vol% Uniform Oxide - 1.13-h -25,000,ears 58 Vol% Settled Oxide - 1. 13-h - 35,000 ears 

u33h13al 21.30 5 0.98127 0.00176 r58h13al 21.30 5 1.01623 0.00268 

u33h13a2 0 5 0.97677 0.00152 r58h13a2 0 5 1.00593 0.00205 

u33h13a3 -20.30 4 0.96635 0.00168 r58hl3aw -17.31 4.2 0.91346 0.00175 

u33h13a4 -40.60 3 0.94071 0.00150 r58hl3bw -18.76 4.133 0.90712 0.00170 

u33hI3aw -53.58 2.4 0.91003 0.00178 r58h13a3 -20.30 4 0.87914 0.00199 

u33h13a5 -60.90 2 0.88949 0.00179 - - - -

33 Vol% Uniform Oxide - 1. 13-m - 35,000 years 58 Vol% Settled Oxide - 1.13-m - 25,000 years 

u33m13ai 21.30 5 0.95880 0.00152 r58m13al 21.30 5 0.99656 0.00201 

u33m13a2 0 5 0.95913 0.00252 r58m13a2 0 5 0.98569 0.00186 

u33m13a3 -20.30 4 0.94149 0.00184 r58m13aw -12.98 4.4 0.92672 0.00185 

u33m13a4 -40.60 3 0.92591 0.00142 r58ml3bw -14.43 4.333 0.91801 0.001801 

u33m13aw -46.37 2.733 0.90840 0.00175 r58ml3cw -15.87 4.267 0.91090 0.00129 

u33m -13a5 -60.90 1 2 .67341 0.00175hr8ba -20.30 _ 4 0.85541 .0_178_



Waste Packaqe Development Desian Analysis
Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs 
Document Identifier: BBAOOOOOO-01717-0200-00056 REV 00 Page 58 of 113

'7 A..1 I US� S..J,�AJU 5'�&L VUIIJ I.J�gIdU�U JO VUI70 3�LLLCU wr �
a u•,, •.-. •• l.tt Vl.+ VAIU ".V UR£•JI M ,yer;t VUlly VegrI•-ad .. v10 VUI e t.C UL.IWrL" I, 

Assembly 1 20 k.,__ 20; _ _ _ 2a 
Rows Covered 1.13-h 1.10-h 1.0-h 

3 1.06922 0.00404 1.03066 0.00364 1.00786 0.0037 
4 0.95485 0.00684 0.91484 0.00648 0.8927 0.00416 

4.5 0.86004 0.00352 0.82257 0.00322 0.80013 0.00342 
1.13-m 1.10-m 1.08-m 

3 1.04552 0,00406 0.99641 0.00492 0.97969 0.00332 
4 0.93053 0.00468 0.87782 0.00628 0.86528 0.00516 

4.5 0.84022 0.00356 0.78306 0,0028 0,76956 0.00288 
1.13-1 1.10-1 1.08-1 

3 0.97952 0.0033 0.84257 0.00244 0.91064 0.00318 
4 0.86032 0.00542 0.7326 0.00414 0.7985 0.00368 

4.5 0.75953 0.00368 0.62904 0.00266 0.70032 0.00276 

1.06-h 1.04-h cr-1 
3 0.98761 0.00332 0.95911 0.00412 1.27278 0.00244 
4 0.87786 0.00418 0.85456 0.00502 1.14182 0.0063 

4.5 0.78917 0.00436 0.76458 0.00266 1.05067 0.00334 
1.06-m 1.04-m cr-2 

3 0.96403 0.00352 0.94751 0.00308 1.2157 0.0043 
4 0.85124 0.00504 0.83424 0,00558 1.08923 0.00474 

r..l. I A-1 1 7•p<ff. IF i'& l :A T -l 4i .1 C rtr_ vl•9 3t• 4

Table 7.4-1!2. V.� Re�n1t� for Ah�orber Rod WP Thi4� uth 2rirl uAthnut 1 � Pr�A ThC'� A�

Burnup/ Decay 58 Vol% Settled 33 Vol% Uniform 
Enrich. Time without DCRAs with 16 rod DCRAs w/o DCRAs with 16 rod DCRAs 

Pair (years) K*f 2a k, 2a kf 2a k.. 2a 

8000 1.21268 0.00392 0.91382 0.00584 1.18462 0.00406 0.86380 0.00418 
10000 1.21325 0.00450 0.91715 0.00474 1.18060 0.00376 0.86603 0.00466 
12000 1.21087 0.00480 0.90751 0.00508 1.18225 0.00472 0.86382 0.00284 
14000 1.21129 0.00440 0.91157 0.00494 1.18280 0.00474 0.86408 0.00456 

cr- 1 18000 1.21070 0.00444 0.91066 0.00478 1.18425 0.00288 0.86595 0.00424 
25000 1.21464 0.00410 0.91253 0.00418 1.18004 0.00446 0.86228 0.00494 
35000 1.20968 0.00496 0.90923 0.00380 1.17711 0,00458 0.86076 0.00484 
45000 1.21114 0.00400 0.91625 0.00544 1.18136 0.00440 0.86317 0.00568 
100000 1.21247 0,00476 0.91233 0.00462 1.18206 0.00394 0.85475 0.00326 
8000 1.15478 0.00452 0.86963 0.00488 1.11821 0.00320 0.82703 0.00434 
10000 1.15596 0.00422 0.87521 0,00458 1.12163 0.00422 0.82424 0.00510 
12000 1.15617 0.00368 0,86991 0.00600 1.12595 0.00394 0.82318 0.00372 
14000 1.16037 0.00322 0.87219 0.00390 1.12962 0.00412 0.82478 0.00426 

cr-2 18000 1.15607 0.00556 0.87638 0.00508 1.12789 0.00468 0.82469 0.00454 
25000 1.16360 0.00430 0.87859 0.00470 1.12942 0.00484 0.83002 0.00432 
35000 1.16062 0.00410 0.87166 0.00486 1.12899 0.00600 0.82314 0.00422 
45000 1.16026 0.00506 0.86992 0.00450 1.13141 0.00602 0.82534 0.00330 
100000( 1,15605 0.00308 0.86913 0.00464 1,12186 0.00392 0.81415 0.00394 = -.... .• .

"rahlA, "/ LtI 1
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Table 7.4-13 Effects on Peak k,, of Varying the Fuel Assembly Spacing for the cr-I 33 Vol% Uniform Cases 

MCNP Case Name Spacing Between Fuel ko 
Assemblies (cm) 

c33crlb none .86603 0.00233 

c3c1bO5 0.5 .88807 0.00204 

c3clblO 1.0 .90609 0.00227 

c3cIbl5 1.5 .91630 0.00226 

c3clb2O 2.0 .91928 0.00254
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7.5 Analysis of Fully Degraded Basket Configurations with Degraded Fuel Assemblies 

The purpose of this section is to describe the MCNP cases needed to characterize the possible fully 
degraded basket configurations with degraded fuel assemblies. Only the 33 vol% uniform case has been 
evaluated, as consolidation of the fuel rods in the 58 vol% settled case would cause the rods in the top 
1.5 assembly rows that are currently in clear water to settle below the oxide layer. Thus, evaluation at 
33 vol% uniform is bounding for the settled oxide scenario as well. As this evaluation of sensitivity to 
consolidation is performed primarily to demonstrate that collapsed assemblies are less reactive than 
intact assemblies, only the 1.13-h fuel (bounding for the absorber plate WP) will be evaluated at a decay 
time of 25,000 years. The MCNP model "u30hl3f' was used as a base case, with surfaces 26 to 29 
modified to reduce rod pitch, and surfaces 60 to 63 modified to change assembly spacing (assembly 
spacing in vertical direction was always 0 cm). A 27% reduction in rod clearance corresponds to a 0 cm 
clearance between guide tubes and adjacent fuel rods. Fuel rod consolidation in only the vertical 
direction and in both vertical and horizontal directions was evaluated. Variations in spacing of the 
consolidated assemblies was also performed. The MCNP case names and results are provided in Table 
7.5-1.  

Table 7.5-1. Effects of Reduced Pitch for 1.13-h fuel at 25,000 years 
MCNP % Original Fuel Rod Assembly 
Case Clearance Horizontal kw 2a 
Name Vertical Horizontal Spacing 

u30hl3f 100% 100% 0cm 0.99309 0.00388 
upv73a0 73% 100% 0cm 0.97300 0.00448 
up73aC 73% 73% 1. 1 cm, 0.96998 0.00400 
up73a0 73% 73% 0 cm 0.95799 0.00338 
upvOa0 0% 100% 0cm 0.91239 0.00366 
upOaC 0% 0% 4.9 cm' 0.81261 0.00392 

upOaSO 0% 0% 2.45 cm 0.85417 0.00338 
upoa0 0% 0% 0 cm 0.79258 0.00342 

* - spacing maintains original assembly center-to-center spacing 

A final case ("upile") run with all of the fuel rods touching and completely settled into a cylinder 
segment at the bottom of the WP (with a volume equal to that displaced by 21 PWR assemblies) yielded 
a k.ff of 0.65588 ± 0.00394. Figure 7.5-1 shows the geometry for this fully degraded basket and fuel 
assembly configuration. Based on these results, it is evident that any degradation of the assembly 
structure, be it by corrosion of the grid spacers or dynamic loading, will result in reduced kaff values.  

As the above .analyses indicated reduced reactivity with further consolidation, completely degraded fuel 
with only pellet size and smaller particles of fuel distributed in the oxide was not explicitly evaluated.  
Previous studies (Ref. 5.52, Appendix) of fuel rubble conducted as part of the Three Mile Island Unit 
2 defueling examined the k,,r of spherical U0 2 particles (evaluated at enrichments of 2.34% and 2.96%) 
distributed in borated water, and found an optimum particle size of 3.5 cm in diameter and occupying 
66% of the total volume. Since a fuel pellet is much smaller than this particle size, an increase in krr 
above that shown for fully consolidated rods (pellets occupy =58 vol% of a pin cell) would not be 
expected.
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Figure 7.5-1. MCNP fully degraded basket model with degrad 'el spacer grids, intact fuel rods, and uniform oxide distribution )
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7.6 Development of Regressions Representing k,, of Degraded Configurations 

The purpose of this section is to develop regressions which relate the k1f for a particular class of 
configurations evaluated in Sections 7.3 and 7.4 (e.g., intact fuel with fully degraded basket and oxide 
settled to bottom of WP) to various parameters for that class (e.g., time, bumup, enrichment, assemblies 
covered by oxide, etc...). This will simplify application of the data in future probabilistic analyses.  

Using the results from the MCNP cases for the partial basket configurations evaluated in 7.3, separate 
multivariate nonlinear regressions were developed for the uniform and settled oxide configurations. The 
uniform regression used the MCNP cases given in Tables 7.3-2, 7.3-3, 7.4-2, and 7.4-4 (uniform data 
from Section 7.4 used for 0 mm B-SS thickness points), and the settled regression used the cases given 
in Tables 7.3-4 and 7.3-5. Both regressions were performed in the PARTBASK RESULTS sheet of the 
attached Excel 7.0 spreadsheet, BURNRICH.XLIW (see Section 9.0 and Attachment MI) using the Excel 
regression tool. Various forms of the regression equation were tried, and the results for the equation 
which provided the best fit to the data are provided in Table 7.6-1. The form of the regression equation 
in both cases is as follows: 

k,f,+2a = C40+Cb+Cb2b+C3a+C4a2 +C-,n(t)÷+Cp.(t)2+CL(t) +C+CsOCgT+ CoTr2 +CT 3 

where b is bumup in GWd/MTU, a is initial enrichment in wt%, t is decay time in years, T is thickness 
of borated stainless steel remaining in mm, and 0 is either vol% oxide for the uniform oxide 
configuration, or fuel rod rows covered for the settled cases. Note that for the uniform case, the vol% 
of Fe20 3 uniformly distributed throughout the WP void space may be quickly obtained by multiplying 
the kg of Fe released by basket corrosion by a factor of 4.9998E-3. The regression is applicable for times 
from 2,000 to 100,000 years, enrichments between 1.7% and 4.9%, burnups between 9 and 35 
GWd/MTU, plate thicknesses from 0 to 10 mm, and oxide amounts of 0% to 40% for uniform 
distribution, or 8 to 10 rows covered for oxide settled within an assembly. However, Table 7.6-3 

presents the results of test cases which were run to show that this regression still provides reasonable 
(and slightly conservative) results for even the most reactive high enrichment/low burnup fuels which 
were not included in the original dataset from which it was developed. The adjusted R2 is =0.99 for both 
regressions, indicating a very good fit to the data. Further statistical data (such as residuals) can be 
found in the .spreadsheet file.  

Using the results from the MCNP cases for the fully degraded basket configurations evaluated in Section 
7.4, separate multivariate nonlinear regressions were developed for the uniform and settled oxide 

configurations. The uniform regression used the MCNP cases given in Tables 7.3-2 to 7.3-4, and the 

settled regression used the cases given in Table 7.4-5. The regressions were performed in the 
UNIFORM RESULTS and SETTLED RESULTS sheets of the Excel 7.0 spreadsheet, 
BURNRICIH.XLW (see Section 9.0 and Attachment IH), using the Excel regression tool. Various forms 
of the regression equation were tried, and the results for the equation which provided the best fit to the 

data are provided in Table 7.6-2. The form of the regression equation in both cases is as follows: 

k¢,+ 2a = C0 +C1Ln(t) +C2b+C3a+C4Ln(t)21 ÷CLn(t)3+C6b
2 +C#3 

+ CC a 2 +C9a3 ,Ca 3 Ln(t+b+C1 WLnt)a+C,20 

where b is bumup in GWd/MTU, a is initial enrichment in wt%, t is decay time, and 0 is vol% oxide 

for the uniform oxide configuration and assembly rows covered for the settled cases. The regression is 

applicable for times from 8,000 to 250,000 years, enrichments between 0.8% and 4.9%, burnups between
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3 and 48 GWdfMTU, and oxide amounts of 30% to 40% for uniform distribution and 3 to 4.5 assembly 

rows covered for settled. The adjusted R2 is =0.99 for both regressions, indicating a very good fit to the 

data. Further statistical data (such as residuals) can be found in the spreadsheet file.

Table 7.6-1. Regression Results for 
Partiall, Degraded Basket WP kaf+2o 

Regression Parameter Uniform Settled 
Oxide Oxide 

C. 2.35498 1.72095 

C1  -6.6737e-03 -6.7237e-03 

C, - 1.8096e-05 - 1.6667e-05 

C' 1.4180e-01 1.3348e-0I 

C4  -7.1354e-03 -6.0497e-03 
C' -5.1930e-01 -3.1232e-01 

C. 5.9471 e-02 3.7442e-02 

C7 -2.2406e-03 -1.4715e-03 
C. -5.0889e-03 -1.6797e-02 

C9  -7.4906e-02 -6.6316e-02 

C,0  1.0646e-02 9.4036e-03 

C11 -5.2334e-04 -4.6905e-04 

Adjusted R Square 0.98970 0.98497 

Standard Error 0.00831 0.00846 

Observations 277 205 

Table 7.6-2. Regression Results for Fully Degraded 
Basket WP kf-i+2o 

Regression Parameter 33% Uniform 58% Settled 
Oxide Oxide 

Ca -5.12955 -1.25161 

C' 1.65615 6.83154e-01 

C, -8.52852e-03 -6.65133e-03 
C' 2.92660e-01 2.66145e-01 

C4  -1.5397le-0t -6.40282e-02 

Cs 4.67070e-03 1.9263 le-03 

C_ 6,89640e-05 -2.67041 e-05 

C' -1.63227e-07 6.12197e-07 

C' -6.71372e-02 -6.18276e-02 

C9 5.36083e-03 5.20352e-03 

Ci -4.0815le-04 -1.36497e-04 

C,1  7.23708e-03 5.08490e-03 

C12 -5.25978e-03 - 1.40918e-01 

Adjusted R Square 0.99254 0.99073 

Standard Error 0.00463 0.00906 

Observations 286 283
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Table 7.6-3. Test of Partial Basket RegrsinFor BunpErcmnsOtieo h nta aae

The data from Table 7.3-6 was used to develop a multivariate regression for predicting the Aker/ktff 
resulting from various amounts of boron remaining in solution for the partially degraded basket with 

various amounts of iron oxide settled to the bottom of each assembly, and various plate thickness 

remaining. The regression was performed in the BORON sheet of the Excel 7.0 spreadsheet, 

BURNRICH.XLW (see Section 9.0 and Attachment HII), using the Excel regression tool. Various forms 

of the regression equation were tried, and the results for the equation which provided the best fit to the 

data are provided in Table 7.6-4. The form of the regression equation is as follows: 

Akj/kff = C0+Cln(B)+C2ln(B)2 +C3ln(B)3 +C4T*C5O 

where b is bumup in GWd/MTU, B is the total grams of '0B in solution in the fully flooded WP, T is 

thickness of borated stainless steel remaining in mm, and 0 is fuel rod rows covered. The regression 

is applicable for 0.03 to 3 kg of '0B in the fully flooded WP (8.2 to 820 ppm '"B).

Table 7.6-4. Regression Parameters for Ak/k,, as a Function of Dissolved `DB 
for the 58 vol% Settled Oxide Partial y Degraded Basket Configuration 

Cq 6.37971e-03 

C, -6.07375e-02 

C, 2.08433e-02 

C3  -2.21564e-03 

C4  3.59713e-04 

C, 4.23685e-03 

Adjusted R Square 0.99337 

Standard Error 0.00676 

Observations 48

Settled Partial Basket
Time Burnup % Rows B-SS thickness Regression MCNP test cases % 

(years) GWd/MTU Enrich. Covered (mm) k,,+ 20 case name kin a k, + 20 Difference 

10000 3 4.3 8 7 1.01400 B08CRID 1.00132 0.00209 1.00550 0.84% 

14000 3 4.3 8 10 0,98703 A08CRIF 0.98456 0.00207 0.98870 -0.17% 

14000 13 4.7 8 10 0.94873 A08CR2F 0.94081 0.00286 0.94653 0.23% 

14000 3 4.3 0 10 1.12140 AOOCRIF 1.10723 0.00277 1.11277 0.78% 

14000 13 4.7 0 10 1.08311 AOOCR2F 1.06813 0.00300 1.07413 0.84% 

Uniform Partial Basket 

Time Burnup % Vol B-SS Regression MCNP test cases % 

(years) GWd/MTU Enrich. % (mm) k2 + 20 case name k o k, f+ 20 Differenc 

10000 3 4.3 30 7 0.98912 B30CRID 0.98139 0.00203 0.98545 0.37% 

14000 3 4.3 30 10 0.96517 A30CR1F 0.95675 0.00199 0.96073 0.46% 

14000 13 4.7 30 10 0.92657 A30CR2F 0.91892 0.00285 0.92462 0.21% 

14000 3 4.3 0 10 1.11784 AOOCRIF 1.10723 0.00277 1.11277 0.46% 
I4 M = 13 - - -4.7 - l0 !.07924 A 2 1_0f6813 - 0.00"400 1_107411 -0_4 1% --

wyl;lLl,• nna 9)zt.WlL&4-tne' pa u Ivvvimmant. -- ia -- vs•
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Finally, the data from Table 7.4-7 was used to develop a multivariate regression for predicting the Ak/kf 

resulting from various amounts of boron remaining in solution for the fully degraded basket with 58 

vol% iron oxide settled to the bottom. The regression was performed in the BORON sheet of the Excel 

7.0 spreadsheet, BURNRICH.XLW (see Section 9.0 and Attachment I1), using the Excel regression tool.  

Various forms of the regression equation were tried, and the results for the equation which provided the 

best fit to the data are provided in Table 7.6-5. The form of the regression equation is as follows: 

Ak•/kf = C0 +Cjln(B)+C2In(B)2 +C31n(B)3 

where b is burnup in GWd/MTU, and B is the total grams of "°B in solution in the fully flooded WP.  

The regression is applicable for 0.03 to 3 kg of 10B in the fully flooded WP (8.2 to 820 ppm '°B).  

Table 7.6-5. Regression Parameters for Ak/kff as a Function of Dissolved 0̀B for the 
58 vol% Settled Oxide Fully Degraded Configuration 

C, 2.32558e-02 

C, -3.56383e-02 

C, 1.42821e-02 

C' -1.91685e-03 

Adjusted R Square 0.97302 

Standard Error 0.01905 

Observations 22

wW4L, to pa lptdiJ ga- noylom anit|I'-i -
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7.7 Options for Reducing kef of Degraded Configurations 

This section discusses design options for lowering fully degraded WP kff. Section 7.7.1 discusses 
adding additional carbon steel to the intact 21 PWR absorber plate WP basket so that sufficient iron 
oxide is produced upon its degradation to maintain a kn less than 0.91 for the most reactive fuel to be 
loaded into it. Section 7.7.2 discusses altering the loading scheme for the current 21 PWR absorber plate 
WP to prevent the peak kerr for the worst fully degraded configuration from exceeding a given value.  

7.7.1 Adding Additional Carbon Steel 

The purpose of this section is to determine the amount of additional carbon steel that needs to be added 
to the container to reduce the k• below 0.91 after degradation of the basket. A k.r of 0.91 is used here 
as the criticality safety limit based on an assumed bias and uncertainty in the method of calculation of 
4% (see assumption 4.3.16) and the current 5% regulatory margin (see Section 4.2). This evaluation will 
-assume a settled volume fraction of 58% (worst configuration identified thus far) for the 1.13-h k. bin 
at its peak. Once the amount of additional carbon steel necessary for the settled case is determined, the 
amount for the uniformly distributed case is found to ensure that both configurations are covered. The 
VOLMASS sheet of the Excel 7.0 worksheet BURNRICH.XLW, allows determination of the volume 
fractions of iron oxide as a function of additional carbon steel material mass added, and the level of the 
iron oxide in the intact fuel assemblies. This spreadsheet was used to develop the number of fuel rods 
covered by the oxide in the MCNP models.  

The first case examined was for the 1.13-h bin. An iteration process was initiated to determine the 
number of assemblies/rods that had to be covered to obtain about a 0.91 kff. The previous evaluations 
considered =3.5 assemblies covered (3 assemblies plus 8 rod rows). The peak reactivity for the 58% 
settled cases was 1.0 186 for a 25,000 year decay period (see Table 7.4-5). Cases for 4 assemblies plus 
3 rods filled, plus 4 rods, and plus 8 rods were examined first. These gave kff values of 0.915, 0.908, 
and 0.863, respectively. Interpolation between the 4 and 3 row cases, indicate a k. of 0.91 would be 
obtained for 3.7 rods covered in the fifth assembly for the 58% settled iron oxide case. The spread sheet 
indicated that this would require an additional 1,355 kg of carbon steel in the container initially to reach 
that level. For the uniform case this corresponds to an iron oxide volume fraction of 39.51%. A series 
of uniform cases for 25,000 year decay, with volume percents of 38.85%, 42.79%, and 45.68% yielded 
kaf values of 0.951, 0.927, and 0.911. Based upon extrapolation from the last two cases, a 0.91 keff 
should be obtained for a uniform oxide volume percent of 45.93% or 2,659 additional kg of carbon steel.  
The cases executed for this evaluation are listed in Table 7.7.1-1.  

A similar procedure was followed for the 1. 13-in cases at the peak at 35,000 years decay. The required 
mass of carbon steel for the 58 vol% settled cases was 1,067 kg (38.09 vol% uniform) to give a kfr of 
about 0.91. This covered about 1.64 rods in the fifth assembly. For the uniform case, a value of about 
41.55 vol% oxide (1,770 kg carbon steel) was required to give the 0.91 value as seen from Table 7.7.1 -I.  

For the 1.13-I cases, with a peak krr at 14,000 years, 10.66 rods in the fourth assembly need to be 
covered for the 58 vol% settled configuration. This corresponds to a uniform volume fraction of about 
34.03 vol% (243 kg additional carbon steel). Based upon Table 7.4-3, at 33vo1%, the kff is only about 
0.88, so that uniform fractions below about 30% would be required for kert < 0.91. This is below that
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available from complete degradation of the basket, so additional material would not be needed to cover 

the uniform cases.  

Table 7.7.1-1. k., Results for Additional Carbon Steel Cases 

Case/ID 2o Decay Oxide Cover Uniform Additional Carbon 
(years) Assy/Rows Vol% Steel (kg) 

1.13-h 

settled, r58h1342.o 0.91447 0.00368 25000 4/3 

settled, r58h1343.o 0.90801 0.00358 25000 4/4 

settled, r58h1345.o 0.86259 0.00352 25000 4/8 

uniformu39hl3f.o 0.95068 0.00386 25000 4/2.7 38.85% 1215 

uniform, u43h13f.o 0.92723 0.00416 25000 42.79% 2018 

uniform, u45h13f.o 0.91141 0.00342 25000 45.68% 2607 
1.13-m 

settled, r58m134.o 0.93171 0.00488 35000 4/0 -

settled, r58m1341.o 0.90515 0.00488 35000 4/2 

settled, r58m1343.o 0.89085 0.00400 35000 4/3 
uniform, u38m1I3g.o 0.92586 0.00438 35000 , 4/1.53 38.02% 1052 

uniform, u42mlI 3g.o 0.91108 0.00342 35000 -40.00% 1455 

uniform, u44m 131g.o 10.89471 0.00436 35000 -44.40% 2348 

1.13-1 
settled, r5 8113 10.o 0.91438 0.00320 14000 3110 

settled, r5811370.o 0.90774 0.00408 14000 3/11 

settled, r581138.o 0.88759 0.00578 14000 3/13
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7.7.2 Altering WP Loading Scheme 

Another option for reducing the peak keff of a fully degraded WP is to alter the loading scheme for the 

current 21 PWR absorber plate WP (as defined in Ref. 5.5) to prevent the peak keff for the worst fully 

degraded configuration from exceeding a given value. Based on the analyses in Sections 7.3 and 7.4, 

it is evident that the worst fully degraded configuration is the flooded WP With a fully degraded basket, 

58 vol% oxide settled to the bottom, and no boron remaining. For each of the 13 burnup/enrichment 

pairs (k.. bins) evaluated in Table 7.4-5, the peak k *go was selected, and an initial multivariate 

regression was performed in the SET LOADCURVE sheet of the attached Excel 7.0 spreadsheet, 

BURNRICH.XLW (see Section 9.0 and Attachment I1), using the Excel regression tool. Various forms 

of the regression equation were tried, and the results for the equation which provided the best fit to the 

data are provided in Table 7.7.2-3. The form of the regression equation is as follows: 

Peak kf+2o = Co+CB+C2 +C 3B2 +C4E2 +CsB 3+C6E3 

where B is burnup in GWd/MTU, and E is initial enrichment in wt%. Based on this first regression, 

additional burnup/enrichment pairs were selected with predicted peak kf, values in the range of 0.91, 

0.93, 0.95, and 1.0, to better extend the range of the regression. The selected burnup/enrichment pairs, 

and the associated SAS2H input data (see Section 7.2 for method of calculation), are given in Table 
7.7.2-1.  

Table 7.7.2-1. Summary of Additional Burnup/Enrichment Pairs and Associated SAS2H Input 
Data for 59 Vol% Settled Peak k,,, Curve Verification Cases 

10 yr k- per Burnup U235 U234 U236 U238 EFPD SAS2H 

assumption (GWd/MTU) weight% weight% weight% weight% at 7.25 case 

4.3.11 
MW/assy 

Settled 3.5 1.109 10 1.603 0.0129 0.0074 98.3767 640 e16b10 

row 1.073 20 2.275 0.0188 0.0105 97.6957 1280 e228b20 

k,,=0.91 1.057 30 3.142 0.0267 0.0145 96.8168 1920 e314b30 

1.039 45 4.568 0.0401 0.0210 95.3709 2880 e457b45 

Settled 3.5 1.120 10 1.72 0.0139 0.0079 98.2582 640 e172b10 

row 1.086 20 2.435 0.0203 0.0112 97.5335 1280 e244b20 

k,,=0.93 1.071 30 3.363 0.0288 0.0155 96.5928 1920 e336b30 

1.048 45 4.787 0.0422 0.0220 95.1488 2880 e479b45 

Settled 3.5 1.131 10 1.843 0.0150 0.0085 98.1335 640 e184b10 

row 1.100 20 2.606 0.0218 0.0120 97.3602 1280 e261b20 

1,--.9 5  !.086 30 3.597 0.0310 0.0165 96.3555 1920 e36b30 

1.057 45 4.993 0.0442 0.0230 94.9399 2880 e499b45 

Settled 3.5 1.160 10 2.187 0.0181 0.0101 97.7849 640 e219b10 

row 1.135 20 3.092 0.0263 0.0142 96.8675 1280 e309b20 

_ _ I _o71 45 _.449_ _04RS1 00?_51 94-4774 -O288EOL I44 

Using the isotopics for each burnup/enrichment pair, 58 vol% settled MCNP cases (identical to those 

discussed in Section 7.4 except for the number densities) were run for the 10,000 to 35,000 year time 

period, which is the approximate time frame of the peak kfr. The burnup/enrichment pair number
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densities for the principal isotopes were calculated from SAS2H output summary files in the same 
manner as in Section 7.2. The results of these additional MCNP cases are summarized in Table 7.7.2-2 
(see Section 9.0 for the output files). The multivariate regression was then computed a second time 
using the peak k1f+ 2 0 for the original 13 cases plus the additional cases. The results of this second 
regression are also provided in Table 7.7.2-3. The adjusted R' of 0.987 indicates that the fit is good.  
The actual and predicted peak krff+ 2 J values used in the development of the second regression are 
provided in Table 7.7.2-4, along with the residuals. Based on the second regression, Figure 7.7.2-1 
shows the approximate locus of burnup/enrichment pairs which correspond to peak k.a values of 0.91, 
0.93, 0.95, and 1.0. This second regression may be used in place of assumption 4.3.11, and the 1. 13 k.  
upper bound discussed in Ref. 5.5, to define the range of burnup/enrichments pairs which may be loaded 
into the 21 PWR absorber plate WP to maintain the peak kff below a specific value. This value must 
be determined based on the administrative margin and the bias in the method of calculation, of which 
the latter is not determined for this analysis. For the worst case 58 vol% settled oxide configutation, 
Table 7.7.2-5 demonstrates the effect of using 16 rod DCRAs on the k., of those k. bins with k, values 
greater than 0.91 in Table 7.4-5. Similarly, Table 7.7.2-6 presents the kyf results of adding DCRAs to 
the same fuels for the 33 vol% uniform oxide configuration. The naming convention for these cases is 
consistant with that shown in Table 7.4-I, except that the first character is replaced with a "C" to 
indicate that DCRAs are present. DCRA dimmensions are given in assumption 4.3.15, and material 
compositions are given in Table 4.1-4.  

Table 7.7.2-2. klf Results for 58 Vol% Settled Peak keff Curve Verification Cases 
MCNP Case Decay Time Burnup %ly 2a 

Name (years) (GWd/MTU) Enrichment 
R58LAIB 10000 10 1.6 0.90667 0.00416 

R58LA1C 12000 10 1.6 0.90612 0.00328 
R58LAID 14000 10 1.6 0.90808 0.00440 
R58LAIE 18000 10 1.6 0.90803 0.00412 
R58LAIF 25000 10 1.6 0.89989 0.00382 

R58LA I G 35000 10 1.6 0.90138 0.00362 

R58LA2B 10000 20 2.28 0.89226 0.00512 
R58LA2C 12000 20 2.28 0.89870 0.00374 

R58LA2D 14000 20 2.28 0.89466 0.00382 

R58LA2E 18000 20 2.28 0.89158 0.00326 

R58LA2F 25000 20 2.28 0.89721 0.00384 
R58LA2G 35000 20 2.28 0.89137 0.00374 
R58LA3B 10000 30 3.14 0.89648 0.00358 
R58LA3C 12000 30 3.14 0.89871 0.00418 
R58LA3D 14000 30 3.14 0.90178 0.00448 

R58LA3E 18000" 30 3.14 0.90280 0,00354 
R58LA3F 25000 30 3.14 0.89835 0.00580 
R58LA3G 35000 30 3.14 0.89661 0.00332 

R58LA4B 10000 45 4.57 0.89940 0.00538 
R58LA4C 12000 45 4.57 0.90401 0.00432 

R58LA4D 14000 45 4.57 0.90601 0.00412 
R58LA4E 18000 45 4.57 0.90718 0.00416
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Table 7.7.2-2. k,, Results for 58 Vol% Settled Peak k, Curve Verification Cases 

"MCNP Case Decay Time Burnup % ken 2a 

Name (years) (GWd/MTU) Enrichment 

R58LA4F 25000 45 4.57 0.90576 0.00368 

R58LA4G 35000 45 4.57 0.90671 0.00440 

R58LBIB 10000 10 1.72 0.92074 0.00398 

R58LBIC 12000 10 1.72 0.92486 0.00346 

R58LBID 14000 10 1.72 0.92108 0.00508 

R58LBIE 18000 10 1.72 0,92225 0.00428 

R58LBIF 25000 10 1.72 0.92407 0.00416 

R58LB1G 35000 10 1.72 0.91684 0.00376 

R58LB2B 10000 20 2.44 0.91196 0.00448 

R58LB2C 12000 20 2.44 0.91419 0.00394 

R58LB2D 14000 20 2.44 0.91381 0.00328 

R58LB2E 18000 20 2.44 0.91590 0.00284 

R58LB2F 25000 20 2.44 0.91545 0.00318 

R58LB2G 35000 20 2.44 0.90836 0.00348 

R58LB3B 10000 30 3.36 0.91950 0.00386 

R58LB3C 12000 30 3.36 0.91905 0.00482 

R58LB3D 14000 30 3.36 0.92210 0.00426 

R58LB3E 18000 30 3.36 0.92326 0.00346 

R58LB3F 25000 30 3.36 0.91958 0.00384 

R58LB3G 35000 30 3.36 0.92221 0.00378 

R58LB4B 10000 45 4.79 0.91175 0.00498 

R58LB4C 12000 45 4.79 0.91786 0.00494 

R58LB4D 14000 45 4.79 0.91992 0.00434 

R58LB4E 18000 45 4.79 0.92092 0.00438 

R58LB4F 25000 45 4.79 0.92301 0.00402 

R58LB4G 35000 45 4.79 0.92334 0.00372 

R58LC1B 10000 10 1.84 0.94049 0.00502 

R58LC1C 12000 i0 1.84 0.94338 0.00436 

R58LC1D 14000 10 1.84 0.94341 0.00378 

R58LC1E 18000 10 1.84 0.93705 0.00410 

R58LCIF 25000 10 1.84 0.93582 0.00496 

R58LCIG 35000 10 1.84 0.93421 0.00454 

R58LC2B 10000 20 2.61 0.93280 0.00336 

R58LC2C 12000 20 2.61 0.92989 0.00370 

R58LC2D 14000 20 2.61 0.93398 0.00440 

R58LC2E 18000 20 2.61 0.94025 0.00406 

R58LC2F 25000 20 2.61 0.93728 0.00444 

R58LC2G 35000 20 2.61 0.93224 0.00560 

R58LC3B 10000 30 3.6 0.93803 0.00562 

R58LC3C 12000 30 3.6 0.93878 0.00384 

R58LC3D 14000 30 3.6 0.94272 0.00478 

R58LC3E 18000 30 3.6 0.94864 0.00412
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Table 7.7.2-2. k,, Results for 58 Vol% Settled Peak k, Curve Verification Cases 

MCNP Case Decay Time Bumup % kff 2a 
Name (years) (GWd/MTU) Enrichment 

R5SLC3F 25000 30 3.6 0.94351 0.00460 

R58LC3G 35000 30 3.6 0.94127 0.00412 

R58LC4B 10000 45 4.99 0.92856 0.00552 

R58LC4C 12000 45 4.99 0.92840 0.00392 

R58LC4D 14000 45 4.99 0.93564 0.00362 

R58LC4E 18000 45 4.99 0.93687 0.00394 

R58LC4F 25000 45 4.99 0.93752 0.00370 

R58LC4G 35000 45 4.99 0.93883 0.00412 

R58LD1B 10000 10 2.19 0.99048 0.00356 

R58LDIC 12000 10 2.19 0.98735 0.00372 

R58LDID 14000 10 2.19 0.98956 0.00472 

R58LDIE 18000 10 2.19 0.98615 0.00560 

R58LDIF 25000 10 2.19 0.98802 0.00436 

R58LD1G 35000 10 2.19 0.98707 0.00364 

R58LD2B 10000 20 3.09 0.97864 0.00490 

R58LD2C 12000 20 3.09 0.98234 0.00360 

R58LD2D 14000 20 3.09 0.98568 0.00446 

R58LD2E 18000 20 3.09 0.98514 0.00376 

R58LD2F 25000 20 3.09 0.98517 0.00416 

R58LD2G 35000 20 3.09 0.98400 0.00348 

R58LD3B 10000 45 5.45 0.95992 0.00428 

R5BLD3C 12000 45 5.45 0.96064 0.00410 

R58LD3D 14000 45 5.45 0.96160 0.00392 

R58LD3E 18000 45 5.45 0.97201 0.00472 

R58LD3F 25000 45 5.45 0.97006 0.00518 

R58LD3G 35000 45 5.45 0.97330 0.00486
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Table 7.7.2-3. Regression Results for 58 Vol% Settled Peak k~ff 
as a Function of Bumup and Enrichment 

Regression First Fit Second Fit 
Constants (Sect. 7.4 Data Only) (Sect. 7.4 + new cases) 

Co 6.08171e-01 6.40653e-01 

C, -1.05737e-02 -1.02912e-02 

C2  3.46934e-01 3.00169e-0I 

C3  1.40880e-07 -2.54581e-05 

C4  -6.71155e-02 -4.90929e-02 

C5 5.80601e-07 9.92035e-07 

C6  5.66667e-03 3.6452 le-03 

Adjusted R Square 0.99330 0.98723 

Standard Error 0.00454 0.00483

5C -0 

0) C.  
,,

4

3

1

. . . .. .. .. ..- ... . .. .. . ... .. .. .i. .. . .. ... .!. . .. .. . .. .:. . . .. . ... . ... .!. . .. . .. ..!. ... .. .. . - .. . .  
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....... .  
kef f = 0. 95 
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Figure 7.7.2-1. Peak kff+2 o as a Function of Bumup and Enrichment for the Flooded Fully 
Degraded WP Basket with 58 Vol% Iron Oxide Settled to the Bottom and No 
Boron Remaining
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Table 7.7.2-4. Additional Second Regression Goodness-of-Fit Information 
for Fully Degraded WP with 58Vol% Settled Oxide Peak kf + 2a 

Burnup Initial MCNP Regression Residuals 
(GWd/MTU) Enrichment (wt%) Peak kIy+2o Peak k,+2o 

9 1.7 0.9393 0.93301 0.00631 

27 3.9 1.0027 1.00394 -0.00126 

34 4.9 1.0235 1.02128 0.00218 

3 0.8 0.8119 0.82016 -0.00830 

23.5 3 0.9532 0.95472 -0.00149 

35 4.5 0.9898 0.98061 0.00917 

12 1.5 0.8737 0.86730 0.00636 

28 3.25 0.9352 0.93646 -0.00130 
39 4.6 0.9576 0.95620 0.00144 

32.5 3.5 0.9189 0.91885 0.00005 
44 4.9 0.9467 0.94402 0.00270 

38.5 3.85 0.9004 0.89931 0.00109 

48 4.9 0.9197 0.91869 0.00100 

10 1.603 0.9125 0.90622 0.00626 
10 1.72 0.92832 0.92579 0.00253 

10 1.843 0.94774 0.94547 0.00227 

10 2.187 0.99428 0.99598 -0.00170 

20 2.275 0.90244 0.90430 -0.00186 

20 2.435 0.91874 0.92504 -0.00630 

20 2.606 0.94431 0.94593 -0.00162 
20 3.092 0.99014 0.99911 -0.00897 

30 3.142 0.90634 0.90734 -0.00100 

30 3.363 0.92672 0.92867 -0.00195 
30 3.597 0.95276 0.94996 0.00280 
45 4.568 0.91134 0.91062 0.00072 
45 4.787 0.92706 0.92819 -0.00113 

45 4.993 0.94295 0.94499 -0.00204 

45 5.449 0.97816 0.98413 -0.00597
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Table 7.7.2-5. Time Effects on Fully Degraded Basket kff for 58 Vol% 
Settled Oxide With 16 Rod DCRAs In All Assemblies 

Decay k, 2a 2a ko 2a 
Time (yrs) 1.13-h 1. 10-h 1.08-h 

8000 0.75204 0.00546 0.72064 0.0042 0.7019 0.00424 

10000 0.75655 0.00424 0.72691 0.00454 0.70756 0.00468 

12000 0.75566 0.00526 0.72715 0.00424 0.70914 0.00228 

14000 0.75651 0.00476 0.72998 0.00442 0.70956 0.00394 

18000 0.75747 0.00368 0.73203 0.0032 0.70852 0.00432 

25000 0.7599 0,00448 0.72613 0.00378 0.70927 0.0045 

35000 0.75875 0.00464 0.72444 0.00468 0.70356 0.00322 

45000 0.75386 0.00362 0.71759 0.00456 0.69672 0.00458 

100000 0.73849 0.0031 0.70075 0.00408 0.68402 0.00366 

1.13-m 1.10-m 1.08-m 

8000 0.73572 0.0051 0.68735 0.00358 0.68221 0.00352 

10000 0.74013 0.0052 0.68664 0.0043 0.67753 0.00318 

12000 0.73847 0.00348 0.69208 0.00432 0,67563 0.00434 

14000 0.73576 0.00364 0.69008 0.00492 0.68044 0.0033 

18000 0.73716 0.00418 0.68715 0.00458 0.67465 0.00454 

25000 0.73445 0.0041 0.68899 0.00358 0.67482 0.00396 

35000 0.73093 0.00466 0.68231 0.00422 0.67211 0.00374 

45000 0.72928 0.00416 0.67621 0.0038 0.66733 0,0051 

100000 0.71176 0.00422 0.65886 0.00388 0.64952 0.0044 

1.13-1 

8000 0.6628 0.00342 
10000 0.66474 0.00304 
12000 0.66606 0.00354 

14000 0.66419 0.00366 
18000 0.66124 0.00354 
25000 0.65743 0.00396 

35000 0.65509 0.0033 

45000 0.64841 0.00394 

100000 0.62743 0.0032 1
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Table 7.7.2-6. Time Effects on Fully Degraded Basket kff for 33 Vol% 
Uniform Oxide With 16 Rod DCRAs In All Assemblies 

Decay k2, 2aa k, 20 
(years) 1.13-h 1.10-h 1.08-h 
8000 0.70195 0.00452 0.67601 0.00384 0.65841 0.00466 
10000 0.70828 0.00374 0.67213 0.00396 0.6544• 0.00328 
12000 0.70670 0.00416 0.67477 0.00510 0.65751 0.00376 
14000 0.70669 0.00302 0.67939 0.00378 0.66029 0.00464 
18000 0.71118 0.00340 0.67673 0.00318 0.66125 0.00394 
25000 0.71312 0.00458 0.67612 0.00378 0.65582 0.00364 
35000 0.70693 0.00444 0.66659 0.00384 0.65466 0.00504 
45000 0.70063 0.00280 0.66538 0.00434 0.65036 0.00372 
100000 0.68661 0.00444 0.64954 0.00426 0.63074 0.00376 

1.13r-m 1.10-m 1.08-m 
8000 0.68420 0.00462 0.63768 0.00294 0.62883 0.00304 
10000 0.68178 0.00320 0.63810 0.00322 0.63098 0.00390 
12000 0.68563 0.00356 0.63464 0.00338 0.62647 0.00326 
14000 0.68822 0.00378 0.63806 0.00426 0.62754 0.00400 
18000 0.68695 0.00320 0.63649 0.00338 0.62712 0.00400 
25000 0.68501 0.00330 0.63502 0.00354 0.62820 0.00436 
35000 0.67843 0.00266 0.63111 0.00450 0.61921 0.00336 
45000 0.67134 0.00372 0.62420 0.00342 0.61169 0.00334 
100000 0.65772 0.00416 0.60451 0.00310 0.59097 0.00310 

1.13-1 

8000 0.61110 0.00274 
10000 0.60694 0.00412 
12000 0.60810 0.00278 
14000 0.60865 0.00326 
18000 0.60384 0.00362 
25000 0.60356 0.00324 
35000 0.59380 0.00330 
45000 0.58766 0.00356
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8. Conclusions 

In compliance with the M&O Quality Administrative Procedures, the design results presented in this 
document can not be used for procurement, fabrication, or construction unless properly identified, 
tracked as TBV, and controlled by the appropriate procedures. Furthermore, the bias and uncertainty 
in the method of calculation used for this analysis are also TBV. The bias and uncertainty will be 
determined at some future point based on the work currently being performed by the WPD Criticality 
Analysis Methodology Group to develop a bounding method for performing disposal criticality analysis 
using burnup credit with the SAS2H/MCNP code system (see assumption 4.3.16).  

This evaluation provided a refinement of the PWR AUCF WP degradation scenarios discussed in 
previous degraded mode analyses (see Section 7.1), performed parametric criticality analysis on the 
resulting configurations for each scenario to identify those which may be of concern (as well as eliminate 
some configurations from further concern; see Sections 7.2 to 7.5), and developed kff regressions to be 
used in future analyses of criticality probability for the current PWR WP designs (see Section 7.6).  
Potential design options for reducing the kft of the degraded configurations (see Section 7.7) were also 
discussed.  

