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1. Purpose 

The objective of this analysis is to evaluate accumulations within the thermally altered tuff 
surrounding a drift. The evaluation examines accumulation of uranium minerals (soddyite), 
plutonium oxide (Pu01), and combinations of these materials. A hypothetical model of the tuff is 
used to provide insight into the factors that affect criticality for this near-field scenario. The factors 
examined include: the size of the accumulation, the fissile composition of the accumulation, the 
water or clayey material fraction in the accumulation and the water fraction in the tuff 

2. Quality Assurance 

The Quality Assurance (QA) program does not apply to this analysis. The Waste Package 
Development Department responsible manager has evaluated this activity in accordance with QAP-
2-0, Conduct of Activities. The Studies Not Supported by OCRWlvf (Ref 5.1) activity evaluation has 
determined that work associated with the immobilized Pu task is not subject to Quality Assurance 
Requirements and Description (QARD; Ref 5.2) requirements. 

3. Method 

The solution method is to use the MCNP4A computer program (CSCI:30006 V4A) to calculate k-
effective for criticality safety evaluations. 

4. Design Inputs 

4.1 Material Properties 

The five materials considered in this evaluation are Topopah Spring Welded tuff, soddyite, 
plutonium oxide, clayey material from degraded HL W glass, and water. The physical parameters 
of these materials are listed in Table 4-1. It is noted that the weight percents for the tuff do not sum 
to 1.0. However, the difference is small and will have no significant effect on calculational results. 
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Table 4-1 Material Properties 
Compound Wt% 

Topopah Spring Welded Tuff (Ref. 5.3, p. I-9) 
Dry, p = 2.247 g/cm3 

Si07 76.827 
12.740 

FeO 0.842 
CaO 0.560 
MgO 0.245 
TiO, 0.098 
Na,O 3.593 
K,O 4.930 
P20_5_ 0.015 
MnO 0.067 
Total 99.917 

Soddyite (Ref. 5.4) 
p = 4.7 g/cm3 

( 235U02),(SiO.t):2H,O 100.00 
Plutonium Oxide (Ref. 5.5) 

p = 11.46 g/cm3 

239Pu02 100.00 
Clayey Material (Ref. 5.3, p. I-21) 

p = 2.62 g/cm3 

See Attachments VI and Vll 
Water 

p = 1.00 g/cm3 

H,O 100.00 

4.2 Criteria 

The Engineered Barrier Design Requirements Document Ref. 5.1 0) contains several 
criteria which relate to criticality control. The "TBD" (to be determined) 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 to design documents supporting 
construction, fabrication, or procurement. A review of the EBDRD identified the following relevant 
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requirements: 

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 (kerr) 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. 

Controlled Design Assumptions document (CDA) assumption EBDRD 3.7.1.3.A (Ref. 5.11, 
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 10CFR60.112 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.l.G indicates that "The Engineered Barrier Segment design shall meet 
all relevant requirements imposed by 10CFR60." The NRC has recently revised several parts 
of 10CFR60 which relate to the identification and analysis of design basis events (Ref. 5.12) 
including the criticality control requirement, which was moved to 60.131 (h). These changes 
are not reflected in the current versions of the EBDRD or the CDA. The change to the 
criticality requirement simrly replaces the phrase "criticality safety under normal and 
accident conditions" with "criticality safety assuming design basis events.·· 

This analysis contributes to satisfying the above requirements by providing kerr of degraded 
MIT and ORR fuel This analysis provides information which will be used in probabilistic 
analyses of postclosure criticality as part of 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). 
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4.3 Assumptions 

4.3.1 Based on the inspection ofESF by P. Gottlieb, W. Davis and P. Cloke on July 23, 1997, the 
worst case fracture density in the walls of an emplacement drift is assumed to be the 
equivalent of parallel plane spacings of -3cm in three dimensions. The entire model volume 
is one meter cube. 

4.3.2 Only the principle fissile isotopes 235U and 239Pu are considered in the composition of the 
accumulation due to the scoping nature of this evaluation. 

4.4 Codes and Standards 

Not Applicable. Neutronic design of the waste package is not controlled by codes and standards. 

5. References 

5.1 QAP-2-0 Activity Evaluations, ID No. WP-30, Perform Criticality, Thermal, Structural, and 
Shielding Analyses as Required for DOE Spent Fuel Characterization, Dated 8/3/97, Civilian 
Radioactive Waste Management System (CRWMS) Management and Operating Contractor 
(M&O). 

5.2 Quality Assurance Requirements and Description, DOE/RW-0333P REV 7, U.S. 
Department of Energy (DOE) Office of Civilian Radioactive Waste Management 
(OCRWM). 

5.3 Evaluation of the Potentia/for Deposition of Uranium/Plutonium from Repository Waste 
Packages, DI Number: BBA000000-01717-0200-00050 REV. 00, CRWMS M&O. 

5.4 Roberts, W.L., Rapp, G.R., Jr., and Weber, J., Encyclopedia of Minerals, van Nostrad, New 
York, 1974. 

5.5 Handbook of Chemistry and Physics, 66th Edition, CRC Press, 1985 

5.6 Material Compositions and Number Densities For Neutronics Calculations, DI Number: 
BBA000000-01717-0200-00002 REV 00, CRWMS M&O. 

5.7 Wilson, M.L., et al., Total-System Performance Assessment for Yucca Mountain - SNL 
Second Iteration (TSPA-1993), Volume I, SAND93-2675, April, 1994. 

5.8 MCNP-A General Monte Carlo N-Particle Transport Code, Version 4A, LA-12625-M, Los 
Alamos National Laboratory, November 1993. 
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5.9 Software Qualification Report for MCNP4A, CSCI: 30006 V4A, DI Number: 30006-2003 
REV 02, CRWMS M&O. 

5.10 Engineered Barrier Design Requirements Document, YMP/CM-0024, REV 0, ICN 1, Yucca 
Mountain Site Characterization Project. 

5.11 Controlled Design Assumptions Document, Document Identifier (DI) Number: 
B00000000-01717-4600-00032 REV 04, ICN 01, CRWMS M&O. 

5.12 10 CFR Part 60; Disposal of High-Level Radioactive Wastes in Geologic Repositories; 
Design Basis Events; Final Rule, U.S. Nuclear Regulatory Commission, Federal Register, 
Volume 61, Number 234, pp. 64257-64270, December 4, 1996. 

5.13 Electronic Attachments for A00000000-0 1717-0200-00050 REV 00, Criticality Analysis of 
Pu and U Accumulations in a Tuff Fracture Network, Colorado Backup Tape, RPC Batch 
Number MOY-980129-02, CRWMS M&O. 

6. Use of Computer Software 

The calculation of effective multiplication factor was performed with the MCNP4A (Ref. 5.8) 
computer code, CSCI: 30006 V4A. MCNP4A calculates keff 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-BN). MCNP4A is appropriate for the 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 k-effective for fissile systems, is summarized 
in the Software Qualification Report for the Monte Carlo N-Particle code (Ref. 5.9). 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 (see Section 
9.2) as described in the following design analysis. 

The computation of number densities was performed with Microsoft Excel Version 7 .0. Microsoft 
Excel 7.0 was executed on an ffiM PC compatible personal computer. Microsoft Excel 7.0 was 
used simply to provide data manipulation for the analyses and is considered Computational Support 
Software. These files are included as attachments (see Section 9.3). 
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7. Design Analysis 

7.1 MCNP Model Description 

Investigations of the thermally altered tuff around a drift indicate fracture spacings of-3 em (center-
to-center) in three dimensions. The maximum fracture aperture is expected to be about 0.1 em. This 
fracture scenario is approximated with a cubical representation of the fractured tuff. A three-
dimensional array of cubes, 3 em on a side, will represent the fracture area. The inner cube (a 
minimum of 2.900 em on a side) is filled with porous tuff. The outer cubic shell represents the 
fracture filled with an aqueous or clayey material mixture of soddyite, Pu02, or a 50/50 mixture of 
soddyite and Pu02• The total fracture region is modeled as a one meter cube of cubic fractures 
surrounded by a one meter thick, cubic shell reflector of tuff with the same porosity and water 
content as the inner fractured tuff. The MCNP geometry is shown in Figure 7 .1-1. 

The evaluation examines material composition effects related to the moderator fraction in both the 
tuff and the fissile material. The evaluation also determines the effects of the size of the fracture 
aperture which range from 0.001 to 0.100 em thick. 
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Figure 7.1-1. Illustration of Fracture Matrix Model 
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7.2 Material Composition Description 

The MCNP model used for this analysis assumes that the material specifications are in terms of 
elemental mass densities. Thus, the data in Table 4-1 must be manipulated into the correct format 
to characterize the addition of moderating material, i.e., water or clayey material, in various 
proportions. The generation of the elemental mass densities follows the methodology described in 
"Material Compositions and Number Densities for Neutronics Calculations" (Ref. 5.6). Table 7.2-1 
lists the elemental mass densities for the compounds listed in Table 4-1, as well as their elemental 
weight fraction. The elemental densities in Table 7.2-1 are listed by compound for each material for 
both primary elements and oxide components. The elemental densities are obtained with the 
following formula: 

where, 
(Pe)1 is the elemental density of element I in the compound, g/cm3

, 

Pm is the material density, g/cm3, 

w c is the weight fraction of the compound in the material, 
N; is the number of atoms of the element I in the compound, 
amu; is the atomic mass of the element I, and 
L(Pe) is the summation of all the elemental densities in the compound c. 

For example, for the compound Si02 in tuff (see Table 7.2-1 ), the elemental densities are: 

(2.247) (0.76827) (1*28.086) 
= 0.807062 

1*28.086+2*15.994915 
(2.247) (0.76827) (2,.15.994915) = 0.919240 

1*28.086+2*15.994915 

The elemental weight fractions for a material are obtained by dividing the elemental density by the 
sum of the elemental densities of all compounds in the material, i.e., 
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where We is the elemental weight fraction in the material m for element I. For example, the element 
weight fraction of silicon and oxygen in tuff is: 

0.807062 
2.245135 
1.105025 
2.245135 

0.359472 

0.492186, 

where the values are obtained from Table 7 .2-1. The elemental densities given in Table 7.2-1 are 
for pure quantities of the materials listed. For the MCNP evaluation, elemental densities of water 
contained in, or mixed with, the materials are desired. These quantities are obtained from the 
product of the elemental densities and the volume fractions of the components in the mixture. 
Results for tuff are listed in Table 7.2-2. It is noted that tuff is a porous material with a porosity of 
0.139 (Ref. 5.7). The water that is mixed with the tuff is assumed to reside in the pores of the 
material. Thus, the elemental densities of the tuff remain at a volume fraction of 1.0 and water, up 
to a volume fraction of 0.139, can reside in the pores of the tuff. This increases the density of the 
tuff to the sum of the densities of tuff and the interstitial water in the pores. For this evaluation four 
volume fractions of water are examined: 0.13, 0.08, 0.04, and 0.00, i.e., dry tuff. For tuff and other 
materials, the elemental density is found from: 

where, 
(Pe)c is the elemental density of element I for compound c in the mixture, 
(Pe)1 is the elemental density of the 1-th element of compound c, 
(Vr)c is the volume fraction of compound c in the mixture. 

The elemental densities are used in the input file for MCNP to characterize the material composition. 
It is noted that MCNP sums the elemental densities and normalizes the values to a total sum of 1.0 
to obtain an elemental weight fraction. In addition, MCNP requires the specification of the density 
of the material. The density of the mixture, Pm• is just the sum of the elemental densities, i.e., 

Elemental densities for the mixtures of soddyite, plutonium oxide, and a 50/50 mixture of soddyite 
and plutonium oxide with water or clayey material were determined using Excel spreadsheets 
Tuff.Xls and Clay.Xls, respectively. The elemental densities for some configurations are shown in 
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Tables 7.2-2 thru 7.2.4. 

Description of Tuff.Xls (spreadsheet for fissile mixtures in water) 

1) determine no. of atoms of each element in each compound (soddyite, water and Pu02) 

2) multiply no. of atoms of each element by the atomic weight 

3) determine atomic weight for each compound 

4) determine volume fraction and density for each compound 

5) calculate fractional density for each element in each compound: 
vol. fraction x density x weight percent of element in compound 

6) sum fractional densities for each element - - MCNP input is in glee 

Description of Clay.Xls (spreadsheet for fissile mixtures in clayey material) 

1) determine no. of atoms of each element in clayey material 

2) determine mass of each compound in clayey material 

3) determine total volume of clayey material 

4) determine atomic weight of each compound in clayey material 

5) determine fractional density for each element in clayey material: 
(no. of atoms x mass of compound I total vol. I atomic weight of compound x Avogadros 

number) for each compound containing that element 

6) using Tuff.Xls, determine fractional densities for each element in 100% volume fraction 
soddyite and Pu02 (no. of atoms x A vogadros number x density I atomic weight) 

7) determine volume fraction for clayey material, soddyite and Pu02 

8) multiply volume fractions by fractional densities for each element - - MCNP input is in 
atomic units 

In addition to the base fissile fractions of 0.1, 0.5. and 0. 9, additional fractions are included that were 
necessary to estimate the fraction that would result in a kerr of 0.93 for various mixtures. 
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Table 7.2-1 Elemental Weight Percents 
Primary Element Oxygen Element Elemental 

Compound Compound Density (g/cm3) Element Weight 
Wt% Density (g/cm3

) Fraction 

Tuff, p=2.247 
76.827 0.807062 0.919240 Si 0.359472 
12.740 0.151527 0.134740 AI 0.067491 

FeO 0.842 0.014707 0.004212 Fe 0.006551 
CaO 0.560 0.008994 0.003589 Ca 0.004006 
MgO 0.245 0.003321 0.002185 Mg 0.001479 

0.098 0.001320 0.000882 Ti 0.000588 
3.593 0.059898 0.020837 Na 0.026679 

K 10 4.930 0.091967 0.018810 K 0.040963 
0.015 0.000147 0.000190 p 0.000066 

MnO 0.067 0.001166 0.000339 Mn 0.000519 
total 99.917 1.140109 1.105025 0 0.492186 

sum= 2.245135 total 1.000000 

Water, _f)_= 1.000 
H?O 100 0.111915 0.888085 H 0.111915 
total 100 0.111915 0.888085 0 0.888085 

sum= 1.0 total 1.0 

Soddyite,_p=4.7 
((mU02)2 100 3.336704 0.454130 mu 0.709937 

Si04):2H20 0.199356 0.454130 Si 0.042416 
0.028614 0.227065 H 0.006088 

total 100 3.564674 1.135326 0 0.241559 
sum= 4.7 total 1.0 

Pu07 , p= 11.46 
239Pu0? 100 10.107429 1.352571 239pu 0.881975 

total 100 10.107429 1.352571 0 0.118025 
sum= 11.46 total 1.0 
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Table 7.2-2 Soddyite/W ater Mixture Elemental Densities 
Element MCNPJD Elemental Density, g/cm3 

Soddyite volume fraction = 1.0 0.1 0.5 0.9 0.35 0.36 
23su 92235.50C 3.336704 0.333670 1.668352 3.003034 1.167846 1.201213 
Si 14000.50C 0.199356 0.019936 0.099678 0.179420 0.069774 0.071768 
H 1001.50C 0.028614 0.002861 0.014307 0.025753 0.010015 0.010301 
0 8016.50C 1.135326 0.113533 0.567663 1.021793 0.397364 0.408717 

Water volume fraction = 1.0 0.9 0.5 0.1 0.65 0.64 
H 1001.50C 0.111915 0.100723 0.055957 0.011191 0.072745 0.071626 
0 8016.50C 0.888085 0.799277 0.444043 0.088809 0.577255 0.568374 

I Hi 11001.50C I I 0.103585 0.070265 0.036944 0.082760 0.081927 
1.011706 1.110602 0.974619 0.977092 0 total : 8016.5oc: 0.912809 

Density= II 1.37o 2.850 4.330 2.295 2.332 

Table 7.2-2 cont.) Soddyite/Water Mixture Elemental Densities 
Element MCNP.ID Elemental Density, g/cm3 

Soddyite volume fraction= 0.44 0.46 0.71 0.72 0.98 
mu 92235.50C 1.468150 1.534884 2.369060 2.402427 3.269970 
Si 14000.50C 0.087716 0.091704 0.141543 0.143536 0.195369 
H 1001.50C 0.012590 0.013163 0.020316 0.020602 0.028042 
0 8016.50C 0.499543 0.522250 0.806081 0.817435 1.112620 

Water volume fraction= 0.56 0.54 0.29 0.28 0.02 
H 1001.50C 0.062672 0.060434 0.032455 0.031336 0.002238 
0 8016.50C 0.497328 0.479566 0.257545 0.248664 0.017762 

H(total) 1001.50C 0.075263 0.073597 0.052772 0.051938 0.030280 
O_itotall 8016.50C 0.996871 1.001816 1.063626 1.066099 1.130381 

Density= II 2.628 2.702 3.627 3.664 4.626 
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Table 7.2-3 Plutonium Oxide/Water 1\tlixture Elemental Densities 
Element MCNP.ID Elemental Density, g/cm3 

volume fraction = 1.0 0.1 0.5 0.9 0.06 0.07 
2J9pu 94239.55C 10.107429 1.010743 5.053715 9.096686 0.606446 0.707520 

0 8016.50C 1.352571 0.135257 0.676285 1.217314 0.081154 0.094680 
volume fraction = 1.0 0.9 0.5 0.1 0.94 0.93 

H 1001.50C 0.111915 0.100723 0.055957 0.011191 0.105200 0.104081 
0 8016.50C 0.888085 0.799277 0.444043 0.088809 0.834800 0.825919 

O(total) I 8016.50C II o.934534l1.120328lt.3o6122l o.915954l o.920599l 
Density= II 2.046 I 6.23o I 10.414 I 1.6276 I 1.7322 I 

Table 7.2-3 (cont.) Plutonium Oxide/Water Mixture Elemental Densities 
Element MCNP.ID Elemental Density, g/cm3 

volume fraction = 0.08 0.11 0.12 0.13 0.15 0.16 
2wpu 94239.55C 0.808594 1.111817 1.212892 1.313966 1.516114 1.617189 

0 8016.50C 0.108206 0.148783 0.162308 0.175834 0.202886 0.216411 
H,O volume fraction = 0.92 0.89 0.88 0.87 0.85 0.84 

H 1001.50C 0.102962 0.099604 0.098485 0.097366 0.095128 0.094009 
0 8016.50C 0.817038 0.790396 0.781515 0.772634 0.754872 0.745991 

O(total) I 8016.50C II 0.925244 I 0.939179 I 0.943823 I 0.948468 I 0.957758 I 0.962403 I 
Densitv = II 1.8368 l 2.1506 I 2.2552 l 2.3598 J 2.569 I 2.6736 I 

Table 7.2-3 (cont.) Plutonium Oxide/Water Mixture Elemental Densities 
Element MCNP.ID Elemental Density, g/cm3 

PuO, volume fraction= 0.31 0.32 0.38 0.39 0.63 0.64 
239Pu 94239.55C 3.133303 3.234377 3.840823 3.941897 6.367680 6.468755 

0 8016.50C 0.419297 0.432823 0.513977 0.527503 0.852120 0.865645 
H,O volume fraction = 0.69 0.68 0.62 0.61 0.37 0.36 

H 1001.50C 0.077221 0.076102 0.069387 0.068268 0.041409 0.040289 
0 8016.50C 0.612779 0.603898 0.550613 0.541732 0.328591 0.319711 

O(total) I 8016.50C llt.032076 11.036721 11.064590 11.069235 11.180711 11.185356 I 
Density= II 4.2426 I 4.3472 I 4.9748 I 5.0794 I 7.5898 I 7.6944 I 
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Table 7.2-3 (cont.) Plutonium Oxidei\Vater Mixture Elemental Densities 
Element MCNP.ID Elemental Density, g/cm3 

PuO, volume fraction = 0.78 0.79 0.91 0.92 0.1162 0.1446 
Z39Pu 94239.55C 7.883795 7.984869 9.197761 9.298835 1.174520 1.461477 

0 8016.50C 1.055005 1.068531 1.230839 1.244365 0.157174 0.195574 
H,O volume fraction = 0.22 0.21 0.09 0.08 0.8837964 0.8554057 

H 1001.50C 0.024621 0.023502 0.010072 0.008953 0.098910 0.095733 
0 8016.50C 0.195379 0.186498 0.079928 0.071047 0.784886 0.759673 

O(total) I 8016.50C IIL250384Il.255029IL310767 11.3154121 0.942060 I 0.9552471 
Density= II 9.1588 I 9.2634 I 10.5186 I 10.6232 I 2.2155 I 2.5125 I 

Table 7.2-4 Soddyite, Plutonium Oxide, Water 'Mixture Elemental Densities 
Element MCNPID Elemental Density, g/cm3 

Soddyite volume fraction = 1.0 0.05 0.25 0.45 0.055 0.06 
mu 92235.50C 3.336704 0.166835 0.834176 1.501517 0.183519 0.200202 
Si 14000.50C 0.199356 0.009968 0.049839 0.089710 0.010965 0.011961 
H 1001.50C 0.028614 0.001431 0.007154 0.012876 0.001574 0.001717 
0 8016.50C 1.135326 0.056766 0.283832 0.510897 0.062443 0.068120 

PuO, volume fraction= 1.0 0.05 0.25 0.45 0.055 0.06 
Z39Pu 94239.55C 10.107429 0.505371 :2.526857 4.548343 0.555909 0.606446 

