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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 (PuO,), 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 OCRWM (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 (CSCIL: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 HLW 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 Propertles

Compound | Wt %

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

Sio, 76.827
ALO, - 12.740
FeO 0.842
CaO 0.560
MgO 0.245
TiO, 0.098
Na,0 3.593
K.O 4.930
P,0. 0.015
MnO 0.067
Total 99.917
Soddyite (Ref. 5.4)
p=4.7 g/cm’
($U0,),(Si0,):2H.0 | 100.00
Plutonium Oxide (Ref. 5.5)
p =11.46 g/cm’
29pyQ, | 100.00
Clayey Material (Ref. 5.3, p. I-21)
p =2.62 g/lem?
See Attachments VI and VII |
Water
p = 1.00 g/cm’
H,0 | 100.00

The Engineered Barrier Design Requirements Document (EBDRD; Ref. 5.10) 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



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 6 of 58

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 (k) 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 3.3.1.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 simply 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 k., 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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43  Assumptions
4.3.1 Based on the inspection of ESF by P. Gottlieb, W. Davis and P. Cloke on July 23, 1997, the

4.4

worst case fracture density in the walls of an emplacement drift is assumed to be the
equiva.lcnt of parallel plane spacings of ~3cm in three dimensions. The entire model volume
is one meter cube.

Only the principle fissile i isotopes U and *°Pu are consxdered in the composition of the
accumulation due to the scoping nature of this evaluation.

Codes and Standards

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

5.1

5.2

5.3
54

5.5

5.6
5.7

5.8

References

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&O0).

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

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

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

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

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

Wilson, M.L., et al., Total-System Performance Assessment for Yucca Mountain - SNL
Second Iteration (TSPA-1993), Volume 1, SAND93-2675, April, 1994.

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 Atachments for AOO000000-01717-0200-00050 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 k,, for a variety of geometric
configurations with neutron cross sections for elements and isotopes described in the Evaluated
Nuclear Data File version B-V (ENDF-B/V). MCNP4A is appropriate for the 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 Secnon
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 IBM 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 cm (center-
to-center) in three dimensions. The maximum fracture aperture is expected to be about 0.1 cm. This
fracture scenario is approximated with a cubical representation of the fractured tuff. A three-
dimensional array of cubes, 3 cm on a side, will represent the fracture area. The inner cube (a
minimum of 2.900 cm 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, PuO,, or a 50/50 mixture of
soddyite and PuO,. 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 cm thick.
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Figure 7.1-1. Illustration of Fracture Matrix Model



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 11 of 58

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.c., 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:

(p,) (w.) (N, xamu,)
(p), = —= czp‘ >
e

o Ec

where,
(p.); is the elemental density of element I in the compound, g/em?,
Po is the material density, g/em®,
w, is the weight fraction of the compound in the material,
N, is the number of atoms of the element I in the compound,
amuy, is the atomic mass of the element I, and
3(p,) is the summation of all the elemental densities in the compound c.

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

(2.247) (0.76827) (1-28.086)

= 0.807062
(Pe) s 1+28.086+2+15.994915
(2.247) (0.76827) (2+15.994915)
= 0.91924
(Pedo 1+28.086+2+15.994915 0.915240

The elemental weight fractions for 2 material are obtained by dividing the elemental density by the

sum of the elemental densities of all compounds in the material, i.e.,

(p.),

P
pEm

e
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where W, is the elemental weight fraction in the material m for element L. For example, the element
weight fraction of silicon and oxygen in tuff is:

0.807062
= —=8Y700<¢ _ .359472
Ws1 2.245135 0.359
1.105025
W, = ——>-27 = 0,492186,
o 2.245135

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:

(pe'j)m = (pe)i (Vf)c

where,
(p..). is the elemental density of element I for compound c in the mixture,
(p.); is the elemental density of the I-th element of compound c,
(Vy). is the volume fraction of compound ¢ 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, p,,, is just the sum of the elemental densities, i.e.,

p, = Zi:(pm.)m

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.XIs, 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 PuO,)
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 - Note - MCNP input is in g/cc

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 / total vol. / atomic weight of compound x Avogadros
number) for each compound containing that element
6) using Tuff.Xls, determine fractional .dcrisities for each element in 100% volume fraction
soddyite and PuO, (no. of atoms x Avogadros number x density / atomic weight)

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

8) multiply volume fractions by fractional densities for each element - Note - 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 k., 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/cm”®) Element Weight
Wt % Densi cm’ Fraction
Tuff, p=2.247
SiO, 76.827 0.807062 0.919240 Si 0.359472
Al,O, 12.740 0.151527 0.134740 Al 0.067491
FeO 0.842 0.014707 0.004212 Fe 0.006551
Ca0 0.560 0.008994 0.003589 Ca 0.004006
MgO 0.245 0.003321 0.002185 Mg 0.001479
TiO, 0.098 0.001320 0.000882 Ti 0.000588
Na,O 3.593 0.059898 0.020837 Na 0.026679
K,O 4.930 0.091967 0.018810 K 0.040963
P,O, 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 o) 0.492186
sum = 2.245135 total 1.000000
Water, p=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
(**U0,), 100 3.336704 0.454130 ¥y 0.709937
Si0,):2H,0 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
PuO,, p=11.46
29pyQ, 100 10.107429 1.352571 *°Pu 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/Water Mixture Elemental Densities
Element  |MCNP.JID Elemental Density, g/em’
Soddyite volume fraction = 1.0 0.1 0.5 0.9 0.35 0.36
35y 92235.50C] 3.336704 | 0.333670 | 1.668352 | 3.003034 | 1.167846 | 1.201213
Si 14000.50Cj 0.199356 J; 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 10.408717
Water volume fraction = 1.0 09 0.5 0.1 0.65 0.64
H 1001.50C | 0.111915 {1 0.100723 | 0.055957 1 0.011191 | 0.072745 | 0.071626
O 8016.50C| 0.888085 |j 0.799277 | 0.444043 | 0.088809 | 0.577255 {0.568374
H(total) 1001.50C 0.103585 | 0.070265 } 0.036944 | 0.082760 | 0.081927
O(total) | 8016.50C 0.912809] 1.011706 | 1.110602 | 0.974619 | 0.977092
Density = 1.370 2.850 4.330 2.295 2.332
Table 7.2-2 (cont.) Soddyite/Water Mixture Elemental Densities
Element | MCNP.ID Elemental Density, g/cm®
Soddyite volume fraction= 0.44 0.46 0.71 0.72° 0.98
25y 02235.50C § 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 | 0.80608! .| 0.817433 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
O 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
total 8016.50C }| 0.996871 1.001816 1.063626 1.066099 1.130381
Density = 2.628 2.702 3.627 3.664 4.626
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Table 7.2-3 Plutonium Oxide/Water Mixture Elemental Densities A
Element | MCNP.ID | Elemental Dcnsi_gxs gcm3
PuO, volume fraction = 1.0 0.1 0.5 0.9 0.06 0.07
2py . 094239.55C |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
H,O 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
o] 8016.50C | 0.888085 || 0.799277 | 0.444043 | 0.088809 | 0.834800 | 0.825919
O(total 8016.50C 0.93453411.120328 | 1.306122 ] 0.915954 | 0.920599
Density = ‘ 2.046 I 6.230 | 10414 l 1.6276 | 1.7322 I
Table 7.2-3 (cont.) Plutonium Oxide/Water Mixture Elemental Densities
Element |MCNP.ID ‘ Elemental Density, g/cm®
PuO, volume fraction = 0.08 0.11 0.12 0.13 0.15 0.16

*Pu__ {94239.55C|l 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

O 8016.50C |{ 0.817038 § 0.790396 | 0.781515 | 0.772634 | 0.754872 | 0.745991

Of(total) | 8016.50C || 0.925244 | 0.939179 | 0.943823 | 0.948468 | 0.957758 | 0.962403

I Density = l

-

Table 7.2-3 (cont.) Plutonium Oxide/Water Mixture Elemental Densities

Element | MCNP.ID Elemental Density, g/cm?®
*W
PuO. volume fraction = 0.31 0.32 0.38 0.39 0.63 0.64

%Py 194239.55C| 3.133303 | 3.234377 | 3.840823 | 3.941897 | 6.367680 | 6.468755

0 8016.50C J| 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 J§ 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) | 8016.50C || 1.032076 | 1.036721 | 1.064590 | 1.069235 | 1.180711 | 1.185356

I Density = I 4.2426 4.3472 4.9748 5.0794 7.5898 7.6944
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Table 7.2-3 (cont.) Plutonium Oxide/Water Mixture Elemental Densities

Element

PuO. volume fraction =

MCNP.ID

0.78

Elemental Density, g/cm

0.79

091

0.92

3

0.1162

0.1446

2.‘9Pu

94239.55C

7.883795

7.984869

0.197761

9.298835

1.174520

1461477

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

Oftotal)

8016.50C

1.250384

1.255029

9.2634

1.310767
10.5186

1.315412
10.6232

0.942060
2.2155

0.955247

2.5125 |-

l Density = l 9.1588

Table 7.2-4 Soddyite, Plutonium Oxide, Water Mixture Elemental Densities
Element MCNP ID Elemental Density, g/cm®
Soddyite volume fraction = 1.0 0.05 0.25 0.45 0.055 0.06
33y 92235.50C |3.336704 [10.166835]0.834176 | 1.501517 | 0.183519 | 0.200202
St 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 {1 0.001717
0 8016.50C | 1.135326 [|0.05676610.283832 | 0.510897 | 0.062443 {0.068120
PuO, volume fraction = 1.0 0.05 0.25 0.45 0.055 0.06
*¥py 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 | 0.074391 ] 0.081154
Water volume fraction = 1.0 0.90 0.50 0.10 0.89 0.88
H 1001.50C [ 0.111915 }10.100723 | 0.055957 | 0.011191 | 0.099604 | 0.098485
o) 8016.50C | 0.888085 || 0.799277 ] 0.444043 | 0.088809 | 0.790396 | 0.781515
H(total) 1001.50C 0.10215410.063111 | 0.024068 | 0.101178 | 0.100202
O(total) 8016.50C 0.923671 | 1.066017 | 1.208362 | 0.927230 | 0.930789
l Density = | 1.708 4.540 7.372 1.779 1.850
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Table 7.2-4 (cont.) Soddyite, Plutonium Oxide, Water Mixture Elemental Densities
Element MCNP.ID Elemental Density. g/cm®

Soddyite volume fraction =f 0.065 0.105 0.11 0.125 0.13 0.27
2y 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 10.007726 | -
[6) 8016.50C|[ 0.073796 ] 0.119209 | 0.124886 | 0.141916 } 0.147592 | 0.306538
PuQO, volume fraction = 0.065 0.105 0.11 0.125 0.13 0.27
3%py 94239.55C| 0.656983 | 1.061280 | 1.111817 | 1.263429 | 1.313966 | 2.729006
O 8016.50C1 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 8016.50C10.772634 1 0.701587 | 0.692706 | 0.666064 | 0.657183 | 0.408519
H(total) 1001.50C 1 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

I Density = | 1.920 2.487 2.558 2.770 2.841 4.823

Table 7.2-4 (cont.) Soddyite, Plutonium Oxide, Water Mixture Elemental Densities

Element l MCNP.ID l Elemental Density. g/em®

Soddyite volume fraction= || 0.275 0.33 0.335 0.39 0.395 0.49
3y 92235.50C {|0.917594]1.101112]1.117796 | 1.301315] 1.317998 | 1.634985
Si 14000.50C }10.054823 | 0.065787 | 0.066784 | 0.077749 | 0.078745 | 0.097684
H 1001.50C 1 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
29py 94239.55C 112.779543 | 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 }10.050362 [ 0.038051 [0.036932 | 0.024621 | 0.023502 | 0.002238
8] 8016.50C J10.399638 | 0.301949 | 0.293068 | 0.195379 | 0.186498 1 0.017762

H(total) 1001.50C 10.058231 | 0.047494 | 0.046518 | 0.035781 { 0.034805 | 0.01625%
O(total) 8016.50C || 1.083810]1.122955 | 1.126514 | 1.165658 | 1.169217 | 1.236831

Density = [ 4804 | 5673 | 5744 | 6522 | 6593 | 7.938
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Table 7.2-4 (cont.) Soddyite, Plutonium Oxide, Water Mixture Elemental Densities