The worst case degraded configuration was identified in Section 7.4 as a flooded absorber plate WP with 
a fully degraded basket, no boron remaining, and all oxide corrosion products settled to the bottom of 
the WP (settled oxide kyf values are =4% higher than uniform oxide for fully degraded basket with the 
same amount of oxide). However, the worst projected fuel for the absorber rod WP never exceeded a 

ketf of 0.92 in the same configuration when 16 rod natural B4C DCRAs were used. Furthermore, 
configurations involving unflooded absorber plate WPs with only hydrated oxide settled to the bottom 
were eliminated from further consideration in Section 7.4. Also, Section 7.5 verified that mechanisms 
which result in collapse of the fuel spacer grids and consolidation of the fuel rods, such as dynamic 

loading (e.g., rockfall) or spacer grid corrosion, will reduce ky by 2% to 20% depending on the amount 
of consolidation.  

Section 7.6 accomplished the primary objective of this analysis by using the data from Sections 7.3 and 
7.4 to develop multivariate nonlinear regressions which relate the k1f for a particular class of 

configurations (e.g., intact fuel with fully degraded basket and oxide settled to bottom of WP) to various 

parameters for that class (e.g., time, bumup, enrichment, assemblies'covered by oxide, etc...). For the 

settled oxide configurations, regressions were also developed which provide the AkA/k. resulting from 

various amounts of boron in solution (which would be present in a flooded WP during corrosion of the 

borated stainless steel). The regression equations and their use are discussed further in Section 7.6.  

Finally, Section 7.7 identified options for reducing the peak postclosure kCff of the absorber plate WP.  
The first option involves adding sufficient (2,659 kg) carbon steel to the intact basket to reduce the klf, 
to below 0.91 for all fuels currently planned to be loaded into the absorber plate WVP (1.0 :5 k. < 1.13; 

see Ref. 5.5). This carbon steel has the effect of providing additional iron oxide when it corrodes, which 

is insoluble, occupies a greater volume than the undegraded steel (e.g., excludes moderator), and is a fair 

neutron absorber. The second option does not require any change to the WP designs, but requires 

abandoning the use of k._ as a means for binning fuel assemblies into one WP type or another, and results 

in a greater number of absorber rod WPs. Section 7.7.2 provides a regression which gives the peak kff
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of the worst degraded configuration for the absorber plate WP as a function of the burnup and 

enrichment of the fuel assemblies, and can be used to determine which fuel should be placed in the 

absorber rod WP.  

9. Attachments 

The hardcopy attachments are listed in Table 9-1 below.  

Table 9-1. List of Attachments 

Attachment Description Pages Date 

Number 

I Source Code for BURNRICH.C 2 8/5/97 

II Source Code for AMIGO.BAS 4 8/5/97 

III Calculations from Excel 7.0 spreadsheet BURNRICH.XLW 14 8/21/97 

IV Calculations from Mathcad+ 6.0 worksheet BORIDE.MCD 5 8/21/97 

V getPl awk script 1 8/5/97 

VI Sample SAS2H/ORIGEN-S input file (e49b34.input) 2 8/21/97 

VII Sample MCNP input for Partially Degraded Basket w/ Uniform Oxide 6 8/12/97 
(b30hl3a) 

VIII Sample MCNP input for Partially Degraded Basket w/ Settled Oxide 7 8/12/97 
(b08h I 3a) 

IX Sample MCNP input for Fully Degraded Basket w/ Uniform Oxide 3 8/12/97 
(u33h 13a) 

X Sample MCNP input for Fully Degraded Basket w/ Settled Oxide (r58h1 3f) 4 8/12/97 

XI Summary of curie content of TSPA-95 radionuclides (Ref. 5.33, Table 7.6
I) as a function of time from the SAS2H/ORIGEN-S output file for e49b34 
(4.9% enrichment, 34 GWd/MTU burnup). Note that nuclides not present at 20 8/31/97 

a given time are not listed. This information is summarized for use in a 
future analysis of internal criticality consequences 

The following supporting documents are in electronic form on three Colorado Trakker® tapes and two 

floppy disks (Ref. 5.57) and are listed below. Each file is identified by it's name, size (in bytes), and the 

date and time of last access. The files are grouped into directories according to their associated 

application and subject. There are a total of 2,802 files listed.

AMIGO BAS 
R58 TMP 
A08 TMP 
A30 TMP 
BSO TMP 
B09 TMP 
B30 TMP 
B33 TMP 
B35 TMP 
BFIO TMP

12,865 
9,241 

17,594 
14,353 
17,590 
17,593 
14,299 
11,554 
14,302 
17,830

07-04-97 
07-03-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-07-97 
07-04-97 
07-07 -97

4:56p 
5:04p 
3:30p 
3:31p 
3:33p 
3:34p 
3:35p 
4:44p 
5: 04p 
4: 19p

AMIGO.BAS 
R58.tMp 
A08.tmp 
A30.tmp 
BO8.tmp 
B09.tmp 
B30.tmp 
B33.TMP 
B35.tmp 
BF10.TMP

W at= Pn k no- n v Innment
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BR58 TMP 
C08 TMP 
C09 TrMP 
C30 T4P 
C35 T4MP 
DOB TMP 
DIO TMP 
D30 TMP 
D40 TMP 
E08 TMP 
E10 TMP 
E30 TMP 
E40 TMP 
FOS TMP 
Flo TMP 
F30 TMP 
F40 TMP 
G08 TMP 
GIO TMP 
G30 TMP 
G40 TMP 
AOO TMP 
R58CR TMP 
RBl TMP 
RBIO TMP 
R82 TMP 
RB5 TMP 
RBC TMP 
RBPI TMP 
RBP2 TMP 
RBP5 TMP 
U30 TMP 
U33 TMP 
U40 TMP 
R3 TMP 
R4 TMP 
R45 TMP 

•. \Burnrich 
BURNRICH C 

BURNRICH OUT 

B..\Excel BURNRICH XLW 

•..\Mathcad

9,467 
17,596 
17,593 
14,299 
14,299 
17,600 
17,600 
14,303 
14,302 
17,594 
17,595 
14,299 
14,298 
17,599 
17,600 
14,302 
14,301 
17,599 
17,600 
14,302 
14,302 
14,412 

9,390 
9,307 
9,309 
9,307 
9,307 
9,368 
9,310 
9,309 
9,309 
8,333 
8,335 
8,331 
9,246 
9,245 
9,246

07-07-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-04-97 
07-09-97 
07-07-97 
07-07-97 
07-08-97 
07-08-97 
07-07-97 
07-07-97 
07-08-97 
07-08-97 
07-03-97 
07-03-97 
07-03-97 
07-25-97 
07-25-97 
07-25-97

4:18p BR58.TMP 
5:09p COB.tmp 
3:52p C09.tmp 
3:53p C30.tmp 
3:55p C35.tmp 
4:09p D08.TMP 
4:13p D10.TMP 
4:17p D30.TMP 
4:20p D40.TMP 
4:26p E08.TMP 
4:30p E10.TMP 
4:33p E30.TMP 
4:36p E40.TMP 
4:40p F08.TMP 
4:57p Fl0.TMP 
4:42p F30.TMP 
4:43p F40.TMP 
4:45p G08.TMP 
4:47p GI0.TMP 
4:50p G30.TMP 
4

:53p G40.TMP 
3:26p A00.tmp 

11:42a R58CR.TMP 
4:23p RB1.TMP 
4:18p RB1O.TMP 
5:46p RB2.TMP 
5:39p RB5.TMP 
4:2

7
p RBC.TMP 

4:31p RBPI.TMP 
5:47p RBP2.TMP 
6:04p RBP5.TMP 

12:09p U30.TMP 
1

2
:12p U33.TMP 

12:11p U40.TMP 
8:41a R3.TMP 
8:33a R4.TMP 
847a R45.TMP

6,027 06-21-97 8:30a BURNRICH.C 
447,930 04-08-97 4 :03p BURNRICH.OUT 

2,228,736 08-01-97 4:41p BURNRICH.XLW

BORIDE MCD 10,257 

.\MCNPcases\Sact7-3\Tab73-i 
RB1OB08 18.600 
RB10BOB 0 332,803 
RB1OB09 18,592 
RBIOB09 0 333,371 
RBIOD08 18,604 
RBIODO8 0 332,773 
RBlOD10 18,604 
RB1ODIO 0 332,977 
RBIOGO8 18,603 
RB10GOB 0 332,947 
RB1OG10 18,604 
RB1OGIO 0 333,124 
RBlB08 18,600 
RBlBOB 0 333,136 
RBIB09 18,592 
RBlB09 0 333,082 
RBlDO8 18,604 
RBID08 0 333,031 
RBlDIO 18,604 
RB1DIO 0 332,899 
RBIG08 18,603 
RBIG08 0 333,039 
RBIG10 18,604 
RBIG10 0 332,740 
RB2BO8 18,600 
RB2809 18,592 
RB2D0B 18,604 
RB2DIO 18,604 
RB2GOB 18,603 
RB5B09 0 333,315 
RB2BO9 0 333,292 
RBP2BO9 0 333,202

08-01-97 4:41p boride.mcd

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
07-16-97 
08-05-97

11:la rblObOB 
11:lla rblObOS.O 
11:lla rbl0b09 
11:11a rblObO9.O 
11:11a rblOdO8 
11:11a rblOdOS.O 
11:11a rblOdlO 
11:11a rblOd.OS 
11:11a rblOgO8 
11:11a rblOgO8.0 
11:11a rbl0glO 
11:11a rblgIO0.  
11:11a rblbOS 
11:11a rblbO0.0 
11:11a rblbO9 11:11a rblb09.0 
11:11a rbldOB 
11:11a rbld08.0 
11:11a rbldlO 
11:11a rbldlO.0 
11:11a rblgOS 
11:11a rblgOS.0 
11:11a rblglO 
11:11a rblglO.0 
11:11a rb2bO8 
11:11a rb2bO9 
11:11a rb2dO8 
11:11a rb2dlO 
11:11a rb2gOB 
11:11a rbSbO9.0 
2:07p rb2bO9.O 

l1:1la rbp2bO9.0
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RBP2G1O 
RB5GO8 
RBP5B09 
RBP2BO8 
RBP5BO8 
RBP2GO8 
RBP5G08 
RBP5D08 
RB2D08 
RB2G10 
RB2BO8 
RB5DlO 
RB2D01 
RBP2D08 
RBSD08 
RB5G10 
RB2GO8 
RBP5DIO 
RBP2D1O 
RB5BO8 
RBP5GI0 
RB2G1O 
RB5BO8 
RBSBO9 
RB5D08 
RB5DlO 
RBSGO8 
RB5GI0 
RBPlBO8 
RBPlBO8 
RBP1BO9 
RBP1B09 
RBPiDO8 
RBPlD08 
RBPiDlO 
RBPIDl0 
RBPIG08 
RBPIG08 
RBPIG10 
RBPIG10 
RBP2BO8 
RBP2BO9 
RBP2D08 
RBP2Dl0 
RBP2G08 
RBP2GIO 
RBP5BO8 
RBP5B09 
RBP5DO8 
RBP5D10 
RBP5G08 
RpS5GlO

\muNrcasmsXbecu 1

G40)138 
G30H13F 
G40H13A 
G40H13A 
G30H13F 
G40H13B 
G40H13C 
G40H13C 
G40H13D 
G40H13D 
G40HI3E 
G40XH3E 
G40H13F 
G40H13F 
G40H13G 
G40Hl3G 
G40H13H 
G40H13H 
G40H131 
G40H13I 
G40DH3J 
G40H13J 
A3OH13F 
A30Hl3F 
AOOHI13F 
AOH13F 
B3DH13G

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0

333,144 08-05-97 
333,124 08-05-97 
333,112 08-05-97 
333,061 08-OS-97 
333,031 08-05-97 
333,019 08-05-97 
333,004 08-05-97 
332,997 08-05-97 
332,977 08-05-97 
332,950 08-05-97 
332,950 07-16-97 
332,947 08-05-97 
332,920 08-05-97 
332,850 08-05-97 
332,817 08-05-97 
332,800 08-05-97 
332.773 08-05-97 
332,767 08-05-97 
332,767 08-05-97 
332,662 08-05-97 
332,541 08-05-97 

18,604 08-05-97 
18,600 08-05-97 
18,592 08-05-97 
18,604 08-05-97 
18,604 08-05-97 
18,603 08-05-97 
18,604 08-05-97 
18,600 08-05-97 

333,061 08-05-97 
18,592 08-05-97 

333,055 08-05-97 
18,604 08-05-97 

333,024 08-05-97 
18,604 08-05-97 

332,767 08-05-97 
18,603 08-05-97 

332,884 08-05-97 
18,604 08-05-97 

333,015 08-05-97 
18,600 08-05-97 
18,592 08-05-97 
18,604 08-05-97 
18,604 08-05-97 
18,603 08-05-97 
18,604 08-05-97 
18,600 08-05-97 
18,592 08-05-97 
18,604 08-05-97 
1B,604 08-05-97 
18,603 08-05-97 
18,604 08-05-97 

-3\Tab732&3 
15,279 07-07-97 

270,588 07-07-97 
15,280 07-07-97 

271,372 07-07-97 
15,249 07-07-97 

271,289 07-07-97 
15,280 07-07-97 

271,259 07-07-97 
15,281 07-07-97 

271,289 07-07-97 
15,250 07-07-97 

270,752 07-07-97 
15,249 07-07-97 

270,911 07-07-97 
15,186 07-07-97 

269,443 07-07-97 
15,186 07-07-97 

269,691 07-07-97 
15,186 07-07-97 

269,838 07-07-97 
15,184 07-07-97 

269,664 07-07-97 
15,300 07-07-97 

270,740 07-07-97 
264,943 07-07-97 

15,302 07-07-97 
269,519 07-07-97

11: 12a 
11:1la 
11:12a 
ll~lla 
11: 12a 
11: Ia 
11:12a 
11:12a 
11:11a 
11: la 

2:07p 
11: la 
11: la 
11:11a 
11:11a 
11: Ila 
11: Ila 
11: 12a 
11: Ia 
11:11a 
11:12a 
11:1ia 
11:11a 
11: 1la 
11:11a 
11:11a 
11:11a 
11:Ila 
11:11a 
11:11a 
11: Ila 
11:1la 
11:11a 
11:11a 
11: Ila 
11: la 
11: 1la 
11: 1la 
11: Ila 
11: Ila 
11:11a 
11: 12a 
11:12a 
11:12a 
11: 12a 
11:12a 
11:12a 
11: 12a 
11:12a 
11:12a 
11: 12a 
11: 12a

rbp2glO.0 
rbSgOB.0 
rbpSb09.0 
rbp2b08.0 
rbp5b08.O 
rbp2gO8.0 
rbp5g08.O 
rbp5d08.O 
rb2dO8.0 
rb2glO.0 
rb2bO8.0 
rbSd2O.O 
rb2dlO.O 
rbp2dO8.0 
rbSdO8.O 
rb5glO.0 
rb2gO8.0 
rbp5dl0.O 
rbp2dl0.O 
rbSbOB.0 
rbpSglO.O 
rb2glO 
rbSbO8 
rb5bO9 
rbSdOB 
rb5dl0 
rbSgO8 
rb5glO 
rbplbO8 
rbplb08.0 
rbplb09 
rbplbO9.0 
rbpld08 
rbpldO8.O 
rbpldlO 
rbpldlO.O 
rbplg08 
rbplg08.O 
rbplgl0 
rbplglO.O 
rbp2b08 
rbp2bO9 
rbp2dO8 
rbp2dl0 
rbp2gO8 
rbp2gl0 
rbp5bO8 
rbpSb09 
rbp5d08 
rbpSdl0 
rbp5g0e 
rbp5gl0

9:34a 040H13B 
9:35a G30H13F.0 
9:34a G40H13A 
9:31a G40H13A.0 
9:34a G30Hl3F 
9:31a G40H13B.0 
9:34a G40H13C 
9:31a G4OH13C.0 
9:34a G40H13D 
9:31a G40H13D.0 
9:34a G40H13E 
9:31a G40H13E.0 
9:34a G40HI3F 
9:31a G40HI3F.0 
9:34a G40Hl3G 
9:31a G40Hl3G.0 
9:34a G40HI3H 
9:31a G40H13H.0 
9:34a G40H131 
9:31a G40H131.0 
9:34a G40H13J 
9:31a G40Hl3J.0 
9:34a A30Hl3F 
9:31a A30Hl3F.O 
9:31a AO0H13F.O 
9:33a AOOH13F 
9:31a B30H13G.0



Waste Package Development Design Analysis 
Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs 
Document Identifier: BBAOOOO0O-01717-0200-00056 REV 00 Page 80 of 113 

B30HI3A 0 270,948 07-07-97 9:31a B30H13A.0 
B30H13B 15,276 07-07-97 9:33a B30H13B 
B30H13B 0 271,095 07-07-97 9:31a B30H13B.O 
B30H13C 15,277 07-07-97 9:34a B30H13C 
B30H13C 0 270,921 07-07-97 9:31a B30H13C.O 
B30H13D 15,278 07-07-97 9:33a B30H13D 
B30H13D 0 271,095 07-07-97 9:31a B30H13D.0 
B30H13E 15,247 07-07-97 9:34a 830H13E 
B30H13E 0 270,588 07-07-97 9i31a B30H13E.0 
B30HI3F 15,246 07-07-97 9:33a B30H13F 
B30HI3F 0 270,581 07-07-97 9:31a B30H13F.0 
B30H13G 15,183 07-07-97 9:34a B30H13G 
B30H13A 15,277 07-07-97 9:34a B30H13A 
B30H13H 15,183 07-07-97 9:33a B30HI3H 
B30HI3H 0 269,629 07-07-97 9:31a B30H13H.0 
B30H13I" 15,183 07-07-97 9:34a B30H13I 
B30HI31 0 269,463 07-07-97 9:31a B30H13I.0 
B30H13J 15,181 07-07-97 9:33a B30H13J 
B30H13J 0 269,350 07-07-97 9:31a B30H13J.O 
B35H13F 15,249 07-07-97 9:34a B35H13F 
835H13F 0 270,615 07-07-97 9:31a B3SH13F.0 
C30H13F 0 270,498 07-07-97 9:31a C30H13F.0 
C30HI3F 15,246 07-07-97 9:34a C30H13F 
C35H13F 15,246 07-07-97 9:33a C35H13F 
C35H13F 0 270,434 07-07-97 9:31a C35H13F.O 
D30H13H 15,187 07-07-97 9:34a D30H13H 
D30H13A 0 270,951 07-07-97 9:31a D30H13A.0 
D30H13B 15,280 07-07-97 9:34a D30HI3B 
030113B 0 271,068 07-07-97 9:31a D30H13B.0 
D30H13C 15,281 07-07-97 9:33a D30H13C 
D30H13C 0 271,125 07-07-97 9:31a D30H13C.0 
D30HI3D 15,282 07-07-97 9:34a D30H13D 
D30H13D 0 271,125 07-07-97 9:31a D30H13D.0 
D30HI3E 15,251 07-07-97 9:33a D30H13E 
D30H13E 0 270,461 07-07-97 9:31a D30H13E.0 
030H13F 15,250 07-07-97 9:34a D30HI3F 
D30H13F 0 270,720 07-07-97 9:31a 030H13F.0 
D30HI3G 15,187 07-07-97 9:33a D30H13G 
D30HI3G 0 269,602 07-07-97 9:31a D30H13G.0 
D30H13A 15,281 07-07-97 9:33a D30H13A 
D30HI3H 0 269,343 07-07-97 9:31a D30H13H.0 
D30H13I 15,187 07-10-97 5:22p D30H131 
D30H13I 0 270,651 07-10-97 5:22p D30H131.0 
D30H13J 15,185 07-07-97 9:34a D30H13J 
D30H13J 0 269,527 07-07-97 9:31a D30H13J.O 
D40H13F 15,249 07-07-97 9:34a D40H13F 
D40H13F 0 270,956 07-07-97 9:31a D40H13F.O 
E30H13F 0 270,588 07-07-97 9:31a E30H13F.0 
E30HI3F 15,246 07-07-97 9:34a E30H13F 
E40H13F 15,245 07-07-97 9:34a E40H13F 
E40H13F 0 270,779 07-07-97 9:31a E40H13F.0 
F30H13F 0 270,498 07-07-97 9:31a F30H13F.O 
F30HI3F 15,249 07-07-97 9:34a F30H13F 
F40H13F 15,248 07-07-97 9:34a F40H13F 
F40H13F 0 270,809 07-07-97 9:31a ?40H13F.0 
AOOL13F 0 264,681 07-10-97 5:11p AOOL13F.0 
G40L13J 0 269,391 07-10-97 5:11p G40L13J.0 
G40L13I 0 269,535 07-10-97 5:11p G40L13I.0 
040L13H 0 269,697 07-10-97 5:llp G40L13H.0 
G40L13G 0 269,443 07-10-97 511p G40L13G.O 
G40LI3F 0 270,561 07-10-97 5:11p G40L13F.O 
G40L13E 0 270,677 07-10-97 5:11p G40LI3E.0 
G4OL13D 0 271,041 07-10-97 5:11p G40L13D.0 
G40L13C 0 271,436 07-10-97 S:11p G40L13C.0 
G40L13B 0 271,188 07-10-97 5:11p G40L13B.0 
G40L13A 0 271,320 07-10-97 5:lUp G4OL13A.0 
D30L13J 0 269,227 07-10-97 5:11p D30LI3J.0 
D30L13I 0 269,527 07-10-97 5:11p D30L13I.0 
D30LI3H 0 269,500 07-10-97 5:llp D30L13H.G 
D30L13G 0 269,257 07-10-97 5:llp D30LI3G.0 
D30L13F 0 270,645 07-10-97 5:11p D30LI3F.O 
D30L13E 0 270,611 07-10-97 5:11p D30L13E.0 
D30L13D 0 271,046 07-10-97 5:11p D30L13D.0 
D30L13C 0 270,957 07-10-97 5:11p D30L13C.0 
D30L13B 0 270,951 07-10-97 5:11p D30L13B.0 
D30L13A 0 270,948 07-10-97 5:llp D30L13A.0 
B30L13J 0 269,485 07-10-97 5:llp B30LI3J.0 
B30LI31 0 269,346 07-10-97 5:llp B30L13I.0 
B30L13H 0 269,380 07-10-97 5:11p B30L13H.0 
B30L13G 0 269,493 07-10-97 5:11p B30L13G,0 
B30L13F 0 270,630 07-10-97 5:11p B30L13F.0
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B30L13E 0 270,450 07-10-97 5:11p B30LI3E.0 
B30L13D 0 271,110 07-10-97 5:11p B30L13D.0 
B30L13C 0 271,080 07-10-97 5:11p 830L13C.0 
B30LI3B 0 271,118 07-10-97 5:11p 830LI3B.0 
B30LI3A 0 271,102 07-10-97 5:11p B30L13A.0 
A00L13F 15,361 07-08-97 4:27p A00L13F 
D30LI3D 15,285 07-08-97 4:27p D30L13D 
G40L13D 15,284 07-08-97 4:27p G40L13D 
D30L13C 15,284 07-08-97 4:27p D30LI3C 
G40L13C 15,283 07-08-97 4:27p G40L13C 
D30LI3A 15,282 07-08-97 4:27p D30L13A 
G40L13A 15,281 07-08-97 4:27p G40L13A 
DO3L13B 15,281 07-08-97 4:27p D30L13B 
B30L13D 15,281 07-08-97 4:27p B3OL13D 
G40L13B 15,280 07-08-97 4:27p G40L13B 
B30L13C 15,280 07-08-97 4:27p B30L13C 
B30L13A 15,278 07-08-97 4:27p B30L13A 
B30L13B 15,277 07-08-97 4:27p B30L13B 
D30L13F 15,252 07-08-97 4:27p D30LI3F 
G40L13F 15,251 07-08-97 4:27p G40LI3F 
D3OLI3E 15,251 07-08-97 4:27p D30L13E 
G40L13E 15,250 07-08-97 4:27p G40L13E 
B30L13F 15,248 07-08-97 4:27p B30L13F 
B30L13E 15,247 07-08-97 4:27p B30L13E 
D30L13I 15,189 07-08-97 4:27p D30L13I 
D30L13J 15,189 07-08-97 4:27p D3OL13J 
D30L13G 15,189 07-08-97 4;27p D3OL13G 
G40L131 15,188 07-08-97 4:27p G40L131 
G40L13J 15,188 07-08-97 4:27p G40L13J 
G40L13G 15,188 07-08-97 4:27p G40L13G 
D3OLL3H 15,188 07-08-97 4:27p D30LI3H 
G40LI3H 15,187 07-08-97 4:27p G40L13H 
B30L13J 15,185 07-08-97 4:27p B30L13J 
B30L131 15,185 07-08-97 4:27p B30LI3I 
B30L13G 15,185 07-08-97 4:27p B30L13G 
B30LI3H 15,184 .07-08-97 4:27p B3OL13H 
G40M13B 0 271,290 07-10-97 5:05p G40M13B.0 
D30MI3D 0 271,125 07-10-97 5:05p D30M13D.0 
D30M13B 0 271,125 07-10-97 5:05p D30M13B.0 
B30M13C 0 271,095 07-10-97 5:05p B30M13C.0 
830M13B 0 271,068 07-10-97 5:05p B30MI3B.0 
G40M13A 0 271,041 07-10-97 5:05p G40M13A.0 
G40M13C 0 271,011 07-10-97 5:05p G40M13C.0 
G40M13D 0 270,984 07-10-97 5:05p G40M13D.O 
D30M13C 0 270,978 07-10-97 5:05p D30M13C.0 
D30MI3A 0 270,978 07-10-97 5:05p D30M13A.0 
B30M13D 0 270,921 07-10-97 5:05p B30M13D.0 
B30M13A 0 270,914 07-10-97 5:S05p B30M13A.0 
G40M13E 0 270,810 07-10-97 5:05p G40M13E.0 
E40LI3F 0 270,783 07-10-97 5:05p E40L13F.0 
G30M13F 0 270,770 07-10-97 5:05p 030M13F.0 
F40L13F 0 270,752 07-10-97 5:05p F40LI3F.0 
C30143F 0 270,750 07-10-97 5:05p C30M13F.O 
B30M13F 0 270,750 07-10-91 5:05p B30M13F.0 
D30M13F 0 270,745 07-10-97 5:05p D30M13F.0 
E40MI3F 0 270,708 07-10-97 5:05p E40M13F.0 
F40M13F 0 270,663 07-10-97 5:05p F40M13F.0 
030M13E 0 270,645 07-10-97 5:05p D30MI3E.0 
C35M13F 0 270,630 07-10-97 5:05p C35M13F.O 
B35L13F 0 270,618 07-10-97 5:05p B35LI3F.0 
B30M13E 0 270,615 07-10-97 5:05p B30MI3E.0 
G30L13F 0 270,600 07-10-97 5:05p G30L13F.0 
E30M13F 0 270,600 07-10-97 5:05p E30113F.0 
B35M13F 0 270,588 07-10-97 5:05p B35M13F.O 
D40.13F 0 270,561 07-10-97 5:05p D40113F.0 
A30M13F 0 270,536 07-10-97 5:05p A30M13F.0 
A30L13F 0 270,536 07-10-97 5:05p A30L13F.0 
G40M13F 0 270,504 07-10-97 5:05p G40M13F.0 
F30L13F 0 270,498 07-10-97 5:05p F30L13F.0 
C30L13F 0 270,498 07-10-97 5:05p C3013F.0 
E30L13F 0 270,490 07-10-97 5:05p E30L13F.0 
C35L13F 0 270,471 07-10-97 5:05p C35L13F.O 
F30M13F 0 270.468 07-10-97 5:05p 730M13F.0 

301M131 0 269,527 07-10-97 5:05p D30M131.0 
G40M13J 0 269,518 07-10-97 5:05p G40M13J.0 
040M13I 0 269,517 07-10-97 5:05p G40M13I.0 
D30M13H 0 269,502 07-10-97 5:05p D30M13H.0 
B30MI31 0 269,497 07-10-97 5:05p B30M131.0 
D30M13J 0 269,470 07-10-97 5:05p D30MI3J.O 
B30M13G 0 269,470 07-10-97 5:05p B30M13G.0 
G40M13H 0 269,386 07-10-97 5:05p G40MI3H.0
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D30M13G 0 269,380 07-10-97 5:05p D30M13G.0 
B30M13H 0 269,353 07-10-97 5:05p B30M13H.0 
B30M13J 0 269,350 07-10-97 5:05p B30M13J.0 
G40M13G 0 269,290 07-10-97 5:05p G40M130.0 
A00M13F 0 264,943 07-10-97 5:05p AOOM13F.0 
D40M13F 0 272,080 07-10-97 5:22p D04M13F.0 
A001I3F 15,356 07-10-97 5:06p A00M13F 
A30L13F 15,302 07-10-97 5:06p A30L13F 
A30M13F 15,297 07-10-97 5:06p A30M13F 
D30M13D 15,281 07-10-97 5:06p D30M13D 
G40M13D 15,280 07-10-97 5:06p G40M13M 
D30M139 15,280 07-10-97 5:06p 030X13B 
G40M13B 15,279 07-10-97 5:06p G40M139 
D30M13C 15,279 07-10-97 5:06p D30M13C 
G40M13C 15,278 07-10-97 5:06p G40M13C 
D30M13A 15,278 07-10-97 5:06p D30M13A 
G40M13A 15,277 07-10-97 5:06p G40M13A 
B30M13D 15,277 07-10-97 5:06p B30M13D 
930M13B 15,276 07-10-97 5:06p B30M13B 
B30M13C 15,275 07-10-97 5:06p B30M13C 
B30113A 15,274 07-10-97 5:06p B30M13A 
G30L13F 15,251 07-10-97 5:06p 030L13F 
D04L13F 15,251 07-10-97 5:06p D40L13F 
F30L13F 15,251 07-10-97 5:06p F30L13F 
B35L13F 15,251 07-10-97 5:06p B35L13F 
F40L13F 15,250 07-10-97 5:06p F40L13F 
C35L13F 15,248 07-10-97 5:06p C35L13F 
E30L13F 15,248 07-10-97 5:06p E30L13F 
C30L13F 15,248 07-10-97 5:06p C30L13F 
E40L13F 15,247 07-10-97 5:06p E40L13F 
D30M13F 15,247 07-10-97 S:06p D30M13F 
F30M13F 15,246 07-10-97 5:06p F30M13F 
D40H13F 15,246 07-10-97 S:22p D40M13F 
D30M13E 15,246 07-10-97 5:06p D30M13E 
G30M13F 15,246 07-10-97 5:06p G30M137 
G40M13F 15,246 07-10-97 5:06p G40M13F 
935M13F 15,246 07-10-97 5:06p B35113F 
G40M13E 15,245 07-10-97 5:06p G40H13E 
F40M13F 15,245 07-10-97 5:06p F40113F 
E30M13F 15,243 07-10-97 5:06p E30M13F 
C35M13F 15,243 07-10-97 5:06p C35M13F 
C30M13F 15,243 07-10-97 5:06p C30M13F 
B30M13F 15,243 07-10-97 5:06p B30M13F 
E40M13F 15,242 07-10-97 5:06p E40M13F 
B30M13E 15,242 07-10-97 5:06p B30M13E 
D30M13J 15,186 07-10-97 5:06p D30M13J 
D30M131 15,185 07-10-97 5:06p D30H13I 
G40M13J 15,185 07-10-97 5:06p G40M13J 
D30M13H 15,185 07-10-97 5:06p D30M13H 
G40M13H 15,184 07-10-97 5:06p 040M13H 
G40M13I 15,184 07-10-97 5:06p G40M13I 
D30M13G 15,184 07-10-97 5:06p D30H13G 
G40M13G 15,183 07-10-97 5:06p G40M13G 
B30M13J 15,182 07-10-97 5:06p 830113J 
B30M131 15,181 07-10-97 5:06p 930M13I 
B30M13H 15,181. 07-10-97 5:06p B30M13H 
B30M13G 15,180 07-10-97 5:06p B30X13G 
G40M10J 0 270,959 08-05-97 11:06a G40M10J.0 
G40M10I 0 270,989 08-05-97 11:06a G40M10I.0 
G40M10H 0 270,962 08-05-97 11:06a G40M10H.O 
G40M10G 0 270,932 08-05-97 11:06a 040M10G.0 
G40MIOE 0 272,227 08-05-97 11:06a G40M10E.0 
G40MIOD 0 272,719 08-05-97 11:06a G40M10D.O 
G40M10C 0 272,580 08-05-97 11:06a G40MIOC.0 
G40M10B 0 272,587 08-05-97 11:06a G40M1OB.O 
G40M10A 0 272,709 08-05-97 11:06a G40M10A.0 
D30MIOJ 0 270,678 08-05-97 11:06a D30M10J.0 
D30MI01 0 270,798 08-05-97 11:06a D30MI01.0 
D30MIOH 0 270,798 08-05-97 11:06a D30MIOH.0 
D30M10G 0 270,768 08-05-97 11:06a D30MIOG.0 
D30M10E 0 271,825 08-05-97 11:06a D30M10E.0 
D30110D 0 272,671 08-05-97 11:06a D30MIOD.0 
D30M1OC 0 272,246 08-05-97 11:06a D30M1OC.0 
30M410B 0 272,219 08-05-97 11:06a D30410B.0 

D30M10A 0 272,525 08-05-97 11:06a D30M10A.0 
B30M10J 0 270,847 08-05-97 11:06a 930M10J.0 
B30M10I 0 270,671 08-05-97 11:06a B30M10I.0 
B30M10H 0 270,798 08-05-97 11:06a B30M10H.0 
B30M10G 0 270,678 08-05-97 11:06a B30M1OG.O 
B30M10E 0 272,048 08-05-97 11:06a B30M10E.0 
B30M1OD 0 272,423 08-05-97 11:06a B30M10D.0
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B30M10C 0 272,396 08-05-97 11:06a 330H1OC.0 
B30M10B 0 272,242 08-05-97 11:06a B30M10B.0 
B30M10A 0 272,408 08-05-97 11:06a B30M1OA.0 
S30M1OC 15,278 08-05-97 11:07a 830M10C 
B30M10E 15,248 08-05-97 11:07a B30M1OE 
B30MIOH 15,180 08-05-97 11l07a B30M1OH 
B30M1OJ 15,183 08-05-97 11:07a B30M1OJ 
D30M10B 15.282 08-05-97 11:07a D30MIOB 
D30MIOD 15,281 08-05-97 11:07a D30MO10 
D30MIOG 15,188 08-05-97 1i:07a D30M1OG 

30MO10I 15,186 08-05-97 11:07a D30M10r 
G40M1OA 15,281 08-05-97 11:07a G40M1OA 
G40M10C 15,281 08-05-97 11:07a G40MIOC 
G40M1OE 15,251 08-05-97 11:07a G40M10E 
G40M10H 15,183 08-05-97 11:07a G40M1IH 
G40M10J 15,186 08-05-97 11:07a G40M10J 
G40M1OI 15,185 08-05-97 11:07a G401101 
G40M10G 15,187 08-05-97 11:07a 040M1IG 
G40MIOD 15,280 08-05-97 11:07a G40MM10 
G40M1OB 15,281 08-05-97 11:07a G40MIOB 
D30M1OJ 15,187 08-05-97 11:07a D30M1OJ 
030M10H 15,184 08-05-97 11:07a D30M1OH 
D30M10E 15,252 08-05-97 11:07a D30M10E 
D30M1OC 15,282 08-05-97 11:07a D30M1C 
D30MIOA 15,282 08-05-97 11:07a 030M10A 
B30MIOI 15,182 08-05-97 11:07a B30M10I 
B30M1OG 15,184 08-05-97 11:07a B30M10G 
B30M10D 15,277 08-05-97 11:07a B30M10D 
B30M10B 15,278 08-05-97 11:07a B30H1OB 
B30M10A 15,278 08-05-97 11:07a B30MIOA 
G40HIOF 0 270,779 08-05-97 1:10p G40H10F.0 
G30H10F 0 270,630 08-05-97 1:10p G30H10F.0 
F40HIOF 0 270,922 08-05-97 1:10p F40H10F.O 
F30H10F 0 270,434 08-05-97 1:10p F30H10F.0 
E30H1OF 0 264,950 08-05-97 1:10p E30H1OF.0 
D40H10F 0 270,454 08-05-97 1:10p D40H10F.0 
D30H11F 0 270,498 08-05-97 1:lp D30H1OF.0 
C35HIOF 0 270,469 08-05-97 1:10p C35H10F.0 
B35H10F 0 270,471 08-05-97 1:10p B35HIOF.0 
B30H1OF 0 270,491 08-05-97 1:10p B30H10F.0 
A30H1OF 0 270,713 08-05-97 1:10p A30H1OF.0 
ACOH10F 0 265,041 08-05-97 1:10p A00H10F.0 
D30HIOF 15,Z50 08-05-97 1:1lp D30HIOF 
D40H11F 15,249 08-05-97 1:llp D40HIF0 
F30H1OF 15,249 08-05-97 1:llp F30H10F 
G30H1OF 15,249 08-05-97 1:11p G30H10F 
G40H10? 15,249 08-05-97 :l11p G40H1OF 
B35H1OF 15,249 08-05-97 l:llp B35HIOF 
F40H10F 15,248 08-05-97 1:llp F40HIOF 
E30H10F 15,246 08-05-97 1:11p E30H1OF 
C35H10F 15,246 08-05-97 1:11p C35H10F 
C30H10F 15,246 08-05-97 l:llp C30H10F 
B30H(OF 15,246 08-05-97 1:11p B30H1OF 
E40H10F 15,245 08-05-97 1:11p E40H10F 
A0OM1OF 15,361 08-05-97 1:21p AOCMNOF 
A0OH10F 15,359 08-05-97 1:21p ACOHICF 
A30M10F 15,302 08-05-97 1:21p A30M10F 
A30H10F 15,300 08-05-97 1:21p A30HIOF 
D30110D 15,283 08-05-97 1:21p D301(OD 
D30H1OA 15,283 08-05-97 1:21p D30H1OA 
G40H10D 15,282 08-05-97 1:21p 040H10D 
G40H1OA 15,282 08-05-97 1:21p 040H10A 
D30M10B 15,282 08-05-97 1:21p D30HIOB 
G40HIOB 15,281 08-05-97 1:21p G40H10B 
D30H1OC 15,280 08-05-97 1:21p D30H1IC 
830H10D 15,279 08-05-97 1:21p B301OD 
G40H11C 15,279 08-05-97 1:21p G40H10C 
B30H1OA 15,279 08-05-97 1:2

1
p 830H10A 

B30H10B 15,278 08-05-97 1:
2 1p 8301HOB 

B30H1OC 15,276 08-05-97 1:21p B30HIOC 
D30M1OF 15,252 08-05-97 1:21p D30MIOF 
D30H10E 15,251 08-05-97 1:21p D30H10E 
G30M10F 15,251 08-05-97 1:21p G30MIOF 
F30M10F 15,251 08-05-97 1:21p F30M10F 
D40M10F 15,251 08-05-97 1:21p D40M1OF 
G40M10F 15,251 08-05-97 1:21p 401M10F 
B35M1OF 15,251 08-05-97 1:21p B35M10F 
G40H10E 15,250 08-05-97 1:21p G40H10E 
F40M10F 15,250 08-05-97 1:21p F40M1OF 
C30M1GF 15,248 08-05-97 1: 2 1p C30M1OF 
C35M10F 15,248 08-05-97 1:21p C35M1OF
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E30M10F 15,248 08-05-97 
B30M1OF 15,248 08-05-97 
E40M1OF 15,247 08-05-97 
B30H10E 15,247 08-05-97 
D30H1OJ 15.189 08-05-97 
G40H1OJ 15,188 08-05-97 
D30HIOI 15,187 08-05-97 
G40H101 15,186 08-05-97 
D30H1OH 15,185 08-05-97 
B30H10J 15,185 08-05-97 
G40H10H 15,184 08-05-97 
D30H1OG 15,184 08-05-97 
G40H10G 15,183 08-05-97 
B30H101 15,183 08-05-97 
B30H1OH 15,181 06-05-97 
B30H1OG 15,180 08-05-97 
G40H10D 0 271,188 08-05-97 
D30H10C 0 271,125 08-05-97 
D30H10D 0 271,110 08-05-97 
G40H1OA 0 271,109 08-05-97 
D30H1OA 0 271,095 08-05-97 
B30H1OC 0 271,068 08-05-97 
B30H1OA 0 271,036 09-05-97 
G40HIOC 0 271,014 08-05-97 
G4OH1OB 0 271,011 08-05-97 
D30H10B 0 270,978 08-05-97 
B30H10D 0 270,978 08-05-97 
B30H10B 0 270,921 08-05-97 
B35MIOF 0 270,777 08-05-97 
G4OM1OF 0 270,693 08-05-97 
D40M1OF 0 270,651 08-05-97 
D30H1OE 0 270,645 08-05-97 
F30M10F 0 270,630 08-05-97 
A30M1OF 0 270,593 08-05-97 
C35M1OF 0 270,590 08-05-97 
B30HIOE 0 270,588 08-05-97 
F40MIOF 0 270,561 08-05-97 
G40HIOE 0 270,531 08-05-97 
E30MIOF 0 270,498 08-05-97 
D30M1OF 0 270,498 08-05-97 
B30M1OF 0 270,496 08-05-97 
C30MIOF 0 270,471 08-05-97 
G30M1OF 0 270,461 08-05-97 
E40M1OF 0 270,369 08-05-97 
B30H1OG 0 269,592 08-05-97 
G404O10 0 269,548 08-05-97 
D30HIOI 0 269,546 08-05-97 
D30H1OH 0 269,527 08-05-97 
B30H1OJ 0 269,470 08-05-97 
G40H101 0 269,443 08-05-97 
040HIOJ 0 269,406 08-05-97 
G04H1OH 0 269,386 08-05-97 
D30H1OG 0 269.373 08-05-97 
D30HIOJ 0 269,350 08-05-97 
830H101 0 269,350 08-05-97 
B30H1OH 0 269,323 08-05-97 
A00MIOF 0 265,019 08-05-97 

.. \MCNPcases\ Sect7-3\Tab734&S 
GlOH13F 18,552 07-07-97 
G08H13F 0 318,512 07-07-97 
G10H13A 18,583 07-07-97 
G1OH13A 0 319,397 07-07-97 
10OH13B 18.582 07-07-97 

GlOH13B 0 319,454 07-07-97 
GlOH13C 18,583 07-07-97 
G.1OH13C 0 319,447 07-07-97 
10OH13D 18,584 07-07-97 

GlOH13D 0 319,307 07-07-97 
GlOH13E 18,553 07-07-97 
GIOH13E 0 318,562 07-07-97 
G08H13F 18,551 07-07-97 
G10H13F 0 318,569 07-07-97 
GlOH13G 18,489 07-07-97 
GI0H13G 0 316,981 07-07-97 
G0OH13H 18,489 07-07-97 
G1OH13H 0 317,229 07-07-97 
GlOH131 18,489 07-07-97 

10OH13I 0 317,229 07-07-97 
G1H013J 18,487 07-07-97 
GIOH13J 0 317,229 07-07-97

1:21p E30MIOF 
1:21p B30MIOF 
1:21p E40M10F 

1:21p B30H10E 
1:21p D30HIOJ 
1:21p G40HIOJ 
1:21p D30H1OI 
1:21p G40H10I 
1:21p D30HIOH 
1:21p B30HIOJ 
1:21p G40HOH 
1:21p D30HI0G 
1:21p G40HIOG 
1:21p B30H101 
1:21p B30H1OH 
1:21p B30H1OG 
1:21p G4OH1OD.0 
1:21p D30HIOC.O 
1:21p D30HIOD.O 
1:21p G40HIOA.O 
1:21p D30H1OA.O 
1:21p B30H10C.O 
1:21p B30H10A.O 
1:21p G40H10C.O 
1:21p G40H10B.O 
1:21p D30H1OB.O 
1:21p B30H10D.O 
1:21p B30HIOB.0 
1:21p B35MIOF.0 
1:21p G40M10F.O 
1:21p D40M1OF.0 
1:21p D30H10E.O 
1:21p F30M1OF.O 
1:21p A30M1OF.O 
1:21p C35MIOF.0 
1:21p B30HIOE.0 
1:21p F40M1OF.O 
1:21p G40H1OE.0 
1:21p E30M1OF.O 
1:21p D30M1OF.0 
1:21p B30M1OF.0 
1:21p C30M10F.O 
1:21p G30M10F.0 
1:21p E40M10F.0 
1:21p B30H10G.0 
1:21p G40H10G.0 
1:21p D30H101.0 
1:22p D30H10H.0 
1:22p B30H10J.0 
1:22p G40H101.0 
1:22p G40H10J.O 
1:22p G4OH1OH.O 
1:22p D30HIOG.0 
1:22p D30H1OJ.0 
1:22p B30H101.0 
1:22p B30H10H.0 
1:22p AOOM1OF.0 

