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Mixed Oxide (MOX) Fuel Fabrication Facility Nuclear Criticality Safety,
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This letter transmits the latest versions of Parts I, II, and III of the Criticality Validation Report
for the Mixed Oxide Fuel Fabrication Facility. Reference 1 transmitted prior revisions to Parts
I-III. The attached revisions implement the changes discussed in Reference 2 and address, in
part, NRC Staff questions contained in Reference 3.

The Criticality Validation Report documents the validation of the nuclear criticality safety codes
to be used in the design of the MFFF, and are being transmitted at this time to provide
justification for selection of administrative margin for construction authorization.

Part I validates Areas of Applicability (AOAs) related to AOA(1), Pu-nitrate aqueous solutions,
and AOA(2), MOX pellets, fuel rods, and fuel assemblies. The enclosed revision clarifies the
definition of areas of applicability and reflects additional evaluation of fixed absorbers.

Part IT covers AOA(3), PuO, powders, and AOA(4), MOX powders. It defines areas of
applicability based on key parameter ranges of input design applications used in sensitivity and
uncertainty analysis. It also removes waste store and laboratory from typical design
applications for AOA(3) since these units can be analyzed using ANSI-ANS-8.1 limits.
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Part III covers AOA(5), PuO, powder-polystyrene mixtures and Pu nitrate. Revision 1 clarifies
the applicability of validation for design application with H/Pu < 30.

In addition, please find enclosed a summary of the extent to which the revised Parts I, II, and III
of the validation report is responsive to the Staff’s 25 June 2003 letter (Reference 3), and
discussion of DCS’ response to other issues raised in that letter. As was agreed to by the Staff
in a conference call that preceded their letter, and in the interest of expediting the Staff’s review
of the changes implementing DCS’ 13 June 2003 letter (Reference 2), these validation report
revisions do not yet address all of the Staff’s questions (from Reference 3).

As indicated in the original transmittal of Part I, the MOX Standard Review Plan states that the
validation report should be maintained at DCS’ facility, the implication being that, should the
NRC Staff wish to review it, the review would take place at DCS’ facility. However, DCS
presumes that the Staff’s review of the validation report will be facilitated by making the report
available directly. DCS considers the attached Criticality Validation Report to be a technical
report that backs up conclusions in the Construction Authorization Request (CAR), but does not
consider it to be part of the CAR.

DCS requests NRC review and comment on these reports, and will be prepared to discuss its
conclusions at your convenience. If you have any questions, please feel free to contact me at
(704) 373-7820.

Sincerely,

Pcter S. Hastings, P.E.
Manager, Licensing & Safety Analysis

Enclosures: (1) Response to NRC Staff Request for Additional Information (Persinko to
Hastings, 25 June 2003)

(2) MFFF Criticality Validation Report — Revision 3 of Part I
(3) MFFF Criticality Validation Report — Revision 2 of Part I
(4) MFFF Criticality Validation Report — Revision 1 of Part III
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Enclosure 1

Response to NRC Staff Request for Additional Information
(Persinko to Hastings, 25 June 2003)

Following is a summary of the extent to which the current revisions of Parts I, II, and III
of the MFFF Validation Report address the questions asked in the NRC Staff’s Request
for Additional Information (RAI) dated 25 June 2003. Also included is additional
discussion on issues raised in those RAIs. Further information will be forthcoming in
response to the Staff’s questions.

Background

On 20 March 2003, DCS and NRC Staff conducted a public meeting on the subject of
validation reports. As discussed in that meeting, there was general agreement that the
Staff’s questions would be addressed through a clearer definition of the parameter ranges
for each of the five Areas of Applicability (AOAs) discussed in the three parts of the
MFFF Validation Report, along with clarification of the methodology to be employed
when criticality calculations exceeded those parameter ranges.

On 13 June 2003, DCS submitted Reference 2 responding to the questions raised in the
prior public meeting, and proposed corresponding actions to revise the validation reports
accordingly. On 18-19 June 2003, a telephone conference call was held between DCS
and NRC Staff to discuss the Reference 2 letter. In that telephone call, DCS agreed to
expedite the revisions of the validation reports which were the subject of the actions in
the DCS letter and, with an expected submittal date of 02 July 2003. (The letter to which
this summary is an enclosure transmits the revised Parts I-III of the MFFF Validation
Report, implementing the actions as described in Reference 2.)

During the 18-19 June 2003 conference calls, the Staff indicated they also had additional
questions on previous versions validation reports (transmitted in January 2003 by
Reference 1). The Staff proposed that, even though the issuance of the revised versions
of the validation reports was imminent, that they would send the list of questions the
following week (those questions were transmitted in Reference 3 on 25 June 2003). As
discussed during the 18-19 June 2003 calls, the revised validation report then in final
review obviously would not address the additional NRC questions from Reference 2; the
Staff acknowledged that the questions would be addressed subsequently.

Reference 3 consists of six questions requesting clarification and justifications of certain
aspects of the (previous) validation report parts transmitted by Reference 1, one question
not related to the validation report (i.e., associated with normal k. methodology), and a
request for data.

Question 1

As discussed in the 20 March 2003 public meeting and responded to by DCS in
Reference 2, the Staff requested the range of parameters under which DCS considers the
criticality code to be validated. Parts I-III of the MFFF Validation Report transmitted by
this letter include a clear definition of the parameter ranges under which DCS considers
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Enclosure 1

Response to NRC Staff Request for Additional Information
(Persinko to Hastings, 25 June 2003)

the code to be validated, as indicated by a new column labeled “Validated AOA” in the
tables of section 5 of the report parts. Also shown in those tables, as before, are columns
showing the ranges of the parameters of the anticipated criticality calculations (labeled

“Design Applications™) and the corresponding parameter ranges of the benchmarks
(labeled “Benchmarks™).

The detailed tables of anticipated calculations (in section 4) on which the ‘“Design
Application” columns are based have been updated with the latest expectations of
parameters. (It should be noted that calculations upon which the information in the
“Design Applications” column is based have not yet been completed; thus, the
information is indeed “anticipated,” and subject to future change.)

Comparison of the corresponding information in the “Validated AOA” columns and the
“Design Applications” shows very good agreement. Generally, the resulting validated
AOAs contain the corresponding key parameters of the anticipated design applications
for which the code system will be used to determine reactivity. In some cases, parameter
values for design applications may fall outside the validated area of applicability. In
these cases, DCS has committed to identifying additional margin, referred to as AOA
margin, in the associated calculations or NCSEs, consistent with the approach described
in NUREG-6698. The required margin is typically quantified by extrapolating observed
trends in the bias as a function of the parameter. This commitment is made in each of the
three parts of the validation report.

Thus, Question 1 has essentially been addressed.

Question 2

The revised validation report parts partially address Question 2. This question deals with
details of the new approach to benchmark selection (Sensitivity and Uncertainty [S/U]
methodology) used by Oak Ridge National Lab (ORNL), and upon which DCS has based
the treatment of AOA(3) and AOA(4) in Part II of the validation report. The information
in Part II is based exclusively on the methodology and its application by ORNL, as
published in ORNL/TM-2001/262. DCS will provide the requested justifications
requested in this question in a subsequent response to Reference 3 (as discussed above,
this issue is not addressed in the current revisions of the validation report).

One sub-part of Question 2 requests that DCS show the design applications are
representative of the entire range of parameters covered by the AOA. The information
associated with Question 1 addresses this issue, including a commitment to address the
need for the validated AOA parameter ranges to cover corresponding ranges in the
calculations. Thus the revised validation report parts partially address Question 2.
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Response to NRC Staff Request for Additional Information
(Persinko to Hastings, 25 June 2003)

Question 3

The revised validation report parts partially address Question 3. This question deals with
“data clusters.” DCS will provide the justifications requested in this question in a
subsequent response to Reference 3. However, some of the AOAs which showed this
effect are included in Part IT of the validation report.

As noted previously, DCS has used the new S/U methodology for Part II. In this case,
the applicability of the benchmarks is mainly dependent upon the characteristics of the
typical design applications, and not on the appearance — or lack of — such “data clusters.”
Additionally, as recommended by the validation handbook, NUREG-6698, the non-
parametric method (NPM) has been used in these cases. The NPM uses the most
pessimistic value of applicable benchmark to determine the bias of the calculational
result, and thus the appearance of the results of the benchmark experiments are no longer
relevant. Thus the revised validation report parts partially address Question 3.

Question 4

Question 4 deals with the differing methodologies used in the various validation reports.
DCS will provide the requested justifications requested in this question in a subsequent
response.

Question 5

Question 5 requests information on the relationship between the calculational uncertainty
Ak and the statistical Monte Carlo uncertainty ox. DCS will provide the justifications
requested in this question in a subsequent response.

Question 6

Question 6 requests a justification that the data presented in Part III is normally
distributed. DCS will provide the justifications requested in this question question in a
subsequent response.

Question 7 and Request for Data

Question 7 is associated with normal k. methodology and is not addressed in the revised
validation report parts. Additionally, the Staff have requested specific data to facilitate
further review of the validation report. DCS will provide responses to both Question 7
and the data request in a subsequent response.
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REVISION DESCRIPTION SHEET

REVISION
NUMBER DESCRIPTION
0 Initial Issue June 2001
1 Additional experiments added to AOA(1)
Correct typographical errors
Address non-normality issue
Add results for PC platform (SCALE 4.4a)
Correct USLSTATS input to include experimental uncertainties
Provide justification for administrative margin
2 Address non-normality issue by performing non parametric analysis of
AOA(1) data. Affected pages: 18-19, 31, 33, 46.
Editorial and typographical corrections: various pages.
3 Clearly define areas of applicability

Additional analysis of fixed absorbers
Affected pages: 25-27, 29-30, 110, 112, 114, 124-131.
Editorial and typographical corrections: various pages.
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EXECUTIVE SUMMARY

This report documents the validation of the nuclear criticality safety codes to be used in the
design of the Mixed Oxide (MOX) Fuel Fabrication Facility (MFFF), to be owned by the U.S.
Department of Energy (DOE) and operated by the licensee, Duke Cogema Stone & Webster
(DCS). This report is applicable to the validation of the SCALE 4.4 and SCALE 4.4a code
packages [1] using the CSAS26 (KENOVI) sequence and the 238 energy group cross section
library 238GROUPNDFS.

Title 10 Code of Federal Regulations (CFR) §70.61(d) requires that all nuclear processes remain
subcritical under all normal and credible abnormal conditions. In order to establish that a system
or process will be subcritical under all normal and credible abnormal conditions, it is necessary
to establish acceptable subcritical limits for the operation and then show that the proposed
operation will not exceed those values. In order to comply with this requirement, the American
National Standard for Nuclear Criticality Safety in Operations with Fissionable Material
Outside Reactors ANSI/ANS—8.1-1998 [2] and the U.S. Nuclear Regulatory Commission (NRC)
Standard Review Plan for the Review of an Application for a Mixed Oxide (MOX) Fuel
Fabrication Facility [3], require that a validation be performed that (1) demonstrates the
adequacy of the margin of subcriticality for safety by assuring that the margin is large compared
to the uncertainty in the calculated value of k. and (2) determines the area(s) of applicability
(AOA) and use of the code within the AOA, including justification for extending the AOA by
using trends in the bias.

A number of design AOAs are established to cover the range of processes and fissile materials in
the MFFF. AOAs covering Pu and MOX applications are as follows: (1) Pu-nitrate aqueous
solutions (homogeneous systems), (2) MOX pellets, fuel rods, and fuel assemblies
(heterogeneous systems), (3) PuO, powders, (4) MOX powders, and (5) aqueous solutions of Pu
compounds (e.g., Pu-oxalate solutions). The present report addresses only the first two areas of
applicability: (1) Pu-nitrate aqueous solutions and (2) MOX pellets, fuel rod, and fuel
assemblies. The AOA(3) and AOA(4) areas are validated in the Part II report [16). AOA(S) is
addressed in the Part ITI [17].

The report concludes that the upper safety limit (USL) for the first design area of applicability
(i.e., Pu-nitrate solutions) is 0.9370, and the USL for the second design area of applicability (i.e.,
MOX pellets, rods, and fuel assemblies) is 0.9321. The USL accounts for computational bias,
uncertainties, and a 0.05 administrative margin. The final USL in each case is the more
conservative of the USLs calculated separately for SCALE versions 4.4 and 4.4a.
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1. INTRODUCTION

1.1 PURPOSE

The purpose of this report is to validate the criticality codes and determine the upper safety limit
(USL) to be used for performing nuclear criticality safety calculations and analyses of the Mixed
Oxide (MOX) Fuel Fabrication Facility (MFFF), to be owned by the U.S. Department of Energy
(DOE) and operated by the licensee, Duke Cogema Stone & Webster (DCS).

12 SCOPE

The scope of this report is limited to the validation of the KENO VI module and CSAS26 driver
in the SCALE 4.4 and SCALE 4.4a code packages [1] for use with the 238 energy group cross-
section library 238 GROUPNDFS for nuclear criticality safety calculations of the MFFF.

1.3 APPLICABILITY

The following areas of applicability (AOAs) are identified to cover a range of processes and
fissile materials in the MFFF:

¢ Pu-nitrate aqueous solutions (homogeneous systems)

e MOX pellets, fuel rods, and fuel assemblies (heterogeneous systems)

¢ PuO; powders

¢ MOX powders

e Aqueous solutions of Pu compounds (e.g., Pu-oxalate solutions).
This report addresses the first two AOAs:

¢ Pu-nitrate aqueous solutions (homogeneous systems),

e MOX pellets, fuel rods, and fuel assemblies (heterogeneous systems).
14 BACKGROUND

14.1 Overall MFFF Design

The MFFF is designed to produce MOX fuel assemblies on an industrial scale from a mixture of
depleted uranium and plutonium oxides for use in mission light-water reactors. The MFFF will
be constructed on a DOE site and will be licensed by the U.S. Nuclear Regulatory Commission
(NRC) under Title 10 Code of Federal Regulations (CFR) Part 70. The facility is designed to
applicable U.S. codes and standards and operated by DCS, a private consortium under contract to
DOE. The goal of the contract is to design, construct, and operate a facility to fabricate MOX
fuel based on existing technology from the COGEMA MELOX and La Hague plants in France.
To maximize the benefit of the existing technology, process and equipment designs from the
MELOX and La Hague plants are duplicated, to the maximum extent possible, in the design of
the new plant.
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The feed material is depleted uranium dioxide and surplus plutonium dioxide (from the Pit
Disassembly and Conversion Facility) supplied by DOE. The impurities in the plutonium dioxide
feed are extracted by the Aqueous Polishing process. The MOX fuel fabrication process blends
this “polished” plutonium dioxide with depleted uranium dioxide to form mixed oxide pellets.
These pellets are loaded into fuel rods, which are integrated into fuel assemblies. The nuclear
fuel assemblies are transported for use in specific U.S. commercial reactors as nuclear fuel. The
MFFF is designed to process 3.5 metric tons annually, for a total disposition of 33 metric tons of
plutonium (as dioxide).

1.4.2 Regulatory Requirements, Guidance, and Industrial Standards

Title 10 CFR §70.61(d) requires that “under normal and credible abnormal conditions, all
nuclear processes are subcritical, including use of an approved margin of subcriticality for
safety.” In order to comply with this requirement, NUREG 1718 [3] and ANSI/ANS-8.1 [2]
require a validation report that (1) demonstrates the adequacy of the margin of subcriticality for
safety by assuring that the margin is large compared to the uncertainty in the calculated value of
keff and (2) determines the AOAs and use of the code within the AOA, including justification
for extending the AOA by using trends in the bias.

NUREG 1718 [3] further states that the validation report should contain:

A description of the AOA that identifies the range of values for which valid
results have been obtained for the parameters used in the methodology. As
defined in ANSI/ANS 8.1-1983, the AOA is the range of material
compositions and geometric arrangements within which the bias of a
calculational method is established. Other variables that may affect the
neutronic behavior of the calculational method should also be specified in the
definition of the AOA. Particular attention should be given to validating the
code for calculations involving mixed oxides of differing isotopics and
defining the isotopic ranges covered by the available benchmark experiments.
In accordance with the provisions in ANSI/ANS 8.1-1983 (applicable section
is Section 4.3.2), any extrapolation of the AOA beyond the physical range of
the data should be supported by an established mathematical methodology.
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2. CALCULATIONAL METHOD

The SCALE 4.4 and SCALE 4.4a code packages [1] are the computational systems used for
MFFF criticality analyses. 'The two code packages are available from the Radiation Safety
Information Computational Center (RSICC). The SCALE 4.4 code package is installed and
verified on the SGN Sun hardware platform [4], and the SCALE 4.4a code package is installed
and verified on the SGN PC hardware platform [5].

SCALE 4.4 and SCALE 4.4a are a collection of modules designed to perform nuclear criticality,
shielding, and thermal calculations. Each SCALE functional module may be run individually, or
a sequence of functional modules may be executed using a special module referred to as a
control module. For criticality analyses, various criticality safety analysis sequence (CSAS)
control modules are available which differ in the specific functional modules executed and in the
processing of cross sections used as input. In general, MFFF criticality analyses are performed
using the CSAS26 control module and the 238 energy group cross-section library
238GROUPNDFS, based on ENDF/B-V data. These modules perform cross section processing
using the BONAMI and NITAWL-II functional modules, and the calculation of k. is performed
using the KENO VI Monte Carlo transport code.
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3. CRITICALITY CODE VALIDATION METHODOLOGY

In order to establish that a system or process will be subcritical under all normal and credible
abnormal conditions, it is necessary to establish acceptable subcritical limits for the operation
and then show that the proposed operation will not exceed those values.

Figure 3-1 shows how the validation process fits within the overall MFFF nuclear criticality
analysis process. The first step involves the procurement, installation, and verification of the
criticality software on a specific computer platform. For the MFFF, the SCALE 4.4 and SCALE
4.4a code packages were procured, installed, and verified on the SGN Sun [4] and PC [$]
hardware platforms, respectively. This step is followed by the validation of the criticality
software, which is the purpose of this report. The final step involves the criticality safety design
analysis calculations, which are performed and presented in separate reports.

The criticality code validation methodology can be divided into four steps:
o Identify general MFFF design applications
e Select applicable benchmark experiments and group them into AOAs
e Model and calculate kg values of selected critical benchmark experiments

¢ Perform statistical analysis of results to determine computational bias and upper safety
limit (USL).

The first step is to identify the MFFF design applications and key parameters associated with the
normal and upset design conditions. Table 3-2 lists some of the key parameters for the MFFF.

The second step involves several substeps. First, based on the key parameters, the AOA and
expected range of the key parameter are identified. ANSI/ANS-8.1 [2] defines the AOA as “the
limiting range of material composition, geometric arrangements, neutron energy spectra, and
other relevant parameters (such as heterogeneity, leakage interaction, absorption, etc.) within
which the bias of a computational method is established.” AOAs covering Pu and MOX
applications are as follows: (1) Pu-nitrate solutions; (2) MOX pellets, fuel rods, and fuel
assemblies; (3) PuO, powders; (4) MOX powders; and (5) aqueous solutions of Pu compounds.
These AOAs are defined and presented in Section 4. After identifying the AOAs, a set of critical
benchmark experiments is selected. Benchmark experiments for the AOAs are selected from the
references listed in the International Handbook of Evaluated Criticality Safety Benchmark
Experiments [6], the Guide to Verification and Validation of the SCALE-4 Criticality Safety
Software [7], and the Neutronics Benchmarks for the Utilization of Mixed-Oxide Fuel [8]. A
description of all relevant experiments used for each AOA considered here is provided in
Section 5.

The third step involves modeling the critical experiments and calculating the ke values of the
selected critical benchmark experiments'. Attachments 1 and 2 present calculated results.

The final step involves the statistical analysis of the results in order to calculate the
computational bias and USL. Section 6 presents the computational bias and USL results.

! Note that these models contain simplifications of critical experiments geometry. These simplifications lead to
additional uncertainties, included in the statistical analysis of the results.
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3.1 DETERMINATION OF BIAS

ANSI/ANS-8.1-1998 [2] requires a determination of the calculational bias by “correlating the
results of critical and exponential experiments with results obtained for these same systems by
the calculational method being validated.” The correlation must be sufficient to determine if
major changes in the bias can occur over the range of variables in the operation being analyzed.
The standard permits the use of trends in the bias to justify extension of the area of applicability
of the method outside the range of experimental conditions.

Calculational bias is the systematic difference between experimental data and calculated results.
The simplest technique is to find the difference between the average value of the calculated
results of critical benchmark experiments and 1.0. This technique gives a constant bias over a
defined range of applicability.

Another technique is to find the difference between a regression fit of the calculated results of
critical benchmark experiments and 1.0, as a function of an independent variable (e.g.,
enrichment, moderator-to-fuel ratio, etc.). As a rule, the bias is not a constant, but is dependent
upon an independent variable, usually the degree of moderation of the neutrons. For example, the
bias for an unmoderated system in which fission occurs with fast neutrons would not be expected
to be the same as for a moderated system in which fission occurs with thermal neutrons. The
AOA for the bias is the limiting range of material composition, geometric arrangement, etc., over
which the bias is collectively established.

The recommended approach for establishing subcriticality based on numerical calculations of the
neutron multiplication factor is prescribed in Section 5.1 of ANSIVANS-8.17-1984 [9]. The
criteria to establish subcriticality requires that for a design application (system) to be considered
as subcritical, the calculated multiplication factor for the system, ks, must be less than or equal to
an established maximum allowed multiplication factor based on benchmark calculations and
uncertainty terms that is:

ks < K - Ak; - Ak; - Akg, (Eq. 3.1)

where:

= the calculated allowable maximum multiplication factor, (kes) of the design
application (system)

the mean kg value resulting from the calculation of benchmark critical
experiments using a specific calculation method and data

the uncertainty in the value of k;

the uncertainty in the value of k.

the administrative margin to ensure subcriticality.

ERE & OF

Sources of uncertainty that determine Ak; include:
e statistical and/or convergence uncertainties
e material and fabrication tolerances
¢ limitations in the geometric and/or material representations used.

Sources of uncertainty that determine Ak, include:
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e uncertainties in critical experiments

statistical and/or convergence uncertainties in the computation
e extrapolation outside of the range of experimental data

¢ limitations in the geometric and/or material representations used.

An assurance of subcriticality requires the determination of an acceptable margin based on
known biases and uncertainties. The USL is defined as the upper bound for an acceptable
calculation.

Critical benchmark experiments used to determine calculational bias (B) should be similar in
composition, configuration, and nuclear characteristics to the system under examination. The
range of applicability may be extended beyond the range of conditions represented by the
benchmark experiments by extrapolating the trends established for the bias. P is related to k. as
follows:

B= k-1 (Eq.3.2)
AB = Ak, (Eq. 3.3)
Using this definition of bias, the condition for subcriticality in Eq. 3.1 is rewritten as:

A system is acceptably subcritical if a calculated ke plus calculational uncertainties lies at or
below the USL.

k; + Ak <USL (Eq. 3.5)
The USL can be written as:
USL=1-Ak, + B- AB (Eq. 3.6)

Bias is negative if k. < 1 and positive if k. > 1. For conservatism, a positive bias is set equal to
zero for the purpose of defining the USL. A is typically determined at the 95% confidence level.

The USL takes into account bias, uncertainties, and administrative and/or statistical margins such
that the calculated configuration will be subcritical with a high degree of confidence.

B is related to system parameters and may not be constant over the range of a parameter of
interest. If kg values for benchmark experiments vary as a function of a system parameter, such
as enrichment or degree of moderation, then B can be determined from a best fit as a function of
the parameter upon which it is dependent. Extrapolation outside the range of validation must take
into account trends in the bias.

Both AB and P can vary with a given parameter, and the USL is typically expressed as a function
of the parameter. Normally, the most important system parameter that affects bias is the degree
of moderation of the neutrons. This parameter can be expressed in several different ways, such as
the energy of average lethargy causing fission (EALF), moderator-to-fuel volume ratio VI,
or moderator-to-fuel atomic ratio (H/Pu ratio).
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In general, the “bias” can be broken down into components caused by system modeling error,
code modeling inaccuracies, cross-sectional inaccuracies, etc. Biases associated with individual
inaccuracies are usually combined into a total bias to represent the combined effect from all
sources that prevent code and cross-sections from calculating the experimental value of kes (see
Section 0). ;

One or two calculations are insufficient to determine calculational bias. In practice, it is
necessary to determine the “average bias” for a group of experiments. A statistical analysis of the
variation of biases around this average value is used to establish an uncertainty associated with
the bias value when it is applied to a future calculation of a similar critical system. The lower
limit of this band of uncertainty establishes an upper bound for which a future calculation of k¢
for a similar critical system can be considered subcritical with a high degree of confidence.

NUREG/CR-6361 [10] describes two statistical methods for the determination of an USL from
the bias and uncertainty terms associated with the calculation of criticality. The first method
applies a statistical calculation of the bias and its uncertainty, plus an administrative margin, to a
linear fit of critical experimental benchmark data. The second method applies a statistical
calculation to determine a combined lower confidence band and subcritical margin. Both
methods assume that the distribution of data points is normal. The following discussion of each
method is taken from NUREG/CR-6361 [10] and is based on equations and techniques described
in Dryer, Jordan, and Cain [11], Easter[12], Bowden and Graybill [13], Johnson [14], and Cain
[15].

3.2 USL METHOD 1: CONFIDENCE BAND WITH ADMINISTRATIVE MARGIN

This method applies a statistical calculation of the bias (§) and its uncertainty (AB) plus an
administrative safety margin (Aky,) to a linear fit of calculated results for a selected set of critical
experiments. A confidence band (W) is determined statistically based on the existing data and a
specified level of confidence; the greater the standard deviation in the data or the larger the
confidence desired, the larger the band width will be. This confidence band, W, accounts for
uncertainties in the experiments, the calculational approach, and calculational data (e.g., cross
sections) and is therefore a statistical basis for AP, the uncertainty in the value of B. W is defined
for a confidence level of (1-y;) using the relationship:

W = max {w(x)s na x mu} (Eq. 3.7)
where

1
2

- 1, =x)
W(x) -— tl*)’,sp I+n+ Z(x‘_;)?

i=ln

(Eq. 3.8)

and
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n = the number of critical calculations used in establishing k _(x)

11y, = the Student - t distribution for1- Y, and n - 2 degrees of freedom

x = the mean value of parameter x in the set of calculations
sp = the pooled standard deviation for the set of criticality calculations.

The function w(x) is a curvilinear function. For simplicity, it is desirable to obtain a constant
width margin. Therefore, for conservatism, the confidence band, W, is defined as the maximum
of (W(Xmin), W(Xmax)), Where Xpm, and Xpma, are the minimum and maximum values of the
independent parameter x, respectively. Typically, W is determined at a 95% confidence level.

The pooled standard deviation is obtained from the pooled variance S, =,{S? , where S, is given
as:

2

2 2
Sp=Sk(x)+Sw (Eq' 3.9) .

Where Sfm is the variance (or mean square error) of the regression fit, and is given by:

] . {f;("i —’_‘)(ki "E)}
Skix) = -(-nTZ_) lg;'(ki_k) - Z(x.-"’?)z

i=ln

(Eq. 3.10)

and S is the within-variance of the data:

v = %Zm’ (Eq. 3.11)

i=ln

where ©; is the standard deviation associated with k; for a Monte Carlo calculation. It is
recommended that the individual standard deviations for Monte Carlo calculations be roughly
uniform in value for the best results. For deterministic codes that do not have a standard
deviation associated with a computed value of k, the standard deviation is zero. However, this
term can also be used as 2 mechanism to include known uncertainties in experimental data.

In USL Method 1, Ak, is given an arbitrary administrative value. NUREG-1718 [3] states that a
“minimum subcritical margin (Aky) of 0.05 is generally considered acceptable without additional
justification when both the bias and its uncertainty are determined to be negligible.” The MFFF
criticality analyses use a value of 0.05. Section 7.1 provides further justification of the 0.05
administrative margin.
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Having determined the constant W and substituting for AP in equation 3.6, the expression for the
USL may be written as:

USL;(x) = 1.0 - Akp, - W + B(x). (Eq. 3.12)

3.3 USL METHOD 2: SINGLE-SIDED UNIFORM WIDTH CLOSED INTERVAL
APPROACH

In USL Method 2, sometimes referred to as a lower tolerance band (LTB) approach, statistical
techniques are applied to determine a combined lower confidence band plus subcritical margin.

In USL Method 1, Ak, and AP are determined independently, and in USL Method 2 (LTB
method), a combined statistical lower bound is determined.

The purpose of this method is to determine a uniform tolerance band over a specified closed
interval for a linear least-squares model. The level of confidence in the limit being calculated is
o and is typically in the range of 0.90 to 0.999.

The USL Method 2 is defined as:
USLy(x) = 1.0 — (Cop - 5p) + B(X) (Eq- 3.13)

where s, is the pooled variance of k. described earlier. The term Cop - sp provides a band for
which there is a probability P with a confidence « that an additional calculation of kg for a
critical system will lie within the band. For example, a Cosp9.s multiplier produces a USL for
which there is a 95% confidence that 995 out of 1000 future calculations of critical systems will
yield a value of keff above the USL.

The analysis is over the closed interval from x = a to x = b. Cgp is calculated according to the
following equations:

g= l+"_("_‘xl (Eq. 3.14)
n _ =2
E(x,- X)
h=vl+7£2291_ (Eq. 3.15)
n —
Z(-xi"'x)z
p=L. 1, @-x0b-%) (Eq. 3.16)

A=% (Eq. 3.17)
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A, p, and (n-2) are used to determine the value of D from Table 3 in Bowden [13], which covers
values of 0.5 <A <1.5. The procedure to follow when A is in this range is:

Cx=D-g. (Eq. 3.18)

When A is outside the above range, A is replaced by 1/A for the determination of D, and C* is
given by:

C*=D-h (Eq. 3.19)
Next,
. n-2
Car=C +2- =, (Eq. 3.20)
y4
where
2 the Student t statistic depending on n and P

b4

the chi square distribution, a function of n-2 and &

This approach provides a statistically based subcritical margin, Ak, which can be determined as
the difference (Cop'sp)-W. In criticality safety applications, such a statistically determined
approach generally, but not necessarily, yields a margin of less than 0.05, which serves to
illustrate the adequacy of the administrative margin specified in USL Method 1. The
recommended purpose of USL Method 2 is to apply it in tandem with USL Method 1 to verify
that the administrative margin is conservative relative to a purely statistical basis.

3.4 NON-NORMAL DISTRIBUTIONS

In cases where the benchmark results fail the % test for normality, the non-parametric technique
described in NUREG-6698 [18] is applied to the data. This statistical technique is based on a
rank order analysis of the data. The USL is established according to

USL = Smallest. ker value — Uncertainty for smallest k.s — Nonparametric margin — Aky
(Eq. 3.21)

Where the non-parametric margin is an additional margin intended to account for small sample
size. Recommended values for the non-parametric margin as a function of the degree of
confidence are obtained from Table 2.2 of NUREG-6698, which is reproduced in Table 3-1.

The degree of confidence S that a fraction g of the population is greater than the lowest observed
value is established for a given sample size n according to

B=1-g" (Eq. 3.22)

For a desired population fraction of 95%, this becomes
B =1-0.95" (Eq. 3.23)
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In order to obtain a 95% confidence that 95% of the population is larger than the smallest
observed sample, at least 59 critical experiments are required.

Table 3-1 Recommended Non-Parametric Margin Values from NUREG-6698

Degree of Confidence for 95% of the Population Non-parametric Margin (NPM)
>90% 0.00
>80% 0.01
>70% 0.02
>60% 0.03
>50% 0.04
>40% 0.05
<40% Additional data needed. (This
corresponds to less than 10 data points.)

3.5 UNCERTAINTIES

Uncertainties, as used in this report, refer to the uncertainty in kg associated with experimental
unknowns or assumptions and to the uncertainty values associated with Monte Carlo analyses.

Experimental uncertainty (6.) — Modeling of validation experiments frequently result in
assumptions about experimental conditions. In addition, experimental uncertainties (such as
measurement tolerances) influence the development of a computer model. Recent efforts by the
OECD - NEA [6] have resulted in the quantification of these uncertainties in validation
experiments.

Statistical uncertainty (0;) — Monte Carlo calculation techniques result in a statistical uncertainty
associated with the actual calculation. This type of uncertainty is dependent upon many factors,
including number of neutron generations performed, variance reduction techniques employed,

and problem geometry. For this document, o; refers to the statistical Monte Carlo uncertainty
associated with the computer modeled validation experiment.

Total uncertainty —This is the total uncertainty associated with a calculated ke on a benchmark
experiment. The total uncertainty for an individual benchmark is the combined error of the
experimental and statistical uncertainties:

0, =02 +o?, (Eq. 3.24)

where the subscript (i) refers to an individual benchmark calculation.

3.6 NORMALIZING Kgrr

In many instances, benchmark experiments used for validation may not be exactly critical.
Experimental results may show that the experiment is slightly above or below a ke = 1.0. For
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these cases, the calculated ks values should be normalized to the experimental value. This
assumes that any inherent bias in the calculation is not affected by the normalization, which is
valid for small differences in k.. To normalize k., the following formula applies:

kesr (normalized) = kg (calculated) / ks (experimental) (Eq. 3.25)

The normalized k.g values are to be used in the determination of the USL. Since only small
adjustments to the calculated k. value are made as a result of normalization, no adjustment to
the total uncertainty, o;, is made.

3.7 APPLICATION OF THE USL

The equations for USL Methods 1 and 2 (equations 3.12 and 3.13) represent an upper bound to
assure subcriticality for a given configuration when the calculated keg plus uncertainty for the
configuration is less than the USL. USLs may be calculated for a number of independent
parameters for a given system. Here, the subcritical limit is taken as the minimum of all USLs
computed for the specific parameters of the system. This approach is conservative with respect to
the guidance provided in NUREG/CR-6361 [10] in which the USL is determined based on the
statistical results for the parameter “with the strongest correlation to the calculated k g values.”

Another advantage of the USL is that it may also be used to establish guidelines for
quantitatively determining the applicability of the bias (or validation) to specific applications.
For a given parameter, the USL is valid over the range of that parameter in the set of calculations
used to determine the USL. However, ANSI/ANS-8.1 [2] allows the range of applicability to be
extended beyond this range by extrapolating the trends established for the bias. No precise
guidelines are specified for the limits of extrapolation. Thus, engineering judgment should be
applied when extrapolating beyond the range of the parameter bounds.

Appendix C in NUREG/CR-6361 [10] documents the USLSTATS computer program that was
developed to perform the required statistical analysis and calculate USLs based on USL Methods
1 and 2.

In this validation report, USLSTATS is used to trend the following parameters:
e Moderator to fuel atomic ratio (H/Pu)
¢ Energy of Average Lethargy Causing Fission (EALF)
¢ Moderator to Fuel Volume Ratio (v™/vf)
e 2%py and PuO, content

The H/Pu ratio is a parameter that describes the moderation of the neutrons in the fissile medium.
The moderator to fuel volume ratio, v™/v', has a similar meaning for fuel rod lattices. The EALF
parameter is a measure of the energy dependent fission efficiency of the fissile medium.

The administrative margin, Aky, is fixed in order to have a sufficient confidence that the
calculated results are subcritical.
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Table 3-2 Characteristics of the MFFF Application Areas’
. MOX pellets,|  PuO, MOX Aqueous
Pu-nitrate solutions of
Parameter . fuel rods, |powder/water | powder/water
solution . . Pu
FAs mixtures mixtures
compounds
. . . MOX n and
F1s§1le Matenfll . sinteregdr;::llets, (a) Pu-oxalate
Physical/Chemical Pu-nitrate PuO, powder | MOX powder
MOX Rods and b) PuO-E.
Form (b) PuO,F;
FAs
96% “’Pu 96% *°Pu
Isotopic composition 96% **Pu 4% Py 96% **Pu 4% %°Py 96% “Pu
of fissile material ** 4% ¥py 4% P°py 4% ¥pu
depleted U depleted U
Pu/(U+Pu) 100 % <63% 100 % 6.3% - 22% 100 %
Maximum oxide
density [g/cm’] - 7.0,11.0 3.5,7.0,11.46 41,55 -
i a) 242
Pu concentration 125 — 237 B _ _ (@)
[g/liter] (b) 696
Type of moderation | Homogeneous | Heterogeneous | Homogeneous | Homogeneous | Homogeneous
. —032_ a) H/Pu=100
Opimum | o 100200 [vani=19-9 | HPU=03-6 |yp ¢ 2@
moderation and 700 - 1900 (b) H/Pu=30
Low density
moderation - <5 <5 <5 -
[wt.% H,0]
Water Water Water
Anticipated Cd/water Water Cd/water
absorber/reflector Concrete Concrete Borated Water
Borated concrete
concrete
Annular . Annular
Typical cylinders Cylinders Various Various cylinders
geometry Cylinders Arrays configurations | configurations Cylinders
Slabs  Cuboids Slabs

" Characteristics presented typically refer to optimal or bounding values or ranges associated with respective AOAs

** Bounding design isotopic composition from Aqueous Polishing System basis of design

*** Per calculation

Li L1

Green Pellets (i.e., unsintered pellets) < 5; sintered pellets < 1 '
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4. MFFF DESIGN APPLICATION CLASSIFICATION

This section describes the characteristics of the established AOAs based on the various fuel
configurations encountered in the MFFF. AOAs covering Pu and MOX applications are as
follows (see Table 3-2):

e Pu-nitrate aqueous solution

e MOX pellets, fuel rods, and fuel assemblies (FA)
e PuO; powders

e MOX powders

¢ Aqueous solutions of Pu compounds (e.g., Pu-oxalate solution).

4.1 DESIGN APPLICATION (1) - PU-NITRATE SOLUTION

Table 4-1 summarizes the anticipated criticality calculations to be performed for the design of
the Aqueous Polishing process of the MFFF in which Pu-nitrate will be processed. The table
provides the relevant parameters (i.e., chemical form, isotopic vector, moderator to fuel atomic
ratio (H/Pu), and EALF) for each criticality design application.

Since geometry control is expected to be used for all the equipment listed in Table 4-1, the
calculations are performed at optimum moderation taking into account full water reflection. In
some applications (e.g., mixer-settler tanks), the reflector is modified by cadmium/water
materials and borated concrete materials.

4.2 DESIGN APPLICATION (2) - MOX PELLETS, FUEL RODS, AND FUEL
ASSEMBLIES

Table 4-2 summarizes the anticipated criticality calculations to be performed for the design of
the MOX process pellet, fuel rod, and fuel assembly lines. In addition, the table provides the
relevant parameters (i.e., chemical form, fuel concentration C(Pu), isotopic vector, moderator to
fuel volume ratio (v™/v%), and EALF) for each criticality design application.

In the pellet and fuel rod area, a conservative value of 6.3% Pu content is used to bound the
design limit of 6.0%. The maximum assembly-averaged Pu content in the fuel assembly area is
less than 6.0%. The value depends on the FA type that is specified by the MFFF customers (i.e.,
utility reactors) and will be incorporated into the criticality design application calculations.
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Table 4-1 Anticipated Characteristics for the Design Application Involving Pu-nitrate Solutions

Fuel Reflector Chemical Pu/ Pu Isotopic H/Pu C(Pu) EALF
Configuration Conditions Form (U+Pu) | Composition gMm {eV]
AP: Purification
Mixer-settler tank Slab with Cd/water Pu(NOs) 100% 4% *py 100 237 020
reflector 3 ‘
Active gallery Array of interacting Pu(NO,) 100% 4% *pu 150 164 0.14
cylinders 33 ’
Pulsed columns Cylinder with water
reflector Pu(NO;); | 100% | 4% *Pu 150 | 194 0.14
Tanks in cell Annular cylinder with
concrete reflector
Stab with Cd/water | PUNO9s | 100% | 4% *%Pu | 200 125 0.18
reflector
AP: Oxalic Precipitation Oxidation
Tanks in cell Annular cylinder with
concrete reflector | PUONO»s | 100% [ 4% *Pu | 200 125 0.18
Dosing wheels Rectangular solid with
stee] water reflector | PYONO2s | 100% | 4% *Pu 150 164 0.25
Expected Range of Various 100-| 125- 0.14 -
Design Application|  configurations | TUMNOsks | 100% | 4% ™Pu | 50y | 237 | 025
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Table 4-2 Anticipated Characteristics for the Design Application Involving MOX Pellets, Fuel
Rods, Fuel Assemblies

Fuel Reflector | Chemical | Pu/(U+Pu) | Pu Isotopic vV EALF
Configuration Condition Form wt. % Composition {eV]
MP: Pellet area
Sintering furnace’ Waterand | - 240 0.19-
Heterogeneous Array concrete Mox 6.3% 4% 2-10 ) o4
Pellets boats in the return glove 0.10-
box of the sintering furnace Water MOX 6.3% 4% *°pu 2-10 0 26
Heterogeneous Array )
Glove boxes 0.12-
Heterogeneous Array Water MOX 6.3% 4%*%Pu | 2-10 | o
Pellet boats and boxes store’ 0.18-
Heterogeneous Array Water MOX 6.3% 4%*Pu [ 2-10 | o
Pellets stored in tray baskets® Water, 20p 0.11-
Heterogeneous Array concrete MOX 6.3% 4% 2-10 } (66
MP: Rod area
Rod store? 0.1~
Rectangular array Water MOX 6.3% 4% *°pu 2-5 0.5
MP: Fuel Assembly Area
MOX FA store Water and 2u0p 0.1-
Rectangular array concrete MOX 6.3% 4% ~1.9 0.5
Expected Range of Design \ 240 _ 0.1-
Application Various MOX 6.3% 4% “"Pu | 19-10 0.66

' Random orientation of pellets modeled as regular arrays with hexagonal or rectangular pitch
2 Boron shields are actually employed, but no credit for the boron is required in the safety analysis of the system.
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5. BENCHMARK EXPERIMENTS

5.1 AOA (1) -PU-NITRATE SOLUTION

Fifteen benchmark experiments, consisting of a total of 191 critical configurations, with Pu-
nitrate solution are selected from the ICSBEP Handbook [6] for AOA(1). One or more of the
following criteria are used for selecting an experiment:

e Moderator-to-fuel atomic ratio H/Pu appropriate for the area of applicability.
¢ The presence of a water reflector, cadmium/water reflector, or concrete reflector.
e Neutron interaction between bare cylinders arranged in an array.

e Bare spheres without significant reflectors in order to represent the normal unreflected
design application.

The identification numbers of the benchmarks selected from Reference [6] are listed below:
PU_SOL_THERM_001, 002, 003, 004, 005, 006, 008, 011, 014, 015, 016, 017, 020, 025, 026.

A description of the key parameters of these experiments is presented in Table 5-1. Table 5-2
provides a comparison of the key AOA parameters for the critical benchmark experiments and
the design applications. The validated AOA is established based on the more limiting (smaller
range) of the design application and benchmark experiment values as shown in Table 5-2.
Although no experiments are available with borated concrete, a justification for validated use of
borated concrete reflectors is provided in Attachment 5.

The validation methodology described in this validation report requires that consistent code
options be employed in modeling both benchmark experiments and design applications. Due to
the multigroup energy treatment employed in KENO-V], the most important such option is the
resonance treatment employed in the Material Information Processor (MIP) of SCALE. The
validation performed here employs applies to the INFHOMMEDIUM model. This model must
be used in design application analyses considered applicable to this AOA.

Generally, the resulting validated AOA contain the corresponding key parameters of the
anticipated design applications for which the code system will be used to determine reactivity.
In some cases, parameter values for design applications may fall outside the validated area of
applicability. In these cases, DCS commits to identifying additional margin, referred to as AOA
margin, in the associated calculations or NCSEs, consistent with the approach described in
NUREG-6698. The required margin is typically quantified by extrapolating observed trends in
the bias as a function of the parameter.
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52 AOA (2)- MOX-PELLETS, FUEL RODS, FUEL ASSEMBLIES

Five benchmark experiments are selected from the ICSBEP-Handbook [6] for AOA(2). These
benchmarks include 36 critical configurations performed with lattices of MOX fuel rods in water
having various Pu contents and moderating ratios (V"W).

The ID numbers of the selected benchmarks are listed below
MIX_COMP_THERM_002, 003, 004, 005, 009.

A description of the key parameters of these experiments is presented in Table 5-3. Table 5-4
provides a comparison of the key AOA parameters for the critical benchmark experiments and
the design applications. The validated AOA is established based on the more limiting (smaller
range) of the design application and benchmark experiment values as shown in Table 54.
Although no experiments are available with borated concrete, a justification for validated use of
borated concrete reflectors is provided in Attachment 5.

The validation methodology described in this validation report requires that consistent code
options be employed in modeling both benchmark experiments and design applications. Due to
the multigroup energy treatment employed in KENO-VI, the most important such option is the
resonance treatment employed in the Material Information Processor (MIP) of SCALE. The
validation performed here employs applies to the LATTICECELL model. This model must be
used in design application analyses considered applicable to this AOA.

Generally, the resulting validated AOA contain the corresponding key parameters of the
anticipated design applications for which the code system will be used to determine reactivity.
In some cases, parameter values for design applications may fall outside the validated area of
applicability. In these cases, DCS commits to identifying additional margin, referred to as ACA
margin, in the associated calculations or NCSEs, consistent with the approach described in
NUREG-6698. The required margin is typically quantified by extrapolating observed trends in
the bias as a function of the parameter.

Note that some previously anticipated design applications fell outside the validated range of
EALF. However, additional calculations have been made and the tables (4-2 and 5-4) have been
updated accordingly.
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Table 5-1 Critical Experiments Selected for AOA(1)

Case ID EALF Reflector/ py e

From [6] HPu | 1w Geometric form | wt. % Description
PU-SOL-THERM-001 | 87-353 | 0.09-0.35 | Water reflected sphere 4.67 11.5" diameter sphere
PU-SOL-THERM-002 | 299-508 | 0.07-0.10 | Water reflected sphere 3.12 12" diameter sphere
PU-SOL-THERM-003 | 545-774 | 0.06-0.07 | Water reflected sphere ;713 13" diameter sphere
PU-SOL-THERM-004 | 573-982 | 0.05-0.07 | Water reflected sphere 0'35:;° 14" diameter sphere
PU-SOL-THERM-005 | 557-866 | 0.06-0.07 | Water reflected sphere 123’ 14" diameter sphere
PU-SOL-THERM-006 {911-1028} 0.05-0.06 { Water reflected sphere 3.12 15" diameter sphere

Concrete reflected and
PU-SOL-THERM-008 | 85-867 | 0.06-0.55 | concrete/Cd reflected 4.67 14" diameter sphere
sphere
PU-SOL-THERM-011 {551-1157| 0.05-0.08 Bare sphere 42 |Bael6 :g;zs diameter
Unreflected array of Interacting cylinders in air
PU-SOL-THERM-014 210 0.17 cylinders 4.23 (115.1gPul)
K Unreflected array of Interacting cylinders in air
PU-SOL-THERM-015 155 024 cylinders 4.23 (152.5gPull)
Interacting cylinders in air
PU-SOL-THERM-016 | 155-210 | 0.17-024 | Unreflectedamayof 1 o5 1o (152.5 gPusl and 115.1
cylinders )
K g Unreflected array of Interacting cylinders in air
PU-SOL-THERM-017 210 0.17 cylinders 423 (115.1gPu)
Water reflected, T

PU-SOL-THERM-020 | 341-754 | 0.06-0.11 Water/Cd refl 1 sphere 4.67 14" diameter sphere
PU-SOL-THERM-025 Isolated slab tank in water

Case 1 10 6 424 0.08 Water-reflected slab 4.67 (58 gPu/l)
PU-SOL-THERM-026 Isolated slab tank in air

Case 1 to 3 425-430 0.09 Unreflected slab 4.67 (57.3 and 57.7 gPull)
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Table 5-2 AOA (1) — Comparison of Key Parameters and Definition of Validated AOA

Design application Benchmark .
Parameter (cf.Table4-1) | (cf.Tablesy | YolidatedAOA
Cylinder Sphere Cylinder
. Slab Slab
Geometric shape . Slab .
Annular cylinder Arrav of cvlinders Annular cylinder
Array of cylinders yotey Array of cylinders
Reflector Full water Full water Full water
conditions Cd/water Cd/water Cd'fwater
Borated concrete Concrete Borated concrete?
Chemical form Pu nitrate solution | Pu nitrate solution | Pu nitrate solution
Pu/(U+Pu) 100 wt. % 100 wt. % 100 wt. %
Isotopic
composition 4.0 0.54-4.67 4.0
[wt. % *°Pu]
H/Pu 100200 85-1157 100-200
C(Pu) [gN] 125-237 22-269 125-237
EALF [eV] 0.14-0.25° 0.05-0.55 0.14-0.25

- Cadmium sheet of 0.05 cm thickness (clad in 0.1 cm stainless steel) outside of a slab tank of 4.5-9.5 cm

. 2ﬂssile material thickness.

= Refer to Attachment 5 for justification of validation for borated concrete.
Borated concrete (colmanite concrete) of 15 cm thickness (clad in 0.5 cm stainless steel) inside and outside of
an annular tank of 7.0-7.5 cm fissile material thickness, separated from the tank by 1.8-2.0 cm conservatively

assumed to be filled with water and having the following characteristics:

Colemanite concrete (density = 1.5055 g/cm®)
Number densities
Elements [10* at/cm®]
1o 1.59E-03
g 7.04E-03
Ca 4.65E-03
Fe 5.01E-04
Si 1.66E-04
H 2.17E-02
Al 1.96E-03
o) 3.25E-02

Note: Only 5% of the above boron values are required to meet the conservatively modeled USL.
3 At the optimum of moderation
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Table 5-3 Critical Experiments Selected for AOA(2)
Reflector/
Case No. EALF .| PuO; | *Pu .
(6] v [eV] ge(;.metnc wt. % | wt. % Description
orm
Rectangular Lattices of Water-
MIX-COMP-THERM-002 | 1.19-3.64 | 0.14-0.77 | Water 2.04 8.0 moderated UO,—PuO, Fuel Rods
Water Rectangular Lattices of Water-
MIX-COMP-THERM-003 | 1.7-10.75 | 0.10-0.91 radial 6.6 8.6 Moderated UO,—PuO, Fuel Rods
Water Rectangular Lattices of
MIX-COMP-THERM-004| 2.4-5.6 | 0.08-0.15 radial 3.0 22 UO,-Pu0, Fuel Rods in Water
Water-Moderated Mixed UO,-
MIX-COMP-THERM-005 | 1.9-10.1 | 0.09-0.39 Water 4.0 18 PuO, Pins in Hexagonal Lattices
Mixed Oxide Fuel Pin Hexagonal
MIX-COMP-THERM-009| 1.1-56 | 0.09-0.55 Water 1.5 8.0 Lattice, Depleted Uranium

Table 54 AOA (2) — Comparison of Key Parameters and Definition of Validated AOA

Design application Benchmark .
Parameter (cf. Table 4-2) (cf. Table 5.3) | VAlidated AGA
Heterogeneous . Heterogeneous
Geometrical shape lattices, lg:)t‘:nii ﬁr&:ﬁ::s lattices,
Rectangular lattices 8 Rectangular lattices
Absorber /
Reflector Water Water Water
Chemical form Mixed oxide Mixed oxide Mixed oxide
PuO,/(UO,;+Pu0,)
[wt. %] 6.3 1.5-6.6 6.3
Isotopic
composition 4.0 8-22 4.0'
[wt. % **Pu]
VN 1.9-10 1.1-10.75 1.9-10
EALF [eV] 0.1-0.66 0.08-0.91 0.1-0.66

In accordance with the guidance provided in LA-12683 [21], permissible variations of + 4% on ““Pu content
are considered within the acceptable values for defining AOA for this parameter.
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6. ANALYSIS OF VALIDATION RESULTS

6.1 DESIGN APPLICATION (1) - AQUEOUS SOLUTIONS OF PU-NITRATE

One hundred ninety-one critical experiments are modeled with CSAS26/KENO VI using the 238
energy group cross sections library 238GROUPNDFS on both the Sun and PC platform. These
experiments include the following geometries:

¢ Bare (unreflected) spheres,

¢ Water reflected spheres,

¢ Concrete reflected spheres,

¢ Interacting cylinders,

e Water reflected slabs,

e Unreflected slabs,

¢ Cadmium/concrete reflected spheres,
e Cadmium/water reflected spheres.

The calculated kes values are presented in Attachment 1A and 1B for the Sun and PC platforms,
respectively. Figure 6-1 shows the distribution of the calculated keg values for the AOA(1)
design application (Pu-nitrate solutions) for SCALE 4.4 on the Sun platform and SCALE 4.4a on
the PC platform. The results are analyzed statistically with the USLSTATS computer code using
three trending parameters: H/Pu, EALF and **°Pu content. In all cases, the calculated ke values
are normalized by the handbook experimental ke values (see Section 3.5) in order to provide a
consistent basis of comparison among the experiments.

Although the USLSTATS approach is the preferred statistical technique for determining the
USL, the method is based on an assumption that the distribution of benchmark critical values is
normal. The data analyzed here does not pass the * test for normality employed in the
USLSTATS code. Hence, an additional analysis of the data is performed using the non-
parametric (NPM) technique described in Section 3.4. The final USL is determined based on the
more conservative of the USLs established separately using the USLSTATS approach and the
NPM technique. The USLSTATS approach leads to a more conservative USL and this result is
maintained as the USL for AOA(1) in order to maintain consistency with previous analysis.

The EALF parameter of the selected experiments ranges from 0.05 eV to 0.55 eV and the range
of H/Pu atomic ratios goes from 85 to 1157, cf. Table 5-1.

Table 6-1 and Table 6-2 summarize the statistical results of the USLSTATS program for Sun and
PC platforms, respectively. It can be noted that the range of EALF obtained with these
experiments covers the EALF values of AOA(1), cf. Table 4-1. Figure 62 through Figure 64
show the results graphically. All positive biases are conservatively set to zero.



5

sToNE & weasTER MFFF Criticality Code Validation - Part I Page 32 of 154

6.1.1 VUSL with EALF and H/Pu ratio

Figure 6-2 and Figure 6-3 show the kg values calculated on each platform and the values of
USL-1 and USL-2 versus the trending parameters EALF and H/Pu, respectively. The
corresponding USLSTATS output listings are presented in Attachment 3 for PC values and in
Attachment 4 for Sun values.

Note that the data does not pass the normal distribution test for the full set of experiments (See
the USLSTATS outputs in Attachments 3 and 4). The non-normality of the data can be observed
in Figure 6-1. Evaluation of the data indicates that the non-normality is due to acceptable
differences in the benchmark experiments. Consequently, all the data is used to establish the
USL. By performing a graphical analysis of the data in Figure 6-2 through Figure 6-4 it is
apparent that the minimum normalized ke value is bounded by a value of 0.9900. With the
application of a 0.05 administrative margin, the graphical analysis of the data indicates that a
USL of 0.9400 is adequate.

In addition, the results of the USLSTATS analysis of the data are shown in Table 6-1 and Table
6-2 for each trending parameter. For AOA(1), the minimum USL-1 with a 0.05 administrative
margin is 0.9370(a)/0.9372(b). The USL-2 analysis indicates that a suitable minimum margin of
subcriticality for this AOA is 0.029(a)/0.029(b) (See Section 3.3). This indicates that the
administrative margin (Ak,, =0.05) applied to the USL-1 value is adequate for the AOA(1)
application provided the EALF and H/Pu ratio fall within the applicable range.3 Since the USL
calculated with USLSTATS is less than that determined by performing a graphical analysis of
the data, the USL calculated with USLSTATS is used for conservatism.

The two versions of SCALE running on different hardware platforms show no statistically
significant differences in results. Taking the minimum computed USL for each platform, a USL
of 0.9370 is justified for both SCALE 4.4 and SCALEA4.4a for the Pu-nitrate solution area of
applicability.

6.1.2 USL with 2*°Pu content in Plutonium

Forty-six experiments were selected from PU_SOL_THERM_001, 002, 003, 004, 005 and 006
to evaluate the effect of the *°Pu ratio on the calculational bias. The 2**Pu content in the fissile
solutions of Pu-nitrate used in the experiments varied from 0.54 wt. % to 4.67 wt. %. This
reduced set of experiments is selected because the experiments have otherwise very similar
characteristics, therefore exposing 290py effect to the greatest extent:

e Plutonium nitrate solution,

e Spherical geometry, water reflected.

2 Note: In the following sections, results tagged with “(a)” correspond to SCALE 4.4 on the Sun platform; those
tagged *“(b)” correspond to SCALE 4.4a on the PC platform.

3 ANSI/ANS-8.1-1998 allows the range of applicability to be extended beyond this range by extrapolating the trends
established for the bias; however, no precise guidelines are specified for the limits of extrapolation. Therefore,
engineering judgment must be applied when extrapolating beyond the range of the parameter bounds. If
extrapolation is necessary, it will be discussed on a case-by-case basis in the individual criticality calculations.
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Figure 64 shows the calculated ks values and the parameters for the determination of USL-1
and USL-2 based on trending with 240py content. This figure shows that the bias (k.g-1.0) is
positive and remains constant with an increase in %Py content.

The corresponding USLSTATS output listings are included in Attachment 3 for PC values and in
Attachment 4 for Sun values.

Table 6-1 and Table 6-2 show that the minimum USL-1 with a 0.05 administrative margin is
0.9402(2)/0.9408(b). The minimum USL-2 is 0.9746(a)/0.9760(b) and the corresponding
minimum margin of subcriticality is 0.016(a)/0.015(b) as determined using Method 2 (See
Section 3.3). This indicates that the administrative margin (Akn=0.05) applied to the USL-1
value is adequate for the AOA(1) application.

6.1.3 Effect of reflectors and absorbers

Concrete, cadmium/water layers and borated concrete materials are used for some AOA(1)
design applications as reflector materials or absorbers to reduce the reflector effectiveness or
neutron interaction between adjacent fission zones. Experiments with concrete or cadmium/water
reflector are included in the full set of experiments used in the calculation of the USL for the
AOA(1). Justification for use of this USL is provided in Attachment 6.

For design applications using borated concrete reflectors, the discussion in Attachment 5
provides justification for use of the USL developed here.
6.14 Non-parametric analysis

With 191 critical benchmark values, the degree of confidence S for the non-parametric technique
described in Section 3.4 is, according to Eq. 3.23:

B =1-095"" =99.994%

Hence, according to Table 3-1, no additional non-parametric margin is required. The smallest
computed kg values for the collection of experiments is 0.9968+0.006282 for the Sun platform
and 0.9948+0.006152 for the PC platform. The resulting USLs determined according to the non-
parametric technique (Eq. 3.21) with a 5% administrative margin are

NPM USL for Sun = 0.9386
NPM USL for PC =0.9405

The non-parametric results are less limiting than those obtained using the USLSTATS
methodology. In order to remain consistent with previous analysis, it is recommended that the
more conservative USLSTATS results be used in determining the final USL for AOA(1).

6.1.5 Summary of USL for AOA(1) Aqueous Solutions of Pu-nitrate

The minimum USL for the AOA(1) systems is 0.9370. This value reflects a 0.05 administrative
margin and 0.0130 calculational bias. The 0.05 administrative margin is adequate since there is a
sufficient number of representative benchmark experiments which cover the range of
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applicability for the design conditions. This administrative margin is further justified by the
results of the USL-2 analysis, which indicates that the 0.05 administrative margin is justified.

Note that the minimum USL has been selected from the essentially identical results from the PC
and Sun platforms and from the trending values from the three correlated parameters. However,
[10] suggests that the parameter "with the strongest correlation to the calculated kg values is to
be used for the determination of USL." As can be seen from the USLSTATS results in
Attachment 3, this approach would result in a higher USL value for AOA(1). The conservative
approach adopted here represents additional margin in the validation for this AOA.

6.2 DESIGN APPLICATION (2) - MOX-PELLETS, FUEL RODS, FUEL
ASSEMBLIES

Thirty-six experiments are evaluated for this design application. The calculated ke values are
presented in Attachment 2.

Figure 6-5 shows the distribution of the calculated k.s-values for the design application (Group
AOA(2) — MOX pellets, fuel rods, and fuel assemblies) for SCALE 4.4 on the Sun platform and
SCALE 4.4a on the PC platform. The results are analyzed statistically with the USLSTATS
computer code using three trending parameters: v™v!, EALF and PuO; content. In all cases, the
calculated k.g values are normalized by the handbook experimental k-effective values (see
Section 3.5).

The EALF range of selected experiments goes from 0.08 eV to 0.91 eV and the range of v™/v'
goes from 1.1 to 10.75, cf. Table 5-3.

Table 6-3 and Table 6-4 summarize the statistical results of the USLSTATS program. Figure 66
through Figure 6-8 show the results graphically.

6.2.1 USL with EALF and v°/¥' Ratio

Figure 66 and Figure 6~7 show the calculated ks and the values of USL-1 and USL-2, versus
the trending parameters EALF and v™/v', respectively.

The corresponding USLSTATS output listings are attached in Attachment 3 for PC values and in
Attachment 4 for Sun values.

Table 6-3 and Table 6-4show that the minimum USL-1 with a 0.05 administrative margin is
0.9321(a)/0.9327(b) for trending with EALF and v™/vf (EALF from 0.08 to 0.91 and v™/V' ratio
from 1.1 to 10.75). The minimum USL-2 is 0.9640(a)/0.9659(b) and the corresponding minimum
margin of subcriticality is 0.018(a)/0.017(b) as determined using Method 2 (See Section 3.3).
This indicates that the administrative margin (Ak,=0.05) applied in the USL-1 analysis is
adequate for the AOA(2) application provided the EALF and v™/v' ratio fall within the
applicable range.*

4 ANSI/ANS-8.1 allows the range of applicability to be extended beyond this range by extrapolating the trends
established for the bias. If extrapolation is necessary, it will be discussed on a case-by-case basis in the individual
criticality calculations.
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6.2.2 USL with PuO; content in MOX

The 36 experiments are also analyzed as a function of the PuOy/(UO,+Pu0,) ratio to evaluate the
effect of PuO, content on the calculational bias. These 36 experiments cover a range from
1.5 wt. % to 6.6 wt. % in PuO,/(UO2+PuQy). Figure 6-8 shows the calculated k.¢ values and the
USL parameters for the determination of USL-1 and USL-2 based on trending with PuO,
content.

Table 6-3 and Table 6-4 show that the minimum USL-1 with a 0.05 administrative margin is
0.9378(a)/0.9378(b). This administrative margin is further justified by the results of the USL-2
analysis which indicates that an adequate minimum margin of subcriticality for this AOA is
0.018(a)/0.017(b), significantly less than the 0.05 administrative margin actually used.

6.2.3 Effect of reflectors and absorbers

Concrete and borated shields are used for some AOA(2) design application as reflectors or to
reduce reflector effectiveness and neutron interaction between adjacent fission zones. For these
design applications, a case-by-case argument will be provided in the respective calculation
justifying use of the USL.

6.24 Summary of USL for AOA(2) MOX pellets, fuel rods, and fuel assemblies

The minimum USL for the AOA(2) systems is 0.9321. This value reflects a 0.05 administrative
margin and 0.0179 calculational bias. The 0.05 administrative margin is more than adequate
since there is an adequate number of representative benchmark experiments which cover the
range of applicability for the design conditions.

This administrative margin is further justified by the results of the USL-2 analysis which
indicates that an adequate minimum margin of subcriticality for this AOA is 0.018, significantly
less than the 0.05 administrative margin actually used.

Note that the minimum USL has been selected from the essentially identical results from the PC
and Sun platforms and from the trending values from the three correlated parameters. However,
[10] suggests that the parameter "with the strongest correlation to the calculated k.g values is to
be used for the determination of USL." As can be seen from the USLSTATS results in
Attachment 4, this approach would result in a higher USL value for AOA(2). The conservative
approach adopted here represents additional margin in the validation for this AOA.

Note that the benchmark experiments for clad fuel pellets are directly applicable to the
production of fuel assemblies and configurations involving loose rods. The application
calculations for these configurations are within the AOA as derived from the benchmark
experiments. These benchmark experiments are also directly applicable to unclad fuel pellets or
loose pellets since the cladding effects (neutronic absorption in the epithermal and thermal
regions) are negligible. The cladding configuration (material, position and thickness) in these
experiments changes the epithermal and thermal neutron flux distribution by less than 1% at the
surface of the pellet (comparison of clad pellets as compared to unclad pellets). A 1% change in
the epithermal and thermal flux distribution at the surface of the pellet leads to a significantly
smaller change in the kegr of the system since all neutrons transgressing the surface of the pellet
do not lead to fission. The neutron flux difference would generally result in a Ak.g (between
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clad and unclad pellets) of 0.005, which is on the order of the KENO variance. Based on this
difference, the AOA for clad fuel pellets, fuel assemblies or loose rods is directly applicable to
unclad pellets. Pellet configurations and application calculations within the AOA range
established by benchmark experiments for clad rods are directly applicable to pellets and are
therefore appropriately validated.
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Figure 6-1 Histogram of normalized k. values for AOA(1) on Sun (a) and PC (b) platforms
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Figure 6-2 AOA(1) — Pu-nitrate solution; ks as function of EALF
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Figure 6-3 AOA(1) — Pu-nitrate solution; ks as function of H/Pu
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Figure 64 AOA(1) - Calculated k. as function of 20py content
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I HEAOA(2) 36 experiments ]

(a) Sun Platform - SCALE 4.4
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(b) PC Platform — SCALE 4.4a
Figure 6-5 Histogram of normalized kg values for AOA(2) on Sun (2) and PC (b) platforms
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Figure 6-6 AOA(2)— MOX pellets, fuel rods and fuel assemblies: ke as function of EALF
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Table 6-1 Summary of USL Calculations for SCALE 4.4 on Sun Platform: AOA(1)
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Correlated No. |Range of . . Average | Min USL, Min [Min Ak,
Parameter (x) | Exps. | x ke(x) Linear Regression k. |(Ak,=005)| USL, | (USLy
EALF 191 0.05 to 1.0113 + (-1.2867E-02)*x 1.0096 0.9370 0.9581 0.029
(eV) 0.55
H/Pu 191 85to 1.0096 + (1.7495E-07)*x 1.0096 0.9376 0.9607 0.027
1157
#opy 46 054 t0 1.0057 + (6.1803E-04)*x 1.0077 0.9402 0.9746 | 0.016
(wt. %) 4.67
Table 6-2 Summary of USL Calculations for SCALE 4.4a on PC Platform: AOA(1)
Correlated No. |Rangeof . . Average | Min USL, Min |Min Ak,
Parameter (x) | Exps. | x ke(x) Linear Regression ke |(Aka=0.05)| USL, | (USL»
EALF 191 0.05 to 1.0114 + (-1.5297E-02)*x 1.0095 0.9372 0.9585 0.029
(V) 0.55
H/Pu 191 85to 1.0091 + (8.1036E-07)*x 1.0095 0.9377 0.9610 | 0.027
1157
A0py 46 0.54 to 1.0048 + (9.2819E-04)*x 1.0078 0.9408 09760 | 0.015
(wt. %) 4.67
Table 6-3 Summary of USL Calculations for SCALE 4.4 on Sun platform: AOA(2).
Correlated No. |Range of| . Average | Min USL, Min |Min Ak,
Parameter (x) | Exps. | x ke(x) Lincar Regression ke |(Akn=0.05)| USL, | (USLy
EALF 36 0.08 to 1.0005 + (-8.4182E-03)*x 0.9984 0.9321 0.9640 0.018
(eV) 091
Vo 36 l.1to 0.9939 + ( 1.2243E-03)*x 0.9984 0.9351 0.9681 0.017
10.75
PuOy/(UO+Pu0y)| 36 (1.5t06.6] 0.9985 + (-2.3845E-05)*x 0.9984 0.9378 0.9701 0.018
(wt. %)
Table 6-4 Summary of USL Calculations for SCALE 4.4a on PC platform: AOA(2).
Correlated No. [Range of| . . Average | Min USL, Min [Min Ak,
Parameter (x) | Exps. | x ke(x) Linear Regression k. |(Akn.=0.05)| USL, | (USL»
EALF 36 0.08 to 1.0007 + (-8.7123E-03)*x 0.9985 0.9327 0.9659 0.017
(eV) 0.90
v 36 l.1to 0.9941 + ( 1.1733E-03)*x 0.9985 0.9359 0.9700 | 0.016
10.75
PuO,/(UO,+Pu0,y)| 36 [1.5t06.6] 0.9994 + (-2.5117E-04)*x 0.9985 0.9378 0.9712 0.017
(wt. %)
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7. CONCLUSIONS

The SCALE 4.4 and SCALE 4.4a code packages using the CSAS26 (KENOVI) sequence and
the 238 energy group cross section library 238GROUPDFS have been validated to perform
criticality calculations for the Mixed Oxide Fuel Fabrication Facility. The validation covers two
of the facility design areas of applicability: AOA(1) Pu-nitrate solutions and AOA(2) MOX
pellets, rods, and fuel assemblies.

The USL for the two design application areas are as follows:
¢ Design application (1) Pu-nitrate solutions USL AOA(1) =0.9370
e Design application (2) MOX pellets, rods, and fuel assemblies USL AOA(2) =0.9321

The USL accounts for the computational bias, uncertainties, and an administrative margin. The
administrative margin is established at 0.05 such that k.5 + 20 — bias < 0.95 for all normal and
credible abnormal conditions. Section 7.1 contains a detailed justification of the administrative
margin.

No extrapolation outside the range of applicability is expected for the AOA(1) and AOA(2) USL
values; however, ANSI/ANS-8.1 [2] does allow for extrapolation outside the area of applicability
by extrapolating the trends established for the bias and USL. If extrapolation is necessary, it will
be discussed on a case-by-case basis in the respective calculation.

7.1 JUSTIFICATION FOR ADMINISTRATIVE MARGIN

The administrative margin applied in the determination of the USL is intended as an added level
of conservatism. The code validation effort accounts for all code bias and the effects of both
code and experimental benchmark uncertainties. The administrative margin is applied in addition
to the code bias and bias uncertainty in determining the USL.

The USL values determined here are based on an administrative margin of 0.05. Based on actual
process conditions, including 1) the degree to which application parameters fall within the
validated Area of Applicability (AOA) of the calculational method and 2) the results of
sensitivity analyses demonstrating the sensitivity of k. values to variations in controlled
parameters, the USL may be adjusted. Each NCSE and criticality calculation will include a
discussion of the appropriateness of the USL applied for each specific design application.

Typically, the NCSEs and criticality calculations will present kg results for various scenarios,
including normal operation and credible abnormal situations. The results of these analyses permit
a quantitative assessment of the degree of subcriticality of the system measured in terms of
variation of one or more controlled parameters. Hence, the NCSEs/criticality calculations for
specific design applications will verify the conformance with the AOA used in the validation
reports.

In general, based on the discussion below, the administrative margin used in criticality analyses
is 0.05. This assessment is based on a comparison against administrative margin practices at both
NRC and DOE facilities, and past NRC guidance and practice, and is further substantiated by a
statistical analysis of the benchmark validation results.
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7.1.1 Fuel Cycle and Industry Practice

A review of NRC materials licensees and analogous DOE facilities (including plutonium
facilities) indicates that administrative margins range from 0.02 to 0.05 as shown in Table 7-1.
These values apply to applications within the validated AOAs; adjustments to the administrative
margin are typically made for application outside the validated region.

These values are consistent with precedent information provided by the NRC Staff [20], which
indicates administrative margins with a similar range to those indicated in Table 7-1.

An administrative margin of 0.05 is greater than or equal to the most conservative margins
identified in Table 7-1 and other NRC precedent [20] for analysis of credible abnormal
conditions.

This margin is consistent with guidance provided in NUREG-1718 [3], which supports an
administrative margin of 0.05 for the MFFF. It is also consistent with past NRC-accepted
practice in reactor operations (10 CFR 50) [19], and transportation (10 CFR 71) and on-site
storage (10 CFR 72) of spent nuclear fuel. Examination of various precedents indicates 0.05 is a
conservative administrative margin for activities falling within the validated AOA. For
criticality analyses applied outside the validated AOA, specific guidance is provided in
ANSI/ANS-8.1-1998 which indicates that the administrative margin may be adjusted based on
established trends in the bias, if necessary.

7.1.2 USLSTATS Method 2 Quantitative Assessment

Once an administrative margin has been determined (in this case, based on NRC guidance in
NUREG-1718 [3] and based on conservative comparison with applicable precedent),
NUREG/CR-6361 [10] provides a quantitative method of assessing the suitability of the
administrative margin based on a statistical analysis which generates a recommended minimum
margin of subcriticality. NUREG/CR-6361 suggests that this minimum margin of subcriticality
be compared against the administrative margin in order to verify that the administrative margin is
conservative relative to a purely statistical basis’.

This mechanism provides an independent, quantitative means of substantiating the administrative
margin selected based on the statistics of the benchmarks themselves. The use of this
methodology requires the specification of two important statistical parameters: o, the level of
confidence in the limit being calculated and P, the probability future calculations will lie within
the statistical band. The result of this methodology is the assurance that by using at least the
calculated minimum margin of subcriticality, there is a probability P with a confidence « that an
additional calculation of k. for a critical system will lie within the band. For example, a
calculation with 0=0.95 and P=0.95 would yield a USL for which there is a 95% confidence that
95 out of 100 future calculations of critical systems will yield a value of kes above the USL
(which is conservative). This level of statistical treatment is consistent with the statistics usually
employed in the inclusion of 20 in the treatment of Monte Carlo criticality calculations. It is also

3 See NUREG/CR-6361 §4.1.3. For example, Westinghouse is approved to use a 0.02 Ak administrative margin
unless a higher margin of subcriticality is calculated using USL—2 methodology.
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consistent with the statistical recommendations in NUREG/CR-6698 [18]. As can be seen in the
figures in Section 6, use of this traditional statistical treatment would lead to the conclusion that,
based on the usual statistical approach, a margin as low as 0.01 to 0.02 would be necessary to
ensure that the USL was conservative based upon a statistical evaluation of the data.

However, this report uses USLSTATS to examine the statistics at a higher level of certainty.
That is, values of 0=0.95 and P=0.999 were used. This means that the derived USL-2 is such
that there is a 95% confidence that 999 out of 1000 future calculations of critical systems will
yield a value of ke above the USL. The resulting conclusion using 95/99.9 statistics is that the
added conservatism over the 1-2% amount, which would be required using traditional statistical
levels, is available to ensure that the results are conservative for other potential mechanisms for
which conservatisms would be prudent.

An analysis of the benchmarks using a value of 0=0.95 and P=0.999 yield the subcritical
margins listed in Table 7-2. If one were to base an administrative margin solely on this very
conservative statistical analysis, an administrative margin of at most 0.03 is necessary to
statistically justify the use of these benchmarks. This is significantly less than the 0.05
administrative margin used for the two AOAs. Note that the administrative margin is applied in
addition to the calculated bias and uncertainty for each AOA. This means that the proposed 0.05
administrative margin is still more conservative than that determined in the 95/99.9 statistical
treatment and is justified in the MFFF.

7.1.3 Summary of Administrative Margin Practice

This effort involves the validation of the code to applications within one or more specific areas
of applicability. There is no intent to account for or to address the uncertainties and unknowns
involved in the actual design applications. This approach is consistent with NUREG/CR-6698
which states “the subcritical margin is not intended to account for process upset conditions or
Jor uncertainties associated with a process.” These issues are properly addressed in the nuclear
criticality safety evaluations (NCSEs). These evaluations will demonstrate that the design
application falls within the required AOA, that design uncertainties and unknowns are properly
and conservatively addressed, that sensitivity to controlled parameters is adequately addressed,
and that the criticality models themselves are suitably conservative representations of the actual
physical phenomena. In cases where calculated kegr values are shown to be sensitive to controlled
parameters, the NCSE will demonstrate the adequacy of the control.

In conclusion, an administrative margin of 0.05, selected on the basis of NRC guidance and
conservative comparison with applicable precedent, and substantiated through statistical
methods, is justified, and is sufficiently conservative to provide for an adequate margin of
subcriticality.
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Table 7-1 Fuel Cycle and Industry Practice
Facility Process/Application Material Administrative
Margin
Framatome Cogema Fuel assembly Low enriched U 0.05
Fuels manufacture
Westinghouse Fuel assembly Low enriched U 0.02
Columbia Site manufacture
Nuclear Fuel Services Fuel processing Various U 0.03 LEU
(solutions, powder, enrichments 0.05 HEU
pellets, etc.)
Paducah Uranium Uranium enrichment Low enriched U 0.02
Enrichment Plant
Rocky Flats Weapons material Plutonium 0.03
processing
BWXT Fuel assembly Low to High 0.03 LEU
manufacture Enriched U 0.05 HEU
Savannah River Site a) MTR fuel assemblies |a) High enriched U a) 0.02
b) Pipe overpack b) Z°Pu b) 0.02
material storage
c) Mark 42 tube c) #pu c) 0.05
dissolution
d) Ion exchange columns |d) 29py solution d) 0.04
with fissile solutions
e) DDF-1 package ¢) Pu metal and e) 0.05
oxide
Y-12 Weapons material High enriched U 0.02 - 0.05"
processing
Idaho National Solutions/spent Low to High 0.02 -0.05
Engineering and fuel/powders/pieces Enriched U, 0.05 typical
Environmental Lab including 23U;s0me
Pu
Hanford Site Waste tanks Various 0.05
Packaging and
transportation

Pending final approval of validation document.
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Table 7-2 USLSTATS Method 2 Analysis Results
Factor By Which
USL-2 Minimum Admin Margin
Area of Margin of Administrative Exceeds
Applicability Subcriticality Margin Recommended
Value
AOA(1) 0.029 0.050 1.7
AOA(2) 0.018 0.050 2.7
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ATTACHMENT NUMBER 1

CRITICALITY CALCULATION RESULTS FOR AOA(1)
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ICSBEP Pu-Nitrate Solution Benchmarks

The ICSBEP Handbook [6] includes a number of experiments related to Pu-nitrate solutions.
However, some of these experiments were determined to be inapplicable to MFFF design
applications within AOA(1). The list below provides the reasoning for inclusion or exclusion of

each candidate experiment.

PU-SOL-THERM-001:
PU-SOL-THERM-002:
PU-SOL-THERM-003:
PU-SOL-THERM-004:
PU-SOL-THERM-005:
PU-SOL-THERM-006:
PU-SOL-THERM-007:

PU-SOL-THERM-008:

PU-SOL-THERM-009:

PU-SOL-THERM-010:

PU-SOL-THERM-011:
PU-SOL-THERM-012:

PU-SOL-THERM-013:

PU-SOL-THERM-014:
PU-SOL-THERM-015:
PU-SOL-THERM-016:
PU-SOL-THERM-017:

All cases are selected.
All cases are selected.
All cases are selected.
All cases are selected.
All cases are selected.
All cases are selected.

This benchmark is not selected because the experiment is very
similar to the PU-SOL-THERM-001 benchmark experiment,
except the spheres are only partly flooded. The partial flooding
introduces an unnecessary geometric complexity.

This experiment is selected, and is of interest due to the presence
of concrete reflectors. Note that Case 6 is omitted since the
benchmark evaluation recommends it not be used.

This benchmark is not selected because the ICSBEP calculated
kes-values are not in good agreement with the experimental ke
(higher values) and the experiments do not add new relevant
information (spherical geometry, 2*°Pu ratio = 2.5 % *°Pu).

This benchmark is not selected because the ICSBEP calculated kg
values are not in good agreement with the experimental ks and the
experiments do not add relevant information (spherical geometry,
reflected by natural uranium, 2%py ratio = 2.8 %).

All cases are selected.

This benchmark is not selected because the #*°Pu ratio is not in
range (*°Pu ratio = 19%).

This benchmark is not selected because the experiments do not add
additional relevant information (Interacting cylinders, 20py ratio =
4.23 %)

All cases are selected.
All cases are selected.
All cases are selected.

All cases are selected.
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PU-SOL-THERM-020:

PU-SOL-THERM-021:

PU-SOL-THERM-022:

PU-SOL-THERM-023:

PU-SOL-THERM-024:

PU-SOL-THERM-025:
PU-SOL-THERM-026:

All cases except Case 4 are selected. The benchmark evaluation
recommends against using Case 4: “this case is considered to be
undesirable as a benchmark configuration, and is not accepted.” [6,
PU-SOL-THERM-020, p. 20]

This benchmark is not selected because the experiments do not add
additional relevant information (spherical geometry,
ratio = 4.57 % *°Pu).

This benchmark is not selected because the >*°Pu ratio is not in
range (**Pu ratio = 19%).

Not considered for inclusion in this report due to excessive
complexity in the geometric and material descriptions.

This benchmark is not selected because the **°Pu ratio is not in
range (***Pu ratio = 18.4% to 23.2%).