0 8016.50C 1.352571 0.067629 0.338143 0.608657 O.ON39l 0.081154 
Water volume fraction = l.O 0.90 0.50 0.10 0.89 0.88 

H 100l.50C 0.111915 0.100723 0.055957 0.011191 0.099604 0.098485 
0 8016.50C 0.888085 0.799277 0.444043 0.088809 0.790396 0.781515 

H(total) 1001.50C 0.102154 0.063111 0.024068 0.101178 0.100202 
O(total) 8016.50C 0.923671 1.066017 1.208362 0.927230 0.930789 

Density= II 1.1o8 4.540 7.372 1.779 1.850 
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Table 7.2-4 (cont.) Soddyite, Plutonium Oxide, \Vater Mixture Elemental Densities 
Element MCNP.ID Elemental Density, g/cm3 

Soddyite volume fraction = 0.065 0.105 0.11 0.125 0.13 0.27 
mu 92235.50C 0.216886 0.350354 0.367037 0.417088 0.433772 0.900910 
Si 14000.50C 0.012958 0.020932 0.021929 0.024919 0.025916 0.053826 
H 1001.50C 0.001860 0.003005 0.003148 0.003577 0.003720 0.007726 
0 8016.50C 0.073796 0.119209 0.124886 0.141916 0.147592 0.306538 
volume fraction = 0.065 0.105 0.11 0.125 0.13 0.27 

:!39Pu 94239.55C 0.656983 1.061280 1.111817 1.263429 1.313966 2.729006 
0 8016.50C 0.087917 0.142020 0.148783 0.169071 0.175834 0.365194 

Water volume fraction = 0.87 0.79 0.78 0.75 0.74 0.46 
H 1001.50C 0.097366 0.088413 0.087294 0.083936 0.082817 0.051481 
0 8016.50C 0.772634 0.701587 0.692706 0.666064 0.657183 0.408519 

H(total) 1001.50C 0.099226 0.091417 0.090441 0.087513 0.086537 0.059207 
O(total) 8016.50C 0.934347 0.962816 0.966375 0.977051 0.980610 1.080251 

Density= II 1.92o 2.487 2.558 2.770 2.841 4.823 

Table 7.2-4 (cont.) Soddyite, Plutonium Oxide. Water Mixture Elemental Densities 
Element MCNP.ID Elemental Density. g/cm3 

Soddyite volume fraction = 0.275 0.33 0.335 0.39 0.395 0.49 
mu 92235.50C 0.917594 1.101112 1.117796 1.301315 1.317998 1.634985 
Si 14000.50C 0.054823 0.065787 0.066784 0.077749 0.078745 0.097684 
H 1001.50C 0.007869 0.009443 0.009586 0.011160 0.011303 0.014021 
0 8016.50C 0.312215 0.374658 0.380334 0.442777 0.448454 0.556310 

PuO, volume fraction = 0.275 0.33 0.335 0.39 0.395 0.49 
:!39Pu 94239.55C 2.779543 3.335452 3.385989 3.941897 3.992435 4.952640 

0 8016.50C 0.371957 0.446348 0.453111 0.527503 0.534265 0.662760 
Water volume fraction = 0.45 0.34 0.33 0.22 0.21 0.02 

H 1001.50C 0.050362 0.038051 0.036932 0.024621 0.023502 0.002238 
0 8016.50C 0.399638 0.301949 0.293068 0.195379 0.186498 0.017762 

H(total) 1001.50C 0.058231 0.047494 0.046518 0.035781 0.034805 0.016259 
O(total) 8016.50C 1.083810 1.122955 1.126514 1.165658 1.169217 1.236831 

Densitv = II 4.894 5.673 5.744 6.522 6.593 7.938 
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Table 7.2-4 (cont.) Soddyite, Plutonium Oxide, Water Mixture Elemental Densities 
Element MCNP.ID Elemental Density, g/cm3 

Soddyite volume fraction= 0.087425 0.10875 
mu 92235.50C 0.291711 0.362867 
Si 14000.50C 0.017429 0.021680 
H 1001.50C 0.002502 0.003112 
0 8016.50C 0.099256 0.123467 

volume fraction = 0.087425 0.10875 
239Pu 94239.55C 0.883642 1.099183 

0 8016.50C 0.118248 0.147092 
Water volume fraction = 0.82515 0.7825 

H 1001.50C 0.092347 0.087573 
0 8016.50C 0.732803 0.694927 

I I 
1001.50C 

I 
0.094848 0.090685 

8016.50C 0.950308 0.965485 0 total 
density= II 2.238 2.540 
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7.3 MCNP Results for Fissile Mixtures with Water 

The results for various fracture contents and widths are provided in this section for fissile mixtures 
with water. The results are categorized by fracture width and fracture content. 

7.3.1 Results for 0.1 em Fracture Width 

Tables 7.3-1, 7.3-2, and 7.3-3 list the results for soddyite, plutonium oxide, and a 50/50 mixture of 
soddyite and plutonium oxide for fracture widths of 0.1 em. The evaluation of the 50150 mixture 
of soddyite and plutonium oxide in water provides results bracketed by those of soddyite and 
plutonium oxide. The tables cover a range of water volume fractions in the tuff for the fissile 
volume fractions required for a kerr of 0.93. The results are fairly consistent for each fissile material 
with the volume fraction increasing as the amount of water in the tuff decreases. For soddyite they 
range from 3.1% to 3.8%, for plutonium oxide they range from .57% to .64% and for the 50150 
mixture of soddyite and plutonium oxide they range from .96% to 1.08%. 
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Table 7.3-1 Soddy_ite MCNP Results in 0.1 em Wide Fracture 
Average 

Fissile Vol 235U Mass, MCNP Case ID keff a Energy of H/X Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.030 9.68 p87s03.o 0.9164 0.0021 0.0036 571.1 
0.031 10.00 p87s031.o 0.9270 0.0014 0.0036 553.9 

0.0312 10.07 linear interpolation 0.9300 - - -
0.032 10.33 p87s032.o 0.9398 0.0018 0.0037 535.7 
0.040 12.91 p87s04.o 1.0266 0.0015 0.0044 426.8 

8 Volume Percent Interstitial Water in Tuff 
0.030 9.68 p92s03.o 0.9023 0.0020 0.0039 449.2 

0.0322 10.39 linear interpolation 0.9300 - - -
0.034 10.97 p92s034.o 0.9536 0.0020 0.0042 395.3 
0.035 11.29 p92s035.o 0.9571 0.0020 0.0046 384.8 
0.040 12.91 p92s04.o 1.0089 0.0017 0.0051 335.4 

4 Volume Percent Interstitial Water in Tuff 
0.030 9.68 p96s03.o 0.8817 0.0019 0.0048 351.9 

0.0347 11.20 linear interpolation 0.9300 - - -
0.035 11.29 p96s035.o 0.9322 0.0018 0.0053 301.2 
0.040 12.91 p96s04.o 0.9818 0.0026 0.0054 262.4 
0.050 16.13 p96s05.o 1.0592 0.0026 0.0064 209.0 

0 Volume Percent Interstitial Water in Tuff 
0.030 9.68 pl00s03.o 0.8527 0.0019 0.0054 254.7 

0.0380 12.26 linear interpolation 0.9300 - - -
0.040 12.91 pl00s04.o 0.9491 0.0021 0.0060 189.6 
0.050 16.13 p100s05.o 1.0157 0.0020 0.0070 150.7 
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Table 7.3-2 Plutonium Oxide MCNP Results in 0.1 em Wide Fracture 
Average 

Fissile Vol 239pu MCNP Case ID keff a Energy of H/X Ratio 
Frac. Mass, Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.005 4.89 p87p005.o 0.8783 0.0016 0.0032 1161.0 
0.0057 5.57 linear interpolation 0.9300 
0.006 5.86 p87p006.o 0.9522 0.0020 0.0038 963.5 
0.010 9.77 p87p01.o 1.1388 0.0018 0.0056 579.9 

8 Volume Percent Interstitial Water in Tuff 
0.005 4.89 p92p005.o 0.8719 0.0020 0.0039 915.2 

0.0058 5.67 linear interpolation 0.9300 
0.006 5.86 J>92Q006.o 0.9434 0.0019 0.0042 759.5 
0.010 9.77 _l)92p01.o 1.1184 0.0020 0.0057 456.9 

4 Volume Percent Interstitial Water in Tuff 
0.005 4.89 p96p005.o 0.8631 0.0018 0.0043 718.9 
0.006 5.86 p96p006.o 0.9279 0.0023 0.0049 596.4 

0.00604 5.90 linear interpolation 0.9300 
0.007 6.84 p96Q_007.o 0.9793 0.0025 0.0048 512.4 
0.010 9.77 p96p0l.o 1.092/ 0.0020 0.0066 358.6 

0 Volume Percent Interstitial Water in Tuff 
0.005 4.89 Q_100p005.o 0.8491 0.0016 0.0046 522.9 
0.006 5.86 Q_ 1 00p006. 0 0.9129 0.0016 0.0054 433.7 

0.0064 6.26 linear interpolation 0.9300 
0.007 6.84 p100p007.o 0.9584 0.0017 0.0060 372.5 
0.010 9.77 plOOpOl.o 1.0634 0.0016 0.0070 260.5 
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Table 7.3-3 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.1 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID kdf a Energy of HIX Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.009 5.85 _p87sp009.o 0.9061 0.0025 0.0034 969.8 

0.0096 6.24 linear interpolation 0.9300 - - -
0.010 6.50 p87sp01.o 0.9483 0.0013 0.0038 867.0 
0.020 13.00 p87sp02.o 1.1945 0.0024 0.0061 431.7 

8 Volume Percent Interstitial Water in Tuff 
0.009 5.85 p92sp009.o 0.8989 0.0020 0.0036 764.2 

0.0099 6.44 linear interpolation 0.9300 - - -
0.010 6.50 p92sp01.o 0.9329 0.0018 0.0041 683.2 
0.020 13.00 p92sp02.o 1.1641 0.0015 0.0071 339.8 

4 Volume Percent Interstitial Water in Tuff 
0.010 6.50 p96sp01.o 0.9207 0.0022 0.0043 536.3 

0.0102 6.63 linear interpolation 0.9300 - - -
0.011 7.15 p96sp011.o 0.9590 0.0019 0.0049 487.4 
0.012 7.80 _Q96sp012.o 0.9856 0.0018 0.0051 446.6 
0.020 13.00 p96sp02.o 1.1336 0.0017 0.0075 266.4 

0 Volume Percent Interstitial Water in Tuff 
0.010 6.50 _Ql OOSQO 1.o 0.9042 0.0022 0.0051 389.7 
0.0108 7.02 linear interpolation 0.9300 - - -
0.011 7.15 _p 1 OOspOa. o 0.9351 0.0021 0.0060 354.1 
0.016 10.40 p100sp0f.o 1.0467 0.0020 0.0073 242.7 
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7.3.2 Results for 0.01 em Fracture Width 

Tables 7.3-4, 7.3-5, and 7.3-6list the results for soddyite, plutonium oxide, and a 50/50 mixture of 
soddyite and plutonium oxide for fracture widths of 0.01 em. The tables cover a range of fissile 
mixtures with water and water in the tuff matrix. 

The results for soddyite, Table 7 .3-4, show a range of k.rr values from about 0.48 to 1.20 as the 
amount of soddyite increase from a volume fraction of 10% to 90% for a water volume fraction of 
13% in the tuff. A similar range is seen for 8% and 4% water volume in the tuff with slightly lower 
k.rr values. For no water in the tuff, the kerr's are considerably lower, but the general trend is the 
same. To obtain a value of kerr of 0.93, volume fractions about 0.355, 0.438 and 0.722 are required 
for tuff with 13%, 8% and 4% volume fraction water, respectively. For no water in the tuff, the 
maximum value of kerr is about 0.705. 

For plutonium oxide, the general trend is the same (see Table 7.3-5); however, the values of kerr are 
significantly higher. They range from about 0.92 to 1.37 for 13% water, 0.91 to 1.28 for 8% water 
and 0.90 to 1.15 for4% water. For no water in the tuff, the results are significantly lower. Volume 
fractions of about 0.062, 0.074 and 0.113 are required to produce a k.rr of about 0.93 for tuff water 
volume fractions of 13%, 8% and 4%, respectively. The case with no water in the tuff has a kerr 
below 0.93 with a maximum kerr of about 0.923 for 92% plutonium oxide volume fraction in the 
fracture. 

For 50/50 mixture of soddyite and plutonium oxide (see Table 7.3-6) the keff values range from about 
0.91 to 1.34 for a tuff water volume percent of 13% with slightly smaller values for 8% and 4%. For 
no water in the tuff, the kerr is significantly lower. The fissile mixture volume percent required for 
a 0.93 k.rr are about 0.105, 0.125 and 0.195 for 13%, 8% and 4% tuff water volume fractions, 
respectively. Without water in the tuff, no values approaching 0.93 are possible. 

The trend of decreasing kerr with decreasing water in the tuff could be caused by leakage through the 
reflector in the model. To assess this possibility, an additional evaluation examined the effect of 
water in the reflector. Models with a 50/50 mixture of soddyite and Pu02 fissile volume fraction of 
11% and a tuff water volume fraction of 13% in the reflector were evaluated. The results are shown 
in Table 7.3-7. As is noted, there is no significant kerr change over the cases with 8% and 0% water 
in the reflector. The small change is about what would be expected for the slight change in fissile 
volume fraction for the 8% and 0% tuff water fractions. Thus, the trend is controlled by the water 
content of the tuff within the fracture zone rather than leakage from the region. 
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Table 7.3-4 Soddyite MCNP Results in 0.01 em Wide Fracture 
Average 

Fissile Vol 235U Mass, MCNP Case ID kerr a Energy of HIX Ratio 
Frac. Ka 0 Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.10 3.33 t87s10.o 0.4757 0.0010 0.0028 1082.4 
0.35 11.64 t87s35.o 0.9228 0.0016 0.0051 305.0 
0.355 11.81 linear inter__Qolation 0.9300 - - -
0.36 11.97 t87s36.o 0.9363 0.0013 0.0053 296.3 
0.50 16.63 t87s50.o 1.0438 0.0019 0.0067 211.7 
0.90 29.93 t87s90.o 1.2018 0.0022 0.0105 115.0 

8 Volume Percent Interstitial Water in Tuff 
0.10 3.33 t92s10.o 0.4496 0.0014 0.0033 693.5 
0.438 14.57 linear extrapolation 0.9300 - - -
0.44 14.63 t92s44.o 0.9316 0.0020 0.0079 153.0 
0.46 15.30 t92s46.o 0.9463 0.0025 0.0086 146.1 
0.50 16.63 t92s50.o 0.9694 0.0021 0.0085 134.0 
0.90 29.93 t92s90.o 1.1059 0.0024 0.0135 71.8 

4 Volume Percent Interstitial Water in Tuff 
0.10 3.33 t96s lO.o 0.4007 0.0010 0.0043 382.6 
0.50 16.63 t96s50.o 0.85-+0 0.0020 0.0110 71.8 
0.72 23.94 t96s72.o 0.9276 0.0027 0.0140 48.1 
0.722 24.01 linear interpolation 0.9300 - - -
0.73 24.28 t96s73.o 0.9375 0.0026 0.0138 47.4 
0.90 29.93 t96s90.o 0.9689 0.0023 0.0168 37.3 

0 Volume Percent Interstitial Water in Tuff 
0.10 3.33 t100s10.o 0.2823 0.0010 0.0068 72.4 
0.50 16.63 t100s50.o 0.6129 0.0019 0.0175 9.8 
0.90 29.93 t100s90.o 0.7022 0.0018 0.0266 2.9 
0.98 32.59 tl00s98.o 0.7046 0.0024 0.0293 2.2 
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Table 7.3-5 Plutonium Oxide MCNP Results in 0.01 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass, MCNP Case ID kerr a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 
13 Volume Percent Interstitial Water in Tuff 

0.06 6.04 t87p06.o 0.9196 0.0020 0.0047 606.1 
0.062 6.25 linear interpolation 0.9300 - - -
0.07 7.05 t87g()7.o 0.9727 0.0017 0.0052 519.1 
0.10 10.07 t87p_lO.o 1.0807 0.0024 0.0068 362.6 
0.50 50.37 t87g50.o 1.3393 0.0023 0.0277 70.4 
0.90 90.66 t87g90.o 1.3747 0.0024 0.0483 38.0 

8 Volume Percent Interstitial Water in Tuff 
0.07 7.05 t92Q_07.o 0.9149 0.0023 0.0066 332.6 
0.074 7.45 linear interpolation 0.9300 - - -
0.08 8.06 t92p08.o 0.9556 0.0017 0.0073 290.7 
0.10 10.07 t92p10.o 1.0118 0.0026 0.0081 232.1 
0.50 50.37 t92p50.o 1.2381 0.0029 0.0331 44.3 
0.90 90.66 t92p90.o 1.2805 0.0017 0.0602 23.4 

4 Volume Percent Interstitial Water in Tuff 
0.10 10.07 t96p10.o 0.9034 0.0027 0.0109 127.8 
0.11 11.08 t96p11.o 0.9257 0.0023 0.0113 115.9 
0.113 11.38 linear interpolation 0.9300 - - -
0.12 12.09 t96p12.o 0.9419 0.0023 0.0123 106.0 
0.50 50.37 t96p50.o 1.1080 0.0021 0.0410 23.4 
0.90 90.66 t96p90.o 1.1533 0.0025 0.0738 11.9 

0 Volume Percent Interstitial Water in Tuff 
0.10 10.07 t100p10.o 0.6697 0.0022 0.0162 23.6 
0.50 50.37 tl00p50.o 0.8625 0.0030 0.0630 2.6 
0.90 90.66 t100p90.o 0.9162 0.0029 0.1054 0.3 
0.91 91.67 t100p9l.o 0.9230 0.0022 0.1074 0.3 
0.92 92.68 t 1 00_1)_92.0 0.9234 0.0023 0.1081 0.2 
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Table 7.3-6 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.01 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID ketT a Energy of H/X Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.10 6.70 t87sp10.o 0.9111 0.0018 0.0047 543.4 
0.105 7.03 linear interpolation 0.9300 - - -
0.11 7.37 t87sp1l.o 0.9483 0.0019 0.0049 493.7 
0.50 33.50 t87sp50.o 1.2907 0.0030 0.0173 105.9 
0.90 60.30 t87sp90.o 1.3351 0.0023 0.0295 57.3 

8 Volume Percent Interstitial Water in Tuff 
0.10 6.70 t92splO.o 0.8589 0.0020 0.0054 348.0 
0.12 8.04 t92sp_l2.o 0.9187 0.0024 0.0063 289.4 

0.125 8.37 linear interpolation 0.9300 - - -
0.13 8.71 t92sp_13.o 0.9427 0.0025 0.0070 266.9 
0.50 33.50 t92sp_50.o 1.1922 0.0023 0.0213 66.8 
0.90 60.30 t92sQ90.o 1.2339 0.0022 0.0375 35.6 

4 Volume Percent Interstitial Water in Tuff 
0.10 6.70 t96sp10.o 0.7765 0.0021 0.0071 191.8 
0.19 12.73 t96sp 19.o 0.9247 0.0024 0.0116 99.3 
0.195 13.06 linear interpolation 0.9300 - - -
0.20 13.40 t96sp20.o 0.9348 0.0020 0.0119 94.2 
0.50 33.50 t96sp50.o 1.0561 0.0021 0.0266 35.6 
0.90 60.30 t96sp90.o 1.0943 0.0039 0.0463 18.3 

0 Volume Percent Interstitial Water in Tuff 
0.10 6.70 t100sp10.o 0.5819 0.0020 0.0112 35.9 
0.50 33.50 t100sp50.o 0.7937 0.0028 0.0418 4.4 
0.90 60.30 t100sp90.o 0.8419 0.0020 0.0692 94.0 
0.94 62.98 tl00sp94.o 0.8527 0.0016 0.0712 0.8 
0.98 65.66 t100sp98.o 0.8533 0.0021 0.0732 0.6 
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Table 7.3-7 SO/SO Mixture of Soddyite and Plutonium Oxide 
in 0.01 em Wide Fracture with 11% Fissile Volume Fraction (7.37 ke Fissile Material) 

Reflector MCNP Case Vol% H20 ketl a Average Energy HIX Ratio 
H20 Vol% ID Central of Fission 

Region (MeV) 
0 t87spy.o 13 0.9741 0.0019 0.0051 493.7 
8 t87spx.o 13 0.9533 0.0019 0.0049 493.7 

13 t87sp 11.o 13 0.9483 0.0019 0.0049 493.7 
0 t92spx.o 8 0.9210 0.0020 0.0061 316.4 
8 t92sp1l.o 8 0.8903 0.0020 0.0056 316.4 
13 t92sov.o 8 0.8886 0.0022 0.0062 316.4 
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7.3.3 Results for 0.005 em Fracture Width 

The results for soddyite, plutonium oxide, and a 50/50 mixture of soddyite and plutonium oxide 
mixtures filling a 0.005 em fracture are listed in Tables 7.3-8, 7.3-9, and 7.3-10. The general trend 
of the data is similar to that for the 0.01 em wide fracture with higher fissile volume fractions for the 
same keff· 

Table 7.3-8 Soddyite MCNP Results in 0.005 em Wide Fracture 
Average 

Fissile Vol 235U Mass, MCNP Case ID keff a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.50 8.33 n87s50.o 0.8008 0.0014 0.0048 415.3 
0.71 11.83 n87s7l.o 0.9283 0.0015 0.0057 290.7 
0.714 11.89 linear interpolation 0.9300 - - -
0.72 11.99 n87s72.o 0.9325 0.0018 0.0055 286.6 
0.90 14.99 n87s90.o 1.0087 0.0021 0.0064 228.1 

