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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 II covers AOA(3), PuO2 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
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Part II[ covers AOA(5), PuO2 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, 11, and III
of the validation report is responsive to the Staffs 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 Staffs review
of the changes implementing DCS' 13 June 2003 letter (Reference 2), these validation report
revisions do not yet address all of the Staffs 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 Staffs 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,

P Sr. astings, 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 II

(4) MFFF Criticality Validation Report - Revision 1 of Part m
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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. (Ihe 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 kff methodology), and a
request for data.

Ouestion 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-RI 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 ORNLJTM-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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Enclosure 1

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 II 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 ak. 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 Ilm 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 keff 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.

-3 -
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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 238GROUPNDF5.

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 [31, 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 keff 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) PuO2 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(5) is
addressed in the Part HI [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).

1.2 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 238GROUPNDF5 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)

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

* Pu02 powders

* MOX powders

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

This report addresses the first two AOAs:

* Pu-nitrate aqueous solutions (homogeneous systems),

* MOX pellets, fuel rods, and fuel assemblies (heterogeneous systems).

1A 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 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
238GROUPNDF5, based on ENDF/B-V data. These modules perform cross section processing
using the BONAMI and NITAWL-II functional modules, and the calculation of kff 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 MF1F nuclear criticality
analysis process. The first step involves the procurement, installation, and verification of the
criticality software on a specific computer platform. For the MEFF, the SCALE 4.4 and SCALE
4.4a code packages were procured, installed, and verified on the SGN Sun [4] and PC [5]
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:

* Identify general MFFF design applications

* Select applicable benchmark experiments and group them into AOAs

* Model and calculate kff 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. ANSIIANS-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) Pu02 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 SCALE4 Criticality Safety
Software [7J, and the Neutronics Benchmarks for the Utilization of Mixed-Oxide Fuel [81. 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 k1 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.

l 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 ANSI/ANS-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, k5, must be less than or equal to
an established maximum allowed multiplication factor based on benchmark calculations and
uncertainty terms that is:

ks < kc - Ak, - Ak - km (Eq. 3.1)

where:
ks = the calculated allowable maximum multiplication factor, (kgff) of the design

application (system)
k, = the mean keff value resulting from the calculation of benchmark critical

experiments using a specific calculation method and data
Aks = the uncertainty in the value of ks
Ak, = the uncertainty in the value of kc
Ak. = the administrative margin to ensure subcriticality.

Sources of uncertainty that determine Aks include:

* statistical and/or convergence uncertainties

* material and fabrication tolerances

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

Sources of uncertainty that determine Akl include:
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* 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 (13) 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. 13 is related to k. as
follows:

k3= Ic-1 (Eq. 3.2)

AP = Ak (Eq. 3.3)

Using this definition of bias, the condition for subcriticality in Eq. 3.1 is rewritten as:

ks+Aks <1-Akm+m AP (Eq. 3.4)

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

k, + Aks < USL (Eq. 3.5)

The USL can be written as:

USL = -Ak, + 13 - AD (Eq. 3.6)

Bias is negative if k, < 1 and positive if kv > 1. For conservatism, a positive bias is set equal to
zero for the purpose of defining the USL. Ad 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.

13 is related to system parameters and may not be constant over the range of a parameter of
interest. If kw values for benchmark experiments vary as a function of a system parameter, such
as enrichment or degree of moderation, then 13 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 AD3 and 13 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 (vm/vf),
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 keff (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 keff
for a similar critical system can be considered subcritical with a high degree of confidence.

NUtREG/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 ADMINSTRATIVE MARGIN

This method applies a statistical calculation of the bias (0) and its uncertainty (AOt) plus an
administrative safety margin (Aki) 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 P. W is defined
for a confidence level of (1-yi) using the relationship:

W = max{w(x)jxuwx}. (Eq. 3.7)

where

w(x) = t, S [I + ] + (Eq. 3.8)
n F(i -n

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

ti-Y, = the Student - t distribution for 1- ryand 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(x),,,J), where xi,, 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 Sp = A, where Sp is given

as:

S2 S2x) + SW (Eq. 3.9)

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

2 _ ~~~ _____Xi_ ki___ E__

SktX) (k2) (i (Eq. 3.10)

and S2 is the within-variance of the data:

s2 =_cd (Eq. 3.11)
n

where ai is the standard deviation associated with ki 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, Aki is given an arbitrary administrative value. NUREG-1718 [3] states that a
"minimum subcritical margin (Akm) 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:

USLI(x) = 1.0 - Akm - W + 5(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, Akm 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
a and is typically in the range of 0.90 to 0.999.

The USL Method 2 is defined as:

USL2(x) = 1.0 - (Cp * sp) + Wx) (Eq. 3.13)

where sp is the pooled variance of kc described earlier. The term Cap - sp provides a band for
which there is a probability P with a confidence a that an additional calculation of kff for a
critical system will lie within the band. For example, a C9s59. 5 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. CaP is calculated according to the
following equations:

g =1 (a- x)2 (Eq. 3.14)

n ,(Xi _ XE)

h = + (b _1)2 (Eq. 3.15)

I 1 (a -X)(

p =- -T 1 +(a-x)(b-x| (Eq. 3.16)

h
(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:

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,

Cap? = Cub + ZP Hin (Eq. 3.20)

where

ZP = the Student t statistic depending on n and P
je = the chi square distribution, a function of n-2 and tz

This approach provides a statistically based subcritical margin, Aki which can be determined as
the difference (Cwp-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 x2 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. kff value - Uncertainty for smallest kff - Nonparametric margin - AkX
(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 #that a fraction q of the population is greater than the lowest observed
value is established for a given sample size n according to

f =1- q (Eq. 3.22)

For a desired population fraction of 95%, this becomes

,6=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 keff associated with experimental
unknowns or assumptions and to the uncertainty values associated with Monte Carlo analyses.

Experimental uncertainty (cOn) - 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 (ah) - 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, as 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 kff on a benchmark
experiment. The total uncertainty for an individual benchmark is the combined error of the
experimental and statistical uncertainties:

0,r = r.2 2£.Ji ai. (Eq. 3.24)

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

3.6 NORMALIZING KEFF

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 keff = 1.0. For
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these cases, the calculated kff 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 keff. To normalize kff, the following formula applies:

kdf (normalized) = keff (calculated) / kff (experimental) (Eq. 3.25)

The normalized kff values are to be used in the determination of the USL. Since only small
adjustments to the calculated kff value are made as a result of normalization, no adjustment to
the total uncertainty, ai, 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 kff 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 keff 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:

* Moderator to fuel atomic ratio (H/Pu)

* Energy of Average Lethargy Causing Fission (EALF)

* Moderator to Fuel Volume Ratio (vmlvf)

* 240Pu and PuO2 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, vi/vf, 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, Akm, 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 MIFFF
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Table 3-2 Characteristics of the MFFF Application Areas*

Parameter ~~~~~MOX pellets, NO0 2 MMX Aqueous
Parameter su-nitron fuelrods, powder/water powder/water soluins of

solution FAs mixtures mixtures P
compounds

Fissile Material MOX green and
Physical/Chenilcal Pu-nitrate sintered pellets, U2pwe O odr()P-xlt

Form MOX Rods and powder (b) Pu2F2

Isotopic composition 96% 239Pu 96% 239Pu 96% 29pu 96% 239Pu 96% 239Pu
of fissile material 4% 240Pu4% 24OP

depleted U depleted U

Pu/(U+Pu) 100% < 6.3 % 100% 6.3% -22% 100%

Maximum oxide - 7.0,11.0 3.5,7.0,11.46 4.1,5.5 -

density [g/cm3 _

Pu concentration 125 237 (a) 242
[galiter] (b) 696

Type of moderation Homogeneous Heterogeneous Homogeneous Homogeneous Homogeneous

Optimum H/Pu=100-200 vm/vf= 1.9 - 9 MN= 0.3 - 6 H/Pu=1.6 - 291 (a) H/Pu=100
moderation and 700 -1900 (b) H/Pu=30

Low density
moderation - < 5 < 5 < 5

[wt.% H201

Water
Water Water

Anticipated Cd/water Water Cd/water
absorber/reflector Concrete Borated Water

materials Borated concrete Concrete
Borated concrete
concrete

Annular Cyidr Annular

Typical cylinders Cylers 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
Green Pellets (i.e., unsintered pellets) < 5; sintered pellets < I
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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

* MOX pellets, fuel rods, and fuel assemblies (FA)

* PU02 powders

* 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 (vm/vf), 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 Pul Pu Isotopic o C(Pu) EALF
Configuration Conditions Form (U+Pu) Composition WE]i [eV]

AP: Purification

Mixer-settler tank Slab with Cd/water P 3u 100 237 0.20
reflector P (NO3)3 100% 4%

Active gallery Array of interacting (NO3)3 100% 4% 240Pu 150 164 0.14
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _c y lin d e rs_ _ _ _ _ _ _ _ _ _

Pulsed columns Cylinder with water Pu(N0 3)3 100% 4% 24OPu 150 194 0.14
reflector

Tanks in cell Annular cylinder with
concrete reflector

Slab with Cd/water Pu(NO3)3 100% 4% 24OPu 200 125 0.18
reflector

AP: Oxalic Precipit tion Oxidation
Tanks in cell Annular cylinder with PU(N3)3 100% 4% 24OPu 200 125 0.18

concrete reflector

Dosing wheels Rectangular solid with U(N0 3)3 100% 4% 24OPu 150 164 0.25
steel water reflector

Expected Range of Various (N 3 10% 4 o 100- 125 - 0.14-
Design Application configurations ________ _____200 237 0.25
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Table 4-2 Anticipated Characteristics for the Design Application Involving MOX Pellets, Fuel
Rods, Fuel Assemblies

Fuel I Reflector I Chemical I Pu/(U+Pu) I Pu Isotopic I .,,u, Ir EALF

I

I

l

2 Boron shields are actually employed, but 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:

* 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.

* Neutron interaction between bare cylinders arranged in an array.

* 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-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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5.2 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 (vm/vf).

The ID numbers of the selected benchmarks are listed below:

MICOMP_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 5-4.
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 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.

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 54) have been
updated accordingly.
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Table 5-1 Critical Experiments Selected for AOA(1)

Case ID EALF Reflector/ l"pD
From [61 ___ [eV] Geometrlc form Wt % Description

PU-SOL-THERM-001 87-353 0.09-0.35 Water reflected sphere 4.67 11.5" diameter sphere
PU-SOL-TIERM-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 1.76, 13" diameter sphere
00453 e050.07 Waterreflctedpher 3.12 14"diametersphere

PU-SOL-THERM-004 573-982 0.05-0.07 Water reflected sphere 0.54 to 14" diameter sphere
_ _ _ _ _ _ _ _ _ _ _ _ _ ~~~~~3.4 3

PU-SOL-THERM-005 557-866 0.06-0.07 Water reflected sphere 4.05, 14" diameter sphere
_ _ _ _ _ _ _ _ _ _ _ ~ ~~~ ~~4.4 0 _ _ _ _ _ _ _

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 85467 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 4.2 Bare 16" and 18" diameter

PU-SOL-THERM-014 210 0.17 Unreflected array of 4.23 Interacting cylinders in aircylinders (1 15.IgPuA1)
PU-SOL-THERM-015 155 024 Unreflected array of 4.23 Interacting cylinders in air

cylinders (152.5gPu/l)
Unreflected array ofInteracting cylinders in air

PU-SOL-THIERM-016 155-210 0.17-0.24 cylinders 4.23 wIth (152.5 gPuil and 115.1
c ylin d ers _ _ _ _ _ g~~P u /l)

PU-SOL-THERM-017 210 0.17 Unreflected array of 4.23 Interacting cylinders in air
cylinders (115.lgPu/l)

PU-SOL-THERM-020 341-754 0.06-0.11 Water reflected, 4.67 14" diameter sphere
Case____________ 1_ to_ 6 424 0.08 W ater/Cd reflected slhr 4.67 I 14"diam sph er

PU-SOL-THERM-025 424 0.08 Water-reflected slab 4.67 Isolated slab tank in water
Case I to 6 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _(58 g~ /)

PU-SOL-THERM- 45430296nefetd lb .7 Isolated slab tank in air
Case I to 3 4 13 1 mel edslb4.7 (57.3 and 57.7 gPu/l)__
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Table 5-2 AOA (1) - Comparison of Key Parameters and Definition of Validated AOA

Parameter Design application Benchmark Validated AOA(cf. Table 4-1) (cf. Table 5-1) Vaite A A

Cylinder Sphere Cylinder

Geometric shape Slab Slab Slab
Annular cylinder Array of cylinders Annular cylinder
Array of cylinders Array of cylinders

Full water Full water Full waterReflector Cd/water Cd/water Cd'/water

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. % 241pU]

H/PU 100-200 85-1157 100-200

C(Pu) [g/l] 125-237 22-269 125-237

EALF [eV] 0.14-0.253 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

fissile material thickness.
J 2 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/cmn)

Number densities
Elements [1024 at/Cm 3

]

lOB 1.59E-03

"B 7.04E-03

Ca 4.65E-03

Fe 5.01E-04

Si 1.66E-04

H 2.17E-02

Al 1.96E-03
0 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)

Case No. EALF Reflector/ PuO2 Wft
[6]V [eVI geometric wL % wL % Descriptionl

form

MIX-COMP-THERM-002 1.19-3.64 0.14-0.77 Water 2.04 8.0 Rectangular Lattices of Water-
______ ______ __ I __ moderated UO2-PU0 2 Fuel Rods

MIX-COMP-THERM-003 1.7-10.75 0.10-0.91 radial 6.6 8.6 RcaglrLtie fWtr
_ _ _ radial Moderated U0 2-PuO 2 Fuel Rods

MIX-COMP-THERM-004 2.4-5.6 0.08-0.15 Water 3.0 22 Rectangular Lattices of
________ radial- ______ UOr-PuO 2 Fuel Rods in Water

MIX-COMP-THERM-005 1.9-10.1 0.09-0.39 Water 4.0 1 8 Water-Moderated Mixed U02-
PuO2Pins in Hexagonal Lattices

MIX-COMP-THERM-009 1.1-5.6 0.09-0.55 Water 1.5 8.0 Mixed Oxide Fuel Pin Hexagonal
______________009 1.1-5.6 _____5 Water_ 1.5_ 8.0_ Lattice, Depleted Uranium

Table 5-4 AOA (2) - Comparison of Key Parameters and Definition of Validated AOA

Parameter Design application Benchmark
Parameter______ (cf. Table 4-2) (cf. Table 5-3) Validated AOA

Heterogeneous Rectangular lattices Heterogeneous
Geometrical shape lattices, Hexangular lattices,

Rectangular lattices Rectangular lattices

Absorber Water Water Water
Reflector

Chemical form Mixed oxide Mixed oxide Mixed oxide

PuO2/(UO2+PuO2) 6.3 1.5-6.6 6.3

Isotopic
composition 4.0 8-22 4.01
[wvt. % moPu] _ __ _

Vm/Vf 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 conti
are considered within the acceptable values for defining AOA for this parameter.

,nt
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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 238GROUPNDF5 on both the Sun and PC platform. These
experiments include the following geometries:

* Bare (unreflected) spheres,

* Water reflected spheres,

* Concrete reflected spheres,

* Interacting cylinders,

* Water reflected slabs,

* Unreflected slabs,

* Cadmium/concrete reflected spheres,

* Cadmium/water reflected spheres.

The calculated kff values are presented in Attachment IA and lB for the Sun and PC platforms,
respectively. Figure 6-1 shows the distribution of the calculated ker, 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 24OPu content. In all cases, the calculated keff values
are normalized by the handbook experimental keff 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 x2 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 HIPu 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(l), cf. Table 4-1. Figure 6-2 through Figure 6-4
show the results graphically. All positive biases are conservatively set to zero.
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6.1.1 USL with EALF and H/Pu ratio

Figure 6-2 and Figure 6-3 show the keff values calculated on each platform and the values of
USL-l 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 kefy 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) 2 . 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 (Akm =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 SCALE4.4a 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_SQL_THERM_001, 002, 003, 004, 005 and 006
to evaluate the effect of the 24OPu ratio on the calculational bias. The 240Pu 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 240Pu effect to the greatest extent:

* Plutonium nitrate solution,

* 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 ANSIIANS-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 6-4 shows the calculated k.ff values and the parameters for the determination of USL-1
and USL-2 based on trending with 24OPu content. This figure shows that the bias (kf -1.0) is
positive and remains constant with an increase in 24Pu 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 USL1 with a 0.05 administrative margin is
0.9402(a)/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 (Akm=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.

6.1.4 Non-parametric analysis

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

/1 =1 - 0.95'9' = 99.994%

Hence, according to Table 3-1, no additional non-parametric margin is required. The smallest
computed kff 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 kff 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 kcff values are
presented in Attachment 2.

Figure 6-5 shows the distribution of the calculated kff-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: vm/vf, EALF and Pu02 content. In all cases, the
calculated keff 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 vi/vf
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 6-6
through Figure 6-8 show the results graphically.

6.2.1 USL with EALF and v/Iv Ratio

Figure 6-6 and Figure 6-7 show the calculated kff and the values of USL-1 and USL-2, versus
the trending parameters EALF and vy/vf, 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 vi/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 (AkmO0.05) applied in the USL-1 analysis is
adequate for the AOA(2) application provided the EALF and vm/vf 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 Pu0 2 content in MOX

The 36 experiments are also analyzed as a function of the PuO2/(UO2+PuO2) ratio to evaluate the
effect of PuO2 content on the calculational bias. These 36 experiments cover a range from
1.5 wt. % to 6.6 wt. % in PuO2/(UO 2+PuO2). Figure 6-8 shows the calculated kff values and the
USL parameters for the determination of USL-1 and USL-2 based on trending with PuO2
content.

Table 6-3 and Table 64 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.

6.2A 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 kff values is to
be used for the determination of USE" 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 keff 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 Akeff (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 nornalized kff values for AOA(1) on Sun (a) and PC (b) platfors
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Figure 6-3 AOA(1) - Pu-nitrate solution; kff as function of HPu
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Figure 6-5 Histogram of normalized keff values for AOA(2) on Sun (a) and PC (b) platforms
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Figure 6-6 AOA(2) - MOX pellets, fuel rods and fuel assemblies: k.ff as function of EALF
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Table 6-1 Summary of USL Calculations for SCALE 4.4 on Sun Platform: AOA(1)

Correlated No. Range of K(x) Linear Regression Average Min USL= Min Mi n dk
Parameter (x) Exp. x k()LnaRersin K~ (Ak.~ =005 US (USL 2)

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 85 to 1.0096 + (1.7495E-07)*x 1.0096 0.9376 0.9607 0.027
1157

240pu 46 0.54 to 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. Range of k(x) Linear Regression Average Min USL 1 Min Mini M
Parameter (x) Exp. x ~ x ierRgeso k. (Ak.A =005 LSL2 (UL2

EALF 191 0.05 to 1.0114 + (-1.5297E-02)*x 1.0095 0.9372 0.9585 0.029
(eV) 0.55

H/Pu 191 85 to 1.0091 + (8.1036E-07)*x 1.0095 0.9377 0.9610 0.027
1157

24Opu 46 0.54 to 1.0048 + (9.2819E-04)*x 1.0078 0.9408 0.9760 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 k(x) Linear Regression Average Min USL1 Min Min Ak.
Parameter (x ~x)ELiearRegesson k. (,&km =0.05) USL (USL2)

EALF 36 0.08 to 1.0005 + (-8.4182E-03)*x 0.9984 0.9321 0.9640 0.018
(eV) 0.91

v-/vf 36 1.1 to 0.9939 + ( 1.2243E-03)*x 0.9984 0.9351 0.9681 0.017
10.75

PuO2(UO2+PuO2) 36 1.5 to 6.6 0.9985 + (-2.3845E-05)*x 0.9984 0.9378 0.9701 0.018
(wt. %) I I

Table 6-4 Summary of USL Calculations for SCALE 4.4a on PC platform: AOA(2).

Correlated No. Range of L Average Min USLI Min Min AkI
Parameter (x) Exps. x .Linear Regression k, (Akn. =0.05) USLz (USL2I

EALF 36 0.08 to 1.0007 + (-8.7123E-03)*x 0.9985 0.9327 0.9659 0.017
(eV) 0.90_

v-/Vf 36 1.1 to 0.9941 + ( 1.1733E-03)*x 0.9985 0.9359 0.9700 0.016
10.75

Pu0 2/(UO2+Pu0 2) 36 1.5 to 6.6 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 238GROUPDF5 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

* 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 kff + 2a - 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 kff 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 krff 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 NCSEslcriticality 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 1201 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
ANSIIANS-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. NUJREG/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 basis5.

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: a, 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 a that an
additional calculation of kff for a critical system will lie within the band. For example, a
calculation with a=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 klff above the USL
(which is conservative). This level of statistical treatment is consistent with the statistics usually
employed in the inclusion of 2a in the treatment of Monte Carlo criticality calculations. It is also

5 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 a=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 key 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 a=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 MFfFF.

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
for 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 keff 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) 239Pu b) 0.02
material storage
c) Mark 42 tube c) 239 N c) 0.05
dissolution
d) Ion exchange columns d) 23 9 PU 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 233U;some

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

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~V alue

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 MEFF design
applications within AOA(1). The list below provides the reasoning for inclusion or exclusion of
each candidate experiment.

PU-SOL-THERM-001: All cases are selected.

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:

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-SO-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
kf-values are not in good agreement with the experimental keff
(higher values) and the experiments do not add new relevant
information (spherical geometry, 24Pu ratio = 2.5 % 240Pu).

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

All cases are selected.

This benchmark is not selected because the 24OPu ratio is not in
range (24'Pu ratio = 19%).

This benchmark is not selected because the experiments do not add
additional relevant information (Interacting cylinders, 240Pu ratio =
4.23 %)

All cases are selected.

All cases are selected.

All cases are selected.

PU-SOL-TIIERM-017: All cases are selected.
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PU-SOL-THERM-020:

PU-SOL-THIERM-021:.

PU-SOL-THIERM-022:

PU-SOL-THBERM-023:

PU-SOL-THIERM-024:

PU-SOL-THERM-025:

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, 24OPu
ratio = 4.57 % 24OPu).

This benchmark is not selected because the 24OPu ratio is not in
range (140Pu 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 24UPu ratio is not in
range (24OPu ratio = 18.4% to 23.2%).

Casesl to 6 are selected (240Pu = 4.67%).

Cases 1 to 3 are selected (240Pu = 4.6%).PU-SOL-THLERM-026:
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ATTACHMENT NUMBER IA

AOA(1) CRITICALITY RESULTS ON SUN PLATFORM
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(Sun calculation results)

Experiment H|Pu | Exp. | 238GROUP | EALF GEN NPG NSK

____ __ I____ I __1_ [w t.% J uncertainty ___

PU-SOIL-THERM-001
Case 1 73.00 352.91 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 1.1lE-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 4 132.00 180.97 4.67 1.0000 0.005 1.0049 0.0011 1.51E-01 600 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-TIIERM-002

Case 1 50.32 507.98 3.12 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-02 600 1500 19
Case 3 56.48 437.28 3.12 1.0000 0.0047 1.0073 0.0011 7.78E-02 600 1500 1 1
Case 4 60.14 407.45 3.12 1.0000 0.0047 1.0097 0.0011 8.15E-02 600 1500 14
Case 5 63.96 380.57 3.12 1.0000 0.0047 1.0127 0.0010 8.51E-02 600 1500 16
Case 6 70.22 333.54 3.12 1.0000 0.0047 1.0086 0.0011 9.29E-02 600 1500 85
Case 7 77.22 299.26 3.12 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 5.84E-02 600 1500 12
Case 2 34.70 742.71 1.76 1.0000 0.0047 1.0070 0.0010 5.96E-02 600 1500 75
Case 3 38.05 677.17 3.12 1.0000 0.0047 1.0095 0.0009 6.18E-02 600 1500 25
Case 4 38.83 660.55 3.12 1.0000 0.0047 1.0092 0.0010 6.27E-02 600 1500 17
Case 5 40.90 607.17 3.12 1.0000 0.0047 1.0110 0.0010 6.54E-02 600 1500 22
Case 6 44.38 545.33 3.12 1.0000 |0.047 1.0103 0.0012 6.94E-02 600 1500 12
Case 7 36.27 714.83 3.12 1.0000 0.0047 1.0113 0.0011 5.91E42 600 1500 11
Case 8 37.11 692.12 3.12 1.0000 0.0047 1.0086 0.0010 6.01E42 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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(Sun calculation results)

ExprimntC(Pu) I * Pu I Exp. LCSAS261 1 1 NS

Experiment | C[l H/Pul | E P' r | uncertaint y 238GROUP a ° EALF GEN | NPG NSK

PU-SOI.,THERM-004

Case 1 26.51 981.67 0.54 1.0000 0.0047 1.0090 0.0015 5.34E-02 610 800 46
Case 2 26.50 971.63 0.54 1.0000 0.0047 1.0019 0.0013 5.37E-02 610 800 25
Case 3 27.65 929.60 0.54 1.0000 0.0047 1.0073 0.0015 5.48E-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 5 27.94 925.52 1.76 1.0000 0.0047 1.0025 0.0013 5.46E-02 610 800 31
Case 6 28.78 898.58 3.12 1.0000 0.0047 1.0044 0.0015 5.49E-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 30.33 841.98 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 39.62 573.34 3.12 1.0000 0.0047 1.0059 0.0013 6.85E-02 610 800 13
Case 12 29.74 865.01 3.12 1.0000 0.0047 1.0070 0.0014 5.S9E-02 610 800 19
Case 13 29.63 872.21 3.43 1.0000 0.0047 1.0056 0.0012 5.56E-02 610 800 18

PU-SOL-THERM-005

Case 1 29.94 866.36 4.05 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 33.94 734.37 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 30.92 830.64 4.40 1.0000 0.0047 1.0037 0.0013 5.66E-02 610 800 19
Case 9 32.41 788.95 4.40 1.0000 0.0047 1.0044 0.0013 5.80E-02 610 800 _1

PU-SOL-TIIERM-006

Case 1 25.06 | 1028.16 3.12 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 1 8
Case 3 27.05 910.90 3.12 | 1.0000 0.0035 1.0081 0.0008 | 5.52E-02 1500 1000 25
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(Sun calculation results)

P[1 I|P I %1 T ExP kf I Un}ExtaI CSAS26I | I EALF I GEN 1 NPG I NSK
Experiment HPEx.ISS238GROUP PGNSI91 [iv % certant k EL GE

PU-SOL-TIIERM-008
Case I 35.5 683.88 4.67 1.0000 0.0033 1.0140 0.0010 6.48E-02 810 800 13
Case 2 45.2 495.93 4.67 1.0000 0.0040 1.0151 0.0012 7.85E-02 810 800 10
Case 3 46A. 488.55 4.67 1.0000 0.0040 1.0233 0.0010 7.94E-02 810 800 20
Case 4 46.9 486.15 4.67 1.0000 0.0040 1.0248 0.0011 8.02E-02 810 800 16
Case S 32.8 782.40 4.67 1.0000 0.0028 1.0268 0.0012 6.03E-02 810 800 85
Case 7 29.6 867.10 4.67 1.0000 0.0028 1.0232 0.0012 5.71E-02 810 800 86
Case 8 50.9 454.50 4.67 1.0000 0.0040 1.0007 0.0012 8.73E-02 810 800 15
Case 9 232 85.03 4.67 1.0000 0.0061 1.0060 0.0012 5.51E-01 810 800 28

Case 10 43A 521.45 4.67 1.0000 0.0037 1.0320 0.0011 7.52E-02 810 800 48
Case 11 36.6 650.83 4.67 1.0000 0.0031 1.0268 0.0011 6.62E-02 810 800 16
Case 12 67.9 344.02 4.67 1.0000 0.0041 1.0226 0.0013 9.94E-02 810 800 31
Case 13 50.4 499.92 4.67 1.0000 O.O41 1.0281 0.0013 7.68E-02 810 800 13
Case 14 75.0 328.02 4.67 1.0000 0.0042 1.0067 0.0013 1.08E-01 810 800 65
Case 15 46.4 538.18 4.67 1.0000 0.0041 1.0167 0.0012 7.46E-02 810 800 25
Case 16 36.5 673.07 4.67 1.0000 0.0033 1.0198 0.0013 6.53E-02 810 800 22
Case 17 46.4 488.55 4.67 1.0000 0.0040 1 .0177 0.0011 7.95E-02 810 800 67
Case 18 46.9 486.15 4.67 1.0000 0.0040 1.0248 0.0012 8.01E-02 810 800 35
Case 19 32.9 776.81 4.67 1.0000 0.0028 1.0228 0.0012 6.05E-02 810 800 23
Case 20 30.0 856.60 4.67 1.0000 0.0028 1.0204 0.0011 5.74E-02 810 800 10
Case 21 50.9 462.99 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 44.8 496.98 4.67 1.0000 0.0037 1.0241 0.0011 7.73E-02 810 800 62
Case 24 36.8 639.34 4.67 1.0000 0.0031 1.0183 0.0012 6.68E-02 810 800 21
Case 25 67.8 344.02 4.67 1.0000 0.0042 1.0210 0.0011 9.96E-02 810 800 10
Case 26 52.1 474.90 4.67 1.0000 0.0041 1.0194 0.0014 7.93E-02 810 800 29
Case 27 106 232.01 4.67 1.0000 0.0042 1.0128 0.0014 1.47E-01 810 800 15
Case 28 81.7 301.12 4.67 1.0000 0.0042 1.0071 0.0014 1.16E-01 810 800 57
Case 29 52A 475.39 4.67 1.0000 0.0041 1.0213 0.0014 8.03E-02 810 800 141
Case 30 47.0 531.21 4.67 1.0000 0.0041 1.0172 0.0013 7.50E-02 810 800 46

PU-SOL-TEIERM-011
Case 1-16 35.0 733.00 4.17 1.0000 0.0052 1.0138 0.0013 0.0636 1003 1000 16
Case 1-18 22.4 1157.29 4.20 1.0000 0.0052 0.9993 0.0010 0.0520 1003 1000 76

Case 2-16 36.2 705.45 4.17 1.0000 0.0052 1.0201 0.0010 0.0647 1003 1000 9

Case 2-18 23.3 1103.19 4.20 1.0000 0.0052 1.0051 0.0009 0.0529 1003 1000 14
Case 3-16 38.1 662.77 4.17 1.0000 0.0052 1.0215 0.0010 0.0670 1003 1000 74
Case 3-18 23.1 1109.78 4.20 1.0000 0.0052 1.0007 0.0010 0.0529 1003 1000 69
Case 4-16 38.2 653.42 4.17 1.0000 0.0052 1.0157 0.0009 0.0678 1003 1000 36
Case 4-18 23.8 1053.74 4.20 1.0000 0.0052 0.9990 0.0009 0.0541 1003 1000 6

Case 5-16 43A 550.66 4.17 1.0000 0.0052 1.0098 0.0010 0.0755 1003 1000 18

Case 5-18 25.2 995.41 4.20 1.0000 0.0052 1.0089 0.0010 0.0556 1003 1000 61
Case 6-18 27.5 870.37 4.20 1.0000 0.0052 1.0056 0.0009 0.0593 1003 1000 3
Case 7-18 23.9 1056.43 4.20 1.0000 0.0052 1.0045 0.0009 0.0540 1003 1000 13
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(Sun calculation results)

1 C(Pu) |240PU Exp. I CSAS26 | 1 1 -

Expeimen [gil] EV [wt. %1 Ex.IUnetit 238GROUP' a EALF GEN NP NSE x ~ ~ ~ e r i m e n t , H l~~~~~~~~ u I N P G N SK~~k~ f

PU-SOL-TIIERM-014

Case 1 115.10 210.18 4.23 0.9980 0.0032 1.0070 0.0010 1.68E-01 600 1800 15
Case 2 115.10 210.18 4.23 0.9980 0.0032 1.0059 0.0011 1.67E-01 600 1800 21

Case 3 115.10 210.18 4.23 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 4.23 0.9980 0.0032 1.0079 0.0012 1.68E-01 600 1800 42

Case 8 115.10 210.18 4.23 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 4.23 0.9980 0.0032 1.0083 0.0009 1.66_-01 600 1800 12
Case 13 115.10 210.18 4.23 0.9980 0.0043 1.0078 0.0010 1.69E-01 600 1800 12
Case 14 115.10 210.18 4.23 0.9980 0.0043 1.0068 0.0010 1.68E-01 600 1800 26
Case 15 115.10 210.18 4.23 0.9980 0.0043 1.0061 0.0010 1.67E-01 600 1800 16
Case 16 115.10 210.18 4.23 0.9980 0.0043 1.0062 0.0010 1.66E-01 600 1800 29
Case 17 115.10 210.18 4.23 0.9980 0.0043 1.0067 0.0012 1.67E-01 600 1800 25

Case 18 115.10 210.18 4.23 0.9980 0.0043 1.0082 0.0009 1.68E-01 600 1800
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 4.23 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 4.23 0.9980 0.0043 1.0027 0.0010 1.68E-01 1300 1000 30
Case 32 115.10 210.18 4.23 0.9980 0.0043 1.0048 0.0010 1.68E-01 1300 1000 40
Case 33 115.10 210.18 4.23 0.9980 0.0043 1.0036 0.0011 1.68E-01 1300 1000 23
Case 34 115.10 210.18 4.23 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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(Sun calculation results)

~C(Pu) MP 1 1 xp 1 CSAS26Experiment ] HlPu [wt. %] Exp. kff une 238GROUP o EALF GEN NPG NSK

PU-SOI-THIERM-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 3 152.50 155.27 4.23 0.9980 0.0038 1.0076 0.0010 2.36E-01 600 1800 10
Case 4 152.50 155.27 4.23 0.9980 0.0038 1.0070 0.0012 2.36E-01 600 1800 23
Case 5 152.50 155.27 4.23 0.9980 0.0038 1.0077 0.0010 2.36E-01 600 1800 19
Case 6 152.50 155.27 4.23 0.9980 0.0038 1.0062 0.0011 2.36E-01 600 1800 18
Case 7 152.50 155.27 4.23 0.9971 0.0047 1.0097 0.0010 2.38E-01 600 1800 16
Case 8 152.50 155.27 4.23 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 4.23 0.9971 0.0047 1.0069 0.0011 2.36E-01 600 1800 128
Case 11 152.50 155.27 4.23 0.9971 0.0047 1.0034 0.0012 2.38E-01 600 1800 it
Case 12 152.50 155.27 4.23 0.9971 0.0047 1.0018 0.0011 2.38E-01 600 1800 21
Case 13 152.50 155.27 4.23 0.9971 0.0047 1.0062 0.0010 2.37E-01 600 1800 11
Case 14 152.50 155.27 4.23 0.9971 0.0047 1.0079 0.0011 2.35E-01 600 1800 49
Case 15 152.50 155.27 4.23 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 35
Case 17 152.50 155.27 4.23 0.9971 0.0047 1.0062 0.0013 2.37E-01 600 1800 18

PU-SOL-THERM-016 _

Case 1 152.50 155.27 4.23 0.9980 0.0043 1.0054 0.0011 2.38E-01 1000 1000 11
Case 2 152.50 155.27 4.23 0.9980 0.0043 1.0077 0.0010 2.37E-01 1000 1000 10
Case 3 152.50 155.27 4.23 0.9980 0.0043 1.0073 0.0012 2.36E-01 1000 1000 17
Case 4 152.50 155.27 4.23 0.9980 0.0043 1.0077 0.0011 2.37E-01 1000 1000 75
Case 5 115.10 210.18 4.23 0.9969 0.0038 1.0056 0.0012 1.68E-01 I 1000 1000 23
Case 6 115.10 210.17 4.23 0.9969 0.0038 1.0056 0.0012 1.67E-01 1000 1000 18
Case7 115.10 210.17 4.23 0.9969 0.0038 1.0078 0.0011 1.67E-01 1000 1000 41
Case8 115.10 210.17 4.23 0.9969 0.0038 1.0072 0.0010 1.67E-01 1000 1000 10
Case9 115.10 210.17 4.23 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
i Case 11 115.10 210.17 4.23 0.9963 0.0033 1.0064 0.0012 1.67E01 1000 1000 33
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(Sun calculation results)

Eemt C(Pu) H |24OpU Exp CSAS26
Expeimn WI IPU [wt % Exp. kff unetit 238GROUP a EALF GEN NPG NSK

Experiment1I I~~~~~~~~~~~~~~~~~kf
PU-SOL-TIIERM-017

Case 1 115.10 210.18 4.23 0.9969 0.0038 1.0052 0.0011 1.67E-01 1000 1000 14
Case 2 115.10 210.18 4.23 0.9969 0.0038 1.0063 0.0012 1.67E-01 1000 1000 11

Case 3 115.10 210.18 4.23 0.9969 0.0038 1.0045 0.0012 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 4.23 0.9969 0.0038 1.0058 0.0010 1.67E-01 1000 1000 47

Case 6 115.10 210.18 4.23 0.9969 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

Case 9 115.10 210.18 4.23 0.9969 0.0038 1.0065 0.0011 1.67E-01 1000 1000 13

Case 10 115.10 210.18 4.23 0.9969 0.0038 1.0077 0.0013 1.67E-01 1000 1000 17

Case 101 115.10 210.18 4.23 0.9969 0.0038 1.0045 0.0010 1.67E-01 1000 1000 11

Case 12 115.10 210.18 4.23 0.9969 0.0038 1.0064 0.0011 1.67E-01 1000 1000 22

Case 13 115.10 210.18 4.23 0.9969 0.0038 1.0052 0.0011 1.67E-01 1000 1000 35

Case 14 115.10 210.18 4.23 0.9969 0.0038 1.0087 0.0012 1.67E-01 1000 1000 17

Case 15 115.10 210.18 4.23 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 1.67E1 1000 1000 20

Case 17 115.10 210.18 4.23 0.9969 0.0038 1.0037 0.0011 1.67E-01 1000 1000 34

Case 18 115.10 210.18 4.23 0.9969 0.0038 1.0053 0.0011 1.67E-01 1000 1000 104

PU-SO L4-TUERM-020__ _ __ __ _ _ _ _ _ _

Case 1 392.0 603.57 4.67 1.0000 0.0059 1.0088 0.0012 6.57E-02 610 800 15

Case 2 38.40 621.12 4.67 1.0000 0.0059 1.0113 0.0015 6.47E-02 610 800 13

Case 3 33.50 747.18 4.67 1.0000 0.0059 1.0059 0.0012 5.89E-02 610 800 10

Casei 47.90 462.51 4.67 1.0000 0.0059 1.0060 0.0014 7.633E-02 610 800 T 1
Case 6 49.50 451.85 4.67 1 .0000 0.0059 1.0063 0.0013 7.93E-02 610 800 15
Case 7 34.40 723.85 4.67 1.0000 0.0059 1.CO21 0.0013 6.049E2 610 800 12

Case 8 69.40 342.96 4.67 1.0000 0.0059 1.0096 0.0014 1.06E-01 610 800 76

Case 9 46.90 540.11 4.67 1.0000 0.0059 1.0024 0.0013 7.58E-02 610 800 12

Case 10 38.60 617.24 4.67 1.0000 0.0059 1.0100 0.0015 6.48E-02 610 800 10

Case 11 33.20 753.99 4.67 1.0000 0.0059 1.0078 0.00142 5.85E-02 610 800 10

Case 12 47.50 465.80 4.67 1.0000 0.0059 1.0065 0.0014 7.59E.02 610 800 55

Case 13 49.50 451.85 4.67 1.0000 0.0059 1.0055 0.0013 7.92E-02 610 800 29

Case 14 46.90 540.11 4.67 1.0000 0.0059 1.0005 0.0014 7.60E-02 610 800 11

Case 15 69.00 341.17 4.67 1.0000 0.0059 1.0004 0.0015 1.07E-01 610 800 11
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(Sun calculation results)

C(Pu) 24 op.U Ex CSAS26 I
Experiment HW /IPu | %] Exp. kff uncertainty 238GROUP ya EALF GEN |NPGNSK

PU-SOL,-TH]ERM 025

Case 1 58 424.34 4.671 1.0000 0.0039 1.0150 0.0004 7.87E402 1503 1000 107

Case 2 58 424.34 4.671 1.0000 0.0039 1.0155 0.0004 7.88E-02 1503 1000 11

Case 3 58 424.34 4.671 1.0030 0.0039 1.0160 0.0004 7.91E-02 1503 1000 40

Case 4 58 424.34 4.671 1.0000 0.0039 1.0161 0.0005 7.97E-02 1503 1000 21
Case 5 58 424.34 4.671 1.0000 0.0039 1.0121 0.0004 8.02E-O2 1503 1000 39
Case 6 58 424.34 4.671 1.0000 0.0039 1.0097 0.0004 8.05E-02 1503 1000 75

PUSOL-T__ERM-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.OX0 0.0052 0.9974 0.0005 8.89E-02 j 1503 1000 123
Case 3 57.7 425.27 4.67 1.0000 0.0051 0.9968 0.0004 8.90E-02 1503 1000 | 50
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ATTACHMENT NUMBER 1B

AOA(1) CRITICALITY RESULTS ON PC PLATFORM
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(PC calculation results)

PU-SOL-TIIERM-001

Case 1 73.00 352.91 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 T.lIE-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 4 132.00 180.97 4.67 1.0000 0.005 1.0059 0.0008 1.511E-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 7.29E42 1503 1000 26
Case 3 56.48 437.28 3.12 1.0000 0.0047 1.0083 0.0007 7.79E-02 1503 1000 17

Case 4 60.14 407.45 3.12 1.0000 0.0047 1.0100 0.0009 8.14E-02 1503 1000 6

Case 5 63.96 380.57 3.12 1.0000 0.0047 1.0115 0.0008 8.51E-02 1503 1000 39

Case 6 70.22 333.54 3.12 1.0000 0Q0047 1.0082 0.0008 9.29E-02 1503 1000 25

Case 7 77.22 299.26 3.12 1.0000 0.0047 1.0103 0.0008 1.00E-01 1503 1000 10

PU-SOL,-TEERM-003

Case 1 33.62 774.15 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 3.12 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 40.90 607.17 3.12 | 1.0000 0.0047 1.0100 0.0008 6.54E-02 1503 1000 14

Case 6 44.38 545.33 3.12 1.0000 0.0047 1.0099 0.0009 6.94E-02 1503 1000 44

Case?7 36.27 714.83 3.12 1.0000 0.0047 1.0106 0.0008 5.92E-02 1503 1000 7

Case 8 37.11 692.12 3.12 1.0000 0.0047 1.0100 0.0007 T6.01E-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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(PC calculation results)

ExpermentC(Pu) J I Exp. CSAS26 fEALF11
Expen[ment | gi| H'Pu | %] |Exp. kf| uneIrtaint y 238GROUP | j_[eV] GEN NPG NSK

PU-SOLeTIIERM-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 27.94 925.52 1.76 1.0000 0.0047 1.0045 0.0007 5.45E-02 1503 1000 24
Case 6 28.78 898.58 3.12 1.0000 0.0047 1.0065 0.0008 5.49E-02 1503 1000 14
Case 7 29.88 864.01 3.12 1.0000 0.0047 1.0108 0.0008 5.58E-02 1503 1000 47
Case 8 30.33 841.98 3.12 1.0000 0.0047 1.0070 0.0007 5.65E-02 1503 1000 21
Case 9 31.79 780.21 3.12 1.0000 0.0047 1.0046 0.0007 5.86E-02 1503 1000 4
Case 10 35.68 667.98 3.12 1.0000 0.0047 1.0066 0.0008 6.32E-02 1503 1000 8
Case 11 39.62 573.34 3.12 1.0000 0.0047 1.0040 0.0007 6.86E-02 1503 1000 3
Case 12 29.74 865.01 3.12 1.0000 0.0047 1.0077 0.0007 5.59E4.02 1503 1000 10
Case 13 29.63 872.21 3.43 1.0000 0.0047 1.0059 0.0007 5.56E-02 1503 1000 3

PU-SOL-TiERM-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 33.94 734.37 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 38.72 607.89 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 1503 1000 18
Case 9 32.41 788.95 4.40 1.0000 0.0047 1.0070 0.0007 5.79E4-2 1503 1000 38

PU-SOL-TflERM-006 _

Case 1 25.06 1028.16 3.12 1.0000 0.0035 1.0050 0.0008 |5.25E-02 1503 1000 10]
Case 2 25.83 986.18 3.12 1.0000 0.0035 | 1.0062 0.0007 5.33E-02 1503 1000 30
Case 3 [ 27.05 910.90 3.12 1.0000 0.0035 1.0063 0.0007 5.52E-02 1503 1000 3
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(PC calculation results)

C(pu) I UP [2ft]I Ex.kIExpnt I 2CSAS26 I AL
Experiment S""rIX~f iit 3GROUP cr [EAL GEN NPGNSKf 94 [gWL % netaf 1 eV I J IP

PmiSfnITIIERM.O-m

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 46A 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 43.4 521.45 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 46A 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 32.9 776.81 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 100 10
Case 23 44.8 496.98 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 52A 475.39 4.67 1.0000 0.0041 1.0208 0.0009 8.03E-02 1503 1000 6
Case 30 47.0 531.21 4.67 1.0000 0.0041 1.0180 0.0008 7.50E-02 1503 1000 3

PU-SOI-TEERM- 011

Case 1-16 35.0 733.00 4.17 1.0000 0.0052 1.0155 0.0008 6.34E-02 1503 1000 21
Case 1-18 22.4 1157.29 4.2 1.0000 0.0052 0.9998 0.0007 5.20E-02 1503 1000 12
Case 2-16 36.2 705.45 4.17 1.0000 0.0052 1.0209 0.0008 6.47E402 1503 1000 49
Case 2-18 23.3 1103.19 4.2 1.0000 0.0052 1.0055 0.0008 5.30E-02 1503 1000 102
Case 3-16 38.1 662.77 4.17 1L.00O 0.0052 1.0207 0.0008 6.72E-02 1503 1000 13

Case 3-18 23.1 1109.78 4.2 1.0000 0.0052 1.0023 0.0007 5.29E-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 23.8 1053.74 4.2 1.0000 0.0052 0.9994 0.0008 5AIE-02 1503 1000 5
Case 5-16 43A. 550.66 4.17 1.0000 0.0052 1.0102 0.0008 7.54E-02 1503 1000 11
Case 5-18 25.2 995.41 4.2 1.0000 0.0052 1.0105 0.0008 5.56E-02 1503 1000 36
Case 6-18 27.5 870.37 4.2 1.0000 0.0052 1.0064 0.0008 5.93EI02 1503 1000 3
Case 7-18 23.9 1056.43 4.2 1.0000 0.0052 1.0063 0.0008 5.40E-2 1503 1000 32
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(PC calculation results)

Experiment IC(u) HAN IALF [ [wt. %]| Exp.kr uncertainty | 238GROUP | [eV] GEN NPG NSK

PU-SOL-TIHERM-014

Case 1 115.10 210.18 4.23 0.9980 0.0032 1.0071 0.0008 1.68E-01 1503 1000 31

Case 2 115.10 210.18 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 28
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 1.671-01 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 .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 1.67E-01 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 1.681-01 1503 1000 3
Case 14 115.10 210.18 4.23 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 1.68E-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 4.23 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
Case 24 115.10 210.18 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-01 1503 1000 65
Case 26 115.10 210.18 4.23 0.9980 0.0043 1.0068 0.0009 1.67E-01 1503 1000 20
Case 27 115.10 210.18 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-0l 1503 1000 23

Case 33 115.10 210.18 4.23 0.9980 0.0043 1.0063 0.0008 1.67E-01 1503 1000 10
Case 34 115.10 210.18 4.23 0.9980 0.0043 1.0043 0.0010 1.68E-01 1503 1000 4
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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(PC calculation results)

E e C(g/lJ) |P" Hu J CSAS26J EALF | GEN | NPG INSK

Experiment C(Pu) HIP Ii [wt.%J Exp. kdff u crtainty 238 RO P [eV GE NP I S

PU-SOL-THIERM-015
Case 1 152.50 155.21 4.23 0.9980 0.0038 1.0073 0.0009 2.38E-01 1503 1000 61
Case 2 152.50 155.27 4.23 0.9980 0.0038 1.0080 0.0008 2.37E-01 1503 1000 5
Case 3 152.50 155.27 4.23 0.9980 0.0038 1.0059 0.0009 2.37E-01 1503 1000 3
Case 4 152.50 155.27 4.23 0.9980 0.0038 1.0063 0.0009 2.37E-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 7 152.50 155.27 4.23 0.9971 0.0047 1.0075 0.0009 2.38E-01 1503 1000 71
Case 8 152.50 155.27 4.23 0.9971 0.0047 1.0070 0.0009 2.37E-01 1503 1000 19
Case 9 152.50 155.27 4.23 0.9971 0.0047 1.0068 0.0008 2.37E-01 1503 1000 15

Case 10 152.50 155.27 4.23 0.9971 0.0047 1.0055 0.0009 2.36E-01 1503 1000 6
Case 11 152.50 155.27 4.23 0.9971 0.0047 1.0040 0.0009 2.38E-01 1503 1000 150
Case 12 152.50 155.27 4.23 0.9971 0.0047 1.0036 0.0008 2.38E-01 1503 1000 4
Case 13 152.50 155.27 4.23 0.9971 0.0047 1.0060 0.0009 2.37E-01 1503 1000 6
Case 14 152.50 155.27 4.23 0.9971 0.0047 1.0067 0.0009 2.36E-01 1503 1000 19
Case 15 152.50 155.27 4.23 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 17 152.50 155.27 4.23 0.9971 0.0047 1.0062 0.0009 2.37E-01 1503 1000 4

PU-SOL-TIIERM-016
Case 1 152.50 155.27 4.23 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 4 152.50 155.27 4.23 0.9980 0.0043 1.0068 0.0009 2.36E-01 1503 1000 16
Case 5 115.10 210.18 4.23 0.9969 0.0038 1.0043 0.0009 1.68E-01 1503 1000 11
Case 6 115.10 210.17 4.23 0.9969 0.0038 1.0044 0.0009 1.67E-01 1503 1000 6
Case 7 115.10 210.17 4.23 0.9969 0.0038 1.0070 0.0009 1.67E-01 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 9 115.10 210.17 4.23 0.9963 0.0033 1.0059 0.0009 1.66E-01 1503 1000 34

Case 10 115.10 210.17 4.23 0.9963 0.0033 1.0050 0.10 1.66E-01 1503 1000 6
Case 11 115.10 210.17 4.23 0.9963 0.0033 1.0064 0009 1.67E-01 1503 1000 10
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(PC calculation results)

CI TZON x- CSAS26 EL
Experiment |C(P) | P | ]Pu Exp k4| uncertainty 238GROVP | [eV] GEN NPG NSK

PU-SOL-TIJERM-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 1.67_-01 1503 1000 27

Case4 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 1 15.10 210.18 4.23 0.9969 0.0038 1.0047 0.0009 1.68E-01 1503 1000 20
Case II 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 71
Case 15 1 15.10 210.18 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 1.67EO1 1503 1000 61

PU-SOL-THE1RM.020 ___________

Case 1 39.20 603.57 4.67 1.0000 0.0059 1.0080 0.0008 6.56E-02 1503 1000 21
Case 2 38.40 621.12 4.67 1.0000 0.0059 1.0104 0.0007 6.47E-02 1503 1000 4
Case 3 33.50 747.18 4.67 1.0000 0.0059 1.0054 0.0008 5.89E-02 1503 1000 15
Case 1 47.90 462.51 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 7.92E-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 69.40 342.96 4.67 1.0000 0.0059 1.0069 0.0009 1.06E-01 1503 1000 52
Case 9 46.90 540.11 4.67 1.0000 0.0059 0.9989 0.0008 7.60E402 1503 1000 40
Case 10 38.60 617.24 4.67 1.0000 0.0059 1.0088 0.0008 6.49E-02 1503 1000 3
Case II 33.20 753.99 4.67 1.0000 0.0059 1.0058 0.0008 5.D7E-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 49.50 451.85 4.67 1.0000 0.0059 1.0087 0.0008 7.92E-02 1503 1000 18

Case 14 46.90 540.11 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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(PC calculation results)

Expeimet IC(Pu) W 1 1 xp 1 CSAS26 EI
Expermnt [|g/ H/Pu [[wt %] | Exp. kr uncer tinty 238GROUP | [eV] GEN | NPG NSK

PU-SOL-TIEERM-025
Case 1 58 424.34 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 1 I

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 8.02E1.02 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-SOI-TIIERM-026

Case I 57.3 430.26 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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ATTACHMENT NUMBER 2

CRITICAL EXPERIMENTS FOR AOA(2)
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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 kff and a used are the
experimental kff and the experimental a. 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 kgff and ay used are the
experimental kff and the experimental a. Hence, the particle effect
bias is not accepted as a model simplification, since the design
application will itself involve MOX particles.