Casesl to 6 are selected (**°Pu = 4.67%).
Cases 1 to 3 are selected (24°Pu =4.6%).
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(Sun calculation results)
CSAS26
Experiment c[g“,’l']‘) H/Pu [m] Exp. ket mf;':imy mcﬁroup o | EALF | GEN | NP6 | Nsk
PU-SOL-THERM-001
Case 1 73.00 {35291 4.67 1.0000 0.005 1.0091 0.0011 | 8.79E-02| 600 1500 13
Case 2 96.00 | 258.05 4.67 1.0000 0.005 1.0098 0.0010 | 1.11E-01 600 1500 15
Case 3 119.00 ] 205.14 ] 4.67 1.0000 0.005 1.0109 0.0011 | 1.35E-01 600 1500 21
Case 4 132.00 | 18097 | 4.67 1.0000 0.005 1.0049 0.0011 | 1.51E01| 600 1500 20
Case 5 140.00 | 171.21 4.67 1.0000 0.005 1.0086 0.0010 } 1.59E-01 600 1500 20
Case 6 268.70 | 86.66 4.67 1.0000 0.005 1.0086 0.0011 | 3.48E-01| 600 1500 22
PU-SOL-THERM-002
Case 1 50.32 | 507.98 312 1.0000 0.0047 1.0082 0.0011 | 7.12E-02 | 600 1500 16
Case 2 51.80 | 489.18 3.12 1.0000 0.0047 1.0078 0.0011 | 7.29E-021 600 1500 19
Case 3 5648 |437.28 3.12 1.0000 0.0047 1.0073 0.0011 | 7.78E-02 | 600 1500 11
Case 4 60.14 }40745] 3.12 1.0000 0.0047 1.0097 0.0011 | 8.15SE-02| 600 1500 14
Case 5 63.96 | 38057 | 3.12 1.0000 0.0047 1.0127 0.0010 | 8.51E-02] 600 1500 16
Case 6 7022 |33354) 3.12 1.0000 0.0047 1.0086 0.0011 } 9.29E-02| 600 1500 85
Case 7 7722 |299.26 31 1.0000 0.0047 1.0109 0.0011 | 1.00E-01 600 1500 25
PU-SOL-THERM-003
Case 1 33.62 774.15 1.76 1.0000 0.0047 1.0073 0.0009 1 5.84E-02 600 1500 12
Case 2 3470 | 74271 1.76 1.0000 0.0047 1.0070 0.0010 | 5.96E-02 | 600 1500 15
Case 3 3805 |677.17| 3.12 1.0000 0.0047 1.0095 0.0009 | 6.18E-02]| 600 1500 25
Case 4 38.83 ] 660.55 312 1.0000 0.0047 1.0092 0.0010 | 6.27E-02 | 600 1500 17
Case 5 4090 |607.17 312 1.0000 0.0047 1.0110 0.0010 | 6.54E-02 | 600 1500 22
Case 6 4438 545.33 312 1.0000 0.0047 1.0103 0.0012 | 694E-02]| 600 1500 12
Case 7 36.27 | 71483 3.12 1.0000 0.0047 1.0113 0.0011 | 591E-02| 600 1500 11
Case 8 37.11 692.12 3.12 1.0000 0.0047 1.0086 0.0010 | 6.01E-02| 600 1500 38

GEN : = Number of generations
NPG : = Number of neutrons per generation
NSK : = Number of generations skipped prior to collecting data
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CSAS26
Experiment C[g}l']" H/Pu [:P;] Exp. ket umf;‘;'my 238(;::,0UP o | EALF | GEN | NrG |NsK

PU-SOL-THERM-004
Case 1 26.51 981.67 0.54 1.0000 0.0047 1.0050 0.0015 |5.34E-02| 610 800 46
Case 2 2650 | 971.63 0.54 1.0000 0.0047 1.0019 0.0013 | 5.37E-02§ 610 800 25
Case 3 2765 | 929.60 0.54 1.0000 0.0047 1.0073 0.0015 | 548E-02| 610 800 27
Case 4 28.57 | 884.12 0.54 1.0000 0.0047 1.0043 0.0013 | 5.60E-02 | 610 800 56
Case § 2794 | 92552 1.76 1.0000 0.0047 1.0025 0.0013 | 546E-02| 610 800 31
Case 6 28.78 898.58 312 1.0000 0.0047 1.0044 0.0015 | 549E-02| 610 800 21
Case 7 29.88 864.01 3.12 1.0000 0.0047 1.0103 0.0015 | 5.59E-02| 610 800 19
Case 8 3033 | 84198 3.12 1.0000 0.0047 1.0069 0.0013 | 5.65E-02] 610 800 23
Case 9 31.79 | 780.21 3.12 1.0000 0.0047 1.0038 0.0014 | 5.87E-02}| 610 800 10
Case 10 35.68 667.98 3.12 1.0000 0.0047 1.0049 0.0016 | 6.32E-02| 610 800 47
Case 11 3962 | 573.34 3.12 1.0000 0.0047 1.0059 0.0013 | 6.85E-02| 610 800 13
Case 12 2974 | 865.01 312 1.0000 0.0047 1.0070 0.0014 | 5.59E-02| 610 800 19
Case 13 29.63 872.21 343 1.0000 0.0047 1.0056 0.0012 |5.56E-02] 610 800 18

PU-SOL-THERM-005
Case 1 2994 | 866.36 405 1.0000 0.0047 1.0062 0.0015 | 5.56E-02| 610 800 13
Case 2 30.77 832.71 4.05 1.0000 0.0047 1.0070 0.0014 | 5.66E-02 | 610 800 21
Case 3 31.72 | 800.71 4.05 1.0000 0.0047 1.0092 0.0012 | 5.77E-02 ] 610 800 17
Case 4 3394 | 73437 4.05 1.0000 0.0047 1.0097 0.0014 | 6.01E-02| 610 800 13
Case 5 36.38 666.08 4.05 1.0000 0.0047 1.0114 0.0013 | 6.30E-02] 610 800 21
Case 6 38.72 607.89 4.05 1.0000 0.0047 1.0099 0.0015 | 6.61E-02| 610 800 17
Case 7 41.16 } 557.17 4.05 1.0000 0.0047 1.0066 0.0012 } 6.93E-02} 610 800 55
Case 8 3092 830.64 4.40 1.0000 0.0047 1.0037 0.0013 | 5.66E-02 | 610 800 19
Case 9 3241 788.95 4.40 1.0000 0.0047 1.0044 0.0013 | 5.80E-02 | 610 800 11

PU-SOL-THERM-006
Case 1 25.06 | 1028.16 312 1.0000 0.0035 1.0065 0.0008 | 5.24E-02 | 1500 1000 49
Case 2 25.83 986.18 3.12 1.0000 0.0035 1.0077 0.0008 | 5.34E-02| 1500 1000 18
Case 3 27.05 910.90 312 1.0000 0.0035 1.0081 0.0008 | 5.52E-02 | 1500 1000 25
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CSAS26
Experiment C[ga;l']’) H/Pu [m] Expke | cf;';'inty ns(i;our o | EALF | GEN | NPG [NsK
PU-SOL-THERM-008
Case 1 355 | 683.88 | 4.67 | 1.0000 0.0033 1.0140 0.0010 | 6.48E-02] 810 | 800 | 13
Case 2 452 | 49593 | 4.67 | 1.0000 0.0040 1.0151 0.0012 | 7.85E-02] 810 | 800 | 10
Case 3 464 488.55 4.67 1.0000 0.0040 1.0233 0.0010 | 7.94E-02 | 810 800 20
Case 4 469 486.15 4.67 1.0000 0.0040 1.0248 0.0011 | 8.02E-02| 810 800 16
Casc 5 328 | 78240 | 4.67 | 1.0000 0.0028 1.0268 00012 | 6.03E-02| 810 | 800 | 85
Case 7 296 | 867.10 | 4.67 | 1.0000 0.0028 1.0232 0.0012 | 5.71E-02] 810 | 800 | 86
Case 8 509 | 45450 | 4.67 | 1.0000 0.0040 1.0007 00012 |8.73E-02| 810 | 800 | 15
Case 9 232 | 85.03 467 | 1.0000 0.0061 1.0060 0.0012 |5.51E-01| 810 | 800 | 28
Case 10 | 434 | 52145 | 4.67 | 1.0000 0.0037 1.0320 0.0011 |7.52E-02| 810 | 800 | 48
Case 11 366 | 650.83 | 4.67 | 1.0000 0.0031 1.0268 0.0011 | 6.62E02 810 | 800 | 16
Casc12 | 679 | 34402 | 467 | 1.0000 0.0041 1.0226 0.0013 |9.94E-02| 810 | 800 | 31
Case 13 50.4 499,92 4.67 1.0000 0.0041 1.0281 0.0013 } 7.68E-02) 810 800 13
Casc14 | 750 | 32802 | 467 | 1.0000 0.0042 1.0067 0.0013 | 1.08E-01] 810 | 800 | 65
Casc15 | 464 | 538.18 | 4.67 | 1.0000 0.0041 1.0167 00012 | 7.46E-02] 810 | 800 | 25
Case 16 | 365 | 673.07 | 467 | 1.0000 0.0033 1.0198 00013 | 6.53E-02| 810 | 800 | 22
Case 17 | 464 | 48855 | 467 | 1.0000 0.0040 1.0177 00011 | 7.95E-02| 810 | 800 | 67
Case 18 469 | 48615 | 4.67 | 1.0000 0.0040 1.0248 00012 | 8.01E-02] 810 | 800 | 35
Case 19 329 | 77681 | 467 | 1.0000 0.0028 1.0228 00012 | 6.05E-02| 810 | 800 | 23
Case20 | 300 | 85660 | 4.67 | 1.0000 0.0028 1.0204 0.0011 | 5.74E-02] 810 | 800 | 10
Case 21 509 | 46299 | 4.67 | 1.0000 0.0040 1.0026 0.0013 | 8.60E-02| 810 | 800 | 10
Case 22 232 88.43 4.67 1.0000 0.0061 0.9976 0.0015 { 5.20E-01 810 800 93
Case 23 448 | 49698 | 467 | 1.0000 0.0037 1.0241 0.0011 |7.73E-02| 810 | 800 | 62
Case 24 368 639.34 4.67 1.0000 0.0031 1.0183 0.0012 ] 6.68E-02 | 810 800 21
Case25 | 678 | 34402 | 467 | 1.0000 0.0042 1.0210 0.0011 | 9.96E-02] 810 | 800 | 10
Case 26 52.1 | 47490 | 4.67 | 1.0000 0.0041 1.0194 0.0014 | 7.93E-02| 810 | 800 | 29
Case 27 106 | 23201 | 4.67 | 1.0000 0.0042 1.0128 0.0014 | 1.47E-01| 810 | 800 | 15
Case 28 817 | 301.12 | 467 | 1.0000 0.0042 1.0071 00014 | 1.I6E-01 | 810 | 800 | 57
Case 29 524 | 47539 | 4.67 | 1.0000 0.0041 1.0213 00014 | 8.03E-02| 810 | 800 | 141
Case30 | 470 | 53121 | 467 | 1.0000 0.0041 1.0172 0.0013 | 7.50E-02] 810 | 800 | 46
PU-SOL-THERM-011

Case 1-16 350 733.00 4.17 1.0000 0.0052 1.0138 0.0013 0.0636 1003 1000 16
Case 1-18 224 1157.29 4.20 1.0000 0.0052 0.9993 0.0010 0.0520 1003 1000 76
Case2-16 | 362 | 70545 | 4.17 | 1.0000 0.0052 1.0201 00010 | 00647 | 1003 | 1000 | 9
Case2-18 | 233 | 1103.19 | 420 | 1.0000 0.0052 1.0051 0.0009 | 00529 | 1003 | 1000 | 14
Case3-16 | 381 | 66277 | 4.17 | 1.0000 0.0052 1.0215 00010 | 0.0670 | 1003 | 1000 | 74
Case3-18 | 231 | 110978 | 420 | 1.0000 0.0052 1.0007 00010 | 00529 | 1003 | 1000 | 69
Case4-16 | 382 | 65342 | 4.17 | 1.0000 0.0052 1.0157 0.0009 | 0.0678 | 1003 | 1000 | 36
Case 4-18 238 1053.74 420 1.0000 0.0052 0.9990 0.0009 0.0541 1003 1000 6
Case 5-16 434 550.66 4.17 1.0000 0.0052 1.0098 0.0010 0.0755 1003 1000 18
CaseS-18 | 252 | 99541 | 420 | 1.0000 0.0052 1.0089 0.0010 | 0.0556 | 1003 | 1000 | 61
Case 618 | 275 | 87037 | 420 | 1.0000 0.0052 1.0056 00009 | 00593 | 1003 | 1000 | 3
Case 7-18 | 239 | 105643 | 420 | 1.0000 0.0052 1.0045 0.0009 | 0.0540 | 1003 | 1000 | 13
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CSAS26
Experiment | (U1 | H/Pu [w":";b] Exp-ker | yo cf;‘;'imy ZHGROUP | ¢ | EALF | GEN [ NPG | NSK
PU-SOL-THERM-014

Case 1 115.10 | 210.18 423 0.9980 0.0032 1.0070 0.0010 | 1.68E-01 | 600 1800 15

Case 2 115.10 | 210.18 423 0.9980 0.0032 1.0059 0.0011 | 1.67E-01 | 600 1800 21

Case 3 115.10 | 210.18 423 0.9980 0.0032 1.0071 0.0011 } 1.67E-01 | 600 1800 65

Case 4 115.10 | 210.18 4.23 0.9980 0.0032 1.0066 0.0010 | 1.67E-01 | 600 1800 37

Case 5 115.10 | 210.18 4.23 0.9980 0.0032 1.0070 0.0011 ] 1.67E-01 } 600 1800 12

Case 6 115.10 | 210.18 4.23 0.9980 0.0032 1.0057 0.0011 | 1.67E-01 | 600 1800 11

Case 7 115.10 | 210.18 423 0.9980 0.0032 1.0079 0.0012 | 1.68E-01 | 600 1800 42

Case 8 115.10 | 210.18 423 0.9980 0.0032 1.0061 0.0011 | 1.67E-01 | 600 1800 26

Case 9 115.10 | 210.18 4.23 0.9980 0.0032 1.0060 0.0009 | 1.68E-01 | 600 1800 10
Case 10 115.10 | 210.18 4.23 0.9980 0.0032 1.0071 0.0011 | 1.67E-01 | 600 1800 49
Case 11 115.10 | 210.18 4.23 0.9980 0.0032 1.0062 0.0011 | 1.67E-01 } 600 1800 44
Case 12 115.10 | 210.18 423 0.9980 0.0032 1.0083 0.0009 | 1.66E-01{ 600 1800 12
Case 13 115.10 | 210.18 423 0.9980 0.0043 1.0078 0.0010 | 1.69E01} 600 1800 12
Case 14 115.10 | 210.18 423 0.9980 0.0043 1.0068 0.0010 | 1.68E-01§ 600 1800 26
Case 15 115.10 | 210.18 423 0.9980 0.0043 1.0061 0.0010 | 1.67E-01 | 600 1800 16
Case 16 115.10 | 210.18 423 0.9980 0.0043 1.0062 0.0010 | 1.66E-01 600 1800 29
Case 17 115.10 | 210.18 423 0.9980 0.0043 1.0067 0.0012 | 1.67E-01 | 600 1800 25
Case 18 115.10 { 210.18 423 0.9980 0.0043 1.0082 0.0009 | 1.68E-01 | 600 1800 55
Case 19 115.10 | 210.18 4.23 0.9980 0.0043 1.0067 0.0010 | 1.68E-01 ] 600 1800 24
Case 20 115.10 | 210.18 4.23 0.9980 0.0043 1.0058 0.0010 | 1.67E-01 { 600 1800 29
Case 21 115.10 | 210.18 4.23 0.9980 0.0043 1.0053 0.0010 | 1.67E-01 | 600 1800 25
Case 22 115.10 | 210.18 4.23 0.9980 0.0043 1.0049 0.0011 | 1.67E-01 | 600 1800 60
Case 23 115.10 | 210.18 4.23 0.9980 0.0043 1.0056 0.0011 | 1.67E-01 | 600 1800 17
Case 24 115.10 | 210.18 4.23 0.9980 0.0043 1.0082 0.0012 | 1.68E-01 | 600 1800 17
Case 25 115.10 | 210.18 4.23 0.9980 0.0043 1.0042 0.0011 | 1.68E-01 | 600 1800 25
Case 26 115.10 | 210.18 423 0.9980 0.0043 1.0033 0.0011 | 1.67E-01| 600 1800 40
Case 27 115.10 | 210.18 4.23 0.9980 0.0043 1.0057 0.0010 | 1.67E-01 | 600 1800 10
Case 28 115.10 | 210.18 4.23 0.9980 0.0043 1.0056 0.0010 | 1.67E-01] 600 1800 27
Case 29 115.10 | 210.18 4.23 0.9980 0.0043 1.0062 0.0012 | 1.67E-01{ 600 1800 22
Case 30 115.10 | 210.18 4.23 0.9980 0.0043 1.0057 0.0010 | 1.69E-01 | 1300 1000 16
Case 31 115.10 | 210.18 423 0.9980 0.0043 1.0027 0.0010 | 1.68E-01 | 1300 1000 30
Case 32 115.10 | 210.18 423 0.9980 0.0043 1.0048 0.0010 | 1.68E-01 | 1300 1000 40
Case 33 115.10 | 210.18 423 0.9980 0.0043 1.0036 0.0011 | 1.68E-01 | 1300 1000 23
Case 34 115.10 | 210.18 423 0.9980 0.0043 1.0043 0.0009 | 1.67E-01 | 1300 1000 40
Case 35 115.10 | 210.18 4.23 0.9980 0.0043 1.0042 0.0010 { 1.67E-01 | 1303 1000 15
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CSAS26
Experiment C[ga;l‘]') H/Pu [:P;’b] Exp. kur uncf;‘;'mw zss(iour o | EaLF | 6EN | NPG | NsK
PU-SOL-THERM-015
Case 1 152.50 | 155.21 4.23 0.9980 0.0038 1.0099 0.0010 | 2.37E-01 600 1800 18
Case 2 152.50 | 155.27 4.23 0.9980 0.0038 1.0087 0.0010 | 2.37E-01 600 1800 17
Case 3 15250 | 155.27 4.23 0.9980 0.0038 1.0076 0.0010 | 2.36E-01 600 1800 10
Case 4 152.50 | 155.27 423 0.9980 0.0038 1.0070 0.0012 1} 2.36E-01 600 1800 23
Case 5 15250 | 155.27 423 0.9980 0.0038 1.0077 0.0010 | 2.36E-01 600 1800 19
Case 6 15250 | 155.27 423 0.9980 0.0038 1.0062 0.0011 | 2.36E-01 600 1800 18
Case 7 15250 | 155.27 423 0.9971 0.0047 1.0097 0.0010 | 2.38E-01} 600 1800 16
Case 8 152.50 | 155.27 423 0.9971 0.0047 1.0044 0.0011 | 2.38E-01] 600 1800 10
Case 9 152.50 | 155.27 4.23 0.9971 0.0047 1.0078 0.0010 | 2.36E-01 600 1800 13
Case 10 152.50 | 155.27 423 0.9971 0.0047 1.0069 0.0011 | 2.36E-01 600 1800 128
Case 11 15250 | 155.27 423 0.9971 0.0047 1.0034 0.0012 | 2.38E-01 600 1800 11
Case 12 152.50 | 155.27 4.23 0.9971 0.0047 1.0018 0.0011 | 2.38E-01| 600 1800 21
Case 13 15250 | 155.27 423 0.9971 0.0047 1.0062 0.0010 | 2.37E-01 600 1800 11
Case 14 152.50 | 155.27 423 0.9971 0.0047 1.0079 0.0011 | 2.35E-01 600 1800 49
Case 15 152.50 | 155.27 423 0.9971 0.0047 1.0078 0.0010 | 2.38E-01 600 1800 22
Case 16 152.50 | 155.27 4.23 0.9971 0.0047 1.0056 0.0011 | 2.38E-01 600 1800 3s
Case 17 15250 | 155.27 4.23 0.9971 0.0047 1.0062 0.0013 | 2.37E-01 600 1800 18
PU-SOL-THERM-016
Casel | 15250 | 15527 | 423 | 09980 | 00043 10054 | 0.0011 |2.38E-01] 1000 | 1000 | 11
Case 2 15250 | 155.27 423 0.9980 0.0043 1.0077 0.0010 | 2.37E-01 | 1000 1000 10
Case 3 152.50 | 155.27 423 0.9980 0.0043 1.0073 0.0012 | 2.36E-01 | 1000 1000 17
Case 4 15250 | 155.27 423 0.9980 0.0043 1.0077 0.0011 | 2.37E-01§ 1000 1000 75
Case 5 115.10 | 210.18 423 0.9969 0.0038 1.0056 0.0012 | 1.68E-01 | 1000 1000 23
Case 6 115.10 | 210.17 423 0.9969 0.0038 1.0056 0.0012 | 1.67E-01 | 1000 1000 18
Case 7 115.10 | 210.17 423 0.9969 0.0038 1.0078 0.0011 | 1.67E-01 ] 1000 1000 41
Case 8 115.10 { 210.17 4.23 0.9969 0.0038 1.0072 0.0010 | 1.67E-01 | 1000 1000 10
Case 9 115.10 | 210.17 423 0.9963 0.0033 1.0055 0.0012 | 1.65E-01 | 1000 1000 68
Case 10 115.10 | 210.17 4.23 0.9963 0.0033 1.0056 0.0012 | 1.66E-01 | 1000 1000 32
Case 11 115.10 | 210.17 4.23 0.9963 0.0033 1.0064 0.0012 | 1.67E-01 | 1000 1000 33
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CSAS26
Experiment C[gl‘]') H/Pu [:.P;] Exp. ker uncf"n‘;'inty m(ﬁrour c | EALF | GEN | NPG |Nsk
PU-SOL-THERM-017
Casel [ 11510 | 21018 | 423 | 09969 | 0.0038 10052 | 00011 | 1.67E-01| 1000 | 1000 | 14
Case2 | 11510 | 21018 | 423 | 09969 | 0.0038 10063 | 00012 | 1.67E-01 | 1000 | 1000 | 11
Casc3 | 11510 | 21018 | 423 | 09969 | 0.0038 10045 | 00012 | 1.67E-01 | 1000 | 1000 | 21
Case 4 115.10 | 210.18 4.23 0.9969 0.0038 1.0058 0.0011 | 1.67E-01{ 1000 1000 10
Case 5 115.10 | 210.18 423 0.9969 0.0038 1.0058 0.0010 | 1.67E-01 | 1000 1000 47
Case6 | 11510 | 21018 | 423 | 09969 | 0.0038 1.0051 0.0011 | 1.67E-01 | 1000 | 1000 | 27
Case 7 115.10 ] 210.18 4.23 0.9969 0.0038 1.0057 0.0012 | 1.67E-01 ] 1000 1000 43
Case 8 115.10 | 210.18 4.23 0.9969 0.0038 1.0072 0.0011 {1.67E-01| 1000 1000 31
Casc9 | 11510 | 21018 | 423 | 09969 | 0.0038 10065 | 0.0011 | 1.67E-01| 1000 | 1000 | 13
Case 10 | 115.10 | 21018 | 423 | 09969 | 00038 10077 | 00013 | 1.67E-01 | 1000 | 1000 | 17
Case11 | 11510 | 21018 | 423 | 09969 | 00038 10045 | 00010 | 1.67E-01] 1000 | 1000 | 11
Case 12 115101 210.18 423 0.9969 0.0038 1.0064 0.0011 | 1.67E-01 | 1000 1000 22
Case13 | 11510 | 21018 | 423 | 09969 | 0.0038 10052 | 00011 | 1.67E-01| 1000 | 1000 | 35
Case 14 115.10 1 210.18 4.23 0.9969 0.0038 1.0087 0.0012 | 1.67E-01 | 1000 1000 17
Case 15 115.10 | 210.18 423 0.9969 0.0038 1.0054 0.0012 | 1.67E-01}| 1000 1000 33
Case 16 115.10 | 210.18 4.23 0.9969 0.0038 1.0081 0.0011 | 1.67E-01| 1000 1000 20
Case17 | 11510 | 21018 | 423 | 09969 | 0.0038 1.0037 | 0.0011 | 1.67E-01| 1000 | 1000 | 34
Casc 18 | 115.10 | 21018 | 423 | 09969 | 00038 10053 | 0.0011 | 1.67E-01| 1000 | 1000 | 104
PU-SOL-THERM-020
Case 1 3920 | 60357 | 467 | 10000 | 00059 10088 | 00012 | 657E-02] 610 | 800 | 15
Case2 | 3840 | 62112 | 467 | 1.0000 | 0.0059 10113 | 00015 | 647E-02| 610 | 800 | 13
Case3 33.50 747.18 4.67 1.0000 0.0059 1.0059 0.0012 | 5.89E-02| 610 800 10
Case 5 4790 | 46251 4.67 1.0000 0.0059 1.0060 0.0014 | 7.63E-02| 610 800 11
Case6 | 4950 | 45185 | 4.67 | 1.0000 | 0.0059 10063 | 00013 |793E02| 610 | 800 | 15
Case7 | 3440 | 72385 | 467 | 1.0000 | 00059 1.0021 0.0013 | 604E02| 610 | 800 | 12
Case8 | 6940 | 34296 | 467 | 10000 | 00059 10096 | 0.0014 | 1.06E01| 610 | 800 | 76
Case9 | 4690 | 54011 | 467 | 10000 | 0.0059 10024 | 00013 |7.58E-02| 610 | 800 | 12
Case 10 | 3860 | 61724 | 467 | 1.0000 | 0.0059 1.0100 | 00015 |648E02| 610 | 800 | 10
Case 11 3320 | 75399 4.67 1.0000 0.0059 1.0078 0.0012 ] 5.85E-02} 610 800 10
Case12 | 4750 | 46580 | 467 | 1.0000 | 0.0059 10065 | 00014 |7.50E-02| 610 | 800 | 55
Case 13 | 4950 | 451.85 | 467 | 1.0000 | 0.0059 10055 | 00013 |7.92E02| 610 | 800 | 29
Casc14 | 4690 | 54011 | 467 | 1.0000 | 0.0059 1.0005 | 00014 | 7.60E-02| 610 | 800 | 11
Case15 | 6900 | 34117 | 4.67 | 1.0000 | 0.0059 10004 | 00015 | 1.07E-01| 610 | 800 | 11
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CSAS26
. C(Pu) Uopy Exp.
Experiment N H/Pu [ wt. %] Exp. ke uncertainty 238(il'lﬂOUP o EALF GEN | NPG | NSK
PU-SOL-THERM-025
Case 1 58 42434 4.671 1.0000 0.0039 1.0150 | 0.0004 | 7.87E-02 ) 1503 1000 107
Case 2 58 42434 4671 1.0000 0.0039 1.0155 0.0004 | 7.88E-02 | 1503 1000 11
Case 3 58 424.34 4.671 1.0000 0.0039 1.0160 0.0004 | 791E-02 | 1503 1000 40
Case 4 58 42434 4.671 1.0000 0.0039 1.0161 0.0005 | 797E-02| 1503 | 1000 { 21
Case § 58 424.34 4.671 1.0000 0.0039 1.0121 0.0004 | 8.02E-02 | 1503 1000 39
Case 6 58 424.34 4.671 1.0000 0.0039 1.0097 0.0004 | 8.05E-02| 1503 1000 75
PU-SOL-THERM-026
Case 1 573 430.26 4.67 1.0000 0.0052 0.9996 0.0005 | 8.82E-02 | 1503 1000 56
Case 2 57.7 425.56 4.67 1.0000 0.0052 09974 0.0005 | 8.89E-02] 1503 1000 123
Case 3 577 | 42527 4.67 1.0000 0.0051 0.9968 0.0004 |890E-02| 1503 | 1000 | 50
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CSAS26
Experiment C[g’l‘]‘) B |, m] Exp. kur uncﬁxig'inty 238(I}‘it|TOUP c Fii“l,‘]F GEN | NpG | Nsk
PU-SOL-THERM-001
Case 1 73.00 [35291)] 4.67 1.0000 0.005 1.0091 0.0012 | 8.80E-02 | 1503 1000 7
Case 2 96.00 | 258.05 4.67 1.0000 0.005 1.0097 0.0008 | 1.11E-01 | 1503 1000 23
Case 3 119.00 |205.14] 4.67 1.0000 0.005 1.0115 0.0008 | 1.35E-01 | 1503 1000 17
Case 4 132.00 | 18097 | 4.67 1.0000 0.005 1.0059 0.0008 | 1.51E-01{ 1503 1000 48
Case 5 140.00 | 171.21 4.67 1.0000 0.005 1.0092 0.0008 | 1.60E-01 | 1503 1000 42
Case 6 268.70 | 86.66 4.67 1.0000 0.005 1.0087 0.0008 | 3.47E-01 | 1503 1000 61
PU-SOL-THERM-002
Case 1 50.32 | 507.98 3.12 1.0000 0.0047 1.0077 0.0008 | 7.12E-02 | 1503 1000 .19
Case 2 51.80 |489.18 3.12 1.0000 0.0047 1.0077 0.0008 | 7.29E-02 | 1503 1000 26
Case 3 5648 437281 3.12 1.0000 0.0047 1.0083 0.0007 | 7.79E-02 | 1503 1000 17
Case 4 60.14 407451 3.12 1.0000 0.0047 1.0100 0.0009 | 8.14E-02 | 1503 1000 6
Case 5 6396 | 380.57 312 1.0000 0.0047 1.0115 0.0008 | 8.51E-02| 1503 1000 39
Case 6 7022 |33354| 3.12 1.0000 0.0047 1.0082 0.0008 {9.29E-02| 1503 1000 25
Case 7 7722 |29926 | 3.12 1.0000 0.0047 1.0103 0.0008 | 1.00E-01 | 1503 1000 10
PU-SOL-THERM-003
Case 1 3362 |774.15 1.76 1.0000 0.0047 1.0062 0.0008 | 5.84E-02] 1503 1000 9
Case 2 34.70 | 742.71 1.76 1.0000 0.0047 1.0068 0.0008 | 5.96E-02 | 1503 1000 13
Case 3 38.05 |677.17 312 1.0000 0.0047 1.0078 0.0008 | 6.19E-02 | 1503 1000 8
Case 4 38.83 | 660.55 3.12 1.0000 0.0047 1.0092 0.0007 | 6.27E-02 | 1503 1000 11
Case 5 4090 |607.17| 3.12 1.0000 0.0047 1.0100 0.0008 | 6.54E-02 | 1503 1000 14
Case 6 4438 |54533| 3.12 1.0000 0.0047 1.0099 0.0009 | 6.94E-02 ] 1503 1000 44
Case 7 3627 71483 3.12 1.0000 0.0047 1.0106 0.0008 } 5.92E-02 ] 1503 1000 7
Case 8 37.11 692.12 312 1.0000 0.0047 1.0100 0.0007 | 6.01E-02 | 1503 1000 20

GEN : = Number of generations
NPG : = Number of neutrons per generation
NSK : = Number of generations skipped prior to collecting data
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CSAS26
Experiment C[g(',’l']’) me | m] Exp. ket mf;‘:imy mixjronp o E[ﬁ";]F GEN | NPG |Nsk
PU-SOL-THERM-004
Case 1 26.51 981.67 0.54 1.0000 0.0047 1.0063 0.0008 | 5.34E-02 | 1503 1000 | 209
Case 2 26.50 | 971.63 0.54 1.0000 0.0047 1.0036 0.0007 | 5.37E-02 | 1503 1000 21
Case 3 27.65 | 929.60 0.54 1.0000 0.0047 1.0061 0.0007 | 5.47E-02| 1503 | 1000 4
Case 4 28.57 884.12 0.54 1.0000 0.0047 1.0038 0.0007 | 5.60E-02 | 1503 1000 25
Case 5 2794 | 925.52 1.76 1.0000 0.0047 1.0045 0.0007 | 5.45E-02| 1503 1000 24
Case 6 28.78 | 898.58 312 1.0000 0.0047 1.0065 0.0008 | 549E-02 | 1503 | 1000 14
Case 7 29.88 864.01 312 1.0000 0.0047 1.0108 0.0008 | 5.58E-02| 1503 1000 47
Case 8 3033 841.98 312 1.0000 0.0047 1.0070 0.0007 | 5.65E-02| 1503 1000 21
Case 9 31.79 780.21 312 1.0000 0.0047 1.0046 0.0007 | 5.86E-02 | 1503 1000 4
Case 10 35.68 667.98 312 1.0000 0.0047 1.0066 0.0008 | 6.32E-02 | 1503 1000 8
Case 11 3962 | 573.34 312 1.0000 0.0047 1.0040 0.0007 | 6.86E-02 | 1503 | 1000 3
Case 12 29.74 865.01 312 1.0000 0.0047 1.0077 0.0007 | 5.59E-02] 1503 1000 10
Case 13 29.63 | 872.21 343 1.0000 0.0047 1.0059 0.0007 | 5.56E-02 | 1503 | 1000 3
PU-SOL-THERM-005
Case 1 29.94 866.36 4.05 1.0000 0.0047 1.0085 0.0007 | 5.55E-02 | 1503 1000 4
Case 2 30.77 832.71 4.05 1.0000 0.0047 1.0074 0.0007 | 5.66E-02 | 1503 1000 12
Case 3 31.72 | 800.71 4.05 1.0000 0.0047 1.0078 0.0008 | 5.76E-02 | 1503 | 1000 | 39
Case 4 33.94 73437 4.05 1.0000 0.0047 1.0106 0.0008 | 6.00E-02 | 1503 1000 8
Case 5 36.38 666.08 4.05 1.0000 0.0047 1.0101 0.0007 | 6.29E-02 | 1503 1000 5
Case 6 3872 | 607.89 4.05 1.0000 0.0047 1.0104 0.0007 | 6.60E-02| 1503 | 1000 7
Case 7 41.16 | 557.17 4.05 1.0000 0.0047 1.0083 0.0009 | 6.92E-02] 1503 | 1000 16
Case 8 30.92 830.64 4.40 1.0000 0.0047 1.0051 0.0007 | 5.67E-02 1 1503 1000 18
Case 9 3241 788.95 4.40 1.0000 0.0047 1.0070 0.0007 | 5.79E-02} 1503 1000 38
PU-SOL-THERM-006
Case 1 25.06 | 1028.16 312 1.0000 0.0035 1.0050 0.0008 | 5.25E-02 ] 1503 1000 10
Case 2 25.83 986.18 312 1.0000 0.0035 1.0062 0.0007 | 5.33E-02{ 1503 1000 30
Case 3 27.05 910.90 312 1.0000 0.0035 1.0063 0.0007 | 5.52E-021 1503 1000 3
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240 CSAS26
Experiment C[gl']') BPu | wt";] Exp. ket umf;ﬁnty zss(irgzgovr o E['e“';]F GEN | NPG | NsK
PU-SOL-THERM-008
Case 1 35.5 683.88 4.67 1.0000 0.0033 1.0137 0.0008 | 6.49E-02 | 1503 1000 17
Case 2 45.2 495.93 4.67 1.0000 0.0040 1.0159 0.0008 | 7.84E-02 | 1503 1000 14
Case 3 464 488.55 4.67 1.0000 0.0040 1.0227 0.0008 | 7.95E-02 | 1503 1000 28
Case 4 46.9 486.15 4.67 1.0000 0.0040 1.0274 0.0007 { 8.01E-02| 1503 1000 14
Case 5 32.8 782.40 4.67 1.0000 0.0028 1.0282 0.0007 | 6.02E-02 | 1503 1000 58
Case 7 29.6 867.10 4.67 1.0000 0.0028 1.0220 0.0007 | 5.72E-02 ] 1503 1000 24
Case 8 50.9 454.50 4.67 1.0000 0.0040 1.0014 0.0008 | 8.73E-02} 1503 1000 18
Case 9 232 85.03 4.67 1.0000 0.0061 1.0071 0.0008 |} 5.49E-01 ] 1503 1000 24
Case 10 434 52145 4.67 1.0000 0.0037 1.0317 0.0007 | 7.52E-02 | 1503 1000 6
Case 11 36.6 650.83 4.67 1.0000 0.0031 1.0264 0.0007 | 6.62E-02 | 1503 1000 18
Case 12 67.9 344.02 4.67 1.0000 0.0041 1.0219 0.0009 | 9.97E-02 | 1503 1000 5
Case 13 50.4 499.92 4.67 1.0000 0.0041 1.0275 0.0008 | 7.67E-02 | 1503 1000 29
Case 14 75.0 328.02 4.67 1.0000 0.0042 1.0074 0.0008 | 1.07E-01 | 1503 1000 4
Case 15 464 538.18 4.67 1.0000 0.0041 1.0172 0.0008 | 7.44E-02 | 1503 1000 3
Case 16 36.5 673.07 4.67 1.0000 0.0033 1.0207 0.0008 | 6.53E-02 | 1503 1000 65
Case 17 464 488.55 4.67 1.0000 0.0040 1.0176 0.0008 | 7.95E-02 | 1503 1000 3
Case 18 46.9 486.15 4.67 1.0000 0.0040 1.0247 0.0007 | 8.02E-02 | 1503 1000 7
Case 19 329 776.81 4.67 1.0000 0.0028 1.0200 0.0007 | 6.05E-02 | 1503 1000 38
Case 20 30.0 856.60 4.67 1.0000 0.0028 1.0195 0.0008 |} 5.75E-02 | 1503 1000 31
Case 21 50.9 462.99 4.67 1.0000 0.0040 1.0022 0.0008 | 8.60E-02 | 1503 1000 10
Case 22 232 88.43 4.67 1.0000 0.0061 0.9948 0.0008 | 5.20E-01 | 1503 1000 10
Case 23 448 496.98 4.67 1.0000 0.0037 1.0246 0.0008 | 7.72E-02 | 1503 1000 12
Case 24 36.8 639.34 4.67 1.0000 0.0031 1.0187 0.0007 | 6.68E-02 | 1503 1000 12
Case 25 67.8 344.02 4.67 1.0000 0.0042 1.0208 0.0008 | 9.94E-02 | 1503 1000 3
Case 26 52.1 474.90 4.67 1.0000 0.0041 1.0204 0.0008 | 7.92E-02 | 1503 1000 81
Case 27 106 232.01 4.67 1.0000 0.0042 1.0129 0.0009 | 1.47E-01 | 1503 1000 16
Case 28 81.7 301.12 4.67 1.0000 0.0042 1.0062 0.0008 | 1.15E-01 } 1503 1000 3
Case 29 524 475.39 4.67 1.0000 0.0041 1.0208 0.0009 | 8.03E-02 | 1503 1000 6
Case 30 470 531.21 4.67 1.0000 0.0041 1.0180 0.0008 | 7.50E-02 | 1503 1000 3
PU-SOL-THERM-011
Case 1-16 350 733.00 4.17 1.0000 0.0052 1.0155 0.0008 | 6.34E02 | 1503 1000 21
Case 1-18 224 1157.29 42 1.0000 0.0052 0.9998 0.0007 | 520E-02 | 1503 1000 12
Case2-16 | 362 | 70545 | 4.17 | 1.0000 0.0052 1.0209 0.0008 | 647E-02 | 1503 | 1000 | 49
Case 2-18 233 1103.19 42 1.0000 0.0052 1.0055 0.0008 | 530802 | 1503 1000 102
Case 3-16 38.1 662.77 4.17 1.0000 0.0052 1.0207 0.0008 | 6.72B-02 | 1503 1000 13
Case3-18 | 231 | 110978 | 42 1.0000 0.0052 1.0023 00007 | 529B-02 | 1503 | 1000 | 7
Case 4-16 38.2 653.42 4.17 1.0000 0.0052 1.0132 0.0009 | 6.79E-02 | 1503 1000 93
Case 4-18 238 1053.74 42 1.0000 0.0052 0.9994 0.0008 | 541E-02 | 1503 1000 5
Case 5-16 434 550.66 4.17 1.0000 0.0052 1.0102 0.0008 | 7.54E-02 | 1503 1000 11
Case 5-18 252 995.41 42 1.0000 0.0052 1.0105 0.0008 } SS6E-02 | 1503 1000 36
Case 6-18 275 870.37 4.2 1.0000 0.0052 1.0064 0.0008 | 5.93E-02 1503 1000 3
Case7-18 | 239 | 105643 | 4.2 1.0000 0.0052 1.0063 0.0008 | 540E-02 | 1503 | 1000 | 32
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CSAS26
Experiment C[g“,’l‘]’) wP | ::P;] Exp. ket umf;':my 238(;-:'0UP o ':[':‘I,‘]F GEN | NPG | NsK
PU-SOL-THERM-014
Cascl | 11510 | 21018 | 423 | 0.9980 0.0032 1.0071 0.0008 | 1.68E-01| 1503 | 1000 | 31
Case2 | 11510 ] 21018 | 423 | 09980 0.0032 1.0059 0.0009 |1.67E-01| 1503 | 1000 | 28
Case3 | 115.10 | 21018 | 4.23 | 0.9980 0.0032 1.0080 0.0009 |1.67E01] 1503 | 1000 | 11
Case4 | 11510 | 210.18 | 423 | 0.9980 0.0032 1.0060 0.0008 | 1.67E-01] 1503 | 1000 | 22
CaseS | 115.10 | 21018 | 423 | 0.9980 0.0032 1.0074 0.0009 | 1.67E-01 ] 1503 | 1000 | 35
Case6 | 115.10 | 21018 | 423 | 0.9980 0.0032 1.0060 0.0009 | 1.67E01| 1503 | 1000 | 4
Case7 | 11510 | 210.18 | 423 | 0.9980 0.0032 1.0059 0.0009 | 1.68E-01 | 1503 | 1000 | 29
Case8 | 11510 | 21018 | 423 | 0.9980 0.0032 1.0055 0.0008 | 1.68E-01 | 1503 | 1000 | 23
Case9 | 11510 | 21018 | 423 | 0.9980 0.0032 1.0052 0.0008 | 1.67E01 | 1503 | 1000 | 9
Casc 10 | 11510 | 21018 | 423 | 0.9980 0.0032 1.0038 0.0009 | 1.67E01] 1503 | 1000 | 9
Case11 | 11510 | 210.18 | 4.23 | 0.9980 0.0032 1.0053 0.0008 ] 1.67E-01| 1503 | 1000 | 7
Case12 | 115.10 | 210.18 | 4.23 | 0.9980 0.0032 1.0070 0.0009 | 1.67E-01| 1503 | 1000 | 58
Case13 | 11510 | 21018 | 423 | 09980 0.0043 1.0077 0.0008 | 1.68E-01| 1503 | 1000 | 3
Casc14 | 11510 | 21018 | 423 | 09980 0.0043 1.0043 0.0009 | 1.68E-01| 1503 | 1000 | 99
Casc15 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0070 0.0008 | 1.67E-01] 1503 | 1000 | 10
Casc 16 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0057 0.0009 | 1.67E-01 | 1503 | 1000 | 7
Case 17 | 11510 | 21018 | 423 | 09980 0.0043 1.0055 0.0009 | 1.67E-01 | 1503 | 1000 | 5
Case 18 | 115.10 | 21018 | 423 | 0.9980 0.0043 1.0080 0.0009 | 1.68E-01 | 1503 | 1000 | 7
Case19 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0049 0.0010 | 1.68E-01 | 1503 | 1000 | 9
Casc20 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0068 0.0009 | 1.67E-01 | 1503 | 1000 | 114
Case21 | 115.10 | 21018 | 4.23 | 0.9980 0.0043 1.0063 0.0008 | 1.67E-01 | 1503 | 1000 | 22
Case22 | 115.10 | 210.18 | 4.23 | 0.9980 0.0043 1.0060 0.0009 | 1.67E-01 | 1503 | 1000 | 4
Case23 | 11510 | 21018 | 4.23 | 0.9980 0.0043 1.0053 0.0009 | 1.67E-01| 1503 | 1000 | 28
Case24 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0082 0.0008 | 1.69E-01| 1503 | 1000 | 36
Casc25 | 11510 | 210.18 | 423 | 0.9980 0.0043 1.0042 0.0009 | 1.68E-01| 1503 | 1000 | 65
Case26 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0068 0.0009 | 1.67E-01 | 1503 | 1000 | 20
Case27 | 11510 | 21018 | 423 | 09980 0.0043 1.0059 0.0009 | 1.67E-01 | 1503 | 1000 | 70
Case28 | 115.10 | 210.18 | 423 | 0.9980 0.0043 1.0053 0.0009 | 1.67E-01 | 1503 | 1000 | 15
Case29 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0057 0.0009 | 1.67E01| 1503 | 1000 | 5
Casc30 | 115.10 | 21018 | 423 | 0.9980 0.0043 1.0051 0.0008 | 1.68E-01 | 1503 | 1000 | 32
Casc31 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0039 0.0009 | 1.68E-01 | 1503 | 1000 | 5
Casc32 | 11510 | 21018 | 423 | 0.9980 0.0043 1.0045 0.0009 | 1.68E-01| 1503 | 1000 | 23
Case33 | 115.10 | 210.18 | 423 | 0.9980 0.0043 1.0063 0.0008 | 1.67E01| 1503 | 1000 | 10
Case34 | 11510 | 210.18 | 4.23 | 09980 0.0043 1.0043 0.0010 |1.68E-01[ 1503 | 1000 | 44
Case35 | 11510 21018 | 423 | 0.9980 0.0043 1.0050 0.0010 | 1.67E-01| 1503 | 1000 | 12
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) C(Pu) 2opy Exp. CSAS26 EALF
Experiment [ H/Pu [ wt. %] Exp. ke uncertainty 238(?:{0UP L [eV] GEN | NPG | NSK
PU-SOL-THERM-015
Case 1 152.50 | 155.21 423 0.9980 0.0038 1.0073 0.0009 | 2.38E-01§ 1503 1000 61
Case 2 15250 | 155.27 423 0.9980 0.0038 1.0080 0.0008 |2.37E-01 ] 1503 1000 5
Case 3 15250 | 155.27 423 0.9980 0.0038 1.0059 0.0009 |237E-01| 1503 1000 3
Case 4 152.50 | 155.27 423 0.9980 0.0038 1.0063 0.0009 | 237E-01] 1503 1000 38
Case 5 152.50 | 155.27 4.23 0.9980 0.0038 1.0047 0.0009 | 2.37E-01 | 1503 1000 | 231
Case 6 152.50 } 155.27 4.23 0.9980 0.0038 1.0073 0.0008 | 2.36E-01 | 1503 1000 40
Case 7 152.50 | 15527 4.23 0.9971 0.0047 1.0075 0.0009 | 2.38E-01 | 1503 1000 n
Case 8 152.50 | 155.27 423 0.9971 0.0047 1.0070 0.0009 | 2.37E-01 | 1503 1000 19
Case 9 15250 { 155.27 4.23 0.9971 0.0047 1.0068 0.0008 | 2.37E-01 | 1503 1000 15
Case 10 152.50 | 155.27 423 0.9971 0.0047 1.0055 0.0009 ] 2.36E-01| 1503 1000 6
Case 11 15250 | 155.27 423 0.9971 0.0047 1.0040 0.0009 | 2.38E-01| 1503 1000 { 150
Case 12 15250 | 155.27 423 0.9971 0.0047 1.0036 0.0008 | 2.38E-01 | 1503 1000 4
Case 13 15250 | 155.27 423 0.9971 0.0047 1.0060 0.0009 | 2.37E-01 | 1503 1000 6
Case 14 15250 | 155.27 4.23 0.9971 0.0047 1.0067 0.0009 | 2.36E-01| 1503 1000 19
Case 15 15250 { 155.27 423 0.9971 0.0047 1.0071 0.0008 | 2.39E-01 ] 1503 1000 22
Case 16 152.50 | 155.27 4.23 0.9971 0.0047 1.0053 0.0009 | 2.38E-01| 1503 1000 53
Case 17 152.50 | 15527 4.23 0.9971 0.0047 1.0062 0.0009 | 2.37E-01 | 1503 1000 4
PU-SOL-THERM-016

Case 1 15250 | 155.27 423 0.9980 0.0043 1.0061 0.0009 | 2.37E-01 | 1503 1000 3
Case 2 152.50 | 155.27 4.23 0.9980 0.0043 1.0053 0.0009 | 2.37E-01 | 1503 1000 14
Case 3 152.50 | 155.27 4.23 0.9980 0.0043 1.0071 0.0009 | 2.37E-01 | 1503 1000 10
Case 4 15250 | 155.27 423 0.9980 0.0043 1.0068 0.0009 | 2.36E-01 | 1503 1000 16
Case 5 115.10 } 210.18 423 0.9969 0.0038 1.0043 0.0009 | 1.68E-01 | 1503 1000 11
Case 6 115.10 | 210.17 423 0.9969 0.0038 1.0044 0.0009 | 1.67E-01 ] 1503 1000 6
Case 7 115.10 | 210.17 423 0.9969 0.0038 1.0070 0.0009 { 1.67E01 | 1503 1000 13
Case 8 115.10 | 210.17 4.23 0.9969 0.0038 1.0077 0.0009 | 1.67E-01 ] 1503 1000 35
Case 9 11510 } 210.17 423 0.9963 0.0033 1.0059 0.0009 | 1.66E-01 | 1503 1000 34
Case 10 115.10 | 210.17 423 0.9963 0.0033 1.0050 0.0010 | 1.66E-01 | 1503 1000 6
Case 11 115.10 | 210.17 4.23 0.9963 0.0033 1.0064 0.0009 | 1.67E-01 | 1503 1000 10
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CSAS26
Experiment C[g“,:‘]" mPe | :"’;‘6] Exp. kar uncfr’:g;my zascl;;our o E}f‘l,f GEN | NPG | NSk
PU-SOL-THERM-017
Case 1 115.10 | 210.18 4.23 0.9969 0.0038 1.0042 0.0009 | 1.67E-01 | 1503 1000 2
Case 2 115.10 | 210.18 423 0.9969 0.0038 1.0057 0.0009 | 1.67E-01 ] 1503 1000 12
Case 3 115.10 | 210.18 423 0.9969 0.0038 1.0052 0.0009 | 1.67E-01 | 1503 1000 27
Case 4 115.10 | 210.18 4.23 0.9969 0.0038 1.0049 0.0008 | 1.67E-01 | 1503 1000 20
Case 5 115.10 1 210.18 4.23 0.9969 0.0038 1.0062 0.0009 | 1.67E-01 | 1503 1000 15
Case 6 11510 | 210.18 423 0.9969 0.0038 1.0056 0.0009 | 1.67E-01 | 1503 1000 8
Case 7 115.10 | 210.18 423 0.9969 0.0038 1.0038 0.0010 | 1.67E-01 | 1503 1000 86
Case 8 115.10 | 210.18 423 0.9969 0.0038 1.0052 0.0010 | 1.67E-01} 1503 1000 25
Case 9 115.10 | 210.18 423 0.9969 0.0038 1.0059 0.0010 | 1.67E-01 | 1503 1000 17
Case 10 115.10 | 210.18 4.23 0.9969 0.0038 1.0047 0.0009 | 1.68E-01 | 1503 1000 20
Case 11 115.10 § 210.18 423 0.9969 0.0038 1.0058 0.0009 | 1.67E-01 | 1503 1000 36
Case 12 115.10 | 210.18 4.23 0.9969 0.0038 1.0056 0.0010 | 1.67E-01{ 1503 1000 25
Case 13 11510 | 210.18 423 0.9969 0.0038 1.0060 0.0009 | 1.67E-01 | 1503 1000 17
Case 14 115.10 | 210.18 4.23 0.9969 0.0038 1.0061 0.0009 | 1.67E-01 | 1503 1000 71
Case 15 115.10 | 210.18 4.23 0.9969 0.0038 1.0071 0.0008 | 1.67E-01 | 1503 1000 61
Case 16 115.10 | 210.18 423 0.9969 0.0038 1.0070 0.0009 | 1.67E-01 | 1503 1000 52
Case 17 115.10 { 210.18 423 0.9969 0.0038 1.0057 0.0009 | 1.67E-01 | 1503 1000 39
Case 18 115.10 | 210.18 423 0.9969 0.0038 1.0064 0.0009 | 1.67E-01 { 1503 1000 14
PU-SOL-THERM-020

Case 1 39.20 | 603.57 4.67 1.0000 0.0059 1.0080 0.0008 | 656E-02 | 1503 1000 21
Case 2 3840 | 621.12 4.67 1.0000 0.0059 1.0104 0.0007 | 647E-02 | 1503 1000 4
Case 3 3350 | 747.18 4.67 1.0000 0.0059 1.0054 0.0008 | 5.89E-02 { 1503 1000 15
Case 5 4790 | 462.51 4.67 1.0000 0.0059 1.0087 0.0007 | 7.62E-02 | 1503 1000 22
Case 6 49.50 | 451.85 4.67 1.0000 0.0059 1.0073 0.0007 | 792E-02 | 1503 1000 6
Case 7 34.40 723.85 4.67 1.0000 0.0059 1.0022 0.0008 | 6.03E-02 1503 1000 32
Case 8 69.40 | 34296 4.67 1.0000 0.0059 1.0069 0.0009 | 1.06E-01 1503 1000 52
Case 9 4690 | 540.11 4.67 1.0000 0.0059 0.9989 0.0008 | 7.60E-02 { 1503 1000 40
Case 10 38.60 | 617.24 4.67 1.0000 0.0059 1.0088 0.0008 | 649E-02 | 1503 1000 3
Case 11 3320 | 753.99 4.67 1.0000 0.0059 1.0058 0.0008 | 5.87E-02 | 1503 1000 21
Case 12 47.50 | 465.80 4.67 1.0000 0.0059 1.0072 0.0008 | 7.60E-02 | 1503 1000 13
Case 13 4950 | 451.85 4.67 1.0000 0.0059 1.0087 0.0008 | 792E-02 | 1503 1000 18
Case 14 4690 | 540.11 4.67 1.0000 0.0059 1.0002 0.0009 | 7.60E-02 { 1503 1000 6
Case 15 69.00 | 341.17 4.67 1.0000 0.0059 1.0017 0.0008 | 1.06E-01 1503 1000 7
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CSAS26
. C(Pu) Wopy Exp. EALF
Experiment [/l H/Pu [ wt. %) Exp. Kor uncertainty 238le;0(11’ c [eV] GEN | NPG | NSK
PU-SOL-THERM-025
Case 1 58 42434 4.671 1.0000 0.0039 1.0149 0.0004 | 7.87E-02| 1503 | 1000 | 87
Case 2 58 424.34 4.671 1.0000 0.0039 1.0159 0.0005 | 7.88E-02 | 1503 1000 11
Case 4 58 424.34 4.671 1.0000 0.0039 1.0158 0.0005 {7.91E-02| 1503 | 1000 | 38
Case 5 58 424.34 4.671 1.0000 0.0039 1.015 0.0004 |7.97E-02] 1503 | 1000 16
Case 5 58 424.34 4.671 1.0000 0.0039 1.0125 0.0004 | 8.02E-02| 1503 1000 | 55
Case 6 58 424.34 4.671 1.0000 0.0039 1.0089 0.0004 | 8.06E-02] 1503 1000 16
PU-SOL-THERM-026
Case 1 573 430.26 4.67 1.0000 0.0052 0.9971 0.0005 | 8.82E-02| 1503 | 1000 | 52
Case 2 57.7 425.56 4.67 1.0000 0.0052 0.9965 0.0004 |8.89E-02| 1503 | 1000 | 52
Case 3 57.7 425.27 4.67 1.0000 0.0051 0.9971 0.0005 }8.90E-02{ 1503 | 1000 | 58
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ICSBEP MOX Fuel Rod Lattices Benchmarks

The ICSBEP Handbook [6] includes a number of experiments related to the MOX fuel area of
applicability. However, some of these experiments were determined to be inapplicable to MFFF
design applications within AOA(1). The list below provides the reasoning for inclusion or
exclusion of each candidate experiment.

MIX-COMP-THERM-001: This benchmark is not selected because the Pu content is not in
range (Pu content = 20%).

MIX-COMP-THERM-002: All the experiments are selected. The k. and o used are the
experimental k¢ and the experimental 6. Hence, the particle effect
bias is not accepted as a model simplification, since the design
application will itself involve MOX particles.

MIX-COMP-THERM-003: All cases are selected.
MIX-COMP-THERM-004: All cases are selected.

MIX-COMP-THERM-005: All the experiments are selected. The k. and o used are the
experimental kg and the experimental 6. Hence, the particle effect
bias is not accepted as a model simplification, since the design
application will itself involve MOX patrticles.

MIX-COMP-THERM-007: This benchmark is not selected because the **°Pu ratio is not in
range (24°Pu ratio = 24%).

MIX-COMP-THERM-008: This benchmark is not selected because the **°Pu ratio is not in
range (**Pu ratio = 24%).

MIX-COMP-THERM-009: All the experiments are selected. The ke and o used are the
experimental kg and the experimental 6. Hence, the particle effect
bias is not accepted as a model simplification, since the design
application will itself involve MOX particles.

MIX-COMP-THERM-010: This benchmark is not selected because the presence of gadolinium
in the lattice is not a process situation.
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(Sun calculation results)
Pu0, CSAS26
Experiment | v®#' | content | Exp.ker|  EXP-  |238GROUP| o EALF | opn | NP6 | NSk
uncertainty [eV]
{wt. %] Ket
MIX-COMP-THERM_002
PNL-30 1.19 2.04 1.00018 0.0059 0.9933 0.0012 5.76E-01 600 700 12
PNL-31 1.19 2.04 1.00006 0.0045 0.9961 0.0014 7.67E-01 600 700 20
PNL-32 2.52 2.04 1.00019 0.0027 1.0004 0.0012 1.93E-01 600 700 45
PNL-33 2.52 2.04 1.00022 0.0017 1.0059 0.0012 2.82E-01 600 700 14
PNL-34 3.64 2.04 1.00096 0.0018 1.0028 0.0011 1.38E-01 600 700 16
PNL-35 3.64 2.04 1.00013 0.0020 1.0059 0.0011 1.83E-01 600 700 12
MIX-COMP-THERM_003
Case 1 1.68 6.6 1.0000 0.0071 0.9911 0.0013 9.09E-01 905 600 24
Case 2-a 2.16 6.6 1.0000 0.0057 0.9939 0.0013 5.49E-01 905 600 7
Case 2-b 2.16 6.6 1.0000 0.0057 0.9964 0.0013 5.48E-01 905 600 21
Case 3 2.16 6.6 1.0000 0.0052 0.9971 0.0012 6.54E-01 905 600 86
Case 4 4.71 6.6 1.0000 0.0028 1.0013 0.0013 1.89E-01 905 600 15
Case § 5.67 6.6 1.0000 0.0024 1.0011 0.0013 1.56E-01 905 600 24
Case 6 10.75 6.6 1.0000 0.0020 1.0022 0.0013 1.02E-01 905 600 8
MIX-COMP-THERM_0(4
Case 1 2.42 3.01 1.0000 0.0046 0.9916 0.0012 1.46E-01 600 700 4
Case 2 242 3.01 1.0000 0.0046 0.9940 0.0013 1.45E-01 600 700 6
Case 3 2.42 3.01 1.0000 0.0046 0.9944 0.0013 1.44E-01 600 700 4
Case 4 2.98 3.01 1.0000 0.0039 0.9956 0.0013 1.20E-01 600 700 15
Case 5 298 3.01 1.0000 0.0039 0.9952 0.0011 1.19E-01 600 700 30
Case 6 298 3.01 1.0000 0.0039 0.9966 0.0013 1.18E-01 600 700 4
Case 7 4.24 3.01 1.0000 0.0040 0.9979 0.0012 9.24E-02 600 700 55
Case 8 4.24 3.01 1.0000 0.0040 0.9979 0.0012 9.24E-02 600 700 13
Case 9 4.24 3.01 1.0000 0.0040 0.9995 0.0013 9.23E-02 600 700 7
Case 10 5.55 3.01 1.0000 0.0051 0.9998 0.0014 7.99E-02 600 700 25
Case 11 5.55 3.01 1.0000 0.0051 1.0000 0.0011 7.95E-02 600 700 15
MIX-COMP-THERM_005
Case 1 1.93 4.0 1.00000 0.0021 0.9963 0.0012 3.92E-01 700 800 18
Case 2 2.56 4.0 1.00000 0.0023 0.9956 0.0015 2.60E-01 700 800 74
Case 3 3.62 4.0 1.00000 0.0024 1.0041 0.0012 1.77E-01 700 800 33
Case 4 4.53 4.0 1.00000 0.0019 1.0033 0.0014 1.46E-01 700 800 10
Case 5 7.27 4.0 1.00000 0.0025 1.0052 0.0016 1.08E-01 700 800 67
Case 6 10.11 4.0 1.00000 0.0027 1.0069 0.0016 9.35E-02 700 800 17
MIX-COMP-THERM_009
Case 1 1.10 1.5 1.00000 0.0052 0.9964 0.0010 5.48E-01 800 800 50
Case 2 1.56 1.5 1.00000 0.0040 0.9927 0.0010 3.06E-01 800 800 54
Case 3 271 1.5 1.00000 0.0026 0.9943 0.0012 1.57E-01 800 800 22
Case 4 3.79 1.5 1.00000 0.0030 0.9971 0.0009 1.17E-01 800 800 18
Case 5 5.14 1.5 1.00000 0.0038 0.9991 0.0008 9.58E-02 800 800 20
Case 6 5.58 1.5 1.00000 0.0043 1.0004 0.0008 9.16E-02 800 800 25
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STONE & WEBSTER MFFF Criticality Code Validation - Part I Page 77 of 154
(PC calculation results)
Pul CSAS26
Experiment. | v@H' contglet Expky|  E*P  |23sGrOoUP| o EALF | opN | NP6 | Nsk
uncertainty [eV]
[wt. %) Kerr
MIX-COMP-THERM_002
PNL-30 1.19 2.04 1.00018 0.0059 0.9949 0.0006 5.77E-01 1503 1000 7
PNL-31 1.19 2.04 1.00006 0.0045 0.9956 0.0006 7.73E-01 1503 1000 7
PNL-32 2.52 2.04 1.00019 0.0027 1.0004 0.0007 1.93E-01 1503 1000 34
PNL-33 2.52 2.04 1.00022 0.0017 1.0049 0.0006 2.83E-01 1503 1000 7
PNL-34 3.64 2.04 1.00096 0.0018 1.0028 0.0007 1.38E-01 1503 1000 16
PNL-35 3.64 2.04 1.00013 0.0020 1.0067 0.0006 1.83E-01 1503 1000 4
MIX-COMP-THERM_003
Case 1 1.68 6.6 1.0000 0.0071 0.9922 0.0007 9.08E-01 1503 1000 19
Case 2-a 2.16 6.6 1.0000 0.0057 0.9956 0.0008 5.49E-01 1503 1000 5
Case 2-b 2.16 6.6 1.0000 0.0057 0.9957 0.0007 5.46E-01 1503 1000 36
Case 3 2.16 6.6 1.0000 0.0052 0.9942 0.0007 6.51E-01 1503 1000 16
Case 4 4.71 6.6 1.0000 0.0028 0.9980 0.0008 1.89E-01 1503 1000 15
Case 5 5.67 6.6 1.0000 0.0024 1.0004 0.0007 1.56E-01 1503 1000 37
Case 6 10.75 6.6 1.0000 0.0020 1.0036 0.0007 1.01E-01 1503 1000 35
MIX-COMP-THERM_004
Case 1 242 3.01 1.0000 0.0046 0.9933 0.0006 1.46E-01 1503 1000 32
Case 2 242 3.01 1.0000 0.0046 0.9958 0.0008 1.45E-01 1503 1000 43
Case 3 2.42 3.01 1.0000 0.0046 0.9953 0.0006 1.44E-01 1503 1000 4
Case 4 2.98 3.01 1.0000 0.0039 0.9950 0.0007 1.19E-01 1503 1000 10
Case 5 2.98 3.01 1.0000 0.0039 0.9965 0.0007 1.19E-01 1503 1000 13
Case 6 2.98 3.01 1.0000 0.0039 0.9967 0.0007 1.18E-01 1503 1000 5
Case 7 4.24 3.01 1.0000 0.0040 0.9981 0.0007 9.28E-02 1503 1000 28
Case 8 4.24 3.01 1.0000 0.0040 0.9986 0.0006 9.25E-02 1503 1000 35
Case 9 4.24 3.01 1.0000 0.0040 0.9987 0.0006 9.16E-02 1503 1000 4
Case 10 5.55 3.01 1.0000 0.0051 0.9997 0.0006 7.96E-02 1503 1000 50
Case 11 5.55 3.01 1.0000 0.0051 1.0000 0.0006 7.94E-02 1503 1000 14
MIX-COMP-THERM_005
Case 1 1.93 4.0 1.00000 0.0021 0.9956 0.0007 3.94E-01 1503 1000 16
Case 2 2.56 4.0 1.00000 0.0023 0.9939 0.0007 2.59E-01 1503 1000 32
Case 3 3.62 4.0 1.00000 0.0024 1.0032 0.0008 1.77E-01 1503 1000 7
Case 4 4.53 4.0 1.00000 0.0019 1.0020 0.0007 1.47E-01 1503 1000 14
Case 5 7.27 4.0 1.00000 0.0025 1.0053 0.0007 1.08E-01 1503 1000 62
Case 6 10.11 4.0 1.00000 0.0027 1.0065 0.0006 9.29E-02 1503 1000 10
MIX-COMP-THERM_009
Case 1 1.10 1.5 1.00000 0.0052 0.9963 0.0006 5.46E-01 1503 1000 129
Case 2 1.56 1.5 1.00000 0.0040 0.9941 0.0006 3.07E-01 1503 1000 65
Case 3 2.71 1.5 1.00000 0.0026 0.9969 0.0006 1.56E-01 1503 1000 13
Case 4 3.79 1.5 1.00000 0.0030 0.9978 0.0006 1.17E-01 1503 1000 35
Case 5 5.14 1.5 1.00000 0.0038 0.9992 0.0006 9.62E-02 1503 1000 47
Case 6 5.58 1.5 1.00000 0.0043 0.9996 0.0006 9.16E-02 1503 1000 67
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Figure A3-1 AOA(1) - ke versus EALF as trending parameter — SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

LA e A e e R R R R R R R e R s I R R e S R 2 a2 s 2

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

R E A S R AR R RN S R A N A RN A SR AR N AT IR T RN AR AR RN N AT I AR SR AR TN AN NN AIANR AN NN R AR

Input to statistical treatment from file:toto.inp

Title: AOA(1l) PC full set EALF

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = .950

Number of observations = 191

Minimum value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y in y variable - x variable - y iny
8.79564E-02 1.00910E+00 5.14198E-03 1.67337E-01 1.00580E+00 3.32415E-03
1.10854E-01 1.00970E+00 5.06360E-03 1.66955E-01 1.00730E+00 3.29849E-03
1.34839E-01 1.01150E+00 5.06360E-03 1.66546E-01 1.00900E+00 3.32415e-03
1.50757E-01 1.00590E+00 5.06360E-03 1.68373E-01 1.00970E+00 4.37379e-03
1.59544E-01 1.00920E+00 5.06360E-03 1.67903E-01 1.00630E+00 4.39318E-03
3.46678E-01 1.00870E+00 5.06360E-03 1.67166E-01 1.00900E+00 4.37379E-03
7.121288-02 1.00770E+00 4.76760E-03 1.66898E-01 1.00770E+00 4.39318E-03
7.286178-02 1.00770E+00 4.76760E-03 1.66630E-01 1.00750E+00 4.39318e-03
7.78800E-02 1.00830E+00 4.75184E-03 1.68449E-01 1.01000E+00 4.39318E-03
8.13967E-02 1.01000E+00 4.78539E-03 1.67790E-01 1.00690E+00 4.414758-03
8.50698E-02 1.01150E+00 4.76760E-03 1.66997E-01 1.00880E+00 4.39318E-03
9.29137E-02 1.00820E+00 4.76760BE-03 1.66691E-01 1.00830E+00 4.37379E-03
1.00322E-01 1.01030E+00 4.76760E-03 1.66682E-01 1.00800E+00 4.39318E-03
5.83795E-02 1.00620E+00 4.76760E-03 1.66969E-01 1.00730E+00 4.39318E-03
5.95793E-02 1.00680BE+00 4.76760E-03 1.68612E-01 1.01020E+00 4.37379E-03
6.18997E-02 1.00780E+00 4.76760E-03 1.676998-01 1.00620E+00 4.39318E-03
6.26929E-02 1.00920E+00 4.75184E-03 1.67331E-01 1.00880E+00 4.39318E-03
6.54388E-02 1.01000E+00 4.76760E-03 1.66818E-01 1.00790E+00 4.39318E-03
6.94428E-02 1.00990E+00 4.78539E-03 1.66664E-01 1.00730E+00 4.39318e-03
5.91641E-02 1.01060E+00 4.76760E-03 1.66641E-01 1.00770E+00 4.39318e-03
6.01058E-02 1.01000E+00 4.75184E-03 1.68215E-01 1.00710E+00 4.37379E-03
S$.33828E-02 1.00630E+00 4.76760E-03 1.68357B-01 1.00590E+00 4.39318E-03
5.36833E-02 1.00360E+00 4.75184E-03 1.67772E-01 1.00650E+00 4.39318E-03
5.47121E-02 1.00610E+00 4.75184E-03 1.67416E-01 1.00830E+00 4.37379E-03
5.59714E-02 1.00380E+00 4.75184E-03 1.67630E-01 1.00630E+00 4.41475E-03
5.45435E-02 1.00450E+00 4.75184E-03 1.67462E-01 1.00700E+00 4.414758-03
5.48712E-02 1.00650E+00 4.76760E-03 2.37509E-01 1.00930E+00 3.90513E-03
5.58159E-02 1.01080E+00 4.76760E-03 2.36912E-01 1.01000E+00 3.88330E-03
5.65395E-02 1.00700E+00 4.75184E-03 2.36543E-01 1.00790E+00 3.90513E-03
5.85551E-02 1.00460E+00 4.75184E-03 2.36831E-01 1.00830E+00 3.90513E-03
6.31817E-02 1.00660E+00 4.76760E-03 2.36587E-01 1.00670E+00 3.90513E-03
6.85846E-02 1.00400E+00 4.75184E-03 2.36202E-01 1.00930E+00 3.88330E-03
5.58595E-02 1.00770E+00 4.75184E-03 2.38483E-01 1.01040E+00 4.78539E-03
5.56140E-02 1.00590E+00 4.75184E-03 2.37274E-01 1.00990E+00 4.78539E-03
5.55403E-02 1.00850E+00 4.75184E-03 2.36695E-01 1.00970E+00 4.76760E-03
5.65552E-02 1.00740E+00 4.75184E-03 2.36058E-01 1.00840E+00 4.78539E-03
5.76214E-02 1.00780E+00 4.76760E-03 2,38161E-01 1.00690E+00 4.78539E-03
6.00338E-02 1.01060E+00 4.76760E-03 2.37891E-01 1.00650E+00 4.76760E-03
6.29144E-02 1.01010E+00 4.75184E-03 2,36841E-01 1.00890E+00 4.78539E-03
6.60208E-02 1.01040E+00 4.75184E-03 2,36296E-01 1.00960E+00 4.78539E-03
6.92278E-02 1.00830E+00 4.78539E-03 2,.38548E-01 1.01000E+00 4.76760E-03
5.66741E-02 1.00510E+00 4.75184E-03 2.38276E-01 1.00820E+00 4.78539E-03
5.79244E-02 1.00700E+00 4.75184E-03 2,37141E-01 1.00910E+00 4.78539E-03
5.24565E-02 1.00S00E+00 3.59027E-03 2,37431E-01 1.00810E+00 4.39318E-03
$.33009e-02 1.00620E+00 3.56931E-03 2,36989E-01 1.00730E+00 4.39318E-03
5.52206E-02 1.00630E+00 3.56931E-03 2.36537E-01 1.00910E+00 4.39318E-03
6.48964E-02 1.01370E+00 3.39559e-03 2.36458E-01 1.00880E+00 4.39318E-03

7.83975E-02 1.01590E+00 4.07922E-03 1.67942E-01 1.00740E+00 3.90513E-03
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7.94782E-02 1.02270E+00 4.07922E-03 1.67467E-01 1.00750E+00 3.90513E-03
8.00708E-02 1.02740E+00 4.06079E-03 1.67208E-01 1.01010E+00 3.90513E-03
6.02411E-02 1.02820E+00 2.88617E-03 1.66786E-01 1.01080E+00 3.90513E-03
5.71888E-02 1.02200E+00 2.88617E-03 1.65519E-01 1.00960E+00 3.42053E-03
8.72767E-02 1.00140E+00 4.07922E-03 1.66435E-01 1.00870E+00 3.44819E-03
5.48519E-01 1.00710E+00 6.15224E-03 1.67131E-01 1.01010E+00 3.42053E-03
7.52280E-02 1.03170E+00 3.76563E-03 1.66869E-01 1.00730E+00 3.90513E-03
6.61882E-02 1.02640E+00 3.17805E-03 1.66968E-01 1.00880E+00 3.90513E-03
9.96842E-02 1.02190E+00 4.19762E-03 1.67120E-01 1.00830E+00 3.90513e-03
7.66779E-02 1.02750E+00 4.17732E-03 1.67064E-01 1.00800E+00 3.88330E-03
1.07278E-01 1.00740E+00 4.27551E-03 1.67223E-01 1.00930E+00 3.90513E-03
7.43597E-02 1.01720E+00 4.17732E-03 1.67150E-01 1.00870E+00 3.90513E-03
6.52939E-02 1.02070E+00 3.39559E-03 1.67269E-01 1.00690E+00 3.92938E-03
7.95316E-02 1.01760E+00 4.07922E-03 1.67189E-01 1.00830E+00 3.92938E-03
8.01910E-02 1.02470E+00 4.06079E-03 1.67010E-01 1.00900E+00 3.92938E-03
6.04976E-02 1.02000E+00 2.88617E-03 1.67538E-01 1.00780E+00 3.50513E-03
5.74725E-02 1.01950E+00 2.91204E-03 1.66900E-01 1.00890E+00 3.90513E-03
8.59860E-02 1.00220E+00 4.07922E-03 1.66967B-01 1.00870E+00 3.92938E-03
5.20183E-01 9.94800E-01 6.15224E-03 1.67078E-01 1.00910E+00 3.90513E-03
7.71986E-02 1.02460E+00 3.78550E-03 1.67248E-01 1.00920E+00 3.90513E-03
6.68322E-02 1.01870E+00 3.17805E-03 1.66704E-01 1.01020E+00 3.88330E-03
9.94312E-02 1.02080E+00 4.27551E-03 1.66824E-01 1.01010E+00 3.90513E-03
7.91584E-02 1.02040E+00 4.17732E-03 1.66972E-01 1.00880E+00 3.90513E-03
1.46679E-01 1.01290E+00 4.29535E-03 1.66697E-01 1.00950E+00 3.90513E-03
1.15325E-01 1.00620E+00 4.27551E-03 6.56132E-02 1.00800E+00 5.95399E-03
8.03191E-02 1.02080E+00 4.19762E-03 6.46606E-02 1.01040E+00 5.94138E-03
7.49507E-02 1.01800E+00 4.17732E-03 5.88638E-02 1.00540E+00 5.95399E-03
6.33838E-02 1.01550E+00 5.26118E-03 7.62407E-02 1.00870E+00 5.94138E-03
5.20005E-02 9.99800E-01 5.246950E-03 7.91837E-02 1.00730E+00 5.94138E-03
6.46684E-02 1.02090E+00 5.26118E-03 6.03194E-02 1.00220E+00 5.95399E-03
5.29627E-02 1.00550E+00 5.26118E-03 1.05952E-01 1.00690E+00 5.96825g-03
6.71864E-02 1.02070E+00 5.26118E-03 7.60457E-02 9.98900E-01 5.95399g-03
5.28973E-02 1.00230E+00 5.24690E-03 6.49151E-02 1.00880E+00 5.95399E-03
6.78595E-02 1.01320E+00 5.27731E-03 5.86666E-02 1.00S80E+00 5.95399E-03
5.41435E-02 9.99400E-01 5.26118E-03 7.60094E-02 1.00720E+00 5.95399E-03
7.53575E-02 1.01020E+00 5.26118E-03 7.91953E-02 1.00870E+00 5.95399E-03
5.55823E-02 1.01050E+00 5.2611BE-03 7.60421E-02 1.00020E+00 5.96825e-03
5.93469E-02 1.00640E+00 5.26118E-03 1.06379E-01 1.00170E+00 5.95399e-03
5.39823E-02 1.00630E+00 5.26118E-03 7.87037E-02 1.01490E+00 3.92046E-03
1.67812E-01 1.00910E+00 3.29849E-03 7.88171E-02 1.01590E+00 3.93192E-03
1.67457E-01 1.00790E+00 3.32415E-03 7.90645E-02 1.01580E+00 3.93192E-03
1.66807E-01 1.01000E+00 3.32415E-03 7.96660E-02 1.01500E+00 3.92046E-03
1.67233E-01 1.00800E+00 3.29849E-03 8.02144E-02 1.01250E+00 3.92046E-03
1.66668E-01 1.00940E+00 3.32415E-03 8.05826E-02 1.00890E+00 3.92046E-03
1.66668E-01 1.00800E+00 3.32415E-03 8.82228E-02 9.97100E-01 5.22398E-03
1.68142E-01 1.00790E+00 3.32415E-03 8.89412E-02 9.96500E-01 5.21536E-03
1.67636E-01 1.00750E+00 3.29849E-03 8.89815E-02 9.97100E-01 5.12445E-03
1.67279E-01 1.00720E+00 3.29849E-03

chi = 92.4817 (upper bound = 9.49). The data tests NOT normal

Output from statistical treatment

AOA(1) PC full se

t EALF

Number of data points (n)
Linear regression, k(X)
Confidence on fit (l1-gamma) [inputl
Confidence on proportion (alpha) [(input]
Proportion of population falling above
lower tolerance interval (rho) [input]

Minimum value of
Maximum value of
Average value of
Average value of
Minimm value of
Variance of fit,
Within variance,
Pooled variance,

b 4

X

X

k

k
s{k.X)"2
s(w)"2
s(p)~2

Pooled std. deviation, s(p)

C(alpha, rho) *s(p
student-t @ (n-2

)
,1-garma)

Confidence band width, W
Minimum margin of subcriticality, C*s(p)-W

Upper subcritica

RRAERE ERREARATEN

1 limits: ( 5.20005E-02 <= X <=

A kAT RR

191

1.0114 + (-1.5297E-02)*X

95.0%
95.0%

99.9%
0.0520
0.5485
0.12713

1.00950

0.99480
3.1856E-05
2.0287E-05
5.2143E-05
7.2210E-03
4.1459E-02
1.64500E+00
1.2842E-02
2.8617E-02

0.54852 )



6

DUKE COGENA

STONE & WEBSTER MFFF Criticality Code Validation — Part 1 Page 81 of 154

USL Method 1 (Confidence Band with
Adminigtrative Margin) USL1 = 0.9372 { 5.20005E-2< X < 0.54852 )

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9585 ( 5.20005E-2< X < 0.54852 )

USLs Evaluated Over Range of Parameter X:

REEN RARCARARNT RARE RERAE A AR REEhkEd dN

X: 5.20E-2 1.23E-1 1.94BE-1 2.65E-1 3.36E-1 4.07E-1 d{.78E-1 5.49E-1

0.9372 0.9372 0.9372 0.9372 0.9372 0.9372 0.9372 0.9372
0.9585 0.9585 0.9585 0.9585 0.9585 0.9585 0.9585 0.9585

PR e R R A R L R R e R e R R R e R e 2 ]

Thus spake USLSTATS
Finis.
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Figure A3-2 AOA(1) - kg versus H/Pu as trending parameter —~ SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical

limits for criticality safety applications

E2 2 2 e 2 e 2 e I R R R R L R e R e e R s s at st dyss

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

(222222222 222 222 22 22 2222 2 X222 2222222222 2222222222222ttt sl

Input to statistical treatment from file:toto.inp

Title: AOA(1l) full set H/Pu

Proportion of the population
Confidence of fit

Confidence on proportion
Rumber of observations
Minimm value of closed band
Maximm value of closed band
Administrative margin

independent
variable - x

3.52910E+02
2.58050E+02
2.05140E+02
1.80970E+02
1.71210E+02
8.66600E+01
5.07980E+02
4.89180E+02
4.37280E+02
4.07450E+02
3.80570E+02
3.33540E+02
2.99260E+02
7.74150E+02
7.42710E+02
6.77170E+02
6.60550E+02
6.07170E+02
5.45330E+02
7.14830E+02
6.92120E+02
9.81670E+02
9.71630E+02
9.29600E+02
8.84120E+02
9.25520E+02
8.98580E+02
8.64010E+02
8.41980E+02
7.80210E+02
6.67980E+02
5.73340E+02
8.65010E+02
8.72210E+02
8.66360E+02
8.32710E+02
8.00710E+02
7.34370E+02
6.66080E+02
6.07890E+02
5.57170E+02
8.30640E+02
7.88950E+02
1.02816E+03
9.86180E+02
9.10900E+02
6.838B0E+02
4.95930E+02
4.88550E+02

dependent
variable - y

1.00910E+00
1.00970E+00
1.01150E+00
1.00590E+00
1.00920E+00
1.00870E+00
1.00770E+00
1.00770E+00
1.00830E+00
1.01000E+00
1.01150E+00
1.00820E+00
1.01030E+00
1.00620E+00
1.00680E+00
1.00780E+00
1.00920E+00
1.01000E+00
1.00390E+00
1.01060E+00
1.01000E+00
1.00630E+00
1.00360E+00
1.00610E+00
1.00380E+00
1.00450E+00
1.00650E+00
1.01080E+00
1.00700E+00
1.00460E+00
1.00660E+00
1.00400E+00
1.00770E+00
1.00590E+00
1.00850E+00
1.00740E+00
1.00780E+00
1.01060E+00
1.01010E+00
1.01040E+00
1.00830E+00
1.00510E+00
1.00700E+00
1.00500E+00
1.00620E+00
1.00630E+00
1.01370E+00
1.01590E+00
1.02270E+00

.999
.950
.950

191
0.00
0.00
0.05

deviation
iny

5.14198E-03
5.06360E-03
5.06360E-03
5.06360E-03
5.06360E-03
5.06360E-03
4.76760E-03
4.76760E-03
4.75184E-03
4.78539E-03
4.76760E-03
4.76760E-03
4.76760E-03
4.76760E-03
4.76760E-03
4.76760E-03
4.75184E-03
4.76760E-03
4.78539E-03
4.76760E-03
4.75184E-03
4.76760E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.76760E-03
4.76760E-03
4.75184E-03
4.75184E-03
4.76760E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.76760E-03
4.76760E-03
4.75184E-03
4.75184E-03
4.78539E-03
4.75184E-03
4.75184E-03
3.59027E-03
3.56931E-03
3.56931E-03
3.39559E-03
4.07922E-03
4.07922E-03

independent
variable - x

2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
1.55210E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
1.55270E+02
2.10180E+02
2.10170E+02

dependent
variable - y

1.00580E+00
1.00730E+00
1.00900E+00
1.00970E+00
1.00630E+00
1.00900E+00
1.00770E+00
1.00750E+00
1.01000E+00
1.00690E+00
1.00880E+00
1.00830E+00
1.00800E+00
1.00730E+00
1.01020E+00
1.00620E+00
1.00880E+00
1.00790E+00
1.00730E+00
1.00770E+00
1.00710E+00
1.00590E+00
1.00650E+00
1.00830E+00
1.00630E+00
1.00700E+00
1.00930E+00
1.01000E+00
1.00790E+00
1.00830E+00
1.00670E+00
1.00930E+00
1.01040E+00
1.00930E+00
1.00970E+00
1.00840E+00
1.00690E+00
1.00650E+00
1.00890E+00
1.00960E+00
1.01000E+00
1.00820E+00
1.00910E+00
1.00810E+00
1.00730E+00
1.00910E+00
1.00880E+00
1.00740E+00
1.00750E+00

deviation

in y

3.32415E-03
3.29849E-03
3.32415-03
4.37379E-03
4.39318E-03
4.37379E-03
4.39318E-03
4.39318E-03
4.39318E-03
4.41475E-03
4.39318E-03
4.37379e-03
4.39318E-03
4.39318Ee-03
4.373798-03
4.39318E-03
4.39318E-03
4.39318E-03
4.39318E-03
4.39318E-03
4.37379e-03
4.39318E-03
4.39318E-03
4.37379E-03
4.41475e-03
4.41475E-03
3.90513E-03
3.88330E-03
3.90513E-03
3.90513E-03
3.90513E-03
3.88330E-03
4.78539E-03
4.78539E-03
4.76760E-03
4.78539E-03
4.78539E-03
4.76760E-03
4.78539E-03
4.78539E-03
4.76760E-03
4.78539E-03
4.78539E-03
4.39318E-03
4.39318E-03
4.39318E-03
4.39318E-03
3.90513E-03
3.90513E-03
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4.86150E+02
7.82400E+02
8.67100E+02
4.54500E+02
8.50300E+01
5.21450E+02
6.50830E+02
3.44020E+02
4.99920E+02
3.28020E+02
5.38180E+02
6.73070E+02
4.88550E+02
4.86150E+02
7.76810E+02
8.56600E+02
4.62990E+02
8.84300E+01
4.96980E+02
6.39340E+02
3.44020E+02
4.74900E+02
2.32010E+02
3.01120E+02
4.75390E+02
5.31210E+02
7.33000E+02
1.15729E+03
7.05450E+02
1.10319E+03
6.62770E+02
1.10978E+03
6.53420E+02
1.05374E+03
5.50660E+02
9.95410E+02
8.70370E+02
1.05643E+03
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02

1.02740E+00
1.02820E+00
1.02200E+00
1.00140E+00
1.00710E+00
1.03170E+00
1.02640E+00
1.02190E+00
1.02750E+00
1.00740E+00
1.01720E+00
1.02070E+00
1.01760E+00
1.02470E+00
1.02000E+00
1.01950E+00
1.00220E+00
9.94800E-01
1.02460E+00
1.01870E+00
1.02080E+00
1.02040E+00
1.01290E+00
1.00620E+00
1.02080E+00
1.01800E+00
1.01550E+00
9.99800E-01
1.02090E+00
1.00550E+00
1.02070E+00
1.00230E+00
1.01320E+00
9.99400E-01
1.01020E+00
1.01050E+00
1.00640E+00
1.00630E+00
1.00910E+00
1.00790E+00
1.01000E+00
1.00800E+00
1.00940E+00
1.00800E+00
1.00750E+00
1.00750E+00
1.00720E+00

4.06079E-03
2.88617E-03
2.88617E-03
4.07922E-03
6.15224E-03
3.76563E-03
3.17805E-03
4.19762E-03
4.17732E-03
4.27551E-03
4.17732E-03
3.39559E-03
4.07922E-03
4.06079E-03
2.88617E-03
2.91204E-03
4.07922E-03
6.15224E-03
3.78S50E-03
3.1780SE-03
4.27551E-03
4.17732E-03
4.29535E-03
4.27551E-03
4.19762E-03
4.17732E-03
5.26118E-03
5.24690E-03
5.26118E-03
5.26118E-03
5.26118E-03
5.24690E-03
5.27731E-03
5.26118E-03
5.26118E-03
5.26118E-03
5.26118E-03
5.26118E-03
3.29849E-03
3.32415E-03
3.32415E-03
3.29849E-03
3.32415E-03
3.32415E-03
3.32415e-03
3.29849E-03
3.29849E-03

2.10170E+02
2.10170E+02
2.10170E+02
2.10170E+02
2.10170E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
6.03570E+02
6.21120E+02
7.47180E+02
4.62510E+02
4.51850E+02
7.23850E+02
3.42960E+02
5.40110E+02
6.17240E+02
7.53990E+02
4.65800E+02
4.51850E+02
5.40110E+02
3.41170E+02
4.24340E+02
4.24340E+02
4.24340B+02
4.24340E+02
4.24340E+02
4.24340E+02
4.30260E+02
4.25560E+02
4.25270E+02

chi = 92.4817 (upper bound = 9.49). The data tests NOT normal

Output from statistical treatment

AOA (1) full set H/Pu

Number of data points (n)
Linear regression, k(X)
Confidence on fit (l-gamma) ([input]
Confidence on proportion {alpha) [input])
Proportion of population falling above
lower tolerance interval (rho) [input]

Minimm value
Maximm value
Average value
Average value
Minimm value

of
of
of
of
of

Variance of fit,
Within variance,
Pooled variance,
Pooled std. deviation, s(p)
C{alpha, rho) *s (p)

student-t @ (n-2,1l-gamma)
Confidence band width, W
Minimum margin of subcriticality, C*s(p)-W

X

X

X

k

k
8(k,X)~2
s{w)~2
s({p) "2

Upper subcritical limits: (

ARERS EARDRARRNRN ARRRORR

85.030 <= X <

USL Method 1 (Confidence Band with

191

1.01010E+00
1.01080E+00
1.00960E+00
1.00870E+00
1.01010E+00
1.00730E+00
1.00880E+00
1.00830E+00
1.00800E+00
1.00930E+00
1.00870E+00
1.00690E+00
1.00830E+00
1.00900E+00
1.00780E+00
1.008S0E+00
1.00870E+00
1.00910E+00
1.00920E+00
1.01020E+00
1.01010E+00
1.00880E+00
1.00950E+00
1.00800E+00
1.01040E+00
1.00540E+00
1.00870E+00
1.00730E+00
1.00220E+00
1.00690E+00
9.98900E-01
1.00880E+00
1.00580E+00
1.00720E+00
1.00870E+00
1.00020E+00
1.00170E+00
1.01490E+00
1.01590E+00
1.01580E+00
1.01500E+00
1.01250E+00
1.00890E+00
9.97100E-01
9.96500E-01
9.97100E-01

1.0091 + ( 8.1036E-07)*X

95.0%
95.0%

99.9%
85.0300
1157.2900
433.28293
1.00950
0.99480
3.3151E-05
2.0287E-05
5.3438E-05
7.3101E-03
3.8993E-02
1.64500E+00
1.2273E-02
2.6720E-02

1157.3 )

3.90513E-03
3.90513E-03
3.42053E-03
3.44819E-03
3.42053E-03
3.90513E-03
3.90513E-03
3.90513E-03
3.88330E-03
3.90513E-03
3.90513E-03
3.92938E-03
3.92938E-03
3.92938E-03
3.905138-03
3.90513E-03
3.92938E-03
3.90513E-03
3.90513E-03
3.88330B-03
3.90513E-03
3.90513E-03
3.90513E-03
5.95399E-03
5.94138E-03
5.95399E-03
5.94138E-03
5.94138E-03
5.95399E-03
5.96825E-03
5.95399e-03
5.95399e-03
5.95399E-03
5.95399E-03
5.95399E-03
5.96825E-03
5.95399E-03
3.92046E-03
3.93192E-03
3.93192E-03
3.92046E-03
3.92046E-03
3.92046E-03
5.22398E-03
5.21536E-03
5.12445E-03
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Administrative Margin) USLl = 0.9377 { 85.030 < X < 1157.3 )

USL Method 2 (Single-Sided Uniform
width Closed Interval Approach) USL2 = 0.9610 ( 85.030 < X < 1157.3 )

USLs Bvaluated Over Range of Parameter X:

ANAD SR ERANEE AIED AAThd Ak AACRARNEN A

X: 8.S0E+1 2.38E+2 3.91E+2 5.45E+2 6.98E+2 8.51E+2 1.00E+3 1.16E+3

USL-1: 0.9377 0.9377 0.9377 0.9377 0.9377 0.9377 0.9377 0.9377
USL-2: 0.9610 0.9610 0.9610 0.9610 0.9610 0.9610 0.9610 0.9610

EE R T e e L e a2 e e e I X s e e S S e R ]

Thus spake USLSTATS
Finis.
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Figure A3-3 AOA(1) — kesr versus 20py; content as trending parameter — SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

LR 2l a2 22 R 2 A R R R d R R sl eSS 2L 222222222 2]

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

AR PR T R AR SR SRR A RN N AN RN AN R R A AR R R AN R AN R PR AR RN AN AN RR R R TN RN TR

Input to statistical treatment from file:toto.inp

Title: AOA{1l} Pu content Pu240

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = ,950

Number of observations = 46

Minimum value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent

variable - x variable - y iny variable - x variable - y
4.67000E+00 1.00910E+00 5.14198E-03 5.40000E-01 1.00610E+00
4.67000E+00 1.00970E+00 5.06360E-03 5.40000E-01 1.00380E+00
4.67000E+00 1.01150E+00 5.06360E-03 1.76000E+00 1.00450E+00
4.67000E+00 1.00590E+00 5.06360E-03 3.12000E+00 1.00650E+00
4.67000E+00 1.00920E+00 5.06360E-03 3.12000E+00 1.01080E+00
4.67000E+00 1.00870E+00 5.06360E-03 3.12000E+00 1.00700E+00
3.12000E+00 1.00770E+00 4.76760E-03 3.12000E+00 1.00460E+00
3.12000E+00 1.00770E+00 4.76760E-03 3.12000E+00 1.00660E+00
3.12000E+00 1.00830E+00 4.75184E-03 3.12000E+00 1.00400E+00
3.12000E+00 1.01000E+00 4.78539E-03 3.12000E+00 1.00770E+00
3.12000E+00 1.01150E+00 4.76760E-03 3.43000E+00 1.00590E+00
3.12000E+00 1.00820E+00 4.76760E-03 4.05000E+00 1.00850E+00
3.12000E+00 1.01030E+00 4.76760E-03 4.05000E+00 1.00740E+00
1.76000E+00 1.00620E+00 4.76760E-03 4.05000E+00 1.00780E+00
1.76000E+00 1.00680E+00 4.76760E-03 4.05000E+00 1.01060E+00
3.12000E+00 1.00780E+00 4.76760E-03 4.05000E+00 1.01010E+00
3.12000E+00 1.00920E+00 4.75184E-03 4.05000E+00 1.01040E+00
3.12000E+00 1.01000E+00 4.76760E-03 4.05000E+00 1.00830E+00
3.12000E+00 1.00990E+00 4.78539E-03 4.40000E+00 1.00510E+00
3.12000E+00 1.01060E+00 4.76760E-03 4.40000E+00 1.00700E+00
3.12000E+00 1.01000E+00 4.75184E-03 3.12000E+00 1.00500E+00
5.40000E-01 1.00630E+00 4.76760E-03 3.12000E+00 1.00620E+00
5.40000E-01 1.00360E+00 4.75184E-03 3.12000E+00 1.00630E+00

chi = 3.5652 (upper bound = 9.49). The data tests normal.