8 Volume Percent Interstitial Water in Tuff 
0.50 8.33 n92s50.o 0.7427 0.0019 0.0055 259.1 

0.899 14.97 linear interpolation 0.9300 - - -
0.90 14.99 n92s90.o 0.9305 0.0021 0.0078 141.4 

4 Volume Percent Interstitial Water in Tuff 
0.50 8.33 n96s50.o 0.6475 0.0016 0.0071 134.4 
0.90 14.99 n96s90.o 0.8085 0.0028 0.0102 72.1 
0.98 16.32 n96s98.o 0.8227 0.0021 0.0106 65.7 

0 Volume Percent Interstitial Water in Tuff 
0.50 8.33 n100s50.o 0.4266 0.0018 0.0132 9.8 
0.90 14.99 n100s90.o 0.5390 0.0020 0.0180 2.9 
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Table 7.3-9 Plutonium Oxide MCNP Results in 0.005 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass, MCNP Case ID kdf a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.10 5.05 n87plO.o 0.8479 0.0017 0.0046 704.4 
0.12 6.05 n87p12.o 0.9143 0.0015 0.0051 586.4 
0.125 6.31 linear interpolation 0.9300 - - -
0.13 6.56 n87p13.o 0.9448 0.0018 0.0055 541.2 
0.50 25.23 n87p50.o 1.2646 0.0019 0.0149 138.8 
0.90 45.41 n87p90.o 1.3231 0.0022 0.0252 75.9 

8 Volume Percent Interstitial Water in Tuff 
0.10 5.05 n92plO.o 0.8006 0.0018 0.0051 442.2 
0.15 7.57 n92p15.o 0.9259 0.0024 0.0075 293.9 

0.152 7.67 linear interpolation 0.9300 - - -
0.16 8.07 n92p16.o 0.9484 0.0019 0.0074 275.4 
0.50 25.23 n92p50.o 1.1598 0.0026 0.0172 86.3 
0.90 45.41 n92p90.o 1.2151 0.0029 0.0306 46.8 

4 Volume Percent Interstitial Water in Tuff 
0.10 5.05 n96plO.o 0.7194 0.0017 0.0067 1'"'1 --'-· I 
0.26 13.12 n96p26.o 0.9289 0.0020 0.0137 87.9 

0.262 13.22 linear interpolation 0.9300 - - -
0.27 13.62 n96p27.o 0.9342 0.0019 0.0140 84.5 
0.50 25.23 n96p50.o l.O 176 0.0023 0.0230 44.4 
0.90 45.41 n96p90.o 1.0716 0.0024 0.0397 23.5 

0 Volume Percent Interstitial Water in Tuff 
0.50 25.23 n100p50.o 0.7207 0.0021 0.0372 2.6 
0.90 45.41 nl00p90.o 0.7892 0.0028 0.0624 0.3 
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Table 7.3-10 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.005 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID kerf a Energy of HIX Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.10 3.36 n87sp10.o 0.6478 0.0014 0.0034 1055.0 
0.21 7.05 n87sp21.o 0.92319 0.00184 0.0052 500.6 
0.214 7.18 linear interpolation 0.93 - - -
0.22 7.38 n87sp22.o 0.94253 0.00200 0.0051 477.6 
0.50 16.78 n87sp50.o 1.17436 0.00234 0.0098 208.3 
0.90 30.20 n87sp90.o 1.27168 0.00221 0.0160 114.2 

8 Volume Percent Interstitial Water in Tuff 
0.10 3.36 n92sp10.o 0.62067 0.00173 0.0037 662.5 
0.25 8.39 n92sp25.o 0.91879 0.00166 0.0073 263.1 
0.258 8.66 linear interpolation 0.93 - - -
0.26 8.72 n92sp26.o 0.93330 0.00216 0.0082 252.7 
0.50 16.78 n92sp50.o 1.08224 0.00283 0.0118 129.8 
0.90 30.20 n92sp90.o 1.16276 0.00260 0.0202 70.6 

4 Volume Percent Interstitial Water in Tuff 
0.10 3.36 n96sp10.o 0.56314 0.00160 0.0053 348.9 
0.44 14.76 n96sp44.o 0.92732 0.00220 0.0137 76.6 

0.444 14.90 linear interpolation 0.93 - - -
0.45 15.10 n96sp45.o 0.93410 0.00231 0.0135 74.9 
0.50 16.78 n96sp50.o 0.95194 0.00228 0.0151 67.0 
0.90 30.20 n96sp90.o 1.01926 0.00224 0.0257 35.7 

0 Volume Percent Interstitial Water in Tuff 
0.50 16.78 n100sp50.o 0.65109 0.00194 0.0262 4.4 
0.90 30.20 n100sp90.o 0.72542 0.00147 0.0407 0.9 
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7.3.4 Results for 0.002 em Fracture Width 

For the 0.002 em fracture width only plutonium oxide and a 50/50 mixture of soddyite and 
plutonium oxide cases were evaluated. Further, for these cases only the conditions for a tuff water 
fraction of 0.13, 0.08 and 0.04 and fissile volume fractions of 0.5 and 0. 9 were evaluated. Results 
for these cases are listed in Tables 7.3-11 and 7.3-12. Due to lower possible fissile mass in the 
fracture, a significant reduction in ketr is noted. 

Table 7.3-11 Plutonium Oxide MCNP Results in 0.002 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass, MCNPCase ID keif a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.31 6.26 h87p31.o 0.9204 0.0018 0.0050 555.3 

0.317 6.40 linear interpolation 0.9300 - - -
0.32 6.46 h87p32.o 0.9341 0.0021 0.0055 537.9 
0.50 10.10 h87p50.o 1.0684 0.0018 0.0072 343.3 
0.90 18.18 h87p90.o 1.2098 0.0023 0.0109 189.6 

8 Volume Percent Interstitial Water in Tuff 
0.38 7.68 h92p38.o 0.9232 0.0021 0.0074 279.9 

0.388 7.84 linear interpolation 0.9300 - - -
0.39 7.88 h92p39.o 0.9320 0.0022 0.0078 272.6 
0.50 10.10 h92p50.o 0.9938 0.0026 0.0093 212.1 
0.90 18.18 h92p90.o 1.1073 0.0022 0.0144 116.7 

4 Volume Percent Interstitial Water in Tuff 
0.50 10.10 h96p50.o 0.8719 0.0022 0.0121 107.3 
0.72 14.54 h96p72.o 0.9273 0.0027 0.0151 73.7 

0.723 14.61 linear interpolation 0.9300 - - -
0.73 14.75 h96p73.o 0.9358 0.0025 0.0151 72.6 
0.90 18.18 h96p90.o 0.9575 0.0021 0.0174 58.4 
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Table 7.3-12 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.002 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID keer (] Energy of H/X Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.50 6.72 h87sp50.o 0.9055 0.0019 0.0049 514.5 
0.54 7.25 h87sp54.o 0.9285 0.0017 0.0048 476.1 

0.541 7.27 linear interpolation 0.9300 - - -
0.55 7.39 h87sp55.o 0.9404 0.0023 0.0050 467.4 
0.90 12.09 h87sp90.o 1.0869 0.0021 0.0073 284.3 

8 Volume Percent Interstitial Water in Tuff 
0.50 6.72 h92sp50.o 0.8511 0.0021 0.0064 318.0 
0.66 8.87 h92sp66.o 0.9290 0.0028 0.0078 240.1 
0.662 8.89 linear interpolation 0.9300 - - -
0.67 9.00 h92sp67.o 0.9345 0.0021 0.0078 236.5 
0.90 12.09 h92sp90.o 1.0055 0.0023 0.0093 175.2 

4 Volume Percent Interstitial Water in Tuff 
0.50 6.72 h96sp50.o 0.7514 0.0024 0.0078 161.1 
0.90 12.09 h96sp90.o 0.8775 0.0025 0.0121 88.0 
0.98 13.17 h96s_p98.o 0.8960 0.0031 0.0126 80.5 



Waste Package Development Design Analysis 
Title: Criticality Analysis of Pu and U Accumulations in a Tuff Fracture Network 
Document Identifier: A00000000-01717-0200-00050 REV 00 Page 34 of 58 

7.3.5 Results for 0.001 em Fracture Width 

For a further reduction in the fracture width, 0.001 em. with 13%, 8% and 4% water in the tuff a 
further reduction in kerf is noted as shown in Tables 7.3-13 and 7.3-14. 

Table 7.3-13 Plutonium Oxide MCNP Results in 0.001 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass, MCNP Case ID keff a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.63 6.37 k87p63.o 0.9234 0.0020 0.0053 542.8 

0.638 6.45 linear interpolation 0.9300 - - -
0.64 6.47 k87p64.o 0.9323 0.0020 0.0052 534.3 
0.90 9.09 k87p90.o 1.0399 0.0023 0.0069 379.2 

8 Volume Percent Interstitial Water in Tuff 
0.78 7.88 k92p78.o 0.9258 0.0022 0.0075 269.6 

0.784 7.92 linear interpolation 0.9300 - - -
0.79 7.98 k92p79.o 0.9350 0.0019 0.0071 266.1 
0.90 9.09 k92p90.o 0.9646 0.0019 0.0084 233.3 

4 Volume Percent Interstitial Water in Tuff 
0.90 9.09 k96p90.o 0.8464 0.0020 0.0106 116.7 
0.98 9.90 k96p98.o 0.8601 0.0023 0.0111 106.9 
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Table 7.3-14 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.001 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID k..rf a Energy of HIX Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.90 6.05 k87sp90.o 0.8640 0.0017 0.0047 568.3 
0.98 6.59 k87sp98.o 0.8999 0.0020 0.0051 521.6 

8 Volume Percent Interstitial Water in Tuff 
0.90 6.05 k92sp90.o 0.8115 0.0020 0.0065 349.8 
0.98 6.59 k92sp98.o 0.8417 0.0016 0.0059 320.9 

4 Volume Percent Interstitial Water in Tuff 
0.90 6.05 k96sp90.o 0.7145 0.0017 0.0077 175.2 
0.98 6.59 k96sp98.o 0.7392 0.0024 0.0086 160.6 
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7.3.6 KelT as a Function of Fracture Width 

The results listed in the previous tables allow trending of the kerr as a function of fracture width for 
plutonium oxide and a 50/50 mixture of soddyite and plutonium oxide for 90 volume percent fissile 
material in water and 13 volume percent water in the tuff. Table 7.3-15 lists the kerr as a function of 
the fracture width. The trend of the data is illustrated in Figure 7 .3-l. For the 50/50 mixture of 
soddyite and plutonium oxide, a fracture width of about 0.0013 em is required to obtain a kerr of 0. 93. 
Due to the slope of the Pu02 curve no estimate is made for the thickness required for a kerr of 0.93 
for plutonium oxide. 

Table 7.3-15 Plutonium Oxide and 50/50 Mixture of Soddyite/Pu02 
MCNP Results As a Function of Fracture Width for 

90 Volume Percent Fissile Material and 13 Volume Percent Water in Tuff 

Fracture Fissile Mass, MCNPCase ID keff a 
Width (em) K_g_ 

Plutonium Oxide 
0.001 9.09 k87p90.o 1.03986 0.00230 
0.002 18.18 h87_p90.o 1.20977 0.00228 
0.005 45.41 n87p90.o 1.32308 0.00218 
0.010 90.66 t87p90.o 1.37472 0.00238 

50150 Mixture of Soddyite/Plutonium Oxide 
0.001 6.05 k87sp90.o 0.86399 0.00166 

0.0013 - linear interpolation 0.93 -
0.002 12.09 h87sp90.o 1.08692 0.00208 
0.005 30.20 n87sp90.o 1.27168 0.00221 
0.010 60.30 t87sp90.o 1.33505 0.00232 
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7.3.7 Fissile Weight Evaluations for a kelT of 0.93 

The criticality safety criterion can be satisfied with a maximum kerr from MCNP of about 0.93. This 
section presents an evaluation that determines the kerr of fissile masses of both plutonium oxide and 
a 50/50 mixture of soddyite and plutonium oxide for a total fissile mass equal to the mass of soddyite 
that produces a kerr of 0.93. 

Table 7.3-16 lists results from a series of cases that examined an equivalent mass of fissile material. 
The fissile mass of plutonium oxide and the 50/50 mixture of soddyite and plutonium oxide was set 
equal to the mass of 235U required to give a ket"f of 0.93 (from linear interpolation) in tuff with both 
13 and 8 volume percent interstitial water. As seen from the table, the equivalent mass of plutonium 
oxide is more reactive by about 19% or 16% for tuff with 13 and 8 volume fraction interstitial 
water, respectively. The 50150 mixture of soddyite and plutonium oxide has values about 3% 
less than for the plutonium oxide mixture. Based upon these results, plutonium oxide mixtures 
provide the bounding material for the three fissile mixtures examined in this evaluation. 

Table 7.3-16 KpfT for Equal Fissile Masses, 0.01 em Fracture Width 
Material Fissile Volume Fissile Mass, MCNPCase ID kerr a 

Fraction Kg 
13 Volume Percent Interstitial Water in Tuff 

Soddyite 0.3520 11.71 Estimated 0.93 -
Plutonium 0.1162 11.71 t87pue.o 1.12427 0.00192 

Mixture 0.17485 11.71 t87spue.o 1.09043 0.00174 
8 Volume Percent Interstitial Water in Tuff 

Soddyite 0.4380 14.57 Estimated 0.93 -
Plutonium 0.1446 14.57 t92pue.o 1.09287 0.00231 
Mixture 0.2175 14.57 t92spue.o 1.06700 0.00222 



Waste Package Development Design Analysis 
Title: Criticality Analysis of Pu and U Accumulations in a Tuff Fracture Network 
Document Identifier: A00000000-01717-0200-00050 REV 00 Page 39 of 58 

7.4 MCNP Results for Fissile Mixtures with Clayey Material 

The results for various fracture contents and widths are provided in this section for fissile mixtures 
with clayey material. The results are categorized by fracture width and fracture content. 

7.4.1 Results for 0.1 em Fracture Width 

Tables 7.4-1, 7.4-2, and 7.4-3list the results for soddyite, plutonium oxide, and a 50/50 mixture of 
soddyite and plutonium oxide for fracture widths of 0.1 em. The tables cover a range of water 
volume fractions in the tuff for the fissile volume fractions required for a kerr of 0.93. The results 
for each fissile material show the volume fraction increasing as the amount of water in the tuff 
decreases. For soddyite they range from 3.89% to 27.1 %. for plutonium oxide they range from .67% 
to 9.7% and for the 50/50 mixture ofsoddyite and plutonium oxide they range from 1.15% to 14.3%. 
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Table 7.4-1 Soddyite Results in 0.1 em Wide Fracture 
Average 

Fissile Vol 235U Mass, MCNP Case ID keff a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.030 9.68 e87s03.o 0.8440 0.0020 0.0050 323.8 

0.0389 12.55 linear interpolation 0.9300 - - -
0.039 12.58 e87s039.o 0.9310 0.0022 0.0056 249.1 
0.040 12.91 e87s04.o 0.9428 0.0025 0.0058 243.5 
0.100 32.27 e87s10.o 1.2023 0.0021 0.0111 98.0 

8 Volume Percent Interstitial Water in Tuff 
0.040 12.91 e92s04.o 0.8716 0.0017 0.0071 150.9 
0.0498 16.07 linear interpolation 0.9300 - - -
0.050 16.13 e92s05.o 0.9312 0.0018 0.0084 121.2 
0.100 32.27 e92s10.o 1.1036 0.0022 0.0136 61.2 

4 Volume Percent Interstitial Water in Tuff 
0.070 22.59 e96s07.o 0.8917 0.0021 0.0136 44.3 
0.080 25.81 e96s08.o 0.9258 0.0028 0.0140 39.1 
0.082 26.46 linear interpolation 0.9300 - - -
0.090 29.04 e96s09.o 0.9497 0.0027 0.0157 35.0 
0.100 32.27 e96s10.o 0.9641 0.0020 0.0171 31.8 
0.500 161.34 e96s50.o 1.2021 0.0024 0.0674 7.9 

0 Volume Percent Interstitial Water in Tuff 
0.27 87.12 e100s27.o 0.9283 0.0023 0.0557 2.1 

0.271 87.44 linear interpolation 0.9300 - - -
0.28 90.35 e100s28.o 0.9409 0.0026 0.0569 2.1 
0.29 93.57 e100s29.o 0.9475 0.0020 0.0591 2.1 
0.34 109.71 e100s34.o 0.9807 0.0024 0.0667 2.1 
0.50 161.34 e100s50.o 1.0670 0.0031 0.0873 2.0 



Waste Package Development Design Analysis 
Title: Criticality Analysis of Pu and U Accumulations in a Tuff Fracture Network 
Document Identifier: A00000000-01717-0200-00050 REV 00 Page 41 of 58 

Table 7.4-2 Plutonium Oxide MCNP Results in 0.1 em Wide Fracture 
Average 

Fissile Vol 239pu MCNP Case ID kelT a Energy of HfX Ratio 
Frac. Mass, Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.006 5.86 e87p006.o 0.8906 0.002 0.0049 558.0 
0.0067 6.55 linear interpolation 0.9300 - - -
0.007 6.84 e87p007.o 0.9437 0.0017 0.0051 461.0 
0.010 9.77 e87p0l.o 1.0475 0.0024 0.0064 321.3 

8 Volume Percent Interstitial Water in Tuff 
0.007 6.84 e92p007.o 0.8755 0.0027 0.0063 284.2 
0.008 7.82 e92p008.o 0.9143 0.0022 0.0070 251.4 
0.0085 8.31 linear interpolation 0.9300 - - -
0.009 8.80 e92p009.o 0.9434 0.0024 0.0082 225.4 
0.010 9.77 e92p01.o 0.9664 0.0023 0.0086 198.1 
0.020 19.55 e92p02.o 1.0993 0.0023 0.0152 99.0 

4 Volume Percent Interstitial Water in Tuff 
0.010 9.77 e96p01.o 0.8446 0.0017 0.0106 99.7 
0.016 15.64 e96p016.o 0.9286 0.0021 0.0153 62.1 

0.0162 15.83 linear interpolation 0.9300 - - -
0.017 16.62 e96p017.o 0.9364 0.0028 0.0161 58.7 
0.020 19.55 e96p02.o 0.9621 0.0021 0.0183 49.8 
0.030 29.33 e96p03.o 1.0091 0.0024 0.0263 33.2 

0 Volume Percent Interstitial Water in Tuff 
0.090 87.97 e100p09.o 0.9115 0.0023 0.1005 0.1 
0.097 94.81 linear interpolation 0.9300 - - -
0.100 97.74 elOOplO.o 0.9380 0.0022 0.1097 0.1 
0.200 195.49 el00p20.o 1.0866 0.0028 0.1827 0.1 
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Table 7.4-3 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.1 em Wide Fracture 

Average 
Fissile Fissile MCNP Case ID kdf a Energy of HIX Ratio 

Vol Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.010 6.50 e87sp0l.o 0.8812 0.0017 0.0050 491.5 
0.011 7.15 e87sp011.o 0.9145 0.0019 0.0050 438.8 
0.0115 7.48 linear interpolation 0.9300 - - -
0.012 7.80 e87sp012.o 0.9422 0.0017 0.0051 410.0 
0.020 13.00 e87sp02.o 1.0946 0.0023 0.0077 241.0 

8 Volume Percent Interstitial Water in Tuff 
0.014 9.10 e92sp014.o 0.9225 0.0022 0.0068 217.1 
0.0144 9.36 linear interpolation 0.9300 - - -
0.015 9.75 e92sp_Ql5.o 0.9407 0.0025 0.0080 199.9 
0.020 13.00 e92sp02.o 1.0075 0.0020 0.0096 148.8 

4 Volume Percent Interstitial Water in Tuff 
0.024 15.60 e96sp024.o 0.9114 0.0021 0.0143 62.8 

. 0.0273 17.75 linear interpolation 0.9300 - - -
0.028 18.20 e96sp028.o 0.9339 0.0027 0.0171 54.1 
0.030 19.50 e96sp03.o 0.9470 0.0024 0.0171 50.6 
0.100 65.00 e96splO.o 1.0908 0.0031 0.0487 15.4 
0.200 130.01 e96sp20.o 1.1759 0.0026 0.0880 7.9 

0 Volume Percent Interstitial Water in Tuff 
0.100 65.00 el00sp10.o 0.8668 0.0024 0.0703 0.7 
0.140 91.01 el00sp14.o 0.9248 0.0027 0.0910 0.6 
0.143 96.48 linear inter_Qolation 0.9300 - - -
0.150 97.51 el00sgl5.o 0.9397 0.0022 0.0947 0.6 
0.160 104.01 el00spl6.o 0.9515 0.0024 0.0994 0.6 
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7.4.2 Results for 0.01 em Fracture Width 

Tables 7.4-4, 7.4-5, and 7.4-6list the results for soddyite, plutonium oxide, and a 50/50 mixture of 
soddyite and plutonium oxide for fracture widths of 0.01 em. The tables cover a range of fissile 
mixtures with clayey material and water in the tuff matrix. 