MIX-COMP-THERM-007: This benchmark is not selected because the 24OPu ratio is not in
range (40Pu ratio = 24%).

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

MIX-COMP-THERM-009: All the experiments are selected. The kff and a used are the
experimental kff and the experimental a. 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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ATTACHMENT NUMBER 2A

AOA(2) CRITICALITY RESULTS FOR SUN PLATFORM
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(Sun calculation results)

Pu0 2 Exp CSAS26 EALF GEN NPG NSK
Experiment vmM' content Exp. kffunerait 238GROUP a [eV] GE NP NS

[w t. % ] Ufket lft

MIX-COMP-TIIERM-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
PNL32 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 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-TIIERM_004
Case 1 2.42 3.01 1.0000 0.0046 0.9916 0.0012 1.46E-01 600 700 4
Case 2 2.42 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 2.98 3.01 1.0000 0.0039 0.9952 0.0011 1.19E-01 600 700 30
Case 6 2.98 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-TEIERMO005
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 01.00000 00024 1.0041 0.0012 1.77E-01 700 800 33
Case4 4.53 4.0 1.00000 0.0019 1.0033 0.0014 1.46E-01 700 800 10
CaseS5 7.27 4.0 1.00000 0.0025 1.0052 0.0016 1.08E-01 700 800 67
Case6 10.11 4.0 | 1.00000 0.0027 1.0069 0.0016 9.35E-02 700 800 17

MIX-COMP-THERM _009
Case I 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 2.71 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
Case5 | 5.14 | 1.5 1.00000 0.0038 0.9991 0.0008 9.58E-02 800 800 20
Case6 5.58 | 1.5 1100000 0.0043 1.0004 1 0.0008 9.16E-02 800 800 25
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ATTACHMENT NUMBER 2B

AOA(2) CRITICALITY RESULTS FOR PC PLATFORM
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(PC calculation results)

Pr 02I Exp. ICSAS26f EAIF GN NP SExperinct. vr content b] .E k uncrtaintyo 238GROUPI[eV] | GEN | NPG | NSK

MIX-COMP-TIIERM_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
PNE-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-COMPTHERM_03
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 00057 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 .0007 1.01E01 1503 1000 35

MIX-COMP-TIIERM_004
Case 1 2.42 3.01 1.0000 0.0046 0.9933 0.0006 1.46E-01 1503 1000 32
Case 2 2.42 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 1.0W00 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-TIIRM 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 1 1503 1000 1 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 6 110.11 1 4.0 1 1.00000 0.0027 1.00D65 0.0006 9.29E-02 j1503 _____ 10

MlX-COMP-TlIERM_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.S 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 1.5611-01 1503 1000 113
Case4 3.79 1.5 1.00000 0.0030 0.9978 0.0006 1.17E-01 1503 1000 35
Case5 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 1 1503 1000 1 67
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ATTACHMENT NUMBER 3

OUTPUT LISTING OF USLSTATS V1.0 PROGRAM

FOR PC PLATFORM
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Figure A3-1 AOA(1) - kcff versus EALF as trending parameter - SCALE 4.4a on PC

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AOA(l) PC full set EALF

Proportion of the population
Confidence of fit
Confidence on proportion
Number of observations
Xinitnar value of closed band
maximum value of closed band
Administrative margin

.999

.950

.950
191

0.00
0.00
0.05

independent dependent deviation
variable - x variable - y in y

independent dependent
variable - x variable - y

8.79564E-02
1.10854E-01
1.34839E-01
1.50757E-01
1.59544E-0l
3.46678E-01
7.12128E-02
7.28617E-02
7.78800E-02
8.13967E-02
8.50698E-02
9.29137E-02
1.00322E-01
5.83795E-02
5.95793E-02
6.18997E-02
6.26929E-02
6.54388E-02
6.94428E-02
5.91641E-02
6.01058E-02
5.33828E-02
5.36833E-02
5.47121E-02
5.59714E-02
5.45435E-02
5.48712E-02
5.58159E-02
5.65395E-02
5.85551E-02
6.31817E-02
6.85846E-02
5.58595E-02
5.56140E-02
5.55403E-02
5.65552E-02
5.76214E-02
6.00338E-02
6.29144E-02
6.60208E-02
6.92278E-02
5.66741E-02
5.79244E-02
5.24565E-02
5.33009E-02
5.52206E-02
6.48964E-02
7.83975E-02

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
1.00990E+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
1.01060E300
1.01010E+00
1.01040E300

1.00830E+00
1.00510E+00
1.00700E+00
1.00500E+00
1.00620E+00
1.00630E+00
1.01370E+00
1.01590E+00

5.14198E-03
5.06360E-03
5.06360E-03
5.06360E-03
5.06360E-03
5.063603-03
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

1.67337E-01
1.66955E-01
1.66546E-01
1.68373E-01
1.67903E-01
1.67166E-01
1.66898E-01
1.66630E-01
1.68449E-01
1.67790E-01
1.66997E-01
1.66691E-01
1.66682E-01
1.66969E-01
1.68612E-01
1.67699E-01
1.67331E-01
1.66818E-01
1.66664E-01
1.66641E-01
1.68215E-01
1.68357E-01
1.67772E-01
1.67416E-01
1.67630E-01
1.67462E-01
2.37509E-01
2.36912E-01
2.36543E-01
2.36831E-01
2.36587E-01
2.36202E-01
2.38483S-01
2.37274E-01
2.36695E-01
2.36058E-01
2.38161E-01
2.37891E-01
2.36841E-01
2.36296E-01
2.38548E-01
2.38276E-01
2.37141E-01
2.37431E-01
2.36989E-01
2.36537E-01
2.36458E-01
1.67942E-01

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
1.007103+00
1.00590E+00
1.00650E+00
1.00830E+00
1.00630E+00
1.007003+00
1.00930E+00
1.010003+00
1.00790E+00
1.00830E+00
1.00670E+00
1.00930E+00
1.010403+00
1.00990E+00
1.00970E+00
1.008403+00
1.00690E+00
1.006503+00
1.00890E+00
1.00960E+00
1.01000E+00
1.00820E+00
1.009103+00
1.00810E+00
1.00730E+00
1.00910E+00
1.00880E+00
1.00740E+00

deviation
in y

3.32415E-03
3.29849E-03
3.32415E-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
4.39318E-03
4.37379E-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
4.767603-03
4.78539E-03
4.78539E-03
4.39318E-03
4.39318E-03
4.39318E-03
4.39318E-03
3.90513E-03
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7.94782Z-02
8.00708E-02
6.02411E-02
5.71888E-02
8.72767E-02
5.48519E-01
7.52280E-02
6.61882E-02
9.96842E-02
7.66779E-02
1.07278E-01
7.43597E-02
6.52939E-02
7.95316E-02
8.01910E-02
6.04976E-02
5.74725E-02
8.59860E-02
5.20183E-01
7.71986E-02
6.68322E-02
9.94312E-02
7.91584E-02
1.466798-01
1.15325E-01
8.03191E-02
7.49507E-02
6.33838E-02
5.20005E-02
6.46684E-02
5.29627E-02
6.71864E-02
5.28973E-02
6.78595E-02
5.41435E-02
7.53575E-02
5.55823E-02
5.93469E-02
5.39823E-02
1.67812E-01
1.67457E-01
1.66807E-01
1.67233E-01
1.66668E-01
1.66668E-01
1.68142E-01
1.67636E-01
1.67279E-01

chi = 92.4817

1.02270E+00
1.02740E+00
1.02820E+00
1.02200E+00
1.00140B+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
1.00790E+00
1.00750E+00
1.00720E+00

(upper bound =

4.07922E-03
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
3.78550E-03
3.17805E-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

9.49). The data

1.67467E-01
1.67208E-01
1.66786E-01
1.65519E-01
1.66435E-01
1.67131E-01
1.66869E-01
1.66968E-01
1.67120E-01
1.67064E-01
1.67223E-01
1.67150E-01
1.67269E-01
1.67189E-01
1.67010E-01
1.67538E-01
1.66900E-01
1.66967E-01
1.67078E-01
1.672488-01
1.66704E-01
1.66824E-01
1.66972E-01
1.66697E-01
6.56132E-02
6.46606E-02
5.88638E-02
7.62407E-02
7.91837E-02
6.03194E-02
1.05952e-01
7.60457E-02
6.49151E-02
5.86666E-02
7.60094E-02
7.91953E-02
7.60421-02
1.06379E-01
7.87037E-02
7.88171E-02
7.90645E-02
7.96660E-02
8.02144E-02
8.05826E-02
8.82228E-02
8.89412E-02
8.89815E-02

tests NOT normal

1.00750E+00
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
1.00890E+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

3.90513E-03
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
3.90513E-03
3.90513E-03
3.92938E-03
3.90513E-03
3.90513E-03
3.88330E-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

Output from statistical treatment

AOA(1 PC full set EALF

Number of data points (n)
Linear regression, kCX)
Confidence on fit (1-ganma) [input]
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) [input]
Mininum value of X
Naxinaln value of X
Average value of X
Average value of k
hinimum value of k
Variance of fit, s(kX)^2
Within variance, s(w)^2
Pooled variance, s(p)^2
Pooled std. deviation. s(p)
C(alpharho)]s(p)
student-t @ (n-2,1-ganvza)
Confidence band width, W
Minimum margin of suberiticality, Cs(p)-W

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

Upper subcritical limits: ( 5.20005E-02 -= X <= 0.54852
..... .......... * ... *...
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USL Method 1 (Confidence Band with
Administrative Margin) USLI = 0.9372 1 5.20005E-2< X < 0.54852

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

USLs Evaluated Over Range of Parameter X:
... ***** **.* I*** * *****- **

X:

USL-1:
USL-2:

5.20E-2 1.23E-1 1.94E-1 2.65K-1 3.36E-1 4.07E-1 4.78E-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

*********....**. ...*******.--*-*--*-*.--*-*-*

Thus spake USLSTATS
Finis.
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Figure A3-2 AOA(1) - kff versus H/Pu as trending parameter - SCALE 4.4a on PC
uslstats: a utility to calculate upper subcritical

limits for criticality safety applications

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AOA(lJ full set H/Pu

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
Adninistrative margin = 0.05

independent dependent deviation independent dependent deviation
variable - x variable - y in y variable - x variable - y in y

3.52910E+02 1.00910E+00 5.14198E-03 2.10180E+02 1.00580E+00 3.32415E-03
2.58050E+02 1.00970E+00 5.06360E-03 2.1018 OE+02 1.0073 OE+00 3.29849E-03
2.05140E+02 1.01150E+00 5.06360E-03 2.10180E+02 1.00900E+00 3.32415E-03
1.80970E+02 1.00590E+00 5.06360E-03 2.10180E+02 1.00970E+00 4.37379E-03
1.71210E+02 1.00920E+00 5.06360E-03 2.10180B+02 1.00630E+00 4.39318E-03
8.66600E+01 1.00870E+00 5.063603-03 2.10180E+02 1.00900E+00 4.373793-03
5.07980E+02 1.00770E+00 4.76760E-03 2.10180E+02 1.00770E+00 4.39318E-03
4.89180E+02 1.00770E+00 4.767603-03 2.10180E+02 1.00750E+00 4.39318E-03
4.37280E+02 1.00830E+00 4.75184E-03 2.10180E+02 1.01000E+00 4.39318E-03
4.07450E+02 1.01000E+00 4.78539E-03 2.10180E+02 1.00690E+00 4.41475E-03
3.80570E+02 1.01150E+00 4.76760E-03 2.10180E+02 1.008803+00 4.39318E-03
3.33540E+02 1.00820E+00 4.76760E-03 2.10180E+02 1.00830E+00 4.37379E-03
2.99260E+02 1.01030E+00 4.76760E-03 2.10180E+02 1.00800E+00 4.39318E-03
7.74150E+02 1.00620E+00 4.767603-03 2.101803+02 1.00730E+00 4.39318E-03
7.42710E+02 1.00680E+00 4.76760E-03 2.10180E+02 1.01020E+00 4.37379E-03
6.77170E+02 1.00780E+00 4.76760E-03 2.10180E+02 1.00620E+00 4.39318E-03
6.60550E+02 1.00920E+00 4.75184E-03 2.10180E+02 1.008803+00 4.39318E-03
6.07170E+02 1.01000E+00 4.76760E-03 2.10180E+02 1.00790E+00 4.39318E-03
5.45330E+02 1.00990E+00 4.78539E-03 2.10180E+02 1.00730E+00 4.39318E-03
7.14830E+02 1.01060E+00 4.76760E-03 2.10180E+02 1.00770E+00 4.39318E-03
6.92120E+02 1.01000E+00 4.75184E-03 2.10180E+02 1.00710E+00 4.37379E-03
9.81670E+02 1.00630E+00 4.76760E-03 2.10180E+02 1.00590E+00 4.39318E-03
9.71630E+02 1.00360E+00 4.75184E-03 2.10180E+02 1.00650E+00 4.39318E-03
9.29600E+02 1.00610E+00 4.75184E-03 2.10180E+02 1.008303+00 4.37379E-03
8.84120E+02 1.00380E+00 4.75184E-03 2.10180E+02 1.00630E+00 4.41475E-03
9.25520E+02 1.00450E+00 4.75184E-03 2.10180E+02 1.00700E+00 4.41475E-03
8.98580E+02 1.00650E+00 4.76760E-03 1.55210E+02 1.00930E+00 3.90513E-03
8.64010E+02 1.01080E+00 4.76760E-03 1.55270E+02 1.01000E+00 3.88330E-03
8.41980E+02 1.00700E+00 4.75184E-03 1.55270E+02 1.00790E+00' 3.90513E-03
7.80210E+02 1.00460E+00 4.75184E-03 1.55270E+02 1.00830E+00 3.90513E-03
6.67980E+02 1.00660E+00 4.76760E-03 1.55270E+02 1.00670E+00 3.90513E-03
5.73340E+02 1.00400E+00 4.75184E-03 1.55270E+02 1.009303+00 3.88330E-03
8.65010E+02 1.00770E+00 4.75184E-03 1.55270E+02 1.01040E+00 4.78539E-03
8.722103+02 1.00590E+00 4.75184E-03 1.55270E+02 1.00990E+00 4.78539E-03
8.66360E+02 1.00850E+00 4.75184E-03 1.55270E+02 1.00970E+00 4.76760E-03
8.32710E+02 1.00740E+00 4.75184E-03 1.55270E+02 1.00840E+00 4.78539E-03
8.00710E+02 1.00780E+00 4.76760E-03 1.55270E+02 1.00690E+00 4.78539E-03
7.34370E+02 1.01060E+00 4.76760E-03 1.55270E+02 1.00650E+00 4.76760E-03
6.66080E+02 1.01010E+00 4.75184E-03 1.55270E+02 1.008903+00 4.78539E-03
6.07890E+02 1.01040E+00 4.75184E-03 1.552703+02 1.00960E+00 4.78539E-03
5.57170E+02 1.00830E+00 4.78539E-03 1.552703+02 1.01000E+00 4.76760E-03
8.30640E+02 1.00510E+00 4.75184E-03 1.552703+02 1.00820E+00 4.78539E-03
7.88950E+02 1.00700E+00 4.75184E-03 1.55270E+02 1.00910E+00 4.78539E-03
1.02816E+03 1.00500E+00 3.59027E-03 1.55270E+02 1.00810E+00 4.39318E-03
9.86180E+02 1.00620E+00 3.56931E-03 1.55270E+02 1.00730E+00 4.393183-03
9.10900E+02 1.00630E+00 3.56931E-03 1.55270E+02 1.009103+00 4.39318E-03
6.83880E+02 1.01370E+00 3.39559E-03 1.55270E302 1.00880E+00 4.39318E-03
4.95930E+02 1.01590E+00 4.07922E-03 2.10180E+02 1.007403+00 3.90513E-03
4.88550E+02 1.02270E+00 4.07922E-03 2.10170E+02 1.00750E+00 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
4.74900E302
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

chi = 92.4817

1.02740E+00 4.06079B-03
1.02820E+00 2.88617E-03
1.02200E+00 2.88617E-03
1.00140E+00 4.07922E-03
1.00710E+00 6.15224E-03
1.03170E+00 3.76563E-03
1.02640E+00 3.17805E-03
1.02190E+00 4.19762E-03
1.02750E+00 4.17732E-03
1.00740E+00 4.27551E-03
1.01720E+00 4.17732E-03
1.02070E+00 3.39559E-03
1.01760E+00 4.07922E-03
1.02470E+00 4.06079E-03
1.02000E+00 2.88617E-03
1.01950E+00 2.91204E-03
1.00220E+00 4.07922E-03
9.94800E-01 6.15224E-03
1.02460E+00 3.78550E-03
1.01870E+00 3.17805E-03
1.02080E+00 4.27551E-03
1.02040E+00 4.17732E-03
1.01290E+00 4.29535E-03
1.00620E+00 4.27551E-03
1.02080E+00 4.19762E-03
1.01800E+00 4.17732E-03
1.01550E+00 5.26118E-03
9.99800E-01 5.24690E-03
1.02090E+00 5.26118E-03
1.00550E+00 5.26118E-03
1.02070E+00 5.26118E-03
1.00230E+00 5.24690E-03
1.01320E+00 5.27731E-03
9.99400E-01 5.26118E-03
1.01020E+00 5.26118E-03
1.01050E+00 5.26118E-03
1.00640E+00 5.26118E-03
1.00630E+00 5.26118E-03
1.00910E+00 3.29849E-03
1.00790E+00 3.32415E-03
1.01000E+00 3.32415E-03
1.00800E+00 3.29849E-03
1.00940E+00 3.32415E-03
1.00800E+00 3.32415E-03
1.00790E+00 3.32415E-03
1.00750E+00 3.29849E-03
1.00720E+00 3.29849E-03

4upper bound = 9.49). The data

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
2.101803+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
4.24340E+02
4.24340E+02
4.24340E+02
4.24340E+02
4.30260E+02
4.25560E+02
4.25270E+02

tests NOTr normal

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
1.00890E+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. 010403+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

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
3.90513E-03
3.90513E-03
3.92938E-03
3.90513E-03
3.905133-03
3.88330E-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

Output from statistical treatment

AOA(1) full set H/Pu

Number of data points (n)
Linear regression, k(X)
Confidence on fit (1-gamma) [input]
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,X)^2
Within variance, slw)^2
Pooled variance, e(p)'2
Pooled std. deviation, 9(p)
C(alpha,rho)*s(p)
student-t 6 (n-2,1-gamma)
Confidence band width, W
Minimum margin of subcriticality, C*sfp)-W

Upper subcritical limits: ( 85.030 <=

191
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

X <= 1157.3

USL Method 1 (Confidence Band with
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Administrative Margin) USL1 = 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 Evaluated Over Range of Parameter X:
... *. .--- *-- * ** . ..- --- * A**

X:

USL-1:
USL-2:

8.50E+1 2.38E+2 3.91E+2 5.45E+2 6.98E+2 8.51E+2 1.00E+3 1.16E+3

0.9377 0.9377 0.9377 0.9377 0.9377 0.9377 0.9377 0.9377
0.9610 0.9610 0.9610 0.9610 0.9610 0.9610 0.9610 0.9610

________________________________________________________________________

*-** ..... ... - ... *-*-

Thus spake USLSTATS
Finis.
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Figure A3-3 AOA(1) - kff versus '44Pu content as trending parameter - SCALE 4.4a on PC

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AOA(ll 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
variable - x

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

dependent
variable - y

1.00910E+00
1.00970E+00
1.01150E+00
1.00590E+0O
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
1.00990E+00
1.01060E+00
1.01000E+00
1.00630E+00
1.00360B+00

deviation
in y

5.14198E-03
5.06360E-03
5.06360E-03
5.06360E-03
5.06360E-03
5.06360E-03
4.767601-03
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

independent dependent deviation
variable - x variable - y in y

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
3.12000E+00
3.43000E+00
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

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

4.75184E-03
4.75184E-03
4.751841-03
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

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

Output from statistical treatment

AOA(1) Pu content Pu240

Number of data points in)
Linear regression, kCX)
Confidence on fit (1-ganma) Tinput)
Confidence on proportion (alpha) [input)
Proportion of population falling above
lower tolerance interval (rho) [inputl
Xininum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(kX[^2
Within variance, s(w)^2
Pooled variance, s(p) '2
Pooled std. deviation, s(p)
C~alpha.rho)'s(p?

46
1.0048 + ( 9.2819E-04)*X
95.0%
95.0%

99.9%
0.5400
4.6700
3.21304

1.00779
1.00360

3.6868E-06
2.2431E-05
2.6118E-05
5.1106E-03
2.3960E-02
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student-t 0 (n-2,1-gamma)
Confidence band width, W
Minim=m margin of subcriticality, C~s(p)-W

1.68140E+00
9.2157E-03
1.4744E-02

Upper subcritical limits: t 0.54000
*..** ... ********

<= X <= 4.6700

USL Method 1 tConfidence Band with
Administrative Margin) USL1 = 0.9408 t 0.54000 < X < 4.6700 )

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9760 t 0.54000 < X < 4.6700 )

USLs Evaluated Over Range of Parameter X:
A... ********* **** *.*** ** **.***.t* **

USL-l:
USL-2:

5.40E-1 1.13E+0 1.72E+0 2.31E+0 2.90E+0 3.49E+0 4.08E+0 4.67E+0

0.9408 0.9408 0.9408 0.9408 0.9408 0.9408 0.9408 0.9408
0.9760 0.9760 0.9760 0.9760 0.9760 0.9760 0.9760 0.9760

.... ********.** ... ...************************

Thus spake USLSTATS
Finis.



CD
DUKE COGEMA

STONR a WEBSTER MFFF Criicality Code Validation - Part I Page 87 of 154

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

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

*** .... ..... **--****-*** ...... **** .... *.*-**t ..... *-**-*

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AOA(2) XIX full set EALF

Proportion of the population
Confidence of fit
Confidence on proportion
Number of observations
Kinimum value of closed band
Maxim=m value of closed band
Administrative margin

-

.999

.950

.950
36

0.00
0.00
0.05

independent
variable - x

5.76975E-01
7.72991E-01
1.92667E-01
2.83406E-01
1.378353-01
1.826403-01
9.08459E-01
5.48741E-01
5.46028E-01
6.51324E-01
1.88606E-01
1.56232E-01
1.01290E-01
1.45559E-01
1.44786E-01
1.44219E-01
1.19304E-01
1.19169E-01

dependent
variable - y

9.94700E-01
9.95500E-01
1.00020E+00
1.00470E+00
1.00180E+00
1.00660E+00
9.92200E-01
9.95600E-01
9.95700E-01
9.94200E-01
9.98000E-01
1.00040E+00
1.00360E+00
9.93300E-01
9.95800E-01
9.953003-01
9.95000E-01
9.96500E-01

deviation
in y

5.93043E-03
4.53982E-03
2.78927E-03
1.80278E-03
1.931323-03
2.08806E-03
7.15433E-03
5.78558E-03
5.77260E-03
5.26673E-03
2.94090E-03
2.45204E-03
2.09067E-03
4.63897E-03
4.66905E-03
4.63897E-03
3.96232E-03
3.96232E-03

independent
variable - x

1.17852E-01
9.27500E-02
9.25340E-02
9.16020E-02
7.959603-02
7.94010E-02
3.93591E-01
2.58965E-01
1.76572E-01
1.46536E-01
1.07841E-01
9.29310E-02
5.45635E-01
3.06613E-01
1.56238E-01
1.17437E-01
9.61990E-02
9.16430E-02

dependent deviation
variable - y in y

9.96700E-01
9.98100E-01
9.98600E-01
9.98700E-01
9.99700E-01
1.00000E+00
9.95600E-01
9.93900E-01
1.00320E+00
1.00200E+00
1.00530E+00
1.00650E+00
9.97600E-01
9.94800E-01
9.97700E-01
9.986003-01
9.99700E-01
9.99600E-01

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
2.02485E-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

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

Output from statistical treatment

AOA(2) MIX full set EALF

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
Haximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,X)P2
Within variance, s(w)A2
Pooled variance, s(p)a2
Pooled std. deviation, s(p)
C(alpha,rho)*s(p)
student-t @ (n-2,1-gaema)
Confidence band width, W
Minimum margin of subcriticality, Cts(p)-W

36
1.0007 + (-8.7123E-03)*X
95.0%
95.0%

99.9%
0.0794
0.9085
0.24900

0.99848
0.99220
1.1132E-05
1.6194E-05
2.7326E-05
5.2274E-03
2.6833E-02
1.69180E+00
1.0036E-02
1.6797E-02

Upper subcritical limits: ( 7.94010E-02 <= X <= 0.90846
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.* * . . . * * * * * t* * *

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

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9738 + (-8.7123E-03)-X

USLa Evaluated Over Range of Parameter X:
**** t*****..* .*** ****. ** ********* **

USL-1:
USL-2:

7.94E-2 1.98E-1 3.16E-1 4.35E-1 5.53E-1 6.72E-1 7.90E-1 9.08E-1

0.9399 0.9389 0.9379 0.9368 0.9358 0.9348 0.9337 0.9327
0.9731 0.9721 0.9711 0.9700 0.9690 0.9680 0.9669 0.9659

________________________________________________________________________

Thus spake USLSTATS
Finis.
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Figure A3-5 AOA(2) - keff versus vmlvf as trending parameter - SCALE 4.4a on PC

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AQA(2) MIX full set VW/Vf

Proportion of the population - .999
Confidence of fit - .950
Confidence on proportion = .950
Number of observations = 36
Minimum value of closed band = 0.00
Maxim=m value of closed band = 0.00
Administrative margin = 0.05

independent dependent
variable - x variable - y

1.19000E+00
1.19000E+00
2.52000E+00
2.52000E+00
3.64000E+00
3.64000E+00
1.68000E+00
2.16000E+00
2.16000E+00
2.16000E+00
4.71000E+00
5.67000E+00
1.07500E+01
2.42000E+00
2.42000E+00
2.42000E+OO
2.98000E+00
2.98000E+00

9.947OOE-01
9.95500E-01
1.00020E+00
1.00470E+00
1.00180E+00
1.00660E+00
9.92200E-01
9.956OOE-01
9.95700E-01
9.94200E-01
9.980003-01
1.00040E+00
1.00360E+00
9.93300E-01
9.95800E-01
9.95300E-01
9.95000E-01
9.96500E-01

deviation
in y

5.93043E-03
4.53982E-03
2.78927E-03
1.80278E-03
1.93132E-03
2.08806E-03
7.15433E-03
5.78558E-03
5.77260E-03
5.26673E-03
2.94090E-03
2.45204E-03
2.09067E-03
4.63897E-03
4.66905E-03
4.63897E-03
3.96232E-03
3.96232E-03

independent
variable - x

2.98000E+00
4.24000E+00
4.24000E+00
4.240003+00
5.55000E+00
5.55000E+00
1.93000E+00
2.56000E+00
3.62000E+00
4.53000B+00
7.27000E+00
1.01100E+01
1.10000E+00
1.560008+00
2.71000E+00
3.79000E+00
5.14000E+00
5.58000E+00

dependent
variable - y

9.96700E-01
9.98100E-01
9.98600E-01
9.98700E-01
9.99700E-01
1.00000E+00
9.95600E-01
9.93900E-01
1.00320E+00
1.00200E+00
1.00530E+00
1.00650E+00
9.976003-01
9.94800E-01
9.97700E-01
9.98600E-01
9.99700E-01
9.99600E-01

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
2.02485E-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

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

Output from statistical treatment

AOA(2) MIX full set Vft/Vf

Number of data points (n)
Linear regression, k(X)
Confidence on fit (1-gamma) [input]
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(kX)'2
Within variance, s(wV2
Pooled variance, s(p)^2
Pooled std. deviation, s(p)
C(alpharho)-s(p)
student-t 0 (n-2,1-gazra)
Confidence band width, W
Minimum margin of subcriticality, Cls(p)-W

36
0.9941 + ( 1.1733E-03)-X
95.0%
95.0%

99.9%
1.1000

10.7500
3.71972

0.99848
0.99220
7.8921E-06
1.6194E-05
2.4087E-05
4.9078E-03
2.5437E-02
1.69180E+00
9.5203E-03
1.5916E-02

Upper subcritical limits: ( 1.1000 <= X <= 10.750
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.. **. *.*** ...... .... *..

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

= 0.9405 (X >=
5.0124
5.012)

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9687

= 0.9746
+ ( 1.1733E-031 X (X < 5.0124

(X >= 5.012)
)

USLs Evaluated Over Range of Parameter X:
**** .*..***** An. -**- ** **.****** -*

X:

USL-1l
USL-2:

1.10E+0 2.48E+0 3.86E+0 5.243+0 6.61E+0 7.99E+0 9.37E+0 1.08E+1

0.9359 0.9375 0.9391 0.9405 0.9405 0.9405 0.9405 0.9405
0.9700 0.9716 0.9732 0.9746 0.9746 0.9746 0.9746 0.9746

________________________________________________________________________

Thus spake USLSTATS
Finis.
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Figure A3-6 AOA(2) - kff versus Pu content as trending parameter - SCALE 4.4a on PC
uslstats: a utility to calculate upper subcritical

limits for criticality safety applications

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

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
Administrative margin = 0.05

independent
variable - x

2.04000E+00
2.04000E+00
2.04000E+00
2.04000E+00
2.04000E+00
2.04000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00

dependent
variable - y

9.94700E-01
9.95500E-01
1.00020E+00
1.00470E+00
1.00180E+00
1.00660E+00
9.92200E-01
9.95600E-01
9.95700E-01
9.94200E-01
9.98000E-01
1.00040E+00
1.00360E+00
9.93300E-01
9.95800E-01
9.95300E-01
9.95000E-01
9.96500E-01

deviation
in y

5.93043E-03
4.53982E-03
2.78927E-03
1.80278E-03
1.93132E-03
2.08806E-03
7.15433E-03
5.78558E-03
5.77260E-03
5.26673E-03
2.94090E-03
2.45204E-03
2.09067E-03
4.63897E-03
4.66905E-03
4.63897E-03
3.96232E-03
3.96232E-03

independent
variable - x

3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
4.00000E+00
4.00000E+00
4.00000E+00
4.00000E+00
4.00000E+00
4.00000E+00
1.50000E+00
1.50000E+00
1.50000E+00
1.50000E+00
1.50000E+00
1.50000E+00

dependent deviation
variable - y in y

9.96700E-01
9.98100E-01
9.98600E-01
9.98700E-01
9.99700E-01
1.00000E+00
9.95600E-01
9.93900E-01
1.00320E+00
1.00200E+00
1.00530E+00
1.00650E+00
9.97600E-01
9.94800E-01
9.97700E-01
9.98600E-01
9.99700E-01
9.99600E-01

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
2.02485E-03
2.59615E-03
2.76586E-03
5.23450E-03
4.04475E-03
2.668331-03
3.05941E-03
3.84708E-03
4.34166E-03

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

Output from statistical treatment

AOA(2) MIX full set PuO2

NUmber of data points In)
Linear regression, k(X)
Confidence on fit 1l-gamna) [input]
Confidence on proportion (alpha) (input)
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, sak,X)^2
Within variance, s(w)^2
Pooled variance, s(p)^2
Pooled std. deviation, s(p)
C(alpha,rho) s(p)
student-tO (n-2,1-gamna)
Confidence band width, W
Minimum margin of subcriticality, C's(p)-W

36
0.9994 + C-2.5117E-04)'X
95.0%
95.0%

99.9%
1.5000
6.6000
3.45972

0.99848
0.99220
1.4666E-05
1.6194E-05
3.08611-05
5.5552E-03
2.6473E-02
1.69180E+00
9.9417E-03
1.6531E-02

Upper subcritical limits: I 1.5000
.. ** . - ............ *.-**

<= X <= 6.6000D
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USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9394 + (-2.5117E-04)*X

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9729 + (-2.5117E-04)1X

USLs Evaluated Over Range of Parameter X:

X:

USL-1:
USL-2:

1.503+0 2.23E+0 2.963+0 3.69E+0 4.41E+0 5.14E+0 5.87E+0 6.60E+0

0.9390 0.9389 0.9387 0.9385 0.9383 0.9381 0.9379 0.9378
0.9725 0.9723 0.9721 0.9720 0.9718 0.9716 0.9714 0.9712

________________________________________________________________________

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) - kff versus EALF as trending parameter - SCALE 4.4 on Sun

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

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
Number of observations = 191
Xinimum value of closed band = 0.00
Maxinmu 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

8.79000E-02 l.00910E+00 5.11957E-03 1.67000E-01 1.00910E+00 3.38379E-03
1.110OOE-01 1.00980E+00 5.09902E-03 1.67000E-01 1.00820E+00 3.38379E-03
1.350008-01 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 1.008203+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
8.510OOE-02 1.01270E+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
l.OOOOOE-0l 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 1.670003-01 1.00820E+00 4.46430E-03
6.01000E-02 1.00860E+00 4.805213-03 1.69000E-01 1.00770E+00 4.41475E-03
5.34000E-02 1.00900E+00 4.93356E-03 1.68000E-01 1.00470E+00 4.41475E-03
5.37000E-02 1.00190E+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 1.004303+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 2.370003-01 1.01190E+00 3.92938E-03
5.59000E-02 1.01030E+00 4.93356E-03 2.370003-01 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
5.59000E-02 1.00700E+00 4.90408E-03 2.380003-01 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 4.464303-03
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
8.02000E-02
6.03000E-02
5.71000E-02
8.73000E-02
5.51000E-Ol
7.520008-02
6.62000E-02
9.94000E-02
7.68000E-02
1.08000E-01
7.46000E-02
6.53000E-02
7.95000e-02
8.01000E-02
6.05000E-02
5.74000E-02
8.60000E-02
5.20000E-01
7.73000E-02
6.68000E-02
9.96000E-02
7.93000E-02
1.47000E-Ol
1.16000E-01
8.03000E-02
7.50000E-02
6.36000E-02
5.20000E-02
6.47000E-02
5.29000E-02
6.70000E-02
5.29000E-02
6.78000E-02
5.41000E-02
7.55000E-02
5.56000E-02
5.93000E-02
5.40000E-02
1.68000E-Ol
1.67000E-01
1.67000E-01
1.67000E-01
1.67000E-01
1.67000E-01
1.68000E-01
1.67000E-01
1.68000E-01

chi. = 69.1309

1.02330E+00
1.02480E+00
1.02680E+00
1.02320E+00
1.00070E+00
1.00600E+00
1.03200E+00
1.02680E+00
1.02260E+00
1.02810E+00
1.00670E+00
1.01670E+00
1.01980E+00
1.01770E+00
1.02480E+00
1.02280E+00
1.02040E+00
1.00260E+00
9.97600E-01
1.02410E+00
1.01830E+00
1.02100E+00
1.01940E+00
1.01280E+00
1.00710E+00
1.02130E+00
1.01720E+00
1.01380E+00
9.99300E-01
1.02010E+00
1.00510E+00
1.02150E+00
1.00070E+00
1.01570E+00
9.99000E-Ol
1.00980E+00
1.00890E+00
1.00560E+00
1.00450E+00
1.009OOE+OO
1.00790E+00
1.00910E+00
1.00860E+00
1.00900E+00
1.00770E+00
1.00990E+00
1.00810E+00
1.00800E+OO

(upper bound =

4.12311E-03 1.67000E-Ol
4.14849E-03 1.67000E-01
3.04631E-03 1.67000E-Ol
3.04631E-03 1.65000E-01
4.17612E-03 1.66000E-01
6.21691E-03 1.67000E-01
3.86005E-03 1.67000E-0l
3.28938E-03 1.67000E-Ol
4.30116E-03 1.67000E-Ol
4.30116E-03 1.67000E-Ol
4.39659E-03 1.67000E-01
4.27200E-03 1.67000E-01
3.54683E-03 1.670008-01
4.14849E-03 1.67000E-01
4.17612E-03 1.67000E-01
3.04631E-03 1.67000E-01
3.00832E-03 1.67000E-01
4.20595E-03 1.67000E-01
6.28172E-03 1.67000E-01
3.86005E-03 1.67000E-01

3.32415E-03 1.67000E-01
4.34166E-03 1.67000E-Ol
4.33244E-03 1.67000E-Ol
4.42719E-03 1.67000E-01

4.42719E-03 6.57000E-02
4.30116E-03 6.47000E-02
4.33244E-03 5.89000E-02
5.36004E-03 7.63000E-02
5.29528E-03 7.93000e-02
5.29528E-03 6.04000e-02
5.27731E-03 1.06000E-01

5.29528E-03 7.58000E-02
5.29528E-03 6.48000E-02
5.27731E-03 5.85000E-02
5.27731E-03 7.59000E-02
5.29528E-03 7.92000E-02

5.29528E-03 7.60000E-02
5.27731E-03 1.07000E-01
5.27731E-03 7.87000E-02

3.35261E-03 7.88000E-02
3.38379E-03 7.91000E-02
3.38379E-03 7.970008-02
3.35261E-03 8.02000E-02
3.38379E-03 8.05000E-02
3.38379E-03 8.82000E-02
3.41760E-03 8.89000E-02
3.38379E-03 8.90000E-02
3.324158-03

9.49). The data tests NOT normal

1.00870E+00
1.01090E+00
1.01030E+00
1.00920E+00
1.00930E+00
l. OlOlOE+OO
1.00830E+00
1.00940E+00
1.00760E+00
1.00890E+00
1.00890E+00
1.00820E+00
1.00880E+00
1.01030E+00
1.00960E+00
1.01080E+00
1.00760E+00
1.00950E+00
1.00830E+00
1.01180E+00
1.00850E+00
1.01120E+00
1.00680E+00
1.00840E+00
1.00880E+00
1.011308+00
1.00590E+00
1.00600E+00
1.00630E+00
1.00210E+00
1.00960E+00
1.00240E+00
1.01000E+00
1.00780E+00
1.00650E+00
1.00550E+00
1.00050E+00
1.00040E+00
1.01500E+00
1.01550E+00
1.01600E+00
1.01610E+00
1.01210E+00
1.00970E+00
9.99600E-01
9.97400E-01
9.96800E-01

3.98497E-03
3.95601E-03
3.92938E-03
3.51141E-03
3.51141E-03
3.51141E-03
3.95601E-03
3.98497E-03
3.98497E-03
3.95601E-03
3.92938E-03
3.95601E-03
3.98497E-03
3.95601E-03
3.95601E-03
4.01622E-03
3.92938E-03
3.95601E-03
3.95601E-03
3.98497E-03
3.98497E-03
3.95601E-03
3.95601E-03
3.95601E-03
6.020803-03
6.08769E-03
6.02080E-03
6.06383E-03
6.04152E-03
6.04152E-03
6.06383E-03
6.04152E-03
6.08769E-03
6.02080E-03
6.06383E-03
6.04152E-03
6.06383E-03
6.08769E-03
3.92046E-03
3.92046E-03
3.92046E-03
3.92046E-03
3.92046E-03
3.92046E-03
5.22398E-03
5.22398E-03
5.11566E-03

Output from statistical treatment

Test2 case data (no data supplied by user)

Number of data points (n)
Linear regression, k(X)
Confidence on fit (1-gamna) [input)
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(kX)^2
Within variance, s(wv)2
Pooled variance, s(p)^2
Pooled std. deviation, s(p)
C(alpha,rho)*s(p)
student-t O (n-2,1-gamna)
Confidence band width, W
Minimum margin of subcriticality, C's(p)-W

191
1.0113 + (-1.2867E-02)*X
95.0%
95.0S

99.9%
0.0520
0.5510
0.12713

1.00963
0.99680

3.2416E-05
2.0902E-05
5.3318E-05
7.3019E-03
4.1941E-02
1.64500E+00
1.2996E-02
2.8945E-02

Upper subcritical limits: ( 5.20000E-02 <= X - 0.55100
...... .**.**........ ***
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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
Width Closed Interval Approach) USL2 = 0.9581 X 5.20000E-2< X < 0.55100 )

USLs Evaluated Over Range of Parameter X:
A***. .*t*-**** -**. -.** -- *.*-***** **

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 0.9370 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

.------------------------------------ **..***---*....----.*.*---------------

Thus spake USLSTATS
Finis.
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Figure A4-2 AOA(1) - kff versus H/Pu as trending parameter - SCALE 4.4 on Sun
uslstats: a utility to calculate upper subcritical

limits for criticality safety applications

.****t-**.........** **-***-*****-*--.**-*t....*....**....*.********t..*.. **

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment fron 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
Number of observations = 191
Minimum value of closed bend = 0.00
Maximum value of closed band = 0.00
Administrative margin = 0.05

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
6.83880E+02
4.95930E+02
4.88550E+02

dependent deviation
variable - y in y

independent dependent
variable - x variable - y

1.00910E+00
1.00980E+00
1.01090E+00
1.00490E+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
1.011000E+O
1.01030E+00
1.01130E+00
1.00860E+00
1.00900E+00
1.00190E+00
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
1.00700E+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
1.00650E+00
1.00770E+00
1.00810E+00
1.01400E+00
1.01510E+00
1.02330E+00

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
4.827018-03
4.78539E-03
4.80521E-03
4.78539E-03
4.805218-03
4.80521E-03
4.85077E-03
4.82701E-03
4.805218-03
4.93356E-03
4.87647E-03
4.93356E-03
4.87647E-03
4.87647E-03
4.933568-03
4.933568-03
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
3.59027E-03
3.59027E-03
3.59027E-03
3.44819E-03
4.17612E-03
4.12311E-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
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
2.101808+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

1.00910E+00
1.00820E+00
1.01030E+00
1.00980E+00
1.00880E+00
1.00810E+00
1.00820E+00
1.00870E+00
1.01020E+00
1.00870E+00
1.00780E+00
1.00730E+00
1.00690E+00
1.00760E+00
1.01020E+00
1.00620E+00
1.00530E+00
1.00770E+00
1.00760E+00
1.00820E+00
1.00770E+00
1.00470E+00
1.00680E+00
1.00560E+00
1.00630E+00
1.00620E+00
1.01190E+00
1.01070E+00
1.00960E+00
1.00900E+00
1.00970E+00
1.00820E+00
1.01260E+00
1.00730E+00
1.01070E+00
1.00980E+00
1.00630E+00
1.00470E+00
1.00910E+00
1.01080E+00
1.01070E+00
1.00850E+00
1.00910E+00
1.00740E+00
1.00970E+00
1.00930E+00
1.00970E+00
1.00870E+00
1.00870E+00

deviation
in y

3.38379E-03
3.38379E-03
3.32415E-03
4.41475E-03
4.41475E-03
4.41475E-03
4.41475E-03
4.46430E-03
4.39318E-03
4.41475E-03
4.41475E-03
4.41475E-03
4.43847E-03
4.43847E-03
4.46430E-03
4.43847E-03
4.43847E-03
4.41475E-03
4.41475E-03
4.46430E-03
4.41475E-03
4.41475E-03
4.41475E-03
4.43847E-03
4.39318E-03
4.41475E-03
3.92938E-03
3.92938E-03
3.92938E-03
3.98497E-03
3.92938E-03
3.95601E-03
4.80521E-03
4.82701E-03
4.80521E-03
4.82701E-03
4.85077E-03
4.82701E-03
4.80521E-03
4.82701E-03
4.80521E-03
4.82701E-03
4.87647E-03
4.43847E-03
4.41475E-03
4.46430E-03
4.43847E-03
3.98497E-03
3.98497E-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

chi - 69.1309

1.02480E+00
1.02680E+00
1.02320E+00
1.00070E+00
1.00600E+00
1.03200E+00
1.02680E+00
1.02260E+00
1.02810E+00
1.00670E+00
1.01670E+00
1.01980E+00
1.01770E+00
1.02480E+00
1.02280E+00
1.02040E+00
1.00260E+00
9.97600E-01
1.02410E+00
1.01830E+00
1.02100E+00
1.01940E+00
1.01280E+00
1.00710E+00
1.02130E+00
1.01720E+00
1.01380E+00
9.993003-01
1.02010E+00
1.00510E+00
1.02150E+00
1.00070E+00
1.01570E+00
9.99000E-01
1.00980E+00
1.00890E+00
1.00560E+00
1.00450E+00
1.00900E+00
1.00790E+00
1.00910E+00
1.00860E+00
1. 00900E+00
1.00770E+00
1.00990E+00
1.00810E+00
1.00800E+00

(upper bound -

4.14849E-03
3.04631E-03
3.04631E-03
4.17612E-03
6.21691E-03
3.86005E-03
3.28938E-03
4.30116E-03
4.30116E-03
4.39659E-03
4.272003-03
3.54683E-03
4.14849E-03
4.17612E-03
3.04631E-03
3.00832E-03
4.20595E-03
6.28172E-03
3.86005E-03
3.32415E-03
4.34166E-03
4.33244E-03
4.42719E-03
4.42719E-03
4.30116E-03
4.33244E-03
5.36004E-03
5.29528E-03
5.29528E-03
5.27731E-03
5.29528E-03
5.29528E-03
5.27731E-03
5.27731E-03
5.29528E-03
5.29528E-03
5.27731E-03
5.27731E-03
3.35261E-03
3.38379E-03
3.38379E-03
3.35261E-03
3.38379E-03
3.38379E-03
3.41760E-03
3.38379E-03
3.32415E-03

9.49). The data

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
4.24340E+02
4.24340E+02
4.24340E+02
4.24340E+02
4.30260E+02
4.25560E+02
4.25270E+02

tests NOT normal

1.01090E+00
1.01030E+00
1.00920E+00
1.00930E+00
1.01010+00
1.00830E+00
1.00940E+00
1.00760E+00
1.00890E+00
1.00890E+00
1.00820E+00
1.00880E+00
1.01030E+00
1.00960E+00
1.01080E+00
1.00760E+00
1.00950E+00
1.00830E+00
1.01180E+00
1.00850E+00
1.01120E+00
1.00680E+00
1.00840E+00
1.00880E+00
1.01130E+00
1.00590E+00
1.00600E+00
1.00630E+00
1.00210E+00
1.00960E+00
1.00240E+00
1.01000E+00
1.00780E+00
1.00650E+00
1.00550E+00
1.00050E+00

1.00040E+00
1.01500E+00
1.015503+00
1.01600E+00
1.01610E+00
1.01210E+00
1.00970E+00
9.99600E-01
9.97400E-01
9.96800E-01

3.95601E-03
3.92938E-03
3.51141E-03
3.51141E-03
3.51141E-03
3.95601E-03
3.98497E-03
3.98497E-03
3.95601E-03
3.92938E-03
3.95601E-03
3.98497E-03
3.95601E-03
3.95601E-03
4.01622E-03
3.92938E-03
3.95601E-03
3.95601E-03
3.98497E-03
3.98497E-03
3.95601E-03
3.95601E-03
3.95601E-03
6.02080E-03
6.08769E-03
6.02080E-03
6.06383E-03
6.04152E-03
6.04152E-03
6.06383E-03
6.04152E-03
6.08769E-03
6.02080E-03
6.06383E-03
6.04152E-03
6.06383E-03
6.08769E-03
3.92046E-03
3.92046E-03
3.92046E-03
3.92046E-03
3.92046E-03
3.92046E-03
5.22398E-03
5.22398E-03
5.11566E-03

Output from statistical treatment

Test2 case data Ino data supplied by user)

Number of data points In)
Linear regression, k(XM
Confidence on fit (1-gamma) [input]
Confidence on proportion (alpha) (input]
Proportion of population falling above
lower tolerance interval (rho) (input]
Minimum value of X
Maximim value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,Xl^2
Within variance, s(w)^2
Pooled variance, s(p)^2
Pooled std. deviation, sip)
C(alpha,rho)*slp)
student-t 6 In-2,1-gamma)
Confidence band width, W
Minimum margin of subcriticality, Cts(p)-W

Upper subcritical limits: I 85.030 =

191
1.0096 + I 1.7495E-07)*X
95.0%
95.0%

99.9%
85.0300

1157.2900
433.28293
1.00963
0.99680

3.3366E-05
2.0902E-05
5.4268E-05
7.3667E-03
3.9294E-02
1.64500E+00
1.2368E-02
2.6926E-02

X <= 1157.3

USL Method 1 IConfidence Band with
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Administrative Margin) USLi = 0.9376 ( 85.030 c X < 1157.3 \

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9607 ( 85.030 < X < 1157.3

USLs Evaluated Over Range of Parameter X:
*-e- eteetette *tee etc.. ** et-eeteet C

X:

USL-1:
USL-2:

8.SOE+1 2.38E+2 3.91E+2 5.45E+2 6.98E+2 8.51E+2 1.00E+3 1.16E+3
________________________________________________________________________

0.9376 0.9376 0.9376 0.9376 0.9376 0.9376 0.9376 0.9376
0.9607 0.9607 0.9607 0.9607 0.9607 0.9607 0.9607 0.9607

Thus spake USLSTATS
Finis.
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Figure A4-3 AOA(1) - kff versus 24OPu content as trending parameter - SCALE 4.4 on Sun

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

*..............********t****.**.******* ***********

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AOA(l) SUN Pu240

Proportion of the population = .999
Confidence of fit 5 .950
Confidence on proportion = .950
Number of observations r 46
Minimum value of closed band = 0.00
Faximum value of closed band = 0.00
Administrative margin = 0.05

independent
variable - x

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+OO
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

dependent
variable - y

1.00910E+00
1.00980E+00
1.01090E+00
1.00490E+00
1.00860E+00
1.00860E+00
1.00820E+00
1.00780E+00
1.00730E+00
1.009701+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

deviation
in y

5.11957E-03
5.099021-03
5.11957E-03
5.11957E-03
5.09902E-03
5.11957E-03
4.82701E-03
4.82701E-03
4.82701E-03
4.82701E-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

independent dependent deviation
variable - x variable - y in y

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
3.12000E+00
3.43000E+00
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

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
1.00700E+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
1.00650E+00
1.00770E+00
1.00810E+00

4.93356E-03
4.87647E-03
4.87647E-03
4.93356E-03
4.93356E-03
4.876471-03
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
3.59027E-03
3.59027E-03
3.590271-03

chi * 1.6087 (upper bound = 9.49). The data tests normal.