Output from statistical treatment

AOA(l) Pu content Pu240

Number of data points (n) 46

Linear regression, k(X) 1.0048 + ( 9.2819E-04)*X
Confidence on fit (l-gamma) [input]) 95.0%
Confidence on proportion {alpha) [input) 95.0%
Proportion of population falling above

lower tolerance interval (rho) [input]) 99.9%
Minimm value of X 0.5400
Maximum value of X 4.6700
Average value of X 3.21304
Average value of k 1.00779
Minimm value of k 1.00360
Variance of fit, s(k,X)*~2 3.6868E-06
within variance, s(w)~2 2.2431E-05
Pooled variance, s{p)~2 2.6118E-05
Pooled std. deviation, s(p) 5.1106E-03

C{alpha, rho) *s{p} 2.3960E-02

deviation
iny

4.75184E-03
4.75184E-03
4.75184E-03
4.76760E-03
4.76760E-03
4.75184E-03
4.75184E-03
4.76760E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.75184E-03
4.76760E-03
4.76760E-03
4.75184E-03
4.75184E-03
4.78539E-03
4.75184E-03
4.75184E-03
3.59027E-03
3.56931E-03
3.56931E-03
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student-t @ (n-2,l-gamma) 1.68140E+00
Confidence band width, W 9.2157E-03
Minimum margin of subcriticality, C*s(p)-w 1.4744E-02

Upper subcritical limits: { 0.54000 <= X <= 4.6700 )

RARR A, FENRBPARA NS SR ANEN

USL Method 1 (Confidence Band with
Administrative Margin) USL1

USL Method 2 (Single-Sided Uniform
wWidth Closed Interval Approach) usL2

USLs Evaluated Over Range of Parameter X:

RESR ARAFREINRSE RARE FERAR AR AARRRANRS b

X: S.40E-1 1.13E+0 1.72E+0 2.31E+0 2.90E+0 3.49E+0 4.08E+0 4.

USL-1: 0.9408 0.9408 0.9408 0.9408 0.9408 0.9408 0.9408
USL-2 0.9760 0.9760 0.9760 0.9760 0.9760 0.9760 0.9760

0.9408 ( 0.54000 < X < 4.6700

0.9760 ( 0.54000 < X < 4.6700

67E+0

0.9408
0.9760

AN R R AR A A SN R R R N P A AR AN AR R A AN RN IR P PR L P N PN AR RN RN ST I AR AN RN AN TR R AR Nd

Thus spake USLSTATS
Finis.



5

sr:::E.c:::::n MFFF Criticality COde Validation - Part 1 Page 87 of 154

Figure A3—4 AOA(2) — kg versus EALF as trending parameter — SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

RERR AR A AR R A AR IR AR RN AT IR AN R AR AL AR RSN E AR A AN N AN SRR LS AN AANSPAREA R RN N RSN AR TR

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

AR AR R R RN AR R AN R A A A N R P T R AR R A AN TN R T AR AN NS TR RN ST R AR AN R E AR RN NI RN R T TR N AN

Input to statistical treatment from file:toto.inp

Title: AOA(2) MIX full set EALF

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = .950

Nurber of observations = 36

Minimm value of closed band = 0.00

Maximm value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

varjable - x variable - y iny variable - x variable - y in y
5.76975E-01 9.94700E-01 5.93043E-03 1.17852E-01 9.96700E-01 3.96232E-03
7.72991E-01 9.95500E-01 4.53982E-03 9.27500E-02 9.98100E-01 4.06079E-03
1.92667E-01 1.00020E+00 2.78927E-03 9.25340E-02 9.98600E-01 4.04475E-03
2.83406E-01 - 1.00470E+00 1.80278E-03 9.16020E-02 9.98700E-01 4.04475E-03
1.37835E-01 1.00180E+00 1.93132E-03 7.95960E-02 9.99700E-01 $.13517E-03
1.82640E-01 1.00660E+00 2.08806E-03 7.94010E-02 1.00000E+00 5.13517E-03
9.08459E-01 9.92200E-01 7.15433E-03 3.93591E-01 9.95600E-01 2.21359E-03
5.48741E-01 9.95600E-01 5.78558E-03 2.58965E-01 9.93900E-01 2.40416E-03
5.46028E-01 9.95700E-01 5.77260E~03 1.76572E-01 1.00320E+00 2.52982E-03
6.51324E-01 9.94200E-01 5.26673E-03 1.46536E-01 1.00200E+00 2.02485E-03
1.88606E-01 9.98000E-01 2.94090E-03 1.07841E-01 1.00530E+00 2.59615E-03
1.56232E-01 1.00040E+00 2.45204E-~03 9.29310E-02 1.00650E+00 2.76586E-03
1.01290E-01 1.00360E+00 2.09067E-03 5.45635E-01 9.97600E-01 5.23450E-03
1.45559E-01 9.93300E-01 4.63897E-03 3.06613E-01 9.94800E-01 4.04475E-03
1.44786E-01 9.95800E-01 4.66905E-~03 1.56238E-01 9.97700E-01 2.66833E-03
1.44219E-01 9.95300E-01 4.63897E-03 1.17437E-01 9.98600E-01 3.05941E-03
1.19304E-01 9.95000E-01 3.96232E-03 9.61930E-02 9.99700E-01 3.84708E-03
1.19169E-01 9.96500E-01 3.96232E-03 9.16430E-02 9.99600E-01 4.34166E-03

chi = 0.3889 (upper bound = 9.4%). The data tests normal.

Output from statistical treatment

AOA(2) MIX full set EALF

Number of data points (n) 36

Linear regression, k(X) 1.0007 + (-8.7123E-03)*X
Confidence on fit (l-gamma) [input] 95.0%
Confidence on proportion (alpha) ([input]} 95.0%
Proportion of population falling above

lower tolerance interval (rho) {input] 99.9%
Minimm value of X 0.0794
Maximum value of X 0.9085
Average value of X 0.24900
Average value of k 0.99848
Minimum value of k 0.99220
Variance of fit, s(k,X)"~2 1.1132E-05
within variance, s(w)~2 1.6194E-05
Pooled variance, s(p)*2 2.7326E-05
Pooled std. deviation, s(p) 5.2274E-03
C{alpha,rho)*s(p) 2.6833E-02
student-t @ (n-2,1l-gamma) 1.69180E+00
Confidence band width, W 1.0036E-02
Minimum margin of subcriticality, C*s(p)-W 1.6797E-02

Upper subcritical limits: ( 7.94010E-02 <= X <= 0.90846 )
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RETRE FARGRARRNROE PAF T I AR

USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9406 + (-8.7123E-03)*X

USL Method 2 (Single-Sided Uniform
wWidth Closed Interval Approach) USL2 = 0.9738 + (-8.7123E-03)*Xx

USLs BEvaluated Over Range of Parameter X:

AARE RAERAANEN TR RR NAREE AE ARRANEAAR AN

X: 7.94E-2 1.988E-1 3.16E-1 4.35E-1 5.53BE-1 6.72E-1 7.90E-1 9.08E-1

USL-1: 0.9399 0.9389 0.9379 0.9368 0.9358 0.9348 0.9337 0.9327
USL-2: 0.9731 0.9721 0.9711 0.9700 0.9690 0.9680 0.9669 0.9659

BREF R AN R AR R AR A AR A AN RS IR R AR AP AAN IR RN A AR AR AN R AL ARE A AR I ARSI R RO ASRARAREERT

Thus spake USLSTATS
Finis.



5

stonc s wEBsTER MFFF Criticality Code Validation — Part 1 Page 89 of 154

Figure A3-5 AOA(2) — ket versus v°/v' as trending parameter — SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

EZ a2 R 2 2 e R e R e e e R R R R S R R e e R L 2 a2 2t

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

(2222222222222 222222222 X222 X232 2222 22222322222 222222222 22X 2222222222222 )
Input to statistical treatment from file:toto.inp
Title: AOA({2) MIX full set Yw/VE

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = .950

Number of observations = 36

Minimm value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y iny variable - x variable - y iny
1.19000E+00 9.94700E-01 5.93043E-03 2.98000E+00 9.96700E-01 3.96232E-03
1.19000E+00 9.95500E-01 4.53982E-03 4.24000E+00 9.98100E-01 4.06079E-03
2.52000E+00 1.00020E+00 2.78927E-03 4.24000E+00 9.98600E-01 4.04475E-03
2.52000E+00 1.00470E+00 1.80278E-03 4.24000E+00 9.98700E-01 4.04475E-03
3.64000E+00 1.00180E+00 1.93132E-03 5.55000E+00 9.99700E-01 5.13517E-03
3.64000E+00 1.00660E+00 2.08806E-03 5.55000E+00 1.00000E+00 5.13517E-03
1.68000E+00 9.92200E-01 7.15433E-03 1.93000E+00 9.95600E-01 2.21359E-03
2.16000E+00 9.95600E-01 5.78558E-03 2.56000E+00 9.93900E-01 2.40416E-03
2.16000E+00 9.95700E-01 5.77260E-03 3.62000E+00 1.00320E+00 2.52982E-03
2.16000E+00 9.94200E-01 5.26673E-03 4.53000E+00 1.00200E+00 2.02485E-03
4.71000E+00 9.98000E-01 2.94090E-03 7.27000E+00 1.00530E+00 2.59615E-03
5.67000E+00 1.00040E+00 2.45204E-03 1.01100E+01 1.00650E+00 2.76586E-03
1.07S00E+01 1.00360E+00 2.09067E-03 1.10000E+00 9.97600E-01 5.23450E-03
2.42000E+00 9.93300E-01 4.63897E-03 1.56000E+00 9.94800E-01 4.04475E-03
2.42000E+00 9.95800E-01 4.66905E-03 2.71000E+00 9.97700E-01 2.66833E-03
2.42000E+00 9.95300E-01 4.63897E-03 3.79000E+C0 9.98600E-01 3.05941E-03
2.98000E+00 9.95000E-01 3.96232E-03 5.14000E+00 9.99700E-01 3.84708E-03
2.98000E+00 9.96500E-01 3.96232E-03 5.58000E+00 9.99600E-01 4.34166E-03

chi = 0.3889 (upper bound = 9.49). The data tests normal.

Output from statistical treatment

AOA(2) MIX full set Vm/VE

Number of data points (n) 36

Linear regression, k{X) 0.9941 + ( 1.1733E-03)*X
Confidence on fit (l-gamma) ([input] 95.0%
Confidence on proportion (alpha) {input]) 95.0%
Proportion of population falling above

lower tolerance interval (rho) [input] 99.9%
Minimm value of X 1.1000
Maximm value of X 10.7500
Average value of X 3.71972
Average value of k 0.99848
Minimum value of k 0.99220
Variance of fit, s(k,X)"2 7.8921E-06
Within variance, s{w}*2 1.6194E-05
Pooled variance, s(p)~2 2.4087E-05
Pooled std. deviation, s(p) 4.9078E-03
C{alpha, rho) *s (p) 2.5437E-02
student-t @ (n-2,1l-gamma) 1.69180E+00
Confidence band width, W 9.5203E-03
Minimum margin of subcriticality, C*s(p)-W 1.5916E-02

Upper subcritical limits: ( 1.1000 <= X <= 10.750 )
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AR AR ARERRAREAEE AAAATAR

USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9346 + ( 1.1733E-03)*X (X <
= 0.9405 (X >=

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 0.9687 + ( 1.1733E-03)*X (X <
0.9

746 (X >=

USLs Evaluated Over Range of Parameter X:

RhRE EARENRAAE Fhdd SRRAR AE AFTARTRRS AN

X: 1.10E+0 2.48E+0 3.B6E+0 5.24E+0 6.61E+0 7.99E+0 9.37E+0 1.08E+l

USL-1: 0.9359 0.9375 0.9391 0.9405 0.9405 0.9405 0.9405 0.9405
USL-2: 0.9700 0.9716 0.9732 0.9746 0.9746 0.9746 0.9746 0.9746

RN A AR AR RN A A RN AN R R R R R P A A N AR RN RN R AN AN R AR IR AR R IR RN RAN N AN RN RN

Thus spake USLSTATS
Finis.

5.0124
5.012)

5.0124
5.012)

Page 90 of 154



5

sToNE & wERSTER MFFF Criticality Code Validation — Part 1

Page 91 of 154

Figure A3—6 AOA(2) - ke versus Pu content as trending parameter — SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

AR AR AR R AR S R R AN N R P AR P A R R R AT R A N PR RO N R AT RN AR A ARN RN R IR AN R AT AR T TR AR D

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

LE 22T 222 22 A2 R R P2 s s X L e 2 e e I R R s 2 R 2 A e R S 22X T3 TR 22 222 2 2 2L 2

Input to statistical treatment from file:toto.inp

Title: AOA(2) MIX full set PuO2

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = .950

Number of observations = 36

Minimum value of closed band = 0.00

Maximum value of closed band = 0.00

Adninistrative margin = 0.05

independent dependent deviation independent dependent

varijable - x variable - y iny variable - x variable - y
2.04000E+00 9.94700E-01 5.93043E-03 3.01000E+00 9.96700E-01
2.04000E+00 9.95500E-01 4.53982E-03 3.01000E+00 9.98100E-01
2.04000E+00 1.00020E+00 2.78927E-03 3.01000E+00 9.98600E-01
2.04000E+00 1.00470E+00 1.80278E-03 3.01000E+00 9.98700E-01
2.04000E+00 1.00180E+00 1.93132E-03 3.01000E+00 9.99700E-01
2.04000E+00 1.00660E+00 2.08806E-03 3.01000E+00 1.00000E+00
6.60000E+00 9.92200E-01 7.15433E-03 4.00000E+00 9.95600E-01
6.60000E+00 9.95600E-01 5.78558E-03 4.00000E+00 9.93900E-01
6.60000E+00 9.95700E-01 5.77260E-03 4.00000E+00 1.00320E+00
6.60000E+00 9.94200E-01 5.26673E-03 4.00000E+00 1.00200E+00
6.60000E+00 9.98000E-01 2.54090E-03 4.00000E+00 1.00530E+00
6.60000E+00 1.00040E+00 2.45204E-03 4.00000E+00 1.00650E+00
6.60000E+00 1.00360E+00 2.05067E-03 1.S0000E+00 9.97600E-01
3.01000E+00 9.93300E-01 4.63897E-03 1.50000E+00 9.94800E-01
3.01000E+00 9.95800E-01 4.66905E-03 1.50000E+00 9.97700E-01
3.01000E+00 9.95300E-01 4.63897E-03 1.50000E+00 9.98600E-01
3.01000E+00 9.95000E-01 3.96232E-03 1.50000E+00 9.99700E-01
3.01000E+00 9.96500E-01 3.96232E-03 1.50000E+00 9.99600E-01

chi = 0.3889 (upper bound = 9.49). The data tests normal.

Output from statistical treatment

AOA(2) MIX full set Pul2

Number of data points (n) 36

Linear regression, k(X) 0.9994 + (-2.5117E-04)*X
Confidence on fit (l-gamma) [input) 95.0%
Confidence on proportion (alpha) [input] 95.0%
Proportion of population falling above

lower tolerance interval (rho) (input] 99.9%
Minimum value of X 1.5000
Maximum value of X 6.6000
Average value of X 3.45972
Average value of k 0.99848
Minimum value of k 0.99220
Variance of fit, s(k,X)"~2 1.4666E-05
Within variance, s{w)*2 1.6194E-05
Pooled variance, s{p)~2 3.0861E-05
Pooled std. deviation, s(p) 5.5552E-03
C(alpha, rho) *s(p) 2.6473E-02
student-t @ (n-2,1-gamma) 1.69180E+00
Confidence band width, W 9.9417E-03
Minimum margin of subcriticality, C*s{(p)-W 1.6531E-02

Upper subcritical limits: ( 1.5000 <= X <= 6.6000 )

ARRNEE KRARRAREIAN AAE RN

deviation
in y

3.96232E-03
4.06079E-03
4.04475E-03
4.04475E-03
5.13517E-03
5.13517E-03
2.21359E-03
2.40416E-03
2.52982E-03
2.02485g-03
2.59615E-03
2.76586E-03
5.23450E-03
4.04475E-03
2.66833E-03
3.05941E-03
3.84708E-03
4.34166E-03
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USL Method 1 (Confidence Band with
Administrative Margin) USL1l = 0.9394 + (-2.5117E-04)*X

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9729 + (-2.5117E-04)*X

USLs Evaluated Over Range of Parameter X:

BREN SRRARRRAS REAE FRRRN Wk AFARNRTNE hk

X: 1.50E+0 2.23E+0 2.96E+0 3.69E+0 4.41E+0 5.14E+0 5.87E+0 6.60E+0

USL-1: 0.9390 0.9389 0.9387 0.9385 0.9383 0.9381 0.9379 0.9378
USL-2: 0.9725 0.9723 0.9721 0.9720 0.9718 0.9716 0.9714 0.9712

BN R RN RN A RN A PN AR R RS P A AN AN IR AR R R RN AR A AT AR R R RPN P A AT R AN NN T LA RN RN NS

Thus spake USLSTATS
Finis.
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ATTACHMENT NUMBER 4

OUTPUT LISTING OF USLSTATS V1.0 PROGRAM

FOR SUN PLATFORM
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Figure A4-1 AOA(1) — kegr versus EALF as trending parameter — SCALE 4.4 on Sun

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

RN R AT R RN AR PN A R R AR RN R R AR AR RN N R AR AR AN NN AR ARSI R R A TP ANRS R AR AR AR ARk d

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

LA R 2 e R R R e R I R R R e R e e R e R e e s el

Input to statistical treatment from file:toto.inp

Title: Test2 case data (no data supplied by user)

Proporticn of the population = .999

Confidence of fit = ,950

Confidence on proportion = .950

Kumber of observations = 191

Minimm value of closed band = 0.00

Maximumm value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y iny variable - x variable - y in y
8.79000E-02 1.00910E+00 5.11957E-03 1.67000E-01 1.00910E+00 3.38379E-03
1.11000E-01 1.00980E+00 5.09902E-03 1.67000E-01 1.00820E+00 3.38379E-03
1.35000E-01 1.01090E+00 5.11957E-03 1.66000E-01 1.01030E+00 3.32415e-03
1.51000E-01 1.00490E+00 5.11957E-03 1.69000E-01 1.00980E+00 4.41475E-03
1.59000E-01 1.00860E+00 5.09902E-03 1.68000E-01 1.00880E+00 4.41475E-03
3.48000E-01 1.00860E+00 5.11957E-03 1.67000E-01 1.00810E+00 4.41475E-03
7.12000E-02 1.00820E+00 4.82701E-03 1.66000E-01 1.00820E+00 4.41475E-03
7.29000E-02 1.00780E+00 4.82701E-03 1.67000E-01 1.00870E+00 4.46430E-03
7.78000E-02 1.00730E+00 4.82701E-03 1.68000E-01 1.01020E+00 4.39318E-03
8.15000E-02 1.00970E+00 4.82701E-03 1.68000E-01 1.00870E+00 4.41475E-03
8.51000E-02 1.01270E8+00 4.80521E-03 1.67000E-01 1.00780E+00 4.41475E-03
9.29000E-02 1.00860E+00 4.82701E-03 1.67000E-01 1.00730E+00 4.41475E-03
1.00000E-01 1.01090E+00 4.82701E-03 1.67000E-01 1.00690E+00 4.43847E-03
5.84000E-02 1.00730E+00 4.78539E-03 1.67000E-01 1.00760E+00 4.43847E-03
5.96000E-02 1.00700E+00 4.80521E-03 1.68000E-01 1.01020E+00 4.46430E-03
6.18000E-02 1.00950E+00 4.78539E-03 1.68000E-01 1.00620E+00 4.43847E-03
6.27000E-02 1.00920E+00 4.80521E-03 1.67000E-01 1.00530E+00 4.43847E-03
6.54000E-02 1.01100E+00 4.80521E-03 1.67000E-01 1.00770E+00 4.41475E-03 .
6.94000E-02 1.01030E+00 4.85077E-03 1.67000E-01 1.00760E+00 4.41475E-03
5.91000E-02 1.01130E+00 4.82701E-03 1.67000E-01 1.00820E+00 4.46430E-03
6.01000E-02 1.00860E+00 4.80521E-03 1.69000E-01 1.00770E+00 4.41475E-03
S$.34000E-02 1.00900E+00 4.93356E-03 1.68000E-01 1.00470E+00 4.41475E-03
5$.37000E-02 1.00130E+00 4.87647E-03 1.68000E-01 1.00680E+00 4.41475E-03
5.48000E-02 1.00730E+00 4.93356E-03 1.68000E-01 1.00560E+00 4.43847E-03
5.60000E-02 1.00430E+00 4.87647E-03 1.67000E-01 1.00630E+00 4.39318E-03
5.46000E-02 1.00250E+00 4.87647E-03 1.67000E-01 1.00620E+00 4.41475E-03
5.49000E-02 1.00440E+00 4.93356E-03 2.37000E-01 1.01190E+00 3.92938E-03
5.59000E-02 1.01030E+00 4.93356E-03 2.37000E-01 1.01070E+00 3.92938E-03
5.65000E-02 1.00690E+00 4.87647E-03 2.36000E-01 1.00960E+00 3.92938E-03
5.87000E-02 1.00380E+00 4.90408E-03 2.36000E-01 1.00900E+00 3.98497E-03
6.32000E-02 1.00490E+00 4.96488E-03 2.36000E-01 1.00970E+00 3.92938E-03
6.85000E-02 1.00590E+00 4.87647E-03 2.36000E-01 1.00820E+00 3.95601E-03
5.53000E-02 1.00700E+00 4.90408E-03 2.38000E-01 1.01260E+00 4.80521E-03
5.56000E-02 1.00560E+00 4.85077E-03 2.38000E-01 1.00730E+00 4.82701E-03
5.56000E-02 1.00620E+00 4.93356E-03 2.36000E-01 1.01070E+00 4.80521E-03
5.66000E-02 1.00700E+00 4.90408E-03 2.36000E-01 1.00980E+00 4.82701E-03
5.77000E-02 1.00920E+00 4.85077E-03 2.38000E-01 1.00630E+00 4.85077E-03
6.01000E-02 1.00970E+00 4.90408E-03 2.38000E-01 1.00470E+00 4.82701E-03
6.30000E-02 1.01140E+00 4.87647E-03 2.37000E-01 1.00910E+00 4.80521E-03
6.61000E-02 1.00990E+00 4.93356E-03 2.35000E-01 1.01080E+00 4.82701E-03
6.93000E-02 1.00660E+00 4.85077E-03 2.38000E-01 1.01070E+00 4.80521E-03
5.66000E-02 1.00370E+00 4.87647E-03 2.38000E-01 1.00850E+00 4.82701E-03
5.80000E-02 1.00440E+00 4.87647E-03 2.37000E-01 1.00910E+00 4.87647E-03
5.24000E-02 1.00650E+00 3.59027E-03 2.38000E-01 1.00740E+00 4.43847E-03
5.34000E-02 1.00770E+00 3.59027E-03 2.37000E-01 1.00970E+00 4.41475E-03
5.52000E-02 1.00810E+00 3.59027E-03 2.36000E-01 1.00930E+00 4.46430E-03
6.48000E-02 1.01400E+00 3.44819E-03 2.37000E-01 1.00970E+00 4.43847E-03
7.85000E-02 1.01510E+00 4.17612E-03 1.68000E-01 1.00870E+00 3.98497E-03
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7.94000E-02 1.02330E+00 4.12311E-03 1.67000E-01 1.00870E+00 3.98497E-03
8.02000E-02 1.02480E+00 4.14849E-03 1.67000E-01 1.01090E+00 3.95601E-03
6.03000E-02 1.02680E+00 3.04631E-03 1.67000E-01 1.01030E+00 3.92938E-03
5.71000E-02 1.02320E+00 3.04631E-03 1.65000E-01 1.00920E+00 3.51141E-03
8.73000E-02 1.00070E+00 4.17612E-03 1.66000E-01 1.00930E+00 3.51141E-03
5.51000E-01 1.00600E+00 6.21691E-03 1.67000E-01 1.01010E+00 3.51141E-03
7.52000E-02 1.03200E+00 3.86005E-03 1.67000E-01 1.00830E+00 3.95601E-03
6.62000E-02 1.02680E+00 3.28938E-03 1.67000E-01 1.00940E+00 3.98497E-03
9.94000E-02 1.02260E+00 4.30116E-03 1.67000E-01 1.00760E+00 3.98497E-03
7.68000E-02 1.02810E+00 4.30116E-03 1.67000E-01 1.00890E+00 3.95601E-03
1.08000E-01 1.00670E+00 4.39659E-03 1.67000E-01 1.00890E+00 3.92938E-03
7.46000E-02 1.01670E+00 4.27200E-03 1.67000E-01 1.00820E+00 3.95601E-03
6.53000E-02 1.01980E+00 3.54683E-03 1.67000E-01 1.00880E+00 3.98497e-03
7.95000E-02 1.01770E+00 4.14849E-03 1.67000E-01 1.01030E+00 3.95601E-03
8.01000E-02 1.02480E+00 4.17612E-03 1.67000E-01 1.00960E+00 3.95601E-03
6.05000E-02 1.02280E+00 3.04631E-03 1.67000E-01 1.01080E+00 4.01622E-03
5.74000E-02 1.02040E+00 3.00832E-03 1.67000E-01 1.00760E+00 3.92938E-03
8.60000E-02 1.00260E+00 4.20595E-03 1.67000E-01 1.00950E+00 3.95601E-03
5.20000E-01 9.97600E-01 6.28172E-03 1.67000E-01 1.00830E+00 3.95601E-03
7.73000E-02 1.02410E+00 3.86005E-03 1.67000E-01 1.01180E+00 3.98497E-03
6.68000E-02 1.01830E+00 3.32415E-03 1.67000E-01 1.00850E+00 3.98497E-03
9.96000E-02 1.02100E+00 4.34166E-03 1.67000E-01 1.01120E+00 3.95601E-03
7.93000E-02 1.01940E+00 4.33244E-03 1.67000E-01 1.00680E+00 3.95601E-03
1.47000E-01 1.01280E+00 4.42719E-03 1.67000E-01 1.00840E+00 3.95601E-03
1.16000E-01 1.00710E+00 4.42719E-03 6.57000E-02 1.00880E+00 6.02080E-03
8.03000E-02 1.02130E+00 4.30116E-03 6.47000E-02 1.01130E+00 6.08769E-03
7.50000E-02 1.01720E+00 4.33244E-03 5.89000E-02 1.00590E+00 6.02080E-03
6.36000E-02 1.01380E+00 5.36004E-03 7.63000E-02 1.00600E+00 6.06383E-03
5.20000E-02 9.99300E-01 5.29528E-03 7.93000E-02 1.00630E+00 6.04152E-03
6.47000E-02 1.02010E+00 5.29528E-03 6.04000E-02 1.00210E+00 6.04152E-03
5.29000E-02 1.00510E+00 5.27731E-03 1.06000E-01 1.00960E+00 6.06383E-03
6.70000E-02 1.02150E+00 5.29528E-03 7.58000E-02 1.00240E+00 6.04152E-03
5.29000E-02 1.00070E+00 5.29528E-03 6.48000E-02 1.01000E+00 6.08769E-03
6.78000E-02 1.01570E+00 5.27731E-03 5.85000E-02 1.00780E+00 6.02080E-03
5.41000E-02 9.99000E-01 5.27731E-03 7.59000E-02 1.00650E+00 6.06383E-03
7.55000E-02 1.00980E+00 5.29528E-03 7.92000E-02 1.00550E+00 6.04152E-03
5.56000E-02 1.00890E+00 5.29528E-03 7.60000E-02 1.000S0E+00 6.06383E-03
5.93000E-02 1.00560E+00 5.27731E-03 1.07000E-01 1.00040E+00 6.08769E-03
5.40000E-02 1.00450E+00 5.27731E-03 7.87000E-02 1.01500E+00 3.92046E-03
1.68000E-01 1.00900E+00 3.35261E-03 7.88000E-02 1.01550E+00 3.92046E-03
1.67000E-01 1.00790E+00 3.38379E-03 7.91000E-02 1.01600E+00 3.92046E-03
1.67000E-01 1.00910E+00 3.38379E-03 7.97000E-02 1.01610E+00 3.92046E-03
1.67000E-01 1.00860E+00 3.35261E-03 8.02000E-02 1.01210E+00 3.92046E-03
1.67000E-01 1.00900E+00 3.38379E-03 8.05000E-02 1.00970E+00 3.92046E-03
1.67000E-01 1.00770E+00 3.38379E-03 8.82000E-02 9.99600E-01 5.22398E-03
1.68000E-01 1.00990E+00 3.41760E-03 8.89000E-02 9.97400E-01 5.22398E-03
1.67000E-01 1.00810E+00 3.38379E-03 8.90000E-02 9.96800E-01 5.11566E-03
1.68000E-01 1.00800E+00 3.32415E-03

chi = 69.1309 (upper bound = 9.49). The data tests NOT normal

Output from statistical treatment

Test2 case data (no data supplied by user)

Number of data points (n) 191

Linear regression, k(X) 1.0113 + (-1.2867E-02)*X
Confidence on fit (l-gamma) [input]) 95.0%
Confidence on proportion (alpha) [input] 95.0%
Proportion of population falling above

lower tolerance interval (rho) [input] 99.9%
Minimum value of X 0.0520
Maximum value of X 0.5510
Average value of X 0.12713
Average value of k 1.00963
Minimum value of k 0.99680
Variance of fit, s{k,X)~2 3.2416E-05
Within variance, s{w)~2 2.0902E-05
Pooled variance, s(p)*2 5.3318E-05
Pooled std. deviation, s(p) 7.3019E-03
C(alpha, rho) *s(p) 4.1941E-02
student-t @ (n-2,1l-gamma) 1.64500E+00
Confidence band width, W 1.2996E-02
Minimm margin of subcriticality, C*s{(p)-W 2.8945E-02

Upper subcritical limits: ( 5.20000BE-02 <= X <= 0.55100 )

EERDE RRRAANERAEE TR RANNN
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USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9370 ( 5.20000E-2< X < 0.55100 )

USL Method 2 (Single-Sided Uniform
wWidth Closed Interval Approach) USL2 = 0.9581 ( 5.20000B-2< X < 0.55100 )

USLs Evaluated Over Range of Parameter X:

ERRE NRARERRAS SRR ERREN AN ShAFERRIRE Rd

X: 5.20E-2 1.23E-1 1.95E-1 2.66E-1 3.37E-1 4.08E-1 4.80E-1 5.51E-1

USL-1: 0.9370 0.8370 0.9370 0.9370 0.9370 0.9370 0.9370 0.9370
USL-2: 0.9581 0.9581 0.9581 0.9581 0.9581 0.9581 0.9581 0.9581

EXA R 2 R a2 R g R e e Y e R R R e Ry e e I P e e )

Thus spake USLSTATS
Finis.
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Figure A4-2 AOA(1) - kesr versus H/Pu as trending parameter — SCALE 4.4 on Sun

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

L3 IR e e e R IR R e R e e e R R s 2 2222 2d

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory
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Input to statistical treatment from file:toto.inp

Title: Test2 case data (no data supplied by user)

Proportion of the population = .999

confidence of fit = .950

Confidence on proportion = ,950

RNumber of observations = 191

Minimm value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y iny variable - x variable - y iny
3.52910E+02 1.00910E+00 5.11957E-03 2.10180E+02 1.00910E+00 3.38379E-03
2.58050E+02 1.00980E+00 5.09902E-03 2.10180E+02 1.00820E+00 3.38379E-03
2.05140E+02 1.01090E+00 5.11957E-03 2.10180E+02 1.01030E+00 3.32415E-03
1.80970E+02 1.00490E+00 5.11957E-03 2.10180E+02 1.00980E+00 4.41475E-03
1.71210E+02 1.00860E+00 5.09902E-03 2.10180E+02 1.00880E+00 4.41475E-03
8.66600E+01 1.00860E+00 5.11957E-03 2.10180E+02 1.00810E+00 4.41475E-03
5.07980E+02 1.00820E+00 4.82701E-03 2.10180E+02 1.00820E+00 4.41475E-03
4.89180E+02 1.00780E+00 4.82701E-03 2.10180E+02 1.00870E+00 4.46430E-03
4.37280E+02 1.00730E+00 4.82701E-03 2.10180E+02 1.01020E+00 4.39318E-03
4.07450E+02 1.00970E+00 4.82701E-03 2.10180E+02 1.00870E+00 4.41475E-03
3.80570E+02 1.01270E+00 4.80521E-03 2.10180E+02 1.00780E+00 4.41475E-03
3.33540E+02 1.00860E+00 4.82701E-03 2.10180E+02 1.00730E+00 4.41475E-03
2.99260E+02 1.01090E+00 4.82701E-03 2.10180E+02 1.00690E+00 4.43847E-03
7.74150E+02 1.00730E+00 4.78539E-03 2.10180E+02 1.00760E+00 4.43847E-03
7.42710E+02 1.00700E+00 4.80521E-03 2.10180E+02 1.01020E+00 4.46430E-03
6.77170E+02 1.00950E+00 4.78539E-03 2.10180E+02 1.00620E+00 4.43847E-03
6.60550E+02 1.00920E+00 4.80521E-03 2.10180E+02 1.00530E+00 4.43847E-03
6.07170E+02 1.01100E+00 4.80521E-03 2.10180E+02 1.00770E+00 4.41475E-03
5.45330E+02 1.01030E+00 4.85077E-03 2.10180E+02 1.00760E+00 4.41475E-03
7.14830E+02 1.01130E+00 4.82701E-03 2.10180E+02 1.00820E+00 4.46430E-03
6.92120E+02 1.00860E+00 4.80521E-03 2.10180E+02 1.00770E+00 4.41475E-03
9.81670E+02 1.00900E+00 4.93356E-03 2.10180E+02 1.00470E+00 4.41475E-03
9.71630E+02 1.00190E+00 4.87647E-03 2.10180E+02 1.00680E+00 4.41475E-03
9.29600E+02 1.00730E+00 4.93356E-03 2.10180E+02 1.00560E+00 4.43847E-03
8.84120E+02 1.00430E+00 4.87647E-03 2.10180E+02 1.00630E+00 4.39318E-03
9.25520E+02 1.00250E+00 4.87647E-03 2.10180E+02 1.00620E+00 4.41475E-03
8.98580E+02 1.00440E+00 4.93356E-03 1.55210E+02 1.01190E+00 3.92938E-03
8.64010E+02 1.01030E+00 4.93356E-03 1.55270E+02 1.01070E+00 3.92938E-03
8.41980E+02 1.00690E+00 4.87647E-03 1.55270E+02 1.00960E+00 3.92938E-03
7.80210E+02 1.00380E+00 4.90408E-03 1.55270E+02 1.00900E+00 3.98497E-03
6.67980E+02 1.00490E+00 4.96488E-03 1.55270E+02 1.00970B+00 3.92938E-03
5.73340E+02 1.00590E+00 4.87647E-03 1.55270E+02 1.00820E+00 3.95601E-03
8.65010E+02 1.00700E+00 4.90408E-03 1.55270E+02 1.01260E+00 4.80521E-03
8.72210E+02 1.00560E+00 4.85077E-03 1.55270E+02 1.00730E+00 4.82701E-03
8.66360E+02 1.00620E+00 4.933568-03 1.55270E+02 1.01070E+00 4.80521E-03
8.32710E+02 1.00700E+00 4.90408E-03 1.55270E+02 1.00980E+00 4.82701E-03
8.00710E+02 1.00920E+00 4.85077E-03 1.55270E+02 1.00630E+00 4.85077E-03
7.34370E+02 1.00970E+00 4.90408E-03 1.55270E+02 1.00470E+00 4.82701E-03
6.66080E+02 1.01140E+00 4.87647E-03 1.55270E+02 1.00910E+00 4.80521E-03
6.07890E+02 1.00990E+00 4.93356E-03 1.55270E+02 1.01080E+00 4.82701E-03
5.57170E+02 1.00660E+00 4.85077E-03 1.55270E+02 1.01070E+00 4.80521E-03
8.30640E+02 1.00370E+00 4.87647E-03 1.55270E+02 1.00850E+00 4.82701E-03
7.88950E+02 1.00440E+00 4.87647-03 1.55270E+02 1.00910E+00 4.87647E-03
1.02816E+03 1.00650E+00 3.59027E-03 1.55270E+02 1.00740E+00 4.43847E-03
9.86180E+02 1.00770E+00 3.59027E-03 1.55270E+02 1.00970E+00 4.41475E-03
9.10900E+02 1.00810E+00 3.59027E-03 1.55270E+02 1.00930E+00 4.46430E-03
6.83880E+02 1.01400E+00 3.44819E-03 1.55270E+02 1.00970E+00 4.43847E-03
4.95930E+02 1.01510E+00 4.17612E-03 2.10180E+02 1.00870E+00 3.98497E-03

4.88550E+02 1.02330E+00 4.12311E-03 2.10170E+02 1.00870E+00 3.98497E-03
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4.86150E+02 1.02480E+00 4.14849E-03 2.10170E+02 1.01090E+00 3.95601E-03
7.82400E+02 1.02680E+00 3.04631E-03 2.10170E+02 1.01030E+00 3.92938E-03
8.67100E+02 1.02320E+00 3.04631E-03 2.10170E+02 1.00920E+00 3.51141E-03
4.54500E+02 1.00070E+00 4.17612E-03 2.10170E+02 1.00930E+00 3.51141E-03
8.50300E+01 1.00600E+00 6.21691E-03 2.10170E+02 1.01010E+00 3.51141E-03
5.21450E+02 1.03200E+00 3.86005E-03 2.10180E+02 1.00830E+00 3.95601E-03
6.50830E+02 1.02680E+00 3.28938E-03 2.10180E+02 1.00940E+00 3.98497E-03
3.44020E+02 1.02260E+00 4.30116E-03 2.10180E+02 1.00760E+00 3.98497E-03
4.99920E+02 1.02810E+00 4.30116E-03 2.10180E+02 1.00890E+00 3.95601E-03
3.28020E+02 1.00670E+00 4.39659E-03 2.10180E+02 1.00890E+00 3.92938E-03
5.38180E+02 1.01670E+00 4.27200E-03 2.10180E+02 1.00820E+00 3.95601E-03
6.73070E+02 1.01980E+00 3.54683E-03 2.10180E+02 1.00880E+00 3.98497E-03
4.88550E+02 1.01770E+00 4.14849E-03 2.10180E+02 1.01030E+00 3.95601E-03
4.86150E+02 1.02480E+00 4.17612E-03 2.10180E+02 1.00960E+00 3.95601E-03
7.76810E+02 1.02280E+00 3.04631E-03 2.10180E+02 1.01080E+00 4.01622E-03
8.56600E+02 1.02040E+00 3.00832E-03 2.10180E+02 1.00760E+00 3.92938E-03
4.62990E+02 1.00260E+00 4.20595E-03 2.10180E+02 1.00950E+00 3.95601E-03
8.84300E+01 9.97600E-01 6.28172E-03 2.10180E+02 1.00830E+00 3.95601E-03
4.96980E+02 1.02410E+00 3.86005E-03 2.10180E+02 1.01180E+00 3.98497E-03
6.39340E+02 1.01830E+00 3.32415E-03 2.10180E+02 1.00850E+00 3.98497E-03
3.44020E+02 1.02100E+00 4.34166E-03 2.10180E+02 1.01120E+00 3.95601E-03
4.74900E+02 1.01940E+00 4.33244E-03 2.10180E+02 1.00680E+00 3.95601E-03
2.32010E+02 1.01280E+00 4.42719E-03 2.10180E+02 1.00840E+00 3.95601E-03
3.01120E+02 1.00710E+00 4.42719E-03 6.03570E+02 1.00880E+00 6.02080E-03
4.75390E+02 1.02130E+00 4.30116E-03 6.21120E+02 1.01130E+00 6.08769E-03
5.31210E+02 1.01720E+00 4.33244E-03 7.47180E+02 1.00590E+00 6.02080E-03
7.33000E+02 1.01380E+00 5.36004E-03 4.62510E+02 1.00600E+00 6.06383E-03
1.15729E+03 9.99300E-01 5.29528E-03 4.51850E+02 1.00630E+00 6.04152E-03
7.05450E+02 1.02010E+00 5.29528E-03 7.23850E+02 1.00210E+00 6.04152E-03
1.10319E+03 1.00510E+00 5.27731E-03 3.42960E+02 1.00960E+00 6.06383E-03
6.62770E+02 1.02150E+00 5.29528E-03 5.40110E+02 1.00240E+00 6.04152E-03
1.10978E+03 1.00070E+00 5.29528E-03 6.17240E+02 1.01000E+00 6.08769E-03
6.53420E+02 1.01570E+00 5.27731E-03 7.53990E+02 1.00780E+00 6.02080E-03
1.05374E+03 9.99000E-01 5.27731E-03 4.65800E+02 ° 1.00650E+00 6.06383E-03
5.50660E+02 1.00980E+00 5.29528E-03 4.51850E+02 1.00550E+00 6.04152E-03
9.95410E+02 1.00890E+00 5.29528E-03 5.40110E+02 1.00050E+00 6.06383E-03
8.70370E+02 1.00560E+00 5.27731E-03 3.41170E+02 1.00040E+00 6.08769E-03
1.05643E+03 1.00450E+00 5.27731E-03 4.24340E+02 1.01500E+00 3.92046E-03
2.10180E+02 1.00900E+00 3.35261E-03 4.24340E+02 1.01550E+00 3.92046E-03
2.10180E+02 1.00790E+00 3.38379E-03 4.24340E+02 1.01600E+00 3.92046E-03
2.10180E+02 1.00910E+00 3.38379E-03 4.24340E+02 1.01610E+00 3.92046E-03
2.10180E+02 1.00860E+00 3.35261E-03 4.24340E+02 1.01210E+00 3.92046E-03
2.10180E+02 1.00900E+00 3.38379E-03 4.24340E+02 1.00970E+00 3.92046E-03
2.10180E+02 1.00770E+00 3.38379E-03 4.30260E+02 9.99600E-01 5.22398E-03
2.10180E+02 1.00990E+00 3.41760E-03 4.25560E+02 9.97400E-01 5.22398E-03
2.10180E+02 1.00810E+00 3.38379E-03 4.25270E+02 9.96800E-01 5.11566E-03
2.10180E+02 1.00800E+00 3.32415E-03

chi = 69.1309 (upper bound = 9.49). The data tests NOT normal

Output from statistical treatment

Test2 case data (no data supplied by user)

Number of data points (n) 191

Linear regression, k{(X) 1.0096 + ( 1.7495E-07)*X
Confidence on fit (l-gamma) {input] 95.0%
Confidence on proportion {(alpha) [input]) 95.0%
Proportion of population falling above

lower tolerance interval {(rho) [input] 99.9%
Minimm value of X 85.0300
Maximum value of X 1157.29%00
Average value of X 433,28293
Average value of k 1.00963
Minimum value of k 0.99680
Variance of fit, sik,X)~2 3.3366E-05
Within variance, s{w)~2 2.0902E-05
Pooled variance, s(p)~2 5.4268E-05
Pooled std. deviation, s{p) 7.3667E-03
C{alpha,rho) *s (p) 3.9294E-02
student-t @ (n-2,1-gamma) 1.64500E+00
Confidence band width, W 1.2368E-02
Minimum margin of subcriticality, C*s(p)-W 2.6926E-02
Upper subcritical limits: ( 85.030 <= X <= 1157.3 )

AERRR ARNERRENNLE ANTRNRN

USL Method 1 (Confidence Band with
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Administrative Margin)} UsSLl = 0.9376 ( 85.030 < X < 1157.3 )

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) UsSL2 = 0.9607 ( 85.030 < X < 1157.3 )

USLs Bvaluated Over Range of Parameter X:

ARPRE RAEATTTAE FRF® SAAdd #F NECAAIRRS AR

X: B8.50E+1 2.38E+2 3.91E+2 5.45E+2 6.98E+2 8.51E+2 1.00E+3 1.16E+3

USL-1: 0.9376 0.9376 0.9376 0.9376 0.9376 0.9376 0.9376 0.9376
USL-2: 0.9607 0.9607 0.9607 0.9607 0.9607 0.9607 0.9607 0.9607

R A A AN AR AR R R A A AN N AN R RS I A R AR R RN A TN RO RN P AN T RN BRI N AR AR AN RS R SR AR AR

Thus spake USLSTATS
Finis.
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Figure A4-3 AOA(1) — ks versus 2*°Pu content as trending parameter — SCALE 4.4 on Sun

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

AR RS S R R AR R R A AR AN R AR S RN S O A N T AN N AR R PR R RN AN NN E T IR E NN AR A RN A RN R R TR N AR

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

LAAA AT AR 22 a2 R R Rl il d s Attt sl i st sl izl at it eIz 222222223

Input to statistical treatment from file:toto.inp

Title: AOA(l) SUN Pu240

Proportion of the
Confidence of fit

population

Contidence on proportion

Number of observa

tions

Minimm value of closed band
Maximum value of closed band

Administrative ma

rgin

independent dependent
variable - x variable - y

4.67000E+00
4.67000E+00
4.67000E+00
4.67000E+00
4.67000E+00
4.67000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
1.76000E+00
1.76000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
5.40000E-01
5.40000E-01

1.00910E+00
1.00980E+00
1.01090E+00
1.004950E+00
1.00860E+00
1.00860E+00
1.00820E+00
1.00780E+00
1.00730E+00
1.00970E+00
1.01270E+00
1.00860E+00
1.01090E+00
1.00730E+00
1.00700E+00
1.00950E+00
1.00920E+00
1.01100E+00
1.01030E+00
1.01130E+00
1.00860E+00
1.00900E+00
1.00190E+00

.999
-950
.950

46
0.00
0.00
0.05

deviation
iny

5.11957E-03
5.09902E-03
5.11957E-03
5.11957E-03
5.09902E-03
5.11957E-03
4.82701E-03
4.82701E-03
4.82701E-03
4.827018-03
4.80521E-03
4.82701E-03
4.82701E-03
4.78539E-03
4.80521E-03
4.78539E-03
4.80521E-03
4.80521E-03
4.85077E-03
4.82701E-03
4.80521E-03
4.93356E-03
4.87647E-03

chi = 1.6087 {(upper bound = 9.49). The data

Output from statistical treatment

AOA(1) SUN Pu240

Number of data points {(n)

Linear regression, k(X)

Confidence on fit (l-gamma) (input]
Confidence on proportion {alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) [input]

Minimm value of
Maximm value of
Average value of
Average value of
Minimm value of
Variance of fit,
Within variance,
Pooled variance,
Pooled std. devi

Ll R

s(k,X}~2

8{w) "2

s8(p)~2
ation, s(p)

Clalpha, rho) *s(p)

independent

variable - x

5.40000E-01
5.40000E-01
1.76000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12000E+00
3.12G00E+00
3.43000E400
4.05000E+00
4.05000E+00
4.05000E+00
4.05000E+00
4.05000E+00
4.05000E+00
4.05000E+00
4.40000E+00
4.40000E+00
3.12000E+00
3.12000E+00
3.12000E+00

tests normal.

46

dependent
variable ~ y

1.00730E+00
1.00430E+00
1.00250E+00
1.00440E+00
1.01030E+00
1.00690E+00
1.00380E+00
1.00490E+00
1.00590E+00
1.060700E+00
1.00560E+00
1.00620E+00
1.00700E+00
1.00920E+00
1.00970E+00
1.01140E+00
1.00990E+00
1.00660E+00
1.00370E+00
1.00440E+00
1.006S0E+00
1.00770E+00
1.00810E+00

1.0057 + { 6.1803E-04)*X

95.0%
95.0%

99.9%
0.5400
4.6700
3.21304

1.00773

1.001%0
5.9911E-06
2.3285E-05
2.9276E-05
5.4107E-03
2,5367E-02

deviation

in y

4.93356E-03
4.87647E-03
4.87647E-03
4.93356E-03
4.93356E-03
4.87647E-03
4.90408E-03
4.96488E-03
4.87647E-03
4.90408E-03
4.85077E-03
4.93356E-03
4.90408E-03
4.85077E-03
4.90408E-03
4.87647E-03
4.93356E-03
4.85077E-03
4.87647E-03
4.87647E-03
3.5%027E-03
3.59027e-03
3.59027E-03
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student-t @ (n-2,1l-gamma) 1.68140E+00
Confidence band width, W 9.7570E-03
Minimum margin of subcriticality, C*s(p)-W 1.5610E-02
Upper subcritical limits: ( 0.54000 <= X <= 4.6700 )

RRhEd SERARBANRANA A hE R AR

USL Method 1 (Confidence Band with
Administrative Margin) UsSL1l

0.9402 { 0.54000 < X < 4.6700 )

USL Method 2 ({Single-Sided Uniform
width Closed Interval Approach) USL2 = 0.9746 { 0.54000 < X < 4.6700 )

USLs Evaluated Over Range of Parameter X:

ARER FEREEREER SRR RREAT R REARRIRRST AN

X: S5.40E-1 1.13E+0 1.72E+0 2.31E+0 2.90E+0 3.49E+0 4.08E+0 4.67E+0Q

USL-1: 0.9402 0.9402 0.9402 0.9402 0.9402 0.9402 0.9402 0.9402
USL-2: 0.9746 0.9746 0.9746 0.9746 0.9746 0.9746 0.9746 0.9746

R R A R A R AR R R R R P R A P R R F IR I N R A AR RN T TR AR ISR A N RN A RN N AR P AR I AR TN A N R TR TN R

Thus spake USLSTATS
Finis.
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Figure A4—4 AOA(2) — kerr versus EALF as trending parameter — SCALE 4.4 on Sun

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

LA LA AL R s AR 2 R sl iR R AR 2R et i il s il 222222822222 222]

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

AR R RO N R AN S R A R A AT R AR R A R P N A PR A N A A RO NN RN E F P A RN R AR N AN RN R T RN A RN ST d RN

Input to statistical treatment from file:toto.inp

Title: AOA(2) Mix full set EALF

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = .950

Nurber of observations = 36

Minimum value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y in y variable - x variable - y in y
5.76000E-01 9.93100E-01 6.02080E-03 1.18000E-01 9.96600E-01 4.11096E-03
7.67000E-01 9.96000E-01 4.71275E-03 9.24000E-02 9.97900E-01 4.17612E-03
1.93000E-01 1.00020E+00 2.95466E-03 9.24000E-02 9.97900E-01 4.17612E-03
2.82000E-01 1.00570E+00 2.08087E-03 9.23000E-02 9.99500E-01 4.20595E-03
1.38000E-01 1.00180E+00 2.10950E-03 7.99000E-02 9.99800E-01 5.28867E-03
1.83000E-01 1.00580E+00 2.28254E-03 7.95000E-02 1.00000E+00 5.21728E-03
9.09000E-01 9.91100E-01 7.23771E-03 3.92000E-01 9.96300E-01 2.41868E-03
5.49000E-01 9.93900E-01 5.87562E-03 2.60000E-01 9.95600E-01 2.74591E-03
5.48000E-01 9.96400E-01 5.87562E-03 1.77000E-01 1.00410E+00 2.68328E-03
6.54000E-01 9.97100E-01 5.35616E-03 1.46000E-01 1.00330E+00 2.36009E-03
1.89000E-01 1.00130E+00 3.11431E-03 1.08000E-01 1.00520E+00 2.96816E-03
1.56000E-01 1.00110E+00 2.68561E-03 9.35000E-02 1.00690E+00 3.13847E-03
1.02000E-01 1.00220E+00 2.36027E-03 5.48000E-01 9.97700E-01 5.29528E-03
1.46000E-01 9.91600E-01 4.75395E-03 3.06000E-01 9.93400E-01 4.12311E-03
1.45000E-01 9.94000E-01 4.78017E-03 1.57000E-01 9.95100E-01 2.86356E-03
1.44000E-01 9.94400E-01 4.78017E-03 1.17000E-01 9.97900E-01 3.13209e-03
1.20000E-01 9.95600E-01 4.11096E-03 9.58000E-02 9.99600E-01 3.88330E-03
1.19000E-01 9.95200E-01 4.05216E-03 9.16000E-02 1.00040E+00 4.37379E-03

WARNING *** the test for normal may be unreliable due to insufficient data.

chi = 2.3333 (upper bound = 9.49). The data tests normal.

output from statistical treatment

AOA(2) Mix full set EALF

Number of data points (n) 36

Linear regression, k(X) 1.0005 + (-8.4182E-03)*X
Confidence on fit (1-gamma) [input) 95.0%
Confidence on proportion (alpha) (input]) 95.0%
Proportion of population falling above

lower tolerance interval (rho) [input] 99.9%
Minimum value of X 0.079%
Maximm value of X 0.9090
Average value of X 0.24907
Average value of k 0.99844
Minimum value of k 0.99110
Variance of fit, sik,X)~2 1.4297B-05
Within variance, s(w)"2 1.7282E-05
Pooled variance, s(p)*~2 3.1579E-05
Pooled std. deviation, s(p} 5.6195E-03
Clalpha,rho) *s(p) 2.8854E-02
student-t @ (n-2,1-gamma) 1.691B0E+00

Confidence band width, W 1.0792E-02
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Minimum margin of subcriticality, C*s(p)-W 1.8062E-02

Upper subcritical limits: ( 7.95000E-02 <= X <= 0.90900 )

EREER REEASNNREIR AT RN

USL Method 1 {(Confidence Band with
Administrative Margin) USL1 = 0.9397 + (-B.4182E-03)*X

USL Method 2 (Single-Sided Uniform
wWidth Closed Interval Approach) USL2 = 0.9717 + (-8.4182E-03)*X

USLs Evaluated Over Range of Parameter X:

EERN SEANREAEN ENAD AR RE AN ARARNRN RS AR

X: 7.95E-2 1.98E-1 3.17E-1 4.35E-1 5.54BE-1 6.72E~1 7.91E-1 9.0%9E-1

0.9391 0.5381 0.9371 0.9361 0.9351 0.9341 0.9331 0.9321
0.9710 0.9700 0.9690 0.9680 0.9670 0.9660 0.9650 0.9640

LR R R s ey e e R e e 2 IR I e e R R I Ty

Thus spake USLSTATS
Pinis.
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Figure A4—5 AOA(2) — k. versus vy as trending parameter — SCALE 4.4 on Sun

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

A AR R Rk AR R R N AN T AN AN A N r P AN RN RN AP A RPN AR A A AR RN NP AR RN SRR PN AR IR

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

AN Rt R R SN AR A Rt F RN AR N N T AN AR N AN P A IR AR RN R A RN RN AR A IR RN RN IR RPN N TR ANS

Input to statistical treatment from file:toto.inp

Title: AOA(2) Mix full set Vvm/VE

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = ,950

Nurber of observations = 36

Minimm value of closed band = 0.00

Maximm value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y in y varjable - x variable - y iny
1.19000E+00 9.93100E-01 6.02080E-03 2.98000E+00 9.96600E-01 4.11096E-03
1.19000E+00 9.96000E-01 4.71275E-03 4.24000E+00 9.97900E-01 4.17612E-03
2.52000E+00 1.00020E+00 2.95466E-03 4.24000E+00 9.97900E-01 4.17612E-03
2.52000E+00 1.00570E+00 2.08087E-03 4.24000E+00 9.99500E-01 4.20595E-03
3.64000E+00 1.00180E+00 2.10950E-03 5.55000E+00 9.99800E-01 5.28867E-03
3.64000E+00 1.00580E+00 2.28254E-03 5.55000E+00 1.00000E+00 5.21728E-03
1.68000E+00 9.91100E-01 7.23771E-03 1.93000E+00 9.96300E-01 2.41868E-03
2.16000E+00 9.93900E-01 5.87562E-03 2.56000E+00 9.95600E-01 2.74591E-03
2.16000E+00 9.96400E-01 5.87562E-03 3.62000E+00 1.00410E+00 2.68328E-03
2.16000E+00 9.97100E-01 5.35616E-03 4.53000E+00 1.00330E+00 2.36009E-03
4.71000E+00 1.00130E+00 3.11431E-03 7.27000E+00 1.00520E+00 2.96816E-03
5.67000E+00 1.00110E+00 2.68561E-03 1.01100E+01 1.00690E+00 3.13847E-03
1.07500E+01 1.00220E+00 2.36027E-03 1.10000E+00 9.97700E-01 5.29528E-03
2.42000E+00 9.91600E-01 4.75395E-03 1.56000E+00 9.93400E-01 4.12311E-03
2.42000E+00 9.94000E-01 4.78017E-03 2.71000E+00 9.95100E-01 2.86356E-03
2.42000E+00 9.94400E-01 4.78017E-03 3.79000E+00 9.97900E-01 3.13209E-03
2.98000E+00 9.95600E-01 4.11096E-03 5.14000E+00 9.99600E-01 3.88330E-03
2.98000E+00 9.95200E-01 4.05216E-03 5.58000E+00 1.00040E+00 4.37379E-03

WARNING *** the test for normal may be unreliable due to insufficient data.

chi = 2.3333 (upper bound = 9.49). The data tests normal.

Output from statistical treatment

AOA(2) Mix full set Vm/VE

Number of data points (n) 36

Linear regression, k(X) 0.9939 + ( 1.2243E-03)*X
Confidence on fit (l-gamma) [input]) 95.0%
Confidence on proportion (alpha) (input] 95.0%
Proportion of population falling above

lower tolerance interval (rho) [input] 99.9%
Minimm value of X 1.1000
Maximum value of X 10.7500
Average value of X 3.71972
Average value of k 0.99844
Minimm value of k 0.99110
Variance of fit, s(k,X)"2 1.0185E-05
Within variance, si{w)*2 1.7282E-05
Pooled variance, s(p)~*2 2.7467E-05
Pooled std. deviation, s(p} 5.2409E-03
C{alpha,rho)*s{p) 2.7163E-02
student-t @ (n-2,1-gamma) 1.69180E+00

Confidence band width, W 1.0166E-02
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Minimum margin of subcriticality, C*s(p)-W 1.6997E-02
Upper subcritical limits: ( 1.1000 <= X <= 10.750 }

AARED FEATRTRANINIRE R TN rd

USL Method 1 (Confidence Band with
Administrative Margin) UsLl 0.9337 + ( 1.2243E-03)*X (X <

0.9398 (X >=

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 0.9667 + { 1.2243E-03)*X (X <

0.9728 (X >=

USLs Evaluated Over Range of Parameter X:

PREE ARRAETIRN FART AREER A AEERAWRAT AP

X: 1.10E+0 2.48E+0 3.86E+0 5.24E+0 6.61BE+0 7.99E+0 9.37E+0 1.08E+l

USL-1: 0.9351 0.9368 0.9384 0.9398 0.9398 0.9398 0.9398 0.9398
USL-2: 0.9681 0.9698 0.9714 0.9728 0.9728 0.9728 0.9728 0.9728

et e e A e A e R e e R e R s 2y e R P 2 e ey )

Thus spake USLSTATS
Finis.

4.9971
4.997)

4.9971
4.997)
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Figure A4—6 AOA(2) — ks versus Pu content as trending parameter — SCALE 4.4 on Sun

uslstats: a utility te calculate upper subcritical
limits for criticality safety applications

AR R AR R R AP R A RPN AR PR P R R A R AR AT A RN AR TR AR N AR RN T A R AR R IR NI OAR AN R AT EAT RS

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

AR AR RN R R R AR I N R AR AN A RS A E A AR PR AR I NN AR RN O N AT N AR AN RS AR AN AR R AR TN RN RN

Input to statistical treatment from file:toto.inp

Title: AOCA(2) Mix full set Pu content

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = .950

Number of observations = 36

Minimum value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent

variable - x variable - y iny variable - x variable - y
2.04000E+00 9.93100E-01 6.02080E-03 3.01000E+00 9.96600E-01
2.04000E+00 9.96000E-01 4.71275E-03 3.01000E+00 9.97900E-01
2.04000E+00 1.00020E+00 2.95466E-03 3.01000E+00 9.97900E-01
2.04000E+00 1.00570E+00 2.08087E-03 3.01000E+00 9.99500E-01
2.04000E+00 1.00180E+00 2.10950E-03 3.01000E+00 9.99800E-01
2.04000E+00 1.00580E+00 2.28254E-03 3.01000E+00 1.00000E+00
6.60000E+00 9.91100E-01 7.23771E-03 4.00000E+00 9.96300E-01
6.60000E+00 9.939500E-01 5.87562E-03 4.00000E+00 9.95600E-01
6.60000E+00 9.96400E-01 5.87562E-03 4.00000E+00 1.00410E+00
6.60000E+00 9.97100E-01 5.35616E-03 4.00000E+00 1.00330E+00
6.60000E+00 1.00130E+00 3.11431E-03 4.00000E+00 1.00520E+00
6.60000E+00 1.00110E+00 2.68561E-03 4.00000E+00 1.00690E+00
6.60000E+00 1.00220E+00 2.36027E-03 1.50000E+00 9.97700E-01
3.01000E+00 9.91600E-01 4.75395E-03 1.50000E+00 9.93400E-01
3.01000E+00 9.94000E-01 4.78017E-03 1.50000E+00 9.95100E-01
3.01000E+00 9.94400E-01 4.78017E-03 1.50000E+00 9.97900E-01
3.01000E+00 9.95600E-01 4.11096E-03 1.50000E+00 9.99600E-01
3.01000E+00 9.95200E-01 4.05216E-03 1.50000E+00 1.00040E+00

WARNING *** the test for normal may be unreliable due to insufficient data.

chi = 2.3333 (upper bound = 9.49). The data tests normal.

Output from statistical treatment

AOA(2) Mix full set Pu content

Number of data points (n) 36

Linear regression, k(X) 0.9985 + (-2.3845E-05)*X
Confidence on fit (l-gamma) [input]) 95.0%
Confidence on proportion {alpha) ([input]) 95.0%
Proportion of population falling above

lower tolerance interval (rho) (input} 99.9%
Minimum value of X 1.5000
Maximum value of X 6.6000
Average value of X 3.45972
Average value of k 0.99844
Minimum value of k 0.99110
Variance of fit, s{k,X)"2 1.7777E-05
Within variance, s(w)"2 1.7282E-05
Pooled variance, s(p)"2 3.5059E-05
Pooled std. deviation, s(p) 5.9210E-03
Clalpha,rho) *s(p) 2.8216E-02
student-t @ (n-2,1-gamma) 1.69180E+00

Confidence band width, W 1.0596E-02

deviation
iny

4.11096E-03
4.17612E-03
4.17612E-03
4.20595e-03
5.28867E-03
5.21728E-03
2.41868E-03
2.74591E-03
2.68328E-03
2.36009E-03
2.96816E-03
3.13847E-03
5.29528E-03
4.12311ge-03
2.86356E-03
3.13209e-03
3.88330E-03
4.37379E-03
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Minimm margin of subcriticality, C*s(p)-W 1.7620E-02

Upper subcritical limits: { 1.5000 <= X <= 6.6000 )

kA hh ARV RLEI I REN AN RIRN

USL Method 1 (Confidence Band with
Administrative Margin) USL1l = 0.9379 + (-2.3845E-05)*X

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USLZ = 0.9703 + (-2.3845E-05)*X

USLs Evaluated Over Range of Parameter X:

RS RAAFANIENSE AARS AN RE A d AT RARTS A

X: 1.50E+0 2.23E+0 2.96E+0 3.69E+0 4.41E+0 5.14E+0 5.87E+0 6.60E+0

USL-1: 0.9379 0.9379 0.9379 0.9378 0.9378 0.9378 0.9378 0.9378
USL-2: 0.9703 0.9702 0.9702 0.9702 0.9702 0.9702 0.9702 0.9701

L2222 a2 S22 212 2 22 22 2 a2 22 2 R 222 2 a2 R 22222 2222 222222222222 22

Thus spake USLSTATS
FPinis.
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ABSTRACT

This attachment presents validation results for the SCALE 4.4 CSAS26 (KENO VI) criticality
analysis sequence and the 238 energy group cross-section library (238GROUPNDFS5) applicable
to borated concrete fixed neutron absorber materials. As noted in Section 3.2, borated concrete is
used in reflector regions of several MFFF plutonium nitrate aqueous solution design
applications. However, the validation presented in the body of the report includes no benchmark
experiment data or results for plutonium nitrate solution systems that include borated concrete
neutron absorber materials. This attachment presents benchmark experiment data and validation
results for high enrichment uranium nitrate aqueous solution systems that includes borated
concrete supplemental absorber materials. The validation results presented for high enrichment
uranium nitrate solution systems indicate that the CSAS26 criticality analysis sequence and the
238GROUPNDFS5 cross-section library produce comparable results for systems with and without
borated concrete neutron absorber materials present. This conclusion supports the use of the
USL-1 for AOA-1 presented in Section 6.1 of this validation report as an acceptance criterion for
plutonium nitrate aqueous solution systems that include borated concrete supplemental neutron
absorber materials.
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INTRODUCTION

Some design applications in the MFFF involving plutonium nitrate (Pu-nitrate) aqueous
solutions include consideration of a full range of possible pure water reflection conditions. For
those applications, the benchmarks selected in Section 4.1 are directly applicable. Other MFFF
Pu-nitrate solution design applications incorporate borated concrete as a neutron absorber for
criticality control purposes. A review of technical literature, including the International
Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency
1999), did not identify any Pu-nitrate solution benchmark experiments that included borated
concrete or other boron containing neutron absorber materials. However, a number of uranium
nitrate (U-nitrate) solution fissile medium experiments that include borated concrete, borated
plaster, and borated water neutron absorber materials were identified. These experiments are
evaluated using the SCALE 4.4 CSAS26 (KENO VI) criticality analysis sequence and the 238
energy group cross-section library (238GROUPNDFS). The results of this evaluation are used to
demonstrate the applicability of the USL-1 acceptance criterion for AOA-1 presented in Section
6.1 of this validation report to Pu-nitrate systems incorporating borated concrete neutron
absorber materials.

The appendix begins by providing a brief description of the high enrichment U-nitrate solution
benchmark experiments and CSAS26/238GROUPNDFS5 analyzed results. The results are then
evaluated to accomplish the following:

1. Determine the bias, if any, between kg results obtained for experiments with borated
concrete or borated plaster neutron absorbers and other similar experiments without these
materials present,

2. Confirm the applicability of the U-nitrate experiment results to Pu-nitrate solution design
applications, and

3. Determine the area(s) of applicability (AOA) encompassed by the borated concrete and
borated plaster neutron absorber experiments evaluated and determine if any trends can be
identified.

The approach taken to validate the CSAS26/238GROUPNDFS5 criticality analysis methodology
for application to Pu-nitrate systems incorporating borated concrete neutron absorber materials
does not involve direct inclusion of the U-nitrate solution experiment data in the USL-1
determination. The approach involves a separate evaluation of the uranium-based data to
demonstrate no significant method bias or uncertainty variations are observed when comparing
results for systems that include borated concrete neutron absorber materials with results for
systems that do not. The approach also demonstrates that the neutron absorption spectrum within
the absorbing material is relatively insensitive to the source of the neutrons (e.g., U or Pu). This
indirect approach is selected to avoid combining plutonium and uranium fissile medium
benchmark experiment keg results in the USL-1 determination. Significant differences in method
bias as a function of neutron energy spectra have been previously observed when comparing
results for plutonium and uranium fissile systems (DeHart and Bowman 1994).
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U-NITRATE SOLUTION EXPERIMENT DESCRIPTIONS AND ANALYZED
RESULTS

The critical experiments designated as HEU-SOL-THERM-033 in the International Handbook of
Evaluated Criticality Safety Benchmark Experiments are used in order to validate the
CSAS26/238GROUPNDEF5 code system for use in Pu-nitrate solution design applications
involving borated concrete supplemental neutron absorber materials. The HEU-SOL-THERM-
033 experiments were performed at the Rocky Flats Critical Mass Laboratory and involved
nested annular steel tanks containing fissile material solution with various materials inserted as a
“plug” in the central annulus region formed by the innermost annular tank. The tank system was
situated inside a concrete enclosure. Materials inserted in the central region included air, boron-
free water, borated water, boron-free concrete, borated concrete, and borated plaster. Critical
heights of the highly enriched solutions were measured. Thirty-seven critical configurations were
attempted during 12 experiment sets. Nine of the configurations were subcritical. Of the 28
critical configurations, 26 were judged acceptable for benchmark applications by the experiment
evaluator and reviewers (Nuclear Energy Agency 1999).

All 26 HEU-SOL-THERM-033 critical experiments judged acceptable by the benchmark
handbook evaluator and reviewers were analyzed using CSAS25 (238-Group ENDF/B-IV cross
section library) for verification purposes. Verification results are reported in the handbook.
CSAS26 input files were prepared and calculations performed using the 238GROUPNDFS cross
section set as well. The calculated keg results for the complete set of all 26 of the benchmark
experiments are presented in Table 1. Also presented in Table 1 are estimated values for
measured ke and experiment uncertainties reported in the handbook and results of statistical
analysis performed on the calculated data. Calculated ke results and similar grouped statistical
analysis results are presented in Tables 2 through 5 for the following subsets of experiments: (a)
15 experiments with no borated concrete or borated plaster, (b) 18 experiments with no boron-
free concrete, (c) 19 experiments with boron-free concrete, borated concrete, or borated plaster,
and (d) 11 experiments with borated concrete or borated plaster. A summary of the statistical
results for the five sets of experiment results evaluated is provided in Table 6.

A review of the Table 6 results summary indicates that no significant difference in bias results
for systems that include borated concrete neutron absorbers as compared to systems that do not
when using CSAS26 and the 238GROUPNDEFS cross section library. For example, the evaluated
variation in CSAS26 method bias indicated for benchmark experiment sets with and without
borated concrete (i.e., Table 2 and 5 method bias values) is 0.0015. This variation is small
compared to the level of uncertainty in the method bias accounted for in the determination of
USL-1 in Section 6.1 of the report (i.e., 0.01). The results also indicate that the criticality
analysis methodology tends to predict higher ke results for systems containing borated concrete
than for systems without any concrete, though slightly less than for systems containing boron-
free concrete. It is noted that the number of experiments in the HEU-SOL-THERM-033 set is
small (26 total) with only 11 experiments with borated concrete. As noted above and shown in
Table 6, the data indicates that there is no significant difference in bias results for systems that
include borated concrete as compared to systems that do no. However, with this small number of
experiments, it is recognized that one can not say conclusively on a statistical basis that boron
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has no effect. However, the fact that the results, as shown in Table 6, do not show contrary
results supports the conclusion that the effect of borated concrete (as modeled in these
benchmarks and is representative of borated concrete in the MFFF) is small and provides
additional rationale supporting the acceptability of extrapolating Section 6.1 Pu-nitrate solution
validation results to MFFF design applications containing borated concrete.

EXPERIMENT SET APPLICABILITY TO PU-NITRATE SYSTEMS

The applicability of the HEU-SOL-THERM-033 critical experiment set to design applications
containing Pu-nitrate solutions is addressed through an evaluation of the neutron energy spectra
in the absorbing medium. The absorbed neutron energy spectrum for the borated concrete region
of benchmark experiment configuration 8a is compared to the absorption spectrum for the same
region of identical configurations with Pu-nitrate substituted for the U-nitrate in the fissile
medium regions. This approach is selected to demonstrate that the neutron absorption spectrum
within the absorbing material is insensitive to the source of the neutrons (i.e., Pu-nitrate versus
U-nitrate solution systems).

Experiment configuration 8a is selected for the purposes of this applicability demonstration since
it is the most heavily borated concrete experiment in the HEU-SOL-THERM-033 set.
Experiment 8a incorporates 2.5 weight percent boron in the concrete plug placed in the central
region of the annular tank system.

Calculations with Pu-nitrate substituted for U-nitrate fissile medium are created with all other
attributes of the HEU-SOL-THERM-033 experiment 8a remaining unaltered. Two Pu-nitrate
composition cases are evaluated. In the first case, the concentration of the Pu-nitrate was
specified at a value comparable to the high enrichment uranium concentration used in the HEU-
SOL-THERM-033 case (i.e., H/X=70). In the second case, a value which represents optimum
moderation for the Pu-nitrate isotopic composition is specified (i.e., H/X=125). In both cases, the
plutonium isotopic distribution assumed is 96 weight percent Pu-239, and 4 weight percent Pu-
240.

Figure 1 presents the neutron absorption energy spectra results for the three fissile medium cases
evaluated. The results indicate that the borated concrete absorption spectra are similar for the
three fissile medium cases evaluated and that the absorption spectra are relatively insensitive to
the fissile medium composition (i.c., high enrichment uranium versus plutonium). This favorable
comparison of absorption spectra supports the use of U-nitrate based benchmark experiment data
in the validation of the CSAS26/238GROUPNDFS criticality analysis method for the limited
purpose of extrapolating the AOA(1) USL result to Pu-nitrate solution systems containing
borated concrete as a supplemental neutron absorber.

AREA(S) OF APPLICABILITY DETERMINATION

The general arrangement of the HEU-SOL-THERM-033 critical experiments supports a
conclusion that the experiments evaluated encompass the entire AOA of any MFFF Pu-nitrate
design application that incorporates borated concrete as a neutron absorber material. This
conclusion is based on the experiment arrangement that places borated concrete plugs in the
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central cavity formed by annular steel tanks containing fissile aqueous solutions. In addition to
being physically similar to MFFF design applications where annular tanks are utilized with
borated concrete incorporated in the central cavity, the experiment arrangements place borated
concrete in a position where the absorber acts to limit interaction between opposite sides of an
annular tank. Thus, the experimental arrangements incorporate the neutron absorber in a high
reactivity worth region of a fissile system relative to other typical design application
arrangements. Other design application arrangements involving borated concrete supplemental
neutron absorber materials include reflectors external to cylindrical tank outer radial surfaces, or
interaction control shields placed between physically separated fissile solution containing tanks
or components.

Although the physical arrangement of the HEU-SOL-THERM-033 critical experiments supports
a favorable AOA conclusion, additional analysis is necessary to fully establish the area of
applicability encompassed by the borated concrete benchmark experiments included in the
experiment set. Borated concrete supplemental neutron absorber materials are typically placed in
a close proximity reflector region to reduce neutron reflection back into the source fissile unit, or
at more remote locations between fissile units/regions to limit interaction. In any case, the
borated concrete absorber will have only limited impact on the neutron spectrum characteristics
of the fissile medium in aqueous solution fissile systems where the absorber is situated outside
and separate from the fissile solution. Any impact on the neutron spectrum characteristics of the
fissile medium is expected to be well within the fission spectrum encompassed by the AOA(1)
bias basis benchmark experiment set (i.e., see Figure 6.2 of main report). Therefore, the most
relevant trending parameter(s) would measure the effectiveness of the material as an absorber
rather than its potential effect on a characteristic of the fissile medium, such as Energy of
Average Lethargy Causing Fission (EALF). Both boron-10 (B-10) and hydrogen content are
important characteristics of borated concrete absorber materials and are thus selected as
additional AOA trending parameters.

Trending analysis on the B-10 and hydrogen content of materials placed in the central cavity of
the annular tank experiments is performed to provide additional insights into the AOA
encompassed by the HEU-SOL-THERM-033 critical experiment set. The calculated bias results
presented in Table 1 and the HEU-SOL-THERM-033 critical experiment material atom density
information provided in the International Handbook of Evaluated Criticality Safety Benchmark
Experiments (Nuclear Energy Agency 1999) are used to produce a trending analysis. Trending
analysis results are presented in Figures 2 and 3 for B-10 and hydrogen content, respectively.

The trending analysis results do not indicate any strong trends exist within the AOA covered by
the experiment set (i.e., 0 to 5.4E-4 atoms/barn-cm B-10, and 0O to 6.6E-2 atoms/barn-cm for
hydrogen). Although the benchmark experiment AOA for B-10 content is limited to a maximum
of 54E-4 atoms/barn-cm B-10, the trending analysis presented in Figure 2 supports the
conclusion that extrapolation of benchmark evaluation results beyond the evaluated AOA is
acceptable. The data presented for hydrogen content spans a wide range of conditions from dry
air to full density pure water. Thus, the hydrogen content AOA encompasses the borated
concrete absorber material used in design applications.

SUMMARY
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Results calculated by the CSAS26/238GROUPNDFS criticality analysis methodology for
U-nitrate aqueous solution benchmark experiments containing borated concrete, borated plaster,
borated water, boron-free concrete, boron-free water, and void within the central cavity of an
annular tank fissile configuration are presented. Comparisons of results for experiments
containing borated materials against results for non-borated materials were performed. The
comparisons did not indicate any significant bias exists between CSAS26/238GROUPNDF5
criticality analysis methodology calculated results for systems that contain borated neutron
absorber materials relative to systems that are boron-free.

A comparison is also presented to demonstrate the applicability of the U-nitrate solution
benchmark experiment conclusions to systems that contain Pu-nitrate aqueous solutions as a
fissile medivm (i.e., with respect to potential biases introduced by the presence of external
borated neutron absorber materials). The absorbed neutron energy spectrum within the borated
concrete medium is obtained from CSAS26 output for benchmark experiment configuration 8a
(i.e., 2.5 weight percent boron case). Similar spectrum data are obtained for experiment 8a where
the U-nitrate solution was replaced with Pu-nitrate with H/X ratios of 70 and 125. The absorbed
neutron energy spectrum data for borated concrete was not significantly affected by substituting
Pu-nitrate for the U-nitrate solution used in the actual experiment. This favorable comparison
demonstrates that the neutron absorption characteristics of borated concrete incorporated
separate and external to the fissile medium is not significantly affected by the fissile medium
composition, and that the U-nitrate experiment derived borated concrete method bias conclusions
are also applicable to Pu-nitrate aqueous solution systems.

Trending analyses are presented for borated concrete B-10 and hydrogen content for the
purposes of establishing the AOA covered by the experiment set. Based on the results of this
AOA trending analysis, it is concluded that the USL-1=0.9370 acceptance criterion can be
assumed applicable to Pu-nitrate aqueous solution systems incorporating borated concrete
external to the fissile medium over a wide range of borated concrete hydrogen or B-10 content.

It should be noted that the purpose of these three tests (impact of boron on U-nitrate, comparison
of absorpotion spectra between U-nitrate and Pu-nitrate, and trending of the boron content with
calculated bias) is to show that, from this data, there is no reason to suspect that the addition of
boron concrete to the MFFF fissile systems causes not significant effect to cast a question on the
bias determination of the 191 boron-free benchmarks evaluated. The point is, external borated
concrete has little impact on the bias of the U-nitrate systems. The absorptive effects, as
evidenced by the absorption spectra for both U-nitrate and Pu-nitrate systems appears to be the
same, and there is no significant trend in the bias as the boron content is varied.
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Table 1. CSAS Results for All Experiments in HEU-SOL-THERM-033
Benchmark Model
OECD Result [1} CSAS26; 238 Bias & Uncertainty [2) CSAS26; 238
Experiment ] Experiment/Case Description Ketr 1-Sigma Kesr 1-Sigma Kesr Bias |Uncertainty Bias [5]
1 2a; None 1.0019| 0.0011 0.9996] 0.0012] 0.9979] -0.0021 00112} 0.0017
2 2b; None 0.9982] 0.0012] 09984] 0.0012 1.0000|  0.0000 0.0109] -0.0016
3 2¢; None 0.9996] 0.0010] 0.9981 0.0010] 09979 -0.0021 0.0067] 0.0002
4  |3a;Conc. 1.0015| 0.0011 1.0014] 0.0013] 0.9942| -0.0058 0.0115] 0.0072
5 3b; Conc. 1.0032| 0.0010 1.0019] 0.0013] 09979 -0.0021 0.0112] 0.0040
6 3c; Conc. 1.0110] 0.0012 1.0125] 0.0012] 09979 -0.0021 0.0072] 0.0146
7 4a; Conc. & Cd 0.9994 0.0011 1.0004 0.0013 0.9942] -0.0058 0.0115 0.0062
8 4b; Conc. & Cd 1.0078f  0.0011 1.0060] 0.0013] 09979} -0.0021 0.0112] 0.0081
9 5a; 1.2 w/o B-Cone. 1.0087 0.0011 1.0077 0.0012 0.9942| -0.0058 0.0112 0.0135
10 5b; 1.2 w/o B-Conc. 1.0077 0.0012 1.0085 0.0014 1.0000 0.0000 0.0109 0.0085
1 6a; 1.2 w/o B-Conc. 1.0031] 0.0011 1.0022| 0.0013] 0.9942| -0.0058 0.0112] 0.0080
12 6b; 1.2 w/o B-Conc. 1.0079] 0.0011 1.0108}  0.0012 1.0000]  0.0000 0.0109] 0.0108
13 7a; 1.1 w/o B-Plast. 09987 0.0011 0.9993] 0.0012] 0.9942] -0.0058 0.0112] 0.0051
14 7b; 1.1 w/o B-Plast. 1.0053 0.0010' 1.0058] 0.0013 1.0000| 0.0000 0.0109] 0.0058
15 8a; 2.5 w/o B-Conc. 1.0026] 0.0010 1.0034] 0.0011} 09942 -0.0058 0.01121 0.0092
16 8b; 2.5 w/o B-Conc. 1.0055 0.0011 1.0072| 0.0013 1.0000| 0.0000 0.0109] 0.0072
17 9a; 1.1 w/o B-Plast. 0.9984] 0.0011 0.9954] 0.0012] 0.9942] -0.0058 00112} 0.0012
18 9b; 1.1 w/o B-Plast. 0.9961] 0.0012] 0.9971 0.0012 1.0000] 0.0000 0.0109] -0.0029
19 9¢; 1.1 w/o B-Plast. 0.9967| 0.0012] 0.9931 0.0012] 09979 -0.0021 0.0105] -0.0048
20 10a; Conc. 1.0025] 0.0011 1.0021 0.0011 0.9942] -0.0058 0.0115] 0.0079
21 10c; Conc. 1.0027 0.0011 1.0016 0.0011 0.9979| -0.0021 0.0072 0.0036
22 10d; Conc. 09929 0.0011 0.9947( 0.0013] 09979} -0.0021 0.0106] -0.0032
23 11a; Water 1.0012}  0.0012 1.0000] 0.0012] 0.9942] -0.0058 0.0112] 0.0058
24 11b; Water 1.0013] 0.0012) 09982 0.0012} 09979 -0.0021 0.0109]  0.0003
25 12a; B-Water 099971  0.0011 0.9986] 0.0011 0.9942| -0.0058 0.0112} 0.0044
26 12b; B-Water 0.9996| 0.0011 1.0019] 0.0011 1.0000]  0.0000 0.0109] 0.0019
Mean 1.0020 1.0018 0.9970 -0.0030 0.0106
Standard Deviation +/- 0.0043 0.0049
Method Bias [3] 0.0050 0.0047
Uncertainty in Bias (4] +/-] 0.0115 0.0117
NOTES:

{1] Table 49, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[2] Table 47, Intemnational Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[3] Method Bias = Mean - Mean Benchmark Model
(4] Uncertainty in Bias = (Standard Deviation? + Mean Benchmark Model Uncertainty*)®*
{5] CSAS26 Bias = CSAS26; 238 k. - Benchmark Model k4.
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Table 2. CSAS Results for Experiments in HEU-SOL-THERM-033; No Borated Concrete or Plaster

Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty {2] CSAS26; 238
Experiment | Experiment/Case Description Kesr 1-Sigma Kerr 1-Sigma Kesr Bias Uncertainty Bias [5]
1 2a; None 1.0019 0.0011 0.9996 0.0012 0.9979 -0.0021 0.0112 0.0017
2 2b; None 0.9982 0.0012 0.9984 0.0012 1.0000 0.0000 0.0109 -0.0016
3 2¢; None 0.9996 0.00IOJ 0.9981 0.0010 0.9979f -0.0021 0.0067 0.0002
4 3a; Conc. 1.0015 0.0011 1.0014 0.0013 0.9942 -0.0058 0.0115 0.0072
5 3b; Conc. 1.0032 0.0010 1.0019 0.0013 0.9979 -0.0021 0.0112 0.0040
6 3¢; Conc. 1.01 lO{ 0.0012 1.0125 0.0012 0.9979 -0.0021 0.0072 0.0146
7 4a; Conc. & Cd 0.9994 0.0011 1.0004 0.0013 0.9942 -0.0058 0.0115 0.0062
8 4b; Conc. & Cd 1.0078 0.0011 1.0060 0.0013 0.9979 -0.0021 0.0112 0.0081
9 10a; Conc. 1.0025 0.0011 1.0021 0.0011 0.9942 -0.0058 0.0115 0.0079
10 10c; Conc. 1.0027 0.0011 1.0016 0.0011 0.9979 -0.0021 0.0072 0.0036
11 10d; Conc. 0.9929 0.0011 0.9947 0.0013 0.9979 -0.0021 0.0106] -0.0032
12 11a; Water 1.0012 0.0012 1.0000 0.0012 0.9942 -0.0058 0.0112 0.0058
13 11b; Water 1.0013 0.0012 0.9982 0.0012 0.9979 -0.0021 0.0109 0.0003
14 12a; B-Water 0.9997 0.0011 0.9986 0.0011 0.9942 -0.0058 0.0112 0.0044
15 12b; B-Water 0.9996 0.0011 1.0019 0.0011 1.0000] 0.0000 0.0109 0.0019
Mean 1.0015 1.0010 0.9969 -0.0031 0.0103
Standard Deviation +- 0.0041 0.0041
Method Bias (3] 0.0046 0.0041
Uncertainty in Bias [4]  +/- 0.0111 0.0111
NOTES:

[1] Table 49, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[2] Table 47, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
{3] Method Bias = Mean - Mean Benchmark Model
[4] Uncertainty in Bias = (Standard Deviation” + Mean Benchmark Model Uncertaintyz)"‘s

[5] CSAS26 Bias = CSAS26; 238 k. - Benchmark Model k.g.
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Table 3. CSAS Results for Experiments in HEU-SOL-THERM-033; No Boron-free Concrete
Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2) CSAS26;238
Experiment | Experiment/Case Description Kesr 1-Sigma kesr 1-Sigma kesr Bias | Uncertainty Bias [5]
1 2a; None 1.0019 0.0011 0.9996 0.0012 0.9979 -0.0021 0.0112 0.0017
2 2b; None 0.9982 0.0012 0.9984 0.0012 1.0000 0.0000 0.0109 -0.0016
3 2c; None 0.9996 0.0010} 0.9981 0.0010] 0.9979 -0.0021 0.0067 0.0002
4 Sa; 1.2 w/o B-Conc. 1.0087 0.0011 1.0077 0.0012 0.9942 -0.0058 0.0112 0.0135
5 5b; 1.2 w/o B-Conc. 1.0077 0.0012 1.0085 0.0014 1.0000 0.0000 0.0109 0.0085
6 6a; 1.2 w/o B-Conc. 1.0031 0.0011 1.0022 0.0013 0.9942 -0.0058 0.0112 0.0080
7 6b; 1.2 w/o B-Conc. 1.0079 0.0011 1.0108 0.0012 l.OOOO# 0.0000 0.0109 0.0108
8 Ta; 1.1 w/o B-Plast. 0.9987 0.0011 0.9993 0.0012 0.9942 -0.0058 0.0112 0.0051
9 7b; 1.1 w/o B-Plast. 1.0053 0.0010 1.0058 0.0013 1.0000 0.0000 0.0109 0.0058
10 8a; 2.5 w/o B-Conc. 1.0026 0.0010 1.0034 0.0011 0.9942f  -0.0058 0.0112}  0.0092
11 8b; 2.5 w/o B-Conc. 1.0055 0.0011 1.0072 0.0013 l.OOOO* 0.0000 0.0109 0.0072
12 9a; 1.1 w/o B-Plast. 0.9984 0.0011 0.9954 0.0012 0.9942 -0.0058 0.0112 0.0012
13 9b; 1.1 w/o B-Plast. 0.9961 0.0012 0.9971 0.0012 1.0000 0.0000 0.0109 -0.0029
14 9¢; 1.1 w/o B-Plast. 0.9967 0.0012 0.9931 0.0012 0.9979 -0.0021 0.0105 -0.0048
15 11a; Water 1.0012 0.0012 1.0000 0.0012 0.9942| -0.0058 0.0112]  0.0058
16 11b; Water 1.0013 0.0012 0.9982 0.0012 0.9979 -0.0021 0.0109 0.0003
17 12a; B-Water 0.9997 0.0011 0.9986 0.0011 0.9942 -0.0058 0.0112 0.0044
18 12b; B-Water 0.9996 0.0011 1.0019 0.0011 1.0000 0.0000| 0.0109 0.0019
Mean 1.0018 1.0014 09973  -0.0027 0.0108
Standard Deviation +/- 0.0039 0.0049
Method Bias (3] 0.0045 0.0041
Uncertainty in Bias [4]  +/- 0.0115 0.0118

NOTES:

{1] Table 49, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[2] Table 47, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[3] Method Bias = Mean - Mean Benchmark Model

{4] Uncertainty in Bias = (Standard Deviation> + Mean Benchmark Model Uncertainty*)"*

[5] CSAS26 Bias = CSAS26; 238 k.« - Benchmark Mode! kes.
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Table 4. CSAS Results for Experiments in HEU-SOL-THERM-033; All Concrete and Plaster Only

Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2] CSAS26; 238
Experiment | Experiment/Case Description Ketr 1-Sigma Kesr 1-Sigma Ketr Bias Uncertainty Bias [5]
1 3a; Conc. 1.0015 0.0011 1.0014 0.0013 0.9942 -0.0058 0.0115 0.0072
2 3b; Cone. 1.0032 0.0010] 1.0019 0.0013 0.9979 -0.0021 0.0112 0.0040
3 3c; Conc. 1.0110 0.0012 1.0125 0.0012 0.9979 -0.0021 0.0072 0.0146
4 4a; Conc. & Cd 0.9994 0.0011 1.0004 0.0013 0.9942 -0.0058 0.0115 0.0062
5 4b; Conc. & Cd 1.0078 0.0011 1.0060 0.0013 0.9979 -0.0021 0.0112 0.0081
6 5a; 1.2 w/o B-Conc. 1.0087 0.0011 1.0077 0.0012 0.9942 -0.0058 0.0112 0.0135
7 5b; 1.2 w/o B-Conc. 1.0077 0.0012 1.0085 0.0014 1.0000 0.0000 0.0109 0.0085
8 6a; 1.2 w/o B-Conc. 1.0031 0.0011 1.0022 0.0013 0.9942 -0.0058 0.0112 0.0080
9 6b; 1.2 w/o B-Conc. 1.0079 0.0011 1.0108 0.0012 1.0000 0.0000 0.0109 0.0108
10 7a; 1.1 w/o B-Plast. 0.9987 0.0011 0.9993 0.0012 0.9942 -0.0058 0.0112 0.0051
11 7b; 1.1 w/o B-Plast. 1.0053 0.0010 1.0058 0.0013 1.0000 0.0000 0.0109 0.0058
12 8a; 2.5 w/o B-Conc. 1.0026 0.0010 1.0034 0.0011 0.9942 -0.0058 0.0112 0.0092
13 8b; 2.5 w/o B-Conc. 1.0055 0.0011 1.0072 0.0013 1.0000] 0.0000 0.0109 0.0072
14 9a; 1.1 w/o B-Plast. 0.9984 0.0011 0.9954 0.0012 0.9942 -0.0058 0.0112 0.0012
15 9b; 1.1 w/o B-Plast. 0.9961 0.0012 0.9971 0.0012 1.0000 0.0000] 0.0109 -0.0029
16 9¢; 1.1 w/o B-Plast. 0.9967 0.0012 0.9931 0.0012 0.9979 -0.0021 0.0105 -0.0048
17 10a; Conc. 1.0025 0.0011 1.0021 0.0011 0.9942 -0.0058 0.0115 0.0079
18 10c; Conc. 1.0027 0.0011 1.0016 0.0011 0.9979 -0.0021 0.0072 0.0036
19 10d; Conc. 0.9929 0.0011 0.9947 0.0013 0.9979 -0.0021 0.0106f -0.0032
Mean 1.0027 1.0027 0.9969 -0.0031 0.0107
Standard Deviation +- 0.0048 0.0054
Method Bias {3] 0.0058 0.0058
Uncertainty in Bias [4]  +/- 0.0117 0.0120

NOTES:

[1] Table 49, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
{2] Table 47, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).