The results for soddyite (Table 7.4-4) show a range of kerr values from about 0.47 to 1.20 as the 
amount of soddyite increases from a volume fraction of 10% to 90% for a water volume fraction of 
13% in the tuff. A similar range is seen for 8% and 4% water volume in the tuff with slightly lower 
kerr values. For no water in the tuff, the kerr's are considerably lower, but the general trend is the 
same. To obtain a value of of 0.93, volume fractions about 0.359, 0.455 and 0. 7598 are required 
for tuff with 13%, 8% and 4% volume fraction water, respectively. For no water in the tuff, the 
maximum value of kerr is about 0.703. 

For plutonium oxide, the general trend is the same (see Table 7.4-5); however, the values of kerr are 
significantly higher. They range from about .91 to 1.37 for 13% water, 0.90 to 1.28 for 8% water 
and 0.86 to 1.15 for 4% water. For no water in the tuff, the results are significantly lower. Volume 
fractions of about 0.064, 0.079 and 0.143 are required to produce a kerr of about 0.93 for tuff water 
volume fractions of 13%, 8% and 4%, respectively. The case with no water in the tuff has a kerr 
below 0.93 with a maximum kerr of about 0.928 for 98% plutonium oxide volume fraction in the 
fracture. 

The evaluation of the 50/50 mixture of soddyite and plutonium oxide in clayey material provides 
results bracketed by those of soddyite and plutonium oxide (see Table 7 .4-6). The kerr values range 
from about 0.90 to 1.34 for a tuff water volume percent of 13% with slightly smaller values for 8% 
and 4%. For no water in the tuff. the is significantly lower. The fissile mixture volume percent 
required for a 0.93 kerr are about 0.109, 0.134 and 0.2403 for 13%, 8% and 4% tuff water volume 
fractions, respectively. Without water in the tuff, no values approaching 0.93 are possible. 
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Table 7.4-4 Soddyite·MCNP Results in 0.01 em Wide Fracture 
Average 

Fissile Vol 235U Mass, MCNP Case ID keff (J Energy of WX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.10 3.33 a87s10.o 0.4674 0.0012 0.0029 1018.8 
0.35 11.64 a87s35.o 0.9152 0.0022 0.0049 291.0 
0.359 11.94 linear interpolation 0.9300 - - -
0.36 11.97 a87s36.o 0.9323 0.0015 0.0054 282.7 
0.50 16.63 a87s50.o 1.0397 0.0021 0.0071 204.1 
0.90 29.93 a87s90.o 1.1977 0.0018 0.0108 114.2 

8 Volume Percent Interstitial Water in Tuff 
0.10 3.33 a92slO.o 0.4387 0.0012 0.0035 627.4 
0.45 14.97 a92s45.o 0.9248 0.0022 0.0077 140.2 

0.455 15.13 linear interpolation 0.9300 - - -
0.46 15.30 a92s46.o 0.9354 0.0030 0.0087 137.1 
0.50 16.63 a92s50.o 0.9553 0.0021 0.0082 126.3 
0.90 29.93 a92s90.o 1.1013 0.0026 0.0132 71.0 

4 Volume Percent Interstitial Water in Tuff 
0.10 3.33 a96s10.o 0.3783 0.0010 0.0045 314.6 
0.50 16.63 a96s50.o 0.8305 0.0024 0.0111 64.1 
0.75 24.94 a96s75.o 0.9231 0.0031 0.0147 43.4 

0.7598 25.27 linear interpolation 0.9300 - - -
0.76 25.27 a96s76.o 0.9301 0.0026 0.0151 42.8 
0.90 29.93 a96s90.o 0.9627 0.0025 0.0166 36.5 

0 Volume Percent Interstitial Water in Tuff 
0.10 3.33 a100s10.o 0.2281 0.0007 0.0092 2.4 
0.50 16.63 a100s50.o 0.5570 0.0015 0.0195 2.0 
0.90 29.93 a100s90.o 0.6876 0.0017 0.0284 2.0 
0.98 32.59 a100s98.o 0.7034 0.0020 0.0297 2.0 



Waste Package Development Design Analysis 
Title: Criticality Analysis of Pu and U Accumulations in a TufT Fracture Network 
Document Identifier: A00000000-01717-0200-00050 REV 00 Page 45 of 58 

Table 7.4-5 Plutonium Oxide MCNP Results in 0.01 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass, MCNP Case ID keff a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.06 6.04 a87p06.o 0.9068 0.0016 0.0050 567.1 
0.064 6.45 linear interpolation 0.9300 - - -
0.07 7.05 a87p07.o 0.9603 0.0020 0.0061 486.1 
0.10 10.07 a87plO.o 1.0706 0.0018 0.0079 339.3 
0.50 50.37 a87p50.o 1.3301 0.0023 0.0280 67.8 
0.90 90.66 a87p90.o 1.3731 0.0020 0.0495 37.7 

8 Volume Percent Interstitial Water in Tuff 
0.07 7.05 a92Q07.o 0.8960 0.0017 0.0066 299.0 
0.079 7.96 linear inter]_)olation 0.9300 - - -
0.08 8.06 a92p08.o 0.9330 0.0022 0.0075 260.6 
0.10 10.07 a92p10.o 0.9916 0.0024 0.0088 208.7 
0.50 50.37 a92p50.o 1.2239 0.0018 0.0342 41.7 
0.90 90.66 a92p90.o 1.2755 0.0027 0.0601 23.3 

4 Volume Percent Interstitial Water in Tuff 
0.10 10.07 a96QlO.o 0.8625 0.0025 0.0114 104.3 
0.14 14.10 a96Q14.o 0.9253 0.0023 0.0146 74.6 
0.143 14.41 linear interpolation 0.9300 - - -
0.15 15.11 a96p15.o 0.9391 0.0016 0.0150 69.5 
0.50 50.37 a96p50.o 1.0807 0.0024 0.0432 20.8 
0.90 90.66 a96p90.o 1.1519 0.0024 0.0730 11.6 

0 Volume Percent Interstitial Water in Tuff 
0.10 10.07 a100p10.o 0.5524 0.0020 0.0202 0.1 
0.50 50.37 a100p50.o 0.8018 0.0027 0.0665 0.0 
0.90 90.66 a100p90.o 0.9094 0.0032 0.1085 0.0 
0.98 98.72 a100p98.o ·0.9278 0.0020 0.1126 0.0 
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Table 7.4-6 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.01 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID keff a Energy of HIX Ratio 

Frac. Mass. Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.10 6.70 a87splO.o 0.9019 0.0020 0.0050 510.0 

0.109 7.30 linear interpolation 0.9300 - - -
0.11 7.37 a87spll.o 0.9345 0.0016 0.0056 462.7 
0.50 33.50 a87sp50.o 1.2837 0.0027 0.0174 102.0 
0.90 60.30 a87sp90.o 1.3386 0.0024 0.0300 56.9 

8 Volume Percent Interstitial Water in Tuff 
0.10 6.70 a92spl0.o 0.8441 0.0020 0.0062 313.8 
0.13 8.71 a92sp13.o 0.9241 0.0021 0.0078 241.1 
0.134 8.98 linear interpolation 0.9300 - - -
0.14 9.38 a92spl4.o 0.9404 0.0024 0.0079 223.6 
0.50 33.50 a92sp50.o 1.1723 0.0025 0.0220 62.9 
0.90 60.30 a92sp90.o 1.2326 0.0029 0.0366 35.2 

4 Volume Percent Interstitial Water in Tuff 
0.10 6.70 a96splO.o 0.7411 0.0016 0.0083 157.1 
0.24 16.08 a96sp24.o 0.9297 0.0024 0.0153 65.6 

0.2403 16.10 linear interpolation 0.9300 - - -
0.25 16.75 a96sp25.o 0.9383 0.0024 0.0152 62.9 
0.50 33.50 a96sp50.o 1.0298 0.0024 0.0286 31.7 
0.90 60.30 a96sp90.o 1.0942 0.0022 0.0458 17.8 

0 Volume Percent Interstitial Water in Tuff 
0.10 6.70 alOOsplO.o 0.4780 0.0014 0.0144 0.7 
0.50 33.50 al00sp50.o 0.7353 0.0021 0.0456 0.5 
0.90 60.30 a100sp90.o 0.8323 0.0024 0.0690 0.5 
0.98 65.66 al00sp98.o 0.8507 0.0019 0.0720 0.5 
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7.4.3 Results for 0.005 em Fracture Width 

The results for soddyite, plutonium oxide, and a 50/50 mixture of soddyite and plutonium oxide 
mixtures with clayey material filling a 0.005 em fracture are listed in Tables 7.4-7, 7.4-8, and 7.4-9. 
The general trend of the data is similar to that for the 0.01 em wide fracture with lower keff values, 
as expected due to smaller possible masses of fissile material. 

Table 7.4-7 Soddyite MCNP Results in 0.005 em Wide Fracture 
Average 

Fissile Vol 235U Mass ' MCNP Case ID keff (] Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.50 8.33 b87s50.o 0.7951 0.0017 0.0048 407.8 
0.72 11.99 b87s72.o 0.9277 0.0021 0.0054 283.7 
0.724 12.06 linear interpolation 0.9300 - - -
0.73 12.16 b87s73.o 0.9340 0.0019 0.0055 279.8 
0.90 14.99 b87s90.o 1.0023 0.0021 0.0073 227.4 

8 Volume Percent Interstitial Water in Tuff 
0.50 8.33 b92s50.o 0.7366 0.0015 0.0055 251.5 
0.90 14.99 b92s90.o 0.9257 0.0024 0.0081 140.6 
0.906 15.09 linear interpolation 0.9300 - - -
0.91 15.16 b92s91.o 0.9329 0.0021 0.0080 139.0 

4 Volume Percent Interstitial Water in Tuff 
0.50 8.33 b96s50.o 0.6374 0.0015 0.0072 126.7 
0.90 14.99 b96s90.o 0.8042 0.0023 0.0102 71.2 
0.98 16.32 b96s98.o 0.8261 0.0021 0.0109 65.6 

0 Volume Percent Interstitial Water in Tuff 
0.50 8.33 b100s50.o 0.4017 0.0014 0.0140 2.0 
0.90 14.99 b100s90.o 0.5345 0.0017 0.0183 2.0 



Waste Package Development Design Analysis 
Title: Criticality Analysis of Pu and U Accumulations in a Tuff Fracture Network 
Document Identifier: A00000000-01717-0200-00050 REV 00 Page 48 of 58 

Table 7.4-8 Plutonium Oxide MCNP Results in 0.005 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass, MCNP Case ID kdf a Energy of HfX Ratio 
Frac. Kg Fission 

(MeV) 
13 Volume Percent Interstitial Water in Tuff 

0.10 5.05 b87p10.o 0.8441 0.0018 0.0044 681.3 
0.12 6.05 b87p12.o 0.9097 0.0020 0.0053 568.1 
0.127 6.41 linear interpolation 0.9300 - - -
0.13 6.56 b87p13.o 0.9371 0.0022 0.0057 524.5 
0.50 25.23 b87p50.o 1.2597 0.0024 0.0158 136.2 
0.90 45.41 b87p90.o 1.3209 0.0021 0.0258 75.6 

8 Volume Percent Interstitial Water in Tuff 
0.10 5.05 b92p10.o 0.7946 0.0023 0.0056 418.9 
0.15 7.57 b92p15.o 0.9149 0.0017 0.0078 279.1 

0.158 7.97 linear interpolation 0.9300 - - -
0.16 8.07 b92p16.o 0.9332 0.0024 0.0084 261.7 
0.50 25.23 b92p50.o 1.1569 0.0021 0.0178 83.8 
0.90 45.41 b92p90.o 1.2150 0.0024 0.0321 46.5 

4 Volume Percent Interstitial Water in Tuff 
0.10 5.05 b96p10.o 0.7045 0.0022 0.0070 209.3 
0.29 14.63 b96p29.o 0.9290 0.0021 0.0153 72.2 
0.292 14.73 linear interpolation 0.9300 - - -
0.30 15.14 b96p30.o 0.9357 0.0020 0.0158 69.7 
0.50 25.23 b96p50.o 1.0034 0.0024 0.0247 41.8 
0.90 45.41 b96p90.o 1.0722 0.0026 0.0401 23.2 

0 Volume Percent Interstitial Water in Tuff 
0.50 25.23 b 100p50.o 0.6884 0.0018 0.0421 0.0 
0.90 45.41 b100p90.o 0.7861 0.0019 0.0625 0.0 
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Table 7.4-9 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.005 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID kelT (] Energy of HfX Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.10 3.36 b87sj>_10.o 0.6446 0.0015 0.0038 1023.3 
0.21 7.05 b87sp2l.o 0.9222 0.0023 0.0054 486.3 

0.214 7.18 linear interpolation 0.9300 - - -
0.22 7.38 b87SQ22.o 0.9402 0.0019 0.0054 463.9 
0.50 16.78 b87sp50.o 1.1656 0.0021 0.0100 204.4 
0.90 30.20 b87sj>_90.o 1.2679 0.0022 0.0162 113.8 

8 Volume Percent Interstitial Water in Tuff 
0.10 3.36 b92sp10.o 0.6130 0.0015 0.0044 629.5 
0.26 8.72 b92sp26.o 0.9226 0.0022 0.0074 241.8 
0.267 8.96 linear interpolation 0.9300 - - -
0.27 9.06 b92sp27.o 0.9332 0.0020 0.0073 232.7 
0.50 16.78 b92SQ50.o 1.0727 0.0020 0.0129 125.9 
0.90 30.20 b92sp90.o 1.1652 0.0025 0.0207 70.1 

4 Volume Percent Interstitial Water in Tuff 
0.10 3.36 b96spl0.o 0.5496 0.0016 0.0054 314.8 
0.47 15.77 b96sp47.o 0.9231 0.0023 0.0149 67.1 

0.479 16.07 linear interpolation 0.9300 - - -
0.48 16.11 b96sp48.o 0.9307 0.0023 0.0146 65.8 
0.50 16.78 b96SQ_50.o 0.9389 0.0021 0.0157 63.1 
0.90 30.20 b96SQ90.o 1.0166 0.0025 0.0262 35.3 

0 Volume Percent Interstitial Water in Tuff 
0.50 16.78 b100sp50.o 0.6225 0.0016 0.0273 0.5 
0.90 30.20 bl00sp90.o 0.7189 0.0020 0.0415 0.5 
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7.4.4 Results for 0.002 em Fracture 'Width 

For the 0.002 em fracture width only plutonium oxide and a 50/50 mixture of soddyite and 
plutonium oxide cases were evaluated. Further, for these cases only the conditions for a tuff water 
fraction of0.13, 0.08 and 0.04 were evaluated. Results for these cases are listed in Tables 7.4-10 
and 7.4-11. Due to lower possible fissile mass in the fracture, a significant reduction in ker-r is noted. 

Table 7.4-10 Plutonium Oxide MCNP Results in 0.002 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass, MCNP Case ID keff a Energy of HIX Ratio 
Frac. Kcr 1:> Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.31 6.26 c87p3l.o 0.9192 0.0021 0.0052 549.7 
0.319 6.44 linear interpolation 0.9300 - - -
0.32 6.46 c87p32.o 0.9311 0.0018 0.0054 532.6 
0.50 10.10 c87p50.o 1.0736 0.0021 0.0073 340.8 
0.90 18.18 c87p90.o 1.2078 0.0017 0.0121 189.2 

8 Volume Percent Interstitial Water in Tuff 
0.40 8.08 c92p40.o 0.9295 0.0026 0.0071 262.0 

0.4004 8.09 linear interpolation 0.9300 - - -
0.41 8.28 c92p4l.o 0.9410 0.0020 0.0076 255.5 
0.50 10.10 c92p50.o 0.9928 0.0023 0.0085 209.6 
0.90 18.18 c92p90.o 1.1064 0.0020 0.0143 116.4 

4 Volume Percent Interstitial Water in Tuff 
0.50 10.10 c96p50.o 0.8637 0.0024 0.0118 104.7 
0.72 14.54 c96p72.o 0.9285 0.0035 0.0150 72.7 
0.722 14.59 linear interpolation 0.9300 - - -
0.73 14.75 c96p73.o 0.9372 0.0018 0.0156 71.7 
0.90 18.18 c96p90.o 0.9583 0.0021 0.0190 58.1 
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Table 7.4-11 SO/SO Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.002 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID kerf a Energy of HIX Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.50 6.72 c87sp50.o 0.9027 0.0016 0.0053 510.6 
0.53 7.12 c87sp53.o 0.9278 0.0016 0.0054 481.9 

0.533 7.16 linear interpolation 0.9300 - - -
0.54 7.25 c87sp54.o 0.9348 0.0018 0.0050 472.8 
0.90 12.09 c87sp90.o 1.0892 0.0022 0.0078 283.9 

8 Volume Percent Interstitial Water in Tuff 
0.50 6.72 c92sp50.o 0.8463 0.0023 0.0061 314.2 
0.65 8.73 c92sg65.o 0.9269 0.0022 0.0073 241.9 
0.658 8.84 linear interpolation 0.9300 - - -
0.66 8.87 c92sp66.o 0.9309 0.0018 0.0073 238.2 
0.90 12.09 c92sp90.o 1.0047 0.0021 0.0090 174.8 

4 Volume Percent Interstitial Water in Tuff 
0.50 6.72 c96sp50.o 0.7416 0.0024 0.0085 157.2 
0.90 12.09 c96sp90.o 0.8761 0.0018 0.0127 87.6 
0.98 13.17 c96sp98.o 0.8936 0.0026 0.0124 80.4 
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7.4.5 Results for 0.001 em Fracture 'Width 

For a further reduction in the fracture width, 0.001 em. with 13%, 8% and 4% water in the tuff, a 
further reduction in is noted as shown in Tables 7.4-12 and 7.4-13 for these cases. 

Table 7.4-12 Plutonium Oxide MCNP Results in 0.001 em Wide Fracture 
Average 

Fissile Vol 239Pu Mass ' MCNP Case ID a Energy of HIX Ratio 
Frac. Kg Fission 

(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.64 6.47 d87p64.o 0.9288 0.0017 0.0054 532.8 

0.641 6.48 linear interpolation 0.9300 - - -
0.65 6.57 d87p65.o 0.9387 0.0018 0.0051 524.7 
0.90 9.09 d87p90.o 1.0494 0.0017 0.0069 378.9 

8 Volume Percent Interstitial Water in Tuff 
0.70 7.07 d92p78.o 0.9005 0.0024 0.0074 299.7 

0.785 7.93 linear interpolation 0.9300 - - -
0.79 7.98 d92p79.o 0.9318 0.0023 0.0073 265.4 
0.90 9.09 d92p90.0 0.9685 0.0022 0.0087 232.9 

4 Volume Percent Interstitial Water in Tuff 
0.90 9.09 d96p90.o 0.8462 0.0024 0.0103 116.4 
0.98 9.90 d96p98.o 0.8631 0.0020 0.0112 106.9 
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Table 7.4-13 50/50 Mixture of Soddyite and Plutonium Oxide 
MCNP Results in 0.001 em Wide Fracture 

Average 
Fissile Vol Fissile MCNP Case ID kdf a Energy of HIX Ratio 

Frac. Mass, Kg Fission 
(MeV) 

13 Volume Percent Interstitial Water in Tuff 
0.90 6.05 d87sp90.o 0.8645 0.0018 0.0052 567.9 
0.98 6.59 d87sp98.o 0.8946 0.0015 0.0050 521.6 

8 Volume Percent Interstitial Water in Tuff 
0.90 6.05 d92sp90.o 0.8097 0.0017 0.0057 349.4 
0.98 6.59 d92sp98.o 0.8387 0.0020 0.0062 320.9 

4 Volume Percent Interstitial Water in Tuff 
0.90 6.05 d96sp90.o 0.7180 0.0017 0.0074 174.8 
0.98 6.59 d96sp98.o 0.7393 0.0018 0.0078 160.6 
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7.4.6 KelT as a Function of Fracture \Vidth 

The results listed in the previous tables allow trending of the kerr as a function of fracture width for 
plutonium oxide and a 50/50 mixture of soddyite and plutonium oxide for 90 volume percent fissile 
material in clayey material and 13 volume percent water in the tuff. Table 7.4-14 lists the kerr as a 
function of the fracture width. For the 50/50 mixture of soddyite and plutonium oxide, a fracture 
width of about 0.0013 em is required to obtain a kerr of 0.93. Due to the slope of the Pu02 curve no 
estimate is made for the thickness required for a kerr of 0.93 for plutonium oxide. 

Table 7.4-14 Plutonium Oxide and 50/50 of Mixture Soddyite/Pu02 

MCNP Results As a Function of Fracture Width for 
90 Volume Percent Fissile Material and 13 Volume Percent Water in Tuff 

Fracture Fissile Mass, MCNP Case ID keff a 
Width Kg 

Plutonium Oxide 
0.001 9.09 d87p90.o 1.04943 0.00166 
0.002 18.18 c87p90.o 1.20775 0.00168 
0.005 45.41 b87p90.o 1.32091 0.00211 
0.010 90.66 a87p90.o 1.37312 0.00201 

50150 Mixture of Soddyite and Plutonium Oxide 
0.001 6.05 d87sp90.o 0.86451 0.00184 

0.0013 - linear interpolation 0.93 -
0.002 12.09 c87sp90.o 1.08915 0.00224 
0.005 30.20 b87sp90.o 1.26786 0.00219 
0.010 60.30 a87sp90.o 1.33863 0.00242 
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8. Conclusions 

The tables in the previous sections provide the ketr results for the fissile material as a function of 
fracture width or fissile concentration. In addition, an estimate of the fissile volume fraction and 
weight that would produce a ke1rof0.93 is tabulated based on linear interpolation. These interpolated 
values are gathered and listed in Tables 8-1 and 8-2 as a function of spacing and material. The trend 
of the data indicates that the volume fraction of fissile material is inversely proportional to the 
fracture width by almost a constant factor. i.e. the volume fraction approximately doubles for a 
reduction in the width by a factor of 2. Stated another way, the fissile mass to produce a kerr of 0.93 
essentially remains constant for a given material. For uranium, the required weight seems almost 
constant with small deviations probably due to the statistical nature of the results and linear 
interpolation. However, for the materials containing plutonium, there seems to be a slight increase 
in mass as the fissile volume fraction increases. This may also be due to statistics and interpolation. 
However, since the trend is followed for four sets of data, it is probably related to either the fissile 
mass increase or the decrease in the hydrogen content of the fissile material. 