9:34a G1OH13F 
9:35a G08H13F.0 
9:34a G10H13A 
9:32a G1OH13A.0 
9:34a G10H138 
9:32a GIOH13B.0 
9:34a GlDH13C 
9:32a GIOH13C.0 
9:34a GlOH13D 
9:32a 01OH13D.0 
9:34a G10H13E 
9:31a G10H13E.0 
9:34a G08H13F 
9:31a GIOH13F.0 
9:34a G1OH13G 
9:31a G10H13G.0 
9:34a GIOM13H 
9:31a GIOHI13H.O 
9:34a G10H131 
9:31a G10H131.0 
9:34a GlOH13J 
9:31a G10H13J.O

w ato P r-k rip D v lonment



Waste Package Development Design Analysis 

Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs 

Document Identifier: BBAOOOOOO-01717-0200-00056 REV 00 Page 85 of 113 

B09H13F 18,540 07-07-97 9:33a B09H13F 
B08H13A 18,573 07-07-97 9:34a B08H13A 
B08H13A 0 319,176 07-07-97 9:32a B08H13A.0 
B08H13B 18,572 07-07-97 9:34a B08H13B 
B08H13B 0 318,912 07-07-97 9:32a B08H13B.0 
B08H13C 18,573 07-07-97 9:33a B08H13C 
B08H13C 0 319,338 07-07-97 9:32a B08H13C.0 
B08H13D 18,574 07-07-97 9:34a B08H13D 
B08H13D 0 319,206 07-07-97 9:32a B08H13D.0 
BOSH13E 18,543 07-07-97 9:33a B08H13E 
B08H13E 0 318,615 07-07-97 9:32a 808H13E.0 
B08H13F 18,542 07-07-97 9:34a B08H13F 
B08H13F 0 318,615 07-07-97 9:32a 084H13F.O 
B8BH13G 18,479 07-07-97 9:33a B08H13G 
308H13G 0 317,324 07-07-97 9:32a B08H13G.O 
B08H13H 18,479 07-07-97 9:34a B08H13H 
B08H13H 0 317,275 07-07-97 9:32a B08H13H.O 
B08H131 18,479 07-07-97 9:33a B08H13I 
B08H131 0 317,083 07-07-97 9:32a B08H131.0 
B08H13J 18,477 07-07-97 9:34a B08H13J 
B08H13J 0 317,377 07-07-97 9:32a B08H13J.0 
A08H13F 0 318,585 07-07-97 9:31a A08H13F.0 
B09H13F 0 318,609 07-07-97 9:31a B09H13F.O 
A08H13F 18,546 07-07-97 9:34a A08H13F 
C08H13F 0 318,461 07-07-97 9:31a C08H13F.0 
C08H13F 18,548 07-07-97 9:34a C08H13F 
C09H13F 18,545 07-07-97 9:33a C09H13F 
C09H13F 0 318,615 07-07-97 9:31a C09H13F.0 
D08H13I 0 318,516 07-10-97 5:21p D08H131.0 
D08H13A 0 318,857 07-07-97 9:32a D08H13A.0 
D08H13B 18,582 07-07-97 9:33a D08H13B 
D08H13B 0 318,936 07-07-97 9:32a D08H13B.0 
D08H13C 18,583 07-07-97 9:34a D08H13C 
Do08H13C 0 319,176 07-07-97 9:32a D08H13C.0 
D08H13D 18,584 07-07-97 9:33a D08113D 
D08H13D 0 319,176 07-07-97 9:32a D088130.O 
D08H13E 18,553 07-07-97 9:34a D08H13E 
D08H13E 0 318,396 07-07-97 9:32a D08H13E.0 
D08H13F 18,552 07-07-97 9:33a D08H13F 
D08H13F 0 318,585 07-07-97 9:32a D08H13F.0 
D08H13G 18,489 07-07-97 9:34a D08H13G 
D08H13G 0 317,071 07-07-97 9:32a D08H13G.0 
D08H13H 18,489 07-07-97 9:33a D08113H 
D08H13H 0 317,245 07-07-97 9:32a D08H13H.0 
D08H131 18,489 07-10-97 5:21p D08H131 
D08H13A 18,583 07-07-97 9:34a D08H13A 
D08H13J 18,487 07-10-97 5:22p D08H13J 
D08H13J 0 318,543 07-10-97 5:22p D08H13J.0 
D0OH13F 18,552 07-07-97 9:34a D0OH13F 
D1OH13F 0 318,468 07-07-97 9:31a D1OH13F.0 
ElH13F 0 318,806 07-07-97 9:31a E1OH13F.0 
E08H13F 0 318,558 07-07-97 9:31a E08H13F.0 
E1OH13F 18,547 07-07-97 9:34a E1OH13F 
E08H13F 18,546 07-07-97 9:34a E08H13F 
F08H13F 0 318,385 07-07-97 9:31a F08H137.0 
F08H13F 18,551 07-07-97 9:34a F08H13F 
FlOH13F 18,552 07-07-97 9:34a F1OH13F 
F10H13F 0 318,512 07-07-97 9:31a F1OH13F.0 
G10L13J 0 317,346 07-10-97 5:12p G1OL13J.0 
G1OL13I 0 317,523 07-10-97 5;12p GIOL131.0 
GIOL13H 0 317,459 07-10-97 5:12p GIOL13H.O 
G10L13G 0 318,227 07-10-97 5:20p GOL13G.0 
G10LL13 0 318,615 07-10-97 5:12p G0OL13F.0 
G10L13E 0 318,806 07-10-97 5:12p 010L13E.0 
G10L13D 0 319,059 07-10-97 5:12p G10L13D.0 
G10L13C 0 318,882 07-10-97 5:12p G10L13C.0 
GIOL13B 0 319,556 07-10-97 5:12p G10L13B.O 
G1OL13A 0 319.149 07-10-97 5:12p GIOL13A.0 
D08L13J 0 316.947 07-10-97 5:12p D08L13J.0 
D08L131 0 317,238 07-10-97 5:12p D08L13I.0 
D08L13H 0 317,226 07-10-97 5:12p D08L13H.0 
DOL13i 0 317,370 07-10-97 5:12p D08L13G.0 
DOBL13F 0 318,615 07-10-97 5:12p D08L13F.0 
D08L13E 0 318,291 07-10-97 5:12p D08L13E.0 
D08L13D 0 319,258 07-10-97 5:12p D08L13D.0 
D08L13C 0 319,206 07-10-97 5:12p D08L13C.0 
D08L13B 0 319,044 07-10-97 5:12p D08L13B.0 
D08L13A 0 318,855 07-10-97 5:12p D08L13A.0 
B08L13J 0 316,951 07-10-97 5:12p B08L13J.0 
B08L131 0 316.981 07-10-97 5:12p B08L131.0 
B08L13H 0 317,407 07-10-97 5:12p B08L13H.0
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BO8L13G 0 317,252 07-10-97 5:1
2

p B08L13G.O 
B08L13F 0 318,796 07-10-97 5:12p BOBL13F.0 
B08L13E 0 318,588 07-10-97 5:12p B0L13E.0 
B08L13D 0 318,885 07-10-97 5:12p B08L130.O 
B08L13C 0 318,912 07-10-97 5:12p BOBL13C.0 
B08L13B 0 319,191 07-10-97 5:12p B08L13B.0 
B08L13A 0 319,017 07-10-97 5:1 2p B08L13A.0 
E08L13F 0 318,264 07-10-97 5:12p E08L13F.0 
DIOLI3F 0 318,588 07-10-97 5:12P D10L13F.0 
C09L13F 0 318,108 07-10-97 5:12p C09L13F.O 
CO8L13F 0 318,291 07-10-97 5:12p C08L13F.0 
B809L13F 0 318.666 07-10-97 5:12p B09L13F.0 
AO8L13F 0 318,615 07-10-97 5:12p AO8L13F.0 
G08LL13F 18,553 07-08-97 4:26p G08L13F 
FlOL13F 18,5S4 07-08-97 4:26p F10L13F 
B09L13F 18,542 07-08-97 4

:26p B09L13F 
AOBL13F 18,548 07-08-97 4:26p A08L13F 
C09L13F 18,547 07-08-97 4 ; 2 6p C09Lr3F 
D1OL13F 18,554 07-08-97 4:26p D1OL13F 
EO8L13F 18,548 07-08-97 4:

2
6p E08L13F 

F08L13F 18,553 07-08-97 4: 2 6
p FO8L13F 

ElOL13F 18,549 07-08-97 
4

:
2

6p ElOL13F 
C08L13F 18,550 07-08-97 4:26p CO8L13F 
G10L13D 18,587 07-08-97 

4
:2

6
p GlOL13D 

D08L13D 18,587 07-08-97 4: 2 6
P D08L13D 

GIOL13C 18,586 07-08-97 4:26p 01OL13C 
DO8L13C 18,586 07-08-97 4:2

6
p D08L13C 

G1OL13A 18,584 07-08-97 4:26p G1OL13A 
DO8L13A 18,584 07-08-97 4

:
2 6

p D08L13A 
G1OL13B 18,583 07-08-97 4:26p G1OL13B 
D08L13B 18,583 07-08-97 4:2 6

P DO0L13B 
B08L13D 18,577 07-08-97 4:26p B08L13D 
BO8L13C 18,576 07-08-97 4:2

6
p BOSL13C 

BO8L13A 18,574 07-08-97 4:26p B08L13A 
BO8L13B 18,573 07-08-97 4:26p B08L13B 
G1OL13F 18,554 07-08-97 4

:
2 6

p GlOL13F 
D08L13F 18,554 07-08-97 4:2

6
P DO8L13F 

G1OL13E 18,553 07-08-97 4:26p GlOL13E 
D08L13E 18,553 07-08-97 4:26p D08L13E 
B08L13F 18,544 07-08-97 4: 2

6p BO8L13F 
BO8L13E 18,543 07-08-97 4:

2
6p B08L13E 

DO8L13J 18,491 07-08-97 4:2 6 p DO8L13J 
G1OL13G 18,491 07-10-97 5:20p G1OL13G 
G1OL13J 18,491 07-08-97 4:26p G1OL13J 
G10L13I 18,491 07-08-97 4

:26p 01OL131 
D08L131 18,491 07-08-97 4: 2 6

p D08LI31 
D08L13C 18,491 07-08-97 4

:
2 6

p D08L13G 
GlOL13H 18,490 07-08-97 4i26p G10L13H 
DO8L13H 18,490 07-08-97 4:26p D08L13H 
B08L131 18,481 07-08-97 4:26p BOBL13I 
B08L13J 18,481 07-08-97 4:26P B08L13J 
B08L13G 18,481 07-08-97 4:26p B08L13G 
BO8L13H 18,480 07-08-97 4:26p BO8L13H 
DO8M13C 0 319,308 07-10-97 5:03P D08M13C.0 
B08M13A 0 319,179 07-10-97 5:03p B08M13A.O 
G1OM13A 0 319,176 07-10-97 5:03p GIOM13A.0 
B08M13C 0 319,176 07-10-97 5:03p B08M13C.0 
D08M13A 0 319,172 07-10-97 5:03p DO8M13A.0 
BOBM13D 0 319,149 07-10-97 5:03p B08M13D.0 
D08M13B 0 319,134 07-10-97 5:03p DOBM13B.0 
B08M13B 0 319,032 07-10-97 5:03p B08M13B.0 
G10M13B 0 319,029 07-10-97 5:03p 01OM13B.0 
GlOMI3C 0 318,885 07-10-97 5:03p GIOM13C.0 
D08M13D 0 318,885 07-10-97 5:03p D08M13D.0 
G1OM13D 0 318,855 07-10-97 5:03p G1OM13D.0 
B09M13F 0 318,621 07-10-97 5:03p B09M13F.0 
CO.BM13F 0 318,615 07-10-97 5:03p C08M13FO 
D08M13E 0 318,588 07-10-97 5:03p D08M13E.0 
C09M13F 0 318,588 07-10-97 5:03p C09M13F.0 
F08M13F 0 318,585 07-10-97 5:0

3
p F08M13F.0 

D08M13F 0 318,585 07-10-97 5:03p D08M13F.0 
B08M13E 0 318,585 07-10-97 5:03p BO8M13E.0 
A08MI3F 0 318,558 07-10-97 5:03p AO8M13F.O 
G1OM13F 0 318,441 07-10-97 5:0

3
p GIOM13F.0 

G1OM13E 0 318,426 07-10-97 5:03p G1OMI3E.0 
D1OM13F 0 318,423 07-10-97 5:03p D1OM13F.O 
B08M13F 0 318,382 07-10-97 5:03P B08M13F.O 
FlOM13F 0 318,377 07-10-97 5:03p F1OM13F.0 
EIOM13F 0 318,321 07-10-97 5:03p EIOM13F.0 
E08M13F 0 318,291 07-10-97 5:03p EO8K13F.0 
G1OM13J 0 317,348 07-10-97 5:03p G1OM13J.0
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B08M131 0 317,248 07-10-97 5:03p B08M13I.0 
G10M13I 0 317,218 07-10-97 5:03p G1OM13I.0 
G1OM13H 0 317,218 07-10-97 5:03p G1OM13H.0 
D08M131 0 317,101 07-10-97 5:03p D08M131.0 
D08M13H 0 317,098 07-10-97 5:03p D08M13H.0 
B08M13H 0 317,098 07-10-97 5:03p B08M13H.O 
B08M13G 0 317,056 07-10-97 5:03p B08M13G.0 
D08M13J 0 316,981 07-10-97 5:03p D08M13J.0 
B08M13J 0 316,981 07-10-97 5:03p B08M13J.O 
G10MI3G 0 316,951 07-10-97 5:03p G1OM13G.0 
DO8M13G 0 316,924 07-10-97 5:03p D08M13G.O 
G08M13F 0 319,562 07-10-97 5: 2

0p GO8M13F.0 
G10M13D 18,583 07-10-97 5:04p G10M13D 
D08M13D 18,583 07-10-97 5:04p D08M13D 
G1OM13B 18,582 07-10-97 5:04p G10M13B 
D08M13B 18,582 07-10-97 5:04p D08M13B 
GlOM13C 18,581 07-10-97 5:04p 10M13C 
D08M13C 18,581 07-10-97 5:04p D08M13C 
G1OM13A 18,580 07-10-97 5:04p GlOM13A 
D08M13A 18,580 07-10-97 5:04p D08M13A 
B08M13D 18,573 07-10-97 5:0 4

p B08M13D 
B08M13B 18,572 07-10-97 5:04p B08M13B 
B08M13C 18,571 07-10-97 5:04p B08M13C 
B08M13A 18,570 07-10-97 5:04p B0SM13A 
G1OM13F 18,549 07-10-97 5:04p GlOM13F 
D10M13F 18,549 07-10-97 5:04p D10M13F 
F10M13F 18,549 07-10-97 5:04p FlOMI3F 
D08M13F 18,549 07-10-97 5:04p D08M13F 
G08M13F 18,548 07-10-97 5:

2
0p G08M13F 

F08M13F 18,548 07-10-97 5:0 4
p F08M13F 

GIOM13E 18,548 07-10-97 5:04p G10M13E 
D08M13E 18,548 07-10-97 5:04p D08M13E 
C08M13F 18,545 07-10-97 5:

0 4
p C08M13F 

ElOM13F 18,544 07-10-97 5:0 4
p E10M13F 

E08M13F 18,543 07-10-97 5:04p E08M13F 
AO8M13F 18,543 07-10-97 5:04p A08M13F 
C09M13F 18,542 07-10-97 5:04p C09M13F 
B08M13F 18,539 07-10-97 5:04p B08M13F 
B08M13E 18,538 07-10-97 5:04p B08M13E 
B09M13F 18,537 07-10-97 5:04p B09M13F 
G10M13J 18,488 07-10-97 5:04p G1OM13J 
D08M13J 18,488 07-10-97 5:04p DOBM13J 
G10M13H 18,487 07-10-97 5:04p G1OM13H 
GlOM13I 18,487 07-10-97 5:04p GlOM131 
D08M131 18,487 07-10-97 5:04p D08M131 
D08M13H 18,487 07-10-97 5:04p M081M13 
GlOM13G 18,486 07-10-97 5:04p G10M13G 
D08M13G 18,486 07-10-97 5:04p D08M13G 
B08M13J 18,478 07-10-97 5:04p B0BM13J 
B08m131 18,477 07-10-97 5:04p B081M13 
B08M13H 18,477 07-10-97 5:04p B08M13H 
B08M130 18,476 07-10-97 5:0

4
p B08M13G 

FOBL13F 0 318,710 07-10-97 5:12p FO8L13F.0 
E1OL13F 0 318,588 07-10-97 5:12p E1OL13F.0 
F1OL13F 0 318,553 07-10-97 5:12p F10L13F.0 
BO8H1OA 18,575 08-05-97 11:04a BOSHIOA 
B08HIOA 0 319,002 08-05-97 11:04a B08HIOA.0 
B08HIOB 18,574 08-05-97 11:04a 081H10B 
B08HIOB 0 319,424 08-05-97 11:04a B08H10B.O 
B08H1OC 18,572 08-05-97 11:04a B08H10C 
BOBH10C 0 318,885 08-05-97 11:04a B08H10C.0 
B08H10D 18,575 08-05-97 11:04a B08H1OD 
BOSH10D 0 318.855 08-05-97 11:04a B08H10D.0 
B08HIOE 18,543 08-05-97 11:04a B08H1OE 
BO8H10E 0 318.585 08-05-97 11:04a B08H10E.0 
B08H10G 18,476 08-05-97 11:04a B08H10G 
B08H10G 0 317,086 08-05-97 11:04a B08H10G.O 
B08H10H 18,477 08-05-97 11:04a BOSHIOH 
B08H10H 0 317,377 08-05-97 11:04a B080HIH.0 
B08H101 18,479 08-05-97 11:04a B08H10I 
B08H10I 0 317,113 08-05-97 11:04a B08H10I.0 
B08H10J 18,481 08-05-97 11:04a B08H10J 
B08H10J 0 316,924 08-05-97 11:04a BO8H10J.O 
D08HIOA 18,585 08-05-97 11:04a D08H10A 
D08H10A 0 319,206 08-05-97 11:04a DO8H10A.0 
D08H1OB 18,584 08-05-97 11:04a D08HIOB0 
D08H10B 0 318,912 08-05-97 11:04a D08H10B.0 
D08H1OC 18,582 08-05-97 lli04a D081IOC 
D08HIOC 0 319,206 08-05-97 11:04a D08H10C.0 
D08H10D 18,585 08-05-97 11:04a D08H10D 
DOSHlOD 0 319,390 08-05-97 11:04a D08110D.0
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DOHB10E 18,553 08-05-97 11:04a DOSHIOE 
DOSHIOE 0 318,453 08-05-97 11:04a D08HIOE.O 
DOSH10G 18,486 08-05-97 11:04a D08HIOG 
D08H10G 0 317,275 08-05-97 11:04a D08H10G.0 
D081HIH 18,487 08-05-97 11:04a DO0H1OH 
DOBH1OH 0 316,981 08-05-97 11:04a D08H10H.0 
D08H101 18,489 08-05-97 11:04a D08H101 
D080HII 0 317,128 08-05-97 11:04a D08H101.0 
D08H10J 18,491 08-05-97 11:04a DO8H1OJ 
DO8HIOJ 0 316,944 08-05-97 11:04a D08H10J.0 
GlOH10A 18,585 08-05-97 11:04a GIOHIOA 
GlOH10A 0 319,277 08-05-97 11:04a G1OH10A.0 
GIOH10B 18,584 08-05-97 11:04a G0OH10B 
G10IO10B 0 319,280 08-05-97 11:04a G0OH10B.0 
G10110C 18,582 08-05-97 11:04a G10H10C 
C10H1IC 0 319,223 08-05-97 11:04a G10H10C.0 
10OH10D 18,585 08-05-97 11:04a G0OH10D 

G10H10D 0 319,250 08-05-97 11:04a G10HIOD.0 
G10H1OE 18,553 08-05-97 11:04a GlOHi1E 
G10HIOE 0 318,512 08-05-97 11:04a G10HIOE.0 
G1OH1OG 18,486 08-05-97 11:04a G1OH1OG 
G10HIOG 0 317,331 02-05-97 11:04a G10140G.0 
G1OH10H 18,487 08-05-97 11:04a G0OH10 
G1O10OH 0 317,213 08-05-97 11:04a G0OH101I.0 
Giox10I 18,489 08-05-97 11:04a G10H101 
G10M101 0 317,315 08-05-97 11:04a G0OH10I.0 
GIOH10J 18,491 08-05-97 11:04a GlOH10J 
G10H10J 0 317,536 08-05-97 11:04a G1OH10J.0 
B08M10A 18,574 08-05-97 11:12a OBOMI1A 
B08M10A 0 320,474 08-05-97 11:12a B08M10A.0 
B08M10B 18,574 08-05-97 11:12a B08M10B 
B08M10B 0 320,442 08-05-97 11:12a B08M10B.0 
B08M10C 18,574 08-05-97 11:12a BOSMIOC 
B08M10C 0 320,315 08-05-97 11:12& B08M10C.0 
B08M10D 18,573 08-05-97 11:12a 308110D 

084M10D 0 320,183 08-05-97 11:12a B08M100.0 
B08M10E 18,544 08-05-97 11:12a B08M10E 
B08M10E 0 319,729 08-05-97 11:12a B08M1OE.0 
B08M10G 18,480 08-05-97 11:12a B08M10G 
B08M1OG 0 318,705 08-05-97 11:12a B08M10G.0 
Z08M1OH 18,476 08-05-97 11:12a B08M10H 
B08M10H 0 318,369 08-05-97 11:12a B08M10H.0 
B08M10I 18,478 08-05-97 11:12a B08M101 
B08M101 0 318,705 08-05-97 11:12a B08M10I.O 
B08M1OJ 18,479 08-05-97 11:12a B08M10J 
B08M10. 0 318,411 08-05-97 11:12a BO8M1OJ.O 
D08M10A 18,584 08-05-97 11:12a DOM10A 
D08M10A 0 320,447 08-05-97 11:12a DOSM10A.O 
D08110B 18,584 08-05-97 11:12a D08M10B 
DOM110B 0 320,153 08-05-97 11:12a D08M10B.0 
D08M10C 18,584 08-05-97 11:12& D08M10C 
D08M10C 0 320,609 08-05-97 11:12a D08M10C.0 
D08M10D 18,583 08-05-97 11:12a D08410D 
D08M10D 0 320,300 08-05-97 11:12a D08M10D.0 
DOSMIOU 18,554 09-05-97 11:12a D08MIOE 
D08MIOE 0 319,913 08-05-97 11:12a D08M10E.0 
D08M10G 18,490 08-05-97 11:12a D08M1OG 
D08MIOG 0 318,399 08-05-97 11:12& D08M10G.0 
D08M10H 18,486 08-05-97 11:12a D00M1OH 
D08M10H 0 318,543 08-05-97 11:12a D08110H.0 
D08M10I 18,488 08-05-97 11:12a D081101 
D08M10I 0 318,396 08-05-97 11:12a D081101.0 
D08M10J 18,489 08-05-97 11:12a D08M10J 
D08M10J 0 318,546 08-05-97 11:12a D08M10J.0 
GlOMi1A 18,584 08-05-97 11:12a G1OM10A 
GlOM10A 0 320,827 08-05-97 11:12a G1OM10A.0 
G10M10B 18,584 08-05-97 11:12a G10M10B 
G10M10B 0 320,722 08-05-97 11:12a G10M10B.0 
G10410C 18,584 08-05-97 11:12a G10110C 
010M10C 0 320,725 08-05-97 11:12a G104100.0 
G10M10D 18,583 08-05-97 11:12a G0OM10D 
GlOM10D 0 320,458 08-05-97 11:12a G10140D.0 
G10M10E 18,554 08-05-97 11:12a G10M10E 
G10M10E 0 319,660 08-05-97 11:12a 10OM10E.0 
G10M10G 18,490 08-05-97 11:12a G1OM1OG 
G10M10G 0 318,674 08-05-97 11:12a G00140G.0 
G101410H 18,486 08-05-97 11:12a G0OM10H 
010110MH 0 318,500 08-05-97 11:12a G01101H.0 
GIOM10I 18,488 08-05-97 11:12a G10101 
G0OM10I 0 318,470 08-05-97 11:12a G10M101.0 
1G0M10J 18,489 08-05-97 11:12a GIOM10J
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GIOM10J 0 
GIOHIOF 0 
GO8H1OF 0 
FlOHiOF 0 
F08HIOF 0 
ElOHIOF 0 
E08H1OF 0 DIOHIOF 0 

D08HIOF 0 
C09HIOF 0 
COSH1OF 0 
B09H1OF 0 
BO8H10F 0 
A08HIOF 0 
FlOMiOF 
GlOHIOF 
Dl0H10F 
D08H1OF G08H10F 
GO8HlOF 
C08H1OF 

ElOHIOF 
E08H1OF 
A08HIOF 
COM91OF 
BOH1OF 
B09HLOF 
ElOMIOF 0 
FlOM1OF 0 
B09M1OF 0 
F08M1OF 0 
DO8MIOF 0 
C09MIOF 0 
EO8M10F 0 
AO8M10F 0 
BOBMIOF 0 
GlOM1OF 0 
DlOM1OF 0 
GOSMIOF 0 
CO8M10F 0 
G1OMIOF 
FIOM10F 
DiOMIOF 
DOSMIOF 
G08M1OF 
FOSMlOF 
COSMOF 
ElOM10F 
E08M10F 
AO8M10F 
COMIOF 
BOEMiOF 
B09M1OF 
GO8L13F 0 

.. \MCNPcases\Sect7 
R58H13A1 
R58H13A1 0 
R58H13A2 
R58H13A2 0 
R58H13A3 
R58H13A3 0 
R58H13AW 
R58HI3AW 0 
R58HI3BW 
R58H138W 0 
R58M13A1 
R58M13A1 0 
R58MI3A2 
R58M13A2 0 
R58M13A3 
R58M13A3 0 
R58M13AW 
R58M13AW 0 
R58M13BW 
R58M13BW 0 
R58M13CW 
R58M13CW o 

22 file(s)

318,527 08-05-97 
318,938 08-05-97 
318,569 08-05-97 
318,490 08-05-97 
318,585 08-05-97 
318,814 08-05-97 
318,264 08-05-97 
318,671 08-05-97 
318.615 08-05-97 
318,588 08-05-97 
318,321 08-05-97 
318,482 08-05-97 
318,291 08-05-97 
318,264 08-05-97 
18,552 08-05-97 
18,552 08-05-97 
18,552 08-05-97 
18,552 08-05-97 
18,551 08-05-97 
18,551 08-05-97 
18,548 08-05-97 
18,547 08-05-97 
18,546 08-05-97 
18,546 08-05-97 
18,545 08-05-97 
18,542 08-05-97 
18,540 08-05-97 

318,717 08-05-97 
318,615 08-05-97 
318,590 08-05-97 
318,585 08-05-97 
318,585 08-05-97 
318,468 08-05-97 
318,441 08-05-97 
318,423 08-05-97 
318,411 08-05-97 
318,291 08-05-97 
318,291 08-05-97 
318,264 08-05-97 
318,264 08-05-97 

18,554 08-05-97 
18,554 08-05-97 
18,554 08-05-97 
18,554 08-05-97 
18,553 08-05-97 
18,553 08-05-97 
18,550 08-05-97 
18,549 08-05-97 
18,548 08-05-97 
18,548 08-05-97 
18,547 08-05-97 
18,544 08-05-97 
18,542 08-05-97 

319,810 08-05-97 

7-4\Tab74-10\rS8 
10,192 08-05-97 

201,366 08-05-97 
10,195 08-05-97 

197,826 08-05-97 
11,958 08-05-97 

221,064 08-05-97 
12,178 08-05-97 

223,399 08-05-97 
12,183 08-05-97 

223,428 08-05-97 
10,189 08-05-97 

198,088 08-05-97 
10,192 08-05-97 

199,447 08-05-97 
11,954 08-05-97 

221,307 08-05-97 
12,151 08-05-97 

223,042 08-05-97 
12,167 08-05-97 

222,859 08-05-97 
12,168 08-05-97 

223,560 08-05-97 
2,480,913 byte•

11:12a G1OM1OJ.0 
1:09p GIOH10F.0 
1:09p GO8H1OF.o 
1:0 9 p F1OH10F.0 
1:09p FO8H10F.O 
1:09p E1OH1OF.O 
1:09p E08H1OF.0 
1:09p D1OH1OF.O 
1:09p D08H10F.0 
1:09p C09H1OF.O 
1:09p C08HIOF.0 
1:09p B09H1OF.O 
1:09p B08H10F.0 
1:09p A08HIOFO 
1:12p FlOH10F 
1:12p GlOH10F 
1:12p DlOHIOF 
1:12p D08HlOF 
1:12p G08H10F 
1:12p FOBHIOF 
1:12p CO0HIOF 
1:12p ElOH10F 
1:12p E08H10F 
1:12p A08X1OF 
1:12p CO9M1OF 
l:1 2

p B08HiOF 
1:12p B09HIOF 
1:20p ElOM1OF.0 
l:20p F1OM1OF.0 
1:20p B09M1OF.0 
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1:
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l:20p GIOM10F 
1:20p FlOM10F 
1:

2
0p D0lO10F 

l:20p DOMIOF 
1:20p G08M10F 
1:20p F08M1OF 
1:20p CO8M1OF 
1:20p E0M1OF 
1:20p E08M1OF 
1:20p A08M1OF 
1:20p CO9M1OF 
l:20p BO8MIOF 
1:20p B09M1OF 
1:

4 3
p G08L13F.0

9:44a 
9:44a 
9: 44a 
9: 44a 
9:44a 
9:44a 
9:44a 
9:44a 
9:44a 
9:44a 
9: 44a 
9:44a 
9

:44a 
9:44a 
9:44a 
9: 44a 
9:44a 
9:44a 
9:44a 
9:44a 
9:44a 
9:44a

r58h13a1 
r58hl3al.o 
r58h13a2 
r58h13a2.o 
r58h13a3 
r58h13a3.o 
r58hl3aw 
r58hl3aw.o 
r58h13bw 
r58hl3bw.o 
r58m13al 
rS8m13al.o 
r58m13a2 
r58m13a2.o 
r58m13a3 
r58m13a3.o 
r58ml3aw 
r58ml3aw.o 
r58m13bw 
r58ml3bw.o 
r58ml3cw 
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U33H13A1 
U33H13AI 0 
U33H13A2 
U33H13A2 0 
U33H13A3 
U33H13A3 0 
U33H13A4 
U33H13A4 0 
U33H13A5 
U33H13A5 0 
U33H13AW 
U33H13AW 0 
U33M13A1 
U33M13A1 0 
U33M13A2 
U33N13A2 0 
U33M13A3 
U33M13A3 0 
U33M13A4 
U33M13A4 0 
U33M13A5 
U33M13A5 0 
U33M13AW 
U33M13AW 0 

24 file(s) 

.. \MCNPcases\Sect7
R3CR1F 
R3CRlF 0 
R3CR2F 
R3CR2F 0 
R3H04F 
R3H04F 0 
R3H06F 
R3HO6F 0 
R3HO8F 
R3H08F 0 
R3H1OF 
R3H1OF 0 
R3H13F 
R3H13F 0 
R3L08F 
R3LO8F 0 
R3L1OF 
R3LlOF 0 
R3Ll3F 
R3LI3F 0 
R3M04F 
R3M04F 0 
R3MO6F 
R3M06F 0 
R3MO8F 
R3M08F 0 
R3MIOF 
R3M1OF 0 
R3M13F 
R3M13F 0 
R45CRIF 
R45CRlF 0 
R45CR2F 
R45CR2F 0 
R45H04F 
R45H04F 0 
R45HG0F 
R45H06F 0 
R45H08F 
R45H08F 0 
R45H10F 
R45H1OF 0 
R45H13F 
R45H13F 0 
R45LO8F 
R45L08F 0 
R45LIOF 
R45L1OF 0 
R45L13F 
R45L13F 0 
R45M04F 
R45M04F 0 
R45M06F 
R45M06F 0

9,282 08-05-97 9:44a 
175,378 08-05-97 9:44a 

9,287 08-05-97 9:44a 
176,780 08-05-97 9:44a 
10,928 08-05-97 9:44a 

198,216 08-05-97 9:44a 
10,929 08-05-97 9:44a 

198,216 08-05-97 9:44a 
10,930 08-05-97 9:44a 

198,438 08-05-97 9:44a 
11,864 08-05-97 9:44a 

204,176 08-05-97 9:44a 
9,280 08-05-97 9:44a 

176.927 08-05-97 9:44a 
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176,862 08-05-97 9:44a 
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1:26p R45CR1F.0 
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1:26p R45H10F.0 
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1:26p R45M06F.0
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.*\MCNPcases\Sect7-4\Tab74-12 
R58C1A 10,223 07-10-97 
R58C1A 0 199,744 07-10-97 
R58C1B 10,227 07-10-97 
R58C1B 0 199,401 07-10-97 
R58C1C 10,194 07-10-97 
R58C1C 0 199,141 07-10-97 
R58C10 10,193 07-10-97 
R58C1D 0 198,976 07-10-97 
R58C1E 10,128 07-10-97 
R58CIE 0 197,507 07-10-97 
R58C1F 10,129 07-10-97 
R58C1F 0 197,636 07-15-97 
R58C1G 10,131 07-10-97 
R58C1G 0 197,593 07-10-97 
R58C1H 10,129 07-10-97 
R58C1H 0 197,654 07-10-97 
R58C11 10,130 07-10-97 
R58CiI 0 197,470 07-10-97 
R58C2A 10,221 07-10-97 
R58C2A 0 199,612 07-10-97 
RS8C2B 10,222 07-10-97 
R58C28 0 199,556 07-10-97 
R58C2C 10,189 07-10-97 
R58C2C 0 198,874 07-10-97 
R58C2D 10,191 07-10-97 
R58C2D 0 199,146 07-10-97 
R58C2E 10,129 07-10-97 
R58C2E 0 197,681 07-10-97 
R5BC2F 10,129 07-10-97 
R58C2F 0 197,674 07-10-97 
R58C2G 10,129 07-10-97 
R58C2G 0 197,828 07-10-97 
R58C2H 10,127 07-10-97 
R58C2H 0 197,828 07-10-97 
R58C21 10,122 07-10-97 
R58C21 0 197,877 07-10-97 
R58CRlA 10,372 07-15-97 
R5BCRIA 0 200,322 07-15-97 
R58CR1B 10,376 07-15-97 
R58CR1B 0 199,937 07-15-97 
R58CRlC 10,343 07-15-97 
R58CRlC 0 199,373 07-15-97 
R58CRlD 10,342 07-15-97

1:26p R45MO8F 
1:26p R45M08F.0 
1:26p R45M10F 
1:26P R45M1OF.O 
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2
6p R45M13F.O 

1:26p R4CR1F 
1:26p R4CRIF.O 
1:26p R4CR2F 
1:26p R4CR2F.O 
1:26p R4HO4F 
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1:26p R4HO6F 
1:26p R4H06F.O 
1:26p R4H08F 
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1:26p R4H1OF 
1:26p R4H1OF.O 
1:26p R4H13F 
1:26p R4H13F.O 
1:26p R4LO8F 
1:26p R4LO8F.O 
1:26p R4L1OF 
1:26p R4L1OF.O 
1:26p R4L13F 
1:26p R4L13F.O 
1:26P R4MO4F 
1:26p R4MO4F.O 
1:26P R4MO6F 
1:26p R4MO6F.O 
1:26P R4MO8F 
1:26p R4M08F.O 
1:26p R4M1OF 
1:26p R4M1OF.O 
1:26p R4M13F 
1:26p R4M13F.O 

5:01p R58cla 
5:01p R58cla.0 
5:01p R58c1b 
5:01p R58clb.O 
5:01p R58clc 
5:01P R58clc.O 
5:01p R58cld 
5:01p R58cld.O 
5:01p R58cle 
5:01p R58cle.O 
5:01p R58clf 

11:14a R58clf.O 
5:01p R58clg 
5:01p R58clg.O 
5:01p R58clh 
5:01p R58clh.O 
5:01p R58cli 
5:01p R58cli.0 
5:01p R58c2a 
5:01p R58c2a.O 
5:01p R58c2b 
5:01p R58c2b.O 
5:01p R58c2c 
5:01p R58c2c.O 
5:01p R58c2d 
5:01p R58c2d.O 
5:01p R58c2e 
5:01p R58c2e.O 
5:01P R58c2f 
5:01p R58c2f.O 
5:01p R58c2g 
5:01p R58c2g.O 
5:01p R58c2h 
5:01P RS8c2h.O 
5:01p R58c2i 
5:01p R58c2i.O 

10:29a R5SCRIA 
10:29a RS8CRIA.O 
10:29a R58CRIB 
10:29a R58CR1B.O 
10:29a R58CRlC 
10:29a RS8CR1C.O 
10:29a R58CRlD

"~~D --
n A lIvi i --
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R58CRID 0 199,625 07-15-97 10:29a RSSCR1D.0 
R58CRlE 10,277 07-15-97 10:29a R58CRIE 
R58CRlE 0 198,036 01-15-97 10:29a R58CRIE.O 
RS8CRIF 10,278 07-15-97 10:29a R58CRlF 
R58CRIF 0 198,210 07-15-97 10:29a R58CR1F.0 
R58CRIG 10,280 07-15-97 10:29a RS8CR1G 
R58CRIG 0 198,153 07-15-97 10:29a R58CR1G.0 
R58CRlH 10,278 07-15-97 10:29a R58CR1H 
R58CRIH 0 198,033 07-15-97 10:29a R58CR1H.0 
R58CRlI 10,279 07-15-97 10:29a R58CRlI 
R58CRlI 0 198,315 07-15-97 10:29a R58CR1I.0 
R58CR2A 10,370 07-15-97 10:29a R58CR2A 
R58CR2A 0 199,937 07-15-97 10:29a R58CR2A.0 
R58CR2B 10,371 07-15-97 10:29a R58CR2B 
R58CR2B 0 200,107 07-15-97 10:29a R58CR2B.0 
R58CR2C 10,338 07-15-97 10:29a R58CR2C 
R58CR2C 0 199,376 07-15-97 10:29a R58CR2C.0 
R58CR2D 10,340 07-15-97 10:29a RSBCR2D 
R58CR2D 0 199,373 07-15-97 10:29a R58CR2D.0 
R58CR2E 10,278 07-15-97 10:29a R58CR2E 
R58CR2E 0 198,033 07-15-97 10:29a R58CR2E.0 
R58CR2F 10,278 07-15-97 10:29a R58CR2F 
R58CR2F 0 199,451 08-05-97 1:42p R58CR2F.0 
R58CR2G 10,278 07-15-97 10:29a R58CR2G 
R58CR2G 0 198,006 07-15-97 10:29a R58CR2G.0 
R58CR2H 10,276 07-15-97 10:29a RS8CR2H 
R58CR2H 0 198,183 07-15-97 10:29a R58CR2H.0 
R58CR21 10,271 07-15-97 10:29a R58CR21 
R58CR2I 0 198,153 07-15-97 10:29a R5BCR2I.0 
C33CRlA 9,532 08-05-97 9:46a C33CR1A 
C33CRlA 0 179,071 08-05-97 9:46a C33CR1A.0 
C33CRlB 9,536 08-05-97 9:46a C33CR1B 
C33CR1B 0 179,072 08-05-97 9:46a C33CRIB.o 
C33CRlC 9,503 08-05-97 9:46a C33CRlC 
C33CRIC 0 176,201 08-05-97 9:46a C33CR1C.o 
C33CRlD 9,502 08-05-97 9:46a C33CRlD 
C33CR1D 0 176,359 08-05-97 9:46a C33CRID.o 
C33CRlE 9,437 08-05-97 9:46a C33CRIE 
C33CRIE 0 176,336 08-05-97 9:46a C33CR1E.o 
C33CRlF 9,438 08-05-97 9:46a C33CRlF 
C33CRIF 0 176,189 08-05-97 9:46a C33CR1F.o 
C33CRlG 9,440 08-05-97 9:46a C33CRIG 
C33CRIG 0 176,159 08-05-97 9:46a C33CR1G.o 
C33CRIH 9,438 08-05-97 9:46a C33CR1H 
C33CRlH 0 174,863 08-05-97 9:46a C33CRIH.o 
C33CRlI 9,439 08-05-97 9:46a C33CRlI 
C33CRlI 0 175,025 08-05-97 9:46a C33CR1i.o 
C33CR2A 9,530 08-05-97 9:46a C33CR2A 
C33CR2A 0 178,134 08-05-97 9:46a C33CR2A.o 
C33CR2B 9,531 08-05-97 9:46a C33CR2B 
C33CR2B 0 178,164 08-05-97 9:46a C33CR2B.o 
C33CR2C 9,498 08-05-97 9:46a C33CR2C 
C33CR2C 0 175,841 08-05-97 9:46a C33CR2C.o 
C33CR2D 9,500 08-05-97 9:46a C33CR2D 
C33CR2D 0 176,110 08-05-97 9:46a C33CR2D.o 
C33CR2E 9,438 08-05-97 9:46a C33CR2E 
C33CR2E 0 175,173 08-05-97 9:46a C33CR2E.o 
C33CR2F 9,438 08-05-97 9:46a C33CR2F 
C33CR2F 0 174,893 08-05-97 9:46a C33CR2F.o 
C33CR2G 9,438 08-05-97 9:46a C33CR2G 
C33CR2G 0 176,335 08-05-97 9:46a C33CR2G.o 
C33CR2H 9,436 08-05-97 9:46a C33CR2H 
C33CR2H 0 176,321 08-05-97 9:46a C33CR2H.o 
C33CR21 9,435 08-05-97 9:46a C33CR2I 
C33CR21 0 176,409 08-05-97 9:46a C33CR21.o 
U33CRlA 9,312 08-05-97 9:49a U33CRlA 
033CRlA 0 177,901 08-05-97 9:49a U33CR1A.o 
U33CRIB 9,316 08-05-97 9:49a U33CRlB 
U33CRIB 0 177,781 08-05-97 9:49a U33CRIB.o 
U33CRIC 9,283 08-05-97 9:49a U33CRlC 
U33CRIC 0 176,304 08-05-97 9:49a U33CR1C.o 
U33CRID 9,282 08-05-97 9:49a U33CR1D 
U33CRlD 0 176,305 08-05-97 9:49a U33CR1D.o 
U33CRIE 9,217 08-05-97 9:49a U33CR1E 
U33CR1E 0 175,334 08-05-97 9:49a U33CRIE.o 
U33CRIF 9,218 08-05-97 9:49a U33CRlF 

U33CRIF 0 175,439 08-05-97 9:49a U33CR1F.o 
U33CRlG 9,220 08-05-97 9:49a U33CRIG 
U33CRIG 0 173,945 08-05-97 9:49a U33CR1G.o 
U33CRIH 9,218 08-05-97 9:49a U33CRIH 

U33CRlH 0 175,307 08-05-97 9:49a U33CR1H.o
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U33CRII 
U33CR11 
U33CR2A 
U33CR2A 
U33CR2B 
033CR2B 
U33CR2C 
U33CR2C 
U33CR2D 
U33CR2D 
U33CR2E 
U33CR2E 
U33CR2F 
U33CR2F 
U33CR2G 
U33CR2G 
U33CR2K 
U33CR2H 
U33CR2I 
U33CR21