(3] Method Bias = Mean - Mean Benchmark Model
(4] Uncertainty in Bias = (Standard Deviation? + Mean Benchmark Model Uncertainty*)®*

[5] CSAS26 Bias = CSAS26; 238 k. - Benchmark Model kes.
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Table 5. CSAS Results for Experiments in HEU-SOL-THERM-033; Borated Concrete and Plaster Only

Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2] CSAS26; 238
Experiment | Experiment/Case Description Ketr 1-Sigma Ketr 1-Sigma ket Bias Uncertainty Bias [5]
1 5a; 1.2 w/o B-Conc. 1.0087 0.0011 1.0077 0.0012 09942 -0.0058 0.0112 0.0135
2 5b; 1.2 w/o B-Conc. 1.0077 0.0012 1.0085 0.0014 1.0000 0.0000 0.0109q 0.0085
3 6a; 1.2 w/o B-Conc. 1.0031 0.0011 1.0022 0.0013 0.9942 -0.0058L 0.0112 0.0080
4 6b; 1.2 w/o B-Conc. 1.0079 0.0011 1.0108 0.0012 1.0000 0.0000 0.0109 0.0108
5 7a; 1.1 w/o B-Plast. 0.9987 0.0011 0.9993 0.0012 0.9942| -0.0058 0.0112 0.0051
6 7b; 1.1 w/o B-Plast. 1.0053 0.00lOI 1.0058 0.0013 1.0000;  0.0000 0.0109]  0.0058
7 8a; 2.5 w/o B-Conc. 1.0026 0.6010 1.0034 0.0011 09942 -0.0058 0.0112 0.0092
8 8b; 2.5 w/o B-Conc. 1.0055 0.0011 1.0072 0.0013 1.0000 0.0000 0.0109 0.0072
9 9a; 1.1 w/o B-Plast. 0.9984 0.0011 0.9954 0.0012 0.9942] -0.0058 0.0112 0.0012
10 9b; 1.1 w/o B-Plast. 0.9961 0.0012 0.9971 0.0012 1.0000 0.0000 0.0109] -0.0029
11 9¢; 1.1 w/o B-Plast. 0.9967 0.0012 0.9931 0.0012 09979 -0.0021 0.0105] -0.0048
Mean 1.0028 1.0028 0.9972  -0.0028 0.0110}
Standard Deviation +- 0.0047 0.0059
Method Bias [3] 0.0056 0.0056
Uncertainty in Bias [4]  +/- 0.0119 0.0125

NOTES:

{1] Table 49, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[2] Table 47, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[3] Method Bias = Mean - Mean Benchmark Model
[4] Uncertainty in Bias = (Standard Deviation? + Mean Benchmark Model Uncertainty®)**

[51 CSAS26 Bias = CSAS26; 238 k. - Benchmark Model k..
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Table 6, Summary of Grouped Statistics Results

CSAS26/238GROUPNDFS5

Experiment Group Standard Method Uncertainty

Mean Deviation (+/-) Bias in Bias (+/-)
All Experiments (Table 1) 1.0018 0.0049 0.0047 0.0117
No Borated Concrete or Plaster (Table 2) 1.0010 0.0041 0.0041 1] 0.0111
No Boron-free Concrete (Table 3) 1.0014 0.0049 0.0041 0.0118
All Concrete and Plaster Only (Table 4) 1.0027 0.0054 0.0058 0.0120
Borated Concrete and Plaster Only (Table 5) 1.0028 0.0059 0.0056 [1] 0.0125

NOTE:
[1] Evaluated variation in CSAS26/238 GROUPNDF method bias for systems "with” vs. "without” borated
supplemental neutron absorber materials = 0.0015 = 0.0056 - 0.0041.
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ATTACHMENT 6

CONCRETE AND CD/WATER REFLECTORS
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INTRODUCTION

The 191 critical experiments modeled for AOA(1) (see Section 6.1) include bare spheres, water
reflected spheres, concrete reflected spheres, cadmium/concrete reflected spheres, and
cadmium/water reflected spheres. This attachment divides the set into three subgroups (i.e.,
concrete reflector, Cd/water reflector, and water reflector experiments) to evaluate whether the
full group of 191 experiments adequately encompasses the subgroups.

A further evaluation of an addition experiment set involving 17 experiments (9 with cadmium) is
also presented.

USL FOR EXPERIMENTS WITH CONCRETE REFLECTORS

Twenty-nine experiments were selected using the PU-SOL-THERM-008 benchmark evaluations
to evaluate the effect of concrete reflectors on the reactivity of the system. These experiments
have similar characteristics:

e Pu-nitrate solution (30 g/l < C(Pu) < 100 g/l , 4.1% < % **°Pu < 4.6%)
e Spherical geometry
o Concrete reflector or cadmium/concrete reflector.

The evaluations include 24 experiments with a concrete reflector and five experiments with
cadmium and concrete reflectors.

EXPERIMENTS WITH CADMIUM/WATER REFLECTOR

Fourteen experiments were selected from the benchmark experiment PU-SOL-THERM-020 to
evaluate the effect of water and cadmium/water reflectors on the reactivity of the system. These
experiments were further divided to those experiments with and without Cd. The experiments
have the following characteristics:

e Pu-nitrate solution (30 g/l < C(Pu) <70 g/1,,4.67 % *°Pu)
¢ Spherical geometry.
Ten experiments are reflected by water and four are reflected by cadmium/water.

SUMMARY OF EVALUATIONS OF CONCRETE/CADMIUM EXPERIMENTS
INCLUDED IN THE AOA(1) EXPERIMENT SET

Table 1 provides a comparison of the mean kg of each subset with the mean k.g from the full
set. The table indicates that the bias is positive for all cases and that there is no significant
difference in the bias results. Furthermore, the variation is small compared to the level of
uncertainty in the computational bias accounted for in the determination of USL-1 in Section 6.1
of the report. Therefore, since the subsets are included in the calculation of the USL and
computational bias established for AOA(1), the USL and range established for the AOA(1) is
applicable to the subsets of concrete reflectors, Cd/water reflectors, and water reflectors.
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FURTHER EVALUATION OF CADMIUM REFLECTORS

As noted previously, some design applications in the MFFF involving plutonium nitrate (Pu-
nitrate) aqueous solutions include consideration of a full range of possible pure water reflection
conditions. For those applications, the benchmarks selected in Section 4.1 are directly applicable.
Other MFFF Pu-nitrate solution design applications incorporate cadmium as a neutron absorber
for criticality control purposes. This has been discussed above. While only four of the 191
selected benchmark experiments for AOA(1) involved cadmium a review of the International
Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency
1999), identifies another set of experiments in PU-SOL-THERM-022 which, although it has an
elevated concentration of 2**Pu compared to that used in criticality calculations for the MFFEF, is
otherwise suitable and provides good information on the impact of cadmium. Therefore, these
experiments were analyzed as reported in this attachment. These experiments are evaluated using
the SCALE 4.4 CSAS26 (KENO VI) criticality analysis sequence and the 238 energy group
cross-section library (238GROUPNDFS). The results of this evaluation are used to demonstrate
the applicability of the USL-1 acceptance criterion for AOA-1 presented in Section 6.1 of this
validation report to Pu-nitrate systems incorporating cadmium neutron absorber materials.

The evaluation begins by providing a brief description of the high enrichment U-nitrate solution
benchmark experiments and CSAS26/238GROUPNDFS analyzed results. The results are then
evaluated to determine the bias, if any, between k.g results obtained for experiments with
cadmium neutron absorbers and other similar experiments without these materials present.

PU-NITRATE SOLUTION EXPERIMENT DESCRIPTIONS AND ANALYZED
RESULTS

The critical experiments designated as PU-SOL-THERM-022 in the International Handbook of
Evaluated Criticality Safety Benchmark Experiments are used in order to validate the
CSAS26/238GROUPNDFS code system for use in Pu-nitrate solution design applications
involving cadmium supplemental neutron absorber materials. The PU-SOL-THERM-022
experiments were performed at the VALDUC facility in France and involved an annular steel
tanks containing fissile material solution with various materials inserted as a “plug” in the central
annulus region formed by the innermost annular tank. Materials inserted in the central region
included air and a paraffin cylinder surrounded by a sheet of Cadmium similar to the thickness
used in the slab tanks in the MFFF. Critical heights of the highly enriched solutions and reflector
were measured. A total of 17 experiments were performed. Nine were performed without
cadmium and eight were performed with cadmium sheets similar to that used on the slab tanks in
the MFFF. Of the 17 critical configurations, all 17 were judged acceptable for benchmark
applications by the experiment evaluator and reviewers (Nuclear Energy Agency 2002).

All 17 PU-SOL-THERM-022 critical experiments were analyzed by the handbook reviewers
using MCNP-4B (ENDF/B-VI cross section library) for verification purposes. Verification
results are reported in the handbook. For comparison, DCS prepared CSAS26 input files for each
of the 17 experiments and calculations were performed using the SCALE 4.4a with the
238GROUPNDFS5 cross section set. The calculated kegr results for the complete set of all 17 of
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the benchmark experiments are presented in Table 2. Also presented in Table 2 are estimated
values for measured k. and experiment uncertainties reported in the handbook and results of
statistical analysis performed on the calculated data. Calculated ke results and similar grouped
statistical analysis results are presented in Tables 3 and 4 for the following subsets of
experiments: (a) 9 experiments without cadmium and (b) 8 experiments with cadmium. A
summary of the statistical results for the three sets of experiment results evaluated is provided in
Table 5.

A review of the Table 5 results summary indicates that no significant non-conservative
difference in bias results for systems that include cadmium neutron absorbers as compared to
systems that do not when using CSAS26 and the 238GROUPNDFS5 cross section library. In fact,
the criticality calculations for the experiments with cadmium perform more better than those that
do not have cadmium. (This behavior is also reflected in the original MCNP results presented in
the handbook.) For example, the evaluated variation in CSAS26 method bias indicated for
benchmark experiment sets with and without cadmium (i.e., Table 3 and 4 method bias values) is
0.0071 lower. Yet the mean for the experiments with cadmium is 1.0004 matching the critical
value of experiments (i.e., kes=1.0000) closely. This variation is small compared to the level of
uncertainty in the method bias accounted for in the determination of USL-1 in Section 6.1 of the
report (i.e., 0.01). While the number of experiments in the PU-SOL-THERM-022 set is small (17
total) and thus can not conclusively establish that cadmium has no effect, the lack of results to
the contrary from this analysis supports the observation and provides additional rationale
supporting the acceptability of extrapolating Section 6.1 Pu-nitrate solution validation results to
MFFF design applications containing cadmium.

AREA(S) OF APPLICABILITY DETERMINATION

The general arrangement of the PU-SOL-THERM-022 critical experiments supports a
conclusion that the experiments evaluated encompass the entire AOA of any MFFF Pu-nitrate
design application that incorporates cadmium as a neutron absorber material. This conclusion is
based on the experiment arrangement that places cadmium sheets in the vicinity of steel tanks
containing fissile aqueous solutions.

SUMMARY

Table 1 shows that comparing the mean ks of each subset of experiments involving cadmium
and concrete reflectors contained in the 191 benchmarks with the mean kg from the full set
shows that the bias is positive for all cases and that there is no significant difference in the bias
results.

Results with additional experiments from the PU-SOL-THERM-022 benchmark experiment set
and calculated by the CSAS26/238GROUPNDFS criticality analysis methodology for Pu-nitrate
aqueous solution benchmark experiments containing cadmium and air within the central cavity
of an annular tank fissile configuration are also presented. Comparisons of results for these
experiments containing cadmium materials against results for no cadmium materials were
performed. The comparisons did not indicate any significant bias exists between
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CSAS26/238GROUPNDFS criticality analysis methodology calculated results for systems that
contain cadmium neutron absorber materials relative to systems that are cadmium-free.

Table 1. Mean calculated k. for full set and subsets of AOA(1) benchmarks

Sun Results (SCALE 4.4) PC Results (SCALE 4.42)
Metric All |Concrete| Cd/Conc| Water | CA/H20 All |Concrete} Cd/Conc| Water | Cd/H20
Num Exp| 191 29 5 10 4 191 29 5 10 4

Avgk | 1.0096 | 1.0177 | 1.0017 | 1.0070 | 1.0032 | 1.0095 | 1.0177 | 1.0014 | 1.0073 | 1.0019
cof Avg] 0.0046 | 0.0042 | 0.0053 | 0.0060 | 0.0061 | 0.0045 | 0.0040 ] 0.0052 | 0.0060 | 0.0060
Mink | 0.9968 | 0.9976 | 0.9976 | 1.0021 | 1.0004 | 0.9948 | 0.9948 | 0.9948 | 1.0022 | 0.9989
Maxk | 1.0320 | 1.0320 | 1.0060 | 1.0113 | 1.0096 | 1.0317 | 1.0317 | 1.0071 | 1.0104 | 1.0069
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Table 2. CSAS Results for All Experiments in PU-SOL-THERM-022
Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2) CSAS26;
238

Experiment | Experiment/Case Description | ke 1-Sigma | kg 1-Sigma | ke Bias - Uncertainty | Bias [5]
1 1, no Cadmium 0.9969 0.0009 1.0026 0.0015 1.0000 0.0000 0.0024 0.0026
2 2, no Cadmium 0.9992 0.0010 1.0050 0.0015 1.0000 0.0000 0.0022 0.0050
3 3, no Cadmium 1.0007 0.0008 1.0043 0.0014 1.0000 0.0000 0.0024 0.0043
4 4, no Cadmium 1.0012 0.0008 1.0072 0.0014 1.0000 0.0000 0.0024 0.0072
5 5, no Cadmium 1.0030 0.0008 1.0073 0.0014 1.0000 0.0000 0.0024 0.0073
6 6, no Cadmium 1.0023 0.0007 1.0090 0.0012 1.0000 0.0000 0.0032 0.0090
7 7, no Cadmium 1.0055 0.0007 1.0098 0.0013 1.0000 0.0000 0.0032 0.0098
8 8, no Cadmium 1.0048 0.0007 1.0097 0.0012 1.0000 0.0000 0.0032 0.0097
9 9, no Cadmium 1.0030 0.0007 1.0124 0.0011 1.0000 0.0000 0.0032 0.0124
10 10, With Cadmium 0.9966 0.0009 1.0013 0.0014 1.0000 0.0000 0.0016 0.0013
11 11, With Cadmium 0.9947 0.0009 0.9986 0.0014 1.0000 0.0000 0.0016 -0.0014
12 12, With Cadmium 0.9966 0.0009 1.0020 0.0013 1.0000 0.0000 0.0015 0.0020
13 13, With Cadmium 0.9948 0.0009 1.0005 0.0014 1.0000 0.0000 0.0015 0.0005
14 14, With Cadmium 0.9970 0.0009 1.0001 0.0013 1.0000 0.0000 0.0015 0.0001
15 15, With Cadmium 0.9933 0.0008 0.9986 0.0013 1.0000 0.0000 0.0015 -0.0014
16 16, With Cadmium 0.9942 0.0008 1.0024 0.0012 1.0000 0.0000 0.0015 0.0024
17 17, With Cadmium 0.9951 0.0008 0.9993 0.0013 1.0000 0.0000 0.0015 -0.0007

Mean 0.9988 1.0041 1.0000 0.0000 0.0022

Standard Deviation +/- | 0.0040 0.0044

Method Bias [3] -0.0012 0.0041

Uncertainty in Bias [4] +/- ] 0.0040 0.0044 )
NOTES:

{1] Table 10.b, Intemational Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).

[2] Table 9, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).

(3] Method Bias = Mean - Mean Benchmark Model

[4] Uncertainty in Bias = (Standard Deviation® + Mean Benchmark Model Uncertainty?)**
[5] CSAS26 Bias = CSAS26; 238 k. - Benchmark Model k.
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Table 3. CSAS Results for All Experiments in PU-SOL-THERM-022, No Cadmium
Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2] gss:sm
Experiment | Experiment/Case Description | kg 1-Sigma | ke 1-Sigma | key Bias Uncertainty | Bias [5]
1 1, no Cadmium 0.9969 0.0009 1.0026 | 0.0015 1.0000 | 0.0000 | 0.0024 0.0026
2 2, no Cadmium 0.9992 0.0010 1.0050 | 0.0015 1.0000 | 0.0000 | 0.0022 0.0050
3 3, no Cadmium 1.0007 0.0008 1.0043 | 00014 | 1.0000 |0.0000 |0.0024 0.0043
4 4, no Cadmium 1.0012 0.0008 1.0072 | 00014 | 1.0000 | 0.0000 | 0.0024 0.0072
5 5, no Cadmium 1.0030 0.0008 1.0073 | 0.0014 | 1.0000 | 0.0000 | 0.0024 0.0073
6 6, no Cadmium 1.0023 0.0007 1.0090 ] 00012 | 1.0000 |0.0000 |0.0032 0.0090
7 7, no Cadmium 1.0055 0.0007 1.0098 | 0.0013 1.0000 | 0.0000 | 0.0032 0.0098
8 8, no Cadmium 1.0048 0.0007 1.0097 | 00012 | 1.0000 |0.0000 |0.0032 0.0097
9 9, no Cadmium 1.0030 0.0007 1.0124 | 0.0011 1.0000 | 0.0000 | 0.0032 0.0124
Mean 1.0018 1.0075 1.0000  0.0000  0.0027
Standard Deviation +- | 0.0027 0.0031
Method Bias (3] 0.0018 0.0075
Uncertainty in Bias [4) +/- | 0.0027 0.0031 *
NOTES:

[1] Table 10.b, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).

[2] Table 9, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).

{3] Method Bias = Mean - Mean Benchmark Model
[4] Uncertainty in Bias = (Standard Deviation® + Mean Benchmark Model Uncertainty’)°"
[5] CSAS26 Bias = CSAS26; 238 k. - Benchmark Model k..




5

DUKE COGEMA

STONE & wEBSTER MFFF Criticality Code Validation - Part 1 Page 130 of 154
Table 4. CSAS Results for All Experiments in PU-SOL-THERM-022, With Cadmium
Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2] ;3388A826;

Experiment | Experiment/Case Description | ke 1-Sigma | kg 1-Sigma | kg Bias Uncertainty { Bias [5)
1 10, With Cadmium 0.9966 0.0009 1.0013 0.0014 1.0000 0.0000 0.0016 0.0013
2 11, With Cadmium 0.9947 0.0009 0.9986 0.0014 1.0000 0.0000 0.0016 -0.0014
3 12, With Cadmium 0.9966 0.0009 1.0020 0.0013 1.0000 0.0000 0.0015 0.0020
4 13, With Cadmium 0.9948 0.0009 1.0005 0.0014 1.0000 0.0000 0.0015 0.0005
5 14, With Cadmium 0.9970 0.0009 1.0001 0.0013 1.0000 0.0000 0.0015 0.0001
6 15, With Cadmium 0.9933 0.0008 0.9986 0.0013 1.0000 0.0000 0.0015 -0.0014
7 16, With Cadmium 0.9942 0.0008 1.0024 0.0012 1.0000 0.0000 0.0015 0.0024
8 17, With Cadmium 0.9951 0.0008 0.9993 0.0013 1.0000 0.0000 0.0015 -0.0007

Mean 0.9953 1.0004 1.0000 0.0000 0.0015

Standard Deviation +/- | 0.0013 0.0014

Method Bias {3] -0.0047 0.0004

Uncertainty in Bias [4] +/- | 0.0013 0.0014 *
NOTES:

{13 Table 10.b, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).

[2] Table 9, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).

[3] Method Bias = Mean - Mean Benchmark Model
[4] Uncertainty in Bias = (Standard Deviation? + Mean Benchmark Model Uncertainty?)**
[5] CSAS26 Bias = CSAS26; 238 K. - Benchmark Model k..
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Table 5. Summary of Grouped Statistics Results

CSAS26/238GROUPNDF5
Experiment Group Standard Method Uncertainty
Mean Deviation (+/-) ]Bias in Bias (+/-)
All Experiments (Table 2) 1.0041 0.0044 U0.0041 0.0117
No Cadmium (Table 3) 1.0075 [0.0031 Fo.oo75 ) lo.0031
Cadmium Only (Table 4) 1.0004 lo.0014 0.0004 [11]0.0014
NOTE:

(1] Evaluated variation in CSAS26/238GROUPNDF method bias for systems "with” vs. "without" cadmium
supplemental neutron absorber materials = -0.0071 = 0.0004 - 0.0075.
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ATTACHMENT 7

INPUT AND OUTPUT FILES
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The files listed in Figure 1 are provided on the attached compact disc media.
Figure 1 — Listing of Files on Attached Media

Volume in drive D is PartiAct?
Volume Serial Number is 79BPF-72rr

Directory of D:\

CASES <DIR> 10-04-01 2:06p CASES
0 file(s) 0 bytes

Directory of D:\CASES

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

| 24 <DIR> 10-04-01 2:06p PC

SUN <DIR> 10-04-01 2:06p Sun
0 tile(s) 0 bytes

Directory of D:\CASES\PC

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

AOAL <DIR> 10-04-01 2:06p AoA

ACA2 <DIR> 10-04-01 2:06p AcA2
0 file(s) 0 bytes

Directory of D:\CASES\PC\AOAl

. <DIR> 10-04-01 2:06p .
.. <DIR> 10-04-01 2:06p ..
PST_001 <DIR> 10-04-01 2:06p PST_001
PST_002 <DIR> 10-04-01 2:06p PST_002
PST_003 <DIR> 10-04-01 2:06p PST_003
PST_004 <DIR> 10-04-01 2:06p PST_004
PST_005 <DIR> 10-04-01 2:06p PST_005
PST_D06 <DIR> 20-04-01 2:06p PST_0O6
PST_0D08 <DIR> 10-04-01 2:06p PST_008
PST_011 <DIR> 10-04-01 2:06p PST_011
PST_014 <DIR> 10-04-01 2:06p PST_O014
PST_015 <DIR> 10-04-01 2:06p PST_01S
PST_016 <DIR> 10-04-01 2:06p PST_016
PST_017 <DIR> 10-04-01 2:06p PST_017
PST_020 <DIR> 10-04-01 2:06p PST_020
PST_025 <OIR> 10-08-01 2:06p PST_025
PST_026 <DIR> 10-04-01 2:06p PST_026
usL <DIR> 10-0¢-01 2:06p usl
0 tile(s) 0 bytes

Directory of D:\CASES\PC\ACA1\PST_001

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

PU_SOL~6 OUT 799,698 05-31-01 3:27p PU_SOL_TH_001_5_T8A_X6.out
PU_SOL~8 INP 4,312 05-29-01 3:51p PU_SOL_TH_001_6_T8A k6.inp
PU_SO~10 oUT 800,013 05-31-01 3:46p PU_SOL_TH_001_6_T8A _k6.out
PU_SO-12 INP 4,312 05-30-01 11:07a PU_SOL_TH 001_S_T8A k6.inp
PU_SO~14 INP 4,312 05-30-01 11:07a PU_SOL_TH_001_1_T8A _X6.inp
MI_SO~16 OUT 797,910 05-31-01 2:05p PU_SOL_TH_001_1_T8A k6.out
PU_SO~18 INP 4,311 05-29-01 3:51p PU_SOL_TH_001_2_TEA k6.inp
PU_S0~20 ouT 793,956 05-31-01 2:26p PU_SOL_TH_001_2_T8A_k6.out
PU_S0~22 INP 4,311 05-29-01 3:51p PU_SOL_TH_001_3_TB8A _X6.inp
PU_SO0~24 OUT 799,854 05-31-01 2:46p PU_SOL_TH_001_3_TS8A_k6.out
PU_SO~26 INP 4,312 05-29-01 3:51p PU_SOL_TH_001_4_TBA_X6.inp
PU_S0~28 OUT 801,932 05-31-01 3:07p PU_SOL_TH_001_4_TBA_Xx6.out

12 file(s) 4,819,233 bytes

Directory of D:\CASES\PC\ACA1\PST_002

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

GETKEN~6 TXT 731 09-21-01 3:05p getkeno.txt~

PU_SOL~8 INP 4,079 06-01-01 6:14p PU_SOL_TH_002_3_ké6_R2.inp
PU_SO~10 OUT 768,544 06-01-01 8:56p PU_SOIL_TH_002_3_k6_R2.out
PU_SO~12 INP 4,065 05-29-01 3:50p PU_SOL_TH_002_3_x6.inp
PU_SO~14 INP 4,065 05-29-01 3:50p PU_SOL_TH_002_4_Xx6.inp
PU_SO~16 INP 4,065 05-29-01 3:50p PU_SOL_TH_002_5_Xx6.imp
PU_SO~18 INP 4,065 05-29-01 3:50p PU_SOL_TH_002_6_x6.inp
PU_S0~20 INP 4,065 05-29-01 3:50p PU_SOL_TH_002_7_k6.inp
PU_S0~22 OUT 770,538 05-31-01 4:51p PU_SOL_TH_002_3_Xk6.out
PU_SO~24 OUT 771,987 05-31-01 S:13p PU_SOL_TH_002_4_ké.out
PU_SO~26 OUT 773,611 05-31-01 S:34p PU_SOL_TH_002_5_k6.out
PU_S0~28 ouT 771,385 05-31-01 S5:55p PU_SOL_TH 002_6_%6.ocut
PU_SO~30 oUT 772,891 05-31-01 6:16p PU_SOL_TH_002_7_Xk6.out
PU_SO-32 INP 4,065 05-29-01 3:50p PU_SOL_TH_002_1 X6.inp
PU_So~34 OuUT 772,314 05-31-01 4:08p PU_SOL_TH_002_31_k6.out
PU_SO~36 INP 4,080 06-01-01 6:12p PU_SOL_TH_002_1 k6_R2.inp
PU_S0~38 oUT 771,626 06-01-01 7:11p PU_SOL_TH 002_1_k6_R2.o0ut
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PU_SO~40 INP 4,065 05-29-01 3:50p PU_SOL_TH_002_2 X6.inp
PU_SO~-42 OUT 769,185 05-31-01 4:30p PU_SOL_TH_002_2 k6.out
PU_SO~44 INP 4,079 06-01-01 6:14p PU_SOL_TH_002_2_k6 _R2.inp
PU_SO~46 OUT 768,650 06-01-01 8:04p PU_SOL_TH 002_2_k6_R2.out

21 file(s) 7,752,155 bytes

Directory of D:\CASES\PC\AGAL\PST_003

. <DIR> 10-04-01 2:06p
.. <DIR> 10-04-01 2:06p
PU_SOL~6 INP 4,475 05-29-01 3:49p
PU_SOL~8 INP 4,475 05-29-01 3:49p
PU_SO~10 INP 4,475 05-29-01 3:49p
PU_SO~12 INP 4,475 05-29-01 3:49p
PU_SO~14 OUT 793,539 05-31-01 28:04p
PO_S0~16 OUT 792,015 05-31-01 8:25p
PU_SO~18 OUT 792,918 05-31-01 48:48p
PU_SO~20 oUT 788,215 05-31-01 9:10p
PU_SO~22 INP 4,475 05-29-01 J3:49p
PU_SO~24 OUT 787,931 05-31-01 6:38p
PU_S0~26 INP 4,475 05-29-01 2:49p
PU_S0~28 OUT 789,006 05-31-01 7:00p
PU_SO0~30 INP 4,475 05-29-01 3:49p
PU_S0~32 OUT 792,714 05-31-01 7:21p
PU_SO~34 INP 4,475 05-29-01 3:49p
PU_SO~36 OUT 792,646 05-31-01 7:43p
16 file(s) 6,364,784 bytes

Directory of D:\CASES\PC\ACAI\PST_004

. <DIR> 10-04-01 2:06p
. <DIR> 10-04-01 2:06p
PU_SOL~6 IRP 4,148 05-29-01 3:48p
PU_SOL~8 INP 4,148 05-29-01 3:48p
PU_SO~10 INP 4,066 05-29-01 3:48p
PU_SO~12 INP 4,066 05-29-01 2J:48p
PU_SO~14 INP 4,066 05-29-01 J3:47p
PU_SO~16 INP 4,066 05-29-01 2J3:47p
PU_SO~18 INP 4,066 05-29-01 3:47p
PU_S0~20 INP 4,066 05-29-01 23:48p
PU_S0~22 INP 4,066 05-29-01 3:47p
PU_SO~2¢4 OUT 766,296 06-01-01 1:53a
PU_SO~26 OUT 771,950 06-01-01 1:3ia
PU_SO~28 OUT 775,140 06-01-01 12:4%a
PU_SO~30 OUT 771,351 06-01-01 1:0%a
PU_SO~32 oUT 772,067 05-31-01 11:01p
PU_SO~34 OUT 774,476 06-01-01 12:06a
PU_SO~36 OUT 765,432 05-31-01 11:45p
PU_SO~38 oUT 778,825 05-31-01 11:23p
PU_SO~40 OUT 770,913 06-01-01 12:28a
PU_SO~42 INP 4,066 05-29-01 23:47p
PU_SO~44 OUT 772,413 05-31-01 9:33p
PU_SO~46 INP 4,066 05-29-01 3:48p
PU_SO~48 OUT 771,390 05-31-01 9:55p
PU_SO~50 INP 4,066 05-29-01 3:48p
PU_SO~52 OUT 772,206 05-31-01 10:17p
PU_SO~54 INP 4,066 05-29-01 3:48p
PU_S0~56 OUT 768,429 05-31-01 10:39p
26 file(s) 10,083,910 bytes

Directory of D:\CASES\PC\AGA1\PST_00S

<DIR> 10-04-01 2:06p
.. <DIR> 10-04-01 2:06p
PU_SOL~6 INP? 4,067 05-29-01 3:46p
PU_SOL~8 INP 4,067 05-29-01 3:46p
PU_S0~10 INP 4,067 05-29-01 3:46p
PU_SO~12 INP 4,067 05-29-01 2J:46p
PU_SO~14 INP 4,067 05-29-01 2J:46p
PU_SO~16 OUT 772,706 06-01-01 4:42a
PU_SO~18 OUT 776,586 06-01-01 S:04a
PU_S0O~20 OUT 768,648 06-01-01 3:40a
PU_SO~22 OUT 771,709 06-01-01 4:00a
PU_SO~24 OUT 773,424 06-01-01 4:21a
PU_SO~26 INP 4,067 05-29-01 3:45p
PU_SO~28 OUT 775,768 06-01-01 2:15a
PU_SO~30 INP 4,067 05-29-01 3:46p
PU_SO~32 QUT 772,675 06-01-01 2:36a
PU_SO~34 INP 4,067 05-29-01 3:46p
PU_SO~36 OUT 772,332 06-01-01 2:58a
PU_SO~38 INP 4,067 05-29-01 3:46p
PU_SO~40 OUT 770,292 06-01-01 3:19%a

18 file(s) 6,990,743 bytes

Directory of D:\CASES\PC\AOA1\PST_006

PU_SOL_TH_003_5_X6.inp
PU_SOL_TH_003_6_k6.inp
PU_SOL_TH_003_7_k6.inp
PU_SOL_TH_003_B_Xk6.inp
PU_SOL_TH_003_5_k6.out
PU_SOL_TH_003_6_k6.out
PU_SOL_TH_003_7_Xk6.out
PU_SOL_TH_003_8_Xk&.cut
PU_SOL_TH_003_1_X6. inp
PU_SOL_TH_003_1 k6.out
PU_SOL_TH_003_2_X6.inp
PU_SOL_TH_003_2_k6.out
PU_SOL_TH_003_3_k6.inp
PU_SOL_TH_003_3_Xk6.out
PU_SOL_TH_003_4_X6.inp
PU_SOL_TH_003_4_k6.out

PU_SOL_TH_004_13_X%6.inp
PU_SOL_TH_004_12_X6.inp
PU_SOL_TH_004_10_%6.inp
PU_SOL_TH_004_11_k6.inp
PU_SOL_TH_004_08_X6.inp
PU_SOL_TH_004_07_k6.inp
PU_SOL_TH_004_06_Xk6. inp
PU_SOL_TH_004_09_X6.inp
PU_SOL_TH_004_05_k6.inp
PU_SOL_TH_004_13_X6.out
PU_SOL_TH_004_12_Xké6.out
PU_SOL_TH_004_10_ké.out
PU_SOL_TH_004_11_ké6.out
PU_SOL_TH_004_05_k6.out
PU_SOL_TH_004_08_ké6.out
PU_SOL_TH_004_07_ké.out
PU_SOL_TH_004_06_k6.out
PU_SOL_TH_004_09_X6.out
PU_SOL_TH_004_02_Xk6.inp
PU_SOL_TH_004_01_k6.cut
PU_SOL_TH_004_02_x6. inp
PU_SOL_TH_004_02_k6.out
PU_SOL_TH_004_03_k6. inp
PU_SOL_TH_004_03_Xk6.out
PU_SOL_TH_004_04_x6.inp
PU_SOL_TH_004_04_k6.0ut

PU_SOL_TH_005_B_X6.inp
PU_SOL_TH_005_9_X6. inp
PU_SOL_TH_005_5_X6. inp
PU_SOL_TH_005_6_X6. inp
PU_SOL_TH_005_7_X6.inp
PU_SOL_TH_005_8_ké.out
PU_SOL_TH_005_8_ké6.out
PU._SOL_TH_005_5_%6.out
PU_SOL_TH_005_6_ké.out
PU_SOL_TH_005_7_k6.out
PU_SOL_TH_005_1_X6.inp
PU_SOL_TH_005_1_X6.out
PU_SOL_TH_005_2_X6.inp
PU_SOL_TH_005_2_Xk6.out
PU_SOL_TH_005_3_k6.inp
PU_SOL_TH_005_3_Xk6.out
PU_SOL_TH_00S_4_X6.inp
PU_SOL_TH_005_4_X6.cut

. <DIR> 10-04-01 2:06p .
. <DIR> 10-04-01 2:06p
PU_SOL~6 INP 4,042 05-29-01 3:44p

PU_SOL~8 OUT 768,057 06-01-01 5:26a
PU_SO~10 INP 4,042 05-29-01 3:44p
PU_S0O-12 OUT 771,522 06-01-01 S5:47a

PU_SOL_TH_006_CASE_1_k6. inp
PU_SOL_TH_006_CASE_1_k6.out
PU_SOL_TH_006_CASE_2_X6. inp
PU_SOL_TH_006_CASE_2_k6.out
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PU_SO~14 INP 4,042 05-29-01 3:45p PU_SOL_TH_006_CASE_3_Xk6.inp
PU_S0~16 OUT 773,418 06-01-01 6:0%a PU_SOL_TH_006_CASE_3_k6.out
6 file(s) 2,325,123 bytes

Directory of D:\CASES\PC\AOA1\PST_008

. <DIR> 10-04-01 2:06p .
. <DIR> 10-04-01 2:06p ..
PU_SOL~6 INP 1,636 05-29-01 3:53p PU_SOL_TH_008_casel2_Xx6.inp
PU_SOL~8 INP 1,561 05-29-01 3:54p PU_SOL_TH_008_casell X6.inp
PU_S0~10 INP 1,561 05-29-01 3:53p PU_SOL_TH_008_casel0 _Xk6.inp
PU_SO~12 INP 1,746 05-29-01 3:55p PU_SOL_TH_00B_case22_x6.inp
PU_SO~14 INP 1,746 05-29-01 3:55p PU_SOL_TH 008 _case2l k6.inp
PU_SO~16 INP 1,661 05-29-01 3:54p PU_SOL_TH_008_case20_k6.inp
PU_SO~18 INP 1,778 05-29-01 3:56p PU_SOL_TH_008_casel0_Xx§6.inp
PU_SO~20 INP 1,637 05-29-01 3:56p PU_SOL_TH_008_case08_%6.inp
PU_S0~22 NP 1,561 05-29-01 3:56p PU_SOL_TH_008_case07_Xx6.inp
PU_SO~24 INP 1,561 05-29-01 3:56p PU_SOL_TH_008_case05_k6.inp
PU_SO~26 INP 1,637 05-29-01 3:53p PU_SOL_TH_008_case09_k6.inp
PU_SO~28 INP 1,779 05-29-01 3:54p PU_SOL_TH_008_casel8_k6.inp
PU_SO~30 INP 1,776 05-29-01 3:54p PU_SOL_TH_008_casel7_k6.inp
PU_SO~32 INP 1,664 05-29-01 3:54p PU_SOL_TH_008_casel5_k6.inp
PU_SO-34 INP 1,749 05-29-01 3:54p PU_SOL_TH_008 caseld_x6.inp
PU_SO~-36 INP 1,636 05-29-01 3:54p PU_SOL_TH_008_caseld_ké.inp
PU_S0~38 INP 1,661 05-29-01 3:S4p PU_SOL_TH_008_casel6_x6.inp
PU_S0~40 INP 1,661 05-29-01 3:S4p PU_SOL_TH_008_casel9_Xx6.inp
PU_SO~42 INP 1,840 05-29-01 3:55p PU_SOL_TH_008_case28_k6.inp
PU_SO~44 INP 1,840 05-29-01 3:55p PU_SOL_TH_008_case27_X6.inp
PU_SO~46 INP 1,866 05-29-01 3:55p PU_SOL_TH_00B_case25_k6.inp
PU_SO~48 INP 1,661 05-29-01 3:55p PU_SOL_TH 008 _case2d_k6.inp
PU_SO~50 INP 1,661 05-29-01 3:55p PU_SOL_TH_008_case23_x6.inp
PU_SO~52 INP 1,749 05-29-01 3:55p PU_SOL_TH_008_case26_x6.inp
PU_SO~54 INP 1,779 05-29-01 3:56p PU_SOL_TH_008_case29_k6.inp
PU_S0~56 OUT 828,802 06-01-01 8:08a PU_SOL_TH_008_case08_k6.out
PU_S0~-58 OUT 826,583 06-01-01 7:55a PU_SOL_TH_008_cased?_k6.out
PU_S0~60 OUT 825,927 06-01-01 7:27a PU_SOL_TH_008_case05_k6.cut
PU_SO~62 OOT 824,934 06-01-01 8:16a PU_SOL_TH_008_case09_k6.out
PU_SO~64 OUT 830,567 06-01-01 11:18a PU_SOL _TH _008_casel8_ké6.out
PU_SO~66 OUT 828,793 06-01-01 10:59a PU_SOL_TH_008_casel?_X6.out
' PU_SO~68 OUT 826,692 06-01-01 10:20a PU_SOL_TH_008_casel5_X6.out
PU_SO~70 OUT 831,684 06-01-01 9:59a PU_SOL_TH_008_caseld_ké.out
PU_SO~72 OUT 828,714 06-01-01 9:44a PU_SOL_TH_008_casell_Xk6.out
PU_SO~T74 OUT 824,088 06-01-01 10:40a PU_SOL_TH_008_casel6_k6.out
PU_SO~76 OUT 827,278 06-01-01 11:39a PU_SOL_TH_008_casel9_ké.out
PU_SO~78 OUT 825,214 06-01-01 8:40a PU_SOL_TH_008_caseld_k6.out
PU_SO~80 OUT 826,129 06-01-01 9:23a PU_SOL_TH_008_casel2_ké.out
PU_S0~82 OUT 826,094 06-01-01 9:05a PU_SOL_TH_008_casell _X6.out
PU_SO~84 OUT 828,498 06-01-01 2:49p PU_SOL_TH_008_case28_Xk6.out
PU_S0~86 OUT 829,182 06-01-01 2:33p PU_SOL_TH_008_case27_k6.out
PU_S0~88 OUT 828,490 06-01-01 1:55p PU_SOL_TH_008_case25_k6.out
PU_S0-90 OUT 827,282 06-01-01 1:32p PU_SOL_TH_008_case24_X6.out
PU_S0~92 OUT 825,308 06-01-01 1:03p PU_SOL_TH 008_case23_k6.out
PU_SO~94 OUT 826,619 06-01-01 2:18p PU_SOL_TH_008_case26_k6.out
PU_SO~96 OUT 826,619 06-01-01 3:12p PU_SOL_TH_008_case29_ké.out
PU_S0~98 OUT 824,112 06-01-01 12:11p PU_SOL_TH_008_case20_k6.out
PU_S~100 OUT 825,474 06-01-01 12:36p PU_SOL_TH_008_case22_k6.out
PU_S~102 OUT 828,056 06-01-01 12:27p PU_SOL_TH_008_case2l _Xé6.out
PU_S-104 OUT 823,251 06-01-01 3:35p PU_SOL_TH_008_case30_Xk6.out
PU_S~106 INP 1,561 05-29-01 3:56p PU_SOL_TH 008_case0l_X6.inp
PU_S~108 OUT 826,186 06-01-01 6:26a PU_SOL_TH_00B_casedl kb.out
PU_S~-110 INP 1,561 05-29-01 3:55p PU_SOL_TH_00B _case02_k6.inp
PU_S~112 OUT 820,943 06-01-01 6:40a PU_SOL_TH_002_case02 _ké.out
PU_S~114 INP 1,561 05-29-01 3:56p PU_SOL_TH_008_case03_X6.inp
PU_S~116 OUT 825,181 06-01-01 6:55a PU_SOL_TH 0028 _case03_Xk6.out
PU_S~118 INP 1,561 05-29-01 3:56p PU_SOL_TH_008_case04_X6.inp
PU_S~120 OUT 832,211 06-01-01 7:09a PU_SOL_TH_008_case04_k6.out
58 file(s) 24,027,562 bytes

Directory of D:\CASES\PC\AoA1\PST_ 011

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

PU_SOL~6 INP 3,221 05-29-01 4:08p PU_SOL_TH 011 _C800_5_16_k6.inp
PU_SOL~8 INP 3,221 0S-29-01 4:08p PU_SOL_TH_011_C800_3_16_k6.inp
PU_SO~10 INP 3,221 05-29-01 4:08p PU_SOL_TH_011_C800_4_16_k6.inp
PU_SO~12 INP 3,959 05-29-01 4:07p PU_SOL_TH_011_CB00_7_18_%6.inp
PU_SO~14 INP 3,959 05-29-01 4:08p PU_SOL_TH_012_C800_5_18_x6.inp
PU_SO~16 INP 3,959 05-29-01 4:08p PU_SOL_TH _011_C800_3_18_X6.inp
PU_SO~18 INP 3,959 05-29-01 4:08p PU_SOL_TH_011_C800_4_18 X6.inp
PU_SO~20 INP 3,959 05-29-01 4:09p PU_SOL_TH_011 C800_6_18_k6.inp
PU_SO~22 OUT 750,934 05-31-01 4:25p PU_SOL_TH_011_C800_4_16_k6.out
PO_sSO~24 OUT 745,332 05-31-01 4:39p PU_SOL_TH 011 _C800_5_16_X6.out
PU_S0~26 OUT 743,710 05-31-01 4:10p PU_SOL_TH 011_CB00_3_16_Xx6.out
PU_SO~28 OUT 760,850 05-31-01 4:34p PU_SOL_TH_011_CB800_4_18_ké.out
PU_SO~30 OUT 752,779 05-31-01 4:5Sp PU_SOL_TH_011_C800_6_18_k6.out
PU_S0~32 OUT 760,669 05-31-01 5:04p PU_SOL_TH 011 _C800_7_18 X6.out
PU_SO~34 OUT 757,132 05-31-01 4:48p PU_SOL_TH_011_C800_5_18 k6.out
PU_SO~36 OUT 758,864 05-31-01 4:20p PU_SOL_TH_011_C800_3_18_k6.out
PU_SO~38 INP 3,221 05-29-01 4:09p PU_SOL_TH_011 C800_1_16 _k6.inp
PU_SO~40 OUT 744,560 05-31-01 3:40p PU_SOL_TH_ 011 _C800_1_16_k6.cut
PU_SO~42 INP 3,959 05-29-01 4:08p PU_SOL_TH 011 _C800_1_18_k6.inp
PU_SO~44 OUT 759,250 05-31-01 3:50p PU_SOL_TH_011 C800_1_18_k6.out
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PU_SO~46 INP 3,221

PU_SO-48 OUT 747,789

PU_SO~50 INP 3,959

PU_SO~52 OUT 756,582
24 file(s)

05-29-01
05-31-01
05-29-01
05-31-01

4:08p
3:55p
4:08p
4:05p

4,082,269 bytes

Directory of D:\CASES\PC\AOA1\PST_014

. <DIR>
.. <DIR>

PU_SOL~6 INP 6,633
PU_SOL~8 INP 6,633
PU_SO~10 INP 6,633
PU_SO~12 INP 6,633
PU_SO~1¢ INP 6,633
PU_SO~16 INP 6,633
PU_SO~18 INP 6,633
PU_SO~20 INP 6,633
PU_SO~22 INP 6,633
PU_SO~24 INP 6,633
PU_SO~26 INP 6,715
PU_SO~28 INP 6,715
PU_SO~30 INP 6,715
PU_SO~32 INP 6,715
PU_SO-34 INP 6,715
PU_SO~36 INP 6,633
PU_SO~38 INP 6,633
PO_SO~40 INP 6,715
PU_SO~42 IND 6,633
PU_SO~44 IND 6,633
PU_SO~46 IND 4,698
PU_SO~48 IND 6,750
PU_SO~S0 INP 6,734
PU_SO~52 INP 6,753
PU_SO~54 INP 6,748
PU_SO~56 INP 6,717
PU_SO~58 IND 6,633
PU_SO~60 INP 6,633
PU_SO~62 INP 6,551
PU_SO~64 INP 6,551
PU_SO~66 INP 6,633
RU_SO~68 OUT 843,009
PU_SO~70 OUT 842,492
PU_SO~72 OUT 842,029
PU_SO~74 OUT 842,846
PU_SO-76 OUT 842,902
PU_SO~78 OUT 842,986
PU_SO~80 OUT 843,134
PU_SO~82 OUT 841,973
PU_SO~84 OUT 842,606
PU_SO~B6 OUT 842,807
PU_SO~88 OUT 843,333
PU_S0~90 OUT 844,041
PU_SO0~92 OUT 842,576
PU_SO~94 OUT 843,572
PU_SO~96 OUT 844,579
PU_SO~98 OUT 842,666
PU_S-100 OUT 842,373
PU_S-102 OUT 842,926
PU_S~104 OUT 843,709
PU_S-106 OUT 845,453
PU_S~108 OUT 843,543
PU_S~110 OUT 845,154
PU_S~112 OUT 843,087
PU_S~114 OUT 843,233
PU_S~116 OUT 843,197
PU_S~118 OUT 841,728
PU_S~120 OUT 843,043
PU_S~122 OUT 842,571
PU_S~124 OUT 843,181
PU_S~126 OUT 842,375
PU_S~128 OUT 843,337
PU_S~130 INP 6,551
PU_S~132 OUT 841,771
PU_S~134 INP 6,551
PU_S~136 OUT 841,900
PU_S~138 INP 6,551
PU_S-140 OUT 842,217
PU_S-142 INP 6,551
PU_S~144 OUT 842,233

70 file(s)

10-04-01
10-04-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-31-01
05-31-01
05-31-01
05-31-01
05-31-01
05-31-01
06-01-01
05-31-01
06-01-01
05-31-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
05-31-01
05-31-01
05-31-01
05-31-01
05-31-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
05-31-01
05-31-01
05-31-01
05-31-01
05-31-01
05-30-01
05-31-01
05-30-01
05-31-01
05-30-01
05-31-01
05-30-01
05-31-01

2:06p
2:06p
11:16a
11:16a
11:17a
11:1%a
11:16a
11:17a
11:17%a
11:17a
11:17a
11:17a
11:15a
11:15a
11:15a
11:16a
11:15a
11:16a
11:16a
11:16a
11:16a
11:16a
11:14a
11:15%a
11:15a
11:15a
11:15a
11:15a
11:17a
11:14a
11:14a
11:14a
11:14a
8:26p
9:24p
8:07p
9:05p
8:45p
11:38p
12:37a
11:19%p
12:16a
11:57p
3:02a
4:04a
2:41a
3:43a
3:123a
11:00p
10:21p
10:02p
9:43p
10:40p
2:20a
1:39a
1:18a
12:58a
1:59a
4:25a
7:48p
7:10p
6:50p
6:33p
7:29p
11:14a
5$:22p
11:16a
5:40p
11:15a
5:58p
11:14a
6:15p

29,735,339 bytes

Directory of D:\CASES\PC\AoAl\PST_015

PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_so~14
PU_SO~16

555884

<DIR>

<DIR>
6,714
6,714
6,714
6,632
6,632
6,632

10-04-01
10-04-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01

2:06p

2:06p
11:1%a
11:19a
1l:19a
11:19a
11:19a
11:19a

PU_SOL_TH_011_C800_2_16_x6.inp
PU_SOL_TH _011_C800_2_16_X6.out
PU_SOL_TH_011_C800_2_18_X6.inp
PU_SOL_TH_011_C800_2_18_k6.cut

PU_SOL_TH_014_19_k6.inp
PU_SOL_TH_014_17_Xx6.inp
PU_SOL_TH_014_16_k6.inp
PU_SOL_TH_014_15_X%6.inp
PU_SOL_TH_014_18_Xx6.inp
PU_SOL_TH_014_12_X6.inp
PU_SOL_TH_014_11_X6.inp
PU_SOL_TH_014_14_k6.inp
PU_SOL_TH_014_10_k6.inp
PU_SOL_TH_014_13_k6.inp
PU_SOL_TH_014_29_X6.inp
PU_SOL_TH_014_27_k6.inp
PU_SOL_TH_014_26_X6.inp
PU_SOL_TH_014_25_%6.inp
PU_SOL_TH_014_28_Xx6.inp
PU_SOL_TH_014_22_k6.inp
PU_SOL_TH_014_21_ké.inp
PU_SOL_TH_014_24_k6.inp
PU_SOL_TH_014_20_X6.4inp
PU_SOL_TH_014_23_k6.inp
PU_SOL_TH_014_35_%6. inp
PU_SOL_TH_014_32_Xk6.inp
PU_SOL_TH_014_31_X6.inp
PU_SOL_TH_014_34_X6.inp
PU_SOL_TH_014_30_k6.inp
PU_SOL_TH_014_33_X6. inp
PU_SOL_TH_014_09_x6.inp
PU_SOL_TH_014_07_%6.inp
PU_SOL_TH_014_06_%6.inp
PU_SOL_TH_014_05_X6.inp
PU_SOL_TH_014_08_k6.inp
PU_SOL_TH_014_11_ké6.out
PU_SOL_TR_014_14_X6.0ut
PU_SOL_TH_014_10_Xx6.o0ut
PU_SOL_TH_014_13_X6.out
PU_SOL_TH_014_12_k6.0ut
PU_SOL_TH_014_21_k6.0out
PU_SOL_TH_014_24_X6.0ut
PU_SOL_TH_014_20_k6.0ut
PU_SOL_TH_014_23_k6.out
PU_SOL_TH_014_22_k6.out
PU_SOL_TH_D14_31_ké.out
PU_SOL_TH_014_34_Xx6.out
PU_SOL_TH_014_30_X6.out
PU_SOL_TH_014_33_k6.out
PU_SOL_TH_014_32_k6.out
PU_SOL_TH_014_19_k6.out
PU_SOL_TH_014_17_k6.out
PU_SOL_TH_014_16_X6.0ut
PU_SOL_TH_014_15_k6.out
PU_SOL_TH_014_18_k6.out
PU_SOL_TH_014_29_ké.out
PU_SOL_TH_014_27_k6.out
PU_SOL_TH_014_26_k6.out
PU_SOL_TH_014_25_k6.out
PU_SOL_TH_014_28_X6.out
PU_SOL_TH_014_35_X6.out
PU_SOL_TH_014_09_X6.cut
PU_SOL_TH_014_07_Xk6.out
PU_SOL_TH_014_06_ké.out
PU_SOL_TH_014_05_k6.out
PU_SOL_TH_014_08_Xk6.out
PU_SOL_TH_014_01_x6.inp
PU_SOL_TH_014_01_X6.o0ut
PU_SOL_TH_014_02_k6.inp
PU_SOL_TH_014_02_X6.out
PU_SOL_TH_014_03_Xk6.inp
PU_SOL_TH_014_03_k6.out
PU_SOL_TH_014_04_k6. inp
PU_SOL_TH_014_04_k6.out

PU_SOL_TH_015_17_X6. inp
PU_SOL_TH_015_16_X6. inp
PU_SOL_TH_015_15_X6. inp
PU_SOL_TH_015_12_X6.inp
PU_SOL_TH_015_11_k6.inp
PU_SOL_TH_015_14_k6.inp
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PU_SO~18
PU_S0~20
PU_S0~22
P_sS0~24
PU_SO~26
PU_SO-~28
PU_SO~30
PU_SO0~32
PU_SO-34
»_S0~36
PU_so~38
PU_SO~40
PU_SO~42
PU_so~-4d
PU_SO-46
PU_SO~48
PU_SO~50
PU_SO~52
PU_SO~54
PU_SO~56
PU_SO~58
PU_so~60
PU_SO~62
PU_SO~64
PU_SO~66
PU_SO~68
PU_S0~70
PU_S0~72

§49H9E998888999999998490 5451y

34 file(s)

6,632
6,632
6,632
6,632
6,468
6,550
6,632
845,491
845,789
845,195
846,128
845,704
846,541
847,128
845,939
846,146
846,077
043,437
845,445
845,635
6,550
831,314
6,550
843,969
6,550
844,700
6,550
845,212

05-30-01
05-30-01
05-30-01
05-30-01
05-30-02
05-30-01
05-30-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01

11:19a
11:19a
11:20a
11:18a
11:18a
11:18a
11:18a
7:41a
8:37a
7:22a
8:19a
8:00a
9:38a
9:18a
8:58a
7:042
6:26a
6:07a
5:51a
6:45a
11:18a
4:42a
11:19a
5:00a
11:19a
S$:17a
11:18a
S:34a

14,472,266 bytes

Directory of D:\CASES\PC\AOA1\PST_016

. <DIR>

. <DIR>

PU_SOL~6 INP 6,715
PU_SOL~8 INP 6,879
PU_SO~10 INP 6,879
PU_SO~12 INPD 6,879
PU_SO~14 INP 6,879
PU_SO~16 INP 6,715
PU_SO~18 INP 6,715
PU_SO~20 OUT 826,389
P_S0~22 T 824,532
PU_SO~2¢4 OUT 824,513
PU_SO~26 OUT 816,088
PU_SO~28 OUT 815,888
PU_SO~30 OUT 812,582
PU_SO~32 OUT 816,588
PU_SO~34 INP 6,879
PU_SO~36 OouUT 813,801
PU_SO~38 INP 6,879
PU_SO~40 OUT 810,155
PU_SO~42 IMP 6,879
PU_SO~44 OOT 811,360
PU_SO~46 INP 6,961
PU_SO~-48 OUT 811,104

22 file(s)

10-04-01
10-04-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
06-01-01
06-01-01
06-01-01
06-01-02
06-01-01
06-01-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01

2:06p

2:06p
11:21a
11:21a
11:21a
11:21a
11:21a
11:21a
11:21a
10:412
10:34a
10:28a
10:15a
10:10a
10:04a
10:21a
11:20a

9:43a
11:21a

9:48a
11:21a

9:53a
11:21a

9:58a

9,058,259 bytes

Directoxy of D:\CASES\PC\AOA1\PST_017

PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO-12
PU_SO~14
PU_SO~16
PU_SO-18
PU_SO~20
PU_S0~22
PU_SO~24
PU_SO~26
PU_SO~28
PU_SO-30
PU_SO~32
PU_SO~34
PU_SO~36
PU_SO-38
PU_SO~40

PU_SO~44
PU_SO~46
PU_SO~48
PU_SO~50
PU_SO~52
PU_SO~54
PU_SO-56
PU_SO~58
»U_SO~60
PU_SO~62
PU_SO~64

§488999998998988yyyuuuEyuannysy

<DIR>
<DIR>
6,879
6,879
6,879
6,879
6,879
6,879
6,875
6,879
6,879
6,879
6,551
6,879
6,879
6,879
813,431
813,585
814,406
813,546
814,647
814,063
813,757
813,330
813,367
813,509
814,303
813,316
813,378
813,431
6,551
812,775

10-04-01
10-04-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
05-30-01
06-01-01

2:06p

2:06p
11:23a
11:22a
11:22a
11:22a
11:22a
11:23a
11:23a
11:23a
11:23a
11:23a
11:23a
11:23a
11:23a
11:23a
10:17a
10:35a
10:11a
10:29%a
10:23a
10:05a

9:54a

9:48a

9:43a
10:00a
10:52a
10:47a
10:41a
10:58a
11:22a

9:21a

PU_SOL_TH_015_10_%6. inp
PU_SOL_TH_015_13_k6.inp
PU_SOL_TH_015_09_k6. inp
PU_SOL_TH_015_07_k6. inp
PU_SOL_TH_015_06_k6.inp
PU_SOL_TH_01S_05_k6. inp
PU_SOL_TH_01S_08_k6.inp
PU_SOL_TH_015_11_%6.out
PU_SOL_TH_015_14_k6.out
PU_SOL_TH_015_10_k6.cut
PU_SOL_TH_015_13_k6.out
PU_SOL_TH_015_12_k6.out
PU_SOL_TH_015_17_k6.out
PU_SOL_TH_015_16_k6.out
PU_SOL_TH_015_15_%6.out
PU_SOL_TH_015_09_X6.0ut
PU_SOL_TH_015_07_k6.out
PU_SOL_TH_015_06_k§.out
PU_SOL_TH_015_05_k6.out
PU_SOL_TH_015_08_%6.0ut
PU_SOL_TH_015_01_ké6.inp
PU_SOL_TH_015_01_k6.out
PU_SOL_TH_015_02_k6. inp
PU_SOL_TH_015_02_k6.out
PU_SOL_TH_015_03_k6.inp
PU_SOL_TH_015_03_k6.out
PU_SOL_TH_015_04_k6.inp
PU_SOL_TH_015_04_%6.0ut

PU_SOL_TH_016_09_%6.inp
PU_SOL_TH_016_07_k6. inp
PU_SOL_TH_016_06_X6. inp
PU_SOL_TH_016_05_Xk6. inp
PU_SOL_TH_026_08_k6. inp
PU_SOL_TH_016_11_k6.inp
PU_SOL_TH_016_10_k6. inp
PU_SOL_TH_016_11_k6.out
PU_SOL_TH_016_10_k6.out
PU_SOL_TH_016_09_k6.out
PU_SOL_TH_016_07_k6.out
PU_SOL_TH_016_06_k6 .out
PU_SOL_TH_016_05_%6.cut
PU_SOL_TH_016_08_k6.out
PU_SOL_TH_016_01_k6.4inp
PU_SOL_TH_016_01_k6.out
PU_SOL_TH_016_02_k6. inp
PU_SOL_TH_016_02_k6.out
PU_SOL_TH_016_03_k6.4inp
PU_SOL_TH_016_03_k6.cut
PU_SOL_TH_016_04_X6. inp
PU_SOL_TH_016_04_k6.out

PU_SOL_TH_017_09_k6.4inp
PU_SOL_TH_017_07_k6. inp
PU_SOL_TH_017_06_k6.inp
PU_SOL_TH_017_05_k6 . inp
PU_SOL_TH_017_08_X6.inp
PU_SOL_TH_017_17_X6.inp
PU_SOL_TH_017_16_X6.inp
PU_SOL_TH_017_15_%k6.inp
PU_SOL_TH_017_18_k6.inp
PU_SOL_TH_017_12_k6.inp
PU_SOL_TH_017_11_X6.4inp
PU_SOL_TH_017_14_X6&.inp
PU_SOL_TH_017_10_Xk6.inp
PU_SOL_TH_017_13_X6.4inp
PU_SOL_TH_017_11_k6.out
PU_SOL_TH_017_14_k6.0ut
PU_SOL_TH_017_10_k6.0ut
PU_SOL_TH_017_13_k6.out
PU_SOL_TH_017_12_k6.out
PU_SOL_TH_017_09_X%6.out
PU_SOL_TH_017_07_Xk6.out
PU_SOL_TH_017_06_%k6.out
PU_SOL_TH_017_05_k6.out
PU_SOL_TH_017_08_k6.out
PU_SOL_TH_017_17_X6.out
PU_SOL_TH_017_16_%6.o0ut
PU_SOL_TH_017_15_X6.out
PU_SOL_TH_017_18_k6.out
PU_SOL_TH_017_01_k6. inp
PU_SOL_TH_017_01_k6.out
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INP 6,879

ouT 813,845

INP 6,879

our 813,625

e 6,879

ouT 814,250
36 tileis)

05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01

11:22a
9:26a
11:22a
9:32a
11:22a
9:37a

14,769,730 bytes

Directory of D:\CASES\PC\AcA1\PST_020

PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_S0~16
PU_SO~18
PU_S0~20
PU_S0~22
PU_SO~24
PU_S0-26
PU_SO-28
PU_SO~30
PU_SO~32
PU_SO~34
PU_SO~36
PU_S0-38
PU_SO-40
PU_S0~42
PU_SO-44
PU_SO~46
PU_SO~48
PU_S0~50
PU_S0~52
PU_SO~54
PU_SO~56
PU_SO~-58
PU_SO~60

28 file(s)

§9899859853999uuguugugnguuyy

<DIR>
<DIR>
5,953
5,953
6,691
6,691
11,258
5,953
810,496
5,953
801,154
6,691
5,953
799,761
6,691
5,953
809,983
800,426
813,938
801,397
802,884
801,048
5,951
493,523
5,953
800,092
5,953
802,537
5,953
801,805

10-04-01
10-04-01
05-30-01
05-30-01
05-30-01
05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
05-30-01
06-01-01
05-30-01
05-30-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-06-01
06-06-01
05-30-01
06-01-01
05-30-01
06-01-01
05-30-01
06-01-01

2:06p
2:06p
8:05a
8:05a
8:05a
8:04a
1:40p
8:05a
2:04p
8:04a
12:51p
8:05a
8:04a
1:18p
8:05a
8:04a
&4:11p
2:30p
4:38p
2:57p
3:23p
3:48p
3:20p
3:45p
8:05a
11:33a
8:05a
12:01p
8:05a
12:26p

11,036,594 bytes

Directory of D:\CASES\PC\RoAl\PST_025

PSTHO2~6
PSTHO2-8
PSTHO~10
PSTHO~12
PSTHO-14
PSTHO~16
PSTHO-18
PSTHO-20
PSTHO~22
PSTHO~24
PSTHO~26
PSTHO~28
PSTHO~30
PSTHO~32
PSTHO~34
PSTHO~36
PSTHO~38
PSTHO-40
PSTHO~42
PSTHO-44
PSTHO~46
PSTHO~48
PSTHO~50
PSTHO~52
PSTHO~54
PSTHO~58
PSTHO-58

<DIR>
<DIR>
INP 8,250
INP 8,250
INP 8,250
INP 8,250
GIrF 2,193
GIr 2,064
crr 2,180
cIr 2,054
cIr 2,176
[~ ¢4 2,061
GIP 2,188
crIr 2,062
our 985,570
our 989,461
GIP 2,068
INP 1,813
ouT 988,969
TXT 1,754
GIPF 2,161
INP 8,250
our 988,625
cIr 2,054
INP 8,247
ouT 989,463
GIF 2,191
INP 8,250
ourr 989,412
27 tile(s)

10-04-01
10-04-01
08-23-01
08-23-01
08-22-01
08-22-01
08-23-01
08-23-01
08-23-01
08-23-01
08-23-01
08-23-01
08-24-01
08-24-01
08-23-01
08-24-01
08-22-01
08-21-01
08-22-01
08-21-01
08-22-01
08-21-01
08-22-01
08-22-01
08-21-01
08-23-01
08-22-01
08-22-01
08-23-01

2:06p
2:06p
1:06p
4:03p
1:06p
1:06p
4:20a
4:20a
11:14p
11:14p
9:03a
9:03a
3:57a
3:57a
9:03a
3:57a
10:56a
4:38p
10:56a
4:34p
10:56a
7:13p
11:38p
12:38p
4:40p
4:20a
11:38p
1:06p
11:14p

6,022,266 bytes

Directory of D:\CASES\PC\ACA1I\PST_026

PSTHO2~6
PSTH02-8
PSTHO~10
PSTHO~12
PSTHO~14
PSTHO~16
PSTHO~18
PSTHO~20
PSTHO~22
PSTHO-~24
PSTHO~26
PSTHO~28
PSTHO-30

SEEEEEEERER

§%

<DIR>

<DIR>
47,651
2,069
10,544
1,897
1,029,352
2,234
1,907
2,234
47,651
2,222
2,069
10,544
1,023,990

10-04-01
10-04-01
08-21-01
08-22-01
08-21-01
08-22-01
08-22-01
08-21-01
08-21-01
08-21-01
08-21-01
08-21-01
08-21-01
08-21-01

2:06p
2:06p
7:10p
6:13a
7:12p
6:13a
6:13a
7:08p
10:54p
7:06p
7:10p
7:02p
10:54p
7:12p

PU_SOL_TH_017_02_k6.inp
PU_SOL_TH_017_02_ké.out
PU_SOL_TH_017_03_ké.inp
PU_SOL_TH_017_03_ké.out
PU_SOL_TH_017_04_k6.inp
PU_SOL_TH_017_04_ké.out

PU_SOL_TH_020_06_T8A_X6.inp
PU_SOL_TH_020_07_T8A_X6.inp
PU_SOL_TH_020_08_T8A_XS&.inp
PU_SOL_TH_020_09_T8A_X6. inp
PU_SOL_TH_020_08_T8A_ké6.out
PU_SOL_TH_020_12_T8B_k6. inp
PU_SOL_TH_020_09_T8A_k6.cut
PU_SOL_TH_020_13_T8B_X6.inp
PU_SOL_TH_020_06_T8A_Xk6.cut
PU_SOL_TH_020_14_T8B_k6.inp
PU_SOL_TH_020_10_T88_X6.inp
PU_SOL_TH_020_07_T8A_Xk6.cut
PU_SOL_TH_020_15_T8B_X6.inp
PU_SOL_TH_020_11_T8B_k6.inp
PU_SOL_TH_020_14_T8B_ké.out
PU_SOL_TH_020_10_T6B_ké6.out
PU_SOL_TH_020_15_T8B_k6.cut
PU_SOL_TH_020_11_T8B_k6.out
PU_SOL_TH_020_12_T8B_ké.out
PU_SOL_TH_020_13_T8B_X6.out
PU_SOL_TH_020_01_T8A_X6.inp
PU_SOL_TH_020_01_T8A_Xk6.out
PU_SOL_TH_020_02_T8A_X6.inp
PU_SOL_TH_020_02_T8A_k6.out
PU_SOL_TH_020_03_T8A_X6. inp
PU_SOL_TH_020_03_T8A_k6.out
PU_SOL_TH_020_05_TB8A_XS6. inp
PU_SOL_TH_020_0S_TS8A_Xx6.cut

psth025_case3_c6. inp
psth025_cased_c6.inp
psth025_case5_c6.inp
psth025_cases_c6.inp
psth025_case3_c6.plot0001.gif
psth025_case3_c6.plot0000.gif
psth025_cased_c6.plot0001.gif
psth025_cased_c6.plot0000.gif
psth025_caseS5_c6.plot0001.gif
psth025_caseS_c6.plot0000.gif
psth025_caset_c6.plot0001.gif
psth025_caseb_c6.plot0000.git
psth025_case5_c6.out
psth025_case6_c6.out
psth025_casel_c6.plot0000.gif
psth025_casel_cStocé.inp
psth025_casel _c6.out
psthi25_casel_c5.txt
psth025_casel_c6.plot0001.gif
psth025_casel_c6.inp
psth025_case2_c6.out
psth025_case2_c6.plot0000.gif
psth025_casel c6_NBA.inp
psth025_case3_c6.out
psth025_case2_c6.plot0001.gif
psth025_case2_c6.inp
psth025_cased_c6.out

psth026_casel_c5tocé.out
psth026_caseld_c6.plot0001.gif
psth026_case3_c6.inp
psth026_case3_c6.plot0000.gif
psth026_case3_c6.out
psth026_case3_c5tocé.inp
path026_casel_c6.plot0000.gif
path026_casel_c5tocé6.inp
psth026_casel_cS5tocé.out
psth026_casel cS.txt
psth026_casel c6.plot0001.gif
psth026_casel_cé6.inp

08-21-01 10:54p psth026_casel _c6.out
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PSTHO-32 TXT 2,222 08-21-01 7:01p psth026_case2_c5.txt

PSTHO~34 GIP 1,907 08-22-01 2:34a psth026_case2_c6.plot0000.gif
PSTHO~36 INP 2,234 08-21-01 7:09p psth026_case2_c5toc6.inp
PSTHO~38 OUT 47,651 08-21-01 7:10p psth026_case2_c5tocé.out
PSTHO~40 TXT 2,222 08-21-01 7:03p psth026_case3_c5.txt

PSTHO~42 GIF 2,069 08-22-01 2:34a psth026_case2_c6.plot0001.gif
PSTHO~44 INP 10,544 08-21-01 7:12p psth026_case2_c6.inp

PSTHO-46 OUT 1,022,828 08-22-01 2:34a psth026_case2_c6.out

21 file(s) 3,276,041 bytes

Directory of D:\CASES\PC\AoAl\usl

. <DIR> 10-04-01 2:06p .
.o <DIR> 10-04-01 2:06p ..
CONCRE~S <DIR> 10-04-01 2:06p Concrete Reflector
PULLSE~? <DIR> 10-04-01 2:06p Pull Set
PUCONT~9 <DIR> 10-04-01 2:06p Pu content
WATER~11 <DIR> 10-04-01 2:06p Water Cadmium Reflector
WATER~13 <DIR> 10-04-01 2:06p Water Reflector
0 tile(s) 0 bytes

Directory of D:\CASES\PC\AcAl\usl\Concrete Reflector

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

PU-NIT-6 INP 911 09-25-01 10:32a Pu-Nitrite_Concrete_ Reflector_ EALF.inp

PU-NIT-8 OUT 5,122 09-25-01 10:34a Pu-Nitrite_Concrete_Reflector_EALF.out
2 file(s) 6,033 bytes

Directory of D:\CASES\FC\AoAl\usl\Full Set

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

PU-NIT-6 INP 6,042 09-24-01 2:01p Pu-Nitrite-EALF.inp

PU-NIT-8 OUT 13,566 09-24-01 2:03p Pu-Nitrite-EALP.out

PU-NI~-10 INP 5,599 09-24-01 2:03p Pu-Nitrite-HPu.inp

PU-NI~12 OUT 13,566 09-24-01 2:05p Pu-Nitrite-HPu.out

REDUC~14 INP 5,757 09-24-01 4:29p reduced_set_162_exp.inp

REDUC~16 OUT 12,047 09-24-01 4:31p reduced set_162_exp.out
6 file(s) 56,577 bytes

Directory of D:\CASES\PC\AcAl\usl\Pu content

. <DIR> 10-04-01 2:06p .

.o <DIR> 10-04-01 2:06p ..

PU-NIT~6 INP 1,211 09-24-01 2:09p Pu-Nitrite-Pu.inp

PU-NIT-8 OUT 5,956 09-24-01 2:10p Pu-Nitrite-Pu.out
2 tile(s) 7,167 bytes

Directory of D:\CASES\PC\AoAl\usl\Water Cadmium Reflector

. <DIR> 10-04-01 2:06p .
.. <DIR> 10-04-01 2:06p ..
0 file(s) 0 bytes

Directory of D:\CASES\PC\AoAl\usl\Water Reflector

- <DIR> 10-04-01 2:06p .
.. <DIR> 10-04-01 2:06p ..
0 file(s) 0 bytes

Directory of D:\CASES\PC\ACA2

. <DIR> 10-04-01 2:06p .
.. <DIR> 10-04-01 2:06p ..
MCT_002 <DIR> 10-04-01 2:06p MCT_002
MCT_003 <DIR> 10-04-01 2:06p ECT_003
MCT_004 <DIR> 10-04-01F 2:06p MCT_004
MCT._005 <DIR> 10-04-01 2:06p ¥CT_005
MCT_009 <DIR> 10-04-01 2:06p KCT_009
usL <DIR> 10-04-01 2:06p usl

0 file(s) 0 bytes

Directory of D:\CASES\PC\AcAZ\MCT_002

. <DIR> 10-04-01 2:06p .

.- <DIR> 10-04-01 2:06p ..

MIX_CO~6 INP 25,223 05-30-01 10:51a MIX_COMP_THERM_002_PNL35_X6.inp
MIX_CO-8 INP 25,223 05-30-01 10:52a MIX_COMP_THERM_002_PNL34_X6.inp
MIX _C~10 OUT 1,037,434 05-31-01 8:10a KIX COMP_THERM_002_PNL35_k6.out
MIX C~12 OUT 1,016,579 05-31-01 7:17a MIX_COMP_THERM_002_PNL34_ké6.out
MIX C~14 INP 25,223 05-30-01 10:52a MIX _COMP_THERM_002_PNL30_ké.inp
MIX _C-16 OUT 1,023,755 05-30-01 2:00p MIX_COMP_THERM _002_PNL30_k6.cut
MIX_C~18 INP 25,223 05-30-01 10:51la MIX_COMP_THERM_002_PNL31_X6.inp
MIX_C~20 ouT 1,043,498 05-30-01 2:51p MIX_COMP_THERM_002_PNLI1_Xk6.out
KIX_C~22 INP 25,223 05-30-01 10:52a MIX_COMP_THERM_002_PNL32_X6.inp
MIX_C~24 OUT 1,016,958 05-30-01 4:10p MIX COMP_THERM_002_PNL32_ké.out
MIX_C~26 INP 25,223 05-30-01 10:51a MIX _COMP_THERM_002_PNL33_k6.inp
MIX_C~28 OUT 1,034,110 05-30-01 4:57p MIX_COMP_THBRM_002_PNL33_ké.out

12 filels) 6,323,672 bytes

Directory of D:\CASES\PC\ACA2\MCT_003
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MIX_CO~6
KIX_CO-8
MIX_C~10
MIX _C-~12
MIX_C-14
MIX_C~16
AIX C~18
MIX_C-20
nIX_C~22
MIX_C~24
MIX_C~26
MIX C~28
NIX_C~30
MIX_C~32

CEEEEEEEEEER R

14 file(s)

<DIR>

<DIR>
1,013,112
1,008,733
1,010,552
23,666
23,666
23,666
23,666
1,010,990
23,666
1,015,766
23,666
1,014,981
23,830
1,016,672

10-04-01
10-04-01
05-31-01
05-31-01
05-31-01
05-30-01
05-30-01
05-30-01
05-30-01
05-31-01
05-30-01
05-31-01
05-30-01
05-31-01
05-30-01
05-31-01

2:06p .

2:06p ..

4:26p MIX_COMP_THERM_003_casd_ké6.out

5:59p MIX_COMP_THERM_003_cas5_k6.out

7:39p XIX_COMP_THERM_003_cas6_k6.out
10:58a NIX_COMP_THERM_003_casd_kx6.inp
10:58a MIX_COMP_THERM 003_cas5_k6.inp
10:58a KIX _COMP_THERM_003_cas6_Xx6.inp
10:56a MIX_COMP_THERM_003_casl_x6.inp
10:46a MIX_COMP_THERM_003_casl _Xk6.out
10:57a MIX_COMP_THERM_003_cas2-1_x6.inp
12:11p MIX_COMP_THERM_003 _cas2-1_Xx6.out
10:57a MIX_COMP_THERM_003_cas2-2_k6.inp

1:36p MIX_COMP_THERM_003_cas2-2_k6.out
10:58a NIX_COMP_THERM_003_cas3_k6.inp

2:50p MIX_COMP_THERM_003_casl_ké.out

7,256,632 bytes

Directory of D:\CASES\PC\AoA2\MCT_004

B <DIR>

.. <DIR>

MIX_CO~6 INP 21,704
MIX_CO~8 INP 21,704
MIX_C-10 INP 21,704
MIX_C-12 INP 21,704
MIX_C~14 INP 21,704
MIX_C~16 INP 21,708
XIX _C~18 NP 21,704
MIX_C~20 OUT 1,130,763
MIX_C~22 OUT 1,130,696
MIX_C~24 OUT 1,131,072
MIX_C~26 OUT 1,130,707
MIX_C~28 OUT 1,131,850
MIX_C~30 OUT 1,131,403
xx C~32 ouUT 1,131,388
MIX_C-~34 INP 21,704
MIX _C~36 OUT 1,132,379
MIX_C-38 INP 21,700
MIX_C-40 OUT 1,133,040
M1X_C~42 INP 21,704
MIX_C~4¢ OUT 1,133,002
MIX C~46 INP 21,704
MIX_C~48 oUT 1,131,131

22 file(s)

10-04-01
10-04-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
05-30-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
06-01-01
05-30-01
05-31-01
05-30-01
05-31-01
05-30-01
05-31-01
05-30-01
06-01-01

2:06p .
2:06p ..
11:0la NIX_COMP_THERM_004_cas05_k6.inp
10:59a XIX COMP_THERM _004_casl0_Xx6.inp
10:5%9a MIX _COMP_THERM_004_casll_x6.inp
11:01a XIX_COMP_TEERM _004_cas08_k6.inp
11:01a MIX_COMP_THERM_004_cas07_Xk6.inp
11:01a NIX_COMP_THERM 004_cas06_k6.inp
11:02a MIX_COMP_THERM 004_cas09_Xk6.inp
7:04a NIX_COMP_THERM_004_cas08_k6.out
5:35a NIX_COMP_THERM_004_cas07_k6.out
4:06a MIX_COMP_THERM 004_cas06_k6.ocut
8:34a MIX_COMP_THERM_004_cas09_k6.out
2:41a NIX_COMP_THERM_004_cas05_k6.out
10:07a MIX_COMP_THERM_004_caslO_k6.out
11:40a XIX_COMP_THERM_004_casll k6.out
10:59a MIX_COMP_THERM _004_cas01_k6.inp
9:03p MIX_COMP_THERM_004_cas0l_k6.out
11:00a MIX_COMP_THERM_004_cas02_k6.inp
10:26p MIX_COMP_THERM_004_cas02_ké6.out
11:00a MIX_COMP_THERM_004_cas03_ké.inp
11:49p MIX_COMP_THERM_004_cas03_k6.out
11:00a MIX _COMP_THERM 004_cas0d_x6.inp
1:15a MIX_OOMP_THERM_004_cas04_ké6.out

12,686,171 bytes

Directory of D:\CASES\PC\AoA2\MCT_005

12 file(s)

§4835489335y

<DIR>

<DIR>
92,572
92,572
1,399,151
1,394,434
92,735
1,404,842
92,763
1,410,062
92,572
1,405,905
92,572
1,404,528

10-04-01
10-04-01
05-30-01
05-30-01
06-02-01
06-02-01
08-30-01
08-30-01
05-30-01
06-01-01
05-30-01
06-01-01

2:06p .
2:06p ..
11:03a mixct_005_case5_x6.inp
11:03a mixct_005_case6_Xx6.inp
2:31a mixct_005_case5_k6.cut
5:38a mixct_005_case6_k6.out
5:48p mixct_005_casel Xk6.inp
10:52p mixct_005_casel_k6.out
11:02a mixct_005_case2_k6.inp
6:22p mixct_005_case2_ké.out
11:03a mixct_005_case3_k6.inp
8:34p mixct_005_case3_ké.out

05-30-01 11:03a mixct_005_cased_x6.inp
06-01-01 11:11p mixct_005_cased_k6.out

8,974,708 bytes

Directory of D:\CASES\PC\AOA2\MCT_009

MIXCT_~6
MIXCT -8
MIXCT~10
KIXCT-12
MIXCT-14
MIXCT-16
MIXCT-18
MIXCT-20
MIXCT-22
MIXCT-24
NIXCT-26
MIXCT-28

12 file(s)

EEFEEEERR

<DIR>

<DIR>
145,340
145,318
1,706,982
1,715,630
146,078
1,713,599
145,564
1,716,847
145,362
1,704,225
145,236
1,715,819

10-04-01 2:06p .

10-04-01 2:06p ..

05-30-01 11:04a mixct_009_case5_k6.inp
05-30-01 11:05a mixct_009_case6_k6.inp
06-01-01 9:55p mixct_009_case5_k§.out
06-01-01 10:58p mixct_009_caseé_k6.out
05-30-01 11:04a mixct_009_casel x6.inp
06-01-01 5:55p mixct_009_casel k6.out
05-30-01 11:05a mixct_009_case2_k6.inp
06-01-01 6:54p mixct_009_case2 k6.out
05-30-01 11:04a mixct_009_case3_k6.inp
06-01-01 7:52p mixct_009_case3_ké.out
05-30-01 11:04a mixct_009_cased _k6.inp
06-01-01 8:52p wmixct_009_cased_ké6.out

11,146,000 bytes

Directory of D:\CASES\PC\AoA2\usl

FULLSE~5S

<DIR>
<DIR>
<DIR>

0 file(s)

10-04-01 2:06p .

10-04-01 2:06p ..

10-04-01 2:06p Full Set
0 bytes

Directory of D:\CASES\PC\RoA2\usl\Full Set
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. <DIR>
.. <DIR>
NIX_FU~6 INP 1,104
NIX_FU~8 OUT 5,407
XIX F~10 INP 1,297
XIX F~12 OUT 5,407
MIX_F-14 INP 1,113
XIX_r-16 our 5,619
6 file(s)

Directory of D:\CASES\Sun

. <DIR>

.. <DIR>

AOAL <DIR>

AOR2 <DIR>
0 file(s)

10-04-01 2:06p .

10-04-01 2:06p ..

09-24-01 3:10p MIX_Pull_Set_EALF.inp
09-24-01 3:17p MIX_Full_Set_EALF.out
09-24-01 3:09p MIX_Full_Set_pu02.jinp
09-24-01 3:18p MIX_Full_Set_PuO2.out
09-24-01 3:15p MIX_Full_Set_VuVE.inp
09-24-01 3:16p MIX Full Set_VmVf.out

19,947 bytes

10-04-01 2:06p .

10-04-01 2:06p ..

10-04-01 2:06p AcAl

10-04-01 2:06p AcA2
0 bytes

Directory of D:\CASES\Sun\AcAl

. <DIR>
e <DIR>
PST_001 <DIR>
PST_002 <DIR>
PST_003 <DIR>
PST_004 <DIR>
PST_005 <DIR>
PST_006 <DIR>
PST_008 <DIR>
PST_011 <DIR>
PST_014 <DIR>
PST_015 <DIR>
PST_016 <DIR>
PST_017 <DIR>
PST_020 <DIR>
PST_025 <DIR>
PST_026 <DIR>
PU_S0~35 <DIR>
usL <DIR>
0 file(s)

10-04-01 2:06p .
10-04-01 2:06p ..
10-04-01 2:06p PST_001
10-04-01 2:06p PST_002
10-04-01 2:06p PST_003
10-04-01 2:06p PST_004
10-04-01 2:06p PST_005
10-04-01 2:06p PST_006
10-04-01 2:06p PST_008
10-04-01 2:06p PST_011
10-04-01 2:06p PST 014
10-04-01 2:06p PST_ 015
10-04-01 2:06p PST_016
10-04-01 2:06p PST_017
10-04-01 2:06p PST_020
10-04-01 2:06p PST_025
10-04-01 2:06p PST_026
10-04-01 2:06p PU_SOL_THERM
10-04-01 2:06p usl

0 bytes

Directory of D:\CASES\Sun\AGA1\PST_001

. <DIR>

. <DIR>

001_INP <DIR>

oo1_out <DIR>
0 tileis)

10-04-01 2:06p .