Other observations that can be made from this data are: 

1) soddyite is the least reactive fissile material and plutonium oxide is the most reactive 
2) the results for fissile mixtures with water and fissile mixtures with clayey material are very 

similar 
3) the fissile volume fraction increases as the amount of water in the tuff decreases 
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Table 8-1 0.93 KelT Fissile Volume Fractions and Weights 
MCNP Results for Fissile Mixtures with Water 

Fracture 13% Water VF in Tuff 8% Water VF in Tuff 4% Water VF in Tuff 
Width, em Soddyite PuO, Mixture Soddyite PuO, Mixture Soddyite PuO, Mixture 

Fissile Volume Fraction Fissile Volume Fraction Fissile Volume Fraction 
0.100 0.0312 0.0057 0.0096 0.0322 0.0058 0.0099 0.0347 0.00604 0.0102 
0.010 0.355 0.062 0.105 0.438 0.074 0.125 0.722 0.113 0.195 
0.005 0.714 0.125 0.214 0.899 0.152 0.258 - 0.262 0.444 
0.002 - 0.317 0.541 - 0.388 0.662 - 0.723 -
0.001 - 0.638 - - 0.784 - - - -

Fissile Weight, Kg Fissile Weight, Kg Fissile Weight, Kg 
0.100 10.07 5.57 6.24 10.39 5.67 6.44 11.20 5.90 6.63 
0.010 11.81 6.25 7.03 14.57 7.45 8.37 24.01 11.38 13.06 
0.005 11.89 6.31 7.18 14.97 7.67 8.66 - 13.22 14.90 
0.002 - 6.40 7.27 - 7.84 8.89 - 14.61 -
0.001 - 6.45 - - 7.92 - - - -
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Table 8-2 0.93 Kelf Fissile Volume Fractions and Weights 
MCNP Results for Fissile Mixtures with Clayey Material 

Fracture 13% Water VF in Tuff 8% Water VF in Tuff 4% Water VF in Tuff 
Width, em Soddyite PuO, Mixture Soddyite PuO, Mixture Soddyite PuO, Mixture 

Fissile Volume Fraction Fissile Volume Fraction Fissile Volume Fraction 
0.100 0.0389 0.0067 0.0115 0.0498 0.0085 0.0144 0.082 0.0162 0.0273 
0.010 0.359 0.064 0.109 0.455 0.079 0.134 0.7598 0.143 0.2403 
0.005 0.724 0.127 0.214 0.906 0.158 0.267 - 0.292 0.479 
0.002 - 0.319 0.533 - 0.4004 0.658 - 0.722 -
0.001 - 0.641 - - 0.789 - - - -

Fissile Weight, Kg Fissile Weight, Kg Fissile Weight, Kg 
0.100 12.55 6.55 7.48 16.07 8.31 9.36 26.46 15.83 17.75 
0.010 11.94 6.45 7.30 15.13 7.96 8.98 25.27 14.41 16.10 
0.005 12.06 6.41 7.18 15.09 7.97 8.96 - 14.73 16.07 
0.002 - 6.44 7.16 - 8.09 8.84 - 14.59 -
0.001 - 6.48 - - 7.97 - - - -
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9. Attachments 

The following is a list of attachments. Electronic attachments are provided on Colorado DT-350 
backup tapes (Ref. 5. 13) and listed in Attachment II. 

Attachment Description Number of Date 
Pages 

I Sample MCNP input file listings 6 11117/97 

II List of MCNP output files supporting results 10 11117/97 

ill Listing of EXCEL spreadsheet Tuff.xls,Sheet 1 4 11117/97 

IV Listing of EXCEL spreadsheet Tuff.xls,Sheet2 2 11/17/97 

v Listing of EXCEL spreadsheet Tuff.xls,Sheet3 1 11117/97 

VI Listing of EXCEL spreadsheet Clay.xls,Sheet1 6 11117/97 

VII Listing of EXCEL spreadsheet Clay.xls,Sheet2 1 11117/97 
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A listing of three typical MCNP input files is provided in this section. The files represent a fracture 
width of 0.01 em for 10% soddyite, plutonium oxide, and soddyite/Pu02 mixtures in tuff with 8%, 
13%, and 0% interstitial water, respectively. Note that the titles in the input files refer to the fracture 
thickness at the edge of a fracture cube. The fracture width, twice this value, is used in previous 
sections to distinguish among the fracture width evaluations. 

NEAR-FIELD CRITICALITY ANALYSIS 
C t92s 10: .005 em, 8% water, 10% soddyite 
C CELL SPEClFICATIONS 
c inner region 
1 1 -2.325135 -1 2 -3 4 -5 6 U=1 IMP:N=1 
2 2 -1.37 1: -2: 3: -4: 5: -6 U=1 IMP:N=1 
c 3 em cube 
3 0 -11 12 -13 14 -15 16 LAT=1 FILL=1 U=2 IMP:N=1 
c 1 meter cube 
4 0 -21 22 -23 24 -25 26 FILL=2 U=3 IMP:N=1 
5 1 -2.325135 21: -22: 23: -24: 25: -26 U=3 IMP:N=1 
c 3 meter cube 
6 0 -31 32 -33 34 -35 36 FILL=3 IMP:N=1 

c SURF ACE SPEClFICA TIONS 
c inner region - tuff 
1 PX 1.495 
2 PX -1.495 
3 py 1.495 
4 py -1.495 
5 PZ 1.495 
6 PZ -1.495 
c outer region- soddyite 
11 PX 1.5 
12 PX -1.5 
13 py 1.5 
14 py -1.5 
15 PZ 1.5 
16 PZ -1.5 
c 1 meter cube 
21 PX 50. 
22 PX -50. 
23 py 50. 
24 py -50. 
25 PZ 50. 
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26 PZ -50. 
C reflector 
*31 PX 150. 
*32 PX -150. 
*33 py 150. 
*34 py -150. 
*35 PZ 150. 
*36 PZ -150. 

MODE N $ neutron transport 
KCODE 4000 1. 7 37 $ criticality source 
SDEF RAD=D 1 ERG=D2 $ general source 
Sll 50 $ source information 
SP2 -3 $source probability, watt fission spectrum 
C MATERIAL SPECIFICATIONS 
C 100% tuff, 8% water, density 2.325135 glee 
M1 8016.50c -1.176071 $oxygen 

14000.50c -.807062 $ silicon 
13027.50c -.151527 $aluminum 
26000.55c -.014707 $iron 
20000.50c -.008994 $ calcium 
12000.50c -.003321 $magnesium 
22000.50c -.001320 $titanium 
11023.50c -.059898 $ sodium 
19000.50c -.091967 $ potassium 
15031.50c -.000147 $phosphorus 
25055.50c -.001166 $manganese 
1001.50c -.008953 $hydrogen 

MT1 LWTR.01T 
C 10% soddyite, 90% water, density 1.37 glee 
M2 92235.50c -.333670 $ uraniun 

8016.50c -.912809 $oxygen 
14000.50c -.019936 $silicon 
1001.50c -.103585 $hydrogen 

MT2 LWTR.01T 
PRINT 

NEAR-FIELD CRITICALITY ANALYSIS 
C t87p10: .005 em, 13% water, 10% Pu02 
C CELL SPECIFICATIONS 
C inner region 
1 1 -2.375135 -1 2 -3 4 -5 6 U=l IMP:N=l 
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2 2-2.046 1: -2: 3: -4: 5: -6 U=1 IMP:N=1 
C 3 cmcube 
3 0 -11 12 -13 14 -15 16 LAT=1 FILL=1 U=2 IMP:N=1 
C 1 meter cube 
4 0 -21 22 -23 24 -25 26 FILL=2 U=3 IMP:N= 1 
5 1 -2.375135 21: -22: 23: -24: 25: -26 U=3 IMP:N=1 
C 3 meter cube 
6 0 -31 32 -33 34 -35 36 FILL=3 IMP:N=1 

c SURF ACE SPECIFICATIONS 
C inner region - tuff 
1 PX 1.495 

PX -1.495 
py 1.495 
py -1.495 
PZ 1.495 
PZ -1.495 

2 
3 
4 
5 
6 
C outer region - soddyite 

PX 1.5 11 
12 
13 
14 
15 
16 

PX -1.5 
py 1.5 
py -1.5 
PZ 1.5 
PZ -1.5 

C 1 meter cube 
21 PX 50. 
22 PX -50. 
23 py 50. 
24 py -50. 
25 PZ 50. 
26 PZ -50. 
C reflector 
*31 PX 150. 
*32 PX -150. 
*33 py 150. 
*34 py -150. 
*35 PZ 150. 
*36 PZ -150. 

MODE N $ neutron transport 
KCODE 4000 1. 7 37 $ criticality source 
SDEF RAD=Dl ERG=D2 $general source 
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SII 50 $source information 
SP2 -3 $ source probability, watt fission spectrum 
C MATERIAL SPECIFICATIONS 
C 100% tuff, 13% water, density 2.375135 glee 
M1 8016.50c -1.220476 $oxygen 

14000.50c -.807062 $silicon 
13027.50c -.151527 $aluminum 
26000.55c -.014707 $iron 
20000.50c -.008994 $calcium 
12000.50c -.003321 $magnesium 
22000.50c -.001320 $titanium 
11023.50c -.059898 $sodium 
19000.50c -.091967 $potassium 
15031.50c -.000147 $phosphorus 
25055.50c -.001166 $manganese 
1001.50c -.014549 $hydrogen 

MT1 LWTR.OlT 
C 10% Pu02, 90% water, density 2.046 g/cc 
M2 94239.55c -1.010743 $plutonium 

8016.50c -.934534 $oxygen 
100 1.50c -.100723 $ hydrogen 

MT2 LWTR.OlT 
PRINT 

NEAR-FIELD CRITICALITY ANALYSIS 
C CELL SPECIFICATIONS (T100sp10: .005 em, O%water, 10% Soddyite/Pu02) 
C inner region 
1 1 -2.245135 -1 2 -3 4 -5 6 U=1 IMP:N=1 
2 2 -1.708 1: -2: 3: -4: 5: -6 U=l IMP:N=l 
C 3 em cube 
3 0 -11 12 -13 14 -15 16 LAT=1 FILL=1 U=2 IMP:N=1 
C 1 meter cube 
4 0 -21 22 -23 24 -25 26 FILL=2 U=3 IMP:N=1 
5 1 -2.245135 21: -22: 23: -24: 25: -26 U=3 IMP:N=1 
C 3 meter cube 
6 0 -31 32 -33 34 -35 36 FILL=3 IMP:N=1 

C SURFACE SPECIFICATIONS 
C inner region - tuff 
1 PX 1.495 
2 PX -1.495 
3 py 1.495 
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4 py -1.495 
5 PZ 1.495 
6 PZ -1.495 
c outer region - soddyite 
11 PX 1.5 
12 PX -1.5 
13 py 1.5 
14 py -1.5 
15 PZ 1.5 
16 PZ -1.5 
C 1 meter cube 
21 PX 50. 
22 PX -50. 
23 py 50. 
24 py -50. 
25 PZ 50. 
26 PZ -50. 
C reflector 
*31 PX 150. 
*32 PX -150. 
*33 py 150. 
*34 py -150. 
*35 PZ 150. 
*36 PZ -150. 

MODE N $ neutron transport 
KCODE 4000 1. 7 37 $ criticality source 
SDEF RAD=Dl ERG=D2 $general source 
Sll 50 $ source information 
SP2 -3 $source probability, watt fission spectrum 
C MATERIAL SPECIFICATIONS 
C 100% tuff, no water, density 2.245135 glee 
M 1 80 16.50c -1.105025 $ oxygen 

14000.50c -.807062 $silicon 
13027.50c -.151527 $aluminum 
26000.55c -.014707 $iron 
20000.50c -.008994 $ calcium 
12000.50c -.003321 $magnesium 
22000.50c -.001320 $titanium 
11023.50c -.059898 $sodium 
19000.50c -.091967 $potassium 
15031.50c -.000147 $phosphorus 
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25055.50c -.001166 $manganese 
C 5% soddyite, 5% plutonium, 90% water, density 1.708 glee 
M2 92235.50c -.166835 $ uraniun 

8016.50c -.923671 $oxygen 
14000.50c -.009968 $silicon 
1001.50c -.102154 $hydrogen 

94239.55c -.505371 $plutonium 
MT2 LWTR.01T 
PRINT 
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A list of the MCNP output cases that are referenced in this document are listed in the following sub-sections. 

Results for 0.1 em Fracture Width 
Directory of C:\Workltuttleltransoctlpluto5 
HEADOUT 3.696 11-06-97 2:S4p headout 
HXAVE OUT 63.081 11-116-97 2:55phuve.out 
P I<MIPfMI5 2,194 11-116-97 2:55p p l<l0p005 
PI<MIPfN15 0 116.899 11-116-97 2:56p pi<Mlp(MI5.n 
PI<MIPfMI6 2,195 11-116-97 2:55p pi<Xlp(XI6 
PI<MIPfM16 0 IIS,IM12 11-116-97 2:56p plmptMI6.o 
PI<MIPfMl7 2.195 11-06-97 2:55p pi<Xlp(M17 
PI<MIPfMI7 0 116,899 11-116-97 2:56p pi<Mlp(MI7.n 
PI<MII'fll 2,189 11-116-97 2:55p pllllpOI 
PI<MII'fll 0 116.'XMI 11-116-97 2:56p pi<Mlp(ll.n 
P I<MIS03 2.236 11-116-97 2:55p p I<Xb03 
PIINIS03 0 117,143 11-116-97 2:56p p11Mis03.n 
P IIMIS0-1 2.236 11-116-97 2:S5p p IIXI!;II4 
P IIMIStt-1 0 II 8.117 I I -116-97 2:56p p 11Mis114.,, 
PIIMlS05 2.236 11-116-97 2:55p pi<Xls05 
PltNIS05 0 117.116 11-116-97 2:56p pltMI!;II5.o 
P I<MlSPO I 2.299 11-116-97 2:55p p IOOsptll 
PI<MlSPOI 0 118.592 I l-116-97 2:56p pllllspOI.o 
Pl<lOSPfiA 2.3<16 11-06-97 2:55p pi<Xlsptla 
PI<MISPfiA 0 118.589 I Hl6-97 2:S6p pllllsptla.o 
PIIMISPfiF 2,304 11-116-97 2:55p plllOsptlf 
P IIMISPfiF 0 I I 8.375 11-116-97 2:56p p IOOspOf.o 
P87PfMI5 2.252 11-116-97 2:55p p87p005 
P87Pfl05 0 118,029 11-06-97 2:56p p87ptMl5.o 
P87PfMI6 2.253 I 1-06-97 2:55p p87plll6 
P87PfMI6 0 116.286 11-06-97 2:S6p p87ptMI6.o 
P87Pfll 2.247 11-116-97 2:55p p87p01 
P87Pfll 0 117.953 11-06-97 2:S6p p87ptll.o 
P87S03 2.294 11-06-97 2:55p p87.o3 
P87S03 0 I 18.414 11-06-97 2:56p p87s03.o 
P87SU31 2.3<12 I 1-06-97 2:S5p p87sll31 
P87SU31 0 118.1182 11-116-97 2:S6p p87stl31.o 
P87Stl32 2.302 11-06-97 2:55p p87stl32 
P87S032 0 117.503 11-116-97 2:56p p87sll32.o 
P87Stl-l 2,294 11-116-97 2:55p p87sll4 
P87Stl-l 0 118.329 11-116-97 2:S6p p87sll4.o 
P87SP009 2.366 11-116-97 2:55p p87spiMI9 
P87SP009 0 118.188 11-116-97 2:56p p87sp009.o 
P87SP01 2.359 11-116-97 2:55p p87sp01 
P87SPOI 0 118.583 11-116-97 2:56p p87splll.o 
P87SP02 2.357 11-116-97 2:55p p87spt12 
P87SP02 0 117.138 11-116-97 2:56pp87sptl2.o 
P92PfMl5 2.250 11-06-97 2:S4p p92piMI5 
P92PfMl5 0 II 8,329 11-06-97 2:56p p92p1Nl5.o 
P92PfMI6 2.251 11-116-97 2:55p p92p1NI6 
P92PfNI6 0 118.199 11-116-97 2:57pp92piNI6.o 
P92Pfll 2.245 11-116-97 2:55p p92p01 
P92Pfll 0 116.423 11-116-97 2:57p p92plll.n 
P92S03 2.293 11-116-97 2:55p p92.11l3 
P'I2St13 0 I 17.684 11-116-97 2:57p p92stl3.n 
P9:S034 2.301 11-116-97 2:55p p92stl3-l 
P92St134 0 118.443 11-116-97 2:57p p92stl34.n 
P925035 2.301 11-116-97 2:55p p92stl35 
P925035 0 I I 7.442 I l -116-97 2:57p p92.11135.o 
P92504 2.293 I I -116-97 2:55p p92st14 
P92504 0 I 17.838 11-06-97 2:57p p92stl4.o 
P925PfNI9 2.362 11-116-97 2:55p p92sp1Nl'J 
P925PfXI9 0 117.916 11-06-97 2:57p p92sp(NI9.n 
P92SI'fll 2.355 11-0ii-97 2:55p p92.•plll 
P925POI 0 118.189 11-06-Y? 2:57p p92.,plll." 
P925Pfl2 2.353 11-116-97 2:55p p92sptl2 
P92SI'fl2 0 116.872 11-06-97 2:57p p92sp(l2.n 
P96P005 2.250 11-116-97 2:55p p96p1Nl5 
P96PfNl5 0 117.469 11-116-97 2:57p p96p1Nl5.n 
P96PfNI6 2.251 11-116-97 2:55p p91ip1NI6 
P%PfMI6 0 118,142 11-116-97 2:57p p96piMI6.n 
P%PfNI7 2.251 11-116-97 2:55p p96p1Nl7 
P%PfNI7 0 117.924 11-116-97 2:57p p96p1Nl7.n 
P%1'(11 2.245 11-116-97 2:55p p96ptll 
P%PO I 0 117.928 11-116-97 2:57p p96pll l.o 
P%503 2.293 11-116-97 2:55p p96<113 
P%503 0 118.416 11-116-97 2:57p p96sll3.n 
P%51135 2.31!1 11-116-97 2:55p p96stl35 
P%5035 0 118.573 11-116-97 2:57p p96sll35.n 
P%511-1 2,293 11-116-97 2:55p p96sll-l 
P%5114 0 118.412 11-116-97 2:57p p96.11l4.n 
P%505 2.293 11-116-97 2:55p p96sll5 
P96S05 0 118.169 I 1-116-97 2:57p p96.'1115.n 
P96SI'fll 2.355 11-116-97 2:55p p96sptll 
P'I65Pfll 0 118.945 11-116-97 2:57p p96splll.n 
P96SI'flll 2.363 11-116-97 2:55p p96sptll I 
P96SI'flll 0 119.1174 11-116-97 2:57p p96spOII.n 
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P%SP1112 2.3hl 2:55p p96spCII2 
P%SP!ll2 0 ll9.(l4H 2:57p p96splll2.o 
P%51'!12 2.353 II 2:55p p%spCl2 
P9hSP!I2 0 IIH.h99 ll-11().97 2:57p p96sp02.o 
PLUTOS HX 5.350 11-lll>-97 2:55p plutoS.hx 
PLUTOS-1 KEF 3.364 ll-11().97 2:54ppluto5.keff 
SUMRY-1 OUT 3.(193.492 11-lll>-97 2:55psumry.outL" 
TEMP 6.1125 II 2:54p temp 