Output fron statistical treatment

ADAM1) SUN Pu240

Number of data points (n)

Linear regression, k(X)
Confidence on fit (1-ganma) (input]
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Naximum value of X
Average value of X
Average value of k
Minimum 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)
Clalpharho)st(p)

46
1.0057 + ( 6.1803E-04)*X
95.0%
95.0%

99.9%
0.5400
4.6700
3.21304

1.00773
1.00190

5.9911E-06
2.3285E-05
2.9276E-05
5.4107E-03
2,5367E-02
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student-t 0 (n-2,1-ganma)
Confidence band width, W
Minimum margin of subcriticality, C-s(p)-W

1.68140E+00
9.7570E-03
1.5610E-02

Upper subcritical limits: ( 0.54000 <= X <= 4.6700

USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9402 ( 0.54000

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9746 ( 0.54000

< X < 4.6700 )

< X < 4.6700

TJSLs Evaluated Over Range of Parameter X:

X:

USL-l:
USL-2:

5.40E-1 1.13E+0 1.72E+0 2.31E+0 2.90B+0 3.49E+0 4.083+0 4.67E+0

0.9402 0.9402 0.9402 0.9402 0.9402 0.9402 0.9402 0.9402
0.9746 0.9746 0.9746 0.9746 0.9746 0.9746 0.9746 0.9746

** ------- .............. -*-***** ............ *---......... * *****-,...........*

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

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

*****************************************.**

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

.***.* * ... *****...************** .*.........

Input to statistical treatment from file:toto.inp

Title: AOA(2) Mix full set EALF

Proportion of the population =
Confidence of fit =
Confidence on proportion 5

Number of observations =
Minimum value of closed band =
Maximum value of closed band =
Administrative margin =

.999

.950

.950
36
0.00
0.00
0.05

independent
variable - x

5.76000E-Ol
7.67000K-Ol
1.93000E-01
2.82000E-01
1.38000E-01
1.83000E-01
9.09000e-01
5.49000E-01
5.48000E-01
6.54000E-01
1.89000E-01
1.56000E-01
1.02000E-01
1.46000E-01
1.45000E-01
1.44000E-01
1.20000E-01
1.19000E-01

dependent
variable - y

9.93100E-01
9.96000E-01
1.00020E+00
1.00570E+00
1.00180E+00
1.00580E+00
9.91100E-01
9.93900E-01
9.96400E-01
9.97100K-01
1.00130E+00
1.00110E+00
1.00220E+00
9.91600K-01
9.9400KE-01
9.94400K-01
9.95600E-01
9.95200E-01

deviation
in y

6.02080E-03
4.71275E-03
2.95466E-03
2.08087E-03
2.10950K-03
2.28254E-03
7.23771E-03
5.87562E-03
5.87562E-03
5.35616E-03
3.11431E-03
2.68561E-03
2.36027E-03
4.75395E-03
4.78017E-03
4.78017E-03
4.11096E-03
4.05216E-03

independent
variable - x

1.18000E-01
9.24000E-02
9.24000E-02
9.23000K-02
7.99000E-02
7.95000E-02
3.92000E-01
2.60000E-01
1.77000E-01
1.46000E-01
1.08000E-01
9.35000E-02
5.48000E-01
3.060003-01
1.57000E-01
1.17000E-01
9.58000E-02
9.16000E-02

dependent
variable - y

9.96600E-01
9.97900E-01
9.97900E-01
9.99500K-Cl
9.99800E-01
1.00000E+00
9.96300E-01
9.95600E-01
1.00410E+0O
1.00330E+CO
1.00520E+00
1.00690EK+C
9.97700K-01
9.93400E-01
9.951003-01
9.97900E-01
9.99600E-01
1.00040E+00

deviation
in y

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
4.12311E-03
2.86356E-03
3.13209E-03
3.88330E-03
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)
Linear regression, k(X)
Confidence on fit (1-gamma) [input]
Confidence on proportion (alpha) (input)
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s/k,X)A2
Within variance, sJw)^2
Pooled variance, s(p)A2
Pooled std. deviation, s(p)
Clalpha,rho} s(p)
student-t O (n-2.1-gamma)
Confidence band width, W

36
1.0005 + (-8.4182E-03) X
95.0%
95.0%

99.9%
0.0795
0.9090
0.24907

0.99844
0.99110

1.4297E-05
1.72823-05
3.1579E-05
5.6195E-03
2.8854E-02
1.69180E+00
1.0792E-02
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Minimum margin of subcriticality, Cls(p)-W 1.8062E-02

Upper subcritical limits: 1 7.95000E-02 < X <= 0.90900

USL Method 1 (Confidence Band with
Administrative Margin) USL1 = 0.9397 + (-8.4182E-03)*X

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

USLs Evaluated Over Range of Parameter X:

X: 7.95E-2 1.98E-1 3.17E-1 4.35E-1 5.54E-1 6.72E-1 7.91E-1 9.09E-1

USL-l: 0.9391 0.9381 0.9371 0.9361 0.9351 0.9341 0.9331 0.9321
USL-2: 0.9710 0.9700 0.9690 0.9680 0.9670 0.9660 0.9650 0.9640

________________________________________________________________________

********************************************,******a****.*********** *

Thus spake USLSTATS
Finis.
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Figure A4-5 AOA(2) - kff versus vm/vf as trending parameter - SCALE 4.4 on Sun

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

Version 1.3.7, Kay 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AOA(2) Mix full set VoJVf

Proportion of the population 5

Confidence of fit
Confidence on proportion =
Number of observations =
Minimnsn value of closed band =
Maximum value of closed band =
Administrative margin =

.999

.950

.950
36
0.00
0.00
0.05

independent
variable - x

1.19000E+00
l.19000E+00
2.52000E+00
2.52000E+00
3.64000E+00
3.64000E+00
1.68000E+00
2.16000E+00
2.16000E+00
2.16000E+00
4.71000E+00
5.67000E+00
1.07500E+01
2.42000E+00
2.42000E+00
2.42000E+00
2.98000E+00
2.98000E+00

dependent
variable - y

9.93100E-01
9.96000E-01
1.00020E+00
1.00570E+00
1.00180E+00
1.00580E+00
9.91100E-01
9.93900E-01
9.96400E-01
9.97100E-01
1.00130E+00
1.00110E+00
1.00220E+00
9.91600E-01
9.94000E-01
9.94400E-01
9.95600E-01
9.95200E-01

deviation
in y

6.02080E-03
4.71275E-03
2.95466E-03
2.08087E-03
2.10950E-03
2.28254E-03
7.23771E-03
5.87562E-03
5.87562E-03
5.35616E-03
3.11431E-03
2.68561E-03
2.36027E-03
4.75395E-03
4.78017E-03
4.78017E-03
4.11096E-03
4.05216E-03

independent
variable - x

2.98000E+00
4.24000E+00
4.24000E+00
4.24000E+00
5.55000e+00
5.55000E+00
1.93000E+00
2.56000E+00
3.62000E+00
4.53000E+00
7.27000E+00
1.01100+01
1.10000+00
1.56000E+00
2.71000E+00
3.79000E+00
5.14000E+00
5.58000E+00

dependent
variable - y

9.96600E-01
9.97900E-01
9.97900E-01
9.99500E-01
9.99800E-01
1.OOOOOE+00
9.96300E-01
9.95600E-01
1.00410E+00
1.00330E+00
1.00520E+00
1.00690E+00
9.977001-01
9.93400E-01
9.95100E-01
9.97900E-01
9.99600E-01
1.00040E+00

deviation
in y

4.11096E-03
4.17612E-03
4.176121-03
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
4.12311E-03
2.86356E-03
3.13209E-03
3.88330E-03
4.37379E-03

WARNING "I 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 VUnVf

Number of data points (n)
Linear regression, ktX)
Confidence on fit (1-ganima) (input]
Confidence on proportion (alpha) (input]
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s~k,X)'2
Within variance, sfw)^2
Pooled variance, sip)P2
Pooled std. deviation, s(p)
C(alpha.rho)*sjp)
student-t e (n-2,1-gamna)
Confidence band width, W

36
0.9939 + ( 1.2243E-03)*X
95.0%
95.0%

99.9%
1.1000

10.7500
3.71972

0.99844
0.99110

1.0185E-05
1.7282E-05
2.7467E-05
5.2409E-03
2.7163E-02
1.69180E+00
1.0166E-02
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Minimum margin of subcriticality, C-s(p)-W 1.6997E-02

Upper subcritical limits: ( 1.1000
A*.... *.*-..--****.*

USL Method 1 (Confidence Band with
Administrative Margin) I

<= X <= 10.750

JSLl = 0.9337 + C 1.2243E-03)-X {X <
= 0.9398 {X >=

USL method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9667 + 1 1.2243E-03)*X IX <

= 0.9728 (X >=

4.9971
4.997)

4.9971
4.997)

)

USLe Evaluated Over Range of Parameter X:

X: 1.10E+0 2.48E+0 3.86E+0 5.24E+0 6.61E+0 7.998+0 9.37E+0 1.08E+1

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

Thus spake USLSTATS
Finis.



CD
DUKE COGEMA

STONE & WEBSTER MFFF Criticality Code Validaion - Part I Page 106 of 154

Figure A4-6 AOA(2) - keff versus Pu content as trending parameter - SCALE 4.4 on Sun

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:toto.inp

Title: AOA(2) Mix full set Pu content

Proportion of the population
Confidence of fit
Confidence on proportion
Number of observations
Mininum value of closed band
Maximum value of closed band
Administrative margin

.999

.9SO

.950
36

0.00
0.00
0.05

independent
variable - x

2.04000E+00
2.04000E+00
2.04000E+00
2.04000E+00
2.04000E+00
2.04000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
6.60000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00

dependent
variable - y

9.93100E-01
9.96000E-01
1.00020E+00
1.00570E+00
1.00180E+00
1.00580E+00
9.91100E-01
9.93900E-01
9.96400E-01
9.97100E-01
1.00130E+00
1.00110E+00
1.00220E+00
9.91600E-01
9.940003-01
9.94400E-01
9.95600E-01
9.95200E-01

deviation
in y

6.020803-03
4.71275E-03
2.95466E-03
2.08087E-03
2.10950E-03
2.28254E-03
7.23771E-03
5.87562E-03
5.87562E-03
5.35616E-03
3.11431E-03
2.68561B-03
2.36027E-03
4.75395E-03
4.78017E-03
4.78017E-03
4.11096E-03
4.05216E-03

independent
variable - x

3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
3.01000E+00
4.00000E+00
4.00000E+00
4.00000E+00
4.00000E+00
4.00000E+00
4.000003+00
1.50000E+00
1.50000E+00
1.50000E+00
1.50000E+00
1.50000E+00
1.50000E+00

dependent deviation
variable - y in y

9.96600E-01
9.97900E-01
9.97900E-01
9.99500E-01
9.99800E-01
1.00000E+00
9.963003-01
9.95600E-01
1.00410E+00
1.00330E+00
1.00520E+00
1.00690E+00
9.97700E-01
9.93400E-01
9.95100E-01
9.97900E-01
9.99600E-01
1.00040E+00

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
3.138473-03
5.29528E-03
4.12311E-03
2.86356E-03
3.13209E-03
3.883303-03
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

AQA(2) Mix full set Pu content

Number of data points (n)
Linear regression, k(X)
Confidence on fit (1-gamma) [input]
Confidence on proportion (alpha) (input)
Proportion of population falling above
lower tolerance interval (rho) (input]
Mininun value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,X)^2
Within variance, s(w)V2
Pooled variance, s(p)P2
Pooled std. deviation, scp)
C(alpha,rho) s(p)
student-t @ (n-2,1-gamma)
Confidence band width, W

36
0.9985 + (-2.3845E-05)*X
95.0%
95.0%

99.9%
1.5000
6.6000
3.45972

0.99844
0.99110

1.7777E-05
1.7282E-05
3.5059E-05
5.9210E-03
2.8216E-02
1.69180E+00
1.0596E-02
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Minimum margin of subcriticality, C-s(p)-W 1.7620E-02

Upper subcritical limits: ( 1.5001
*---- **..*.... , *-***

USL Method 1 (Confidence Band with
Administrative margin)

D <= X <= 6.6000

USL1 = 0.9379 + (-2.3845E-05)1X

USL Method 2 iSingle-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9703 + (-2.3845E-05)1X

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

USL-1:
USL-2:

1.50E+0 2.23E+0 2.96E+0 3.69E+0 4.41E+0 5.14E+0 5.87E+0 6.60E+0
________________________________________________________________________

0.9379 0.9379 0.9379 0.9378 0.9378 0.9378 0.9378 0.9378
0.9703 0.9702 0.9702 0.9702 0.9702 0.9702 0.9702 0.9701

Thus spake USLSTATS
Finis.
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ATTACHMENT 5

BORATED CONCRETE REFLECTORS
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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 (238GROUPNDF5) applicable
to borated concrete fixed neutron absorber materials. As noted in Section 3.2, borated concrete is
used in reflector regions of several MUFFF 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
238GROUPNDF5 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-I 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.



CD
STONE S WEBSTER MFFF Cricalty Code Va on - Pa I Page 110 of 154

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 MIFFF
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 (238GROUPNDF5). 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 CSAS26/238GROUPNDF5 analyzed results. The results are then
evaluated to accomplish the following:

1. Determine the bias, if any, between kff 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 CSAS26/238GROUPNDF5 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-I
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 kff 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
CSAS26/238GROUPNDF5 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 238GROUPNDF5 cross
section set as well. The calculated key 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 keff and experiment uncertainties reported in the handbook and results of statistical
analysis performed on the calculated data. Calculated kf 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 238GROUPNDF5 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-I in Section 6.1 of the report (i.e., 0.01). The results also indicate that the criticality
analysis methodology tends to predict higher keff 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 MINFFF) 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.e., 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 CSAS26/238GROUPNDF5 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-l0 (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 0 to 6.6E-2 atoms/bam-cm for
hydrogen). Although the benchmark experiment AOA for B-10 content is limited to a maximum
of 5.4E4 atoms/bam-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



CD
DjUK1BCOGEMACoe" ' -

N WEBSTER MFFF Criiality Code VaUon - Pat I Page 114 of 154

Results calculated by the CSAS26/238GROUPNDF5 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 medium (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 [II] CSAS26; 238 Bias & Uncertainty 21 CSAS26; 238

Experiment Experiment/Case Description kff I-Sigma kf | 1-Sigma kff Bias Uncertainty Bias [5]

I 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 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 3c; Conc. 1.0110 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 5a; 1.2 w/o B-Conc. 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
11 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. 0.9987 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 0.9942 -0.0058 0.0112 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 0.0112 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 9c; 1.1 w/o B-Plast. 0.9967 0.0012 0.9931 0.0012 0.9979 -0.0021 0.0105 -0.0048
20 l0a; 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. 0.9929 0.0011 0.9947 0.0013 0.9979 -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 1 lb; Water 1.0013 0.0012 0.9982 0.0012 0.9979 -0.0021 0.0109 0.0003
25 12a; B-Water 0.9997 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, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 1999).
[3] Method Bias = Mean - Mean Benchmark Model
[4] Uncertainty in Bias = (Standard Deviation2 + Mean Benchmark Model Uncertainty) 05

[5] CSAS26 Bias = CSAS26; 238 kdr - Benchmark Model kff.
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Table 2. CSAS Results for Experiments in HEU-SOL-THERM-033; No Berated Concrete or Plaster

Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2] CSAS26; 238

Experiment Experiment/Case Description k5ff 1-Sigma k~ff 1-Sigma kel 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 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 3c; Conc. 1.0110 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 1Od; Conc. 0.9929 0.0011 0.9947 0.0013 0.9979 -0.0021 0.0106 -0.0032
12 1 la; Water 1.0012 0.0012 1.0000 0.0012 0.9942 -0.0058 0.0112 0.0058
13 1 lb; 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 Deviation2 + Mean Benchmark Model Uncertainty2)0*5

[5] CSAS26 Bias = CSAS26; 238 kff - Benchmark Model kff.
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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 k(ff I-Sigma kff I-Sigma kff Bias Uncertainty Bias [51

1 2a; None 1.0019 0.0011 0.9996 0.0012 0.9979 -0.0021 0.01 12 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 5a; 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 wlo 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 1.0000 0.0000 0.0109 0.0108
8 7a; 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 wlo B-Conc. 1.0026 0.0010 1.0034 0.0011 0.9942 -0.0058 0.0112 0.0092
11 8b; 2.5 wlo B-Conc. 1.0055 0.0011 1.0072 0.0013 1.0000 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 9c; 1.1 wlo B-Plast. 0.9967 0.0012 0.9931 0.0012 0.9979 -0.0021 0.0105 -0.0048
15 1 la; Water 1.0012 0.0012 1.0000 0.0012 0.9942 -0.0058 0.0112 0.0058
16 1 lb; 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 0.9973 -0.0027 0.0108
Standard Deviation +/- 0.0039 0.0049

Method Bias [31 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
[41 Uncertainty in Bias = (Standard Deviation2 + Mean Benchmark Model Uncertainty2)0 5
[5] CSAS26 Bias = CSAS26; 238 kff - Benchmark Model kff.
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Table 4. CSAS Results for Experiments In HEU-SOL-THiERM-033; All Concrete and Plaster Only

Benchmark Model
OECD Result [1] CSAS26; 238 Bias & Uncertainty [2] CSAS26; 238

Experiment Experiment/Case Description kff 1-Sigma kff 1-Sigma kf | 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; Conc. 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/oB-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 9c; 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 0.0106 -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] +1- 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 Deviation2 + Mean Benchmark Model Uncertainty2)05

[5] CSAS26 Bias = CSAS26; 238 kff - Benchmark Model kff.



CD
DUKE COGEMA

MFFF Criticality Code Validation - Part I Page 119 of 154
STOKE & WEISTEE MFFF Criticality Code Validation - Part I Page 119 of 154

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 kff 1-Sigma keff 1-Sigma kr Bias Uncertainty Bias [5]

1 5a; 1.2 w/o B-Conc. 1.0087 0.0011 1.0077 0.0012 0.9942 -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 0.0109 0.0085
3 6a; 1.2 w/o B-Conc. 1.0031 0.0011 1.0022 0.0013 0.9942 -0.0058 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 wlo 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 0.0010 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 0.9942 -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 wfo B-Plast. 0.9961 0.0012 0.9971 0.0012 1.0000 0.0000 0.0109 -0.0029
11 9c; 1.1 w/o B-Plast. 0.9967 0.0012 0.9931 0.0012 0.9979 -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 Deviation2 + Mean Benchmark Model Uncertainty2)03

[5] CSAS26 Bias = CSAS26; 238 kff - Benchmark Model k~ff.
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Table 6. Summary of Grouped Statistics Results

CSAS26/238GROUPNDF5

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 CSAS26/238GROUPNDF 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:

* Pu-nitrate solution (30 gfl <C(Pu) < 100 g/l,4.1% <% 24Pu <4.6%)

* Spherical geometry

* 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:

* Pu-nitrate solution (30 g/l < C(Pu) < 70 g/l , 4.67 % 24OPu)

* 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 keff of each subset with the mean kff 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 MIFF 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 24OPu compared to that used in criticality calculations for the MFFF, 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 (238GROUPNDF5). 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 CSAS26/238GROUPNDF5 analyzed results. The results are then
evaluated to determine the bias, if any, between kff 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
CSAS26/238GROUPNDF5 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 MUFf. 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
238GROUPNDF5 cross section set. The calculated kff 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 keff and experiment uncertainties reported in the handbook and results of
statistical analysis performed on the calculated data. Calculated ken 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 238GROUPNDF5 cross section library. In fact,
the criticality calculations for the experiments with cadmium perform more better than those that
do not have cadmium. (Mhis 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., k.=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-TBERM-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 kff of each subset of experiments involving cadmium
and concrete reflectors contained in the 191 benchmarks with the mean kff 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 CSAS26/238GROUPNDF5 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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CSAS26/238GROUPNDF5 criticality analysis methodology calculated results for systems that
contain cadmium neutron absorber materials relative to systems that are cadmium-free.

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

Sun Results (SCALE 4.4) PC Results (SCALE 4.4a)

Metric AU Concrete Cd/Conc Water Cd/H120 AU Concrete Cd/Conc Water Cd/H20

Num Exp 191 29 5 10 4 191 29 5 10 4

Avg k 1.0096 1.0177 1.0017 1.0070 1.0032 1.0095 1.0177 1.0014 1.0073 1.0019

a of Avg 0.0046 0.0042 0.0053 0.0060 0.0061 0.0045 0.0040 0.0052 0.0060 0.0060

Min k 0.9968 0.9976 0.9976 1.0021 1.0004 0.9948 0.9948 0.9948 1.0022 0.9989

Max k 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 [11] CSAS26; 238 Bias & Uncertainty [2] CSAS26;

238

Experiment Experiment/Case Description lf 1-Sigma kef I-Sigma kfY Bias Uncertainty Bias [5]

I 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:
[I] 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 Deviation2 + Mean Benchmark Model Uncertainty) 0U

[5] CSAS26 Bias = CSAS26; 238 kff - Benchmark Model kff.

I

I

I

I
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Table 3. CSAS Results for All Experiments in PU-SOL-TBERM-022, No Cadmium

Benchmark Model

OECD Result [1] CSAS26; 238 Bias & Uncertainty [21 CSAS26;
238

Experiment Experiment/Case Description kff I-Sigma k~ff I-Sigma kff 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

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 Uncertainty2)0U
[5] CSAS26 Bias = CSAS26; 238 k.y - Benchmark Model kff.
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Table 4. CSAS Results for All Experiments in PU-SOL-THERM-022, With Cadmium

Benchmark Model
OECD Result 11] CSAS26; 238 Bias & Uncertainty [2] CSAS26;

238

Experiment Experiment/Case Description kff I-Sigma k~ff I-Sigma keff 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:

[1]
[21

[3]
[4]
[5]

Table 10.b, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).
Table 9, International Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency 2002).
Method Bias = Mean - Mean Benchmark Model
Uncertainty in Bias = (Standard Deviation2 + Mean Benchmark Model UncertaintP)05

CSAS26 Bias = CSAS26; 238 kff - Benchmark Model kff.
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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 0.0041 0.0117

No Cadmium (Table 3) 1.0075 .0031 0.0075 [1] 0.0031

Cadmium Only (Table 4) 1.0004 0.0014 0.0004 [1] 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 PartlAtt7

Volume Serial Number is 79BF-7211

Directory of D:N

asIsS cDIR>
0 file(s)

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

Directory of D \CASES

iC
SUN

<DXR>
cDX8>
cDXR>
cDXR>

0 file(s)

10-04-01 2:06;
10-04-01 2:06p .-
10-04-01 2:06; PC
10-04-01 2:06p Sun

0 bytes

Directory of D:rCaSES\PC

. .
£032Asa2

cDIX>
CDIR>
'DIR>
'DIR>

0 file(s)

10-04-01 2:06;
10-04-01 2:06p .
10-04-01 2:06; AoAl
10-04-01 2:06p 1oA2

0 bytes

Directory of Dr ChSZSWPC\AOA

PST_01

PST-003

PST_004
1ST-Dos
PST_006

PST-Oll
PST.014
PST_015
PST_016
PSTO01
PST_020
PST_025
PSTm026
DSL

cDIR>
cDDR>
cDIR>
CDXR>
'DIR>
cDIR>
cDIR>
'DIR>
cDIR>
cDIR>
cDIR>
cDIR>
cDIR>
'DIR>
cDIR>
cDIR>
CDIR>
'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 2r06p PST-004
10-04-01 2r06p PSTOOS
10-04-01 2:06; PST-006
10-04-01 2:06; PST-008
10-04-01 2:06p PST-011
10-04-01 2:06p PSTOld
10-04-01 2:06p PST-OS
10-04-01 2r06p PST-016
10-04-01 2:.06p PST-017
10-04-01 2:06p PSTo20
10-04-01 2I06p PST-025
10-04-01 2:06p PST-026
10-04-01 2r06p usl

0 bytes

Directory of Dr CASKS\PC\JaoAlPST-O~l

-DIR> 10-04-01 2:06p
-DXR> 10-04-01 2r06;

PU.SOL-6 OUT 799,698 05-31-01 3r27p PUSOkTLOOlSTSAk6.out
PUSOL-S INP 4,312 05-29-01 3:51; PUISOLjtOL_-6_.S8Ak6. inp
PS-10 WOT 800,013 05-31-01 3Z46; PUSOkTLOOL 66_T8.-c6. out
PUJ0-12 INP 4,312 05-30-01 11:07a PW_S LOOLS01_5A_6. inp
PUE9S-14 INP 4,312 05-30-01 1MM07s PUS0L_TI OOl_l_TA6.inp
PUS0-16 OUT 797,910 05-31-01 2:05p PUSOL_TTOOll__T8A_k6.out
PUSJ-1S INP 4,311 05-29-01 3:51p PUSOTEoO01_2_T8Ak6 .inp

PU_50-2O OM 793,956 05-31-01 2:26p PuSOBTg_001_2_T8ak6.out
PUSO-22 DIP 4,311 05-29-01 3:51p PUSOLTILOOL_3_T8Ak6. inp
PU..O-24 WIT 799,854 05-31-01 2r46p PU_SOLU_TOOL3S3_TA_k6.out
PUSO-26 INP 4.312 05-29-01 3:51p PU_SOLILOOL4_TAk6.inp
PUISO-28 OUT 801,932 05-31-01 

3
r07p PU.30L_TL_OO41TCA8k6.out

12 fileC) 4,819,233 bytes

Directory of Dr CASES\PC\AoA1NPST_002

CFTKZ-6 TXT
PUOL-8 DIP
PUSO-10 0r
PU-SO-12 INP
PUSO-14 IMP
PUSO-16 INP
PUSO-18 INP
PUSO-20 INP
PUSo-22 OWT
PU_7S0-24 OUT
PUSO-26 WI
PU_50-28 WT
PUSO-30 WI
PUSO-32 INP
Pq_50-34 OWT
PUS5-36 INP
PU_50-38 O0r

'DIR> 10-04-01
'DIR> 10-04-01

731 09-21-01
4.079 06-01-01

768.544 06-01-01
4.065 05-29-01
4,065 05-29-01
4,065 05-29-01
4.065 05-29-01
4,065 05-29-01

770,538 05-31-01
771,987 05-31-01
773,611 05-31-01
771.385 05-31-01
772,891 05-31-01

4,065 05-29-01
772,314 05-31-01

4.080 06-01-01
771,626 06-01-01

2:06;
2:06;
3:05; getkeno.txt-
6:14p PUSOLTILoo02L3_k6_R2. in;
8:56p PUSOkLTBOO2_3_k6 R2.out
3:50p PU_SOL_ST002_3Wk6. inP
3:50; PUSOL_TI002_4_k6. in;
3:50; PUSOLSIL002_Sk6 inp
3:50; PU_ SOL_ToL002_6_k6 inp
3:50; PUSOL_E_002_7_k6 .inp
4:Slp PU_0LTlL002_3_k6 out

5:13p PU_OL_TH_002_4_k6 .cut
5:34p PUOLIH_002_5_k6 .out
5:5S; SOL_TH_002_6_k6 out
6:16p PUSOLSH_002_7_k6 .out
3: 50 PU-SO-TH1002N JE6 -U inp
4:08; PU_SOLkS_002_Ac6 .out

6:12p PU_SOLLTjLOO22_. 6_R2 .inp
7:11; PU S0LTLO02.1_J6_32 out
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mUA-40 INP
PU.SO-42 OUM
,U-5O-44 IMP

U SO-46 OMr?
21 file(s)

4.065 05-29-01 3:50; PViOL_TH_I002_2_k6.inp
769,185 05-31-01 4:30p PUSOLTH_002_2_1c6out

4,079 06-01-01 6:14p PRSOLITHILOO2.2.Y6_.2 inp
768,650 06-01-01 8:04; PU;OLTHL_002_2Jc6_R2 out

7, 752, 155 bytes

Directory of D: \CASES\PC\AOAl\PST-003

PUSOL-6 INP
PU_50SL-8 IMP
PUsO10 D P
PtUSO-12 INP
WU-S-14 OW
PTLSO-16 OUT
W-SO-18 OUT

PUlLO-20 OM
P7_S0-22 IMP
Pf.SO-24 OUT
1U0S0-26 DIP
IU.10-28 OUI
1U0.0-30 IMP

PULSO-32 OUT
10_S0-34 1IP
10.30-36 OUr

'DIR> 10-04-01
<DIR> 10-04-01

4*475 05-29-01
4,475 05-29-01
4,475 05-29-01
4.475 05-29-01

793,539 05-31-01
792,015 05-31-01
792,918 05-31-01
788,215 05-31-01

4.475 05-29-01
787.931 05-31-01

4.475 05-29-01
789,006 05-31-01

4,475 05-29-01
792,714 05-31-01

4.475 05-29-01
792.646 05-31-01

2:06p
2:06p
3:49p W.SOLkT003.5 .6 inp
3:49p P17_0L_T10036Jc6 .inp
3:49p Iu3OLfTLOOL37.k6 inp
3:49p PUSOLITIL003.8.k6 inp
8:04p UtLSOkL.T1L003.5J6 .out
8:25; PULSOLTcL003.6k6 .out
8:48; PUOLIL003_7tk6 .out
9:10p PU3Ok.TIL003.836 .out
3:49; PUtSlOLTIIOO3_1_c6. inp
6:38p PlSOkL.THL0031kG6 .out
3: 49p PtlSOLSlN_003..2J1c6 inp
3:49P PU-SOLtVt003....S .inp7:21p PU SOLSNT0032.36 .out
3:49p PU5OLkTN_.003_3_k6. inp
7:21p PU7S 1JIIO003.3..6 out
3 .49p h7_50, SH_00L3_ _k6 inp
7t43p h7_501,TH_003_ _k6. out

16 file(s) 6,364,784 bytes

Directory of D: CaSIS\FC\AoklPST.004

CDIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

10.SL-6 INP 4,148 05-29-01 3:48; 1U3T0L_00413Jk6. inp
IU.01-8 lNP 4,148 05-29-01 3:48p PU SOL.T71L004.12]c6.inp
Ph7SO-10 IMP 4,066 05-29-01 3:48p PU...8TH&IOO4JO1c6.inp
hU7SO-12 nIP 4,066 05-29-01 3:48p 1USOLkTILtOOlk11J6.inp
Pu1so-14 nIP 4.066 05-29-01 3:47p PUSOISLS 004.08t)k6.inp
PU1"-16 IP 4.066 05-29-01 3:47p IVSOLTtOO4..07Jk6.inp
10-SO-18 INP 4,066 05-29-01 3:47p PUl.SOkTH700_ 06_k6.inp

PV_SO-20 IMP 4.066 05-29-01 3:48p PU3Ok.1,_L004.09.k6.inp
hl..8-22 INP 4,066 05-29-01 3:47; PU 80 LjTH_004_05.k6.inp
1U0.9-24 OWI 766,296 06-01-01 1:53a PU.JSOktjfK004_13...6out
1U03026 WI 771,950 06-01-01 1:31- PUJOL..TEL.00C12..k6.out

PU.SO-28 OUT 775.140 06-01-01 12:49a PUh70L.3TE1004_l0_k6.out
P-SO-30 OUT 771,351 06-01-01 1 09- 1_0.SO3TULOO4_11_k6. out
PILSO-32 WI 772,067 05-31-01 11:Ol; Pt.SOL.T.t004.05.k6.out
1P.3-v34 WI 774,476 06-01-01 12:06a h730L..TI1L004L08J6.out
PU_00-36 OWI 765,432 05-31-01 11:45;p PU_.L_THI_00O07_k6.out
PUJ;0-38 WIr 778,825 05-31-01 11:23p PUtSSOL_TH2004C06Jk6.out
PU1SD-40 OUW 770,913 06-01-01 12:28a PUSOL_TH_004_09_k6.out
PU1.0-42 fNP 4,066 05-29-01 3:47p PUSOLTH_004_01.k6.inp
h7-S0-44 WIr 772,413 05-31-01 9:33p PU_SOL_TH_004_0_.Ok6.out
PU100-46 IMP 4,066 05-29-01 3:48p PUSOL-TH100t402..k6.inp
PU1S048 OW 771.390 05-31-01 9:55; PUSOLTHOO4602}k6.out
P._0-S50 IP 4,066 05-29-01 3:48p PU35OL TI004.03kC6.inp
PUKSO-52 OUT 772,206 05-31-01 10:17p PU_SOLMT.004_03_k6.out
Pu13-54 IMP 4,066 05-29-01 3:48p PU-SOL.-UTIO0-04. .k6 inp
PU1.0-56 OWT 768,429 05-31-01 10:39p 3USOl__004_04_J.k6.out

26 file(s) 10.083,910 bytes

Directory of D: \CASESPC\AoA1\PBT-tOS

<DIR> 10-04-01 2:
'DIR> 10-04-01 2:

PUSOf1-6 IMP 4,067 05-29-01 3:
PUO5L-8 INP 4,067 05-29-01 3:
PU_3-10 IMP 4,067 05-29-01 3:
PU;0-12 nIP 4,067 05-29-01 3:
9USO-14 INP 4,067 05-29-01 3:

PUSO-16 OUT 772,706 06-01-01 4:
PU-S.-18 OUT 776,586 06-01-01 S5
PU50-20 OUT 768,648 06-01-01 3:
P1LSO-22 WItr 771,709 06-01-01 4
1U030-24 WI 773,424 06-01-01 4:

PU_50-26 INP 4,067 05-29-01 3:
PU50-28 OUT 775,768 06-01-01 2:
PUSO-30 IMP 4,067 05-29-01 3:
P100-32 OUr 772,675 06-01-01 2:
PUSO-34 IMP 4,067 05-29-01 3:
PUSO-36 OUr 772,332 06-01-01 2:
PU_50-38 IMP 4.067 05-29-01 3:
PUSO-40 OuTr 770,292 06-01-01 3

18 file(s) 6,990,743 bytes

Directory of D: \CASS\1PC\AoAl\PSTS006

:06p -

:06p
:46p PU_SOLITH_005_8_k6. inp
:46p PUSOL- TL-OOS-.9-JC6. inp
:46p PUSOLTHOOS.5_]c6. inp
:46p PU_5OLHLOOS36k6 .inp
:46p PUSOLTH_5OO7_]6 .inp
142 PU_SOLT OH_005_8_k6 .out

04. PUJ;OLTH_005_9_k6 .out
40. PU_5OL H_005_5_k6 .out

100. PU_50LO_005_6_k6 .out
121 PU_SOL_TH_005_7_16 .out
145p PU_0L_knt_005_1_k6. inp
115. PU_SOL_SH_005._Lk6.out
:46p PUSL_T11005_2_1c6 inp
136a PU-SOLTIL005_2_k6 out
:46p PU50L_TLOOS5_3_k6 inp
:58 PU_SOL_Tlt_005_3_c6 .out
:46p PUSL_TgOOS_.-k6 inp
19 19-PU_L_TOOS_4_1c6 .out

PUSOL-6 INP
PU_0L-8 ou
PU-0310 INP
PU113-12 OUT

'DIR>
'DIR>

4,042
768,057

4,042
771,522

10-04-01
10-04-01
05-29-01
06-01-01
05-29-01
06-01-01

2:06p
2.06p
3:44p PU_SOLTH_006_CASE__k6. inp
5:26- PU-SOLTH-0O6-CAS3l-c6 .out
3:44; PX -.SoTHIOO6S-CSL2-c6. inp
5:47a FU0SOL7TH1006-CASLk2JC6 out
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PU-LO-14 DP 4.042 05-29-01 3.45p P-SOLlTH-OO6-.CAS]L3J6.inp
PU.SO-16 OUr 773.418 06-01-01 6:09a PUSOLTH-006.CAhSZL3.k6.out

6 filets) 2.325,123 bytes

Directory of D% %CSzSPC\AoAl\PST-008

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

W_.AoL6 DIP 1,636 05-29-01 3:53p PU_SODTH_008_cas-e12k6.inp
PtSOL-8 DIP 1,561 05-29-01 3:549 PSOt_7TH008e_case11_k6.inp
Pu-.O-10 DIP 1,561 05-29-01 3:53p PUSOLFLOO8_ccse0..k6.inp
PU- O-12 DIP 1,746 05-29-01 3:S55p PUMSOLT1FO8_cae22_.k6.inp
Pu..o-14 DiP 1.746 05-29-01 3:55p WULSO_.TLOOS._case2Lk6.inp
PU..o-16 DIP 1.661 05-29-01 3t54p P OLLTH008_case20_16.inp
pJVSo-1S DIP 1.778 05-29-01 3:56p PVSOLLOO8_,cmse30"6.Lnp
PUV O-20 DIP 1.637 05-29-01 3:56p 1U.S0OLUIT008-caaeO8Jk6.iinp
PILSO-22 lNP 1,561 05-29-01 3:56p PUSOLTHL008_caseO7_k6.inp
SU..8O-24 XNP 1,561 05-29-01 3:56p PU_SOL_7L_008_caeO5Skc6.in
ftI0S-26 MIP 1.637 05-29-01 3t53p PVSO0L.L008.8_ceO9_lc6.inp
lU.L0-28 DIP 1.779 05-29-01 3:5&p SU_SOL_7T_008_LseelS_k6.inp
IU_.S0-30 D7P 1,776 05-29-01 3:54p lU_5OLn.008.._casl7_k6.inp
PU.SO-32 nIP 1,664 05-29-01 3:54V PO5L-'nI008._casel5-k6.inp
PU-80O34 INP 1,749 05-29-01 3:54p WULO5L TH-008.caseU4.6.inP
PKL0-36 DXP 1,636 05-29-01 3:54p .L.SOT1_008Lcase13 164ip
nrJ;0-38 DIP 1,661 05-29-01 3:54p PUm SOL -LO08_caael6.k6.inp
Pu-80-40 DIP 1,661 05-29-01 3:54p PU_51L7T_008._cace1l9_k6.inp
W..SO-42 DNP 1,84 05-29-01 3:55p IULoT mOO8_case28.k6.inp
PU.-.44 INP 1,840 05-29-01 3:S55p POL_TEL008_case27_k6.inp
PU.O-46 DIP 1,866 05-29-01 3t55p PUJ;OLTl008_case2S.k6.inp
PU_#-48 DNP 1,661 05-29-01 3:55p P7_SOLTIII008_cas-e24k6.inp
PU.sO-50 DIP 1.661 05-29-01 3:55p PULSOL_T_008_case23_1k6.inp
SU.JO-52 NiP 1,749 05-29-01 3,55p PU._OLTI00.8_case26_k6. inp
PUXO-54 DIP 1.779 05-29-01 3:56p PUSO(L_71H008_case29_c6.inp
PU_5O-56 our 828,802 06-01-01 8.08a PUSOLTHOO__caeOSkc6.out
1U.SO-58 Out S26,5S83 06-01-01 755a PU-MOL-.T-008.cas 7-Mc6out
PU-80O60 our 825.927 06-01-01 7:27a PUSOLTH_008_case05_k6.out
P7Jso-62 OUr 824.934 06-01-01 8.16 PU_ SOLTHOO8_ca eO9_}6.out
PIl-64 OUT 830,567 06-01-01 11:189a YUJSOL S.008_casel8_k6.out
PUd.O-66 OUT 828,793 06-01-01 10:59a rVSOLt_008._casel7_k6.out
PU.JO-68 OUT 826,692 06-01-01 10.20C IPUSOLI_08. 0case15Sk6. out
PU-SO-70 OUT 831,684 06-01-01 9:59a W-SOkTH_008_casel4..k6.out
aLSO-72 OUT 828,714 06-01-01 9:44a WU-SOL-TEL008-case13_6.out
PU-SO-74 OfU 824,088 06-01-01 10:40. PU.SOL..._008cse16U.k6.out
PU-SO-76 otur 827.278 06-01-01 11:39a PUWLTL.0088_case19_k6.out
PU..7-78 OUT 825,214 06-01-01 9:40a PU_.SOLTILOCO.caselOk6.out
aUSO-80 OUT 826,129 06-01-01 9:23c PUS OL_TOOB_casel2_.k6.out
aU.J0-82 WI' 826.094 06-01-01 9:OS, PUa L__TIL008_caell_k6.out

IUsO-84 Our 828.498 06-01-01 2,49p PSOLL_TH_008_cse28_c6.out
PUar0-S6 our 829.182 06-01-01 2:33p P._SOLTILOO8_..aze27_k6.out
PUISO-88 OUT 828.490 06-01-01 1.55p PQ.WSOL-T008-.cce25_k6.out
PUHsO-90 OUT 827,282 06-01-01 1:32p PUW_ TOO8._.cse24_c6.out
PUa.So-92 Our 825,308 06-01-01 1:03p PU&SOL TiLOO0.case23_1c6.out
IU-.0-94 OUT 826,619 06-01-01 2:1Sp FV SOLT 0OOcease26_6 .out
PUJO-96 OUT 826,619 06-01-01 3:12V Pi._SOLII.O. 8 case29_k6.out
PILSo-98 OUT 824.112 06-01-01 12:11p PUSOl_.IL008.._cae20.k6.out
IaqS-100 OUT 825,474 06-01-01 12:36p PlSOtU_.008._case22_k6.out
,qLS-102 OUT 828.056 06-01-01 12:27p PUS9OLT1008_cacUe21k6.out
PU.S-104 our 823.251 06-01-01 3:35p PUSOLTILOO8_case3D_1k6.out
IU-.-106 INP 1,561 05-29-01 3:569 PU.OLSTFLk0O8.ca e0lJk6.inp
PU..S-108 OUT 826,186 06-01-01 6:26a Pu-..OLTL008caseOl-k6Wout
Iu.S-110 DIP 1,561 05-29-01 3.S55p W._SOLTILOO8..caeO2_k6.inp
PV5--112 OUT 820,943 06-01-01 6:40a PUW5TLHE008_case02_c6.out
PU-S-114 DIP 1,561 05-29-01 3S56p aUJ_6L_OT_008_case03_k6.inp
Pt7L-116 OUT 825,181 06-01-01 6:55a PUSLH_.008LcaseO3_6 .out
Pu.5-118 DIP 1.561 05-29-01 3:56V aUJSOL_TH_008.caseO 4_k6. inp
Pa-S-120 OWI 832.211 06-01-01 7:09a P6wOL_5TH008_caceO4_k6.out

58 filets) 24,027,562 bytes

Directory of D.\ChSBS\PC\AoAI\PST.011

uSOL6 DIP
DUESOL DIP
Pu-SO-10 DNP
P.lJSO-12 DIP
PUVSO-14 DnP
CU-JO-16 INP
PUE- 18 INP
PUESO-20 INP
W...s-22 otr
PQLsO-24 OUT
PUrSO-26 Our
PU..ZO-28 OUt
BUSO-30 Our
PU.SO-32 our
Pur-SO-34 our
PUsO-36 our
PU..BO-38 nIP
PU-E0-40 our
PU7.0-42 INP
PU_SO-44 OUT

<DIR> 10-04-01
<DIRE 10-04-01

3,221 05-29-01
3,221 05-29-01
3,221 05-29-01
3,959 05-29-01
3,959 05-29-01
3,959 05-29-01
3,959 05-29-01
3,959 05-29-01

750.934 05-31-01
745.332 05-31-01
743.710 05-31-01
760,850 05-31-01
752,779 05-31-01
760,669 05-31-01
757.132 05-31-01
758.864 05-31-01

3,221 05-29-01
744,560 05-31-01

3,959 05-29-01
759,250 05-31-01

2:06p
2:-069
4:08p PUSOLTL01LC800_5_l.6_k6 . op
4:08p PuOS011C800...316.3 ..6k6 inv
4:089 PU_.SOLTE01LIC B00. _4...6_.k6 . op
4: 0