10-04-01 2:06p ..

10-04-01 2:06p 001_INP

10-04-01 2:06p 001_OUT
0 bytes

Directory of D:\CASES\Sun\AcA1\PST_001\001_IKP

. <DIR>
. <DIR>
PU_SOL~6 4,311
PU_SOL~8 4,311
PU_SO-10 4,311
PU_SO~12 4,311
PU_SO-14 4,311
PU_SO~16 4,311
6 file(s)

10-04-01 2:06p .

10-04-01 2:06p ..

03-30-01 10:08a PU_SOL_TH_001_6_T8A k6
03-30-01 10:08a PU_SOL_TH_001_S_T8A_k6
03-30-01 10:08a PU_SOL_TH_001_1_T8A_ké6
03-30-01 10:08a PU_SOL_TH_001_2_T8A_kS6
03-30-02 10:08a PU_SOL_TH_001_3_TB8A_k6
03-30-01 10:08a PU_SOL_TH_001_4_TB8A_k6

25,866 bytes

Directory of D:\CASES\Sun\AGAl\PST_001\001_OUT

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

PU_SOL~6 OUT 509,114 03-30-01 10:08a PU_SOL_TH_001_5_T8A_k6.out
PU_SOL~8 OUT 506,625 03-30-01 10:08a PU_SOL_TH_001_6_TSA_k6.out
PU_SO~10 OUT 505,514 03-30-01 10:08a PU_SOL_TH_001_1_T8A X6.out
PU_SO0~12 OUT 506,385 03-30-01 10:08a PU_SOL_TH_001_2_T8A_X6.out
PU_SO~14 oUT 505,604 03-30-01 10:08a PU_SOL_TH_001_3_T8A _k6.out
PU_SO-16 OUT 513,418 03-30-01 10:08a PU_SOL_TH_001_4_T8A k6.out

6 file(s) 3,046,660 bytes

Directory of D:\CASES\Sun\AcAl\PST_002

. <DIR>

.. <DIR>

002_INP <DIR>

002_ouT <DIR>
0 tile(s)

10-04-012 2:06p

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p
0 bytes

002_inp
002_out

Directory of D:\CASES\Sun\AoAl\PST_002\002_inp

. <DIR>

. <DIR>

PU_SOL~6 4,065
PU_SOL~8 4,065
PU_SO~10 4,065
PU_SO~12 4,065
PU_SO~14 4,065
PU_SO~16 4,065
PU_SO~18 4,065

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

PU_SOL_TH_002_5_ké6
PU_SOL_TH_002_7_Xk6
PU_SOL_TH_002_6_Xk6
PU_SOL_TH_002_1_Xké
PU_SOL_TH_002_2_Xx6
PU_SOL_TH_002_3_x6
PU_SOL_TH_002_4_k6
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7 file(s)

28,455 bytes

Directory of D:\CASBS\Sun\AocAl\PST_002\002_out

. <DIR>

.. <DIR>

PU_SOL~6 OUT 474,734
PU_SOL~8 00T 477,965
$U_SO~10 OUT 479,903
PU_SO~12 OUT 483,825
PU_SO~14 OUT 476,325
PU_SO~16 OUT 474,751
PU_SO~18 OUT 477,309

7 file(s)

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-03 10:08a
03-30-01 10:08a
03-30-01 10:08a

3,344,812 bytes

Directory of D:\CASES\Sun\AoA1l\PST_003

. <DIR>

.. <DIR>

003_INP <DIR>

003_ouT <DIR>
0 file(s)

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p
0 bytes

PU_SOL_TH_002_S_k6.ocut
PU_SOL_TH_002_6_k6.out
PU_SOL_TH_002_7_Xk6.out
PU_SOL_TH_002_1_ké.out
PU_SOL_TH_002_2_k&.out
PU_SOL_TH_002_3_k6.out
PU_SOL_TH_002_4_X6.cut

663_1119
003_out

Directory of D:\CASES\Sun\AcAl\PST_003\003_inp

. <DIR>
.- <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO-~14
PU_SO~16
PU_SO~18
PU_SO0~20

8 file(s)

4,475
4,475
4,475
4,475
4,475
4,475
4,475
4,475

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

35,800 bytes

PU_SOL_TH_003_6_k6
PU_SOL_TH_003_8_Xké
PU_SOL_TH_003_5_ké
PU_SOL_TH_003_7_ké
PU_SOL_TH_003_1_Xx6
PU_SOL_TH_003_2_ké
PU_SOL_TH_003_3_Xk6
PU_SOL_TH_003_4_k6

Directory of D:\CASES\Sun\AGAl\PST_003\003_out

. <DIR>

.. <DIR>

PU_SOL~6 OUT 502,223
PU_SOL~8 OUT 491,381
PU_SO~10 OUT 498,887
PU_S0~-12 oUT 499,680
PU_SO~14 OUT 498,323
PU_SO~16 OUT 502,936
PU_SO~18 OUT 496,892
PU_SO~20 OUT 498,300

8 file(s)

10-04-02 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

3,988,622 bytes

Directory of D:\CASES\Sun\AoAl\PST_004

. <DIR>

.. <DIR>

004_1INP <DIR>

004_oUT <DIR>
0 tile(s)

10-04-01

10-04-01

10-04-01 2:06p

10-04-01 2:06p
0 bytes

2:06p
2:06p

PU_SOL_TH_003_5_k6.0out
PU_SOL_TH_003_6_%6.0ut
PU_SOL_TH_003_7_k6.out
PU_SOL_TH_003_8_ké.out
PU_SOL_TH_003_1_ké.out
PU_SOL_TH_003_2_X6.out
PU_SOL_TH_003_3_k6.out
PU_SOL_TH_003_4_X6.0ut

004_inp
004_out

Directory of D:\CASES\Sun\AoA1\PST_004\004_inp

. <DIR>
. <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO-~12
PU_SO~14
PU_SO~16
PU_SO~18
PO_S0~20
PU_SO-~22
PU_S0~24
PU_SO~26
PU_SO~28
PU_SO~30

13 tile(s)

4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,147
4,147

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

53,009 bytes

PU_SOL_TH_004_2_k6
PU_SOL_TH_004_4_k6
PU_SOL_TH_004_6_k6
PU_SOL_TH_004_8_ké
PU_SOL_TH_004_1_x6
PU_SOL_TH_004_3_X6
PU_SOL_TH_004_5_Xk6
PU_SOL_TH_004_7_k6
PU_SOL_TH_004_9_ké
PU_SOL_TH_004_10_ké
PU_SOL_TH_004_11_X6
PU_SOL_TH_004_12_Xx6
PU_SOL_TH_004_13_Xk6

Directory of D:\CASES\Sun\AoAl\PST_004\004_out

. <DIR>

.e <DIR>

PU_soi~6 oUuT 479,228
PU_SOL~8 OUT 478,606
PU_SO~10 ouT 484,119
PU_SO~12 ouUT 478,737
PU_SO~14 OUT 481,728
PU_SO~16 OUT 479,515
PU_SO~18 OUT 479,228
PU_SO~20 OUT 478,577
PU_S0~22 OUT 481,675
PU_SO~24 OUT 485,163

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

PU_SOL_TH_004_13_k6.out
PU_SOL_TH_004_12_X6.out
PU_SOL_TH_004_10_Xk6.ocut
PU_SOL_TH_D04_11_Xx6.0ut
PU_SOL_TH_004_05_k6.o0ut
PU_SOL_TH_004_08_Xk6.out
PU_SOL_TH_004_07_ké.out
PU_SOL_TH_004_06_k6.out
PU_SOL_TH_004_09_k6.0ut
PU_SOL_TH_004_01_ké.out
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PU_S0-26 0UT 479,590 03-30-01 10:08a PU_SOL_TH_004_02_k6.out
PU_S0-28 OUT 488,046 03-30-01 10:08a PU_SOL_TH_004_03_X6.cut
PU_SO-30 oUT 478,713 03-30-01 10:08a PU_SOL_TH_004_04_X6.out

13 file(s) 6,254,925 bytes

Directory of D:\CASES\Sun\AOA1\PST_005

. <DIR> 10-04-01 2:06p

.. <DIR> 10-04-01 2:06p

005_INP <DIR> 10-04-01 2:06p

005_our <DIR> 10-04-01 2:06p
0 filels) 0 bytes

005_inp
005_out

Directory of D:\CASES\Sun\AoA1l\PST_005\005_inp

. <DIR> 10-04-01 2:06p
. <DIR> 10-04-01 2:06p
PU_SOL~6 4,065 03-30-01 10:08a

PU_SOL~8 4,065 03-30-01 10:08a
PU_SO~10 4,065 03-30-01 10:08a
PU_S0O~12 4,065 03-30-01 10:08a
PU_S0~14 4,065 03-30-01 10:08a
PU_SO~16 4,065 03-30-01 10:08a
PU_SO~18 4,065 03-30-01 10:08a
PU_S0~20 4,065 03-30-01 10:08a
PU_S0~22 4,065 03-30-01 10:08a

9 filel(s) 36,585 bytes

PU_SOL_TH_005_5_%6
PU_SOL_TH_005_7_ké
PU_SOL_TH_005_9_ké
PU_SOL_TH_005_6_ké€
PU_SOL_TH_005_8_Xx¢
PU_SOL_TH_005_1_Xk6
PU_SOL_TH_005_2_k6
PU_SOL_TH_005_3_k6
PU_SOL_TH_005_4_k6

Directory of D:\CASES\Sun\AoA1\PST_005\005_out

. <DIR> 10-04-01 2:06p
. <DIR> 10-04-01 2:06p
PU_SOL~6 OOT 483,604 03-30-01 10:08a
PU_SOL~8 OUT 487,283 03-30-01 10:08a
PU_SO~10 OUT 480,770 03-30-01 10:08a
PU_SO~12 OUT 480,616 03-30-01 10:08a
PU_SO~14 OUT 483,781 03-30-01 10:08a
PU_SO~16 OUT 488,300 03-30-01 10:08a
PU_S0~18 OUT 482,387 03-30-01 10:08a
PU_SO~20 QUT 478,276 03-30-01 10:08a
PU_S0~22 OUT 480,040 03-30-01 10:08a
9 file(s) 4,345,057 bytes

Directory of D:\CASES\Sun\AocAl\PST_006

. <DIR> 10-04-01 2:06p
. <DIR> 10-04-01 2:06p
CALCUL~6 5,383 (9-20-01 8:33a
CONC 11 09-20-01 8:3a
CONRCPU 25 09-20-01 8:33a
LANCE_C6 108 09-20-01 8:33a
LANCE_X6 101 09-20-01 8:33a
PU_SO~16 1,033 09-20-01 8:33a

PU_SO~18 1,014 09-20-01 8:33a
PU_S0~20 934 09-20-01 8:33a
PU_S0-22 4,042 09-20-01 8:33a

PU_SO~24 4,042 09-20-01 8:33a
PU_S0~26 966 09-20-01 8:33a
PU_S0~28 MSG 54 09-20-01 8:33a
PU_S0O~30 our 792,524 09-20-01 8:33a
PU_S0~32 4.042 09-20-01 8:33a
PU_SO~34 MSG 54 09-20-01 8:33a
PU_SO~36 OUT 790,778 09-20-01 8:33a
PU_SO~38 1,046 09-20-01 B8:33a
PU_SO~40 MSG S4 09-20-01 B:33a
PU_SO~42 OUT 791,938 09-20-01 8:33a
PU_SO~44 953 09-20-01 8:33a
RESULT 414 09-20-01 8:33a
TOTO 96 09-20-01 8:33a
22 file(s) 2,399,612 bytes

Directory of D:\CASES\Sun\AoAl\PST_008

. <DIR> 10-04-01 2:06p

. <DIR> 10-04-01 2:06p

008_1NP <DIR> 10-04-01 2:06p

008_ouT <DIR> 10-04-01 2:06p
0 file(s) 0 bytes

PU_SOL_TH_005_8_k6.out
PU_SOL_TH_005_9_k6.out
PU_SOL_TH_005_5_k6.out
PU_SOL_TH_005_6_k6.out
PU_SOL_TR_005_7_X6.out
PU_SOL_TH_005_1_k6.out
PU_SOL_TH_005_2_k6.out
PU_SOL_TH_005_3_k6.out
PU_SOL_TH_005_4_k6.out

calcul_mod

conc

concpu

lance_c6

lance_ké
PU_SOL_TH_006_CASE_2_tocé
PU_SOL_TH_006_CASE_3_toc6
PU_SOL_TH_006_CASE_3}
PU_SOL_TH_006_CASE_2_Xk6
PU_SOL_TH_006_CASE_3_ké
PU_SOL_TH_006_CASE_1
PU_SOL_TH_006_CASE_1_Xx6.msgs
PU_SOL_TH_006_CASE_1_k6.out
PU_SOL_TH_006_CASE_1_k6
PU_SOL_TH_006_CASE_2 _k6.msgs
PU_SOL_TH_006_CASE_2_k6.out
PU_SOL_TH_006_CASE_1_toct
PU_SOL_TH_006_CASE_3_k6.msgs
PU_SOL_TH_006_CASE_3_X6.out
PU_SOL_TH_006_CASE_2

result

toto

008_INP
008_our

Directory of D:\CASES\Sun\AoA1l\PST_008\008_INP

. <DIR> 10-04-01 2:06p
. <DIR> 10-04-01 2:06p
PU_SOL~6 1,776 03-30-01 10:09a
PU_SOL~8 1,744 03-30-01 10:0%a
PU_SO~10 1,659 03-30-01 10:0%9a
PU_SO~12 1,744 03-30-01 10:09a
PU_SO~14 1,662 03-30-01 10:0%a
PU_SO~16 1,747 03-30-01 10:09a
PU_SO~18 1,659 03-30-01 10:09a
PU_S0~20 1,864 03-30-01 10:09a
PU_S0-22 1,659 03-30-01 10:09a

PU_SOL_TH_008_casel0_ké
PU_SOL_TH_008_case2l k6
PU_SOL_TH_008_case20_ké
PU_SOL_TH_008_case22_ k6
PU_SOL_TH_008_caselS_k6
PU_SOL_TH_008_caseld_k6
PU_SOL_TH_008_casel6é_ké
PU_SOL_TH_008_case25_k6
PU_SOL_TH_008_case24_k6



6

DUKE COGEMA
STOME & WEBSTER

MFFF Criticality Code Validation = Part I

Page 144 of 154

PU_SO~24 1,659
PU_SO~26 1,747
PU_S0O~28 1,659
PU_S0~30 1,777
PU_SO~32 1,774
PU_SO~34 1,777
PU_SO~36 1,838
PU_SO~38 1,838
FU_SO~40 1,559
PU_SO~42 1,635
PU_SO~44 1,559
PU_S0~46 1,559
PU_SO~48 1,559
PU_SO~50 1,635
PU_S0~52 1,559
PU_SO~54 1,559
PU_SO~56 1,559
PU_S0-58 1,559
PU_SO~60 1,634
PU_SO~62 1,634
29 file(s)

03-30-01 10:09a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:09a
03-30-01 10:0%9a
03-30-01 10:09a
03-30-01 10:0%9a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:0%a
03-30-01 10:0%9a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:0%a

48,593 bytes

PU_SOL_TH_008_case23_k6
PU_SOL_TH_008_case26_k6
PU_SOL_TH_008_caseld_k6
PU_SOL_TH_008_casel8_k6
PU_SOL_TH_008_casel7_ké
PU_SOL_TH_008_case29_k6
PU_SOL_TH_008_case28_k6
PU_SOL_TH_008_cage27_ké
PU_SOL_TH_008_cased_xé
PU_SOL_TH_008_case8_ké&
PU_SOL_TH_008_case2_x6
PU_SOL_TH_008_caseS5_xé
PU_SOL_TH_008_case7_Xx6
PU_SOL_TH_008_cased_ké
PU_SOL_TH_008_casel_k6
PU_SOL_TH_008_case3_k6
PU_SOL_TH_008_caselld_k6
PU_SOL_TH_008_casell_ké
PU_SOL_TH_008_casel2_Xk6
PU_SOL_TH_008_casel3 k6

Directory of D:\CASES\Sun\AoA1l\PST_008\008_OUT

PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_S0~18
PU_SO~20
PU_S0~22
PU_SO~24
PU_SO~26
PU_SO~28
PU_SO~30
PU_S0~32
PU_SO~34
PU_SO~36
PU_SO~38
PU_S0O~-40
PU_SO-42
PU_SO~44
PU_S0~46
PU_SO~48
PU_SO~50
PU_S0~52
PU_SO~54
PU_S0~56
PU_SO~58
PU_S0~60
PU_S0~62

§§89999988939995993888993383333

»
(]
(4]

ile(s)

<DIR>
<DIR>
599,801
606,952
602,226
601,801
606,946
605,607
597,379
608,433
605,229
604,823
607,906
603,652
597,916
596,495
612,757
603,782
598,986
606,819
606,425
604,022
599,197
599,110
605,615
604,439
606,788
605,351
600,727
601,667
605,366

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:05a
03-30-01 10:09a
03-30-01 10:0%9a
03-30-01 10:0%a
03-30-01 10:0%
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:09a
03-30-01 10:0%
03-30-01 10:09a
03-30-01 10:0%9a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:0%a
03-30-01 10:09a
03-30-01 10:0%a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:09a
03-30-01 10:0%a
03-30-01 10:0%a

17,506,117 bytes

Directory of D:\CASES\Sun\AoAl\PST_011

. <DIR>

.o <DIR>

011_INP <DIR>

011 _our <DIR>
0 tile(s)

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p
0 bytes

PU_SOL_TH_008_case08_ké.out
PU_SOL_TH_008_case07_ké.out
PU_SOL_TH_008_case05_k6.out
PU_SOL_TH_008_case09_Xx6.out
PU_SOL_TH_008_casel8_k6.out
PU_SOL_TH_008_casel?_k6.out
PU_SOL_TH_008_casel5_k6.out
PU_SOL_TH_008_caseld_Xk6.cut
PU_SOL_TH_008_casel3_ké.ocut
PU_SOL_TH_008_casel6_ké.out
PU_SOL_TH_008_casel9_xé.out
PU_SOL_TH_008_casel0_x6.out
PU_SOL_TH_008_casel2_k6.out
PU_SOL_TH_008_casell k6.out
PU_SOL_TH_008_case28_k6.out
PU_SOL_TH_008_case27_k6.out
PU_SOL_TH_008_case25_k6.out
PU_SOL_TH_008_case24_k6.out
PU_SOL_TH 008_case23_ké.out
PU_SOL_TH_008_case26_k6.out
PU_SOL_TH_D08_case29_ké.out
PU_SOL_TH_008_case20_x6.out
PU_SOL_TH_008_case22_Xx6.out
PU_SOL_TH_008_case21_x6.out
PU_SOL_TH_008_case30_k6.cut
PU_SOL_TH_008_case0l_k6.out
PU_SOL_TH_008_case02_Xké.out
PU_SOL_TH_008_casel3_ké.out
PU_SOL_TH_008_case0dd_x6.out

011 _inp
011_out

Directory of D:\CASES\Sun\AcAl\PST_011\011_inp

. <DIR>

. <DIR>

PU_SOL~6 3,216
PU_SOL~8 3,216
PU_SO0~10 3,216
PU_SO0~12 - 3,954
PU_SO~14 3,95¢
PU_SO~16 3,95
PU_SO~18 3,953
PU_S0~20 3,953
PU_S0~22 3,216
PU_S0~24 3,953
PU_SO~26 3,216
PU_S0~28 3,954

12 file(s)

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:0%9a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a
03-30-01 10:09a

43,754 bytes

PU_SOL_TH_011_CB800_4_16_x6
PU_SOL_TH_011_C800_3_16_x6
PU_SOL_TH.011_C800_5_16_ké
PU_SOL_TH_011_C800_4_18_ké
PU_SOL_TH_011 _C800_3_18_ké
PU_SOL_TH_011_C800_6_18_k6
PU_SOL_TH_011_C800_5_18_k6é
PU_SOL_TH _011_C800_7_1B_X6
PU_SOL_TH_011_C800_1_16_k6
PU_SOL_TH_011_C800_1_18_k6
PU_SOL_TH_011_C800_2_16_k6
PU_SOL_TH_011_C800_2_18_k6

Directory of D:\CASES\Sun\AcAl\PST_011\011_out

PU_SOL~6 OUT
PU_SOL~8 OUT
PU_SO~10 OUT
PU_S0~12 OUT
PU_SO~14 OUT

<DIR>

<DIR>
589,039
582,080
584,397
598,184
591,374

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:0%a
03-30-01 10:0%a
03-30-01 10:09a
03-30-01 10:0%a
03-30-01 10:0%

PU_SOL_TH_011_CB00_4_16_x6.ocut
PU_SOL_TH_011_C800_5_16_Xx6.out
PU_SOL_TH_011_CB800_3_16_ké.out
PU_SOL_TH 011 _C800_4_18_Xké.out
PU_SOL_TH_011_C800_6_18_k6.out
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PU_SO~16
PU_SO~18
PU_SO~20
PU_SO~22
PU_SO~24
PU_SO~26
PU_S0~28

§§8§84§

12 file(s)

590,956
592,516
590,503
581,094
592,678
582,742
593,244

03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01

10:09a
10:09a
10:09a
10:09a
10:09a
10:09a
10:09a

7,068,807 bytes

Directory of D:\CASES\Sun\AcAl\PST_014

6il_INP
014_o0T

<DIR>
<DIR>
<DIR>
<DIR>

0 file(s)

. <DIR>

.o <DIR>

PU_SOL~6& 6,551
PU_SOL~8 6,551
PU_SO~10 6,551
PU_SO~12 6,633
PU_SO~14 6,551
PU_S0~16 6,551
PU_S0-18 6,551
PU_S0~20 6,633
PU_S0~22 6,633
PU_SO~24 TXT 6,717
PU_SO~26 6,633
PU_SO~-28 6,717
PU_SO~30 6,633
PU_SO0~32 6,633
PU_SO~34 6,633
PU_SO~36 6,715
PU_SO~38 6,717
PU_SO~40 6,717
PU_SO~42 6,717
PU_SO~44 6,717
PU_SO-46 6,633
PU_SO~48 6,715
PU_SO~S0 6,715
PU_S0~52 6,715
PU_SO~54 6,715
PU_S0~56 4,696
PU_S0~58 6,633
PU_SO~60 6,633
PU_S0~62 6,633
PU_S0~64 6,633
PU_SO~66 6,715
PU_S0~68 6,633
PU_S0~70 6,633
PU_SO~72 TXT 6,717
PU_SO~74 6,633
PU_SO~76 TXT 6,717
PU_SO~78 6,633
PU_SO~80 TXT 6,717
PU_SO-82 6,633
PU_SO~-84 TXT 6,717

40 file(s)

10-04-01
10-04-01
10-04-01
10-04-01

2:06p
2:06p
2:06p
2:06p

0 bytes

Directory of D:\CASES\Sun\AoA1\PST_014\014_inp

10-04-01
10-04-01
03-30-01
03-20-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
05-17-01
03-30-01
05-22-01
03-30-01
03-30-01
03-30-01
03-30-01
05-22-01
05-22-01
05-22-01
05-22-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
05-22-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
05-17-01
03-30-01
05-17-01
03-30-01
05-17-01
03-30-01
05-17-01

PU_SOL_TH_011_C800_7_18_k6.cut
PU_SOL_TH_011_C800_5_18_k6.out
PU_SOL_TH_011_C800_3_18_ké6.out
PU_SOL_TH_011_C800_1_16_k6.out
PU_SOL_TH_011_C800_1_18_ké.out
PU_SOL_TH_011_C800_2_16_k6.out
PU_SOL_TH_011_CB800_2_18_ké.out

014_inp
014_out

2:06p .

2:06p
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a

5:52p
10:10a

2:28p
10:10a
10:10a
10:10a
10:10a

2:28p

PU_SOL_TH_014_2_Xx6
PU_SOL_TH_014_4_k6
PU_SOL_TH_014_6_k6
PU_SOL_TH_014_8_X6
PU_SOL_TH_014_1_X6
PU_SOL_TH_014_3_X6
PU_SOL_TH_014_5_X6
PU_SOL_TH_014_7_k6
PU_SOL_TH_014_9_X6
PU_SOL_TH_014_34_k6.txt
PU_SOL_TH_014_20_k6
PU_SOL_TH_014_30_k6
PU_SOL_TH_014_23_k6
PU_SOL_TH_014_22_k6
PU_SOL_TH_014_21 k6
PU_SOL_TH_014_24_X6
PU_SOL_TH_014_33_k6

2:28p PU_SOL_TH_014_32_k6
2:28p PU_SOL_TH_014_31_ké
2:28p PU_SOL_TH_014_34_k6

10:10a
10:10a
10:10a
10:10a
10:10a

2:28p
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a

5:50p
10:10a

S:51p
10:10a

S$:51p
10:10a

$:52p

264,223 bytes

PU_SOL_TH_014_14_k6
PU_SOL_TH_014_27_k6
PU_SOL_TH_014_26_k6
PU_SOL_TH_014_25_k6
PU_SOL_TH_014_28_X6
#U_sol_th_014_35_k6
PU_SOL_TH_014_17_X6
PU_SOL_TH_014_16_%6
PU_SOL_TH_014_15_X6
PU_SOL_TH_014_18_X6
PU_SOL_TH_014_29_k6
PU_SOL_TH_014_19_k6
PU_SOL_TH_014_10_k6
PU_SOL_TH_014_30_k6.tat
PU_SOL_TH_014_11_k6
PU_SOL_TH_014_31_X6.txt
PU_SOL_TH_014_12_X6
PU_SOL_TH_014_32_k6.txt
PU_SOL_TH_014_13_X6
PU_SOL_TH_014_33_X6. txt

Directory of D:\CASES\Sun\AoAl\PST_014\014_cut

PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO-16
PU_SO~18
PU_SO~20
PU_SO~22
PU_SO-24
PU_SO~26
PU_SO~28
PU_SO~30
PU_S0~32
PU_SO-34
PU_SO~36
PU_SO~38
PU_SO~40
PU_SO~42
PU_SO~44
PU_SO~46
PU_SO~48
PU_SO~50
PU_SO~-52
PU_SO~54

§§985889858998898¢998858533

<DIR>
<DIR>
555,491
555,666
555,521
555,814
555,733
555,818
556,590
555,767
555,905
555,982
796,934
796,473
796,572
797,020
797,833
555,799
555,870
555,944
556,234
554,033
556,773
556,561
556,630
556,734
556,470

10-04-01
10-04-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-36-01
03-30-01
03-30-01
03-30-01
05-22-01
05-22-01
05-22-01
05-22-01
05-22-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01

2:06p

2:06p
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a

2:35p

2:35p

2:35p

2:35p

2:35p
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a

PU_SOL_TH_014_11_X6.out
PU_SOL_TH_014_14_X6.0ut
PU_SOL_TH_014_10_X6.0ut
PU_SOL_TH_014_13_k6.out
PU_SOL_TH_014_12_k6.out
PU_SOL_TH_014_21_k6.cut
PU_SOL_TH_014_24_k6.out
PU_SOL_TH_014_20_k6.cut
PU_SOL_TH_014_23_k6.out
PU_SOL_TH_014_22_X6.cut
PU_SOL_TH_014_31_Xk6.out
PU_SOL_TH_014_34_X6.out
PU_SOL_TH_014_30_k6.out
PU_SOL_TH_014_33_X6.cut
PU_SOL_TH_014_32_k6.out
PU_SOL_TH_014_19_Xk6.cut
PU_SOL_TH_014_17_Xk6.out
PU_SOL_TH_014_16_k6.out
PU_SOL_TH_014_15_k6.out
PU_SOL_TH_014_18_k6.out
PU_SOL_TH_014_29_k6.out
PU_SOL_TH_014_27_X6.out
PU_SOL_TH_014_26_X6.out
PU_SOL_TH_014_25_%6.out
PU_SOL_TH_014_28_X6.out
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PU_SO~56 OUT 796,588 05-22-01 2:35p
PU_SO~58 OUT 555,862 03-30-01 10:10a
PU_S0~60 OUT 556,652 03-30-01 10:10a
PU_SO~-62 OUT 554,943 03-30-01 10:10a
PU_SO~64 OUT 555,460 03-30-01 10:10a
PU_SO~66 OUT 555,661 03-30-01 10:10a
PU_SO~68 OUT 555,262 03-30-01 10:10a
PU_SO~70 oUT 555,127 03-30-01 10:10a
®_s0~72 oUT 692,844 03-30-01 10:10a
PU_SO~74 OUT 555,343 03-30-01 10:10a
35 file(s) 21,037,909 bytes

Directory of D:\CASES\Sun\AcAl\PST_015

. <DIR>

.. <DIR>

015_INP <DIR>

015_ouUT <DIR>
0 file(s)

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p
0 bytes

PU_SOL_TH_014_35_k6.out
PU_SOL_TH_014_09_X6.out
PU_SOL_TH_014_07_%6.out
PU_SOL_TH_014_06_%6.out
PU_SOL_TH_014_05_k6.cut
PU_SOL_TH_014_08_k6.out
PU_SOL_TH_014_01_ké.out
PU_SOL_TH_014_02_k6.out
PU_SOL_TH_014_03_k6.out
PU_SOL_TH_014_04_k6.out

ais_i.np
015_out

Directory of D:\CASES\Sun\AoA1l\PST_015\015_inp

. <DIR>
. <DIR>
PU_SOL~6
PU_SOL~8
PU_S0~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_S0~20
PU_SO~22
PU_SO~24
PU_SO~26
PU_SO~28
PU_SO~30
PU_S0~32
PU_SO~34
PU_SO~36
PU_SO-~-38

17 tile(s)

10-04-01 2:06p

10-04-01 2:06p
6,551 03-30-01 10:10a
6,551 03-30-01 10:10a
6,551 03-30-01 10:10a
6,633 03-30-01 10:10a
6,633 032-30-01 10:10a
6,551 03-30-01 10:10a
6,551 03-30-01 10:10a
6,469 03-30-01 10:10a
6,633 03-30-01 10:10a
6,633 03-30-0) 10:10a
6,715 03-30-01 10:10a
6,715 03-30-01 10:10a
6,715 03-30-01 10:10a
6,633 03-30-01 10:10a
6,633 03-30-01 10:10a
6,633 03-30-01 10:10a
6,633 03-30-01 10:10a

112,433 bytes

PU_SOL_TH_015_1 X6
PU_SOL_TH_015_3_k6
PU_SOL_TH_015_5_Xk6
PU_SOL_TH_015_7_ké
PU_SOL_TH_015_9_k6
PU_SOL_TH_015_2_k6
PU_SOL_TH_015_4_ké6
PU_SOL_TH_015_6_k6
PU_SOL_TH_015_8_ké
PU_SOL_TH_015_14_x6
PU_SOL_TH_015_17_k6
PU_SOL_TH_015_16_Xk6
PU_SOL_TH_015_15_ké
PU_SOL_TH_015_10_ké
PU_SOL_TH_015_11_Xk6
PU_SOL_TH_015_12_ké
PU_SOL_TH_015_13_ké

Directory of D:\CASES\Sun\RGA1\PST_015\015_out

. <DIR>
.o <DIR>
PU_SOL~6
PU_SOL~8
PU_S0~10
PU_SO~12
PU_SO-14
PU_SO~16
PU_SO~18
PU_SO~20
PU_SO~22
PU_SO~2¢
PU_SO~26
PU_SO~28
PU_SO~30
PU_SO~32
PU_SO~34
PU_S0~36
PU_S0-38

§99998999989933888

17 tile(s)

10-04-01 2:06p
10-04-01 2:06p

554,676 03-30-01 10:10a
554,375 03-30-01 10:10a
555,262 03-30-01 10:10a
554,257 03-30-01 10:10a
553,858 03-30-01 10:10a
555,437 03-30-01 10:10a
554,751 03-30-01 10:10a
555,349 03-30-01 10:10a
554,178 03-30-01 10:10a
553,922 03-30-01 10:10a
553,116 03-30-01 10:10a
553,712 03-30-01 10:10a
55¢,094 03-30-01 10:10a
540,543 03-30-01 10:10a
553,264 03-30-01 10:10a
552,804 03-30-01 10:10a
554,262 03-30-01 10:10a

9,407,760 bytes

Directory of D:\CASES\Sun\AcA1\PST_016

. <DIR>

. <DIR>

016_1INP <DIR>

016_0UT <DIR>
0 file(s)

PU_SOL_TH_015_11_k6.out
PU_SOL_TH_015_14_k6.out
PU_SOL_TH_015_10_k6.out
PU_SOL_TH_015_13_k6.out
PU_SOL_TH_015_12_k6.out
PU_SOL_TH_015_17_ké6.out
PU_SOL_TH_015_16_k6.ocut
PU_SOL_TH_015_15_k6.out
PU_SOL_TH_015_09_k6.out
PU_SOL_TH_015_07_ké.out
PU_SOL_TH_015_06_k6.out
PU_SOL_TH_015_05_X6.out
PU_SOL_TH_015_08_k6.out
PU_SOL_TH_015_01_ké.out
PU_SOL_TH_015_02_ké6.out
PU_SOL_TH_015_03_ké.out
PU_SOL_TH_015_04_ké.out

10-04-01 2:06p .

10-04-01 2:06p .

10-04-01 2:06p
10-04-01 2:06p
0 bytes

016_inp
016_out

Directory of D:\CASES\Sun\AoA1l\PST_016\016_inp

. <DIR>
.o <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO-18
PU_SO~20
PU_SO~22
PU_SO~24
PU_SO~26

11 file(s)

10-04-01 2:06p
10-04-01 2:06p
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,715 03-30-01 10:10a
6,961 03-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,715 03-30-01 10:10a
6,715 03-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
75,259 bytes

PU_SOL_TH_016_3_Xx6
PU_SOL_TH_016_5_k6
PU_SOL_TH_016_7_%6
PU_SOL_TH_016_9_k6
PU_SOL_TH_016_4_k6
PU_SOL_TH_016_6_k6
PU_SOL_TH_016_8_ké§
PU_SOL_TH_016_10_x6
PU_SOL_TH_016_11_k6
PU_SOL_TH_016_1_Xx6
PU_SOL_TH_016_2_Xx6

Directory of D:\CASES\Sun\AoAl\PST_016\016_out
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. <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_SO~20
PU_SO~22
PU_SO~24
PU_SO~26

§8§598985831

-
-

file(s)

10-04-01 2:06p .

10-04-01 2:06p

665,670 03-30-01 10:10a
665,622 03-30-01 10:10a
666,156 03-30-01 10:10a
647,246 03-30-01 10:10a
647,373 03-30-01 10:10a
647,957 03-30-01 10:10a
646,727 03-30-01 10:10a
645,608 03-30-01 10:10a
648,605 03-30-01 10:10a
648,471 03-30-01 10:10a
648,610 03-30-01 10:10a

7,178,045 bytes

Directory of D:\CASES\Sun\AcAl\PST_017

<DIR>

. <DIR>

017_INP <DIR>

017_ovuT <DIR>
0 file(s)

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p
0 bytes

PU_SOL_TH_016_11_k6.out
PU_SOL_TH_016_10_k6.out
PU_SOL_TH_016_09_k6.cut
PU_SOL_TH_016_07_k6.out
PU_SOL_TH_016_06_k6.cut
PU_SOL_TH_016_05_k6.out
PU_SOL_TH_016_08_X6.out
PU_SOL_TH_016_01_k6.out
PU_SOL_TH_016_02_k6.cut
PU_SOL_TH_016_03_k6.cut
PU_SOL_TH_016_04_k6.out

017_inp
017_out

Directory of D:\CASES\Sun\AOAI\PST_017\017_inp

. <DIR>
. <DIR>
PU_SOL~6
PU_SOL~8
PU_S0~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_SO~20
PU_SO-22
PU_SO~24
PU_SO~26
PU_SO~28
PU_SO~30
PU_SO~32
PU_SO~34
PU_SO~16
PU_SO~38
PU_SO~40

18 file(s)

10~04-01 2:06p

10~04-01 2:06p
6,879 03-30-01 10:1la
6,879 03-30-01 10:1la
€,879 03-30-01 10:1la
6,879 03-30-01 10:11a
6,551 03-30-01 10:10a
6,879 03-30-01 10:1la
6,879 03-30-01 10:1la
6,879 03-30-01 10:1la
6,879 03-30-01 10:1la
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a
6,551 €3-30-01 10:10a
6,879 03-30-01 10:10a
6,879 03-30-01 10:10a

123,166 bytes

PU_SOL_TH_017_2 k6
PU_SOL_TH_017_4_k6
PU_SOL_TH_017_6_k6
PU_SOL_TH_017_8_ké
PU_SOL_TH_017_1_xé
PU_SOL_TH_017_3_Xk6é
PU_SOL_TH_017_5_ké
PU_SOL_TH_017_7_k6
PU_SOL_TH_017_9_Xxé
PU_SOL_TH_017_14_ké
PU_SOL_TH 017_17_ké
PU_SOL_TH_017_16_k6
PU_SOL_TH_017_15_k6
PU_SOL_TH_017_18_k6
PU_SOL_TH_017_10_k6
PU_SOL_TH_017_11_Xké
PU_SOL_TH_017_12_k6
PU_SOL_TH_017_13_k6

Directory of D:\CASES\Sun\ACGA1\PST_017\017_out

B <DIR>
. <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_SO~20
PU_S0O~22
PU_SO~24
PU_SO~26
PU_S0-28
PU_SO~30
PU_SO0~32
PU_SO~34
PU_SO~36
PU_SO~38
PU_SO-~-40

§44898855998999343

18 file(s)

10-04-01 2:06p

10-04-01 2:06p .
651,144 03-30-01 10:10a
653,112 03-30-01 10:10a
652,830 03-30-01 10:10a
652,387 03-30-01 10:10a
651,684 03-30-01 10:10a
652,312 03-30-01 10:11a
652,205 03-30-01 10:11a
651,984 03-30-01 10:11a
652,230 03-30-01 10:11a
652,722 03-30-01 10:1la
652,194 03-30-01 10:10a
652,297 03-30-01 10:10a
651,457 03-30-01 10:10a
652,271 03-30-01 10:10a
651,348 03-30-01 10:11a
652,086 03-320-01 10:11a
651,969 03-30-01 10:1la
652,239 03-30-01 10:1la

11,738,471 bytes

Directory of D:\CASES\Sun\AoAl\PST_020

<DIR>

.. <DIR>

020_INP <DIR>

020_our <DIR>
0 file(s)

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p

10-04-01 2:06p
0 bytes

PU_SOL_TH_017_11_X%6.out
PU_SOL_TH_017_14_Xx6.out
PU_SOL_TH_017_10_k6.out
PU_SOL_TH_017_13_k6.out
PU_SOL_TH_017_12_k6.out
PU_SOL_TH_017_09_k6.out
PU_SOL_TH_017_07_k6.out
PU_SOL_TH_017_06_X%6.out
PU_SOL_TH_017_05_Xké.out
PU_SOL_TH_017_08_ké6.out
PU_SOL_TH_017_17_k6.out
PU_SOL_TH_017_16_k6.out
PU_SOL_TH_017_15_k6.out
PU_SOL_TH_017_18_k6.out
PU_SOL_TH_017_01_k6.out
PU_SOL_TH_017_02_ké.out
PU_SOL_TH_017_03_Xk6.out
PU_SOL_TH _017_04_k6.out

020_inp
020_out

Directory of D:\CASES\Sun\AoA1\PST_020\020_inp

. <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_SO~20

10-04-01 2:06p

10-04-01 2:06p
6,689 03-30-01 10:11a
6,689 03-30-01 10:1la
5,951 03-30-01 10:11a
6,689 03-30-01 10:11a
5,951 03-30-01 10:1la
6,689 03-30-01 10:11a
5,951 03-30-01 10:1la
5,951 03-30-01 10:1la

PU_SOL_TH_020_14_T8B_k6
PU_SOL_TH_020_15_T8B_k6
PU_SOL_TH_020_7_T8A_k6
PU_SOL_TH_020_8_T8A_k6
PU_SOL_TH_020_1_T8A_Xk6
PU_SOL_TH_020_9_T8A_k6
PU_SOL_TH_020_2_T8A_k6
PU_SOL_TH_020_3_T8A_k6
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PU_SO~22 5,951

PU_SO~24 5,951

PU_SO~26 5,951

PU_SO~28 5,951

PU_SO~30 5,951

PU_SO-~32 S.951
14 file(s)

03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01

10:11a
10:11a
10:11a
10:11a
10:11a
10:11a

86,266 bytes

PU_SOL_TH_020_5_T8A_k6
PU_SOL_TH_020_6_T8A_k6
PU_SOL_TH_020_10_T8B_k6
PU_SOL_TH_020_11_T8B _ké
PU_SOL_TH_020_12_T8B_ké
PU_SOL_TH_020_13_T8B_k6

Directory of D:\CASES\Sun\AcA1\PST_0201020_out

. <DIR> 10-04-01 2:06p
. <DIR> 10-04-01 2:06p
PU_SOL~6 OUT 524,926 03-30-01 10:1la
PU_SOL~8 OUT 528,489 03-30-01 10:11a
PU_SO~10 OUT 512,816 03-30-01 10:11a
PU_SO~12 OUT 513,040 03-30-01 10:11a
PU_SO~14 OUT $28,204 03-30-01 10:11a
PU_SO~16 OUT 513,934 03-30-01 10:11a
PU_SO~18 OUT 529,181 03-30-01 10:11a
PU_S0~20 OUT 513,671 03-30-01 10:11a
PU_SO~22 OUT 513,116 03-30-01 10:11a
PU_SO~24 OUT 512,027 03-30-01 10:1la
PU_SO~26 oUT 506,195 03-30-01 10:1la
PU_S0~28 OUT 509,693 03-30-01 10:11a
PU_SO~30 OUT 515,117 03-30-01 10:1la
PU_SO~32 oUT 511,731 03-30-01 10:11a
14 file(s) 7,232,140 bytes

Directory of D:\CASES\Sun\AoAl\PST_025

PU_SOL_TH_020, 08_T8A_k6.out
PU_SOL_TH_020_09_T8A_k6.out
PU_SOL_ TH_020_06_T8A_k6.out
PU_SOL_TH_020_07_T8A_k6.out
PU_SOL_TH_020_14_T8B_X6.o0ut
PU_SOL_TH_020_10_T8B_k6.0ut
PU_SOL_TH_020_15_T8B_Xk6.out
PU_SOL_TH_020_11_T8B_k6.out
PU_SOL_TH_020_12_T8B_k6.out
PU_SOL_TH_020_13_T8B_k6.o0ut
PU_SOL_TH_020_01_T8A_k6.out
PU_SOL_TH_020_02_T8A_k6.out
PU_SOL_TH_020_03_T8A_k6.out
PU_SOL_TH_020_05_TS8A_X6.out

lance_k§6
psth025_caseS_c6.inp
psth025_caseb_c6.inp
Ppsth025_caseS_c6.msgs
psth025_caseb_c6.msgs
psth025_case5_c6.out
Psth025_caseb_c6.out
psth025_casel_c6.inp
psth025_casel _c6.msgs
psth02S_casel _c6.out
path025_case2_c6.inp
path025_case2_c6.msgs
psth025_case2_c6.out
psth025_casel_c6.inp
Ppsth025_caseld_c6.msgs
psth025_case3_cé6.out
psth025_cased_c6.inp
psth025_cased_c6.msgs
psth025_cased_c6.out
PU_SOL_TH_025_res

. <DIR> 10-04-01 2:06p .
.. <DIR> 10-04-01 2:06p
LANCE_K6 204 09-20-01 8:32a
PSTHO2~8 INP 8,239 09-20-01 8:33a
PSTHO~10 INP 8,239 09-20-01 8:33a
PSTHO~12 XSG 54 09-20-01 8:33a
PSTHO~14 MSG 54 09-20-01 8:33a
PSTHO~16 OUT 1,008,402 09-20-01 8:33a
PSTHO~18 OUT 1,008,504 09-20-01 8:33a
PSTHO~20 INP 8,239 09-20-01 8:32a
PSTHO~22 MSG S4 09-20-01 8:32a
PSTHO~24 OUT 1,009,099 09-20-01 8:32a
PSTHO~26 INP 8,239 09-20-01 8:33a
PSTHO~28 XSG 54 09-20-01 8:33a
PSTHO~30 OUT 1,009,181 09-20-01 8:3la
PSTHO~32 INP 8,239 09-20-01 8:33a
PSTHO~34 NSG 54 09-20-01 8:33a
PSTHO~36 OUT 1,008,523 09-20-01 8:33a
PSTHO~38 INP 8,23% 09-20-01 8:33a
PSTHO~40 MSG 54 09-20-01 8:33a
PSTHO~42 OUT 1,009,235 09-20-01 8:33a
PU_SO~44 720 09-20-01 8:32a
20 file(s) 6,103,626 bytes

Directory of D:\CASES\Sun\AcAl\PST_026

. <DIR> 10-04-01 2:06p
.e <DIR> 10-04-01 2:06p
LANCE_K6 111 09-20-01 8:32a
PSTH02~8 INP 10,445 09-20-01 B:32a
PSTRO~10 MSG S4 09-20-01 8:32a
PSTHO~12 OUT 1,038,262 09-20-01 8:32a
PSTHO~14 INP 10,445 09-20-01 8:32a
PSTHO~16 MSG 54 09-20-01 8:32a
PSTHO~18 OUT 1,041,327 09-20-01 8:32a
PSTHO~20 INP 10,445 09-20-01 8:32a
PSTHO~22 MSG 54 09-20-01 8:32a
PSTHO~24 OOUT 1,048,835 09-20-01 8:32a
PU_S0~26 414 09-20-01 8:32a
SORTI~28 414 09-20-01 8:32a
12 file(s) 3,160,860 bytes

Directory of D:\CASES\Sun\AoAl\PU_SOL_THERM

. <DIR>
.. <DIR>
001_1NP <DIR>
002_INP <DIR>
003_1NP <DIR>
004_INP <DIR>
005_INP <DIR>
006_INP <DIR>
011_INP <DIR>
014_INP <DIR>
015_INP <DIR>
016_INP <DIR>
017_INP <DIR>
020_1NP <DIR>
0 file(s)

10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01

2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p
2:06p

0 bytes

Directory of D:\CASES\Sun\AcAl\PU_SOL_THERM\001_INP

lance_ké
psth026_casel_cé.inp
path026_casel_cé.msgs
path026_casel_c6.out
path026_case2_c6.inp
psth026_case2_c6.msgs
path026_case2_cé6.out
path026_case3_c6.inp
path026_casel c6.msgs
path026_casel_c6.out
PU_SOL_TH_026_res
sortie_tmp

001_1NP
002_inp
003_inp
004_inp
005_inp
006_inp
011_inp
014_inp
01S_inp
016_inp
017_inp
020_inp
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. <DIR>
.- <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_S0~14
PU_SO~16
6 tile(s)

4,311
4,311
4,311
4,311
4,311
4,311

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

25,866 bytes

Directory of D:\CASES\Sun\AoAl\PU_SOL_THERM\002_inp

. <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18

7 file(s)

4,065
4,065
4,065
4,065
4,065
4,065
4,065

10-04-01 2:06p .

10-04-01 2:06p .

03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

28,455 bytes

PU_SOL_TH_002_5_Xk6
PU_SOL_TH_002_7_k6
PU_SOL_TH_002_6_k6
PU_SOL_TH_002_1_ké
PU_SOL_TH_002_2_k6
PU_SOL_TH_002_3_k6
PU_SOL_TH_002_d_ké

Directory of D:\CASES\Sun\AoA1l\PU_SOL_THERM\003_inp

. <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8
PU_S0~10
PU_S0~12
PU_SO~14
PU_SO~16
PU_SO-18
PU_S0~20

8 tile(s)

4,475
4,475
4,475
4,475
4,475
4,475
4,475
4,475

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

35,800 bytes

PU_SOL_TH_003_6_X6
PU_SOL_TH_003_8_X6
PU_SOL_TH_003_5_X6
PU_SOL_TH_003_7_k6
PU_SOL_TH_003_1_X6
PU_SOL_TH_003_2_k6
PU_SOL_TH_003_3_k6
$U_SOL_TH_003_4_k6

Directory of D:\CASES\Sun\AoA1l\PU_SOL_THERM\004_inp

. <DIR>
.e <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_SO~20
PU_SO~22
PU_SO~24
PU_S0~26
PU_SO~28
PU_S0~30

13 file(s)

4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,147
4,147

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

53,009 bytes

PU_SOL_TH_004_2_X6
PU_SOL_TH_004_4_k6
PU_SOL_TH_004_6_Xk6
PU_SOL_TH_004_8_X6
PU_SOL_TH_004_1_X6
PU_SOL_TH_004_3_k6
PU_SOL_TH_004_5_X6
PU_SOL_TH_004_?_Xk6
PU_SOL_TH_004_9_k6
PU_SOL_TH_004_10_k6
PU_SOL_TH_004_11_k6
PU_SOL_TH_004_12_k6
PU_SOL_TH_004_13_X6

Directory of D:\CASES\Sun\AoAl\PU_SOL_THERM\005_inp

. <DIR>
.o <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~-18
PU_S0~20
PU_S0O~22

9 file(s)

4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065
4,065

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a
03-30-01 10:08a

36,585 bytes

PU_SOL_TH_005_5_Xk6
PU_SOL_TH_005_7_X6
PU_SOL_TH_005_9_k6
PU_SOL_TH_005_6_k6
PU_SOL_TH_005_8_k6
PU_SOL_TH_005_1_ké
PU_SOL_TH_005_2_ké
PU_SOL_TH_005_3_k6
PU_SOL_TH_005_4_k6

Directory of D:\CASES\Sun\AoAl\PU_SOL, THERM\006_inp

. <DIR>
. <DIR>
PU_SOL~6
PU_SOL~B
PU_S0~10

3 file(s)

4,041
4,041
4,041

PU_SOL_TH_001_6_T8A_k6
PU_SOL_TH_001_5_T8A_X6
PU_SOL_TH_001_1_T8A_X6
PU_SOL_TH_001_2_T8A_k6
PU_SOL_TH_001_3_T8A k6
PU_SOL_TH_001_4_T8A_k6

10-04-01 2:06p .
10-04-01 2:06p ..

03-30-01 10:08a PU_SOL_TH.006_CASE_1_k6
03-30-01 10:08a PU_SOL_TH_006_CASE_2_ké
03-30-01 10:08a PU_SOL_TH_006_CASE_3_ké

12,123 bytes

Directory of D:\CASES\Sun\AocAl\PU_SOL_THERM\011_inp

. <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_S0~18
PU_S0~20

3,216
3,216
3,216
3,954
3,954
3,953
3,953
3,953

10-04-01
10-04-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01

2:06p

2:06p
10:0%a
10:09a
10:0%a
10:09a
10:0%a
10:09a
10:09a
10:09a

PU_SOL_TH_011_C800_4_16_%é
PU_SOL_TH_011_C800_3_16_Xx6
PU_SOL_TH_011_C800_5_16_x6
PU_SOL_TH_011_C800_4_18_k6
PU_SOL_TH_011_C800_3_18_k6
PU_SOL_TH_011_C800_6_18_k6
PU_SOL_TH_011_C800_5_18_X%6
PU_SOL_TH_011_C800_7_18_k6
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PU_SO~22
PU_SO~2¢
PU_SO~26
PU_SO~28
12 file(s)

3,216
3,953
3,216
3,954

03-30-01 10:09a PU_SOL_TH_011_C800_1_16_ké
03-30-01 10:0%9a PU_SOL_TH_ 011 _C800_1_18_k6
03-30-01 10:0%a PU_SOL_TH_011_C800_2_16_x6
03-30-01 10:0%a PU_SOL_TH_011_C800_2_18 X6

43,754 bytes

Directory of D:\CASES\Sun\AoA1l\PU_SOL_THERM\014_inp

. <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8
PU_SO-10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_S0~20
PU_SO~22
PU_SO~24

PU_SO~72
34 tile(s)

6,551
6,551
6,551
6,633
6,551
6,551
6,551
6,633
6,633
6,633
6,715
6,631
6,633
6,633
6,715
6,715
6,715
6,715
6,715
6,633
6,715
6,715
6,715
6,715
6,633
6,633
6,633
6,633
6,715
6,633
6,633
6,633
6,633
6,633

10-04-01 2:06p .

10-04-02
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01

2:06p
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a

225,932 bytes

PU_SOL_TH_014_2_k6

PU_SOL_TH_014_4_ké

PU_SOL_TH_014_6_k6

PU_SOL_TH_014_8_k6

PU_SOL_TH_014_1_k6

PU_SOL_TR_014_3_k6

PU_SOL_TH_014_S_k6

PU_SOL_TH_014_7_X6

PU_SOL_TH_014_9_Xk6

PU_SOL_TH_014_20_ké
PU_SOL_TH_014_30_Xk6
PU_SOL_TH_014_23_k6
PU_SOL_TH_014_22_k6
PU_SOL_TH_014_21_Xk6
PU_SOL_TH_014_24_X6
PU_SOL_TH_014_33_Xké6
PU_SOL_TH_014_32_k6
PU_SOL_TH_014_31_Xk6
PU_SOL_TH_014_34_k6
PU_SOL_TH_014_14_k6
PU_SOL_TH_014_27_k6
PU_SOL_TH_014_26_k6
PU_SOL_TH_014_25_X6
PU_SOL_TH_014_28_ké
PU_SOL_TH_014_17_ké
PU_SOL_TH_014_16_k6
PU_SOL_TH_014_15_Xk6
PU_SOL_TH_014_18_k6
PU_SOL_TH_014_29_k6
PU_SOL_TH_014_19_k6
PU_SOL_TH_014_10_Xx6
PU_SOL_TH_014_11_Xx6
PU_SOL_TH_014_12_k6
PU_SOL_TH_014_13_ké6

Directory of D:\CASES\Sun\AoAl\PU_SOL_THERN\015_inp

. <DIR>
.o <DIR>
PU_SOL~6
PU_SOL~8
PU_SO~10
PU_SO0~12
PU_SO~-14
PU_SO-16
PU_SO~18
PU_SO~20
PU_SO-22
PU_SO~24
PU_SO-26
PU_SO-28
PU_SO~30
PU_SO~32
PU_SO~34
PU_SO~36
PU_SO~-38

17 file(s)

6,551
6,551
6,551
6,613
6,633
6,551
6,551
6,469
6,633
6,633
6,715
6,715
6,715
6,633
6,633
6,633
6,633

10-04-01 2:06p .
10-04-01 2:06p ..

03-30-01
03-~30-01
03~30-01
03-30-01
03~30-01
03~30-01
03-30-01
03-30-01
03~30-01
03-30-01
03-30-01
03-30-01
03-30-012
03-30-01
03-30-01
03-30-01
03-30-01

10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a

112,433 bytes

PU_SOL_TH_015_1 ké
PU_SOL_TH_015_3_Xké
PU_SOL_TH_015_5S_Xké
PU_SOL_TH_015_7_Xk6
PU_SOL_TH_015_9_Xk6
PU_SOL_TH_015_2_k6
PU_SOL_TH_015_4_k6
PU_SOL_TH_015_6_ké
PU_SOL_TH_015_8 k6
PU_SOL_TH_015_14_Xk6
PU_SOL_TH_015_17_k6
PU_SOL_TH_015_16_k6
PU_SOL_TH_015_15_k6
PU_SOL_TH_015_10_k6
PU_SOL_TH_01S_11 k6
PU_SOL_TH_015_12_k6
PU_SOL_TH_015_13_ké6

Directory of D:\CASES\Sun\AoAl\PU_SOL_THERM\016_inp

B <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8
PU_S0~10
PU_SO~12
PU_SO~14
PU_SO~16
PU_SO~18
PU_SO~20
PU_SO~22
PU_SO~24
PU_S0O~26

11 file(s)

6,879
6,879
6,879
6,715
6,961
6,879
6,879
6,715
6,715
6,879
6,879

10-04-01
10-04-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01
03-30-01

2:06p .

2:06p
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a
10:10a

75,259 bytes

PU_SOL_TH_016_3_ké
PU_SOL_TH_016_5_k6
PU_SOL_TH_016_7_k6
PU_SOL_TH_016_9_ké
PU_SOL_TH_016_4_Xx6
PU_SOL_TH_016_6_k6
PU_SOL_TH_016_8_k6
PU_SOL_TH_016_10_k6
PU_SOL_TH_016_11_k6
PU_SOL_TH_016_1_k6
PU_SOL_TH_016_2_k6

Directory of D:\CASES\Sun\AcA1l\PU_SOL_THERM\017_inp

- <DIR>
.. <DIR>
PU_SOL~6
PU_SOL~8

6,879
6,879

10-04-01
10-04-01

2:06p .
2:06p ..
03-30-01 10:1la PU_SOL_TH_017_2_k6
03-30-01 10:11a PU_SOL_TH_017_4_Xk6
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PU_SO~10 6,879 03-30-01 10:11a PU_SOL_TH_017_6_k6
PU_SO~12 6,879 03-30-01 10:11a PU_SOL_TH_017_8_ké
PU_SO~14 6,551 03-30-01 10:10a PU_SOL_TH_017_1_k6

PU_SO~16 6,879 03-30-01 10:11a
PU_SO~18 6,879 03-30-01 10:11a
PU_SO~20 6,879 03-30-01 10:11la
PU_SO0~22 6,879 03-30-01 10:11a
PU_SO~24 6,879 03-30-01 10:10a
PU_SO~26 6,879 03-30-01 10:10a
PU_SO~28 6,879 03-30-01 10:10a
PU_SO~30 6,879 03-20-01 10:10a
PU_SO~32 6,879 03-30-01 10:10a
PU_SO~34 6,879 03-30-01 10:10a
PU_SO-36 6,551 03-30-01 10:10a
PU_SO~38 6,879 03-30-01 10:10a
PU_SO~40 6,879 031-30-01 10:10a
18 file(s) 123,166 bytes

PU_SOL_TH_017_3_Xk6
PU_SOL_TH_017_5_Xk6
PU_SOL_TH_017_7_k6
PU_SOL_TH_017_9_k6
PU_SOL_TH_017_14_k6
PU_SOL_TH_017_17_k6
PU_SOL_TH_017_16_k6
PU_SOL_TH_017_15_k6
PU_SOL_TH_017_18_k6
PU_SOL_TH_017_10_k6
PU_SOL_TH_017_11 k6
PU_SOL_TH_017_12_k6
PU_SOL_TH_017_13_k6

Directory of D:\CASES\Sun\AoAl\PU_SOL_THERM\020_inp

. <DIR> 10-04-01 2:06p
.. <DIR> 10-04-01 2:06p
PU_SOL~6 5,951 03-30-01 10:11a
PU_SOL~8 5,951 03-30-01 10:11a
PU_SO~10 5,951 03-30-01 10:11a

PU_S0~12 5,951 03-30-01 10:11a
PU_SO~14 5,951 03-30-01 10:11a
PU_SO~16 5,951 03-30-01 10:11a
PU_SO~18 5,951 03-20-01 10:11a
PU_SO~20 5,951 03-30-01 10:1la
PU_S0~22 5,951 03-30-01 10:1la
PU_S0~2¢ 5,951 03-30-01 10:11a
10 file(s) 59,510 bytes

Directory of D:\CASES\Sun\AocAl\usl

. <DIR> 10-04-01 2:06p
.. <DIR> 10-04-01 2:06p
CONCRE~S <DIR> 10-04-01 2:06p
FULLSE~?7 <DIR> 10-0¢4-01 2:06p
PUCONT~9 <DIR> 10-04-01 2:06p
WATER-11 <DIR> 10-04-01 2:06p
WATER~13 <DIR> 10-04-01 2:06p
0 file(s) 0 bytes
Directory of D:\CASES\Sun\AcAl\usl\Concrete
. <DIR> 10-04-01 2:06p
.o <DIR> 10-04-01 2:06p
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AcAl\usliFull Set

<DIR> 10-04-01 2:06p

.. <DIR> 10-04-01 2:06p

PU_FUL~6 INP 5,999 09-19-01 9:44a

PU_PUL~8 OUT 13,566 09-17-01 3:18p

PU_PU~-10 INP 5,375 09-20-01 11:1da

PU_Fu-12 OUT 13,566 09-20-01 11:15a
4 file(s) 38,506 bytes

PU_SOL_TH_020_7_T8A_X6
PU_SOL_TH_020_1_T8A_Xk6
PU_SOL_TH_020_2_T8A_X6
PU_SOL_TH_020_3_T8A_X6
PU_SOL_TH_020_5_T8A_X6
PU_SOL_TH_020_6_T8A_k6
PU_SOL_TH_020_10_T8B_X6
PU_SOL_TH_020_11_T8B_ké
PU_SOL_TH_020_12_T8B_X6
PU_SOL_TH_020_13_T8B_ké

Concrete Reflector
Full Set

Pu content

Water Cadmium Reflector
Water Reflector

Reflector

N” Full_Set_EALF.inp
Pu_Full_Set_RALF.out
Pu_Full_Set_HPu.inp
Pu_Pull_Set_HPu.out

Directory of D:\CASES\Sun\AoAl\usl\Pu content

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

PU_NIT-6 INP 1,215 09-24-01 2:24p Pu Nitrite Pu content.inp

PU_NIT~8 OUT 5,956 09-24-01 2:25p Pu_Nitrite_Pu_content.out
2 file(s) 7,171 bytes

Directory of D:\CASES\Sun\AocAl\usl\Water Cadmium Reflector

<DIR> 10-04-01 2:06p
<DIR> 10-04-01 2:06p
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AoAl\usl\Water Reflector

. <DIR> 10-04-01 2:06p
.. <DIR> 10-04-01 2:06p
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AocA2

- <DIR> 10-04-01 2:06p
e <DIR> 10-04-01 2:06p
MCT_002 <DIR> 10-04-01 2:06p
¥CT_003 <DIR> 10-04-01 2:06p
MCT_004 <DIR> 10-04-01 2:06p
MCT_005 <DIR> 10-04-01 2:06p
MCT_009 <DIR> 10-04-01 2:06p
MIX_C-~15 <DIR> 10-04-01 2:06p

ust <DIR> 10-04-01 2:06p

noT_002
MCT_003
MCT_004
MCT_00S
MCT_009
MIX_COMP_THERM
usl
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0 file(s) 0 bytes

Directory of D:\CASES\Sun\AoA2\MCT_002

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

002_INP <DIR> 10-04-01 2:06p 002_INP

002_ouUT <DIR> 10-04-01 2:06p 002_OUT
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AoA2\MCT_002\002_INP

B <DIR> 10-04-01 2:06p -

.. <DIR> 10-04-01 2:06p ..

NIX_CO~6 25,221 03-30-01 10:04a MIX_COMP_THERM_002_PNL34 _k6
MIX_CO-8 25,221 03-30-01 10:04a MIX_COMP _THERM_002_PNL35_k6
NIX_C~10 25,221 03-30-01 10:04a MIX COMP_THERN_002_PNL30_Xé
MIX _C~12 25,221 03-30-01 10:04a MIX _COMP_THERM 002_PNL31_k6
MIX_C~14 25,221 03-30-01 10:04a MIX _COMP_THERM 002_PNL32_k6
MIX_C~16 25,221 03-30-01 10:04a MIX_COMP_THERM_002_PNL33_ké

6 tile(s) 151,326 bytes

Directory of D:\CASES\Sun\AoA2\MCT_002\002_oUT

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

MIX _CO~6 OUT 729,052 03-30-01 10:04a MIX_COMP_THERM 002_PNL35_X6.out
uIxX_Co~8 our 719,703 03-30-01 10:04a MIX COMP_THERM _002_PNL34_k6.out
KIX_C~10 oUT 727,942 03-30-01 10:04a MIX COMP_THERM_002_PNL30_Xk6.out
MIX_C-~12 our 733,070 03-30-01 10:04a MIX COMP_THERM_002_PNL31 _ké.out
NIX_C~14 OUT 718,342 03-30-01 10:04a MIX COMP_THERM 002_PNL32_ké.out
MIX_C~16 OUT 734,674 03-30-01 10:04a NIX COMP_THERM_002_PNL33_Xk§.out
° € file(s) 4,362,783 bytes

Directory of D:\CASES\Sun\AcA2\NCT_003

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

003_1INP <DIR> 10-04-01 2:06p 003_INP

003_0UT «<DIR> 10-04-01 2:06p 003_ouT
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AoA2\MCT_003\003_INP

. <DIR> 10-04-01 2:06p -

.n <DIR> 10-04-01 2:06p ..

MIX_CO~6 23,663 03-30-01 10:04a MIX_COMP_THERM_00J_casdé_xé
MIX_Co~8 23,663 03-30-01 10:04a MIX_COMP_THERM 003_casé_ké6
MIX_C~10 23,663 03-30-01 10:04a MIX_COMP_THERM_003_cas5_ké
MIX_C~12 23,663 03-30-01 10:04a MIX_COMP_THERM_003_casl k6
MIX C~14 23,663 03-30-01 10:04a MIX_COMP_THERM_003_cas2-1_k6
MIX_C~16 23,663 03-30-01 10:04a MIX_COMP_THERK 003_cas2-2_ké
MIX_C~18 23,827 03-30-01 10:04a MIX_COMP_THERM_003_cas3_ké

7 file(s) 165, 805 bytes

Directory of D:\CASES\Sun\AcA2\MCT_003\003_oUT

. <DIR> 10-04-01 2:06p .
.. <DIR> 10-04-01 2:06p .-
POO~6  TXT 830 09-14-01 6:19p foo.txt~
MIX_CO~8 OUT 804,258 03-30-01 10:04a MIX_COMP_THERM_003_casd_X6.out
MIX_C-10 OUT 805,845 03-30-01 10:0da NIX_COMP_THERM_003_cas5_X6.out
MIX_C~12 OUT 788,464 03-30-01 10:04a MIX_COMP_THERM_003_casé_k6.out
MIX_C-14 OUT 813,073 03-30-01 10:0da MIX_COMP_THERM_003_casl X6.out
MIX_C~16 OUT 809,282 03-30-01 10:04a MIX_COMP_THERM_003_cas2-1_k6.out
MIX_C-18 OUT 810,555 03-30-01 10:04a MIX_COMP_THERM_003_cas2-2_k6.out
MIX_C-20 OUT 820,517 03-30-01 10:04a MIX_COMP_THERM_003_cas3_k6.out
g file(s) 5,652,824 bytes

Directory of D:\CASES\Sun\AcA2\MCT_004

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

004_INP <DIR> 10-04-01 2:06p 004_inp

004_oUT <DIR> 10-04-01 2:06p 004_out
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AoA2\MCT_004\004_inp

- <DIR> 10-04-01 2:06p .

.- <DIR> 10-04-01 2:06p ..

MIX_CO~6 21,701 03-30-01 10:04a MIX_COMP_THERM_004_casd k6

MIX_CO~B 21,695 03-30-01 10:04a MIX COMP_THERM_004_casb_ké

MIX_C~10 21,695 03-30-01 10:04a MIX_COMP_THERM_004_cas8_k6

MIX_C~12 21,695 03-30-01 10:04a MIX_COMP_THERM_004_cas3_ké

MIX _C-14 21,695 03-30-01 10:04a MIX_COMP_THERM_004_cas5_x6

MIX_C~16 21,695 03-30-01 10:04a MIX_COMP_THERM_004_cas? X6

MIX_C~18 21,695 03-30-01 10:04a MIX COMP_THERM_004_cas3 ké

MIX_C~20 21,695 03-30-01 10:04a MIX_COMP_THERM_004_casl0_ké
MIX_C~22 21,695 03-30-01 10:04a MIX COMP_THERM_004_casll_Xx6
MIX_C-24 21,695 03-30-01 10:04a MIX_COMP_THERM_004_casl _ké

MIX_C~26 21,691 03-30-01 10:04a MIX_COMP_THERM_004_cas2_k6
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11 file(s) 238,647 bytes

Directory of D:\CASES\Sun\AcA2\MCT_004\004_ocut

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

MIX _CO~6 OUT 839,181 03-30-01 10:04a MIX_COMP_THERM_004_cas0B8_x6.out
NIX_CO~8 OUT 839,200 03-30-01 10:04a MIX_COMP_THERM_004_cas07_x6.out
NIX_C~10 oUT 839,090 03-30-01 10:04a MIX _COMP_THERM 004_cas06_kx6.out
AIX_C~12 OUT 839,239 03-30-01 10:04a MIX COMP_THERM_004_cas09_k6.out
MIX_C-14 OUT 839,496 03-30-01 10:04a MIX_COMP_THERM_004_cas05_k6.out
MIX C~16 OUT 839,830 03-30-01 10:04a MIX_COMP_THERM_004_casl0_k6.out
KIX_C~18 OUT 839,568 03-30-01 10:04a MIX COMP_THERM_004_casll_ké.out
AIX_C~20 OUT 840,873 03-30-01 10:04a KIX_COMP_THERM_004_cas0l_ké.out
MIX_C-22 OUT 840,927 03-30-01 10:04a MIX _COMP_THERM _004_cas02_ké.out
MIX C~24 OUT 840,826 03-30-01 10:04a MIX COMP_THERM_004_cas03_k6.out
XIX_C-26 OUT 837,923 03-30-01 10:04a MIX COMP_THERM_004_cas04_k6.out

11 file(s) 9,236,203 bytes

Directory of D:\CASES\Sun\AOA2\MCT_005

. <DIR> 10-04-01 2:06p .

.o <DIR> 10-04-01 2:06p ..

005_INP <DIR> 10-04-01 2:06p 005_inp

005_oot <DIR> 10-04-01 2:06p 005_out
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AoA2\MCT_005\005_inp

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

MIXCT_~6 92,571 03-30-01 10:04a mixct_005_caseS_x6
MIXCT_~8 92,571 03-30-01 10:04a mixct_005_case§ k6
XIXCT~10 92,707 03-30-01 10:04a mixct_005_casel k6
XNIXCT-12 92,778 03-30-01 10:04a mixct_005_case2 k6
MIXCT-14 92,571 03-30-01 10:04a mixct_005_case3_k6
KIXCT~16 92,571 03-30-01 10:04a mixct_005_cased k6

6 file(s) 555,769 bytes

Directory of D:\CASBS\Sun\AoA2\MCT_005\005_out

- <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

MIXCT_~6 OUT 1,023,158 03-30-01 10:04a mixct_005_caseS_k6.out
MIXCT_~8 OUT 1,012,740 03-30-01 10:04a mixct_005_case6_X6.out
HIXCT-10 OUT 1,099,719 03-30-01 10:04a mixct_005_casel k6.out
MIXCT~12 OUT 1,053,120 03-30-01 10:04a mixct_005_case2_k6.out
MIXCT-14 OUT 1,075,638 03-30-01 10:04a mixct_005_case3_k6.out
MIXCT-16 OUT 1,051,149 03-30-01 10:04a mixct_005_cased _k6.out

6 file(s) 6,315,524 bytes

Directory of D:\CASBS\Sun\AoAZ\MCT_009

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

009_1INP <DIR> 10-04-01 2:06p 009_inp

009_OUT <DIR> 10-04-01 2:06p 009_out
0 file(s) 0 bytes

Directory of D:\CASES\Sun\AoA2\MCT_009\009_inp

- <DIR> 10-04-01 2:06p .

.- <DIR> 10-04-01 2:06p ..

MIXCT ~6 145,339 03-30-0) 10:04a mizct_009_case5_k§
MIXCT ~8 145,317 03-30-01 10:04a mixct_009_case6_xé
MIXCT-10 146,077 03-30-01 10:04a mixct_009_casel k6
MIXCT-12 145,563 03-30-01 10:04a mixct_009_case2_k6
MIXCT-14 145,361 03-30-01 10:04a mixct_009_case3_xé
MIXCT~16 145,235 03-30-01 10:04a mixct_009_cased k6

6 file(s) 872,892 bytes

Directory of D:\CASES\Sun\AoA2\MCT_009\009_out

. <DIR> 10-04-01 2:06p .

.o <DIR> 10-04-01 2:06p ..

POO~6 TXT 990 09-17-01 10:36a foo.txt~

MIXCT_~8 OUT 1,489,916 03-30-01 10:04a mixct_009_caseS_ké6.out
MIXCT-10 OUT 1,498,329 03-30-01 10:04a aixct_009_caseb_ké.out
MIXCT~12 OUT 1,496,420 03-30-01 10:04a mixct_009_-casel_k&.out
MIXCT~14 OUT 1,500,064 03-30-01 10:042 mixct_009_case2 _k6.out
MIXCT~16 OUT 1,486,748 03-30-01 10:04a mixct_009_case3_k6.out
MIXCT~18 OUT 1,498,017 03-30-01 10:04a mixct_009_cased_k6.out

7 tile(s) 8,970,484 bytes

Directory of D:\CASES\Sun\AoA2\MIX_COMP_THERM

. <DIR> 10-04-01 2:06p .
.o <DIR> 10-04-01 2:06p ..
002_INP <DIR> 10-04-01 2:06p 002_INP
003_INP <DIR> 10-04-01 2:06p 003_INP
004_INP <DIR> 10-04-01 2:06p 004_inp

005_INP <DIR> 10-04-01 2:06p 005_inp
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009_1INP <DIR> 10-04-01 2:06p 009_inp
0 gile(s) 0 bytes

Directory of D:\CASES\Sun\AoA2\MIX_COMP_THERM\002_INP

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

MIX_CO~6 25,221 03-30-01 10:04a MIX _COMP_THERM_002_PNL34_k6
MIX_CO~8 25,221 03-30-01 10:04a MIX_COMP_THERM_002_PNL35_X6
mx_C~10 25,221 03-30-01 10:04a MIX_COMP_THERM_002_PNL30_k6
xIx_Cc~12 25,221 03-30-01 10:04a MIX_COMP_THERM_002_PNL31_k6
MIX_C-14 25,221 03-30-01 10:04a MIX COMP_THERM 002_PNL32_k6
WX _C~16 25,221 03-30-01 10:04a MIX _COMP_THERM_002_PNL33_k6

6 tile(s) 151,326 bytes

Directory of D:\CASES\Sun\AocA2\MIX COMP_THERM\003_INP

. <DIR> 10-04-01 2:06p .
.. <DIR> 10-04-01 2:06p ..
MIX_CO~6 23,663 03-30-01 10:04a MIX_CCMP_THERM_003_casd_k6
RIX_CO~8 23,663 03-30-01 10:04a MIX_COMP_THERM_003_cas6_ké
MIX C~10 23,663 03-30-01 10:04a MIX_COMP_THERM _003_cas5_k6
MIX _C~12 23,663 03-30-01 10:04a MIX_COMP_THERM _003_casl k6
XIX _C-14 23,663 03-30-01 10:04a MIX_COMP_THERM_003_cas2-1 k6
MIX_C~16 23,663 03-30-01 10:04a MIX _COMP_THERM_003_cas2-2_ké
MIX C~18 23,827 03-30-01 10:04a MIX COMP_THERM_003_cas3_k6

7 file(s) 165,805 bytes

Directory of D:\CASES\Sun\AoA2\MIX_COMP_THERM\004_inp

. <DIR> 10-04-01 2:06p .

. <DIR> 10~-04-01 2:06p ..

MIX_CO-6 21,701 03-30-01 10:04a MIX_COMP_THERM_004_casd_k6

MIX_CO~8 21,695 03-30-01 10:04a MIX_COMP_THERM_004_cas6_k6

MIX_C-10 21,695 03-30-01 10:04a MIX_COMP_THERM_004_cas8_k6

MIX_C-~12 21,695 03-30-01 10:04a MIX COMP_THERM_004_cas3_k6

AIX_C~14 21,695 03-30-01 10:04a MIX _COMP_THERM_004_cas5_ké

MIX_C~16 21,695 03-30-01 10:04a MIX COMP_THERM_004_cas7_k6

urx_c-18 21,695 03-30-01 10:04a MIX_COMP_THERM_004_cas9_x6

NIx_Cc~20 21,695 03-30-01 10:04a MIX_COMP_THERM 004_casl0_ké
NIX_C-22 21,695 03~30-01 10:04a MIX_COMP_THERM_004_casll k6
MIX_C~24 21,695 03-30-01 10:04a MIX _COMP_THERM_004_casl_k6

XIX_C~26 21,691 03-30-01 10:04a MIX_COMP_THERM_004_cas2_k6

11 file(s) 238,647 bytes

Directory of D:\CASES\Sun\AoA2\MIX_COMP_THERM\005_inp

. <DIR> 10-04-01 2:06p -

. <DIR> 10-04-01 2:06p ..

MIXCT_~6 92,571 03-30-01 10:04a mixct _005S_caseS_k6
MIXCT_~8 92,571 03-30-01 10:04a mixct_00S_case6_k6
MIXCT-10 92,707 03-30-01 10:04a mixct 005_casel k6
MIXCT-12 92,778 03-30-01 10:04a mixct 005_case2 k6
MIXCT-14 92,571 03-30-01 10:04a mixct_005_casel _ké
MIXCT-16 92,571 03-30-01 10:04a mixct _005_cased _ké

6 tile(s) 555,769 bytes

Directory of D:\CASES\Sun\AoA2\MIX_COMP_THERM\009_inp

. <DIR> 10-04-01 2:06p .

.. <DIR> 10-04-01 2:06p ..

MIXCT_~6 145,339 03-30-01 10:04a mixct_009_case5_k6
MIXCT ~8 145,317 03-30-01 10:04a mixct_009_casebs_ké
MIxXcT~10 146,077 03-30-01 10:04a mixct_009_casel x6
KIXCT~12 145,563 03-30-01 10:04a mixct_009_case2 k6
NIXCT~14 145,361 03-30-01 10:04a mixct_009_case3_k6
MIXCT~16 145,235 03-30-01 10:04a mixct_009_cased_k6

6 tile(s) 872,892 bytes

Directory of D:\CASES\Sun\AcAZ\usl

. <DIR> 10-04-01 2:06p .

. <DIR> 10-04-01 2:06p ..

FULLSE~S <DIR> 10-04-01 2:06p Full Set
0 tile(s) 0 bytes

Directory of D:\CASES\Sun\AcA2\usl\Full Set

. <DIR> 10-04-01 2:06p -
.o <DIR> 10-04-01 2:06p ..
MIx_ru-é INP 1,068 09-24-01 3:43p Mix_Full_Set EALF.inp
MIX_FU~-8 OUT 5,491 09-24-01 3:32p Mix_Pull _Set_EALF.out
MIX_F-10 INP 1,337 09-24-01 3:30p Mix_Pull_Set_Pu_content.inp
MIX_r-12 OUT 5,491 09-24-01 3:33p Mix Pull_Set_Pu_content.out
MIX _F~14 INP 1,370 09-24-01 3:39p Mix Pull_Set_Vm.VEf.inp
MIX _PF-16 OUT 5,703 09-24-01 3:40p Mix _Full_Set_Vm.Vf.out

6 file(s) 20,460 bytes

Total files listed:
1,194 file(s) 360,444,738 bytes
348 dir(s) 0 bytes free
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Sensitivity and uncertainty
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EXECUTIVE SUMMARY

This report documents the validation of the nuclear criticality safety codes to be used in the
design of the Mixed Oxide (MOX) Fuel Fabrication Facility (MFFF), to be owned by the U.S.
Department of Energy (DOE) and operated by the licensee, Duke Cogema Stone & Webster
(DCS). This report is applicable to the validation of the SCALE 4.4a code packages [1] using the
CSAS26 (KENOVI) sequence and the 238 energy group cross section library 238GROUPNDEFS.

Title 10 Code of Federal Regulations (CFR) §70.61(d) requires that all nuclear processes remain
subcritical under all normal and credible abnormal conditions. In order to establish that a system
or process will be subcritical under all normal and credible abnormal conditions, it is necessary
to establish acceptable subcritical limits for the operation and then show that the proposed
operation will not exceed those values. In order to comply with this requirement, the American
National Standard for Nuclear Criticality in Operations with Fissionable Material Outside
Reactors [2] and the U.S. Nuclear Regulatory Commission (NRC) Standard Review Plan for the
Review of an Application for a Mixed Oxide (MOX) Fuel Fabrication Facility [3] require that a
validation be performed that (1) demonstrates the adequacy of the margin of subcriticality for
safety by assuring that the margin is large compared to the uncertainty in the calculated value of
kg and (2) determines the area(s) of applicability (AOA) and use of the code within the AOA,
including justification for extending the AOA by using trends in the bias.

A number of design AOAs are established to cover the range of processes and fissile materials in
the MFFF. AOAs covering Pu and MOX applications are as follows: (1) Pu-nitrate aqueous
solutions, (2) MOX pellets, fuel rods, and fuel assemblies, (3) PuO, powders, (4) MOX powders,
and (5) aqueous solutions of Pu compounds (Pu-oxalate solutions). The first two AOAs are
validated in the validation report Part I [16]. The present report addresses the third and fourth
AOAs: (3) PuO; powders (homogeneous systems), and (4) MOX powders (homogeneous
systems). The AOA(S) will be addressed in the Part II [17].

The report concludes that the upper safety limit (USL) for the third design AOA (i.e., PuO;
powder) is 0.9345, and the USL for the fourth design AOA (i.e., MOX powder) is 0.9323. The
USL accounts for the computational bias, uncertainties, and a 0.05 administrative margin.
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1. INTRODUCTION

1.1 PURPOSE

The purpose of this report is to validate the criticality codes and determine the upper safety limit
(USL) to be used for performing nuclear criticality safety calculations and analyses of the Mixed
Oxide (MOX) Fuel Fabrication Facility (MFFF), to be owned by the U.S. Department of Energy
(DOE) and opecrated by the licensee, Duke Cogema Stone & Webster (DCS).

12 SCOPE

' The scope of this report is limited to the validation of the CSAS26 sequence of the SCALE 4.4a
code packages [1] with the 238 energy group cross-section library 238GROUPNDFS5 on the PC
platform for nuclear criticality safety calculations of the MFFF.

1.3 APPLICABILITY

The following areas of applicability (AOAs) are identified to cover a range of processes and
fissile materials in the MFFF:

¢ Pu-nitrate aqueous solutions

e MOX pellets, fuel rods, and fuel assemblies

e PuO; powders

e MOX powders

e Agqueous solutions of Pu compounds (e.g., Pu-oxalate solutions).
This report addresses the third and fourth AOAs:

¢ PuO, powder mixture (homogeneous systems),

¢ MOX powder mixture (homogeneous systems).
14 BACKGROUND

1.4.1 Overall MFFF Design

The MFFF is designed to produce MOX fuel assemblies on an industrial scale from a mixture of
depleted uranium and plutonium oxides for use in mission light-water reactors. The MFFF will
be constructed at a DOE site and will be licensed by the U.S. Nuclear Regulatory Commission
(NRC) under Title 10 Code of Federal Regulations (CFR) Part 70. The facility is designed to
applicable U.S. codes and standards and operated by DCS, a private consortium under contract to
DOE. The goal of the contract is to design, construct, and operate a facility to fabricate MOX
fuel based on existing technology from the Cogema MELOX and La Hague plants in France. To
maximize the benefit of the existing technology, process and equipment designs from the
MELOX and La Hague plants are duplicated, to the maximum extent possible, in the design of
the new plant.
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The feed material is depleted uranium dioxide and surplus plutonium dioxide (from the Pit
Disassembly and Conversion Facility) supplied by DOE. The impurities in the plutonium dioxide
feed are extracted by the Aqueous Polishing process. The MOX fuel fabrication process blends
this “polished” plutonium dioxide with depleted uranium dioxide to form mixed oxide pellets.
These pellets are loaded into the fuel rods, which are integrated into fuel assemblies. The nuclear
fuel assemblies are transported for use in specific U.S. commercial reactors as nuclear fuel. The
MFEFF is designed to process 3.5 metric tons annually, for a total disposition of 33 metric tons of
plutonium (as dioxide).

14.2 Regulatory Requirements, Guidance, and Industrial Standards

Title 10 CFR §70.61(d) requires that “under normal and credible abnormal conditions, all
nuclear processes are subcritical, including use of an approved margin of subcriticality for
safety.” In order to comply with this requirement, NUREG 1718 [3] and ANSI/ANS-8.1 [2]
require a validation report that (1) demonstrates the adequacy of the margin of subcriticality for
safety by assuring that the margin is large compared to the uncertainty in the calculated value of
keff and (2) determines the AOAs and use of the code within the AOA, including justification
for extending the AOA by using trends in the bias.

NUREG 1718 [3] further states that the validation report should contain:

A description of the AOA that identifies the range of values for which valid
results have been obtained for the parameters used in the methodology. As
defined in ANSI/ANS 8.1-1983, the AOA is the range of material
compositions and geometric arrangements within which the bias of a
calculational method is established. Other variables that may affect the
neutronic behavior of the calculational method should also be specified in the
definition of the AOA. Particular attention should be given to validating the
code for calculations involving mixed oxides of differing isotopics and
defining the isotopic ranges covered by the available benchmark experiments.
In accordance with the provisions in ANSI/ANS 8.1-1983 (applicable section
is Section 4.3.2), any extrapolation of the AOA beyond the physical range of
the data should be supported by an established mathematical methodology.
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2. CALCULATIONAL METHOD

The SCALE 4.4a code package [1] is the computational system used for MFFF criticality
analyses. The code package is available from the Radiation Safety Information Computational
Center (RSICC). The SCALE 4.4a code package is installed and verified on the SGN PC
hardware platform [4].

SCALE 4.4a is a collection of modules designed to perform nuclear criticality, shielding, and
thermal calculations. Each SCALE functional module may be run individually, or a sequence of
functional modules may be executed using a special module referred to as a control module. For
criticality analyses, various criticality safety analysis sequence (CSAS) control modules are
available which differ in the specific functional modules executed and in the processing of cross
sections used as input. In general, MFFF criticality analyses are performed using the CSAS26
control module and the 238 energy group cross-section library 238GROUPNDFS, based on
ENDF/B-V data. These modules perform cross section processing using the BONAMI and
NITAWL-II functional modules, and the calculation of k. is performed using the KENO VI
Monte Carlo transport code. ‘

Recent KENO-VI updates, up to and including Update 3 available from the SCALE Download
web site, have been applied to SCALE 4.4a used for calculations presented here. Comparison
between patched and unpatched SCALE 4.4a versions do not indicate statistically significant
differences [15].
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3. CRITICALITY CODE VALIDATION METHODOLOGY

In order to establish that a system or process will be subcritical under all normal and credible
abnormal conditions, it is necessary to establish acceptable subcritical limits for the operation
and then show that the proposed operation will not exceed those values.

Figure 3-1 shows how the validation process fits within the overall MFFF nuclear criticality
analysis process. The first step involves the procurement, installation, and verification of the
criticality software on a specific computer platform. For the MFFF, the SCALE 4.4a code
packages has been procured, installed, and verified on the SGN PC [4] hardware platform. This
step is followed by the validation of the criticality software, which is the purpose of this report.
The final step involves the criticality safety design analysis calculations, which are performed
and presented in separate reports.

The criticality code validation methodology can be divided into four steps:
¢ Identify general MFFF design applications
e Select applicable benchmark experiments and group them into AOAs
e Model and calculate kg values of selected critical benchmark experiments

e Perform statistical analysis of results to determine computational bias and upper safety
limit (USL).

The first step is to identify the MFFF design applications and key parameters associated with the
normal and upset design conditions. Table 3-2 lists some of the key parameters for the MFFF.