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

.. \MCNPcases\ 
C33CRIB 
C33CR1B 0 
C3CB105 
C3C1205 0 
C3C0B10 
c3C1810 0 
C3CIB15 
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U33H04F 9,215 08-05-97 9:03a u33h04f 
U33H04F 0 175,319 08-05-97 9:03a u33h04f.o 
U33H04G 9,213 08-05-97 9:03a u33h04g 
U33H04G 0 175,335 08-05-97 9:03a u33h04g.o 
U33H04H 9,216 08-05-97 9:03a u33h04b 
U33H04H 0 176,827 08-05-97 9:03a u33h04h.o 
U33H04I 9,218 08-05-97 9:03a u33h04i 
U33H041 0 173,676 08-05-97 9:03a u33h04i.o 
U33H04J 9,219 08-05-97 9:03a u33h04j 
U33H04J 0 173,823 08-05-97 9:03a u33h04j.o 
U33H06A 9,308 08-05-97 9:04a u33h06a 
U33H06A 0 175,362 08-05-97 9:04a u33h06a.o 
U33H06B 9,311 08-05-97 9:04a u33h06b 
U33H06B 0 178,413 08-05-97 9:04a u33h06b.o 
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U33H083 0 175,215 08-05-97 9:04a u33h08b.o 
U33H08C 9,285 08-05-97 9:04a u33hOSc 
U33H08C 0 177,945 08-05-97 9:04a u33hO8c.o 
U33H08D 9,283 08-05-97 9:04a u33h08d 
U33H08D 0 176,270 08-05-97 9:04a u33h08d.o 
U33H08E 9,220 08-05-97 9:04a u33h08e 
U33H08E 0 175,319 08-05-97' 9:04a u33h08e.o 
U33H08F 9,221 08-05-97 9:04a u33h08f 
U33H08F 0 173,610 08-05-97 9:04a u33h08f.o 
U33H08G 9,221 08-05-97 9:04a u33h08g 
U33H08G 0 173,674 08-05-97 9:04a u33h08g.o 
U33H08H 9,222 08-05-97 9:04a u33h08h 
U33H08H 0 173,617 08-05-97 9:04a u33h08h.o 
U33H081 9,222 08-05-97 9:04a u33h08i 
U33H08I 0 173,749 08-05-97 9:04a u33h08i.o 
U33HJ08 9,222 08-05-97 9:04a u33hb08j 
U33H08J 0 175,187 08-05-97 9:04a u33h08j.o 
U33HIOA 9,312 08-05-97 9:05a u33h10a 
U33H10A 0 175,368 08-05-97 9:05a u33h10a.o 
U33H1IB 9,315 08-05-97 9:05a u33hlOb 
U33H31B 0 175,361 08-05-97 9:05a u33hl0b.o 
U33H31C 9,283 08-05-97 9:05a u33hblc 
U33H10C 0 176,278 08-05-97 9:05a u33hl0c.o 
U33H1OD 9,282 08-05-97 9:O5a u33hlOd 
U33H10D 0 174,762 08-05-97 9:05a u33h10d.o 
U33H1OE 9,216 08-05-97 9:05a u33hlOe 
U33HIOE 0 175,217 08-05-97 9:05a u33h10e.o 
U33HIOF 9,217 08-05-97 9:05a u33h10f 
U33H10F 0 176,856 08-05-97 9:05a u33h10f.o 
U33H10G 9,219 08-05-97 9:05a u33hlOg 
U33H1OG 0 173,673 08-05-97 9:05a u33h10g.o 
U33H10H 9,219 08-05-97 9:05a u33hlOh 
U33H10H 0 173,674 08-05-97 9:OSa u33hl0h.o 
U33H10I 9,221 08-05-97 9:05a u33h101 
U33HI01 0 173,617 08-05-97 9:05a u33hl0i.o 
U33H10J 9,219 08-05-97 9:05a u33hlOj 
U33H10J 0 173,673 08-05-97 9;05a u33hI0j.o 
U33H13A 9,313 08-05-97 9:06a u33h13a 
U33H13A 0 175,550 08-05-97 9;06a u33h13a.o 
U33H13B 9,314 08-05-97 9:06a u33h13b 
U33H13B 0 175,406 08-05-97 9:06a u33h13b.o 
U33H13C 9,283 08-05-97 9:06a u33h13c 
U33H13C 0 174,909 08-05-97 9:06a u33h13c.o 
U33H13D 9,282 08-05-97 9:06a u33hl3d 
U33H13D 0 176,277 08-05-97 9:06a u33h13d.o
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U33H13E 9,219 08-05-97 9:06a u33b13e 
U33H13E 0 175,307 08-05-97 9:06a u33h13e.o 
U33H13F 9,219 08-05-97 9:06a u33h13f 
U33H13F 0 176,156 08-05-97 9:06a u33h13f.o 
U33H13G 9,218 08-05-97 9:06a u33h13g 
U33H13G 0 173,619 08-05-97 9:06a u33h13g.o 
U33H33H 9,219 08-05-97 9:06a u33h13h 
U33H13H 0 173,646 08-05-97 9:06a u33h13h.o 
U33HI31 9,217 08-05-97 9:06a u33h13i 
U33H131 0 176,841 08-05-97 9:06a u33h13i.o 
U33H13J 9,220 08-05-97 9:06a u33h13j 
U33H13J 0 175,217 08-05-97 9:06a u33h13j.o 
U3H3GO5 9,242 08-05-97 9:06a u3h3gO5 
U3H3G05 0 173,793 08-05-97 9:06a u3h3g05.o 
U3H3G11 9,275 08-05-97 9:06a u3h3gll 
U3H3GI1 0 173,647 08-05-97 9:06a u3h3gll.o 
U3H3G1II 0 173,806 08-05-97 9:06a u3h3glli.o 
U3H3G15 9,246 08-05-97 9:06a u3h3g15 
U3H3G15 0 173.764 08-05-97 9:06a u3h3gl5.o 
U3H3G22 9,250 08-05-97 9:06a u3h3g22 
U3H3G22 0 173,764 08-05-97 9:06a u3h3g22.o 
U33L08A 9,314 08-05-97 9:12a u33108a 
U33L08A 0 175,361 08-05-97 9:12a u33108a.o 
U33L08B 9,314 08-05-97 9:12a u33108b 
U33LD8B 0 175,235 08-05-97 9:12a u33108b.o 
U33L08C 9,281 08-05-97 9:12a u33108c 
U33L08C 0 174.735 08-05-97 9:12a u33108c.o 
U33L08D 9,282 08-05-97 9:12a u33108d 
U33L08D 0 176.482 08-05-97 9:12a u33108d.o 
U33LO8E 9,217 08-05-97 9:12a u33108e 
U33LO8E 0 175,319 08-05-97 9:12a u33108e.o 
U33L08F 9,215 08-05-97 9:12a u33108f 
U33L08F 0 173,806 08-05-97 9:12a u33108f.o 
U33L08G 9,214 08-05-97 9:12& u33108g 
U33L08G 0 173,732 08-05-97 9:12a u33108g.o 
U33L08H 9,218 08-05-97 9i12a u33108h 
U33L08H 0 173.646 08-05-97 9:12a u33108h.o 
U33L081 9,220 08-05-97 9:12a u33108i 
U33L081 0 176.926 08-05-97 9:12a u33108i.o 
U33LO8J 9,213 08-05-97 9:12a u33108j 
U33L08J 0 173,748 08-05-97 9:12a u33108j.o 
U33L1OA 9,312 08-05-97 9:13a u33110a 
U33LIOA 0 176,813 08-05-97 9:13a u33110a.o 
U33L10B 9,312 08-05-97 9:13a u33110b 
U33L1OB 0 175,246 08-05-97 9:13a u33110b.o 
U33L10C 9,281 08-05-97 9:13a u33110c 
U33L1OC 0 174,736 08-05-97 9:13a u33110c.o 
U33L10D 9,284 08-05-97 9:13a u33110d 
U33L10D 0 174,601 08-05-97 9:13a u33110d.o 
U33L1OE 9,220 08-05-97 9:13a u33110e 
U33L1OE 0 17S,217 08-05-97 9:13a u33110e.o 
U33L10F 9,218 08-05-97 9:13a u33110f 
U33L10F 0 177,337 08-05-97 9:13a u33110f.o 
U33L10G 9,220 08-05-97 9:13a u33110g 
U33LIOG 0 173,648 08-05-97 9:13a u33110g.o 
U33L10H 9,219 08-05-97 9:13a u33110h 
U33L10H 0 173,674 08-05-97 9:13a u33110h.o 
U3310I 9,220 08-05-97 9:13& u331101 
U33LI01 0 175,564 08-05-97 9:13a u33110i.o 
U33L10J 9,216 08-05-97 9:13a u33110j 
U33L10J 0 173,400 08-05-97 9:13a u33110j.o 
U33L13A 9,316 08-05-97 9:13a u33113a 
U33L13A 0 175,215 08-05-97 9:13a u33113a.o 
U33L13B 9,317 08-05-97 9:13a u33113b 
U33LI3B 0 175,272 08-05-97 9:13a u33113b.o 
U33L13C 9,283 08-05-97 9:13a u33113c 
U33L13C 0 174,763 08-05-97 9:13a u33113c.o 
U33L13D 9,284 08-05-97 9:13a u33113d 
U33L13D 0 176,656 08-05-97 9:13a u33113d.o 
U33L13E 9,221 08-05-97 9:13a u33113e 
U33L13E 0 173,616 08-05-97 9:13a u33113e.o 
U33L13F 9,220 08-05-97 9:13a u33113f 
U33L13F 0 173,551 08-05-97 9:13a u33113f.o 
U33L13G 9,221 08-05-97 9:13a u33113g 
U33L13G 0 177,528 08-05-97 9:13a u33113g.o 
U33L13H 9,221 08-05-97 9:13a u33113h 
U33L13H 0 175,307 08-05-97 9:13a u33113h.o 
U33LI3I 9,221 08-05-97 9:13a u33113i 
U33LI31 0 173,674 08-05-97 9:13a u33113i.o 
U33L13J 9,221 08-05-97 9:13a u33113j 
y33LI3J 0 173,820 08-05-97 9:13a u33113j.o
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U33M04A 9,315 08-05-9? 9:13a u33m04a 
U33M04A 0 176,781 08-05-97 9:13a u33m04a.o 
U33M04B 9,315 08-05-97 9:13a u33m04b 
U33M04B 0 176,962 08-05-97 9:13a u33m04b.o 
U33M04C 9,285 08-05-97 9:13a u33mO4c 
U33M04C 0 174,639 08-05-97 9:13a u33m04c.o 
U33M04D 9,285 08-05-97 9:13a u33m04d 
U33M04D 0 174,762 08-05-97 9:13a u33mO4d.o 
U33M04E 9,221 08-05-97 9:13a u33m04e 
U33404E 0 176,709 08-05-97 9:13a u33m04e.o 
U33M04F 9,218 08-05-97 9:13a u33m04f 
U33M04F 0 176,652 08-05-97 9:13a 033m04f.o 
U33M04G 9,222 08-05-97 9:13a u33m04g 
U33M04G 0 173,896 08-05-97 9:13a u33m04g.o 
U33M04H 9,217 08-05-97 9:13a u33m04h 
U33M04H 0 173,674 08-05-97 9:13a u33m04h.o 
U33M041 9,222 08-05-97 9:13a u33m04i 
U33M04J 9,222 08-05-97 9:13a u33m04j 
U33M06A 9,315 08-05-97 9:14a u33m06a 
U33M06A 0 175,242 08-05-97 9:14a u33m06a.o 
U33M06B 9,313 08-05-97 9:14a u33m06b 
U33M06B 0 175,242 08-05-97 9:14a u33m06b.o 
U33M06C 9,284 08-05-97 9:14a u33m06c 
U33M06C 0 174,792 08-05-97 9:14a u33m06c.o 
U33M060 9,284 08-05-97 9:14a u33mO6d 
U33M060 0 175,044 08-05-97 9:14a u33m06d.o 
U33M06E 9,221 08-05-97 9:14a u33m06e 
U33M06E 0 175,159 08-05-97 9:14a u33mn6e.o 
U33M06F 9,218 08-05-97 9:14a u33m0Of 
U33M06F 0 175,336 08-05-97 9:14a u33m06f.o 
U33M06G 9,220 08-05-97 9:14a u33m06g 
U33M06G 0 175,338 08-05-97 9:14a u33m06qo 
U33M06H 9,218 08-05-97 9:14a u33m06h 
U33M06H 0 175,150 08-05-97 9:14a u33m06h.o 
U33M06I 9,220 08-05-97 9:14a u33m061 
U33M06J 9,219 08-05-97 9:14a u33m06j 
U33M08A 9,318 08-05-97 9:16a u33mO8a 
U33M08A 0 175,340 08-05-97 9:16a u33m08a.o 
U33M08B 9,318 08-05-97 9:16a u33mO8b 
U33M08B 0 175,215 08-05-97 9:16a u33mOBb.o 
033M08C 9,286 08-05-97 9:16a u33m08c 
U33M08C 0 177,910 08-05-97 9:16a u33m08c.o 
U33M080 9,282 08-05-97 9:16a u33m08d 
U33M080 0 176,278 08-05-97 9:16a u33m08d.o 
U33M08E 9,223 08-05-97 9:16a u33mO8e 
U33M08E 0 173,403 08-05-97 9:16a u33mO8e.o 
U33M08F 9,222 08-05-97 9:16a u33m08f 
U33M08F 0 173,644 08-05-97 9:16a u33mO8f.o 
U33M08G 9,223 08-05-97 9:16a u33m08g 
U33M08G 0 175,160 08-05-97 9:16a u33m08g.o 
U33M08H 9,221 08-05-97 9:16a u33m08h 
U33M08H 0 175,306 08-05-97 9:16a u33mO8h.o 
U33M08I 9,218 08-05-97 9:16a u33m08i 
U33M08I 0 173,617 08-05-97 9:16a u33m08io 
U33M08J 9,221 08-05-97 9:16a u33mO8j 
U33M08J 0 173,647 08-05-97 9:16a u33m08j.o 
U33M10A 9,314 06-05-97 9:17a u33ml0a 
U33MIOA 0 174,971 08-05-97 9:17a u33ml0a.o 
U33M10B 9,313 08-05-97 9:17a u33m10b 
U33M1OB 0 175,242 08-05-97 9:17a u33ml0b.o 
U33M14C 9,284 08-05-97 9t17a u33ml0c 
U331I1C 0 176,335 08-05-97 9:17a u33ml0c.o 
U33410D 9,284 08-05-97 9:17a u33mlOd 
U33110D 0 175,041 08-05-97 9:17a u33ml0d.o 
U33M1OE 9,220 08-05-97 9:17a u33m10e 
U33M1OE 0 176,707 08-05-97 9:17a u33ml0e.o 
U3'3M10F 9,216 08-05-97 9:17a u33m10f 
U33M10F 0 173,784 08-05-97 9:17a u33m10f.o 
U33MIOG 9,219 08-05-97 9:17a u33mlOg 
U33M10G 0 173,757 08-05-97 9:17a u33mlOg.o 
U33M10H 9,218 08-05-97 9:17a u33ml0h 
U33M10H 0 175,160 08-05-97 9:17a u33ml0h.o 
U33M101 9,219 08-05-97 9:17a u33ml0i 
U33M101 0 175,462 08-05-97 9:17a u33ml0i.o 
U33M10J 9,220 08-05-97 9:17a u33mlOj 
U33M10J 0 173,643 08-05-97 9:17a u33ml0j.o 
U33M13A 9,311 08-05-97 9:17a u33m13a 
U33M13A 0 175,342 08-05-97 9:17a u33m13a.o 
U33M13B 9,313 08-05-97 9:17a u33m13b 
U33M13B 0 175,272 08-05-97 9:17a u33m13b.o 
U33Ml1C 9,278 08-05-97 9:17a u33ml3c
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U33M13C 
U33M13D 
U33M13D 
U33M13B 
U33M13E 
U33M13F 
U33M13F 
U33M13G 
U33M13G 
U33M13H 
V33M13H 
U33M131 
U33M131 
U33M13J 
U33M13J

0 

0 

0 

0 

0 

0 

0 

0

174,939 
9,279 

174,784 
9,216 

175,216 
9,217 

175,217 
9,216 

176,709 
9,217 

173,805 
9,218 

173,643 
9,219 

173,749

*,\MCNPcaes\Sect7-4\Tab74-4 
U40H06A 9,304 
U40H06A 0 175,214 
U40HO6B 9,307 
U40HO6B 0 176,772 
U40H06C 9,272 
U40HO6C 0 176,588 
U4OHO6D 9,275 
U40HO6D 0 176,306 
U40H06E 9,208 
U40H06E 0 175,186 
U40O06F 9,211 
U4OHO6F 0 175,189 
U40H06G 9,211 
U40HO6G 0 176.652 
U40H06H 9,211 
U40H06H 0 176.857 
U40H061 9,211 
U40HO6J 9,213 
U40H08A 9,307 
U40H08A 0 175,404 
U40HO8B 9,311 
U40H08B 0 175,373 
U4OHO8C 9,281 
U40HO8C 0 174,791 
U40H08D 9,279 
U40HO8D 0 174,438 
U4OHOBE 9,216 
U4OHO8E 0 173,S06 
U40H08F 9,217 
U40H08F 0 176,708 
U40H08G 9,217 
U40H08G 0 175,183 
U40H08H 9,218 
U40HOBH 0 173,791 
U40H08I 9,218 
U40H081 0 173,617 
U4OHO8J 9,218 
u40H08J 0 175,160 
J4UH1OA 9,308 

U40H1OA 0 175,242 
U40H1OB 9,311 
U40H10B 0 175,214 
U40H1OC 9,279 
U40HIOC 0 174,912 
U40H10D 9,278 
U40H1OD 0 174,896 
U40H10E 9,212 
U40H1OE 0 173,814 
U40H1OF 9,213 
U40H10F 0 175,187 
U40HIOG 9,215 
U40H1OG 0 175,258 
U40H1OH 9,215 
U40H1OH 0 175,266 
U40H10I 9,217 
U40H10I 0 173,776 
U40HIOJ 9,215 
U40HIOJ 0 173,673 
U40H13A 9,309 
t40H13A 0 178,307 
U40H13B 9,310 
U40H13B 0 175,207 
U40H13C 9,279 
U40H13C 0 174,762

0 
0 
0 
0 
0 

0

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
OB-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97

9:17a u33m13c.o 
9:17a u33m13d 
9:17a u33m13d.o 
9:17a u33ml3e 
9:17a u33m13e.o 
9:17a u33m13f 
9:17a u33m13f.o 
9:17a u33m13g 
9:17a u33m13g.o 
9:17a u33m13h 
9:17a u33m13h.o 
9:17a u33m13i 
9:17a u33m13i.o 
9:17a u33m13j 
9:17a u33m13j.o 

9:20a u40h06a 
9:20a u40hG6a.o 
9:20a udOhO6b 
9:20a u40h06b.o 
9:20a u40h06c 
9:20a u40hO6c.o 
9:20a u40h06d 
9:20a u40h06d.o 
9:20a u40hO6e 
9:20a u40hO6e.o 
9:20a u40h06f 
9:20a u40h06f.o 
9:20a u40h06g 
9:20a u40hO6g.o 
9:20a u40hO6h 
9:20a u40hO6h.o 
9:20a u40b06i 
9:20& u40h06j 
9:21a u4OhO8a 
9:21a u40hO8a.o 
9:21a u4OhO8b 
9:21a u40hO8b.o 
9:21a u40hD8c 
9:21a u40h08c.o 
9:21a u40hOd 
9:21a u40h08d.o 
9:21a u40h08e 
9:21a u40h08e.o 
9:21a u4OhO8f 
9:21a u40hO8f.o 
9:21a u4OhOg 
9:21a u4OhOg.o 
9:21a u40hO8h 
9:21a u40hO8h.o 
9:21a u4OhO8i 
9:21a u40hO8i.o 
9:21a u40hO8j 
9:21a u40h08j.o 
9:22a u40hlOa 
9:22a u4OhlOa.o 
9:22a u40hlOb 
9:22a u40h10b.o 
9:22a u40hlOc 
9:22a u40hlOc.o 
9:22a u40hl0d 
9:22a u40hlOd.o 
9:22a u40hlOe 
9:22a u40hlOe.o 
9:22a u4OhlOf 
9:22a u40hlOf.o 
9:22a u40hlg 
9:22a u40hlg.o 
9:22a u4OhlOh 
9:22a u40hlOh.o 
9:22a u40hlOi 
9:22a u4OhlOi.o 
9:22a u40hl0j 
9:22a u40hlOj.o 
9:22a u40hl3a 
9:22a u40hl3a.o 
9:22a u40h13b 
9:22a u40hl3b.o 
9:22a u40h13c 
9:22a u4Ohl3c.o
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U40H13D 9,278 08-05-97 9:22a u40h13d 

U40H13D 0 176,305 08-05-97 9:22a u40hl3d.o 
U40H13E 9,215 08-05-97 9:22a u4Ohl3e 

U40H13E 0 175,217 06-05-97 9:22a u4Ohl3e.o 
U40H13F 9,215 08-05-97 9:22a u4Ohl3f 
U40H13F 0 175,217 08-05-97 9:22a u4Ohl3f.o 
U40H13G 9,214 08-05-97 9:22a u40h13g 
U40H13G 0 173,762 08-05-97 9:22a u40h13g.o 
U40H13H 9,215 08-05-97 9:22a u4Ohl3h 
U40H13H 0 173,820 08-05-97 9:22a u40hl3h.o 
U40H13I 9,213 08-05-97 9:22a u40hl3i 
U40H13I 0 173,612 08-05-97 9:22a u40hl3i.o 
U4OH13J 9,216 08-05-97 9:22a u40hl3j 
U40H13J 0 173,644 08-05-97 9:22a u40h13j.o 
U40M08A 9,314 08-05-97 9:22a u40mO8a 
U40M08A 0 175,272 08-05-97 9:22a u40mO8a.o 
U40MOBB 9,314 08-05-97 9:22a u4OmO8b 
U40M08B 0 175,271 08-05-97 9:22a u4OmO8b.o 
U40M08C 9,282 08-05-97 9:22a u40m08c 
U40M08C 0 176,482 08-05-97 9:22a u40m08c.o 
U40M08D 9,278 08-05-97 9:22a u40mOBd 
U40M08D 0 176,328 08-05-97 9:22a u40mO8d.o 
U4OM08E 9,219 08-05-97 9:22a u40mO8e 
U40M08E 0 173,615 08-05-97 9:22a u4Om08e.o 
U40M08F 9,218 08-05-97 9:22a u40m08f 
U40MOSF 0 175,192 08-05-97 9:22a u40mO8f.o 
U40O08G 9,219 08-05-97 9:22a u40m08g 
U40M08G 0 173,350 08-05-97 9:22a u40mO8g.o 
U40MOBH 9,217 08-05-97 9:22a u40mO8h 

U40M08H 0 173,806 08-05-97 9:22a u40mO8h.o 
U40M08I 9,214 08-05-97 9:22a u4OmO8i 
U40M08I 0 173,643 08-05-97 9:22a u4OmOi.o 
U40MO8J 9,217 08-05-97 9:22a u4OmO8j 
U40M08J 0 173,644 08-05-97 9:22a u4OmO8j.o 
U40M1OA 9,310 08-05-97 9:23a u40tlOa 
U40M10A 0 175,215 08-05-97 9:23a u40ml 0 a.o 

U40MIOB 9,309 08-05-97 9:23a u40mlOb 
U40M10B 0 176,759 08-05-97 9:23a u4OmlOb.o 
U40M10C 9,280 08-05-97 9:23a u40mlfc 
U40MIOC 0 174,908 08-05-97 9:23a u4Omlfc.o 
U40M10D 9,280 08-05-97 9:23a u40mlOd 
U40MIOD 0 174,730 08-05-97 9:23a u40mlOdo 

U40MO1E 9,216 08-05-9? 9:23a u40mlOe 
U40MIOE 0 175,188 08-05-97 9:23a u40mlOe.o 
U40M10F 9,212 08-05-97 9:23a u40ml0E 
U40M1OF 0 176,526 08-05-97 9:23a u40ml0f.o 
U40M1OG 9,215 08-05-97 9:23a u40mtlg 
U40MO1G 0 173,790 08-05-97 9:23a u40ml0g.o 
U40M10H 9,214 08-05-97 9:23a u40mlOh 
U40M10H 0 173,617 08-05-97 9:23a u40ml0h.o 
U40MI0I 9,215 08-05-97 9:23a u40mlOi 
U40M1OI 0 173,658 08-05-97 9:23a u40ml0i.o 
U40M1OJ 9,216 08-05-97 9:23a u40m1Oj 
U40M10J 0 176,842 08-05-97 9:23a u40ml0j.o 
U40M13A 9,307 08-05-97 9:23a u40ml3a 
U40M13A D 175,215 08-05-97 9:23a u40ml3a.o 
U40M13B 9,309 08-05-97 9:23a u40ml3b 
U40M13B 0 175,242 08-05-97 9:23a u4Oml3b.o 
U40M13C 9,274 08-05-97 9:23a u4Oml3c 
U40M13C 0 176,278 08-05-97 9:23a u40m13c.o 
U40M13D 9,275 08-05-97 9:23a u40ml3d 
U40M13D 0 174,745 08-05-97 9:23a u40m13d.o 
U40M13E 9,212 08-05-97 9:23a u40ml3e 

U40M13E 0 176,960 08-05-97 9:23a u40ml3e.o 

U40M13F 9,213 08-05-97 9:23a u40ml3f 
U40M13F 0 173,647 08-05-97 9;23a u40m13f.o 

U40M13G 9,212 08-05-97 9:23a u40ml3g 

U40M13G 0 173,644 08-05-97 9:24a u4Om13g.o 

U40M13H 9,213 08-05-97 9:24a u40ml3h 

U40M13H 0 173,617 08-05-97 9:24a u40ml3h.o 

U40M131 9,214 08-05-97 9:24a u40m131 
U40M131 0 173,644 08-05-97 9:24a u40ml31.o 
U40M13J 9,215 08-05-97 9:24a u40ml3J 
U40M13J 0 175,308 08-05-97 9:24a u40m13j.o 

,,\MCNPcases\Sedt7-4\Tb
7 4

-
5 

R58H04A 10,224 07-07-97 10:22a R58H04A 

R58H04A 0 198,446 07-07-97 10:22a R58H04A.0 

R58H04B 10,224 07-07-97 10:22a R58H048 

R58H04B 0 198,140 07-07-97 10:22a R58H04B.0 

R58H04C o 10,191 07-07-97 10:22a R58H04C
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R58H04C 0 197,825 07-07-97 10:22a R58H04C.0 
R58H04D 10,192 07-07-97 10:22a R58H04D 
R5BH04D 0 197,666 07-07-97 10:22a R58H04D.0 

R58H04E 10,129 07-07-97 10:22a RS8H04E 

R58H04E 0 196,326 07-07-97 10:22a RS8H04E.0 
R58H04F 10,126 07-07-97 10:22a R58H04F 
R58H04F 0 196,383 07-07-97 10:22a R58H04F.0 
R58H04G 10,120 07-07-97 10:22a R58H04G 
R58HO4G 0 196,206 07-07-97 10:22a R58H04G.0 
R58H04H 10,127 07-07-97 10:22a R58H04H 

R58HO4H 0 196,326 07-07-97 10:22a R58H04H.0 
R58H041 10,129 07-07-97 10:22a R58H041 
R58H041 0 196,478 07-07-97 10:22a R58H041.0 

R58H04J 10,130 07-07-97 10:22a R58H04J 
R58H04J 0 196,115 07-07-97 10:22a R58H04J.0 

R58H06A 10,219 07-07-97 10:22a R58HO6A 
R58H06A 0 198,137 07-07-97 10:22a RSH06A.0 

R58HO6B 10,222 07-07-97 10:22a R5HO6B 

R58H06B 0 198,314 07-07-97 10:22a RSSH06B.0 
R58HO6C 10,187 07-07-97 10:22a R58H06C 

R58HO6C 0 197,519 07-07-97 10:22a R58H06C.0 
R58H06D 10,190 07-07-97 10:22a RS8H06D 
R58H06D 0 197,519 07-07-97 10:22a R58H06D.O 
R58H06E 10,119 07-07-97 10:22a R58H06E 
R58H06E 0 196,349 07-07-97 10:22a R58H06E.0 

R58HO6F 10,126 07-07-97 10:22a R58H06F 

R58H06F 0 196,503 07-07-97 10:22a R58H06F.O 

R58H06G 10,126 07-07-97 10:22a RS8H06G 

R58H06G 0 196,481 07-07-97 10:22a R58H060.0 

R58H06H 10,126 07-07-97 10:22a RSSH06H 
R58H06H 0 196,331 07-07-97 10:22a RSH06H.0 

R58H061 10,126 07-07-97 10:22a R58H06I 
R58H06I 0 196,353 07-07-97 10:22a R58H06I.0 

R58H06J 10,128 07-07-97 10:22a R58HO6J 
R58H06J 0 196,500 07-07-97 10:22a R58H06J.0 
R58H0SA 10,218 07-07-97 10:22a R58H08A 

R58HO8A 0 198,314 07-07-97 10:22a R58H08A.0 

R58H08B 10,226 07-07-97 10:22a R58H08B 
R58H08B 0 198,550 07-07-97 10:22a R58HO8B.0 

R58HOBC 10,196 07-07-97 10:22a R58H08C 

R58H08C 0 197,723 07-07-97 10:22a R58H08C.0 

R58HO8D 10,194 07-07-97 10:22a R58H08D 
R58HO8D 0 197,870 07-07-97 10:22a R58HO8D.0 

R58H08E 10,131 07-10-97 5:20p R58HO8E 
R58HO8E 0 197,779 07-10-97 5 

2 0p R58H08E.0 

R5BH08F 10,132 07-07-97 10:22a R58H08F 
R58H08F 0 196,236 07-07-97 10:22a R58HOSP.0 

R58H08G 10,132 07-07-97 10 22a RS8H08G 

R58HO8G 0 196,383 07-07-97 10:22a R58HO8G.O 
R58H08H 10,133 07-07-97 10:22a R58H08H 
R58HOH 0 196,530 07-07-97 10:22a RS8H08H.0 

R58H08I 10,133 07-07-97 10:22a R58H081 
R58H081 0 196.473 07-07-97 10:22a R58H081.0 
R58HO8J 10,133 07-07-97 10:22a R58HO8J 

R58H08J 0 196,179 07-07-97 10:22a R58HOBJ.0 
R58H10A 10,223 07-07-97 10:22a R58H1OA 

R58HIOA 0 198,167 07-07-97 10:22a R58HIOA.0 

R58HIOB 10,226 07-07-97 10:22& R58H1OB 

R58HIOB 0 198,431 07-07-97 10:22a R58HIOB.O 

RS8H1OC 10,194 07-07-97 10:22a RSSHIOC 

R58H1OC 0 197,824 07-07-97 10:22a R5SHIOC.0 

RSH1OD 10,193 07-07-97 10:22a R58H10D 
RS8H100 0 197,693 07-07-97 10:22a R58H10D.0 

R58H10E 10,127 07-07-97 10:22a R58HIOE 

R58H10E 0 196,236 07-07-97 10:22a R58H10E.0 

R58H10F 10,128 07-07-97 10:22a R58H1OF 

RS8H10F 0 196,466 07-07-97 10:23a R58H1OF.0 

R58H1OG 10,130 07-07-97 10:23a R58H1OG 

R58HIOG 0 196,485 07-07-97 10:23a R58H10G.0 

R58HIOH 10,130 07-07-97 10:23a R58HIOH 

R58H1OH 0 196,542 07-07-97 10:23a R58HIOH.0 

R58XI01 10,132 07-07-97 10:23a R58HIOI 

R58H101 0 196,383 07-07-97 10:23a R58H101.0 

R58H1OJ 10,130 07-07-97 10:23a R58H1OJ 

R58H10J 0 196,229 07-07-97 10:23a R58H1OJ.O 

R5BH13A 10,224 07-07-97 10:23a R58H13A 

RSBH13A 0 198,556 07-07-97 10:23a R58H13A.0 

R58H13B 10,225 07-07-97 10:23a R58H13B 

R58H13B 0 198,431 07-07-97 10:23a R58H13B.0 

R58H13C 10,194 07-07-97 10:23a R58H13C 

R58H13C 0 197,919 07-07-97 10:23a R58H13C.0
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R58H13D 
R58H13D 
R58H13E 
R58H13E 
R58H13F 
R58H13F 
R58H130 
R58H13G 
R5BH13H 
R58H13H 
R58H131 
R5BH13I 
R58Hi3J 
R58H13J 
R58LO8A 
R58LO8A 
R58L08B 
R58L08B 
R58LO8C 
R58L08C 
R58LO8D 
R58L08D 
R58L08E 
R58LO8E 
R58LO8F 
R58LOBF 
R5BL08G 
R58L08G 
R58L08H 
R58L08H 
R58LOBI 
R58L081 
R58LO8J 
R58L08J 
R58L1OA 
R58L10A 
R58L1OB 
R58L10B 
R58L1OC 
R58L1OC 
R58LIOD 
R58LIOD 
R58L1OE 
R58L1OE 
R58L1OF 
R58L1OF 
R58L1OG 
R58L1OG 
R58L1OH 
R58L10H 
R58L1OI 
R58L101 
R58L1OJ 
R58L1OJ 
R58L13A 
R58L13A 
R58L13B 
R58Li3B 
R58L13C 
RSBL13C 
R5BL13D 
R58L13D 
R5BL13E 
R58L13E 
R58L13EP 
R58L13F 
R58L13F 
R58L13G 
R58L13G 
R58L13H 
R58Li3H 
R58L13I 
R58L13I 
R58L13J 
R58L13J 
R58M04A 
R58M04A 
R58M04B 
R58MO4B 
R58M04C 
R58MO4C

10,193 
197,546 
10,130 

196,444 
10,130 

196, 500 
10,129 

196,503 
10,130 

196,395 
10,128 

197 651 
10,131 

196,549 
10,225 

198 277 
10,225 

198,397 
10,192 

197,840 
10,193 

197,862 
10,128 

196,503 
10,126 

196,606 
10,121 

196,236 
10,129 

196,229 
10,131 

196,236 
10,120 

196, 179 
10,223 

198, 566 
10,223 

198,404 
10,192 

197,870 
10.195 

197,723 
10,131 

196, 665 
10,129 

196,405 
10,131 

196,326 
10,130 

196,478 
10,131 

196,855 
10,127 

196, 302 
10,227 

198, 431 
10,228 

198,137 
10,194 

197,806 
10,195 

197,666 
10,132 

196, 605 
43,769 
10,131 

196, 500 
10, 132 

196 549 
10,132 

196, 473 
10,132 

196, 628 
10,132 

196,457 
10,226 

198, 103 
10,226 

198,397 
10,196 

197, 843

07-07-97 
07-07 -97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-10-97 
07-10-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07 -97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-9'7 
07-07-97 
07-07-97 
07-07-97 
07 -07-97 
07-07-97 
07-07-97 
07-07-97 
07-07 -97 
07-07-97 
07-07-97

10:23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10: 23a 
10: 23 
10:23a 
10:23a 
10:23a 
5:20p 
5: 20p 

10:23a 
10:23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10:23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10:23a 
10:23a 
10: 23a 
10: 23a 
10:23a 
10:23a 
10:23a 
10:23a 
10: 23a 
10: 23a 
10:23a 
10:23a 
10: 23a 
10: 23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23& 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23& 
10: 23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a 
10: 23a 
10:23a 
10:23a 
10:23a 
10:23a 
10:23a

R58H13D 
RS8H13D.O 
R58H13E 
R5811138.0 

R58H13F 
R58H13F.O 
R58H13G 
RS8H13G.O 
R58H13H 
R58H13H.0 
R58H131 
R58H131.0 
R5BH13J 
R58H13J.0 
R58LOBA 
R5BL08A.0 
R58L08B 
R58LO8B.0 
RS8LO8C 
R58L08C.0 
RS8LO8D 
RS8LOBD.0 
R58LOBE 
R58LOBE.0 
R58LOBF 
RS8LO8F.0 
R58LO8G 
R58L08G.0 
R58LO8H 
R58L08H.0 
R58L08I 
R58L081.0 
R58L08J 
R58L08J.0 
R58L1OA 
RS8L10A.0 
R58LIOB 
R58LIOB.0 
R58L1OC 
R58L10C.0 
RS8LIOD 
R58L1OD.0 
R58L10E 
R58L1OE.0 
R58L1OF 
R58L1OF.0 
R58L1OG 
R58L1OG.o 
R58L10H 
R58L10H.0 
RS8L10I 
RSOL10I.0 
R58L1OJ 
R58L1OJ.0 
RS8L13A 
R58LI3A.0 
R58L138 
R58L138.0 
R58L13C 
R58L13C.0 
RS8L13D 
R58L13D.0 
RSBL13E 
R58L13E.0 
R58L13EP 
R58L13F 
R58L13F.0 
R58L13G 
R58L13G.0 
R58L13H 
R58L13H.0 
RSBL13I 
R58L13I.0 
RSBL13J 
R58L13J.O 
R58M04A 
R58H04A.0 
R58MO4B 
R58M04B.0 
R58M04C 
R58M04C.O
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R58M04D 10,196 07-07-97 10:23a R58M04D 
R58M04D 0 197,693 07-07-97 10:23a RS8M04D.O 
R58M04E 10,132 07-07-97 10:23a R58MO4E 
R58M04E 0 196,598 07-07-97 10:23a R58M04E.0 
R58M04F 10,129 07-07-97 10:23a R58M04F 
R58M04F 0 196,522 07-07-97 10:23a R58M04F.0 
R58M04G 10,133 07-07-97 10:23a R58M04G 
R58M04G 0 196,605 07-07-97 10:23a R58H04G.0 
R58M04H 10,124 07-07-97 10:23a R58MO4H 
R58MO4H 0 196,500 07-07-97 10:23a R58M04H.0 
R58M04I 10,133 07-07-97 10:23a R58M041 
R58K041 0 196,326 07-07-97 10:23a R58M041.0 
R58M04J 10,133 07-07-97 10:23a RSSM04J 
R58M4J 0 196,338 07-07-97 10:23a RSSM04J.0 
R58MO6A 10,226 07-07-97 10:23a R58MO6A 
R58M06A 0 198,678 .07-07-97 10:23a R58M06A.0 
R58M068 10,220 07-07-97 10:23a R58M06B 
R58M06B 0 198,404 07-07-97 10:23a R58M06B.0 
R58M06C 10,195 07-07-97 10:23a R58M06C 
R58M06C 0 197,813 07-07-97 10:23a R58MO6C.0 
R58M06D 10,195 07-07-97 10:23a R58M06D 
R58M06D 0 197,813 07-07-97 10:23a R58M06D.0 
R58MO6E 10,132 07-07-97 10:23a R58M06E 
R58M06E 0 196,356 07-07-97 10:23a R58MO6E.0 
R58MO6F 10,129 07-07-97 10:23a R58M06F 
R58m06F 0 196,172 07-07-97 10:23a R58M06F.0 
R58MO6G 10,131 07-07-97 10:23a R58MO6G 
R58M06G 0 196,311 07-07-97 10:23a R58M06G.0 
R58M06H 10,129 07-07-97 10:23a R5BMO6H 
R58M06H 0 196,466 07-07-97 10:23a RSSM06H.0 
R58M06I 10,131 07-07-97 10:23a R58M061 
R58M06I 0 196,571 07-07-97 10:23a R58M061.0 
R58M06J 10,130 07-07-97 10:23a R58M06J 
R58M06J 0 196,493 07-07-97 10:23a R58M06J.O 
R58MOBA 10,229 07-07-97 10:23a R58MO8A 
R58MO8A 0 198,461 07-07-97 10:23a R58MO8A.0 
RS8M08B 10,229 07-07-97 10:23a R58M8BB 
R58MO8B 0 198,250 07-07-97 10:23a R58MO8B.0 
R58M08C 10,197 07-07-97 10:23a R58MQ8C 
R58M08C 0 197,539 07-07-97 10:23a R58MO8C.0 
R58MOSD 10,189 07-07-97 10:23a R58MOBD 
R58M08D 0 197,666 07-07-97 10:23a R58M08D.O 
R58MOBE 10,134 07-07-97 10:23a R58MO8E 
R58M08E 0 196,503 07-07-97 10:23a R58MOSE.0 
R58MO0F 10,133 07-07-97 10:23a R58MOSF 
R58MO8F 0 196,601 07-07-97 10:23a R58MO8F.0 
R58MO8G 10,134 07-07-97 10:23a R58M08G 
R58MS8G 0 196,605 07-07-97 10:23a R58M08G.0 
R58MO8H 10,132 07-07-97 10:23a R58M08H 
R5BM08H 0 196,549 07-07-97 10:23a R58M08H.O 
R58M081 10,125 07-07-97 10:23a R58M081 
R58M08I 0 196,202 07-07-97 10:23a R58M08I.0 
R58MD8J 10,132 07-07-97 10;23a RS8M0BJ 
R58M08J 0 196,319 07-07-97 10:23a R58MO8J.0 
R58M1OA 10,225 07-07-97 10:23a R58MIOA 
R58M1OA 0 198,532 07-07-97 10:23a R58M10A.0 
R58M108 10,224 07-07-97 10:23a R58MIOB 
R58M108 0 198,404 07-07-97 10:23a R58M1OB.0 
R58M10C 10,195 07-07-97 10:23a R58M1OC 
R58M1OC 0 197,576 07-07-97 10:23a RSBM10C.0 
R58M10D 10,195 07-07-97 10:23a R58M10D 
R58M10D 0 197,892 07-07-97 10:23a R58M10D.0 
R58M1OE 10,131 07-07-91 10:23a RS8M10E 
RS8M1OE 0 196,368 07-07-97 10:23a R58MIOE.0 
R58M10F 10,127 07-07-97 10:23a R58M10F 
R58MIOF 0 196,579 07-07-97 10:23a RS8MIOF.O 

R58M10G 10,130 07-07-97 10:23a R58M1OG 
R58M1OG 0 196,488 07-07-97 10:23a R58M1OG.0 
R58M1OH 10,129 07-07-97 10:23a R58M10H 
R58MIOH 0 196,473 07-07-97 10:23a R58M1OH.0 
R58M101 10,130 07-07-97 10:23a R58M1I0 
R58M1OI 0 196,524 07-07-97 10:23a R58M1OI.O 

R58M1OJ 10,131 07-07-97 10:23a R58MIOJ 
R58M10J 0 196,473 07-07-97 10:23a R58M1OJ.0 
R58MI3A 10,222 07-07-97 10:23& R58M13A 
RSBMI3A 0 198,427 07-07-97 10:23a R5SM13A.0 
R58M13B 10,224 07-07-97 10:23a R58M13B 
R58M13B 0 198,110 07-07-97 10:23a R58M13B.0 
R58M13C 10,189 07-07-97 10:23a R58M13C 
R58M13C 0 197,938 07-07-97 10:23a R58M13C.0 
R58M13D 10,190 07-07-97 10:23a R58M13D
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197, 693 
10 127 

196, 172 
10,128 

196,338 
10,127 

196,530 
10,128 

196,356 
10, 129 

196, 522 
10,130 

196,693 
27,994

07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97 
07-07-97

200,873 07-10-97 
199,481 07-10-97 
10,421 07-10-97 
10,356 07-10-97 
10,353 07-10-97 

199,515 08-05-97 
12,438 07-10-97 

227,144 07-10-97 
12,503 07-10-97 

228,415 07-10-97 
12,435 07-10-97 

227,444 08-05-97

10,193 
203.675 

10,195 
201,909 

10,196 
202,206 

10,198 
202,225 

10,263 
203,543 

10,195 
202,071 

10,128 
202,176 

10,193 
202,002 

10,257 
202,217 

10,322 
203,584 

10,254 
201.996 

10,199 
202,059 

10,264 
203.617 

10,193 
202,203 
10,196 

201,596 
10,261 

202,712 
10.263 

202,087 
10,196 

201,986 
10,261 

203,072 
10,198 

202, 149 
10,263 
10,195 

202,149 
10,196 

201,935 
10,261 

203,419 
203,129

07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
07-10-97 
08-05-97

,,\MCNPcases\Sect7-4\Tab74-8 
U33H13G 9,218 08-05-97

10:23a R58M13D.O 
10:23a R58M13E 
10:23a R58M13E.O 
10:23a R58M13F 
10:23a RSSM13F.0 
10:23a R58M13G 
10:23a R58M13G.O 
10:23a R58M13H 
10:23a R58M13H.0 
10:23a RSBM13I 
10:23a RS8M13I.O 
10:23a R5BM13J 
10:23a R58M13J.0 
10:24a results.out 

4:57p BR58L13.0 
4:57p BR58H13.0 
4:57p BR58L13 
4:57p BR58H13 
4:57p BRSSM13 
1:41p BRSBM13.O 
4:57p BU33HI3 
4:57p BU33H13.0 
4:57p BU33L13 
4:57p BU33L13.0 
4:57p BU33M13 
1:43p BU33M13.0

4:58ep 
4 .5 8p 4: 58p 
4: 58p 
4:58p 
4:58p 

4: 58p 
4:5 8p 
4:58p 
4: 58p 
4:58p 
4: 58p 
4:58p 
4: 58p 
4:58p 
4:58p 
4:58p 
4:58p 
4:S8p 
4:58p 
4: Sp 
4:58p 
4: Sp 
4:58p 
4:58p 
4:58p 
4:S8p 
4:58p 
4:58p 
4:58p 
4: 58p 
4: 58p 
4: S8p 
4: 58p 
4: 58p 
4:58p 
4: 58p 
4: S8p 
4: Sp 
4: 58p 
4: Sp 
4: Sp 
4:58p 
4: Sep 
4: S8p 
4: S8p 
4: Sp 
4: Sp 
1:40p

RB2M13 
RBPSL13.0 
RBPSM13 
RBPSM13.0 
RBP1M13 
RBP1M13.O0 
RBP2H13 
RBP2H13.O 
RBP2L13 
RBP2L13.0 
RBP2M13 
RBP2M13.0 
RBP5H13 
RBP5H13.0 
RBSM13 
RBSM13.0 
RBCH13 
RBCH13.0 
RBCL13 
RBCL13.0 
RBCM13 
RBCM13.0 
RBP1H13 
RBP1H13.0 
RBPIL13 
RBPILL3.0 
RB1M13 
RBIM13.0 
RB2H13 
RB2M13.0 
RB2L13 
RB2L13.0 
RBPSL13 
RB2M13.0 
RB5H13 
RBSH13.0 
RB5L13 
RBSL13.0 
RB1OH13 
RB10H13.0 
RBlOL13 
RBlOM13 
RB1OM13 .0 
RB1H13 
RB1H13.0 
RB1L13 
RB1L13.0 
RB1OL13.0

9:53a u33h13g

0 

0 

0 

0 

0 

0 

0 
OUT

0 
0 

0 

0 

0 

0

R58M13D 
R58M13E 
R58M13E 
R58M13F 
R58M13F 
R58M13G 
R58M13G 
R58M13H 
R58M13H 
R58M13I 
R58M13I 
R58M13J 
R58M13J 
RESULTS

BR58L13 
BR58H13 
BR58L13 
BR58H13 
BR58M13 
BR58M13 
BU33H13 
BU33H13 
BU33L13 
BU33LI3 
BU33M13 
BU33M13

RB2M13 
RBPSL13 
RBP5M13 
RBP5M13 
RBPIM13 
RBP1M13 
RBP2H13 
RBP2H13 
RBP2L13 
RBP2L13 
RBP2M13 
RBP2M13 
RBP5H13 
RBP5H13 
RB5M13 
RB5M13 
RBCH13 
RBCH13 
RBCL13 
RBCL13 
RBCM13 
RBCM13 
RBP1IH13 
RBPIH13 
RBPIL13 
RBPIL13 
RB1MI3 
RB1MI3 
RB2H13 
RB2H13 
RB2L13 
RB2L13 
RBP5L13 
RB2M13 
RB5H13 
RB5H13 
RB5LI3 
RB5L13 
RBlOH13 
RB1OH13 
RBl0L13 
RB1OM13 
RB1OM13 
RB1H13 
RB1H13 
RB1L13 
RB1L13 
RB1OL13