Element

MCNP.ID

Elemental Density, g/cm’
v L e

Soddyite volume fraction = 0.087425 0.10875
3By 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
PuQ, volume fraction = 0.087425 0.10875
2%y 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 %803 0.694927
H(total) 1001.50C 0.094848 0.090685
O(total) 8016.50C 0.950308 0.965485
density = 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 cm 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 cm. The evaluation of the 50/50 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 k. 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 50/50
mixture of soddyite and plutonium oxide they range from .96% to 1.08%.
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Table 7.3-1 Soddyite MCNP Results in 0.1 cm Wide Fracture
‘ Average
Fissile Vol|**U Mass,| MCNP Case ID K.q o Energy of | H/X Ratio
Frac. Kg Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.030 9.68 p87s03.0 0.9164 0.0021 0.0036 571.1
0.031 10.00 p87s031.0 0.9270 0.0014 0.0036 553.9
0.0312 10.07 |linear interpolation| 0.9300 - - -
0.032 10.33 p87s032.0 0.9398 0.0018 0.0037 535.7
0.040 12.91 p87s04.0 . 1.0266 0.0015 0.0044 426.8
8 Volume Percent Interstitial Water in Tuff
0.030 9.68 p92s03.0 0.9023 0.0020 0.0039 449.2
0.0322 10.39 |linear interpolation|{ 0.9300 - - -
0.034 10.97 p92s034.0 0.9536 0.0020 0.0042 395.3
0.035 11.29 p92s035.0 0.9571 0.0020 0.0046 384.8
0.040 1291 p92s04.0 1.0089 0.0017 0.0051 3354
4 Volume Percent Interstitial Water in Tuff
0.030 9.68 p96s03.0 0.8817 0.0019 0.0048 351.9
0.0347 11.20 |{linear interpolation|{ 0.9300 - - -
0.035 11.29 p96s035.0 0.9322 0.0018 0.0053 301.2
0.040 12.91 p96s04.0 0.9818 0.0026 0.0054 2624
0.050 16.13 p96s05.0 1.0592 0.0026 0.0064 209.0
0 Volume Percent Interstitial Water in Tuff
0.030 . 9.68 pl00s03.0 0.8527 0.0019 0.0054 254.7
0.0380 12.26 |linear interpolation| 0.9300 - - -
0.040 12.91 p100s04.0 0.9491 0.0021 0.0060 189.6
0.050 16.13 p100s05.0 1.0157 0.0020 0.0070 150.7
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Table 7.3-2 Plutonium Oxide MCNP Results in 0.1 cm Wide Fracture
Average
Fissile Vol{ ¥Pu MCNP Case ID K. o Energy of | H/X Ratio
Frac. | Mass, Kg _ Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.005 4.89 p87p005.0 0.8783 0.0016 0.0032 1161.0
0.0057 5.57 linear interpolation| 0.9300
0.006 5.86 p87p006.0 0.9522 0.0020 0.0038 963.5
0.010 | 9.77 _p87p0l.0 1.1388 | 0.0018 | 0.0056 579.9
8 Volume Percent Interstitial Water in Tuff
0.005 4.89 p92p005.0 0.8719 | 0.0020 0.0039 915.2
0.0058 5.67 |linear interpolation| 0.9300
0.006 5.86 p92p006.0 0.9434 0.0019 0.0042 759.5
0.010 9.77 - p92p0l.0 1.1184 0.0020 0.0057 456.9
4 Volume Percent Interstitial Water in Tuff
0.005 4.89 p96p005.0 0.8631 0.0018 0.0043 718.9
0.006 5.86 p96p006.0 0.9279 0.0023 0.0049 596.4
0.00604 5.90 |linear interpolation| 0.9300
0.007 6.84 p96p007.0 0.9793 0.0025 0.0048 512.4
- 0.010 9.77 p96p0l.o 1.0927 0.0020 0.0066 358.6
0 Volume Percent Interstitial Water in Tuff
0.005 4.89 p100p005.0 0.8491 0.0016 0.0046 522.9
0.006 5.86 p100p006.0 0.9129 0.0016 0.0054 433.7
0.0064 6.26 | linear interpolation| 0.9300
0.007 6.84 p100p007.0 0.9584 0.0017 0.0060 372.5
0.010 9.77 pl00p0l.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
MOCNP Results in 0.1 cm Wide Fracture
Average
Fissile Vol| Fissile | . MCNP Case ID | o Energy of | H/X Ratio
Frac. Mass, Kg : Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.009 5.85 p87sp009.0 0.9061 0.0025 0.0034 969.8
0.0096 6.24 linear interpolation| 0.9300 - - -
0.010 6.50 p87sp0l.0 '0.9483 0.0013 0.0038 867.0
0.020 13.00 p87sp02.0 1.1945 0.0024 0.0061 431.7
8 Volume Percent Interstitial Water in Tuff
0.009 5.85 p92sp009.0 0.8989 0.0020 0.0036 764.2
0.0099 6.44 linear interpolation| 0.9300 - - -
0.010 6.50 p92sp0l.0o 0.9329 0.0018 0.0041 683.2
0.020 13.00 p92sp02.0 1.1641 0.0015 0.0071 339.8
4 Volume Percent Interstitial Water in Tuff
0.010 6.50 p96sp0l.0 0.9207 0.0022 0.0043 536.3
0.0102 6.63 linear interpolation| 0.9300 - - -
0.011 7.15 p96sp011.0 0.9590 0.0019 0.0049 487.4
0.012 7.80 p96sp012.0 0.9856 0.0018 0.0051 446.6
0.020 13.00 p96sp02.0 1.1336 0.0017 0.0075 266.4
0 Volume Percent Interstitial Water in Tuff '
0.010 6.50 p100spOl.o 0.9042 0.0022 0.0051 389.7
0.0108 7.02 linear interpolation| 0.9300 - - -
0.011 7.15 p100spOa.o 0.9351 0.0021 0.0060 354.1
0.016 10.40 p100spOf.o 1.0467 0.0020 0.0073 242.7




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 24 of 58

7.3.2 Results for 0.01 cm Fracture Width

Tables 7.34, 7.3-5, and 7.3-6 list the results for soddyite, plutonium oxide, and a 50/50 mixture of
soddyite and plutonium oxide for fracture widths of 0.01 cm. 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., 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. values. For no water in the tuff, the ks are considerably lower, but the general trend is the
same. To obtain a value of k.4 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 k is about 0.705.

For plutonium oxide, the general trend is the same (see Table 7.3-5); however, the values of k., 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 for 4% 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., 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 k4
below 0.93 with a maximum k., 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 k., 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 k. is significantly lower. The fissile mixture volume percent required for
a 0.93 k. 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 k., 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 PuO, 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 k., 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 cm Wide Fracture
Average
Fissile Vol|?*U Mass,| MCNP Case ID K Lo} Energy of | H/X Ratio
Frac. Kg. Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.10 3.33 t87s10.0 0.4757 0.0010 0.0028 1082.4
0.35 11.64 t87s35.0 0.5228 0.0016 0.0051 305.0
0.355 11.81 linear interpolation | 0.9300 - - -
0.36 11.97 t87s36.0 10.9363 0.0013 0.0053 296.3
0.50 16.63 t87550.0 - 1.0438 0.0019 0.0067 211.7
0.90 29.93 187s90.0 1.2018 0.0022 0.0105 115.0
. 8 Volume Percent Interstitial Water in Tuff
0.10 3.33 192s10.0 0.4496 0.0014 0.0033 693.5
0.438 14.57 linear extrapolation | 0.9300 - - -
0.44 14.63 192s44.0 0.9316 0.0020 0.0079 153.0
0.46 15.30 192546.0 0.9463 0.0025 0.0086 146.1
0.50 16.63 192s50.0 0.9694 0.0021 0.0085 134.0
0.90 29.93 192590.0 1.1059 0.0024 0.0135 71.8
4 Volume Percent Interstitial Water in Tuff
0.10 3.33 196510.0 0.4007 0.0010 0.0043 382.6
0.50 16.63 196s50.0 0.8540 0.0020 0.0110 71.8
0.72 2394 196s72.0 0.9276 0.0027 0.0140 48.1
0.722 24.01 linear interpolation | 0.9300 - - -
0.73 24.28 " 196573.0 0.9375 |- 0.0026 0.0138 47.4
0.90 29.93 196590.0 0.9689 0.0023 0.0168 37.3
0 Volume Percent Interstitial Water in Tuff
0.10 3.33 t100s10.0 0.2823 0.0010 0.0068 72.4
0.50 16.63 t100s50.0 0.6129 0.0019 0.0175 9.8
0.90 29.93 t100s90.0 0.7022 0.0018 0.0266 2.9
0.98 32.59 t100s98.0 0.7046 0.0024 0.0293 2.2
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Table 7.3-5 Plutonium Oxide MCNP Results in 0.01 cm Wide Fracture
Average -
Fissile Vol[***PuMass| MCNP Case ID K. o Energy of | H/X Ratio
Frac. Kg Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.06 6.04 187p06.0 0.9196 0.0020 0.0047 606.1
0.062 6.25 linear interpolation | 0.9300 - - -
0.07 7.05 t87p07.0 0.9727 0.0017 0.0052 519.1
0.10 10.07 187p10.0 1.0807 0.0024 0.0068 362.6
0.50 50.37 t87p50.0 1.3393 0.0023 0.0277 70.4
0.90 90.66 t87p90.0 1.3747 0.0024 0.0483 38.0
8 Volume Percent Interstitial Water in Tuff
0.07 7.05 t92p07.0 0.9149 0.0023 0.0066 332.6
0.074 7.45 linear interpolation | 0.9300 - - -
0.08 8.06 192p08.0 0.9556 0.0017 0.0073 290.7
0.10 10.07 t92p10.0 1.0118 0.0026 0.0081 232.1
0.50 50.37 192p50.0 1.2381 0.0029 0.0331 44.3
0.90 90.66 192p90.0 . 1.2805 0.0017 0.0602 23.4
4 Volume Percent Interstitial Water in Tuff
0.10 10.07 196p10.0 0.9034 0.0027 0.0109 127.8
0.11 11.08 t96pll.0 0.9257 0.0023 0.0113 115.9
0.113 11.38 linear interpolation | 0.9300 - - -
0.12 12.09 t96pl2.0 0.9419 0.0023 0.0123 106.0
0.50 50.37 196p50.0 1.1080 0.0021 0.0410 23.4
0.90 90.66 t96p90.0 1.1533 0.0025 0.0738 11.9
0 Volume Percent Interstitial Water in Tuff
0.10 10.07 t100p10.0 0.6697 0.0022 0.0162 23.6
0.50 50.37 t100p50.0 0.8625 0.0030 0.0630 2.6
0.90 90.66 t100p90.0 0.9162 0.0029 0.1054 0.3
0.91 91.67 t100p91.0 0.9230 0.0022 0.1074 0.3
0.92 92.68 t100p92.0 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 cm Wide Fracture
Average
Fissile Vol| Fissile MCNP Case ID Ker (o] Energy of | H/X Ratio
Frac. Mass, Kg : Fission
!McV! .
13 Volume Percent Interstitial Water in Tuff
0.10 6.70 t87sp10.0 0.9111 0.0018 0.0047 5434
0.105 7.03 linear interpolation | 0.9300 . - - -
0.11 7.37 t87spll.o 0.9483 0.0019 0.0049 493.7
0.50 33.50 187sp50.0 1.2907 0.0030 0.0173 105.9
0.90 60.30 t87sp90.0 1.3351 0.0023 0.0295 57.3
8 Volume Percent Interstitial Water in Tuff
0.10 6.70 192sp10.0 0.8589 0.0020 0.0054 348.0
0.12 8.04 . 192spl2.0 0.9187 0.0024 0.0063 289.4
0.125 8.37 linear interpolation | 0.9300 - . -
0.13 8.71 t92spl3.0 0.9427 0.0025 0.0070 266.9
0.50 33.50 t92sp50.0 1.1922 0.0023 0.0213 66.8
0.90 60.30 t92sp90.0 1.2339 0.0022 0.0375 35.6
4 Volume Percent Interstitia]l Water in Tuff
0.10 6.70 t96sp10.0 0.7765 0.0021 0.0071 191.8
0.19 12.73 : t96sp19.0 0.9247 0.0024 0.0116 99.3
0.195 13.06 linear interpolation 0.9300 - - -
0.20 13.40 t96sp20.0 0.9348 0.0020 0.0119 94.2
0.50 33.50 t96sp50.0 1.0561 0.0021 0.0266 35.6
0.90 60.30 t96sp90.0 1.0943 0.0039 0.0463 18.3
0 Volume Percent Interstitial Water in Tuff
0.10 6.70 t100sp10.0 0.5819 0.0020 0.0112 35.9
0.50 33.50 t100sp50.0 0.7937 0.0028 0.0418 4.4
0.90 60.30 t100sp90.0 0.8419 0.0020 0.0692 94.0
0.94 62.98 t100sp94.0 0.8527 0.0016 0.0712 0.8
0.98 65.66 t100sp98.0 0.8533 0.0021 0.0732 0.6
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Table 7.3-7 50/50 Mixture of Soddyite and Plutonium Oxide
in 0.01 cm Wide Fracture with 11% Fissile Volume Fraction (7.37 kg Fissile Material)

Reflector | MCNP Case [Vol % H,O] k. . o Average Energy | H/X Ratio
H,0 Vol % ID Central of Fission
1 [ Region [ | 1 (MeV) | |
0 t87spy.o 13 0.9741 0.0019 0.0051 493.7
8 t87spx.0 13 0.9533 0.0019 0.0049 493.7
13 t87spll.o 13 0.9483 0.0019 0.0049 493.7
0 192spx.o 8 0.9210 0.0020 0.0061 316.4
8 t92spll.o 8 0.8903 0.0020 0.0056 3164
13 t92spv.o 8 ~0.8886 0.0022 0.0062 316.4
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7.3.3 Results for 0.005 cm Fracture Width

The results for soddyite, plutonium oxide, and a 50/S0 mixture of soddyite and plutonium oxide
mixtures filling 2 0.005 cm 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 cm wide fracture with higher fissile volume fractions for the
same K. '

Table 7.3-8 Soddyite MCNP Results in 0.005 cm Wide Fracture
Average
Fissile Vol|**U Mass,| MCNP Case ID Kegr o Energy of | /X Ratio
Frac. Kg Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff '
0.50 8.33 n87s50.0 0.8008 0.0014 0.0048 415.3
0.71 11.83 n87s71.0 0.9283 0.0015 0.0057 290.7
0.714 11.89 | linear interpolation | 0.9300 - . -
0.72 11.99 n87s72.0 0.9325 0.0018 0.0055 286.6
0.90 14.99 n87s90.0 1.0087 -0.0021 0.0064 228.1
8 Volume Percent Interstitial Water in Tuff
0.50 8.33 n92s50.0 0.7427 0.0019 0.0055 259.1
0.899 14.97 linear interpolation | 0.9300 - - -
0.90 14.99 n92s90.0 0.9305 0.0021 0.0078 1414
4 Volume Percent Interstitial Water in Tuff
0.50 8.33 n96s50.0 0.6475 0.0016 0.0071 134.4
0.90 14.99 n96s90.0 0.8085 0.0028 0.0102 72.1
0.98 16.32 n96s98.0 0.8227 0.0021 0.0106 65.7
) 0 Volume Percent Interstitial Water in Tuff ~
0.50 8.33 n100s50.0 0.4266 0.0018 0.0132 9.8
0.90 14.99 n100s90.0 0.5390 0.0020 0.0180 2.9
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Table 7.3-9 Plutonium Oxide MCNP Results in 0.005 cm Wide Fracture
Average
Fissile Vol|*°Pu Mass,]| MCNP Case ID K.« o Energy of | H/X Ratio
Frac. Kg , Fission
1 | | MeV) | |
13 Volume Percent Interstitial Water in Tuff
0.10 5.05 n87p10.0 0.8479 0.0017 0.0046 704.4
0.12 6.05 n87pi2.0 0.9143 0.0015 0.0051 586.4
0.125 6.31 linear interpolation | 0.9300 - - -
0.13 6.56 n87pl3.o 0.9448 0.0018 0.0055 541.2
0.50 25.23 n87p50.0 1.2646 0.0019 0.0149 138.8
0.90 45.41 n87p%0.0 1.3231 0.0022 0.0252 75.9
8 Volume Percent Interstitial Water in Tuff
0.10 5.05 n92pl10.0 0.8006 0.0018 0.0051 442.2
0.15 7.57 n92pi5.0 0.9259 0.0024 0.0075 293.9
0.152 7.67 linear interpolation | 0.9300 - - -
0.16 8.07 n92p16.0 0.9484 0.0019 0.0074 275.4
0.50 25.23 n92p50.0 1.1598 0.0026 0.0172 86.3
0.90 4541 - n92p90.0 1.2151 0.0029 0.0306 46.8
4 Volume Percent Interstitial Water in Tuff
0.10 5.05 n96p10.0 0.7194 0.0017 0.0067 2327
0.26 13.12 |- n96p26.0 0.9289 0.0020 0.0137 87.9
0.262 13.22 linear interpolation | 0.9300 - - -
0.27 13.62 n96p27.0 0.9342 0.0019 0.0140 84.5
0.50 25.23 n96p50.0 1.0176 0.0023 0.0230 44.4
0.90 4541 n96p90.0 1.0716 0.0024 0.0397 23.5
0 Volume Percent Interstitial Water in Tuff
0.50 25.23 nl100p50.0 0.7207 0.0021 0.0372 2.6
0.90 45.41 n100p90.0 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 cm Wide Fracture
Average
Fissile Vol| Fissile MCNP Case ID | o] Energy of | /X Ratio
Frac. Mass, Kg Fission
.t 1 1 1 | MeV) | |
13 Volume Percent Interstitial Water in Tuff '
0.10 3.36 n87spl0.0 0.6478 0.0014 0.0034 1055.0
0.21 7.05 n87sp2l.0 0.92319 | 0.00184 | 0.0052 500.6
0.214 7.18 linear interpolation 0.93 - - -
0.22 7.38 n87sp22.0 0.94253 | 0.00200 | 0.0051 477.6
0.50 16.78 n87sp50.0 1.17436 | 0.00234 | 0.0098 208.3
0.90 30.20 n87sp90.0 1.27168 | 0.0022] 0.0160 114.2
8 Volume Percent Interstitial Water in Tuff
0.10 3.36 n92sp10.0 0.62067 | 0.00173 0.0037 662.5
0.25 8.39 n92sp25.0 0.91879 | 0.00166 | 0.0073 263.1
0.258 8.66 linear interpolation 0.93 - . -
0.26 8.72 n92sp26.0 0.93330 | 0.00216 | 0.0082 252.7
0.50 16.78 n92sp50.0 1.08224 { 0.00283 | 0.0118 129.8
0.90 30.20 n92sp90.0 1.16276 { 0.00260 | 0.0202 70.6
o 4 Volume Percent Interstitial Water in Tuff
0.10 3.36 n96spl0.o . 0.56314 | 0.00160 | 0.0053 348.9
0.44 14.76 n96sp44.0 0.92732 | 0.00220 | 0.0137 76.6
0.444 14.90 linear interpolation 0.93 - - -
0.45 15.10 n96sp4S.o 0.93410 | 0.00231 0.0135 749
0.50 16.78 n96sp50.0 0.95194 | 0.00228 | 0.0151 67.0
0.90 30.20 n96sp%0.0 1.01926 | 0.00224 | 0.0257 35.7
0 Volume Percent Interstitial Water in Tuff