The second step involves several substeps. First, based on the key parameters, the AOA and
expected range of the key parameter are identified. ANSI/ANS-8.1 [2] defines the AOA as “the
limiting range of material composition, geometric arrangements, neutron energy spectra, and
other relevant parameters (such as heterogeneity, leakage interaction, absorption, etc.) within
which the bias of a computational method is established.” AOAs covering Pu and MOX
applications are as follows: (1) Pu-nitrate solutions; (2) MOX pellets, fuel rods, and fuel
assemblies; (3) PuO, powders; (4) MOX powders; and (5) aqueous solutions of Pu compounds.
These AOAs are defined and presented in Section 4. After identifying the AOAs, a set of critical
benchmark experiments is selected. Benchmark experiments for the AOAs are selected from the
references listed in the International Handbook of Evaluated Criticality Safety Benchmark
Experiments [5], the Guide to Verification and Validation of the SCALE-4 Criticality Safety
Software [6], and the Neutronics Benchmarks for the Utilization of Mixed-Oxide Fuel [7]. A
description of all relevant experiments used for each AOA considered here is provided in
Section 5.

The third step involves modeling the critical experiments and calculating the ke values of the
selected critical benchmark experiments'.

The final step involves the statistical analysis of the results in order to calculate the
computational bias and USL. Section 6 presents the computational bias and USL results.

! Note that these models contain simplifications of critical experiments geometry. These simplifications lead to
additional uncertainties, included in the statistical analysis of the results.
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3.1 DETERMINATION OF BIAS

ANSIANS-8.1-1998 [2] requires a determination of the calculational bias by “correlating the
results of critical and exponential experiments with results obtained for these same systems by
the calculational method being validated.” The correlation must be sufficient to determine if
major changes in the bias can occur over the range of variables in the operation being analyzed.
The standard permits the use of trends in the bias to justify extension of the area of applicability
of the method outside the range of experimental conditions.

Calculational bias is the systematic difference between experimental data and calculated results.
The simplest technique is to find the difference between the average value of the calculated
results of critical benchmark experiments and 1.0. This technique gives a constant bias over a
defined range of applicability.

Another technique is to find the difference between a regression fit of the calculated results of
critical benchmark experiments and 1.0, as a function of an independent variable (e.g.,
enrichment, moderator-to-fuel ratio, etc.). As a rule, the bias is not a constant, but is dependent
upon an independent variable, usually the degree of moderation of the neutrons. For example, the
bias for an unmoderated system in which fission occurs with fast neutrons would not be expected
to be the same as for a moderated system in which fission occurs with thermal neutrons. The
AOA for the bias is the limiting range of material composition, geometric arrangement, etc., over
which the bias is collectively established.

The recommended approach for establishing subcriticality based on numerical calculations of the
neutron multiplication factor is prescribed in Section 5.1 of ANSI/ANS-8.17 [8]. The criteria to
establish subcriticality requires that for a design application (system) to be considered as
subcritical, the calculated multiplication factor for the system, k;, must be less than or equal to an
established maximum allowed multiplication factor based on benchmark calculations and
uncertainty terms that is:

k < ke - Ak - Ak - Ak (Eq.3.1)
where:

ks = the calculated allowable maximum multiplication factor, (ks) of the design
application (system)

k. = the mean k.g value resulting from the calculation of benchmark critical
experiments using a specific calculation method and data

Ak; = the uncertainty in the value of k¢

Ak, = the uncertainty in the value of k.

Ak, = the administrative margin to ensure subcriticality.

Sources of uncertainty that determine Ak; include:
¢ statistical and/or convergence uncertainties
e material and fabrication tolerances

e limitations in the geometric and/or material representations used.
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Sources of uncertainty that determine Ak, include:

e uncertainties in critical experiments

statistical and/or convergence uncertainties in the computation

extrapolation outside of the range of experimental data

limitations in the geometric and/or material representations used.

An assurance of subcriticality requires the determination of an acceptable margin based on
known biases and uncertainties. The USL is defined as the upper bound for an acceptable
calculation.

Critical benchmark experiments used to determine calculational bias () should be similar in
composition, configuration, and nuclear characteristics to the system under examination. The
range of applicability may be extended beyond the range of conditions represented by the
benchmark experiments by extrapolating the trends established for the bias. § is related to k. as
follows:

B=k-1 (Eq.3.2)
AB = Ak, (Eq.3.3)

Using this definition of bias, the condition for subcriticality in Eq. 3.1 is rewritten as:
ks + Ak <1-Akp+8-A8 (Eq.3.4)

A system is acceptably subcritical if a calculated k. plus calculational uncertainties lies at or
below the USL.

ks + Ak < USL (Eq. 3.5)
The USL can be written as:
USL=1-Ak, + B- AB (Eq. 3.6)

Bias is negative if k. < 1 and positive if k; > 1. For conservatism, a positive bias is set equal to
zero for the purpose of defining the USL. AB is typically determined at the 95% confidence level.

The USL takes into account bias, uncertainties, and administrative and/or statistical margins such
that the calculated configuration will be subcritical with a high degree of confidence.

f is related to system parameters and may not be constant over the range of a parameter of
interest. If ks values for benchmark experiments vary as a function of a system parameter, such
as enrichment or degree of moderation, then 8 can be determined from a best fit as a function of
the parameter upon which it is dependent. Extrapolation outside the range of validation must take
into account trends in the bias.

Both AB and f can vary with a given parameter, and the USL is typically expressed as a function
of the parameter. Normally, the most important system parameter that affects bias is the degree
of moderation of the neutrons. This parameter can be expressed in several different ways, such as
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the energy of average lethargy causing fission (EALF), moderator-to-fuel volume ratio (v/vY),
or moderator-to-fuel atomic ratio (H/Pu ratio).

In general, the “bias” can be broken down into components caused by system modeling error,
code modeling inaccuracies, cross-sectional inaccuracies, etc. Biases associated with individual
inaccuracies are usually combined into a total bias to represent the combined effect from all
sources that prevent code and cross-sections from calculating the experimental value of ke (see
Section 0).

One or two calculations are insufficient to determine calculational bias. In practice, it is
necessary to determine the “average bias” for a group of experiments. A statistical analysis of the
variation of biases around this average value is used to establish an uncertainty associated with
the bias value when it is applied to a future calculation of a similar critical system. The lower
limit of this band of uncertainty establishes an upper bound for which a future calculation of kg
for a similar critical system can be considered subcritical with a high degree of confidence.

3.2 USL DETERMINATION METHODS

NUREG/CR-6361 [9] describes two parametric statistical methods for the determination of an
USL from the bias and uncertainty terms associated with the calculation of criticality. The first
method applies a statistical calculation of the bias and its uncertainty, plus an administrative
margin, to a linear fit of critical experimental benchmark data. The second method applies a
statistical calculation to determine a combined lower confidence band and subcritical margin.
Both methods assume that the distribution of data points is normal. The following discussion of
each method is taken from NUREG/CR-6361 [9] and is based on equations and techniques
described in Dryer, Jordan, and Cain [10], Easter[11], Bowden and Graybill [12], Johnson [13],
and Cain [14].

The parametric statistical methods described in NUREG/CR-6361 require the benchmark data to
be normally distributed. In cases where the data fails a test for normality, a nonparametric
technique is described which is based on rank order statistics. In this analysis, the nonparametric
technique described in NUREG/CR-6361 [9] is employed.

3.2.1 USL Method 1: Confidence Band with Administrative Margin

This method applies a statistical calculation of the bias (B) and its uncertainty (AP) plus an
administrative safety margin (Aky) to a linear fit of calculated results for a selected set of critical
experiments. A confidence band (W) is determined statistically based on the existing data and a
specified level of confidence; the greater the standard deviation in the data or the larger the
confidence desired, the larger the band width will be. This confidence band, W, accounts for
uncertainties in the experiments, the calculational approach, and calculational data (e.g., cross
sections) and is therefore a statistical basis for AP, the uncertainty in the value of f. W is defined
for a confidence level of (1-y;) using the relationship:

W = max {w(x)x s, x m} (Eq.3.7)

where
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H
_ 1. (x-x)
W(X) = tiy, s, 1+—n +__Z(x.'-;)z

i=ln

(Eq. 3.8)

and

n = the number of critical calculations used in establishing k _ (x)

1y, = the Student - t distribution for 1- . and n - 2 degrees of freedom

x = the mean valueof parameter X in the set of calculations
s, = the pooled standard deviation for the set of criticality calculations.

The function w(x) is a curvilinear function. For simplicity, it is desirable to obtain a constant
width margin. Therefore, for conservatism, the confidence band, W, is defined as the maximum
of (W(Xmin), W(Xmax)), Where Xpin and Xp,, are the minimum and maximum values of the
independent parameter x, respectively. Typically, W is determined at a 95% confidence level.

The pooled standard deviation is obtained from the pooled variance S, = S: ,» where S, is given

as:
2 2 2
S, = Skt Su . (Eq.3.9)

Where Sfm is the variance (or mean square error) of the regression fit, and is given by:

o ] {;(x,.—'f)(k,—lz)}
sho = 5 i;(ki—k)z— SG 3T (Eq. 3.10)

i=ln

I |

and S? is the within-variance of the data:

2=15g? Eq. 3.11)

n i=ln

where ©; is the standard deviation associated with k; for a Monte Carlo calculation. It is
recommended that the individual standard deviations for Monte Carlo calculations be roughly
uniform in value for the best results. For deterministic codes that do not have a standard
deviation associated with a computed value of k, the standard deviation is zero. However, this
term can also be used as a mechanism to include known uncertainties in experimental data.



&

STONE & WEBSTER MFFF Criticality Code Validation — Part 11 Page 17 of 67

In USL Method 1, Aky, is given an arbitrary administrative value. NUREG-1718 [3] states that a
“minimum subcritical margin (Akn) of 0.05 is generally considered acceptable without additional
justification when both the bias and its uncertainty are determined to be negligible.” The MFFF
criticality analyses use a value of 0.05. Section 0 provides further justification for the 0.05
administrative margin.

Having determined the constant W and substituting for AP in equation 3.6, the expression for the
USL may be written as:

USLi(x) = 1.0 - Ak, - W + B(x). (Eq. 3.12)

322 USL Method 2: Single-Sided Uniform Width Closed Interval Approach

In USL Method 2, sometimes referred to as a lower tolerance band (LTB) approach, statistical
techniques are applied to determine a combined lower confidence band plus subcritical margin.
In USL Method 1, Ak, and AP are determined independently, and in USL Method 2 (LTB
method), a combined statistical lower bound is determined.

The purpose of this method is to determine a uniform tolerance band over a specified closed
interval for a linear least-squares model. The level of confidence in the limit being calculated is
o and is typically in the range of 0.90 to 0.999.

The USL Method 2 is defined as:
USLx(x) = 1.0 — (Cop - 5p) + B(x) (Eq. 3.13)

where s; is the pooled variance of k. described earlier. The term Cqp - s, provides a band for
which there is a probability P with a confidence « that an additional calculation of k. for a
critical system will lie within the band. For example, a Cosmos multiplier produces a USL for
which there is a 95% confidence that 995 out of 1000 future calculations of critical systems will
yield a value of keff above the USL.

The analysis is over the closed interval from x = a to x = b. Cqp is calculated according to the
following equations:

g= %.F_S“‘_’_‘)z_ (Eq. 3.14)
=2
\ E(x, X)
h= .1_.,._(1’__'?_):_ (Eq. 3.15)

" Sw-or

i=1
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11, @-5e-%
gh n 2(1:‘_2)2

i=1

p= (Eq. 3.16)

A=% ‘ (Eq. 3.17)

A, p, and (n-2) are used to determine the value of D from Table 3 in Bowden [12], which covers
values of 0.5 <A <1.5. The procedure to follow when A is in this range is:

C*=D-g. (Eq. 3.18)

When A is outside the above range, A is replaced by 1/A for the determination of D, and C* is
given by:

C*=D-h (Eq. 3.19)
Next,
* n-— 2
Capr=C +7° , (Eq. 3.20)
IZ
where
% the Student t statistic depending on n and P

X

the chi square distribution, a function of n-2 and .

This approach provides a statistically based subcritical margin, Ak, which can be determined as
the difference (Copsp)-W. In criticality safety applications, such a statistically determined
approach generally, but not necessarily, yields a margin of less than 0.05, which serves to
illustrate the adequacy of the administrative margin specified in USL Method 1. The
recommended purpose of USL Method 2 is to apply it in tandem with USL Method 1 to verify
that the administrative margin is conservative relative to a purely statistical basis.

3.2.3 Non-Normal Distributions

In cases where the benchmark results fail the % test for normality, the nonparametric technique
described in NUREG-6698 [18] is applied to the data. This statistical technique is based on a
rank order analysis of the data. The USL is established according to

USL = Smallest k¢ value — Uncertainty for smallest ke — Nonparametric margin — Akn, (Eq. 3.1)

Where the nonparametric margin is an additional margin intended to account for small sample
size, and Ak, is the administrative margin. Recommended values for the nonparametric margin
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as a function of the degree of confidence are obtained from Table 2.2 of NUREG-6698, which is
reproduced in Table 3-1.

The degree of confidence ﬂ that a fraction g of the population is greater than the lowest observed
value is established for a given sample size n according to

B=1-4" (Eq. 3.2)
For a desired population fraction of 95%, this becomes
£ =1-095" (Eq.3.3)

In order to obtain a 95% confidence that 95% of the population is larger than the smallest
observed sample, at least 59 critical experiments are required.

Table 3-1 Recommended Non-Parametric Margin Values from NUREG-6698

Degree of Confidence for 95% of the Population Non-parametric Margin (NPM)
>90% 0.00
>80% 0.01
>70% 0.02
>60% 0.03
>50% 0.04
>40% 0.05
<40% Additional data needed. (This
corresponds to less than 10 data points.)

3.3 UNCERTAINTIES

Uncertainties, as used in this report, refer to the uncertainty in ks associated with experimental
unknowns or assumptions and to the uncertainty values associated with Monte Carlo analyses.

Experimental uncertainty () — Modeling of validation experiments frequently result in
assumptions about experimental conditions. In addition, experimental uncertainties (such as

measurement tolerances) influence the development of a computer model. Recent efforts by the
OECD -~ NEA [5] have resulted in the quantification of these uncertainties in validation
experiments.

Statistical uncertainty (6;) — Monte Carlo calculation techniques result in a statistical uncertainty
associated with the actual calculation. This type of uncertainty is dependent upon many factors,
including number of neutron generations performed, variance reduction techniques employed,
and problem geometry. For this document, o; refers to the statistical Monte Carlo uncertainty
associated with the computer modeled validation experiment.
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Total uncertainty —This is the total uncertainty associated with a calculated kg on a benchmark
experiment. The total uncertainty for an individual benchmark is the combined error of the
experimental and statistical uncertainties:

0,=yo% +7?, (Eq. 3.21)

where the subscript (i) refers to an individual benchmark calculation.

34 NORMALIZING Kgrr

In many instances, benchmark experiments used for validation may not be exactly critical.
Experimental results may show that the experiment is slightly above or below a ke = 1.0. For
these cases, the calculated ks values should be normalized to the experimental value. This
assumes that any inherent bias in the calculation is not affected by the normalization, which is
valid for small differences in kes. To normalize kg, the following formula applies:

kesr (normalized) = kg (calculated) / kesr (experimental) (Eq. 3.22)

The normalized ke values are to be used in the determination of the USL. Since only small
adjustments to the calculated k. value are made as a result of normalization, no adjustment to
the total uncertainty, G;, is made.

3.5 APPLICATION OF THE USL

The equations for USL Methods 1 and 2 (equations 3.12 and 3.13) represent an upper bound to
assure subcriticality for a given configuration when the calculated k.« plus uncertainty for the
configuration is less than the USL. USLs may be calculated for a number of independent
parameters for a given system. Here, the subcritical limit is taken as the minimum of all USLs
computed for the specific parameters of the system. This approach is conservative with respect to
the guidance provided in NUREG/CR-6361 [9] in which the USL is determined based on the
statistical results for the parameter “with the strongest correlation to the calculated k.g values.”

Another advantage of the USL is that it may also be used to establish guidelines for
quantitatively determining the applicability of the bias (or validation) to specific applications.
For a given parameter, the USL is valid over the range of that parameter in the set of calculations
used to determine the USL. However, ANSI/ANS-8.1 [2] allows the range of applicability to be
extended beyond this range by extrapolating the trends established for the bias. No precise
guidelines are specified for the limits of extrapolation. Thus, engineering judgment should be
applied when extrapolating beyond the range of the parameter bounds.

Appendix C in NUREG/CR-6361 [9] documents the USLSTATS computer program that was
developed to perform the required statistical analysis and calculate USLs based on USL Methods
1and 2.

In this validation report, USLSTATS is used to trend the following parameters:
¢ Moderator to fuel atomic ratio (H/Pu)
e Energy of Average Lethargy Causing Fission (EALF)
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e 2°py and PuO; content (percentage by weight)

The H/Pu ratio is a parameter that describes the moderation of the neutrons in the fissile medium.

The EALF parameter is a measure of the energy dependent fission efficiency of the fissile
medium.

The administrative margin, Aky, is fixed in order to have a sufficient confidence that the
calculated results are subcritical.
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Figure 3-1 Overview of the Criticality Analysis Process of the MFFF
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Table 3-2 Characteristics of the MFFF Application Areas’
~ Aqueous
Pu-nitrate MOX pellets, PuO, MOX solutions of
Parameter . fuel rods, |powder/water | powder/water
solution . . Pu
FAs mixtures mixtures
compounds
Fissile Material vox m%’i‘h:‘;sd (2) Pu-oxalate
Physical/Chemical Pu-nitrate ;| PuO;powder | MOX powder
MOX Rods and b) Pu
Form (b) PuO,F;
; FAs
96% “’Pu 96% *’Pu
Isotopic composition 96% **Pu 4% %°py 96% “’Pu 4% Py 96% “*Pu
of fissile material © | 49, 20py 4% *py 1 4%%pu
depleted U depleted U
PuO,/(UO:+Pu0y,) 100 % <63% 100 % 6.3% —22% 100 %
Maximum oxide
density [g/em’] - 7.0,11.0 3.5,7.0,11.46 41,55 -
3 a) 242
Pu concentration 125 — 237 _ _ _ (@
[g/liter] (b) 696
Type of moderation | Homogeneous | Heterogeneous | Homogeneous | Homogeneous | Homogeneous
Optimum _ 1o H/Pu=0.3-6 el (2) H/Pu=100
modoration ™ | F/Pu=100-200 [v?Ai=19-9 | - o0 ooy | H/Pu=1.6 - 291 (b) H/Pu=30
Low density
moderation - <s5™ <5 <5 -
[wt.% H,0}
Water
s Water w Water
Anticipated water ater Cd/water
absorber/reflector Concrete Concrete Borated Water
materials Borated concrete Concrete
Borated concrete
concrete
Annular . Annular
. Cylinders .
Typical cylinders Arra Various Various cylinders
geometry Cylinders ys configurations | configurations Cylinders
Cuboids ‘
Slabs Slabs

" Characteristics presented typically refer to optimal or bounding values or ranges associated with respective AOAs

e

Per calculation

sy

Green Pellets (i.e., unsintered pellets) < 5; sintered pellets < 1

** Bounding design isotopic composition from Aqueous Polishing System basis of design
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3.6 IDENTIFICATION OF BENCHMARK EXPERIMENTS

Benchmark experiments applicable to the validation of SCALE 4.4a for the areas of applicability
covered in this report are identified using the sensitivity and uncertainty analysis technique
developed by Oak Ridge National Laboratory [25]. This technique provides a quantitative
means of identifying applicable experiments which exhibit a high degree of correlation with the
design application with respect to both computed sensitivities and known uncertainties in the
underlying cross-section data.

The S/U analytical tools include the SEN1 and SEN3 sensitivity analysis sequences, which will
be available with the next release of the Standardized Computer Analyses for Licensing
Evaluation (SCALE) code system. These analysis sequences compute the relative change in the
system neutron multiplication factor, k.sr, which would be observed for perturbations in the
group-wise neutron cross-section data for each reaction of each nuclide in the system. The
CANDE code uses sensitivity data determined separately for the design system applications and
the individual experiments, along with the cross-section-covariance data, to calculate integral
parameters which give a measure of the similarity between a particular design system and an
experimental benchmark. A high-valued integral parameter for an experiment application pair
indicates that the experiment demonstrates similar properties to the application. Thus, the
experiment is applicable for the criticality code validation of the design system. A theoretical
basis for the S/U techniques applied in this report is given in Sect. 2 of [25].

The experiments identified in the ORNL report [25] are included here for use in the validation of
SCALE 4.4a for AOA(3) and AOA(4).

3.6.1 Sensitivity and Uncertainty Analysis

A detailed description of the theory supporting the S/U technique is provided in [25] and in the
references cited therein. For the purposes of this report, the end result of the S/U technique
applied to a candidate benchmark experiment with respect to a particular design application is a
parameter c;y which represents the correlation coefficient between uncertainties in the two
systems.

These correlations arise due to the fact that the uncertainties in the kegr values for two different
systems are related, since they contain the same materials. Cross-section uncertainties will
propagate to all systems containing these materials. Systems with the same materials and similar
spectra would be correlated, while systems with different materials or differing spectra would not
be correlated. The interpretation of the correlation coefficient is the following: a value of 0
represents no correlation between the systems, a value of 1 represents full correlation between
the systems, and a value of -1 represents a full anti-correlation.

In [21], the criterion for the acceptance of a benchmark for the validation of a design system was
established such that experiments exhibiting a ¢, value of 0.8 or higher could be used for the
validation of the design system. This criterion was chosen based on two methods of evaluation.
The first was objectively viewing the sensitivity profiles to determine which systems appear to
exhibit similar properties. The systems that exhibited the most similarities were those with a ck
value of 0.8 or higher. The second method for establishing the criterion was the divergence of the
computational bias predicted by the Generalized Linear Least Squares Methodology (GLLSM)
procedure. Through this procedure, the GLLSM code was used to predict the computational bias
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of a system based on differing sets of experimental benchmarks. First, a large number of critical
systems, with a wide range of cx values, were included in the evaluation, and a bias was
computed. Next, systems with ck values of 0.9 or greater were removed from the experimental
set, thus the experiment set included only those experiments with ck values of 0.89 or lower. No
change in the computational bias calculated by GLLSM was observed. A third GLLSM
evaluation was performed using only experiments exhibiting a cx value of 0.79 or lower. In this
case, the computational bias computed by GLLSM varied from the previous two calculations by
approximately 0.5%. A similarly skewed bias was found when only including systems with a ¢
of 0.69 or lower. Thus, it is concluded in [21], there is a clear break in the behavior of systems at
a cx value of 0.8, and this should be used as the criterion for applicability.

3.6.2 Benchmark Experiments Identified for AOA(3)

In order to identify experiments applicable to AOA(3), three typical PuO, powder systems are
first identified and the S/U methodology is applied to determine the sensitivity of keg for these
design applications to cross section data. The three design applications characterizing AOA(3)
are described in Table 3-3.

Table 3-3 Characteristics of Design Systems for AOA(3)

Application H/Pu EALF (eV) keff
AOA 3-1 1.58 1019 0.9984
AOA 3-2 599 94.37 1.001
AOA 33 3.04 884.3 1.006
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Table 3-4 Experimental configurations with ci coefficients > 0.8 for AOA 3-1

| _Esperiment | ok | HPu | B Pue) | Wik ™pu | WeS%Pa | EALF(eV) |  kemr o NsK | GeN | nec
PMF016-05 087 | 000 0.00 5.99% 100.0% 79GE+03 | 09986 | 00006 1 ) 3000
PMFD16-01 037} 000 0.00 5.99% 100.0% 1.196+:04 | 10128 | 00006 20 s | soo0
PMR037-16 0s6 | 000 0.00 5.98% 100.0% 2848404 | 10007 | 00005 8 503 5000
PMF037-15 086 | 0.00 0.00 5.98% 100.0% 1836404 | 09992 | 0.0006 2 503 | s000
PMF003-02 026 | 0.00 0.00 5.97% 100.0% 6946405 | 09930 | 00006 3 so3 | so00
PMR003-01 086 | 000 0.00 5.97% 100.0% 1246406 | 09946 | 0.0006 ] s03 | so0o
PMF037-07 086 | 0.00 0.00 5.98% 1000% | 3326404 | 09978 | 0.0006 2 so3 | sooo
PMF003-03 036 | 000 0.00 5.97% 100.0% 1248406 | 09876 | 0.0006 4 503 | soco
PMF001-01 036 | 000 0.00 452% 100.0% 124806 | 09957 | o0.0006 1 so3 | soo0
PMF016-03 086 | 000 0.00 5.99% 100.0% 823E+403 | 09994 | o0.0006 3 503 | s000
PMFU37-12 0s6 | o000 0.00 5.98% 100.0% 236E+0s | 09996 | 0.0006 1 sw | soc0
PMF003-04 026 | 000 0.00 597% 1000% | 628Es05 | 09922 | o0.0006 30 s | so00
PMED16-04 036 | 000 0.00 599% 100.0% 80SE+03 | 09983 | 0.0006 16 503 5000
PMPO17-01 085 | 000 0.00 597% 100.0% 783E+05 | 09896 | 0.0006 63 s03 | 5000
PMF037-01 086 | 000 0.00 5.98% 100.0% 1466405 | 09977 | 0.0006 15 503 5000
ME003-05 086 | 000 0.00 5% 100.0% 125E+06 | 09914 | 0.0006 4 503 5000
PMF037-10 086 | 000 0.00 5.98% 100.0% 2586404 | 09985 | 0.0006 6 503 5000
MF016-02 086 | 000 0.00 5.99% 100.0% 856E+03 | 1.0008 | 0.0006 13 503 5000
MF017-02 086 | 000 0.00 5.971% 1000% | 407E+05 | 09912 | 00007 6 sw | so00
PMFOI7-03 0ss | 000 0.00 597% 100.0% 231E+05 | 09951 | 0.0006 4 503 | s000
PMFO17-04 oss | 000 000 597% 1000% | 457E+05 | 09903 | 00007 s s | sooo
PMF037-05 05 | 000 0.00 5.98% 1000% | Sa2E+04 | 0999 | 0.0006 ] sa | soo0
PME002-01 o0ss | o000 0.00 20.16% 100.0% 1266406 | 09913 | 0.0006 19 503 | s000
PMI016-06 084 | 000 0.00 5.99% 100.0% 780E+03 | 10003 | 0.0006 20 503 5000
PMFO17-05 084 | 000 0.00 597% 1000% | 938E+04 | 1.0004 | 0.0006 26 503 5000
PCM002-02 033 | o004 0.04 1835% 1000% | 424E+03 | 10306 | 0.0006 19 s03 | so000
PMF033-01 083 | o000 0.00 535% 52.5% 400E+05 | 10012 | 00005 30 | s | so00
PCM002-01 082 | oo 0.04 18.35% 1000% | 4928403 | 10329 | 00006 ) so3 | sooo
-03 081 | o004 0.04 18.35% 1000% | 349E+03 | 10275 | 00005 3 so3 | soo0
PCM002-04 081 | o0 0.04 18.35% 100.0% | 253E.03 | 1.0204 | 00006 7 so3 | so00
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Table 3-5 Experimental configurations with cy coefficients > 0.8 for AOA 3-2

<k HPu | H(Pu+U) | Wit% *Ppu Wt% Pu | EALF (eV) keff ] NSK GEN NPG
0.99 5.05 5.05 11.46% 100.0% 9.26E+01 1.0230 0.0005 13 503 5000
0.99 5.05 5.05 11.46% 100.0% 8.43E+01 1.0219 0.0006 9 503 5000
099 5.05 3505 11.46% 100.0% 6.79E+01 1.0210 0.0006 3 503 5000
098 5.05 3505 11.46% 100.0% 5.73E+01 1.0223 0.0006 63 503 5000
098 5.05 505 11.46% 100.0% 1.74E+03 1.0203 0.0007 29 503 5000
097 | 1495 14.95 8.06% 100.0% 3.95E+01 0.9881 0.0006 10 503 5000
097 | 1510 15.10 2.20% 100.0% 3.26E+01 1.0164 0.0006 10 503 5000
095 | 1495 14.95 8.06% 100.0% 6.66E+00 1.0092 0.0005 5 503 5000
095 1 1495 1493 8.06% 100.0% 6.41E+00 1.0145 0.0006 6 503 5000
095 | 1495 1495 8.06% 100.0% 6.68E+00 1.0090 0.0005 4 303 5000
095 | 1495 1495 8.06% 100.0% 6.4GE+00 1.0091 0.0005 8 503 5000
095 | 1495 14.95 8.06% 100.0% 6.17E+00 10101 0.0005 s 503 5000
0.95 9.55 2.79 1153% 29.3% 4.35E+01 1.0045 0.0005 8 503 5000
095 | 15.10 15.10 2.20% 100.0% 5.59E+00 1.0297 0.0006 8 503 5000
0.95 9.47 27 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 5000
095 9.55 - 279 11.53% 293% 4.02E+01 1.0044 0.0005 3 503 5000
095 9.47 wm 11.52% 29.3% 3.80E+01 0.9928 0.0005 4 503 3000
095 9.55 279 11.53% 29.3% 3.86E+01 1.0038 0.0005 29 503 5000
0.95 947 27 11.52% 293% 4.10E+01 1.0029 0.0005 50 503 5000
095 %247 2n 11.52% 29.3% 4.07E+01 0.9931 0.0005 6 503 5000
094 9.47 2 11.52% 293% 3.52E+01 0.9938 0.0005 3 503 5000
094 1 1510 15.10 2.20% 100.0% 5.56E+00 1.0279 0.0006 7 503 5000
094 9.55 279 11.53% 29.3% 3.94E+01 1.0015 0.0005 17 503 5000
094 | 1510 15.10 2.20% 100.0% 5.14E+00 1.0250 0.0006 57 503 5000
0.94 9.47 wm 11.52% 29.3% 3.78E+01 0.9935 0.0005 17 503 5000
094 9.55 279 11.53% 29.3% 4.07E+01 1.0021 0.0005 17 503 5000
094 9.55 279 11.53% 29.3% 3.97E+01 1.0023 0.0005 20 503 5000
094 9.47 27 ns2% 29.3% 3.45E+01 0.9926 0.0005 7 503 3000
0.94 9247 2 11.52% 29.3% 3.67E+01 0.9924 0.0005 12 503 5000
094 9.47 2mn 11.52% 29.3% 3.46E+01 0.9968 0.0005 9 503 5000
094 | 1495 14.95 8.06% 100.0% 4.90E+00 1.0080 0.0006 41 503 5000
0.94 9355 279 11.53% 29.3% 4.02E+01 1.0043 0.0006 12 503 5000
094 9.55 2.79 11.53% 29.3% 4.08E+01 1.0037 0.0005 9 50 5000
0.94 9.53 279 11.53% 293% 4.17E+01 1.0024 0.0005 10 503 5000
094 | 1510 15.10 2.20% 100.0% 5.15E+00 1.0284 0.0006 10 503 5000
094 1 15.10 15.10 2.20% 100.0% 4.55E+00 1.0286 0.0005 3 503 5000
094 1 1510 15.10 220% 100.0% 4.14E+00 2.0325 0.0006 22 503 5000
094 9.55 279 1153% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
0.90 | 20996 30.56 8.00% 14.6% 6.14E+00 1.0166 0.0005 12 503 5000
0.89 | 209.96 30.56 8.00% 14.6% 4.50E+00 1.0181 0.0005 13 503 5000
089 | 209.96 3056 8.00% 14.6% 5.00E+00 1.0180 0.0005 4 503 5000
0.89 | 209.96 3056 8.00% 14.6% 321E+00 1.0168 0.0005 12 503 5000
0.89 | 20996 3056 8.00% 14.6% 5.00E+00 1.0155 0.0005 17 503 5000
089 | 209.96 30.56 8.00% 14.6% 4.90E+00 1.0165 0.0005 4 503 5000
0389 | 209.96 30.56 8.00% 14.6% 5.76E+00 1.0178 0.0005 21 503 5000
038 | 20996 3056 8.00% 14.6% 4.24E+00 1.01388 0.0005 19 503 5000
088 | 15.10 15.10 2.20% 100.0% 5.44E+00 1.0261 0.0006 5 503 5000
0.87 | 209.96 30.56 3.00% 14.6% 4.03E+00 1.0186 0.0005 4 503 5000
087 | 20996 30.56 8.00% 14.6% 3.71E+00 1.0210 0.0006 4 503 5000
0.86 | 209.96 3056 8.00% 14.6% 5.23E+00 1.0165 0.0005 12 503 5000
0.86 } 209.96 3056 8.00% 14.6% 3.38E+00 1.0190 0.0006 8 503 5000
086 | 209.96 30.56 8.00% 14.6% 3.56E+00 1.0180 0.0006 12 503 3000
035 | 20996 30.56 8.00% 14.6% 3.21E+00 1.0186 0.0005 4 503 5000
0.83 | 20996 30.56 8.00% 14.6% 2.38E+00 10177 0.0006 5 503 5000
0.82 | 209.96 30.56 8.00% 14.6% 3350E+00 1.0171 0.0005 6 503 3000
082 | 20996 30.56 3.00% 14.6% 2.52E+00 1.0220 0.0006 4 503 5000
082 | 4963 49.63 18.50% 100.0% 1.54E+00 1.0105 0.0006 13 503 5000
0382 0.04 0.04 18.35% 100.0% 1.87E+03 1.0167 0.0005 2 503 5000
082 037 037 3.36% 100.0% 3.08E+02 0.9988 0.0001 s 503 5000
081 | 209.96 30.56 3.00% 14.6% 2.21E+00 1.0193 0.0005 9 303 5000
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Table 3-6 Experimental configurations with ¢y coefficients > 0.8 for AOA 3-3

ck HPu | BAPu+U) | Wt % **pu Wt% Pu | EALF (eV) kefl ] NSK GEN NPG
096 505 3.05 11.46% 100.0% 1.74E+03 1.0203 0.0007 29 503 5000
0.95 305 505 11.46% 100.0% 9.26E+01 1.0230 0.0005 15 503 5000
095 5.05 505 11.46% 100.0% 5.73E+01 1.0223 0.0006 63 503 5000
095 5.05 5.05 11.46% 100.0% 6.79E+01 1.0210 0.0006 3 503 5000
093 305 5.05 11.46% 100.0% 843E+01 1.0219 0.0006 9 303 5000
093 004 0.04 18.35% 100.0% 137E+03 1.0167 0.0005 23 303 5000
092 0.04 0.04 18.35% 100.0% 3A49E+03 1.0275 0.0005 3 503 5000
091 0.04 0.04 18.35% 100.0% 2.58E+03 10204 0.0006 7 503 5000
0.91 0.04 0.04 18.35% 100.0% 4.92E+03 1.0329 0.0006 8 503 5000
0.90 0.04 0.04 18.35% 100.0% 4.24E+03 1.0306 0.0006 19 503 5000
0.89 0.00 0.00 5.99% 100.0% 7.80E+03 1.0003 0.0006 20 503 5000
088 | 1495 14.95 8.06% 100.0% 3.95E+01 0.9881 0.0006 10 503 5000
038 0.00 0.00 5.99% 100.0% L17E+04 1.0128 0.0006 20 503 3000
028 0.00 0.00 5.99% 100.0% 8.56E+03 1.0008 0.0006 13 503 5000
0.88 0.00 0.00 3.9% 100.0% 8.08E+03 0.9983 0.0006 16 503 5000
088 9.47 27 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 5000
[12 1) 9.47 27 11.52% 29.3% 4.07E+01 0.9931 0.0005 6 50 5000
0387 9.47 am 11.52% 29.3% 4.10E+01 1.0029 0.0005 30 303 5000
087 | 955 279 11.53% 29.3% 4.02E+01 1.0044 0.0005 3 503 5000
087 9.47 277 11.52% 29.3% 3.80E+01 0.9928 0.0005 4 503 5000
087 %247 2 11.52% 29.3% 3.78E+01 0.9935 0.0005 17 503 5000
087 953 279 11.53% 29.3% 4.07TE+01 1.0021 0.0005 17 503 5000
087 9.55 .19 11.53% 29.3% 435E+01 1.0045 0.0005 8 503 5000
0.87 9.55 279 11.53% 293% 3.94E+01 1.0015 -] 0.0005 17 503 5000
087 | 15.10 15.10 2.20% 100.0% 3.26E+01 1.0164 0.0006 10 503 5000
0.87 0.00 0.00 5.98% 100.0% 1.83E+04 0.9992 0.0006 26 503 5000
087 9.55 279 11.53% 293% 3.97E+01 1.0023 0.0005 20 503 5000
087 9.55 27 1153% 293% 3.86E+01 1.0038 0.0003 29 503 5000
0.87 9.47 2N 11.52% 29.3% 345E+01 0.9926 0.0005 7 503 5000
0.87 9.47 277 11.52% 29.3% 3.52E+01 0.9938 0.0005 3 503 5000
037 9.55 279 11.53% 29.3% 4.17E+01 1.0024 0.0005 10 503 5000
0.87 9.47 an 11.52% 29.3% 3.67E+01 0.9924 0.0005 12 503 5000
087 9.55 279 11.53% 29.3% 4.08E+01 1.0037 0.0005 9 503 5000
087 9.55 279 11.53% 29.3% 4.02E+01 1.0043 0.0006 12 503 3000
087 9.47 27 11.52% 29.3% 3.46E+01 0.9968 0.0005 9 503 5000
037 0.00 0.00 5.99% 100.0% 7.96E+03 0.9936 0.0006 11 503 5000
037 9.55 2719 11.53% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
0.87 0.00 0.00 5.98% 100.0% 332E+04 0.9978 0.0006 21 503 5000
087 0.00 0.00 5.98% 100.0% 236E+04 0.9996 0.0006 11 503 5000
0.87 0.00 0.00 5.99% 100.0% 823E+03 0.9994 0.0006 3 503 5000
0.87 0.00 0.00 5.98% 100.0% S.12E+04 0.9969 0.0006 5 503 5000
0.86 0.00 0.00 5.97% 100.0% 9.38E+04 1.0004 0.0006 26 503 5000
0.86 0.00 0.00 5.93% 100.0% 2.34E+04 1.0007 0.0005 8 503 5000
0.86 0.00 0.00 5.98% 100.0% 2.58E+04 0.9985 0.0006 6 303 5000
085 § 14.95 14.95 8.06% 100.0% 6.66E+00 1.0092 0.0005 5 503 5000
085 | 1495 14.95 8.06% 100.0% 6.68E+00 1.0090 0.0005 4 503 5000
0385 1 1495 14.95 8.06% 100.0% 6.41E+00 1.0145 0.0006 6 503 5000
085 | 1495 14.95 8.06% 100.0% 6.17E+00 1.0101 0.0005 5 503 5000
085 ] 1495 14.95 8.06% 100.0% 6.46E+00 1.0091 0.0005 8 503 5000
084 | 1495 14.95 8.06% 100.0% 4.90E+00 1.0080 0.0006 41 503 5000
034 0.00 0.00 3.98% 100.0% 1.46E+05 0.9977 0.0006 15 303 5000
084 | 1510 15.10 2.20% 100.0% 5.59E+00 1.0297 0.0006 8 503 5000
084 ] 1510 15.10 2.20% 100.0% 5.56E+00 1.0279 0.0006 7 503 5000
0384 | 1510 15.10 2.20% 100.0% 5.14E+00 1.0250 0.0006 57 303 5000
083 1 1510 15.10 2.20% 100.0% S.15E+00 1.0284 0.0006 10 503 5000
0383 0.00 0.00 5.97% 100.0% 231E+05 0.9951 0.0006 4 503 5000
083 | 15.10 15.10 2.20% 100.0% 4.55E+00 1.0286 0.0005 3 503 5000
083 | 15.10 15.10 2.20% 100.0% 4.14E+00 1.0325 0.0006 22 503 5000
082 0.00 0.00 5.97% 100.0% 4.57E+05 0.9903 0.0007 5 503 5000
082 0.00 0.00 5.97% 100.0% 4.07E+05 0.9912 0.0007 6 503 5000
0.81 | 209.96 3056 8.00% 14.6% 6.14E+00 1.0166 0.0005 12 303 5000

3.6.3 Benchmark Experiments Identified for AOA(4)

Typical design applications for AOA(4) MOX powders are characterized in Table 3-7. Design
application 4-4 is based on nearly dry MOX powder systems for which the critical mass is
significantly larger than any anticipated application in the MFFF. Hence, in addition to the
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design application corresponding to a critical mass of plutonium (4-4-Critical), three additional
masses of powder are analyzed with the S/U technique, corresponding to 163, 40, and 8 kg of Pu,
which more closely correspond to the masses of material which will be analyzed in the MFFF.

The resulting experiments identified as applicable to AOA(4) by the S/U analysis are shown in
Table 3-8 through Table 3-14. Note that for the AOA 4-4-Critical and AOA4-4-P163 cases, the
cx acceptance criteria is reduced to 0.7. The inclusion of these additional experiments is
conservative because the USL for this AOA is determined using the nonparametric technique
described in Section 3.2.3 which is based on the overall observed minimum kg value in the
benchmark set. Also, no unique experiments are introduced for these design applications. That
is, all experiments listed in Table 3-11 (4-4-Critical) and Table 3-12 (4-4-P163) appear in some
other result set for which a ¢ value greater than 0.8 is computed.

Furthermore, the 4-4-Critical and 4-4-P163 design applications correspond to plutonium masses
of 454 and 163 kg Pu, respectively. These masses are far in excess of anticipated analyzed
conditions in the MFFF, even under worst case credible accident conditions. Hence, these
design applications might well have been omitted altogether without affecting the USL analysis
for this AOA. However, they have been retained for consistency with the results presented in
[25]).

Table 3-7 Characteristics of Design Systems for AOA(4)

Application H/(U+Pu) EALF (eV) Kesr
AOA 4-1 1.58 127 1.0020
AOA4-2 1.58 . 3751 0.9989
AOA 4-3 1.58 27.8 1.0000
AOQA 4-4-Critical 0.30 2355 0.9993
AOA 44-P163 0.30 1214 0.9350
AOA 4-4-P40 0.30 368 0.8120
AOA 4-4-P8 0.30 86.4 0.6430
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Table 3-8 Experimental configurations with ci coefficients > 0.8 for AOA 4-1

| Experimems &k | HPu | HAPu+U) | wi%*py | Wt%Pu | EALF (V) keft [ NSK GEN | NPG
098 947 2 11.52% 29.3% 4.07E+01 0.9931 0.0005 6 503 3000

098 9.47 2717 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 5000

NSESSTS-07 098 9.55 2719 11.53% 29.3% 4.35E+03 1.0045 0.0005 8 503 5000
098 9.47 2m 11.52% 20.3% 4.10E+01 1.0029 0.0005 50 503 5000

0.98 9.47 27 11.52% 29.3% 3.80E+01 0.9928 0.0005 4 503 5000

NSES5TS-10 0.98 9.55 279 11.53% 29.3% 3.36E+01 1.0038 0.0005 29 503 5000
0.98 9247 2 11.52% 29.3% 3.78E+01 0.9935 0.0005 17 503 3000

INSESST5-06 098 9.55 279 11.53% 20.3% 4.17E4+01 1.0024 0.0005 10 503 5000
NSESSTS-01 0.98 9.55 279 1153% 29.3% 4.02E+01 1.0044 0.0005 3 503 5000
NSES5TS-05 098 955 277 11.53% 29.3% 4.07E+01 1.0021 0.0005 17 503 5000
INSESSTS5-02 098 9.55 2.79 11.53% 29.3% 3.97E+01 1.0023 0.0005 20 503 5000
NSESST5-08 098 9.55 279 11.53% 29.3% 3.94E+01 1.0015 0.0005 17 503 5000
098 9.47 2 11.52% 29.3% 3.52E+01 0.9938 0.0005 3 503 5000

INSESSTS-04 098 9.55 279 11.53% 29.3% 4.08E+01 1.0037 0.0005 9 503 5000
098 9.47 2mn 11.52% 29.3% 3435E+01 0.9926 0.0005 7 503 5000

INSESSTS-03 098 955 279 11.53% 29.3% 4.02E+01 1.0043 0.0006 12 503 5000
098 947 27 11.52% 29.3% 3.67E+01 0.9924 0.0005 12 503 5000

098 9.47 2mn 11.52% 29.3% 3.46E+0L 0.9963 0.0005 9 503 5000

NSESSTS-09 0.98 955 279 11.53% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
PCMO002-06 0.95 505 505 11.46% 100.0% 9.26E+01 1.0230 0.0005 15 503 3000
PCMO002-07 095 505 5.05 11.46% 100.0% 8.43E+01 1.0219 0.0006 9 503 5000
PCMO002-09 0.95 3.05 505 - 11.46% 100.0% 5.73E+01 1.0223 0.0006 63 503 5000
PCM002-08 0.94 505 505 11.46% 100.0% 6.79E+01 1.0210 0.0006 3 503 5000
BNWL2129T4-01 094 | 20996 3056 8.00% 14.6% 6.14E+00 1.0166 0.0005 12 503 5000
001-04 0.94 1495 1495 8.06% 100.0% 3.93E+01 0.9881 0.0006 10 503 5000
1-02 093 505 505 11.46% 100.0% 1.74E+03 1.0203 0.0007 29 503 5000
BNWL2129T4-02 | 093 | 20996 3056 3.00% 14.6% 4.30E+00 1.0181 0.0005 13 503 5000
BNWL2129T4-09 | 093 | 209.96 30.56 8.00% 14.6% S.76E+00 1.0178 0.0005 21 503 5000
BNWL2129T4-04 | 093 | 209.96 30.56 8.00% 14.6% 5.00E+00 10180 0.0005 4 503 5000
M001-03 092 15.10 15.10 2.20% 100.0% 3.26E+01 1.0164 0.0006 10 503 5000
BNWL2129T4-16 | 0.92 1 20996 30.56 3.00% 14.6% 5.21E+00 10168 0.0005 12 503 5000
BNWL2129T4-07 | 092 | 20996 3056 $.00% 14.6% 4.90E+00 10165 0.0005 4 503 5000
BNWL2129T4-15 | 0.92 | 209.96 30.56 8.00% 14.6% 5.00E+00 1.0155 0.0005 17 503 5000
PCMO002-21 0.92 1495 1495 8.06% 100.0% 6.66E+00 1.0092 0.0005 5 503 5000
BNWL2129T4-17 | 0.92 | 20996 30.56 8.00% 14.6% 4.24E+00 1.0188 0.0005 19 503 5000
[PCMO002-22 092 14.95 1495 8.06% 3100.0% 6.41E+00 1.0145 0.0006 6 503 5000
PCMO002-20 092 14.95 1495 8.06% 100.0% 6.68E+00 1.0090 0.0005 4 503 5000
PCMO002-18 092 14.95 1495 8.06% 100.0% 6.17E+00 1.0101 0.0005 5 503 5000
PCMO002-19 0.91 14.95 1495 8.06% 100.0% 6.46E+00 1.0091 0.0005 ] 503 5000
PCM002-17 0.91 14.95 14.95 8.06% 100.0% 4.90E+00 1.0080 0.0006 41 503 5000
BNWL2129T4-19 | 091 | 20996 30.56 8.00% 14.6% 4.03E+00 1.0186 0.0005 4 503 5000
BNWL2129T4-12 | 091 | 209.96 30.56 8.00% 14.6% 3.71E+00 1.0210 0.0006 4 503 5000
[PCM002-15 091 15.10 15.10 2.20% 100.0% 5.56E+00 1.0279 0.0006 7 503 5000
-14 0.90 15.10 15.10 2.20% 100.0% 359E+00 1.0297 0.0006 3 503 5000
BNWL2129T4-10 { 0.90 ] 20996 3056 8.00% 14.6% 3. 23E+00 1.0165 0.0005 12 503 5000
MO002-16 0.90 15.10 15.10 2.20% 100.0% 5.14E+00 1.0250 0.0006 57 503 5000
PCMO002-12 0.90 15.10 15.10 2.20% 100.0% S5.15E+00 1.0284 0.0006 10 503 5000
PCMO002-10 0.90 15.10 15.10 2.20% 100.0% 4.14E+00 1.0325 0.0006 22 503 5000
PCMO002-11 0.90 15.10 15.10 2.20% 100.0% 4.55E+00 1.0286 0.0005 3 503 5000
BNWL2129T4-03 | 0.89 | 209.96 3056 8.00% 14.6% 3.38E+00 1.0190 0.0006 8 503 5000
BNWL2129T4-18 | 0.89 | 209.96 30.56 8.00% 14.6% 3.56E+00 1.0180 0.0006 12 503 5000
BNWL2129T4-05 | 0.38 | 209.96 3056 8.00% 14.6% 3.21E+00 1.0186 0.0005 4 503 5000
BNWL2129T4-11 0.86 | 209.96 3056 8.00% 14.6% 3.50E+00 10171 0.0005 6 503 5000
BNWL2129T4-08 | 036 | 209.96 30.56 8.00% 14.6% 238E+00 1.0177 0.0006 ] 503 5000
BNWL2129T4-13 | 0.85 | 209.96 30.56 8.00% 14.6% 2.52E+00 1.0220 0.0006 4 503 5000
[PCI001-01 0.85 037 037 5.36% 100.0% 3.08E+02 0.9988 0.0001 15 503 5000
PCM002-13 085 15.10 15.10 2.20% 100.0% SA4E+00 1.0261 0.0006 5 503 5000
BNWL2129T4-06 | 0.84 | 209.96 30.56 2.00% 14.6% 2.21E+00 1.0193 0.0005 9 503 5000
MCTO01-01 0.81 0.00 0.00 11.54% 22.4% 9.69E-01 1.0023 0.0005 ] 503 5000
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Table 3-9 Experimental configurations with ci coefficients > 0.8 for AOA 4-2

|  Experiment ek | HPu | EPu+U) | Wes™pu | Wi%Pu | EALF (V) |  kefr c NSK | GEN | NPG
INSES5TS-07 094 9.55 279 11.53% 29.3% 4.35E+01 1.0045 0.0005 8 503 5000
NSESST5-04 094 9.55 279 11.53% 29.3% 4.08E+01 1.0037 0.0005 9 503 5000
NSESST5-06 094 | 955 279 11.53% 293% 417E+01 | 10024 | 00008 10 503 5000
NSESSTS5-05 094 9.55 279 11.53% 29.3% 4.07E+01 1.0021 0.0005 17 503 5000
NSESSTS-01 093 | 955 27 11.53% 203% 402E+01 | 10044 | 0.0005 3 503 5000
093 947 277 11.52% 29.3% 4.10E+01 1.0029 0.0005 50 303 5000

NSESSTS-03 093 | o9ss 2.79 1153% 293% 402E+01 | 10043 | 0.0006 12 503 5000
093 9.47 2n 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 5000

093 | 947 2m 11.52% 293% 407E+01 | 09931 | o0.0005 6 503 5000

NSESSTS-10 093 | oss 279 1153% 20.3% 386E+01 | 10038 | o.0005 29 503 5000
NSESST5-02 093] 955 279 1153% 203% 397E+03 | 10023 | 00005 20 503 | 3000
NSESSTS-08 093 | 9ss 279 1153% 293% 394401 | 10015 | 0.0005 17 503 5000
0.93 247 2n 11.52% 29.3% 3.80E+01 0.9928 0.0005 4 503 5000

093 | 947 27 1.352% 293% 378E+01 | 09935 | 0.0005 17 503 5000

093 947 2n 11.52% 29.3% 3.45E+01 0.9926 0.0005 ? 503 5000

NSESSTS-09 093 | oss 279 . 153% 29.3% 392E+01 | 10020 | 00008 12 503 5000
093 947 2n 11.52% 29.3% 352E+01 0.9938 0.0005 3 503 5000

093 9.47 2n 11.52% 29.3% 3.67E+01 0.9924 0.0005 12 503 5000

093 947 27 11.52% 29.3% 346E+01 0.9968 0.0005 ° 503 5000

PCM001-02 0% | 505 505 1146% 1000% 174E+03 | 10203 | o0.0007 29 503 5000
PCMO002-07 090 5.05 505 11.46% 100.0% 8.43E+01 1.0219 0.0006 9 503 5000
. {PCM002-06 089 | sos 505 1146% 100.0% 926E+01 | 10230 | 00005 15 503 5000
PCMO002-09 088 | 3505 505 11.46% 100.0% smEm | 10223 | 00006 63 503 5000
PCMO002-08 0.88 5.05 5.05 11.46% 100.0% 6.79E+01 1.0210 0.0006 3 503 5000
PCMO01-04 088 | 1495 14.95 8.06% 100.0% 395E+01 | 09881 | o.0006 10 503 5000
BNWL2129T401 | 087 | 20996 3056 8.00% 14.6% 6.14E+00 1.0166 0.0005 12 503 5000
PCM001-03 06 | 15.10 15.10 220% 100.0% 3.26E+01 | 10164 | 0.0006 10 503 | so000
BNWL2129T4-02 | 0.86 | 209.96 3056 8.00% 14.6% 4.50E+00 1.0181 0.0005 13 503 5000
BNWL2129T4-09 | 035 | 20996 30.56 8.00% 14.6% S76E«00 | 10178 | 0.0005 21 503 5000
BNWL2129T4-04 | 085 | 209.96 30.56 8.00% 14.6% 5.00E+00 1.0180 0.0005 4 303 5000
BNWL2129T4-07 | 085 | 209.96 30.56 8.00% 14.6% 4.90E+00 1.0165 0.0005 4 503 5000
BNWL2129T4-16 | 0.85 | 20996 3056 8.00% 14.6% 5.21E+00 1.0168 0.0005 12 503 5000
BNWL2129T4-15 | 0.85 | 209.96 3056 8.00% 14.6% 5.00E+00 1.0155 0.0005 17 503 5000
BNWL2129T4-17 | 0.85 | 209.96 3056 3.00% 14.6% 4.24E+00 1.0188 0.0005 19 503 5000
PCM002-21 085 14.95 14.95 8.06% 100.0% 6.66E+00 1.0092 0.0005 5 303 5000
PCMO002-22 084 14.95 14.95 8.06% 100.0% 6.41E+00 10145 0.0006 6 503 5000
PCM002-20 084 | 1495 1495 2.06% 100.0% 663E+00 | 1009 | 00005 4 503 5000
PCI001-01 084 [ 037 037 $36% 1000% 308E+02 | 09988 | o0.0001 15 503 5000
PCM002-18 084 14.95 14.95 8.06% 100.0% 6.17E+00 1.0101 0.0005 5 503 5000
PCMO002-19 0.84 14.95 14.95 3.06% 100.0% 6AGE+00 1.0091 0.0005 8 303 5000
[BNWL2129T4-10 | 0.834 | 200.96 30.56 8.00% 14.6% $5.23E+00 1.0165 0.0005 12 503 5000
-17 0.83 14.95 14.95 8.06% 100.0% 4.90E+00 1.0080 0.0006 41 503 5000
BNWL2129T4-19 | 0.83 | 20996 30.56 8.00% 14.6% 4.03E+00 1.0186 0.0005 4 503 5000
BNWL2129T4-12 | 0.83 | 209.96 3056 8.00% 14.6% 3.71E+00 1.0210 0.0006 4 503 5000
[PCMO002-14 033 15.10 15.10 2.20% 100.0% 5.59E+00 1.0297 0.0006 8 503 5000
[PCMO002-15 0383 15.10 15.10 220% 100.0% 5.56E+00 1.0279 0.0006 7 503 5000
[PCMO002-16 0.82 15.10 15.10 2.20% 100.0% 5.14E+00 1.0250 0.0006 57 503 5000
PCMO002-12 0.82 15.10 15.10 2.20% 100.0% 5.15E+00 1.0284 0.0006 10 503 5000
BNWL2129T4-03 | 082 | 200.96 3056 3.00% 14.6% 338E+00 | 10190 | 0.0006 ] 503 5000
PCM002-10 0.82 15.10 15.10 2.20% 100.0% 4.14E+00 1.0325 0.0006 22 503 5000
PCM002-11 082 15.10 15.10 2.20% 100.0% 4.55E+00 1.0286 0.0005 3 503 5000
BNWL2129T4-18 | 0.81 | 209.96 30.56 8.00% 14.6% 3.56E+00 1.0180 0.0006 12 503 5000
BNWL2129T4-05 | 0.80 | 209.96 30.56 8.00% 14.6% 3.21E+00 1.0186 0.0005 4 503 5000
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Table 3-10 Experimental configurations with ci coefficients > 0.8 for AOA 4-3

Experiment ck HPu | HPu+U) | Wi % *pu Wi% Pu | EALF (eV) kefl [ NSK GEN NPG
BNWL2129T4-10 | 0.85 | 209.96 3056 8.00% 14.6% 5.23E+00 10165 0.0005 12 503 5000
0.85 | 20996 30.56 8.00% 14.6% 5.76E+00 10178 0.0005 21 503 5000
084 9.55 279 11.53% 29.3% 435E+01 1.0045 0.0005 8 503 5000
084 | 209.96 3056 8.00% 14.6% 6.14E+00 1.0166 0.0005 n 503 5000
0.84 9.55 279 11.53% 29.3% 3.86E+01 1.0038 0.0005 29 503 5000
0.84 9.47 277 11.52% 29.3% 3.52E+01 0.9938 0.0005 3 503 5000
0.84 9.55 279 11.53% 29.3% 4.02E+01 1.0044 0.0005 3 503 5000
084 9.55 279 11.53% 29.3% 3.97E+01 1.0023 0.0005 20 503 5000
0.34 9.55 279 11.53% 293% 4.08E+01 1.0037 0.0005 9 503 5000
0.84 9.55 279 11.53% 29.3% 4.07E+01 1.0021 0.0005 17 503 5000
084 9.55 279 1153% 29.3% 4.02E+01 1.0043 0.0006 12 503 5000
0.84 9.47 27 11.52% 29.3% 4.10E+01 1.0029 0.0005 50 503 5000
0.84 9.47 2n 11.52% 29.3% 3.30E+01 0.9928 0.0005 4 503 5000
084 | 209.96 3056 8.00% 14.6% 4.50E+00 10181 0.0005 13 503 5000
0384 9.47 2 11.52% 29.3% 343E+01 0.9926 0.0005 7 503 5000
034 9.47 2n 11.52% 29.3% 3.46E+01 0.9968 0.0005 9 503 5000
084 247 2mn 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 5000
0.84 | 20996 3056 8.00% 14.6% 3.50E+00 10171 0.0005 6 503 5000
0.84 | 209.96 30.56 8.00% 14.6% 5.21E+00 1.0168 0.0005 12 503 5000
0.84 9.35 279 11.53% 293% 4.17E+01 1.0024 0.0005 10 503 5000
0.84 9.47 2 11.52% 293% 3.78E+01 0.9935 0.0005 17 503 5000
0.84 9.47 27 11.52% 29.3% 3.67E+01 0.9924 0.0005 12 503 3000
084 9.47 a7 11.52% 29.3% 4.07E+01 0.9931 0.0005 & 503 5000
0.84 | 20996 30.56 8.00% 14.6% 5.00E+00 1.0180 0.0005 4 503 5000
084 | 20996 30.56 8.00% 14.6% 5.00E+00 1.0155 0.0005 17 503 5000
0.84 9.55 279 11.53% 29.3% 3.94E+01 1.0015 0.0005 17 503 5000
084 | 209.96 30.56 8.00% 14.6% 4.90E+00 1.0165 0.0005 4 503 5000
084 | 209.96 30.56 8.00% 14.6% 4.4E+00 1.0188 0.0005 19 503 5000
0.84 9.55 27 11.53% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
083 | 209.96 30.56 8.00% 14.6% 4.03E+00 1.0186 0.0005 4 503 5000
0383 | 209.96 30.56 8.00% 14.6% 3.7T1E+00 1.0210 0.0006 4 303 5000
083 | 20996 30.56 8.00% 14.6% 338E+00 1.0190 0.0006 8 503 5000
083 | 209.96 30.56 8.00% 14.6% 3.56E+00 1.0180 0.0006 12 503 5000
082 | 20996 30.56 8.00% 14.6% 3.21E+00 1.0186 0.0005 4 503 5000
0382 0.00 0.00 1.76% 2.0% 71.72E-01 0.9967 0.0005 23 503 5000
0.82 0.00 0.00 787% 1.5% $.53E-01 0.9944 0.0005 4 303 5000
0.82 | 209.96 3056 8.00% 14.6% 2.38E+00 1.0177 0.0006 5 503 5000
082 | 90386 133 11.59% 8.1% 6.37E-01 1.0061 0.0005 10 503 5000
082 | 9036 3 11.59% 3.1% 6.32E-01 1.0051 0.0005 6 503 5000
082 | 9036 733 11.59% 8.1% 6.42E-01 1.0040 0.0005 12 503 5000
082 | 90386 733 11.59% 8.1% 6.43E-01 1.0046 0.0006 8 503 5000
0.81 | 20996 30.56 8.00% 14.6% 2.52E+00 1.0220 0.0006 4 503 5000
0.81 | 20596 30.56 8.00% 14.6% 2.21E+00 1.0193 0.0005 9 503 5000
0.80 0.00 0.00 1.76% 20% 5.80E-01 0.9939 0.0005 13 503 5000

Table 3-11 Experimental configurations with ¢y coefficients > 0.7 for AOA 4-4 (critical)

ek | HPu | H(Pu+U) | Wi %Py | We% Pu | EALF(eV) keft ) NSK GEN NPG
074 | 955 279 1153% 293% 4.08E+01 1.0037 0.0005 9 503 5000
0.74 9.55 279 11.53% 293% 4.02E401 1.0043 0.0006 12 503 5000
0.74 9.55 279 11.53% 29.3% 4.07E+01 1.0021 0.0005 17 503 5000
0.74 9.55 279 11.53% 29.3% 4.35E+01 1.0045 0.0005 8 503 5000
0.74 9.55 279 11.53% 29.3% 4.02E+01 1.0044 0.0005 3 503 5000
074 | 935 279 11.53% 293% 3.94E+01 1.0015 0.0005 17 503 5000
0.74 9.55 279 11.53% 29.3% 4.17E+01 1.0024 0.0005 10 503 5000
073 | 955 279 1153% 293% 3.97E+01 1.0023 0.0005 20 503 5000
0.73 9.55 2.79 11.53% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
073 | 947 277 11.52% 293% 4.10E+01 1.0029 | 0.0005 50 503 5000
0.73 947 2n 11.52% 29.3% 3.45E+01 0.9926 0.0005 7 . 503 5000
073 947 2n 11.52% 29.3% 3.46E+01 0.9968 0.0005 9 503 5000
073 9.55 279 11.53% 29.3% 3.36E+01 1.0038 0.0005 29 503 5000
0713 9.47 2m 1152% 29.3% 3.67E+01 0.9924 0.0005 12 503 5000
[ x] 9.47 2m 1152% 29.3% 3.30E+01 0.9928 0.0005 4 - 503 5000
0.73 9.47 27 11.52% 29.3% 3.78E+01 0.9935 0.0005 17 503 5000
0.73 9.47 2 11.52% 29.3% 3.52E+01 0.9938 0.0005 3 503 5000
073 9.47 27 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 5000
0.73 9.47 2.77 11.52% 29.3% 4.07E+01 0.9931 0.0005 6 503 S$000
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Table 3-12 Experimental configurations with cy coefficients > 0.7 for AOA 4-4-P163

ek | HPv | BiPu+U) | W1%™pu | Wi%Pu | EALF(eV) Reff o NSK GEN NPG
o | 955 279 1153% 293% 4.08E+01 1.0037 0.0005 9 503 5000
077} 955 279 11.53% 293% 4.02E+01 1.0043 0.0006 12 503 5000
077 | 958 279 1153% 29.3% 4.07E+01 1.0021 0.0005 17 503 5000
077 ] 9558 279 1153% 29.3% 4.35E+01 1.0045 0.0005 8 503 5000
077 ] 955 279 11.53% 29.3% 4.02E+01 1.0044 0.0005 3 503 5000
o7 | 9ss 279 11.53% 29.3% 3.94E+01 1.0015 0.0005 17 503 5000
077 | 955 2719 1153% 293% 4.17E+01 1.0024 0.0005 10 503 5000
077 | 955 279 1153% 29.3% 3.97E+01 1.0023 0.0005 20 503 5000
076 | 955 2.79 11.53% 20.3% 3.92E+01 1.0029 0.0005 12 503 5000
076 | 947 2n 11.52% 29.3% 4.10E+01 1.0029 0.0005 50 503 5000
076 | 947 27 11.52% 29.3% 3A4SE+01 0.9926 0.0005 7 503 5000
076 | 947 277 11.52% 293% 34GE+01 0.9968 0.0005 9 5m 5000
076 | 955 279 11.53% 293% 3.8GE+01 1.0038 0.0005 2. 50 5000
076 | 947 27 11.52% 293% 367E+01 09924 0.0005 12 503 5000
016 | 947 2 11.52% 29.3% 3.78E+01 0.9935 0.0005 17 50 5000
076 | 947 2 11.52% 293% 3.80E+01 0.9928 0.0005 4 503 5000
076 | 947 m 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 5000
076 | 947 27 11.52% 293% 3.52E+01 0.9938 0.0005 3 503 5000
076 | 947 wm 11.52% 293% 4.07E+01 0.9931 0.0005 6 503 5000
07 ] so0s 5.08 1146% 100.0% 5.73E+01 1.0223 0.0006 63 503 5000
071 | Sso05 505 11.46% 100.0% 1. 74E+03 1.0203 0.0007 29 503 5000
on| sos 505 11.46% 100.0% 9.26E+01 1.0230 0.0005 135 503 5000
070 | 20096 30.56 8.00% 14.6% 6.14E+00 1.0166 0.0005 12 503 5000
010 | 505 505 11.46% 100.0% $43E+01 10219 0.0006 9 503 5000
07 | 505 505 11.46% 100.0% 6.79E+01 1.0210 0.0006 3 503 5000
070 | 20996 3056 8.00% 14.6% 4.50E+00 1.0181 0.0005 13 503 5000
070 | 037 037 5.36% 100.0% 3.08E+02 0.9988 0.0001 15 503 5000

Table 3-13 Experimental configurations with ci coefficients > 0.8 for AOA 4-4-P40

¢ | HPu | BAPu+) | Wi% Py | Wt%Pu | EALF(eV) keff o NSK GEN NPG
083 ) 955 279 1153% 29.3% 4.08E+01 1.0037 0.0005 9 03 5000
03] 955 279 11.53% 29.3% 4.02E+01 1.0043 0.0006 12 503 3000
083 | 955 27 11.53% 293% 4.07E+01 1.0021 0.0005 17 503 5000
083 | 9ss 279 11.53% 293% 4.02E+01 1.0044 0.0005 3 503 5000
083 | 955 2719 11.53% 29.3% 3.94E+01 1.0015 0.0005 17 503 5000
083 | 955 279 11.53% 293% 3.97E+01 10023 0.0005 20 503 3000
083 | 955 279 11.53% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
083 | 9ss 219 11.53% 293% 4.17E+01 1.0024 0.0005 10 503 5000
083 | 947 277 11.52% 293% 345E+01 0.9926 0.0005 7 503 5000
083 | 955 279 1153% 29.3% 435E+01 1.0045 0.0005 s 50 5000
083 | 947 277 1152% 293% 4.10E+01 1.0029 0.0005 50 50 5000
083 | 947 27 11.52% 29.3% 346E+01 09968 0.0005 9 50 5000
0.83 9.47 2m 11.52% 29.3% 3.67E+01 0.9924 0.0005 12 503 5000
083 | 947 27 11.52% 29.3% 3.78E+01 0.9935 0.0005 17 503 5000
083 | 947 2m 11.52% 293% 3.80E+01 0.9928 0.0005 4 503 5000
083 | 947 am 11.52% 29.3% 3.52E+01 0.9938 0.0005 3 503 5000
082 9.47 27 11.52% 293% 4.16E+01 0.9934 0.0003 52 1503 5000
082 [ 955 279 11.53% 29.3% 3.86E+01 10038 0.0005 29 503 5000
082 | 947 2.1 11.52% 29.3% 4.07E+01 0.9931 0.0005 [ 503 $000
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Table 3-14 Experimental configurations with ¢y coefficients > 0.8 for AOA 4-4-P8

Experiment & | HPu | HPu+U) | wi1%*pu | Wit% Pu | EALF (V) keff o NSK GEN NPG
PU-29-6 089 | 9.47 2.77 11.52% 293% 3.67E+01 0.9924 0.0005 12 503 5000
PU-29-8 089 | 947 2m 1152% 29.3% 3.45E+01 0.9926 0.0003 7 503 5000
PU-29-9 089 | 947 277 11.52% 29.3% 3.46E+01 0.9968 0.0005 9 503 5000
INSESSTS-09 089 | 955 279 11.53% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
PU-29-5 089 | 947 2mn 11.52% 29.3% 3.78E+01 0.9935 0.0005 17 503 5000
PU-29-7 089 | 9.47 2 11.52% 29.3% 3.52E+01 0.9938 0.0005 3 503 5000
NSESSTS-04 089 | 955 279 1153% 293% 4.08E+01 1.0037 0.0005 9 503 5000
INSESSTS-03 089 | 955 2719 11.53% 29.3% 4.02E+01 1.0043 0.0006 12 503 5000
INSESST35-02 08 | 955 2719 11.53% 293% 3.97E+01 1.0023 0.0005 20 503 5000
INSESSTS-05 089 | 955 279 1153% 29.3% 40TE+01 1.0021 0.0005 17 503 5000
PU-294 089 | 947 2 11.52% 29.3% 3.80E+01 0.9928 0.0005 4 503 5000
PU-29-3 089 | 947 an 11.52% 29.3% 4.10E+01 1.0029 0.0005 50 503 5000
PU-29-1 089 | 947 an 11.52% 293% 4.16E+01 0.9934 0.0003 52 1503 5000
INSESSTS-08 089 ] 955 279 1153% 293% 3.94E+01 1.0013 0.0005 17 503 5000
PU-29-2 089 | 9.47 am 1152% 203% 407E+01 0.9931 0.0005 6 503 5000
INSESSTS-01 089 | 955 279 11.53% 293% 4.02E+01 1.0044 0.0005 3 503 5000
INSESST5-06 088 | 955 279 1153% 29.3% 4.17E+01 1.0024 0.0005 10 503 5000
NSESST5-10 038 | 955 2719 11.53% 29.3% 3.86E+01 1.0038 0.0005 29 503 5000
INSESST5-07 088 | 955 279 11.53% 29.3% 4.35E+01 1.0045 0.0005 8 503 5000
BNWL2129T4-10 | 038 | 20096 3056 8.00% 14.6% $.23E+00 1.0165 0.0005 12 503 5000
BNWL2120T4-09 | 0.88 | 20996 30.56 8.00% 14.6% 5.76E+00 10178 0.0005 21 503 5000
BNWL2129T4-01 | 0.88 | 20996 30.56 8.00% 14.6% 6.14E+00 1.0166 0.0005 1”2 503 5000
BNWL21297T4-07 | 0387 | 20996 3056 8.00% 14.6% 4.90E+00 10165 0.0005 4 503 5000
BNWL2129T4-15 | 087 | 209.96 30.56 2.00% 14.6% $.00E+00 1.0155 0.0005 7 sm 5000
BNWL2129T4-02 | 0.87 | 20996 30.56 8.00% 14.6% 4.50E+00 1.0181 0.0005 n 503 5000
BNWL2129T4-04 | 087 | 20996 30.56 8.00% 14.6% $.00E+00 1.0180 0.0005 4 503 5000
BNWL2129T4-16 | 0.87 | 209.96 30.56 8.00% 14.6% $.21E+00 1.0168 0.0005 12 503 5000
BNWL2129T4-17 | 0.87 | 20996 30.56 8.00% 14.6% 4.24E+00 1.0188 0.0005 19 503 5000
BNWL2129T4-12 | 0.86 | 209.96 3056 8.00% 14.6% 3.71E+00 1.0210 0.0006 4 503 5000
BNWL2129T4-11 | 086 | 209.96 3056 8.00% 14.6% 3.50E+00 10171 0.0005 6 503 5000
BNWL2129T4-19 | 036 | 20096 30356 8.00% 14.6% 403E+00 1.0186 0.0005 4 503 5000
BNWL2129T4-03 | 086 | 209.96 3056 8.00% 14.6% 3.38E+00 1.0190 0.0006 8 503 5000
BNWL2129T4-18 | 086 | 20996 30.56 8.00% 14.6% 3.56E+00 1.0180 0.0006 12 503 5000
BNWL2129T4-05 | 0.85 | 209.96 30.56 8.00% 14.6% 3.21E+00 1.0186 0.0005 4 503 5000
BNWL2129T4-08 | 035 | 20996 30.56 8.00% 14.6% 2.38E+00 10177 0.0006 s $03 5000
BNWL2129T4-13 | 0.84 | 20996 3056 8.00% 14.6% 2.52E+00 10220 0.0006 4 503 5000
[PCM002-09 084 | sos 505 11.46% 100.0% $.73E+01 10223 0.0006 63 503 5000
BNWL2129T4-06 | 083 | 20996 30.56 8.00% 14.6% 2.21E+00 1.0193 0.0005 9 503 5000
PCM002-06 082 | 505 505 11.46% 100.0% 9.26E+01 1.0230 0.0005 15 503 5000
PCM002-08 o082 | sos 505 11.46% 100.0% 6.79E+01 1.0210 0.0006 3 503 5000
PCM002-13 080 | 15.10 15.10 2.20% 100.0% SA4E+00 1.0261 0.0006 5 503 5000
PCM002-20 080 | 1495 14.95 8.06% 100.0% 6.68E+00 1.0090 0.0005 4 503 5000
PCM002-18 080 | 1495 14.95 8.06% 100.0% 6.17E+00 1.0101 0.0005 5 503 5000
PCM002-17 080 | 1495 1495 $.06% 100.0% 4.90E+00 1.0080 0.0006 4 503 5000
PCM002-22 080 | 14.95 14.95 8.06% 100.0% S41E+00 1.0145 0.0006 6 503 5000
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4. MFFF DESIGN APPLICATION CLASSIFICATION

This section describes the characteristics of the established AOAs based on the various fuel
configurations encountered in the MFFF. AOAs covering Pu and MOX applications are as
follows (see Table 3-2):

¢ Pu-nitrate aqueous solution’

e MOX pellets, fuel rods, and fuel assemblies (FA)
¢ PuO; powders

¢ MOX powders

¢ Agqueous solutions of Pu compounds (e.g., Pu-oxalate solution).

4.1 DESIGN APPLICATION (3) ~ PuO; POWDER

Table 4-1 summarizes the anticipated criticality calculations to be performed for the design of
the MFFF in which PuO, will be processed. The table provides the relevant parameters (i.e.,
chemical form, isotopic vector, moderator to fuel atomic ratio (H/Pu), and EALF) for each
criticality design application.

For some applications, geometry control is used and the calculations are performed at optimum
moderation taking into account full water reflection. In these cases a thermal neutron spectrum
will be found. In other applications (e.g., jar store and the can receiving and emptying unit)
where mass and moderation control are used and the fissile materials are reflected by borated
concrete materials, or the concrete reflector is far from the fuel, the neutron spectrum will be
intermediate to fast.

4.2 DESIGN APPLICATION (4) - MOX POWDER

Table 4-2 summarizes the anticipated criticality calculations to be performed for the design of
the MOX powder process. In addition, the table provides the relevant parameters (i.e., chemical
form, moderator to fuel atomic ratio (H/Pu), and EALF) for each criticality design application.
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Table 4-1 Anticipated Criticality Calculation Derived Characteristics for Design Applications

Involving PuO, Powder
Reflector Max

‘ . <o Chemical Pu-Isotopic EALF'

Fuel Configuration Conditions Form Composition p(Pu0,) | H/Pu [eV]
[g/em’]
AP: Decanning
PuO; dosing hopper Water PuO, powder 4% *°py 7.0 1.67 13,090
AP: Dissolution
Electrolyzer Water'/Cd? PuO, powder 4% “py 7.0 1.67 18,048
Filter glove box Water' PuO;, powder 4% %°py 7.0 1.67 654
Tanks in cell Water'/Cd? PuO; powder 4% ¥y 7.0 1.67 18,700
AP: Oxalic Precipitation Conversion
Furnace GB | Water! | PuO,powder | 4% *°Pu 35 |so1| e
AP: Homogenization
Separating hopper Water PuO, powder 4% “py 35 597 3.76
PuQO, powder
sampling GB Water PuO; powder 4% *°py 35 597 77
Sampling GB Water PuO, powder 4% ¥°py 35 597 95
Sample storage GB Water PuO, powder 4% #°py 35 5.97 95
Cylindrical 1
condenser Water PuO, powder 4% “py 35 597 21
MP: Powder Area
Pu0; 3013 can store C°“°‘z‘fm“y’ﬂ°°‘°d PuO,powder | 4% %Pu  |70,1146| 167 | 65000
3

PuQ;, can buffer store Concre::r;;ﬂected PuQ; powder 4% ¥°py 35 5.97 3.1
Primary dosing unit Water PuO, powder 4% *°py 35 1.16 525
PuO, decanning unit Water' PuO, powder 4% *°pu 35 597 493

Range of Design . 26 35- |116to

Application Various PuQO, powder 4% “"Pu 11.46 5.97 3.1 to 65000

effectively eliminates its effect.

Bounding safety analysis case at bounding moderation.

Cadmium sheet of 0.05 cm thickness (clad in 0.1 cm stainless steel).
Boron is actually present in the concrete, but no credit is required in the safety analysis of the unit.

The concrete walls are conservatively modeled. However, the presence of a close fitting water reflector
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Table 4-2 Anticipated Criticality Calculation Derived Characteristics for Design Applications

Involving MOX Powder
Fuel Confieuration | Reflector | Chemical| Pu0y | Pu-isotopic M:)"x) wspw| FALF
igura Condition | Form |(UO;+Pu0,) | Composition P[g(',’zm,] [eV]
MP: Powder area
e MOX
Ball milling units Water 6.3%,22% | 4% ¥Pu 55 1.15 175
powder
. ' MOX
Jar store unit Water 63%,22% | 4% *Pu 55 1.58 0.8
powder
i N MOX
Final dosing unit Water 63%,22% | 4% *Pu 55 1.15 175
powder
Final mix MOX v
homogenization and Water 63%,22% | 4% *°Pu 55 1.58 449
. . powder
press station unit
Scrap processing unit | Water | MOX 6.3% 4% *opy 55 115 175
powder
" . MOX
Auxiliary powder unit |  Water 63%,22% | 4% *°Pu 55 1.15 175
powder
Expected Range of MOX 240
Application Water | | Cder | 63%; 2% | 4% *Pu 55 1.15-1.58 | 0.8-175

' The concrete walls are conservatively modeled. However, the presence of a close fitting water reflector effectively

eliminates its effect.

2 Bounding safety analysis case at bounding moderation.
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5. BENCHMARK EXPERIMENTS

Descriptions of the critical experiments comprising the candidate experiment database to which
the S/U technique is applied are presented below. The discussion is adapted from Section 5 of
[25].

Resulting comparisons of the selected benchmark experiments and the design applications with
respect to key design parameters are shown in Table 5-1 and Table 5-2 for AOA(3) and AOA(4),
respectively.

The validated area of applicability in each case is defined by the range of key parameters of the
design applications used as input to the sensitivity and uncertainty analysis.

5.1 PLUTONIUM SYSTEMS

Sixty-one plutonium benchmarks are included in the database. These include metal systems and
oxide systems.

5.1.1 Plutonium Metal Systems

Twenty-six plutonium metal experiments are included in this set of benchmarks. Two bare metal
spheres are included: one with a low 29py content (4.5 at. %), designated %Py Jezebel (PU-
MET-FAST-001), and another with a higher 20py content (20.1 at. %) designated as 20py
Jezebel (PU-MET-FAST-002). A set of three experiments using arrays of unmoderated
plutonium metal buttons, and either bare or with one side reflected by polyethylene, were
included (PU-MET-FAST-003). A group of thirteen experiments using plutonium metal in cans,
and placed in 3 x 3 x 3 or 2 X 2 x N arrays with water moderation and reflection are taken from
PU-MET-FAST-016 and PU-MET-FAST-037. Five experiments using moderated arrays of
plutonium metal cylinders are included from PU-MET-FAST-017. The final plutonium metal
experiment is from PU-MET-FAST-033, and is part of the ZPPR-21 series of experiments,
which also include MIX-MET-FAST-011 and HEU-MET-FAST-061. The ZPPR-21 series
began with a fissile core containing only plutonium, and gradually substituted highly-enriched
uranium metal for some of the plutonium metal until the final configuration contained only
uranium. :

5.1.2 Plutonium Oxide Systems

A set of thirty-four experiments involve plutonium oxide that has been mixed with various
quantities of polystyrene, and then compacted into cubes. These cubes are stacked in arrays to
form critical configurations with or without Plexiglas reflection. Five unreflected experiments
are taken from PU-COMP-MIXED-001, and twenty-nine experiments from PU-COMP-MIXED-
002. The H/Pu ratios in these compacts range from 0.04 to 49.6, giving a range of fission
neutron spectra from fast to thermal.

One benchmark using plutonium oxide, graphite, and boron was included from PU-COMP-
INTER-001. This benchmark describes a system with a ki, of one, and is interpolated from
measured reactivity worths for a number of fuel samples with varied boron content. With an
energy of average lethargy causing fission (EALF) of approximately 300 eV, this benchmark
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was chosen to represent the dry plutonium oxide powders in applications AOA(3)-1 through
AOA(3)-3.

5.2 MIXED PLUTONIUM AND URANIUM SYSTEMS

Two hundred and thirty-seven mixed plutonium and uranium systems are included in this set of
benchmarks. These experiments involve solution systems, fuel pin lattices, solid mixed-oxide
systems moderated by polystyrene, and mixed metal systems.

5.2.1 Mixed Plutonium and Uranium Solution Systems

Thirteen experiments with mixed plutonium and uranium solution in annular cylinder geometry
are taken from MIX-SOL-THERM-001. The ratio of Pu/(U+Pu) is 0.22 or 0.97, and the
concentration of the solution in the annular region is varied from 61 to 489 g (U+Pu)/liter. All
experiments use a water reflector.

Three experiments with similar solution in large cylindrical geometry are from MIX-SOL-
THERM-002. The objective of these experiments was to obtain data on the minimum fissile
concentration for criticality in an effectively infinite cylindrical geometry. The reaction vessel
has an inside diameter of 68.68 cm. The concentrations of the solution are 23 and 53 g
(U+Pu)/liter with a ratio of Pu/(Pu + U) of 0.52 and 0.23, respectively. All three experiments are
water reflected.

Nine experiments from this same series that use small cylindrical geometry are also included
from MIX-SOL-THERM-004. The reaction tank has an inside diameter of 35.39 cm and inside
height of 106.60 cm. The concentrations of the solution are 105, 293, and 435 g (U+Pu)/liter
with a ratio of Pu/(U+Pu) of 0.4 for all nine experiments. Three measurements have a water
reflector, three have a concrete reflector, and three have no reflector.

Seven experiments with mixed plutonium and uranium solution in slab geometry are taken from
MIX-SOL-THERM-005. The solution concentration ranged from 105 to 435 g (U+Pu)/liter with
a ratio of Pu/(U+Pu) of 0.4. Four experiments were water-reflected, and four were bare.

5.2.2 Mixed Plutonium and Uranium Fuel Pin Lattices

Four experiments using natural UO>-20 wt. % PuO, (11.5 wt. % *°Pu) fuel pins in a square
lattice were analyzed (MIX-COMP-THERM-001). These experiments used water reflection, and
incorporated polypropylene grid plates to minimize the effect of the grids on the reactivity of the
core. The pitch was varied from 0.95 to 1.9 cm.

Six experiments with natural UO,-2 wt. % PuO; (8% **°Pu) fuel include square-pitched lattices,
with 0.70-inch, 0.87-inch, or 0.99-inch pitch, in borated or pure water moderator (MIX-COMP-
THERM-002). These experiments are also referred to as PNL 30-35 in NUREG/CR-0210 in the
CSEWG Thermal Reactor Benchmarks (BNL-19302).

Six more experiments with natural UO;-6.6 wt. % PuO, fuel include square-pitched, partial-
moderator-height lattices with five lattice pitches of 0.52 inch, 0.56 inch, 0.735 inch, 0.792 inch,
and 1.04 inch (MIX-COMP-THERM-003). The purpose of these experiments was to verify the
nuclear design of the Saxton partial plutonium core, which consisted of MOX assemblies in the
central region with peripheral enriched UO2 assemblies. The experiments with 0.56-inch-
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pitched lattices were performed with borated or pure water moderator, but the other pitched-
lattice experiments were performed only with pure water moderator.

Eleven experiments conducted at the Tokai Research Establishment of JAERI in Japan used
natural UO; - 3.01 wt. % PuO; rods in square arrays of varying pitch (MIX-COMP-THERM-
004). The plutonium in the fuel pins contained 24 wt. % 2*°Pu

Forty-one experiments from the Plutonium Utilization Program at Pacific Northwest
Laboratories are included (MIX-COMP-THERM-005, MIX-COMP-THERM-008, and MIX-
COMP-THERM-009). These experiments were performed using MOX fuel with PuO;
enrichments varying from 1.5 to 4 wt. % PuO,, and the **°Pu isotopic composition of the
plutonium was varied from 8% to 24%. The fuel pins are arranged in hexagonal lattices with
varying pitches with the rods uniformly arrayed in such a manner that the core is a right circular
cylinder.

Six benchmark experiments using MOX fuel designed for the RAPSODIE fast breeder reactor in
Cadarache, France are included from MIX-COMP-THERM-011. The uranium was enriched to
60 wt. % 2°U, and the plutonium content of the MOX fuel was 25.8 wt. %, with 9.72 wt. % of
the plutonium being 20py, The pitch was triangular, and measured either 1.9 cm or 2.5 cm.

523 Mixed Plutonium and Uranium Solid Systems

Several experiments using various combinations of plutonium oxide, depleted uranium oxide and
polystyrene, which had been pressed into compacts and stacked into arrays, are included in this
database. They are included in MIX-COMP-THERM-012 and three other published references
that have not yet been included in the IHECSBE. The configurations are similar to those in PU-
COMP-THERM-001 and -002, but with MOX instead of plutonium oxide. There are both
reflected and unreflected arrays, and some of the stacked arrays contain neutron poison plates.

There are thirty-three experiments included from MIX-COMP-THERM-012.  These
configurations contain mixtures of plutonium and DU oxides containing between 7.6 and
30 wt. % plutonium, with H/X ratios from 19.5 to 51.8. Six experiments with 7.6 wt. %
plutonium used plutonium that contains 23 wt. % 2*°Pu. The other experiments use plutonium
with 8 wt. % 2°Pu. Twenty-seven experiments are Plexiglas-reflected, while six are bare.

Fourteen other experiments were done with a similar range of plutonium oxide concentrations,
but with much lower moderation levels [23]). These experiments also utilize compacts with
between 7.6 and 30 wt. % plutonium, and H/X ratios ranging from 3 to 7. The plutonium
contained 11.5 wt % 2*Pu. Only the Plexiglas-reflected configurations from this reference are
included. In the attached tables, these experiments are labeled PU-8-1 through PU-8-4, PU-15-1,
and PU-29-1 through PU-29-9. However, the result for case PU-15-1 is not included as a
candidate benchmark experiment since it is based on only a single experiment with this fuel
configuration, and the indicated experimental uncertainty in the result suggests that the resulting
benchmark is unreliable.