Results for 0.01 em Fracture Width 

Dirtclory of C:l Work\tulllcltrans<><:llplulo 
HEADING 133 111-24-97 I :2hp heading 
HEADOL"f 5.605 111-24-97 1:26p headoul 
HXAVE OL"f 55.1144 111-24-97 I :26p hxave.oul 
PLUTO I-I KEF 2.936 lll-24-97 I :27p plutol.keff 
SUMRY -I OL"f l.ll37.1157 111-24-97 I :27p sumry.outlsl 
TliSPIIR 2.933 111-24-97 1:27p lllspllr 
TllSPIIR 0 119.h75 111-24-97 1:27p lllspllr.o 
TllXIPIII 2.154 111-24-97 1:27p tiiXIplll 
TlonPIO 0 118.511 111-24-97 1:27p tiiKJplll.o 
TIIXIP50 2.153 111-24-97 1:27p t11XIp50 
TIIXIP50 0 117.966 111-24-97 1:27p tl(]()p511.o 
TIIXIP90 2.155 111-24-97 1:27p t11XIp90 
TIIKIP90 0 117.993 111-24-97 1:27p t11XIp9fl.o 
TIIXIP91 2.155 111-24-97 1:27p t11XIp91 
TIIXIP91 0 117.965 111-24-97 1:27p t11XIp9l.o 
TIIXIP92 2.155 111-24-97 1:27p t11XIp92 
THXIP92 0 117.294 111-24-97 1:27p t11XIp92.o 
TIIXISIII 2.198 111-24-97 1:27p tiiXIslO 
TIIXISIII 0 118.755 Lll-24-97 1:27ptlll0slll.o 
TIIXIS50 2.198 111-24-97 1:27p t11XIs50 
THXIS50 0 117.540 111-24-97 1:27p t 11XIs511.o 
TIIXIS9fl 2.198 111-24-97 1:27p t11XIs90 
TIIMIS9fl 0 117.669 111-24-97 1:27p t11XIs9fl.o 
TI(XIS98 2.198 111-24-97 1:27p t11XIs98 
TIIXJS9H 0 118.755 111-24-97 1:27p t11XIs98.o 
TIIXJSPIU 2.257 111-24-97 l:27p tiiXJsplll 
TIIKJSPIII 0 118.957 111-24-97 1:27p tiiXJsplll.o 
TIIXJSP50 2.258 111-24-97 1:27p tiiXJsp50 
TIIXJSP511 0 118.1111 10-24-97 I :27p t!Ollsp511.o 
T IIKJSP90 2.259 111-24-97 I :27p tiiXJsp90 
TIIKJSP9fl 0 118.041 lll-24-97 1:27p tl(XIsp9fl.o 
TIIMISP94 2.259 111-24-97 1:27p t11XIsp94 
T IIMISP94 0 121.454 111-24-97 I :27p t11XIsp94.o 
T!OliSP98 2.259 111-24-97 1:27p tl0Cisp98 
TIIXISP98 0 119.226 111-24-97 1:27p tlll0sp98.o 
T87P!I6 2.215 111-24-97 I :27p tH7pC16 
TR7P!I6 0 II 8.1115 111-24-97 I :27p t87p(l6.o 
T87P!I7 2.215 111-24-97 1:27p t87pCI7 
T87P!I7 0 116.530 111-24-97 I :27p t87pCI7.o 
T87PIII 2.255 111-24-97 1:27p t87pl0 
T87PIII 0 116.4211 10-24-97 1:27p t87piO.o 
TH7P50 2.254 Hl-24-97 I :27p t87p50 
T87P5fl 0 116.174 Hl-24-97 1:27pt87p50.o 
T87P9fl 2.256 J0-24-97 I :27p t87p9fl 
T87P9fl 0 116.146 111-24-97 1:27p t87p9fl.o 
T87PUE 2.28h 111-24-97 I :27p t87pue 
T87PUE 0 116.648 111-24-97 I :27p t87pue.o 
TK7SIO 2.3112 111-24-97 1:27p t87slll 
T87S 10 0 117.957 111-24-97 I :27p t87siO.o 
TK7S35 2.297 111-24-97 I :27p t87s35 
T87S35 0 117.841 lll-24-97 1:27p t87s35.n 
T87S36 2.305 10-24-97 I :27p t87.•36 
TX7S.\6 0 10·2-VJ? I :::.7p nn .. 31l.n 
TH7S511 2 . .J(l4 111-24-97 I :27p t87s50 
T87S511 0 1211.225 1(1-24-97 1:27p t8715fl.n 
T87S9fl 2 . .J(l4 111-24-97 I :27p t87s9fl 
T87S9fl 0 ll9.39fl lll-24-97 1:27p t87s90.o 
T87SPIO 2.317 111-24-97 1:27p t87spl0 
T87SPIO 0 117.952 111-24-97 1.27p t87spl!l.o 
T87SPII 2.322 111-24-97 1:27p t87spll 
TH7SPII 0 118.121 111-24-97 1:27pt87spll.n 
TH7SP50 2.363 111-24-97 I :27p t87sp5fl 
TR7SP5fl 0 116.921 111-24-97 1:27p IR7sp50.n 
TR7SP90 2.36-1 I :27p tM7sp9fl 
T87SP9fl 0 116.920 111-24-97 I :27p t87sp9fl.n 
TH7SPUE 2.385 111-24-97 I :27p t87spue 
T87SPUE 0 ll8A02 I :27p t87spue.tl 
T87SPUE 00 118.670 10-24-97 1:27p t87spue.nn 
TBSPIIR 2.998 1:27pt8spllr 
TMSPIIR 0 1211A84 10-24-97 1:27p t8spllr.n 
T92P!I7 2.212 W-24-97 I :27p t92pCI7 
T92P07 0 118.075 111-24-97 I :27p t92pC17.n 
T92Pll8 2.212 111-24-97 I :27p t92pll8 
T92P!I8 0 II H.\11-l I :27p t92pCI8.tl 
T'J2PIII 2.253 lll-24-97 1:27p t92plll 
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A00000000-01717-0200-00050 REV 00 
1'921'10 0 
T'J2P50 
1'921'50 0 
T92P90 
1'121'90 0 
T92PUE 
T92PUE 0 
T92SIU 
T92SIO 0 
T92S44 
1'12544 0 
1'92546 
T92S46 0 
T92S50 
T92S50 0 
T92S9Cl 
T92S9Cl 0 
T92SPIO 
T92SPIO 0 
T92SPI2 
T'JlSPI2 0 
T92SPI3 
T92SPI3 0 
T92SP50 
T92SP50 0 
T92SP9Cl 
T92SP9Cl 0 
T92SPUE 
T92SPUE 0 
1'161'10 
1"961'1() 0 
1'161'11 
T96PII 0 
T96P12 
T96PI2 0 
T96P50 
T96PSO 0 
T96P9Cl 
T961'9CI 0 
T96SI() 
T96SIO 0 
1'16550 
1'16550 0 
1'16572 
1'16572 0 
T96S73 
T96S73 0 
T9659Cl 
T96S9Cl 0 
T965PIO 
T96SPW 0 
T96SPI9 
T96SP19 0 
T96SP20 
T96SP20 0 
T96SP50 
1'9651'50 0 
T96SP9Cl 
T96SP9Cl 0 

118,169 111-24-97 1:27pl92piO.o 
2,252 10-24-97 1:27p t92p50 
117.925 111-24-97 1:2Kp 192p50.o 
2.254 10-24-97 I :27p 192p90 
117.923 10-24-97 I :28p 192p9Cl.o 
2.285 10-24-97 l :27p 192pue 
116.549 111-24-97 1:28p 192pue.o 

Lilli 10-24-97 1:27p t92sl0 
117.930 111-24-97 1:2Kp 192sW.o 
2.257 10-24-97 I :27p t92s44 
118.318 10-24-97 1:28p t92s44.o 
2.257 10-24-97 I :27p t92.'141i 
118.348 111-24-97 1:28p 192s46.o 
2.301 10-24-97 I :27p t92sSO 
117.712 111-24-97 1:28pl92sSO.o 
2.30 I 111-24-97 I :27p t92s9Cl 
118.546 10-24-97 1:28p t92s9Cl.o 
2.360 111-24-97 1:27p 192.•pl0 
118.994 111-24-97 I :28p t92.•p IO.o 
2.361 111-24-97 1:27p 192spl2 
118.184 lll-24-97 l:l8p t92spll.o 
2.320 111-24-97 1:27p t92sp13 
118.851 lll-24-97 I :28p t92sp 13.o 
2.361 111-24-97 1:27p t92sp50 
120.624 lll-24-97 1:28p t92sp50.o 
2.362 111-24-97 I :27p t92sp9Cl 
120,050 m-24-97 I :28p t92sp9Cl.o 
2.388 lll-24-97 I :27p t92spue 
118.918 10-24-97 1:28p t92spue.o 

2.253 10-24-97 1:27p t96pl0 
118.385 10-24-97 1:28p t96piO.o 
2.254 10-24-97 I :27p 196pll 
117,470 111-24-97 1:28p 196pll.o 
2.254 111-24-97 1:27p 196pl2 
117.470 111-24-97 1:2Rp 196pl2.o 
2.252 111-24-97 1:27p 196pSO 
118.329 10-24-97 1:28p 196pSO.o 
2.254 10-24-97 1:27p t96p9Cl 
117,470 10-24-97 I :28p 196p90.o 
2.301 111-24-97 1:27pl96sl0 
118.246 10-24-97 1:28p t96siU.o 
2.301 111-24-97 1:27p 196sSO 
118.759 10-24-97 1:28p 196s50.o 
2.302 111-24-97 1:27p 196s72 
118.660 111-24-97 1:28p 196s72.o 
2.302 111-24-97 I :27p 196s73 
118.630 111-24-97 1:28p 196s73.o 
2.301 111-24-97 I :27p 196s9Cl 
118.687 111-24-97 I :28p 196s90.o 
2.360 10-24-97 I :27p t96sp 10 
121.115 10-24-97 1:28p t96spiO.o 
2.365 111-24-97 1:27p t96spl9 
118.432 10-24-97 I :28p t96spl9." 
2.363 10-24-97 1:27p t96sp20 
119.189 111-24-97 1:28p 196sp20.o 
2.361 10-24-97 1:27p t96sp50 
118.158 111-24-97 I :28p 196sp50.o 
2.362 ICI-24-97 I :27p t96sp90 

111-24-97 1:2Kp t%sp9Cl.o 

Results from new runs 

Directory of C:\ 
TOSPIIR 3.019 01-28-98 3:37p tllspllr 
TOSPIIRO 121.160 01-28-98 3:37p tllspllro 
T87SPX 2.993 01-28-98 3:37p t87spx 
T87SPXO 121.186 01-28-98 3:37p t87spxo 
T87SPY 2.994 01-28-98 3:37p t87spy 
T875PYO 121,234 111-28-98 3:37p t87•pyo 
T8SPIIR 3.086 01-28·98 3:37p t8spllr 
T85PIIRO 121.481 01-28-98 3:37p t8spllro 
T92SPII 2.392 01-28-98 3:37p t92spll 
T925PIIO 119.151 01-28-98 3:37p t92.•pllo 
T92SPX 2.947 01-28-98 3:37p t92.<px 
T92SPXO 121.112 01-28-98 3:37p t92spxn 
T92SPY 2.993 01-28-98 3:37p t92.•py 
T925PYO 121.291 01-lK-98 3:37p t92spyo 

Results for 0.005 em Fracture Width 

Directtlr)' tlf 
HEADING 133 lll-24-n 1:28p heading 
HEADOUT 3.93K 111-2-1-n I :28p headout 
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A00000000-01717 -0200-00050 REV 00 Attachment II 
HXAVE OUT 46.286 I :28p huve.out 
NHXIP511 2.159 HJ.24-97 1:2Hp nl!llp511 
NIIXIPSII 0 1211.708 10.24-97 1:28p nltXlp511.o 
NllllP90 2.161 10.24-97 1:28p n100p90 
NJIXII"J(I 0 117.398 HJ.24-97 1:2Hp nlll0p9U.o 
NHIIS511 2.2114 10.24-97 1:28p niOOsSCI 
NHXIS511 0 117.574 10.24-97 1:28p n1IXlsSO.o 
NHIOS90 2.2114 HJ.24-97 1:28p n100s9CI 
NIIXI$90 0 117.316 HJ.24-97 1:28p n100s9CI.o 
NHXISP50 2.264 IIJ.24-97 1:28p nlllOspSO 
NIIXISP50 0 118.1142 HJ.24-97 1 :28p n HXIsp50.o 
NlllOSI"J(l 2.265 IIJ.24-97 I :2Hp n HXlsp90 
NIIXISI"J(I 0 119.257 )(J.24-97 1:28p nl011sp90.o 
N87Pl0 2.262 IIJ.24-97 1:28p n87pl0 
N87PHI 0 118.1158 10.24-97 1:28p o87p!O.o 
N87P12 2.263 10.24-97 1:28p n87pl2 
N87P12 0 117.599 IIJ.24-97 1 :28p n87p 12.o 
N87Pl3 2.263 IIJ.24-97 I :2Hp n87pl3 
N87P13 0 118.199 HJ.24-97 1 :28p nH7p 13.o 
N87P511 2.261 IIJ.24-97 I :28p n87p51l 
NH7P511 0 116.2114 HJ.24-97 I :28p n87p511.n 
N871")(1 2.263 IIJ.24-97 I :2Hp n87p90 
N871")(1 0 117.679 HJ.24-97 1 :28p n87p911.o 
N87S511 2.311 11).24-97 I :28p n87sSO 
N87S511 0 118.415 HJ.24-97 1:28p n87sS<I.o 
N87S71 2.312 HJ.24-97 1:28p n87s71 
N87S71 0 117.816 HJ.24-97 I :28p n87s71.o 
N87S72 2.312 IIJ.24-97 1:28p n87s72 
N87S72 0 117.683 10-24-97 1 :28p n87s72.o 
N87590 2.311 IIJ.24-97 I :28p n87s90 
N875911 0 118.416 IIJ.24-97 I :28p n87s911.o 
N87SPIO 2.3711 1{).24-97 1:28p n87spl0 
N875PIO 0 118.136 )(q4.97 I :28p n87splO.o 
N875P21 2.376 10.24-97 1:28p n87sp21 
N87SP21 0 118.158 HJ.24-97 1:28p n87sp21.o 
N87SP22 2.312 10.24-97 1:28p n87sp22 
N87SP22 0 118.214 HJ.24-97 1:28p n87sp22.o 
N875P511 2.370 10.24-97 1:28p n87sp511 
N875PSII 0 118.671 10.24-97 1 :28p n87sp51l.o 
N875P90 2.371 11J.24-97 1:28p n87sp911 
N87SP911 0 116.893 IIJ.24-97 1 :29p n87sp911.o 
N92PIO 2,260 I :28p n92p11l 
N92Pl0 0 118,411 10-24-97 1 :29p n92p lll.o 
N92P15 2.261 10-24-97 I :28p n92p15 
N92PI5 0 118.168 10.24-97 1:29pn92pl5.o 
N92PI6 2.261 IIJ.24-97 1:28p n92pl6 
N92PI6 0 118.21XI Hl-24-97 I :29p n92pl6.o 
N92P511 2.259 10.24-97 1:28p n92p50 
N92PSII 0 117.954 )().24-97 1:29p n92p51l.o 
N92P90 2.261 lll-24-97 I :28p n92p911 
N92P911 0 118.1158 IIJ.24-97 I :29p n92p90.o 
N92S511 2.308 IIJ.24-97 I :28p n92sS<I 
N925511 0 117.930 HJ.24-97 1:29p n92sSO.o 
N92S90 2.308 Hl-24-97 1:28p n92s911 
N92S90 0 117,713 10.24-97 1:29po92s911.o 
N92SPIO 2.368 )().24·97 1:28p n92spl0 
N92SP1U 0 118.431 1{).24-97 I :29p n92sp IO.o 
:-<92SP25 2.372 HJ.24-97 1:28p n92sp25 
N92SP25 0 118.376 HJ.24-97 1:29p n92.<p25.o 
N92SP26 2.370 1{).24-97 I :28p n92.<p26 
N92SP26 0 118.749 10.24-97 1:29p n92sp26.o 
N92SP511 2,368 IIJ.24-97 I :28p n92sp511 
N92SPSO 0 118.888 IIJ.24-97 1:29p n92.<pSO.o 
N92SP911 2.369 IIJ.24-97 I :28p n92sp911 
N92$1")(1 0 118.831 1{).24-97 I :29p o92sp911.o 
N%PIO 2.260 111-24-97 I :28p n96p10 
N96PIO 0 117.413 111-24-97 1:29p n96plll.o 
:woP26 IIJ.24-97 1:28p n96pl6 
N96P26 0 118.415 111-24-97 1:29p n96p26.o 
N%P27 2.261 10.24-97 1:28p n96p27 
N96P27 0 120.123 111-24-97 1:29p n96p27.o 
!'196P511 2.259 I 0.24-97 I :28p n96pSII 
N%P511 0 117.441 111-24-97 I :29p n96p511.o 
N%1")(1 2.261 lll-24-97 I :28p n%p90 
N%1")(1 0 117.413 111-24-97 1:29p o96p911.o 
N%5511 2.308 111-24-97 I :28p n%.<511 
N%5511 0 118.604 111-24-97 1:29p n96sS<l.o 
N%5911 2.308 lll-24-97 I :28p n%.<9(1 
N%5911 0 117.957 111-24-97 1:29p o96s91l.o 
N%598 2.309 111-24-97 1:28p n96s9S 
N%598 0 118.687 111-24-97 1:29p n96>-98.o 
N96SPIO 2.368 10-24-97 1:28po96sp10 
N%SPIII 0 119.431 IIJ.24-97 1:29p n96splll.o 
N96SP44 2.370 W-24-97 1:2Hp n96sp44 
N965P44 0 119.131 111-24-97 I :29p n96sp44.<> 
N%SP45 2.374 I :28p n%.<p45 
N96SP45 0 119.189 111-24-97 1:29p n96.,p45.u 
N%SPSII 2.368 Ill-24·97 I :2Hp n96sp511 
N96SP50 0 119.189 111-24-97 1:29p n96,p50.<> 
N%51")(1 2.369 111-24-97 I :28p n%sp9tl 
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A00000000-01717-0200-00050 REV 00 
N96SP90 0 
PLUT02-I KEF 
SUMRY-1 OUT 

119.132 10-24-97 I :29p n%sp90.o 
2.478 10.24-97 1:28p pluto2.keff 

910.315 111-24-97 1 :28p sumry.11utlst 

Results for 0.002 em Fracture Width 

Drrectory 11f C:\ Workltuttleltran..octlpluto3 
HH7P31 2.256 W-24-97 1:14p h87p31 
H87P31 0 118.172 111-24-97 1:29p h87p31.11 
H87P32 2.256 10-24-97 1:14p h87p32 
H87P32 0 117.543 10.24-97 1:29p h87p32.o 
HK7P50 2.254 10-24-97 1:14p h87p50 
H87P50 0 116.449 111-24-97 1:29p h87p.511.11 
H87P90 2.2.56 10-24-97 1:14p h87p9U 
H87P90 0 116,448 111-24-97 1:29p h87p90.o 
HH7SP50 2.363 111-24-97 I: 14p h87sp50 
HH7SP.511 0 118.159 111-24-97 1:29p h87sp511.11 
HK7SP54 2.365 111-24-97 I: 14p h87sp54 
HH7SP54 0 117.532 10-24-97 1:29p h87spH.o 
H87SP55 2.368 111-24-97 1:14p h87sp55 
H87SP55 0 118.319 10-24-97 I :29p h87sp55.o 
H87SP90 2.364 10-24-97 I: 14p h87sp90 
H87SP90 0 118.831 I0-24-97 1:29p h87sp9tl.o 
H92P38 2.254 Hl-24-97 I: l4p h92p38 
H92P3H 0 117.439 10-24-97 I :29p h92p38.o 
H92P39 2.254 111-24-97 1:14p h92p39 
H92P39 0 117.31XI 111-24-97 1:29p h92p39.o 
H92P511 2.252 111-24-97 1:14p h92p.511 
H92P511 0 117.443 111-24-97 1:29p h92p50.o 
H92P9tl 2.254 111-24-97 1:14p h92p9tl 
H92P9tl 0 118.299 111-24-97 I :29p h92p9tl.o 
H92SP.511 2.361 111-24-97 I:l4p h92sp511 
H92SP50 0 118,215 10-14-97 1:29p h92sp.511.o 
H91SP66 1.363 ill-24-97 1: 14p h92sp66 
H91SP66 0 118.918 111-24-97 I :19p h92sp66.o 
H92SP67 2.367 Hl-24-97 1:14p h92.•p67 
H92SP67 0 119,1174 Hl-24-97 1:29p h92sp67.o 
H92SP9tl 2.362 Hl-24-97 1:14p h91sp9tl 
H92SP9tl 0 118,918 10-24-97 1:19p h92sp9tl.o 
H96P50 2.152 Hl-24-97 1:14ph96p50 
H96P50 0 117.817 10-24-97 I :29p h96p51l.o 
H96P72 2.254 Hl-24-97 1:14p h96p72 
H96P72 0 117.431 10-24-97 1:29p h96p72.n 
H96P73 2.254 10-24-97 I: 14p h96p73 
H96P73 0 118.416 10-24-97 1:29p h96p73.o 
H96P90 2.254 10-24-97 1:14p h96p9tl 
H96P9tl 0 118.443 10-24-97 I :29p h96p9tl.o 
H96SP.511 2.361 111-24-97 1:14p h96spSO 
H96SP50 0 119.406 IU-24-97 1:19p h96sp50.o 
H96SP9tl 2.362 111-24-97 I: 14p h96sp9tl 
H96SP9tl 0 1211.727 111-24-97 1:29p h96sp9tl.o 
H96SP98 1.362 Hl-24-97 I: 14p h96sp98 
H96SP98 0 119.262 IU-24-97 I :29p h96sp9R.o 
HEADING 133 10-24-97 1:14pheading 
HEADOUT 2.1112 111-24-97 1:14p headout 
HXA VE OUT 23.637 IU-24-97 I: 14p hxave.out 
PLUT03-I KEF 1.315 Hl-24-97 1:14p pluto3.ketf 
SU:.IRY-1 OUT 397.453 111-24-97 1:29p sumry.outl" 

Results for 0.001 em Fracture Width 

llf C:\Work\tunle\tr.J.RSt>et\plutn4 
HEADING 133 Hl-24-97 1: 14p heading 
HEADOUT 1.224 10-24-97 1:14p headout 