0.50 16.78 n100sp50.0 0.65109 | 0.00194 | 0.0262 4.4
0.90 30.20 . nl100sp90.0 0.72542 | 0.00147 | 0.0407 0.9
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7.3.4 Results for 0.002 cm Fracture Width

For the 0.002 cm 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 k, is noted.

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

) Average
Fissile Vol[***Pu Mass,] MCNP Case ID K. o Energy of | H/X Ratio
Frac. Kg Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.31 6.26 h87p3l.0 0.9204 0.0018 0.0050 ~555.3
0.317 6.40 linear interpolation 0.9300 - - -
0.32 6.46 h87p32.0 0.9341 0.0021 0.0055 537.9
0.50 10.10 h87p50.0 1.0684 0.0018 0.0072 343.3
0.90 18.18 h87p90.0 1.2098 0.0023 0.0109 189.6
8 Volume Percent Interstitial Water in Tuff
0.38 7.68 h92p38.0 0.9232 0.0021 0.0074 279.9
0.388 7.84 linear interpolation | 0.9300 - - -
0.39 7.88 h92p39.0 0.9320 0.0022 0.0078 272.6
0.50 10.10 h92p50.0 0.9938 0.0026 0.0093 212.1
0.90 18.18 h92p90.0 1.1073 0.0022 0.0144 116.7
4 Volume Percent Interstitia] Water in Tuff '
0.50 10.10 h96p50.0 0.8719 0.0022 0.0121 107.3
0.72 14.54 h96p72.0 0.9273 0.0027 0.0151 73.7
0.723 14.61 linear interpolation | 0.9300 - - -
0.73 14.75 h96p73.0 0.9358 0.0025 0.0151 72.6
0.90 18.18 h96p90.0 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 cm Wide Fracture
’ Average
Fissile Vol| Fissile MCNP Case ID | c Energy of | /X Ratio
_Frac. Mass, Kg Fission
¢ 1t 1 1 | (MeV) | |
13 Volume Percent Interstitial Water in Tuff
0.50 6.72 h87sp50.0 0.9055 0.0019 0.0049 514.5
0.54 7.25 h87spS54.0 0.9285 0.0017 0.0048 476.1
0.541 7.27 linear Interpolation | 0.9300 - - -
0.55 7.39 h87sp55.0 0.9404 0.0023 0.0050 467.4
0.90 12.09 h87sp%0.0 1.0869 0.0021 0.0073 284.3
' 8 Volume Percent Interstitial Water in Tuff
0.50 6.72 h92sp50.0 0.8511 0.0021 0.0064 318.0
0.66 8.87 h92sp66.0 0.9290 0.0028 0.0078 240.1
0.662 8.89 linear interpolation | 0.9300 - - - -
0.67 9.00 h92sp67.0 0.9345 0.0021 0.0078 236.5
0.90 12.09 h92s5p90.0 1.0055 0.0023 0.0093 175.2
4 Volume Percent Interstitial Water in Tuff
0.50 6.72 h96sp50.0 0.7514 0.0024 0.0078 161.1
0.90 12.09 h96sp90.0 0.8775 0.0025 0.0121 88.0
0.98 13.17 h96sp98.0 0.8960 0.0031 0.0126 80.5
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73.5 Resqlts for 0.001 cm Fracture Width

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

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

. Average
Fissile Vol[**Pu Mass,{| MCNP Case ID K.« g Energy of | /X Ratio
Frac. Kg Fission
i -4 ) 3 1 MeV) | |
13 Volume Percent Interstitial Water in Tuff
0.63 6.37 kB7p63.0 0.9234 0.0020 0.0053 542.8
0.638 6.45 linear interpolation 0.9300 - - -
0.64 6.47 k87p64.0 0.9323 | 0.0020 0.0052 5343
.0.90 9.09 k87p90.0 1.0399 0.0023 0.0069 379.2
8 Volume Percent Interstitial Water in Tuff
0.78 7.88 k92p78.0 0.9258 0.0022 0.0075 269.6
0.784 7.92 linear interpolation | 0.9300 - - -
0.79 7.98 k92p79.0 0.9350 0.0019 0.0071 266.1
0.90 9.09 k92p90.0 0.9646 0.0019 0.0084 233.3
4 Volume Percent Interstitial Water in Tuff
0.90 9.09 k96p90.0 0.8464 0.0020 0.0106 116.7
0.98 9.90 k96p98.0 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 cm Wide Fracture

: Average
Fissile Vol| Fissile MCNP Case ID Keir o Energy of | H/X Ratio
Frac. | Mass, Kg Fission :

MeV)

13 Volume Percent Interstitial Water in Tuff

0.90 6.05 k87sp90.0 0.8640 0.0017 0.0047 568.3
0.98 6.59 k87sp98.0 0.8999 0.0020 0.0051 521.6
8 Volume Percent Interstitial Water in Tuff
0.90 6.05 k92sp90.0 0.8115 0.0020 0.0065 349.8
0.98 6.59 k92sp98.0 0.8417 0.0016 0.0059 3209
4 Volume Percent Interstitial Water in Tuff
0.90 6.05 k96sp90.0 0.7145 0.0017 0.0077 175.2

0.98 6.59 k96sp38.0 0.7392 0.0024 0.0086 160.6
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7.3.6 K, as a Function of Fracture Width

The results listed in the previous tables allow trending of the k., 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 k., as a function of
the fracture width. The trend of the data is illustrated in Figure 7.3-1. For the 50/50 mixture of
soddyite and plutonium oxide, a fracture width of about 0.0013 cm is required to obtain a k.4 of 0.93.

Due to the slope of the PuO, curve no estimate is made for the thickness required for a k., of 0.93
for plutonium oxide.

Table 7.3-15 Plutonium Oxide and 50/50 Mixture of Soddyite/Pu0O,
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 | o c
Width (cm) Kg
Plutonium Oxide

0.001 9.09 k87p9%90.0 1.03986 |- 0.00230

0.002 18.18 h87p90.0 1.20977 0.00228

0.005 4541 n87p90.0 1.32308 0.00218

0.010 90.66 t87p90.0 1.37472 0.00238

50/50 Mixture of Soddyite/Plutonium Oxide

0.001 6.05 k87sp90.0 0.86399 0.00166
0.0013 - linear interpolation 0.93 -

0.002 12.09 h87sp%0.0 1.08692 0.00208

0.005 30.20 n87sp90.0 1.27168 0.00221

0.010 60.30 t87sp90.0 1.33505 0.00232
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7.3.7 Fissile Weight Evaluations for a k, of 0.93

The criticality safety criterion can be satisfied with a maximum k_, from MCNP of about 0.93. This
section presents an evaluation that determines the k., 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 k., 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 ¥*U required to give a k,, 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% Ak, for tuff with 13 and 8 volume fraction interstitial
water, respectively. The 50/50 mixture of soddyite and plutonium oxide has Ak,, 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 K, for Equal Fissile Masses, 0.01 cm Fracture Width
Material  |Fissile Volume| Fissile Mass, [MCNP Case ID] kg o
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 192pue.o 1.09287 0.00231
Mixture . 0.2175 14.57 192spue.o 1.06700 0.00222
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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 cm Fracture Width

Tables 7.4-1, 7.4-2, and 7.4-3 list the results for soddyite, plutonium oxide, and a 50/50 mixture of
soddyite and plutonium oxide for fracture widths of 0.1 cm. The tables cover a range of water
volume fractions in the tuff for the fissile volume fractions required for a k.4 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%
t0 9.7% and for the 50/50 mixture of soddyite and plutonium oxide they range from 1.15% to 14.3%.
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Table 7.4-1 Soddyite Results in 0.1 crn Wide Fracture
Average
Fissile Vol|?*U Mass,|] MCNP Case ID K o} Energy of | H/X Ratio.
Frac. | Kg Fission
| MeV) | |
13 Volume Percent Interstitial Water in Tuff
0.030 9.68 €87s03.0 0.8440 0.0020 0.0050 323.8
0.0389 12.55 |linear interpolation| 0.9300 ~ - -
0.039 12.58 ¢87s039.0 0.9310 0.0022 0.0056 ~249.1
0.040 12.91 ¢87s04.0 0.9428 0.0025 0.0058 243.5
0.100 32.27 €87s10.0 1.2023 0.0021 0.0111 98.0
8 Volume Percent Interstitial Water in Tuff
0.040 12.91 €92504.0 0.8716 0.0017 0.0071 150.9
0.0498 16.07 |linear interpolation| 0.9300 - - -
0.050 16.13 €92s05.0 0.9312 0.0018 0.0084 121.2
0.100 32.27 €92s510.0 1.1036 0.0022 0.0136 61.2
4 Volume Percent Interstitial Water in Tuff '
0.070 22.59 €96s07.0 0.8917 0.0021 0.0136 44.3
0.080 25.81 ¢96s08.0 0.9258 0.0028 0.0140 39.1
0.082 26.46 | linear interpolation| 0.9300 - - -
0.090 29.04 €96s09.0 0.9497 0.0027 0.0157 35.0
0.100 32.27 €96s10.0 0.9641 0.0020 0.0171 - 318
0.500 161.34 €96s50.0 1.2021 0.0024 0.0674 7.9
0 Volume Percent Interstitial Water in Tuff
0.27 87.12 ¢100s27.0 0.9283 0.0023 0.0557 2.1
0.271 87.44 |linear Interpolation| 0.9300 - - -
0.28 90.35 €100s28.0 0.9409 0.0026 0.0569 2.1
0.29 93.57 €100s29.0 0.9475 0.0020 0.0591 2.1
0.34 109.71 e100s34.0 0.9807 0.0024 0.0667 2.1
0.50 161.34 ¢100s50.0 1.0670 0.0031 0.0873 2.0
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Table 7.4-2 Plutonium Oxide MCNP Results in 0.1 cm Wide Fracture
' Average
Fissile Vol{ *Pu MCNP Case ID K. a Energy of | H/X Ratio
Frac. Mass, Kg Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.006 5.86 ¢87p006.0 0.8906 0.002 0.0049 558.0
0.0067 6.55 linear interpolation| 0.9300 - - -
0.007 6.84 ¢87p007.0 0.9437 0.0017 0.0051 461.0
0.010 9.77 ¢87p0l.0o 1.0475 0.0024 0.0064 321.3
8 Volume Percent Interstitial Water in Tuff
0.007 6.84 €92p007.0 0.8755 0.0027 0.0063 284.2
0.008 7.82 €92p008.0 0.9143 0.0022 0.0070 2514
0.0085 | 831 |linear interpolation| 0.9300 - - -
0.009 8.80 €92p009.0 0.9434 0.0024 0.0082 2254
0.010 9.77 €92p0l.0 0.9664 0.0023 0.0086 198.1
0.020 19.55 €92p02.0 1.0993 0.0023 0.0152 99.0
4 Volume Percent Interstitial Water in Tuff
0.010 9.77 e96p0l.0 0.8446 0.0017 0.0106 99.7
0.016 15.64 €96p016.0 0.9286 0.0021 0.0153 62.1
0.0162 15.83 | linear interpolation| 0.9300 - - -
0.017 16.62 €96p017.0 0.9364 0.0028 0.0161 58.7
0.020 19.55 €96p02.0 0.9621 0.0021 0.0183 49.8
0.030 29.33 €96p03.0 1.0091 0.0024 0.0263 33.2
0 Volume Percent Interstitial Water in Tuff
0.090 87.97 ¢100p09.0 09115 0.0023 0.1005 0.1
0.097 94.81 |linear interpolation| 0.9300 - - -
0.100 97.74 ¢100p10.0 0.9380 0.0022 0.1097 0.1
0.200 195.49 ¢100p20.0 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 cm Wide Fracture
Average
Fissile Fissile MCNP Case ID | c Energy of | H/X Ratio
Vol Frac. | Mass, Kg Fission
(MeV)

13 Volume Percent Interstitial Water in Tuff
0.010 6.50 e87sp01l.0 0.8812 0.0017 0.0050 491.5
0.011 7.15 e87sp0l 1.0 0.9145 0.0019 | 0.0050 438.8
0.0115 7.48 |linear interpolation| 0.9300 - - -
0.012 7.80 e87sp012.0 0.9422 0.0017 0.0051 410.0
0.020 13.00 e87sp02.0 1.0946 0.0023 0.0077 241.0

8 Volume Percent Interstitial Water in Tuff
0.014 9.10 ¢92sp014.0 0.9225 0.0022 0.0068 217.1
0.0144 9.36 |linear interpolation] 0.9300 - - - -
0.015 9.75 €92sp015.0 0.9407 0.0025 0.0080 199.9
0.020 13.00 €92sp02.0 1.0075 0.0020 0.0096 148.8

4 Volume Percent Interstitial Water in Tuff
0.024 15.60 €96s5p024.0 - 09114 0.0021 0.0143 62.8

"0.0273 17.75 |linear interpolation| 0.9300 - - -

0.028 18.20 €96sp028.0 0.9339 0.0027 0.0171 54.1
0.030 19.50 €96sp03.0 0.9470 0.0024 0.0171 50.6
0.100 65.00 e¢96spl10.0 1.0908 0.0031 0.0487 154
0.200 130.01 €96sp20.0 1.1759 0.0026 0.0880 7.9

0 Volume Percent Interstitial Water in Tuff
0.100 65.00 ¢100spl10.0 0.8668 0.0024 0.0703 0.7
0.140 91.01 ¢l00spld.o 0.9248 0.0027 0.0910 0.6
0.143 96.48 |linear interpolation| 0.9300 - - -
0.150 97.51 el00splS.0 0.9397 0.0022 0.0947 0.6
0.160 104.01 ¢100spl6.0 0.9515 0.0024 0.0994 0.6
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7.4.2 Results for 0.01 cm Fracture Width

Tables 7.4-4, 7.4-5, and 7.4-6 list the results for soddyite, plutonium oxide, and a 50/50 mixture of
soddyite and plutonium oxide for fracture widths of 0.01 cm. 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 k., 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
k. values. For no water in the tuff, the ks are considerably lower, but the general trend is the
same. To obtain a value of k., 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 k., is about 0.703.