Thirty-two experiments were performed with MOX-polystyrene compacts in arrays that
contained either one or two copper, copper/cadmium, or aluminum plates of varying thickness
within the stack [22]. All of these experiments were fully reflected with Plexiglas. Two types of
fuel were used in these experiments. The first contained MOX with a plutonium content of
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14.6 wt. %, of which 7.97 wt. % was »°Pu, and with'an H/X of 30.6. The second type of fuel
contained MOX with a plutonium content of 30.3 wt. %, of which 11.5 wt. % was , and
with an H/X of 2.8. Twenty-two experiments contained the fuel with an H/X of 30.6, and ten
experiments used the fuel with an H/X of 2.8. These experiments are labeled NSE55Tx-xx in
subsequent sections of this report.

Fifty experiments were performed using these same two fuel compositions, but with other types
of neutron poison plates contained with the array stacks. All of these experiments were also
fully reflected with Plexiglas [24]). The poison plate materials included Type 304 stainless steel,
steel with 1.1 wt. % boron, steel with 1.6 wt. % boron, boral, lead, depleted uranium, cadmium,
and aluminum. Thirty-one independent experiments were performed with the fuel with an H/X
of 30.6. In the case of the fuel with an H/X of 2.8, the nineteen configurations used some of the
fuel with an H/X of 30.6 as a driver. An 8 x 8 x 2 array of the lower moderated fuel was used
above and below the neutron poison plate, and on top of this was placed at least two layers of the
higher moderated fuel. The thickness of driver fuel was varied to achieve criticality with the
various neutron poison plate materials and thicknesses. The reference states that the neutron flux
in the region containing the poison plate was characteristic of the lower-moderated fuel, and that
less than 30% of the fissions occurred in the higher-moderated fuel. However, when using these
experiments as critical benchmarks, the importance of the more moderated fuel is significant,
and the overall flux is more thermal than the experiments using only the lower-moderated fuel.
These experiments are labeled BNWL2129Tx-xx in subsequent sections of this report.

524 Mixed Plutonium and Uranium Metal System

A set of four mixed plutonium and uranium metal systems was analyzed as a means of including
homogeneous uranium/plutonium systems with a fast energy spectrum. These experiments are
documented in MIX-MET-FAST-011, and are part of the ZPPR-21 series of experiments that
also include PU-MET-FAST-033 and HEU-MET-FAST-061. As described previously, the
ZPPR-21 series began with a fissile core containing only plutonium, and gradually substituted
highly enriched uranium metal for some of the plutonium metal until the final configuration
contained only uranium. (The last configuration is described in HEU-MET-FAST-061, and was
not included in this database since it did not pertain to any of the applications of interest.) The
four experiments in MIX-MET-FAST-011 contain between 41.4 and 7.7 wt. % plutonium metal,
which included between 6.16 and 11.6 wt. % 2**Pu. The bulk of the neutron spectrum is in the
100-keV to 4-MeV energy range and the peak is at about 600 keV. Thus, the spectrum is in the
fast range, although not as hard as the spectrum in many other fast metal assemblies.

5.3 LOW-ENRICHED URANIUM OXIDE SYSTEMS

In order to include experiments with low-enriched uranium oxide at low moderation levels,
eighteen experiments from LEU-COMP-THERM-049 were placed in the database. These
models primarily assist in validating *®U capture and fission cross-sections in the higher neutron
energy region. The experiments were performed under the MARACAS program at the Valduc
facility in France. The uranium dioxide was enriched to 5 wt. % 2%y, and was moderated to an
H/X of between 2 and 3. Uranium dioxide powder was moistened and contained in metal boxes,
which were placed in various sized arrays on a split table, and the overall configuration was
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reflected with polyethylene. The overall neutron spectrum is thermal but has a significant
intermediate energy component.

5.4 ESTABLISHING VALIDATED AREA OF APPLICABILITY

The benchmark experiments identified by the S/U technique have widely varying ranges of key
parameters. This variation suggests that traditional characterization of the validated AOA based
on parameter ranges of benchmark experiments may not be appropriate. Instead, a much more
restrictive definition of the AOA is adopted based on key parameter ranges of the design
applications used as input to the S/U analysis. A description of the key parameters of these
design applications is presented in Table 5-1 (for PuO, powders) and Table 5-2 (for MOX
powders).

One qualitative parameter defining the AOA requires special attention. The geometric form of
the material is characterized simply based on whether the fissile material is a single contiguous
mass or an array of such masses. Since the Monte Carlo technique treats geometry exactly, no
bias is associated with the specific geometry of the system. Instead, due to the multigroup energy
treatment employed in KENO-VI, the potential for code bias exists as a result of the resonance
processing performed in the Material Information Processor (MIP) of SCALE. In the case of
arrays of, for example, pellets, the LATTICECELL option is typically employed, and this
resonance treatment model includes approximations such as Dancoff corrections and simplified
geometric models which may contribute to code bias. For single contiguous units or for arrays
of large units such as jars or cans of powder which are typically 10-50 cm -in diameter, the
INFHOMMEDIUM treatment is used. While this approach itself may contribute a bias, the
important distinction is that the validated geometric forms use the same INFHOMMEDIUM
model as the design application models input to the S/U analysis, and hence the potential bias
has been accounted for in the S/U analysis. With respect to the validated AOAs defined in Table
5-1 and Table 5-2, the input design applications consist of spherical geometry, but the validated
AOA is considered to cover other forms of contiguous units including general parallelepipeds
and arrays of large cylinders, which are the subject of this validation report also. Observe that
these particular geometric forms are also represented in the benchmark experiment set.

Generally, the resulting validated AOA contain the corresponding key parameters of the
anticipated design applications for which the code system will be used to determine reactivity.
In some cases, parameter values for design applications may fall outside the validated area of
applicability. In these cases, DCS commits to identifying additional margin, referred to as AOA
margin, in the associated calculations or NCSEs, consistent with the approach described in
NUREG-6698. The required margin is typically quantified by extrapolating observed trends in
the bias as a function of the parameter.
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Table 5-1 AOA(3) Comparison of Key Parameters and Definition of Validated AOA

Design Application Validated AOA
Parameter (cf. Table 4-1) Benchmarks (cf. Table 3-3)
) Parallelepipeds Parallelepipeds Parallelepipeds
Geometric shape Arrays of cylinders Arrays of cylinders Arrays of cylinders
- Spheres Spheres Spheres
Absorber/reflector Vg:zter, Cd, Plexiglas, air, water Water
ncrete -
PuO; in polystyrene
Chemical form PuO, powder (CsHyp) PuO; powder
Pu-metal in air/water
Isotopic composition 4 wt. % Py 2.2 w. %,}Spio'z wt. % 4 wt. % *°pu
H/Pu 1.16t0 597 0to 210 158t05.99
EALF [eV] 3.1 t0 65000 1to 10° 94 to 1019"

The range of EALF used in the “typical design applications™ used in the S/U determination of benchmarks as
shown in Table 3-3, 94-1019 eV, does not encompass the full anticipated range in the design applications, 3.1-
65000 eV, as shown above. However, as shown above, the range of EALF of the benchmarks actually used (1-
10 eV) clearly encompasses the range of the design applications. Additionally, as shown in Figure 6-2, the
trend of k. as a function of EALF shows that between 94-1019 eV and the anticipated range of the calculations,
3-1-65000 eV, the changes in keff are small (less than about 0.004). Further, the full range of the benchmarks
(1-10% eV) is well represented by data points throughout the range. Thus the use of extrapolation, as discussed
in Section 5.4, is applicable.
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Table 5-2 AOA(4) Comparison of Key Parameters and Definition of Validated AOA

Design Application Validated AGA
Parameter (cf. Table 4-2) Benchmark (cf. Table 3.7)
. Parallelepipeds Parallelepipeds Parallelepipeds
Geometrical shape Spheres Arrays of pins Spheres
. Water
Absorber/reflector Water Plexiglas Depleted Uranium
MOX and PuO, powder
. in polystyrene
Chemical form MOX powder Water moderated MOX MOX powder
fuel pins
Pu/(U+Pu) composition 630r22 wt. % 1.5t0 100 wt.% 630r22 wt. %
Isotopic composition 4 wt. % *%Pu 2.2 t0 11.6 wt. % *°Pu 4 wt. % *°Pu
H/(U+Pu) 1.15t0 1.58 0'to 31 0.3t01.58
EALF [eV] 08to0 175 0.6 10 1740 28 to 3751

Moderated arrays of fuel pins
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6. ANALYSIS OF VALIDATION RESULTS

6.1 DESIGN APPLICATION (3) - PuO; POWDER

The benchmark experiments identified using the S/U technique are modeled with
CSAS26/KENO VI using the 238 group library 238GROUPNDFS. The calculated k.4 values for
selected benchmark experiments are presented in Table 3-4 through Table 3-6.

Figure 6-1 shows the distribution of calculated k¢ values for the experiments as calculated with
SCALE 4.4a (KENO-VI Update 3) on the PC platform. The k.g values are first analyzed
statistically using the USLSTATS computer code?. However, the data fails the test for normality
employed in that analysis. Hence, the nonparametric technique described in Section 3.2.3 is
employed.

With a total of 90 unique experiments for this AOA, the degree of confidence, £, obtained from
Equation 3.3 is 99.0%. Hence, the required nonparametric margin obtained from Table 3-1 is 0.0.
The minimum computed benchmark k¢ is 0.9876 + 0.0006 obtained for case PMF003-03 [5].
The experimental uncertainty determined for this case in the Handbook evaluation [5] is 0.0030.
The resulting combined uncertainty associated with this benchmark calculation is

7J0.0030? +0.00062 = 0.0031

The resulting USL for AOA(3) is then determined from Equation 3.1 as
USL = Smallest kg value — Uncertainty for smallest kegr — Nonparametric margin — Ak,

USL AOA(3) =0.9876 — 0.0031 — 0.0 — 0.05 = 0.9345

This USL is applicable for design applications falling within the validated range of key
parameters shown in Table 5-1. For design applications outside the AOA, ANSIVANS 8.1-1998
[2] permits extension of the AOA based on observed trends in the bias as a function of the
extended parameter. In order to establish these trends, computed k.g results are plotted as a
function of trending parameter in Figure 6-2 through Figure 6-4. To facilitate trending analysis,
the plotted data is fitted linearly, and the resulting regression formula is shown in each figure.
Data for EALF is fitted logarithmically due to the extended range of the parameter.

The USL for AOA(3) is 0.9345. This value includes a 0.05 administrative margin and
consideration for calculational bias and allowance for uncertainties. Justification for an
administrative margin of 0.05 is provided in Section 7.1.

2 Many of the benchmark experiments in the International Handbook of Evaluated Criticality Safety Benchmark
Experiments (Nuclear Energy Agency 1999) are considered to be critical (i.e., ks =1.000), while other experiments
are not considered critical (i.e., k.s#1.000). Therefore, all calculated k¢ values are normalized to the handbook
values.
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6.2 DESIGN APPLICATION (4) - MOX POWDER

The benchmark experiments identified using the S/U technique for AOA(4) are modeled with
CSAS26/KENO VI using the 238 group library 238GROUPNDFS. The calculated k¢ values for
selected benchmark experiments are presented in Table 3-8 through Table 3-14.

Figure 6-5 shows the distribution of calculated k¢ values for the experiments as calculated with
SCALE 4.4a (KENO-VI Update 3) on the PC platform. The k.gs values are first analyzed
statistically using the USLSTATS computer code. Although the data passes the test for normality
employed in that analysis, visual inspection of the double-peaked histogram shown in Figure 6-5
suggests that an assumption of normality for this data is inappropriate. Hence, the nonparametric
technique described in Section 3.2.3 is employed.

With a total of 66 unique experiments for this AOA, the degree of confidence, , obtained from
Equation 3.3 is 96.6%. Hence, the required nonparametric margin obtained from Table 3-1 is 0.0.
The minimum computed benchmark kg is 0.9881 £ 0.0006 obtained for case PCM001-004 [5].
The experimental uncertainty determined for this case in the Handbook evaluation {5] is 0.0058.
The resulting combined uncertainty associated with this benchmark calculation is

J0.0058% +0.0006> = 0.0058

The resulting USL for AOA(4) is then determined from Equation 3.1 as
USL = Smallest ks value — Uncertainty for smallest kg — Nonparametric margin — Ak,

USL AOA(4) =0.9881 - 0.0058 —~ 0.0 - 0.05 = 0.9323

This USL is applicable for design applications falling within the range of key parameters shown
in Table 5-2. For design applications outside the AOA, ANSI/ANS 8.1-1998 [2] permits
extension of the AOA based on observed trends in the bias as a function of the extended
parameter. In order to establish these trends, computed keg results are plotted as a function of
trending parameter in Figure 6-6 through Figure 6-10. To facilitate trending analysis, the plotted
data is fitted linearly, and the resulting regression formula is shown in each figure. Data for
EALF is fitted logarithmically due to the extended range of the parameter.

The USL for AOA(4) is 0.9323. This value includes a 0.05 administrative margin and
consideration for calculational bias and allowance for uncertainties. Justification for an
administrative margin of 0.05 is provided in Section 7.1.
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Histogram ef keff Results for AOA(3) Cases
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keff

Figure 6-1 Histogram of k.g occurrences for AOA(3)
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AOA(3) keff vs. EALF
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Figure 6-2 AOA(3) ke as a function of EALF
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AOA(3) keff vs. WPu
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Figure 6-3 AOA(3) k.¢r as a function of H/Pu
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Figure 6-4 AOA(3) ke as a function of 240py content
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Histogram of keff Results for AOA(4) Cases

16
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keff

Figure 6-5 Histogram of k. occurrences for AOA(4)
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AOA(Q) keff vs. EALF
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Figure 6-6 AOA(4) ks as a function of EALF
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AOA(4) keff vs. H/(U+Pu)
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Figure 6-7 AOA(4) ks as a function of H/(U+Pu)
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Figure 6-8 AOA(4) ke as a function of H/Pu
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AOA(3) kef! vs. **Pu Content
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Figure 6-9 AOA(4) k. as a function of 20py content
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Figure 6-10 AOA(4) k. as a function of Pu content
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7. CONCLUSIONS

The SCALE 4.4a code package using the CSAS26 (KENOVI) sequence and the 238 energy
group cross section library 238GROUPDFS has been validated to perform criticality calculations
for the MFFF on the PC platform. It has been validated for two of the design applications:
AOA(3) PuO; powder and AOA(4) MOX powder.

The USL for the two design application areas is as follows:
¢ Design application (3) PuO; powder USL AOA(3) =0.9345
e Design application (4) MOX powder USL AOA(4) =0.9323

The USL accounts for the computational bias, uncertainties, and an administrative margin. The
administrative margin is established at 0.05 such that kg + 20 — bias < 0.95 for all normal and
credible abnormal conditions. Section 7.1 contains a detailed justification of the administrative
margin.

Where extrapolation outside the range of applicability for AOA(3) or AOA(4) is necessary,
ANSIVANS-8.1 [2] allows extrapolating the trends established for the bias and USL. Results
presented here provide the required trending regressions for determining adjusted USL values. If
extrapolation is necessary, it will be discussed on a case-by-case basis in the respective
calculation.

7.1 JUSTIFICATION FOR ADMINISTRATIVE MARGIN

The administrative margin applied in the determination of the USL is intended as an added level
of conservatism. The code validation effort accounts for all code bias and the effects of both
code and experimental benchmark uncertainties. The administrative margin is applied in addition
to the code bias and bias uncertainty in determining the USL.

The USL values determined here are based on an administrative margin of 0.05. Based on actual
process conditions, including 1) the degree to which application parameters fall within the
validated Area of Applicability (AOA) of the calculational method and 2) the results of
sensitivity analyses demonstrating the sensitivity of k.gy values to variations in controlled
parameters, the USL may be adjusted. Each NCSE and criticality calculation will include a
discussion of the appropriateness of the USL applied for each specific design application.

Typically, the NCSEs and criticality calculations will present kg results for various scenarios,
including normal operation and credible abnormal situations. The results of these analyses permit
a quantitative assessment of the degree of subcriticality of the system measured in terms of
variation of one or. more controlled parameters. Hence, the NCSEs/criticality calculations for
specific design applications will verify the conformance with the AOA used in the validation
reports.

In general, based on the discussion below, the administrative margin used in criticality analyses
is 0.05. This assessment is based on a comparison against administrative margin practices at both
NRC and DOE facilities, and past NRC guidance and practice, and is further substantiated by a
statistical analysis of the benchmark validation results.
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7.1.1 Fuel Cycle and Industry Practice

A review of NRC materials licensees and analogous DOE facilities (including plutonium
facilities) indicates that administrative margins for accident analysis conditions range from 0.02
to 0.05 as shown in Table 7-1. These values apply to applications within the validated AOAs;
adjustments to the administrative margin are typically made for application outside the validated
region.

These values are consistent with precedent information provided by the NRC Staff [20], which
indicates administrative margins with a similar range to those indicated in Table 7-1.

An administrative margin of 0.05 is greater than or equal to the most conservative margins
identified in Table 7-1 and other NRC precedent [20] for analysis of credible abnormal
conditions.

This margin is consistent with guidance provided in NUREG-1718 [3], which supports an
administrative margin of 0.05 for the MFFF. It is also consistent with past NRC-accepted
practice in reactor operations (10 CFR 50) [19], and transportation (10 CFR 71) and on-site
storage (10 CFR 72) of spent nuclear fuel. Examination of various precedents indicates 0.05 is a
conservative administrative margin for activities falling within the validated AOA. For criticality
analyses applied outside the validated AOA, specific guidance is provided in ANSI/ANS-8.1-
1998 which indicates that the administrative margin may be adjusted based on established trends
in the bias, if necessary.

7.1.2 Summary of Administrative Margin Practice

This effort involves the validation of the code to applications within one or more specific areas
*of applicability. There is no intent to account for or to address the uncertainties and unknowns
involved in the actual design applications. This approach is consistent with NUREG/CR-6698
which states “the subcritical margin is not intended to account for process upset conditions or
Jor uncertainties associated with a process.” These issues are properly addressed in the nuclear
criticality safety evaluations (NCSEs). These evaluations will demonstrate that the design
application falls within the required AOA, that design uncertainties and unknowns are properly
and conservatively addressed, that sensitivity to controlled parameters is adequately addressed,
and that the criticality models themselves are suitably conservative representations of the actual
physical phenomena. In cases where calculated k.¢ values are shown to be sensitive to controlled
parameters, the NCSE will demonstrate the adequacy of the control.

In conclusion, an administrative margin of 0.05, selected on the basis of NRC guidance and
conservative comparison with applicable precedent is justified, and is sufficiently conservative to
provide for an adequate margin of subcriticality.
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Table 7-1 Fuel Cycle and Industry Practice
Facility Process/Application Material Administrative
Margin
Framatome Cogema Fuel assembly Low enriched U 0.05
Fuels manufacture
Westinghouse Fuel assembly Low enriched U 0.02
Columbia Site manufacture
Nuclear Fuel Services Fuel processing Various U 0.03 LEU
(solutions, powder, enrichments 0.05 HEU
pellets, etc.)
Paducah Uranium Uranium enrichment Low enriched U 0.02
Enrichment Plant
Rocky Flats Weapons material Plutonium 0.03
processing
BWXT Fuel assembly Low to High 0.03 LEU
manufacture Enriched U 0.05 HEU
Savannah River Site a) MTR fuel assemblies |a) High enriched U a) 0.02
b) Pipe overpack b) #°Pu b) 0.02
material storage
c) Mark 42 tube c) *°Pu c) 0.05
dissolution
d) Ion exchange columns | d) 23%py solution d) 0.04
with fissile solutions
e) DDF-1 package e) Pu metal and e) 0.05
oxide
Y-12 Weapons material High enriched U 0.02 - 0.05'
processing
Idaho National Solutions/spent Low to High 0.02-0.05
Engineering and fuel/powders/pieces Enriched U, 0.05 typical
Environmental Lab including 2*U;some
Pu
Hanford Site Waste tanks Various 0.05
Packaging and
transportation

Pending final approval of validation document.
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ATTACHMENT NUMBER 1

INPUT AND OUTPUT FILES



6

o cose MFFF Criticality Code Validation = Part Il Page 64 of 67

The files listed in Figure A7-1 are included on the attached compact disc media.
Figure A7-1 Listing of Files on Attached Media

Volume in drive D is Local Disk
Volume Serial Number is B177-FD81

Directory of D:\MFFF

01/02/2003 09:S1p <DIR> .

0170272003 09:51p <DIR> ..

01/02/2003 09:51p <DIR> Validation
0 rile(s) 0 bytes

Directory of D:\MPFF\Validation

01702/2003 09:51p <DIR> .

0170272003 09:51p <DIR> .o

01/02/2003 09:51p <DIR> Part2
0 rile(s) 0 bytes

Directory of D:\MFFF\Validation\Part2

0170272003 09:51p <DIR> .

01/02/2003 09:51p <DIR> .

01/02/2003 09:51p <DIR> Cages
0 Pile(s) 0 bytes

Directory of D:\NFFPF\Validation\Part2\Cases

01/02/2003 09:S1p <DIR> .
01/02/2003 09:51p <DIR> .-
0170272003 09:51p <DIR> BC

0 File(s) 0 bytes

Directory of D:\MPFF\Validation\Part2\Cases\PC

01702/2003 09:S1p <DIR> .

01/02/2003 09:S51p <DIR> .

0170272003 09:S3p <DIR> ornl_HIC
0 File(s) 0 bytes

Directory of D:\MPFPF\Validation\Part2\Cases\PC\ornl RTC

01/02/2003 09:53p <DIR> .
01/02/2003 09:53p <DIR> ..
01/02/2003 10:14p <DIR> bowl-2129
06/19/72002 04:18p 579 Changelog
01/02/2003 10:14p <DIR> mce-001
01/02/2003 10:14p <DIR> mct-002
01/02/2003 10:14p <DIR> mct-009
01/02/2003 10:14p <DIR> nse-55
01/02/2003 10:14p <DIR> nse-61
01/02/2003 10:14p <DIR> pci-001
0170272003 10:14p <DIR> pcm-001
0170272003 10:14p <DIR> pcm-002
0170272003 10:14p <DIR> pmf-001
01/02/2003 10:14p <DIR> pmf-002
0170272003 10:15p <DIR> pmf-003
01/0272003 10:15p <DIR> paf-016
01/02/2003 10:15p <DIR> pf-017
01/02/2003 10:15p <DIR> paf-033
01/02/2003 10:15p <DIR> pmf-037

1 rile(s) 579 bytes

Directory of D:\MPFF\Validation\Part2\Cases\PC\ornl HTC\bnwl-2129

01/02/2003 10:14p <DIR> .

0170272003 10:14p <DIR> .s

05/10/2002 03:23p 13,167 bnwl2129t4-01.inp
06/19/2002 03:20p 692,379 bnwl2129td-01.0ut
05/10/2002 03:23p 14,807 bnwl2129t4-02.inp
06/19/2002 04:26p 711,993 bnwl2129td-02.out
0571072002 03:24p 14,807 bnwl2129td-03.inp
06/19/2002 05:31p 712,187 bnwl2129td-03.0ut
05/10/2002 03:25p 14,889 bnwl2129t4-04.inp
06/19/2002 06:34p 713,731 bnwl2129td-04.0ut
05/10/2002 03:25p 14,889 bnwl2129td-05.inp
06/19/2002 07:35p 714,723 bnwl2129td-05.0ut
05/10/2002 03:41p 14,889 bnwl2129td-06.inp
06/20/2002 11:37a 715,011 bnwl2129t4-06.0ut
0571072002 03:26p 14,889 bowl2129t4-07.inp
06/20/2002 12:40p 714,705 bnwl2129td~-07.0ut
05/10/2002 03:26p 14,889 bowl2129t4-08.inp
06/20/2002 01:43p 715,396 bnwl2129t4-08.o0ut
05/10/2002 03:27p 15,709 bawl2129t4-09.inp
06/20/2002 02:47p 764,758 bnwl2129t4-09.0ut

05/10/2002 03:28p 15,709 bnwl2129t4-10.inp
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0672072002 03:51p
05/10/2002 03:30p
06/20/2002 04:53p
0571072002 03:31p
06/20/2002 08:42p
05/10/2002 03:32p
06/20/2002 09:43p
05/10/2002 03:33p
06/20/2002 10:45p
05/10/2002 03:34p
06/20/2002 11:47p
05/10/2002 03:35p
06/21/2002 12:50a
05/10/2002 03:36p
06/21/3002 01:5S3a
05/10/2002 03:36p
06/21/2002 02:56a

36 rile(s)

Directory of D:\MPPF\Validation\Part2\Cases\PC\ornl _HTC\mct-001

0170272003 10:14p
01/02/2003 10:14p
05/14/2002 06:23a
06/19/2002 07:28p

2 File(s)
Directory of D:\MPFF\Validation\Part2\Cases\PC\ornl HTC\mct-002

01/02/2003 10:14p
01/02/2003 10:14p
05/14/2002 06:23a
06/19/2002 08:14p
05/14/2002 06:23a
06/19/2002 08:46p

4 File(s)

Directory of D:\MFFF\Validation\Part2\Cases\PC\ornl HIC\mct-009

01/02/2003 10:14p
0170272003 10:14p
05/21/2002 12:20p
06/19/2002 10:26p

2 Pile(s)

Directory of D:\MFFF\Validation\Part2\Cases\PC\ornl HTC\nse-55

01/02/2003 10:14p
01/02/2003 10:1dp
05/14/2002 06:24a
06/19/2002 11:43p
05/14/2002 06:24a
06/20/2002 12:5%a
05/14/72002 06:24a
06/20/2002 02:15a
05/14/2002 06:24a
06/20/2002 03:30a
05/14/2002 06:24a
06/20/2002 04:46a
05/14/2002 06:24a
06/20/2002 06:0l1a
05/14/2002 06:24a
06/20/2002 07:15a
05/14/2002 06:24a
06/20/2002 08:32a
05/1472002 06:24a
06/20/2002 09:4%a
05/14/2002 06:24a
06/20/2002 11:05a

20 File(s)

Directory of D:\MFFF\Validation\Part2\Cases\PC\ornl HIC\nse-61

0170272003 10:1dp
01/02/2003 10:14p
0571472002 06:24a
06/20/2002 07:31p
05/14/2002 06:25a
0672072002 09:07p
05/14/72002 06:25a
06/20/2002 10:41p
05/14/2002 06:25a
06/21/2002 12:17a
05/14/2002 06:25a
0672172002 01:53a
05/14/2002 06:25a
06/2172002 03:30a
0571472002 06:25a
06/21/2002 05:09a
05/14/2002 06:25a
06/21/2002 06:47a
05/14/2002 06:25a

765,612
15,709
766,026
16,611
763,147
17,267
765,081
14,151
697,461
14,233
697,777
14,233
698,393
14,23
698,413
15,217
722,402

bawl2129t4~10.0ut
bowl2129t4-11.3inp
bnwl2129té-11.0ut
bnwl2129t4-12.inp
bnwl2129td-12.0ut
bnwl2129té-13.inp
bnwl2129t4-13.0ut
bnwl2129t4-1S.inp
bnwl2129ed4-15.0ut
trwl2129td-16. inp
brwl2129td-16.0ut
bnwl2129td4-17.inp
bnwl2129td-17.0ut
bnwl2129t4-18.inp
bnwl2129td-18.out
bowl2129t4-19.inp
bnwl2129t4-19.0ut

13,299,493 bytes

<DIR>
<DIR>

<DIR>
<DIR>

<DIR>
<DIR>

<DIR>
<DIR>

<DIR>
<DIR>

55,397
933,867

mct001-01.inp
mct001-01.0ut

989,264 bytes

16,611
605,829
16,611
614,529

nct002-01.inp
mct002-01.out
nct002-02.inp
mct002-02.out

1,253,580 bytes

143,908
1,344,732

mct009-01. inp
mct009-01.out

1,488,640 bytes

8,575
596,596
11,281
626,092
11,281
626,382
11,281
627,482
11, 609
663,740
11,609
669,105
11,609
669,453
11,445
635,555
11,445
635,881
11,445
636,276

nse55t5-01.inp
nse55t5-01.out
nse55t5-02. inp
nse55t5-02.o0ut
nse55t5-03. inp
nse55t5-03.out
nse55t5-04. inp
nse55t5-04.out
nse55t5-0S. inp
nse55t5-05.out
nse55t5-06.inp
nse55t5-06.out
nse55t¢5-07.inp
nse55t5-07.0ut
nseS5t5-08.inp
nse$5t5-08.out
nseS5t5-09.inp
nse55t5-09.out
nse55t5-10. inp
nse55t5-10.out

6,503,142 bytes

9,723
932,891
9,723
591,248
9,723
591,847
9,723
590,913
9,723
590, 908
9,723
590,799
9,723
591,435
9,723
591,791
9,723

pu-29-1.inp
pu-29-1.ocut
pu-29-2.inp
pu-29-2.0ut
pu-29-3.inp
pu-29-3.0ut
pu-29-4.inp
pu-29-4.o0ut
pu-29-5.4inp
pu-29-5.out
pu-29-6.inp
pu-29-6.out
pu-29-7.inp
pu-29-7.out
pu-29-8.4inp
pu-29-8.out
pu-29-9.inp



6

DUKE COGEMNA

STONE 8 wEBSTER MFFF Criticality Code Validation — Part 11 Page 66 of 67
0672172002 08:23a 591,900 pu-29-9.out
0571472002 06:25a 9,231 pu-8-1.inp
06/22/2002 02:02a 591,832 pu-8-l.out
05/14/2002 06:25a 9,231 pu-8-2.inp
0672272002 03:02a 592,513 pu-8-2.out
0571472002 06:25a 9,149 pu-8-3.inp
0672272002 04:0l1a 591,550 pu-8-3.out
05/14/2002 06:25a 9,231 pu-8-4.inp
06/22/2002 05:00a 592,576 pu-8-4.out

26 Pile(s) 8,156,552 bytes

Directory of D:\MFFPP\Validation\Part2\Cases\PC\ornl HTC\pci-001

01/02/2003 10:14p <DIR> .

0170272003 10:1dp <DIR> .

0571472002 06:25a 2,179 pcid01-01.inp

06/21/2002 01:35p 383,519 pcif01-01.0ut
2 Pile(s) 385,698 bytes

Directory of D:\MFFF\Validation\Part2\Cases\PC\ornl HTC\pcw-001

01/02/2003 10:14p <DIR> .

01/02/2003 10:14p <DIR> .

05/14/2002 06:26a 4,393 pcm001-02. inp
06/21/2002 10:20a 433,357 pcm001-02.0ut
05/14/2002 06:26a 4,311 pcm001-03. inp
06/21/2002 11:10a 418,321 pem001-03.0ut
05/14/2002 06:26a 4,393 pem001-04.3inp
06/21/2002 11:56a 427,072 pem001-04.0ut
05/18/2002 10:35p 4,885 pcm001-05.inp
06/21/2002 12:38p 454,026 pcm001-05.o0ut

8 rile(s) 1,750,758 bytes

Directory of D:\MFFF\Validation\Part2\Cases\PC\ornl HTC\pcm-002

01/02/2003 10:14p <DIR> .

0170272003 10:14p <DIR> ..

0571872002 10:34p 4,475 pcmd02-01.inp
06/2172002 10:55a 419, 081 pcm002-01.0ut
0571872002 10:34p 4,475 pcm002-02. inp
06/21/2002 01:10p 419,088 pcm002-02.cut
0571872002 10:34p 4,475 pem002-03.inp
06/21/2002 03:24p 418,924 pem002-03.0ut
05/18/2002 10:34p 4,475 pcm002-04.inp
06/21/2002 05:38p 419,078 pcm002-04.0ut
05/18/2002 10:34p 4,475 pem002-05.inp
06/21/2002 07:51p 419,158 pcm002-05.out
05/14/2002 06:26a . 4,475 pcm002-06. inp
06/21/2002 09:38p 422,659 pcm002-06.out
05/14/2002 06:26a 4,475 pomD02-07.inp
06/21/2002 11:25p 422,430 pcm002-07.0ut
05/14/2002 06:26a 4,475 pcmd02-08.inp
06/22/2002 01:12a 422,241 pcemDd02-08.0ut
0571472002 06:26a 4,475 pcm002-09.inp
06/22/2002 02:58a 423,119 pcm002-09.0ut
05/14/2002 06:26a 4,393 pcm002-10. inp
06/22/2002 04:39a 407,188 pcm002-10.0ut
05/14/2002 06:26a 4,393 pem002-11.inp
06/22/2002 06:20a 407,089 pcm002-11.0ut
05/14/2002 06:26a 4,393 pem002-12.inp
06/22/2002 08:02a 407,398 pcm002-12.0ut
05/14/2002 06:26a 4,393 pem002-13.inp
06/22/2002 09:442 407,527 pcm002-13.0ut
05/14/2002 06:26a 4,393 pam002-14.inp
0672272002 11:25a 407,039 pomd02-14.0ut
0571472002 06:26a 4,393 pem002-15.inp
0672272002 01:07p 407,086 pcmDd02-1S.0ut
05/14/2002 06:26a 4,393 pem002-16.inp
06/22/2002 02:49p 406,954 pcmD02-16.0ut
0571472002 06:27a 4,393 pem002-17.inp
06/22/2002 04:26p 416, 481 pcmd02-17.0ut
05/14/2002 06:27a 4,393 pem002-18.inp
06/22/2002 06:02p 415,738 pcm002-18.0ut
0571472002 06:27a 4,393 pcm002-19.inp
06/22/2002 07:38p 416,514 pcm002-19.0ut
05/14/2002 06:27a 4,393 pem002-20.inp
06/22/2002 09:14p 416,017 pem002-20.0ut
05/14/2002 06:27a 4,393 pcm002-21.inp
06/22/2002 10:50p 416,105 pcm002-21.out
05/14/2002 06:27a 4,393 pcm002-22. fnp
06/23/2002 12:26a 415,960 pcm002-22.0ut

44 File(s) 9,230,258 bytes

Directory of D:\MFFF\Validation\Part2\Cases\PC\ornl _HTC\pmf-001

01/02/2003 10:14p <DIR> .

0170272003 10:1d4p <DIR> .

0571872002 10:33p 3,573 pmf001-01.inp

0672372002 12:27a 366,262 pmf001-01.0ut
2 File(s) 369,835 bytes

Directory of D:\MFFF\Validation\Part2\Cases\PC\ornl_HTC\pmf-002
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0170272003
01/02/2003
05/18/2002
06/23/2002

Directory

0170272003
01/02/2003
06/1272002
06/23/2002
0571872002
0672372002
05/18/2002
06/23/2002
06/12/2002
06/23/2002
0671272002
06/23/2002

Directory

01/02/2003
0170272003
0571872002
0672372002
0571872002
0672372002
05/18/2002
0672372002
0571872002
0672372002
0571872002
06/23/2002
05/18/2002
06/23/2002

Directory

01702/2003
01/02/2003
0571872002
06/22/2002
05/18/2002
06/22/2002
0571872002
06/22/2002
06/14/2002
06/22/2002
05/18/2002
0672272002

Directory

0170272003
01/02/2003
06/12/2002
0672272002

Directory

01/02/2003
0170272003
05/18/2002
06/21/2002
0571872002
06/2172002
05/18/2002
06/21/2002
05/18/2002
06/2172002
05/18/2002
06/2172002
0671272002
0672172002
06/12/2002
06/22/2002

Total

10:14p
10:14p
10:33p
12:28a

2 Pile(s)

of D:\MPPP\Validation\Part2\Cases\PC\ornl _HTC\prf-003

10:15p
10:15p
03:13p
12:35a
10:32p
12:55a
10:32p
01:03a
03:14p
01:20a
03:15p
01:27a
10 Pile(s)

of D:\MFFF\Validation\Part2\Cases\PC\ornl HTC\pmf-016

10:15p
10:15p
10:31p
01:59%
10:31p
03:26a
10:31p
04:55a
10:31p
06:26a
10:31p
07:59%
10:31p
09:31a
12 rile(s)

of D:\WFFF\Validation\Part2\Cases\PC\ornl _HTC\pmf-017

10:15p
10:15p
10:30p
02:20p
10:30p
03:35p
10:30p
04:49p
09:45a
05:08p
10:30p
06:20p
10 rile(s)

of D:\MFFF\Validation\Part2\Cases\PC\ornl HTC\pmf-033

10:15p
10:15p
03:28p
11:03a

2 rile(s)

of D:\MFFF\Validation\Part2\Cases\PC\ornl HTC\pmf-037

10:15p
10:15p
10:24p
06:02p
10:24p
06:45p
10:24p
07:31p
10:248p
08:23p
10:24p
09:31p
12:24p
10:31p
12:26p
11:35p

14 File(s)

Piles Listed:
197 Pile(s)
65 Dir(s)

<DIR>
<DIR>

<DIR>
<DIR>

<DIR>
<DIR>

<DIR>
<DIR>

<DIR>
<DIR>

<DIR>
<DIR>

3,655 pmf002-01. inp
377,703 pm£002-01.0ut
381,358 bytes

20,553 pmf003~01.inp
566,536 pmf003-01.0cut
24,483 pmf003-02.inp
579,298 pmf003-02.0ut
20,875 pmf003-03.inp

65,749 pmf003-03.0ut.gz

24,653 pmf003-04.inp
580,600 pmf003-04.0ut

20,307 pm£003-05.inp
565,924 pmf003-05.0ut
2,468,978 bytes

17,513 pmf016-01.inp
647,089 pmf016-01.cut
15,955 pnf016-02.inp
642,199 pmf016-02.0ut
15,955 pmf016-03.inp
642,447 pmf016-03.0ut
15,955 pm£016-04.inp
642,543 pmf016-04.0ut
15,955 pmf016-05S.inp
642,506 pmf016-05.0ut
15,955 pmf016-06. inp
642,619 pmf016-06.out
3,956,650 bytes

46,131 pmf017-01.inp
840,918 pmf017-01.0ut
46,131 pmf017-02.inp
840,749 pmf017-02.0ut
46,131 pmf017-03.inp
841,121 pmf017-03.0ut
10,412 pmf017-04.inp
809,757 pmf017-04.0ut
42,933 pmf017-05.inp
818,667 pmf017-05.0ut
4,342,950 bytes

17,923 pmf033-01.inp
996,700 pmf033-01.out
1,014,623 bytes

26,451 pmf037-01.4inp
637,666 pmf037-01.0ut
66,385 pmf037-05.inp
752,654 pmf037-05.0ut
62,449 pmf037-07.inp
741,330 pmf037-07.0ut
33,831 pmf037-10.4inp
659,222 pmf037-10.0ut
34,159 pmf037-12.inp
661,053 pmf037-12.0ut
16,538 pmf037-15.4inp
753,301 pmf037-15.0ut
17,850 pm£037-16.inp
758,717 pmf037-16.0ut
5,221,606 bytes

60,814,004 bytes
3,221,131,264 bytes free
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ABSTRACT

This report documents the validation of the nuclear criticality safety codes to be used in the
design of the Mixed Oxide (MOX) Fuel Fabrication Facility (MFFF), to be owned by the U.S.
Department of Energy (DOE) and operated by the licensee, Duke Cogema Stone & Webster
(DCS). This report is applicable to the validation of the SCALE 4.4a code package [1] using the
CSAS26 (KENOVI) sequence and the 238 energy group cross section library 238 GROUPNDFS.

Title 10 Code of Federal Regulations (CFR) §70.61(d) requires that all nuclear processes remain
subcritical under all normal and credible abnormal conditions. In order to establish that a system
or process will be subcritical under all normal and credible abnormal conditions, it is necessary
to establish acceptable subcritical limits for the operation and then show that the proposed
operation will not exceed those values. In order to comply with this requirement, the American
National Standard for Nuclear Criticality in Operations with Fissionable Material Outside
Reactors [2] and the U.S. Nuclear Regulatory Commission (NRC) Standard Review Plan for the
Review of an Application for a Mixed Oxide (MOX) Fuel Fabrication Facility [3], require that a
validation be performed that (1) demonstrates the adequacy of the margin of subcriticality for
safety by assuring that the margin is large compared to the uncertainty in the calculated value of
ke and (2) determines the area(s) of applicability (AOA) and use of the code within the AOA,
including justification for extending the AOA by using trends in the bias.

A number of design AOAs are established to cover the range of processes and fissile materials in
the MFFF. AOAs covering Pu and MOX applications are as follows (1) Pu-nitrate aqueous
solutions, (2) MOX pellets, fuel rods, and fuel assemblies, (3) PuO; powders, (4) MOX powders,
and (5) Aqueous solutions of Pu compounds and Pu precipitates. The first four AOAs are
addressed in the validation reports Part I [15]) and Part II [16]. This report addresses the fifth
AOA: (5) Aqueous solutions of Pu compounds and Pu precipitates.

The report concludes that the upper safety limit (USL) for the fifth design AOA is 0.9411 for
Pu-nitrate solutions (H/Pu>50) and 0.9328 for PuO, powder-polystyrene mixtures (H/Pu<50).
The USL accounts for the computational bias, uncertainties, and a 0.05 administrative margin.

The validation report concludes further that the MFFF application: Aqueous solutions of Pu
compounds and Pu precipitates are in the range of the AOA (5). Therefore, the USL of AOA (5)
is relevant for these MFFF applications.

The report further demonstrates that the PuO,F, “standard salt” introduced in the criticality
safety analysis to cover these aqueous solutions of Pu compounds and Pu precipitates is also in
the range of the AOA (5) and represents bounding medium for criticality analysis of these
aqueous solutions.
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1. Introduction

1.1 Purpose

The purpose of this report is to validate the criticality codes and determine the upper safety limit
(USL) to be used for performing nuclear criticality safety calculations and analyses of the Mixed
Oxide (MOX) Fuel Fabrication Facility (MFFF), to be owned by the U.S. Department of Energy
(DOE) and operated by the licensee, Duke Cogema Stone & Webster (DCS).

1.2 Scope

The scope of this report is limited to the validation of the CSAS26 sequence of the SCALE 4.4a
code package [1] with the 238 energy group cross-section library 238GROUPNDFS for nuclear
criticality safety calculations of the MFFF.

1.3 Applicability

The following areas of applicability (AOAs) are identified to cover a range of processes in the
MFFF involving Pu and MOX materials:

MFFF Design Application AOA of Experiments
(1) Pu-nitrate solutions AOA(1) Pu-nitrate solution
(2) MOX pellets, fuel rods, and FA AOA(2) MOX pellet lattices in water
(3) PuO, powders-H,O systems AOA(3) PuO, powder-polystyrene mixture
and Pu metal systems
(4) MOX powders-H,O systems AOA(4) MOX powder-polystyrene mixture

(5) Aqueous solutions of Pu compounds and AOA(5) PuO; powder-polystyrene mixture
Pu precipitates and Pu-nitrate solutions

The first four AOAs are addressed in the code validation reports Part I [15] and Part II [16]. The
following sections address AOA(S): PuO; powder-polystyrene mixtures and Pu-nitrate solutions
(see Section 5.1). Section 4 demonstrates that the AOA(S) covers the design application aqueous
solution of Pu compounds and Pu precipitated oxalates.

In order to cover the chemical compounds of Pu-oxalates in the AP process (precipitation of
Pu-oxalates), a criticality bounding medium, PuO,F, “standard salt,” is defined and shown to be
a bounding computational proxy for design applications within AOA(S).
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1.4 Background

14.1 Overall MFFF Design

The MFFF is designed to produce MOX fuel assemblies on an industrial scale from a mixture of
depleted uranium and plutonium oxides for use in mission light-water reactors. The MFFF will
be constructed on a DOE site and will be licensed by the U.S. Nuclear Regulatory Commission
(NRC) under Title 10 Code of Federal Regulations (CFR) Part 70. The facility is designed to
applicable U.S. codes and standards and operated by DCS, a private consortium under contract to
DOE. The goal of the contract is to design, construct, and operate a facility to fabricate MOX
fuel based on existing technology from the COGEMA MELOX and La Hague plants in France.
To maximize the benefit of the existing technology, process and equipment designs from the
MELOX and La Hague plants are duplicated, to the maximum extent possible, in the design of
the new plant.

The feed material is depleted uranium dioxide and surplus plutonium dioxide supplied by DOE.
The impurities in the plutonium dioxide feed are extracted by the Aqueous Polishing process.
The MOX fuel fabrication process blends this “polished” plutonium dioxide with depleted
uranium dioxide to form mixed oxide pellets. These pellets are loaded into the fuel rods, which
are integrated into fuel assemblies. The nuclear fuel assemblies are transported for use in specific
U.S. commercial reactors as nuclear fuel. The MFFF is designed to process 3.5 metric tons
annually, for a total disposition of 33 metric tons of plutonium (as dioxide).

14.2 Regulatory Requirements, Guidance, and Industrial Standards

Title 10 CFR §70.61(d) requires that “under normal and credible abnormal conditions, all
nuclear processes are subcritical, including use of an approved safety margin of subcriticality for
safety”. In order to comply with this requirement, NUREG 1718 [3] and ANSI/ANS-8.1-
1998 [2] require a validation report that (1) demonstrates the adequacy of the margin of
subcriticality for safety by assuring that the margin is large compared to the uncertainty in the
calculated value of ks and (2) determines the AOAs and use of the code within the AOA,
including justification for extending the AOA by using trends in the bias.

NUREG 1718 [3] further states that the validation report should contain:

A description of the AOA that identifies the range of values for which valid
results have been obtained for the parameters used in the methodology. As
defined in ANSI/ANS 8.1-1983, the AOA is the range of material
compositions and geometric arrangements within which the bias of a
calculational method is established. Other variables that may affect the
neutronic behavior of the calculational method should also be specified in the
definition of the AOA. Particular attention should be given to validating the
code for calculations involving mixed oxides of differing isotopics and
defining the isotopic ranges covered by the available benchmark experiments.
In accordance with the provisions in ANSI/ANS 8.1-1983 (applicable section
is Section 4.3.2), any extrapolation of the AOA beyond the physical range of
the data should be supported by an established mathematical methodology.
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2. Calculational Method

The SCALE 4.4a code package [1] is the computational system used for MFFF criticality
analyses. The code package is available from the Radiation Safety Information Computational
Center (RSICC). The SCALE 4.4a code package is installed and verified on the SGN PC
hardware platform under the operating system “Windows NT 4.0”, as documented in [4].

A recent KENO-VI update published in SCALE Newsletter number 24 (July 2001), available at
the SCALE web site, has not been applied to the version of SCALE 4.4a used for calculations.
Comparison between patched and unpatched SCALE 4.4a versions do not present significant
differences [17].

SCALE 4.4a is a collection of modules designed to perform criticality, shielding, and thermal
calculations. The CSAS26 sequence is validated in this report. Functional modules may be run
individually or sequentially in 2 module designated as a criticality safety control sequence
(CSAS). A control sequence is also referred to as a control module. The CSAS26 (KENO VI)
sequence is used for MFFF criticality analyses using the 238 group cross-section library
238GROUPNDFS5 based on the ENDF/B-V data file. The CSAS sequences process the cross
sections via the BONAMI and NITAWL-II modules within SCALE. The calculation of k. is
performed with the Monte Carlo code KENO VI.
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3. Criticality Code Validation Methodology

In order to establish that a system or process will be subcritical under all normal and credible
abnormal conditions, it is necessary to establish acceptable subcritical limits for the operation
and then show that the proposed operation will not exceed those values.

Figure 3-1 shows how the validation process fits within the overall MFFF nuclear criticality
analysis process. The first step involves the procurement, installation, and verification of the
criticality software on a specific computer platform. For the MFFF, the SCALE 4.4a code
package has been procured, installed, and verified on the PC [4] hardware platform. This step is
followed by the validation of the criticality software, which is the purpose of this report. The
final step involves the criticality safety design analysis calculations, which are performed and
presented in separate reports.

The criticality code validation methodology can be divided into four steps:
e Identify general MFFF design applications,
e Select applicable benchmark experiments and group them into AOAs,
e Model and calculate k ¢ values of selected critical benchmark experiments,

¢ Perform statistical analysis of results to determine computational bias and upper safety
limit (USL).

The first step is to identify the MFFF design applications and key parameters associated with the
normal and upset design conditions. Table 3-1 lists the key parameters for the MFFF.

The second step involves several substeps. First, based on the key parameters, the AOA and
expected range of each key parameter are identified. ANSI/ANS-8.1 [2] defines the AOA as “the
limiting range of material composition, geometric arrangements, neutron energy spectra, and
other relevant parameters (such as heterogeneity, leakage interaction, absorption, etc.) within
which the bias of a computational method is established.” AOAs covering Pu and MOX
applications are as follows: (1) Pu-nitrate solutions; (2) MOX pellets, fuel rods, and fuel
assemblies; (3) PuO, powders; (4) MOX powders; and (5) PuO,-polystyrene mixture and Pu-
nitrate solutions. These AOAs are defined and presented in Section 4. After identifying the
AOAs, a set of critical benchmark experiments is selected. Benchmark experiments for the fifth
AOA are selected from the references listed in the International Handbook of Evaluated
Criticality Safety Benchmark Experiments [5]. A description of all relevant experiments used for
each AOA considered here is provided in Section 5.

The third step involves modeling the critical experiments and calculating the keg values of the
selected critical benchmark experiments’. Attachment 4 presents calculated results.

The final step involves the statistical analysis of the results in order to calculate the
computational bias and USL. Section 6 presents the computational bias and USL results.

! Note that these models contain simplifications of critical experiments geometry. These simplifications lead to
additional uncertainties which are included in the statistical analysis of the results.
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3.1 Determination of Bias

ANST/ANS-8.1-1998 [2] requires a determination of the calculational bias by “correlating the
results of critical and exponential experiments with results obtained for these same systems by
the calculational method being validated.” The correlation must be sufficient to determine if
major changes in the bias can occur over the range of variables in the operation being analyzed.
The standard permits the use of trends in the bias to justify extension of the area of applicability
of the method outside the range of experimental conditions.

Calculational bias is the systematic difference between experimental data and calculated results.
The simplest technique is to find the difference between the average value of the calculated
results of critical benchmark experiments and 1.0. This technique gives a constant bias over a
defined range of applicability.

Another technique is to find the difference between a regression fit of the calculated results of
critical benchmark experiments and 1.0, as a function of an independent variable (e.g.,
enrichment, moderator-to-fuel ratio, etc.). As a rule, the bias is not a constant, but is dependent
upon an independent variable, usually the degree of moderation of the neutrons. For example, the
bias for an unmoderated system in which fission occurs with fast neutrons would not be expected
to be the same as for a moderated system in which fission occurs with thermal neutrons. The
AOA for the bias is the limiting range of material composition, geometric arrangement, etc., over
which the bias is collectively established.

The recommended approach for establishing subcriticality based on numerical calculations of the
neutron multiplication factor is prescribed in Section 5.1 of ANSI/ANS-8.17 [8]. The criteria to
establish subcriticality requires that for a design application (system) to be considered as
subcritical, the calculated multiplication factor for the system, ks, must be less than or equal to an
established maximum allowed multiplication factor based on benchmark calculations and
uncertainty terms that is:

ks < ke - Ak, ~ Ak — Aky (Eq.3.1)

where:

= the calculated allowable maximum multiplication factor, (k.s) of the design
application (system)

the mean k. value resulting from the calculation of benchmark critical
experiments using a specific calculation method and data

the uncertainty in the value of k

the uncertainty in the value of k.

the administrative margin to ensure subcriticality.

Bp 7T

Ak
Sources of uncertainty that determine Ak; include:
e Statistical and/or convergence uncertainties
e Material and fabrication tolerances

¢ Limitations in the geometric and/or material representations used.
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‘Sources of uncertainty that determine Ak, include:
¢ Uncertainties in critical experiments
e Statistical and/or convergence uncertainties in the computation
¢ Extrapolation outside of the range of experimental data
¢ Limitations in the geometric and/or material representations used.

An assurance of subcriticality requires the determination of an acceptable margin based on
known biases and uncertainties. The USL is defined as the upper bound for an acceptable
calculation.

Critical benchmark experiments used to determine calculational bias () should be similar in
composition, configuration, and nuclear characteristics to the system under examination. The
range of applicability may be extended beyond the range of conditions represented by the
benchmark experiments by extrapolating the trends established for the bias. B is related to k. as
follows:

B= k-1 (Eq.3.2)
AB = Ak, (Eq. 3.3)

Using this definition of bias, the condition for subcriticality in Eq. 3.1 is rewritten as:
ks + Ak; <1-Akn,+B-AB (Eq. 34)

A system is acceptably subcritical if a calculated kg plus calculational uncertainties lies at or
below the USL.

ks + Ak, < USL (Eq. 3.5)

The USL can be written as:
USL=1-Ak, + B- AB (Eq. 3.6)

Bias is negative if k; < 1 and positive if k. > 1. For conservatism, a positive bias is set equal to
zero for the purpose of defining the USL. Af is typically determined at the 95% confidence level.

The USL takes into account bias, uncertainties, and administrative and/or statistical margins such
that the calculated configuration will be subcritical with a high degree of confidence.

B is related to system parameters and may not be constant over the range of a parameter of
interest. If ke values for benchmark experiments vary as a function of a system parameter, such
as enrichment or degree of moderation, then B can be determined from a best fit as a function of
the parameter upon which it is dependent. Extrapolation outside the range of validation must take
into account trends in the bias.

Both AP and B can vary with a given parameter, and the USL is typically expressed as a function
of the parameter. Normally, the most important system parameter that affects bias is the degree
of moderation of the neutrons. This parameter can be expressed in several different ways, such as
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the energy of average lethargy causing fission (EALF), moderator-to-fuel volume ratio (VI,
or moderator-to-fuel atomic ratio (H/Pu ratio).

In general, the “bias” can be broken down into components caused by system modeling error,
code modeling inaccuracies, cross-sectional inaccuracies, etc. Biases associated with individual
inaccuracies are usually combined into a total bias to represent the combined effect from all
sources that prevent code and cross-sections from calculating the experimental value of kg (see
Section 3.4).

One or two calculations are insufficient to determine calculation bias. In practice, it is necessary
to determine the “average bias” for a group of experiments. A statistical analysis of the variation
of biases around this average value is used to establish an uncertainty associated with the bias
value when it is applied to a future calculation of a similar critical system. The lower limit of this
band of uncertainty establishes an upper bound for which a future calculation of k¢ for a similar
critical system can be considered subcritical with a high degree of confidence.

NUREG/CR-6361 [9] describes two statistical methods for the determination of an USL from the
bias and uncertainty terms associated with the calculation of criticality. The first method applies
a statistical calculation of the bias and its uncertainty, plus an administrative margin, to a linear
fit of critical experimental benchmark data. The second method applies a statistical calculation to
determine a combined lower confidence band and subcritical margin. Both methods assume that
the distribution of data points is normal. The following discussion of each method is taken from
NUREG/CR-6361 [9] and is based on equations and techniques described in Dryer, Jordan, and
Cain [10], Easter [11], Bowden and Graybill [12], Johnson [13], and Cain [14].

3.2 USL Method 1: Confidence Band with Administrative Margin

This method applies a statistical calculation of the bias (B) and its uncertainty (Af}) plus an
administrative safety margin (Aky,) to a linear fit of calculated results for a selected set of critical
experiments. A confidence band (W) is determined statistically based on the existing data and a
specified level of confidence; the greater the standard deviation in the data or the larger the
confidence desired, the larger the band width will be. This confidence band, W, accounts for
uncertainties in the experiments, the calculational approach, and calculational data (e.g., cross
sections) and is therefore a statistical basis for AB, the uncertainty in the value of f. W is defined
for a confidence level of (1-y;) using the relationship:

W = max {w(x)|x mn x me} (Eq. 3.7)
where

1
2
(x-x )

Z(Xi_;)z

i=Iln

(Eq. 3.8)

1
wx) =t s, 1+;+

and
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n = the number of critical calculations used in establishing k _ (x)

1y, = the Student - t distribution for1- Y, and n - 2 degrees of freedom

x = the mean value of parameter x in the set of calculations
sp = the pooled standard deviation for the set of criticality calculations.

The function w(x) is a curvilinear function. For simplicity, it is desirable to obtain a constant
width margin. Therefore, for conservatism, the confidence band, W, is defined as the maximum
of (W(Xmin), W(Xmax)), Where Xmn and x,,, are the minimum and maximum values of the
independent parameter x, respectively. Typically, W is determined at a 95% confidence level.

The pooled standard deviation is obtained from the pooled variance S, = S;‘; » where S; is given
as:

2 2 2
Sp=Sk(x)+Sw (Bq' 3'9)

Where S,’m is the variance (or mean square error) of the regression fit, and is given by:

o ) {z(x _5), -::)}
sux)=(n—_2;i§l(k,—k)z— SGoFT (Eq. 3.10)

i=ln

and S? is the within-variance of the data:
2=1y0 (Eq. 3.11)
n i=ln

where o; is the standard deviation associated with k; for a Monte Carlo calculation. It is
recommended that the individual standard deviations for Monte Carlo calculations be roughly
uniform in value for the best results. For deterministic codes that do not have a standard
deviation associated with a computed value of k, the standard deviation is zero. However, this
term can also be used as a mechanism to include known uncertainties in experimental data.

In USL Method 1, Ak, is given an arbitrary administrative value. NUREG-1718 [3] states that a
“minimum subcritical margin (Aky,) of 0.05 is generally considered acceptable without additional
justification when both the bias and its uncertainty are determined to be negligible.” The MFFF
criticality analyses use a value of 0.05. Section 6 provides further justification of the 0.05
administrative margin.
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Having determined the constant W and substituting for AP in equation 3.6, the expression for the
USL may be written as:

USL,(x) = 1.0 - Aky - W + B(x). (Eq. 3.12)

3.3 USL Method 2: Single-Sided Uniform Width Closed Interval Approach

In USL Method 2, sometimes referred to as a lower tolerance band (LTB) approach, statistical
techniques are applied to determine a combined lower confidence band plus subcritical margin.
In USL Method 1, Ak, and AP are determined independently, and in USL Method 2 (LTB
method), a combined statistical lower bound is determined.

The purpose of this method is to determine a uniform tolerance band over a specified closed
interval for a linear least-squares model. The level of confidence in the limit being calculated is
« and is typically in the range of 0.90 to 0.999.

The USL Method 2 is defined as:
USLy(x) = 1.0 = (Corp - 5p) + B(x) (Eq. 3.13)

where s, is the pooled variance of k. described earlier. The term Cqp - sp provides a band for
which there is a probability P with a confidence « that an additional calculation of k. for a
critical system will lie within the band. For example, a Cospos multiplier produces a USL for
which there is a 95% confidence that 995 out of 1000 future calculations of critical systems will
yield a value of k.g above the USL.

The analysis is over the closed interval from x = a to x = b. Cqp is calculated according to the
following equations:

=2
g= [L+_@=5) (Eq. 3.14)
n _ =2
h= %+_n_(’"_’_‘)2.__ (Eq. 3.15)
Y
p=L.]1l, (@-5b-%) (Eq. 3.16)

. gh n i (x.' - i)2

i=1

A=% \ (Eq. 3.17)
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A, p, and (n-2) are used to determine the value of D from Table 3 in Bowden [12], which covers
values of 0.5 <A <1.5. The procedure to follow when A is in this range is:

C*=D-g. (Eq. 3.18)

When A is outside the above range, A is replaced by 1/A for the determination of D, and C* is
given by:

C*¥*=D"h. (Eq. 3.19)
Next,

Capr=C"+2,- ”)::22 : (Eq. 3.20)

where

the Student t statistic depending on n and P
the chi square distribution, a function of n-2 and a.

Zp

7

This approach provides a statistically based subcritical margin, Ak, which can be determined as
the difference (Cgoprsp)-W. In criticality safety applications, such a statistically determined
approach generally, but not necessarily, yields a margin of less than 0.05, which serves to
illustrate the adequacy of the administrative margin specified in USL Method 1. The
recommended purpose of USL Method 2 is to apply it in tandem with USL Method 1 to verify
that the administrative margin is conservative relative to a purely statistical basis.

3.4 Uncertainties

Uncertainties, as used in this report, refer to the uncertainty in keg associated with experimental
unknowns or assumptions and to the uncertainty values associated with Monte Carlo analyses.

Experimental uncertainty (o.) — Modeling of validation experiments frequently result in
assumptions about experimental conditions. In addition, experimental uncertainties (such as
measurement tolerances) influence the development of a computer model. Recent efforts by the
OECD - NEA [5] have resulted in the quantification of these uncertainties in validation
experiments.

Statistical uncertainty (o) — Monte Carlo calculation techniques result in a statistical uncertainty
associated with the actual calculation. This type of uncertainty is dependent of upon many
factors, including number of neutron generations performed, variance reduction techniques
employed, and problem geometry. For this document, G, refers to the statistical Monte Carlo
uncertainty associated with the computer modeled validation experiment.

Total uncertainty —This is the total uncertainty associated with a calculated ker on a benchmark
experiment. The total uncertainty for an individual benchmark is the combined error of the
experimental and statistical uncertainties:
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o, = 1’0':,. +0?, (Eq. 3.21)

where the subscript (i) refers to an individual benchmark calculation.

3.5 Normalizing ks

In many instances, benchmark experiments used for validation may not be exactly critical.
Experimental results may show that the experiment is slightly above or below a kg = 1.0. For
these cases, the calculated ke values should be normalized to the experimental value. This
assumes that any inherent bias in the calculation is not affected by the normalization, which is
valid for small differences in kess. To normalize kg, the following formula applies:

kesr (normalized) = ke (calculated) / ke (experimental) (Eq. 3.22)

The normalized ks values are to be used in the determination of the USL. Since only small
adjustments to the calculated k. value are made as a result of normalization, no adjustment to
the total uncertainty, o;, is made.

3.6 Application of the USL

The equations for USL Methods 1 and 2 (equations 3.12 and 3.13) represent an upper bound to
assure subcriticality for a given configuration when the calculated k. plus uncertainty for the
configuration is less than the USL. USLs may be calculated for a number of independent
parameters for a given system. Here, the subcritical limit is taken as the minimum of all USLs
computed for the specific parameters of the system. This approach is conservative with respect to
the guidance provided in NUREG/CR-6361 [9] in which the USL is determined based on the
statistical results for the parameter “with the strongest correlation to the calculated kg values.”

Another advantage of the USL is that it may also be used to establish guidelines for
quantitatively determining the applicability of the bias (or validation) to specific applications.
For a given parameter, the USL is valid over the range of that parameter in the set of calculations
used to determine the USL. However, ANSI/ANS-8.1 [2] allows the range of applicability to be
extended beyond this range by extrapolating the trends established for the bias. No precise
guidelines are specified for the limits of extrapolation. Thus, engineering judgment should be
applied when extrapolating beyond the range of the parameter bounds.

Appendix C in NUREG/CR-6361 [9] documents the USLSTATS computer program that was
developed to perform the required statistical analysis and calculate USLs based on USL Methods
1 and 2.

In this validation report, USLSTATS is used to trend the following parameters:
e Moderator to fuel atomic ratio (H/Pu)
¢ Energy of Average Lethargy Causing Fission (EALF)

The H/Pu ratio is a parameter that describes the moderation of the neutrons in the fissile medium.
The EALF parameter is a measure of the energy dependent fission efficiency of the fissile
medium.
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The administrative margin, Ak, is fixed in order to have a sufficient confidence that the
calculated results are subcritical.
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Table 3-1 Characteristics of the MFFF Design Application Areas”
. MOX pellets, PuO;, MOX Aqlfeous
Pu-nitrate solutions of
Parameter . fuel rods, | powder/water | powder/water
solution . . Pu
FAs mixtures mixtures
compounds
Fissile Material vox mﬁ‘l‘lzz‘sd (a) Pu-oxalate
Physical/Chemical Pu-nitrate MOX rods and PuO; powder | MOX powder | (p) PuO,F,
Form FAs “standard salt”
96% *°Pu 96% *°Pu
Isotopic composition 96% “*Pu 4% *°py 96% “’Pu 4% *py 96% **Pu
of fissile material ** 4% %Py 4% “°Pu 4% #°py
depleted U depleted U
Pu0,/(UO4+Pu0y,) 100 % <63 % 100 % 6.3% - 22% 100 %
Maximum oxide
density [ g/cm’] - 7.0,11.0 3.5,7.0,11.46 4.1,5.5 -
s a) 242
Pu concentration 125 - 237 _ _ _ (@)
[g/liter]7 b) 767
Type of moderation | Homogeneous | Heterogeneous | Homogeneous | Homogeneous | Homogeneous
: a) H/Pu=100
Optimum_ H/Pu=100-200 |v®/v'=19-9 | HPu=0.3-6 |H/Pu=1.6-291 (@
moderation (b) H/Pu=30
Low density
moderation - <5 <5 <5 -
[wt.% H,0]
Wate
Cd/a : Water W Water
Anticipated water ater Cd/water
absorber/reflector Concrete Concrete Borated Water
materials Borated concrete Concrete
Borated concrete
concrete
Annular . Annular
Tvoi cylinders Cylinders . - cylinders
ypical Arrays Various Various
geometry Cylinders ¥ configurations | configurations Cylinders
Slabs Cuboids | Slabs

* Characteristics presented typically refer to optimal or bounding values or ranges associated with respective MFFF

design applications

** Bounding design isotopic composition from Aqueous Polishing System basis of design

*** Per calculation

Green Pellets (i.e., unsintered pellets) < 5; sintered pellets < 1
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4. MFFF Design Application Classification

This section describes the characteristics of the established AOAs based on the various fuel
configurations encountered in the MFFF. AOAs covering Pu and MOX applications are as
follows (see Table 3—1):

¢ Pu-nitrate aqueous solution,

e MOX pellets, fuel rods, and fuel assemblies (FA),

¢ PuO, powders,

e MOX powders,

¢ Aqueous solutions of Pu compounds, precipitated Pu-oxalates.

The following sections address the fifth AOA based on the various fuel configurations
encountered in the Aqueous Polishing process (Pu-oxalate solutions and precipitated Pu-
oxalates).

It will be demonstrated that for H/Pu ratios greater than 50, AOA(S) is bounded by AOA(1). For
the low moderated range, H/Pu < 50, the benchmarks used for AOA(3) [15] will also be used for
AOAC(S) because the PuO;+polystyrene experiments have Pu concentrations and H/Pu ratios that
are typical of wet powders (addressed in AOA(3)), precipitates and powder slurries [6], [7].

4.1 MFFF Design Application (5) — Aqueous Solutions of Pu Compounds

Table 4-1 and Table 4-2 summarize the anticipated criticality calculations to be performed for
the design of the MFFF in which aqueous Pu compounds will be processed or stored. The tables
provide the relevant parameters (i.e., chemical form, isotopic vector, moderator to fuel atomic
ratio [H/Pu], and energy of average lethargy causing fission [EALF]) for each criticality design
application under nominal Aqueous Polishing process conditions (Table 4-1) and abnormal
process conditions (Table 4-2).

The normal process conditions are characterized by Pu concentrations in the process solution of
less than 500 g/liter. On the other hand, the abnormal conditions are characterized by higher Pu
concentrations limited by the theoretical density of the Pu compound in the process solution
(values as high as 7000 g/liter or higher).

Typically, design parameters for Aqueous Polishing process equipment are based on geometry
control mode. This means that the design dimensions are safe for any credible Pu concentration
and for any credible degree of moderation (H/Pu ratio). Under normal process conditions
(aqueous solution of Pu compounds with low Pu concentrations) the fissile medium is typically
overmoderated and a thermal neutron spectrum will be found.

Nevertheless for criticality control the fissile solution is analyzed at the point of optimum
moderation to determine 2 maximum keg. In this case, the thermal spectrum shifts towards higher
energies and epithermal spectra can occur.

The H/Pu range in which the maximum ket occurs depends on the composition of the Pu
compound [19]. For PuO,+H;O mixtures the maximum keg will occur at the maximum Pu
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concentration (corresponding to the maximum abnormal PuO, density in the aqueous polishing
process). For high PuO, densities between 7.0 g/cm® and the theoretical maximum density of
11.46 g/cm’ intermediate to fast neutron spectra can occur at the maximum Keg.

In some other abnormal situations, Pu precipitates and slurry powders with high compound
densities can occur (see Table 4-11 in Section 4.4). In these cases geometry control is used and
the calculations are performed either at the optimum moderation or at the maximum Pu
concentration (H/Pu = 0) if there exists a maximum k.

The following primary Aqueous Process situations are considered in AOA(S):

e Oxalic mother liquor solution and aqueous solutions of Pu compounds in nominal process
concentrations,

e Precipitated Pu"V-oxalates: Pu(C;04), - 6H,0, Pu(C;04): « 2H,0, Pu(C;04),.

Homogeneous PuO,+H;0 systems and PuO; slurry powders that can occur in the Aqueous
Polishing process are addressed in AOA(3) [15]. Nevertheless PuO,+H,O systems are also
discussed in the following sections for a better understanding of the differences between the
PuO,+H,0 systems and the Pu compound solutions in the low moderated range.

In the Basis of Design of the MFFF Aqueous Polishing process [18] a bounding fissile media,
PuO;F; “standard salt,” is defined to describe all the possible Pu compounds, other than PuO,
(for instance Pu-oxalate and various other Pu precipitates) in a conservative manner. In these
cases it will be shown on a case by case basis whether the maximum k.g occurs at the optimum
of moderation or at the maximum possible Pu concentration in the dry compound.

Section 4.2 shows that the selected experiments are sufficient to describe the physical properties
of the PuO,F; “standard salt” solution as well as the Pu-oxalate solution. Section 4.3 shows that
the EALF values found for the optimum moderation of each solution are in or near the range of
the EALF values for the experimental configuration. Section 4.4 shows that the PuO.F;
“standard salt” is bounding for the Pu-oxalate solution and Pu-oxalate precipitates over the full
range of applicability.
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Table 4-1 Anticipated Criticality Calculation Derived Characteristics for Design
Applications Involving Aqueous Solutions of Pu Compounds in Nominal Process Conditions

. Reflector . C(Pu) EALF
Fuel configuration conditions Chemical form [gfiter] H/Pu [eV]
AP: KCA Oxalic Precipitation Conversion
Flat Filter FLT 7000 Water/borated | PuQ;F, “standard salt” | 1531 | 393 .
concrete solution

Precipitators PuO,F, “standard salt” 1 3)

PREC 5000/6000 Water solution 1234 30 -

AP: KCD Oxalic Mother Liquor Recovery

Evaporator EV 3000 Water PuOF, “standard salt” | 1) _ 902 | 2800 .
solution

Evaporator EV 5000 Water PuO,F; “standard salt - - -
solution

Tanks Water/borated PuO,F,; “standard salt” 2

TK 1000/1500/2000 concrete solution 0.18-03 83000 )

D Maximum Pu concentration in Pu-oxalate Pu(C,0,),°6H;0 [21], [22]
D Maximum nominal value
»  Optimum H/Pu value
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Table 4-2 Anticipated Criticality Calculation Derived Characteristics for Design
Applications Involving Aqueous Solution of Pu Compounds in Abnormal Process Conditions
" Reflector . C(Pu) EALF
Fuel configuration conditions Chemical form (gliter] H/Pu [eV]
AP: KCA Oxalic Precipitation Conversion
Flat Filter FLT 7000 Water/borated | PuQ;F; “standard salt” | ¢ 1) 30 | 070
concrete solution
Precipitators PuO,F; “standard salt” b »
PREC 5000/6000 Water solution 767 30 30
AP: KCD Oxalic Mother Liquor Recovery
Evaporator EV 3000 Water PuO,F, “standard salt 7672 30” | 139
solution
Evaporator EV 5000 Water PuO,F, “standard salt 767 30® | 142
solution
Tanks Water/borated PuQ,F, “standard salt” 761V 309 308
TK 1000/1500/2000 concrete solution ’
Tank TK 6000 Water PuO;F, “standard salt”™ | 57 1) 30® | 078
solution
Tanks . PuO,F, “standard salt” 5 »
TK 4000/4100/4200 Water/cadmium solution 767 30 4.69

Y PuO,F, “standard salt” is used as a bounding media for Pu-oxalate Pu(C;0,),°6H,0.

2 PuO,F, “standard salt” is used as a bounding media for PuO,(NOj3),,Pu(NO;), and Pu-oxalate Pu(C;0,),*6H,0.

»  Optimum H/Pu value
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4.2 Comparison of Neutron Physical Parameters

An atomic comparison between the benchmark fissile medium PuO;+polystyrene and the
reference fissile media used in the MFFF applications (PuO;+H;O, Pu-oxalate+H;O and
PuO,F;+H;0) is presented in Table 4-3 and Table 4-4.

Table 4-3 Atomic Comparison of the PuO,-Polystyrene Experiments and of Pu Compounds
p COlystyr pe po
in the MFFF Applications
Benchmark Ref Fissi edi ed in Desien Apolicati
Experiment eference Fissile Media Us the MFFF Design Application
PuO,in Pu™-nitrate Pu-oxalate
PuO; in water “Standard salt”
polystyrene Pu(NO;);.5(H;0) Pu(C;0,)..6(H;0)
(CH), PuO;+H,0 +H,;0 +H,0 PuO,F+H,;0
P (compy P compy = 11.460 2 P comp =2, 150% P (compy = 2,700 o P comp =4, 1879
[gfem’] [gfem’] [gfem’] [gfem’)
Pu Pu Pu Pu Pu
o 0] o 0] 0]
H H H H H
C - - C -
- - N - F

)" PuO, densities in the experiments of both benchmarks PU-COMP MIXED-01 and PU~COMP-M1XED-02

(cf. Table 5-1) are between 0.425 g/cm’ and 6.581 g/cm’
) theoretical density [20].
compound (crystal) density Pu(NO;); SH;O [23].
compound (crystal) dcnsity Pu(C,04), 6H,0 [21], [22] (see Table 4-11). The dilution law used for this assumed
homogeneous mixture is a simple AIVM as described in [23].
The PuQ,F; “standard salt” law is used in criticality studies only as a bounding media (cf. Section 4.4) to cover
all salt solutions {23). Therefore, this law is not valid for genuine PuO,F, media. The crystal density of 6.5 g/cm®
[20] is not relevant for the MFFF application because PuO,F; never appears in the process.

@ N

2

Table 4-3 and Table 4-4 show that the most important atoms in the reference fissile media are
covered by the experiments. In the well moderated (optimum of moderation) and overmoderated
range, the influence of C, F and N on the neutron spectrum (EALF) is small. The increasing

influence of C, F, N on the neutron spectrum in the low moderated range is discussed in the
following sections.

As discussed in Section 4.1 the physical parameter (H/Pu) of the design application (5) varies
from H/Pu = 0 to H/Pu = 83000. To cover the relevant range of H/Pu between 12 and 500 where
the maximum of k. occurs, two groups of benchmark experiments are established:

Group 1: Benchmarks with PuO, powder-polystyrene compacts with H/Pu < 50.
Group 2: Benchmarks with Pu-nitrate solution with H/Pu > 50.



6

DUKE COGEMA
STONE & WEBSTER

MFFF Criticality Code Validation — Part 111

Page 27 of 87

Table 44 Atomic Comparison of the Pu-nitrate Experiments and of Pu Compounds in the
MFFF Applications
g:;m;‘: Reference fissile media used in the MFFF Design Application
- Pu"-nitrate Pu-oxalate « .
“ohton | Papmo | PUNORSHO) | PUCOXR6MO) | “pigiialy
P (compy P (compy = 11.460? P (conpy = 2150 P (compy =2.700 ¥ P (compy = 4.187 7
[gfem’] [g/em’] [g/em’) [gfem’)

Pu Pu Pu Pu Pu

o) o) o) o) o

H H H H H

- - - C _ -
N . N . F

?" Pu concentrations in the Pu-nitrate experiments of benchmarks PU-SOL-THERM (cf. Table 5-1) are between
115 g/l and 268.7 g/1.
D theoretical density [20].
»  compound (crystal) density Pu(NOs), SH;O [23].
9 compound (crystal) density Pu(C,0,); 6H,O [211, {22] (see Table 4-11). The dilution law used for this assumed
homogeneous mixture is a simple AIVM as described in [23].
5) The PuO,F, “standard salt” law is used in criticality studies only as a bounding media (cf. Section 4.4) to cover
all salt solutions [23]. Therefore, this law is not valid for genuine PuO,F, media. The crystal density of
6.5 g/cm3 {20] is not relevant for the MFFF application because PuO,F,; never appears in the process.

Table 4-5 through Table 4-8 show that the EALF values of the applications are within or near

the range of the experimental EALF values. The following experiments are used for this
comparison:

Group 1: PU_COMP_MIXED_001, 002 (Polystyrene moderated PuO, powder).
Group 2: PU_SOL_THERM_001, 008, 014, 015, 016, 017 (Pu-nitrate solutions).

Table 4-5 through Table 4-8 present a comparison of the EALF values of the PuO2+Polystyrene
experiments (Group 1) and the Pu-nitrate experiments (Group 2) in comparison with the EALF
values found for water and Plexiglas reflected infinite slabs and infinite cylinders containing
different fissile media. The EALF values for the two standard geometry are calculated for a
critical full water reflected system as described in [19] and for a full Plexiglas reflected system.
The primary result of this comparison is that the EALF values for the different reference fissile
media of the MFFF design applications for H/Pu ratios equal or higher than 15 are within or near
the experimental EALF range of Group 1. It is also apparent that the Pu nitrate experiments
(Group 2) are suitable to describe the Pu compounds in aqueous solution with H/Pu > 50.

For H/Pu ratios lower than 15, larger differences between the different Pu compounds occur. The
differences are larger for slab geometry than for cylindrical geometry. On the other hand it is
obvious that the EALF value depends not only on the geometrical shape of the fissile media but
also on the reflector material composition, because both effects (geometric shape and reflector
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material) influence the neutron spectrum in the lateral zones of the fissile medium, particularly if
the core dimensions are small compared to the mean free path of the fast neutrons. To study the
different factors that affect the neutron energy spectrum in the fissile medium zone and therefore
the key parameter EALF, a parametric study of EALF is presented in Section 4.3.
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Table 4-5 Comparison of EALF Values Found for the Experiments and in the Design
Applications (Infinite Critical Slab with 30 cm Plexiglas Reflector)
Parameter Experiment ? PuO:+H,;0 Pu-oxalate+H,0 | PuOF;+H,0
H/Pu EALF Geometry EALF EALF EALF

[eV] [eV] [eV] [eV]
(gl) 004 1850104900 | Parallelepiped 154 -® 140
@)y s 56.810929 | Parallelepiped 17.3 R0 16.3
(gl) 15 4.12 t0 6.65 Parallelepiped 2.72 2.62 2,67
g 50 0.70 t0 0.74 Parallelepiped 041 041 041
(g2) 85.03 0.55 Sphere 0.22 0.22 0.22
(g2) 8843 0.52 Sphere 0.21 0.21 0.21
(g2) 155.27 0.24 Cylinder 0.13 0.13 0.13
(g2) 210.18 0.17 Cylinder 0.10 0.10 0.10

(gl) Group 1: Critical experiments with PuQ, powder in polystyrene (CH), {51, [6], {7].
(g2) Group 2: Critical experiments with Pu-nitrate solutions [5].
(1) H/Pu> 12 in Pu(C;0,),.-6H,0 [21], [22].

(2) cf. Table

5-1.

Table 4-6 Comparison of EALF Values Found for the Experiments and in the Design
Applications (Infinite Critical Slab with 30 cm Water Reflector)
Parameter Experiment 2 Pu0.+H;0 Pu-oxalate+H,0 | PuO;F+H,0
H/Pu EALF Geometry EALF EALF EALF

[eV] [eV] [eV] [eV]
(zl) 0.04 185004900 | Parallelepiped 323 - 286
@) 5 56810929 | Parallelepiped 26.9 -0 252
) 15 4.12106.65 | Parallelepiped 3.56 3.41 3.48
gl) 50 0.70t00.74 | Parallelepiped 0.47 0.46 0.47
(g2) 85.03 0.55 Sphere 0.24 0.24 0.24
(22) 8843 0.52 Sphere 0.23 0.23 0.23
(22) 155.27 0.24 Cylinder 0.13 0.13 0.13
(g2) 210.18 0.17 Cylinder 0.11 0.11 0.11

(gl) Group 1: Critical experiments with PuO2 powder in polystyrene (CH), [5], [6], [7].
(g2) Group 2: Critical experiments with Pu-nitrate solutions [5].
(1) H/Pu> 12 Pu(C,0,),.6H,0 [21], [22).

(2) cf. Table

5-1.
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Table 4-7 Comparison of EALF Values Found for the Experiments and in the Design
Applications (Infinite Critical Cylinder with 30 cm Plexiglas Reflector)
Parameter Experiment ? PuO,+H,0 | Pu-oxalate+H;0 | PuO.F;+H,0
H/Pu EALF Geometry EALF EALF EALF

[eV] [eV] [eV] feV]
(gl) 004 185010 4900 | Parallelepiped 6945 - 1386
@) 5 56.8t0929 | Parallelepiped 95.1 M) 58.7
) 15 4.12t06.65 | Parallelepiped 6.69 5.68 5.96
(gl) SO 0.70t0 0.74 Parallelepiped 0.62 0.61 0.62
(g2) 85.03 0.55 Sphere 0.30 0.29 0.30
(g2) 8843 0.52 Sphere 0.28 0.28 0.28
(g2) 15527 0.24 Cylinder 0.15 0.15 0.15
(g2) 210.18 0.17 Cylinder 0.12 0.12 0.12

(gl) Group 1: Critical experiments with PuO2 powder in polystyrene (CH)n [5], [6]. [7].
(g2) Group 2: Critical experiments with Pu-nitrate solutions [5].
(1) H/Pu> 12 in Pu(C,0,),.6H,0 21], {22].
(2) cf. Table 5-1.

Table 4-8

Applications (Infinite Critical Cylinder with 30 cm Water Reflector)

Comparison of EALF Values Found for the Experiments and in the Design

Parameter Experiment ? PuO;+H,0 Pu-oxalate+H;O | PuO,F+H;0

H/Pu EALF Geometry EALF EALF EALF
[eV] [eV] [eV] [eV]

(gl) 004 1850104900 | Parallelepiped 9049 -0 1988
) 5 56.81092.9 | Parallelepiped 113.0 -0 723
(g) 15 4.12t06.65 | Parallelepiped 7.46 6.40 6.71
(g) 50 0.70t00.74 | Parallelepiped 0.66 0.64 0.65
(g2) 85.03 0.55 Sphere 0.24 0.30 0.31
(g2) 8843 0.52 Sphere 0.23 0.29 0.29
(g2) 15527 0.24 Cylinder 0.13 0.16 0.16
(g2) 210.18 0.17 Cylinder 0.11 0.12 0.12

(gl) Group 1: Critical experiments with PuO2 powder in polystyrene (CH)n [5], [6], [7].
(22) Group 2: Critical experiments with Pu-nitrate solutions [5].

(1) H/Pu> 12 in Pu-oxalate Pu(C;0,),.6H,0 [21], [22]).

(2) cf. Table 5-1.
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4.3 Sensitivity Studies on EALF for Different Pu Compounds

In MFEFF design aj

lications, the H/Pu ratio of the reference fissile media is defined on the basis

°Pu and 2*°Pu since other Pu isotopes are assumed to be absent. In addition to

17

of the Pu isotopes

the Pu isotopes, the presence of other atoms in the compound with significant macroscopic

scattering and absorption cross sections can have an influence on the system reactivity.
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As shown in the MFFF document “Minimum critical and maximum permissible parameters of
2.7
25

Pu containing media” [19] a potential criticality risk (ks > 1) exists over a wide range of Pu
density of the dry Pu-compound . Figure 4-1 shows the basic physical parameter ki versus H/Pu

concentrations from 10 g/liter up to the highest possible concentration defined by the crystal
in the range 0 < H/Pu < 1000 for different Pu compounds in aqueous solution.

23

5 21

18

1000

0.1

kinf versus H/Pu for different Pu compounds in aqueous solution

Figure 4-1

It can be seen from the Figure 41 that for higher H/Pu ratios (lower Pu concentrations) the kiur is

determined only by the H/Pu ratio. The influence of other atoms in the compound on ks can be
neglected. This means the k;,s in the range of higher H/Pu values is only influenced by hydrogen,

oxygen (coming from H,0) and the Pu isotopes.

If the Pu concentration in the aqueous solution increases (H/Pu decreases) the different numbers
of oxygen, nitrogen and carbon atoms per Pu isotope in the Pu compound (molecule) changes the

neutron flux spectrum and therefore affects the kiyr and the EALF value.
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In the following, the influence of three factors on the EALF value will be determined as a
function of the H/Pu ratio:

e Composition of the Pu compounds,
o Geometric shape of the fissile medium zone,

e Reflector material composition.

4.3.1 Plutonium Compound Composition

Figure 4-2 shows the EALF value versus the H/Pu ratio for different Pu compounds. The EALF
values shown are calculated for full water reflected cylinders in admissible dimensions
(kesr =0.93). It is apparent that the difference in the EALF values for the different compounds
increases with lower H/Pu values.

The PuO,+H,0 system leads for a given H/Pu to the highest EALF value. The more complex
compounds lead to smaller values because of their lower Pu density. If the H/Pu is fixed the
density of the fissile media (Pu concentration in case of solutions) as well as the geometrical
shape and dimensions have an influence of EALF.

For higher H/Pu ratios the differences between the EALF values found for the different
Pu-compounds decreases so that there is practically no significant difference between the
different Pu compounds in water above H/Pu = 50. Figure 4-3 shows the relative difference
DELTA-EALF between the EALF values versus the H/Pu ratio for different Pu compounds over
the full range of moderation. The PuO,-polystyrene media (exp) is used as the basis media. Thus
the difference in EALF expressed as:

DELTA-EALF = (EALF(media i) - EALF(exp))/EALF(exp)

is a measure of how far the EALF value of a reference medium of the MFFF application is from
the EALF value found for the experiment at the same H/Pu ratio. '

Figure 44 shows the DELTA-EALF values versus the H/Pu in the low moderated range:
0 <H/Pu <30 in a linear scale.

Therefore, it can be concluded that all design applications with H/Pu values higher than 50 have
similar EALF values as was also shown in Figure 4-2. Significant differences between EALF
values appear only in the low moderated and unmoderated range with H/Pu values lower than 50.
This is also significant by comparison of the neutron flux spectrum obtained for infinite full
water reflected slabs filled with PuO, and Pu-oxalate, cf. Attachment 1, Figure Al-1 and
Figure A1-2. It is obvious that differences in the dry neutron spectrum occur over the full energy
range at H/Pu = 0.04. In the dry moderated range (H/Pu = 0.04), the PuO;-polystyrene
experiments are in a good agreement with the PuO,-powder application, whereas significant
differences occur when H/Pu ratio increases.
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EALF versus H/Pu, infinite cylinder, 30 cm water reflected, ko= 0.93
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DELTA-EALF versus H/Pu, infinite cylinder, 30 cm water reflected, ko= 0.93
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432 Geometrical Shape

Calculations also show that the geometrical shape has a significant influence on the EALF
values. In order to eliminate this geometrical shape effect, the experimental configuration
geometry of the PuO,-polystyrene experiments (parallelepiped compacts) is used to model
different Pu compounds. This means the PuO,-polystyrene compacts filled with the reference
fissile media instead of the PuO,-polystyrene medium (exp) preserving the same H/Pu ratio as in
the experimental fissile medium. Table 4-9 shows the differences in the EALF values in the
function DELTA-EALF.

From Table 4-9, the PuO,-polystyrene experiments describe the EALF situation in the
Pu-oxalate solution at H/Pu = 15 nearly exactly (differences lower than 2%). The differences
with the PuO,F; “standard salt” solution are smaller than 11%, whereas the differences with the
PuQ, systems is between 45% and 55%.

Detailed EALF values are presented in Attachment 1.