ý u.& w

x Mrwpý...Ax _qýpt 7 -AkIr.1,74 -A

%MtMD---%C -7-Aklr 1,7A--?
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U33H13G U3H3G05 
U3H3GO5 

3U3H3G11 
U3H3G11 
U3H3G15 
U3H3GI5 
U3H3G22 
U3H3G22

0 

0 

0 

0 

0

173,619 
9,242 

173,793 
9,275 

173,647 
9,246 

173,764 
9,250 

173,764

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97

9: 53a 
9:53a 
9: 53a 
9: 53a 
9: 53a 
9: 53a 
9:53a 
9: 53a 
9:53a

u33h13g.o u3h3gO5 
u3h3gO5.o 
u3h3gll 
u3h3gl1.o 
u3h3g15 
u3h3g15.o 
u3h3g22 
u3h3g22.o

\wMfPrasen\Sectl-4\Tab74-9\h13
R33H13G 
R33H13G 
R36H13G 
R36H13G 
R38H13G 
R38113G 
R41H13G 
R441H3G R43H13G 
R43HI3G 
R46H13G 
R46H13G 
R48H13G 
R48H13G 
R51H13G 
R51H13G 
R53H13G 
R53H13G 
R56HI3G 
R56H13G 
R58H13G 
R58H13G 
U43H130 

U33H13G

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

10,431 
204,377 

10,431 
201,477 

10,431 
201,330 

10,431 
201,329 

10,431 
202,808 

10,431 
202,726 

10,429 
202,612 
10,430 

201,156 
10,430 

201,329 
10,430 

204,700 
10,385 

199,854 
9,343 

175,804

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97

.. \MCNPcases\Sect7-4\Tab74-9\ml
3 

R33M13F 10,435 08-05-97 
R33M13F 0 204,282 08-05-97 
R36M13F 10,435 08-05-97 
R36M13F 0 201,349 08-05-97 
R38M13F 10,435 08-05-97 
R38M13F 0 201,152 08-05-97 
R41MI3F 10,435 08-05-97 
R41M13F 0 201,288 08-05-97 
R43M13F 10,435 08-05-97 
R43MI3F 0 200,829 08-05-97 
R46M13F 10,435 08-05-97 
R46M13F 0 203,682 08-05-97 
R48M13F 10,433 08-05-97 
R48MI3F 0 201,392 08-05-97 
R51M13F 10,434 08-05-97 
R51M13F 0 203,020 08-05-97 
R53M13F 10,434 08-05-97 
R53M13F 0 203,083 08-05-97 
R56M13F 10,434 08-05-97 
R56M13F 0 201,476 08-05-97 
R58M13F 10,389 08-05-97 
R58M13F 0 201,394 08-05-97 
U33M13F 9,329 08-05-97 
U33M13F 0 175,684 08-05-97

.- \MCNPcases\Sect
7

UPOAO
0 

0 

0 

0 

0 

0 

0 
0

UPOAO 
UPOA50 
UPOASO 

UPOAC 
UPOAC 
UP73A0 
UP73A0 
UP73AC 
UP73AC 
UPVOAO 
UPVOAO 
UPV73A0 
uPV73A0 
UPILE 
UPILE

-5 
9,271 

173,804 
9,527 

173,874 
9,527 

174,145 
9,221 

173,348 
9,213 

173,318 
9,273 

173,416 
9,225 

173,438 
168,054 

8,314

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-06-97 
08-06-97

9:51a r33h13g 
9:51a r33h13g.o 
9:51a r36h13g 
9:51a r36h13g.o 
9:5Ta r38h13g 
9:51a r38h13g.o 
9:51a r4lhl3g 
9:51a r4lhl3g.o 
9:51a r43h13g 
9:51a r43h13g.o 
9:51a r46hi3g 
9:51a r46h13g.o 
9:51a r48h13g 
9:51a r48h13g.o 
9:51a r51h13g 
9:51a rSlhl3g.o 
9:51a r53h13g 
9:51a rS5hl3g.o 
9:51a r56hl3g 
9:51a r56h13g.o 
9:51a rS8hl3g 
9:51a rSShl3g.o 
9:51a u33h13g 
9:51a u33h13g.o 

9:51a r33m13f 
9:51a r33m13f.o 
9:51a r36m13f 
9:51a r36m13f.o 
9:51a r38m13f 
9:51a r38m13f.o 
9:51a r4lml3f 
9:51a r41m13f.o 
9:51a r43m13f 
9:51a r43m13f.o 
9:51a r46ml3f 
9:5ha r46m13f.o 
9:51a r48m13f 
9:51a r48m13f.o 
9:51a r5lm13f 
9:51a rSlml3f.o 
9:51a rS3ml3f 
9:51a r53m13f.o 
9:51& r56m13f 
9:51a r56m13f.o 
9:51a r58m13f 
9:51a rS5ml3f.o 
9M5Ta u33m13f 
9:51a u33m13f.o 

11:01a up0ao 
11:01a upoaO.O 
11:01a upOaSO 
11:01a up~aSO.0 
11:01a upoac 
11:01a upOaC.0 
11:01a up73a0 
11:01a up73aO.O 
11:01a up73aC 
11:01a up73aC.0 
11:01a upv0a0 
11:01a upvOa.0.  
11:01a upvl3a0 
11:01a upv73ao.O 
8:50a upile.0 
8:50a upile

-\MCNPcases\Sect7-7\Tab77l-l\rS8cr
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<DIR> 08-05-97 9:43a 
<DIR> 08-05-97 9:43a 

R58CR19H 10,332 08-05-97 9:43a r58crl9h 
R58CR19H 0 198,425 08-05-97 9:43a r58crl9h.o 
R58CRlH 10,298 08-05-97 9:43a r58crlh 
R58CRlH 0 198,397 08-05-97 9:43a r58crlh.o 

.\MCNPciases\Sect7-7\Tab771-1\r58h13 
R58H132C 10,295 08-05-97 9:43a r58h132c 
R58H132C 0 196,721 08-05-97 9:43a r58h132c.o 
R58H133C 10,296 08-05-97 9:43a r58h133c 
R58H133C 0 197,046 08-05-97 9:43a r58h133c.o 
R58HI342 10,296 08-05-97 9:43a r58h1342 
R58H1342 0 197,046 08-05-97 9:43a r58h1342.o 
R58H1343 10,296 08-05-97 9:43a r58h1343 
R58H1343 0 198,582 08-05-97 9:43a r58h1343.o 
R58H1345 10,286 08-05-97 9:43a r58h1345 
R58H1345 0 198,559 08-05-97 9:43a r58h1345.o 
R58HI35C 10,285 08-05-97 9:43a r58h135c 
R58H135C 0 198,386 08-05-97 9:43a r58h135c.o 
U39H13F 9,313 08-05-97 9:43a u39h13f 
U39H13F 0 176,143 08-05-97 9:43a u39h13f.o 
U43H13F 9,315 08-05-97 9:43a u43h13f 
U43H13F 0 176,404 08-05-97 9:43a u43h13f.o 
U45H13F 9,317 08-05-97 9:43a u45h13f 
U4SH13F 0 173,616 08-05-97 9:43a u45h13f.o 
U45H13G 9,333 08-05-97 9:43a u45h13g 
U45H13G 0 177,407 08-05-97 9:41a u45h13g.o 

,\MCPcases\Sect7-7\Tab771-1\r58113 
R58L130C 10,357 08-05-97 9:43a r581130c 
R58L130C 0 201,391 08-05-97 9:43a r581130c.o 
R58L1310 10,358 08-05-97 9:43a r5811310 
R58L1310 0 198,405 08-05-97 9:43a r5811310.o 
R58L131C 10,358 08-05-97 9:43a r581131c 
R58L131C 0 201,546 08-05-97 9:43a r581131c.o 
R58L133C 10,358 08-05-97 9:43a r581133c 
R58L133C 0 199,731 08-05-97 9:43a r581133c.o 
R58L1370 10,358 08-05-97 9:43a r5811370 
R58L1370 0 198,356 08-05-97 9:43a r5811370.o 
R58L138 10,358 08-05-97 9:43a r581138 
R58L138 0 198,070 08-05-97 9:43a r581138.o 
R58L13D 10,195 08-05-97 9:43a r58113d 

.\MCNPcases\Saect7-7\Tab771-1\r58m13 
R58M131C 10,292 08-05-97 9:43a r58m131c 
R58M131C 0 198,806 08-05-97 9:43a r58m131c.o 
R58M132C 10,292 08-05-97 9:43a r58m132c 
R58M132C 0 198,463 08-05-97 9:43a r58m132c.o 
R58M134 10,280 08-05-97 9:43a r58m134 
R58M134 0 196,753 08-05-97 9:43a r58m134.o 
RSBM1341 10,292 08-05-97 9:43a r58m1341 
R58M1341 0 196,977 08-05-97 9:43a r58m1341.o 
R58M1342 10,292 08-05-97 9:43a r58m1342 
R58M1343 10,292 08-05-97 9:43a r58ml343 
R58KI343 0 196,933 08-05-97 9:43a r58m1343.o 
R58M13C 10,280 08-05-97 9:43a r58ml3c 
R58M13C 0 198,845 08-05-97 9:43a r58m13c.o 
R58M13G 10,292 08-05-97 9:43a r58tl3g 
U33M13G 9,211 08-05-97 9:43a u33m13g 
U33M13G 0 174,992 08-05-97 9:43a u33ml3g.o 
U38M13G 9,345 08-05-97 9:43a u38m13g 
U38M13G 0 175,372 08-05-97 9:43a u38ml3g.o 
U40M13G 9,212 08-05-97 9:43a u40ml3g 
U42M13G 9,350 08-05-97 9:43a u42m13q 
U42M13G 0 173,712 08-05-97 9:43a u42m13g.o 
U44M13G 9,350 08-05-97 9:43a u44m13g 
U44M13G 0 175,428 08-05-97 9:43a u44m13g.o 

-. \MCNPcases\Sect7-7\Tab772-
2 

R58LClB 0 198,280 08-05-97 10:54a R58LC1B.O 
R58LClC 10,193 08-05-97 10:54a R58LClC 
R58LClC 0 197,696 08-05-97 10:54a RS8LCIC.0 
R58LCID 10,196 08-05-97 10:54a R58LCID 
R58LClD 0 197,843 08-05-97 10:54a R58LClD.O 
R58LClE 10,132 08-05-97 10:54a R58LC1E 
R58LClE 0 196.179 08-05-97 10:54a R58LCIE.0 
R58LCIF 10,124 08-05-97 10:54a R58LClF 
R58LClF 0 196,295 08-05-97 10:54a R58LC1F.O 
R58LClG 10,132 08-05-97 10:54a RS8LCIG 
R58LClG 0 196,331 08-05-97 10:54a R58LC1G.0
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R58LC2B 10,226 08-05-97 10:54a R58LC2B 
R58LC2B 0 198,461 08-05-97 10:54a R58LC2B.0 
R58LC2C 10,196 08-05-97 10:54a R58LC2C 
R58LC2C 0 197,617 08-05-97 10:54& R58LC2C.0 
R58LC2D 10,196 08-05-97 10:54a R58LC2D 
RS8LC2D 0 197,666 08-05-97 10:54a R58LC2D.0 
R58LC2E 10,131 08-05-97 10:54a RSBLC2E 
R58LC2E 0 196,326 08-05-97 10:54a R58LC2E.0 
R5BLC2F 10,132 08-05-97 10:54a R58LC2F 
R58LC2F 0 196,179 08-05-97 10:54a R58LC2F.O 
RS8LC2G 10,129 08-05-97 10:54a RS8LC2G 
R58LC2G 0 196,500 08-05-97 10:54a R58LC2G.O 
R58LC3B 10,228 08-05-97 10:54a R58LC3B 
R58LC3B 0 19q,314 08-05-97 10:54a R58LC3B.0 
R58LC3C 10,194 08-05-97 10:54a R58LC3C 
R58LC3C 0 197,813 08-05-97 10:54a R58LC3C.O 
R58LC3D 10,194 08-05-97 10:54a R58LC3D 
R58LC3D 0 197,689 08-05-97 10:54a R58LC3D.0 
R58LC3E 10,124 08-05-97 10:54a R58LC3E 
R58LC3E 0 196,454 08-05-97 10:54a R58LC3E.O 
R58LC3F 10,132 08-05-97 10:54a R58LC3F 
R58LC3F 0 196,236 08-05-97 10:54a R58LC3F.0 
R58LC3G 10,131 08-05-97 10:54a R58LC3G 
R58LC3G 0 196,356 08-05-97 10:54a R58LC3G.0 
R58LC4B 10,223 08-05-97 10:54a RS8LC4B 
R58LC4B 0 198,416 08-05-97 10:54a R58LC4B.0 
R58LC4C 10,195 08-05-97 10:54a RS8LC4C 
R58LC4C 0 197,845 08-05-97 10:54a R58LC4CO 
R58LC4D 10,197 08-05-97 10:54a R58LC4D 
R58LC4D 0 197,546 08-05-97 10:54& RS8LC4D.0 
R58LC4E 10,132 08-05-97 10:54a R58LC4E 
R58LC4E 0 196,353 08-05-97 10:54a R58LC4E.0 
R58LC4F 10,132 08-05-97 10:54& R58LC4F 
R58LC4F 0 196,493 08-05-97 10:54a R58LC4F.0 
R58LC4G 10,133 08-05-97 10:54a R58LC4G 
R5SLC4G 0 196,326 08-05-97 10:54a RS8LC4G.0 
R58LDlB 10,224 08-05-97 10:54a R58LDlB 
R58LDIB 0 198,404 08-05-97 10:54a RS8LDIB.0 
R58LDIC 10,191 08-05-97 10:54a R58LDlC 
R58LDlC 0 197,889 08-05-97 10:54a R58LD1C.O 
R58LDlD 10,189 08-05-97 10:54a R58LDID 
R58LDID 0 197,843 08-05-97 10:54a R58LD1D.0 
R58LDlE 10,127 08-05-97 10:54a R58LDlE 
R58LDlE 0 196,172 08-05-97 10:54a R58LDIE.0 
R58LDIF 10,127 08-05-97 10:54a R58LDlF 
R58LD1P 0 196,632 08-05-97 10:54a R58LDIF.0 
R58LDIC 10,118 08-05-97 10:54a R58LDIG 
R58LDlG 0 196,591 08-.05-97 10:54a R58LD1G.0 
R58LD2B 10,225 08-05-97 10:54a R58LD2B 
R58LD2B 0 198,269 08-05-97 10:54a R58LD2B.O 
R58LD2C 10,195 08-05-97 10:54a R58LD2C 
R58LD2C 0 197,549 08-05-97 10:54a R58LD2C.0 
R58LD2D 10,195 08-05-97 10:54a R58LD2D 
R58LD2D 0 197,677 08-05-97 10:54a R58LD2D.0 
R58LD2E 10,130 08-05-97 10:55a R58LD2E 
R58LD2E 0 196,326 08-05-97 10:55a R58LD2E.0 
R58LD2F 10,131 08-05-97 10:55a R58LD2F 
R58LD2F 0 196,605 08-05-97 10:55a R58LD2F.0 
R58LD2G 10,129 08-05-97 10:55a R58LD2G 
R58LD2G 0 196,522 08-05-97 10:55& R58LD2G.0 
R58LD3B 10,229 08-05-97 10:55a R58LD3B 
R58LD3B 0 198,299 08-05-97 10:55a R58LD3B.0 
R5BLD3C 10,195 08-05-97 10:55a R58LD3C 
R58LD3C 0 197,708 08-05-97 10:55a R58LD3C.0 
R58LD3D 10,196 08-05-97 10:55a R58LD3D 
R58LD3D 0 197.576 08-05-97 10:55a R58LD3D.0 
R58LD3E 10,134 08-05-97 10:55a R58LD3E 
R5BLD3E 0 196,040 08-05-97 i0:55a R58LD3E.0 
R58LD3F 10,133 08-05-97 10:55a R58LD3F 
R5BLD3F 0 196,236 08-05-97 10:55a R58LD3F.0 
R58LD3G 10.133 08-05-97 10:5Sa R58LD3G 
R58LD3G 0 196.493 08-05-97 10:55a RS8LD3G.0 
R58LAlB 10,227 08-05-97 1:06p R58LA1B 
R58LAIB 0 198,532 08-05-97 1:06p R58LA1B.O 
R58LAlC 10.196 08-05-97 1:06p R58LAlC 
R58LAlC 0 197,794 08-05-97 1:06p R58LAIC.0 
R58LAID 10,187 08-05-97 1:06p R58LAlD 
R58LAlD 0 198,061 08-05-97 1:06p R58LA1D.O 
R58LAlE 10,133 08-05-97 1:06p R58LAIE 
R58LAlE 0 196,206 08-05-97 1:06p R58LA1E.0 
R58LAlF 10,133 08-05-97 1:06p R58LAlF
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R58LA1F 0 197,813 08-05-97 1:
4 4

p R58LAIF.0 
R58LA1G 10,132 08-05-97 1:06p R58LAIG 
R58LAIG 0- 196,574 08-05-97 1:06p R58LA1G.0 
R58LA2B 10,225 08-05-97 1:06p R58LA2B 
R58LA2B 0 198,461 08-05-97 1:06p R58LA2B.0 
R58LA2C 10,195 08-05-97 1:0

6
p R58LA2C 

R58LA2C 0 197,911 08-05-97 1:06p RS8LA2C.0 
R58LA2D 10,182 08-05-97 1:06p R58LA2D 
R58LA2D 0 197,659 08-05-97 1:06p R58LA2D.0 
R58LA2E 10,127 08-05-97 1:06p RS8LA2E 
R58LA2E 0 196,473 08-05-97 1:0 6 p R58LA2E.0 
R58LA2F 10,129 08-05-97 1: 0 6

p R58LA2F 
R58LA2F 0 196,353 08-05-97 1:06p RS8LA2F.0 
R58LA2G 10,130 08-05-97 1:06p R58LA2G 
R58LA2G 0 196,300 08-05-97 1:06p R58LA2G.0 
R58LA3B 10,228 08-05-97 1:06p R5BLA3B 
R58LA3B 0 198,137 08-05-97 1:

0 6
p R58LA3B.0 

R58LA3C 10,195 08-05-97 l:0
6
p R58LA3C 

R58LA3C 0 197,742 08-05-97 1:06p R58LA3C.0 
R58LA3D 10,196 08-05-97 1:06p R98LA3D 
R58LA3D 0 197,862 08-05-97 1:0 6 p R58LA3D.0 
R58LA3E 10,133 08-05-97 l:

0 6
p R58LA3E 

R58LA3E 0 196.307 08-05-97 1:06p R58LA3E.0 
R58LA3F 10,132 08-05-97 1:0

6
p R58LA3F 

R58LA3F 0 196.485 08-05-97 1:06p R58LA3F.0 
R58LA3G 10,131 06-05-97 1:06p R58LA3G 
R58LA3G 0 196,206 08-05-97 1:

0 6
p R58LA3G.0 

R58LA4B 10,224 08-05-97 1:06p R58LA4B 
R58LA4B 0 198,576 08-05-97 1:0 6

p R58LA4B.0 
R58LA4C 10,192 08-05-97 1:06p R58LA4C 
R58LA4C 0 197,678 08-05-97 1:0 6 p R58LA4C.0 
R58LA4D 10,190 08-05-97 1:06p R58LA4D 
R58LA4D 0 197,666 08-05-97 1:06p RS8LA4D.0 
R58LA4E 10,130 08-05-97 1:06p R58LA4E 
R58LA4E 0 196,500 08-05-97 1:06p R58LA4E.0 
R58LA4F 10,130 08-05-97 1:0 6 p R58LA4F 
R58LA4F 0 196,206 08-05-97 1:06p R58LA4F.0 
R58LA4G 10,129 08-05-97 1:06p RS8LA4G 
R58LA4G 0 196,451 08-05-97 1:06p R58LA4G.0 
R58LB1B 10,228 08-05-97 1:06p R58LBlB 
R58LBIB 0 198,728 08-05-97 1:06p R58LBIB.0 
R58LB1C 10,196 08-05-97 1:06p R58LBlC 
R58LB1C 0 197,870 08-05-97 1:06p R58LB1C.0 
R58LBlD 10,195 08-05-97 1:06p R58LBlD 
R58LB1D 0 198,193 08-05-97 1:0

6
p R58LB1D.0 

R58LBIE 10,132 08-05-97 1:06p R58LBlE 
R58LBIE 0 196,836 08-05-97 1:06p RS8LB1E.0 
R58LBIF 10,129 08-05-97 1:06p RS8LB1F 
R58LBIF 0 196,604 08-05-97 1:06p R58LB1F.0 
R58LBIG 10,133 08-05-97 1:06p R58LB1O 
R58LBlG 0 196.748 08-05-97 1:06p R58LBLG.0 
R58LB2B 10,225 08-05-97 2:06p R58LB2B 
R58LB2B 0 198,627 08-05-97 1:06p R58LB2B.0 
R58LB2C 10,192 08-05-97 l:06p R58LB2C 
R58LB2C 0 197,546 08-05-97 1:06p R58LB2C.0 
RS8LB2D 10,192 08-05-97 1:06p RS8LB2D 
R58LB2D 0 197,941 08-05-97 1:06p R58LB2D.0 
R58LB2E 10,126 08-05-97 1:06p R58LB2E 
RS8LB2E 0 196.711 08-05-97 1:0 6

p R58LB2E,0 
R58LB2F 10,130 08-05-97 1:06p R58LB2F 
R58LB2F 0 196,485 08-05-97 1:0 6

p R58LB2F.0 
R58LB2G 10,130 08-05-97 1:06p R58LB2G 
R58LB2G 0 196,473 08-05-97 1:06p R58LB2G.0 
R58LB3B 10,226 08-05-97 1:06p R58LB3B 
R58LB3B 0 198,397 08-05-97 1:06p R58LB3B.0 
R58LB3C 10,195 08-05-97 1:06p R58LB3C 
R5SBLB3C 0 197,965 08-05-97 1:06p R58LB3C.0 
R58LB3D 10,197 08-05-97 l:06p R58LB3D 
R58LB3D 0 197,696 08-05-97 1:06p R58LB3D.0 
R58LB3E 10,131 08-05-97 1:07p R58LB3E 
R58LB3E 0 196,515 08-05-97 1:0

7
p R58LB3E.0 

R58LB3F 10,132 08-05-97 1:0 7 p R58LB3F 
R58LB3F 0 196,503 08-05-97 1:0 7 p R58LB3F.0 
R58LB3G 10,132 08-05-97 1:0 7

p R58LB3G 
R58LB3G 0 196,684 08-05-97 1:07p R58LB3G.0 
R58LB4B 10,225 08-05-97 1:0

7
p R58LB4B 

R58LB4B 0 198,232 08-05-97 1:0
7

p R58LB4B.0 
R58LB4C 10,194 08-05-97 1:0

7
p R58LB4C 

R58LB4C 0 197,546 08-05-97 1:0
7

p R58LB4C.0 
R58LB4D 10,193 08-05-97 1:0

7
p R58LB4D 

R58LB4D 0 197.843 08-05-97 1:0 7 p R58LB4D.0
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R58LB4E 
R58LB4E 
R58LB4F 
R58LB4F 
R58LB4G 
R58LB4G

0 

0 

0

10,122 
196,500 

10,128 
196,353 
10,119 

196,503

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97

1: 07p 
1: 07p 
1: 07p 
1: 07p 

1: 07p 
I: 07 P

R58LB4E 
R58LB4E.0 
R58LB4F 
R58LB4F.0 
R58LB4G 
R58LB4G.O

.. \MCNPcases\SeCt7-7\Tab772-5 
C58MIOB 10,373 07-15-97 10:26a C58M1OB 
C58H08B 10,375 07-15-97 10:26a C58H08B 
C58H08C 10,345 07-15-97 10:26a C58H08C 
C58H08D 10,343 07-15-97 10:26a C58H08D 
C58H08E 10,280 07-15-97 10:26a C58H08E 
C58H08F 10,281 07-15-97 10:26a C58H08F 
C58H08G 10,281 07-15-97 10:26a C58H08G 
C58H08H 10,282 07-15-97 10:26a C58H08H 
C58H08I 10,282 07-15-97 10:26a C58H08! 
C58H10A 10,372 08-05-97 1:24p C58HIOA 
C58IOB 10,375 08-05-97 1:24p C58H10B 
C58H10C 10,343 08-05-97 1:24p C58H10C 
C58H10D 10,342 08-05-97 1:24p C58H10D 
C58H1OE 10,276 08-05-97 1:24p C58H10E 
C58H1OF 10.277 08-05-97 1:24p C58HIO1 
C58H10G 10,279 08-05-97 1:24p C58H1OG 
C58H10H 10,279 08-05-97 1:24p C58H10H 
C58H101 10,281 08-05-97 1:24p C58H10I 

C58H13A 10,373 07-15-97 10:29a C58H13A 
C581H3B 10,374 07-15-97 10:29a C58H13B 
C58H13C 10,343 07-15-97 10:29a C58H13C 
C58H13D 10,342 07-15-97 10:29a C58H130 
C58H13E 10,279 07-15-97 10:29a C581H3E 
C58H13F 10,279 07-15-97 10:29a C58H13F 
C58H130 10,278 07-15-97 10:29a C58H13G 
C58H13H 10,279 07-15-97 10:29a C581H3H 
C58H131 10,277 07-15-97 10:29& C58H131 
C58L13A 10,376 08-05-97 1:24p C58L13A 
C58L13B 10,377 08-05-97 1:24p C58L13B 
C58L13C 10,343 08-05-97 1:24p C58L13C 
C58L13D 10,344 08-05-97 1:2

4
p C58L130 

C58L13E 10,281 08-05-97 1:24p C58L13E 

C58L13F 10,280 08-05-97 1:24p C58L13F 
c58L13G 10,281 08-05-97 1:24p C58L13G 
C58L13H 10,281 08-05-97 1:24p C58L13H 
C58L13I 10,281 08-05-97 1:24p C58L131 
C58MO8A 10,378 07-15-97 10:26a CSSM08A 
C58M08B 10,378 07-15-97 10:26a C58M083 
C58M08C 10,346 07-15-97 10:26a C58M08C 
C58M080 10,338 07-15-97 10:26a C58M080 

C58M08E 10,283 07-15-97 10:26a C58M08E 
C58M08F 10,282 07-15-97 10:26a C59M08F 
C58M108 10,283 07-15-97 10:26a C58M08G 
C58M08H 10,281 07-15-97 10:26a C58M8H 
C58M08! 10,274 07-15-97 10:26a C584081 
C58M10A 10,374 07-15-97 10:26a C58M10A 
C58H08A 10,367 07-15-97 10:26a C58H08A 
C58M10C 10,344 07-15-97 10:26a C58MIOC 
C58M100 10,344 07-15-97 10:26a C58M100 
C58M10E 10,280 07-15-97 i0:26a C58M10E 
C58M10F 10,276 07-15-97 10:26a C58M10F 
C58M10G 10,279 07-15-97 10:26a C58M10G 
C58M10H 10,278 07-15-97 10:26a C58M10H 
C58M101 10,279 07-15-97 10:26a C58M101 
C58M13A 10,'371 08-05-97 1:24p C58M13A 
C58M13B 10,373 08-05-97 1:2

4
p C58M13B 

C58M13C 10,338 08-05-97 1:24p C58M13C 
C58M130 10,339 08-05-97 1:24p C58113D 
C58M13E 10,276 08-05-97 1:24p C58143E 
C58M13F 10,277 08-05-97 1:24p C58M13F 
C58M13G 10,276 08-05-97 1:24p C58M13G 
C58M13H 10,277 08-05-97 1:24p C58M13H 
C58M13I 10,278 08-05-97 1:24p C58M13I 
c58H081 0 198,232 07-15-97 10:26a C58H081.0 
C58M13H 0 198,006 08-05-97 1:24p C58M13H.0 
C58M13G 0 198,273 08-05-97 1:24p C58M13G.0 
C58M13F 0 198,315 08-05-97 1:2

4
p C58M13F.0 

C58M13E 0 198,146 08-05-97 1:24p C58M13E.0 
C58M13D 0 200,897 08-05-97 1:4

2 p C58M130.0 
C58M13C 0 199,373 08-05-97 1:24p C58M13C.0 

C58M13B 0 200,095 08-05-97 1:2
4

p C58M13B.0 
C58M13A 0 200,114 08-05-97 1:

2 4
p C58M13A.0 

C58MI01 0 198,202 07-15-97 10:26a C58MIOI.O

1A1 + D!moL- no-.,r ir% m nt D sian AnalvSho, n r-



Waste Package Development Design Analysis 
Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs 
Document Identifier: BBAOOOOOO-01717-0200-00056 REV 00 Page 110 of 113 

C58K10H 0 198,180 07-15-97 10:26a CS8MIOH.0 
C5SMIOG 0 198,183 07-15-97 10:26a C58M10G.O 
C58M10F 0 198,180 07-15-97 10:26a C58M10F.O 
C58M10E 0 197,950 07-15-97 10:26a C58M10E.O 
C58MIOD 0 199,346 07-15-97 10:26a C58M1OD.0 
C58M10C 0 199,346 07-15-97 10:26a C58M10C.0 
CS8M1OB 0 200,069 07-1S-97 10:26a C58M1OB.O 
C58M10A 0 200,160 07-15-97 10:26a C58M10A.0 
C5BM081 0 198,006 07-15-97 10:26a C58M081.0 
C58M08H 0 198,153 07-15-97 10:26a CS8MO8H.0 
C58M08G 0 198,210 07-15-97 10:26a C58M0SG.0 
C58M08F 0 198,033 07-15-97 10:26a C58M08F.0 
C58M08E 0 198,180 07-15-97 10:26a C58MO8E.0 
C58M08D 0 199,377 07-15-97 10:26a C58408D.0 
C58M08C 0 199,219 07-15-97 10:26a C58M08C.0 
C58MO8B 0 200,111 07-15-97 10:26a CS8MO8B.0 
C58MO8A 0 199,964 07-15-97 10:26a C58MO8A.0 
C58L13I 0 198,082 08-05-97 1:24p C58L131.0 
C58L13H 0 198,006 08-05-97 1:24p C58L13H.0 
CS8L13G 0 198,036 08-05-97 1:24p C58L13G.0 
C58L13F 0 199,549 08-05-97 1:42p C58L13F.0 
C58LI3E 0 197,859 08-05-97 1:24p C58L13E.0 
C58L130 0 199,376 08-05-97 1:24p C58L13D.0 
C58L13C 0 199,704 08-05-97 1:24p C58L13C.0 
C58L13B 0 199,964 08-05-97 1:24p C58L138.0 
C58L13A 0 200,163 08-05-97 1:24p C58L13A.0 
C58H131 0 198,180 07-15-97 10:29a C58H13I.0 
C58H13H 0 198,168 07-15-97 10:29a C58H13H.0 
C58H13G 0 198,153 07-15-97 10:29a C58H13G.O 
C58H13F 0 198,006 07-15-97 10:29a C58H13F.0 
C58H13E 0 197,859 07-15-97 10:29a C58X13E.0 
C58H130 0 199,625 07-15-97 10:29a C58H13D.0 
C58H13C 0 199,373 07-15-97 10:29a C58H13C.0 
C58H13B 0 200,084 07-15-97 10:29a C58H13B.0 
C58H13A 0 200,107 07-15-97 10:29a C58H13A.O 
C5BH10I 0 198,112 08-05-97 1:24p C58H10X.O 
C58H1OH 0 198,342 08-05-97 1:24p C58HIOH.0 
C58H10G 0 198,281 08-05-97 1:24p C58H10G.0 
C58HIOF 0 198,280 08-05-97 1:

2 4
p C58H1OF.0 

C58H10E 0 197,886 08-05-97 1:24p C58H10E.0 
CSBH10D 0 199,618 08-05-97 1:24p C58H10D.0 
C58H1OC 0 199,366 08-05-97 1:24p C58HIOC.0 
CSBH10B 0 200,111 08-05-97 1:24p C58H1OB.0 
C58H10A 0 199,994 08-05-97 1:24p C58HIOA.0 
C58M13I 0 198,342 08-05-97 1:24p C58M131.0 
C58H08H 0 198,056 07-15-97 10:26a C58H08H.0 
C58H08G 0 198,351 07-15-97 10:26a C58HO8G.0 
C58H08F 0 198,391 07-15-97 10:26a C58HO8F.0 
C58H08E 0 198,259 07-15-97 10;26a C58H08E.0 
C58H08D 0 199,535 07-15-97 10:26a C58HO8D.0 
C58HO8C 0 199,648 07-15-97 10:26a CS8H08C.0 
C58H08B 0 200.239 07-15-97 10:26a C58HO8B.0 
C58HO0A 0 200,141 07-15-97 10:26a C58H08A.0 

,,\MCNPcases\Sect7-7\Tab772-6 
C33MIOC 9,504 08-05-97 9:46a C33MIOC 
C33H088 9,535 08-05-97 9:46a C33H08B 
C33H08C 9,505 08-05-97 9:46a C33H08C 
C33H08D 9,503 08-05-97 9:46a C33H080 
C33H08E 9,440 08-05-97 9%46a C33H08E 
C33H08F 9,441 08-05-97 9:46a C33H08P 
C33H08G 9,441 08-05-97 9:46a C33H08G 
C33H08H 9,442 08-05-97 9:46a C33H08H 
C33H08I 9,442 08-05-97 9:46a C33H081 
C33H10A 9,532 08-05-97 9:46a C33H1OA 
C33H10B 9,535 08-05-97 9:46a C33H1OB 
C33H10C 9,503 08-05-97 9:46a C33H10C 
C3H{10D 9,502 08-05-97 9:46a C33H10D 
C33HIOE 9,436 08-05-97 9:46a C33H1OE 
C33HIOF 9,437 08-05-97 9:46a C33H1OF 
C33H10G 9,439 08-05-97 9:46a C33H10G 
C33H1OH 9,439 08-05-97 9:46a C33HMUH 
C33H101 9,441 08-05-97 9:46a C33H101 
C33H13A 9,533 08-05-97 9:46a C33H13A 
C33H13B 9,534 08-05-97 9:46a C33H138 
C33H13C 9,503 08-05-97 9:46& C33H13C 
C33H13D 9,502 08-05-97 9:46a C33H13D 
C33H13E 9,439 08-05-97 9:46a C33H13E 
C33H13F 9,439 08-05-97 9:46a C33H13F 
C33H13G 9,438 08-05-97 9:46a C33H13G 
C33H13H 9,439 08-05-97 9:46a C33HI3H
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C33H131 9,437 08-05-97 9:46a C33H13I 
C33L13A 9,536 08-05-97 9:46a C33L13A 
C33L13B 9,537 08-05-97 9:46a C33L13B 
C33L13C 9,503 08-05-97 9:46a C33L13C 
C33L13D 9,504 08-05-97 9:46a C33LM3D 
C33L13E 9,441 08-05-97 9:46a C33L13E 
C33L13F 9,440 08-05-97 9:46a C33L13F 
C33L13G 9,441 08-05-97 9:46a C33L13G 
C33LM3H 9,441 08-05-97 9:46a C33L13H 
C33L131 9,441 08-05-97 9:46a C33L131 
C33M08A 9,538 08-05-97 9:46a C33M08A 
C33M088 9,538 08-05-97 9:46a C33M08B 
C33M08C 9,506 08-05-97 9:46a C33M08C 
C33M08D 9,502 08-05-97 9:46a C33M08D 
C33MOBE 9,443 08-05-97 9:46a C33M08E 
C33M08F 9,442 08-05-97 9:46a C33M08F 
C33MO8G 9,443 08-05-97 9:46a C33MOBG 
C33M08H 9,441 08-05-97 9:46a C33M08H 
C33M08I 9,438 08-05-97 9:46& C33M08I 
C33M1OA 9,534 08-05-97 9:46a C33M10A 
C33M1OB 9,533 08-05-97 9:46a C33M10B 
C33H08A 9,531 08-05-97 9:46a C33H08A 
C33MIOD 9,504 08-05-97 9:46a C33M10D 
C33M10E 9,440 08-05-97 9:46a C33M1OE 
C33MWOF 9,436 08-05-97 9:46a C33M1OF 
C33M1OG 9,439 08-05-97 9:46a C33MIOG 
C33M1OH 9,438 08-05-97 9:46a C33M10H 
C33M10I 9,439 08-05-97 9:46a C33M101 
C33M13A 9,531 08-05-97 9:46a C33M13A 
C33K13B 9,533 08-05-97 9:46a C33M138 
C33M13C 9,498 08-05-97 9:46a C33M13C 
C33M13D 9,499 08-05-97 9:46a C33M13D 
C33M13E 9,436 08-05-97 9:46a C33M13E 
C33M13F 9,437 08-05-97 9:46a C33M13F 
C33M13G 9,436 08-05-97 9:46a C33M13G 
C33M13H 9,437 08-05-97 9:46a C33M13H 
C33M13I 9,438 08-05-97 9:46a C33M131 
C33H108 0 179,098 08-05-97 9:46a C33H10B.o 
C33M13H 0 176,132 08-05-97 9:46a C33M13H.o 
C33M13G 0 174,668 08-05-97 9:46a C33M13G.o 
C33M13F 0 175,041 08-05-97 9:46a C33M13F.o 
C33M13E 0 176,321 08-05-97 9:46a C33M13E.o 
C33M13D 0 177,508 08-05-97 9:46a C33M13D.o 
C33M13C 0 177,404 08-05-97 9:46a C33M13C.o 
C33M13B 0 176,534 08-05-97 9:46a C33M13B.o 
C33M13A 0 176,560 08-05-97 9:46a C33M13A.o 
C33M10I 0 176,335 08-05-97 9:46a C33M101.o 
C33M10H 0 176,406 08-05-97 9:46a C33MlOH.o 
C33M10G 0 175,014 08-05-97 9:46a C33M10G.o 
C33MIOF 0 176,410 08-05-97 9:46a C33MlOF.o 
C33M10E 0 175,143 08-05-97 9:46a C33M1OE.o 
C33M10D 0 178,759 08-05-97 9:46a C33M10D.o 
C33M1OC 0 178,619 08-05-97 9:46a C33MIOC.o 
C33M1OB 0 178,413 08-05-97 9:46a C33M10B.o 
C33M10A 0 176,591 08-P5-97 9:46a C33M1OA.o 
C33M08I 0 175,014 08-05-97 9:46a C33M081.o 
C33M08H 0 174,867 08-05-97 9:46a C33M08H.o 
C33M08G 0 176,292 08-05-97 9:46a C33M08G.o 
C33M08F 0 175,040 08-05-97 9:46a C33M08F.o 
C33M08E 0 176,528 08-05-97 9:46a C33M08E.o 
C33M08D 0 177,774 08-05-97 9:46a C33M08D.o 
C33M08C 0 177,309 08-05-97 9:46a C33M08C.o 
C33M088 0 176,323 08-05-97 9:46a C33M08B.o 
C33M08A 0 176,548 08-05-57 9:46a C33M08A.o 
C33L131 0 176,437 08-05-97 9:46a C33L13I.o 
C33L13H 0 176,583 08-05-97 9:46a C33L13H.o 
CMU3L3G 0 174,769 08-05-97 9:46a C33L13G.o 
C33L13F 0 175,014 08-05-97 9:46a C33L13F.o 
C33L13E 0 176,407 08-05-97 9:46a C33L13E.o 
C33L13D 0 177,801 08-05-97 9:46a C33L13D.o 
C33L13C 0 177,800 08-05-97 9:46a C33L13C.o 
C33L13B 0 176,712 08-05-97 9:46a C33L13B.o 
C33L13A 0 176,560 08-05-97 9:46a C33L13A.o 
C33H131 0 174.865 08-05-97 9:46a C33H13I.o 
C33H13H 0 174,894 08-05-97 9:46a C33H13H.o 
C33H13G 0 177,430 08-05-97 9:46a C33H13G.o 
C33H13F 0 176,187 08-05-97 9:46a C33H13F.o 
C33H13E 0 176,189 08-05-97 9:46a C33H13E.o 
C33H13D 0 177,654 08-05-97 9:46a C33H13D.o 
C33H13C 0 177,703 08-05-97 9:46a C33H13C.o 
C33H13B 0 176,b91 08-05-97 9:46a C33H13B.o
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9:46a C33H13A.o 
9:46a C33H101.o 
9:46a C33H10H.o 
9:46a C33H10G.o 
9:46a C33H10F.o 
9:46a C33H10E.o 
9:46a C33H10D.o 
9:46a C33HIOC.o 
9:46a C33M13I.o 
9:46a C33H10A.o 
9:46a C33H08I.o 
9:46a C33H08H.o 
9:46a C33H08G,o 
9:46a C33H08F.o 
9:46a C33HO8E.o 
9:46a C33HO8D.o 
9:46a C33H08C.o 
9:46a C33H08B.o 
9:46a C33H08A.o

-. \Sc&1e43cpses 
E325B28 SUM 65,416 
E49B48 SUM 65,416 
E49B44 SUM 65,416 
E49B34 SUM 65,416 
E46B39 SUM 65,416 
E45B35 SUM 65,416 
E3B235 SUM 65,343 
E39B27 SUM 65,416 
E385B385 SUM 65,416 
E35B325 SUM 65,416 
EPBB3 SUM 65,343 
E1789 SUM 65,416 
E15B12 SUM 65,416 
E499B45 SUM 65,416 
E479B45 SUM 65.416 
E545B45 SUM 65,416 
E457B45 SUM 65,416 
E172B10 SUM 65,343 
E228B20 SUM 65,343 
E219B10 SUM 65,343 
E184B10 SUM 65,343 
E244B20 SUM 65,343 
E309B20 SUM 65,343 
E336B30 SUM 65,343 
E4B4 SUM 65,343 
E47B13 SUM 65,343 
E43B3 SUM 65,343 
E36B30 SUM 65,343 
E314B30 SUM 65,343 
E261B20 SUM 65,343 
E16B10 SUM 65,343 
E545B4-1 OUT 24,875,395 
E479B4-1 OUT 24,875,107 
E36B30-1 OUT 24,863,041 
E457B4-1 OUT 24,874,903 
E499B4-1 OUT 24,874,894 
E314B3-1 OUT 24,866,486 
E336B3-1 OUT 24,865,120 
E228B2-1 OUT 24,851,825 
E261B2-1 OUT 24,850,735 
E244B2-1 OUT 24,850,175 
E309B2-1 OUT 24,849,014 
E47B13-1 OUT 24,819,900 
E16B10-1 OUT 24,816,265 
E219B1-1 OUT 24,815,349 
E184B1-1 OUT 24,814,552 
E172B1-1 OUT 24,813,919 
E4B4-1 OUT 24,779,202 
E43B3-1 OUT 24,774,561 
GETPI 1,256 
BATCH43 714 
RUN 120 
E49B48-1 OUT 25,125,997 
E49B44-1 OUT 25,123,888 
E385B3-1 OUT 25,121,289 
E46B39-1 OUT 25,121,114 
E35B32-1 OUT 25,118,238 
E49B34-1 OUT 25,115,490 
E325B2-1 OUT 25,111,042 
E39B27-1 OUT 25,109,973

07-03-97 9:47a e325b28.sum 
07-03-97 9:46a e49b48.sum 
07-03-97 9:46a e49b44.sum 
07-03-97 9:46a e49b34.sum 
07-03-97 9:46a e46b39.sum 
07-03-97 9:47a e45b35.sum 
07-03-97 9:46a e3b235.sum 
07-03-97 9:46a e39b27.sum 
07-03-97 9:46a e385b385.sum 
07-03-97 9:46a e35b325.sum 
07-03-97 9:46a ep8b3.sum 
07-03-97 9:46a e17b9.sum 
07-03-97 9:46a e15b12.sum 
07-09-97 10:01a e499b45.sum 
07-09-97 10:01a e479M45.sum 
07-09-97 10:01a e545b45.sum 
07-09-97 10:01a e457b45.sum 
07-09-97 10:01a e172b10.sum 
07-09-97 10:01a e228b20.sum 
07-09-97 10:01a e219b10.sum 
07-09-97 10:01a e184b10.sum 
07-09-97 10:01a e244b20.sum 
07-09-97 10:01a e309b20.sum 
07-09-97 10:01a e336b30.sum 
07-09-97 10:01a e4b4.sum 
07-09-97 10:01a e47b13.sua 
07-09-97 10:01a e43b3.sum 
07-09-97 10:01a e36b30.suzi 
07-09-97 10:01a 0314b30.sum 
07-09-97 10:01a e261b20.sum 
07-09-97 10:01a e16b10.sum 
07-09-97 10:02a e54564S.output 
07-09-97 10:03a e479b45.output 
07-09-97 10:05a e36b30.output 
07-09-97 10:03a e457b45.output 
07-09-97 10:04a e499b45.output 
07-09-97 10:04a e314b30.output 
07-09-97 10:04a e336b30.output 
07-09-97 10:05a e228b20.output 
07-09-97 10:06a e261b20.output 
07-09-97 10:06a e244b20.output 
07-09-97 10:06a e309b20.output 
07-09-97 10:07a e47b13.output 
07-09-97 10:07a el6blO.output 
07-09-97 10:07a e219b10.output 
07-09-97 10:08a eldb10.output 
07-09-97 10:08a e172b10.output 
07-09-97 10:09a e4b4.output 
07-09-97 10:09a e43b3.output 
07-17-97 6