For plutonium oxide, the general trend is the same (see Table 7.4-5); however, the values of k. 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 k,,, 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 kg,
below 0.93 with a maximum k., 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 k,, 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 k., is significantly lower. The fissile mixture volume percent
‘required for a 0.93 k. 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 cm Wide Fracture
Average
Fissile Vol| U Mass,| MCNP Case ID K. o Energy of | /X Ratio
Frac. Kg Fission
‘ (MeV)

13 Volume Percent Interstitial Water in Tuff
0.10 3.33 a87s10.0 0.4674 0.0012 | 0.0029 1018.8
0.35 11.64 a87s35.0 0.9152 0.0022 0.0049 291.0
0.359 11.94 linear interpolation | 0.9300 - - -
0.36 11.97 a87s36.0 0.9323 0.0015 0.0054 282.7
0.50 16.63 a87s50.0 1.0397 | 0.0021 0.0071 204.1
0.90 29.93 a87s590.0 1.1977 0.0018 0.0108 114.2

8 Volume Percent Interstitial Water in Tuff
0.10 3.33 292s10.0 0.4387 0.0012 0.0035 627.4
0.45 14.97 a92s45.0 0.9248 0.0022 0.0077 140.2
0.455 15.13 linear interpolation | 0.9300 - - -
0.46 15.30 292s46.0 0.9354 0.0030 0.0087 137.1
0.50 16.63 292s550.0 0.9553 0.0021 0.0082 126.3
0.90 29.93 a92s590.0 1.1013 0.0026 0.0132 71.0

4 Volume Percent Interstitial Water in Tuff :
0.10 3.33 a96s10.0 0.3783 0.0010 0.0045 314.6
0.50 16.63 296550.0 0.8305 0.0024 - | 0.0111 64.1
0.75 24.94 296575.0 0.9231 0.0031 0.0147 43.4

0.7598 25.27 linear interpolation 0.9300 - - -

0.76 25.27 296576.0 0.9301 0.0026 0.0151 42.8
0.90 29.93 |- a96s90.0 0.9627 0.0025 0.0166 36.5

0 Volume Percent Interstitial Water in Tuff
0.10 3.33 al00s10.0 0.2281 0.0007 0.0092 24
0.50 16.63 a100s50.0 0.5570 0.0015 0.0195 2.0
0.90 29.93 a100s90.0 0.6876 0.0017 0.0284 2.0
0.98 32.59 a100s98.0 0.7034 0.0020 0.0297 2.0
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Table 7.4-5 Plutonium Oxide MCNP Results in 0.01 cm Wide Fracture
: Average
Fissile Vol[**Pu Mass,| MCNP Case ID K o Energy of | H/X Ratio
Frac. Kg Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.06 6.04 a87p06.0 0.9068 0.0016 0.0050 567.1
0.064 6.45 linear interpolation | 0.9300 - - -
0.07 7.05 a87p07.0 0.9603 0.0020 0.0061 486.1
0.10 10.07 a87pl10.0 '1.0706 0.0018 0.0079 |. 339.3
0.50 50.37 a87p50.0 1.3301 0.0023 0.0280 67.8
0.90 90.66 aB7p90.0 1.3731 0.0020 0.0495 37.7
8 Volume Percent Interstitial Water in Tuff
0.07 7.05 a92p07.0 0.8960 0.0017 0.0066 299.0
0.079 7.96 linear interpolation | 0.9300 - - -
0.08 8.06 292p08.0 0.9330 0.0022 0.0075 260.6
0.10 10.07 a92p10.0 0.9916 0.0024 0.0088 | 208.7
0.50 50.37 ~ a92p50.0 1.2239 | 0.0018 | 0.0342 41.7
0.90 90.66 292p90.0 1.2755 0.0027 0.0601 23.3
4 Volume Percent Interstitial Water in Tuff
0.10 10.07 a%6p10.0 0.8625 0.0025 0.0114 104.3
0.14 14.10 a%6pl4.0 0.9253 0.0023 0.0146 74.6
0.143 1441 linear interpolation { 0.9300 - - -
0.15 15.11 a%6pl5.0 0.9391 0.0016 0.0150 69.5
0.50 50.37 296p50.0 1.0807 0.0024 0.0432 20.8
0.90 90.66 a96p90.0 1.1519 0.0024 0.0730 11.6
0 Volume Percent Interstitial Water in Tuff
0.10 10.07 al00pl0.0 0.5524 0.0020 0.0202 0.1
0.50 50.37 a100p50.0 0.8018 0.0027 0.0665 0.0
0.90 90.66 a100p90.0 0.9094 | 0.0032 0.1085 0.0
0.98 98.72 al00p98.0 -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 cm Wide Fracture
Average
Fissile Vol| Fissile MCNP Case ID Keer o Energy of | H/X Ratio
Frac. Mass, Kg Fission
SMcVZ
13 Volume Percent Interstitial Water in Tuff
0.10 6.70 a87spl10.0 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 a87sp50.0 1.2837 0.0027 0.0174 102.0
0.90 60.30 a87sp90.0 1.3386 0.0024 0.0300 56.9
8 Volume Percent Interstitial Water in Tuff
0.10 6.70 a92spl0.0 0.8441 0.0020 0.0062 313.8
0.13 8.71 a%92spl3.o 0.9241 0.002] 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 a92sp50.0 1.1723 0.0025 0.0220 62.9
0.90 60.30 292sp90.0 1.2326 0.0029 0.0366 35.2
4 Volume Percent Interstitial Water in Tuff
0.10 6.70 a96spl10.0 0.7411 0.0016 0.0083 157.1
0.24 16.08 296sp24.0 0.9297 0.0024 0.0153 65.6
0.2403 16.10 linear interpolation 0.9300 - - -
0.25 16.75 296sp25.0 0.9383 0.0024 0.0152 62.9
0.50 | 33.50 296sp50.0 1.0298 0.0024 0.0286 31.7
0.90 60.30 a96sp90.0 1.0942 0.0022 0.0458 17.8
0 Volume Percent Interstitial Water in Tuff |
0.10 6.70 al00sp10.0 0.4780 0.0014 0.0144 0.7
0.50 33.50 2100sp50.0 0.7353 0.0021 0.0456 0.5
0.90 60.30 a100sp90.0 0.8323 0.0024 0.0650 0.5
0.98 65.66 a100sp98.0 0.8507 0.0019 0.0720 0.5
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7.4.3 Results for 0.005 cm 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 cm 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 cm wide fracture with lower k.4 values,
as expected due to smaller possible masses of fissile material.

Table 7.4-7 Soddyite MCNP Results in 0.005 cm Wide Fracture
Average
Fissile Vol|**U Mass,| MCNP Case ID Kerr o Energy of | H/X Ratio
Frac. Kg Fission
1 1 ] (MeV) | |
13 Volume Percent Interstitial Water in Tuff :
0.50 8.33 b87s50.0 0.7951 0.0017 0.0048 407.8
0.72 11.99 b87s72.0 0.9277 0.0021 0.0054 283.7
0.724 12.06 linear interpolation | 0.9300 - - -
0.73 12.16 b87s73.0 0.9340 0.0019 0.0055 279.8
0.90 14.99 b87s590.0 1.0023 0.0021 0.0073 2274
8 Volume Percent Interstitial Water in Tuff
0.50 8.33 b92s550.0 0.7366 0.0015 0.0055 251.5
0.90 14.99 b92590.0 0.9257 0.0024 0.0081 140.6
0.906 .| 15.09 linear interpolation | 0.9300 - - -
0.91 15.16 b92s91.0 0.9329 0.0021 0.0080 139.0
4 Volume Percent Interstitial Water in Tuff
0.50 8.33 b96550.0° 0.6374 0.0015 0.0072 126.7
0.90 14.99 b96590.0 0.8042 0.0023 0.0102 71.2
0.98 16.32 b96s98.0 0.8261 0.0021 0.0109 65.6
0 Volume Percent Interstitial Water in Tuff
0.50 8.33 b100s50.0 0.4017 0.0014 0.0140 2.0
0.90 14.99 b100s90.0 0.5345 0.0017 0.0183 2.0
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Table 7.4-8 Plutonium Oxide MCNP Results in 0.005 cm Wide Fracture
' Average
Fissile Vol{*°Pu Mass,| MCNP Case ID Kt ] Energy of | /X Ratio
Frac. Kg Fission
SMcV)
13 Volume Percent Interstitial Water in Tuff
0.10 5.05 b87p10.0 0.8441 0.0018 0.0044 681.3
0.12 6.05 b87pl2.0 0.9097 0.0020 0.0053 568.1
0.127 6.41 linear interpolation | 0.9300 - - -
0.13 6.56 b87pl3.0 0.9371 0.0022 0.0057 524.5
0.50 25.23 b87p50.0 1.2597 0.0024 0.0158 136.2
0.90 4541 b87p90.0 1.3209 0.0021 0.0258 75.6
8 Volume Percent Interstitial Water in Tuff
0.10 5.05 b92p10.0 0.7946 0.0023 0.0056 418.9
0.15 7.57 b92pl5.0 0.9149 0.0017 0.0078 279.1
0.158 7.97 linear interpolation | 0.9300 - - -
0.16 8.07 b92pl6.0 . 0.9332 0.0024 0.0084 261.7
0.50 25.23 b92p50.0 1.1569 0.0021 0.0178 83.8
0.90 4541 b92p%0.0 1.2150 0.0024 0.0321 46.5
4 Volume Percent Interstitial Water in Tuff
0.10 5.05 b96p10.0 0.7045 0.0022 0.0070 209.3
0.29 14.63 b96p29.0 0.9290 0.0021 0.0153 72.2
0.292 14.73 Jinear interpolation | 0.9300 - - -
0.30 15.14 b96p30.0 0.9357 0.0020 0.0158 69.7
0.50 25.23 b96p50.0 1.0034 0.0024 0.0247 41.8
0.90 45.41 b96p90.0 . 1.0722 0.0026 0.0401 23.2
0 Volume Percent Interstitial Water in Tuff
0.50 25.23 b100p50.0 0.6884 0.0018 0.0421 0.0
0.90 4541 b100p90.0 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 cm Wide Fracture
Average
Fissile Vol| Fissile MCNP Case ID Ko (o] Energy of | /X Ratio
Frac. Mass, Kg Fission
(MeV)
13 Volume Percent Interstitial Water in Tuff
0.10 3.36 b87spl10.0 0.6446 0.0015 0.0038 1023.3
0.21 7.05 b87sp2l.0 0.9222 0.0023 0.0054 486.3
0.214 7.18 linear interpolation | 0.9300 - - -
0.22 7.38 b87sp22.0 0.9402 0.0019 0.0054 463.9
0.50 16.78 b87sp50.0 1.1656 0.0021 0.0100 204.4
0.90 30.20 b875p90.0 1.2679 0.0022 0.0162 113.8
8 Volume Percent Interstitial Water in Tuff
0.10 3.36 b92sp10.0 0.6130 0.0015 0.0044 629.5
0.26 8.72 b92sp26.0 0.9226 0.0022 0.0074 241.8
0.267 8.96 linear interpolation | 0.9300 - - -
0.27 9.06 b92sp27.0 0.9332 0.0020 0.0073 232.7
0.50 16.78 b92sp50.0 1.0727 0.0020 0.0129 125.9
0.90 30.20 b92sp90.0 1.1652 0.0025 0.0207 70.1
4 Volume Percent Interstitial Water in Tuff
0.10 3.36 b96sp10.0 0.5496 0.0016 0.0054 314.8 .
0.47 15.77 b96sp47.0 0.9231 0.0023 0.0149 67.1
0.479 16.07 linear interpolation | 0.9300 - - -
0.48 _16.11 b96sp48.0 0.9307 0.0023 0.0146 65.8
0.50 16.78 b96sp50.0 - 0.9389 0.0021 0.0157 63.1
0.90 30.20 b96sp90.0 1.0166 0.0025 0.0262 35.3
0 Volume Percent Interstitial Water in Tuff
0.50 16.78 bl00spS0.0 - | 0.6225 0.0016 0.0273 0.5
0.90 30.20 b100sp90.0 0.7189 0.0020 0.0415 0.5
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7.4.4 Results for 0.002 cm Fracture Width

For the 0.002 cm 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 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 k.4 is noted.