Table 4-10 shows the range of EALF values obtained for the reference fissile media assumed in
the experimental configuration. The EALF values for a given H/Pu ratio of 15 calculated for the
Pu-oxalate systems are in excellent agreement with the EALF values of the PuO,-polystyrene
experiments.

Besides the application with Pu-oxalate solution and Pu-oxalate precipitates the PuO, powder
H;O systems with high powder densities between 3.5 g/cm® (H/Pu = 5.973) and 7.0 g/cm’
(H/Pu = 1.674) are an important application in the MFFF.

The following figures illustrate how far the PuO, powder application (full saturated powder with
full H,O reflector) is from the critical experiment with PuO,-polystyrene and full Plexiglas
reflector. Figure 4-5 shows the EALF as a function of H/Pu for critical full reflected infinite
cylinders and critical full reflected infinite slabs representing the experimental configuration and
the PuO,+H,0 application. Figure 4-6 and Figure 4-7 show the differences between the EALF
values in the relevant application range of 1 < H/Pu < 10.

The differences between the experimental EALF value and the EALF value found for the same
H/Pu = 1.674 for the PuO,-powder application are 87% in case of slab geometry and 78% in case
of cylindrical geometry.
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Table 4-9 Comparison of DELTA-EALF Values of the Experimental Configuration Filled
with PuO,-Polystyrene and Other Reference Fissile Media

Case C (Pu) wt. % H/Pu DELTA EALF | DELTA EALF | DELTA EALF

[g/em’] Pu-240 Pu0; [%] PuO,F,[%] |Pu-Oxalate [%]
10 1.12 22 15 55.1 114 04
11 1.12 22 15 53.5 103 0.2
12 1.12 2.2 15 534 98 0.2
13 1.12 2.2 15 525 9.8 0.2
14 1.12 2.2 15 52.2 104 0.9
15 1.12 22 15 51.5 94 1.7
16 1.12 22 15 519 10.6 0.5
17 1.05 8.06 15 51.5 11.8 12
18 1.05 8.06 15 48.2 94 1.5
19 1.05 8.06 15 46.9 9.5 1.8
20 1.05 8.06 15 46.5 9.3 14
21 1.05 8.06 15 46.2 9.1 1.5
22 1.05 8.06 15 48.2 9.9 1.2

DELTA-EALF = (EALF(media i) - EALF(exp)YEALF(exp)

Table 4-10  Comparison of the Range of EALF Values of the Experimental Configuration
Filled with PuO,-Polystyrene and Other Reference Fissile Media

Experiments [5], [6]
Cases Pu0O,+H,0 PuO.F+H,0 Pu-oxalate+H,0 PuO,+CH),
Cases 10—~ 16 6.39-8.48 4.59-6.15 4.14-5.66 4.12-5.57
Cases 17 -22 7.47-9.77 551-7.29 4.99-6.78 493 - 6.68
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4.3.3 Reflector Material Composition

The comparison of the EALF values presented in Table 46 and Table 4-7 shows the increasing
influence of the reflector material composition on EALF with decreasing H/Pu.

Figure 4-8 compares the EALF values for four different reflector materials used in the MFFF for
the case of slab geometry. It was shown in Table 4-6 and Table 4-7 that the slab geometry
shows the strongest influence of the reflector materials on EALF.

Therefore, in the following figures the influence of Plexiglas reflector, water reflector, concrete
reflector and borated concrete reflector materials on the EALF is studied for an infinite slab
filled with PuO,-polystyrene mixture corresponding to the experiments of Group 1 and Pu-nitrate
experiments of Group 2.

Figure 4-8 shows the strong influence of borated concrete and Cd-steel+water reflectors on the
EALF value in the H/Pu < 50 range. Again in the range over H/Pu = 50 there is no significant
difference between concrete, Plexiglas and water reflectors whereas the differences to the
borated concrete still remain but with decreasing influence. In the range between
10 <H/Pu <1000, It is evident that these differences between concrete reflector, Plexiglas
reflector and water reflector are small.

Therefore Figure 49 shows the DELTA-EALF values as a function of the H/Pu for three
different reflector materials used in MFFF design applications over the full range of H/Pu
(DELTA-EALF is defined as: (EALF(refl i) - EALF(plex)) / EALF(plex)). The reference
reflector material is Plexiglas (plex) used in the experiments of Group 1.

In the H/Pu range between 10 and 1000, the differences between concrete reflector and Plexiglas
reflector in this range are smaller then 20%. Hence, the MFFF applications of AOA(S) with
concrete reflector (e.g., the tanks filled with Pu-oxalate in the AP cells) are well described by the
PuO,-polystyrene experiments of Group 1.

Next the influence of different reflector materials is studied for a infinite slab filled with
Pu-nitrate solution. Figure 4-10 shows the EALF values as a function of the H/Pu for an infinite
slab filled with Pu-nitrate solution with different reflector materials in the H/Pu range between
10 and 1000. There is no other trend in this H/Pu range as in the case of Pu-oxalate solution.

Figure 4-11 shows DELTA-EALF as a function of H/Pu in the range of 10 < H/Pu < 1000. The
reference EALF value in this case is the EALF value of the full water reflected slab (water) to be
in agreement with the experiments of Group 2.

The difference between the EALF values of regular concrete (reg-concrete) reflected slabs with
Pu-nitrate solution at H/Pu = 100 and water reflected slabs with the same solution is lower than
10 %. The difference between colemanite concrete reflected slabs and water reflected slabs filled
with Pu-nitrate solution at H/Pu = 100 is larger. Therefore in applications with colemanite
concrete the EALF values found for the application have to be compared with the experimental
EALF values in a case by case manner.
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4.4 Determination of a Reactivity Bounding Fissile Medium

Due to the Aqueous Polishing process the range of the fissile media concentrations in the
different process stages vary from nominal Pu concentrations of 10 g/liter (H/Pu < 1000) up to
the highest possible concentrations of the Pu-oxalate and PuO, powders of 3.5 g/cm® [18] (see
Table 4-11).

For the criticality safety analysis it is important to know at which Pu concentration or H/Pu ratio
the absolute maximum of kg occurs and whether a second relative maximum exists. The code
validation for this AOA(5) has to cover the EALF range or H/Pu range where the maximum kg
values of the application occur. The height of the maximum depends on the Pu compound
density. In order to cover the variety of Pu compounds and compound densities that can occur in
the AP process, a bounding media, PuO,F; “standard salt,” is introduced in the MFFF application
[18]. This approach was first employed in the criticality studies of Paxton et al. [27] and justified
for application in the French reprocessing plants by Fruchard et al. in [28].

The advantage of the PuO,F, “standard salt” defined in [23] is that it also describes the low
moderated range between H/Pu = 0 and H/Pu = 12. Furthermore, it is demonstrated in Table 4-11
that PuO,F, bounds all possible Pu' oxalate compounds in the MFFF.

Table 4-11 Comparison of experimental and estimated Pu compounds densities

Pu compound Density [g/cm®] Reference
Experimental Pu™-oxalate density deduced from
Pu(C204),.6H;0 2.70 the unit cell parameters in [21], [22]
. v .
Pu(C;04),.2H,0 3.05 Experimental Pu " -oxalate density deduced from

the unit cell parameters in [21], [22]

Estimated Pu'V-oxalate density by linear
Pu(C;04)2 3.225" extrapolation from the values of Pu' .6H,0-2.70
and Pu" 2H,0-3.05

Estimated PuO,F; “standard salt” density used in

“Standard salt” 4.187 criticality studies only to covers the MFFF Pu
PuO,F, ) compounds [23]. This law is not valid for genuine
PuO,F; media (crystal density of 6.5 g/cm” [20])
Pu0O, 3.50 Basis of Design [18]

1)An estimated conservative value of 3.50 g/cm” is used in the calculations as shown in Figure 4-13

In the following figures, typical ks curves are presented as a function of H/Pu for slab geometry.
Figure 4-12 shows the ke for a slab filled with different Aqueous Process reference fissile
media versus H/Pu over a wide range of H/Pu.

All keg-values corresponding to the Figure 4-12 through Figure 4-14 are presented in
Attachment 2, TableA2-1. The fissile media number densities are addressed in [19].
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For the Aqueous Polishing process the range of H/Pu between 0 (C(Pu) = 3.0 g/cm®) and 500
(C(Pu) =0.05 g/cms) is of interest. Therefore Figure 4-13 and Figure 4-14 compares k.g-values
respectively versus H/Pu and C(Pu) in this range to demonstrate that the PuO,F; “standard salt”
bounds various Pu™-oxalate solutions which can occur in the AP process. It appears that the
number of crystal water molecules in the Pu precipitate is as important as the density. Thus, the
most reactlve Pu-oxalate is the following one: Pu(C;04),.6HO with a crystal density of
2.7 glcm Based on measurements of Pu-oxalate density, [29] provides a maximum density of
2.7 g/em® with six H,O crystalline water molecules. This value is considered in the MFFF AP
process.

It is also obvious from Figure 4-12 and that the maximum of k.s occurs for Pu-nitrate and
Pu-oxalate in the same range around H/Pu = 100, whereas the maximum of PuO;F; occurs at
H/Pu = 30. Therefore the calculational bias for Pu oxalate solutions is better described by the Pu-
nitrate experiments with H/Pu values between 78 and 211 whereas the calculational bias for
PuO,F, “standard salt” solutions is better described by the PuO,-polystyrene experiments.

Under these conditions, Pu oxalate as shown in Figure 4-12 and Figure 413 is of similar
reactivity as the validated Pu nitrate and validated PuO, powder (it falls between them), and is
clearly bounded (by over 2% at H/Pu=30) by PuO,F, which is used for the calculations. Thus,
the use of PuO,F, (rather than Pu oxalate) represents additional calculational margin and is also
validated in this region. Therefore, for PuO,F, a lower limit for the bounding, abnormal cases
of H/Pu=30 is appropriate.
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Figure 4-13 k.5 of a full water reflected infinite slab versus H/Pu for PuO,F; “standard salt”
and different Pu-oxalate in water
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8.1

and different Pu-oxalate in water

0.01

depending from the number of crystalline water molecules in the complex.

) ATVM means that the dilution law used for these assumed homogeneous Pu oxalate-water mixtures is a simple
Addition of Individual Volumes and Masses as described in {23],
©*) The envelope curve points out the kegvalues corresponding to the minimum H/Pu of
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5. Benchmark Experiments

5.1 AOQA (5) - PuO;-Polystyrene Mixtures and Pu-Nitrate Solutions

The MFFF design applications include Pu compound solutions and Pu-oxalate precipitates. For
these compounds, no benchmark experiments are available. To cover this range of design
applications (see Table 5-2), two benchmark sets of thirty two experiments with PuO,-
polysterene compacts and six benchmark sets of Pu-nitrate solution experiments are selected
from the ICSBEP Handbook [5]. These experiments cover a suitable range of H/Pu ratios, EALF
values, geometry and reflectors which correspond to AOA (5). Table 5-1 lists the experiments
along with a description and key parameters.

Table 5-2 provides a comparison of the key AOA parameters of the critical experiments and
design applications parameters. The experiments involving Pu-nitrate solutions are chosen to
cover the range of the EALF values for MFFF design applications from low moderated Pu
precipitates to well moderated solutions of Pu compounds.

A description of the key parameters of these experiments is presented in Table 5-1. Table 5-2
provides a comparison of the key AOA parameters for the critical benchmark experiments and
the design applications. The validated AOA is established based on the more limiting (smaller
range) of the design application and benchmark experiment values as shown in Table 5-2.

The validation methodology described in this validation report requires that consistent code
options be employed in modeling both benchmark experiments and design applications. Due to
the multigroup energy treatment employed in KENO-VI, the most important such option is the
resonance treatment employed in the Material Information Processor (MIP) of SCALE. The
validation performed here employs applies to the INFHOMMEDIUM model. This model must
be used in design application analyses considered applicable to this AOA.

Generally, the resulting validated AOA contain the corresponding key parameters of the
anticipated design applications for which the code system will be used to determine reactivity.
In some cases, parameter values for design applications may fall outside the validated area of
applicability. In these cases, DCS commits to identifying additional margin, referred to as AOA
margin, in the associated calculations or NCSEs, consistent with the approach described in
NUREG-6698. The required margin is typically quantified by extrapolating observed trends in
the bias as a function of the parameter.
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Table 5-1 Critical Experiments Selected for AOA(S)
. EALF Reflector and Xpy o
Experiment of AQA 5 * H/Pu [eV] Geometrical form [wt. %] Description
1548 to Bare rectangular 22to PuO,—polystyrene
PU-COMP-MIXED-001 | 510496 | 754, parallelepipeds 18.35 compacts
Plexiglas-reflected
PU-COMP-MIXED-002 0.04 to 0.685 to ngular 22t0 PuO,—polystyrene
49.6 4900 . ‘ 18.35 compacts
parallelepipeds
PU-SOL-THERM-001 87-354 0.35-0.09 | Water reflected sphere 467 11.5" Diameter sphere
Concrete reflected and
PU-SOL-THERM-008 85-858 0.55-0.05 | concrete /Cd reflected 4.67 14" Diameter sphere
sphere
Unreflected array of Interacting cylinders in
PU-SOL-THERM-014 210 0.17-0.14 cylinders 423 air with 115.1 g Pl
Unreflected array of Interacting cylinders in
PU-SOL-THERM-015 155 024 cylinders 4.23 air with 152.5 g Pu/l
Interacting cylinders in
PUSOL-THERM-016 | 155210 | 024-0.7 | Unreflectedamayof | 453 | o Gith 152.5 and
cylinders
115.1 gPu/l
Unreflected array of Interacting cylinders in
PU-SOL-THERM-017 210 0.17 cylinders 423 air with 115.1 g Pul

From (Nuclear Energy Agency 1999) [5]
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Table 5-2 AOA (5) — Comparison of Key Parameters and Definition of Validated AOA
o . g Benchmarks .
Parameter Design application (cf. Table 5-1) Validated AOA
. Parallelepipeds . 1 Parallelepipeds
Gi%?emc Arrays of cylinders 8 iirr:“:l:?::pel?: ders Arrays of cylinders
pe Spheres ¥ y Spheres
Absorber/ Water, Cd, a) Plexiglas, air Water, Cd,
reflector Borated concrete b) Air/ water Borated concrete’
. Pu compounds in water | a) PuO,-polystyrene :
Cl}inr:l;al and precipitated mixture PuO,F; solution
oxalates b) Pu-nitrate solution
32013':‘2 to 18.35 wt. %
Isotopic
composition AWLB TR ) 49310 4.67 W% 4wt. % ""Pu
20py
a) 0.04 t0 49.6 a) 30to 50
H/Pu 301050 b) 78 to 858 b) 78 to 858
EALF 0.7 to 4.69 a) 0.685 to 4900 a) 0.685 to 4900
[eV] ’ ’ b) 0.135 to 0.551 b) 0.135 to 0.551

! a) refers to Group 1 b) refers to Group 2
2 Justification for borated and cadmium-containing reflectors provided in Part 1 [15] is applicable here.
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6. Analysis of Validation Results

6.1 AOA (5) - PuO;-Polystyrene Mixtures and Pu-Nitrate Solutions

Eight benchmarks (cf. Table 5-1) are modeled with CSAS26/KENO VI using the 238 group
library 238 GROUPNDFS5. These experiments are grouped as follows:

e Group 1 (for use with H/Pu < 50): Thirty-two experiments with PuO,-powder in
polystyrene.
¢ Group 2 (for use with H/Pu > 50): Eighty-seven experiments with Pu-nitrate solution.

Two benchmark sets, PU-COMP-MIXED-001 and PU-COMP-MIXED-002 are used for
Group 1 (0.4<H/Pu<49.9). From the PU-SOL-THERM benchmarks, four sets with H/Pu < 250
are chosen to cover the EALF values of the design application in the range of H/Pu > 50. The
selection of the Pu-nitrate solution experiments for Group 2 in addition to the PuO,-polystyrene
experiments of Group 1 is necessary to cover the full range of H/Pu and EALF values met in the
applications, cf. Table 4-1 and Table 4-2.

The calculated ks values for the two groups of AOA(S) are presented in Attachment 4. As can
be seen from the USLSTATS results shown in Attachment 5, all cases are normally distributed.
Figure 6-1 shows the distribution of the calculated kes values for Group 1 experiments
calculated with SCALE 4.4a on the PC platform. Similarly, Figure 6-2 shows the distribution of
the calculated kg values for Group 2 experiments.

The ke values of the two groups are analyzed statistically using the USLSTATS computer
code?. (see Attachment 5). For Group 1 EALF ranges from 0.7 eV to 4900 eV. (cf. Table A3-1).
For Group 2 EALF ranges from 0.135 eV to 0.551 eV (cf. Tables A3-2). Table 6—1 and Table 6—
2 in Section 6.1.2 summarize the statistical results of the USLSTATS program for both groups
(PuOz-polysterene and Pu-nitrate solutions). Note that the range of EALF obtained with these
experiments covers the EALF values of AOA(S), cf. Table 4-1. Figure 6-3 through Figure 6-6
show the results graphically.

2 Many of the benchmark experiments in the International Handbook of Evaluated Criticality Safety Benchmark
Experiments (Nuclear Energy Agency 1999) are considered to be critical (i.e., ke =1.000), while other experiments
are not considered critical (i.e., keg1.000). Therefore, all calculated k.4 values are normalized to the handbook
values (cf. Section 3.5).
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6.1.1 USL with EALF and H/Pu Ratio

Figure 6-3 and Figure 6-4 show the ke values and the corresponding values of USL-1 and
USL-2 values versus the trending parameters EALF and H/Pu for the Group 1 experiments
(PuO,-polystyrene).

The kesr values calculated for Group 2 (experiments with Pu-nitrate solution) are shown in Figure
6-5 and Figure 6-6 as a function of EALF and H/Pu, respectively.

The corresponding USLSTATS output listings are provided in Attachment 5.

Table 6-1 shows that for AOA(5) Group 1 the minimum USL-1 with a 0.05 administrative
margin is 0.9328. The minimum USL-2 found for the PuO, systems is 0.9534.

Table 62 shows that for the AOA(S) Group 2 the minimum USL-1 with a 0.05 administrative
margin is 0.9411. The minimum USL-2 found for the Pu-metal systems is 0.9779.

For the PuO;-polystyrene experiments, the conservative minimum margin to subcriticality
Aky,=0.0239 calculated with the USL-2 method suggests that the administrative margin
(Aky,=0.05) applied to the USL-1 value is adequate for the AOA(S) provided the EALF and H/Pu
ratio fall within this range of applicability’. The same is found for the Pu nitrate experiments
with a conservative minimum margin to subcriticality Ak,=0.0121

1.04
1Rt -~ - — - - e - — -
1
&  Nom keff
-~ Linear Reg.
0%t~ ~-- — -lnearReg:W [~~~ T T T T T TT T o Tt TS oo oo ST ss—o—ooomssoo----me-
- e e S22
L e e i e ittt it
1R e e e e e il
0.92 v e r v
0.100 1.000 10.000 100.000 1000.000 10000.000

EALF (eV)

Figure 6-3 ke as Function of EALF (Pu-Comp-Mixed) AOA(S) Group 1

3 ANSI/ANS-8.1 allows the range of applicability to be extended beyond this range by extrapolating the trends
established for the bias; however, no precise guidelines are specified for the limits of extrapolation. Therefore,
engineering judgment must be applied when extrapolating beyond the range of the parameter bounds. If
extrapolation is necessary, it will be discussed on a case-by-case basis in the individual criticality calculations.
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Figure 64 kg as Function of H/Pu (Pu-Comp-Mixed) AOA(5) Group 1
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6.1.2 Summary of USL for AOA(S)

The USL-1 for the Group 2 experiments involving plutonium nitrate solution with a thermal
fission spectrum (USL-1 of Group 2 is 0.9411) is found to be significantly higher than the USL-1
for the Group 1 experiments involving PuO,-polystyrene mixture systems with intermediate to
fast fission spectrums. Therefore, the minimum USL for AOA(5) is based on the Group 1 result
of 0.9328. This value includes a 0.05 administrative margin and consideration for calculational
bias and uncertainties. The adequacy of the administrative margin is further discussed in Section
7.1. The calculated USL values for AOA(S) are summarized in the following tables.




5

DUKE COGEMA
STONE & WEBSTER

MFFF Criticality Code Validation — Part III

Page 55 of 87

Table 6-1 Summary of USL Calculations from SCALE 4.4a on PC Platform AOA(S)
Group 1: PU-COMP-MIXED-001 and PU-COMP-MIXED-002
Correlated
No. o . Min USL, Min Akm
Para(;seter Exp. Range of X | k.(X) Linear regression |[Average k. (Akm=0.05) Min USL, (USL))
EALF 0.686 to
[eV] 32 4900 1.0167+(3.1025E-06)*X 1.0186 0.9328 0.9534 0.0294
H/Pu 32 10.041049.60| 1.0246+(-3.0367E-04)*X 1.0186 0.9360 0.9621 0.0239
[::P;J] 32 22010 18.35] 1.0237+(-4.5199E-04)*X 1.0186 0.9338 0.9561 0.0277
Table 6-2 Summary of USL Calculations with SCALE 4.4a on PC Platform AOA(S),
Group 2: Pu-Nitrate Solution
Correlated .
No. o . Min USL, | ,,. Min Ak,
paraox?)eter Exp. Range of X | k/(X) Linear regression |Average k. (Ak_=0.05) Min USL, (USL,)
weu | 87 | D0 1100544 (14797E05%X | 100824 [ 09418 | 09797 | 00121
EALF 0.135¢t0
[eV] 87 0.540 1.0108 +(-1.3126E-02)*X | 1.00824 0.9411 09779 0.0132




6

DUKE COGEMA

STONE & WEBSTER MFFF Cn'ticality Code Validation — Part 111 Page 56 of 87

7. Conclusions

The SCALE 4.4a code package using the CSAS26 (KENO-VI) sequence and the 238 energy
group cross section library 238GROUPDFS has been validated to perform criticality calculations
for the MFFF. It has been validated for the fifth area of applicability AOA (5). Two groups of
experiments are established to cover the range of design applications: PuO,-polystyrene mixtures
and Pu-nitrate solutions.

The USLs for the two groups of AOA (5) are as follows:
e AOA(5) Group 1 representative of design applications with H/Pu<50  USL =0.9328.
e AOA(5) Group 2 representative of design applications with H/Pu>50  USL =0.9411.

The USL accounts for the computational bias, uncertainties, and an administrative margin. The
administrative margin is established at 0.05 such that k.5 + 20 — bias < 0.95 for all normal and
credible abnormal conditions. Section 7.1 contains a detailed justification of the administrative
margin.

No extrapolation outside the range of applicability is expected for AOA(S) USL values;
however, ANSI/ANS-8.1 [2] does allow for extrapolation outside the area of applicability by
extrapolating the trends established for the bias and USL. If extrapolation is necessary, for
instance with the design application involving colemanite concrete reflectors or Cd/water
reflectors, it will be discussed on a case-by-case basis in the respective calculation.

7.1 Justification for Administrative Margin

The administrative margin applied in the determination of the USL is intended as an added level
of conservatism. The code validation effort accounts for all code bias and the effects of both
code and experimental benchmark uncertainties. The administrative margin is applied in addition
to the code bias and bias uncertainty in determining the USL.

The USL values determined here are based on an administrative margin of 0.05. Based on actual
process conditions, including 1) the degree to which application parameters fall within the
validated Area of Applicability (AOA) of the calculational method and 2) the results of
sensitivity analyses demonstrating the sensitivity of ks values to variations in controlled
parameters, the USL may be adjusted. Each NCSE and criticality calculation will include a
discussion of the appropriateness of the USL applied for each specific design application.

Typically, the NCSEs and criticality calculations will present kg results for various scenarios,
including normal operation and credible abnormal situations. The results of these analyses permit
a quantitative assessment of the degree of subcriticality of the system measured in terms of
variation of one or more controlled parameters. Hence, the NCSEs/criticality calculations for
specific design applications will verify the conformance with the AOA used in the validation
reports.

In general, based on the discussion below, the administrative margin used in criticality analyses
is 0.05. This assessment is based on a comparison against administrative margin practices at both
NRC and DOE facilities, and past NRC guidance and practice, and is further substantiated by a
statistical analysis of the benchmark validation results.
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7.1.1 Fuel Cycle and Industry Practice

A review of NRC materials licensees and analogous DOE facilities (including plutonium
facilities) indicates that administrative margins range from 0.02 to 0.05 as shown in Table 7-1.
These values apply to applications within the validated AOAs; adjustments to the administrative
margin are typically made for application outside the validated region.

These values are consistent with precedent information provided by the NRC Staff [26], which
indicates administrative margins with a similar range to those indicated in Table 7-1. An
administrative margin of 0.05 is greater than or equal to the most conservative margins identified
in Table 7-1 and other NRC precedent [26] for analysis of credible abnormal conditions.

This margin is consistent with guidance provided in NUREG-1718 [3], which supports an
administrative margin of 0.05 for the MFFF. It is also consistent with past NRC-accepted
practice in reactor operations (10 CFR 50) [25], and transportation (10 CFR 71) and on-site
storage (10 CFR 72) of spent nuclear fuel. Examination of various precedents indicates 0.05 is a
conservative administrative margin for activities falling within the validated AOA. For
criticality analyses applied outside the validated AOA, specific guidance is provided in
ANSV/ANS-8.1-1998 which indicates that the administrative margin may be adjusted based on
established trends in the bias, if necessary.

7.1.2 USLSTATS Method 2 Quantitative Assessment

Once an administrative margin has been determined (in this case, based on NRC guidance in
NUREG-1718 [3] and based on conservative comparison with applicable precedent),
NUREG/CR-6361 [9] provides a quantitative method of assessing the suitability of the
administrative margin based on a statistical analysis which generates a recommended minimum
margin of subcriticality. NUREG/CR-6361 suggests that this minimum margin of subcriticality
be compared against the administrative margin in order to verify that the administrative margin is
conservative relative to a purely statistical basis®.

This mechanism provides an independent, quantitative means of substantiating the administrative
margin selected based on the statistics of the benchmarks themselves. The use of this
methodology requires the specification of two important statistical parameters: o, the level of
confidence in the limit being calculated and P, the probability future calculations will lie within
the statistical band. The result of this methodology is the assurance that by using at least the
calculated minimum margin of subcriticality, there is a probability P with a confidence o that an
additional calculation of ks for a critical system will lie within the band. For example, a
calculation with 0=0.95 and P=0.95 would yield a USL for which there is a 95% confidence that
95 out of 100 future calculations of critical systems will yield a value of k. above the USL
(which is conservative). This level of statistical treatment is consistent with the statistics usually
employed in the inclusion of 20 in the treatment of Monte Carlo criticality calculations. It is also
consistent with the statistical recommendations in NUREG/CR-6698 [24]. As can be seen in the
figures in Section 6, use of this traditional statistical treatment would lead to the conclusion that,

4 See NUREG/CR-6361 §4.1.3. For example, Westinghouse is approved to use a 0.02 Ak administrative margin
unless a higher margin of subcriticality is calculated using USL~2 methodology.
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based on the usual statistical approach, a margin as low as 0.01 to 0.02 would be necessary to
ensure that the USL was conservative based upon a statistical evaluation of the data.

However, this report uses USLSTATS to examine the statistics at a higher level of certainty.
That is, values of o. = 0.95 and P = 0.999 were used. This means that the derived USL-2 is such
that there is a 95% confidence that 999 out of 1000 future calculations of critical systems will
yield a value of k. above the USL. The resulting conclusion using 95/99.9 statistics is that the
added conservatism over the 1-2% amount, which would be required using traditional statistical
levels, is available to ensure that the results are conservative for other potential mechanisms for
which conservatisms would be prudent.

An analysis of the benchmarks using a value of o = 0.95 and P = 0.999 yield the subcritical
margins listed in Table 7-2. If one were to base an administrative margin solely on this very
conservative statistical analysis, an administrative margin of at most 0.03 is necessary to
statistically justify the use of these benchmarks. This is significantly less than the 0.05
administrative margin used for the two AOAs. Note that the administrative margin is applied in
addition to the calculated bias and uncertainty for each AOA. This means that the proposed 0.05
administrative margin is still more conservative than that determined in the 95/99.9 statistical
treatment and is justified in the MFFF.

7.1.3 Summary of Administrative Margin Practice

This effort involves the validation of the code to applications within one or more specific areas
of applicability. There is no intent to account for or to address the uncertainties and unknowns
involved in the actual design applications. This approach is consistent with NUREG/CR-6698
which states “the subcritical margin is not intended to account for process upset conditions or
Jor uncertainties associated with a process.” These issues are properly addressed in the nuclear
criticality safety evaluations (NCSEs). These evaluations will demonstrate that the design
application falls within the required AOA, that design uncertainties and unknowns are properly
and conservatively addressed, that sensitivity to controlled parameters is adequately addressed,
and that the criticality models themselves are suitably conservative representations of the actual
physical phenomena. In cases where calculated k¢ values are shown to be sensitive to controlled
parameters, the NCSE will demonstrate the adequacy of the control. In conclusion, an
administrative margin of 0.05, selected on the basis of NRC guidance and conservative
comparison with applicable precedent, and substantiated through statistical methods, is justified,
and is sufficiently conservative to provide for an adequate margin of subcriticality.
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Table 7-1 Fuel Cycle and Industry Practice
Facility Process/Application Material Administrative
Margin
Framatome Cogema Fuel assembly Low enriched U 0.05
Fuels manufacture
Westinghouse Fuel assembly Low enriched U 0.02
Columbia Site manufacture :
Nuclear Fuel Services | Fuel processing (solutions, Various U 0.03 LEU
powder, pellets, etc.) enrichments 0.05 HEU
Paducah Uranium Uranium enrichment Low enriched U 0.02
Enrichment Plant
Rocky Flats Weapons material Plutonium 0.03
processing
BWXT Fuel assembly Low to high enriched 0.03 LEU
manufacture U 0.05 HEU
Savannah River Site |a) MTR fuel assemblies a) High enriched U a) 0.02
b) Pipe overpack material |b) ?°Pu b) 0.02
storage
c) Mark 42 tube c) °Pu c) 0.05
dissolution
d) Ion exchange columns |d) 2%pu solution d)0.04
with fissile solutions
¢) DDF-1 package ¢) Pu metal and oxide e) 0.05
Y-12 Weapons material High enriched U 0.02 - 0.05'
processing
Idaho National Solutions/spent Low to high enriched 0.02 -0.05
Engineering and fuel/powders/pieces U, including 2*U; 0.05 typical
Environmental Lab some Pu
Hanford Site Waste tanks Various 0.05
packaging and
transportation
Pending final approval of validation document.
Table 7-2 USLSTATS Method 2 Analysis Results
Area of Applicability Maximum USL-2 Minimum Administrative Margin
Margin of Subcriticality
AOA(S) 0.0239 0.05
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ATTACHMENT NUMBER 1

Sensitivity Study Results
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Table Al-1 Critical experiment with PuO,-polystyrene with plexiglas reflector at H/Pu=1S5,
cf. Table A4-1b

Case C (Pu) wt. % | H/Pu Kerr c GEN NPG NSK EALF

[g/em’] | *Pu [eV]
10 1.12 2.2 15 1.0314 0.0007 1500 1000 30 4.12
11 1.12 22 15 1.0293 0.0008 1500 1000 7 4.55
12 1.12 22 15 1.0270 0.0008 1500 1000 21 5.14
13 1.12 22 15 1.0259 0.0007 1500 1000 20 5.44
14 1.12 22 15 1.0285 0.0008 1500 1000 7 5.57
15 1.12 22 15 1.0271 0.0008 1500 1000 21 5.57
16 1.12 22 15 1.0232 0.0008 1500 1000 ‘14 5.15
17 1.05 8.06 15 1.0064 0.0007 1500 1000 3 493
18 1.05 8.06 15 1.0114 0.0008 1500 1000 4 6.19
19 1.05 8.06 15 1.0086 0.0007 1500 1000 29 6.47
20 1.05 8.06 15 1.0096 0.0008 1500 1000 176 6.67
21 1.05 8.06 15 1.0088 0.0008 1500 1000 42 6.68
22 1.05 8.06 15 1.0130 0.0007 1500 1000 5 6.42

Table A1-2 PuO,+ H,O mixture at H/Pu=15 in the same experimental configuration of

Table Al-1
Case | C(Puw) | wt.% | H/Pu Ketr c GEN | NpG | NSK | EALF

[g/em’] | *Pu [eV]
10 1.5059 4 15 10932 | 00007 | 1500 1000 7 6.39
11 1.5059 4 15 10942 | 00008 | 1500 1000 17 6.98
12 1.5059 4 15 10975 | 00008 | 1500 1000 73 7.88
13 1.5059 4 15 1.0968 | 0.0007 | 1500 1000 13 8.30
14 1.5059 4 15 11002 | 0.0008 | 1500 1000 75 8.48
15 1.5059 4 15 10994 | 0.0008 | 1500 1000 8 8.44
16 1.5059 4 15 10926 | 00007 | 1500 1000 11 7.82
17 1.5059 4 15 1.1602 | 00007 | 1500 1000 21 747
18 1.5059 4 15 11749 | 00008 | 1500 1000 | 23 0.18
19 1.5059 4 15 1.1785 | 0.0008 | 1500 1000 64 9.50
20 1.5059 4 15 1.1785 | 0.0008 | 1500 1000 16 9.77
21 1.5059 4 15 11798 | 0.0007 | 1500 1000 37 9.77
2 1.5059 4 15 1.1807 | 0.0008 | 1500 1000 29 9.51
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Table A1-3 PuO,F,+H,0 mixture at H/Pu=15 in the same experimental of

Table Al-1
Case C (Pu) wt. % | H/Pu Keer c GEN NPG NSK EALF

[g/em’] | *Pu [eV]
10 1.1842 4 15 1.0085 0.0007 1500 1000 5 4.59
11 1.1842 4 15 1.0052 0.0007 1500 1000 50 5.02
12 1.1842 4 15 1.0020 0.0007 1500 1000 13 -5.64
13 1.1842 4 15 0.9987 0.0008 1500 1000 48 598
14 1.1842 4 15 1.0017 0.0007 1500 1000 3 6.15
15 1.1842 4 15 0.9994 0.0007 1500 1000 6 6.10
16 1.1842 4 15 0.9977 0.0007 1500 1000 44 5.69
17 1.1842 4 15 1.0763 0.0007 1500 1000 40 5.51
18 1.1842 4 15 1.0826 0.0008 1500 1000 102 6.77
19 1.1842 4 15 1.0822 0.0007 1500 1000 17 7.09
20 1.1842 4 15 1.0810 0.0008 1500 1000 23 7.29
21 1.1842 4 15 1.0817 0.0008 1500 1000 37 7.29
22 1.1842 4 15 1.0853 0.0008 1500 1000 3 7.05

Table A1-4 Pu-oxalate+H,0 mixture at H/Pu=15 in the same experimental configuration of

Table Al-1

Case C (Pu) wt. % | HPu ke c GEN NPG NSK EALF
[gfem’] | *Pu [eV]

10 1.0829 4 15 0.9917 0.0008 1500 1000 33 4.14
11 1.0829 4 15 0.9915 0.0007 1500 1000 111 4.56
12 1.0829 4 15 0.9881 0.0007 1500 1000 34 5.15
13 1.0829 4 15 0.9878 0.0007 1500 1000 3 545
14 1.0829 4 15 0.9911 0.0007 1500 1000 17 5.62
15 1.0829 4 15 0.9889 0.0007 1500 1000 17 5.66
16 1.0829 4 15 0.9838 0.0008 1500 1000 7 5.17
17 1.0829 4 15 1.0612 0.0009 1500 1000 5 4.99
18 1.0829 4 15 1.0713 0.0008 1500 1000 12 6.28
19 1.0829 4 15 1.0710 0.0007 1500 1000 33 6.59
20 1.0829 4 15 1.0715 0.0007 1500 1000 9 6.76
21 1.0829 4 15 1.0709 0.0007 1500 1000 7 - 6.78
22 1.0829 4 15 1.0747 0.0008 1500 1000 19 6.49
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Infinite slab full water reflocted - H/Pu = 0.04
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ATTACHMENT NUMBER 2
REACTIVITY BOUNDING FISSILE MEDIUM RESULTS
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Table A2-1 k.g-values of an infinite slab 6 cm thick, full water reflected, filled with
Pu compounds of MFFF versus H/Pu ratio - XSDRNPM calculations

PuO; powder PuO,F, Pu-oxalate. Pu-oxalate. Pu-oxalate. | Pu(III)-nitrate.
H/Pu s |«standardsalt»| 6H,O (%) 2H;0 (*) 0H,0 5H,0 (%)
11.46 g/cm 4.187 g/em® 2.70 g/cm® 3.05 g/em’ 3.50 g/cm’ 2.15 g/em’
0.01 1.4724 0.9912 - - 0.8605 .
0.05 1.4641 0.9905 - - 0.8606 .
0.1 1.4540 0.9895 - - 0.8608 -
0.5 1.3875 0.9826 . - 0.8628 .
1 1.3289 0.9757 - - 0.8655 B
1.674 1.2735 0.9684 - - 0.8691 R
3 1.2030 0.9579 - - 0.8759 .
4 1.1676 0.9556 - 0.8914 0.8804 .
5 1.1407 0.9538 - 0.8949 0.8844 .
5973 1.1202 0.9556 - 0.8979 0.8878 -
10 1.0676 0.9617 . 0.9073 0.8989 0.9018
12 1.0521 0.9642 0.9456 0.9109 0.9031 0.9057
15 1.0356 0.9676 0.9462 0.9155 0.9084 0.9104
20 1.0185 0.9776 0.9476 0.9216 0.9155 0.9171
30 11,0013 0.9858 0.9506 0.9306 0.9258 0.9265
40 0.9933 0.9817 0.9534 0.9369 0.9329 0.9331
50 0.9887 0.9796 0.9556 0.9415 0.9380 0.9378
60 0.9856 0.9782 0.9572 0.9448 0.9418 0.9413
70 0.9832 0.9770 0.9582 0.9472 0.9445 0.9437
80 0.9811 0.9758 0.9588 0.9488 0.9463 0.9453
90 0.9791 0.9746 0.9589 0.9498 0.9475 0.9463
100 0.9772 0.9733 0.9586 0.9502 0.9481 0.9468
125 0.9721 0.9693 0.9567 0.9496 0.9479 0.9462
150 0.9665 0.9644 0.9533 0.9471 0.9456 0.9438
200 0.9537 0.9528 0.9434 0.9386 0.9373 0.9352
300 0.9248 0.9249 09175 0.9141 09132 0.9108
500 0.8635 0.8618 0.8590 0.8568 0.8562 0.8538
700 0.8057 0.8045 0.8024 0.8009 0.8005 0.7982
900 0.7536 0.7526 0.7510 0.7498 0.7495 0.7475
1000 0.7296 0.7288 0.7274 0.7263 0.7260 0.7240
1300 0.6655 0.6649 0.6638 0.6630 0.6628 0.6612
1500 0.6284 0.6279 0.6269 0.6263 0.6261 0.6246

(*) No values below the minimum H/Pu corresponding to the number of crystalline water in these Pu compounds
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ATTACHMENT NUMBER 3

BENCHMARKS USED - AOA(5)
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ICSBEP PUO; POWDER BENCHMARKS

The ICSBEP Handbook [5] includes a number of experiments relevant to PuO, powder
applications. The list below provides the reasoning for inclusion of each candidate experiment.

PU-COMP-MIX-001: All the experiments are selected. The input files are directly
obtained from the Handbook and translated to a CSAS26 input file
using the c5toc6 program. The 27 group library is replaced by the
238 group library.

PU-COMP-MIX-002: All the experiments are selected. The input files are directly
obtained from the Handbook and translated to a CSAS26 input file
using the c5tocé program. The 27 group library is replaced by the
238 group library.

PU-SOL-THERM-001: All the experiments are selected. The input file are directly
obtained from the Handbook and translated to CSAS26 using the
c5toc6 program. The 27 group library is replaced by the 238 group
library.

PU-SOL-THERM-008: All the experiments are selected. The ICSBEP calculated keff are
not in good agreement with the experimental keff but this
benchmark is interesting because of the concrete reflection. The
input file are directly obtained from the Handbook and translated
to CSAS26 using the c5toc6 program. The 27 group library is
replaced by the 238 group library.

PU-SOL-THERM-014: All the experiments are selected. The input file are directly
obtained from the Handbook and translated to CSAS26 using the
c5toc6 program. The 27 group library is replaced by the 238 group
library.

PU-SOL-THERM-015: All the experiments are selected. The input file are directly
obtained from the Handbook and translated to CSAS26 using the
c5Stoc6 program. The 27 group library is replaced by the 238 group
library. \

PU-SOL-THERM-016: All the experiments are selected. The input file are directly
obtained from the Handbook and translated to CSAS26 using the
cStoc6 program. The 27 group library is replaced by the 238 group
library.

PU-SOL-THERM-017: All the experiments are selected. The input file are directly
obtained from the Handbook and translated to CSAS26 using the
cStoc6 program. The 27 group library is replaced by the 238 group
library.
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ATTACHMENT NUMBER 4
CRITICALITY CALCULATION RESULTS FOR AOCA(5)
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Table A4-1: SCALE 4.4a calculations on PC
CSAS26
Experiment | H/Pu | **Pu | Exp. kg Uncf"n';my zss(i{tzovP o | EALF | GEN | NPG | NSk
e g

PU-COMP-MIXED-001
Case 2 5 | 1146 ] 1 0.0033 1.0204 | 0.0007 [1.75E+03] 1503 | 1000 | 15
Case3 | 15 | 22 | 0999 | 00047 10163 |0.0000 |327E+01] 1503 | 1000 | 5
Case5 | 49.6 | 1835 | 09989 | 0.0053 10077 |0.0009 |1.55E+00| 1503 | 1000 | 44

PU-COMP-MIXED-002 ‘
Casc1 | 004 | 1835 | 0999 | 00045 10334 |0.0007 [490E+03] 1503 | 1000 | 3
Case2 | 004 | 1835 | 0999 | 00045 1.0302 | 0.0007 [420E+03| 1503 | 1000 | 51
Case3 | 004 | 1835 | 0999 | 00045 1.0266 | 0.0008 [3.46E+03| 1503 | 1000 | 42
Casc4 | 004 | 1835 | 0999 | 0.0045 1.0207 | 0.0007 [2.60E+03| 1503 | 1000 | 7
Case5 | 004 | 1835 | 0999 | 00045 10163 | 00007 [1.87E+03] 1503 | 1000 | 78
Case 6 5 | 1146 | 1 0.0043 10237 |00007 [921E+01] 1503 | 1000 | 7
Case 7 5 | 1146 | 1 0.0043 10212 | 00008 |842E+01| 1503 | 1000 | 11
Case 8 5 | 1146 | 1 0.0043 10214 |0.0008 [6.79E+01] 1503 | 1000 | 8
Case 9 5 | 1146 | 1 0.0043 10223 | 00007 |5.70E+01| 1503 | 1000 | 3
Case 10 | 15 | 22 1 0.0043 10314 |0.0007 |4.12E+00] 1503 | 1000 | 30
Casell | 15 | 22 1 0.0043 10203 |0.0008 |4.55E+00] 1503 | 1000 | 7
Case12 | 15 | 22 1 0.0043 1027 | 0.0008 |5.14E+00] 1503 | 1000 | 21
Case13 | 15 | 22 1 0.0043 1.0259 | 0.0007 |5.44E+00] 1503 | 1000 | 20
Case14 | 15 | 22 1 0.0043 1.0285 | 0.0008 |5.57E+00| 1503 | 1000 | 7
Case15 | 15 | 22 1 0.0043 10271 |0.0008 |5.57E+00] 1503 | 1000 | 21
Case 16 | 15 | 22 1 0.0043 10232 |0.0008 [5.15E+00] 1503 | 1000 | 14
Case17 | 15 | 806 | 00988 | 0.0043 1.0064 | 0.0007 [493E+00] 1503 | 1000 | 3
Case 18 | 15 | 806 | 09988 | 0.0043 10114 |0.0008 |6.19E+00| 1503 | 1000 | 4
Case19 | 15 | 806 | 09988 | 0.0043 1.0086 | 0.0007 |6.47E+00| 1503 | 1000 | 29
Case20 | 15 | 806 | 09988 | 0.0043 1.0096 | 0.0008 |6.67E+00] 1503 | 1000 | 176
Case2l | 15 | 806 | 09988 | 0.0043 1.0088 | 0.0008 [6.68E+00] 1503 | 1000 | 42
Case22 | 15 | 806 | 09988 | 00043 10130 | 0.0007 [6.42E+00] 1503 | 1000 | 5
Case23 | 496 | 1835 [ 1 0.0045 10079 |00007 [6.86E-01| 1503 | 1000 | 7
Case24 | 496 | 1835 | 1 0.0045 10100 |0.0008 |697E-01| 1503 | 1000 | 9
Case25 | 496 | 1835 | 1 0.0045 10086 |0.0008 |7.06E-01| 1503 | 1000 | 42
Case26 | 496 | 1835 | 1 0.0045 10101 |00007 |7.13E-01| 1503 | 1000 | 66
Case27 | 496 | 1835 | 1 0.0045 10105 |00007 |7.23E-01| 1503 | 1000 | 14
Casc28 | 496 | 1835 | 1 0.0045 10101 | 00008 [729E-01| 1503 | 1000 | 49
Case20 | 496 | 1835 | 1 0.0045 10124 |0.0008 |7.36E-01] 1503 | 1000 | 5

GEN : = Number of generations
NPG : = Number of neutrons per generation
NSK : = Number of generations skipped prior to collecting data
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Table A4-2: SCALE 4.4a calculations on PC
2u0p, Exp CSAS26
Experiment | C(Pu) | H/X [Wt. %] EXp. ken Uncertainty 238leel:)UP (] EALF | GEN | NPG | NSK
PU-SOL-THERM-001
Case 3 119.00 ] 205.14] 4.67 } 1.0000 0.005 1.0115 0.0008 |1.35E-01] 1503 | 1000 17
Case 4 132.00] 18097 | 4.67 | 1.0000 0.005 1.0059 0.0008 |1.51E-01| 1503 { 1000 48
Case 5 140.00| 171.21| 4.67 | 1.0000 0.005 1.0092 0.0008 |1.60E-01| 1503 | 1000 42
Case 6 268.70] 86.66 | 4.67 | 1.0000 0.005 1.0087 0.0008 |3.47E-01] 1503 | 1000 61
up, Exp CSAS26
Experiment | C(Pu) | /X [Wt. %] Exp. Keor Uncertainty BSGk?,,OUP c EALF | GEN | NPG | NSK
PU-SOL-THERM-008
Case 9 232 | 8503 | 467 | 1.0000 0.0061 1.0071 0.0008 |5.49E-01]| 1503 | 1000 24
Case 22 232 | 8843 | 4.67 | 1.0000 0.0061 0.9948 0.0008 |5.20E-01| 1503 | 1000 10

GEN : = Number of generations

NPG : = Number of neutrons per generation
NSK : = Number of generations skipped prior to collecting data
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. uop, Exp. CSAS26
Experiment | C(Pu) | H/X [wt. %) Exp. kenr Uncertainty 238Gk1¢l:)UP G EALF | GEN | NPG | NSK
PU-SOL-THERM-014

Case 1 115.10]210.18) 4.23 | 0.9980 0.0032 1.0071 0.0008 {1.68E-01] 1503 1 1000 31
Case 2 115.101210.18 | 4.23 | 0.9980 0.0032 1.0059 0.0009 |1.67E-01| 1503 | 1000 28

Case 3 115.10] 210.18§ 4.23 | 0.9980 0.0032 1.0080 0.0009 |1.67E-01{ 1503 | 1000 11

Case 4 115.10]210.18 ] 4.23 | 0.9980 0.0032 1.0060 0.0008 ]1.67E-01] 1503 | 1000 22

Case 5 115.10|210.18 | 4.23 | 0.9980 0.0032 1.0074 0.0009 |1.67E-01] 1503 | 1000 35
Case 6 115.10 | 210.18 | 4.23 | 0.9980 0.0032 1.0060 0.0009 |1.67E-01} 1503 | 1000 4

Case 7 115.10 210.18 | 4.23 | 0.9980 0.0032 1.0059 0.0009 |1.68E-01| 1503 | 1000 29
Case 8 115.10] 210.18 | 4.23 | 0.9980 0.0032 1.0055 0.0008 |1.68E-01| 1503 | 1000 23
Case 9 115.10{210.18| 4.23 | 0.9980 0.0032 1.0052 0.0008 |1.67E-01} 1503 | 1000 9
Case 10 }115.10]210.18| 4.23 | 0.9980 0.0032 1.0038 0.0009 |1.67E-01] 1503 | 1000 9
Case 11 115.10] 210.18} 4.23 | 0.9980 0.0032 1.0053 0.0008 j1.67E01| 1503 | 1000 7
Case 12 |115.10]210.18] 4.23 | 0.9980 0.0032 1.0070 0.0009 |1.67E-01| 1503 | 1000 58
Case 13 | 115.10]210.18| 4.23 | 0.9980 0.0043 1.0077 0.0008 |1.68E-01} 1503 | 1000 3
Case 14 |} 115.10}210.18| 423 | 0.9980 0.0043 1.0043 0.0009 |1.68E-01} 1503 | 1000 99
Case 15 115.10]210.18 | 4.23 | 0.9980 0.0043 1.0070 0.0008 |1.67E-01| 1503 | 1000 10
Case 16 |115.10]210.18| 4.23 | 0.9980 0.0043 1.0057 0.0009 |1.67E-01| 1503 | 1000 7
Case 17 |115.10]210.18| 4.23 | 0.9980 0.0043 1.0055 0.0009 |1.67E-01{ 1503 | 1000 5
Case 18 | 115.10]210.18]| 4.23 | 0.9980 0.0043 1.0080 0.0009 }168E-01] 1503 | 1000 7
Case 19 |115.10]210.18| 4.23 | 0.9980 0.0043 1.0049 0.0010 |1.68E-01| 1503 | 1000 9
Case 20 [115.10(210.18| 4.23 | 0.9980 0.0043 1.0068 0.0009 |1.67E-01| 1503 | 1000 114
Case 21 115.10]210.18 | 423 | 0.9980 0.0043 1.0063 0.0008 |1.67E-01| 1503 | 1000 22
Case 22 115.10{210.18 | 4.23 | 0.9980 0.0043 1.0060 0.0009 |1.67E-01| 1503 | 1000 4
Case 23 115.10}210.18| 4.23 ] 0.9980 0.0043 1.0053 0.0009 }1.67E-01]| 1503 | 1000 28
Case24 |115.10}210.18| 4.23 | 0.9980 0.0043 1.0082 0.0008 |1.69E-01| 1503 | 1000 36
Case 25 115.10] 210.18 | 4.23 | 0.9980 0.0043 1.0042 0.0009 |1.68E-011 1503 | 1000 65
Case26 |115.10]210.18| 4.23 | 0.9980 0.0043 1.0068 0.0009 |j1.67E-01} 1503 | 1000 20
Case27 |115.101{210.18] 4.23 | 0.9980 0.0043 1.0059 0.0009 |1.67E-01| 1503 | 1000 70
Case 28 115.10| 210.18} 4.23 | 0.9980 0.0043 1.0053 0.0009 |1.67E-01| 1503 | 1000 15
Case 29 115.10 | 210.18 | 4.23 | 0.9980 0.0043 1.0057 0.0009 |1.67E-01} 1503 | 1000 5
Case 30 |115.10]210.18| 4.23 | 0.9980 0.0043 1.0051 0.0008 |1.68E-01] 1503 | 1000 32
Case 31 115.10]210.18] 4.23 | 0.9980 0.0043 1.0039 0.0009 |1.68E-01]| 1503 | 1000 5
Case 32 |115.10{210.18| 4.23 | 0.9980 0.0043 1.0045 0.0009 |1.68E-01| 1503 | 1000 23
Case 33 115.10210.18 | 4.23 | 0.9980 0.0043 1.0063 0.0008 {1.67E-01]| 1503 | 1000 10
Case 34 |115.101210.18| 4.23 | 0.9980 0.0043 1.0043 0.0010 |{1.68E-01| 1503 | 1000 44
Case 35 115.10] 210.18 | 4.23 | 0.9980 0.0043 1.0050 0.0010 |1.67E-01| 1503 | 1000 12
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. 20py, Exp. CSAS26
Experiment | C(Pu) | H/X | o | Exp.kerr| o oo o mcktfoP G EALF | GEN | NPG | NSK
PU-SOL-THERM-015
Casel |152.50|15521| 423 | 0.9980 | 0.0038 1.0073 | 00009 |2.38E-01] 1503 | 1000 | 61
Case2 |152.50|15527] 423 | 0.9980 | 0.0038 1.0080 | 0.0008 |2.37E-01| 1503 | 1000 | 5
Case3 |15250[15527| 423 | 0.9980 | 0.0038 1.0059 | 0.0009 {2.37E-01| 1503 | 1000 | 3
Case4 |152.50]15527| 423 | 09980 | 0.0038 1.0063 | 0.0009 {2.37E-01| 1503 | 1000 | 38
Case5 |15250]15527| 423 | 0.9980 | 0.0038 1.0047 | 0.0009 [2.37E-01| 1503 | 1000 | 231
Case6 |152.50]15527| 423 | 0.9980 | 0.0038 1.0073 | 0.0008 |2.36E-01| 1503 | 1000 | 40
Case7 |152.50|15527| 423 | 09971 | 0.0047 1.007s | 0.0009 |2.38E-01] 1503 | 1000 | 71
Case8 |152.50|15527| 423 | 09971 | 0.0047 1.0070 | 0.0009 |2.37E-01] 1503 | 1000 | 19
Case9 |15250|155.27| 423 | 09971 | 0.0047 1.0068 | 0.0008 |2.37E-01| 1503 | 1000 | 15
Case10 |152.50|15527| 423 | 09971 | 0.0047 1.0055 | 0.0009 |2.36E-01| 1503 | 1000 | 6
Case 11 |152.50}15527] 423 | 09971 | 0.0047 10040 | 0.0009 |2.38E-01| 1503 | 1000 | 150
Case 12 |152.50]15527] 423 | 09971 | 0.0047 1.0036 | 0.0008 |2.38E-01| 1503 | 1000 | 4
Case13 |152.50]15527| 423 | 09971 | 0.0047 1.0060 | 0.0009 |2.37E-01| 1503 | 1000 | 6
Case 14 |152.50]15527] 423 | 09971 | 0.0047 1.0067 | 00009 |2.36E-01| 1503 | 1000 | 19
Case15 |152.50]15527| 423 | 09971 | 0.0047 1.0071 | 0.0008 |2.39E-01| 1503 | 1000 | 22
Case 16 |[152.50|15527| 423 | 09971 | 0.0047 1.0053 | 00009 |2.38E-01] 1503 | 1000 | 53
Case 17 |152.50]15527] 423 | 09971 | 0.0047 1.0062 | 00009 |2.37E-01] 1503 | 1000 | 4
) Uop, Exp. CSAS26
Experiment | C®Pu) | HX | o | Exp. e | oot o 238thsz o | EALF | GEN | NPG | NSK
PU-SOL-THERM-016
Casel |15250]15527| 423 | 09980 | 0.0043 1.0061 | 0.0009 |2.37E-01 1503 | 1000 | 3
Case2 |15250[15527| 423 | 09980 | 0.0043 10053 | 0.0009 |2.37E-01] 1503 | 1000 | 14
Case3 |152.50]15527| 423 | 09980 | 0.0043 1.0071 | 0.0009 |2.37E-01] 1503 | 1000 | 10
Case4 |152.50|15527| 423 | 09980 | 0.0043 1.0068 | 0.0009 |2.36E-01| 1503 | 1000 | 16
CaseS |115.10]21018] 423 | 09969 | 0.0038 1.0043 | 0.0009 [1.68E-01| 1503 | 1000 | 11
Case6 |115.10]21017] 423 | 09969 | 0.0038 1.0044 | 00009 |1.67E-01] 1503 | 1000 | 6
Case7 |115.10]21017] 423 | 09969 | 0.0038 1.0070 | 00009 |1.67E-01] 1503 | 1000 | 13
Case8 |[115.10]/210.17] 423 | 09969 | 0.0038 10077 | 0.0009 |[1.67E-01| 1503 | 1000 | 35
Case9 |115.10]210.17| 423 | 09963 | 0.0033 1.0059 | 0.0009 |1.66E-01| 1503 | 1000 | 34
Case 10 [115.10]210.17| 423 | 09963 | 0.0033 1.0050 | 0.0010 [1.66E-01| 1503 | 1000 | 6
Case 11 |115.10]210.17| 423 | 09963 | 0.0033 10064 | 0.0009 |[1.67E-01} 1503 | 1000 [ 10
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] u0p, Exp. CSAS26
Experiment | C(Pu) | H/X [wt. %] Exp. k.o Uncertainty 238(LR,,OUP c EALF | GEN | NPG | NSK
PU-SOL-THERM-017
Case 1 115.10§210.18 | 4.23 | 0.9969 0.0038 1.0042 0.0009 |1.67E-01| 1503 | 1000 72
Case 2 115.10§ 210.18 | 4.23 | 0.9969 0.0038 1.0057 0.0009 |1.67E-01] 1503 | 1000 12
Case 3 115.10}210.18 | 4.23 | 0.9969 0.0038 1.0052 0.0009 |1.67E-01| 1503 | 1000 27
Case 4 115.10] 210.18 ] 4.23 | 0.9969 0.0038 1.0049 0.0008 |1.67E-01| 1503 | 1000 20
Case 5 115.10] 210.18 | 4.23 | 0.9969 0.0038 1.0062 0.0009 |1.67E-01| 1503 | 1000 15
Case 6 115.10 | 210.18 | 4.23 | 0.9969 0.0038 1.0056 0.0009 |1.67E-01| 1503 | 1000 8
Case 7 115.10] 210.18 | 4.23 | 0.9969 0.0038 1.0038 0.0010 |1.67E-01| 1503 | 1000 86
Case 8 115.10] 210.18 | 4.23 | 0.9969 0.0038 1.0052 0.0010 |1.67E-01| 1503 | 1000 25
Case 9 115.10} 210.18 | 4.23 | 0.9969 0.0038 1.0059 0.0010 |1.67E-01| 1503 | 1000 17
Case 10 | 115.10}210.18| 4.23 | 0.9969 0.0038 1.0047 0.0009 {1.68E-01| 1503 | 1000 20
Case 11 | 115.10}210.18| 4.23 | 0.9969 0.0038 1.0058 0.0009 }1.67E-01] 1503 | 1000 36
Case 12 | 115.10}210.18| 4.23 | 0.9969 0.0038 1.0056 0.0010 |1.67E-01} 1503 | 1000 25
Case 13 | 115.10] 210.18 | 4.23 | 0.9969 0.0038 1.0060 0.0009 [1.67E-01] 1503 | 1000 17
Case 14 | 115.10]210.18| 4.23 | 0.9969 0.0038 1.0061 0.0009 |1.67E-01] 1503 | 1000 T
Case 15 |115.10]210.18| 4.23 | 0.9969 0.0038 1.0071 0.0008 |1.67E-01| 1503 | 1000 61
Case 16 |115.10{210.18| 4.23 | 0.9969 0.0038 1.0070 0.0009 |1.67E-01| 1503 | 1000 52
Case 17 | 115.10}210.18| 4.23 | 0.9969 0.0038 1.0057 0.0009 |1.67E-01| 1503 | 1000 39
Case 18 | 115.10}210.18 | 4.23 | 0.9969 0.0038 1.0064 0.0009 |1.67E-01| 1503 | 1000 14
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Figure AS-1: USLSTATS output listing for AOA(S) Group 1: PuO; powder k¢ versus EALF
as trending parameter, SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

SRR RN RN A E R A AR A SRR P RN A AN T S AR AN AT R ARNNARNN AN AN E A ANINAINRART RN RN A TN R AR RN RN

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

LA 22222 cd s sl Rt s ssti i ts st dstidi sttt stissstiistisdsissssssdd

Input to statistical treatment

Title: PuO2 powder EALF

Proportion of the population
Confidence of fit
Confidence on proportion
Number of observations
Minimm value of closed band
Maximm value of closed band
Administrative margin

independent
variable - x

4.90213E+03
4.20132E+03
3.46319E+03
2.60173E+03
1.87477E+03
9.20880E+01
8.42160E+01
6.78560E+01
5.69610E+01
4.12300E+00
4.55400E+00
5.13800E+00
5.43700E+00
5.57000E+00
5.57100E+00
5.15100E+00

dependent
variable - y

1.03443E+00
1.03123E+00
1.02763E+00
1.02172E+00
1.01732E+00
1.02370E+00
1.02120E+00
1.02140E+00
1.02230E+00
1.02140E+00
1.02930E+00
1.02700B+00
1.02590E+00
1.02850E+00
1.02710E+00
1.02320E+00

from file:ealf.in

-999
.950
.950
32
0.00
0.00
0.05

deviation
iny

4.65296E-03
4.65296E-03
4.66905E-03
4.65296E-03
4.65296E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.45533E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.47214E-03

independent

variable - x

4.92600E+00
6.19100E+00
6.46700E+00
6.67400E+00
6.68200E+00
6.42000E+00
6.86000E-01
6.97000E-01
7.06000E-01
7.13000E-01
7.23000E-01
7.29000E-01
7.36000E-01
1.74727E+03
3.26850E+01
1.54800E+00

dependent
variable - y

1.00761B+00
1.01262E+00
1.00981E+00
1.01081E+00
1.01001E+00
1.01422E+00
1.00790E+00
1.01000E+00
1.00860E+00
1.01010E+00
1.01050E+00
1.01010E+00
1.01240E+00
1.02040E+00
1.01732E+00
1.00881E+00

WARNING *** the test for normal may be unreliable due to insufficient data.

chi = 8.0000 (upper bound = 9.49). The data tests normal.

Output from statistical treatment

Pu02 powder EALF

Number of data points (n)
Linear regression, ki(X)
Confidence on fit (l-gamma) ([input}
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) (input]

Minimm value
Maximum value
Average value
Average value
Minimm value

of
of
of
of
of

Variance of fit,
within variance,
Pooled variance,
Pooled std. deviation, s(p)
C(alpha, rho) *s{p)

student-t @ (n-2,l-gamma)
Confidence band width, W
Minimum margin of subcriticality, C*si{p)-W

Upper subcritical limits:

X

X

X

k

k
s(k,X)*2
s(w)~2
s(p) "2

AREAN Fhhh I e AR R KRR AREN

( 0.68600 <= X <=

32

1.0167 + ( 3.1025E-06)*X

95.0%
95.0%

99.9%
0.6860
4902.1300
600.11431
1.01858
1.00761
5.4730E-05
2.0709E-05
7.5439E-05
8.6855E-03
4.6595E-02
1.69700E+00
1.7218E-02
2.9376E-D2

4902.1 )

deviation
in ¥

4.45533E-03
4.47214E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.45533E-03
4.65296E-03
4.66905E-03
4.669058-03
4.65296E-03
4.65296E-03
4.66905E-03
4.66905E-03
3.37343E-03
4.78539E-03
5.37587E-03
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USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9328 ( 0.68600 < X < 4902.1 )

USL Method 2 (Single-Sided Uniform
wWidth Closed Interval Approach) USL2 = 0.9534 ( 0.68600 < X < 4902.1 )

USLs Evaluated Over Range of Parameter X:
Bhad FARARTAARRESY ARAR RO ANE Ak AARERdhdr dh

X: 6.86B-1 7.01E+2 1.40BE+3 2.10E+3 2.80E+3 3.50E+3 4.20E+3 4.90E+3

USL-1: 0.9328 0.9328 0.9328 0.9328 0.9328 0.9328 0.9328 0.9328
USL-2: 0.9534 0.9534 0.9534 0.9534 0.9534 0.9534 0.9534 0.9534

LA I 2222 L2 22 R R R R R 22 a2 e R A iRl s el il st ldl)

Thus spake USLSTATS
Pinis.
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Figure A5-2: USLSTATS output listing for AOA(S) Group 1: PuO; powder ks versus H/Pu as
trending parameter, SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
1imits for criticality safety applications

(2222222222222 22222 222 d 0 R 22 R s il it il al st aiisiilisssiasslsds ]y

Version 1.3.7, May 18, 1999

Oak Ridge National Laboratory

L2222 48 22 c R 22222 2 a2 et d sl s d iR sl st sl llsdsdss] )

Input to statistical treatment

Title: PuO2 powder H

Proportion of the
Confidence of fit

/Pu

population

Confidence on proportion
Rurber of observations
Minimm value of closed band
Maximm value of closed band
Administrative margin

independent dependent
variable - x variable - y

4.00000E-02
4.00000E-02
4.00000E-02
4.00000E-02
4.00000E-02
5.00000E+00
$.00000E+00
5.00000E+00
5.00000E+00
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01

1.03443E+00
1.03123E+00
1.02763E+00
1.02172E+00
1.01732E+00
1.02370E+00
1.02120E+00
1.02140E+00
1.02230E+00
1.03140E+00
1.02930E+00
1.02700E+00
1.02590E+00
1.02850E+00
1.02710E+00
1.02320E+00

from file:hpu.in

.999
.950
.950
32
0.00
0.00
0.05

deviation
iny

4.65296E-03
4.65296E-03
4.66905E-03
4.65296E-03
4.65296E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.45533E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.47214E-03

independent
variable -~ x

1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
4.96000E+01
4.96000E+01
4.96000E+01
4.96000E+01
4.96000E+01
4.96000E+01
4.96000B+01
5.00000E+00
1.50000E+01
4.96000E+01

dependent
variable - y

1.00761E+00
1.01262E+00
1.00981E+00
1.01081E+00
1.01001E+00
1.01422E+00
1.00790E+00
1.01000E+00
1.00860E+00
1.01010E+00
1.01050E+00
1.01010E+00
1.01240E+00
1.02040E+00
1.01732E+00
1.00881E+00

WARNING *** the test for normal may be unreliable due to insufficient data.

chi = 8.0000 (upper bound = 9.49). The data tests normal.

Output from statistical treatment

PuO2 powder H/Pu

Number of data points (n)
Linear regression, k(X)
Confidence on fit (l-gamma) (input]
Confidence on proportion (alpha) [input])
Proportion of population falling above
lower tolerance interval (rho} (input]

Minimum value of
Maximum value of
Average value of
Average value of
Minimim value of
Variance of fit,
within variance,
Pooled variance,
Pooled std. devi

X

X

X

k

k
stk,X)"2
8{w)~2
s{p)~2

ation, s(p)

C{alpha, rho) *s(p)

student-t @ (n-2

,l-gamma)

Confidence band width, W
Minimum margin of subcriticality, C*s(p)-W

Upper subcritical limits: ( 4.00000E-02 <= X <=

RERRE FhhabARERR

* RAkbRRN

32

1.0246 + (-3.0367E-04)*X

95.0%
95.0%

99.9%
0.0400
49.6000
19.75000
1.01858
1.00761
.0344E-05
.0709E-05
.1053E-05
.8136E-03
.7933E-02
.69700E+00
.4010E-02
.3923E-02

N b JNN

49.600 )

deviation
iny

4.45533E-03
4.47214E-03
4.45533E-03
4.47214E-02
4.47214E-03
4.45533E-03
4.65296E-03
4.66905B-03
4.66905E-03
4.65296E-03
4.65296R-03
4.66905E-03
4.66905E-03
3.37343E-03
4.78539E-03
5.37587E-03
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USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9360 ( 4.00000E-2< X < 49.600 )

USL Method 2 (Single-Sided Uniform
wWidth Closed Interval Approach) USL2 = 0.9621 ( 4.00000E-2< X < 49.600 )

USLs Evaluated Over Range of Parameter X:

RAEE NENERRANT AROF hRd bR RN ARARERTAN AR

X: 4.00E-2 7.12E+0 1.42E+1 2.13E+1 2.84E+1 3.54E+1 4.25E+1 4.96E+l

USL-1: 0.9360 0.9360 0.9360 0.9360 0.9360 0.9360 0.9360 0.9360
USL-2: 0.9621 0.9621 0.9621 0.9621 0.9621 0.9621 0.9621 0.9621

AR AR RN RN R R R AR RN R AT AR AR F SR S R A RN A AN R AN AN E R AR NI R NN RN E AR RSN SRS AR IR RN N

Thus spake USLSTATS
Finis.
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Figure A5-3: USLSTATS output listing for AOA(5) Group 1: PuO, powder kes versus 2*°Pu as

trending parameter, SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

AR RN A AN RN A R AR N AN E R AR R R AN N AN T AR NN N TR A NN AR AR NN RN AR AT AN IR RSN,

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

L I R e e I e R L R R R R e e T A 2 2 e I R R I e 2 2 2 2 )

Input to statistical treatment

Title: PuO2 powder $Pu

from file:spu.in

Proportion of the population = .999

Confidence of fit = 950

Confidence on proportion = ,950

Number of observations = 32

Minimum value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05
independent dependent deviation
variable - x variable - y iny
1.83500E+01 1.03443E+00 4.65296E-03
1.83500E+01 1.03123E+00 4.65296E-03
1.83500E+01 1.02763E+00 4.66905E-03
1.83500E+01 1.02172E+00 4.65296E-03
1.83500E+01 1.01732E+00 4.65296E-03
1.14600E+01 1.02370E+00 4.45533E-03
1.14600E+01 1.02120E+00 4.47214E-03
1.14600E+01 1.02140E+00 4.47214E-03
1.14600E+01 1.02230E+00 4.45533E-03
2.20000E+00 1.03140E+00 4.45533E-03
2.20000E+00 1.02930E+00 4.47214E-03
2.20000E+00 1.02700E+00 4.47214E-03
2.20000E+00 1.02590E+00 4.45533E-03
2.20000E+00 1.02850E+00 4.47214E-03
2.20000E+00 1.02710E+00 4.47214E-03
2.20000E+00 1.02320E+00 4.47214E-03

independent dependent
variable - x variable - y

8.06000E+00 1.00761E+00
8.06000E+00 1.01262E+00
8.06000E+00 1.00981E+00
8.06000E+00 1.01081E+00
8.06000E+00 1.01001E+00
8.06000E+00 1.01422E+00
1.83500E+01 1.00790E+00
1.83500E+01 1.01000E+00
1.83500E+01 1.00860E+00
1.83500B+01 1.01010E+00
1.83500E+01 1.01050E+00
1.83500E+01 1.01010E+00
1.83500E+01 1.01240E+00
1.14600E+01 1.02040E+00
2.20000E+00 1.01732E+00
1.83500E+01 1.00881E+00

WARNING *+** the test for normal may be unreliable due to insufficient data.

chi = 8.0000 (upper bound = 9.49). The data tests normal.

Output from statistical treatment
PuO2 powder $Pu

Number of data points (n)

Linear regression, k(X)

Confidence on fit (l-gamma) [input]
Confidence on proportion (alpha) {input)
Proportion of population falling above
lower tolerance interval (rho) [input)
Minimum value of X

Maximm value of X

Average value of X

Average value of k

Minimm value of k

Variance of fit, s(k,X)*2

Within variance, s(w)"2

Pooled variance, s(p)*2

Pooled std. deviation, s(p)
C(alpha, rho) *s(p)

student-t @ (n-2,l-gamma)

Confidence band width, W

Minimum margin of subcriticality, C*s(p)-W

Upper subcritical limits: { 2.2000 <= X <

ERARE SRR NERAEES RARANEN

32

1.0237 + (-4.5199E-04)*X

95.0%
95.0%

99.9%
2.2000
18.3500
11.30656
1.01858
1.00761
6.3200E-05
2.0709E-05
8.3909E-05
9.1602E-03
4.3914E-02
1.69700E+00
1.6242E-02
2.7672E-02

18.350 )

deviation
iny

4.45533E-03
4.47214E-03
4.45533E-03
4.47214E-03
4.47214E-03
4.45533E-03
4.65296E-03
4.66905E-03
4.66905E-03
4.65296E-03
4.65296E-03
4.66905E-03
4.66905E-03
3.37343E-03

© 4.78539E-03

5.37587E-03
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USL Method 1 (Confidence Band with
Administrative Margin) usL1

0.9338 ( 2.2000 < X < 18.350 )

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9561 ( 2.2000 < X < 18.350 )

USLs Evaluated Over Range of Parameter X:

BAEN ARVEARNNS SRhd FARER P AN BRAARRNE h

X: 2.20E+0 4.51E+0 6.81E+0 9.12E+0 1.14E+1 1.37E+1 1.60E+1 1.84E+l

UsL-1: 0.9338 0.9338 0.9338 0.9338 0.9338 0.9338 0.9338 0.9338
USL-2: 0.9561 0.9561 0.9561 0.9561 0.9561 0.9561 0.9561 0.9561

E T T R R S R e I R R e R R R e e e R e S e a2t aldi s dlds)

Thus spake USLSTATS
Finis.
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Figure A5-4: USLSTATS output listing for AOA(S5) Group 2: Pu Nitrate kg versus EALF as
trending parameter, SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications

LI R s e R e R R R e R s 2 IR T P R T Y s

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory
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Input to statistical treatment from file:ealfPC

Title: gr2 FC EALF

Proportion of the population = ,.999

Confidence of fit = .950

Confidence on proportion = .950

Number of observations = 87

Minimum value of closed band = 0.00

Maximum value of closed band = 6.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y iny variable - x variable - y iny
1.34839E-01 1.01150E+00 5.06360E-03 2.36831E-01 1.00830E+00 3.90513E-03
1.50757E-01 1.00590E+00 5.06360E-03 2.36587E-01 1.00670E+00 3.90513E-03
1.59544E-01 1.00920E+00 5.06360E-03 2.36202E-01 1.00930E+00 3.88330E-03
3.46678E-01 1.00870E+00 5.06360E-03 2.38483E-01 1.01040E+00 4.78539E-03
5.48519E-01 1.00710E+00 6.15224E-03 2.37274E-01 1.00990E+00 4.78539E-03
$.20183E-01 9.94800E-01 6.15224E-03 2.36695E-01 1.00970E+00 4.76760E-03
1.67812E-01 1.00910E+00 3.29849E-03 2.36058E-01 1.00840E+00 4.78539E-03
1.67457E-01 1.00790E+00 3.32415E-03 2.38161E-01 1.00690E+00 4.78539E-03
1.66807E-01 1.01000E+00 3.32415E-03 2.37891E-01 1.00650E+00 4.76760E-03
1.67233E-01 1.00800E+00 3.29849E-03 2.36841E-01 1.00890E+00 4.78539E-03
1.66668E-01 1.00940E+00 3.32415E-03 2.36296E-01 1.00960E+00 4.78539E-03
1.66668E-01 1.00800E+00 3.32415E-03 2.38548E-01 1.01000E+00 4.76760E-03
1.68142E-01 1.00790E+00 3.32415E-03 2.38276E-01 1.00820E+00 4.78539E-03
1.67636E-01 1.00750E+00 3.29849E-03 2.37141E-01 1.00910E+00 4.78539E-03
1.67279E-01 1.00720E+00 3.29849E-03 2.37431E-01 1.00810E+00 4.39318E-03
1.67337E-01 1.00580E+00 3.32415E-03 2.36989E-01 1.00730E+00 4.39318E-03
1.66955E-01 1.00730E+00 3.29849E-03 2.36537E-01 1.00910E+00 4.39318E-03
1.66546E-01 1.00900E+00 3.32415E-03 2.36458E-01 1.00880E+00 4.39318E-03
1.68373E-01 1.00370E+00 4.37379E-03 1.67942E-01 1.00740E+00 3.90513E-03
1.67903E-01 1.00630E+00 4.39318E-03 1.67467E-01 1.00750E+00 3.90513E-03
1.67166E-01 1.00900E+00 4.37379E-03 1.67208E-01 1.01010E+00 3.90513E-03
1.66898E-01 1.00770E+00 4.39318E-03 1.66786E-01 1.01080E+00 3.90513E-03
1.66630E-01 1.00750E+00 4.39318E-03 1.65519E-01 1.00960E+00 3.42053E-03
1.68449E-01 1.01000E+00 4.39318E-03 1.66435E-01 1.00870E+00 3.44819E-03
1.67790E-01 1.00690E+00 4.41475E-03 1.67131E-01 1.01010E+00 3.42053E-03
1.66997E-01 1.00880E+00 4.39318E-03 1.66869E-01 1.00730E+00 3.90513E-03
1.66691E-01 1.00830E+00 4.37379E-03 1.66968E-01 1.00880E+00 3.90513E-03
1.66682E-01 1.00800E+00 4.39318E-03 1.67120E-01 1.00830E+00 3.90513E-03
1.66969E-01 " 1.00730E+00 4.39318E-03 1.67064E-01 1.00800E+00 3.88330E-03
1.68612E-01 1.01020E+00 4.37379E-03 1.67223E-01 1.00930E+00 3.90513E-03
1.67699E-01 1.00620E+00 4.39318E-03 1.67150E-01 1.00870E+00 3.90513E-03
1.67331E-01 1.00880E+00 4.39318E-03 1.67269E-01 1.00690E+00 3.92938E-03
1.66818E-01 1.00790E+00 4.39318E-03 1.67189E-01 1.00830E+00 3.92938E-03
1.66664E-01 1.00730E+00 4.39318E-03 1.67010E-01 1.00900E+00 3.92938E-03
1.66641E-01 1.00770E+00 4.39318E-03 1.67538E-01 1.00780E+00 3.90513E-03
1.68215E-01 1.00710E+00 4.37379E-03 1.66900E-01 1.00890E+00 3.90513E-03
1.68357E-01 1.00590E+00 4.39318E-03 1.66967E-01 1.00870E+00 3.92938E-03
1.67772E-01 1.00650E+00 4.39318E-03 1.67078E-01 1.00910E+00 3.90513E-03
1.67416E-01 1.00830E+00 4.37379E-03 1.67248E-01 1.00920E+00 3.90513E-03
1.67630E-01 1.00630E+00 4.41475E-03 1.66704E-01 1.01020E+00 3.88330E-03
1.67462E-01 1.00700E+00 4.41475E-03 1.66824E-01 1.01010E+00 3.90513E-03
2.37509E-01 1.00930E+00 3.90513E-03 1.66972E-01 1.00880E+00 3.90513E-03
2.36912E-01 1.01000E+00 3.88330E-03 1.66697E-01 1.00950E+00 3.90513E-03
2.36543E-01 1.00790E+00 3.90513E-03

chi = 9.3793 (upper bound = 9.49). The data tests normal.

Output from statistical treatment
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gr2 PC EALF
Number of data points (n) 87
Linear regression, k(X) 1.0108 + (-1.3126E-02)*X
Confidence on fit (l1-gamma) [input]) 95.0%
Confidence on proportion (alpha) [input]) 95.0%
Proportion of population falling above
lower tolerance interval (rho) (input]) 99.9%
Minimum value of X 0.1348
Maximum value of X 0.5485
Average value of X 0.19394
Average value of k 1.00824
Minimm value of k 0.99480
Variance of fit, s(k,X)*2 3.0167E-06
wWithin variance, s(w)*2 1.7752E-05
Pooled variance, s({p)”~2 2.0769E-05
Pooled std. deviation, s(p) 4.5573E-03
C(alpha, rho) *s(p) 2.2118E-02
student-t € (n-2,1-gamma) 1.66558E+00
Confidence band width, W 8.9068E-03
Minimum margin of subcriticality, C*s(p)-W 1.3211E-02
Upper subcritical limits: ( 0.13484 <= X <= 0.54852 )
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USL Method 1 (Confidence Band with
Administrative Margin) USLl = 0.9411 ( 0.13484 < X < 0.54852 )

USL Method 2 (Single-Sided Uniform
width Closed Interval Approach) USL2 = 0.9779 ( 0.13484 < X < 0.54852 )

USLs Evaluated Over Range of Parameter X:

AR EEARAERND AARE AAERN Fh AR RTEA RS R

X: 1.35E-1 1.94E-1 2.S3E-1 3.12E-1 3.71E-1 4.30E-1 4.89E-1 5.49E-1

UsL-1: 0.9411 0.9411 0.9411 0.9411 0.9411 0.5411 0.9411 0.9411
USL-2: 0.9779 0.9779 0.3779 0.977%9 0.977% 0.977%9 0.9779 0.9779
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Thus spake USLSTATS
FPinis.
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Figure A5-5: USLSTATS output listing for AOA($) Group 2: Pu Nitrate ke versus H/Pu as
trending parameter, SCALE 4.4a on PC

uslstats: a utility to calculate upper subcritical
limits for criticality safety applications
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Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory
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Input to statistical treatment from file:hpupc

Title: gr2 PC HPU

Proportion of the population = .999

Confidence of fit = .950

Confidence on proportion = ,950

Number of observations = 87

Minimm value of closed band = 0.00

Maximum value of closed band = 0.00

Administrative margin = 0.05

independent dependent deviation independent dependent deviation

variable - x variable - y iny variable - x variable - y iny
2.05140E+02 1.01150E+00 5.06360E-03 1.55270E+02 1.00830E+00 3.90513E-03
1.80970E+02 1.00590E+00 5.06360E-03 1.55270E+02 1.00670E+00 3.90513E-03
1.71210E+02 1.00920E+00 5.06360E-03 1.55270E+02 1.00930E+00 3.88330E-03
8.66600E+01 1.00870E+00 5.06360E-03 1.55270E+02 1.01040E+00 4.78539E-03
8.50300E+01 1.00710E+00 6.15224E-03 1.55270E+02 1.00990E+00 4.78539E-03
8.84300E+01 9.94800E-01 6.15224E-03 1.55270E+02 1.00970E+00 4.76760E-03
2.10180E+02 1.00910E+00 3.29849E-03 1.55270E+02 1.00840E+00 4.78539E-03
2.10180E+02 1.00790E+00 3.324158E-03 1.55270E+02 1.00690E+00 4.78539E-03
2.10180E+02 1.01000E+00 3.32415E-03 1.55270E+02 1.00650E+00 4.76760E-03
2.10180E+02 1.00800E+00 3.29849E-03 1.55270E+02 1.00890E+00 4.78539E-03
2.10180E+02 1.00940E+00 3.32415E-03 1.55270E+02 1.00960E+00 4.78539E-03
2.10180E+02 1.00800E+00 3.32415E-03 1.85270E+02 1.01000E+00 4.76760E-03
2.10180E+02 1.00790E+00 3.32415E-03 1.55270E+02 1.00820E+00 4.78539E-03
2.10180E+02 1.00750E+00 3.29849E-03 1.55270E+02 1.00910E+00 4.78539E-03
2.10180E+02 1.00720E+00 3.29849E-03 1.55270E+02 1.00810E+00 4.39318E-03
2.10180E+02 1.00580E+00 3.32415E-03 1.55270E+02 1.00730E+00 4.39318E-03
2.10180E+02 1.00730E+00 3.29849E-03 1.55270E+02 1.00910E+00 4.39318E-03
2.10180E+02 1.00900E+00 3.32415E-03 1.55270E+02 1.00880E+00 4.39318E-03
2.10180E+02 1.00970E+00 4.37379E-03 2.10180E+02 1.00740E+00 3.90513E-03
2.10180E+02 1.00630E+00 4.39318E-03 2.10170E+02 1.00750E+00 3.90513E-03
2.10180E+02 1.00900E+00 4.37379E-03 2.10170E+02 1.01010E+00 3.90513E-03
2.10180E+02 1.00770E+00 4.39318E-03 2.10170E+02 1.01080E+00 3.90513E-03
2.10180E+02 1.00750E+00 4.39318E-03 2.10170E+02 1.00960E+00 3.42053E-03
2.101B0E+02 1.01000E+00 4.39318E-03 2.10170E+02 1.00870E+00 3.44819E-03
2.10180E+02 1.00690E+00 4.41475E-03 2.10170E+02 1.01010E+00 3.42053E-03
2.10180E+02 1.00880E+00 4.39318E-03 2.10180E+02 1.00730E+00 3.90513E-03
2.10180E+02 1.00830E+00 4.37379E-03 2.10180E+02 1.00880E+00 3.90513E-03
2.10180E+02 1.00800E+00 4.39318E-03 2.10180E+02 1.00830E+00 3.90513E-03
2.10180E+02 1.00730E+00 4.39318E-03 2.10180E+02 1.00800E+00 3.88330E-03
2.10180E+02 1.01020E+00 4.37379E-03 2.10180E+02 1.00930E+00 3.90513E-03
2.10180E+02 1.00620E+00 4.39318E-03 2.10180E+02 1.00870E+00 3.90513E-03
2.10180E+02 1.00880E+00 4.39318E~03 2.10180E+02 1.00690E+00 3.92938E-03
2.10180E+02 1.00790E+00 4.39318E-03 2.10180E+02 1.00830E+00 3.92938E-03
2.10180E+02 1.00730E+00 4.39318E-03 2.10180E+02 1.00900E+00 3.92938E-03
2.10180E+02 1.00770E+00 4.39318E-03 2.10180E+02 1.00780E+00 3.90513E-03
2.10180E+02 1.00710E+00 4.37379E-03 2.10180E+02 1.00890E+00 3.90513E-03
2.10180E+02 1.00590E+00 4.39318E~03 2.10180E+02 1.00870E+00 3.92938E-03
2.10180E+02 1.00650E+00 4.39318E-03 2.10180E+02 1.00910E+00 3.90513E-03
2.10180E+02 1.00830E+00 4.37379E-03 2.10180E+02 1.00920E+00 3.90513E-03
2.10180E+02 1.00630E+00 4.41475E-03 2.101B80E+02 1.01020E+00 3.88330E-03
2.10180E+02 1.00700E+00 4.41475E-03 2.10180E+02 1.01010E+00 3.90513E-03
1.55210E+02 1.00930E+00 3.90513E~03 2.10180E+02 1.00880E+00 3.90513E-03
1.55270E+02 1.01000E+00 3.88330E-03 2.10180E+02 1.00950E+00 3.90513E-03
1.55270E+02 1.00790E+00 3.90513E-03

chi = 9.3793 (upper bound = 9.49). The data tests normal.

Output from statistical treatment
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gr2 PC HPU
Number of data points (n) 87
Linear regression, k(X) 1.0054 + ( 1.4797E-05)*X
Confidence on fit (l-gamma) {[input) 95.0%
Confidence on proportion (alpha) [input] 95.0%
Proportion of population falling above
lower tolerance interval (rho) [input) 99.9%
Minimm value of X 85.0300
Maximum value of X 210.1800
Average value of X 191.82517
Average value of k 1.00824
Minimum value of k 0.99480
vVariance of fit, s(k,X)"2 3.5025E-06
within variance, s(w)~*2 1.7752E-05
Pooled variance, s{p}”2 2.1254E-05
Pooled std. deviation, s(p) 4.6103E-03
C{alpha,rho) *s{p) 2.0310B-02
student-t ¢ (n-2,1l-gamma) 1.66558E+00
Confidence band width, W 8.2357E-03
Minimum margin of subcriticality, C*s(p)-W 1.2074E-02

Upper subcritical limits: ( 85.030 <= X <= 210.18 )
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USL Method 1 (Confidence Band with
Adnministrative Margin) USL1 = 0.9418 { 85.030 < X < 210.18 H

USL Method 2 (Single-Sided Uniform
width Closed Interval Approach) USL2 = 0.9797 ( 85.030 < X < 210.18 )

USLs Evaluated Over Range of Parameter X:

EREE CXRNARAEY RERR AEXARE A% FARETRIIESY W R

X: 8.50E+1 1.03E+2 1.21E+2 1.39E+2 1.57BE+2 1.74E+2 1.92E+2 2.10E+2

USL-1: 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418
USL-2: 0.9797 0.9797 0.9797 0.9797 0.9797 0.9797 0.9797 0.9797
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Thus spake USLSTATS
Pinis.