:09p getPI 
07-17-97 6

:0
9

p batch43 
07-17-97 6

:09p run 
07-17-97 6:49p e49b48.output 
07-17-97 6:50p e49b44,output 
07-17-97 6:50p e385b385.output 
07-17-97 6:5lp e46639.output 
07-07-97 6:51p e35b325.output 
07-17-97 6

:52p e49b34.output 
07-17-97 6:52p e325b28.output 
07-17-97 6:53p e39b27.output

C33Hl3A 
C33H10I 
C33H10H 
C33H10G 
C33H10F 
C33HIOE 
C33H1OD 
C33H1OC 
C33M131 
C33H10A 
C33H08I 
C33H08H 
C33HO8G 
C33H08F 
C33H08E 
C33H08D 
C33H08C 
C33H08B 
C33H08A

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

176,706 
176,295 
176,159 
176,188 
174,863 
174,894 
177,654 
177,743 
174,969 
177,827 
176,162 
174,893 
174,996 
176,257 
174,998 
176,323 
177,552 
179,248 
179,249

08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97 
08-05-97
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6:5
3

p e3b235.output 
6:53p elSbl2.output 
6:54p el7b9.output 
6:54p ep8b3.output

10: 59a 
10:59a 
10: 59a 
10: 59a 
10:59a 
10: 59a 
10: 59a 
11:O0a

A00CR1F.O 
AOOCR2F 
AOOCR2F.0 
A08CRIF 
A08CRIF.0 
AO8CR2F 
A08CR2F.O 
A00CRiF

E3B235-1 
E15B12-1 
E17B9-1 
EP8B3-1 

A00CR1F 
AOOCR2F 
A0OCR2F 

AOBCR1F 
A08CR2F 
A08CR2F 
A00CR1F 

Disk 2 
A30CRIF 
A30CRIF 
A30CR2F 
A3C]CR2F 
B08CRID 
B08CRID

OUT 
OUT 
OUT 
OUT

25,105,112 
25,082,891 
25,061,061 
25,032,232

07-17-97 
07-17-97 
07-17-97 
07-17-97 

09-03-97 
09-03-97 
09-03-97 
09-03-97.  
09-03-97 
09-03-97 
09-03-97 
09-03-97 

09-03-97 
09-03-97 
09-03-97 
09-03-97 
09-03-97 
09-03-97

0 

0 

0 

0 

0 

0 

0

11:03a A30CRlF 
11:03a A30CR1F.O 
11:03a A30CR2F 
11:03a A30CR2F.0 
11:04a BO8CRID 
11:04a B08CR1D.O

265,038 
15,357 

265,126 
18,546 

318,291 
18,544 

318,632 
15,359 

15,300 
270,593 
15,298 

270,872 
18,542 

318,264
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/*bumrich.c program to tabulate enrichment-bumup statistics for a 
* range of kinf. This requires a calculation of kinf as a function of age.  
* burnup. and initial enrichment. In particular, this version prints a table for 
* each kinf bin above some limit The values in each kinf table are the number of 
"* assemblies for the enrichment corresponding to the column and the burnup 
"* corresponding to the row. In this version the kinf bin width is 0.01; 
"* the enrichment bin width is 0.1; and the bumup bin width is I GWd/MTU.  
"* Since there is no regression for kinf developed yet for BWR SNF, This evaluation 
"* methodology is presently applicable to PWR only. */ 

#include <string.h> 
#include <stdlib.h> 
#include <stdio.h> 
#include <math.h> 
#include <malloc.h> 
#include <string.h> 
#include <ctype.h> 
#define KINFS 30 /*number of kinf intervals / 
#define RICHS 70 /*number of enrichment intervals * 
#define BURNS 70 /numberofbumup intervals 1 

float getfloato; 
int getinto; 
FILE *fern 
long int numassy=0J*Counts total assemblies processed (PWR, Ist repository)*/ 
richcount[RICHS]J*Counts assemblies in each enrichment bin 
bumcount[BURNS]J*Counts assemblies in each bumup bin 
bumrichcount[BURNS][RTCHS]d*Counts assy in each combined bumup-enrichment bin*/ 
allcount[BURNSI[RICHSI[KINFS]I*Assy in each combined bumup-kinf-enrich bin*/ 

void maino 
lint ijk=0,ndyrJ*Yr of discharge from reactor; not used*/ 

npyr, /*Yr delivered to the repository; not used*/ 
na, I*number of assy in this batch */ 
nb. /*index for burnup bin *1 
nk, /*index for kinf bin 
nr; I*index for enrichment bin 

float b, I*burnup for this batch of SNF *1 
W, /*total MTU in this batch */ 
a, /*Enrichment for this batch */ 
c, /Age since dschg, set to 10 yrs *1 
kinfj*Neutron multiplication factor for an infinite lattice of this assy type*/ 
wtotal=0; /Total mass of this batch; Not used in this version*/ 

FILE *fout, I*Output for this run*/ 
*fin; /*Input: ETA commercial SNF history and forecast; 

processing by WSM for format only*/ 
char buffer[300], /*temporary for reading input file V 
type. B or P* 
mame[30]; /' Name of reactor site (not used this version)*/ 

if ((fin=fopen("data.in","r"))--NULL) 
[ printf("Can't open input file\n");exit(0);] 

fout=fopen("burrich.out","w"); 
ferr=-fopen("junk.out","w"); /To record anomalous assemblies*/ 
c=10; /*arbitrary age for all SNF / 
while(fgets(buffer.300,fin)!=NULL) 

{w=-getfloat(buffer,21,10); /*Total MTU in this batch */ 
b=getfloat(buffer.51,10); /*Bumup in MWd/MTU 
ndyr=getint(buffer,71.8); /*Year of discharge from reactor (not used)*/ 
npyr=getint(buffer.215,4); /*Year of delivery to repository (not used)*/ 
type=buffer[123]; /*BWR or PWR (1st character) */ 
na=getint(buffer.31,10); /*number of assemblies this batch */ 
a=getfloat(buffer,41.10); /initial enrichment 
stmcpy(mame,buffer+ 1,20); /*reactor name (not used) *1
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mame[201='\O'; 
if(tyPe=-'P) /*Process PWVR only 

fwtota+=w; /lncrement total MTU processed * 

numassy+=na; /*Increment number of assemblies processed *1 
bl= 1000; /*Bumup reduced co GWd/MTU (for use in regression)*/ 
kinf- 1 06-.01 *b-002*c+. I 14*a+.0000708 I *b*b+.00(J07565 *c*c 

..007*a~a.0002671 *b*a-.0001I 145*b*c+.0002318*c~a+ 
.000009366*b*c*a; IMegression from ORNL study *1 

if (kinf>=1 .00) /*Tabulate only for 10 yr age kinf> 1 *1 
[nr-a* 10; /*Group enrichment in 0.1 % bins */ 

nb--b; /*Group burnup in I GWd/NITU bins * 
nk=100*(kinf.I.00);1*Group kinf in 0.01 bins, and shift min value to 0.01*1 
if(nk>=KTNFS-1 )nk=KINFS-1 lOTruncate ldnf values at 1.30*/ 
if((nr<0)iI(nb<0)Il(nk<cO)) /*no negative bin indices allowed*/ 

t fprintf(ferr,'assay=%f bumup=%f kinf=%f\n",a,b,kinf); 
printf("Negative parameter index\n"); 
exit(0);) 

else 
(if(nr<1O) nr=-10;I/floor on enrichmnent = 1.0 
if(nr>50) nr=-50; /*ceiling on enrichment = 5.0 * 

nichcountfnr]+=na; /*Increment bin counts, also next 3 statements * 
burncountlnb]+=-na; 
burnrichcountfnb][nr]+-na; 
a]]countfnb][nr][nk]+=na; 1 1)) 

for(i=-O;i<cKINPS ;i++) /*One table for each kinf bin V 
(fprintf(fout,"VinKitf=%f\n~n",1 ,0O+(float)i/1OO); /*table header*/ 
fprintf(fout,"%3s"," "),I*blank in col header row to leave room for row label*/ 
for(k=l0;k<c=50;k++) fprintf(fout."%5d",k); lMolumn labels*/ 
fprintf(fout,'"xn"); /*start table, after row of column headers */ 
for(j=O;j<cBURNSj++) 

(fprintf(fout."%3d",j); Mlabel for each row of this table*/ 
for(k=1I0;k<=SO;k++)fprintf(fout,"%51d",allcountW][klli])1'Element values for 

each column of this row*/ 
fprintf(fout,"\n"); )] 14End row * 

float getfloat(string, start, length) /*Extract floating point from buffer * 
char stuingf 3001; 
mnt start.length; 
[char temp[201]; 
int i; 
for(i=start;i<start+length;i++) tempfi-start)=stringfi];.  
temp[lengthlz\0,; 
retum(atof(temp));) 

int getint(string, start, length) /*Extract integer from buffer *1 
char string(300]; 
int start,length; 
(char temp[20I; 
mnt i; 
for(i=start;i<star+lcngth;i++) tempri-startJ=string[il;, 
temp[]engthl=%0'; 
retumn(atoi(temp));)
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50 CLS 
CLEAR 
I 

'AMIGO -This program gets nuclide concentrations in grams 
'from summarized origin-s output for 30 principal isotopes 
"and creates desired MCNP input files using a user created 
'MCNP template file. The template file must have a FUELTOT 
'in the cell card where the total number density for the fuel 
'region is to be located, and a FUELNUM in the material card 
'where the number densities for the 30 isotopes are to be placed.  

'dimension variables 
DIM isoS(30) '29 principl isotopes + oxygen 
DIM grams(30, 100) 'gram concentraions of 30 isotopes at 100 different decay times 
DIM numden(30, 100) 'number densities of 30 isotopes at 100 different decay times 
DIM total(100) 'total number density of 30 isotopes at 100 different deay times 
DIM MW(30) 'atomic weights of the 30 isotopes 
DIM time(100) '100 decay times 
DIM MCNPIDS(30) 'MCNP IDs for 30 principal isotopes 

'30 principal isotopes. their atomic weights, and MCNP IDs 

isoS(I) =-" o 16 ": MW(1) = 15,994915#: MCNPIDS(1) = "8016.50C" 

iso$(2) =" mo 95 ": MW(2) - 94.905839#: MCNPID$(2) = "42095.50C" 
iso$(3) =" rul01 ": MW(3) = 100,905576#: MCNPID$(3) = "44101.50C" 

isoS(4) =-" tc 99 ": MW(4) = 98.9062749#: MCNPIDS(4) = "43099.50C2" 
iso$(5) =" rh103 ": MW(5) = 102.905511#: MCNPID$(5) = "45103.50C" 
iso$(6) = " agl09 ": MW(6) = 108.904756#: MCNPID$(6) = "47109.50C" 

iso$(7) =." nd143 ": MW(7) = 142.909779#: MCNPID$(7) = "60143.50(2" 
iso$(8) =" nd145 ": MW(8) = 144.912538#: MCNPID$(8) = "60145.50C" 
iso$(9) =" smn147 ": MW(9) = 146.914867#: MCNPID$(9) = "62147.50C" 

iso$(10) =" sm149 ": MW(10) = 148.91718#: MCNPID$(10) = "62149.50C" 
isoS( 1) =" smin5 ": MW(I 1) = 149.917276#: MCNPIDS(I I) = "62150.50C" 
isoS(12) =" sm151 ":MW(12) = 150.919919#: MCNPIDS(12) = "62151.50C" 

iso$(13) =" sm 152": MW(13) = 151.919756#: MCNPID$(13) = "62152.50C" 
isoS(14) =" eulSi ": MW(14) = 150.919838#: MCNPID$(14) = "63151.55C" 
iso$(15) =" eu153 ": MW(15) = 152.921242#: MCNPID$(15) ="63153.55C" 
iso$(16) =" gd155 ": MW(16) = 154.922662#: MCNPIDS(16) = "64155.50C" 
iso$(l 7) =" u233 ": MW(17) = 233.039522#: MCNPID$(I7) = "92233.50C" 

isoS(1 8) =" u234 ": MW(18) = 234.040904#: MCNPID$(18) = "92234.50C" 

iso$(19) =" u235 ": MW(19) = 235.043915#: MCNPID$(19) = "92235.50C" 

iso$(20) -" u236 ": MW(20) = 236.045637#: MCNPID$(20) = "92236.50C" 
iso$(21) = " u238 ". MW(21) = 238.05077#: MCNPID$(21) = "92238.50C" 
iso$(22) =" np237 ": MW(22) = 237.048056#: MCNPID$(22) = "93237.55C" 
iso$(23) = " pu238 ": MW(23) = 238.049511#: MCNPIDS(23) = "94238.50C" 

iso$(24) =" pu239 ": MW(24) = 239.052146#: MCNPID$(24) = "94239.55C" 

iso$(25) =" pu240 ": MW(25) = 240.053882#: MCNPID$(25) = "94240.50C" 
iso$(26) =" pu241 ":MW(26) = 241.056737#: MCNPID$(26) - "94241.50C" 

iso$(27) =" pu242 ": MW(27) = 242.0587250: MCNPID$(27) = "94242.50C" 

iso$(28) -- am241 ". MW(28) = 241.056714#: MCNPIDS(28) = "9524 1.50C" 

iso$(29) =" am242m": MW(29) = 242.059502#: MCNPIDS(29) = "95242.50C" 

isoS(30) =" am243 ": MW(30) = 243.061367#: MCNPID$(30) = "95243.50(2" 

'other variables used 

n = 30 'total number of principal isotopes 
tcount = 1 'counter for number of times read 
UQ2mass = 526380 'mass of U02 per B&WISxI5 fuel assembly 
Na = .602252 'Avagadro's number 
UO2dens = .96 * 10.96 '96% theoretical U02 density in grams/cmra3 

'Enter name of input and output files
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INPUT "Enter ORIGEN-S output summary file name"; file$ 

OPEN file$ FOR INPUT ACCESS READ AS #1 

'locate start or isotope list 
I 

'Find start of a ORIGEN-S grams table in summary output and get first set of times 

DO UNTIL LEFr$(start$, 20) =" charge" 
LINE INPUT# 1. starts 

LOOP 
columns = (LEN(startS) 1 10) 'determine number of columns in table 

FOR i = 3 TO (columns - 1) 'get times starting at fourth column 

time(tcount) = VAL(MID$(start$, i * 10 + 2, 7)) 

IF MID$(staitS, j * 10 + 10, 1) = "d" THEN 
time(tcount) = time(tcount) 1 365.25 'convert days to years 

END IF 
tcount = tcount + I 

NEXT i 

'Get isotope grams from first table 

DO UNTIL LEFT$(Lines, 21) =" initial" 
LINE INPUT #1, Lines 
FOR i = 1 TO n 'Check to see if line has isotope that is on the list 

IF iso$(i) = LEFTS(Line$, 11) THEN 
FORj = 3 TO (columns - 1) 'get grams starting at fourth column 

grams(i, j -2) = VAL(MIDS(LineS., j * 10 + 2, 10)) 
NEXTj 

END IF 
NEXT i 

LOOP 
I 

'Load in times and gram concentrations from remaining tables in output 
DO UNTIL EOF(1) 

columns = (LEN(Line$) / 10) 'determine number of columns in table 
itcount = tcount 
Newtable$ = LEFT$(LineS, 31) 
FOR i = 2 TO (columns - I) 'get times starting at third column 

time(tcount) = VAL(MID$(Line$, i* 10 + 2, 7)) 
IF MIDS(Line$, i * 10 + 10. I) = "d" THEN 

time(tcount) = time(count) 1365.25 'convert days to years 
END IF 
tcount = tcount + 1 

NEXT i 
DO UNTIL (LEFT$(Line$, 21) =" initial" AND LEFT4$(LineS, 31) <> Newtable$) OR EOF(1) 

LINE INPUT #1, Lines 
FOR i = I TO n 'Check to see if line has isotope that is on the list 

IF iso$(i) = LEFTS(Line$, 11) THEN 
FOR j = 2 TO (columns - 1) 'get grams starting at third column 

grams(i. itcount +j - 2) = VAL(MID$(LineS, j * 10 + 2, 10)) 
NEXTj 

END IF 
NEXT i 

LOOP 
LOOP 
CLOSE #1 

'Calculate number densities (in atoms/b-cm) for each isotope at each time 

PRINT "Enter mass of material in fuel region In grams ["; UO2mass; "I"; 

INPUT z$ 
IF z$ <> ""THEN
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z = VAL(z$) 
IF z <> 0 THEN UO2mass = z 

END IF 
FOR i = I TO tcount - I 

numden(l, i) = .046947 '0-16 has constant number density at all times 
total(i) = numden(1, i) 
FORj =2 TO n 

numden(j, i) = (grams(j. i) / UO2mass) * UO2dens * Na / MW(j) 
total(i) = total(i) + numden(j, i) 'add number density to total 

NEXTj 
NEXT i 
PRINT "Number Densities are available for the following times (#'s I to "; (tcount - 1); "):" 
PRINT 
FOR i = I TO tcount - I 

PRINT" "; i;".. time(i); "Years", 
NEXT i 

100 PRINT "Enter time range for MCNP inputs using the format start#,end#" 
INPUT "(enter same # twice for a single time)"; startnum, endnum 
IF (startnum > (tcount - 1)) OR (endnum > (tcount - 1)) OR (startnum < 1) OR (endnum < 1) THEN 

PRINT "Starting or ending number outside of range! Select again." 
GOTO 100 

END IF 

'Build MCNP input files 

150 INPUT "Enter MCNP input template file name"; tempfile$ 
INPUT "Enter first 5 characters of MCNP input files to be created"; outfiles 
FOR i = startnum TO endnum 

OPEN tempfile$ FOR INPUT ACCESS READ AS #1 
I 

'Set file name decay time designator 
I 

SELECT CASE i 
CASE 20 

X$ = "a" 
CASE 21 

x$ = "b" 
CASE 23 

X4 M -cl 

CASE 24 
x$ = W 

CASE 25 
x$= "e" 

CASE 26 
x$ =.If, 

CASE 30 
xS = "g" 

CASE 37 
x$ = "h" 

CASE 39 
x$ = Ili.  

CASE 45 
xS = IF 

CASE ELSE 
x$ = LTRIMS(STR$(i)) 

END SELECT 
zS = outfiles + x$ 
OPEN z$ FOR OUTPUT ACCESS WRITE AS #2 
DO UNTIL EOF(l) 

LINE INPUT #1, Lines 
IF VAL(LEFr$(Lines, 1)) <> 0 THEN 

outlineS = LineS 
linden = LEN(Line$)
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FOR j = I TO (linden - 7) 
chunks = MIDS(Lines, j, 7) 
IF chunks = "FUELTOT" THEN 

PRINT LineS 
leftlineS = LEFT$(LineS, j - I) 
rightline$ = RIGHTS(LineS, (linden - 7 -j)) 
outlineS = leftline$ + STR$(total(i)) + rightlines 

END IF 
NEx'j 
PRINT #2, outlineS 

ELSEIF LEFT$(Line$, 1) = "M" THEN 
flag = 0 
outlines = LineS 
linden = LEN(LineS) 
FOR j = I TO (linden) 

chunks = MIDS(Line$.j, 7) 
IF chunks = "FUELNUM" THEN 

PRINT LineS 
leftline$ = LEFTS(LineS, j - I) 
rightlines = MIDS(Linei, j + 7) 
outlineS = leftlines + MCNPIDS(I) +" "+ STRS(numdcn(l, i)) + rightlineS 
flag= I 
PRINT #2, "C ";files;" "; time(i); "years decay" 

END IF 
NEXTj 
PRINT #2, outlineS 
IF flag s I THEN 

FOR j = 2 TO n 
IF numdeno, i) 0 0 THEN 

PRINT #2," ";MCNPIDS(j);" ";numden(j, i) 
END IF 

NEXTj 
END IF 

ELSE 
PRINT #2, LineS 

END IF 
LOOP 
CLOSE #1 
CLOSE #2 

NEXT 
PRINT "MCNP input files created. Process another template file(y/n)?" 
DO 

z$ = INKEY$ 
LOOP UNTIL z$ <> 
IF z$ = "y'" OR zS = "Y" THEN 

CLS 
GOTO 150 

END IF 
PRINT "Process another ORIGEN-S file(y/n)?" 
DO 

z$ = INKEY$ 
LOOP UNTIL z$ a"" 
IF z$ = "y" OR z$ = "Y" THEN 

CLS 
GOTO 50 

END IF 
END
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MASS

% Full 21 pWR WP Void Space Occupied by Fe2O3 
U)Noronly Distuibuted Setted to Bottom~ of WP 
Theoretical Densiy 65% pbeore"la G0% Theoretical 58% Theoretical 55% Theogetkcal 

17.15% 26&39% 28.59% 29.58% 31.19% 
9.99% 15.37% 11166% 17.23% 18.17% 

27.15% 41'.76% 45.24% 46.81% 49.36% 
0.00% 0.00% 0.00% 0.00% 0.00% 
5.6^% &75% 9.48% 9.81% 10.34% 

32.83% 50.51% 54.72% 51161% 59.70% 
% of 4111 row filled 2426% 4a.42% 59.M6 M698% 
%oli54 rwfiftd &0.00 0.00% %0.0% 0.00% 
roft ki4th row oovrd 3 7 a I I 
lrodls in 1hrow covrd 0 0 0 

Note toM a rod row is cOW4A veivvy not ocredure 0-emd WsAM 1l19 Iil w"oerd

No. Fuel Rod % of A&ssmbly 
Rows Covered Covered 

1 6.67% 
2 13.33% 
3 20.00% 
4 25.6M% 
S 33.33% 

64m0.0% 
74&W.  

8 53.33 
9 60.00% 

I0 66667% 
11 73.33 
12 KOO.  
13 86.m 
14 93.33% 
1s 10D.00%

!L5 I Water 
15.5 z.818181818 oaddhvm

.ower lbS 

rowa 
Void Space in Row 5 
Void SpaeInek Row 4

Vodd(mA3) No. Mgaya.  

5.457 

0.951

% Void 
13 4.9 
a 5171% 

3 17.90 
5 17,42 

18.39

Cb&nder SewRent Vobwgn Ciaddn oicid 
Geomletry CaJlA10116 op o 41hc niw p lop of 51h row up Rods 

y& Radlus am 70.495 70L495 7A5 

ClnlrLengi an 456.5 4511.5 45&.5 
S*1vocka11 amnA3 7158233.19 7158233.196 715823319 

Sew1~eri Volume area 2.223E4506 1.00354E+06 1.70100E.  
Distance fronm Ceteir an 21.3 42.6 29.983W6 

Peak Boron Soiptior on F.203 2.00E-03 iltces~lg 1`8203 
119E.04 micles~htos V.203 
1.60604 moles M~nole Fe 
3,lSE4o mole 8-l1hnols Fe 

wtBoroninttSS 1.60% 
Masso aoI inkiWP 30.11 kg 
Moles of Bloron in WP 2.79E403 mci..  
Moles of Fe it WP 1.18E405 moles 
Peak Moles of B MAdored 18.78moe 
Peroeud of OrIgnal 8 Athotbed 0.9m%

Amount at lion Removed 5� I�IoW

Soluiliy of kon. Oxl0*"t Atck J-1 3 Conditions 
SckA ol cion, Oiizk Mu trNal J-13 Cafom 
Solubliy d Woto - Pedx" ckgPlic 3.13 Canditions 
Sokiil of kon - I'leduck Nethe J-13 Condlhoiw

Fully Mediated (nomlisl 
SW*ed Fooiuee (WO4 w3* 
Epod FOWWue (1/40 ro) 
Average over 40 Vans

Oiilffftgdcfi3.13 Contdns 
0AdftuNed"J -13 CWKta" 
Redxdng PddicJ313Cwnftons 
PRmxfttgNKtrJ 313 ConKon@ 

Oidclw Neura J.13 Concilons 

Rwkidg Mc -113 Conciona 
RdcmNeutral J-13 CondW"or

0.5 "-J3/y 
20 M-Wir 
20 mW%ýT 

I A75 mkW~

2 41E-04 fKntcisNle 
3.45E-10 mdesAur 
5.0515-03 mob~ulle 
6.77E.05 molW~e 

10%

Vokume% OxIds 
low 5m mm look vat% 2.5x 1 00k VetS 

3o4.325 726.65 1821I.2 3643.25 1% 3% 
0.000509 0,001016 0.002W4 0.005089 0% 0% 

7448.75 14897.5 37243.75 74487.5 21% 52% 
129,3M7 256,715 646.767 l2n3575 0% 111 

0.31% 0.82% 1.55% 3.10% 
mo00% mo00% 000% 0.00% 
6.33% 12.67% 31.67% M334% 
0.11% 0.22% 0.55% 1.10%

00 

'.0 
'.0

no. A"a

El. Am KM =ý over ame - wjwý
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NUMDEN

-Number Densities of Uniform Fe203/Water Mixtures 
Vol% FeO2 1001.50C 8016.50C 26000.5! 

100% 0.0000E+00 5.9285E-02 3.9524E 
95% 3.3439E-03 5.7993E-02 3-7547E 
90% 6.6878E-03 5.6701E-02 3.5571 E 
85% 1.0032E-02 5.5408E-02 3.3595E 
80% 1.3376E-02 5.4116E-02 3.1619E 
75% 1.6720E-02 5.2824E-02 2.9643E 
70% 2.0063E-02 5.1531E-02 2.7666E 
65% 2.3407E-02 5.0239E-02 2.5690E 
60% 2.6751 E-02 4.8947E-02 2.3714E 
58% 2.8089E-02 4,8430E,-02 2.2924E 
55% 3.0095E-02 4.7654E-02 2.1738E 
50% 3.3439E-02 4.6362E-02 1.9762E 
45% 3.6783E-02 4.5070E-02 1.7786E 
40% 4.0127E-02 4.3778E-02 1.5809E 
38% 4.1464E-02 4.3261E-02 1-5019E 
36% 4.2802E-02 4.2744E-02 1.4228E 
35% 4.3471E-02 4.2485E-02 1.3833E 
34% 4.4139E-02 4.2227E-02 1.3438E 
33% 4.4808E-02 4.1968E-02 1.3043E 
32% 4.5477E-02 4.1710E-02 1.2648E 
30% 4.6815E-02 4.1193E-02 1.1857E 
25% 5.0159E-02 3.9901E-02 9.8809E 
20% 5.3502E-02 3.8608E-02 7.9047E 
15% 5.6846E-02 3.7316E-02 5.92852 
10% 6.0190E-02 3.6024E-02 3.9524E 
5% 6.3534E-02 3.4731 E-02 1.9762E 
0% 6.6878E-02 3 M4P.,o n ruvu:

5C TOTAL
-02 
--02 
--02 

.-02 
'-02 
"-02 
.-02 
"-02 
"-02 
"-02 
"-02 
"-02 
"-02 
"-02 
"-02 
-02 
-02 
-02 
-02 
-02 

-03 
-03 
-03 
-03 -03

I�fh

9.8809E-02 
9.8884E-02 
9.8960E-02 
9.9035E-02 
9.911 OE.02 
9.9186E-02 
9.9261 E-02 
9.9337E-02 
9.9412E-02 
9.9442E-02 
9.9488E-02 
9.9563E-02 
9.9638E-02 
9.9714E-02 
9.9744E-02 
9.9774E-02 
9-9789E.02 
9.9804E-02 
9.9819E-02 
9.9834E-02 
9.9865E.-02 
9.9940E-02 
1.0002E-01 
1.0009E-01 

.1.0017E-01 
1.0024E-01 
1.0032E-01

Density (g/cc) 
5.2400 
5.0280 
4.8160 
4.6040 
4.3920 
4.1800 
3.9680 
3.7560 
3.5440 
3.4592 
3.3320 
3.1200 
2.9080 
2.6960 
2.6112 
2.5264 
2.4840 
2.4416 
2.3992 
2.3568 
2.2720 
2.0600 
1.8480 
1.6360 
1.4240 
1.2120 
1.0000

Number Densities for Oxide with Maximum Boron Adsorbed (0.67% of orignal) Vol% FeO2 1001.50C 8016.50C 26000.55C 5010.50C TOTAL 58% 2.8089E-02 4.8430E-02 2.2924E-02 7.28485E-07 9.9443E-02 33% 4.4808E-02 4.1968E-02 1.3043E-M2 4.14483E-07 9.9820E-02

Density (g/cc) 
3.4592 
2.3992

E\

I 
0 

N) 

CN

t'.)



NUMDEN

-Number Densities for Oxide with Boron in Solution 
Vol% Fe02 kg Orig. B in sol. % Orig. B in sol. 1001.5( 

58% 30.113 100.000% 2.8089 
58% 22.584 75.000% 2.8089 
58% 15.056 50.000% 2.8089 
58%/0 7.528 25.000% 2.8089 
58% 3.011 10.000% 2.8089 
58% 1.506 5.000% 2.8089 
58% 0.602 2.000% 2.8089 
58% 0.301 1.000% 2.8089 
58% 0.151 0.500% 2.8089 
58% 0.030 0.100% 2.8089 
33% 30.113 100.000% 4.4808 
33% 22.584 75.000% 4.4808 
33% 15.056 50.000% 4.4808 
33% 7.528 25.000% 4.4808 
33% 3.011 10.000% 4.4808 
33% 1.506 5.000% 4.4808 
33% 0.602 2.000% 4.4808 
33% 0.301 1.000% 4.4808 
33% 0.151 0.500% 4.4808 
33% 0.030 0.100% 4.4808 

0% 30.113 100.000% 6.6878 
0% 22.584 75.000% 6.6878 
0% 15.056 50.000% 6.6878 
0% 7.528 25.000% 6.6878 
0% 3.011 10.000% 6.6878 
0% 1.506 5.000% 6.6878 
0% 0.602 2.000% 6.6878 
0% 0.301 1.000% 6.6878 
0% 0.151 0.500% 6.6878 
0% 0.030 0.100% 6.6878

)c 
'E-02 
E-02 
'E-02 
'E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 

E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02 
E-02

8016.50C 
4.8430E-02 
4.8430E-02 
4.8430E-02 
4.8430E-02 
4.8430E-02 
4.8430E-02 
4.8430E-02 
4.8430E-O.  
4.8430E-02 
4.8430E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
4.1968E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02 
3.3439E-02

26000.55C 5010.50C 
2.2924E-02 1.9222E-04 
2.2924E-02 1.4416E-04 
2.2924E-02 9.6108E-05 
2.2924E-02 4.8054E-05 
2.2924E-02 1.9222E-05 
2.2924E-02 9.6108E-06 
2.224E-02 3.8443E-06 
'21924E-02 1.9222E-06 
2.2924E-02 9.6108E-07 
2.2924E-02 1.9222E-07 
1.3043E-02 3.0663E-04 
1.3043E-02 2.2997E-04 
1.3043E-02 1.5332E-04 
11.3043E.02 7.6658E-05 
1.3043E-02 3.0663E-05 
1.3043E-02 1.5332E-05 
1.3043E.02 6.1326E-06 
1.3043E-02 3.0663E-06 
1.3043E-02 1.5332E-06 
1.3043E-02 3.0663E-07 

O.OOOE+00 4.5766E-04 
0.O000E1+O0 3.4324E-04 
0.O000E+00 2.2883E-04 
O.OOOOE+00 1.1441E-04 
O.OOOXE+00 4.5766E-05 
O.OOOOE+00 2.2883E-05 
O.OOOOE+O0 9.1532E-06 
0.O000E+00 4.5766E-06 
0.0000E+00 2.2883E-06 
0.O000E+00 4.5766E-07

TOTAL Density (gfcc) 
9.9634E-02 3.4592 
9.9586E-02 3.4592 
9.9538E-02 3.4592 
9.9490E-02 3.4592 
9.9461 E-02 3.4592 
9.9452E-02 3.4592 
9.9446E-02 3.4592 
9.9444E-02 3.4592 
9.9443E-02 3.4592 
9.9442E-02 3.4592 
1.001 3E-01 2.3992 
1.0005E-01 2.3992 
9.9973E-02 2.3992 
9.9896E-02 2.3992 
9.9850E-02 2.3992 
9.9835E-02 2.3992 
9.9825E-02 2.3992 
9.9822E-02 2.3992 
9.9821 E-02 2.3992 
9.9820E-02 2.3992 
1.0077E-01 1.0000 
1.0066E-01 1.0000 
1.0055E-01 1.0000 
1.0043E-01 1.0000 
1.0036E-01 1.0000 
1.0034E-01 1.0000 
1.0033E-01 1.0000 
1.0032E-01 1.0000 
1.0032E-01 1.0000 
1.0032E-01 1.0000

-4

-.4 
0.  

V

C 

t.J 

'.0 
.-.4
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PARTBASK RES. .S

-7$ 'ifd~v
Uniform Partial Basket 
SUMMARY OUTPUT

Regression Statistics 
Multiple R 0.995041869 
R Square 0.990108321 
Adjusted R Square 0.989697723 
Standard Error 0.008305465 
Observations 277

ANOVA 
df SS MS F 3gnificance F 

Regression 11 1.829727825 0.166338893 2411.3812 1.68E-258 
Residual 265 0.0182799 6.89808E-05 
Total 276 1.848007725

Coefticenls Standard Error Stat P-value Lower 95% Upper 95%
Intercept 
X Variable 1 
X Variable 2 
X Variable 3 
X Variable 4 
X Variable 5 
X Variable 6 
X Variable 7 
X Variable 8 
X Variable 9 
X Varable 10 
X Variable 11

2.354976387 
-0.006673711 

-1.8096E-05 
0.141798128 
-0.007135429 
-0.519303857 
0.059471337 
-0.002240619 
-0.006088912 
-0.074906035 
0.010646202 

-0.000523338

0.354743738 
0.001232013 
2.02782E-05 
0.014031672 
0.001699301 
0.113075297 
0.011907475 
0.000414146 
0.000104812 
0,001221072 
0.000328356 
2.37882E-05

X Variable 8 Resldual Plot 

0.02 

-.0.02 10 20 :30 

-0.04 1 

X Vw'arbe a

6.638528414 
-5.416916546 
-0.892387815 
10.10557599 
-4.19903733 

-4.592549142 
4.994453911 

-5.410213763 
-48.55261 

-61.34446422 
32.42271859 
-21.99993668

1.783E-10 1.6565016 3.053451194 
1.361E-07 -0.0090995 -0.00424793 
0.3729947 -5.802E-05 2.18308E-05 
1.606E-20 0.1141704 0.169425872 
1664E-05 -0.0104813 -0.00378958 
6.773E-06 -0.7419441 -0.29666357 
1.072E-06 0.036026 0.062916632 
1.408E-07 -0.0030561 -0.00142518 
&55E-134 -{0.0052953 -0.00488254 
1.28E-158 -0.0773103 -0.0725018 
3.212E-94 0.0099997 0.011292721 
9.892E-62 -0.0005702 -0.0004765

X Vadable 3 Reakkd Plot 

0.02 

-O0 I2 
-0.02  1 2 

-0.03 

X Vad"abl 3 

X Variable 5 Refsidual Plot 

0.02 

0.01 
0 

-0V03 
x Variwle 5

X Vvriable I Reslduai PloX 

0.02 

*0.01 

-o 1 5 05 iso 20 25•3o 

-0.03 
X Vm'l"l I

00

w 

I 
0 
-J 
-.1 
0 

m�J 

I 
0%

0.02 

100.041

on 
U, 

I'J 

-J



(
PAfITBASIK RES, .. 1I~7 

pf3M 5 7 711

Settled Partial Baskel 
"SUMMARY OUTPUT 

Regiessson Stafistics 
Multiple R 0.992865556 
R Square 0.985782012 
Adusted R Square 0.984971661 
Standard Error 0.008464755 
Observations 206 

ANOVA 
df SS MS F 3,gwficance F 

Regre.so 11 0.958801773 0.087163798 1216.4867 9.72E-172 
Residual 193 0.01382885 7.16521E-05 
Total 204 0.972630623 

Coeffcents Standard Emor t Stat P-value Lowr 95% Upper 95% 
Irtercepo 1.720946107 0.432070673 3.982936976 9.638E-05 0.8687423 2.5731499 
X Variable 1 -0.00672374 0.001496255 -4.493712739 1.205E-05 -0.0096748 -0.00377263 
X Variable 2 -1.66674E-05 2.46444E-05 -0.676314577 0.4996506 -6.527E-05 3.19395E-05 
X Variable 3 0.133476406 0.01714927 7.783212173 4.189E.13 0.0996524 0.167300429 
X Variable 4 -0.006049678 0.002077096 -2.912565334 0.0040073 -0.0101464 -0.00195296 
X Variable 5 -0.312320017 0.138294695 .2.258371641 0.0250414 -0.5850636 -0.03955801 
X Variable 6 0.037442246 0.014614303 2.522427 0.0111683 0.000618 0.066266478 
X Variable 7 -0.001471468 0.000509727 -2.886773896 0.0043358 -0.0024768 -0.00046612 
X Variable a -0.016796768 0.000564584 -29.75067842 5.076E-74 A0.0179103 -0.01568322 
X Variable9 -0.066316014 0.001541148 -43.030203 7.28E.101 -0.0893557 -0.06327636 
X VarIAle 10 0.00940356 0.000391812 24.00021364 7.664E-80 0.006630 0.010176345 
X Variable 11 -0.000469048 2.79796E-05 -16.7639454 1.62SE-39 -0.0005242 -0.00041386

-unLi R Plot 

N V0is., t 

E, nchmemt llalud Plat 

0.02 °"f .. ! 
-0.02 

btJn) R,,dual Plot 

xa5 

x .ak"

(

w 

0%



UNIFORM RES%, ,S 

n mI,-TS

SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.99641958 
R Square 0.99285198 
Adjusted R Square 0.992537781 
Standard Error 0.004626123 
Observations 286 

ANOVA 

df SS 
Regression 12 0.811513372 0.  
Residual 273 0.005842476 2.  
Total 285 0.817355848 

Coefficients Standard Enfor 
Intercept -5.129549974 0.366446592 
X Variable 1 1.656153648 0.104182231 
X Variable 2 -0.008528523 0.001109171 
X Va"able 3 0.29265999 0.013658923 2 
X Variable 4 -0.153971134 0.009819366 

SX Variable 5 0.004670704 0.000306635 1 
.- X Variable 6 6.8964E-05 2.78252E-05 2` 

S X Variable 7 -1.63227E-07 2.9327E-07 -4 

X Variable 8 -0.067137238 0.003484692 
X Variable 9 0.005360828 0.000336412 
X Variable 10 -0.000408151 6.53331E-05 
X Variable 11 0.007237075 0.000631663 1 
X Variable 12 -0.005259776 7.8362E-05 -

w 

Ln(Tk,) Residual Plot 

0.02 

0.01

ms F "gnificance F -. 010 1 

067626 3159.96 5.3E-285 -0.021 
.14E-05 X VIlable 1 

t Stat P-val•e Lower 95% Upper 95% 
13.9981 6.29E-34 -5.85097 -4.40813 
15.8967 9.9E-41 1.451051 1.861256 Bumup Resdual Plot 
-7.6891 2.69E-13 -0.01071 -0.00634 
1.42629 2.03E-60 0.26577 0.31955 0.015 .  
15.6804 5.95E-40 -0.1733 -0.13464 0.01 *, 
5.23214 2.43E-38 0.004067 0.005274 O.OOS * . 1,
.478476 0.013799 1.42E-05 0.000124 
p.55658 0.578273 -7.4E-07 4.14E-07 
19.2663 8.08E-53 -0.074 -0.06028 
15.9353 7.19E-41 0.004699 0.006023 
824723 1.6E-09 -0.00054 -0.00028 
1.45718 4.47E-25 0.005994 0.008481 
67.1215 1E-171 -0.00541 -0.00511

X Variable 3

Oxide Vol% Residual Plot 

0.02 

S0.01 

-0.0, 5 10 15 -0 25 3A 35 

-0.02 

X Varl"l 12

X Vm1i4" 2

Endrchment Residual Plot

C



SETTLED RES,, S ~ • $?

"Settled Fully Degraded 
SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.995550944 
R Square 0.991121681 
Adjusted R Square 0.990727089 
Standard Error 0.009056213 
Observations 283 

ANOVA 
dt SS MS F Significance F 

Regression 12 2.472027502 0.206002 2511.764 4.2221E-269 
Residual 270 0.02214405 8.2E-05 
Total 282 2.494171552

Coeffcients Standard Error tMSat P-value Lower 95% Upper 95% 
Intercept -1.251608633 0.884870087 -1.41445 0.156381 -2.993730002 0.490513 
X Variable 1 0.683154458 0.25309973 2.699151 0.00739 0.184854817 1.181454 
X Variable 2 -0.006651329 0.001081443 -6.15042 2.77E-09 -0.00878046 -0.00452 
X Variable 3 0.26614457 0.014619545 18.20471 7.24E-49 0.237361789 0.294927 
XVariable4 -0.064028158 0.023965951 -2.67163 0.008007 -0.111212028 -0.01684 
X Variable5 0.00192M314 0.000751819 2.562204 0.010944 0.000446142 0.003406 
X Variable 6 -2.67041E-05 2.90459E-05 -0.91937 0.358721 -8.38894E-05 3.05E-05 
X Variable 7 6.12197E-07 3.63912E-07 1.682266 0.093673 -1.04269E-07 1.33E-06 
X Variable 8 -0.061827644 0.003901712 -15.8463 1.96E-40 -0.069509287 -0.05415 
X Varlable 9 0.005203523 0.000408744 12.73053 2.14E-29 0.004398794 0.006008 
X Variable 10 -0.000136497 8.49922E-05 -1.606 0.109444 -0.000303829 3.08E-05 
XVariable11 0.005084904 0.00888969 5.720004 2.82E-08 0.003334714 0.006835 
X Variable 12 -0.140917688 0.001960737 -71.1441 6.4E-177 -0.144817339 -0.13702 

SAsey. Rows Covened ResidUsi Plot

0.021.  
- 0.01 

0 
.-0.01 0 
- f
-UAJJ'

p � . . I
0.5 I 1.s 2 2.

X VAhIribe12

5 4

0.03 
•0.02 

j 0.01 

3 0 
I.0.010 -0.02 

,0.03

L~n(Um) RImddud Plot 

0.03 

0.02 

• 04010 12 4 6 ,8 

-0.02 H-'"'7< 7 • 

x Viril I 

-ums Residlud Plot 

-0.04 
04.020 tIL 4 

-0.041 

x Vi•IbI 2

% Efnricment RPldu" Plot 

X VfirbWI 3

0 

--4 

-.1 
0•

I.-

O-4
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BORON

.Partial Basket with boron in solution 
SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.99703497 
R Square 0.994078732 
Adjusted R Square 0.993373819 
Standard Error 0.006760657 
Observations 48

Ln(B10) Residual Plot

U 

U 
0

0.02 

0.01 

0 

-0.01 

-0.02

ANOVA 
df SS MS F Finificance Regression 5 0.322279894 0.064456 1410.2151 1.301E-45 

Residual 42 0.001919673 4.57E-05 
Total 47 0.324199567

X Vaulable I

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% Intercept 6.37971E-03 0.012681049 0.50309 0.6175294 -0.019212 0.031971 -0.0192117 0.031971107 X Variable 1 -6.07375E-02 0.006942822 -8.74824 5.19E-1 1 -0.074749 -0.04673 -0.07474865 -0.046726279 X Variable 2 2.08433E-02 0.001744647 11.94698 4.284E-15 0.0173224 0.024364 0.017322424 0.024364106 X Variable 3 -2.21564E-03 0.000126828 -17.4696 7.092E-21 -0.002472 -0.00196 -0.00247159 -0.001959691 X Variable 4 3.59713E-04 0.00035207 1.021708 0.3127681 -0.000351 0.00107 -0Z)0035079 0.00107022 X Variable 5 4.23685E-03 0.00112191 3.776465 0.0004944 0.0019727 0.006501 0.001972747 0.006500962

Rows Covered Residual Plot

0.02

X Variable S

t')



(
BORON

delta k/k for settled fully degraded w/ boron in solution 
"SUMMARY OUTPUT

Regression Statistics 
Multiple R 0.988368462 
R Square 0.976872217 
Adjusted R Square 0.973017587 
Standard Error 0.019050954 
Observations 22

ANOVA 
df SS MS F Significance F 

Regression 3 0.275936868 0.091979 253.4282 6.60187E-1 5 
Residual 18 0.006532899 0.000363 
Total 21 0.282469768 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 2.32558E-02 0.043044893 0.540269 0.595634 -0.067178234 0.113689835 
X Variab"e 1 -3.56383E-02 0.032758847 -1.0879 0.290992 -0.104462179 0.033185493 
X Variable 2 1.42821E-02 0.007630414 1.871739 0.077585 -0.001746772 0.030313062 

, X Variable 3 -1.91685E-03 0.000536617 -3.5721 0.002178 -0.003044241 -0.000789458 

Ln(B10) Resdud Plot 

-0.05 

cc ViH I J •~ oi 0I ,

t0 

tI 
0 

8

cI 

-4

I



.Second Fit 
SUMMARY OUTPUT

Regression Statistics 
Multiple R 0.995022923 
R Square 0.990070618 
Ac*jsted R Square 0.987233651 
Standard Error 0.004825666 
Observations 28

ANOVA 
df SS MS F ignificance F 

Regression 6 0.048762 0.008127 348.9892 6.55E-20 
Residual 21 0.000489 2.33E-05 
Total 27 0.049251

Coefficients tandard Er t Stat P-value Lower 95%Upper 95% 
Intercept 0.640653056 0.014292 44.82526 2.46E-22 0.610931 0.670375 
X Variable 1 -0.010291212 0.002021 -5.09198 4.83E-05 -0.01449 -0.00609 
X Variable 2 0.300169252 0.025446 11.79613 9.98E-1 1 0.247251 0.353088 
X Variable 3 -2.54581E-05 7.76E-05 -0.32797 0.746183 -0.00019 0.000136 
X Variable 4 -0.049092949 0.00797 -6.15954 4.12E-06 -0.06567 -0.03252 
X Variable 5 9.92035E-07 8.98E-07 1.10488 028171 -8.8E-07 2.86E-06 
X Variable 6 0.003645209 0.000781 4.666798 0.000132 0.002021 0.00527

I 
-J 

-J 

W 6b

Enrichment Residual Plot 

0.01 

40.  