OUT 17.1134 10-24-97 1:14p luave.out HXAVE 
KK7P63 
KH7P63 0 
KK7P64 
KK7P64 0 
K87l"JU 
KK7P9tl 0 
KK7SP9tl 
K87SP9tl 0 
KK7SP9K 
KK7SP98 0 
K92P7K 
K92P7R 0 
K92P79 
K92P79 0 
K92P9tl 
K92P9tl 0 
K92SP9tl 
KY2SP9tl 0 
K92SP9K 

2.263 10-24-97 1:14p k87p63 
117.371 111-24-97 1:29p k87p63.o 
2.263 10-24-97 I: 14p kH7pM 
117.470 111-24-97 1:29p kK7p64.u 
2.263 Hl-24-97 I: 14p k87p9U 
117.955 111-24-97 1:29p kK7p9tl.o 
2.371 I :14p kM7sp9tl 
118.8115 111-24-97 I :29p k87sp9U.u 
2.371 ICI-24-97 1:14p kH7sp9R 
121.387 10-24-97 I:29p k87sp98.o 

2.261 10-24-97 1:14p k92p78 
118.169 111-24-97 1:29p k92p7K.u 
2.261 Hl-24-97 1:14p k92p79 
118.299 111-24-97 1:29p k92p79.u 
2.261 111-24-97 1: 14p k92p9tl 
118.199 1:29p k92p9U.u 
2.36910-24-97 1:14pk92sp9U 
118,919 Hl-24-97 1:3Cip k92spYU.o 
2.369111-24-97 1:14pk92sp9H 
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K92SP9H 0 
K%1'90 
K%1'90 0 
K%1'98 

118.918 10-24-97 1:30p k92sp98.o 
2.261 10-24-97 1:14pk96p9fl 
117.714 10-24-97 1:30p k96p9fl.o 
2.261 10.24-97 1:14pk96p98 

K%1'98 0 
K96SP91l 
K96SP91l 0 
K96SP9K 
K96SP9K 0 
PLUT04-I KEF 
SUMRY-1 OFf 

117.714 10-24-97 1:30p k96p98.o 
2.369 11).24-97 I: 14p k96sp9(l 
119.072 10-24-97 1:30p k96sp9(l.u 
2.369 lf).24-97 1: l4p k%.•p98 
119.404 111-24-97 I :30p k96sp9K.u 

976 10-24-97 I: 14p pluto4.kelf 
229.11811 11).24-97 I :29p sumry.outl" 

Results for 0.1 em Fracture Width 

Directory of C:\Workltuttleltran..uctlclay5 
CLAYS HX 4.812 11-06-97 2:56pday5.hx 
CLAYS-I KEF 3.024 11-06-97 2:55pclay5.kelf 
E IIXIP09 2.960 II 2:5Sp e I1XIp09 
E IIXIP09 0 122.661 11-116-97 2:S8p e 11Xlp09.o 
EIIXIPIO 2.962 11-116--97 2:SSp elllllplll 
ElfXlPIII 0 121.471 2:SHpeHXlplll.o 
E HXIP20 2.962 II 2:S6p e lfXlp20 
E HXlP20 0 121.1169 11-116-97 2:S8p e 100p20.o 
EIIXJS27 2.968 11-116--97 2:S6p eHXIs27 
E IIXJS27 0 121.315 II 2:S8p e HXls27.o 
E IIXIS28 2.968 II 2:56p e lfXIs28 
E lfXlS28 0 121.4-14 II 2:SHp e HX1s28.o 
EIIXIS29 2.968 11-116-97 2:56p ellllls29 
ELOOS29 0 121.5111 2:S8pel00.29.o 
EIOOS34 2.968 2:S6p eHXIs34 
E I IXIS34 0 121.096 11-06-97 2:S8p e lfXls34.o 
EIOOSSO 2.968 11-116--97 2:SSp eHXIs50 
ELOOS50 0 121.067 2:S8p eiOO.SO.o 
EHXlSPIO 3.039 11-116--97 2:S5p eHXlsplll 
E HXJSPIO 0 121.976 11-116-97 2:S8p eiiXlsplll.o 
EHXJSP14 3.039 11-116--97 2:56peHXlsp14 
EHXJSPI4 0 123,1Xl3 11-116--97 2:58p eHX)spl4.o 
E HXISP I 5 3,1)43 11-116--97 2:56p e HX)sp 15 
EICXISP15 0 123,059 11-116--97 2:S8peHXlspl5.o 
E ICXISP 16 3,039 11-116--97 2:56p e HX)sp 16 
EHXISPL6 0 123.060 ll-116-97 2:S8p eHXIspl6.n 
E87POIJ6 3.023 II 2:56p e87p(Xl6 
E87!'(X16 0 123.859 11-06-97 2:58p e87p(XI6.o 
E87!'(X17 3.(123 II 2:56p e87p(XI7 
E87!'(XI7 0 123.863 11-116-97 2:58p e87pm7.o 
E87!'(1l 3.019 11-06-97 2:5Sp e87p(ll 
E87!'(1l 0 121.337 11-06-97 2:58pe87p(ll.o 
E87S03 3.026 2:56p e87s03 
EH7SII3 0 122.396 11-06-97 2:58pe87s03.o 
E87S039 3.033 11-116-97 2:56p e87s1139 
E87S039 0 123.80S 11-06-97 2:58p e87s039.o 
E87S04 3.026 11-06-97 2:56p e87s114 
E87S04 0 122.285 11-116--97 2:58p e87s04.o 
E87SIU 3.028 2:55pe87sl0 
E87S Ill 0 120.372 11-06-97 2:58p e87slll.o 
EH7SPill 3.11Xl 11-116--97 2:5Sp e87sp(ll 
E87SPIJI 0 121.92S II 2:58p e87sp(ll.n 
E87SPilll 3.1117 II 2:S6p eK7sptlll 
EH7S!'(JII 0 122.994 11-116-97 2:S8p e87sptlll.n 
E87SPill2 3.1115 ll-116-97 2:S6p e87sp4ll2 
E87SPIJ12 0 122.028 II 2:S8p e87sptll2.o 
E87SPIJ2 3.(198 ll-116--97 2:56p e87sp(l2 
E87S!'(J2 0 122.S95 II 2:58p e87sp(l2.o 
EnPim 3.ll21 11-116-97 2:55p e92p4XI7 
E92PIX17 0 122.361> 11-flf>-97 2:5Kpe92ptXI7.n 
E92PIK18 3.1121 11-116--97 2:56pe92p4XJH 
E92POIJ8 0 121.494 11-1!6-97 2:58p e92p4KI8.o 
E92!'(XJ9 3.1121 11-116-97 2:56p e92p(Xl9 
E92PIXJ9 0 122.396 11-1!6-97 2:58p e92p(Xl9.n 
E92!'(JI 3.017 11-116--97 2:56p e92p(ll 
E92!'(JI 0 122.394 11-116-97 2:58p e92p411.o 
E92Pil2 3.1117 11-116--97 2:56p e92p(l2 
E92Pil2 0 121.423 11-116--97 2:5Kp e92p4l2.o 
E92SIJ.I 3.1123 11-116-97 2:S6p e92.tl4 
E92SIJ.I 0 121.797 11-116-97 2:58p e92s114.<1 
E92SII5 3.1123 11-116-97 2:56p e92sl15 
E92SIIS 0 123.992 11-116--97 2:S8p e92s1JS.<l 
E92510 3.1125 11-116-97 2:S5pe92slll 
E92SIII 0 121.361> 11-116-n 2:SKp e92slll.<l 
E92SPI114 3.1112 II 2:56p e92sp4114 
E92SPI114 0 121.78-1 11-116-97 2:58pe92sp411-l.n 
E92SPIIIS 3.111-1 11-116-97 2:56p e92sp(ll5 
E92S!'(IIS 0 122.8711 11-116--97 2:5Kp e92sp(ll 5.n 
E925!'(J2 3.1195 11-116-97 2:56pe92sp(l2 
E92SPI12 0 121.896 11-116-97 2:5Rpe92sp412.n 
E96Pill 3.1117 11-116-97 2:SSp e96p4ll 
E96PIII 0 122.369 11-116-97 2:S8p e96p(ll.n 
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A00000000-01717 -0200-00050 REV 00 Attachment II 
E96POI6 3.024 2:56pe96p016 
E96PO 16 0 121.827 I 1-116-97 2:5Rp e96pUI6.o 
E96POI7 3.()24 2:56pe96p017 
E96P017 0 121.667 2:5Rpe96p017.o 
E96P02 3.017 2:56pe96p02 
E96P02 0 122.395 II 2:58p e96p02.o 
E96P03 3.017 11-116-97 2:56p e96p03 
E961'03 0 123.834 2:5Rpe96p03.o 
E96S07 3.(!23 I I·Oii-97 2:56p e91i..cl7 
E96S07 0 121.640 11-116-97 2:58p e96.,07.o 
E96S08 3Jl23 11-116-97 2:56p e96.'11l8 
E96S08 0 122.339 11-tl6-97 2:5Rp e96.«l8.o 
E96S09 3.023 11-lll>-97 2:56p e96!1l9 
E96S09 0 121.667 11·116-97 2:5Rpe96!1l9.o 
E96S 10 3.025 11-0ii-97 2:55p e96.• 1U 
E96SIO 0 122.396 11-116-97 2:58p e96siO.o 
E96S50 3Jl25 11·06·97 2:55p e96s50 
E96S50 0 122.121 11-1!6-97 2:5Rp e96s50.o 
E96SP024 3.104 11-116-97 2:51ip e96sp024 
E96SP024 0 123.270 2:58p e96sp024.o 
E96SP028 3.1114 11-1!6-97 2:56p e96sp!l28 
E96SP028 0 122.955 ll-ll6-97 2:58p e96sp!l28.,, 
E96SP03 3.(199 11-1!6-97 2:56p e91isp!J3 
E96SP03 0 123.057 2:58pe96spll3.o 
E96SP 10 3.1!96 11-116-97 2:55p e91isp 10 
E96SPIO 0 122.057 11-06-97 2:59pe96spiO.o 
E96SP20 3.098 11-116-97 2:56p e96sp20 
E96SP20 0 121.925 11·06-97 2:59p e96sp20.o 
HEADING 133 11-06-97 2:55p heading 
HEADOUT 4.305 II 2:55p headoul 
HXA VE OUT 56.499 11-06-97 2:56p h.uve.ou1 
SUMRY-1 OUT 3.419.208 11-1!6-97 2:56p sumry.ou11s1 
TEMP 6.968 11-06-97 2:55p 1emp 

Results for 0.01 em Fracture Width 

Direclory of C:\Workllulllellransocllclayl 
AIIXlPIO 2.969 10-24-97 1:18pal00plll 
AHXlPIO 0 121.390 lll-24-97 1:21paiiXlpiO.o 
AIOOPSO 2.969 10-24-97 1:18pal00p50 
AIOOP50 0 121.285 lll-24-97 1:21p aiOOpSO.o 
AIOOP90 2.969 10-24-97 1:18pal00p91l 
AIOOP90 0 121.285 10-24-97 1:21p a11Xlp90.o 
AlllOP98 2.968 Hl-24-97 1:18pa11Xlp98 
AIIXlP9H 0 121.315 10-24-97 1:21p a11Xlp98.o 
AlllOSIO 2.975 10-24-97 1:18p aiiXlsiO 
AIIXJSIO 0 121.393 10-24-97 1:21p al()(lsJO.o 
AIIXIS50 2.975 10-24-97 1:18p a11Xls50 
AIIXlS50 0 121.715 10-24-97 1:21p alllOsS!l.n 
AIOOS90 2.975 lll-24-97 1:18p a11Xls91l 
AIOOS90 0 122.329 lll-24-97 1:21p allXls90.n 
AIIXJS98 2.974 lll-24-97 1:18p a11Xls98 
AlllOS98 0 122.328 lll-24-97 1:21p a11Xls9R.o 
AlllOSPIO 3.(!46 10-24-97 1:18p aiiXIspiO 
AIIXlSPIOO 121.949 10-24-97 1:21pa11Xlspl0.o 
AIIXlSP50 3.<148 10-24-97 1:18paHXIsp50 
AIIXlSPS!lO 121.975 10-24-97 1:21pa11Xlsp50.o 
AIIXlSP90 3Jl48 10·24-97 1: IHp a11Xlsp90 
AIIXlSP90 0 123Jl60 10-24-97 1:21p aiiXJ..p90.o 
AIIXISP9R 3.047 lll-24-97 1: 18p a1Wsp98 
AIO!lSP98 0 121.521 lll-24-97 1:21p al1Xlsp98.o 
A87Pil6 3.026 lll-24-97 1: 18p a87p!l6 
A87Pil6 0 121.4il3 lll-24-97 1:21p a87p!l6.o 
A87Pil7 3.026 lll-24-97 I: I Rp aR7pll7 
AH7P07 0 121.982 10-:4-97 1:21p J87p!l7.o 
A87PIO 3.028 111-24-97 1:18p a87pl0 
A87PIO 0 121.189 10-24-97 1:21pa87pl0.o 
A87P51l 3.028 10-24-97 I: 18p a87p50 
A87P51l 0 121.879 10-24-97 1:21pa87p51l.o 
A87P90 3.028 10-24-97 I: 18p a87p90 
AM7P90 0 122.1XI6 Hl-24-97 1:21pa87p90.o 
AR7SIO 3.033 10-24·97 1:18pa87sl0 
A87Sl0 0 122.339 lll-24-97 1:21pa87slll.t1 
AK7S35 3.034 lll-24-97 I: IHp a87s35 
AR7S35 0 121.392 10-24-97 1:21pa87s35.o 
AK7S36 3.034 lll-24-97 1: 18p a87s36 
A87S36 0 121.366 lll-24-97 1:21p a87s36.n 
A87S51l 3.035 lll-24-97 I: 18p a87s511 
A87S51l 0 122.151 lll-24-97 I :21 p a87s51l.n 
AX7S9tl 3.1l3S lll-24-97 I: 18p a87s90 
AX7S9tl 0 122.1141 lll-24-97 1:21p a87s90.o 
AM7SPIU 3.1116 lll-24-97 1:18pa87spl0 
A87SP 10 0 l22.Cl85 W-24-97 I :21 p a87sp IO.n 
A87SPII 3.1Hl ICl-24-97 1:18pa87spll 
A87SPII 0 122.628 lll-24-97 1:21p a87spll.n 
A87SP51l 3.107 lll-24-97 I: IKp a87sp51l 
A87SP50 0 121.1XlX lil-24-97 1:21p aH7sp51l.n 
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A00000000-01717 -0200-00050 REV 00 
A87SP9U 
AH7SP90 0 
A92Pil7 
A92Pil7 0 
A92PII8 
A92PI18 0 
A92PIO 
A92PIO 0 
A92P50 
A92P50 0 
A92P9U 
A92P9U 0 
A92SIO 
A92SIO 0 
A92S45 
A92S45 0 
A92S46 
A92S46 0 
A92S50 
A92S5U 0 
A92S9U 
A92S9U 0 
A92SPIO 
A92SPIO 0 
A92SPI3 
A92SPI3 0 
A92SPI4 
A92SPI4 0 
A92SP50 
A92SP50 0 
A92SP9fl 
A92SP90 0 
A96PIO 
A96PIO 0 
A96PI4 
A96PI4 0 
A96PI5 
A96PI5 0 
A96P50 
A96P50 0 
A96P90 
A96P90 0 
A96SIO 
A96SIO 0 
A96S50 
A96S50 0 
A96S75 
A96S75 0 
A96S76 
A96S76 0 
A96S90 
A96S90 0 
A96SPIO 
A96SPIO 0 
A96SP24 
A96SP24 0 
A96SP2S 
A96SP25 0 
A96SP50 
A96SP50 0 
A96SP90 
A96SP90 0 
CLAYI-1 KEF 
HEADING 
HEADOUT 
HXAVE OUT 
SUMRY-1 OUT 

3,1117 10-24-97 I: 18p al!7sp90 
120,734 10-24-97 I :21 p al!7sp90.o 

3,024 1: 18p a92p(l7 
122.368 1:22p a92p(l7.o 
3.1124 1:18pa92p08 
121.392 1:22p a92p08.o 
3.1126 10-24-97 1:18pa92pl0 
122.366 10-24-97 1:22p a92piO.o 
3.026 1:18pa92pSO 
123.862 I :22p a92pSO.o 
3,026 1:18p a92p90 
123.831 1:22p a92p911.o 
3,032 1:18pa92s10 
122.369 I :22p a92.•10.o 
3,032 I: 18p 
122.369 I :22p a92s45.o 
3,032 I: 18p a92s46 
122.366 1:22p a92s46.o 
3.032 I: 18p a92s50 
123.862 1:22p a92s50.o 
3.032 I:IHp a92s90 
123.963 1:22p a92s9U.o 
3.103 1:18p a92spl0 
123,3{12 1:22p a92spiO.o 
3,107 1:18p a92sp13 
122.868 I :22p a92sp1J.o 
3.103 1:18p a92spl4 
123.028 I :22p a92sp 14.o 
3.105 1:18p a92sp50 
122,785 1:22p a92sp50.o 
3.105 10-24-97 I: 18p a92sp90 
122.598 1:22p a92sp91l.o 

3.026 1:18p a96pl0 
121.610 1:22p a96piO.o 
3.026 10-24-97 1:18p a96pl4 
122.171 10-24-97 1:22p a96pl4.o 
3.026 W-24-97 1:18p a96pl5 
122.397 10-24-97 1:22p a96pl5.o 
3.026 10-24-97 1:18p a96p50 
121.521 10-24-97 1:22p a96p50.o 
3.026 10-24-97 I: 18p a96p911 
122.151 1:22p a96p90.o 
3.032 Hl-24-97 1:18pa96sl0 
122.653 111-24-97 1:22p a96sl0.o 
3.032 10-24-97 1:18p a96s50 
122.6411 1:22p a96sSO.o 
3.032 10-24-97 1:18p a96s7S 
121.640 111-24-97 1:22p a96s75.o 
3.032 10-24-97 1:18p a96s76 
121.639 W-24-97 1:22p a96s76.o 
3.032 1:18p a96s90 
122.686 10-24-97 1:22p a96s90.o 
3.103 1:18p a96spl0 
122.327 I :22p a96sp W.o 
3.105 111-24-97 1:18p a96sp24 
122.169 1:22p a96sp24.o 
3.1119 111-24-97 1:18p a96sp25 
122.867 I :22p a96sp25.o 
3,1()5 111-24-97 1:18p a96sp50 
122.329 W-24-97 1:22p a96sp50.o 
3.1115 111-24-97 I: I Sp a96sp911 
124.363 111-24-97 I :22p a96sp911.o 

2.892 I: 18p clayl.keff 
133 W-24-97 1:18p heading 

4,9112 I: 18p headou1 
54.271 1"24-97 I:IHp hxave.oul 
1.133.538 111-24-97 1:23p sumry.ou<l" 

Results for 0.005 em Fracture Width 

Directory llf C:\Wnrk\ruult:\transoct\c41y2 
BIIXIPSU 
BIIXIP50 0 
B IIXIP<Jfl 
BIIXIP<Jfl 0 
BIIXIS50 
BIIMIS50 0 
BIIMIS9fl 
BIIMIS9fl 0 
BIIXISP50 
BIIMISP50 0 
BIIMISP<Jfl 
BIOOSP<Jfl 0 
BH7PIII 
887PW 0 
BH7P12 
BH7PI2 0 

2.976 1:18p bl00p50 
121.343 W-24-97 I :23p b 11XIp50.u 
2.976 111-24-97 I:IHp b11XIp9CI 
122.532 W-24-97 1:23p b11XIp9CI.u 
2.982 111-24-97 1:18p b11Xl•50 
121.227 1:23p b11Mis50.o 
2.982 10-24-97 1:18p blli0s911 
121.720 111-24-97 1:23p b11Mi>90.o 
3.055 1:18pb11Xi>p50 
122.596 1:23p b100sp50.o 
3.055 111-24-97 1:18p b11Misp90 
123,059 W-24-97 1:23p biiXl<p')ll.n 

3,035 I: I Rp b87pW 
121A23 1:23p b87piO.o 
3.1135 I:IHp b87pl2 
121.395 111-24-97 1:23p b87pl2.o 
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A00000000-01717 -0200-00050 REV 00 

B87P13 
B87PI3 0 
8871'50 
8871'50 0 
BK7P90 
BK7P90 0 
887550 
B87S50 0 
B87S72 
887572 0 
887S73 
B87S73 0 
B87S90 
B87S90 0 
B87SPIIJ 
B87SPIO 0 
B87SP11 
B87SP21 0 
B87SP22 
B87SP22 0 
B87SPSil 
B87SP51l 0 
B875P9f1 
B875P9f1 0 
B92PIO 
B92PIO 0 
B92PI5 
892P15 0 
892PI6 

0 
8921'50 
892P50 0 
892P9f1 
892P9f1 0 

892550 0 
892590 
892590 0 
892S91 
892S91 0 
892SPIO 
892SPIO 0 
892SP16 
B92SP26 0 
892SP17 
892SP27 0 
892SP50 
B92SP50 0 
B92SP90 
892SP90 0 
8961'10 
8961'10 0 
896P29 
8961'19 0 
896P30 
896P30 0 
896P51l 
896P51l 0 
896P9f1 
896P90 0 
896S50 
896S50 0 
896S90 
896S90 0 
896S98 
896598 0 
896SPIO 
89oSPIIJ 0 
896SP47 
896SP47 0 
89651'48 
89651'48 0 
8965P51l 
896SP50 0 