7
p PU._8OLTILO1lC800.7_.18_.k6. lop

4: 08P PUJOL!TIL02LC8O&.5.18.k6. lop
4 :08P Pa .JO L..'I-IL O1 C 800 ...L1 8..k 6. l p
4 :08p lU_.JOL_.THILO1_C800._18.k6.inp
4: 09p PQSOL_ H-l3._C800._6_.8_k6G.lop
4:25P S- L..TILO1l -C800...C 6.k6 .out
4: 39p P SOL_01_01_00O5_16k6 .out
4 :10p PU_.SOL_.TI_011_800.._3_1_k6 .out
4 :34P PUJOL..T -O1lIC800..4..8Jk6 .out
4 :55p VU_.SOL_.'ftLO1_C800._6.18_k6.out
5:04p PU_.SOL_ L013_C800._7_.18_k6 .Out
4 :48p PUSOL_.¶ILO11_.C800_5.18_k6.out
4:20p PQSOLTF 11,IC800. _3_.18 .6 .*ut
4:099 PILUSOL-TK-011S800-..l16k6 .lop
3: 40p P3._SOk_.I_01_CSOOJ_.16..k6 .out
4: 08p PUSOLL01lC800_.1J8k6 .inop
3:50p PUSO4_T 011._CS00j_._18k6 .out
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PU_50-46 INP 3.221 05-29-01 *:08p PUSOLk-.TLO11-CBOO_2_16_k6.inp
PU-SO-48 OUT 747.789 05-31-01 3:55p PU_SOLTO11_1_CS00_2_16_1c6.out
PUS-SO IMP 3,*3959 05-29-01 4:0Cp PU.SOLSTH011_SO0_2_t18_6.inp
PtUSO-52 OUr 756.582 05-31-01 4:05p PUSOLTS_011C800.._2_18_6.out

24 fileWs) 9,082,269 bytes

Directory of D:\CASSS\PC\AoAl\PST_014

<DIR> 10-04-01 
2

:0
6
p

..DR> 10-04-01 2:0
6
p

PUOL-6 MIP 6.633 05-30-01 11:16a PU5OL _TL014_19_k6.inp

PU_.SOL-8 IMP 6,633 05-30-01 11:16a PU_WSOL.TH_014j7_k6.inp
PUSO-10 nIP 6,633 05-30-01 11:17- PU_SOLSILO146_k6..inp
PUS0-12 INP 6,633 05-30-01 11:17a PU_SOLkwTIOl543 k6.iJp
PU_SO-14 INP 6,633 05-30-01 11:16a PU_SOLktl_01lSc6.inp
PU_0.-16 InP 6,633 05-30-01 11:17- PU_SOLS._014_12_c6.inp
PU_50-18 InP 6.633 05-30-01 11:17- PUSOL_3H_014_11_k6.inp
PU_0.-20 INP 6.633 05-30-01 l:217- PUSOLk.01_1k6.inp
PUJ;0-22 IMP 6,633 05-30-01 11:17a PU.3_SoL331t10...k6.inp
PU050-24 IMP 6,633 05-30-01 11:17e PU_.3L0 LOl4_13_t6.inp
PU_50-26 DIP 6,715 05-30-01 11:15a PU.SOLSM.014&2L9k6.inp
PU_SO-28 IMP 6,715 05-30-01 1:l15a PU.SOL Tf01_27._k6.inp
PU_50-30 INP 6,715 05-30-01 1:15- PULSOETILO1&26_k6.inp
PU_X-32 INP 6,715 05-30-01 11:16a PU_SOLIOH_01t25_k6.inp
PU_SO-34 IMP 6,715 05-30-01 11:15* PUSOLWTHL_012k6.inp
PU_S0-36 IMP 6,633 05-30-01 11:16- PUKSOLSTIL0122..k6.inp
PU_50-38 MIP 6,633 05-30-01 11:16a PU_.SOLkTjOlLl4216.inp
Pu_S0-40 IMP 6,715 05-30-01 11:16a PUSOLSH_014"4hk6.inp
PU103-42 IMP 6,633 05-30-01 11:16a PU_SOLSIL014.20_kh6.inp
PUO.-44 IMP 6,633 05-30-01 11:16a PU_SOL2HIL014_23_316.imp
PU_SO-46 niP 4,698 05-30-01 1l1l1a PU_SOL_0014_35_.6.inp
PU_30-48 IMP 6,750 05-30-01 lll:a PU_SOLM_014_32J6. inp
PU-SO-50 DIMP 6,734 05-30-01 11:15a PU_SOtTE0014_31_k6.inp
PUS0-52 IMP 6,753 05-30-01 11:15a PUSOL_kTI014_34_6.inp
PUSO-Sd IMP 6,748 05-30-01 11:15a PU_SOLkSTLOl44_30_k6.inp
PU.50-56 IP 6,717 05-30-01 11:15a PU_OL_kT*L01C33_k6. inp
PU_S-58 IMP 6,633 05-30-01 11: 17* PUSOkt-LO&1_09_k6. inp
PU_SO-60 IP 6,633 05-30-01 11:14* PUSOLELO1&407.k6. inp
PU_50-62 DMP 6,551 05-30-01 11:14* PU0_L_TILO01"6_k6.inp
P._O--64 IMP 6,551 05-30-01 11:14a PU_.SOLSH_014_05_k6.inp
PU_SO-66 IMP 6,633 05-30-01 11:14a PU_SOLTH_0143_8.k6.inp
PU500-68 OUr 843,009 05-31-01 B:

2
6p PU_0SOL7TI_01O1_k6.out

PU_50-70 OUT 842,492 05-31-01 9:
2

4p PU_SOLtf.01C_1hk6.out

PU_50-72 OUT 842,029 05-31-01 8:07p PUsOLkt_014_0Jk6.out
PU_00-74 OUS 842,846 05-31-01 9:05p PUSOLktM.01d"13_k6.out
PU0.3-76 OUT 842,902 05-31-01 S:

4
5p PUSOL3 Stl014_12_k6.out

PU_SO-78 OUT 642,986 05-31-01 11
3

8p PUSOLH.S1 4_21_k6.out
PUSO-80 OUr 643.134 06-01-01 12:37a PUSOLTH_014_24_kC6.out
PU_SO-82 OUT 841,973 05-31-01 11:19p PU_03OkTL014&20_k6.ont
PUSO-84 OUT 642,606 06-01-01 12:16a P._3OL_Kl_014_23_k6.out
PU00-86 OUr 642,807 05-31-01 11:57p 3U_SOL3TILO"12Lk6.out
P0USO-88 OUT 843,333 06-01-01 3:02* PU_SO_.1L_014_31_k6.cut
P0USO-90 OUT 844,041 06-01-01 4:04a PUWOL_T_014L34_k6.out
PU0..S-92 OUS 842,576 06-01-01 2:41* PU_SOLTH_0130_k6.out
PUSO-94 OUT 843,572 06-01-01 3:43a PU_0SOLTH_01233_k6 .out
PU_50-96 OUS 844,579 06-01-01 3:23a PU_SOkL_JT_0132_k6.out
PU_50-96 OUr 842,666 05-31-01 11:00p PUSOkTIL01L19Jk6.out
P0US-100 OUr 642,373 05-31-01 10:21p PU_SOL_3N_01417._k6.out
PU_5-102 OUT 842.926 05-31-01 1O:02p PU_SOLM_014_16_k6.out
PU0S-104 OUT 843,709 05-31-01 9:

4
3p PU_SOLkjtOl4_l5k6.out

PU_S-106 OUT 645,453 05-31-01 10:490 PULSOL2TIt1&1JS_k6.out
PUS-108 OUT 843,543 06-01-01 2:20a PU_SOLTEt014_29_k6.out
PUS-110 OUT 845,154 06-01-01 1:39a PU_SOLttOl14_27_k6.out
PU05-112 OUT 843,087 06-01-01 1:1*a PU0SOLjSI014_26_k6.out
P0U3-lld OU? 643,233 06-01-01 12:58a PU03L_SIL014_25_k6.out
P0U_-116 OUr 843,197 06-01-01 1:59a PWL3 XLnt_014"8_k6.out
PU_5-118 OUr 841,728 06-01-01 4:25a PU_WSOLtL014._35.k6.out
PU_5-120 OUS 843,043 05-31-01 

7
:48p P5_WOLT_014_09_k6.out

P0_5-122 OUT 842,571 05-31-01 
7

:l0p PU.OL.TH_LO14_O7k6.out
PU_.-124 OUT 843,181 05-31-01 6:50p PUSOLSJLO61t06.k6.out
PU_S-126 OU7 842,375 05-31-01 6:33p PUSELTOLO14COSk6.out
PU_5-128 OU7 843,337 05-31-01 7:29p PU_SOL7H_01408._k6.out
PU_5-130 MP 6,551 05-30-01 11: 14a PU_SOL7HIL014_01k6. inp
PU_5-132 OUT 841,771 05-31-01 5:

2
2p PU_SOL IH_014_01_k6.out

P0_S-134 IRP 6,551 05-30-01 11:16a PU_SOL7T.014_02Jk6.inp
PU_5-136 OU 841,900 05-31-01 5:40p PUSOLSH_Ol&402.k6.out
PU05-138 INP 6,551 05-30-01 11:15a PU0SOLTSH014_03_k6.inp
PU0S-140 OUT 842,217 05-31-01 5:58p PU0SOLkSTI014_03_k6.out
PU0-142 INP 6,551 05-30-01 11:14a PU_SOL_Tl014_04_36.inp
PU0S-144 OUT 842,233 05-31-01 6:15p PU0.SOLkTILOl14O4.k6.out

70 file(s) 29,735,339 bytes

Directory of D: CASHS\PCkAoAl\PST_015

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

PU_SOL-6 IP 6,714 05-30-01 ll 19* PUSOL TN_01517..k6 inp
PU0SOL-8 IP 6,714 05-30-01 11 19a PU_1SOL3_1L015_16_k6.inp
P0USO-10 IMP 6,714 05-30-01 11:19a P0U_SOLSH_015_15_k6.inp
PU_SO-12 IMP 6,632 05-30-01 11:19* PU_SOL27N_015_12_k6.inp
P0-iSd14 IMP 6,632 05-30-01 11:19- PUSOL_T4L015_ll_k6.inp
PU_0.-16 DIP 6,632 05-30-01 11:19* PUSOLSTH_.015.14_k6.inp
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Pu-SOC1l N1P 6.632 05-30-01 l1:19a PUU30^L-THE015.j0k6.inp
US0-20 DIP 6.632 05-30-01 11:19a PUS.OLTUL015_13_k6.inp
1U3J0-22 INP 6,632 05-30-01 11:20a PUWSOLkTH1O15..0t9k6.inp

PU.SO-24 In 6, 632 05-30-01 11:18a PlsISOL_Tl_015_07_k6. inp
PUSO-26 INP 6,468 05-30-01 11:18a PU-5SOLTIL015_06_k6.inp
3UL0-28 M1P 6,550 05-30-01 11:18a PUOLTN_015_05_k6.inp

PU_SO-30 DIP 6.632 05-30-01 11:18a. RUSOflLHO15..08jk6.inp
PU_50-32 our 845,491 06-01-01 7:41a RUJ.OLSTO1S_01_llck6.out
31.50-34 OU 845,789 06-01-01 8:37a PV_SOL_1LH015_J4_k6.out

n7_so-36 o0r1 845.195 06-01-01 7:22a PUSOL_kfLOl_10_k6.aut
n7_so-38 0Ur 846,128 06-01-01 8:19a PU1SOL¶'15L1_13_k6.out
v1-30-40 Our 845,704 06-01-01 8:00a R1-0011OnTH 5 12_k6.out
PU_90-42 oUr 846,541 06-01-01 9:38a PU_S0L TH_015_17_k6.out
NX-SO-44 OWT 847,128 06-01-01 9:18a PUSOL_wT015._16_k6.out
PVSO-46 Wir 845,939 06-01-01 8:58a PUW0LTflL015..lSk6.out

0_S0-48 wI 846,146 06-01-01 7:04a a7_SO.T802T1S_09_k6.out
PU-S0-SO our 846,077 06-01-01 6:26- Pi7_0Llt015_07_k6.Out
PuSO-52 OM' 843,437 06-01-01 6:07a PU_30LjT_015_06_k6.out
9t11S0-54 aum 845,445 06-01-01 5:51a PU__SOH_0TIL15_OS_k6.out
9-60-56 our 845,635 06-01-01 6:45a PUSOLTOLS0108_k6.out
91150-58 ZNP 6,550 05-30-01 1118a PUSL0LTHL015_01_k6.inp
Pu-30-60 OUT 831,314 06-01-01 4:42a PV_SOL__1L015_01_k6.out
a7_-1362 IMP 6,550 05-30-01 1119- P1_SOLIL_015_02_k6.inp
P1_30"64 OUT 843,969 06-01-01 500 P1_S0L71L-O15._02.k6.out
PtL..-66 ZIP 6,550 05-30-01 11:19s 91_SOLTH015_03kj6.inp
11_93-68 0Un 844,700 06-01-01 5:17s 91_S0k.211315_033.6.out

PUSO-70 2IP 6,550 05-30-01 1118as PU_93 T0L 015.._04_k6.inp
t._SO"72 OUr 845,212 06-01-01 5:34a W0LTfL_015._04k6.out

34 fileMs) 14,472,266 bytes

Directory of D: \CSZS\PC\AoAuPST-9016

cDIII> 10-04-01 2:06p
<DIl> 10-04-01 2:06p

PWBLr6 ZNP 6,715 05-30-01 11:21a PUSOILTlL016_09_k6. inp
VU'SOL-8 ZP 6,879 05-30-01 11:21a P030L7.TH.016_07Jc6.inp
91_0-10 ZNP 6,879 05-30-01 11:21a U_90S0LTH016_06ck6.inp
91_30-12 Zn7 6,879 05-30-01 11U21*a ¶-SOL-'T1-016.05.k6.inp
I9tLSD'14 IZP 6,879 05-30-01 11:21a PVSOL.SH_016_08_k6.inp
PU_50-16 ZMP 6.715 05-30-01 11:21a PU_sSLTi5X016_11_k6.inp
v0-0-18 INP 6,715 05-30-01 11:21s U.._AOLTE016_10_k6. inp
lU_13-20 OM 826,389 06-01-01 10:41a n7 30LT11.016_13_k6.out
PIRSO--22 OU 824,532 06-01-01 10:34s P30k.L_TH_016_10_k6.out
a7_so-24 OM 824,513 06-01-01 10:28a 50..LTLH_016_09_k6.out
h7_50-26 OUn 816,088 06-01-01 10:15a a7_WLT7L016_07_k6.out
PUS0-28 OU 815,888 06-01-01 10: 10 PUWL0kH_'L01606.0k6c6ut
Pa_SO-30 Ou 812,582 06-01-01 1004tta PU3L-H-016.O0S5Jk6. out
n7JS-32 OUn 816,588 06-01-01 10:21a PUWLSTH_016_08_k6.out
V1_0-34 ZUP 6,879 05-30-01 11:20a1 _SOLTfL016_0..k6.inp
91_S0-36 our 813,801 06-01-01 9:43* PU3L0IjLW016_03Lk6.out

a7_so-38 DIP 6,879 05-30-01 11:21a 350kL-LTH-016_02Jk6.inp
a7_.3-40 OUT 810,155 06-01-01 9:48a 911SOL-k1016_02_k6.out

_3SO-42 INP 6,879 05-30-01 11:21a 91_S0.Tt.016_03_k6.inp
a11-0O-44 OUr 811,360 06-01-01 9:53a 9uS0LT3_016_03_k6.out
aL._SO-46 ZIP 6,961 05-30-01 11:21a WPUSOLTILO16_04_k6. inp
11_so-48 our 811.104 06-01-01 9:58- W30L_.Efl016_04_k6.out

22 fileWs) 9,058,259 bytes

Directory of D: \ChSESSPC\Aoa12PSt_017

<DIv> 10-04-01 2:06p
<DIIR> 10-04-01 2:06p

P-tSOL-6 ZNP 6,879 05-30-01 11:23s P30SL-1L-017._.09_.,k6.inp
PU-10I-8 ZNP 6,879 05-30-01 11:22- aJ0SOL.tH-01?07_k6.inp
P11_SD-10 INP 6,879 05-30-01 11:22a PQSOL_TO_017_06_k6.inp
113O-12 INP 6,879 05-30-01 11s22- 9UW.0EL0L17_.5Ok6.inp
P7_50-14 ZnP 6,879 05-30-01 11:22a PU110L.Ttl017.08.k6.inp
auo-16 ZNV 6.879 05-30-01 11:23a a7U- Lnt-TfL017_17_k6.inp
1USO-18 DZ 6,879 05-30-01 11:23s a7_30i._L017_16_k6.inp
9150-20 INP 6,879 05-30-01 1: 23- PU0L-TlOl7.15_k6.inp
91L.5--22 INP 6,879 05-30-01 1: 23- 911_0L.-L017_48_k6ionp
111s3-24 INP 6,879 05-30-01 11:23- PWSOLTHO_17l12_k6.inp
91L80-26 ZNP 6,551 05-30-01 11:23- PW0L.THI017_11Jc6.inp

PUSO-28 INP 6,879 05-30-01 11:23- PUSOI lLOl7_14_k6.Inp
90_so-30 Zn 6,879 05-30-01 11:23a aUSOL.THL017 10k6. inp

nJSO-32 DlP 6,879 05-30-01 11:23a PU_S0LTH_017_13_k6.inp
PUSO"34 OUr 813,431 06-01-01 10:17- P1_50LtHL017_13_k6.out
Pt_50-36 our 813,585 06-01-01 10:35a 0_SOLTH_017_4k6.out

0U_50-38 our 814,406 06-01-01 10:11a IU50LTFlt0110._..k6.out
PU_SO-40 ur 813,546 06-01-01 10:29s 91_S0LT3_017_13_k6.out
P9_S0-42 oUr 814,647 06-01-01 10:23a 9U_30L_TL017_.12_k6.out
9U-S0-44 our 814,063 06-01-01 10O05s a9SOLT2LO17._09_.k6.out
91S0-46 OUr 813.757 06-01-01 9:54e 9.SOLL0H-017707_k6.out
9030-48 OUr 813,330 06-01-01 9:48s PL_..L.1TLH017_06_k6. out
a750-50 oUr 813,367 06-01-01 9:43a PUOLTOH_017_05_k6.out
a7_O-52 oUr 813.509 06-01-01 1000s PLSOL_.THL017_08_k6.out
a7_SO-54 oUr 814,303 06-01-01 10 52a PU_00T1H017_17_k6 out
PU_50-56 Our 813 316 06-01-01 10:47a PU_0LTH_017_16_6 .out
arSO-58 Our 813.378 06-01-01 10:41a PIISOLTLO_17_35.k6.out
PtLSO-60 CUT 813,431 06-01-01 10: B. PVSOLTH_017_18_k6 out
PUSO-62 INP 6,551 05-30-01 11: 22a RJSOLnTHOl7_O.-k6. inp
PUSO-64 UnT 812,775 06-01-01 9:21a PILSOLH_017_02_k6 .out
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ru-JO-66 ZIP
3V..SO-.68 OUT
PU...SO-70 DiP
8U-.SO-72 O~r
PU-.SO-74 DMP
PU..SO-76 OUTr

36 file(s)

6,879 05-30-01 11:22- PVSOLTIL017_.02k6.inp
813,845 06-01-01 9:26. P3._sOLtT017_02_k6.out

6,879 05-30-01 11:22. PUtSOLTS017_L03.k6.inp
813,625 06-01-01 9:32a PUAd8Ld 017..03.k6.out

6,879 05-30-01 11:22. 9U_SOLTF0.l7_O4_k6.inp
814,250 06-01-01 9:37a PUQO_.T_01l7.0&4.k6.out

14,769,730 bytes

Directory of D: CASZS\PC\AoAl\PST-O2O

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

PVsOL-6 INP 5,953 05-30-01 8:05. PU_.SOL_THLO2O0_06_T8Ak6.inp
FUSOL-8 nIP 5,953 05-30-01 8:05. PULSO_.TT020.07.T8A.k6.inp
PUSO-10 DIP 6,691 05-30-01 8.05a PU1 IO LTH020.06.TSA-k6 inp
VU_5O-12 DIP 6,691 05-30-01 8:04a PUSOL TH_020_09_T8Ak6.inp
Pt..SO-14 OUT 811,258 06-01-01 1.40p PU6SOL_TH_020..08T8Ak6.out
PU_5O-16 INP 5,953 05-30-01 8:05a PUSOL_TEL020_12.T8B9J6.LvP
PU-5O-18 OOT 810,496 06-01-01 2:04p PUSOL_TH.02_0209_T8A6.out
PUSO-20 DIP 5,953 05-30-01 8.04a PU SOL_TH_020_13_T8BJc6.inp
PU_SO-22 OUT 801,154 06-01-01 12:51p PU.BOL_THL020_06_T8Ac6.out
PU_.0-24 INP 6,691 05-30-01 8:05. PVUJOMLTFL020_.4T88_k6. inp
PUSO-26 DIP 5,953 05-30-01 8.04a PWSOL_TFL020_10_T8B_.k6.inp
PU.JO-28 OUC 799,761 06-01-01 118p PUSOL_TFL020_07_TT8AJ6.out
PUJO-30 DP 6,691 05-30-01 8605a PU SOLTIL020 15.T8B C6 inp
PUSO-32 DIP 5,953 05-30-01 S 04a PU_ SL_T_020_12_T8B"6. inp
PU_.O-34 OOr 809,983 06-01-01 4:llp PU_MOLLO_02014_T86.6. out
PU_80-36 Our 600.426 06-01-01 2130p PU-MOL_TIO2O..10.T8B.k6.out
PU_50-38 oUr 813,938 06-01-01 4:34p PU.SOLLO020_lS_T8B_k6. out
vu-SO-40 ouT 801,397 06-01-01 2:57p PUSOkLTHO2O_1_T8B.k6. out

PUSO-42 MrT 802,884 06-01-01 3:23p PU_.SOL_TH_020_12_TBB_k6.out
PU1SO-44 MUT 801,048 06-01-01 3:48p PUSOLTH_02013_T8B_ck6.out
Pu-SO-46 DP 5,951 06-06-01 3.20p PUSOL0TH_020_01_T8Ak6. inp
Pu-SO-48 OUn 493,523 06-06-01 3:45p PUSOLTH_020_01_T8k6. out
PU-SO-50 DP 5,953 05-30-01 8:05a PU_6OLTR020_02_T8A.l.6.inp
PU_0S-52 OnT 800,092 06-01-01 11:33. PU.JOLITH020_02_T8A_k6.out
PUsO-54 INP 5,953 05-30-01 8:05a PU SOLTjL020_03_T8Ak6.inp
PUSD-56 OUr 802,537 06-01-01 12s01p PUSOrTH_020_03_?L%_k6. out
PUSO-58 DIP 5,953 05-30-01 8:05a P1USOL_02.20_05X8A_6. inp
PUSO-60 OuT 801,805 06-01-01 12:26p PU_SOL_TE 020_05_T8A_k6.out

28 file(s) 11,036,594 bytes

Directory of D0 :XCLS PCAoAloPST_025

<DIR> 10-04-01 2:06p
<DIR> 10-04-01 2.06p

PSTH02-6 DIP 8,250 08-22-01 1:06p psthO2S_c-sae3c6.imp
PSTH02-8 DIP 8,250 08-23-01 4:03p pstbO255.came-c6.inp
PSTHO-10 DIP 8,250 08-22-01 1:06p patbO25_caseS-c6. inp
PSTHO-12 DIP 8,250 08-22-01 1:06p psthO25_c5se65c6. iMp
PSTHO-14 GIr 2,193 08-23-01 4:20a psthO25_case3_6.plotOOOl.gif
PsTHO-16 GIr 2,064 08-23-01 4:20. psthO25_case3_c6.plotOOOO.gif
PSTHO-18 GIF 2.180 08-23-01 1114p p thO2S_caae4c6.plotOOOl.gif
PSTHO-20 GI? 2.054 08-23-01 11:14p psthO25_case4_c6.plotOOOO.gif
PSTHO-22 GIr 2.176 08-23-01 9:03a psthO25_case5_c6.plotOOOl.gif
PSTHO-24 GIr 2,061 08-23-01 9:03a psthO25_caseSc6.plotOOOO.gif
PSm20-26 GIr 2,1B8 08-24-01 3:57a psthO25_case6_c6.plotOOOl.gif
PSTHO-28 GIr 2,062 08-24-01 3:57a pthO25sase6_c6 .plotOOOO. gif
PsTHO-30 OUT 989,570 08-23-01 9:03. psthO25_ca*e5Sc6.out
PSTHO-32 OUT 989,461 08-24-01 3:57. psthO25_case6_c6.out
PSTmO-34 GZl 2,068 08-22-01 10:56. pethO25_cas-ec6.plotOOOO.gif
PSTEO-36 DP 1,813 08-21-01 4,38p psthO25_ca..elc5toc6.irp
PST'O-38 Our 988,969 08-22-01 10:56. psthO25scaselc6.out
PSHO-40 Txr 1.754 08-21-01 4*34p pothO25_caselc5.txt
PSTHO-42 GIP 2,161 08-22-01 10:56a pathO2Scase.._c6.plotOOOl.gif
PS7O-44 DIP 8.250 08-21-01 7:13p pstbO25_caselc6.inp
PST9O-46 OUT 988.625 08-22-01 11:38p pstbO25_csse2_c6.out
PsTHS-48 GIP 2,054 08-22-01 11:38p pztbO25_case2_c6.plotOO00.gif
PSTEO-50 DIP 8,247 08-21-01 4*4Op Dthb255caselc56-EA.inp
PSTHO-52 OUT 989,463 08-23-01 4:20a. pethO25_case3_c6.out
PSTHO-S4 GIr 2,191 06-22-01 11t38p psthO25_case2_qc6.plotOOOl.gif
PSTHO-56 DIP 8,250 08-22-01 1:06p qsthO25c5aae25c6. p
PSTHO-58 OOT 989,412 08-23-01 11:14p psthO25_caae4_c6.out

27 file(s) 6,022,266 bytes

Directory of D: CASES\PC\AoAl\PST.026

<DDV> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

PSTH02-6 OUT 47,651 08-21-01 7:1Op puthO26_case3_cStoc6.out
PSTH02-8 GIB 2,069 08-22-01 6:138 pathO26_case3_c6.plotOOOl.gif
PSTHO-10 DIP 10,544 08-21-01 7z12p pstbO26_case3_c6.inp
PST1O-12 GIr 1,897 08-22-01 6:13a pstbO26_case3_c6.plotOOOO.gif
PSTHO-14 OOT 1.029,352 08-22-01 6:13. pVthO26_case3_c6.out
PSTrHO-16 DP 2,234 08-21-01 7:08p pethO26_case3_cStoc6.iop
PStEO-18 GIF 1.907 08-21-01 1054p pstbO26_case-1c6.plotOOOO.gif
PSTEO-20 DIP 2,234 08-21-01 7:06p pethO26_case2_cStoc6.inp
PStEO-22 OuT 47.651 08-21-01 7:10p pstbO26_casel_cStoc6.out
PSTHO-24 TI 2,222 06-21-01 7t02p pstbO26_csse_c5. txt
PstHO-26 GIF 2,069 08-21-01 10:54p psthO26_c...enc6.plotOOOl.gif
PStEO-28 IP 10.544 08-21-01 7:12p psthO26_ceasec6.inp
PSTHO-30 OUT 1.023.990 08-21-01 10:Sdp psthO26_case.sc6.out
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PSTHO-32 TXT 2,222 08-21-01 7:01p pstbO26_case2_c5.txt
PSlEO-34 GIF 1,907 08-22-01 2:34- pstb026casae2_c6.plotOOOO.gif
PSTHO-36 INP 2,234 08-21-01 7:09p pstbO26_cese2_c5toc6.inp
PSmO-38 OUT 47.651 08-21-01 

7
:10p path026_.ese2_c5toc6.out

PSTHO-40 TIT 2.222 08-21-01 7:03p patbO26_cese3_c5.txt
PSTHO-42 GIF 2.069 08-22-01 2:348 psth026-cae2.c6.plotOOOl.gif
PSTNO-44 INP 10,544 08-21-01 7.12p psthO26_case2.c6.inp
PSTHO-46 our 1,022.828 08-22-01 2:34a psthO26_case2_c6.out

21 file(s) 3,276,041 bytes

Directory of D \CASZS\PC\AoAl\usl

6CHCR-5
l(JLLSE-7
P(CONT-9

WATER-11
NATBR-13

<DIR>
'DIR>

<DRt>

4DIR>
'DIR>
aDXR>

DIXR>

0 file(s)

10-04-01 
2

:06p
10-04-01 

2
t06p

10-04-01 2:06p Concrete Reflector
10-04-01 

2
:0

6
p Full Set

10-04-01 2:06p Pu content
10-04-01 2:06p Water Cadmius Reflector
10-04-01 2:06p Water Reflector

0 bytes

Directory of D: CASlS\PC\AoAl\usl\Concrete Reflector

*DIR> 10-04-01 2:06p
aDIR> 10-04-01 2:06p

PU-Nrr-6 DIP 911 09-25-01 10: 32a Pu-Nitrite-Concrete.ReflectorJALF. inp
PU-NT-8 OUTr 5.122 09-25-01 10:34a Pu-Nitrite-Concrete-ReflectorBALF.out

2 fileWs) 6,033 bytes

Directory of D:\CASZS\PC\.oAl\usl\Full Set

<DIP
aDID

PU-NIT-6 mKP
PU-NIT-B OUT
PU-NI-10 INP
PU-NI-12 OUtr
RDC-14 INP
RRmC-16 OUr

6 file(s)

6,042
13.566
5,599
13.566
5,757

12,047

10-04-01 2:06p
10-04-01 2:06p
09-24-01 

2
01p Pa-Nitrite-BALF.inp

09-24-01 2 :03p Pu-Nitrite-flLF out

09-24-01 2:03p Pu-Nitrite-NHu inp
09-24-01 

2
:05p Pu-Nitrite-NPu out

09-24-01 4:29p reduceset1622_*xp. inp
09-24-01 4: 31p reduced -set162exp .out

56,577 bytes

Directory of D: CAS3S\PC\ao"M\usl\Pu content

<DIR> 10-04-01 
2

:06p
(DIR> 10-04-01 2:06p

PU-NIT-6 INP 1,211 09-24-01 2t09p Pu-Nitrite-Pu. inp
PU-Nrr-8 OUT 5,956 09-24-01 2l10p Pu-Nitrite-Pu.out

2 file(s) 7,167 bytes

Directory of D: \CASIS\PC\AoAlufsl\Water Cadmium Reflector

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

0 file(s) 0 bytes

Directory of D: CASEB5PC\aoAldus1\Water Reflector

<DIR> 10-04-01 
2

:06p
aDIR> 10-04-01 

2
:06p

0 file(s) 0 bytes

Directory of D: CASRS\PC\AoA2

WIT..002
IZT..003
RCTOO04

ICT-005
NIT-.009

I USL

'DIR>
'DIR>
<DIR>
'DIR>

'DIR>'DIR>
'DIR>
'DIR>

0 file(s)

10-04-01 
2

:06p
10-04-01 2.06p
10-04-01 2:06p M.T_002
10-04-01 2:06p XCT_003
10-04-01 2:06p NCT_004
10-04-01 2:06p NIC_005
10-04-01 2:06p 1T_009
10-04-01 2:06p usl

0 bytes

Directory of D :CASES\PC\AoA2\CT._002

-DIR> 10-04-01 
2

,06p

<DIR> 10-04-01 2:06p
MIX.CO-6 INP 25,223 05-30-01 10: Sla M C3.N.PTNEJL002_.PNL35.k6. inp

NII.Sa-8 INP 25,223 05-30-01 1052a NXIcCCKPTHZRPL002-PNL34-k6.inp
NI-c-10 OuT 1.037,434 05-31-01 B lOa NIX_CCOR..IN35L002_PNL35_k6.out

lIX-C-12 OtUT 1.016,579 05-31-01 717- NIXCCKP_TH1D002_.NWL34_k6.out
ItXIC-14 IN? 25,223 05-30-01 10:52a NIXCO.P_THNRML002_PNL3OQk6.inp

XILI-C-16 Mr 1.023.755 05-30-01 
2

O00p NDIXCWIPHnRK-002_.NL30Qk6.out
MIXSC-18 INP 25.223 05-30-01 1051a NIXCCHPTNRL002JNL3lk6. imp

ISIXC-20 Mur 1,043,498 05-30-01 2 51p MIfLCMWP_-THERL002_MNL3lk6 .out
MIX-C-22 INP 25.223 05-30-01 10%52a NKILCO.P_THERE_002_NL32_k6.inp
NDIXC-24 OUT 1,016.958 05-30-01 4 lOp NIX_C0PTHZRL002_EL32_6 .out
HICc-26 INP 25,223 05-30-01 10:518 K33LCCMPTIL002_PNL33_k6. inp

bIXLC-28 OUT 1,034,110 05-30-01 4*57p NIXLCOMP..TH OL3002..333k6.out
12 fileMs) 6,323,672 bytes

Directory of D \CASES\PC\AoA2\CT..003



CD
DUKE COGEMA

STONE £ WEBSTER MFFF Criticality Code Validation - Part I Page 140 of 154

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

IUX-CO-6 OUr 1,013,112 05-31-01 4:26p IKOIUKPI79ERK._003_cas4_k6.out
MIXCo-8 our 1,008,733 05-31-01 5:59p Rm3ZCOP_ITH..:003_c.se .k6.out
KflLC-10 OUT 1,010,552 05-31-01 7:39p MIISCOKP.SM-l0O3scee6_k6.out
NXC-12 IMP 23,666 05-30-01 10:58* XIIXwC..PAHZ95mL003_cass46.inp

M3LC-14 INP 23,666 05-30-01 10:58a RXVCCP.THZTlf003lOOsSc6.inp
K31LC-16 IP 23,666 05-30-01 10:58a KE3aCOP.TKmfL003_cas6-c6. inp
.,X-C-,: INP 23,666 05-30-01 10:56a NIISCCIP_...UL003_caslk6. inp
aKeC-20 our 1.010 990 05-31-01 10:46a ItXSCt.hR_003_ss1k6.out
KLLC-22 INP 23, 666 05-30-01 10:57- NXILCC8nPTHEnL003_cas2-1_k6.inp
KULC-24 our 1.015,766 05-31-01 12:11p MIX_CRSD lP_..2 t003_ceas2-lk6.out
MX33C-26 INP 23.666 05-30-01 10:57* MD3LCWP -tHEzRlLO03-cas2-2_k6. inp
zsC-28 OUT 1,014,981 05-31-01 1:36p 1IDCOMPTRli_003_eas2-2_k6.out
MImSC-30 INP 23,830 05-30-01 10:58a IILCOG4P._TRKO03..cas3_k6.inp
X3I.C-32 our 1,016,672 05-31-01 2: 50p NXLLCC8IPSRRMt_003_cs3_k6 .out

14 file(s) 7,256, 632 bytes

Directory of D: CASRS\PC\AoA2\_T.004

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

IK=CO-6 IMP 21,704 05-30-01 11:01 Ola MIXC0PIMBLO4.cas0Q5Jk6. imp
NxIjCO-8 nIP 21,704 05-30-01 10:59* L X3.CGCVP-.H.M L004_caslk6. inp
NIRC-10 IMP 21,704 05-30-01 10:59e mXrCaW..nmc004cseslk6.im
M3LC-12 DIP 21,704 05-30-01 11:Ola XIaLC0Pa SYhm OO.4-caseO8k6.iop

3LLC-14 IMP 21,704 05-30-01 11:01a ImCatTHEKL004_case07_k6.inp
K3DLC-16 IMP 21,704 05-30-01 11:01- RIXCaGP.nLO.004_cas06.6_k6 inp

XnLC-18 INP 21,704 05-30-01 11:02- RIX_CCUP_.TERRI004LcasO9_k6.inp
5X11C-20 WU 1.130,763 06-01-01 7:04a NIX_CzaP_TZmL0OO4_casesk6.out
51X5C-22 OUT 1,130,696 06-01-01 5:35a NXLCP.P_RH MCO004_cssO7_k6 out
511C-24 Our 1.131,072 06-01-01 4:06a 31Xt.CCP-THfl-tOO4casO6Jt6.out
5IXC-26 OUT 1,130,707 06-01-01 8:34a NX..CClP_.TEMOOO4_cas09_J6.out
513LC-28 OUT 1,131,850 06-01-01 2:41a KNUCaPfINHLOO4_cas05_es 6 out
51L_C-30 our 1,131.403 06-01-01 10:07* IDLCOKP_.TIOrQLOO4_caslOJt6.out
3ImC-32 OWr 1,131,388 06-01-01 11:40l a Km3LCOPTHCRKLOO4_casllJ6 .out
31115-34 IMP 21,704 05-30-01 10:59* MDLCMC8 PMRKlOO4_casOl2k6.inp
X3_1C-36 OWr 1,132,379 05-31-01 9 03P NJLCCSP_TItTZOOdLcasOL-k6 .out
311C-38 DIP 21,700 05-30-01 11:00* XnLLCtP_DTHRL004_ps02_k6.inp

nIXsC-4 oura 1,133,040 05-31-01 10 26p MInCCPSMRMOO4_cas02_.6 .out
13X C-42 IMP 21,704 05-30-01 11:00* MIXICQCPLTMILO04ceasO3_k6. inp

5X1.C-44 our 1,133,002 05-31-01 11:49p 51t.TCHt-m2UEXLO04s_ca03.k6.out
NmILC-46 INP 21.704 05-30-01 11:00* X11_Ut.lMRRLOO4_casOt4k6.imp
KNDLC-48 OWr 1,131,131 06-01-01 1:15* MXatIPS-MHER*L004_ss4-k6.out

22 file(s) 12,686,171 bytes

Directory of D:\CAS3S\PC\AoA2\M3T_.005

CDIR> 10-04-01 2:06p
CDIR> 10-04-01 2:06p

N1T:..-6 IMP 92,572 05-30-01 11:03a mxct.O5Ocaeses5k6.inp
1r-:8 IMP 92,572 05-30-01 11:03a mit_O05_case6_c6.inp

0MT-0 oWr 1,399,151 06-02-01 2:31a mixct.05_Oaese5_c.out
fDCT-12 WEr 1,394.434 06-02-01 5:38a ixct_OOO_case6_k6.out
MT-14 INP 92,735 08-30-01 5:48p mdirOOt5casel_k6.inp
szrr-16 WE 1,404.842 08-30-01 10:52p eixct_OOS_caeselk6.out
3IX-18 IMP 92,763 05-30-01 11:02* itOOS_case2_k6. inp
1MW.20 oEr 1.410,062 06-01-01 6:22p mitOO5ncae2_k6.out
YICE-22 INP 92,572 05-30-01 11:03* ubcxtt_0O5sca*e3Jc6.inp

NIICT-24 OTM 1,405,905 06-01-01 8:34p mLitt_005._cee3.k6. out
I1CT-26 IMP 92.572 05-30-01 11:03- .ixct_005casetk6.inp
xxCT-28 our 1,404,528 06-01-01 11:11p uit.005_.ase6_k6.out

12 file(s) 8.974,708 bytes

Directory of D: \CAS3s\C\AoA2MUrct009

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

I1CT:-6 INP 145,340 05-30-01 11:04a mliwt_009_caeS_k6.inp
MlW:8 INP 145,318 05-30-01 11:05* mixctOO9eas-66_k6.imp
11CT-10 Wur 1,706,982 06-01-01 9:55p ixct.009..c~ae5_k6.out
M11T-12 OUr 1.715.630 06-01-01 10:58p aixct-OO09-ce6-k6out

M1ICT-14 IMP 146,078 05-30-01 11:04a micxt_009_seelc6.inp
aISrI-16 OUT 1.713,599 06-01-01 5:5Sp mixat009OcasenlM6.out
N11CT-18 INP 145,564 05-30-01 11:05* aiOa tOO9_esae2_k6.inp
NmT-20 OW 1.716.847 06-01-01 6:54p uixctOOt9case2_k6.out
M2T-22 IMP 145,362 05-30-01 11:04a mixcrtOO9_cae3_k6.inp
In1-24 OUT 1.704,225 06-01-01 7:52p mixct_OO9_cae3_k6.out

MllcT-26 IMP 145.236 05-30-01 11:04* mixct_0O9_09seaJk6.inp
T-28 OUT 1,715,819 06-01-01 8:52; uixct_009_case4_k6.out

12 file(s) 11,146.000 bytes

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

<DIR> 10-04-01 2:06P
'DIR> 10-04-01 2:06p

rULLS8-5 <DIR> 10-04-01 2:06p lull Set
0 file(s) 0 bytes

Directory of D: \CASsS\PC\AoA2\us1\rull Set
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<DIR> 10-04-01 2:06;
<DIR> 10-04-01 2:06p

miXDu-6 INP 1.104 09-24-01 3:10p NIu.lu1.-.Set3aLF.inp
lS-TwB OuI 5,407 09-24-01 3:17p lhIXZull-Set3nLF .out

XXF-10 INP 1,297 09-24-01 3: 09p 3XXfullSetuD2 .inp

NXIZ,-12 OUT 5,407 09-24-01 3:18p NXXullSet-puO2.out
mI-Y-14 IMP 1,113 09-24-01 3:15; XIX_fRllSetVCVf.inp
N=_J-16 Our 5,619 09-24-01 3:16p laXFullet-VWvf.out

6 fileMs) 19,947 bytes

Directory of D: CASRS\Sun

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

£A5l <DIR> 10-04-01 2:06p Aol
A052 'DIR> 10-04-01 2:06; AoA2

0 file(s) 0 bytes

Directory of D: \CASRS\Sun\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 PSTS003
PST.004 'DIR> 10-04-01 2:06p PST_004
PST_005 <DIR> 10-04-01 2:06p PSTOOS
PST_006 'DIR> 10-04-01 2:06p PST_006
PST_008 'DIR> 10-04-01 2:06p PSTO008
PST_011 'DIR> 10-04-01 2:06; PSTO11

STOld 'DIR> 10-04-01 2:06p PST_014
PST_015 'DIR> 10-04-01 2:06; PST-015
PST_016 'DIR> 10-04-01 2:06; PST-016
PST_017 'DIR> 10-04-01 2:06p PST-017
PST 020 <DIR> 10-04-01 2:06p PST_020
PST_025 'DIR> 10-04-01 2:06p PST_025
PST_026 'DIR> 10-04-01 2:06p PST_026
PU_50-35 DlIR> 10-04-01 2:06p PUSOLTIIERX
USL <DIR> 10-04-01 2:06p usi

0 file(s) 0 bytes

Directory of D \CASZS\Sun\AoAl\PST001

-DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06D

OO1_INP 'DIR> 10-04-01 2:06P OO1INP
OOlOl)T <DIR> 10-04-01 2:06; OO1-OT

0 file(s) 0 bytes

Directory of D: C&SZSSun\AoAl\PST-001\00-lINP

'DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06P

PuVSOL-6 4,311 03-30-01 10:0Ba PUSOLSTHO00L6.TS&.k6
P¶USOL-S 4,311 03-30-01 10: 0a PU_SOLTHO001_5_T8A6
PUSO-10 4,311 03-30-01 10:06a USOLITHOOL1__TS k6
PUSO-12 4.311 03-30-01 10:0Ba PUSOLJn-00L-2OTOA-k6
PU-SO-14 4,311 03-30-01 10:Oa PU_SOLTH_001_3_T8A&k6
PUSO-16 4,311 03-30-01 10: OS PU SOLT001_4_TBAk6

6 file(s) 25,866 bytes

Directory of D: \CASRSSun\AoA1\PST_001\001_LCT

'DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06P

PU.SOL-6 OUT 509,114 03-30-01 10:08a PUSOLTL_001_5_T8&k6.out
PUSOL-B 0ur 506,625 03-30-01 10:08a PUSOLTH001_6_TSA86.out
PUSO-10 OUT 505,514 03-30-01 10: 0Ba PUSOL LH0011T8A_k6 .out
PU-SO-12 OUT 506,385 03-30-01 10:08a PUSOLfTLOO00_2_Tak_6.out

NU-SO-14 OuT 505,604 03-30-01 10: 0Ba PU_SJOkLT00OL3_S8AJc6 .out
Pur-5-16 (UT 513,418 03-30-01 10 0Ba PUtSOL_TH_00_4_T8AJ6 .out

6 file(s) 3,046,660 bytes

Directory of D: %C0SZS\Sun\AoAl\PST_002

'DIR>
' DI>

002DINP 'DIR>
002_OUT <DIR>

0 file(s)

10-04-01 2:06p
10-04-01 2:06p
10-04-01 2:06p 002_inp
10-04-01 2:06p 002_out

0 bytes

Directory of 0: \CASS\Sun\AoA1\PST_002\002_inp

-CDIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06;

PUrSOL-6 4,065 03-30-01 10: 0a PUsoL_TH002_5..tk6
PUSOL-S 4,065 03-30-01 10:06a PU_SOL_Tlt002_7_k6
PU-O-10 4,065 03-30-01 10:0Ba PU_SOLSH_002_6_k6
PUSO-12 4.065 03-30-01 10:08a PUSOLSHO002._1_k6
PUSG-14 4.065 03-30-01 10:08e PUSOLjSH_002_2_c6
PUSO-16 4,065 03-30-01 10:08a PUSOL_TH_002_3_K6
TU-SO-18 4,065 03-30-01 10:08a PU3S0tlTHt002_4Jc6
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7 fileMs) 28,455 bytes

Directory of D: \CAS3S\Sun\AoAl1PST-002\002.-out

<D33t> 10-04-01 2:06p
*-DIR> 10-04-01 2:06p

PUSOL-6 OWT 474.734 03-30-01 100Se PU90SOL-TF0O2..5.k6.ut
PVLSOL- WUT 477,965 03-30-01 10.08a PDSOLTJLOO02_...k6.out
PVSO-10 OUT 479,903 03-30-01 10:08a PVSOSILOO002_7_k6.out
PUm 0-12 OUT 483,825 03-30-01 10 08a PVQ.SOL_THL002_1_k6.out
Pu-SO-14 OT 476.325 03-30-01 lOOSa PV50L.T1_002_2.k6.out
PVU5O-16 WI 474,751 03-30-01 100Sa PUVSOL_TH_002_3_k6.out
PVSO-18 OT 477.309 03-30-01 1008a PUSOL_TL002_4k6.out

7 file(&) 3,344,812 bytes

Directory of D .CASZS\Sun\AoA1\PST-003

MDIR> 10-04-01 2:06p
-CDX> 10-04-01 2:06p

003_.DNP C>DXR 10-04-01 2.06p 003_inp
003_CUT -CDI> 10-04-01 2:06p 003_out

0 file(s) 0 bytes

Directory of D: CASZS\Sun\AnA1\PST-003\003-inp

IUJOL-G
1PWLSOL-8
Pu-so-to
1t130-12
PtSO--14
Pu-SO-16
m-so-la

1UJSO-20

cDnn> 10-04-01 2.06p
<DII> 10-04-01 206p

4,475 03-30-01 10:08a PVJOLjTF003.6_k6
4,475 03-30-01 10:08a nrtSOL O3-T .03_8.k6
4,475 03-30-01 100Sa PUSOL.TH_003_51k6
4,475 03-30-01 100Sa PtLOk_TILO003_7_k6
4,475 03-30-01 1008a PUW.L_TfL003_Lk6
4,475 03-30-01 1008a PlVSOLtQ003_2_k6
4,475 03-30-01 1008a PVUOLTQ003_3_k6
4,475 03-30-01 1008a pUOLfTQo003__1k6

S file(s) 35,600 bytes

Directory of D \C:SCS\Sun\AoAl\PST-003\003_out

* DcR> 10-04-01 2:06p
CDIR> 10-04-01 2:06p

PVSO-6 WIr 502,223 03-30-01 10.08a PUSOSTQL003_5Jkc6out
PUSOI-8 oWr 491,381 03-30-01 10e08a 3U.SLOTt003..tk6.out
WUJ-10 OUT 498,887 03-30-01 10OSe PUSO>LTQ003L7.k6.out

PU_580-12 OUT 499,680 03-30-01 10: 0Sa PUW. TQL003_.8_k6.out
PSp0-14 OUW 498,323 03-30-01 100Sa PU.SOST0031Xk6.out
PtLSO-16 WIr 502,936 03-30-01 100Sa PV.SOLTQL003_2_k6.out
PUJSO-1C oWr 496,892 03-30-01 10:0Cc PUSOL_TlOt003_3_k6.out
PtLSO-20 WI 498,300 03-30-01 10:0Ca. PVSOL_TH_003_.4k6.out

8 file(s) 3,988,622 bytes

Directory of D \CASZSSSun\Aohl\PST.004

004m9"
004i-our

<DI>
CDIR>
CDIR>
<DIR>

0 file(s)

10-04-01 2:06p
10-04-01 2:06p,
10-04-01 2,06p 004_inp
10-04-01 2:06p 004_out

0 bytes

Directory of D :\CaSS\Sun\AoA1\PST.-OO
4

OO
4

inp

cnn>

vusoOL-6
Pt3_5O1-8
PUSO-10
PElSO-12
pu-SO-14
pu-so-16
pu-so-l8
PVtSO-20
PU SO-22
PU4S0-24
PU_50-26
PUtSO-28
PU-so-30

13 file(s)