Table 7.4-10 Plutonium Oxide MCNP Results in 0.002 cm Wide Fracture
Average
Fissile Vol|[*"Pu Mass,]| MCNP Case ID Ko o Energy of | H/X Ratio|
Frac. Kg : 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 c87p32.0 0.9311 0.0018 0.0054 532.6
0.50 10.10 ¢87p50.0 1.0736 0.0021 | -0.0073 340.8
0.90 18.18 c87p90.0 1.2078 0.0017 0.0121 189.2

8 Volume Percent Interstitial Water in Tuff
0.40 8.08 ¢92p40.0 0.9295 0.0026 0.0071 262.0

0.4004 8.09 linear interpolation | 0.9300 - - -

041 8.28 c92pdl.o 0.9410 0.0020 0.0076 255.5
0.50 10.10 ¢92p50.0 0.9928 0.0023 0.0085 209.6
0.90 18.18 c92p90.0 1.1064 0.0020 0.0143 1164

4 Volume Percent Interstitial Water in Tuff
0.50 10.10 c96p50.0 0.8637 0.0024 0.0118 104.7
0.72 14.54 c96p72.0 0.9285 0.0035 0.0150 72.7
0.722 14.59 linear interpolation | 0.9300 - - -
0.73 14.75 c96p73.0 0.9372 0.0018 0.0156 71.7
0.90 18.18 c96p90.0 0.9583 0.0021 0.0190 58.1
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Table 7.4-11 50/50 Mixture of Soddyite and Plutonium Oxide
MCNP Results in 0.002 cm Wide Fracture
Average
Fissile Vol| Fissile MCNP Case ID Keyt o Energy of | H/X Ratio
Frac. Mass, Kg Fission
11 | (MeVy | |

13 Volume Percent Interstitial Water in Tuff
0.50 6.72 c875p50.0 0.9027 0.0016 0.0053 510.6
0.53 7.12 c87spS3.0 0.9278 0.0016 0.0054 481.9
0.533 7.16 linear interpolation 0.9300 - - -
0.54 7.25 c87sp54.0 0.9348 0.0018 0.0050 472.8
0.90 12.09 ¢87sp90.0 1.0892 0.0022 0.0078 283.9

8 Volume Percent Interstitial Water in Tuff
0.50 6.72 ¢92sp50.0 0.8463 0.0023 0.0061 314.2
0.65 8.73 c92sp65.0 0.9269 0.0022 0.0073 241.9
0.658 8.84 linear interpolation | 09300 | - - -
0.66 8.87 ¢925p66.0 0.9309 0.0018 0.0073 238.2
0.90 12.09 c92sp90.0 1.0047 0.0021 0.0090 174.8

4 Volume Percent Interstitial Water in Tuff
0.50 6.72 ¢96sp50.0 0.7416 0.0024 0.0085 157.2
0.90 12.09 ¢965p90.0 0.8761 0.0018 0.0127 87.6
0.98 13.17 c96sp98.0 0.8936 0.0026 0.0124 80.4
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7.4.5 Results for 0.001 cm 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 k., 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 cm Wide Fracture

Average
Fissile Vol|**Pu Mass| MCNP Case ID | 39 o Energy of | /X Ratio
Frac. Kg Fission
(MeV)

13 Volume Percent Interstitial Water in Tuff
0.64 6.47 d87p64.0 0.9288 0.0017 0.0054 532.8
0.641 6.48 linear interpolation | 0.9300 - - -
0.65 6.57 d87p65.0 0.9387 0.0018 0.0051 524.7
0.90 9.09 d87p90.0 1.0494 0.0017 0.0069 378.9

8 Volume Percent Interstitial Water in Tuff
0.70 7.07 d92p78.0 0.9005 0.0024 0.0074 299.7
0.785 7.93 linear interpolation 0.9300 - - -
0.79 7.98 d92p79.0 0.9318 0.0023 0.0073 265.4
0.90 9.09 d92n90.0 0.9685 0.0022 0.0087 232.9

4 Volume Percent Interstitial Water in Tuff . .
0.90 9.09 d96p90.0 0.8462 0.0024 0.0103 116.4
0.98 9.90 d96p98.0- 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 cm Wide Fracture

Average
Fissile Vol| Fissile MCNP Case ID K c Energy of | /X Ratio
Frac. Mass, Kg Fission

(MeV)

13 Volume Percent Interstitial Water in Tuff .
0.90 6.05 d87sp90.0 0.8645 | 0.0018 0.0052 567.9

0.98 6.59 d87sp98.0 0.8946 0.0015 0.0050 521.6
8 Volume Percent Interstitial Water in Tuff

0.90 6.05 d92sp90.0 0.8097 0.0017 0.0057 349.4

0.98 6.59 d92sp98.0 0.8387 0.0020 0.0062 320.9
4 Volume Percent Interstitial Water in Tuff .

0.90 6.05 d96sn90.0 0.7180 0.0017 0.0074 174.8

0.98 6.59 d96sp98.0 0.7393 0.0018 0.0078 160.6
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7.4.6 K, as a Function of Fracture Width

The results listed in the previous tables allow trending of the k., 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 k yas a
function of the fracture width. For the 50/50 mixture of soddyite and plutonium oxide, a fracture
width of about 0.0013 cm is required to obtain a k., of 0.93. Due to the slope of the PuO, curve no
estimate is made for the thickness required for a k.4 0f 0.93 for plutonium oxide.

Table 7.4-14 Plutonium Oxide and 50/50 of Mixture Soddyite/PuO,
MCNP Results As a Function of Fracture Width for
90 Volume Percent Fissile Material and 13 Volume Percent Water in Tuffl

Fracture | Fissile Mass, MCNP Case ID Ko o

Width Kg

Plutonium Oxide

0.001 9.09 d87p90.0 1.04943 0.00166

0.002 18.18 c87p%90.0 1.20775 0.00168

0.005 4541 b87p90.0 1.32091 0.00211

0.010 90.66 a87p90.0 1.37312 0.00201

50/50 Mixture of Soddyite and Plutonium Oxide

0.001 6.05 d87sp90.0 0.86451 0.00184
0.0013 - linear interpolation 0.93 .-

0.002 12.09 ¢87sp90.0 1.08915 0.00224

0.005 30.20 b87sp90.0 1.26786 0.00219

0.010 60.30 a87sp90.0 1.33863 0.00242
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8. Conclusions

The tables in the previous sections provide the kg 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 ko of 0.93 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 k. 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 K, Flssile Volume Fractions and Welghts

MCNP Results for Fissile Mixtures with Water

Fracture 13% Water VF in Tuff 8% Water VF in Tuff 4% Water VF in Tull
Width, em | Soddyite | PuO, | Mixture | Soddyite | PuO, | Mixwre | Soddvite | 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 - 645 - - 7.92 - - - -
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Table 8-2 0.93 K, Fissile Volume Fractions and Weights
MCNP Results for Fissile Mixtures with Clayey Material
Fracture 13% Water VF in Tufl 8% Water VF in Tuff 4% Water VF in Tuff
Width, cm [ Soddyite | PuO, | Mixture | Soddyite [ PuO, | ‘Mixtre | 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 |- 0214 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 Fissife 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 12.06 641 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 11/17/97
b1 List of MCNP output files supporting results 10 11/17/97
o Listing of EXCEL spreadsheet Tuff.xls,Sheetl 4 11/17/97
v Listing of EXCEL sﬁrcadshect Tuff.xls,Sheet2 2 11717197
A% Listing of EXCEL spreadsheet Tuff.xls,Sheet3 1 11717/97
V1 Listing of EXCEL spreadsheet Clay.xls,Sheet! 6 1117197
vil Listing of EXCEL spreadsheet Clay.xlIs,Sheet2 1 11/17/97
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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 cm for 10% soddyite, plutonium oxide, and soddyite/PuO, mixtures in tuff with 8%,
13%, and 0% interstitial water, respectively. Note that the titlesin 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

t92510: .005 cm, 8% water, 10% soddyite

CELL SPECIFICATIONS

inner region

1-2325135 -1 2 -3 4 -5 6 U=1 IMP:N=1
2-1.37 1: -2: 3: 4: 5: -6 U=1 IMP:N=1

3 cmcube .

0 -11 12 -13 14 -15 16 LAT=1 FILL=1 U=2 IMP:N=1
1 meter cube

0 <21 22 -23 24 -25 26 FILL=2 U=3 IMP:N=1]
1-2.325135 21:-22: 23:-24: 25:-26 =3 IMP:N=1
3 meter cube

0 -31 32 -33 34 -35 36 FILL=3 IMP:N=1

SRR - NoR Neol R loNoNe!

SURFACE SPECIFICATIONS

inner region - tuff
PX 1495
PX -1.495
PY 1495
PY -1.495
PZ 1495 °
PZ -1495

outer region - soddyite
11 PX 15

12 PX -15

13 PY 15

14 PY -15

15 PZ 15

16 PZ -15

C 1 meter cube

21 PX 50.

22 PX -50.

23 PY 50.

24 PY -50.

25 PZ 50.

AV BWLD—~AA

Page 1
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26 PZ -50.
C reflector
*3]1 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=D1 ERG=D2 $ general source
SIt 50 $ source information
SP2 -3 $ source probability, watt fission spectrum
C MATERIAL SPECIFICATIONS
C 100% tuff, 8% water, density 2.325135 g/cc
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.OIT
C 10% soddyite, 90% water, density 1.37 g/cc
M2 92235.50c -.333670  $ uraniun
8016.50c -912809 $oxygen
14000.50c -.019936  $silicon
~ 1001.50c -.103585 $ hydrogen
MT2 LWTR.OIT
PRINT

NEAR-FIELD CRITICALITY ANALYSIS
C 187p10: .005 cm, 13% water, 10% PuO2
C CELL SPECIFICATIONS

C innerregion

1 1-2375135 -1 2 -3 4 5 6 U=1 IMP:N=1

Page 2
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2 2-2.046 1: <2: 3: 4: 5: -6 U=1 IMP:N=1
C 3cmcube ,

30 -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
S 1-2375135 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 1495

2 PX -1495

3 PY 1495

4 PY -1495

5 PZ 1495

6 PZ -1495

C outer region - soddyite

11 PX 15

12 PX -15

13 PY 15

14 PY -15

15 PZ 15

16 PZ -15

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=D]1 ERG=D2 § general source

Page 3
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SI1 50 $ source information
SP2 -3 $ source probability, watt fission spectrum
C MATERIAL SPECIFICATIONS
C 100% tuff, 13% water, density 2.375135 g/cc
M1 8016.50c -1.220476 3 oxygen
14000.50c -.807062  $silicon
13027.50c  -.151527 $ aluminum
26000.55¢ -.014707 $iron
20000.50c -.008994 3 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.OIT
C 10% PuO2, 90% water, density 2.046 g/cc
M2 94239.55¢ -1.010743  $ plutonium
8016.50c -934534  $oxygen
1001.50c -.100723  $ hydrogen
MT2 LWTR.0IT
PRINT

NEAR-FIELD CRITICALITY ANALYSIS

Attachment I

C CELL SPECIFICATIONS (T100sp10: .005 cm, 0%water, 10% Soddyite/Pu02)

C innerregion

1 1-2245135 -1 2 -3 4 -5 6 U=1 IMP:N=1
2-1.708 1: -2: 3:4: 5. -6 U=1 IMP:N=1
3 cm cube

1 meter cube

0 -21 22 -23 24 -25 26 FILL=2 U=3 IMP:N=1
1-2.245135 21:-22: 23:-24: 25:-26 U=3 IMP:N=1
3 meter cube :

0 -31 32 -33 34 -35 36 FILL=3 IMP:N=1

oaunbhAawAn

SURFACE SPECIFICATIONS
inner region - tuff

PX 1.495

PX -1.495

PY 1.495

wWR=-An

Page 4
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4 PY -1.495
5 PZ 1495
6 PZ -1495
C outer region - soddyite
11 PX 15
12 PX -1S§
13 PY 15
14 PY -15
Is PZ 15
16 PZ -15
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=D1 ERG=D2 $ general source

Sl 50 $ source information

Sp2 -3 $ source probability, watt fission spectrum

C MATERIAL SPECIFICATIONS

C 100% tuff, no water, density 2.245135 g/cc

Ml 8016.50c -1.105025 $ oxygen
14000.50c -.807062 $silicon
13027.50c  -.151527 $ aluminum
26000.55¢ -.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

Page §
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25055.50c -.001166 $ manganese
C 5% soddyite, 5% plutonium, 90% water, density 1.708 g/cc
M2 92235.50c -.166835  $ uraniun

8016.50c -.923671 $ oxygen

14000.50c  -.009968  $ silicon

1001.50c -.102154  $ hydrogen

94239.55¢ -.505371 $ plutonium
MT2 LWTRJOIT
PRINT

Page6
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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 cm Fracture Width

Directory of CAWork [ 1]
HEADOUT 3.656 11-06-97 2:34p headowt
HXAVE OUT 61,081 11-06-97 2:53p asve.owt
PlINPNS 2,194 110697 2:55p plONpNS
flADs O 116,399 11.06-9] 2:369 pHIpikIS.0
PPN 2,195 1306-97 2S5p ptiNpins
PLOOPONS O 118002 £1436-97 2:36p piUOpNK.0

Piovean? 2,195 1106-97 2:339 plonpIXT
PIPUN O 116399 110697 2:34p pIUNpINTL0
PloROL 2159 1106.97 2:359 plonpn]
PINPUL O LIAS 110697 2:36p plinpile
P10} 2236 114697 2:33p plawn}
PINSAI O 117,143 110697 2:36p pltNend.o
PLONSD4 2234 114697 2:35p pimwns
PINSDI O LIRUIT 110697 236p plihnto
Pl0Sas 2236 $106-97 2:35p p1ots0s
PHDSOS O 117116 110697 2:56p pitmwis.0
PI1OUSPOI 2299 11-06-97 2:35p pi0tep0!

PIONSPOIO 118392 114697 2:36p pI0ep0l.0
PIONSPUA 2306 1106-97 2:53p pitapts
PIISMIAD 118319 110697 2:56p pl0inpiie
PIOSPIF 2,304 1106.97 2:539 100NN
PISPUFO 118375 11-06-97 2:S6p plONepiCa

PEIPONS 2252 $1406-97 2:35p pa7p0S
PSTPO0S O | 118029 11-06-97 2:56p pk7pi0S.0
PIIPO0S 23253 11-06-97 2:35p pa7p008
PIIPODS O 116236 110697 2:36p pfTpi060
rrIRO 2.247 110697 2:35p p87501
PIPOL O 117953 110697 2:36p pilpilo
rrisa) 2394 110697 2:55p pA1a3
POIST O 118414 110697 2:54p pblsi0
rHISL 2502 1106-97 2:55p pATamL
P87S001 © 110082 11.06.97 2:36p pETMM L0
PrISM2 2302 110697 2:38p pETuN2
PIISII2 O 117503 110697 2:360 pETa0N20
r1ISO4 2394 11-06-97 2:5% paTaM
PHISHI O 113329 110697 2:36p pSTaid0 .
PHISPO 2366 11D6-97 2:35p pSTapR
PISPIOR O 115,138 110697 2:360 pi73p009.0
P1ISPO} 2339 (1-06-97 2:88p pSTepM
PIISPO1 O 118583 11-06-97 2:56p phlsgtil.0
PrISPO2 2357 1106-97 2:35p pSTpin2
PSP O 11138 110697 2:56p p87sp012.0
PY2PODS - 2250 11.06-97 2:54p p¥2p008
POIPINS O 118329 110697 2:84p p92p0S.0
PY2PI6 2251 11.06-97 2:3%9 Y206
PIMI0S O LILI99 110697 2:57 92p060
Po2POI 2245 11.06-97 X359 py2p0t .
P20 O 11642 13.0697 2:5Tp pWiptit
PSM) 2.29) 1497 3389 p92em
PIISI) O 1LTE8A L1697 2:57p pR2aile
PVIsIM 2301 110697 2:38p P2
POXSUM O 118443 110697 2:57p po21M 0
PY2S3S 2301 110697 2:35p py2ums
P92SN33 O 111442 110697 X:57p p2as0
PS4 2.29) 110697 2559 92N
PS4 O 117838 110697 2375 wlaMo
PIISPIR 2361 11-06-97 2:33p p2eptW
PSPURO 112916 110697 2:S7p p92aplXB.0
PSP 2358 114697 3:33p pFLsp
PISMIE O JIEARY 114697 2.57p py2splile
PISP2 2353 110697 2539 pS2api2
PSMZ O 116572 1141697 2:5Tp p¥lspile
PSPO0S 2330 110697 2:83p poépns
PRPONS O 117469 (10697 2:57p pepniis.o
PRI 2251 110697 2:85p piben6
PRGN O 118,142 110697 2:57p pogtDi 0
POSPT? 2381 110697 2:S5p piteinT? .
PRI O 117924 [1-D4YT 2:S7p pipitile
PosPUI 2245 1106-97 2:35p papil
PGP O (17928 110697 2:37p pheglil0
Po6S) 2393 1146-97 2:55p ke
POSSI3 O 113316 114697 2:57p potale
PORSITIS 23 1146-97 2:35p pokad$
POASIIS O 118.573 110697 1:STp potemdS o
PUASIM 2293 111697 2:33p pokai