3.035 1:18p b87pl3 
121.553 1:23p b87pl3.o 
3.035 1:18p b87pSO 
121.908 I :23p b87pSO.o 
3.1!35 I: 18p b87p90 
121.878 1:23p b87p9C1.o 
3.1>42 I: 18p b87s50 
122.338 I :23p b87s511.o 
3.042 I: IXp b87s72 
122.124 IU-24-97 I :24p b87s72.o 
3.1>42 I: 18p b87s73 
121.253 10-24-97 I :24p b87s73.o 
3.1>42 I: 18p b87s911 
123.991 1:24p b87s911.o 
3.113 1:18pb87spl0 
122.1Xl2 1:24p b87spiO.n 
3.118 lll-24-97 1:18p b87sp21 

1:24p b87sp2l.o 
3.114 1:18pb87sp22 
122.654 I :24p b87sp22.o 
3.114 1:18pb87sp50 
121.1!64 1:24p b87spSO.n 
3,114 1:18p b87sp90 
122,383 I :24p b87sp9f1.o 

3.033 lll-24-97 1:18p b92pl0 
122.339 10-24-97 1:24p b92piO.o 
3.1133 lll-24-97 I:IHp b92pl5 
121.553 10-24-97 1:24p b92pl5.o 
3.033 lll-24-97 1:18p b92pl6 
121.366 lll-24-97 1:24pb92pl6.o 
3.033 1:18p b92p50 
122.281 10-24-97 1:24p b92p50.o 
3.1!33 lll-24-97 1:18p b'.l2p9C1 
121.881 1:24p b92p9f1.o 
3.1139 1:18p b'.l2sSO 
122.640 10-24-97 1:24p b92s50.o 
3.039 I 0-24-97 I: 18p b'.l2s9fl 
123.964 I :24p b92s9fl.n 
3.038 lll-24-97 1:18p b92s91 
122.496 I b92s9l.o 
3.11U 11l-24-97 1:18pb92"PIU 
123.395 10-24-97 1:24pb92splll.o 
3.112 1:18pb92sp26 
121,866 1:24p b92sp26.o 
3.116 10-24-97 1:18p b92sp27 
121,923 10-24-97 1:24p b92sp27.o 
3.112 1:18pb'.l2sp50 
122.141 10-24-97 1:24p b92spSO.o 
3.112 10-24-97 1:18p b92."1'90 
121.783 1:24p b92sp90.o 

3.033 10-24-97 1:18pb96plll 
122.369 10-24-97 1:24p b96piO.n 
3.1l33 10-24-97 I: 18p b96p29 
121.639 1:24p b96p29.o 
3.033 10-24-97 I: 18p b96p30 
122.369 1:24p b96p30.o 
3.033 10-24-97 1:18pb'.l6p50 
123.834 I :24p b96p50.o 
3.033 1:18p b96p90 
122.339 lll-24-97 I :24p b96p9f1.o 
3.039 lll-24-97 1:18p b'./6s51) 
121.343 lll-24-97 1:24p b96s51l.o 
3.039 lll-24-97 1:18p b%,"90 
122,743 11).24-97 1:24p b96s9fl.o 
3.038 lll-24-97 1:18p b96s98 
121,667 lll-24-97 1:24p b96s98.o 
3.110 11l-24-97 I:IKp b96splll 
123.301 lll-24-97 1.24p b96,plll.n 
3.116 11l-24-97 1:18pb96sp47 
124.336 lll-24-97 1:24p b96sp47.o 
3,112 lll-24-97 1:18pb96sp48 
123,031 lll-24-97 1:24p b96sp48.o 
3.112 lll-24-97 1:18pb96"1'511 
122,459 lll-24-97 I :24p b96sp511.o 
3.112 lll-24-97 1:18pb96sp911 
122.112 IU-24-97 1:24p b96sp91l.o 

896SP90 
896SP90 0 
CLAY2-1 KEF 
HEADING 
HEADOUT 
HXAVE OUT 
SUMRY-1 OUT 

2.441 10-24-97 1:18pday2.kelf 
133 Hl-24-97 1:18p heading 

4.025 10-24-97 I: 18p headout 
45.533 Hl-24-97 I: 18p hxave.out 
847.910 1:24p sumry.nutlst 

Results for 0.002 em Fracture Width 

Direcwry 
C87P31 3.<128 I: 18p c87p31 
C87P31 0 121.556 10-24-97 1:24pc87p31.o 
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A00000000-01717-0200-00050 REV 00 
C87P32 
CR7P32 0 
C87P50 
C87P50 0 
C87P90 
C87P9<1 0 
C87SPSU 
C87SPSU 0 
C875PS3 
C875P53 0 
CR7SP54 
C875P54 0 
C87SP9<1 
C87SP90 0 
C92P40 
C92P40 0 
C'J2P41 
C92P41 0 
C92P50 
C92P50 0 
C92P9<1 
C92P9<1 0 
C92SP50 
C92SP50 0 
C92SP65 
C92SP65 0 
C92SP66 
C92SP66 0 
C92SP90 
C92SP911 0 
C96P50 
C96P511 0 
C96P72 
C96P72 0 
C96P73 
C96P73 0 
C96P9<1 

3.028 10·24-91 1:18p c87p32 
122.125 lfl-24-97 I :24p c87p32.o 
3,028 lfl-24-97 1: 18p c87p50 
121.365 111-24-97 I :24p c87p50.o 
3.1128 lfl-24-97 1: 18p c87p9tl 
120,4112 111-24-97 1:24p c87p9tl.o 
3,1117 lfl-24-97 I: 18p c87spSU 
121.761 111-24-97 1:24p c87sp50.o 
3.111 111-24-97 I: 18p c87sp53 
121.925 111-24-97 1:24p c87sp53.o 
3.107 10-24-97 I:IRpcR7sp54 
122.872 111-24-97 1:24p c87sp54.o 
3.1117 lfl-24-91 1:18p c87sp9tl 
121.924 Hl-24-97 1:24p c87sp91l.o 

3.026 111-24-97 1: 18p c92p411 
122.379 lfl-24-97 I :24p c92p41l.o 
3,026 lfl-24-97 1: 18p l'92p41 
121.422 lfl-24-97 I :24p <'92p41.o 
3,026 lfl-24-97 I: 18p <'92p50 
122.340 111-24-97 I :24p c92p.51l.o 
3.1126 111-24-97 I: 18p <'92p9tl 
122,11% 111-24-97 I :2Sp c92p9tl.o 
3.105 lfl-24-97 1: 18p c92sp.511 
123,058 lfl-24-97 I :25p <'92sp50.o 
3.109 1(1-24-97 1:18pc92sp65 
122,1124 111-24-97 1:25p c92sp65.o 
3.105 lfl-24-97 1:18p<'92sp66 
121.898 111-24-97 1:25p c92sp66.o 
3.105 10-24-97 1:18pc92sp9tl 
122.868 111-24-97 1:25p c92•p9tl.o 

3.026 lfl-24-97 I: 18p c96p.511 
121.6111 lfl-24-97 1:25pc96p.51l.o 
3.(126 Hl-24-97 I: 18p <'96p72 
121.6111 10-24-97 1:25p c96p72.o 
3.026 111-24-97 I: 18p c96p73 
121.666 10-24-97 1:25p <'96p73.o 
3.1126 10-24-97 I: 18p <'96p90 
121.667 lfl-24-97 1:25p<'96p90.o 
3.105 lfl-24-97 1:18pc96sp50 
123.274 lfl-24-97 I :25p <'96sp.51l.o 
3.105 111-24-97 1:18pc96sp9tl 
123.142 111-24-97 I :25p c96sp9tl.o 
3.lfl4 lfl-24-97 1:18pc96sp9R 
123.086 111-24-97 I :25p c96sp98.o 

C96P9<1 0 
C96SP50 
C96SP50 0 
C96SP9<1 
C96SP90 0 
C96SP98 
C96SP98 0 
CLAYJ-1 KEF 
HEADING 
HEADOUT 
HXAVE OUT 
SUMRY-1 OUT 

1.316 10-24-97 1:18p clay3.ketf 
133 111-24-97 I: 18p heading 

2.012 10-24-97 1:18p headout 
23.627 10-24-91 1:18p hxave.out 
9114.963 111-24-97 1:18p sumry.nutlst 

Results for 0.001 em Fracture Width 

Directory of C:\Work\tullle\traosoct\clay4 
CLAY4-I KEF 789 lfl-24-97 1:18pclay4.ketf 
DK7PM 3.035 111-24-97 1:18pd87p64 
0871'64 0 121.227 111-24-97 1:25p 
0871'65 3.035 111-24-97 1:18p 
D87P65 0 121.423 111-24-97 I :25p 
0871'9(1 3.1135 111-24-97 1:18p d87p9tl 
D87P9tl 0 121.423 111-24-97 1:25p d87p9tl.n 
D87SP9tl 3.114 111-24-97 1:18pd87sp90 
08751'911 0 122.597 Hl-24-97 1:25p d87sp9tl.o 
D87SP98 3.113 111-24-97 I: 18p d87sp98 
08751'98 0 121.925 Hl-24-97 1:25p d87sp98.o 
0921'78 3,033 111-24-97 1:18p 
0921'78 0 121.769 Hl-24-97 I :25p d92p7R.o 
0921'79 3.033 Hl-24-97 1:18p d92p79 
0921'79 0 121.396 Hl-24-97 1:25p d92p79.n 
D92P9tl 3,1133 Hl-24-97 I: 18p d92p9tl 
0921'911 0 121.396 Hl-24-97 1:25p d92p9tl.o 
09251'911 3.112 Hl-24-97 1:18pd92sp9tl 
092SP9tl 0 122.627 lll-24-97 1:25p 
09251'98 3.111 Hl-24-97 1:18pd92•p98 
D92SP9K 0 122.898 Hl-24-97 1:25p 
I)<J6P9<1 3.033 111-24-97 1: 18p d96p9tl 
0961"!tl 0 121.666 W-24-97 I :25p d96p9tl.u 
0961'98 3.032 Hl-24-97 I: 18p d96p98 
0961'98 0 121.667 Hl-24-97 I :2Sp d96p98.u 
096SP9tl 3,112 111-24-97 I:IRp 
09651'911 0 122.168 111-24-97 1:25p 
09651'98 3.111 111-24-97 1: 18p 
09651'98 0 122.272 Hl-24-97 I :25p d96sp98.o 
HEADING 133 10-24-97 1:18p heoding 
HEADOliT 1.224 Hl-24-97 I: 18p 
HXA VE OUT 13.363 10-24-97 I: 18p hxave.uut 
5UMRY -I OliT 522.358 W-24-97 I :25p sumry.outl" 
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NUmber of Atoms per - _] --

0 _:AI Fe Ca _ Mg :Na K 
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Attachment Ill 

s 
j9 Si _____ __ 
j - 15.995 28.086; 
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lo - Si . ·;AI 
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t 31.99 l -
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A00000000-01717-0200-00050 REV 00 Tuff.xls,Sheet1 Attachment Ill 

A 8 c D I E F I G I H I J K L I M I N 0 p Q R I s 
38 .I I -- Total 0.997699 0.4094391 0.072269 

T9 --------- -- ---- ----- ---- ----· 

I 
-····-- - ----- -·- -- ---------- -- - -- ---

I 40 
--------- - ·- -·· --- ·-- --

I 
- ·- --- - j- -- I -- -- --- ---- ------------ ----- --------

I Wt. Fract. 0.619684 0.2543081 0.044887 
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Y Z M AB AC 
1 Fe iCa ;Mg Ti Na K 

-4o.o8oi 24.31_2_ ____ 47.900 22.9901 

-· I r-_ca 
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i - - - t 

111.694: 

nt 

0.007555 

40.08 
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-- --
Mg Ti Na 

-
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--· 
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' -i 
' 

_____ j__ 
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0.032282 . --

K 
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0.029304 

61.948 

1.008 

i ------ t 

! - l 
\Total · _ 

I 
I, 6o.o76 

101.949 
j 159.679 

r 
i 61.975 

94.199 
141.923 

54.938 70.933 
-- -

2.016 18.011 

0.000048 
0.000395 

0.055966 
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A00000000-01717 -0200-00050 REV 00 Tuff.xls,Sheet1 Attachment Ill 

T I u I v w I X y z AA AB AC 
38 0.0075551 0.003578! 0.000857 0.0006191 0.032282 0.029304 0.000048 0.000395 0.055966 1.610011 
39 

--- ·- ---- - -- ---- -- --- -- -------

40 -6.oo4692f-o.oo2222 t j o.o2oos1 
- --- ------ ------------ -- ------

0.018201 0.000030 0.000246 0.034761 
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F G H J K L M 

1 - : I : 
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_ ; per _ _j _ j 1 t. is; iAJ 'F• 'ca :Mg ir; iNo.1K Iii Mi i" . j: 1 989830 086000 AI -- . r 
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Ti02 0.000882 
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v I w X y z AA AB AC ± 
3 I -----------t-- -----· -------- ---- r- ----
4 I s --- -- --- - ----- I 

--=- --- ------ i -- -- -- -- ----- --- t --- ---
6 ; I I 7 Mg ______ 1Na___ K 7P____ Total _____ _ - ; _____ --+a"------1-- - i - --: = _--_-_ 

11 - - __ -; -- 1-- -=---71-.84-19-1§ 
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A00000000-01717-0200-00050 REV 00 Tuff.xls,Sheet3 Attachment V 

A 8 c D G H J K L M N 0 
1 Element 0 Si H U Pu . I -.6£-wt. - !5.99491s

1
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----+-- ------. I t J L = ---::J :-_ ::- ··-·-- --__ _ 
- j - -l:umr:: of :omrr FTd .... Atoli: Weight 
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u Pu Total 
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A00000000-01717 -0200-00050 REV 00 clay.xls,Sheet1 Attachment VI 

A B I c I D E IF G H I J I Kf l M 

end of cell 4, pass j 

4 ____ Albite-=: low. _ __ __ __ 0.4603 _ 8863J- _288.84 
5 Element Symbol Isotope MCNP ID Atomic Weight Isotopic Fraction Borax, Na28407*10(H20) -1.8373 0.014544 5.5467 3.2384 

t-:':6-+-----:i1 - ---- Celadonite, KMgAiSi46(1 o)(OH)2 ---- ... -0. 9i 22 0. 12241 48.563 --- 19 23 
1 o H-2 1oo2.55c 2.0141o222 --- · ---- ---- - o.oo1449 o.73062 o.22831875 
8 T H-3 1003.50C 3 01604971 -- -- K)\iSiJ08 ____ _ 0.3221 2 0996 -- -- S84.4 --228.32 
9 2 Helium He nat. 2000.01C 4.0026 Na4U02(C03)3 -2.513 - --1.6634 0.4505292 
10 He He-4 2004.50C 4.00260312 piJ()2____ -3.4514 0.000354 --- -o.o9761--o.-oo842n 

---- ------------ ---------
11 3 lithium li li-6 3006.50C 6.0151247 Pyrolusite, Mn02 1 7122 0 0194 1 6866 0 333320158 
12 u u-7 3oo7.55c 7.0160039 ---·auirt£sio2-- _

1 
-1o19s-

13 4 Beryillium Be Be-9 4009.50C 9.0121855 Rutik!, Ti02-- -1.5969 0.0253 2.0209 0.47615 
14 5 Boron B B-10 5010.50C 10 0129388 0.199 Tell()rije, Cu() - -4 5819j 2.62E-05 0 
15 B B-11 5011.56C 11.0093053 0.801 I 
16 6 Carbon C nat. 6000.50C 12.01115 Carbonate-Calcite -0 6963! 20122)_ :=:== 
11 c c-12 6012.50C 12 _ . -0.70241 o.19843 19.86 7.3288 
18 7 Nitrogen N N-14 7014.50C 14.00307439 Magnesite MgC03 -25549) 00027871 023498 --- o.oi8085 
19 8 oxygen o o-16 8016.5oc 15.994915 - -- --=11:4ss7f 1.06_ 33e-_-_1o 
20 9 Fluorine F F-19 9019.50C 18.9984046 Siderite, FeC03 -20 262 S.47E-2-1 r -63368E:19r-
21 11 Sodium Na Na-23 11023.50 22.9897707 s·mithsonite."ZnC03 -15847,; 1.42E-16! 1 7832E-14 4.0208E-15 
22 12 Magnesiu Mg nat. 12000.50 24.312 Strontianite, SrC03 -8 8731! 1.34E-09[ 1.9772E-07) 5.2246E-08 
23 13 Aluminum AI Al-27 13027.50 26.9815389 I l i 
24 14 Silicon Si nat. 14000.50 28.086 Smectite-di -0.9185 - r - ----
25 15 Phosphoru P P-31 15031.50 30.9737647 BeideHite-Ca, ·t -19.8784 
26 16 Sulfur S S-32 16032.50 31.9720737 Beideiliie-K-· -18.9681 1 08E-19

1
_ 4 0126E-17_l 1.4389E-17 

27 17 Chlorine Cl nat. 17000.50 35.452 ... -20.4681 3.4E-21 _ 4.193E-19 
28 19 Potasium K nat. 19000.50 39.102 Beidellite-Na 1 -1695411 1.11E-17l 4.0854E-15; 1.451E-15 
29 20 Calcium Ca nat. 20000.50 40.08 Montmor-Ca \ -12.92781 11BE-13j - 4.3221E-11i 5.9o38E-11 
30 22Trtanium Ti nat. 22000.50 47.9 Montmor-K j -11.8045I_1.57E--12j _58405E-1ojt· _7ii431E-10 
31 23 Vanadium V nat. 23000.50 50.942 Montmor-Mg ·, -13 3066)_ 4 _ 

.... ---- -- - · -_ 
35 27 Cobalt Co Co-59 27059.50 58.933189 . -- Noniroriite-Mg,Mg(o: 165)Fe2AI(0:33)Si(3 67)o(1 O){OH)i-t -4 4433 r -3-:-6E-osl - -0 015193 - ""0.0046752 

--· · -o 9244;--"Q-1 i9o1;-_ :- -

!:nic 33075.35 -- ---- . -_ 
40 38 Strontium Sr nat. 87.62 CeP04:H20 -19 9869 1.03E-20 2.6087E-18 
41 40 Zirconium Zr nat. 40000.50 91.22 NdP04:H20 -- -6 3886 4:o9E-07 - oooo1oK13 
42 41 Niobium Nb Nb-93 41093.50 92.906382 GdP04-:Hib _______ -6.0807 :.__ iiooo2244 -5.25527E-05 
43 42 Molybden Mo nat. 42000.50 95.94 SmPO•(H20---. -6.142 7.21E-07 0.0001899 

·-·----· · 2161482553 801.7961747 
45 43 Technetiu Tc Tc-99• 98.90627501 
46 44 Rutheniurr Ru Ru-101 100.905576 
47 45 Rhodium Rh Rh-103 45103.50 102.905511 
48 47 Silver Ag Ag-109 47109.50 108.904756 
49 48 Cadmium Cd nat. 48000.50 112.4 
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A B c D E F G H J K L M 
99 Cm Cm-248 96248.35 248.0722 

100 ---------
102 Number Density Worksheet: 

---------

---- -- f------
'105 Avogadro's Number[ I 0.6022521 I - --

·===== -- - -- ----

-------- ----

---c-------r-----
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N 0 p a R s T u v 
99 

------ -----r-·- --------+---- ------ --
101 - --------- -------- - ------··--
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A00000000-0 1717-0200-00050 REV 00 clay.xls,Sheet2 Attachment VII 

A 8 c D E F L 
1 0.76 0.12 0.12 

Element MCNP ID Clayey Soddyite Pu02 Total MCNP 10 Total $ Element 

Hydrogen 1001.50C 3.6517E-04 0.0171 2.3295E-03 M2 1001.50C 2.3295E-03 $ Hydrogen 
Carbon 6012.50C 1.5117E-04 1.1489E-04 6012.50C 1.1489E-04 $ Carbon 
Oxygen 8016.50C 4.8406E-02 0.04275 0.050928 4.8030E-02 8016.50C 4.8030E-02 $ Oxygen 
Fluorine 9019.50C 1.0883E-06 8.2712E-07 9019.50C 8.2712E-07 $ Fluorine 
Sodium 11023.50C 2.1978E-03 1.6703E-03 11023.50 1.6703E-03 $ Sodium 

12000.50C 9.4051E-05 7.1479E-05 12000.50 7.1479E-05 $ Magnesium 
13027.50C 3.8674E-03 2.9392E-03 13027.50 2.9392E-03 $ Aluminum 
14000.50C 1.9795E-02 0.004275 1.5557E-02 14000.50 1.5557E-02 $ Silicon 
15031.50C 3.2649E-06 2.4813E-06 15031.50 2.4813E-06 $ Phosphorus 
19000.50C 1.6696E-03 1.2689E-03 19000.50 1.2689E-03 $ Potasium 
20000.50C 1.5454E-04 1.1745E-04 20000.50 1.1745E-04 $ Calcium 
22000.50C 1.9001 E-05 1.4440E-05 22000.50 1.4440E-05 $ Titanium 
25055.50C 1.4574E-05 1.1076E-05 25055.50 1.1076E-05 $ Manganese 
26000.55C 1.8127E-04 1.3777E-04 26000.55 1.3777E-04 $ Iron 
29000.50C 1.9672E-08 1.4951E-08 29000.50 1.4951E-08 $ Copper 
92235.50C 0.00855 1.0260E-03 92235.50 1.0260E-03 $ Uranium 
94239.55C 0.025464 3.0557E-03 94239.55 3.0557E-03 $ Plutonium 

23 TOTAL 7.6920E-02 0.072675 0.076392 7.6347E-02 
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