10-04-01 2:06p
10-04-01 2.06p

4,065 03-30-01 1008a PU_.SO.TLL004_2.k6
4,065 03-30-01 100Sa PU.SOL_TQO004_-_k6
4,065 03-30-01 100Sa PU S0LTQ004_6_k6
4,065 03-30-01 100Sc PuVSOLTI_004_8_k6
4,065 03-30-01 10:0Ca PUtSOLTSIL004_1_k6
4,065 03-30-01 100Sa PUSOLOTH_004_3.k6
4,065 03-30-01 10:08a PUSOL O4TH_00_5_.k6
4,065 03-30-01 10OSa PUSOLfTQ004_7_}6
4,065 03-30-01 10 08 PUWtSTH0-k6
4,065 03-30-01 1008a Pl_SOLT004_10_k6
4,065 03-30-01 1008a P4_SOLSIL00411_k6
4,147 03-30-01 10: 08a PU_SOL.TS00412_1c6
4,147 03-30-01 10: 08a pUSOL-H-h004-13-..6

53.009 bytes

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

Wu.50L-6 WIr
P4USOL-8 OUW
PVSO-10 our
PUVSO-12 OWT
PU_50-14 OWI
PU_SO-16 oWI
Pu5so-18 OWI
PVSO-20 OUW
PUSO-22 OUW
PU_5O-24 OWI

CDIR>
CDn>

479,228
478,606
484,119
478,737
483,728
479,515
479,228
478,577
481,675
485,163

10-04-01 2:0
6
p

10-04-01 2:0
6
p

03-30-01 10. OS PVOTiLUO4.13_Sk6. out
03-30-01 10 OSa PQVSOkTflLOO4-l02k6 .out
03-30-01 10.0Oa 0 pS .S L004-10.J6.out
03-30-01 10:OSa PUSOLT004_11_k6.out
03-30-01 10O08a p4.EOLSTIL004-05M6out
03-30-01 10.0Sa PuSOLILO004_08k16 .out
03-30-01 10: 0a PUtSOL.TI00407_k6.out
03-30-01 10 08a puSOL-TfOO4-06-k6 .out
03-30-01 1008a PUSOLOTH_004_09_k6 .out
03-30-01 10:08a PU.SOL-TH004-01.k6out



CD
DUKE COGENA

STONE * WEBSTER MFFF Cricality Code Validation - Part I Page 143 of 154

PUJSO-26 OUT 479,590 03-30-01 10:OSa PU_SOL_TIL00402.k6.out
PUt.S-28 OUT 488.046 03-30-01 10:08a PUSOLTIL004.03.k6.out
PUtSO-30 OtT 478,713 03-30-01 10:08a PUSOL_TIL00Ok._04_6out

13 filets) 6,254,925 bytes

Directory of D: CASZS\Sun\AoAflPST-005

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

005_IP -DIR> 10-04-01 2:06p 005ionp
005_0EJT <DIR> 10-04-01 2:06p 005_out

0 fileWs) 0 bytes

Directory of D :\CRSIS\SunAoA1\PST_005\0053inp

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

PUJSOL-6 4,065 03-30-01 10:08a PUSOLSH_005_5_6
PUSOL-8 4,065 03-30-01 10:08a Pt7SOLTILO005_7_k6
PU;SO-10 4,065 03-30-01 10:08a PUSOLTl_005_9_k6
PUSO-12 4,065 03-30-01 10:08a PU.SOLTH_005_6_k6
PUSO-14 4,065 03-30-01 10:08a PUSOLTTI&005_SJk6
10..O-16 4,065 03-30-01 10:08a PUQSOLtkL0051Jc6
PU Bo-18 4,065 03-30-01 10:08a PUSO4ItO005t2Jc6
1U-S0-20 4,065 03-30-01 10:08a PUS0LTtH0053Jk6
PUO-22 4,065 03-30-01 1008.a PU_SOLT_005_4J6

9 file(s) 36,585 bytes

Directory of D: %CASES\S8m\nAl\ST.005\005.out

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

PUSOL-6 oUr 483,604 03-30-01 10:08a PU7SOL_1_005_Y_kE.out
PU,_S0L-8 WT 487,283 03-30-01 10 08a PUSOLTH_005_9_k6 .out
Pt-7 10 OIT 480,770 03-30-01 10:08a PU.SOL.TH_005OSk6.out
PUS3-12 OI 480,616 03-30-01 l0:08a PU_SOLTH_005_6_k6.out
PUSO-14 OU 483,781 03-30-01 10:08a PUSOL.TtL005_7_k6.out
PU00-16 OuT 488,300 03-30-01 10:08a 0_Sk THO_005X1k6.out
PU50-18 WlT 482,387 03-30-01 10:08a 1u_0SOLt.l005_2Jt6.out
PU50-20 OWT 478,276 03-30-01 10:089a PULS0rtE005_3_c6.out
PU_SO-22 OCT 480,040 03-30-01 10:08a PU_S0L_SFB005_._k6.out

9 file(s) 4,345,057 bytes

Directory of D \CASES\SunmAoAl\PST-006

<DIR> 10-04-01 2:
<DIR> 10-04-01 2:

CALCUL-6 5,383 09-20-01 8:
CGC 11 09-20-01 8:
CaNCMu 25 09-20-01 8:
LWC&C6 108 09-20-01 8:
LMCB_6 101 09-20-01 8'
PU_50-16 1,033 09-20-01 8:
PUSO-18 1,014 09-20-01 8:
PU1SO-20 934 09-20-01 8:
PU-0-22 4.042 09-20-01 8:
PU0SO-24 4,042 09-20-01 8S
PU.SO-26 966 09-20-01 8
PU.SO-28 ISG 54 09-20-01 8S
PU1SO-30 ouW 792,524 09-20-01 8B
VU-SO-32 4,042 09-20-01 8'

PQ-S0-34 ISG 54 09-20-01 8:
PU_S0-36 OUT 790,778 09-20-01 8S
PU-SO-38 1,046 09-20-01 8:
PU50-40 MG 54 09-20-01 8:
1U.SO-42 OWI 791,938 09-20-01 8:

P1_SO-44 953 09-20-01 8:
RESULT 414 09-20-01 8:
TOM 96 09-20-01 8:

22 file-s) 2,399,612 bytes

Directory of D: \CASRS\Sun\AoAllPST_008

:06p
06p

133a calculed
:33a conc
:33a concou
:33a lancec6
:33a lancek6
133a PUSOL_3M_006_C&SAB2_toc6
133a VQ_S03LtS006_CAStL3_toc6
:33a IUS.0LtF006SCASI33
133a 0_3OLg006_CSSt2Irk6
:33a PUSOLILO006_CAS.3_k6

133.a PU.SOL-TAL006ChSA
:33a PU.SOL._l_'0O6_CAS_l_16 nogs
33. PU_SOL_T11_006_CS_k6 .out
33. PU_SOL_TH_006_CSASSllc6
33a. PUOL_TH_006_C8AS2_c6 .sgs
13a PU_OLS_006_CSASk6 .out
33a PU_SOLTH_006_CSASltoc6

1:33.a PU0OLt006t_C 3_k6 rsgs
133a PU_SOLlt._006_cSS 3_k6 .out
133a P OsoLsTl006_cAs2
:33a result
:33a toto

VDIR>

<DIR>
oo0lNiP <DIR>
008_0CT <DIR>

0 file s)

10-04-01 2:06p
10-04-01 2:06p
10-04-01 2:06p 008_INP
10-04-01 2:06p 008-OUT

0 bytes

Directory of D \CRStS\Su\AGAllpST_008\008_nIp

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

PU3SOL6 1,776 03-30-01 l0:09a PU-SOL-ktO008csse30Ok6
PUSL-8 1,744 03-30-01 10:09a .U_SOk.fTL0_case2lck6
PUSO-10 1,659 03-30-01 10:09a PU1SO&LTILOOSscae20_k6
PUS0-12 1,744 03-30-01 10:09a PU0.SL-Tf008ScaEe22_k6
PqSO-14 1,662 03-30-01 10:09a PU-S0LOLH00S_case15_k6
PU_50-16 1,747 03-30-01 10:09a P-S0L.TH-008Icasel4Jc6
PUAD-18 1,659 03-30-01 lOsO19a PU_.SOLTH_008_cl16Jc6
PUS0-20 1,864 03-30-01 10:09a PU SOL-TH008soe25_k6
PU10-22 1,659 03-30-01 10:09a PU_StTH_.OOB cae24_k6
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P(LSO-24
lV..,SO-26
PU..SO-28
PD...SO-.30
PU...SO-32
PtLSD-34
PU-.AO-36
PULT.SO-3S
ptr-SO-.40
PU..SD-42
Pu-SO-,"
PU...SO-~46
PU..SO-48
PU-sO-.so
PU..SO-52

lU...SO-58
VULSO-60
PILSO-62

29 fileWs

1,659
1,747
1,659
1 ,777
1,774
1,777
1,838
1,838
1,559
1,635
1,559
1,559
1.559
1,635
1.559
1,559
1,559
1,559
1,634
1,634

03-30-01 10:09a PUWoLT_008_case23_.k6
03-30-01 10:09- PUSOLTH_008_case26_c6
03-30-01 1009a lU_0SL TH._008_casel9ck6
03-30-01 10 09a PlUSOLrTH008_caselSJc6
03-30-01 10 09a PU3.SOLTB008.easel7_k6
03-30-01 10;09a PU50L_TU_00G8case29J6
03-30-01 10 09a PUSO1^_H_008_case28_k6
03-30-01 10:09a PlU...SOkLOOB_case27_k6
03-30-01 10 :09a PU50L_TIS_00Bcase4_k6
03-30-01 10; 09. PtULOL_T00&e8_cas*_]k6
03-30-01 10:09a PO.SOL_TIj_00case2_k6
03-30-01 10 :09a PUWSOLTI_00_caseS_ck6
03-30-01 10 09a PU0_WETIL008_case7_k6
03-30-01 1009- PUWTOTH_1008_c^se9_.k6
03-30-01 10:09a PULSOLTH_008_caselc6
03-30-01 10 09a PU$OLTILOOS._case3.k6
03-30-01 1009a Plu..5_TH_008_caselO_k6
03-30-01 1009a IUSWL_TH008_cesedl_k6
03-30-01 10 09a PU.SOL.fLOO8.casel2_c6
03-30-01 10 :09a PUSOL O_008_case13_c6

48.593 bytes

Directory of D: \CASES\Sun\Ao~lPST_.009\00LOUT

'on
.. s~~~DII

PUL.OL-6 OUr
PVLSOL-8 our
PlU..710 OuT
PU-12 oUr
Pu.SO-14 OUT
P'LSO-16 OUT
lUSO-18 our
lU.SO-20 OUT
lU..0-22 our
PU.SO-24 OUt
Pt1SO-26 our
P11SO-28 oUr
PILSO-30 OUT
PUJSO-32 our
Pu..AO-34 OUT
PU.SO-36 OUT
PU..O-38 OUT
PFuSO-40 Mr
PVfS0-42 our
PUSO-44 our
PU 046 OUT
PU_.o-48 our
PUSO-50 Or
MU-.O-52 OUT
lUJS0-54 OUT

Lu.SO-56 OUT
PU_SO-58 OUT
PUJO-60 OUT
Pll.SO-62 OUT

29 file(s)

R> 10-04-01 2:06p
Rx 10-04-01 2:06p
599,801 03-30-01 10 09a PtUSOL_ LOOB_easeO8_k6 .out
606,952 03-30-01 lO0O9a PUS0OL_THo0BCea eO7_k6.out
602,226 03-30-01 10:09a mu_.SOL_0IOOB_caseO5k6.aut
601,801 03-30-01 10N09a P.SOLTILOO8_aezeO9_k6. out
606,846 03-30-01 1009a, luSOLTILOO8_cesel8 k6.out
605.607 03-30-01 1009a PUh_.50LTL008._casel7.k6.out
597,379 03-30-01 10:09a PuhSOL._.TILOOS_cselSk6.out
608,433 03-30-01 10:09a PU .OLTHOO8_cesel4_k6.out
605.229 03-30-01 10 09a PlSOLTI_008_csel3_k6 .out
604,823 03-30-01 10:09a PU_SOLTH_008_cese16_k6.out
607.906 03-30-01 10:09a PUSOWLTH_008_cese19_Jc6.out
603,652 03-30-01 10:09a PU_SOLTH_008_ceselO_c6.out
597,916 03-30-01 lO0O9a P(_S0LL.008._Casel22_k6.cut
596,495 03-30-01 10:09a PUSOL.T.¶008.casel_1c6.out
612,757 03-30-01 10:09a PUSOLTH_008_cese28BJ6.out
603,782 03-30-01 10:095 PlUSOLTmOO&_case27_k6.out
598,986 03-30-01 10:09a PU._SOLTllOO8_case25_C6.out
606,819 03-30-01 10:09a PUSOL-HoLOO8_case24_k6.out
606,425 03-30-01 10 09a PLTt.OLF1L00_,cadse23J6 .out
604,022 03-30-01 1009a PU5OkLTILOO8_case26_k6.out
599,197 03-30-01 1009a Pun SOLT008._cezse29k6.out
599.110 03-30-01 10:09- PU_50L_7E_008_ces2Ok6.out
605.615 03-30-01 10:09a lU.7SOL_.T_008..ease22_k6.out
604,439 03-30-01 lOO9a PU_WOETL_008_ocsse2 lk6 -out
606,788 03-30-01 10:09a 1Us0_TLH_0_case3Ok6.out
605.351 03-30-01 1009a PU._SWtT1_008_cese0l_k6.out
600.727 03-30-01 1009a PU_.SOLTH_008_caseO2_k6.out
601.667 03-30-01 10:09a PUWoLTH_008_caseO3_k6.out
605,366 03-30-01 10:09a lU.SOLkTIOO8_caeseO4_c6.out

17.506,117 bytes

Directory of D: \CRSRS\Sun\AoA1\PST..ll

<DIR>

Oil-lup <DIR>

011.OUr 'DIR>
0 filMOs)

10-04-01 2:06p
10-04-01 2.0

6
p

10-04-01 2:06p Oll0inp
10-04-01 2:06p O1lout

0 bytes

Directory of D: \CAS\Sun\A1lI\PST-011\011-inp

lU...SL-6
PUSOL-8
lu50O-10
PILSO-12
lU_..SO-l4
lU..SO-16
lu...SO-18
PV_...G-20
PI-so-22
PILSo-24
PU-.Ao-26
PU..AO-28

4D33t> 10-04-01 2:06p
<DIR> 10-04-01 2:06p

3,216 03-30-01 1009a PUSOL-THO11-CC00_4..16.k6
3,216 03-30-01 10:09a Pu.SoLTHO1lC800B._3_16_.k6
3,216 03-30-01 1009a YSOL_THO11_C800_5_16_k6
3.954 03-30-01 10:09a PUSOL THOllC800A_4_.1S_6
3.954 03-30-01 10:09a lUSOLTR_0l1_C800._3_18_k6
3.953 03-30-01 1009a PU_SOLTLO-ll-C800 61l8_.k6
3.953 03-30-01 1009a PUSoLTHO1lC8_00_.5_.18_k6
3,953 03-30-01 10:09a PUtSOk..THO1_C800_7_1._1c6
3,216 03-30-01 10:09. PUl_.SOk.THOllC800..t..l6_c6
3.953 03-30-01 1009e PU.Sol TROllC800J.18_kc6
3,216 03-30-01 10:09a PUWoLTOlC800I_2._162_.k6
3,954 03-30-01 10:09a PlUSOLTUl0lCBOO_2_18_Jc6

12 file(s) 43,754 bytes

Directory of D \CALSES\Sun\AoAl\PST_011\01Lout

PU...SL-6 our
Pu..SL-8 our
Pu..S-10 OETr
PULSo-12 OUT
PU..sO-14 oury

<DXP>
zDIR>

589, 039
582,080
584,397
598.184
591.374

10-04-01 2:06p
10-04-01 2:06p
03-30-01 10: 9a .USOLTH_0l1LC800_4_16J6 .out
03-30-01 1009a PUSOLTHlOl_C800_5_16_.k6.out
03-30-01 10:09a .USOLL0H_0llC800_3_16_k6.out
03-30-01 10 09a PSoLTHL_11_C800._4_l.8k6 .out
03-30-01 1009a PUSOL TILO11.C800_6-18J6.out
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PU30-16 OUT
PUSO-18 OUT
PU0-20 OUr
PUSO-22 2WT
PU-0S-24 OUT
PU3- 26 OUT
PU_0-28 OUT

12 filets)

590.956 03-30-01 10:09e PULSOLSTHL011_C800.t718_c6.out
592,516 03-30-01 10:09a PU.SOL_T1_011_CS800_5_18_k6out
590,503 03-30-01 10:09. PUBAOLTFL0l1_C8001_3_J8_k6out
581,094 03-30-01 10:093 PUSOLTlt_01O_COO_1_16Jc6.out
592.678 03-30-01 10:09s PUBOLtTE_011SC800..18_c6.out
582,742 03-30-01 10 09a PUSOLTRLO211C800_216_k6 .out
593.244 03-30-01 10:09a PUOILTH_011_CS800_2_18_k6.out

7.068,807 bytes

Directory of D:\CASES\Sun\AoAl\PST.014

<DIR>

014Nw <DIR>
014auir <DIR>

0 file(s

10-04-01 2:06p -

10-04-01 2:06p
10-04-01 2:06p 014_inp
10-04-01 2:06p 014Lout

0 bytes

Directory of D \CASZS\Sun\AoAl\PST_014\0143inp

-D3Il> 10-04-01 2:06p
cDXR> 10-04-01 2:06p

PVOL-6 6,551 03-30-01 10:103 PUSOt-TE_014_2_k6
PUWSL-S 6,351 03-30-01 101:O0a PU1 0tt_014.tk6
PuJ;O-10 6,551 03-30-01 10:10O PDU_.L.T.8 014_6_k6
PUJSO-12 6,633 03-30-01 10:10a VU-SOLS014_8_k6
PUrSO-14 6.551 03-30-01 10:10- PFUSOl&THOllck6
PUSO-16 6,551 03-30-01 10:10- PUSWOL_TI014_3_k6
yu-SO-18 6,551 03-30-01 10:10. PU_.OL 02_0154_Sk6
PU50-20 6,633 01-30-01 10:10. PUSOLXLtO147Jk6
PUtSO-22 6,633 03-30-01 10:103 PU.A01LX014C9Jc6
PU_SO-24 7XT 6.717 05-17-01 5:52p PUtSOLTJOlC434kc6.txt
PU_JO-26 6,633 03-30-01 10:10- PUWOL_TL_0120_k6
PU_SO-28 6,717 05-22-01 2:28p PU SOLSTHIO143O.k6
PUJWO-30 6,633 03-30-01 10:10- PU SOLITH014-23Lk6
PUSO-32 6.633 03-30-01 10:10- PUSOLITH_014_22_k6
PU-5O-34 6,633 03-30-01 10:10a PU50kS T014_2Lk6
PUSO-36 6,715 03-30-01 10:10a PUSOLTILl04t24&k6
PUS0-38 6.717 05-22-01 2:28p PU_50L.tH_014_33_k6
PU_SO-40 6,717 05-22-01 2:28p PUSOTt_014_32_k6
PUSO-42 6,717 05-22-01 2:28p PUSOkL _01.43Lk6
PUSO-44 6,717 05-22-01 2:28p PUS5L XH_014.34.k6
WU-SO-46 6,633 03-30-01 10:10a PU_.ALfL014&1t4f6
PU_-48 6,715 03-30-01 10:10. PUQSO._XT014J7_k6
PUSO-50 6,715 03-30-01 10:103 PUDSOLctE014_26_k6
PUSO-52 6,715 03-30-01 10:10 PU50rTH_016_25_k6
PU_SO-54 6.715 03-30-01 10:103 PU.SOL_TE01C2tk6
PU.SO46 4,696 05-22-01 2:28p PUaol-thOl 535k6
PUJO..58 6,633 03-30-01 10:103 PUOLT.I_014_l7_k6
PU_5O-60 6,633 03-30-01 10:103 PUW30L2L014_16_k6
PU.S-62 6,633 03-30-01 10:103 PUtS hT¶1&_0154lS_k6
PUSO-64 6,633 03-30-01 10:103 PU30kL__014_18_k6
PtLS0-66 6,715 03-30-01 10:10a PUSOLlLO214_29_k6
PUSO-68 6,633 03-30-01 10:lOa PU LTHL_0l1C19_k6
PUS10-70 6,633 03-30-01 10:10a PUSOL_TH_0110_k6
PUSO-72 TXT 6,717 05-17-01 5:50p PUt0LSTHLO14&30.k6 txt
PUtSO-74 6,633 03-30-01 10:103 PU1SOkTH_014_13_k6
PUS0-76 TXT 6,717 05-17-01 S:5lp PULSOlTIL014_31_k6.txt
PU_SO-78 6.633 03-30-01 10:103 PUSOLT_014_12_k6
PUSO-80 IT! 6,717 05-17-01 5:51p PULSO LTl_014_32_k6.txt
PU_50-82 6,633 03-30-01 10:10a PU_lS0kTH_014_13_.k6
PU_50-84 TXr 6,717 05-17-01 5,52p PU_50L._.H014t331k6.txt

40 file(s) 264,223 bytes

Directory of D :\CaSS\SunAoAlG\PSTO-14\0Ol-out

PU_5L-6 OUT
PU01L-8 OUr
PUSO-10 OUr
PU-50-12 OUT
PU-S0-14 OUT
P0-0-16 OUT
PU_S-18 our
PU_50-20 OUT
PUSO-22 OUa
PU_91124 OUT
PU_0.-26 OUT
PUtLS-26 an
PU905030 OUT
PUS0-32 OUT
PU91SO34 OUT
PU_50-36 OUT
PU-So-38 an
PU-SO-40 OUa
PU_50-42 Oa
PU_SO-44 OUa
PU950-46 OUT
PU_50-4B OU
PU_SO-50 OUa
PUS0-52 OUT
PU_SO-54 OUT

<DIn>
cDIP>

555, 491
S55.666
555.521
555,814
555,733
555 818
556,590
555,767
555,905
555982
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
03-30-01
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

10 103 PUSOL_TI_014_11_k6 out
10: 103 PU_SOL_TkLOl4_14_k6 out
10: 103 9UJOESTIL014&10Jk6 out
10:103 PU_90tTHl_01L13_k6 out
10:103 PUSOL1LtH014_L2_k6 out
10 10a PUSOL_TL01&_2L k6 .out
10:103 PU_S0LTL01C24_k6.out
10:10- PUIL0LTL01&_20.k6 out
10:10a PU..SOLXTHI01423Lk6 out
10:10- PU_OL_TH_014.22tk6 out
2:35p PUtSOkIL014L31tk6 -out
2:35p PU_50LTH_014_34&k6 .out
2:35;p PU_5LTH_O1t43Ok6.out
2:35;p PUSOLTILO01433_k6.out
2:35p PUWSOLTH_014_32_k6 out

10:103 PU_SOLSU.014_19_k6 out
10:103 PU_SOLUH_014_17_k6 out
10:105 PU_1SO_Tkt014_16_k6 out
10:10a PU_SOlH_014_15_k6 out
10:103 PUSOLTH014.18t6 -out
10:10a PU_SOLTO_1.412tk6.out
10:103 PULSOLTHI014J7Jk6 -out
10:10a PUISOLTH_014C26_k6 out
10:103 PU_SOLTt014325Jk6 -out

10-10: PU_SO_TH_014328Jk6 -out
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PUS0-56 OUT
PU_50-58 OUT
PUVSO-60 OUT
PUSO-62 0UT
PUMSO-64 07rr
PUS0-66 OUT
PU5,0-68 07?
Pv1so-70 anr
PV_50-72 OUT
PV_50-74 0(1

35 file(s)

796,588 05-22-01 2:35p PVSOlT11L014_35_}k6out
555,862 03-30-01 10:1C- PUt.J0L..THC01&_09.k6.out
556,652 03-30-01 10:lOa PU_SOLl_T_014_07_k6.out
554,943 03-30-01 10:10a PU_SOLrTH_014_06_c6.out
555,460 03-30-01 10:10a PULSOLTOl&405Jk6.out
555,661 03-30-01 10:10a PULBOLITH014&08Jc6.out
555,262 03-30-01 10:10a PV_0kL-.THOl4OILck6.out
555,127 03-30-01 10:1Ca PUSOrLThO01_02_k6.out
692,844 03-30-01 10:10a PU.SOLjTH01403_k6.out
555,343 03-30-01 10:1a PU-SOL5-0TH-.l-004-6.out

21,037,909 bytes

Directory of D: CASSS\Sun\AnAo1\PST-015

'DIR'
'DIR>

015OINP 'DIR>
C15,,- r 'DIR>

C file(s)

10-04-01 2:06p
10-04-01 2:06p
10-04-01 2:06p 015_inp
10-04-01 2:06p OlS_out

0 bytes

Directory of D: \CASES\Sun\Aoal\PST_015\015_inp

'DIR' 10-04-01 2:06p
'DIR' 10-04-01 2:06p

PUSOL-6 6,551 03-30-01 10:lOa PVSOLSTIC1S.l1,Jc6
PU_SOL-8 6,551 03-30-01 10:1ca PVS0OI Tt-l53Jkc6
PU,.8-10 6,551 03-30-01 10:1O a P11SOT0tH_015_5_16
PV1U9-12 6,633 03-30-01 10:1ca PVS0LS-HL0157-ck6
PULSO-14 6,633 03-30-01 10:10* P¶L.SOLTt015_9_k6
PV SO-16 6,551 03-30-01 10:10C PVSOkLt 015._2_k6
PV_50-18 6,551 03-30-01 10:10C PVLSk0LT01S_4dk6
PUVSO-20 6,469 03-30-01 10:10 PUSOLT-LC15,_6_k6
PVSO-22 6,633 03-30-01 10:10c PVUS0L3tll015_8_k6
PVSO-24 6,633 03-30-01 10:10C PU10kL_TEOl1514Lk6
PVSO-26 6,715 03-30-01 10:10c PWUSOLTILOH15_17_}6
PU_50-28 6,715 03-30-01 10:1a PUWS0LT.015.,16,k6
PU_50-30 6,715 03-30-01 10:1Ca PUS0LtElS,15_.,k6
PV_50-32 6,633 03-30-01 10:1Ca P1 0L13,,T015..10.,k6
PVSO-34 6.633 03-30-01 10:10C P.7OLJT_015_11_ck6
PV510-36 6,633 03-30-01 10:1Ca P1_50LHOL05J_2_k6
PVJ11D-38 6,633 03-30-01 10:1Ca P117SOL..21015L13_k6

17 file(s) 112,433 bytes

Directory of D: \CASZS\Sun\AoAI\PST_015\015_out

'DIR' 10-04-01 2:06p
' DIR> 10-04-01 2:06p

PVSOL-6 OUT 554,676 03-30-01 10:1Ca PUSOL TH_015_11_1c6.out
PVU_01.-8 o0r 554,375 03-30-01 10:lca PVSOL-Jlt015..4-k6.out
PVS0-10 our 55S,262 03-30-01 10:10a PU-t0L. _tOl15&10.k6.out
PV_50-12 OUT 554,257 03-30-01 10:1ca PVUSOLTHO015J13_k6.out
PV-SO-14 OUT 553,858 03-30-01 10:1Ca PlUSO1T30 N015,12_2k6.out
PV_50-16 o0r1 555,437 03-30-01 10:10C PULSOlkTU15_17_S6.out
PVSo-18 OUT 554,751 03-30-01 10:10c P917130lLt015k-l6J6.out
PVLSO-20 OEM 555.349 03-30-01 10:1Cc P1USOTSH_015_15_.k6.out
PV_SO-22 OUT 554,178 03-30-01 10:10- WUSOL TkL015_09_k6.out
PUSO-24 OUT 553,922 03-30-01 10:10C PU1.S0.TH_015_07_Ok6.out
PV_50-26 ouT 553,116 03-30-01 10:1Ca PU_SOL_TEOlO_06_k6.out
PV_50-28 OUT 553,712 03-30-01 10l:1a PUSOLTL_1L5OS5k6.out
PV_510-30 oWr 554,094 03-30-01 10:1Ca PIUOL.C1S.5_08_k6.out
PVS0--32 WV 540,543 03-30-01 10:10C PV510L_TiL015_01Ck6.out
P1150-34 WV 553,264 03-30-01 10:1Cc PV_,SOLTHL015_02_k6.out
PVSO-36 OUT 552,804 03-30-01 10:1Ca P1110L_.TH015_03_k6.out
PU_50-38 OEM 554,162 03-30-01 10:1Ca PU7&OL.TILOl.504l6.out

17 file(s) 9,407,760 bytes

Directory of D: \CAS\Sun\AoAI\PST_016

016_ZNP
016-OUr

'DIR>
'DIR>
'DIR>

0 file(s)

10-04-01 2:06P -
10-04-01 2:06p ..
10-04-01 2:06p 016inp
10-04-01 2:06p 016_out

C bytes

Directory of D:\CASES\Sun\AoAl\PST-016\016-inp

'CDIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

PV_501.-6 6,879 03-30-01 10:1C0 PV_,SOLTL016_3_k6
PUVO0-8 6,879 03-30-01 10:10c P1_US0LT016_5_k6
PVSO-10 6,879 03-30-01 10:1C0 1VStk.2LC16_7lk6
PV_50-12 6,715 03-30-01 10:10- PUISOL.TlL016._9_k6
PV-SO-14 6,961 03-30-01 10:10C PU_30L.THTO1_6_4_k6
PV-E16 6,879 03-30-01 10:1Ca PU_1SOLIO_166_k6
PUSO-18 6,879 03-30-01 10:10a PUSOkL_TIL016_8_k6
PVS0-20 6,715 03-30-01 10:1Ca PUW0LTH_l6_110ck6
PV1.5-22 6,715 03-30-01 10:1Ca PU_.SOL_TH_016_11_k6
PV_50-24 6,879 03-30-01 10:1Ca PUSOL_TH_016_1._k6
PUS0-26 6,879 03-30-01 lO:lOa PUSOL_.T_016_2_k6

11 file(s) 75,259 bytes

Directory of D:\CASES\Sun\AoA11PST-016\016-out
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<DIR> 10-04-01 2:06p
..DIR> 10-04-01 2:06p

PUSL-6 0r 665,670 03-30-01 10:10 PUL.SO klHt016_3Lk6.out
PUSOL-8 our 665.622 03-30-01 10:10 PU_50LJITH2016_.10_c6.out
PU5.0-10 OUT 666,156 03-30-01 10:10a PU_5LLSOL016_09_k6.out
PDU-S-12 OrC 647,246 03-30-01 10:0l PIU_50OLIL166_07_k6.out
PU_50-14 Cr 647,373 03-30-01 10:108 PUSOk.TH_016_06_k6.out
PUJ;0-16 OUT 647,957 03-30-01 10:10a PU_SOLTH_016_05_k6.out
PUJS-18 OUT 646,727 03-30-01 10:10 PUS- .TEt016_08_k6.out
PU350-20 OUT 645,608 03-30-01 10:10 PUDSOLTt_016_02_Ok6.out
PUD-22 aU 648,605 03-30-01 10:108 PU5DL.TIL016_02_Jk6.out
PU_50-24 oUT 648,471 03-30-01 10:10a PU SOL.TH016_03_J6.out
PUS9-26 an 648.610 03-30-01 10:10a PUESL.TI016_04_k6.out

11 file(s) 7,178,045 bytes

Directory of D:\CASRS\Sun\AoAl\PST.017

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

017_.IP 'DIR> 10-04-01 2:06p 0174inp
017-0UT <DIR> 10-04-01 

2
:0

6
p 017_out

0 file(s) 0 bytes

Directory of D: CASES\Sun\AoA1\PST_017X017_inp

<DDIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

PUSOL-6 6,879 03-30-01 10:11t PU_.SDLjTL017.2_k6
PU-OL-8 6,879 03-30-01 10:118 PU SOLTS 017_._k6
PUS0-10 6,879 03-30-01 10:118 PU.SOLT.I_017_6_.k6
PU390-12 6.879 03-30-01 10:11a PU9SL_T1L1017_8_k6
PUJ-.14 6,551 03-30-01 10:10a PUSOLTH_017_J..6
PU9S-16 6,879 03-30-01 10:11a PU_OL_TH1017_3_k6
PU_50-18 6,879 03-30-01 10:11a YU_SOL_TH_017_5.k6
PUSO-20 6.879 03-30-01 10:11a PUSOLTH_017_7_k6
PU;S0-22 6,879 03-30-01 10:11a PUSOLTH_017_9_.k6
PUt.-24 6,879 03-30-01 10:10 PUS5L SH_017_14_k6
PUS5-26 6,879 03-30-01 10:10e PU_SOLTHLO117_17_ck6
PUJ0-28 6,879 03-30-01 10:10O PU_SOLTH_017_16_k6
IPU5-30 6,879 03-30-01 10:10l PULSO7_T017_15_k6
PU50-.32 6,879 03-30-01 10:l0s PU_50LTH_017_18_k6
3u05-34 6,879 03-30-01 10:10 PU.S-k.TEL017_10_k6

PU 50-36 6,351 03-30-01 10:10s PUWL.StE101712_k6
1U-00-38 6,879 03-30-01 10:10 PU_0SOL_TH_017_12_k6
9U-SO-40 6,879 03-30-01 10:10 PU_05OLTEOlt._13_k6

18 file(s) 123,166 bytes

Directory of D: \CAsRs\sun1oA1lPST_017\017_out

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

PU_5L-6 an 651.144 03-30-01 10:10a PUSLITHL01711k6.out
PU50L-8 our 653,112 03-30-01 10:10a PUSOI.TH_017_14_k6.out
PUJ0510 oar 652,830 03-30-01 10:10C PU_5L_.TH_017_10_.k6.out
PU90512 OaT 652,387 03-30-01 10:10s 1U50LLTH_017_13_k6.out
FULSO-14 oar 651,684 03-30-01 10:10s PUSOL0L1017_12_k6 .out
PUSO-16 Oar 652,312 03-30-01 10:11 PU_50OLjt_017_09_k6.out
PU.SO-18 aun 652.205 03-30-01 10:11 PUSOLAtI_0L17_07_k6.out
PUS0-20 an 651,984 03-30-01 10:lla PUSOLkT01017_06_ck6.out
PU90.322 OaT 652,230 03-30-01 10:11 PUWSOL_TH_017_5Oc6.out
9U-SD-24 OUT 652,722 03-30-01 10:11 PUJ;SL5TIO1t7_08_k6.out
PQU.0-26 an 652,194 03-30-01 10:10a PUSL_7t_0017_27_k6.out
PUSD-28 aun 652,297 03-30-01 10:10s PUSOLTHL017_16_k6.out
PUS0-30 anP 651,457 03-30-01 10:10a PU_SOlTHL017_15_k6.out
PU_9D-32 oar 652,271 03-30-01 10:l0a PU0SLTH_0177_18_k6.Out
PU150-34 oa 651,348 03-30-01 10:11a PU_SOL_TH_017_01_k6.out
PU_9S-36 an 652,086 03-30-01 10:11a PU_SL_TH_017_02_k6.out
PU1 -38 oua 651,969 03-30-01 10:11a PU_SOLTH_017_03_k6.out
PU108-40 an 652,239 03-30-01 10:11a PUtSkLTH_017_04_k6.out

1S file(s) 11,738,471 bytes

Directory of D: \CASES\SunmAoA1\PST_.020

020-IIP
020-aVr

ODR>
<DIR>

<DIR>
<DIR>

0 file(s)

10-04-01 2:06p -
10-04-01 2:O06p . .
10-04-01 2:06p 0204np
10-04-01 2:06p 020tout

0 bytes

Directory of D:\CAS3S\Sun\AoklPST.-020\020_.inp

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

'DIR> 10-04-01 2:06p
PU5DL-6 6,689 03-30-01 10:11k PUDLT1_020_14_T8Bk6
PUDSOL-8 6,689 03-30-01 10:11 1U0.SOL.TH.020_15_TSB_k6
PU..SO-10 5,951 03-30-01 10:11a PtULSDL-TH1_020_7_TO7 kc6
PULSD-12 6,689 03-30-01 10:11- PtSDSOLTHO020_8_T.Ac6
P0-U14 5,951 03-30-01 10:11- 0USOL_TH_020_1_TaAJc6

PU10S-16 6,689 03-30-01 10:11- PU_SOLTH _020_9_T8AJ6
PU9O-18 5.,951 03-30-01 10:11-a PUSOL_TH_020_2_T8A1Jc6
PU.SD-20 5,951 03-30-01 10:11a ¶LSOLTH_020_3_T8Ak6
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PUJO-22 5,951 03-30-01 10:11. PUSOLTILO20_5_T8Ak6
PVSO-24 5,951 03-30-01 10:11a PU_SOL1TH_020_6_T8AJk6
PUISO-26 5,951 03-30-01 10:11* PUSOL TH_020_10_T08Bk6
PU_50-28 5,951 03-30-01 10:11- PUWSOLS-EL020llT8RB_k6
SU.S-30 5.951 03-30-01 10:11* PUSOLTH_020_12_S8B_k6

PU.SO-32 S.951 03-30-01 10:11a PUVSOL-TH020_13_T8B_k6
14 file(s) 86,266 bytes

Directory of D: XChS3S\Sun\AoRl\PST_020\020_out

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

PUSOL-6 OUT 524,926 03-30-01 10:11* PUJOLTLOTH_2OO8_T8Ak6.out
PUrS0O-8 our 528,489 03-30-01 10:11a PU_SOTH_020_09_T8A_l6.0ut
PUSD-10 OM 512,816 03-30-01 10:11- PUl.SOLTLO20_O06_T8tAk6.out
PU_50-12 0171 513,040 03-30-01 10:11a P 0_SOLTI(_020_07_T8AJk6.out
PIUSO-14 OII7 528,204 03-30-01 lO.-Il PU_SOL TH_020_1J_T8B_lc6.out
PUtl S-16 OUT 513,934 03-30-01 10:11. PUSOLsT11_020_10_TBlc6.out
IU.SO-18 OUr 529.181 03-30-01 10:11a PUSOLTLOO1120_15_TB_lk6.out
10-0-20 OST 513,671 03-30-01 10:11- PUSOL_TH0201LT8sk6.out
PU-.0-22 OUT 513.116 03-30-01 10:11a PUSOL THO2012_T8Bk6.out
10J80-24 OUT 512,027 03-30-01 10:11* PUSOLTH_020._13_T8BJk6.out
1 630-26 OUT 506.195 03-30-01 10:11* PUSOLTH_020_01_T8A_k6.out
PUF-28 OUT 509,693 03-30-01 10:11* PUSOLTH_020_02_T8Ak6.out
P1110-30 an 515,117 03-30-01 10:11* PU11130TL _20_03_TSA_k6.out
PU780-32 anr 511,731 03-30-01 10:11s 1U-70L1W020_05_TSAJk6.out

14 file(s) 7,232,140 bytes

Directory of D:\ChS3S\Sur\AoA1\PST_025

<DIR> 10-04-01 2:
<DIR> 10-04-01 2:

LANZX6 204 09-20-01 8S
PSTH02-8 MIP 8,239 09-20-01 8'
PSSHO-10 MIP 8,239 09-20-01 S8
PSTHO-12 31G0 54 09-20-01 8:
PSTHO-14 ISG 54 09-20-01 8'
PSTHO-16 OWI 1,008.402 09-20-01 B8
PSTHO-18 Our 1,008,504 09-20-01 8S
PSTHO-20 IMP 8,239 09-20-01 8:
PSTRO-22 MSG 54 09-20-01 8:
PSTHO-24 OWT 1,009,099 09-20-01 S8
PSTHO-26 IMP 8,239 09-20-01 8:
PSTHO-28 XSC 54 09-20-01 8S
PSTHO-30 OUT 1,009,181 09-20-01 8S
PSTBO-32 IMP 8,239 09-20-01 8:
PSTHO-34 HS 54 09-20-01 8:
PSTHO-36 OUW 1,008,523 09-20-01 8'
PSTHO-38 DIP 8,239 09-20-01 8
PSTHO-40 HSG S 09-20-01 8
PSTHO-42 OT 1,009,235 09-20-01 S8
PUJSO-44 720 09-20-01 8S

20 file(s) 6,103,626 bytes

Directory of D: \CaSs\Sun\AoAI\PST-.026

:06p
: 06p
:32* lancek6
133- psthO25_sase5s_6 inp
:33a psthO25_Sas-e66 .inV
:33. psthO25_ase5_e6 .msgs
:33a psthO25_cese6_s6 .sgs
:33a psthO25_cse5_c6 .out
:33a psthO25_ase6_s6 .out
:32 psthO25seasel_c6. inp
:32a psthO2lSase1_c6 ..s
:32a psthO2Ssaselc6 out
:33* psthO2Ssase2_s6 inp
133 psthO25_Lcse2_s6 .3sg
:33a pstbO25_sse2_c6 .out
:33a pathO25_ccse3_6 .inp
:33* p6thO25_ease3_s6..ss
:33* psthO25_ase3_s6 .out
:33- psthO2S_case4_6. inp
:33- psthO25_ase4_c6 .msgs
:33* pmthO25Seasetse6 out
:32* PU_So_TH_025_res

-cDIR> 10-04-01
'DIR> 10-04-01

LANCL-16 111 09-20-01
PSTH02-8 IMP 10,445 09-20-01
PSTHO-10 MSG S 09-20-01
PSTHO-12 OUT 1,038,262 09-20-01
PSTHO-14 3IP 10,445 09-20-01
PSTHO-16 YC 54 09-20-01
PSTHO-18 our 1,041,327 09-20-01
PSTHO-20 IMP 10,445 09-20-01
PSTHO-22 SC 54 09-20-01
PSTHO-24 WIT 1,048,835 09-20-01
PU_50-26 414 09-20-01
SORTI-28 414 09-20-01

12 file(s) 3,160,860 byti

2:0
6
p

2:06p
8:32* lslctk6
8:32a psthO26ceaselc6. inp
8.32* psthO26_caeIc6 .sgs
8:32* psthO26_cass-_6 .out
8:32* pstbO26_sase2_s6 inp
8:32* pstbO26_sese2_c6.usgs
8:32* psthO26_sase2_e6c.ut
8:32* psthO26_eia3_s6. inp
8:32* psthO26_ease3_c6 msgs
8:32* psthO26_cass3sc6.out
8:32* PU_SOL.TH_026_res
S:32* sortie-tnv

Directory of D :\CASES\Sm\AoA1\PUSOL._THERl

001-IMP
002INP
002-INP
0043INP
005-INP
006_INP

014-DI
015-DIP

0176XNP
020_XNP

<DIR>
<DnI>
<DIR>
<DIR>
<DIR>
'DIR>
'DIR>

'DIR>
<DIR'
<DIR'
<CDIR

<DIR'
<DIR'
<DIR>

C file(&)

10-04-01 2:06p
10-04-01 2:06p
10-04-01 2:06p OO_1P
10-04-01 2:06p 002_inp
10-04-01 2:06p 003_inp
10-04-01 2:06p 004_inp
10-04-01 2:06p 005_inp
10-04-01 2:06p 006_inp
10-04-01 2:06p 011_inp
10-04-01 2:06p Ol4Jnp
10-04-01 2:06p O1S_inp
10-04-01 2:06p 016_inp
10-04-01 2:06p 017inp
10-04-01 2.06p 020_inp

0 bytes

Directory of D: \lCASESSun\AoAlPU_SOLTHERh\001_INP
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<DIR> 10-04-01 2:06P
-DIR> 10-04-01 2:06p

PU_.SOS- 6 4,311 03-30-01 10:08Sa PSOkSILOO&._6_S8&_k6
PISOL-8 4,311 03-30-01 10 :08a PU_.5 flT._00L_5_T8Ak6

U-SO-10 4,311 03-30-01 10 OSa PWSOL_TH_001l__T8A_]c6
PUJO-12 4,311 03-30-01 10: 08 PUSoL_TH_001"2_T8.f-kc6
PUS-14 4.311 03-30-01 10 08a PUSOL_Tl_001_3_T8Alc6
PU_O-16 4,311 03-30-01 10: 08a PU_tSOLTH_001_4_TSA_l6

6 file(s) 25,866 bytes

Directory of D: \CASES\Sun\AoAl\PUSOLSIj'Rl\002_inp

"tSL-6
PL SOL-8
PULSO-b0
PU-so-n2
10-30-14
P030O-16
PILu-li1

<DIR> 10-04-01 2:06p
CDIR 10-04-01 2:06P

4,065 03-30-01 10:Osa PUS0n ¶t002_5..k6
4,065 03-30-01 10OS- PULS0L2IK0027Jc6
4,065 03-30-01 1008a tPU-SOk.TS_002_6_k6
4,065 03-30-01 10:08a PUOSOLTH_002_1_k6
4,065 03-30-01 10: 8a PUSOLO_TH_O02.2.k6
4,065 03-30-01 10S08a PUSOLT1L002_3_k6
4,065 03-30-01 10:08a PUJS0L;kILOO2..4_.k6

7 fileWs) 28,455 bytes

Directory of D: \CASzSSun\AoAl1PU-.SJ0-LThFt\003_inp

PU.50L-6
PU.SOL-S
PU-.so-l0
PU...5-12
PU-So-I'
PU,30-16
PU-so-la
P...5-20

S f it

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

4,475 03-30-01 10:085a PUSO._TH_003_6_J6
4.47S 03-30-01 1008a PU.SOL.tTt003_8_Jc6
4,475 03-30-01 10:08a PUS.OLSTH_003_5_1c6
4.475 03-30-01 10O08a P¶USOLTHO03_7_ck6
4,475 03-30-01 lOOSa PU._SOkt.003_.Lk6
4,47S 03-30-01 lO0OSa PU.._SOLSI003_2_k6

4*475 03-30-01 10:l a PD_ SOL TH_003_3_k36
4,475 03-30-01 1005a PISOL.TILOO3_4_k6

c(s) 35,800 bytes

Directory of D: XCASZS\SunAo\PU.SOLflETN\004_inp

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

PUS01B-6 4,065 03-30-01 lOtOSa PU_SOE7TH1004..2.k6
NUJ0L-S 4,065 03-30-01 10:08a PUSOLTHIOO&44k6

PU_.S0-O 4,065 03-30-01 10:08- YUSOLSTHLOO&46_kc6
P0.S0-12 4,065 03-30-01 1008s PUJSOLJTSH.004_,Jc6
PUSO-14 4,065 03-30-01 1O0OS PU08- SOLTH..004_1_ck6
PU.-5O-16 4,065 03-30-01 10:08n PISOL_k1L004_3_.k6
PU_50-18 4,065 03-30-01 10:08- PUtSOLTR.004_5_.k6
PUV50-20 4,065 03-30-01 10:08s PUSOLjTlOOd._7_k6
PUSO-22 4,065 03-30-01 10:08S PUSOLTO.004_9 k6
PUSO-24 4,065 03-30-01 1008a PU.SOLSTLOO4..10..k6
PUSO-26 4,065 03-30-01 10:08s PU..SOLTR..004.11_k6
PUV50-28 4,147 03-30-01 10:08a PtU.SOLTFLOO4...12.k6
PVSO-30 4,147 03-30-01 10:08a PU..SOLTH004_13_k6

13 file(s) 53,009 bytes

Directory of D: ChSES\Sun\AoA1\PUSLTHn\005_np

*DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

PU.SOL-6 4.065 03-30-01 10:0Sa PUJSO0LSH005..5Jc6
POSOL-8 4,065 03-30-01 10:08a PU.SOL30LtOO5_7jJ6
30LS0-10 4.065 03-30-01 10:08a PILS0L.TtR005_9_kc6

P0.30-12 4.065 03-30-01 10:08a PUSOLTV0 005_6_ck6
PUSO-14 4.065 03-30-01 100. PU-;SOL TU.005..tk6
PUL50-1 4,065 03-30-01 l0:08- PU.SOL_TSILOOS...k6
PU.SO-18 4,065 03-30-01 10:08s PUSOL_THO005_2_k6
PUS0-20 4,065 03-30-01 10 08s P0_SOL_THL005_3_k6
P0.30-22 4,065 03-30-01 10:08a PU.0LTHf005_4.k6

9 file(s) 36,585 bytes

Directory of D: :CASUS\Sun\AonlkpU_SOL _TflRM\006_inp

'DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

PUSOL-6 4,041 03-30-01 10:08a PUSOLIL_006_.CASll_136
PILSOL-9 4,041 03-30-01 10O08a PU.SOLTILOO66CAJSZL2Jk6
P0.3O-10 4,041 03-30-01 10: 08 PSoLT11 006_3CASE_3_k6

3 file(s) 12,123 bytes

Directory of D \CASRS\Sun\AOAI\PU.SOL.TH¶mf011_inp

*DIR> 10-04-01 2:06p
-DIR> 10-04-01 2:06p

PUVSOL-6 3.216 03-30-01 10:09a P5_LWETH_011_c00._4_16_k6
PUJOL-8 3,216 03-30-01 1009a PU.SOLTILH011_C800_3_161c6
PUSO-10 3.216 03-30-01 10:09a PU-SoLOTHO01L_C805.16_k6
10.90-12 3,954 03-30-01 10M09s PQLSOL.THLO1L_C8sOOC41t8k6