PMSIE O L1Z313 |10%-97 2:57p povetidn
Po6sns 2.293 110897 2:33p poeans
POESHS O 110169 11697 2:57p phéeiiS.0

PSP 2353 110697 2.55p potaph}
PSP O 11948 11-06-97 2:57p pokep)l .0
PUaSPOLY 2.34) 110697 2.35p posephil}

PIRSHH1 O 19.173 110697 2:57p pohepiitio

Page 1
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PoRSPOL2 2341 110697 2:550 poéap0l2
PASPOI20 119048 1140697 2:37p pbepGiZo
[ 2335) 114697 2:33p poéep

PRRSPI2 O 113699 110697 1:5Tp pRéaphilo
PLUTOS HX 3350 110897 2:5%p

PLUTOS-I KEF 2,364 110697 2:54p phutn$ keff
SUMRY<] OUT  30¥3.492 110697 2:359 sumry.ontist
TEMP A3 1140697 2:34p temp

Results for 0.01 cm Fracture Width

Directory 0f C:AWark buttieransnctiphito
HEADING 133 10-24-97 1269 heading
HEADOUT 5.605 10-24-97 1:26p headowt

HXAVE OUT S50t IN14.57 (:26p haaw.owl
PLUTOI~1 KEF 1936 10-24.97 1:27p phwo L deff
SUMRY+1 OUT  LIBT057 10-24-97 1:27p semry.outht

TusPLIR 293) 10-2497 1:27p wnplie
TUsSPIiR O 119.675 10-24.97 127p inplire
Tiawia 2,154 1-24-97 1279 t10MDID
TioOPl0 O 113311 10-24.97 1:27ptidMyiGo
TINPSD 2,153 10-2497 1:27p 11ORSO
TIPSO O 117966 10-24-97 1:27p 1100pS0.0
Tio0eyn 2.155 10:24.97 1:37p tiO0pS0
Tinew) O 12993 10-2497 1:27p 100910
TINPY! 2155 10-24-97 1:27p 21O0pR}
TIOPYL O 117943 10-2497 127p 1100910
THOP92 2,158 10-2497 1:27p 1100092
TIOP92 © 117,294 10-2497 1:27p Li092.0
Tions10 2198 10-2497 1:27p 110010
TS0 © 118,258 10-24-97 1:227p t10Gs100
TINSsH 2198 302497 1:27p 11OSO
Tisse O 117,340 10-24-97 1:27p 110300
TS9O 3.198 10-24-97 1:227p tIN0OBO
TIONS%0 O 117.669 10-24-97 1:27p L1090
TI00898 2198 10-24-97 1:27p tinw9e .
Tins9s O 118738 1D-24-97 1:27pt10NNSS 0
TIOSPI0 2257 10-2497 1:27p 11CN0ID
TUOSPLIO 113.957 10-24.97 1:27p110npl0o
TINSPS) 2258 10-2497 1:27p tIepsD
TINSPSN O $18.0LL 10-2497 1:27p 1100epSa0
THUSPSO 2259 102497 1:27p ¢10NepS0
TINSPS0 0 118041 10-2497 1:27p 1H0spHLo
TINSPOS 2.259 10-2497 1:27p tHapdd

THNSPN O 1214354 10-24.97 1:27p 1)00epSd.n
TIONSPYVE 2259 10-2497 1:27p t10Xnp98
TINSPIS O 119226 10-24-97 137 (}iXep¥s.0
TIIP06 2.218 10-24-97 1:227p At

T3P0 O 118,105 10-24-97 1:27p 187pNe.o
TerPO0? 2218 10:2697 LT7p I
TP O 116330 IN-24.97 L:27p W¥p0l0
THPI0 2255 10-24-97 1:27p U710
TEPID O 116420 10-24.97 1:27p 37pl00
TIPSO 2.354 10-24-97 1:27p U7pS0
TP O 116174 10-24.97 1:27p 8psaa
TP 2286 102497 127p 187990
TIIP90 O {16146 1:1497 (:2TpSTpna
TI7PUE 2,286 10-24.97 1:227p thlpue
T$IPUE O 116448 I0-2497 1:27p R7pue.0
™8I0 AT 10:24-97 1.27p 187510
T8I0 O 117957 10-24.97 1:27p U TsiQa
T371838 2297 10-24-97 127p 1X7538
T318)3 © 117.241 10-24-97 2:22p 1172350
TIISM 2308 10-24-97 1:27p 187434
TRISM% O 112332 10:28.97 1:27p X7 Q4m
™SS 2304 10-24-97 1:27p 187080
T80 O 120,223 10-24.97 1:27p B¥7aS0n
T3I8%0 2304 10-2497 1:27p 8790
TRISW O 119350 10:24-97 1279 18750.8
TISPI0 2317 102497 1:227p 8Iwi0
TIISP10 O 117,952 102497 1:27p 10p100
TSP 2322 102497 127 Bt
TRISPI1 O 118821 ID-24-97 1:27p thTplln
TXISPSO 2343 10:2497 1:27p 730
T1I18PS0 O 116921 102497 1:XTp thlxpS0in
TRISPON 2343 1002497 137 1570
TIISPY0 O 116920 1D-24-97 1:27p tBTapMiLa
TYISPUE 2383 10-24-97 1:27p tBpme

TIISPUE O 118302 10-2397 1:27p thspue.o
TIISPUE OO 118670 10-24-97 1:27p ETapuc.n

TISPHIR 2991 102497 1:30pdmlie
TESPLIR © 130484 10:28.97 1:27pspl e
™ 2212 10:2497 1:27p W2p?
TP O 11RMTS KL2497 1:3p V2N
TVIRO8 2212 102497 127 92pin

V2P O LIB.104 KR24-97 127p 92p(K.0
™V 2233 12497 1:27p 2p10

Attachment 1]
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TIPIO O LRI 102497 12TpW2pitia
™91P50 2292 10-2497 1:27p OB,
2P0 O 117925 102497 1:21p 929500
™M 2334 10:24.97 1379 92550
TOI O L1I9D) IN24VT 1:20p 92900
TOIPVE 2215 10-2497 127 Wlpw
TVIFUE O 116349 102497 1:73p 92puce
™sto 2301 10-34.97 127p 9210
T9SI0 O 117930 10-2497 1:28p 92100
92544 2257 102497 1:37p 92akd
TPISH O 111318 102497 120p W2skde

Tvises 2357 102497 1:27p 920i
2546 O 115348 JR24ST 1:20p W2sdén
TS50 2301 10-2497 1:27p 92150
T92850 O 11712 10-24.97 1:20p 92300
T9I5 2301 10-23.97 1:27p 19290
TISW O 113546 1R24-97 1:20p 92800
TvsPI0 2360 10-24-97 1:3Tp S2pIN
TIISPI0 O BISS9S ID-3497 1259 9200
™sPI2 2361 I0-24.97 1:37) S2p12
TIISPIZ O 1IRIB4 ID24YT 1:2p W2pI20
TvIsP1d 2310 (02497 1:37) V2p1)
TVISPI3 O [IRES1 102497 138p 92mwi1d0
T925P50 2340 102497 1:17p S2ps0
T9ISP0 O 120824 ID-24.97 1:28p 92mSDo
Tv25P%0 2362 103497 1:37p 920
T925P90 O 120050 ID-24VT [:21p Wlsp¥o
TIISPUE 208 10-2497 1:77p Glspuc
TISPUE O 113918 10-2497 1:38p wspuc.o
T96PLO 2253 10-24.97 1:27p 9épl0 3
TOPID © 118388 10:2397 1:2%p téglio
TP 2354 103497 1:37p 9éptL
THPIL O 117.4M 10:24.97 1:21p Ségllo
TO6PI2 2284 10-24.97 1:27p 9épi2
THPIZ © 117470 102397 1:2%p 96pl2o
T96P30 2252 10:24-97 1:27p Béps0
TOAPSD O 118329 10-24.97 1:28p WépSio
To6P 2284 10-24.97 1:27p 96p90
TP O - 117470 102497 1:28p Sépd0i0
TS 10 2301 102497 1:27p B0
ToASI0 O 118346 102497 1:28p éeltio
TOaSS! 2301 10-24-97 1:27p 196a30
TASS0 O 118799 10-2497 1:28p 96500
TST2 2302 10-24-97 1:27p 96sT2
T96S72 O 118,560 IN-24-97 1:28p 96720
TO4STI 2002 10-24.97 1:37p 96T
THST) O LE4)0 L2497 121 PaTdo
T965%0 2301 102497 1:27p B6e90
TPESS0 O 118,687 ID-2497 128p M0
THSPI0 2360 12497 1:27p spl0
T6SPIO O 121118 10-2497 1:28p G4eplao
ToSPI9 2345 10-24-97 1:277p sp19
THESPI9 O 118432 102497 1:20p Déspl90
ToesP: 2363 10-2497 1:27p (Hap20
TSP O 119119 I0-2697 1:28p Bhspo
TOASPSD 2341 10-24.97 127p (9éapSD
T96SPS0 O 118.158 10-24-97 1:28p Pesp3Qn
TSP 2362 10-24.97 1:37p Shep)

TSPV O 118888 132497 1:20p Phap)r
Results from new runs

Dwectory of CAWork\uttierans e wrung

TuSPHR 309 012891 3.37p inplle
TUSPLIRO 121160 O1-28-98 3:37p thgllm
TETSPX 2993 O1-23-98 3.37p 87spx
TEISPXO 121986 01-28-98 3:37p KTapan
™eeY 2994 01-28-98 3:37p 187spy
TEISPYO 121.234 01.28-98 3:37p 187py0
TESPIIR 3.006 N1.28-9% 3:37p tbspllir
TISPIIRO 121481 01-28.98 3:37p thspliro
TVSPLL 2.392 01.28-98 3:37p y2sp!t
TY2SPIIO 119,151 01-23-98 2:37p 192mpllo
™seX 2947 012898 2:37p Wlsex
TVISPXO 120,112 012898 3:37p 923920
TVISPY 2993 012593 3:37p 2y

TVISPYO 128,291 01-28-9% 337 Wlspyo

Results for 0.005 cm Fracture Width

Directory of CAWurLuttiedraaaxtiphnn
HEADING 133 10-24.97 1:28p heading
HEADOUT 3930 10-2497 1:20p headunt
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HXAVE OUT 44286 10-2497 1:28p huveont
NiooPsn 2199 102497 121p alopsa
Nioeso O 12708 10-24-97 1:28p al00p3Le

N1oneso 2161 10-24-97 1:28p al0OF0
Nimpw) O 117358 10-2497 1:28p alOpX00
Nunssy 1204 10-2497 1289 al0xS0
Nias;n O 117574 16-24-97 1:28p al00e30.
Nimngso 2204 10-24-97 1:28p nl00NS0

NIONS90 O 117316 10-24-97 1:28p 81006500
NIMsPsn 2264 102497 1:28p a100wp30
NINSPSA 0 118.042 10-24-97 1:33p a¥wpSno
N100SP90 2263 10-24-97 1:28p n10XNpSR)
NIOSPXIO  119.257 102497 1:23p allkmgino

NITPI0 2362 102497 123p 810
NITPI0 O L3058 10-2497 1:28p n87p10.0
NTTPI2 2383 10-2497 128p aipI2
NITPIZ O L1139 102497 1289 METpI20
NITPI) 2263 12697 1:28p i7p13
NITPI3 O LRI 10-2497 1:2%p asTpide
NETPSO 2261 102697 1:23p ak7ps0
NETPSO ©  B1A30X 10-2497 1:2%p alTpSe
NP 2363 102497 1:29p a8Ip0)
NITPSU © L1749 10:2497 (25p at7po00
NI7530 2311 10-2497 1:28p a87150
NIISSO O 118415 10-2497 123p n8YsS0o
NE1S71 2312 102497 1:20p a87aM1
NI7ST) O 117416 102497 1235 e8Ts710
NIIST2 2312 102497 1250 a87s72
NI7ST2 O 117.68) 10-2497 1:23p a87s720
N17590 2311 102497 1:23p a87s90
NES90 O 113.416 102497 1:2%p afTs900
NI7SP1O 23 10-2497 1:28p S Tsp 0
NEISPIO O 118136 10-24.97 1:28p sdlspl0i0
NEISP21 2376 102497 1:28 n¥Tmpl!
NITSP2I O HILISE 10-2497 1:28p sA7sp2).0
NoISP2 1372 10-2497 120p S22
NOSPZ2 O 118214 102497 1:28p 8780220
NE7SPS0 2370 102497 1:28p 875930
NETSPSO O 118671 10-3497 128p af?spS00
N375P90 2371 10-24-97 1:28p a75p%)
NITS]0 O 116293 10-2497 1:29p af7apStia
N92P10 2260 10-2497 121p 92910
NO2PI0 O 118411 10-2497 1:29 92pln0
NO2PLS 2.261 10-24-97 1:28p 192918
M2PIS © 118168 10-2497 1:39p WdplS.0
No2PI6 22361 124697 1:38p 192916
NP6 O 113200 10-2497 1:29p Wdpl60
N92P30 2259 10-2497 1:28p 92930
MIPS0 O 117954 10-2497 1:29p 92p300
No2P50 2261 102497 128p 892590
NIRO O 118058 10-2497 1:29 MW2p%0.0
N928SD 2308 10-2497 1:2p 92180
N92SSO O 111930 IN-2497 1:29p W2sshio
N92590 2308 102497 1:23p #9260
N92S0 O 117713 IN2497 1:29p Mo
N92SPI0 2368 10-24.97 1:28p W2sp10
N2SPI0 © 118431 10-2497 1:29p Mipi0le
N925P2Y 2372 10-24.97 1:20p W2sp2S
N92SPIS O 118376 10-2497 1:9p M2sp2S.0
N92SP26 2370 10:24.97 1:20p P2sp26
NV2SP26 O 110399 102497 1:39p M2p280
NV2SPS0 2368 NHR24.97 1289 W2sps)
AVISPSN O 115831 10-2497 1:29p W2spSlo
No2SPOO 2349 102497 1:23p 9 2p80
NOISPU O 110831 10-24.97 1:299 W2epiilo
NowP10 2260 102497 1:23p Wkl
NOAPID O 117813 12497 1:39p wéplia
NveP2s 2361 IR2497 1:28p e96p26
N96P26 O LIBA41S 12497 1:29p W0ép26.0
NooP27 2361 (03497 1:20p #9697
NP2 O 120,123 102497 1:29p Wép2T0
N96PSO 2239 102497 1:21p 296030
NUGPSD O 117841 162497 1:29p w6300
V6P 2261 102497 1:20p Megi0
NP0 O 1ITA1) 102497 1299 mdpiLa
NOAS S0 2308 102497 1:28p wiaS0
NXSI0 O LIBSO4 102497 1:29p w6aSO0
N9ESH0 2308 10-24.97 1:21p w060
NOASWI O 117957 102497 1:29p wéed0 0
NSOT 2309 102497 1:23p WeSS
NOASYE O [IR6D7 IN-24.97 1:29p wdsif0
N9sSPI0 2361 10-24-97 1:20p #9%ap Iy
MSSPIN O 119431 102497 1:29p Skeplilo
provem 2370 10-24.97 1:28p Whbaphd
NOSSPAL O 119,131 10-24-97 1:29 wtapid.0
N9ASP4S 2374 10-2497 1:2Mp m6apds
NMSPIS © 119139 102497 1:29p s9éapdS.o
N94SPSN 2368 10-24-97 1:20p m9&sps0
NOASPSD O 119,139 102497 1:29p #bmpSilo
NS 2369 10-24.97 1:38p mHkap)
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N96SPS0 O 119,132 10-24-97 1:29p s9dap¥io
PLUTO2-1 KEF 247 10-24-97 1:2%p phaand keft
SUMRY-1 OUT 910313 10-2497 1:28p swmry.ounlst