I I ' . , . ., • 

-0.01 4 

X VldabMe 2

OJ

SET LOADCU. 7 LCtMuCYC•



BBAOOOOOO-01717-0200-00056 REV 00 

Units Definition 

Ijm:= 16-6'm

Attachment IV

Estimated Average Boride Particle Surface Area for 304B6B 

B5B :=24.13.Ipm B7B :=32.82.1zm2 B6B ' B5B 2 BTB B6B =28.475 "ILm2 
2 

Estimated Max. Boride Particle Surface Area for 304B6B 

MB5B :=456.ixm2  MB7B :=597-1im 2  MB6B:- MB5B + MB7B MB6B = 526.5 1pm2 

2 

Assumed Boride Density based on CrB in CRC 

pB :=.2. gm 
3 cm 

Assume Boride particles are spherical Assume Bodde particles are spheric 

r B6B r=1.505-106 *m r= 6B Mr=6.473"10-6 " 
4 4..-x, 4-x

Average Borde Particle Mass 
4 3 

mB :=-.c*r .pB mB =8.859"10-11 -gm 
3

Max. Borde Particle Mass 

Mm.B :=-4.n.Mx-pB MmB =7.043-10-9 -gmn 
3

8/21/97

al 

m

Page 1
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bodde.mcd



BBAODOOOO-01717-0200-00056 REV 00 

Time To Boride Particle Oxidation

Attachment IV

( 3fm \ a Function for determining spherical surface area as a function material mass & density: s(m, p) := 4 -w/

CR4 :=-0.01. .pB 
yr

Iterating Equation for Average Boride Partide Corrosion 

to:=O MBo:=mB.m9 SA,:=B6B-Lun-2

ti- 1 

MB 1- (CR4.SA,..m2.1.yr).gm-I 

MBo

i :=0.. 10000

FBo :=1

8/21/97

Corrosion 
Rate

ti+.  

MBi .l 

SAi •_ 
LFBi-+-

( C

boride.mcd

Page 2



BBAOOOOO-01 71 7-0200-00056 REV 00 

Average Boride Particle RESULTS: 

j:=0,5.. 110

Time Since 
Exposure (yrs) 

0 
5 

15 
20 
25 
30 
3-5 
40 
45 
50
55 
60 
65 
70
75 
80 
85 
90
95 
100 

10

boride.mcd Attachment IV

Fraction of Boride 
Particle Remaining 

FB.  

0.903 
0.812 
0.728 
0.65 
0.577 
0.51 
0.449 
0.393 
0.341 
0.294 
0.252 
0.214 
0.18 
0.15 
0.123 
0.1 

0.0-79 
0.062 
0.047 
0.035 
0.025 
0.018

8/21/97Page 3
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BBAODOOOOO-01717-0200-00056 REV 00 

Iterating Equation for Maximum Boride Particle Corrosion 

to:= 0 MB0O:=MxnB'grn' SA 0 :=MB6Bpm -

ti -

MB.  

FB111I

t i + 1 

M[Bi- (CR4.SAj.12 iL .IYlr).gm' 

4 [i,.gm.. (CR4.SA-IiM 2 .1.r)],p5]_ILM-2 

MB1 - (CR4. SA,,itm . l.Yr).gm'

MB0

boilde.mcd Attachment IV

FBO =

Page 48/21/97Page 4



BBAOOOOOD-01717-0200-00056 REV 00 

Average Boride Particle RESULTS: 

j :=0,25..500

Time Since 
Exposure (yrs) 

t.  

0 
25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 

425 
450 
475 
50H

Attachment IV

Fraction of Boride 
Particle Remaining 

0.888 
0.785 
0.691 
0.604 
0.525 
0.453 
0.388 
0.329 
0.277 
0.23 
0.189 
0.154 
0.123 
0.096 
0.074 
0.055 
0.04 
0.028 
0.018 
0.011

Page 5

boride.mcd

/
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BBAOOOOOO-01717-0200-00056 REV 00 Att. V - getPI awk script

BEGIN {intable=0} 
/0.*, grams/! intable=l; print $01 
/basis/ {if (intable) print $01 
/charge/ (if (intable) print $01 
/initiall (if (intable) print $01 
/o 16/ (if (intable) print $01 
/mo 95/ (if (intable) print $01 
/ru 101 / (if (intable) print $01 
/tc 99/ (if (intable) print $01 
/rh 103/ (if (intable) print $01 
/ag 109/ {if (intable) print $01 
/nd143/ (if (intable) print $0) 
/nd145/ (if (intable) print $01 
Ism 147/ [if (intable) print $01 
/sm149/ (if (intable) print $01 
/sm 150/1 if (intable) print $0) 
/sm 151/ if (intable) print $0) 
/sm152/ if (intable) print $0) 
/eu 151/1 if (intable) print $0} 
/eu 153/ (if (intable) print $01 
/gd155/ (if (intable) print $0) 
/u233/ if (intable) print $01 
/u234/ if (intable) print $01 
/u235/ if (intable) print $0) 
/u236/ if (intable) print $01 
/u238/ if (intable) print $01 
/np237/ (if (intable) print $01 
/pu238/ (if (intable) print $01 
/pu239/ (if (intable) print $01 
/pu240/ (if (intable) print $01 
/pu241/ { if (intable) print $01 
/pu242/ (if (intable) print $01 
/am241/ [if (intable) print $0) 
/am242m/ Iif (intable) print $0) 
/am243/ (if (intable) print $01 
/total/ Iif (intable) print $01 
/0.*curies/ (intable---0 
/0.*fraction/{ intable--=0 
/0.*element/ (intable=0}

V-1

August 5, 1997



Aug 21 15:50 1997 File Name: e49b34.input BBAO0000-01717-0200-00056 REVOG ATTACHMENT VI - Page 1

=sas2h parm' ha[t8,skipceLtwt,skipshipdata' 
SASZK: Babcock Wilcox 15x15, 4.9gwt%, 34gwd/mtu burn High Temp 
44group latticeceLt 

mixtures of fuel-pin-unit-cell: 
dennmass U02/ Volume assembly - 526377.3 g/5.157524E4 

uo2 1 denxlO.2060 1 975 92235 4.9 92234 0.0433 92236 0.0225 92238 95.0342 end 
kr-83 1 0 1-20 975 end 
kr-85 1 0 1-20 975 end 
sr-90 1 0 1-20 975 end 
y-89 1 0 1-20 975 end 

mo-95 1 0 1-20 975 end 
zr-93 1 0 1-20 975 end 
zr-94 1 0 1-20 975 end 
zr-95 1 0 1-20 975 end 
nb-94 1 0 1-20 975 end 
tc-99 1 0 1-20 975 end 
rh-103 1 0 1-20 975 end 
rh-105 1 0 1-20 975 end 
ru-101 1 0 1-20 975 end 
ru-106 1 0 1-20 975 end 
pd-lO5 1 0 1-20 975 end 
pd-108 1 0 1-20 975 end 
ag-109 1 0 1-20 975 end 
sb-124 1 0 1-20 975 end 
xe-131 1 0 1-20 975 end 
xe-132 1 0 1-20 975 end 
xe-135 1 0 1-20 975 end 
xe-136 1 0 1-20 975 end 
cs-134 1 0 1-20 975 end 
cs-135 1 0 1-20 975 end 
cs-137 1 0 1-20 975 end 
ba-136 1 0 1-20 975 end 
la-139 1 0 1-20 975 end 
pr-141 1 0 1-20 975 end 
pr-143 1 0 1-20 975 end 
ce-144 1 0 1-20 975 end 
nd-143 1 0 1-20 975 end 
nd-145 1 0 1-20 975 end 
pm-147 1 0 1-20 975 end 
pm-148 1 0 1-20 975 end 
nd-147 1 0 1-20 975 end 
sm-147 1 0 1-20 975 end 
sm-149 1 0 1-20 975 end 
sm-150 1 0 1-20 975 end 
sm-151 1 0 1-20 975 end 
sm-152 1 0 1-20 975 end 
gd-155 1 0 1-20 975 end 
eu-153 1 0 1-20 975 end 
eu-154 1 0 1-20 975 end 
eu-155 1 0 1-20 975 end 
h2o 3 den=0.6272 1 607.6 end 
arbm-bormod 0.6272 1 1 0 0 5000 100 3 552.6e-6 607.6 end 
arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

40000 98.18 2 1.0 650.0 end 

1050 ppm boron 
I...... . . . . . . . . . . . . . .. . . . . . . . . . ...  

end comp 

-. . . . . . . .- -. - - - . . .- - . . . . . . ..- - -

fueL-pin-cell geometry: 

squarepltch 1.44272 0.9362" 1 3 1.0922 2 0.95758 0 end 

I- ---- - -. .--- - - - - - - - - -.. .- -----

F assembly and cycle parameters:
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f 

npin/assiww208 fuetngth'360.172 ncyctes=l ntib/cyc=8 
printLeveL=7 inplevet=2 numztotat=4 end 
3 0.63246 2 0.67310 3 0.814 500 2.961 
powerz7.25 burn=2176 down=3652.5 

end 
end 
=origens 
05$ a8 26 all 71 e 
15$ 1 It 
b&w 15xl5, 4.9%/34 Decay 

35$ 21 0 1 e 
2t 
3555 0 t 

5655 0 7 a13 -1 a15 3 0 4 e 5t 
Part B B&w 15x15, 4.9wt%, 34gwd/mtu decay 
per 8&W assembly, 0.409 mthm for grams 
60** 0 1 90 365.25 730.5 1826.25 3652.5 
655$ a25 1 0 0 1 0 0 0 a46 1 0 0 1 0 0 0 e 
6t 
1 

5655 0 10 alO 7 a14 5 a17 4 e 57** 10 e 5t 
60** 15 20 30 50 100 150 200 250 300 400 
6555 a25 1 0 0 1 0 0 0 a46 1 0 0 1 0 0 0 e 
6t 
F 

56S$ 0 10 a10 10 a14 5 17 4 e 57** 400 e 5t 
60** 500 1+3 2+3 4+3 6+3 8+3 1+4 1.2+4 1.4+4 1.5+4 
6555 a25 1 0 0 1 0 0 0 a46 1 0 0 1 0 0 0 e 
6t 
I 

56S$ 0 10 a10 10 a14 5 a17 4 e 57** 1.5+4 a 5t 
60** 1.6+4 1.7+4 1.8+4 1.9+4 2.0+4 2.1+4 2.2+4 2.3+4 2.4+4 2.5+4 
6533 a25 1 0 0 1 0 0 0 a46 1 0 0 1 0 0 0 e 
6t 
F 

565$ 0 10 alO 10 .14 5 a17 4 e 5 7** 2.5+4 e 5t 
60** 3.5+4 4.5+4 5+4 5.5+4 6+4 6.5+4 7+4 1+5 2+5 2.5+5 
655$ a25 1 0 0 1 0 0 0 a46 1 0 0 1 0 0 0 e 
6t 
1 

56S$ 0 3 alO 10 a14 5 a17 4 e 57** 2.5+5 e 5t 
60*0 3+5 5+5 999999 
6555 a25 1 0 0 1 0 0 0 a46 1 0 0 1 0 0 0 a 
6t 
I 

565$ fO t 
end
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AUCF-21 BW15x15 Assys, part deg, uniform case, 30% Fe203 
C Advanced Uncaniatered Fuel Waste Package 
C THICKNESS s 7 mm 
C CELL SPECIFICATIONS 
C Assembly Sub-lattices - 1/2 Model 
1 0 1 3 -13 -20 FILL=1 (0 -75 0) IMP:N=1 
C ASSEMBLY LATTICE 
5 1 -2.2720 -61 60 -63 62 IMP:N=1 LATaI U=I 

FILL=0:3 0:7 0:0 1 1 1 1 68 66 1 1 58 58 66 1 
58 58 64 1 58 58 62 1 60 62 1 1 
11 1 1 1 1 11 S 1/2 model 

C FULL ASSEMBLY LATTICE POSITIONS 
C Code: boron in [B=- all panels Call], Left [I), bottom, [b], right [r], top [It] 

C WET FULL ASSEMBLY LATTICE B=aLL 
6 1 -2.2720 -46 44 -47 45 IMP:N=1 FILL=56 U=58 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
7 1 -2.2720 -44 -64 -65 IMP:N=1 FILL=8 U=58 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
8 1 -2.2720 64 -65 -45 IMP:N=1 FILL=9 U=58 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
9 1 -2.2720 46 64 65 IMP:N-I FILL=1O Uw58 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
10 1 -2.2720 -64 65 47 IMP:NM1 FILL=11 UJ58 
C WET FULL ASSEMBLY LATTICE Bzlbr 
16 1 -2.2720 -46 44 -47 45 IMP:N=1 FILL=56 U=60 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
17 1 -2.2720 -44 -64 -65 IMP:N-1 FILL=8 U=60 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
18 1 -2.2720 64 -65 -45 IMP:Nw1 FILL-9 U-60 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
19 1 -2.2720 46 64 65 IMP:N=1 FILL-1O U=60 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
20 1 -2.2720 -64 65 47 IMP:N=1 FILL=19 U=60 
C WET FULL ASSEMBLY LATTICE B=Lb 
26 1 -2.2720 -46 44 -47 45 IMP:N1l FILL-56 U=62 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
27 1 -2.2720 -44 -64 -65 IMP:N=l FILL-8 U=62 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
28 1 -2.2720 64 -65 -45 IMP:N-1 FILL-9 U-62 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
29 1 -2.2720 46 64 65 IMP:N=1 FILL=18 U=62 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
30 1 -2.2720 -64 65 47 IMP:N=i FILL=19 U=62 
C WET FULL ASSEMBLY LATTICE B=Lbt 
36 1 -2.2720 -46 44 -47 45 IMP:N=1 FILL=56 U-64 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
37 1 -2.2720 -44 -64 -65 IMP:Nu1 FILL8 U*64 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
38 1 -2.2720 64 -65 -45 IMP:Nz1 FILLw9 U=64 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
39 1 -2.2720 46 64 65 IMP:Nx1 FILL=18 U=64 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
40 1 -2.2720 -64 65 47 IMP:N=1 FILLa11 U=64 
C WET FULL ASSEMBLY LATTICE B=Lt 
46 1 -2.2720 -46 44 -47 45 IMP;NM1 FILL=56 U=66 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
47 1 -2.2720 -" -64 -65 IMP:N=I FILLz8 Ux66 

C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
48 1 -2.2720 64 -65 -45 IMP:N=1 FILL=17 U=66 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
49 1 -2.2720 46 64 65 IMP:N1 FILL=18 U=66 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
50 1 -2.2720 -64 65 47 IMP:NM1 FILL=11 U=66 
C WET FULL ASSEMBLY LATTICE BzLrt 
56 1 -2.2720 -46 44 -47 45 IMP:N=1 FILL=56 U=68 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 

57 1 -2.2720 -44 -64 -65 IMP:Nz1 FILL=8 U=68 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 

58 1 -2.2720 64 -65 -45 IMP:N1 FILL=17 U=68 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
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59 1 -2.2720 46 64 65 IMP:N=1 FILL=IO U-68 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
60 1 -2.2720 -64 65 47 IMP:Nnl FILL-11 U=68 
C EMPTY ASSEMBLY LATTICE POSITIONS - Corner Guides and Spacers 
C BARRIER CELLS 
C Basket Material-Lid Gap 
76 3 -1.0000 1 -20 13 -14 IMP:N=1 $ 1/2 model 
C 76 1 -2.2720 1 2 -20 13 -14 IMP:N-1 S 1/4 model 
C Inner Barrier 
77 5 -8.4425 1 3 20 -21 -14 IMP:N=1 S 1/2 model 
C 77 5 -8.4425 1 2 3 20 -21 -14 IMP:N=1 $ 114 model 
C inner Lid 
78 5 -8.4425 1 14 -15 -21 IMP:N-1 $ 1/2 model 
C 78 5 -8.4425 1 2 14 -15 -21 IMP:N=1 $ 1/4 model 
C Gap between Inner and Outer Barrier Lids 
79 3 -1.0000 1 15 -16 -21 IMP:N=1 $ 1/2 model 
C 79 1 -2.2720 1 2 15 -16 -21 IMP:Nz1 $ 1/4 model 
C Gap between Inner and Outer Barriers 
80 3 -1.0000 21 -22 1 3 -16 IMP:N1 S 1/2 model 
C 80 1 -2.2720 21 -22 1 2 3 -16 IMP:N=1 S 1/4 model 
C Outer Barrier 
81 7 -7.8320 22 -24 1 3 -16 IMP:N- & 1/2 model 
C 81 7 -7.8320 22 -24 1 2 3 -16 INP:N=1 $ 1/4 model 
C Outer Barrier Lid 
82 7 -7.8320 1 -24 16 -17 IMP:N=1 $ 1/2 model 
C 82 7 -7.8320 1 2 -24 16 -17 IMP:N-1 $ 1/4 model 
C 12" of Water around Container 
83 3 -1.0000 24 -25 1 3 -17 IMP:N-1 $ 1/2 model 
C 83 1 -2.2720 24 -25 1 2 3 -17 IMP:N=1 5 1/4 model 
C 12" of Water above Container 
84 3 -1.0000 17 -19 1 -25 IMP:N=1 S 1/2 model 
C 84 1 -2.2720. 17 -58 1 2 -59 IMP:N=l S 1/4 model 
C OUTSIDE WORLD 
85 0 -1:-3:19:25 IMP:N=O $ 1/2 model 
C 85 0 -1:-2:-3:19:25 IMP:N4O S 1/4 model 
C WET PIN LATTICE 
86 1 -2.2720 -26 27 -28 29 IMP:Nl1 LATxI US56 

FILL -8:8 -8:8 0:0 56 16R 56 2 14R 56 56 2 14R 56 
56 2 4R 4 2 2R 4 2 4R 56 
56 2 2R 4 2 6R 4 2 2R 56 56 2 14R 56 
56 2 2 4 2 2 4 2 2R 4 2 2 4 2 2 56 
56 2 14R 56 
56 2 6R 6 2 6R 56 
56 2 14R 56 
56 2 2 4 2 2 4 2 2R 4 2 2 4 2 2 56 
56 2 14R 56 56 2 2R 4 2 6R 4 2 2R 56 
56 2 4R 4 2 2R 4 2 4R 56 
56 2 14R 56 56 2 14R 56 56 16R 

C WET FUEL RO0 
89 2 6.982925E-02 -30 -10 IMP:N"1 U=2 
90 4 -6.5600 -30 10 -11 IMP:N*1 Uu2 
91 3 -1.0000 -30 11 IMP:N-1 U12 
92 1 -2.2720 30 -31 -11 IMP:N-1 U=2 
93 1 -2.2720 30 -31 11 IMP:N11 U=2 
94 4 -6.5600 31 -32 -11 IMP:N=1 U=2 
95 1 -2.2720 31 -32 11 IMP:N=1 U12 
96 1 -2.2720 .32 IMP:N=1 U=2 
C WET CONTROL ROD/GUIDE TUBE 
105 3 -1.0000 -33 IMP:N1i U-4 $ No DCRA Rod 
C 105 9 -7.8300 -33 IMP:Nx1 U=4 $ DCRA Rod 
106 1 -2.2720 33 -34 IMP:N=1 Uz4 
107 1 -2.2720 34 -35 IMP:N=1 U,-4 $ No DCRA CLadding 
C 107 .4 -6.5600 34 -35 IMP:N-1 U-=4 $ DCRA Cladding 
108 1 -2.2720 35 -36 IMP:N¶I U=4 
109 4 -6.5600 36 -37 IMP:N=1 Uz4 
110 1 -2.2720 37 IMP:N=1 U=4 
C DRY CONTROL ROD/GUIDE TUBE 
111 3 -1.0000 -33 IMP:NlI U-5 $ No DCRA Rod 
C 111 9 -7.8300 -33 IMP:N=1 U-5 S DCRA Rod 
112 3 -1.0000 33 -34 IMP:NI1 U-5
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113 3 -1.0000 34 -35 IMP:NM1 U=5 $ No DCRA Cladding 
C 113 4 -6.5600 34 -35 IMP:N1 U-5 $ DCRA Cladding 
114 3 -1.0000 35 -36 IMP:NHl U-5 
115 4 -6.5600 36 -37 IMP:NMl U=5 
116 3 -1.0000 37 IMP:=1 U=5 
C WET INSTRUMENTATION TUBE 
117 3 -1.0000 -38 IMP:Nl1 U=6 
118 4 -6.5600 38 -39 IMP:N-1 Ua6 
119 1 -2.2720 39 INP:N=1 Uz6 
C DRY INSTRUMENTATION TUBE 
120 3 -1.0000 -38 IMP:N=1 U-7 
121 4 -6.5600 38 -39 IMP:N-1 U-7 
122 3 -1.0000 39 IMP:Nl1 U-? 
C FUEL CELL BASKET STRUCTURE 
C Code: boron in (B=] aLL panels Call], left ELI, bottom, [b], right [r], top (t] 
C FUEL CELL BASKET STRUCTURE - WET - Borated panels 
C WATER GAP - ASSEMBLY LEFT 
123 1 -2.2720 52 IMP:N=1 U-8 
126 8 -7.7700 -52 IMP:N=1 U=8 
C WATER GAP - ASSEMBLY BOTTOM 
127 1 -2.2720 53 IMP:N1 U=9 
C SS PANEL - ASSEMBLY BOTTOM 
130 8 -7.7700 -53 IMP:NA1 U--9 
C WATER GAP - ASSEMBLY RIGHT 
131 1 -2.2720 -54 IMP:N-1 U=10 
C SS PANEL - ASSEMBLY RIGHT 
134 8 -7.7700 54 IMP:N=1 U-1O 
C WATER GAP - ASSEMBLY TOP 
135 1 -2.2720 -55 IMP:Nd1 U-11 
C SS PANEL - ASSEMBLY TOP 
138 8 -7.7700 55 IMP:N-1 Um11 
C FUEL CELL BASKET STRUCTURE - DRY - Borated panels 
C GAP - ASSEMBLY LEFT 
139 3 -1.0000 52 IMP:N=1 U-12 
C SS PANEL - ASSEMBLY LEFT 
142 8 -7.7700 -52 IMP:Nli U-12 
C GAP - ASSEMBLY BOTTOM 
143 3 -1.0000 53 IMP:N-1 U13 
C SS PANEL - ASSEMBLY BOTTOM 
146 8 -7.7700 -53 IMP:N-1 U-13 
C GAP - ASSEMBLY RIGHT 
147 3 -1.0000 -54 IMP:Nl1 U14 
C SS PANEL - ASSEMBLY RIGHT 
150 8 -7.7700 54 IMP:N-1 Ux14 
C GAP - ASSEMBLY TOP 
151 3 -1.0000 -55 IMP:N-1 Uw15 
C SS PANEL - ASSEMBLY TOP 
154 8 -7.7700 55 IMP:N=1 Uz15 
C FUEL CELL BASKET STRUCTURE - WET - Unborated panels 
C WATER GAP - ASSEMBLY LEFT 
155 1 -2.2720 52 IMP:N=1 U-16 
C PANEL - ASSEMBLY LEFT 
158 1 -2.2720 -52 IMP:N'1 U=16 
C WATER GAP - ASSEMBLY BOTTOM 
159 1 -2.2720 53 IMP:N=1 Ux17 
C PANEL - ASSEMBLY BOTTOM 
162 1 -2.2720 -53 IMP:N-1 U-17 
C WATER GAP - ASSEMBLY RIGHT 
163 1 -2.2720 -54 IMP:N=1 U=18 
C PANEL - ASSEMBLY RIGHT 
166 1 -2.2720 54 IMP:N-1 US18 
C WATER GAP - ASSEMBLY TOP 
167 1 -2,2720 -55 IMP:N-1 U-19 
C PANEL - ASSEMBLY TOP 
170 1 -2.2720 55 IMP:N-1 U-19 
C FUEL CELL BASKET STRUCTURE - DRY - Unborated panels 
C GAP - ASSEMBLY LEFT 
171 3 -1.0000 52 IMP:N=l U20 
C PANEL - ASSEMBLY LEFT 
174 3 -1.0000 -52 IMP:N=1 U-20
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C GAP - ASSEMBLY BOTTOM 
175 3 -1.0000 53 IMP:N-1 U=21 
C PANEL - ASSEMBLY BOTTOM 
178 3 -1.0000 -53 IMP:N=1 U-21 
C GAP - ASSEMBLY RIGHT 
179 3 -1.0000 -54 IMP:NH1 U-22 
C PANEL - ASSEMBLY RIGHT 
182 3 -1.0000 54 IMP:N-1 U-22 
C GAP - ASSEMBLY TOP 
183 3 -1.0000 -55 IMP:N=1 U=23 
C PANEL - ASSEMBLY TOP 
186 3 -1.0000 55 IMP:N=1 U-23 

C SURFACE SPECIFICATIONS
1* 

3* 
10 
11 
13 
14 
15 
16 
17 
19 
20 
21 
22 
24 
25 
C 
26 
27 
28 
29 
C 
30 
31 
32 
C 
33 
34 
35 
36 
37 
C 
38 
39 
C 
44 
45 
46 
47 
52 
53 
54 
55 
60 
61 
62 
63 
C 
64 
65 
C 

KODE 
C 
KCODE 
KSRC

PX 0.0 
PZ 0.00 
PZ 180.0860 S TOP ACTIVE FUEL 
PZ 201.2360 S TOP FUEL HARDWARE 
PZ 228.75 S TOP OF BASKET MATERIAL 
PZ 229.25 S TOP RING/WATER GAP 
PZ 231.75 S TOP INNER LID 
PZ 234.75 S TOP LID GAP 
PZ 245.75 S TOP OUTER LID 
PZ 298.75 $ TOP REFLECTOR REGION 
CZ 71.095 S ID OF INNER BARRIER 
CZ 73.095 S OD OF INNER BARRIER 
CZ 73.10 S ID OF OUTER BARRIER 
CZ 83.10 S 0D OF OUTER BARRIER 
CZ 113.60 S OD OF REFLECTOR REGION 
PIN LATTICE BOUNDS 
PX 0.72136 
PX -0.72136 
PY 0.72136 
PY -0.72136 

FUEL ROD
CZ 0.468122 
CZ 0.478790 
CZ 0.546100 

CONTROL ROD/GUIDE TUBE 
CZ 0.45340 S 0.49022 
CZ 0.46990 S 0.50292 
CZ 0.54610 S 0.56007 
CZ 0.62230 S 0.63246 
CZ 0.67310 

INSTRLU4ENTATION TUBE 
CZ 0.56007 
CZ 0.62611 
ASSEMBLY LATTICE BOUNDS Actual 
PX -10.65 S ACTUAL 10.82025 
PY -10.65 
PX 10.65 
PY 10.65 
PX -10.650001 S UCF Intact Ir 
PY -10.650001 
PX 10.650001 
PY 10.650001 
PX -11.000 S ACTUAL 12.30 
PX 11.000 
PY -11.000 
PY 11.000 
45 degree planes 
P 1. -1. 0.0.  
P 1I 1. 0.0.  
EXTRA CARDS

iside Tube Io

N 
VOL 88J 

4000 1. 7 37 
-4.3 -5.7 1. -2.8 -5.7 5. -1.4 -5.7 10. 0. -5.7 5.  
1.44 -5.7 3. 2.88 -5.7 8. 4.32 -5.7 9.

E
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-5.7 -4.3 2. -4.3 -4.3 1. -2.8 -4.3 5. -1.4 -4.3 10.  
0. -4.3 5. 1.44 -4.3 3. 2.88 -4.3 8. 4.32 -4.3 9.  

-5.7 -2.9 2. -4.3 -2.9 1. -1.4 -2.9 10.  
C. -2.9 5. 2.88 -2.9 8. 4.32 -2.0 9.  

-5.7 -1.4 2. -4.3 -1.4 1. -2.8 -1.4 5. -1.4 -1.4 10.  
0. -1.4 5. 1.44 -1.4 3. 2.88 -1.4 8. 4.32 -1.4 9.  

-5.7 0.0 2. -4.3 0.0 1. -2.8 0.0 5. -1.4 0.0 10.  
1.44 0.0 3. 2.88 0.0 8. 4.32 0.0 9.  

-5.7 1.4 2. -2.8 1.4 5. -1.4 1.4 10.  
0. 1.4 5. 1.44 1.4 3. 2.88 1.4 8. 4.32 1.4 9.  

-5.7 2.9 2. -4.3 2.9 1. -2.8 2.9 5. -1.4 2.9 10.  
0. 2.9 5. 1.44 2.9 3. 2.88 2.9 8. 4.32 2.9 9.  

-5.7 4.3 2. -4.3 4.3 1. -2.8 4.3 5. -1.4 4.3 10.  
0. 4.3 5. 1.44 4.3 3. 2.88 4.3 8. 4.32 4.3 9.  

C MATERIAL SPECIFICATIONS 
C WATER AT 300 K d-l.0000 g/cc w/ 30D Fe203 
Ml 1001.50C 4.6815-2 8016.50C 4.1193-2 26000.55C 1.1857-2 
MT1 LWTR.01T 
C e49b34.sun 2000 years decay 
M2 8016.50C .046947 

42095.50C 4.794679E-05 
44101.50C 4.354501E-05 
43099.50C 4.625092E-05 
45103.50C 2.608717E-05 
47109.50C 3.714096E-06 
60143.50C 3.74851E-05 
60145.50C 2.799527E-05 
62147.50C 1.138963E-05 
62149.50C 1.455085E-07 
62150.50C 1.043884E-05 
62151.50C 1.651142E-13 
62152.50C 4.59594E-06 
63151.55C 8.136066E-07 
63153.55C 3.93607E-06 
64155.50C 1.686186E-07 
92233.50C 2.231592E-08 
92234.50C 1.075017E-05 
92235.50C 4.768275E-04 
92236.50C 1.417782E-04 
92238.50C 2.174501E-02 
93237.55C 4.291222E-05 
94238.50C 2.04303E-12 
94239.55C 1.515774E-04 
94240.50C 3.901499E-05 
94241.50C 1.802804E-11 
94242.50C 7.310671E-06 
95241.50C 1.333376E-06 
95242.50C 2.531374E-12 
95243.50C 1.203514E-06 

C WATER AT 300 K d1 l.0000 g/cc 
143 1001.50C 6.6878-2 8016.50C 3.3439-2 
MT3 LWTR.01T 
C ZIRCALOY-4 d-6.56 g/cc 
M4 8016.50C -0.0012 24000.50C -0.0010 26000.55c -0.0020 

40000.50c -0.9818 50000.35C -0.0140 
C ALLOY 625 d=8.4425 g/cc 
M5 6000.50C -0.1000 13027.50C -0.4000 14000.50C -0.5000 

16032.50C -0.0150 22000.50C -0.4000 24000.50C -21.500 
25055.50C -0.5000 26000.55C -5.0000 28000.50C -58.000 
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200 
15031.50C -0.0150 27059.50C -0.9300 

M7 6000.50C -0.00220 14000.50C -0.002750 15031.50C -0.00035 
16032.50C -0.00035 25055.50C -0.0090 
26000.55C -D.98535 

C SS316B6A 1.6% d=7.77 g/cc 
M8 5010.50C -0.00288 5011.50C -0.013120 

6000.50C -0.00030 7014.50C -0.00100 14000.50C -0.0075 
15031.50C -0.00045 16032.50C -0.00030 24000.50C -0.19000 
25055.50c -0.02000 26000.55c -0.60445 28000.50c -0.13500 
42000.50C -0.02500
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C TALLIES 
PRINT
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AUCF-21 BW15x15 Assys, part deg, 58% Fe203 
C Advanced Uncanistered Fuel Waste Package 
C THICKNESS a 7 mm 
C SETTLED CASE - 8 rows 
C CELL SPECIFICATIONS 
C AssembLy Sub-Lattices - 1/2 Model 
1 0 1 3 -13 -20 FILL-1 (0 -75 O) IMP:N=1 
C ASSEMBLY LATTICE 
5 1 -3.4592 -61 60 -63 62 IMP:N1 LAT=1 U=i 

FILL=O:3 0:70:0 1 1 1 1 68 66 1 1 58 58 66 80 
58 58 64 80 58 58 62 80 60 62 80 80 
80 80 80 56 4R S 1/2 model 

C FULL ASSEMBLY LATTICE POSITIONS 
C Code: boron in [gal all paneLs [ell], Left Ei3, bottom, [b], right Erl, top it] 
C WET FULL ASSEMBLY LATTICE B-aLI 
6 1 -3.4592 -46 44 -47 45 IMP:N=1 FILL-57 U=58 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
7 1 -3.4592 -44 -64 -65 IMP:NMI FILL=8 U=58 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
8 1 -3.4592 64 -65 -45 IMP:N=1 FILL=9 U=58 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
9 1 -3.4592 46 64 65 IMP:Hz1 FILL-1O Ua58 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
10 1 -3.4592 -64 65 47 IMP:N=1 FILL-11 U-58 
C DRY FULL ASSEMBLY LATTICE Buall 
11 3 -1.0000 -46 44 -47 45 IMP:N1 FILL=57 U=59 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
12 3 -1.0000 -44 -64 -65 IMP:N=1 FILL=12 U=59 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
13 3 -1.0000 64 -65 -45 IMP:N'1 FILL-13 U=59 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
14 3 -1.0000 46 64 65 IMP:N-1 FILL=14 U=59 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
15 3 -1.0000 -64 65 47 IMP:Nw= FILLwSl U-59 
C WET FULL ASSEMBLY LATTICE BtLbr 
16 1 -3.4592 -" "4 -47 45 IMP:Nul FILL=57 U=60 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
17 1 -3.4592 -4 -64 -65 IMP:N=1 FILL=8 Uw60 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
18 1 -3.4592 64 -65 -45 IMP:Nal FILL=9 U=60 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
19 1 -3.4592 46 64 65 IMP:Nu1 FILL=IO Uw60 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
20 1 -3.4592 -64 65 47 IMP:N=1 FILL=19 U=60 
C DRY FULL ASSEMBLY LATTICE B=Lbr 
21 3 -1.0000 -46 44 -47 45 IMP:Nzl FILL57 U=61 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
22 3 -1.0000 -44 -64 -65 IMP:N=1 FILL=12 U-61 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
23 3 -1.0000 64 -65 -45 IMP:N*l FILL=i3 U-61 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
24 3 -1.0000 46 64 65 IMP:N.1 FILL=14 Uz61 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
25 3 -1.0000 -64 65 47 IMP:N1 FILLw23 Uz61 
C WET FULL ASSEMBLY LATTICE Btlb 
26 1 -3.4592 -46 44 -47 45 IMP:N-1 FILL-57 U=q62 

C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
27 1 -3.4592 -44 -64 -65 IMP:Nx1 FILL-8 U=62 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
28 1 -3.4592 64 -65 -45 IMP:N-1 FILL:9 U-62 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
29 1 -3.4592 46 64 65 IMP:N1 FILLaI8 U=62 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
30 1 -3.4592 -64 65 47 IMP:NI= FILL=19 U:62 
C DRY FULL ASSEMBLY LATTICE B=Lb 
31 3 -1.0000 -46 44 -47 45 IMP:N:1 FILL=57 U-63 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
32 3 -1.0000 -44 -64 -65 IMP:N1 FILLz12 U=63 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
33 3 -1.0000 64 -65 -45 IMP:N=1 FILL:13 U=63
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C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
34 3 -1.0000 46 64 65 IMP:Nz1 FILL=22 U=63 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
35 3 -1.0000 -64 65 47 IMP:N1 FILL=23 U=63 
C WET FULL ASSEMBLY LATTICE B=Lbt 
36 1 -3.4592 -46 44 -47 45 IMP:N=1 FILL=57 U=64 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
37 1 -3.4592 -" -64 -65 IMP:N=1 FILL48 U=64 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
38 1 -3.4592 64 -65 -45 IMP:N=1 FILL=9 U=64 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
39 1 -3.4592 46 64 65 IMP:N1 FILL=18 UM64 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
40 1 -3.4592 -64 65 47 IMP:NM1 FILL=11 U64 
C DRY FULL ASSEMBLY LATTICE B=lbt 
41 3 -1.0000 -46 44 -47 45 IMP:N=¶ FILL=57 U=65 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
42 3 -1.0000 -" -64 -65 IMP:N=1 FILL12 U=65 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
43 3 -1.0000 64 -65 -45 IMP:N-1 FILL-13 U-65 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
44 3 -1.0000 46 64 65 IMP:Nx1 FILL=22 U=65 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
45 3 -1.0000 -64 65 47 IMP:N=1 FILLz15 U=65 
C WET FULL ASSEMBLY LATTICE B=Lt 
46 1 -3.4592 -46 "4 -47 45 IMP:N=1 FILL-57 u=66 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
47 1 -3.4592 -44 -64 -65 IMP:N=1 FILL4 U=66 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
48 1 -3.4592 64 -65 -45 IMP:N1 FILL=17 u=66 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
49 1 -3.4592 46 64 65 IMP:N=1 FILL-18 U=66 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
50 1 -3.4592 -64 65 47 IMP:N1 FILL-11 U-66 
C DRY FULL ASSEMBLY LATTICE B=Lt 
51 3 -1.0000 -46 44 -47 45 IMP:NI1 FILL=57 U=67 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
52 3 -1.0000 -"44 -64 -65 IMP:Ns1 FILL12 U=67 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
53 3 -1.0000 64 -65 -45 IMP:Nx1 FILL=21 U=67 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
54 3 -1.0000 46 64 65 IMP:Nz1 FILL-22 U=67 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
55 3 -1.0000 -64 65 47 IMP:N=1 FILLz15 U=67 
C WET FULL ASSEMBLY LATTICE B-Lrt 
56 1 -3.4592 -46 44 -47 45 IMP:N-1 FILLwS7 U=68 
C LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE 
57 1 -3.4592 -" -64 -65 IMP:N1 FILL-B U=68 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
58 1 -3.4592 64 -65 -45 IMP:Ns1 FILL=17 u-68 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
59 1 -3.4592 46 64 65 IMP:N1 FILL-10 U=68 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
60 1 -3.4592 -64 65 47 IMP:N1= FILL1 U=68 
C DRY FULL ASSEMBLY LATTICE BtLrt 
61 3 -1.0000 -46 44 -47 45 IMP:N:1 FILL=S7 U-69 

C LEFT SIDE OF.ASSEMBLY OUTSIDE LATTICE 
62 3 -1.0000 -44 -64 -65 IMP:N*1 FILLz12 Ud69 
C BOTTOM OF ASSEMBLY OUTSIDE LATTICE 
63 3 -1.0000 64 -65 -45 INP:N-1 FILL'21 U=69 
C RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE 
64 3 -1.0000 46 64 65 IMP:Nwi FILL=I4 U=69 
C TOP OF ASSEMBLY OUTSIDE LATTICE 
65 3 -1.0000 -64 65 47 IMP:N1i FILL=15 U=69 
C EMPTY ASSEMBLY LATTICE POSITIONS - Corner Guides and Spacers 
C BARRIER CELLS 
C Basket MateriaL-Lid Gap 
76 3 -1.0000 1 -20 13 -14 IMP:N=1 $ 1/2 model 
C Inner Barrier 
77 5 -8.4425 1 3 20 -21 -14 IMP:MN1 S 1/2 model



Aug 12 13:38 1997 File Name: BO8H13A BIAOOOO0O-01717-0200-00056 REVOG ATTACHMENT VIII - Page 3

C 
78 
c 
79 
c 
80 
C 
81 
C 
82 
C 
83 
c 
84 
C 
85 
86 
C 
87 

C 
88 
C 
89 
90 
91 
92 
93 
94 
95 
96 
C 
97 
98 
99 
100 
101 
102 
103 
104 
C 
105 
106 
107 
108 
109 
110 
C 
111 
112 
113 
114 
115 
116

57 2 2 2 2 2 2 2 2 
57 2 2 2 2 2 2 2 2 
57 2 2 2 2 2 4 2 2 
57 2 2 2 4 2 2 2 2 
57 2 2 2 2 2 2 2 2 
57 2 2 4 2 2 4 2 2 
57 2 2 2 2 2 2 2 2 
57 2 2 2 2 2 2 2 6 
573 3 3 3 3 3 3 3 
57 3 3 5 3 3 5 3 3 
57 3 3 3 3 3 3 3 3 
57 3 3 3 5 3 3 3 3 
57 3 3 3 3 3 5 3 3 
57 3 3 3 3 3 3 3 3 
57 3 3 3 3 3 3 3 3 
57 16R

2222222 2222222 
2422222 
2224222 
2222222 
2422422 
2222222 
2222222 
3333333 
3533533 
3333333 
3335333 
3533333 
3333333 
3333333

57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57

WET LATTICE 
3 -1.0000 -58 56 -59 57 IMP:N=1 U=56 
WET FUEL ROD w/ oxide 
2 6.982925E-02 -30 -10 INP:N1 U=2 
4 -6.5600 -30 10 -11 IMP:N1 U=2 
1 -3.4592 -30 11 IMP:N=1 Uz2 
3 -1.0000 30 -31 -11 INP:N=I U-2 
1 -3.4592 30 -31 11 IMP:N1 U=2 
4 -6.5600 31 -32 -11 INP:N=1 U=2 
1 -3.4592 31 -32 11 IMP:Nv1 U=2 
1 -3.4592 32 IMP:N1l Uw2 
WET FUEL ROD no oxide 
2 6.982925E-02 -30 -10 IMP:N1 U=3 
4 -6.5600 -30 10 -11 IMP:N=I U-3 
3 -1.0000 -30 11 IMP:N=1 Us3 
3 -1.0000 30 -31 -11 IMP:N1 Uz3 
3 -1.0000 30 -31 11 INP:I=l u=3 
4 -6.5600 31 -32 -11 INP:N-1 U=3 
3 -1.0000 31 -32 11 IMP:NMl Ut3 
3 -1.0000 32 IMP:N=I U=3 
WET CONTROL ROD/GUIDE TUBE 
3 -1.0000 -33 IMP:M=1 U4 S No DCRA Rod 
1 -3.4592 33 -34 IMP:N=1 Uz4 
1 -3.4592 34 -35 IMP:N=1 U=4 $ No DCRA Cladding 
1 -3.4592 35 -36 IMP:Ns1 U=4 
4 -6.5600 36 -37 IMP:N1 U-4 
1 -3.4592 37 IMP:N=1 Uz4 
DRY CONTROL ROD/GUIDE TUBE 
3 -1.0000 -33 IMP:N=1 U=5 S No DCRA Rod 
3 -1.0000 33 -34 IMP:N=1 U5 
3 -1.0000 34 -35 IMP:N1 U-5 $ SNo DCRA Cladcling 

3 -1.0000 35 -36 INP:NMl U.5 
4 -6.5600 36 -37 IMP:NM1 U=5 
3 -1.0000 37 INP:N=1 U5

Inner Lid 
5 -8."425 1 14 -15 -21 IMP:N=1 $ 1/2 model 

Gap between Inner and Outer Barrier Lids 
3 -1.0000 1 15 -16 -21 IMP:NM1 $ 1/2 modeL 

Gap between Inner and Outer Barriers 
3 -1.0000 21 -22 1 3 -16 IMP:N=1 $ 1/2 model 
Outer Barrier 
7 -7.8320 22 -24 1 3 -16 IMP:N=1 S 1/2 model 
Outer Barrier Lid 
7 -7.8320 1 -24 16 -17 IMP:N=1 S 1/2 model 
12" of Water around Container 
3 -1.0000 24 -25 1 3 -17 IMP:NzI $ 1/2 model 
12" of Water above Container 
3 -1.0000 17 -19 1 -25 IMP:N-1 S 1/2 model 
OUTSIDE WORLD 
0 -1:-3:19:25 IMP:N=O $ 1/2 model 
6 -2.0600 -58 56 -59 57 IMP:N=1 U=80 
MIXED PIN LATTICE 
3 -1.0000 -26 27 -28 29 IMP:Nut LAT=l U=57 
FILL -8:8 -8:8 0:0 57 16R
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C WET INSTRUMENTATION TUBE 
117 3 -1.0000 -38 IMP:N=1 U-6 
118 4 -6.5600 38 -39 IMP:N-1 U-6 
119 1 -3.4592 39 IMP:N1 U-6 
C DRY INSTRLUMENTATION TUBE 
120 3 -1.0000 -38 IMP:N1 U-7 
121 4 -6.5600 38 -39 IMP:N=I Uz7 
122 3 -1.0000 39 IMP:N-1 U=7 
C FUEL CELL BASKET STRUCTURE 
C Code: boron in (B-1 all panels [alL], Left [13, bottom, (b], right [r], top It] 
C FUEL CELL BASKET STRUCTURE - WET - Borated panels 
C WATER GAP - ASSEMBLY LEFT 
123 1 -3.4592 52 IMP:N=1 U-8 
C SS PANEL - ASSEMBLY LEFT 
126 8 -7.7700 -52 IMP:N=1 U=8 
C WATER GAP - ASSEMBLY BOTTOM 
127 1 -3.4592 53 IMP:M=1 U=9 
C SS PANEL - ASSEMBLY BOTTOM 
130 8 -7.7700 -53 IMP:N=1 U=9 
C WATER GAP - ASSEMBLY RIGHT 
131 1 -3.4592 -54 IMP:N=1 U3I 
C SS PANEL - ASSEMBLY RIGHT 
134 8 -7.7700 54 IMP:N=1 U=10 
C WATER GAP - ASSEMBLY TOP 
135 1 -3.4592 -55 IMP:N=l U=11 
C SS PANEL - ASSEMBLY TOP 
138 8 -7.7700 55 IMP:N=1 UZ11 
C FUEL CELL BASKET STRUCTURE - DRY - Borated panels 
c GAP - ASSEMBLY LEFT 
139 3 -1.0000 52 IMP:N-1 U=12 
C SS PANEL - ASSEMBLY LEFT 
142 8 -7.7700 -52 IMP:Nw1 Uw12 
C GAP - ASSEMBLY BOTTOM 
143 3 -1.0000 53 IMP:N.1 U=13 
C SS PANEL - ASSEMBLY BOTTOM 
146 8 -7.7700 -53 IMP:Nzl Uz13 
C GAP - ASSEMBLY RIGHT 
147 3 -1.0000 -54 IMP:N=1 U=14 
C SS PANEL - ASSEMBLY RIGHT 
150 8 47.7700 54 IMP:Nsl Ua14 
C GAP - ASSEMBLY TOP 
151 3 -1.0000 -55 IMP:N-1 U=15 
C SS PANEL - ASSEMBLY TOP 
154 8 -7.7700 55 IMP:N-1 UxIs 
C FUEL CELL BASKET STRUCTURE - WET - Unborated panels 
C WATER GAP - ASSEMBLY LEFT 
155 1 -3.4592 52 IMP:NU1 U216 
C PANEL - ASSEMBLY LEFT 
158 1 -3.4592 -52 IMP;N=1 Uz16 
C WATER GAP - ASSEMBLY BOTTOM 
159 1 -3.4592 53 IMP:Nx1 U-17 
C PANEL - ASSEMBLY BOTTOM 
162 1 -3.4592 -53 IMP:N=1 U17 
C WATER GAP - ASSEMBLY RIGHT 
163 1 -3.4592 -54 IMP:N=1 U=18 
C PANEL - ASSEMBLY RIGHT 
166 1 -3.4592 54 IMP:N-1 U-18 
C WATER GAP - ASSEMBLY TOP 
167 1 -3.4592 -55 IMP:N=1 U-19 
C PANEL - ASSEMBLY TOP 
170 1 -3.4592 55 IMP:Nw1 4019 
C FUEL CELL BASKET STRUCTURE - DRY - Unborated panels 
C GAP - ASSEMBLY LEFT 
171 3 -1.0000 52 IMP:N1 U=20 
C PANEL - ASSEMBLY LEFT 
174 3 -1.0000 -52 IMP:N1 U=20 
C GAP - ASSEMBLY BOTTOM 
175 3 -1.0000 53 IMP:N-1 U-21 
C PANEL - ASSEMBLY BOTTOM 
178 3 -1.0000 -53 TMP:N=1 U=21
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C GAP - ASSEMBLY RIGHT 
179 3 -1.0000 -54 IMP:Nzl U=22 
C PANEL - ASSEMBLY RIGHT 
182 3 -1.0000 54 IMP:Nz1 U-22 
C GAP - ASSEMBLY TOP 
183 3 -1.0000 -55 IMP:NwI Uw23 
C PANEL - ASSEMBLY TOP 
186 3 -1.0000 55 IMP:Nzl U-23 

C SURFACE SPECIFICATIONS 
1* PX 0.0 
3* PZ 0.00 
10 PZ 180.0860 S TOP ACTIVE FUEL 
11 PZ 201.2360 S TOP FUEL HARDWARE 
13 PZ 228.75 S TOP OF BASKET MATERIAL 
14 PZ 229.25 S TOP RING/WATER GAP 
15 PZ 231.75 S TOP INNER LID 
16 PZ 234.75 S TOP LID GAP 
17 PZ 245.75 $ TOP OUTER LID 
19 PZ 298.75 S TOP REFLECTOR REGION 
20 CZ 71.095 $ ID OF INNER BARRIER 
21 CZ 73.095 S 00 OF INNER BARRIER 
22 CZ 73.10 S ID OF OUTER BARRIER 
24 CZ 83.10 S OD OF OUTER BARRIER 
25 CZ 113.60 S 00 OF REFLECTOR REGION 
C PIN LATTICE BOUNDS 
26 PX 0.72136 
27 PX -0.72136 
28 PY 0.72136 
29 PY -0.72136 
C FUEL ROD 
30 CZ 0.468122 
31 CZ 0.478790 
32 CZ 0.546100 
C CONTROL ROD/GUIDE TUBE 
33 CZ 0.45340 S 0.49022 
34 CZ 0.46990 S 0.50292 
35 CZ 0.54610 S 0.56007 
36 CZ 0.62230 S 0.63246 
37 CZ 0.67310 
C INSTRUMENTATION TUBE 
38 CZ 0.56007 
39 CZ 0.62611 
C ASSEMBLY LATTICE BOUNDS Actual 
44 PX -10.65 S ACTUAL 10.82025 
45 PY -10.65 
46 PX 10.65 
47 PY 10.65 
52 PX -10.650001 $ UCF Intact Inside Tube ID 
53 PY -10.650001 
54 PX 10.650001 
55 PY 10.650001 
56 PX -11.95 S UCF Intact Outside Tube ID 
57 PY -11.95 
58 PX 11.95 
59 PY 11.95 
C FUEL CELL LATTICE BOUNDS 
60 PX -11.0 S ACTUAL 12.30 
61 PX 11.0 
62 PY -11.0 
63 PY 11.0 
C 45 degree pLanes 
64 P 1. -1. 0.0.  
65 P 1. 1. 0.0.  
C EXTRA CARDS 

MODE N 
KCDDE 4000 1. 7 37 
KSRC -4.3 -5.7 1. -2.8 -5.7 5. -1.4 -5.7 10. 0. -5.7 5.  