PU-SO-14 3.954 03-30-01 10: 09a PUOWLTH_Ej011_C800_3_S_k6
PUSO-16 3,953 03-30-01 10:09a PUtSOL.THI01_C000.6.185J6
PU_50-18 3,953 03-30-01 10: 09a PUSOL,1THC00_C800_5_18_k6
FUSO-20 3,953 03-30-01 10:09a PUSOLTH_01L_C800_7_18Jc6
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PUtSO-22 3,216 03-30-01 10:09a PIUSOLflL011-C800SC16.k6
PuSO-24 3,953 03-30-01 1O:C9a PUVSOkTL O1LCSOO__lB,_k6
FLSC-26 3,216 03-30-01 10:09a PuLSOkt.TOllCSOO2_16Jc6
PU.SO-2S 3.954 03-30-01 10: O9a PUSOITHOll_CSOO_28Jl_k6

12 file(s) 43,754 bytes

Directory of D \CASES\Sun\AoAl\PUSOk.THflEtOlinp

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

PUtSOL-6 6,551 03-30-01 10:1ca PUUSL_.TH_0I1CJ6
PU_SOL8 6,551 03-30-01 10:10c PU_..SOLoL014_43c6
Pu9V..10 6,551 03-30-01 10:1a PU_.SOLTH_014_6Jc6
PU_0S-12 6,633 03-30-01 10:1Ca PU_tSOL_TH_O14_8_k6
OU-SO-14 6,551 03-30-01 10:10a PU_tOLTHL014_1_k6
DtLS0-16 6,551 03-30-01 10:1a PUSLTHI014_3_k6
PtUSO-1S 6,551 03-30-01 10:1Cc DSOUL _Tl014_5_k6
PU.sa-20 6,633 03-30-01 lO:lOa UU_SOLEH014_7.k6
PV.S0-22 6,633 03-30-01 10:1C PU_WSOL_ A014_9_k6
PUtJ.. 24 6,633 03-30-01 10:1ca Ptl.SOLkTH0tlt20_k6
PUSO-26 6,715 03-30-01 10:1O a MLSOLkTEl014_30_k6
PU;SO-2S 6.633 03-30-01 10:10a PUS.ok.Tt.014_23_k6
P11SO-30 6,633 03-30-01 10:10a PILU_SoL..T014_22_k6
PU1S1-32 6,633 03-30-01 10:10C PU_3V toLS01_21Jc6
PU_S-34 6,715 03-30-01 10:10c PUSOLT L014&4_.k6
9U.SO-36 6,715 03-30-01 10:la PUSOLflTL014_33_ck6
9U-0-38 6,715 03-30-01 10:10c PU_.L_TH_01C32_ck6
PUO-40 6,715 03-30-01 10:10c PUJOL_I014_3_k6
PU.SO-42 6,715 03-30-01 10:10c PUS0L_TL01L34_c6
PU.J"4 6,633 03-30-01 10:10c PU_g0L_TH_0114_.k6
PtLSO-6 6,715 03-30-01 10:10C PUSlML0L0l627_k6
PUSO-48 6,715 03-30-01 10:10Cc 9U.SOLS1L014_26.}6
PUSO-50 6,715 03-30-01 10:10C PU_..S0LTH014_25_k6
PU.S0-52 6,715 03-30-01 10:1Ca PUSOLTH_014.28 k6
fJ.SO-54 6,633 03-30-01 10:1Ca PUSLSIOCl _17_k6
PULSO-S6 6,633 03-30-01 10:10C PUVSWTH_01l4_16_k6
FUSO-S 6,633 03-30-01 10:104 PUJSOL.2It014j15_k6
Pt.30.60 6,633 03-30-01 10:1c PUJ_SOkL T l4&_l8k6
PILSO-62 6,715 03-30-01 10:10- PjUSJOTE014_29_k6
PUJO-64 6,633 03-30-01 10:10c PUILSOLT.01419..k6
Pt_S0-66 6,633 03-30-01 10:10C PULSOLT014&10_c6
vU-.3-68 6,633 03-30-01 10:10c PUSOLTSLO1C_11_k6
PU90.370 6,633 03-30-01 10:10C PWSOLfTH_014_12_J6
PUt1Sa72 6,633 03-30-01 10:10C PWSOLSTILOZL13_k6

34 file(s) 225,932 bytes

Directory of D: CaSRS\Sun\AoA1\PU-SOL-THM\015-inp

*DDIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

PU.,BL-6 6,551 03-30-01 10:10c PUt.LTILO15__k6
PU_OL-8 6,551 03-30-01 10:10C PtlSOL_t._015_3_k6
EU-SO-10 6,551 03-30-01 10:10C PUSOWkNL_ 15J_5_16
1U0.3012 6,633 03-30-01 10: 10Cc U_SOLSH_015_7.k6
nu-SO-14 6,633 03-30-01 10:10C P0USOLkTH_015_9_k6
E;SO-16 6,551 03-30-01 10:10C P¶_SOL...EL15 2_k6
PU-SO--1 6,551 03-30-01 10:1C a PUSOLTH_015__.k6
PU30520 6,469 03-30-01 10:10a PU_SOL_TL015_6_k6
P30S.-22 6,633 03-30-01 10:10C PU_SOk TllO15_S"k6
PESO-24 6,633 03-30-01 10:10C PU-LSOTHLO_15S4_k6
PIUSO-26 6.715 03-30-01 10:10c PUfSLTSL015_17_k6
PtlJ;-2S 6,715 03-30-01 10:10C PUSOLIL01516_16
PU303030 6,715 03-30-01 10:1Cc PU.S0L_1ILC_0 515_k6
PU-SO-32 6,633 03-30-01 10:10C PU9SOL_TH_015_10_k6
PU305-34 6,633 03-30-01 10:10C PUSOL_T11_0lS_11_k6
PU903036 6.633 03-30-01 10:10Cc PUnSLSL-015_.12_k6
PU_SO-38 6,633 03-30-01 10:10C PUBLTH_015_13.36

17 file(s) 112.433 bytes

Directory of D: \CASES\SunAoAl\PUUSOLlTHfl\016_inp

'DIR> 10-04-01 2:06p
CDIR> 10-04-01 2:06p

EPUSOL-6 6,679 03-30-01 10:10C PUSOLTlt_016_3_k6
EUSOL-8 6,679 03-30-01 10:10c PUSOLTH_016_5_ck6
PFtJ5-10 6,879 03-30-01 10:10c PLt5IL-016_7_,k6
E1SO-12 6,715 03-30-01 10:10c PU_SOLJ¶LC16_9Sk6
9._SO-16 6,961 03-30-01 10:10C PU_.OLTH_016_4_.c6
PU;SO-16 6,879 03-30-01 10:10C PUELSOL.TILO16.6Jkc6
PtlSO-lS 6,879 03-30-01 10:10C PU_ SOL_21_016_8_1.6
P31S0-20 6,715 03-30-01 10:10C PUSOLSTH_016_10_k6
PUES-22 6,715 03-30-01 10:10c PU.L 501L016_11_k6
Pt.SO-24 6,879 03-30-01 10:10 PU SOLTHI016.1.Y6
PU90026 6,879 03-30-01 10:10C PU_S0L.TH_016_2_k6

11 file(s) 75,259 bytes

Directory of D: CASES\Sun\AoAl\PUSOLSTHEPM\017_inp

PTL.SOL-6
PU...SOL-8

<DIR> 10-04-01
<DIR> 10-04-01

6,879 03-30-01
6,879 03-30-01

2:06p .
2:06p ..
10:ita P LSOkI 017._. k6
10:11i PU_.SOLTH017_4_Y6
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lUSO-to
PUSO-12
lu-SO--4
PU_SO-16
PUsO--lA
PULSO-20
PlS0-22
PU0U-24
PU_03-26
PU.SO-28
PU50-30
PU5S0-32
lU_50-34
ltJo-36
V_.50-38

luso-4o
1S file(s)

6,879 03-30-01 10:11-. lPu.0LSH_01L7_6k6
6,879 03-30-01 10:11- RluSOlkTH_017_8Sk6
6,551 03-30-01 10:10- PluS0k..TH.017j1.k6
6,879 03-30-01 10:11* lt50kWL-017_3_k6
6.879 03-30-01 10:11* lu.S.OIkjtOl75_1k6
6,879 03-30-01 10:11* lU.SOLTEL.017_7.k6
6,879 03-30-01 10:11. PtUSOltRS_017_9.k6
6,879 03-30-01 10:10a PU.SOk1L017..1.4_k6
6.879 03-30-01 10.10- PUSOLSkXtOl7_l7k6
6,879 03-30-01 10:10- PtluSOLjflL01716.k6
6,879 03-30-01 10:10a luVSOLTH_017_15_k6
6,879 03-30-01 10:10* PU_3OTLH_01718_1k6
6,879 03-30-01 10:10a PUSOkt.H_017_10_k6
6,551 03-30-01 10:10- PU.5OLEfHLO1t7.lLk6
6,879 03-30-01 10s10* lu.SOL.7_l017..12_k6
6.879 03-30-01 10:10* lg.50LSH_017_13_k6

123,166 bytes

Directory of D. -\CSA5Sun\AoAlPUSOkT1HR3\020_inp

luSOL-6
W._50L-8
P05-10-l
P0380-12
luj-id-1
lu-SO-lE
lu-0o-la
lu....0-20
lt[..O-22
P030O-24

<DIR> 10-04-01 2:06p
<D3R> 10-04-01 2:06p

5,951 03-30-01 10 11* PUSOlk.020..7_T8A-k6
5,951 03-30-01 10:11* PU0SOLkSTH020_1_T8Ak6
5,951 03-30-01 10:11-P0..SOLTk2020_2tT8Ak6
5.951 03-30-01 10:11* P0l.SOk.TIL020L3_SSJkk6
5.951 03-30-01 10:11* lU.SO.TkH_020_5_3SSAk6
5,951 03-30-01 10:11* PU_W.OTI._L020_6_.TA_ck6
5.951 03-30-01 10:11* Pu7SOL_TH_020_10_SSBck6
5,951 03-30-01 10:11* PU_-sLTTL020lTlSSB_k6
5,951 03-30-01 10:11- lu_.OL_SH_020_12_.fB_k6
5,951 03-30-01 10:11* PU_SOLTH_020_13_SSB_k6

10 filets) 59,510 bytes

Directory of D: \CAhSES5un\AoA\usl

-DXR>
-cDntD

CONCRZ-5 <D3t
1ULLS3-7 'DIR>
ltraIT-9 <DIR>
HATER-11 'DIR>

fATER-13 'DIR>
0 file(s)

10-04-01 2:06p
10-04-01 2:06p -

10-04-01 2:06p Concrete Reflector
10-04-01 2:06p Full Set
10-04-01 2:06p Pu content
10-04-01 2:06p Weter Cadmium Reflector
10-04-01 2:06p Water Reflector

0 bytes

Directory of D: CaSS\Stun\AoAl\usl\Concrete Reflector

-DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

0 file(s) 0 bytes

Directory of D: \CASSS=\Aoal~usl\ftll Set

* D33
<DI]

uJ-uL-6 XIP
luJuL-S OuT
IuJ¶-lo IMP
PluJT-12 OUT

4 file(s)

L>

5,999
13,566
S. 375

13, 566

10-04-01 2:06p -

10-04-01 2:06p
09-19-01 9:44- PltullSetJALF.inp
09-17-01 3:18p unull-SetJZALF.out
09-20-01 11:14* Pu_Sull3SetJPu.inp
09-20-01 11:15 lua ull-Set-HPu.out

38,506 bytes

Directory of D: \CASS\Sun\Aol1\usl9Pu content

-CDIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

nJu-6 InP 1,215 09-24-01 2:24p PluNitritetP.ucontent.inp
PU-NIT-S OUT 5,956 09-24-01 2:25p Pluitriteu_content.out

2 file(s) 7.171 bytes

Directory of D \CASES\Sun\AoAl\usl\Weter Cadmium Reflector

'DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

0 filets) 0 bytes

Directory of D:\CASES\Sun\AoAlAusl\WHter Reflector

*DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

0 file(s) 0 bytes

Directory of D: \CASES\Sun\AoA2

;,CT-002
rlT.-003
ICT-.004
)CT_005
NCT..009
NEIC-1S
USL

'DIR>
'DIR>
'DIR>
'DIR>
'DIR>
'DIR>
'DIR>
'DIR>
'DIR>

10 -04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-01
10-04-0 1

2:06p
2:06p
2:06p 3ET_002
2:06p CT.._003
2:06p rCT-004
2:06p ICT_005
2:06p 1tT_009
2:06p KIXUZCSUTHERM
2:06p usl
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0 filets) 0 bytes

Directory of 0: \CASES\Sun\AoA2\?CT_.002

* A~~DMIR
'DIR>

002-..10 <DIR>
002-(71T <DIR>

0 filets)

10-04-01 2:06p
10-04-01 2.06V
10-04-01 2.06p 002-INP
10-04-01 2.06p 002_0XUr

0 bytes

Directory of D.\~CASZS\Sun\AoA2\CT_.002\002_.INP

KIX..CO-6
MILCO-8
mfl-C-10
NflLC-12
N3flLC-1d
KLLC-16

<DIR>
-CDIR>

25,221
25,221
25,221
25,221
25.221
25.221

6 filets)

10-04-01 2.06p
10-04-01 2:06p

1 03-30-01 l0:Oda ILXCtmPT 1 HmL002_yNmL34k6
1 03-30-01 l:Oda IZX_CGKP_5THEM_002_.PL35Jc6
L 03-30-01 10.04d M37LCCMP-TRM270W002.PUL30Jk6
L 03-30-01 10:04a NDLCC.ImPTLKOO2.0NL31ck6
L 03-30-01 101048 N3l7_LCCMR.IE2L002_pNL32_k6
L 03-30-01 10.dsa MNL_CCHP.THERIN_002_.WL33_c6
151,326 bytes

Directory of D: \CASS\Sun\AoA2\WT-OO2\OO2-M.rr

<DIR> 10-04-01 
2

.06p
'DIR> 10-04-01 2106p

NIX.CO-6 OUT 729,052 03-30-01 101004a XIMC HP THZRM_002..L35_k6.out
m0C0-S Our 719,703 03-30-01 10.04d xII-COHP-THR2N-002-MUL3d-.6.out

IaX..C-10 OUT 727,942 03-30-01 10.0dm 1tIXCSNPTH. K002_RL30_k6.out
IXXSC-12 Wtr 733,070 03-30-01 1004a NxmCP-T2HII O1-2...L31-k6.out
mx.x C-ld Mr 718,342 03-30-01 1O040 NIXc84PTHERKL_002_YNM(32_k6.out
CXDC-16 OUr 734,674 03-30-01 10:04a MICCMP.tHML002_FNL33_k6.out

6 file(s) 4,362,783 bytes

Directory of D\ CASRS\SUU\AOA2\=-T003

'DIR>
.DIR>

003_IIP 'DIR>
003- I 'DIP.>

0 file(s)

10-04-01 2.06p
10-04-01 2.06p
10-04-01 2:06p 003-MP
10-04-01 2.06p 003-_0v

0 bytes

Directory of D: \CAS3S\Swu\AoA2\UT-003\003_INP

*DIR> 10-04-01 2:06p
'DIR> 10-04-01 2.06p

XrXDCe-6 23,663 03-30-01 10.04d lXCQ0HPTHRN003_cas4-X6
KLXCO-8 23,663 03-30-01 10.0dm NILr C0PsThRRK.03..-cs6-J6
KIXLC-10 23,663 03-30-01 10.04m NM-ClP-T.EERW-003-cas5-k6
EXC-12 23,663 03-30-01 10.04d NflLCMPTEROL003_calUJc6
NI2LC-14 23,663 03-30-01 10.04dm MIX-LCCHPmRK0-003._cms2-l-k6
NfX-C-16 23,663 03-30-01 10.04d M IXCCfPTRKML003ea.ss2-2Jc6
HflC-1S 23,827 03-30-01 10.04m EIXCC RTHRMOO3c03es3_k6

7 filets) 165,805 bytes

Directory of D. \CaSS\Sun\AoA2\3T.003\003_oUr

'DIR> 10-04-01 2.06p
'DIR> 10-04-01 2.06p

100-6 TXT 830 09-14-01 6:19p foo.txt-
MIX.CO-8 Mr 804,258 03-30-01 10.04dm KIZ-CaP-TE9Rm-003._ems-c6.out
mx-.C-10 oW 805,845 03-30-01 10.04- fIX.CHPThzRIC003_.cas5_X6.out
21C-12 OWr 788,464 03-30-01 10.04m NIIXCCHP-TEER.. 003.3cas6Jc6.out
KIXC-14 Ot(r 813,073 03-30-01 10.0dm daIZN0C(P-THERML003_ces2_k6.out

IX_C-16 0vr 809,282 03-30-01 10.0-d MI-C8caP-T.HER3L003_e92-1_J6 .out
MIXC-18 Or7 810 ,555 03-30-01 10: 0da NfLCC(PIHERL003_.ca2-2_k6 .out
CEXC-20 Our 820,517 03-30-01 10:04a IdnLC0P.TMRKO03.ca9s3_k6 .out

8 filets) 5,652,824 bytes

Directory of D: \CASS\Sun\AoA2\XCT._004

'DIR>
'DIR>

004-11W P DIR>
OO4_0er 'DIR>

0 file(s)

10-04-01 2-06p
10-04-01 2.06p
10-04-01 2.06p 004_.inp
10-04-01 2:06p 004_out

0 bytes

Directory of D: CASS\Sun\AoA2\1Cr_004d004_inp

'DIR> 10-04-01 2.06p
--DIR> 10-04-01 2:06p

MIXCO-6 21,701 03-30-01 10:04a NIDC0CMP.XHEtXOOd4_cas4k6
Paz.Co-8 21,695 03-30-01 10: 04m MIX-CCGMP-T_1RK0040.as6mk6
)KIX.C-10 21,695 03-30-01 10:04a MIX-C-.P.THXRR-OO4.cas8-k6
lIIC-12 21.695 03-30-01 10.04d MIX -NCCP- TH -0 004..-ces3_k6

MIX.C-14 21,695 03-30-01 10.04a NLLCQIP..U4B -OOd..az5 k6
KIX-C-16 21,695 03-30-01 10.0dm NIXLCOIP-NMROO-Ca s7_k6

aXc-18 21,695 03-30-01 10.0dm Od IX..C04P-.HHRJOO4_cas91k6
fIX_C-20 21.695 03-30-01 10.04a MDIXCCMP THRER004dcm10._k6

KxX_C-22 21,695 03-30-01 10.04d RXNCOP21H E I-OOd..cas lLk6
MflC-24 21,695 03-30-01 10.04dm a M CCP-THERLO00cas-k6
IfLC-26 21,691 03-30-01 10.04a I4X.CtHP-TRER1L00d..ems2_k6
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11 file(s) 238,647 bytes

Directory of D \CASES\Sun\AoA2\rT.004\00L4out

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

3EImcO-6 0UT 839,181 03-30-01 10:04a KXLCQ(7,_THERIOO_4ces08_k6. out
NIX.co-8 ourr 839,200 03-30-01 1004a VrL-CeQP-ITHV004_cas07_k6.out
3X3._C-10 OUT 839.090 03-30-01 10:04a MXLC07_.THZmLOO 4..cas06c6. out

KXILC-12 OM7? 839.289 03-30-01 10:04e KXC0(MP-nTHLEK-004ces09kc6. out
KIX.C-14 OUT 839,496 03-30-01 10:04a MIX.C0MKPT.RK-OO4Lcas05_k6.out

XLLC-16 OUT 839,830 03-30-01 10: 04a lIX.C0KPTHZR)_00_cas10_k6 .out
113LC-18 our 839,568 03-30-01 10:04- OeIX- SCOWTHiRN 004Cas11_k6 .out
X3R.C-20 oMr 840,873 03-30-01 10:04a KIDZCWSPTHM3LOO04_cas01_k6. out
MIX-C-22 01 840,927 03-30-01 10:04a HIX-eCCP-nDER3-L004cas02.2k6.out
X3.C-24 OT 840,826 03-30-01 10:04e iIX-ICMP-RHML004.-.S03-k6. out

m e.C-26 Wtr 837,923 03-30-01 10:04a IM0C0(IP_THMR5L004_cas041k6. out
11 file(s) 9.236,203 bytes

Directory of D: CASZS\hun\AoA2\xT005

MDIR> 10-04-01 2:06p
<DIR> 10-04-01 2:06P

00S..IP <DIR> 10-04-01 2:06p 005_inp
005.-..or <DR.> 10-04-01 2.06p 005_out

0 file(s) 0 bytes

Directory of D :CASRS\un\AoA2\wr_05\005.inp

* DIR> 10-04-01 2:06p
'DIR> 10-04-01 2:06p

MIIIT_=-6 92,571 03-30-01 10:04a mixct..05.case5_k6
XIMCT-.:-8 92,571 03-30-01 10:04e mixct.O05..cae6_k6
XZC¶-10 92,707 03-30-01 10:04a -inct.005-casel_k6
IC1'-12 92,778 03-30-01 10:04a .ixtO05_cse2_k6

1IXCT-14 92,571 03-30-01 10:04a mixct-005-case3_k6
NIST-16 92.571 03-30-01 10:04a ixct-OS5-case4Jc6

6 file(s) 555,769 bytes

Directory of D: \CASS\1un\Aoa2\1T_005\005-out

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

_ -6 our 1,023,158 03-30-01 10:04a muictOOS_case5_k6.out
_-8 Our 1,012,740 03-30-01 10:04a mixct.005-case6.k6.out

3T-l0 OUT 1,099.719 03-30-01 10:045 mixct..005caselk6.out
NIZCT-12 0U 1,053,120 03-30-01 10: 04e mixct_005Sce2_k6 .out
mxC1-14 o0r 1,075,638 03-30-01 10:04a .ixct_005_cae3_k6.out
M1zr-16 0OM 1.051,149 03-30-01 10.04a mixct_005_case4_k6.out

6 file(s) 6,315.,524 bytes

Directory of D: \CASesZSunmAoA2%wTQ09

-DIR> 10-04-01 2:06P
'DIR> 10-04-01 2:06p

009_.INP <DIR> 10-04-01 2:06p 009_inp
009.O.T (DIR> 10-04-01 2:06p 009_out

0 file(s) 0 bytes

Directory of D: VCASBSSun\AoA2\=TO09\009-inp

MIXCT*.-6
XXzCr-.7.-
INIM:7-l0
011107-12
MIEXCT-24
HIXCT-16

'DIR>
'DIR>

145. 335
145, 311
146, 07
14S5.56:
145,36
145,23!

6 file(s)

10-04-01 2:06p
10-04-01 2:06p

9 03-30-01 10:04a nbt..009_ceS5k6
7 03-30-01 10:04a uixct.009.c.se6kc6
7 03-30-01 10:04 a ixct.009celJc6
1 03-30-01 10:04a mixt..009.case2.Jc6
1 03-30-01 10:04a miLt-009.case3.k6
5 03-30-01 10:04a mixct-009-cas"_k6
872,892 bytes

Directory of D: CAS85\5un\AoA2\1zT_009\009-out

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

VOO-6 T11 990 09-17-01 10:36- foo.txt-
IS_10.-8 OUT 1,489,916 03-30-01 10:04a mixct.009_ceseS_k6.out
01110-10 OUT 1.498,329 03-30-01 10:04 amixctt_009.cse6_k6.out
1110T-12 OT 1.496,420 03-30-01 10:04a mixctOO9_cesel_.k6.out
3110r-14 OUT 1,500,064 03-30-01 10:04a aixct.009_case2.c6.out
31X1T-16 otMr 1,486,748 03-30-01 10:04a mitct_009_.ase3_k6.out
nI=I-18 0K7 1,498,017 03-30-01 10:04a mict_ 0099_ ase4Jc6.out

7 file(s) 8,970,484 bytes

Directory of 0: \CASS\Sun\AoA2\XIECCEPTH RM

002_INP
003_INP
004-INP
005-INP

(DIR>
(DIR>
(DIR>
(DIR>
(DIR>
<DIR>

10-04-01 2:06p
10-04-01 2:06p
10-04-01 2:06p 002_N1P
10-04-01 2:06p 003-INP
10-04-01 2:06p 004.inp
10-04-01 2:06; 005_inP
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0O9fW <DIR>

0 file(s)
10-04-01 2:06p 009_inp

0 bytes

Directory of D:\CASES\Sun\AoA2\MI&Ca4PTHERz\0O02_INP

];NflO-6
NUCO-S
cmC-10
IUSC-12

NzIXC-14
NIXC-16

6 fil

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

25,221 03-30-01 10:04a eMI-COSG BRRL002_SNL34&k6
25,221 03-30-01 10:04a XIL-CCQWN~M LO02.JNL35tk6
25,221 03-30-01 lOO0a MXCCCKPGTHW R002SHL3Otk6
25,221 03-30-01 20:04a nXLCaKW.TSRDZLOO2.L31JC6
25,221 03-30-01 10:04a 3IL-cC"wZfHRL-002JuL32-k6
25,221 03-30-01 10:04a MIX-CaI.TH9E13002_PNL33.k 6

e(s) 151,326 bytes

Directory of D: \CASZS\Sun\AoA2\NI&XCaP_.THR4\003-.NP

NIZ..CO-6

nLrXC-10
MIX-C-12
UIt-C-16
KEKC-16

lm@-C-18

'Dnt> 10-04-01 2:06p
cDIR> 10-04-01 

2
:06p

23,663 03-30-01 l0:04a NLCEP.TRIE-003_cas4-.k6
23,663 03-30-01 lOOte4a N caEP...lERLOO_3-sea6.k6
23,663 03-30-01 10:04a lUCt_.THnOERK003_cas..k6
23,663 03-30-01 10:04a iUISCCaTSfL003ssl-k6
23,663 03-30-01 10:04a xCn..Cas. .IT LOo3s-ae2-l-k6
23,663 03-30-01 10:04a KEItaem-THRL003.csan2-2-kk6
23,827 03-30-01 10:04a mXLcaG.P.-T3Rm003-.ca3Jc6

7 file(e) 165,805 bytes

Directory of D: \cASZS\uM\Aoa2\NIX-fcW(PHEIW\O4Jinp

'DI3t 10-04-01 2:06p
-Dm> 10-04-01 2:06p

IfL.CO-6 21,701 03-30-01 10: 04a MIUZCSUSHRILOOce4.4-.k6
KnLCo-S 21,695 03-30-01 10: 04a IELSXUCW KILOO sca6_k6
MnLuc-10 21,695 03-30-01 10:04a NMICSw-4P2XuLOO4se 6asS6
nx-c-12 21,695 03-30-01 10:04a naw3.C.._THEMzmOOs4_e3_k6
KI1LC-14 21.695 03-30-01 lOOtea NXnLCCaPTH.nm404_as5_ky6
Xxx-C-16 21,695 03-30-01 l0:04a X3lLcUpThMRULO4_cesl.k6
n-C-18 21,695 03-30-01 1004a aXWLCOaRTHERIOO.4_cask6

X30LC-20 21,695 03-30-01 10 04e KIDLCPTHRRLOO4_eas1O.Ic6
IXL C-22 21,695 03-30-01 10 04s RItSlCUTHEntSOO4_seal_1k6

NILC-24 21,695 03-30-01 10,04a nX-ca nml TH _00_t4ceael.k6
KnS-26 21,691 03-30-01 1004ta =LC'CMt_.THmLOO4_eas2_k6

11 fileMs) 238,647 bytes

Directory of D: \cASESSun\AoA2\Uu-cCxPs-Tn\005_inp

N -6
X=CT-:
Hn0CT-1
InCT-12
1UMLCT-14

1I]OZT-16

'DiR>
<DIR>

92,571
92,571
92,701
92,771
92,571
92,571

10-04-01 2:06p
10-04-01 2:06p

1 03-30-01 1004da mixet.S0.sCseS~c6
1 03-30-01 1006-a mxet_O005_ese6Jc6
7 03-30-01 1004a miect..005-aseae k6
8 03-30-01 lOdOea .itOOScease2_J6
1 03-30-01 lOOea mixrt.005.see3_.k6
1 03-30-01 lOtOta mxirt.OOSeease4tk6
555,769 bytes6 file(s)

Directory of D: .CASES\SunAoA2u-CaIP_TsR\009_inp

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

2
:06p

nZCT.~-6 145,339 03-30-01 10:04a uixct_.OO9_aseSk6
XCT_-S 145,317 03-30-01 1004da miwt.OO9_ase6_k6

3CE-1r-10 146,077 03-30-01 1004a uixctOO9_saseX6c
XI=-12 145,563 03-30-01 1004d ficrtOO9.csse2_cC
RXnT-14 145,361 03-30-01 1006a eut_009_case3_ck6
ISnCT-16 145,235 03-30-01 10-04a -xct_OO9_casetk6

6 file(s) 872,892 bytes

Directory of D: \CASS\Sun\AoA2\usl

*DIR>
.DIR>

PULLSE-5 cDnn,
0 file(s)

10-04-01 2:06p
10-04-01 2:06p .
10-04-01 2:06p lull Set

0 bytes

Directory of D-\cASES\Sun\soA2\usl\Full Set

I3iUZJ6 nIP
XIS-S- our
NmIZ-l0 INP
UIMI-12 OuT
NIX-l-id fliP
if-16 OUr

6 fil.

Total files li
1,194 fil

348 dir

'DIR> 10-04-01 
2

:06p -

'DIR> 10-04-01 2:06p
1,068 09-24-01 

3
:43p RilruleSetZALF.inp

5,491 09-24-01 3:32p XLKcuLSetAA ~lr.out
1,337 09-24-01 3 30p Xbtlu1L3_5etPucontent-inp
5,491 09-24-01 3:33p XixbfullSetubcontent-out
1,370 09-24-01 

3
:39p Kix_)ullSetV.Vf inp

5,703 09-24-01 3:40p KixulleSetVm.Vf.out
-(-) 20,460 bytes

sted:
a. ()
(a)

360,444.738 bytes
0 bytes free
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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 (MF;F), 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 238GROUPNDF5.

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
koff 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) PuO2 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) PuO2 powders (homogeneous systems), and (4) MOX powders (homogeneous
systems). The AOA(5) will be addressed in the Part mI [17].

The report concludes that the upper safety limit (USL) for the third design AOA (i.e., Pu02
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 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 packages (1] with the 238 energy group cross-section library 238GROUPNDF5 on the PC
platform for nuclear criticality safety calculations of the MFffF.

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

* MOX pellets, fuel rods, and fuel assemblies

* PN0 2 powders

* MOX powders

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

This report addresses the third and fourth AOAs:

* Pu02 powder mixture (homogeneous systems),

* MOX powder mixture (homogeneous systems).

1.4 BACKGROUND

1.4.1 Overall MNFF 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
MFFF is designed to process 3.5 metric tons annually, for a total disposition of 33 metric tons of
plutonium (as dioxide).

1A.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 238GROUPNDF5, based on
ENDF/B-V data. These modules perform cross section processing using the BONAMI and
NITAWL-l functional modules, and the calculation of keff 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

* Select applicable benchmark experiments and group them into AOAs

* Model and calculate keff 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. ANSIIANS-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) Pu0 2 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 [51, the Guide to Verification and Validation of the SCALE4 Criticality Safety
Software 161, 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 kff 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.

X 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

ANSIIANS-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 < kc - Aks -Akc - Akm (Eq. 3.1)

where:
k, = the calculated allowable maximum multiplication factor, (kff) of the design

application (system)
kc = the mean kff 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 kc
Aki = the administrative margin to ensure subcriticality.

Sources of uncertainty that detennine Ak, include:

* statistical and/or convergence uncertainties

* material and fabrication tolerances

* limitations in the geometric and/or material representations used.
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Sources of uncertainty that determine Akc include:

* 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 (c) 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 kc as
follows:

= kc-1 (Eq. 3.2)

Af = Ak (Eq. 3.3)

Using this definition of bias, the condition for subcriticality in Eq. 3.1 is rewritten as:

ks+Aks <1-Akm+Pfi (Eq. 3.4)

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

k, + Aks5<USL (Eq. 3.5)

The USL can be written as:

USL= 1-Akm + F- AP (Eq. 3.6)

Bias is negative if kc < 1 and positive if kc > 1. For conservatism, a positive bias is set equal to
zero for the purpose of defining the USL. AO 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.

i is related to system parameters and may not be constant over the range of a parameter of
interest. If keff values for benchmark experiments vary as a function of a system parameter, such
as enrichment or degree of moderation, then 0 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 fi 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/lvf),
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 keff (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 kff
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[1 1], 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 (1) and its uncertainty (A1i) plus an
administrative safety margin (AkW) 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 AO, the uncertainty in the value of 13. W is defined
for a confidence level of (1-yi) using the relationship:

W=maxfw(xAXfx..) (Eq, 3.7)

where
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[ n xi-x )
W(x) = 1ir Sp[ + fl -X (Eq. 3.8)

and

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

ti r, = the Student - t distribution for 1 - r 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(x,,J), w(x,.)), where xmin 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 Sp, = jP, where S, is given

as:

2 2(x) +S (Eq. 3.9)

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

SArx) (n 2) - (Eq. 3.10)
2 _ - 2) i= 2 { (x1 i=]JI

and S2 is the within-variance of the data:

S2 E 2 (Eq. 3.11)
n 1=1,.

where aj is the standard deviation associated with ki 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.



CD
D KE*COG EMACoeVldtnPatI

STONE * WEBSTER MFFF Crwal Code Vilaon -Pa I Page 17 of 67

In USL Method 1, Ak. is given an arbitrary administrative value. NUREG-1718 [31 states that a
"minimum subcritical margin (Akm) 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 - Akm - W + P(x). (Eq. 3.12)

3.2.2 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, Akm and AO 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
a and is typically in the range of 0.90 to 0.999.

The USL Method 2 is defined as:

USL2(x) = 1.0 - (C&p - sp) + P(x) (Eq. 3.13)

where sp is the pooled variance of kc, described earlier. The term Cap * sp provides a band for
which there is a probability P with a confidence a that an additional calculation of kff for a
critical system will lie within the band. For example, a C95M9.5 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. Ca>p is calculated according to the
following equations:

= I (a-i-)2 (Eq. 3.14)

h=1 E (b-)EX, . 3.)

h = |+"(Eq. 3.15)
q(x, _ ) 2

i=1
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1
ghi

(Eq. 3.16)
X(Xi _ j)2

1=1

(Eq. 3.17)
h

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,

covp~cf~pn -2C&P C*+ Z I z2 (Eq. 3.20)

where

zp
ie

= the Student t statistic depending on n and P
= the chi square distribution, a function of n-2 and a

This approach provides a statistically based subcritical margin, Akm which can be determined as
the difference (Ccpsp)-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 x2 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 kff value - Uncertainty for smallest keff - Nonparametric margin - Akm (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 fithat a fraction q of the population is greater than the lowest observed
value is established for a given sample size n according to

fi=1-q, (Eq. 3.2)

For a desired population fraction of 95%, this becomes

,8=1-0.95E (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 kff associated with experimental
unknowns or assumptions and to the uncertainty values associated with Monte Carlo analyses.

Experimental uncertainty (cat) - 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 (CS) - 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, cr, 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 kff on a benchmark
experiment. The total uncertainty for an individual benchmark is the combined error of the
experimental and statistical uncertainties:

ai =a2 + or, (Eq.3.21)

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

3A NORMALIZING KmF

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 kff = 1.0. For
these cases, the calculated key 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 kff. To normalize kcff, the following formula applies:

keff (normalized) = keff (calculated) / kff (experimental) (Eq. 3.22)

The normalized keff values are to be used in the determination of the USL Since only small
adjustments to the calculated keff value are made as a result of normalization, no adjustment to
the total uncertainty, as, 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 kff 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 kff 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:

* Moderator to fuel atomic ratio (H/Pu)

* Energy of Average Lethargy Causing Fission (EALF)
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* 240Pu and PUO2 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, AkX, 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

MOX pellets, Pu0z MOX Aqueous
Parameter u-nitrate fuel rods, powderwaer powder/water solutions of

solution FAs mixtures mixtures opound

Fiss. le Material M OX green and
FPssile Matemial sintered pellets, (a) Pu-oxalate

Form Pu-nitrate MOX Rods and Pu02 powder MOX powder
Form ~ ~ ~ ~ Fs(b) Pu0 2F2FAs

Isotopic composition % %239Pu 9 239Pu 96% 239Pu 96%239Pu

of fissile material 64% 24Pu 4% 24Opu 44% 249Pu 4% 24OPu
depleted U depleted U

Pu0 2 /(UO2+Pu0 2) 100 % < 6.3 % 100 % 6.3% - 22% 100 %

Maximum oxide - 7.0, 11.0 3.5,7.0, 11.46 4.1, 5.5 -

density [g/c m3
_ _ __ __ _

Pu concentration 125 -237 (a) 242
[glliterl -_237 (b) 696

Type of moderation Homogeneous Heterogeneous Homogeneous Homogeneous Homogeneous

Optimum H/Pu=100-200 v-/vf= 1.9 - 9 HIPu= 0.3 - 6 H -Pu=1.6 - 291 (a) H/Pu-10
moderation 5 anV=d 700 -1900 HIu1621(a) H/Pu=300

Low density
moderation - < 5 < 5 <5 5
[wt.% H2 0]

Water Water Water
Anticipated Cd/water Concrete Water Cdlwater

absorber/reflector Concrete Borated Water
materials Borated concrete Concrete

Borated concrete
concrete

Annular . Annular

Typical cylindersi rs Various Various cylinders
geometry Cylinders Arys configurations configurations Cylinders

Slabs Cubeids 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
Green Pellets (i.e., unsintered pellets) < 5; sintered pellets < 1
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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 SIU 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, kdrf 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 ck which represents the correlation coefficient between uncertainties in the two
systems.

These correlations arise due to the fact that the uncertainties in the keff 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 ck 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 ck 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 ck value of 0.79 or lower. In this
case, the computational bias computed by GLILSM varied from the previous two calculations by
approximately 0.5%. A similarly skewed bias was found when only including systems with a c)
of 0.69 or lower. Thus, it is concluded in [21], there is a clear break in the behavior of systems at
a ck 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 PuO2 powder systems are
first identified and the S/U methodology is applied to determine the sensitivity of keff 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 5.99 94.37 1.001

AOA 3-3 3.04 884.3 1.006
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Table 3-4 Experimental configurations with Ck coefficients > 0.8 for AOA 3-1

Mwekwn IckIIIJftI WPuU +M Wt Pu I W % Ps IEMY (eV)I hef 1 a 1 MKSIC GEN I ?4PG
xnas6 I nA. I aaa I aaa I

PM1M37-16
PM1ID37-15
PMF003-02
PM1OD3-01
PM1O37.07
PMH2O3.03
PMFOOI-01
PMFO16-03
PMrP037.12
PNUV0304)
PA1016-44
PMM1l7-01
PMRM37-01
PbM13-05
PMFO37-10
PMM1I6-02
PM1O7.02
PKM1I7-03
PMF1017-04
PNMH7-05
PM8902-01
PMFOI64D6
PMl17.05
PCM002-02
PMFO33-01
PCM002-01
PCMDo2.03
PrLAnn.04

0.87
0.87
0.86
0.86
0.86
0.86
0.86
0.6
0Q86

0.86
0.6
0.86

.86

0.86
0.86
0.86
0.86
0.86
0.85
0.85
0.85
0.85
0.84

0.84

0.83

0.82
0.81
O.S6

0.0

QOLO0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
QO.0

0.00
0.00
0.00
0.00
0.00
0.00

0.04
0.00
0.04
0.04
0.04

O.O

0.W

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
o.W0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Qw

O.w

0.04
0.00
0.04
0.04
naw

5.99%
5.99%
5.98%
5.98%

5.97%
5.97%
5.9s%
5.97%
4.52%
5.99%
5.98%
5.97%
5.99%
5.97*
5.9S%
5.97%
5.9S%
5.99%
5.97%
5.97%
5.97%
5.98%
20.16%
5.99%
5.97%
135%
5.85%
1S35%
135%
18.35%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
10D.0%
100.0%
100.0%
100.0%
52.5%
10D.0%
100.0%
100.0%

7.96E*03
1. 17E.04
2.84E.O4
1.93E.04
6&94E+05
1.24E.06
332E+04
1.24E+06
1.24E.06
BM2E.03
2.36E.04
6.28E405
8.0E403

7.83E.05
IA6E.05
1.25E406
2.58E404
8 56E+03
4.07E405
2.31E405
4M5E405
5. 12E,04
1.26E406
7.80E+03
9.38E.04
4.24E+03
4.OOE405
4.92E+03
3.49E403
2.58E+03

0.9986
1.0128
1.0007
0.9992
09930
Q9946
0.9978
09876

0.9957
0.9994
Q9996
Q9922
0.99S3
0.9Q96
0.9977
0.9914
0.9985
I.ODOS
0.9912
0.9951
0.9903
0.9969
0.9973

1.0003
1.004

1.0306
I.072
1.0329
1.0275
1.0204

0006
Q&w6
0Q05
0O0006
O.006
0.CC06
0O.u6

0.0006
0.06
O.w006
O.w006
o.o0o6
0.0006
0.0006
0.0006
0.0006
O.0D06
0.0006
0.0007
0.0006
O.0w7
o0.006
Ou0006
0O.6

OC0u6
OCC06
O.0005
0.0006

.0w05
O.OVOD

11
20

26
3
S

21
4
It
3
II

30
16
63
Is
24
6
13
6
4
5
S

19
20
26
19
30
S
3
7

503
503
503
503
503
503
503
503
503
503
503
5^3
5u3
50,
503
50^
5u^
50
503
503
503
503
503
503
503
503
503
503
503
503

5000

5000
5000
500o
5000
50w
5000
5000
5Cw
5000
5000
5000
5000
5000

50wO
50wO
50uO
5000
5000
5Cw0500

50C0
50w

50w
5CwD
5Cw0

50wO
5Cw

w@wffi _. | V_ X _ _ _ . _ VAAV _ .
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Table 3-5 Experimental configurations with Ck coefficients > 0.8 for AOA 3-2

I erinkt.AI Aft I Eau +) IWt %P -f Wt %?Po EALP(eV) I kefI INM_ GEN IN'G
PCM002-06
PCM002-07
PCMOO2-08
PCMOO2-09
PCMOOI-02
PCMOOI-04
PCMO0I-03
PCM002-21
PCMOO2-22
PCM002-20
PCM002-19
PCM002-18
NSESSTS-07
PCM0O2-14
PU-29-1
N4SE55T5.01

P11.29-4
NSE5STS-10
P11-29-3
P11-29-2
P11-29-7
PCM002-15
NSESMT-08
PCM002-16
PU-29-5
NSESST5-05
NSESSTS-02
P11.29-8
P11-29-6
P11-29-9
PCM002-17
NSS53T5-03
N~SE55T5.04
NSESS5T-06
PCM002-12
PCM002-11I
PCM002-10
NSE55T5-09
BNWL2129T4-01
BNWL2129T4-02
BNWL2129T4-04
BNWL2129T4-16
BNWL2129T4-15
BNWLI.212T4-07
BNWL212Yr4-09
BNWL2129T4-17
PCM002-13
BNWL2129T4-19
BNWL2I29T4-12
BNWL2]29Tr4-10
BNWL2129T4-03
BNWL212YT4-18
BNWL2129FT4-05
BNWL.2129T4-08
BNWL2129T4-l1I
BNWIL2129T4-13
PCMO0I-05
PCM002-05
Pcl00I-0I
BNWL212Yr4-06

0.9
0.99
0.99
0.99
0.9S
0.97
0.97
0.95
0.95
0.95
O.95
0.95
0.95
0.95
0.9f
0.95
0.95
0.95
0.95
0.95
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.90
0.89
0.94
0.Q9
0.89
0.89
0.88QLS9

0.88
0.87
0.S7
0.86
0.86
0.86
0.85
0.83
0.82
0.82
0.82
0.82
0.82
0.81

5.05
5.05
5.05
5.05
5.05
14.95
15.10
14.95
14.95
14.95
14.95
14.95
9.55
15.10
9.47
9.55
9.47
9.55
9.47
9.47
9,47
15.10
9.55
15.10
9.47
9.55
9.55
9.47
9.47
9.47
14.95
9.55
9.55
9.55
15.10
15.10
15.10
9.55

209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
15.10

209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
49.63
0.04
0.37

209.96

5.05
5.05
5.05
5.05
5.05
14.95
15.10
14.95
14.95
14.95
14.95
14.95
2.79
15.10
277
2.79
2.77
2.79
2.77
2.77
2.77
15.10
2.79
15.10
2.77
2.79
2.79
2.77
2.77
2.77
14.95
2.79
2.79
2.79
15.10
15.10
15.10
2.79

30.56
30.56
30.56
30.56
30.56
30.56
30.56
30.56
15.10
30.56
30.6
30.56
30.56
30.56
30.56
30.56
30.56
30.56
49.63
0.04
037

30.56

11.46%
11.46%
11.46%
11.46%
11.46%
8.06%
2.20*
8.06%
8.06%
8.06%
8.06%

8.06%
11.53%
2.20%
11.52%
11.53%
11.52%
11.53%
11.52%
11.52%
11.52%
2.20%
11.3%
220%
11.2%
11.53%
11.53%
11.52%
11.52%
11.52%
S.06%
11.53%
11.53%
11.53%
2.20%
2.20%
2.20%
11.53%
8.00%
8.00%
8.00%
8.00%
8.00%
8.00%
8.O0%
8.00%
2.20%
8.00%
S.00%
8.O%
S.00%
8.00%
S.00%
8.0O%
8.00%
8.0D%
18.50%
1835%
5.36%
S.00%

1O.0%
1000%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100%.O
100.0%

100.0%
29.3%
100.0%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
100.0%
29.3%

100.0%
29.3%
29.3%
293%
293%
293%
293%
100.0%
293%
293%
293%
100.0*
100.0*
100.0*
29.3%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%

100.0%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%

100.0%
100.0%
100.0%
14.6%

_ .
926E+0I
SA3E+01
6.79E+01
5.73E+01
1.74E+03
3.95E+01
3.26E+0I
6.66E+10
6.41E+OO
6.6SE+100
6.46E+00
6.17E+00
435E+01
5.59E+00
4.16E+01
4.02E+01
3.80E+01
3.86E+01
4.10E+01
4.07E+01
3.52E+01
5.56E+00
3.94E+01
5.14E+00
3.781+01
4.07E+01
3.97E+01
3.45E01
3.67E+01
3.46E+01
4.90E+00
4.02E+01
4.08E+01
4.17E+01
5.15E+00
4.55E+00
4.14E+OD
3.92E+01
6.14E+00
4.50E+00
5.OE0+D
5.21E+OD
5.00E+00
4.90E+00
5.76E+00
4.24E+00
5.44E+00
4.03E+00
3.71E+00
5.23E+00
338E+00
3.56E+00
3.21E1OD
233E+00
3.50E+00
2.52E+OD
1.54E+00
1.87E+03
3.08E+02
2.21E+00

I.Q230
1.0219
1.0210
1.0223
1.0203
0.9881
1.0164
1ao92
1.0145
1.0090
1.0091
1.0101
1.0045
1.0297
0.9934
1.0044
.9928

1.OD38
1.OD29
0.9931
0.9938
1.0279
1.0015
1.0250
0.9935
1.0021
1.0023
0.9926
0.9924
0.996s
I.OD80
1.0043
1.0037
1.0024
1.0284
1.02S6
1.0325
1.0029
1.0166
1.011
1.010
1.0168
1.0155
1.0165
1.0178
1.0188
1.0261

1.0186
1.0210
1.0165
1.0190
1.010
1.0186
1.0177
1.0171
1.0220
1.0105
1.0167
0.98
1.0193

_ .

0.COD5
0.0006
0.0006
O.OOD6
0.0007
0.0006
0.0006
0.0005
O.OD06
0.0005
0.0005

Q.0006
0.0003
0.0005
O.O005
0.0005
0.0005
0.0005
0.0005
0.0006
0.0005
0.0006
OO005
0.000

0.0005

O.OOD5
0.0006
O.OOD6
0.0005
0.0006
0.0006
0.0005

0.0006
0.0005
O.OD0
O.ODD6

0.0005
0.0005
0.0005

0.0005
0.00050.0005

0.0005
0.0005

O.O05
O.O006O.O000

O.O006
0.005
0.0006

0.0005
0.0006
0.0006
0.0005
0.0001
O.OC05~

_ o_ s _A_ 5 _ .