Results for 0.002 cm Fracture Width

Dwectory of CAWorktuitie\irmmcctiphun)

HITMI 2.254 10-24-97 1:14p R87p31
HIPIL © 118172 10-24-97 1299 M0
HIPN2 2256 10-24.97 1:149 W87p32

H Il © 117543 10-24-97 1:299 M7p320
HIPSO | 2234 10-34-97 1:14p MTpS0O
HITPSO © 116,449 102497 1:29p 2279500
HE7P90 2234 10-2497 1:14p ME7p50
HIT0 O 116,448 10-2697 1:29p MIpoNa
HIISPSO 2343 IN-24-97 1:1dp MSTspS)
HIISP30 O 115139 10-2497 1:223p MTsp30e
HEISP3S 2345 10-24-97 3:tdp M7spSs
H318P34 O 117.532 10-3497 1229p M1spSde
HEISPSS 2368 10:2497 1:14p h325p3S
HESPSS O 118319 10-24-97 1:29p MTwSS0
RIISPXH 1384 10-24-97 1:1dp WETpSO
HETSPO O 115.831 10-26-97 1:299 M7IsgMLlo
H9PL 2.254 102497 §:14p W92038
H92PIR O 11743 In-2497 1:229p W92p38 0
H92PI9 2254 10-24-97 L:l4p WY
HSPI9 O 117300 132497 1299 WHW o
HOPSH 2292 10-2497 1:14p W2p30
H92P%) O 1243 1024697 129 W2ps0.0
HO2PO 2234 10-24-97 1:14p 92990
HOPOO O 118299 102497 1:29p W2p90.0
HO2$P30 2341 10-24-97 1:14p 2930
HO25P30 O 118213 10-24-97 1:29p M2apSlto
HI2SP64 2363 10-24-97 1:14p W2apbé
H92SP66 O T18.918 10-2497 1:29p M92sphé.n
H923P67 2367 10-24-97 1:14p X9laph?
H923P67 O 119.074 10-24-97 1:29p W2epéln
HISPYO 2362 10-24-97 1:14p W20p%0

HY2SPYO O 118918 10-24-97 1:29p Mi2epS0le
H96PSO 2252 10-24-97 $:14p Wodp3D
HyeP) O 117.317 10-24.97 1:29p WoépSilo

Hyern 2284 10-2497 1:14p Wéy72
HO6PT2 O 117431 10-24.97 1:29p W6pT2.0
H96PT) 2234 10-24.97 1:t4p WépT)
HPTS O 118416 10-24.97 1:29p WepT3.0
H96PI0 2254 10-2497 1:14p W9égS50
HO6PSN O 11344 10-24-97 1:29p hSépS0.0
H94SP30) 2361 1D-2497 1:14p M96ep3n
HOASPS O 119.406 10-24-97 1:29p WéspSno
HY4SPx 2362 10-2497 1:14p Wsp)
HOSSP90 © 120727 10:24.97 1:29p Wéapddo
HI6SPOL 2362 10-24.97 1:14p Wobspit
HUESP9S © 119262 10:24.97 1:29p Whspito
HEADING 133 10-24-97 1:4p heading
HEADOUT 2012 1042497 1:14p headown

HXAVE OUT  23.637 10-24-97 1:$4p huave.out
PLUTO3~1 KEF 1313 102497 1:)4p pluto] keff
SUMRY-1 OUT 97453 10:24-97 1:29p swery.outlsl

Results for 0.001 cm Fracture Width

Directory of C:AWarktuttieransoctipitod

HEADING 133 102497 1:14p heading
HEADOUT 1224 10-2497 1:14p headout
HXAVE OUT 17004 102497 1:04p huave.out
X£7P43 226 102497 1:14p kE7p8)
XITre) O 117371 10-2497 1:29p k87pd0
XETP6d 2263 102497 1:14p K¥Tped
KETP6d O 117470 102497 1:29p K7pbha
Xarr 2263 102697 1:l4p k7%
KEPU0 O 111955 102497 1:29p kE7pala
XKISP0 2371 102497 1:34p kE73p90
KISR0 O 113305 10-247 1:29p AS7spikla
XK18PYE 2371 (02497 1:14p XNIxsE
KETSPOS O 121387 10-2497 1290 28 IxPka
X92PTX 2361 10-2497 L:lp 92T
X92P78 O 118168 102497 1:29p k92700
X92e79 2361 102497 1:14p V2
K92PT O 115299 102497 1:29pK92p79.0
X92P90 2261 10-2697 L:14g k92090
K9P0 O 113199 10-24-97 1:9p k92pwe.
X925P) 2369 102497 1:14p K92t
KVISPYH O 118919 10-2897 1:Xp 192sp%a
X92SPUN 230 10-2497 1:14p k92301
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913992 O 118918 10-24.97 1:30p W92t

K9ap90) 2261 10-24-97 1:)4p k9egid
KeéPso O 117714 10-24-97 1:30p K96gNho
KoaP9s 2361 10-24-97 1:14p k9691
Koyt O 117,714 10-24-97 1:30p K9épit.o
K94SPO0 2369 10-2497 L:14p k9%
K94SPS0 O 119072 10-2497 1:X0p k¥epSie
K96SPot 2369 10-24-97 1:14p k96apVt

K9aSP O 119.004 10.24-97 1:220p k96apyt.e
PLUTO4-1 KEF 916 10-2497 1:1dp phusod kefl
SUMRY-1 OUT  229.080 I0-24-97 1:29p swary sutht

Results for 0.1 cm Fracture Width

Dwectary af CAWnrk\nattie\irsnanctic lsy$
CLAYS HX 4312 11-06-97 2:36p cleyS.he
CLAYS-} KEF 34 $1-06-97 2:55p clayS.kefl

EtO0Py 2960 1140697 2:35p ¢l
EINOA® O 122661 110697 2:58p e10NpMM.0
Elnoe1o 2961 114437 3:33p ¢100pID
EINPI0 O 121471 110697 2:58p ellylQ0
E100P20 2961 110697 2:36p ¢100p20
E100P20 © 121069 110697 2:38p slOpXLo
Ela8D 2968 110697 2349 ¢100NTT
ENNSTT O 121313 114697 2:38p ¢1ON2T0
£1n828 2968 110697 2:36p sl02s
EIMNS28 O 121,484 110697 2:33p 100628 o
EI00S29 2963 1106-¥7 2:56p ¢lON29
EINS29 O 121301 110697 2:38p ¢100s29.0
EI00S34 2968 11416-97 2:36p ¢10MI4
EINSM O 121096 1106-97 2:38p 61003400 .
EINSS) 2963 11416-97 2:55p e!0NNSD
EHNSI0 O 121.067 1106-97 3:53p ¢100uSiL0
E1U0SPI0 3099 11-06-97 2:55p ¢100ep10)

EISPIND 121976 11-06-97 2:33p sliNsplilo
EHUSPL4 3039 11-06-97 2:5kp ¢1wpld
E1nSPi4 0 12200 11.06-97 2:38p eltMuplde
EtonsP1s 3043 110697 2:560 elONptS
ELONSPIS O 122,059 11-06-97 2:58p ¢ }lplS.0

EINSPIS  ° 2009 110697 2:S6p ¢lOwpts
EIONSPIAO 120060 110697 2:53p elupln
ETTPODS 3023 11.06-97 2:560 ¢STpON6
ELTPONG O 123359 110697 2:38p e7pM6.0
Et7P0N7? 3023 1146-97 2:36p eSTp017
EIPO07 O 123853 110697 2:38p e87Ip1Mn
ESTPOI 3.019 11.06-97 2:35p ¢87501
ENPOI O 121337 11-06-97 2:33p X0l
ESIST) 3.026 11-06-97 2:36p ¢87503
ESISI3 O 122396 110697 2:3%pe87M3 0
E$75039 3.00) 11406-97 2:36p e37s039
ES15039 O 123303 $1.06-97 2:51p eA10¥.0
E$715D4 3.026 110697 2:36p e87sM
E11S04 O 122213 110697 2:38p e¥7eM.0
Ef1S10 3.028 110697 2:35p ¢8Ts10
ESFISI0 O 120372 110697 2:380 eA7siCle
ESISRUI 3,100 110697 2359 e875p01
ESTSPOL O 121925 1106-97 2:58p e8Tspilo
Es7SP0L1 2107 110697 3369 e8Tap011
EATSPOLIO 122994 110697 2:38pefTspiilln
EA75POI2 3,105 11-06.97 2.56p ¢R73p012
E17SPOI20 123028 1146.97 2.38p eSTspili20
Ensrm 309 110697 2:36p e879pi2
ENISP2 O 12298 1146-97 2:38p e8Tapiilo
Ev2PUN? 3NC1 110697 2:83p 9207
EVIPALT O 123366 LIDAYT 2580 ¢¥2pRiTa
EV2RI8 3021 11-06-97 2:36p ¢92p000
E9IPO08 O 121494 110597 2:30p ¢93pMiLe
E92P009 2031 1106-97 1:36p €92p0XW
E9IP0R O 122396 110697 2:50p 92pN0.0
E92P0) 3017 11.06-97 2:36p ev2pt
ENIRO1 © 1212394 110697 2:38p e¥2pit0
EVIME IDIY 110697 236p V202
ENMR O 131413 110697 2:38p 93¢0
E9IS4 3.003 110697 2:56p (92004
EFISM O 121797 110697 2:58p 9.0
E92308 3003 110697 2:36p 9218
E91S03 O 120992 110697 2:38p 9280

E91S10 3028 110697 235p Vsl |
ESiS10 O 121366 11-06-97 2:38p YAllln
EVISPuld 2.102 11-06-97 2:36p 9 2api} S
E923NIS O 121784 11-06.57 2:38p e92epid 0

E92SPULS 2.104 130697 2:56p eT2epil1S
EVISPGISO 122090 110697 2:50p e92spihSin
Ev2SPR 39S $146.97 2:36p I2apd12

Evisp O 121,896 1146-97 2:30p e¥2spti2.0
Evpr0l 3017 11-D6-97 2:33p ePépiM
E%P0l O 122349 11-06-97 2:SRp e9épitt.0
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E9eP0L6 1024 110697 2:56p ePp016
EWPois O 121827 1106-97 2:31p e94pnlb0
E%PULY 3424 110697 2:349 ¢96p017
MY O 121867 1106-97 2509 e94p012.0
EMP 3017 1140897 2:36p 969012
Twp2 © 122995 11-06-97 2:53p 960020
E96M3 3017 110697 2:36p e96p)
EvENG 12).334 1106-97 2:38p w9600
E9sSuT 3023 114697 2:34p ¢96ail?
Eses0Y 121640 110097 1:33p e¥6ulT.0

o
o
M3 1146-97 2:569 cohar
ESGSIE O 120339 11-06.97 3:31p a0
302) 114697 2:36p 9409
O 121667 114697 2:38p ¢S6alB.0
2.025 114697 2:35p Al
0 12239 110697 2:58p 00
E94SS0 3025 1106-97 2:5%0 S
E96S30 O 120121 130697 2:38p e9&SC0
EvSHIS 3104 11-06-97 2:36p ¢Sbep2t
ERSPRI0 123 1106-97 2:38p edtwpni2d 0
EvSPS 3.108 11-D6-97 2:Shp eShap2A
EVSPZIO 122953 110A-97 2:30p tupR 0

£963203 3.099 110697 2:36p ¢Pbaptd
EYSPO) O 113,057 (1-06-97 2:52p e%ap.0
Ev6SPI0 3.096 11-06-97 2:55p e96sp10
E9SPI0 O 122057 11-06-97 2:39p ¢S6apitio
E%SP20 3.098 1106-97 2:56p (Poap2
ES6SP20 O 121928 110697 2:39p eYbap2tio
HEADING 13) 110897 2:35p Mading
HEADOUT 4305 11-06-97 2:35p eadow

HXAVE OUT 36499 110697 2.36p huaveont
SUMRY=l OUT  3.419.208 110697 2:36p sumry owtint
TEMP 6.968 11-06-97 2:35p wemp