1.44 -5.7 3. 2.88 -5.7 8. 4.32 -5.7 9.
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-5.7 -4.3 2. -4.3 -4.3 1. -2.8 -4.3 5. -1.4 -4.3 10.  

0. -4.3 5. 1.44 -4.3 3. 2.88 -4.3 8. 4.32 -4.3 9.  

-5.7 -2.9 2. -4.3 -2.9 1. -1.4 -2.9 10.  

0. -2.9 5. 2.88 -2.9 8. 4.32 -2.0 9.  
-5.7 -1.4 2. -4.3 -1.4 1. -2.8 -1.4 5. -1.4 -1.4 10.  
0. -1.4 5. 1.44 -1.4 3. 2.88 -1.4 8. 4.32 -1.4 9.  

-5.7 0.0 2. -4.3 0.0 1. -2.8 0.0 5. -1.4 0.0 10.  
1.44 0.0 3. 2.88 0.0 8. 4.32 0.0 9.  

-5.7 1.4 2. -2.8 1.4 5. -1.4 1.4 10.  

0. 1.4 5. 1.44 1.4 3. 2.88 1.4 8. 4.32 1.4 9.  

-5.7 2.9 2. -4.3 2.9 1. -2.8 2.9 5. -1.4 2.9 10.  
0. 2.9 5. 1.44 2.9 3. 2.88 2.9 8. 4.32 2.9 9.  

-5.7 4.3 2. -4.3 4.3 1. -2.8 4.3 5. -1.4 4.3 10.  
0. 4.3 5. 1.44 4.3 3. 2.88 4.3 8. 4.32 4.3 9.  

C MATERIAL SPECIFICATIONS 
C WATER AT 300 K du1.0000 g/cc w/ 589% F203 
Ml 1001.50C 2.8089-2 8016.50C 4.8430-2 26000.55C 2.2924-2 
1T1 LWTR.01T 
C e49b34.surn 2000 years decay 
12 8016.50C .046947 

42095.50C 4.794679E-05 
44101.50c 4.354501E-05 
43099.50C 4.625092E-05 
45103.50C 2.608717E-05 
47109.50C 3.714096E-06 
60143.50C 3.74851E-05 
60145.50C 2.799527E-05 
62147.50C 1.138963E-05 
62149.50C 1.455085E-07 
62150.50C 1.043884E-05 
62151.50C 1.651142E-13 
62152.50C 4.59594E-06 
63151.55C 8.136066E-07 
63153.55C 3.93607E-06 
64155.50C 1.686186E-07 
92233.50C 2.231592E-08 
92234.50C 1.075017E-05 
92235.50C 4.768275E-04 
92236.50C 1.417782E-04 
92238.50C 2.1745012-02 
93237.55C 4.291222E-05 
94238.50C 2.04303E-12 
94239.55C 1.515774E-04 
94240.50C 3.901499E-05 
94241.50C 1.802804E-11 
94242.50C 7.310671E-06 
95241.50C 1.333376E-06 
95242.50C 2.531374E-12 
95243.50C 1.203514E-06 

C WATER AT 300 K dsl.0000 g/cc 
M3 1001.50C 6.6878-2 8016.50C 3.3439-2 
MT3 LWTR.O1T 
C ZIRCALOY-4 d=6.56 glcc 
144 8016.50C -0.0012 24000.50C -0.0010 26000.55C -0.0020 

40000.50C -0.9818 50000.35C -0.0140 
C ALLOY 625 d=8.4425 g/cc 
MS 6000.50C -0.1000 13027.50C -0.4000 14000.50C -0.5000 

16032.50C -0.0150 22000.50C -0.4000 24000.50C -21.500 
25055.50C -0.5000 26000.55C -5.0000 28000.50C -58.000 
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200 

15031.50C -0.0150 27059.50C -0.9300 
C WATER AT 300 K d=1.0000 g/cc w/ 25% Fe203 

M6 1001.50C 5.3502-2 8016.50C 3.9900-2 26000.55C 9.8803-3 
MT6 LWTR.01T 
C A516 CARBON STEEL d-7.832 g/cc 
M7 6000.50C -0.00220 14000.50C -0.002750 15031.50C -0.00035 

16032.50C -0.00035 25055.50C -0.0090 
26000.55C -0.98535 

C SS31686A 1.6% d=7.77 g/cc 
M8 5010.50C -0.00288 5011.50C -0.013120
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6000.50C -0.00030 7014.50C -0.00100 14000.50C -0.0075 
15031.50C -0.00045 16032.50C -0.00030 24000.50C -0.19000 
25055.50C -0.02000 26000.55C -0.60445 28000.50c -0.13500 
42000.50C -0.02500 

C TALLIES 
PRINT



Aug 20 09:21 1997 File Name: u33h13a BBAOOOOOO-01717-0200-00056 REVOO ATTACHMENT IX - Page 1

AUCF-21 BW15x15, full deg, 33% Fe203 uniform 
C CELL SPECIFICATIONS 
C Assembty Sub-Lattices - 1/2 Model 
1 0 1 3 -13 -20 FILL-1 (0 -74 0) INP:N=1 
C ASSEMBLY LATTICE 
5 3 -2.3992 -61 60 -63 62 IMP:N=1 LAT=1 U=1 

FILL=0:3 0:7 0:0 1 1 1 ¶ 56 56 1 1 56 56 56 1 
56 56 56 1 56 56 56 1 56 56 1 1 
1 1 1 1 1 111 S I/2 model

BARRIER CELLS 
Basket Material-Lid Gap 
1 -1.0000 1 -20 13 -14 IMP:N-1 $ 1/2 model 
Inner Barrier 
5 -8.4425 1 3 20 -21 -14 IMP:N=1 $ 1/2 model 
Inner Lid 
5 -8.4425 1 14 -15 -21 IMP:N=1 $ 1/2 model 

Gap between Inner and Outer Barrier Lids 
1 -1.0000 1 15 -16 -21 IMP:N-1 $ 1/2 model 
Gap between Inner and Outer Barriers 

1 -1.0000 21 -22 1 3 -16 IHP:N-1 $ 1/2 model 
Outer Barrier 
7 -7.8320 22 -24 1 3 -16 IHP:N=1 $ 1/2 model 
Outer Barrier Lid 
7 -7.8320 1 -24 16 -17 IMP:N=1 $ 1/2 model 
12" of Water around Container 
1 -1.0000 24 -25 1 3 -17 IMP:N=1 $ 1/2 model 
12"1 of Water above Container 
1 -1.0000 17 -19 1 -25 IMP:N=1 $ 1/2 modeL 

OUTSIDE WORLD 
0 -1:-3:19:25 IMP:N=0 $ 1/2 model 
WET PIN LATTICE 
3 -2.3992 -26 27 -28 29 IMP:N-1 LAT=I 0=56 
FILL -8:8 -8:8 0:0 56 16R 56 2 14R 56 56 2 14R 56 

56 2 43 4 2 2R 4 2 4R 56 
56 2 2R 4 2 6R 4 2 23 56 56 2 14R 56 
56 2 2 4 2 2 4 2 2R 4 2 2 4 2 2 56 
56 2 14R 56 
56 2 6R 6 2 6R 56 
56 2 14R 56 
56 2 2 4 2 2 4 2 23 4 2 2 4 2 2 56 
56 2 14R 56 56 2 2R 4 2 61 4 2 2R 56 
56 2 4R 4 2 2R 4 2 43 56 
56 2 14R 56 56 2 14R 56 56 16R

MIXED PIN LATTICE 
WET FUEL ROD 
2 6.982844E-02 -30 -10 
4 -6.5600 -30 10 -11 
3 -2.3992 -30 11 1 
1 -1.0000 30 -31 -11 
3 -2.3992 30 -31 11 1 
4 -6.5600 31 -32 -11 1 
3 -2.3992 31 -32 11 1 
3 -2.3992 32 1 
WET CONTROL ROD/GUIDE TUBE 
1 -1.0000 -33 IMP: 
3 -2.3992 33 -34 IMP: 
3 -2.3992 34 -35 IMP: 
3 -2.3992 35 -36 IMP: 
4 -6.5600 36 -37 IMP: 
3 -2.3992 37 IMP:
WET INSTRL44ENTATION TUI 
1 -1..0000 -38 
4 -6.5600 38 -39 
3 -2.3992 39 

SURFACE SPECIFICATIONS 
PX 0.0 
PZ 0.00 
PZ 180.0860 $ TOP AC 
PZ 201.2360 $ TOP Ft

BE 

IM 
IM

IMP:N=1 U=2 
MP:N=li U2 
rMP:N=1 Uz2 
MP:N'1 Uz2 
MP:N=1 U=2 
MP:N'1 U=2 
NP:N1I U-2 
MP:N=1 U=2 

:N=1 U-4 S No Di 
N-1 U=4 

:N=1 Uz4 $ No Di 
:N1 U=4 
:N1 U4d 

IPNul U=6 
P:N=1 U-4 
P:NzI U=6 ip:N=I U=6

CRA Rod 

CRA CLadding

CTIVE FUEL 
JEL HARDWARE

C 
C 
76 
C 
77 
C 
78 
C 
79 
C 
80 
C 
81 
C 
82 
C 
83 
C 
84 
C 
85 
C 
86

C 
C 
89 
90 
91 
92 
93 
94 
95 
96 
C 
105 
106 
107 
108 
109 
110 
c 
117 
118 
119 

C 
1" 
3* 

10 
11
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13 PZ 228.75 S TOP OF BASKET MATERIAL 
14 PZ 229.25 S TOP RING/UATER GAP 
15 PZ 231.75 S TOP INNER LID 
16 PZ 234.75 S TOP LID GAP 
17 PZ 245.75 S TOP OUTER LID 
19 PZ 298.75 S TOP REFLECTOR REGION 
20 CZ 71.095 $ ID OF INNER BARRIER 
21 CZ 73.095 S O0 OF INNER BARRIER 
22 CZ 73.10 S ID OF OUTER BARRIER 
24 CZ 83.10 S OD OF OUTER BARRIER 
25 CZ 113.60 S CC OF REFLECTOR REGION 
C PIN LATTICE BOUNDS 
26 PX 0.72136 
27 PX -0.72136 
28 PY 0.72136 
29 PY -0.72136 
C FUEL ROD 
30 CZ 0.468122 
31 cz 0.478790 
32 CZ 0.546100 
C CONTROL ROD/GUIDE TUBE 
33 CZ 0.45340 $ 0.4902,2 
34 CZ 0.46990 S 0.50292 
35 CZ 0.54610 S 0.56007 
36 CZ 0.62230 S 0.63246 
37 CZ 0.67310 
C INSTRUMENTATION TUBE 
38 CZ 0.56007 
39 CZ 0.62611 
C ASSEMBLY LATTICE BOUNDS Actual 
44 PX -10.65 S ACTUAL 10.82025 
45 PY -10.65 
46 PX 10.65 
47 PY 10.65 
52 PX -10.650001 S UCF Intact Inside Tube ID 
53 PY -10.650001 
54 PX 10.650001 
55 PY 10.650001 
56 PX -11.95 S UCF Intact Outside Tube ID 
57 PY -11.95 
58 PX 11.95 
59 PY 11.95 
C FUEL CELL LATTICE BOUNDS 
60 PX -10.65 S ACTUAL 12.30 
61 PX 10.65 
62 PY -10.65 
63 PY 10.65 
C 45 degree planes 
64 P 1. -1. 0.0.  
65 P 1. 1. 0.0.  
C EXTRA CARDS 

NODE N 
KCODE 4000 1. 7 37 
KSRC -4.3 -5.7 1. -2.8 -5.7 5. -1.4 -5.7 10. 0. -5.7 5.  

1.44 -5.7 3. 2.88 -5.7 8. 4.32 -5.7 9.  
-5.7 -4.3 2. -4.3 -4.3 1. -2.8 -4.3 5. -1.4 -4.3 10.  
0. -4.3 5. 1.44 -4.3 3. 2.88 -4.3 8. 4.32 -4.3 9.  

-5.7 -2.9 2. -4.3 -2.9 1. -1.4 -2.9 10.  
0. -2.9 5. 2.88 -2.9 8. 4.32 -2.0 9.  

-5.7 -1.4 2. -4.3 -1.4 1. -2.8 -1.4 5. -1.4 -1.4 10.  
0. -1.4 5. 1.44 -1.4 3. 2.88 -1.4 8. 4.32 -1.4 9.  

-5.7 0.0 2. -4.3 0.0 1. -2.8 0.0 5. -1.4 0.0 10.  
1.44 0.0 3. 2.88 0.0 8. 4.32 0.0 9.  

-5.7 1.4 2. -2.8 1.4 5. -1.4 1.4 10.  
0. 1.4 5. 1.44 1.4 3. 2.88 1.4 8. 4.32 1.4 9.  

-5.7 2.9 2. -4.3 2.9 1. -2.8 2.9 5. -1.4 2.9 10.  
0. 2.9 5. 1.44 2.9 3. 2.88 2.9 8. 4.32 2.9 9.  

-5.7 4.3 2. -4.3 4.3 1. -2.8 4.3 5. -1.4 4.3 10.  
0. 4.3 5. 1.44 4.3 3. 2.88 4.3 8. 4.32 4.3 9.
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C MATERIAL SPECIFICATIONS 
C WATER AT 300 K d=1.0000 g/cc 
M1 1001.50C 6.6878-2 8016.50C 3.3439-2 
MT1 LWTR.O1T 
C 
C e49b34.sumn 8000 years decay 
M2 8016.50C .046947 

42095.50C 4.794679E-05 
"44101.50C 4.354501E-05 
43099.50C 4.527722E-05 
45103.50c 2.608717E-05 
47109.50C 3.714096E-06 
60143.50C 3.74851E-05 
60145.50C 2.799527E-05 
62147.50C 1.138963E-05 
62149.50C 1.455085E-07 
62150.50C 1.043884E-05 
62151.50C 1.395893E-33 
62152.50C 4.59594E-06 
63151.55C 8.136066E-07 
63153.55C 3.93607E-06 
64155.50C 1.686186E-07 
92233.50C 1.064139E-07 
92234.50C 1.059586E-05 
92235.50C 5.008994E-04 
92236.50C 1.60138E-04 
92238.50C 2.174501E-02 
93237.55C 4.413103E-05 
94238.50C 5.360425E-25 
94239.55C 1.284128E-04 
94240.50C 2.071104E-05 
94241.50C 1.103656E-11 
94242.50C 7.211206E-06 
95241.50C 4.364685E-10 
95242.50C 3.923878E-25 
95243.50C 6.834769E-07 

C WATER AT 300 K d=1.0000 g/cc w/ 33% Fe203 w/ 0X 810 
M3 1001.50C 4.4808-2 8016.50C 4.1968-2 26000.55C 1.3043-2 
NT3 LWTR.O1T 
C ZIRCALOY-4 d=6.56 g/cc 
M4 8016.50C -0.0012 24000.50C -0.0010 26000.55C -0.0020 

40000.50C -0.9818 50000.35C -0.0140 
C ALLOY 625 d=8.4425 g/cc 
M5 6000.50C -0.1000 13027.50C -0.4000 14000.50C -0.5000 

16032.50C -0.0150 22000.50C -0.4000 24000.50C -21.500 
25055.50C -0.5000 26000.55C -5.0000 28000.50C -58.000 
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200 
15031.50C -0.0150 27059.50C -0.9300 

C A516 CARBON STEEL d=7.832 9/cc 
M7 6000.50c -0.00220 14000.5CC -0.002750 15031.50c -0.00035 

16032.50C -0.00035 25055.50c -0.0090 
26000.55C -0.98535 

c SS316B6A 1.6% d-7.77 g/cc 
M8 5010.50C -0.00288 5011.5DC -0.013120 

6000.50C -0.00030 7014.50C -0.00100 14000.50C -0.0075 
15031.50C -0.00045 16032.50C -0.00030 24000.50C -0.19000 
25055.50C -0.02000 26000.55C -0.60445 28000.50C -0.13500 
42000.50C -0.02500 

C TALLIES 
PRINT
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AUCF-21 BW15x15, fuLL dog, 58% Fe203, settled 
C CELL SPECIFICATIONS 
C Assembiy Sub-Lattices - 1/2 Model 
1 0 1 3 -13 -20 FILL-1 (0 -74 0) IMP:N-1 
C ASSEMBLY LATTICE 
5 1 -3.4592 -61 60 -63 62 IMP:N'1 LAT=1 U=1 

FILL=O:3 0:7 0:0 1 3R 56 56 1 1 56 56 56 1 
56 56 56 1 59 59 59 60 57 57 58 58 
58 3R 58 3R $ 1/2 model 

C BARRIER CELLS 
C Basket Material-Lid Gap 
76 8 -1.0000 1 -20 13 -14 IMP:Nsl $ 1/2 model 
C Inner Barrier 
77 5 -8.4425 1 3 20 -21 -14 IMP:N*1 $ 1/2 model 
C Inner Lid 
78 5 -8.4425 1 14 -15 -21 IMP:N-1 $ 1/2 model 
C Gap between Inner and Outer Barrier Lids 
79 8 -1.0000 1 15 -16 -21 IMP:N=1 $ 1/2 model 
C Gap between Inner and Outer Barriers 
80 8 -1.0000 21 -22 1 3 -16 IMP:N=1 $ 1/2 modeL 
C Outer Barrier 
81 7 -7.8320 22 -24 1 3 -16 IMP:N=1 $ 1/2 model 
C Outer Barrier Lid 
82 7 -7.8320 1 -24 16 -17 IMP:NM1 $ 1/2 model 
C 12" of Water around Container 
83 8 -1.0000 24 -25 1 3 -17 IMP:N-1 $ 1/2 model 
C 12" of Water above Container 
84 8 -1.0000 17 -19 1 -25 IMP:N=1 S 1/2 model 
C OUTSIDE WORLD 
85 0 -1:-3:19:25 IMP:N=O $ 1/2 model 
C WET w/ Fe2O3 PIN LATTICE 
86 1 -3.4592 -26 27 -28 29 IMP:N-1 LAT-1 U-56 

FILL -8:8 -8:8 0:0 56 16R 56 2 14R 56 56 2 14R 56 
56 2 41 4 2 21 4 2 4Q 56 
56 2 21 4 2 6R 4 2 2R 56 56 2 14R 56 
56 2 2 4 2 2 4 2 2R 4 2 2 4 2 2 56 
56 2 14R 56 
56 2 6R 6 2 61 56 
56 2 14R 56 
56 2 2 4 2 2 4 2 2R 4 2 2 4 2 2 56 
56 2 14R 56 56 2 2R 4 2 61 4 2 2R 56 
56 2 4R 4 2 2R 4 2 4R 56 
56 2 14R 56 56 2 14R 56 56 161 

C Water LATTICE 
87 8 -1.0000 -58 56 -59 57 IMP:N=1 U=58 
C WET PIN LATTICE 
88 8 -1.0000 -26 27 -28 29 IMP:N=1 LAT=1 U=57 

FILL -8:8 -8:8 0:0 57 16R 57 3 14R 57 57 3 141 57 
57 3 4R 5 3 2R 5 3 4R 57 
57 3 2R 5 3 61 5 3 2R 57 57 3 14R 57 
37 3 3 5 3 3 5 3 2R 5 3 3 5 3 3 57 
57 3 14R 57 
57 3 61 7 3 61 57 
57 3 14R 57 
57 3 3 5 3 3 5 3 2R 5 3 3 5 3 3 57 
57 3 14R 57 57 3 2R 5 3 6R 5 3 2R 57 
57 3 41 5 3 2R 5 3 4R 57 
573 14R 57 57 3 14R 57 57 16R 

C WET W/ Fe203 FUEL ROD 
89 2 6.982783E-02 -30 -10 IMP:N=1 U-2 
90 4 -6.5600 -30 10 -11 IMP:N-1 Ux2 
91 1 -3.4592 -30 11 IMP:N-1 Un2 
92 8 -1.0000 30 -31 -11 IMP:N=1 U-2 
93 1 -3.4592 30 -31 11 IMP:N-1 U=2 
94 4 -6.5600 31 -32 -11 IMP:N-1 U-2 
95 1 -3.4592 31 -32 11 IMP:N=1 U=2 
96 1 -3.4592 32 IMP:N=1 U-2 
C Wet FUEL ROD 
97 2 6.982783E-02 -30 -10 [MP:N=1 U-3 
98 4 -6.5600 -30 10 -11 IMP:N=1 Uz3
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99 8 -1.0000 -30 11 IMP:N21 U13 
100 8 -1.0000 30 -31 -11 IMP:N1I Us3 
101 8 -1.0000 30 -31 11 IMP:N1 Ux34 
102 4 -6.5600 31 -32 -11 IMP:N=i U=3 
103 8 -1.0000 31 -32 11 IMP:NI 1U-3 
104 8 -1.0000 32 IMP:N1 U=3 
C WET wl Fe2O3 CONTROL ROD/GUIDE TUBE 
105 8 -1.0000 -33 IMP:N=1 U-4 S No OCRA Rod 

C 105 9 -7.8300 -33 IPP:N=1 Uz4 $ DCRA Rod 
106 1 -3.4592 33 -34 IMP:N-1 U-4 
107 1 -3.4592 34 -35 IMP:N=1 U=4 S No DCRA Cladding 

C 107 4 -6.5600 34 -35 IMP:N-1 U=4 S DCRA Cladding 
108 1 -3.4592 35 -36 IMP:N1I U-4 
109 4 -6.5600 36 -37 IMP:NlI U14 
110 1 -3.4592 37 IMP:N=I U-4 
C wet CONTROL ROD/GUIDE TUBE 
111 8 -1.0000 -33 IMP:N.1 U.5 S No DCRA Rod 
C 111 9 -7.8300 -33 IMP:N-1 U=5 $ DCRA Rod 
112 8 -1.0000 33 -34 IMP:N1= U=5 
113 8 -1.0000 34 -35 IMP:N1U =5 $ No DCRA Cladding 

C 113 4 -6.5600 34 -35 IMP:NI1U=5 $ DCRA Cladding 
114 8 -1.0000 35 -36 IMP:N=1 U=5 
115 4 -6.5600 36 -37 IMP:N=1 U5 
116 8 -1.0000 37 IMP:N-1 U-5 
C WET w/ Fe203 INSTRUMENTATION TUBE 
117 8 -1.0000 -38 IMP:NI U136 
118 4 -6.5600 38 -39 IMP:N=1 U=6 
119 1 -3.4592 39 IMP:N=1 U-6 
C Wet INSTRUMENTATION TUBE 
120 8 -1.0000 -38 INP:N1I U=7 
121 4 -6.5600 38 -39 IIP:N=I U-7 
122 8 -1.0000 39 INP:N1 U=7 
C WET w/ Partial Fe2O3 PIN LATTICE 
123 1 -3.4592 -26 27 -28 29 IMP:N1 LAT-1 U=59 

FILL -8:8 -8:8 0:0 59 16R 59 2 14R 59 59 2 14R 59 
59 2 4R 4 2 2R 4 2 4R 59 
59 2 2R 4 2 6R 4 2 2R 59 59 2 14R 59 
59 2 2 4 2 2 4 2 2R 4 2 2 4 2 2 59 
59 2 14R 59 
59 2 6R 6 2 6R 59 
59 3 14R 59 
59 3 3 5 3 3 5 3 2R 5 3 3 5 3 3 59 
59 3 14R 59 59 3 2R 5 3 6R 5 3 2R 59 
59 3 4R 5 3 2R 5 3 4R 59 
593 14R 59 59 3 14R 59 59 16R 

C Half Water/Half Fe2O3 LATTICE 
124 8 -1.0000 -58 56 -59 66 IMP:N-1 U-60 
125 1 -3.4592 -58 56 -66 57 IMP:N-1 U=60

C 
1* 
3* 
10 
11 
C 
13 
14 
15 
16 
17 
C 
19 
20 
21 
22 
C 
24 
25 
C 
26

SURFACE SPECIFICATIONS 
PX 0.0 
PZ 0.00 
PZ 180.0860 S TOP ACTIVE FUEL 
PZ 201.2360 S TOP FUEL HARDWARE 
12 PZ 226.75 S TOP TUBE - (Shielding Model) 
PZ 228.75 $ TOP OF BASKET MATERIAL 
PZ 229.25 S TOP RING/WATER GAP 
PZ 231.75 S TOP INNER LID 
PZ 234.75 S TOP LID GAP 
PZ 245.75 S TOP OUTER LID 
18 pz 268.25 $ TOP SKIRT - (Shielding Model) 
PZ 298.75 S TOP REFLECTOR REGION 
cZ 71.095 $ ID OF INNER BARRIER 
CZ 73.095 S OD OF INNER BARRIER 
CZ 73.10 S ID OF OUTER BARRIER 
23 CZ 76.45 S ID OF SKIRT LIP - (Shielding Model) 
Cz 83.10 $ D0 OF OUTER BARRIER 
CZ 113.60 $ OD OF REFLECTOR REGION 
PIN LATTICE BOUNDS 
PX 0.72136
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27 PX -0.72136 
28 PY 0.72136 
29 PY -0.72136 
C FUEL ROD 
30 CZ 0.468122 
31 cZ 0.478790 
32 CZ 0.546100 
C CONTROL ROD/GUIDE TUBE 
33 CZ 0.45340 $ 0.49022 
34 CZ 0.46990 $ 0.50292 
35 CZ 0.54610 $ 0.56007 
36 CZ 0.62230 S 0.63246 
37 CZ 0.67310 
C INSTRUMENTATION TUBE 
38 CZ 0.56007 
39 CZ 0.62611 
C ASSEMBLY LATTICE BOUNDS Actual 
56 PX -11.95 $ UCF Intact Outside Tube ID 
57 PY -11.95 
58 PX 11.95 
59 PY 11.95 
C FUEL CELL LATTICE ROUNDS 
60 PX -10.65 $ ACTUAL 12.30 
61 PX 10.65 
62 PY -10.65 
63 PY 10.65 
C plane for half water/half oxide lattice cell 
66 PY 0.72136 

4ODE N 
C VOL 88J 
KCODE 4000 1. 7 37 
KSRC -4.3 -5.7 1. -2.8 -5.7 5. -1.4 -5.7 10. 0. -5.7 5.  

1.44 -5.7 3. 2.88 -5.7 8. 4.32 -5.7 9.  
-5.7 -4.3 2. -4.3 -4.3 1. -2.8 -4.3 5. -1.4 -4.3 10.  

0. -4.3 5. 1.44 -4.3 3. 2.88 -4.3 8. 4.32 -4.3 9.  

-5.7 -2.9 2. -4.3 -2.9 1. -1.4 -2.9 10.  
0. -2.9 5. 2.88 -2.9 8. 4.32 -2.0 9.  

-5.7 -1.4 2. -4.3 -1.4 1. -2.8 -1.4 5. -1.4 -1.4 10.  
0. -1.4 5. 1.44 -1.4 3. 2.88 -1.4 8. 4.32 -1.4 9.  

-5.7 0.0 2. -4.3 0.0 1. -2.8 0.0 5. -1.4 0.0 10.  
1.44 0.0 3. 2.88 0.0 8. 4.32 0.0 9.  

-5.7 1.4 2. -2.8 1.4 5. -1.4 1.4 10.  
0. 1.4 5. 1.44 1.4 3. 2.88 1.4 8. 4.32 1.4 9.  

-5.7 2.9 2. -4.3 2.9 1. -2.8 2.9 5. -1.4 2.9 10.  

0. 2.9 5. 1.44 2.9 3. 2.88 2.9 8. 4.32 2.9 9.  
-5.7 4.3 2. -4.3 4.3 1. -2.8 4.3 5. -1.4 4.3 10.  

0. 4.3 5. 1.44 4.3 3. 2.88 4.3 8. 4.32 4.3 9.  

C MATERIAL SPECIFICATIONS 
C WATER AT 300 K d-3.4S92 g/cc w/ 58X Fe203 
Ml 1001.50C 2.8089-2 8016.50C 4.8430-2 26000.55C 2.2924-2 
MT1 LWTR.O1T 
C e49b34.sum 25000 years decay 
M2 8016.50C .046947 

42095.50C 4.794679E-05 
44101.50C 4.354501E-05 
43099.50C 4.284296E-05 
45103.50C 2.608717E-05 
47109.50C 3.714096E-06 
60143.50C 3.74851E-05 
60145.50C 2.799527E-05 
62147,50C 1.138963E-05 
62149.50C 1.455085E-07 
62150.50C 1.043884E-05 
62152.50C 4.59594E-06 
63151.55C 8.136066E-07 
63153.55C 3.93607E-06 
64155.50C 1.686186E-07 
92233.50C 3.326725E-07 
92234.50C 1.0184378-05
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92235.50C 5.531404E-04 
92236.50C 1.774777E -04 
92238.50C 2.174501E-02 
93237.55C 4.392789E-05 
94239.55C 7.906197E-05 
94240.50C 3.440139E-06 
94241.50C 2.761636E-12 
94242.50C 7.012276E-06 
95241.50C 8.639479E-11 
95243.50C 1.386765E-07 

C Air dx0.001225 g/cc 
M3 7014.50C -0.80 8016.50C -0.20 
C ZIRCALOY-4 &=6.56 9/cc 
M4 8016.50C -0.0012 24000.50C -0.0010 26000.55C -0.0020 

40000.50C -0.9818 50000.35C -0.0140 
C ALLOY 625 dc8.4425 g/cc 
M5 6000.50C -0.1000 13027.50C -0.4000 14000.50C -0.5000 

16032.50C -0.0150 22000.50C -0.4000 24000.50C -21.500 

25055.50C -0.5000 26000.55C -5.0000 28000.50C -58.000 
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200 
15031.50C -0.0150 27059.50C -0.9300 

C A516 CARBON STEEL d=7.832 g/cc 

M7 6000.50C -0.00220 14000.50C -0.002750 15031.50C -0.00035 
16032.50C -0.00035 25055.50C -0.0090 
26000.55C -0.98535 

C WATER AT 300 K d=1.0000 g/cc 
M8 1001.50C 2. 8016.50C 1.  
MT8 LWTR.O1T 
C TALLIES 
PRINT
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Aa 31 17.12 M7T Fi~etie Mm d&34sm ffla=-{1171-M2-Oh MW ATWWII xI - Pmue 6 

basis =per MA assety, OAM watu for gram 
initial 15.0 yr 2.0 yr 30.0Oyr 50.0Oyr IOD.0 Vr 150.0w yr2.0 W 20.0 yr 3M.0Oyr 4W.0Oyr 

basis qw HIa suib~y, O09~ Ptiu Ir- gram 
initial 15.0Oyr 20.0yr 3D.0 y 50.0 y 10D.0 y 15D.0w yr2D.0 yr 250.0yr 3 .0 yr 4W.0 y 

basis =Pr O massmsuy, (lAM nfth fIr gumn 
initial 15.0 yr a3.O yr 3D.0wy 50.0Oyr MWO yr 15D0yr00.0w r21 yr~ 300 D. I.yr 40D.0Oy 

M126 7 92E4W 7.9&W 7S MW 7 92DW 7.9&W 7.92HM 7.91E-OW 7 9M+W 7 9V4W 7.9M-0 7.9C-W 
basis =W low massbty, UsAP ut for gum 

initial 15.0 yr 2.0y 3D.Or500yr 10D.0 WM02yr90 D = 
HNS1 &* 5.Z4O VZ~O &9- 821O8 gagm 

initial 150 2.0 yr 3D.0wy 50.0wy 10D.OwV 150. rC .y L y DOr4)0y 
cs1fi 3.6114( 31 .Q 3.6114( 3.6114( 3.6114( 3.614( 3.614( 3.6114( MM11( 3.6114 
C9f =40 OM-00 XMW M40 M4W ACE OM-W .&14WO MW XM4W O 

basis =WMma mebty, 0.49 oftts for Wm~ 
initial.15.0 r 2D.0 yr 3D.0wyr50-0wy 100.0 yr M5.0w r2D.0 yr 29.0 yr 13M)Or1.0w yrL 

tmsis SprO maseby OA0 wtu for gin 
initial 15.0Oyr 2D.0 vr 3D.0 yr 9D0.yr 100.0 yr 150.0Oyr 20D.0 yr 25D0 yr 3W.0Oyr 40D.0yr 

bais zpr maw lty, OAW wft. for gram 
initial 15.0yr 2D.0 yr 3D.0Oyr 5D.0w yr IO.0w 150.0w yr2D.0 yr 29.0Oyr 3M.0y 40D.0y 

A51 9-30M 9IJ4 8.6E-W UZOL40 6.I;E.W 4AX4W 3.19MW 2.111400 ¶AM4(D I=~ 4.2-O 

initial 15-0ow 2D.0yr 30.0 r m 50.0 yr 10. yr10.40 y wt.0 yr 2g0. ~ yr 30.0 r 40D.0 yr 

basis qwM ma OAP ft. for- grim 
initial 15.0 33.0 y.30.0 yr 50.0 MO 115D. 20D 0 29. 30D0 4W 0 

tota 1AX01 .1%IA4 = 1 = 1= 1= 
0 rwLeic radioativity, wirne 

bais Mj maumbdy, GAP nit. for grams 
initial. 15.0~ yr2.0 yr 3D-.9~ TO w0 D.0 r 15.0 20.0 vr2D0Y 3D.0 w 4W-0~ 

c 14 5.6X-- 5A%- 5"6-MB 5.64 5MM 5AM M 55&- .- MM .6- 2 
o mclich rutficetivity. o=nw 

initiaLasis yrr MW m awmbty, 0.40 wits for gnos 

0 rmrtkb nmffcmwivity oarks 
beis zparmauIW Y, vo. et. icr- gus 

WntiaL 15.0 yr3M.w 30.0Oyr 50 0yr 1(D.0yr 150.0 yr 20D.0 yr 29D0 yr 3M.0 yr 4W.0Oyr 
O mutkb rutlCoflivity curies 

basis ~ ~ ~ ~ ~ ~ y 5._I asot, Nxm o r 
iti 10 M. 1%).0 W. 3 M.0 ~ 4M00.  

0 nLLI& rodu~ioct VI aries 
basis m a N mU y OA09 ws fo-.ruWm 0y 

wida 1. V 2O 31.0 .010. 15D.0 20D.0 250.0 U~.0 4M00.  

0 mrLCdi rafliCttity, xits 
bu' M am mbty, A09 Onti for gums 

initial B5.Oyr 2D.0 w 3D.0 yr1 50.Oyr lW.0 yr 150.0Oyr 2L0D0yr 290.O0yr 130.0 yr 40D.0Oy
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Ms 31 17.12 W?7 Fite hre ti34naiu 9BWI0U-0177-(E0-COX5 EM ATLDKIO XI - Pa~m 18 

m9%3 3..VE-W8 3JR-W 30ME- 3.431-0 
0 nrticL.raliotrtity Gzis 

basis =po- NJ saty 0.40 mtfl to' a.  
initaUMMy5=.yt9VW9. yr 

a"6 6.1lE-11 lJ.i-12 85a-a3 DEC 
aW 06 SII-19 1.17E-20 52%-X 2.2-32 

WWIa 1A&-C 1A4E4 1.FOs 8SEC 
basis =W EIW amtiy, D.0imf fcrt o gum 

c 14 92E-19 2.IW-fl67r- 4E 

basis =pe NJ wssfly, 0.40 mdii o wgram 

basis pw EIW amacy, 0dM mfts f~r gun 

kidtia~mm wd(XD. rI9wW. s
rt% L.91E-05 7ACE-W L6WE-iz 2.95-19 
rtb9F Ie flW DsO UE'W floW 
tc W 14M-C 1AX-Q 7AE.O1 1AM-01 

basis =p M S~mbly, DiM mfts to gum 
bitiatLLM yiiOfl yr9999. yr 

bawsh=w M mawbLy, OiM ofti to grams 
bnitiaIXIue YMUX YO.  

O1W BlhOl 7.9WE'0 7AE.017 

twig -SI ONmeety, OiiOP mofto gumww 
fritiaLf y¶5ooo ySwW. yr 

bais-w ffi SI mby, 0dm mats tor gum 
ktialtwfl0 yi5M . yr9W. yr 

baIss =W SMWamoby, D.M9 mdi to- gum 
frotiaI3 - yi5mD yrSWW. yr 

g425 1AIP 9tUE-01 2.4"C 7.74E4 
Iesis Tw BIW nmcfy, Di09 mats to- gumw 

finitiaLfl. w5=. wt9M. y 

twsig pw EIM assmy, DM9 mdii to- gum 
indtialflD y.IXI. )iswW. r

kwhi wpa SIW amety, 0dm omdi to gumv 
finitidfLM yiiOOfl yr9WW9. yr 

twsisaw MS mafty, 0.40 mdii to- gum 
fiitiaIm yr5DUD. W9M yr 

kwhi =pe BOW sammy, 0Adm mdii to' gram 
rdtfal yWD. yrWW99. yr 

basis mpr SI amdety, Dim mats to gum 
tiitiaBfl 

towk 1AE" 1 VI~r i 
0 nxtirh radioactivity, azis 

kwhi =pr SIW amtAy, 0"m mdii to gram



Akg 31 17.12 1W~) File Nwe- d&4*9h3:m BOWiXD-OW717-() .WM ATTN)GJW X - Five 19 

c14 4.13E-18 9.75E-221 2.9?-31.ArE4W 

o nrztick! radioativity, aries 
besi mW Jasambi'y, O.AO ntu for gram 

se 7 5.34-O 1.4(21E 39E

0 rmrlic radioctivity, oxies 
brmis :W W sýiu*;, WW~ ~mt for gwm 

0 riclide radioc~tivity curies 
basis 9m sew ;siýy 0"40 aft for gum 

initial. wIXXXD tyrM... ~r 
o ruti&b radoctivty Mries 

basis -p SW asmiy, DA09 oft for gum 

initia0MW. wSM.l w . yr 

0 micticbraioc~twity alias 
basis -W 11W mty wi09nm fir gu 

vuytiaI=. yr50.m~ YOM.9 Yr 

o rixtick radioativity, alias 
basis 9wr ma m*Wy, OAOP aft for 9-m 

initiat 3m yi5cE1D. w5 79p . y 

tm' w Ow um.* Mt~ni for gum 
*iitiaLUM W5UWM yr9M. yr 

o ru~ick *oaicutivity, alias 
bai Imr Wam a o f~ t~ fir grow 

iritWa3000M ySMM W99MI9. yr 

bmis~~y OAOmu =. muW r gala 

o micLkle reftowtivity, arias 

bais =p Ma assaiily UN40 uti fir gms



Ag31 1?'-12 mr7 File Ww. e d.*4fu.m ffiVM)-O1T7--OMO- EWO ATWOSI X1- PI 2D 

a nli(- raclioutivity, me 
basis =W OW amd&y, OA09 nmu for 9=i 

total 4-91-0 C.0E4U 26* 1 .31E4W