15
9
3
63
29
10

503
500
503
503
503
503
503
503
503
503
503
503
503
503
1503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503

503
503
503

503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503

5000
5000

50DO
5000
5000
5000
5000
50DO
5000
5000

50CO
50DO
5000
5000
5000
5000
500D

5000
50DD
500D
5000

5000
50CO

50005000
5000
5000
500D
5000
5000
5000
5000
5000
5000
5000
50DO
5000
50DO
5000
5000
500D
5000
5000
5DOO
5000
5000
5000
5000
5000
50CO
5000
5000
500D
5000
5000

5000~

50C
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Table 3-6 Experimental configurations with Ck coefficients > 0.8 for AOA 3-3

EVWnt I ek |IDEu. - R/Pu +U) | Wt S -u I Wt% S I |EAIF (eV) | kff I a I NSKI I GEN I Nl!G
PCM001402
PCMOD2-06
PCMO-09
PCM002-0S
PCM002-07
PCMO-05
PCM002-03
PCMOD2-04
PCM002401
PCM002402
PMR)16-06
PCMOOI-04
PMF1D6-01
PhW16-02
PM 16-04
PU-29-1
PU-29-2
PU-29-3
NSE55T5401
PU-29-4
PU-29-5
NSESST-5
NSEST5-07
NSE5T5S-08
PCM0I.03
PMFO37-15
NSE55T5-02
NSE55T5-10
PU-29-S
PU-29-7
NSE55T5-06
PU-29-6
NSE55T5-04
NSE5ST5403
PU-29-9
PMF016-05
NSE55T5-09
PMFtS37.07
PMF037-12
PMFD16-03
PMF037-05
PMF017-05
PMIO37-16
PMF037-10
PCM002-21
PCM002-20
PCM002-22
PCM002-18
PCM002-19
PCM002-17
PMFD37-01
PCM002-14
PCM002-15
PCMOO7-16
PCMOD2-12
PMO17-03
PCM002-1 1
PCM002-10
PM1P1744
PMFM17-02

0.96
0.95
0.95
0.95
0.93
0.93
0.92
0.91
0.91
0.90
0.89
0.Q8
0.88
0.88
0.88
0.88
0.88
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.7
0.87
0.7
0.87
0.87
0.87
0.87
0.87
0.86
0.86
0.86
0.85
0.85
0.85
0.85
0.85
0.84
0.84
0.84
0.84
0.84
0.83
0.83
0.83
0.83
0.82
0.82
O.S7

5.05
5.05
5.05
5.05
5.05
0.04
0.04
0.04
0.04
0.04
0.00
14.95
0O.
0.OD
0.0
9.47
9.47
9.47
9.55
9.47
947
9.55
9.55
9.55
15.10
0.00
9.55
9.55
9.47
9.47
9.55
9.47
9.55
9.55
9.47
0O.
9.55
0O.
0OO
0.00
0.00
0.00
0.00
0.00
14.95
14.95
14.95
14.95
14.95
14.95
0OO
15.10
15.10
15.10
15.10
0.00
15.10
15.10
0.00
0.00

2G9.96

5.05
5.05
5.05
5.05
5.05
0.04
0.04
0.04
0.04
0.04
0.00
14.95
0.00
0.00
0.00

2.77
2.77
2.77
2.79
2.77
2.77
2.79
2.79
2.79
15.10
O.OD
2.79
2.79
2.77
2.77
2.79
2.77
2.79
2.79
2.77
0.00
2.79
0.00
0.00
0.00
0.00
0.00

0.00
o.0o
14.95
14.95
14.95
14.95
14.95
14.95
0.00
15.10
15.10
15.10
15.10
0.00
15.10
15.10
0.00
0.00
3D56

11.46% 100.0% I 1.74Ec03
11.46% * 100.0% 9.26Ec01
11.46%
11.46%
11.46%
1835%
1835%
1835%
1835%
135%
5.99%
S.06%
5.99%
5.99%
5.99%
11.52%
11.52%
11.52%
11.53%
11.52%
11.52%
11.53%
11.53%
11.53%
2.20%
5.98%
11.53%
11.53%
11.52%
11.52%
1153%
11.52%
11.53%
11.53%
11.52%
5.99%
11.53%
5.98%
5.9S%
5.99%
5.98%
5.97%
5.98%
5.98%
8.06%
8.06%
s.06%
8.06%
S.06%
8.06%
5.98%
2.20%
2.20%
2.20%
2.20%
5.97%
2.20*
220%
5.97%
5.97%
RIM1

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
29.3%
29.3%
29.3%
29.3%
29.3%
293%
29.3%
29.3%
293%

100.0%
100.0%
293%
293%
293%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%

100.0%

5.73E e.01
6.79E+01
8.43E+01
1.87E+03
3A9Et03
2.58E+03
4.92E+03
4.24E403
7.S0Et03
3.95E+01
1.17Ec04
836E+03
8.08E+03
4.16E401
4.07E+01
4.10E+01
4.02E+01
3.80E.01
3.78E+01
4.0701
435E+01
3.94E401
326E+I01
1.83E404
3.97E. 01
3.86E+O0
3.45E+01
3.52E+01
4.17E+O1
3.67E+O1
4.08E.O1
4.02E+01
3.46E+01
7.96Ec03
3.92E+01
332E404
236E+04
8.23E+03
5.12E+04
938E+04
2.U4Ec04
2.5SEc04
6.66Es00
6.68E+00
6.41E+O0
6.17E+O0
6.46E+O0
4.90E+00
1.46E405
5.59E+OD
5.56E+OD
5.14E+OD
5.15E+O0
2.31E+05
4.55E+OD
4.14E+OD
4.57E405
4.07E+05
6tA..4M)

1.0203
1.0230
1.0223
1.0210
1.0219
1.0167
1.0275
1.0204
1.0329
1.0306
IOC03
M9881
1.012S
1.0008
0.9983
0.9934
0.9931
1.OD29
1.0044
0.9928
Q9935
1.OD21
1.OD45
1.0015
1.0164
0.9992
1.0023
1.0038
Q9926
0.9938
1.0024
0.9924
1.0037
1.0043
0.9968
0.9986
1.OD29
0.9978
Q9996
Q9994
0.9969
1.0004
IOOD7
Q99S5
1.OD92
1.0090
1.0145
1.0101
1.O091
I.ODSO
0.9977
1.0297
1.0279
1.0250
1.0284
0.9951
1.0286
1.0325
0.9903
0.9912
1.0166

0.0007
QOC.05
0.0006
0.0006
0.0006
0.0005
OC05
.OOC06

0.0006
OC006
0.0006
0.0006
OOD6
0.006
O.OD06
0.0003
0.0005
O.OD05
0.0005
0.O005
0.0005
OO05
0.0005
0.0005
OC006
QOC06
0O005
0.0005
0.00D5
OODD5
0.0005
O.OOD5
0.0005
O.OD06
0.0005
0.0006
0.0005
O.OD06
0.0006
0OC06
0.0006
O.0006
0.O005
0.0006
0005
O.ODD5
O.OD06
0.0005
0.0005
0.0006
0.0006
0.0006
QOC.06
QOC.06

OOD6
0.0006
0.0005

0.0007
O.OOD

29
15
63
3
9

23
3
7
8
19
20
10
20
13
16
52
6

5o
3
4
17
17
8
17
10
26
20
29
7
3
10
12
9
12
9
II
12
21
11
3
5
26

6
5
4
6
S

41
is

7
57
10
4
3
22
S
6
12

503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
1503
503
503
503
503
503
503
503
5D3
503
503
503
503
503
503
503
503
503
503
503
503

503
503
503
503
503
503
503
503
5D3
5D3
503
503
503
503
503
503
5D3
503
503
503
503
503
503

SW503
503

5000
5000
5000
50DO
5000

50DO50CO
5000
5000
5000
5000
5000
5000
50DO
50DO
5000
5000

50DO5XO
50CO
5000
500C
50DO

50CO
50DO
50CO
5000
5COO
50DO
5000
50DO
50DO
50DO
500D
50CO
50CO
5000
5000

5000
50DO
50DO
5000
50CO
5000
50DO
5000
500D
5000
5000
5000

50CO

5000
5000
50DO

500
50C
50DO

5000
50C

50DD

29.3%
10D.0%
100.0%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
id4"NAlfLZgWS4VI

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 MFNF.

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
ck 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 keff 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 ck value greater than 0.8 is computed.

Furthermore, the 44-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) Kdr

AOA4-1 1.58 127 1.0020

AOA 4-2 1.58 3751 0.9989

AOA 4-3 1.58 27.8 1.0000

AOA 4-4-Critical 0.30 2355 0.9993

AOA 4-4-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 Ck coefficients > 0.8 for AOA 4-1

Zzpffheu3 I ck I Mft W~u +U) I Wt % fth I Wt SPu I FALF (eV) I keff I a I NMI GM I___
P11-29-2
P11-291-I
NSE55T5.07
P11-29-3
P11-29-4
NSE55TS-10
P11.29-5
NSESST5-06
NSE55T5-01
NSE5ST5-05
NSE53T5-02
NSE5ST5-03
P11-29-7
NSE55T5-04
P11-29-8
NSESST-03
P11-29-6
P11.29-9

NSESSTS09
PCNM02-06
PCM002-07
PCMD02-09
PCMD02-08
BNWL2129T4-01
PCM0014)4
PCMOOI.02
BNWL.2129Tr4.02
BNWL2129IT4-09
BNWL2129T4-04
PCMOO-0
BNWL2]29T4-16
BNWL2129Tr4-07
BNWL2129Tr4-15
PCM002-21
BNWL2129T4-17
PCM002-22
PCM002-20
PCM002-18
PCM002-19
PCM002-17
BNWL2129Tr4-19
BNWL2129Tr4-12
PCMM0-15
PCM002-44
BNWL2129T4-10
PCM002-16
PCM0O2-32
PCM002-10
PCMO02-311
BNWL2129Tr4-03
BNWL2129Tr4-18
BNWL2129Tr4-05
BNWL2129Tr4-11
BNWL2129Tr4-06
BNWL2129Tr4-13
PCxOoI-oi
PCM002-13
BNWL2129T4-06
FdCTlODI01

0.98
O.93
0.93
O.93
O.9S
0.9S
0.98
0.9S
0.98
0.98
0.9S
0.9S
0.93
0.98
0.9S
O.93
0.93
O.93
O.93
0.95
0.95
0.95
0.94
0.94
0.94
0.93
0.93
0.93
0.93
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.91
0.91
0.91
0.91
0.91
0.90
0.90
0.90
0.90
0.90
0.90
0.89
0.89
0.33
0Q6
0.86
0.35
0.35
0.85
0.34
0.S1

9.47
9.47
9.55
9.47
9.47
9.55
947
9.55
9.55
9.55
9.55
9.55
9.47
9.55
9.47
9.55
9.47
9.47
9.55
5.05
5.05
5.05
5.05

209.96
14.95
5.05

209.96
209.96
209.96
15.10

209.96
209.96
209.96
14.95

209.96
14.95
14.95
14.95
14.95
14.95

209.96
209.96
15.10
15.10

209.96
15.10
15.10
15.10
15.10

209.96
209.96
209.96
209.96
209.96
209.96
0.37
15.10

209.96
0.00

2.77
2.77
2.79
2.77
2.77
2.79
2.77
2.79
2.79
2.79
2.79
2.79
2.77
2.79
2.77
2.79
2.77
2.77
2.79
5.05
5.05
5.05
5.05
30.56
14.95
5.05
30.56
30.56
30.56
15.10
30.56
3056
30.56
14.95
30.56
14.95
14.95
14.95
14.95
14.95
3056
30.56
15.10
15.10
30.56
15.10
15.10
15.10
15.10
30.56
30.56
30.56
30.56
30.56
30.56
0.37
135.10
30.56
0.00

11.52%
11.52%
11.53%
11.52%
11.52%
11.53%
13.52%
11.53%
11.53%
1353%
1153%
11.53%
1152%
11.53%
11.52%
11.53%
11.52%
11.52%
1153%
11.46%
11.46%
11.46%
13.46%

S0%
8.06%

11.46%
3.00%
8.00%
3.O%
2.20%
S.OC%
8.00%
8.OS%
3.06%
8.D0%
8.06%
S.06%
S.06%
SD6%
S.06%
8.00%
8.00%
2.20%
2.20%
S.00%
2.20%
2.20%
2.2C%
2.20%
S.D0%
8.0D%
S.0%
S.00%
8.D%
*.00%
5.36%
2.20%
3.00%

11.54%

29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%

100.0%
100.0%
100.0%
100.0%
14.6*
100.0%
100.0%
14.6%
14.6%
14.6%
100.0%
14.6%
14.6%
14.6%

100.0%
14.6%

IOQO.%
10.0%

100.0%
100.0%
100.0%
14.6%
14.6%
00.0%

100.0%
14.6%
100.0%
100.0%
10D.0%
100.0%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
100.0%
300.0%
14.6%
22.4%

4.07E+01
4.16E+.0
4.35E+.0
4.10E.01
3.&0E+01
3.86E+01
3.78E+01
4.17E.O0
402E+O1
407?E201
3.97E+01
3.94E+01
3.52E+01
4DSE+.0
3.45E+03
4.02E.01
3.67E+03
3.46Et01
3.92E+01
9.26Et01
S.43E01
5.73E+01
6.79E+01
6.14E+00
3.95E+01
1.74E+03
4.500E+0
5.76E.OD
5DOE+00
3.26E+.0
5.21E+DD
4.90E+00
5.00E+00
6.66E+00
4.24E+00
6.41E+OD
6.6SE+D
6.17E+OO
6.46E+DO
4.90E+00
4.03E+00
3.71E+00
5.56E+Co
5.59E+0D
5.23E+00
5.14E+00
5.15E+00
4.14E+00
4.55E+D0
3.3SE+00
3.56E+D0
3.21E+00
3.50E+D0
2.38E+00
2.52E+00
3.0SE+02
5A4E+X
2.21E+CO
9.69E-01

Q9931
.9934

1.OC45
1.0029
0.9923
1.0038
.9935

1.0024
1.0044
1.OD21
1.0023
1.0015
.993S

1.0037
0.9926
1.0043
0.9924
0.996
1.0029
1.0230
1.0219
1.0223
1.0210
1.0166
0.9S81
1.0203
1.0181
1.0178
1.0180
1.0164
1.0163
1.0165
1.0155
1.0092
1.08I
1.0145
1.0090
1.0101
I.CC91
I.OS0O
1.0186
1.0210
1.0279
1.0297
1.0165
1.D250
1.0284
1.0325
1.02S6
1.0190
1.0I0
I.086
1.0171
1.0177
1.022D
0.99S8
1.0261
1.0193
1.OD23

0.OODS

0.0005
0.0005
0.CD05

0.0005
0.OD05
0.OD05
0.0OD5
0.ODD5

0.=3

0.OSD5
O.O060QO005

O.OSD5
OOC05
O0DOD5

0.0007
0.0005
0.OO05
0.0005
0.0006

O.OSD5

0.0005
0.0005
0.0005
0.0005
0.0005
0.0006

0.0005

0.0005
O.0006

0.0006
0.0006
0OS06

O.0D05
O.0006

0.00036

0.0006
0O005

0.00D5

6
52
8

50
4

29
17
10
3
17
20
17
3
9
7
12
12
9

12
is
9
63
3
12
10
29
13
21
4
10
12
4
17
5
19
6
4
S
8

41
4
4
7
a
12
57
10
22
3
8
12
4
6
S
4
15
35
9
5

503
1503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503

500D
50DD

5000
5000
so50
5000
5SOO
5000

5000
50DO
50DO
5SOO
saow

5DDD
5DDO
50OO
5000
5000
50SD
5000

5000
50DO
50CO
50CO
s5ow

500D
sa0o

50CO
50SD

50CO
5DCO
50DO
50DO
50DD
5000
500D
50DO
50DD
5000
5DSO
5DOO
50CO

5000
5000
50DO
50CO
5SOD
50SD
500D
500D
5000
5000
5000
5SOO
5000

5DDD



DUKE COGEMA
STONE S WEBSTER MFFF Criicality Code Validation - Part 11 Page 31 of 67

Table 3-9 Experimental configurations with Ck coefficients > 0.8 for AOA 4-2

Exeriuln I [CkI EruJ I Mf+Uu) I Wt S -ft W % PU I nu eV)I IfrI I N___ I___I ~
klf - XOPX

NSE55ST504
NSE5rTS-06
NSES5rs05
N4SE531T5-01
P11-29-3
NSESST5-03
P11-29-1
P11-29-2
NSESSTS-l0
NSE55T5-02
NSE55T5-08
P11-29-4
P11-29-S
P11-29-8
NSE55T5-09
P11-29-7
P11-2946
P11-29-9
PCMVOI-02
PCM002-07

PCM002-09

PCMOO2*43

ENW1.21291T4-01

BNW12129174-02
BNWIL2129T4-09
BMWL129TI4-04
BNWL212MT-0
BINW12129T4-16

BNWL2129T4-15
BNWL2129T4-17
PCM002-21
PCM002-22
PCM002-20

PCM002-18
PCMOO2-19
IINWLI.21274-10
PCM002-17
BNWL2129T4-19
BNWL2129T4-12
PCM002-14
PCM002-15
PCM002-16
PCM002-12
BNWL2129T4-03
1`CMOO2-30
PCM0O2-311
BNWL2129T4-18
30MIL2120TA-Oi

0.94
0.94
0.94
0.94
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.90
0.90
0.S9
0.88
0.88
0.88
0.87
0.86
0.86
0.85
0S5

0.85
0.5
0.85
0.85
0.85
0.84
0.84
0.84
0.84
0.84
0.84
0.83
0.83
0.83
0.83
0.83
0.t2
0.82
0.82
0.82
0.82
0.81
n-Rn

9.55
9.55
9.55
9.55
9.55
9.47
9.55
9.47
9.47
9.55
9.55
9.55
947
947
947
9.55
9.47
9.47
9.47
5.05
5.05
5.05
5.05
5.05
14.95

2C9.96
15.10

209.96
209.96
209.96
209.96
209.96
209.96
209.96
14.95
14.95
14.95
0.37
14.95
14.95

209.96
14.95

209.96
209.96
15.10
15.10
15.10
15.10

209.96
15.10
15.10
209.96
2C9.6

_ _ 2.79
2.79
2.79
2.79
2.79
2.77
2.79
2.77
2.77
2.79
2.79
2.79
2.77
2.77
2.77
2.79
2.77
2.77
2.77
5.05

5.05
3.05
5.05
14.95
30.56
15.10
30.56
30.56
30.56
30.56
3056
30.56
30.56
14.95
14.95
14.95
0.37
14.95
14.95
30.56
14.95
30.56
30.56
15.10
15.10
15.10
15.10
30.56
15.10
15.10
30.56
30.56

11.53%
11.53%
11.53%
11.53%
11.53%
11.52%
11.53%
31.52%
11.52%
11.53*
11.53%
11.53%
11.52%
11.52%
13.52%
11.53%
11.52%
11.52%
11.52%
1146%
1.46%

11.46
11.46*
1146%
8.06%
8.00%
2.20%
8.00%

8.00%
8.00
8.00%

S.00%
8.00%
8.00%
S.06%
S.06%
S.06%
5.36%
8.06%
8.06%
8.O%
8.06%
8.00
8.0%
2.20%
2.20%
2.20%
2.20%
8.00%
2.20%
2.20%
S.OO%
S t.OO,

29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
100.0%
100I0%
100.0%
100.0%
100.0%

100.0%
14.6%

100.0%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%

100.0%
100.0%
IOOC%
100.0%

100.0%
100.0%
14.6%

100.0%
14.6%
14.6%

100.0%
100.0%
100I%
100.0%
14.6%

100.0%
100I%
14.6%
A1A4.

4.35E+01
4.O0E+01
4.17E+01
4.07+01

4.101E.01
492E.01
4.16E+01

3.86E.01
3,97E401
3.9411401
3.8011401
3.78E401
3.45E.01
3.92E401
3.52E.01
3.67E401
3A46E+Ol
1.74E+03
8.431E01

9.26E01
5.7311+01
6,791E01
3.95E.01
6.14E+OD
3.26E.I
4.SO1E+00
5.76E.OO

4.9011.00
5.211E.00

4.24E.00
6/6E.300
6.41E.+00
6.68E.00
3.08E.02
6.176+00

6A46E+00
5.23E+00
4.9OE.OO
4.031E.00
3.7131+00
5.59E1t00
5.56EsOD
S.314E+00
5.15E+00
3.38E+00
4.14E.400
4.55E.400
3.566+00

1.0045
1.0037
1.0024
1.0021
lD0044
1.0029
1.0043
0.9934
.9931

1.0038
1.0023
1.0015
.9928

0.9935
0.9926
1.0029
Q9938
Q.9924
Q.9968
1.0203
1.0219
ID230
ID223
1.0210
QL9S81

I.0166
ID164
1.01S
1.0178
3.0180
1.0165
1.016B
1.0155
1.018S
1.0092
1.0145
1.OC90

O.99SS
1.0101
1.0091
19165

1.0186
1.0210
3.0297
1.0279
3.0250
1.0284
1.0190
1.0325
1.0286
1.0180
1.0186

0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0006
0.0003
O.005
0.0005
0.0005
.0005

0OOD0
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0007
0.0006
0.0005
0.0006
0.0006
0.0006
Q0005
0.0006
O.O05
Q005
0.000
Q0005
0.0005
O.005
0.0005
0.0005
0.0006
0.0005
0.0001
0.0005
0.0005
0.0005
0.0006
0.0005
0.0006
0.0006
.0006

O.006
0.0006

0.0006
0.0005
0.0006
0.0005

8
9
10
17
3

50
12
52
6
29
20
17
4
17
7
12
3
12
9

29
9
is
63
3
10
12
10
13
21
4
4
12
17
19
5
6
4
is
5
8

12
41
4
4
8
7

10
8

22
3
12
4

503
503
503
503
503
503
503
1503
503
503
503
503
503
503
503
503
503
303

503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
5D3
503
503
503

503
S53
503
503
503
503
503
503
503
503
503
503
503
503
503
503

_0

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000

5000
5003
5000

5000
5000
5000
5000
5000
5000
5000
5000
5000

5000
5000

5000
-- - a a. ________ - I A
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Table 3-10 Experimental configurations with Ck coefficients > 0.8 for AOA 4-3

As | znent InckIHEP.I M|u+ Wt * %t I wt % Pu I Kay( I| kuff |a NSK GEN NMG

BNWL2129T4-10

BNWL2 129T4099
NSE55T5407
BNWL2129T4911
NSE55T5-10
PU-29-7
NSE55T5-1
NSE551T502
NSE55T5-04
NSE55TS-05
NSE55T5.03
PU-29-3

PU-29 4
BNWL2]29T4-02
PU-29-8
PU-29-9
PU-29-1
BNWL2129rr4-11
BNWL2I29T4-16
NSES5T-06

PU-29-3
PU-29-6
P1-29-2
BNWL2129T404 2
BNWL2129T4-15
NSE55T5-08
BNWL2129T44Y7
BNWL2129T4-17
NSE53T5-09
BNWL2129T4-19
BNWL2129T4-12
BNWL2129T4-03
BNWL2129T4-1 2
BNWL2129T4-45
MCrC2-020
MCrO09-01
BNWL2129T44 200

PU41-3
PU4-4
P'U4-2
PU4-1

BNWL2129T4-13
7BIN12129T4406

P1T1D-01 08 .3 1.9 .% .03 000 0 53 50

0.85
0.85
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.4
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.83
0.83
0.83
0.83
0.82
0.82
0.82
0.82
0.82
0.82
0.82
0.82
0.8Q
0.81
0.80

209.w
209.96
9.55

2D9.96
9.55
9.47
9.55
9.55
9.55
9.55
9.55
9.47
9.47

2D9.96
9.47
9.47
9.47

209.96
2D9.96
9.33
9.47
9.47
9.47

2D9.96
209.96
9.55

2D9.96
2D9.96
9.55

209.96
2D9.96
2D9.96
2D9.96
2D9-96
0-0D
0.0D

2D9.96
90-96
90.86
9U6
90.86

2D9.96
2D9.96
0.00

30-56
30-56
2.79

30.56
2.79
2.77
2.79
2.79
2.79
2.79
2.79
177
2.77

30.56
2.77
2.77
2.77

30.56
30.56
Z79
2.77
Z77
Z77

30.56
30 M
2.79
30.56
30.56
2.79

3056
30.56
30.56
3036
30.56
0.00
0.00

30'66
733
733
733
733
30.56
30.56
0.00

| A AAAP i ^ S S � i _ __ AA i . ^ S _ i A AAA _ | ^ _ i _ AA i _ AA

5.00%
8.00%

11.53%
8.00%
1153%
11.52%
11.53%
11.53%
11.53%
11.53%
1153%
IIJ2%
1152%
$.00%
11.52%
11.52%
11 M
9.00%
9.00%

11-53%
11.52%
11.52%

11.52%
3.0D%
9.00%
11.53%
8.0D%
8.0D%

11-53%
8.0D%
8.0M
9.00%
Sim
8.00%
7.76%
7.87%
8.00%

115"
11.59%
11.59%
11.59%
9.00%
8.0D%
7.76%

14.6%
14.6%
29.3%
14.6%

29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
14.6%
29.3%
29.3%
293%
14.6%
14.6%
293%
291%
29.3%
29.3%
14.6%
14.6%
29.3%
14.6%
14.6%
29.3%
14.6%
14.6%
14.6%
14.6%
14.6%

2.0%
1.5%

14.6%
8.1%
8.1%
9.1%
8.1%
14.6%
14.6%
2JD%

3.23E+OD
5.76E+00
4.35E+01
6.14E+00
3.86E+01
3.52E+01
4.02E+01
3.97E+01
4.08E+01
4.07E..1
4.02E+01
4.10E+01
3.80E+01
4.50E+00
3ASE+01
3.46E+01
4.16E+01
3.50E00
5.21E+00
4.17E+01
3.78E+01
3.67E+01
4.070+01
5.001+00
5.00E+00
3.94E+01
4.900+00
4.24E+00
3.92E+01
4.03E+00
3.71E+00
3380+00
3.56E.00
3.21E+0O
7.724-01
5.53E-01
2.38E+OD
6.37E-01
6.32E-01
642E-01
943E-01
2.32E+00
2.21E+00
5.800-01

1,0163
1.0178
LOD45

1.0166
1.0038
0.9938
LOD44
1.0023
1.007
I.OD21
I.OD43

1.0029
O.M8
1.0181
0,M6
0.9969
0.9934
1.0171
1.0168
1.0024
0.9935
0.9924
0.9931
1.0180
1.0155

1.0015
1.0165
1.0198
1.0029
1.0196
1.0210
1.0190
1,0130
1.0136
0.9967
0.9944

1.0177
LOD61
1.0051
1.0040
1.0046

1.022D
1.0193
n-0939

0.0003
0.0005
0.00D5
0.0005
0.0005
0.0005
0.0M
OA=
0.000
0.000
0.0006
0.000
0.00D5
0.0005
0.0005
0.0005
0.0003
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
MM
OA=
o.M
MM
O.OOD5
0.000
0.00D6
O.OOD6
0.00D6
0.0005
0.0005
0.0005
0.0006
0.0005
0.00D5
0.0005
0.00D6
OAM
OA=
AIKYA

12
21
a
12
29
3
3

2D
9
17
12

so
4

13
7
9

52
6
12
10

17
12
6
4
17

17
4
19
12
4
4
8
12
4
23
4

5
10
6

12
8
4
9
114

50

SW
503
503
503
503
503

503
503
503
303
503
503
503
503
503
1503
503
503
503
503
503
503
503
503
503
503
503
503

3D3
503
503
503
503
503
503
503
503
503
503
503

503
503
im

5"

5000
5000
5000
5000
50DO
5000
5000
5000
5000
5000
5000
5000
5000
500D
50DO
SM
NW
5000
ROD
5000
5000
5000
500D
50DO
5000
50DO
50DO
50DD
5000
5000
5000
5000
MM
5000
"M
5000
5000
5000
5000
gm

MC~ ~ ~ ~ 099 0.6 8.0 4.%3.13 .05 03 50

Table 3-11 Experimental configurations with ck coefficients > 0.7 for AOA 4-4 (critical)

Experniot _k WPu H/(Pu + U) W| V. SPu Wt S Pu KAU (Y) keff a NSK GEN NPG
NSE55T5-04 0.74 9.55 2.79 11.53% 29.3% 4.080+01 I.037 0.0005 9 503 5000
NSE55T5-03 0.74 9.55 2.79 11.53% 293% 4.02E+01 1.0043 0.00D6 12 503 50sO
NSE55T5-05 0.74 9.55 2.79 11.53% 293% 4.070+01 1.0021 0.0005 17 503 5000
NSE55T5-07 0.74 9.55 2.79 11.53% 29.3% 4.35+01 3.0OD45 0.0005 8 503 5000
NSE55T5-01 0.74 9.55 2.79 11.53% 29.3% 4.02E+01 1.0044 0.0005 3 503 5000
NSE5ST5S-0 0.74 9.35 2.79 11.53% 29.3% 3.94t+01 1.0015 00005 17 503 5000

NSE55T5406 0.74 9.55 2.79 11.53% 29.3% 4.17E+01 3.0024 0.0005 10 503 5000
NSE55T5-02 0.73 9.5 2.79 11.53% 29.3% 3.97E+0I 1.0023 0.0005 20 503 5000
NSE55T509 0.73 9.55 2.79 11.53% 29.3% 3.92E+01 1.0029 QOD S 12 503 5000
PU1-29-3 0.73 9.47 2.77 11.52% 29.3% 4.10E+01 1.029 0.0005 50 503 5000
PU1-29S Q0.73 9.47 2.77 11.52% 29.3% 3.45E+0O .9926 0.0005 7 503 5000
PU-.29-9 0.73 9.47 2.77 31.52% 29.3% 3.46E+0O 0.9968 0.0005 9 503 5000
NSE55To-10 0.73 9.55 2.79 11.53% 29.3% 3.86E+0 1.003S 0.0005 29 503 5000
PU1-2946 0.73 9.47 2177 11.52% 29.3% 3.67E+03 0.9924 0.0005 12 503 5000
PU1-29-4 0.73 9.47 2.77 1152% 29.3% 3.80E+01 0.9929 0.0005 4 - 503 5000
PU1-29-5 0.73 9.47 2.77 11.52% 293% 3.78E+01 Q9935 0.0005 17 503 5000
PU1-29-7 0.73 9.47 2.77 11.52% 29.3% 3.5210+01 0.9 0.0005 3 503 5000
P1-29- 0.73 9.47 2.77 11.52% 29.3% 4.160+01 .9934 0.0003 52 1503 5000
PU1-29-2 0.73 9.47 2.77 132% 29.3% 4.07E401 0.933 0.00D5 6 503 5000
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Table 3-12 Experimental configurations with Ck coefficients > 0.7 for AOA 4-4-P163

Epaimentl ek n /PU | (P + U) WI % MPu WI SPo HALF (eV) keff a NSK |CN| NPM
NSESST5-04 0.77 9.55 2.79 11.53% 29.3% 4.08E130 1.0037 0.0005 9 503 5000
NSEs5TS-03 0.77 9.55 2.79 11.53% 29.3% 4.02E1+m0 1.0043 O.OD6 12 503 5000
NSESST5-05 0.77 9.55 2.79 11.53% 29.3% 4.07E+.0 1.0021 0.0005 17 503 50D0
NSEssTS-07 0.77 9.55 2.79 11.53% 29.3% 4.35E+0I I.OD45 0.0005 a S03 500D
NSEssT5-01 0.77 9.55 2.79 11.53% 29.3% 4.02E+01 I.OD44 0.0005 3 503 5000
NSEssTs-08 077 9.55 2.79 11.53% 29.3% 3.94E4+01 I.0015 0.0005 17 503 5000
NsEsSTs-06 0.77 9.55 2.79 11.53% 29.3% 4.17E+OI I .0024 OOD00 10 503 5000
NSE5sTs-02 0.77 9.55 2.79 11.53% 29.3% 3.97E+01 1.0o23 o0a0o0 20 503 500O
NSEssTs-09 0.76 9.55 2.79 11.53% 29.3% 3.92E+01 1.0029 0.00 32 503 5000

P-29-3 0.76 947 2.77 11.52% 29.3% 4.10E+01 1.0029 0.0005 So 503 5000
Pu-294s 0.76 9.47 2.77 11.52% 29.3% 3.4sE+01 0.9926 0.0005 7 503 50O0

11-29-9 0.76 9.47 2.77 11.52% 293% 3.46E0+l 0.9968 0.0005 9 503 500o
NsEssTs-10 0.76 9.55 2.79 31153% 293% 316E+01 1.0038 0.0005 29 503 5000
11-29.6 0.76 9.47 2.77 11.52% 293% 3.67E+01 0.9924 0.0005 12 503 5000

P11-29-5 0.76 9A7 2.77 1152% 29.3% 3.78E+OI 0.9935 0.0005 17 503 5000
PU1-2s-4 0.76 947 2.77 11.52% 29.3% 3.80E*+01 0.9928 0.OD5 4 503 50o0

-29-1 0.76 9.47 2.77 11.52% 29.3% 4.16E+01 0.9934 0.0003 52 1503 50DO
PU1-29-7 0.76 9.47 2.77 11.52% 29.3% 332E+01 0.9938 0.0005 3 503 5000
P11-29-2 0.76 9.47 2.77 11.52% 29.3% 4.07E+01 0.9931 0.0005 6 503 5000
PCMOD24s Q0.71 5.05 5.05 1146% 100.0% 5.73E+01 1.0223 0.0006 63 503 5000
P 1MO042 0.71 5.05 5.05 116% 100.0% 1.74E+03 1.0203 0O.07 29 503 50DO
PCMOO2.06 0.71 5.05 5.05 1146% 100.0% 9s26E+0l 1.0230 0.00 15 503 S500
BNWL2929T4-01 0.70 209.96 30.56 8.OD% 14.6% 6.14E+00 1.0166 OOD0 12 503 5000
PCMOO2-07 0.70 5.05 5.05 11.46% 100.0% SA3E1+01 1.0219 0.0006 9 503 5000

PC D24s Q0.70 5.05 5.05 11.46% 100.0% 679E+01 1.0210 O.0006 3 503 5000
BNWL21 29T4-02 0.70 209.96 30.6 s ao0 34.6% 4.50E00 1.011 0.0005 13 503 5000

003I01 0.70 0.37 0.37 5.36% 00.0% 3.0E+02 0Q99s8 0.0003 l5 503 50CO

Table 3-13 Experimental configurations with ck coefficients > 0.8 for AOA 44-P40

ExpeliMnt | H/Pu |A~u + U) Wt % "Pu Wt % Po RALF (ev) keff a NSK GEN NPG
NSEsT5-04 0.83 9.55 2.79 11.53% 29.3% 4.08E0+0 1.0037 00O5 9 503 500o
NSE5sTs3 0.83 9.55 2.79 1153% 29.3% 4.02E+01 I043 OD006 12 503 5000
NSE5sTs505 0.83 9.55 2.79 1133% 29.3% 4.07E+01 1.0021 0O.00 17 503 50DO
NSE5sTs l 0.83 9.55 2.79 11353% 29.3% 4.02E+01 L.0044 o0A. 3 503 5000
NSE5sTs-08 0.83 9.55 2.79 13153% 29.3% 3.94E+01 I.D015 O0.00 17 503 5000
NSE5sTs-02 013 955 2.79 1 1.53% 29.3% 3.97T+Ol I.OD23 O0.00 20 503 5000
NSEsSTs.09 0.83 955 2.79 1153% 29.3% 3.92E+01 1.0029 0.0005 12 503 5000
NSEsSTs-06 o0.3 9.55 2.79 11.53% 29.3% 4.17E1+01 3.0024 0.0005 30 503 5O00

11-294s 0.83 9.47 2.77 11352% 29.3% 3ASE+O1 Q.s26 0.0005 7 503 5000
NSEsSTs.07 0.83 9.55 2.79 1 153% 29.3% 4.3sE+01 LOD45 0.0005 8 503 5000

U-2s-3 0.83 9.47 2.77 31132% 29.3% 4.1OE+01 1.0029 0.0005 50 503 5000
U-2-9 o0.83 9.47 2.77 11.52% 29.3% 3Em+o. 0.9968 0.0005 9 503 5000

P11-296 0.83 9.47 2.77 11.52% 29.3% 3.67E1+01 Q.924 0.0005 12 503 SO50
P11-29-s 0.83 9.47 2.77 1I2% 29.3% 3.78E+0 Q.93s5 0.0005 17 503 5000
PU1-29-4 0.83 9.47 2.77 1152* 29.3% 3.90E+01 Q.928 0.0005 4 503 5000
P1-29-7 0.83 9.47 2.77 11.52% 29.3% 3.52E+.0 0.9938 0.0005 3 503 5000
P1-29-I 0.82 9.47 2.77 11.52% 29.3% 4.16E+0I O.934 0.0003 52 1503 50DO
NSEssTs-0o 0.82 9.55 2.79 11353% 29.3% 3.86E0+0 1.0038 0.000 29 503 5000
P11.29-2 0.82 9.47 2.77 11352% 29.3% 4.07E+01 0.9931 0.0005 6 503 5000
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Table 3-14 Experimental configurations with Ck coefficients > 0.8 for AOA 4-4-P8

Experkent I c 2 I EV!J I R~ +) I t -f I W % Pu I RALF eV) I keT f oI a SI M I GEN I MiG
P11-29-6
P11-29-8
P11.29-9
NSE55ST-09
P11-29-S
P11-29-7
NSESST5-04
NSESST5-03

P11-29-1

NSE55T5-08
P11-29-2
NSE55T"-0
NSE55T5-06
NSE55TS-10
NSESST5T07

5NL129T14-10
BNWL2129T4-09
BNWL2129T4-01

BNL129T4-07
nNWL212YT4-15

B 1L229T4-02
BNWL2129Tr4-04
BNW2129T4-16

BNWL2129T4.17
1NL~291`4-12

BNL2291T4-11
BNL129T4-19
E~L129T4-03
ENL129T4-18

8NWL2129r4-05
8NWL2129T4-08
BNWL2129T4-13

BNWL2]29T4-06

P C O 2 13

PCM002-17
prunw-.f

0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.88
0.88
0.88
0.88
0.8
0.Q8
0.87
0.87
0.87
0.87
0.87
0.87
0.86
0.86
0.86
0.86
0.86
0.85
0.85
0.84
0.84
0.83
0.82
0.82
O.8O
O.8O
0.80
0.80
QS0

9.47
9.47
9.47
9.55
9.47
9.47
9.55
9.5S
9.55
9.55
9.47
9.47
9.47
9.35
9.47
9.55
9.55
9.55
9.55

209.96
209.96
209.6
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96
209.96

5.05
209.96
5.05
5.05
15.10
14.95
14.95
14.95
14.95

2.77
2.77
2.77
2.79
2.77
2.77
2.79
2.79
2.79
2.79
2.77
2.77
2.77
2.79
2.77
2.79
2.79
2.79
2.79

30.56
30.56
3036
3056
30.56
3056
30.D6
30.56
30.56
30.56
30.56
30.56
3056
30.56
30.56
30.56
30.56
5.05
30.56
5.05
5.05
15.10
14.95
14.95
14.95
14.95

11.52%
11.52%
11.52%
1153%
11.52%
11.52%
11.53%
11.53%
11.53%
11.53%
11.52%
11.52%
11.52%
11.53%
11.52%
11.53%
11.53%
11.53%
11.53%
SOO*
8.00%
8.00%
8.00%
S.00%
8.00%
S.O%
S.00%
S.O%

O.00%
8.00%
8.O0%
S.00%
8.00%
8.00%
8.00%
S.0

11.46%
8.00%
11.46%
11.46%
2.20%
8.06%
8.06%
8.06%
8.06%

29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
29.3%
293%
29.3%
29.3%
29.3%
29.3%
29.3%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%
14.6%

100.0%
14.6%

100.0%
100.0%
IOD.0%
100.0%
OD0%

100.0%
100.0%

3.67E+01
3.45E+01
3.46E+O1
3.92E+01
3.78E+01
3.52E+01
4.081+01
4.02E+01
3.97E+01
4.07E+01
3.SOE+OI
4.10E+01
4.165+01
3.945+01
4.075+01
4.025+01
4.171+01
3.86E+01
4.35E+01
5.23E+O0
5.76E+00
6.l4E+00
4.90E+0D
5.OOE+OD
4.0E+00
S.OOE+OD
5.21E+00
4.24E+00
3.71E+OO
3.50E+00
4.03E+00
3381+00
3.56E+0o
3.21E+oo
2.3SE+OO
2.52E+00
5.73E+01
2.21E+00
9.26E+01
6.79E+01
5.44E+O0
6.68E+O0
6.17E+00
4.90E+00
6.41E+00

o.924
0.9926
o.968
1.0029
0.935
0.9938
1.0037
1.0043
1.0023
1.0021
0.9928
1.0029
0.9934
1.0015
0.9931
1.0044
1.0024
1.003s
L0045
1.0165
1.0178
1.0166
1.0165
1.0155
1.0181
1.010
1.0168
1.0188
1.0210
1.0171
1186
1.0190
1O180
1.0186
10177
1.0220
1.0223
1.0193
1.0230
1.0210
1.0261
1.0090
1.0101
LODSO
1.0145

0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
o.o006
0.0005
0.0005
00005
0.000
ODOD3
OD0OO
OO.oS
ODOOS

0DSm
o0ooS
0.0005
o.oso5
ODD5
0.0005
0.0005
o.oso5
0.0005
.O0D05

0.005
0.0005
O.006
00005
ODOOS
OD006
0ODD6
0.0005
0.0006
0.0006
0.0006
0.0005
0.0005
0O.SD6
0.0006
0.005
0.OD05
0.0006
0.0006

12
7
9
12
17
3
9
12
20
17
4

50
52
17
6
3
10

29
8
12
21
12
4
'7
'3
4
12
19
4
6
4
8

12
4
S
4

63
9
Is
3
S
4
S

41
6

503
503
503
503
503
503
503
503
503
503
503
503

1503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
503
S03
S03
503
503
503
503
503
5S3
503
503
503
503
503
503
503

5000
S000
30OO
SOOO
500D
S000
S000
S000
3000

SDOD
5000
S000
5000
5000
500O
S000
S000
5000
5000
3000
3000

S0DO
SODO

SOOD
3000
SOOO
30005000
5000
3000
5000
5000
5000
5000
3000
5000

SODO

5000

SGODO
S0DOD
SODO

SOOO
NW

.W _ _ _ _ _ _
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4. MyFF DESIGN APPLICATION CLASSIFICATION

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

* Pu-nitrate aqueous solution

* MOX pellets, fuel rods, and fuel assemblies (FA)

* Pu0 2 powders

* MOX powders

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

4.1 DESIGN APPLICATION (3) - PN0 2 POWDER

Table 4-1 summarizes the anticipated criticality calculations to be performed for the design of
the MFFF in which PUO2 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 PU0 2 Powder

Reflector Chemical IPu-Isotopic JMax EALF 4

FulConfiguration CodtosForm jComposition P(, 30j j jP [eVj

A P: D ecanning _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Pu0 2dosing hopper Water j PuO2 powder} 4% 24Pu J 7.0 11671 13,090

AP: Dissolution__ _ _ _ _ _ _ __ _ _ _ _

Electrolyzer Water1/Cd2 NuO 2 powder J_4% mPu 7.0__J1.67 18,048

Filter glove box Water' PuO2 powder j 4% 2'Pu 7.0 1.67 1 654
Tanks in cell WateT'ICd2 NuO 2 powder j 4% 24Pu 7.0 j1.67 j 18,700

AP: Oxalic Precipitation Conversion__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Furnace GB j Water' j NO2 powder J 4% 24Pu 3.5 ~5.97 ~ 67

AP: Homogenization _____ ____

Separating hopper Water NuO 2 powder 4% 24Pu 3.5 5.97 3.76

NO0 2 powder Water NO0 2 powder 4% 24Pu 3.5 5.97 77
sam pling G B__ _ _ _ _ _ _ __ _ _ _ _ __ _ _

Sampling GB Water NuO 2 powder 4% 24Pu 3.5 5.97 95

Sample storage GB Water NO2 powder 4% 2'Pu 3.5 5.97 95

Cylindrical Water' NO0 2 Powder 4% 240pU 3.5 5.97 21
condenser

MP: Powder Area

NO0 2 3013 can store Concrete reflected NuO 2 powder 4% 24wPu 7.0, 11.46 1.67 65000
array _ _ _ _ _ _ _ _ _

NuO 2 can buffer store Conretey relete O2 powder 4% '4Pu 3.5 5.97 3.1

Primary dosing unit Water' PuO2 powder 4% 240Pu 3.5 1.16 525

NO02 decanning unit Water' Pu0 2 Powder 4% 21N 3.5 5.97 493

Range of Design VaiosO 2~ powder 4% 2AN 3.5- 1.16 to 31t 50
A pplication _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 11.46 5.917o 65 0
The concrete walls are conservatively modeled. However, the presence of a close fitting water reflector

2 effectively eliminates its effect.
2Cadmium sheet of 0.05 cm thickness (clad in 0.1 cm stainless steel).

4 Boron is actually present in the concrete, but no credit is required in the safety analysis of the unit.
Bounding safety analysis case at bounding moderation.

I

I

I

I

I

I

I

I

I

I

I

I
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Table 4-2 Anticipated Criticality Calculation Derived Characteristics for Design Applications
Involving MOX Powder

IReflector Chemical Pu0 2I ru-isotopic Max EALF 2
Fuel Configuration Condition Form (UO2+PuO2) Composition P(MOX) HI(U+Pu) leV]

MNP: Powder area

Ball milling units Water MOX 6.3%, 22% 4% 24OPu 5.5 1.15 175
_ _ _ _ _ _ _ pow der _ _ _ _ _ _ _ _ _ _ _ __ _ _ _

Jar store unit Water' MOX 6.3%,22% 4% 24OPu 5.5 1.58 0.8
____ ____ pow der _ _ _ _ _ _ _ _ _ _ _ _ _

Final dosing unit Water MOX 6.3%,22% 4% 240Pu 55 1.15 175
________ powder 6.%22 4%Pu 55 1517

Final mix o21p
homogenization and Water MOX 6.3%, 22% 4% 2"0pu 5.5 1.58 44.9
press station unit powder

Scrap processing unit Water MOX 6.3% 4% 24OPu 5.5 l.lS 175
________ powder 63 %~u 5511 7

Auxiliary powder unit Water pModXr 6.3%, 22% 4% 24Pu 5.5 1.15 175

Expected Range of WMOx 63%,22 % 4% 240Pu 5. 1.lS-1.58 -175
Application atr powder63%22% 4 N55 15-.8 OS17

Ine concrete walls are conservauvely modeled. However, me presence O0 a close ntung water reflector euecuvely
eliminates its effect.
Bounding safety analysis case at bounding moderation.2
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5. BENCHMARK EXPERIMENTS

Descriptions of the critical experiments comprising the candidate experiment database to which
the SIU 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 24DPu content (4.5 at. %), designated 239Pu Jezebel (PU-
MET-FAST-001), and another with a higher 24OPu content (20.1 at. %) designated as 240Pu
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-MBT-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-Ml)ED-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 kif 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 PuI(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)Iliter 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 U0 2-20 wt. % Pu0 2 (11.5 wt. % 24OPu) 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 U0 2-2 wt. % PuO2 (8% 24OPu) 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 U02 -6.6 wt. % Pu02 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 U02 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 U0 2 - 3.01 wt. % PUO2 rods in square arrays of varying pitch (MIX-COMP-THERM-
004). The plutonium in the fuel pins contained 24 wt. % 240pU.

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 Pu02
enrichments varying from 1.5 to 4 wt. % Pu02, and the 24OPu 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-01 1. The uranium was enriched to
60 wt. % 235U, and the plutonium content of the MOX fuel was 25.8 wt. %, with 9.72 wt. % of
the plutonium being 24Pu. The pitch was triangular, and measured either 1.9 cm or 2.5 cm.

5.2.3 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 MJX-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. % 24OPu. The other experiments use plutonium
with 8 wt. % 240Pu. 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 % 24OPu. Only the Plexiglas-reflected configurations from this reference are
included. In the attached tables, these experiments are labeled PU-8-1 through PU-84, 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 [221. 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 240Pu, 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 24'Pu, 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 HJX 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.

5.2.4 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-1O1 contain between 41.4 and 7.7 wt. % plutonium metal,
which included between 6.16 and 11.6 wt. % 24OPu. 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 238U 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. % 235U, 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. 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 PuO2 powders) and Table 5-2 (for MOX
powders).

One qualitative parameter defining the A0A 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 1NFHOMMEDIUM
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

Parameter Design Application Benchmarks Validated AOA
__________________ (cf. Table 4-1) __________ (cf. Table 3-3)

Parallelepipeds Parallelepipeds Parallelepipeds
Geometric shape Arrays of cylinders Arrays of cylinders Arrays of cylinders

Spheres Spheres Spheres

Absorber/reflector Water, C Plexiglas, air, water Water
Concrete

PuO2 in polystyrene
Chemical form Pu0 2 powder (CsH) PuO2 powder

Pu-metal in air/water

Isotopic composition 4wt. % '4OPu 2.2 wt. % to 20.2 wt. % 4 wt % 24OPu

H/Pu 1.16 to 5.97 0 to 210 1.58 to 5.99

EALF [eV] 3.1 to 65000 I to 106 94 to 10191

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-
106 eV) clearly encompasses the range of the design applications. Additionally, as shown in Figure 6-2, the
trend of keff 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
(1-10W eV) is well represented by data points throughout the range. Thus the use of extrapolation, as discussed
in Section 5.4, is applicable.