Results for 0.01 cm Fracture Width

Dwectory of CAWork\uttie\tranancticlay(

AlNCPI0 2969 10-2497 1:18p atO0pl0
Aloneln O 121390 10-24.97 121paltiplOo
AlD0PSO 2969 10-2497 1:18p 3100p30
AlDOPS) O 121285 10-14-97 1:21p 2l00pSQL0
A100P90 2969 10-2497 1:18p 210090
ALOOPYN O 121288 10-24-97 1:2)p 2l00pS0.0
ALOOPYR 2968 10-24-97 1:18p 218
AlooP9y O 121313 102497 1:21p alonp9t.a
AINOS10 2973 10-24-97 1:13p 2l00e10
Al0S10 O 121393 102497 1:21p 2100e10.0 .
AlOOS S0 2973 10-24-97 1:18p al0NS0
Aloussn O 121,713 10-24-97 1:21p 2100s50.0
AtODS9U 2975 10-24-97 1:18p 210090
AOS99 O 122329 10-24.97 1:21p810050.0
AN 2974 10-24.97 1:18p 310008
Atonsys O 122328 10-2497 1:21p 310NIk.0
AIDNSP10 3.045 10-24-97 1:13p alOteplD
AIONSPI00 121949 16-24-97 1:2ip alDaptilo
ANUSPO 3.043 10-26-97 1:18p 2l0npSn
AlUNSPSN O 121978 10-2497 1:2)p siNwpSiLe
AlDNSPS0 3048 10-2497 1:18p alNtmp}
AlOnsP0 O 123060 10-24-97 1:21p ai(NmpS).0
AllXSP0 3.047 10-24-97 1:18p s100spE
ANSPYS O 121521 10-24-97 1:21p siupt.0
ASTRO6 3.026 1D-24-97 3:18p aX7p06
ASTR O 121,423 10-24-97 1:21p a¥Tpi¥6.0
ASTRIY 366 10-24-97 L:ikp oX7piM?
AXTPI? O 121982 10:24.97 121p sATpiNN.00
ABIPICG 3023 10-24-97 1:18p a87pl0
ASTPI0 O 120,199 10-24-97 121pasTpita
ASIP30 3021 10-24-97 1:18p 83750
AS7PS0 O 12137 10-2497 1:21p s87pS02e
ASTPY0 3028 10-24-97 L:1%p a27p%0
AITPO O 122006 10-24-97 1:21p a3 7pLo
AR7810 3m) 10-2497 L:01%p 878D
AR7ISI0 O 122399 10-2497 1:21p silsite
ARS8 3.0 10-24-97 1:18p 887138
ARSI O 121992 10-24-97 1:21p s87135.0
ANTSIA M 10-24-97 1:18p 237036
AR1838 O 121366 10-24-97 1:21p s8734.0
Al1830 3038 10-24-97 1:18p 88750
ARISSE O 122151 10-24-97 121p s¥1TaS0e
ARSI} 308 10-24-97 1:18p aa 7t
ARIS90 O 122.041 10-24-97 $:21p 2379000
ABISPLO 3,108 10-24-97 1:18p as73p10
ASISPIO O 122028 10-24-97 1:21p s87sp 00
ATISPIL | 3110 102497 L:18p asTsplt
ALISPI1 O 122628 10-24-97 1:21p alspl 0
A175P3n 3.t07 10-24-97 1:0¥p ak75p30

ARISPSH O 12008 10-24-97 1:21p sk75pSilo
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ABISPO 3107 10-2497 1:18p alTspd0
ATISP0 O 120734 102497 1:21p sSTspi00
AR2PO7 304 103497 1:18p 9207
ANIPOT © 131363 103497 123p 3078
A9TPR 3324 10-24-97 1:18p 292508
AIKS O 121392 102497 122p 92500
A9IP10 36 10-24-97 1:18p 9210
AJIPI0 O 122368 102497 122p ¥2pi0a
AP0 38 10-2497 1:18p 292930
AP0 O 1162 102497 122y 92p30.e
A92P9%0 3.6 102497 L:18p e92p80
AVIP O DL 10-2497 1:22p 292p0La
A9sio 302 10-2497 1:38p 9210
A92810 O 122369 10:2497 122p 92sle
A9184S 3032 10-24-97 1:08p 292s4S
AVISIS © 132369 102497 122p 92siS0
A92S46 3032 10-24-97 1:18p 192046
AVISi6 O 171364 10-2497 1:22p 92ss6a
A9IS30 3032 10-2497 1:12p 9150
ANISS0 O 120362 10-2497 1:22p 92500
AV2S90 3032 10-2897 1:38p 9290
AVISUG © 123963 10:2497 1:32p 2800
Av28PI0 3100 102497 1:18p S2p10
AS2SPIO O 123302 102497 122p 92spino
A92321) 3107 102497 1:18p Op13
ANSPI3 O 122348 102497 1222p 92130
AVISPI4 3,103 10-2497 1:19p 892sp14
AJISPI4 O I8 102497 1:2p92splde
A925PS) 3109 102497 1:11p 9230
AVISPSO O 122715 10-2497 1:22p 2S00
A925P90 1.105 10-2497 1:18p 192190
A9ISP90 O 122.998 10-24.97 1:22p WlapS00
A96P10 3026 102497 1:18p 9ép10
AS6PI0 O 121,610 10-2497 1:22p B6pl00
A96P14 3406 12497 1:18p x9épla
A%PIE O IZL1T1 102497 1:22p 196pldo
AS6P1S 3026 10-24-97 1:18p 19613
ASPIS O 122997 10-2697 1:22p 2196913.0
A%6P30 3026 10-2497 [:11p 19930
AS6PSD O 121521 102497 1:22p 19ép300
AP0 2026 10-24.97 1:13p $96p50
AP0 O 122151 10-2497 1:22p e96p900
AP6S10 3032 102497 1:13p ¥9&10
ASSI0 O 122.65) 102497 1:22p 196100
AS6530 3002 10-24-97 1:18p 19630
A96SS0 O 122640 10-2497 1:22p 196300
AP6STS 3002 10.2497 1:18p 19673
A%SIS O 121640 12497 122p 96750
A96S18 1032 10-2497 1:18p 196476
AS4S76 O 121639 WR2497 122p 96s26.0
A%S90 3002 10-24-97 1:13p 196650
ASS90 O 122618 10-2497 1:22p 99600
ASESPI0 3.0M 1A24-97 1187 e96epl0t
ASPIO O 122327 102497 1:22p Séeplite
A9SP24 3108 10-2497 1:18p 896ep24
AVSP2 O IZL169 10-24.97 122p 0éaplie
A96SP2S 31w 10-2497 1:18p 196ep2S
ADESPIS O 11347 12497 122p 19%ep2S8
A96SPSD 1105 10-24-97 1:18p $96ep%0
A%SPID O 122329 10-24.97 1:22p s9éspS o
AS6SPO0 3108 10-2497 1:18p #96eps0)

A96SP0 O 124.363 10-24.97 1:222p s94spi0 0
CLAY!1-1 KEF 2392 $1-34-97 1:13p clay) kef?
HEADING - 133 10-2497 1:18p heading
HEADOUT 4.9 10-24-97 1:18p headowt
HXAVE OUT  S4.271 10-2497 1:1%p haave.omt
SUMRY<-1 OUT  L.133.53% 10-24-97 1:23p swewry.outist

Results for 0.005 cm Fracture Width

Dwecrory of CAWork\tuttic\trarancfichey?
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Blonesa 2976 10-24-97 1:18p bIO0pSO
Sloewn O 122532 10-2497 1:23p bliNpLe
BImgsn 2.962 10-24-57 1:18p b1OMSO
BINSsO O 121227 10-24-97 $:23p 1006300
BlONSIN 2962 10-24-97 5:18p b10MwS0
Bimsn O 121,720 10:24.97 1:2)p DiOWL0
BI0SPS 3058 102497 {:13p PI0NMRSN
BIXSPS0 O 121556 10-2897 1:23p 100sp30.0
BIONSPon 3085 10-24-97 £:18p SUXepS)
31003890 0 12).059 10-24-97 1:23p § 10200
B47PI0 338 102497 1:13p 88l
817710 O 121,423 10:24-97 1:23p MTpinA
887PI2 3.5 10:24.97 1:10p bS7p12

8x7P12 O 131395 10:24-97 1:23p WR7pt20
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| 11e 72 J.042 10-2497 ):itp M2
IS O 122,124 102457 1:24p M7s720
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357813 O 121.233 10-24-97 1:24p MT7s73.0
| 1241 0] 3.042 10-24-97 1:13p M79%0
BTSN O 123991 10-24.97 1:34p WIS0e
BITSPIO 3.113 10-24-97 L:18p WIm10
BRISPID O 122002 10-24-97 1:224p W7p 100
BEISP2 3131 102497 £:13p DETpl)
BSISP21 O 121,368 10-24-97 1:24p WM Tspllo
BeISP2 3114 102497 1:13p M2 '
8275P22 O 122,654 10-24.97 1:24p WT220
BRISPSD 3114 10-24.97 1:13p MTsp30
BEISPSH O 121064 10-24-97 1:24p W 730310
BYISPOO 3,154 10-2497 1:13p SEep90)
BRSSP O 122313 10-24.97 5:24p W TspPlo
BU2PI0 3033 10-24-97 1:18p 9210
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BP0 O 121.38] 102497 1:24p 929900
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892850 O 122,640 10-24-97 124p W2S0.0
BI2SW) 3009 10-24-97 1:13p Y9250
B92S%0 O 123,964 102497 1:24p W00
B92SIL 308 10-2497 1:18p 92091
B92S9t O 122496 102497 1:224p W20
BYIsSPIO 3,110 10-24.97 1:18p B92ep)0
»928P10 O 12998 10-24-97 1:24p W21l
BIISP26 3112 10-2497 1:18p Wipls .
B9ISP2A O 121884 10-24-97 1:24p W2plb0 :
BISPYY 3106 10-24.97 1:18p 25027
BYISPI! O 12091 102497 1:249 V2220
B9ISPSO 3112 12497 1:18p WpS0
BsSPs0 O 122,141 10-24-97 124y ¥92p50.0
B9ISPY0 3.112 102497 L:18p Wolspin)
B91SM0 O 121,783 102497 124p V92sp90.0
B94PI0 3033 10-24-97 1:18p V6o l0
BP0 O 122349 10-24-97 1:224p W6p10.0
BP9 3Mm3 10-24-97 1:18p tSpY
B O 121639 10:2497 124 Wép290
BI&PX) .03 10-24-97 1:18p 96pX0)
B%PX O 122369 102697 1:24p Wépdlo
B6PSD 3.033 10-24-97 1:18p WépS)
B%PSH O 122334 10-26¥7 1:24p WepSho
BIPNO) 3M) 10-24.97 1:18p Wep)
BYPY) O 122339 10-24-97 1:24p Wépilo
BISSSO 300 10-24-97 1:18p WSO
BMSO O 120343 10-2497 1:24p &S00
B96S0 3039 10-2497 1:15p WéeeU
B9%S90 O 122,243 10-24-97 1:24p WhetL0
BXS9S 3038 10-2457 1:18p b96eE
B9%6S98 O 121467 10-24.97 1:24p WWee98.0
BUSPIO 3.110 10-24.97 1:1%p bep 0
B89SPIO0 O 123,301 12497 1.34p BsplOm
BYASP4T 2116 10-34-97 1:18p D9Gapd?
B96SPAY O 124336 10-24-97 1:24p W6epdT0
BYSSP4S 3.112 10-24-97 1:18p Voéapdl
BysSP4s O 123030 10-24-97 12249 WéepdS o
BYSSPID 3112 10-24.97 1:13p VP6epSO
BYaSPSO O 122459 10-2497 124p W96epSLe
BYASPY 3012 I0-24-97 1:13p W6aph0

BUASP0 O 122112 102497 1:24p WWéspBla
CLAY2-l KEF 2441 10-2497 L:I%p claydlkest
HEADING 133 103497 1:18p headrg
HEADOUT 4025 103497 1:13p headow
HXAVE OUT 45333 10-2497 1:1Bp hasveomt
SUMRY=1 OUT 347910 10-24.97 1:24p sumry.nutit

Results for 0.002 cm Fracture Width

Directary of CAWork\tutlerannctclayd
[« 2411 34128 10-2497 1:13pcB7pd
st O 120334 30-24-97 1:24p<E7p310
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CIPsn O 121343 102497 1:24p BTp300
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CVIM0 O 120379 102497 1:24p Y2plo
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CVZPl O 131422 10-2497 1:34p Y2pdla
ovrs0 3126 102497 1:18p 92p%0
CVIPS0 O 131340 10-24.97 1:p c¥2pSia
oV 3126 2497 1:18p 9250
O3RN O . 1224w6 10-24.97 1259 T2
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Cv2sPes 3109 10-24-97 1:18p c92sp68
CVISPS O 122024 10-24-97 1:259 Yuphso
ov1sPes 3105 102497 L:18p c92phé
CVISP86 © 12139 102497 1:25p Fspbbio
OV2SPR0 3,105 10-24-97 1:18p c92ap00
CIISP90 O 122868 102497 1:25p c92spiiin
650 3026 103697 1:18p CepSD
%P0 O 121610 10-24-97 1:23p c96pS0.0
e 3026 102497 1A% cP6pT2
P12 O 120610 102497 1295 HépT20
co6r3 34126 30-24.97 1:18p c96p73
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Results for 0.001 cm Fracture Width

Directory of CAWork\tuttie trassacticheyd
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ovre 303 102497 1:1%p 9279
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DVIP0 O 131396 102497 ):25p 92p5010
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Dvarn) 3.033 10-24-97 1:18p 996ph0)
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DwiPs O 120667 10-24-97 1:23p (9ég9%.0
D9esPon 3112 102497 1:13p d9bapod
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HEADING 133 10-24.97 1:13p heading
HEADOUT 1224 102497 1:18p headow
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SUMRY=1 OUT 522358 10:24-97 1:25p memry outhst
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AD0O00000-01717-0200-00050 REV 00 clay.xis,Sheet2 Attachment VI
8 | ¢ | o | e | F | [ a1 ¢ 131 kK | t
0.76 0.12 0.12
MCNP 1D Clayey Soddyite PuO2 Total MCNP D Total $ Element
1001.50C 3.6517E-04 0.0171 2.3295E-03 M2 “1001.50C 2.3295E-03 $ Hydrogen
6012.50C 1.5117E-04 1.1480E-04 6012.50C 1.1489E-04 $ Carbon
8016.50C 4.8406E-02 0.04275  0.050928 4.8030E-02 8016.50C 4.8030E-02 $ Oxygen
9019.50C 1.0883E-06 . 8.2712E-07 8019.50C 8.2712E-07 $ Fluorine
11023.50C  2.1878E-03 1.6703E-03 1102350 1.6703E-03 $ Sodium
12000.50C 9.4051E-05 7.1479E-05 12000.50 7.1479E-05 $ Magnesium
13027.50C  3.8674E-03 | 2.8392E-03 13027.50 2.9392E03 $ Akminum
14000.50C 1.0795E-02 0.004275 1.5557E-02 14000.50 1.5557E-02 $ Silicon
15031.50C  3.2649E-08 2.4813E-06 1503150 24B813E-06 $ Phosphorus
18000.50C  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  1.9001E-05 1.4440E-05 22000.50 1.4440E-05 $ Titanlum
25055.50C  1.4574E-05 1.1076E-05 2505550 1.1076E-05 $ Manganess
26000.55C  1.8127&-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 9223550 1.0260E-03 $ Uranium
94239.55C 0.025464 3.0557E-03 94239.55 3.0557E-03 $ Piutonium
TOTAL 7.6920E-02  0.072675  0.076392 7.6347E-02
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