CD
DUKE COGENA

STONE & WEBSTER MFFF Criicality Code Validation - Part H Page 44 of 67

Table 5-2 AOA(4) Comparison of Key Parameters and Definition of Validated AOA

Parameter Design Application Benchmrk Validated AOA
Parameter_________ (cf. Table 4-2) (cf. Table 3-7)

Geometrical shape Parallelepipeds Parallelepipeds ParallelepipedsSpheres Arrays of pins Spheres

Absorber/reflector Water Plexiglas WaterDepleted Uranium

MOX and PuO2 powder

Chemical form MOX powder in polystyrene MOX powderWater moderated MOX MXpwe
fuel pins

Pu/(U+Pu) composition 6.3 or 22 wt. % 1.5 to 100 wt.% 6.3 or 22 wt. %

Isotopic composition 4 wt. %24OPu 2.2 to 11.6 wt. % 24Pu 4 wt. % 24Pu

HI(U+Pu) 1.15 to 1.58 0' to 31 0.3 to 1.58

EALF [eV] 0.8 to 175 0.6 to 1740 28 to 3751

Moderated arrays of fuel pins
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6. ANALYSIS OF VALIDATION RESULTS

6.1 DESIGN APPLICATION (3) - PUO2 POWDER

The benchmark experiments identified using the S/U technique are modeled with
CSAS26/KENO VI using the 238 group library 238GROUPNDF5. The calculated kff values for
selected benchmark experiments are presented in Table 3-4 through Table 3-6.

Figure 6-1 shows the distribution of calculated keff values for the experiments as calculated with
SCALE 4.4a (KENO-VI Update 3) on the PC platform. The key values are first analyzed
statistically using the USLSTATS computer code2 . 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, A, 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 keff is 0.9876 ± 0.0006 obtained for case PMFO03-03 [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

,60.00302 + 0.00062 = 0.0031

The resulting USL for AOA(3) is then determined from Equation 3.1 as

USL = Smallest kff value - Uncertainty for smallest kff - Nonparametric margin - Akm

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, 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 kf 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., kff =1.000), while other experiments
are not considered critical (i.e., kflol.000). Therefore, all calculated kff 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/KEN0 VI using the 238 group library 238GROUPNDF5. The calculated kff values for
selected benchmark experiments are presented in Table 3-8 through Table 3-14.

Figure 6-5 shows the distribution of calculated kff values for the experiments as calculated with
SCALE 4.4a (KENO-VI Update 3) on the PC platform. The kff 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, A, 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 keff is 0.9881 ± 0.0006 obtained for case PCMOO1-004 [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

10.00582 +0.00062 = 0.0058

The resulting USL for AOA(4) is then determined from Equation 3.1 as

USL = Smallest kff value - Uncertainty for smallest keff - 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 kff 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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HMstogram of kefftResults for AOA(3) Cases
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Figure 6-1 Histogram of kff occurrences for AOA(3)
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AOA(3) keft vs. EALF
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Figure 6-2 AOA(3) kff as a function of EALF
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AOA(3) kff vs. K#Pu
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Figure 6-3 AOA(3) kff as a function of H/Pu
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AOAM3) keff %s. Pu Content
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Figure 6-4 AOA(3) kff as a function of mPu content
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HMstogram of beif Results for AOA(4) Came
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Figure 6-5 Histogram of keff occurrences for AOA(4)
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AOA(4) keff vs. KW(IPu)
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Figure 6-7 AOA(4) keff as a function of IH/(U-iPu)
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Figure 6-8 AOA(4) kedf as a function of H/Pu
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AOA(4) keff vs. 2Pu Content
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Figure 6-9 AOA(4) kff as a function Of 24pU 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 238GROUPDF5 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) PuO2 powder and AOA(4) MOX powder.

The USL for the two design application areas is as follows:

* Design application (3) PuO2 powder USL AOA(3) = 0.9345

* 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 kff + 2a - 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,
ANSI/ANS-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 keff 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 keff 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 13], 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 CER 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 ANSIIANS-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
for 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 keff 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) 239Pu b) 0.02
material storage
c) Mark 42 tube c) 239PU c) 0.05
dissolution
d) Ion exchange columns d) 239Pu 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 233U;some

Pu

Hanford Site Waste tanks Various 0.05
Packaging and
transportation

Pending final approval of validation document.



CD
DU:KE COG9A o

STONE S WEBSTER MFFP Csicanfty Code Vaugahon - Part II Page 60 of 67

8. REFERENCES

[1] SCALE 4.4: A Modular Code System for Performing Standardized Computer Analyses
for Licensing Evaluation, NUREG/CR-0200 (ORNIJNUREG/CSD-2/R6), Volumes I, II
and III. Available from Radiation Shielding Information Center as CCC-545.

(21 ANSLANS (American National Standards Institute/American Nuclear Society), 1998.
American National Standard for Nuclear Criticality Safety in Operations with Fissionable
Materials Outside Reactors, ANSI/ANS-8.1-1998, La Grange Park, IL.

(3] NRC (U.S. Nuclear Regulatory Commission), 2000. Standard Review Plan for the
Review of an Application for a Mixed Oxide (MOX) Fuel Fabrication Facility, NUREG-
1718, U.S. Nuclear Regulatory Commission, Washington, DC.

[4] Verification of the SCALE 4.4a Code Package on SGN Pentium PCs, SGN Document
NT 12046 00 028 A.

[5] Nuclear Energy Agency, 1999. International Handbook of Evaluated Criticality Safety
Benchmark Experiments, NEA/NSC/DOC(95)03, Nuclear Energy Agency, Organization
for Economic Co-operation and Development.

[6] Emmett, M.B., and W.C. Jordan, 1996, Guide to Verification and Validation of the
SCALE- Criticality Safety Software, NUREG/CR-6483 (ORNITM-12834), Lockheed
Martin Energy Research Corp., Oak Ridge National Laboratory, Oak Ridge, TN.

[7] Neutronics Benchmarks for the Utilization of Mixed-Oxide Fuel: Joint U.SlRussian
Progress Report for Fiscal Year 1997, Prepared by the Staffs of the Oak Ridge National
Laboratory and the Amarillo National Research Center for Plutonium, Coordinated in the
U.S. by R.T. Primm Iml, ORNIJTM-13603NV2, March 1999.

[8] ANSI/ANS (American National Standards Institute/American Nuclear Society), 1984.
Criticality Safety Criteria for Handling Storage, and Transportation of LWR Fuel Outside
Reactors, ANSI/ANS-8.17, La Grange Park, IL.

[9] Lichtenwalter, J.J., S.M. Bowman, M.D. DeHart, and C.M. Hopper, 1997. Criticality
Benchmark Guide for Light-Water-Reactor Fuel in Transportation and Storage Packages,
NUREG/CR-6361 (ORNIJTM-1321 1), Lockheed Martin Energy Research Corp., Oak
Ridge National Laboratory, Oak Ridge, TN.

[10] Dyer, H.R., W.C. Jordan, and V.R. Cain, 1991. A Technique for Code Validation for
Criticality Safety Calculations, Trans. Am. Nucl. Soc. 63, 238 (June 1991).

[11] Easter, M.E., 1985. Validation of KENO V.a and Two Cross-Section Libraries for
Criticality Calculations of Low-Enriched Uranium Systems, ORNIJCSDIM-223,
Martin Marietta Energy Systems, Inc., Oak Ridge Nat]. Lab., July 1985.



CD
STONE WIBSTER MFFF Ctwalky Code Va tion - Par I Page 61 of 67

[12] Bowden D.C. and F.A. Graybill, 1966. Confidence Bands of Uniform and Proportional
Width for Linear Models, Am. Stat. Assoc. J. 61, 182 (March 1966).

[13] Johnson, N.L.,1968. Ed., Query, Technometrics 10, 207-209 (February 1968).

[14] Cain, V.R., 1995. A Computer Code to Perform Analyses of Criticality Validation
Results, Y/DD-574, Martin Marietta Energy Systems, Inc., Oak Ridge Y-12 Plant,
September 1995.

(15] Comparison of original and patched versions of Scale4.4a, Document in preparation.

[16] DCSO1 ZJJ CG CAL H 04023 A, Validation of SCALE4.4 and SCALE4.4a for
Application to the MOX Fuel Fabrication Facility using the 238 group ENDFIB-V Cross
Section Library, Part I: AOA(1) Pu-nitrate solution, AOA(2): MOX Fuel rod lattices

[17] Validation of SCALE4.4 and SCALE 4.4a for Application to the MOX Fuel Fabrication
Facility Using the 238 Group ENDFIB-V Cross Section Library Part HI: AOA(5)
Aqueous solution of Pu compounds, Document in preparation.

[18] J.C. Dean, R.W. Tayloe, Jr., "Guide for Validation of Nuclear Criticality Safety
Calculational Methodology," NUREG/CR-6698, Science Applications International
Corporation, Oak Ridge, TN, January 2001.

[19] NRC Memorandum, L. Kopp to T. Collins, "Guidance on the regulatory requirements for
criticality analysis of fuel storage at light-water reactor power plants," August, 1998.

[20] NRC Letter, A. Persinko to P.S. Hastings, "Nuclear Criticality Safety Staff Qualifications
and Administrative Margins for Fuel Fabrication Facilities," 09 November 2001.

[21] B. L. Broadhead, C. M. Hopper, R. L. Childs, and C. V. Parks, Sensitivity and
Uncertainty Analyses Applied to Criticality Safety Validation, NUREG/CR-6655, Vols. 1
and 2 (ORNLTM-13692/V1 and V2), U.S. Nuclear Regulatory Commission, Oak Ridge
National Laboratory, November 1999.

[22] S. R. Bierman, and E. D. Clayton, "Critical Experiments to Measure the Neutron
Poisoning Effect of Copper and Copper-Cadmium Plates," Nucl. Sci. Eng., 55, pp. 58-66
(1974).

[23] S. R. Bierman and E. D. Clayton, "Critical Experiments with Low-Moderated
Homogeneous Mixtures of Plutonium and Uranium Oxides Containing 8, 15, and
30 wt % Plutonium," Nucl. Sci. Eng., 61, pp. 370-376 (1976).

[24] S. R. Bierman, B. M. Durst, and E. D. Clayton, Critical Experiments Measuring the
Reactivity Worths of Materials Commonly Encountered as Fixed Neutron Poisons,
BNWL-2129, Battelle Pacific Northwest Laboratories, October 1976.



CD
DUKE COGEMA Coe.1.#i

STONE B WEBSTER MFFF Crialt Code Va on - Par H Page 62 of 67

[25] B. T. Rearden and K. R. Elam, Investigations and Recommendations on the Use of
Existing Experiments in Criticality Safety Analysis of Nuclear Fuel Cycle Facilities for
Weapons-Grade Plutonium, ORNUJTM-20011262, Oak Ridge National Laboratory,
2002.



DUKE COE6MA
STONE a WEOSTER MPFF Cricality Code Validation - Part II Page 63 of 67

ATTACHMENT NUMBER 1

INPUT AND OUTPUT FILES
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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 in Local Dick
Volue Serial Number is B177-1D81

Directory of D: W FF

01/02/2003 09:5lp (DIR>
01/02/2003 09:5lp (DIR>
0102f2003 09S51p (DIR>

0 File(s)

Validation
0 bytes

Directory of D: \HFlT\Velidation

01/02/2003 09.51p (DIt>
01/02/2003 09:51p (DIR>
0102/2003 09.51p cDIR> Part2

0 Pile(s) 0 bytes

Directory of D0: I\lFValidationlPart2

0l/02I2003 09:51 (DIR>
01/02/2003 O9:5lp <DIR>
01I02/2003 09:Slp DItR Cases

0 File(s) 0 bytes

Directory of D .\KrFT\Validation\Part2\Caaea

01/02/2003 09:51p -DIR>
01/02/2003 09:51p (DIR>
0102/2003 09:5lp (DIR> PC

0 File-) 0 bytes

Directory of D: \MFFF\Vlidation\Part2\Cases\PC

01/02/2003 09:51p (DIt>
01/02/2003 09:51p (DIR>
01/02/2003 09:53p (DIR> onntJ1C

0 Vile(s) 0 bytes

Directory of D: \FF\Validation\Part2\Cases\PC\orn1J(TC

01/0212003 09:53p (DIR>
01/02/2003 09:53p (DIR>
01/02/2003 10:14; (DIR> bnr1-2l29
06/1912002 04:18p 579 CbangeLog
01/02/2003 10:14O (DIR> act-001
01/02/2003 10:4lp (DIR> ect-002
01/02/2003 1014; (DIR> sct-009
0/02/2003 1014; (pDIR> nse-55
01/02/2003 l0:14p (DIR> nse-61
01/02/2003 1014p (DR.> pci-001
01/02/2003 1014;p (DIR> pcm-001
01/02/2003 1014; (DIR> pc-002
01/02/2003 10:14; (DIR> psf-00l
01/02/2003 10:14p (DIR> psf-002
01/02/2003 10:15p (DIR> yf-003
01/02/2003 10:l5p (DIR> ymf-016
01/02/2003 10:15p (DIR> 5.f-017
01/02/2003 10:15; (DIR> pmf-033
01/02/2003 10:l5p (DIR> ynf-037

1 File(s) 579 bytes

Directory of D: lMFFlValidation\Part2\Cases\PClornlJTCl\bnwl-2129

01/02/2003
01/02/2003
05/10/2002
06/19/2002
05/10/2002
06/19/2002
05/10/2002
06/19/2002
05/10/2002
06/19/2002
05/10/2002
06/19/2002
05/10/2002
06/20/2002
05/10/2002
06/20/2002
OS/10/2002
06/20/2002
05/10/2002
06/20/2002
05/10/2002

10 14p
10: 14p
03 23p
03M20p
03:23p
04:26p
03:24;
05:31p
03 25P
06:34p
03:25P
07: 35p
03: IV
l: 37a
03:26p
124 Op
03 26p
01:43p
03:27;
02:47;
03:28p

(DIR>
(DIR>

13 167 112l29t4-0l.inp
692.379 1wl2129t4-0l.out
14.807 w1l2l29t4-02.inp

711.993 bnw12129t4-02.out
14,807 bnwl2l29t4-03 .inp

712.187 bnwl2l29t4-03.out
14.889 bnvl2129t4-04.inp

713.731 1vl2l29t4-04.out
14 889 mw12l29t4-O5.inp

714.723 haw12129t4-05.out
14.889 bnv12129t4-06.inp

715.011 bnw12129t4-06.out
14.889 bnw12129t4-07.inp

714,705 bov12129t4-07.out
14.889 bntl2l29t4-08.inp

715.396 6nv12129t4-08 .out
15,709 bnvl2129t4-09.inp

764.758 2w12129t4-09.out
15,709 hrw12l29t4-10.inp
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06/2012002 03:51p 765,612 bnv12129t4-lO.out
05/10/2002 03:30p 15,709 bivl2129t4-1l.inp
06/20/2002 04:53p 766.026 Acr12l29t4-11.out
05/10/2002 03:31p 16,611 hhwl2129t4-12.inp
06/20/2002 08:42p 763,147 bv12129t4-12.out
05/10/2002 03:32p 17,267 bnwl2129t4-13.inp
06/120/2002 09:43p 765,081 bnw12129t4-13.out
05/102002 03:33p 14.51 bnwl2129t4-5.inp
06/20/2002 1045p 697,461 bnwl2129t4-1S.out
05/10/2002 03:34p 14.233 bnw12129tU-16.inp
06/20/2002 11:47p 697.777 hw12129t4-16.out
05/10/2002 03:35p 14,233 bgvl2129t4-17.inp
06/21/2002 12:50a 698,393 nlw12129t&-17.out
05110f2002 03:36p 14,233 hnwl2129t4-18.inp
06/21/2002 01:53a 698,413 bmw12129t4-18.out
05/10/2002 03:36p 15,217 bnwl2129t4-19.inp
06/21/2002 02:56a 722,402 Inw12129t4-l9.out

36 tilels) 13,299,493 bytes

Directory of D: lXFF\ValidatioolPart2\Cases\1C\ornl_HTC'act-001

01/02/2003 10 14p <DhR>
01/02/2003 10:14p CDXR>
05/14/2002 06:23- 55,397 mctOOl-Ol.inp
06/19/2002 07M2Sp 933,867 mctOOl-Ol.out

2 Pilets) 989,264 bytes

Directory of D: U TF\Validation\Part2\Casea\PC\oreltrC'ut-002

01/02/2003 10:14p <DIP>
01/02/2003 10:14p <DIR>
05/14/2002 06:23a 16,611 nctO02-01.inp
06/19/2002 08:14p 605,529 ntO02-Ol.out
05/14/2002 06.23a 16,611 =t002-02.inp
06/19/2002 08:46p 614,529 actOO2-02.out

4 Vileot) 1,253.580 bytes

Directory of D: \uFFVWalidation\Part2\Cases\PC\ornlJflC'ct-009

01/02/2003 1014p zDIR>
01/02/2003 10,14p DDD
05/21/2002 12:20p 143,908 wctOO9-Ol.inp
06/19/2002 10:26p 1,344,732 mctOO9-Ol.out

2 File(s) 1,488,640 bytes

Directory of D: \F\Validaion\Part2\Ces\K\ornljT \nse-55

01/02/2003 l0:14p -DIR>
01/02/2003 10:14p <DIR>
05/14/2002 06:24a 8.575 nseS5tS-Ol.inp
06/19/2002 11:43p 596.596 nseSStS-Ol.out
05/14/2002 06:24a 11.281 nseSStS-02.inp
06/20/2002 12:59a 626,092 nseSStS-02.out
05/14/2002 06:24a 11,281 nse5StS-03.inp
06/20/2002 02:15a 626,382 nseSStS-03.out
05/14/2002 06:24a 11,281 nse55tS-0d.inp
06/20/2002 03:30- 627,482 nse555t-O.out
05/14/2002 06:24a 11,609 n-e55t5-O5.inp
06/20/2002 04:46s 668.740 nas*StS-05.out
05/14/2002 06;24a 11,609 nse55tS-06.inP
06/20/2002 06:01a 669,10S DseSSt5-06.out
05/14/2002 06:24a 11,609 naseSStS-07.inp
06/20/2002 07:15a 669,453 naseSStS-07.out
05/14/2002 06:24a 11,445 nse55t5-08.inp
06/20/2002 08:32- 635.555 nse55tS-08.out
OS/14/2002 06:24a 11,445 naeSStS-09.inp
06/20/2002 09:49a 635,881 nseStS-09.out
05/14/2002 06:24a 11,445 nse5StS-lO.inp
06/20/2002 11OSa 636.276 nse55tS-lO.out

20 Wile-s) 6,503,142 bytes

Directory of D 7F\Validation\Part2NCase-\PClornl_ C\nse-61

01/02/2003 10:14p <DIR>
01/02/2003 10:14p CDIR>
05/14/2002 06:24a 9,723 wu-29-1.inp
06/20/2002 07:31p 932,891 pu-29-1.out
05/14/2002 06:25a 9,723 pu-29-2.inp
06/20/2002 09:07p 591,248 pu-29-2.out
05/14/2002 06:25a 9,723 pu-29-3.inp
06/20/2002 10:41p 591,847 pu-29-3.out
05/14/2002 06:25a 9,723 pu-29-4.inp
06/21/2002 12:17- 590,913 pu-29-4.out
OS/14/2002 06:25a 9,723 pu-29-5.inp
06/21/2002 01:53a 590,908 pu-29-5.out
05/14/2002 06:25a 9.723 pu-29-6.inp
06/21/2002 03:30a 590.799 pu-29-6.out
05/14/2002 06:25a 9,723 pu-29-7.inp
06/21/2002 05:098 591.435 pu-29-7.out
OS/14/2002 06:25a 9,723 pu-29-8.inp
06/21/2002 06: 47a 591,791 pu-29-8.out
05/14/2002 06:25a 9,723 pu-29-9.inp
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06/21/2002 08:23a 591 900 pu-29-9.out
05/14/2002 06:25a 9 231 pu-8-l.inp
06/22/2002 02:02a 591 832 pu-S-1.out
05/14/2002 06:25a 9.231 pu-8-2.inp
06/22/2002 03,02- 592 ,513 pu-8-2.out
05/14/2002 06 25- 9 149 pu-8-3.inp
06/22/2002 04 01- 591 550 pu-8-3.out
05O/14/2002 06:25a 9,231 pu-8-4.inp
06/22/2002 05 00- 592,576 pu-8-4.out

26 Filet() 8.156,552 bytes

Directory of D \IFFF\Validetion\Part2\Cases\PC\ornlHsC\pci-001

01/02/2003 1014p <DIR>
01/02/2003 1014;p <DIR>
05/14/2002 06:25a 2.179 pciOOl-01.inp
06/21/2002 01:35p 383.519 pciOOl-01.out

2 File(s) 385.698 bytes

Directory of D: UFrkValidationPart2\Cases\PC\orolBCpzm001

01/02/2003 10:14p <DIR
01/02/2003 10:14p <DIt>
05/14/2002 06:26- 4,393 pcmOOl-02.inp
06/21/2002 10:20a 433,357 p=001-02.cut
05/14/2002 06:26a 4.311 pcmOO1-03.inp
06/21/2002 11:10- 418,321 pcmO01-03.out
OS/14/2002 06:26a 4,393 pcmOO1-04.inp
06/21/2002 11:56a 427.072 pcmOO1-04.out
05/18/2002 10:35p 4,885 pcmO0l-05.inp
06/21/2002 12:38p 454.026 pcmOOl-05.out

8 Pile(S) 1,750.75S bytes

Directory of D: \lFValidation\Part21Cases\PC\ornl \pzm-002

01/02/2003 l0.14p -DIR>
01/02/2003 10:14p <Dnt>
05/18/2002 10:34V 46475 pcmOO2-Ol.inp
06/21/2002 10.55- 419,081 pcmO02-Ol.out
05/18/2002 10:34p 4,475 p=002-02.inp
06/21/2002 OllOp 419,088 pcmO02-02.out
05/18/2002 10:34p 4,475 pcmO02-03 inp
06/21/2002 03:24p 418,924 p;002-03.out
05/18/2002 10:34p 4,475 pcmOO2-04.inp
06/21/2002 05.38p 419,078 V=002-04.out
05/18/2002 10:34p 4,475 p9002-05.inp
06/21/2002 07:51p 419,158 V=002-05.out
05/14/2002 06:26- 4,475 pycn02-06.inp
06/2112002 0938p 422,659 pc4002-06.out
05/14/2002 06.26a 4,475 pcmOO2-07.inp
06/21/2002 11:25p 422,430 pcmOO2-07.out
05/14/2002 06:26a 4.475 pcmOO2-08.inP
06/22/2002 01:12- 422,241 pcmOO2-08.out
05/14/2002 06:26- 4.475 pamuO2-09.inp
06/22/2002 02:58- 423,119 pcr002-09.out
05/14/2002 06:26- 4,393 pcrmO02-IO.inp
06/22/2002 04:39- 407,188 pz002-1O.out
05/14/2002 06M26- 4,393 pcmOO2-1l.inp
06/22/2002 06M20a 407,089 pcmO02-1l.out
05/14/2002 06:26- 4,393 pcmO02-12.inp
06/22/2002 08:02- 407.398 pcmO02-12.out
05/14/2002 06:26- 4,393 pcmDO2-13.inp
06/22/2002 09U44- 407,527 pcm002-13.out
05/14/2002 06:26a 4,393 Vs002-14.inp
06/22/2002 11.25- 407,039 P=002-14.out
05/14/2002 06:26- 4.393 pcmO02-15.inP
06/22/2002 01:07p 407.086 p.002-15.out
05/14/2002 06:26- 4.393 pc=O02-16.inP
06/22/2002 02:49p 406,954 pcmOO2-16.out
OS/14/2002 06:27- 4.393 pcmO02-17.inp
06/22/2002 04:26p 416,481 pcmOO2-17.out
05/14/2002 06:27a 4.393 pcmOO2-18.inp
06/22/2002 06:02p 415,738 pa002-18.out
05/14/2002 06:27- 4,393 pcnO02-19.inp
06/22/2002 07:38p 416,514 p=002-19.out
05/14/2002 06:27- 4.393 pcmO02-20.inp
06/22/2002 09:14p 416,017 pcmO02-20.out
OS/14/2002 06:27n 4,393 pcmO02-21.inp
06/22/2002 10:50l 416,105 pcmO02-21.out
05/14/2002 06:27- 4,393 pan002-22.inp
06/23/2002 12:26- 415.960 pcmO02-22.zut

44 File(s) 9,230.258 bytes

Directory of D: \JPFV alidation\Part2\Casee\PClornl_HTC\p1 f-OO-

01/02/2003 10:l14 l DIR>
01/02/2003 10:14 lp DDR>
05/18/2002 10:33p 3,573 pnfOOl-0.inp
06/23/2002 12:27a 366,262 pWfOOL-0l.out

2 File(s) 369,835 bytes

Directory of D: \MFFFValidation\Part2\Cases\PC\ornlHTrC\pmf-002
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0102/2003 10.14p <DIR>
01/02/2003 10:14p <DIR>
0518t2002 10:33p 3,655 prfO02-Ol.inp
06/23/2002 12.28- 377,703 ptfOO2-Ol.out

2 lile(e) 381,358 bytes

Directory of D: \MrFyValidation\Part2\Caaes\PClornlJflV\pnf-003

01/02/2003 10:15p zDXRt
01/02/2003 1015p <DR>
06/12/2002 03:13p 20,553 pnfO03-Ol.inp
06/23/2002 12s35a 566,536 pnfOO3-Ol.out
05/18/2002 10:32p 24,483 pnfO03-02.inp
06/23/2002 12:SSa 579.298 nf003-02.out
05/18/2002 10:32p 20,875 pnfO03-03.inp
06/23t2002 01:03. 65,749 wfO03-03.out.gz
06t12t2002 03:14p 24,653 pnfO03-04.inp
06/23/2002 01.20& 580,600 pnfD03-04.out
06/12/2002 03:15p 20,307 pgfOO3-05.inp
06/23/2002 01:27. 565,924 pnfO03-05.out

10 File(s) 2,468,978 bytes

Directory of D0 .I\?\ValidationPart2\Cases\PC\ornlJf1Clhpnf-016

01/02/2003 10:15p -DZD
01/02/2003 10:l5p CD01>
05/S1/2002 10:31p 17,513 pfO16-Ol.inp
06/23/2002 01:59a 647,089 pfOl16-01.out
05/18/2002 10:31p 15.955 ,,fO16-02.inp
06/23/2002 03:26. 642,198 pnfO16-02.out
05S/18/2002 10:31p 15,955 pafO16-03.inp
06/23/2002 04:55a 642,447 pnfO16-03.out
05/18/2002 10:31p 15,955 mfO16-04.inp
06/23/2002 06:26e 642,543 ,mfO16-04.out
OS/18/2002 10:31p 15,955 pnfO16-05.inp
06/23/2002 07:59a 642,506 ymfO16-05.out
OS/18/2002 10:31p 15,9SS i.fO16-06.inp
06/23/2002 09:31. 642,619 pmfO16-06.out

12 File(s) 3,956,690 bytes

Directory of D: \NF\validation\Part2\Cases\pc~ornl-r\lwf-017

01/02/2003 1015p <DXR,
01/02/2003 10.15p <DMIR
05l/8/2002 10:30p 46,131 yfO17-Ol.inp
06/22/2002 02:20p 840,918 pfO17-01.out
OS/18/2002 10:30p 46,131 yfO17-02.inp
06/22/2002 03:35p 840,749 pnfO17-02.out
05/18/2002 10:30p 46,131 p fO17-03.inp
06/22/2002 04:49p 841.121 pnf017-03.out
06/14/2002 09:45a 10,412 pnfOl7-04.inp
06/22/2002 05:08p 809,757 pnfO17-04.out
05/18/2002 10:30p £2,933 pnfO17-05.inp
06/22/2002 06:20p 818,667 pnfO17-05.out

10 File(s) 4,342,950 bytes

Directory of D: \MKr Validation\Part2\Cases\PC~ornlN\pmnf-033

01/02/2003 10:15p <Dn1v
01/02/2003 10:15p <D0R>
06/12/2002 03:28p 17,923 pnfO33-Ol.inp
06/22/2002 11,03. 996,700 vpnfO33-Ol.out

2 File(s) 1,014,623 bytes

Directory of D l\Fr\Validation\Pt2\Ca~sePclorntNTCipnf-037

01/02/2003 10:15p <DI8
01/02/2003 10:15; <D18>
05/18/2002 10:24p 26,451 pnfO37-Ol.inp
06/21/2002 06.02p 637.666 pnfO37-Ol.out
05/18/2002 10:24p 66,385 ipfG37-05.inp
06/21/2002 06:45p 752,654 VnfO37-05.out
OS/18/2002 10:24p 62,449 pwfO37-07.inp
06/21/2002 07V31; 741,330 pnfO37-07.out
OS/18/2002 10:24p 33,831 pnfO37-lO.inp
06/21/2002 08.23p 659,222 pnf037-10.out
05/18/2002 10:24p 34,159 pmfO37-12.inp
06/21/2002 09:31p 661,053 pnfO37-12.out
06/12/2002 12:24p 16,538 pnfO37-15.inp
06/21/2002 10:31p 753,301 pmfO37-15.out
06/12/2002 12:26p 17,850 pnfO37-16.inp
06/21/2002 11:35p 758,717 pnfO37-16.out

14 FileWs) 5.221.606 bytes

Total riles Listedf
197 Vile(s) 60,814,004 bytes
65 Dir(s) 3,221,131,264 bytes free
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REVISION DESCRIPTION SHEET

REVISION
NUMBER DESCRIPTION

0 Initial Issue December 2002

1 Clarify applicability of validation for design application with H/Pu < 30.
Affected pages: 24-25, 43, 46, 48.
Editorial and typographical corrections: various pages.
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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 238GROUPNDF5.

Tide 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
keff 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) PuO2 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 (HIPu>50) and 0.9328 for PU0 2 powder-polystyrene mixtures (HIPu<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 PuO2F2 "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 (IvIFFF), 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 238GROUPNDF5 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
MEFFF involving Pu and MOX materials:

M y Design Application AOA of Experiments
(1) Pu-nitrate solutions
(2) MOX pellets, fuel rods, and FA
(3) Pu02 powders-H20 systems

(4) MOX powders-H20 systems
(5) Aqueous solutions of Pu compounds and

Pu precipitates and Pu-nitrate solutions

AOA(1) Pu-nitrate solution
AOA(2) MOX pellet lattices in water
AOA(3) Pu02 powder-polystyrene mixture

and Pu metal systems
AOA(4) MOX powder-polystyrene mixture
AOA(5) Pu02 powder-polystyrene mixture

The first four AOAs are addressed in the code validation reports Part I [15] and Part II [16]. The
following sections address AOA(5): Pu02 powder-polystyrene mixtures and Pu-nitrate solutions
(see Section 5.1). Section 4 demonstrates that the AOA(5) 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, PuO2F2 "standard salt," is defined and shown to be
a bounding computational proxy for design applications within AOA(5).



CD
STOR WEBSTER MFFF Cricalty Code Va in -Pa III Page 9 of 8

1A Background

1A.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).

1A.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 ANSIIANS-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 kff 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 ANSVANS 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 M]FF 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 a 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
238GROlUPNDF5 based on the ENDF/B-V data file. The CSAS sequences process the cross
sections via the BONAMI and NlTAWL-lI modules within SCALE. The calculation of kff 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:

* Identify general MFFF design applications,

* Select applicable benchmark experiments and group them into AOAs,

* Model and calculate keff 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) PuO2 powders; (4) MOX powders; and (5) PuO2-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 keff values of the
selected critical benchmark experiments 1 . 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.

1 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

ANSIIANS-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:

Akk As-Akc-Akm (Eq. 3.1)

where:
ks = the calculated allowable maximum multiplication factor, (kff) of the design

application (system)
k, = the mean kff 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 kc
Akm = the administrative margin to ensure subcriticality.

Sources of uncertainty that determine Ak5 include:

* Statistical and/or convergence uncertainties

* Material and fabrication tolerances

* Limitations in the geometric and/or material representations used.
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Sources of uncertainty that determine AY, include:

* Uncertainties in critical experiments

* Statistical andfor 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 (13) 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. 13 is related to kr as
follows:

k3= kc -1 (Eq. 3.2)

AO = Ak (Eq. 3.3)

Using this definition of bias, the condition for subcriticality in Eq. 3.1 is rewritten as:

ks+Aksl <1-Ak,,+P-A (Eq. 3.4)

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

k, + Ak, < USL (Eq. 3.5)

The USL can be written as:

USL= I lAkm + -1 AP (Eq. 3.6)

Bias is negative if kc < 1 and positive if k > 1. For conservatism, a positive bias is set equal to
zero for the purpose of defining the USL. AO 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.

1 is related to system parameters and may not be constant over the range of a parameter of
interest. If koff values for benchmark experiments vary as a function of a system parameter, such
as enrichment or degree of moderation, then 1 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 AO and 13 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/vf),
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 keff (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 kff 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 (I) and its uncertainty (AP) plus an
administrative safety margin (Akn) 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 j. W is defined
for a confidence level of (1-yi) using the relationship:

W=max w(x)AXz...I (Eq. 3.7)

where

w(x) = t1 rP Sp + + (X X (Eq. 3.8)
n Flo -

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

= the Student - t distribution for 1- ryand 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 bandW, is defined as the maximum
of (w(x,,"), w(x,,,)), where xi,, 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 Sp = aFS, where Sp is given

as:

p 2 (x)+S (Eq. 3.9)

Where S2() is the variance (or mean square error) of the regression fit, and is given by:

2 _ ' _ _ _ _ _ _ _ _ - _ _

Sk(z)-( 2 -( - (Eq. 3.10)

and S2 is the within-variance of the data:

s2 =_z2 (Eq. 3.11)
n

where Ayi is the standard deviation associated with ki 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, Akm is given an arbitrary administrative value. NUREG-1718 [3] states that a
"minimum subcritical margin (Akin) of 0.05 is generally considered acceptable without additional
justification when both the bias and its uncertainty are determined to be negligible." The MEFF
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 AO in equation 3.6, the expression for the
USL may be written as:

USLI(x) = 1.0 - Akm - W + P(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, Akm 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
a and is typically in the range of 0.90 to 0.999.

The USL Method 2 is defined as:

USL2(x) = 1.0- (CaP sp) + R(x) (Eq. 3.13)

where sp is the pooled variance of kc described earlier. The term Ca0 p sp provides a band for
which there is a probability P with a confidence a that an additional calculation of kff for a
critical system will lie within the band. For example, a C9s,wj. 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 kff above the USL.

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

g = 1-+ ) 2 (Eq. 3.14)

n (Xi - )2

h = -+ b (Eq. 3.15)

i=1

-h 1 n 1 (a- z(b ) (Eq. 3.16)n

P=- - _+ ~~~~~~~~~(Eq. 3.17)

h
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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,

Cap = C* + *' I n (Eq. 3.20)

where

ZP = the Student t statistic depending on n and P
i = the chi square distribution, a function of n-2 and a

This approach provides a statistically based subcritical margin, Ak,. which can be determined as
the difference (Csp-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.

3A Uncertainties

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

Experimental uncertainty (as) - 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 (aj) - 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, a, 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 keff 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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ao = u1f+2.r + ash (Eq. 3.21)

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

3.5 Normalizing kf

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 kff = 1.0. For
these cases, the calculated kff 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 kff. To normalize kff, the following formula applies:

keff (normalized) = keff (calculated) / keff (experimental) (Eq. 3.22)

The normalized kff values are to be used in the determination of the USL. Since only small
adjustments to the calculated kff value are made as a result of normalization, no adjustment to
the total uncertainty, a,, 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 keff 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 kff 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, ANSIIANS-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:

* 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, Aki, 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 3-1 Characteristics of the MFFF Design Application Areas*

Parameter ~~~~~~MOX pellets, PU02 MOX Aqueous
Parameter su-itraon fuel rods, powder/water powder/water Noltion o

FAs mixtures mixtures pu
compounds

Fissile Material MOX green and (a) Pu-oxalate
Physical/Chemical Nu-nitrate sintered p~ellets, u2podr MXowe bpu22

Form MOX rods and PO powder MOX powder (b) satF2FAs "standard salt"

Isotopic composition 96% 29Pu 96% 29Pu 96% 219Pu 96% 239pU 96% 219 NU
of fissile material 4% 240Pu 4% 24 'PU 4% 240Pu

depleted U depleted U

Pu0 2/(UO2+Pu0 2) 100 % < 6.3 % 100 % 6.3% - 22% 100 %

Maximum oxide - 7.0,11.0 3.5,7.0,11.46 4.1,5.5 -

density [g/cm3] 7.0, 1. 3.,70__41,5

Pu concentration (a) 242
[g/liter]7 (b) 767

Type of moderation Homogeneous Heterogeneous Homogeneous Homogeneous Homogeneous

Optimum H/Pu=100-200 v/vf= 1.9-9 H/Pu= 0.3-6 H/Pu=1.6 -291 (a) H/Pu=100
moderation ~~~~~~~~~~~~~~~(b) H/Pu=30

Low density
moderation < 5 • 5 < 5
[wt.% H201

Water
Water Water

Anticipated Cd/water Water Cd/water
absorber/reflector Concrete Borated Water

materials Borated concrete Concrete
Borated concrete
concrete

Annular Cylinders Annular

Typical cylinders A Various Various cylinders
geometry Cylinders rrays 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

'0Green Pellets (i.e., unsintered pellets) < 5; sintered pellets < 1
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4. MFW 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,

* MOX pellets, fuel rods, and fuel assemblies (FA),

* PuO2 powders,

* 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(5) 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
AOA(5) because the PuO2+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 MNFF 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 MFFW 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 [liPu], 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 gfliter 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 a maximum kff. In this case, the thermal spectrum shifts towards higher
energies and epithermal spectra can occur.

The H/Pu range in which the maximum kff occurs depends on the composition of the Pu
compound [19]. For Pu02 +H 20 mixtures the maximum kff will occur at the maximum Pu
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concentration (corresponding to the maximum abnormal Pu02 density in the aqueous polishing
process). For high Pu0 2 densities between 7.0 g/cm3 and the theoretical maximum density of
11.46 g/cm3 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 kff.

The following primary Aqueous Process situations are considered in AOA(5):

* Oxalic mother liquor solution and aqueous solutions of Pu compounds in nominal process
concentrations,

* Precipitated PuWv-oxalates: Pu(C20 4)2 * 6H20, Pu(C2042 * 2H20, Pu(C20 4)2 .

Homogeneous PuO2+H 20 systems and Pu02 slurry powders that can occur in the Aqueous
Polishing process are addressed in AOA(3) [15]. Nevertheless Pu02+H 20 systems are also
discussed in the following sections for a better understanding of the differences between the
PuO2+H 20 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,
PuO2F2 "standard salt," is defined to describe all the possible Pu compounds, other than PuO2
(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 kff 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 Pu02F 2 "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 PuO2F2
"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

Fuel configuration Reflector Chemical form C(Pu) |I Pu EALFI conditions Chmclfr gniter] [ "~ eV]

AP: KCA Oxalic Precipitation Conversion

Flat Filter FLT 7000 Water/borated PuONF2 "standard salt" 1234" 30 ')
concrete solution _

Precipitators Water PuO2F2 "standard salt" 1234 ° 3 3)
PREC 500016000 solution

AP: KCD Oxalic Mother Liquor Recovery_

Evaporator EV 3000 Water PuO2F2 "standard salt" 10.1-202) 2800 |
solution

Evaporator EV 5000 Water PU0 2F2 "standard salt" -
solution

Tanks Water/borated PuO2F2 "standard salt" 0.18-0.32) 83000
TK 1000/1500/2000 concrete solution _ 0._800

') Maximum Pu concentration in Pu-oxalate Pu(C20 4)2'6H 20 [21], [22]
2) Maximum nominal value
3) 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

Fuel configuration I Reflector | Cheical fom | C(Pu) | EPu EALF
I conditions [grifer) eV]

AP: KCA Oxalic Precipitation Conversion

Flat Filter FLT 7000 | Water/borated PuO2F2 "standard salt" 767 I 30 ) 0.70
concrete solution _____

Precipitators Water PuO2F2 "standard salt" 767 30 3 3.0
PREC 5000/6000 Water solution 767 ° 33) .
AP: KCD Oxalic Mother Liquor Recovery

Evaporator EV 3000 Water PuO2F2 "standard salt" 767 2) 30 3 1.39
solution

Evaporator EV 5000 Water PuO2F2 -standard salt" 767 2) 30 3) 1.42
solution

Tanks Water/borated PuO2F2 "standard salt" 767 30 3 3.08
TK 1000/1500t2000 concrete solution

Tank TK 6000 Water PuO 2F2 "standard salt" 767 30 3) 0.78solution

Tanks Wate/cadmm PuO2F2 "standard salt" 767 30 ° 4.69
TK 4000/4100/4200 Wtradimsolution

I) PuO2F2 "standard salt" is used as a bounding media for Pu-oxalate Pu(C20 4)2 6H2O.
2) PuO2F2 "standard salt" is used as a bounding media for PuO2(NO3)2,Pu(NO3)4 and Pu-oxalate Pu(C204)2 6H20.
3) Optimum H/Pu value
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4.2 Comparison of Neutron Physical Parameters

An atomic comparison between the benchmark fissile medium PuO2+polystyrene and the
reference fissile media used in the MFFF applications (PuO2+H 20, Pu-oxalate+H20 and
PuO2F 2+H 20) is presented in Table 4-3 and Table 4-4.

Table 4-3 Atomic Comparison of the PuO2-Polystyrene Experiments and of Pu Compounds
in the MUFF Applications

Experiment Reference Fissile Media Used In the MFFF Design Application

Pu02 in Pu'-itaeater "uoStandadsale'
polystyrene P0in wate Pu(N0 3)3.5(H 20) PU(C204)2.6(H20) "tndardsalt

(CH)6 u21 I +H20 +110 00F~HO

1 (romp) ) (,.p) = 11.460 2) p (-omp = 2.1503 ) p (C-p) = 2.700 4) P(m) = 4.187 5
[g/cm3] w[cm3] [g/cm3] Wcm3J

Pu Pu Pu Pu Pu

H H H H H

C -C

- - N F
)-P i- A -, th, --- …- I DTT'IfAM Sr1YcTV~fU l .- A DTT fMI'IThAD-%ATVMT`I

2)

3)

4)

5)

L uv2 UillAIaUV, all UIC C& F-JL"%IS loll UL UUI MWlIIjul" a rU-t-IVI r-Ivsx W IU r WIM -vr- w-

(cf. Table 5-1) are between 0.425 g/cm 3 and 6.581 g/cm3

theoretical density [20].
compound (crystal) density Pu(NO3)4 5H 20 [23].
compound (crystal) density PU(C 204)2 6H20 [211, [22] (see Table 4-11). The dilution law used for this assumed
homogeneous mixture is a simple AIVM as described in [23].
The PuO2F2 "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 PuO2F2 media. The crystal density of 6.5 g/cm3

[20] is not relevant for the MFFF application because PuO2F2 never appears in the process.

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 kff occurs, two groups of benchmark experiments are established:

Group 1: Benchmarks with PUO2 powder-polystyrene compacts with H/Pu < 50.

Group 2: Benchmarks with Pu-nitrate solution with H/Pu > 50.
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Table 4-4 Atomic Comparison of the Pu-nitrate Experiments and of Pu Compounds in the
MFFF Applications

Expehmaent Reference fissile media used in the MFFF Design Application

Pu-nitrate PuO2 in water Puu nitrate Pu-oxalate "Sadr Sat
solution PuOz+H20 Pu(NOA O5(120) |PU(C204)2.6(I20) PUO2F2+H2O

____________ ~+ H2 0 +1120

P (camp) O) P (comp) 11.4602 P (CO,,p) = 2.150 3 P (comp) = 2.7004) P (cop) = 4.1875)
[gIcm3] [igcm I [gtcm3] [g/cm3]

Pu Pu Pu Pu Pu

0 0 0 0 0

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 gfl.

2) theoretical density [201.
4) compound (crystal) density Pu(N03)4 5H20 [23].
4) compound (crystal) density Pu(C204)2 6H20 [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 PuO2F2 "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 Pu0 2F2 media. The crystal density of
6.5 g/cm3 [20] is not relevant for the MFFF application because Pu0 2F2 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: PUCOMP_MIXED_001, 002 (Polystyrene moderated PUO2 powder).

Group 2: PU_SOL_THIERM_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 Experiment2) Pu02+H20 Pu-oxalate+H20 Pu02 F2 +H20
H/Pu EALF Geometry EALF EALF EALF

[eVl [eV] [eV] [eV]
(gl) 0.04 1850 to 4900 Parallelepiped 154 - 140

(gl) 5 56.8 to 92.9 Parallelepiped 17.3 - 16.3

(gl) 15 4.12 to 6.65 Paranlelepiped 2.72 2.62 2.67

(gl) 50 0.70 to 0.74 Parallelepiped 0.41 0.41 0.41

(g2) 85.03 0.55 Sphere 0.22 0.22 0.22

(g2) 88.43 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 Pu02 powder in polystyrene (CH) [5], (6], [71.
(g2) Group 2: Critical experiments with Pu-nitrate solutions [5].
(1) H/Pu > 12 in Pu(C204)2.6H20 [21],[221.
(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 | Pu02+H20 Pu-oxalate+H20 PuO2F2+H20

H/Pu EALF Geometry EALF EALF EALF
[eV] [eV] [eV] [eV]

(gl) 0.04 1850 to4900 Parallelepiped 323 -1) 286

(gl) 5 56.8 to 92.9 Parallelepiped 26.9 25.2

(gl) 15 4.12 to 6.65 Parallelepiped 3.56 3.41 3.48
(gl) 50 0.70 to 0.74 Parallelepiped 0.47 0.46 0.47

(g2) 85.03 0.55 Sphere 0.24 0.24 0.24

(g2) 88.43 0.52 Sphere 0.23 0.23 0.23

(g2) 155.27 0.24 Cylinder 0.13 0.13 0.13

(g2) 210.18 0.17 Cylinder 0.11 0.11 0.11
(g1)
(g2)
(1)
(2)

Group 1: Critical experiments with PuU2 powder in polystyrene (CH), 15, 16]j, 7J.
Group 2: Critical experiments with Pu-nitrate solutions [5].
H/Pu > 12 Pu(C204)2.6H 20 [21], [22].
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 2) PuO2+H20 Pu-oxalate+H20 Pu0 2F2+H20

HEPu EALF Geometry EALF EALF EALF
[eV] [eVl [eV] [eV]

(gl) 0.04 1850 to 4900 Parallelepiped 6945 (1) 1386

(gl) 5 56.8 to 92.9 Parallelepiped 95.1 - 58.7

(gl) 15 4.12 to 6.65 Parallelepiped 6.69 5.68 5.96

(gl) 50 0.70 to 0.74 Parallelepiped 0.62 0.61 0.62

(g2) 85.03 0.55 Sphere 0.30 0.29 0.30

(g2) 88.43 0.52 Sphere 0.28 0.28 0.28

(g2) 155.27 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(C204)2.6H20 (21], [22].
(2) cf. Table 5-1.

Table 4-8 Comparison of EALF Values Found for the Experiments and in the Design
Applications (Infinite Critical Cylinder with 30 cm Water Reflector)

Parameter Experiment 2) PuO2+H20 Pu-oxalate+H20 PuO2F2+H20

H/Pu EALF Geometry EALF EALF EALF
t[eV [eV] [eV] [eV]

(gl) 0.04 1850 to 4900 Parallelepiped 9049 - 1988

(gl) 5 56.8 to 92.9 Parallelepiped 113.0 (I) 72.3

(gl) 15 4.12 to 6.65 Parallelepiped 7.46 6.40 6.71

(gl) 50 0.70 to 0.74 Parallelepiped 0.66 0.64 0.65

(g2) 85.03 0.55 Sphere 0.24 0.30 0.31

(g2) 88.43 0.52 Sphere 0.23 0.29 0.29

(g2) 155.27 0.24 Cylinder 0.13 0.16 0.16

(g2) 210.18 0.17 Cylinder 0.11 0.12 0.12

(gl)
(g2)
(1)
(2)

Group 1: Critical expenments with NuMZ powdaer in polystyrene (UlHi)n 1IJ, IOJ, I/ J.
Group 2: Critical experiments with Pu-nitrate solutions [5].
H/Pu > 12 in Pu-oxalate Pu(C204)2.6H20 [211, [22].
cf. Table 5-1.
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4.3 Sensitivity Studies on EALF for Different Pu Compounds

In MFFP design applications, the H/Pu ratio of the reference fissile media is defined on the basis
of the Pu isotopes 9Pu and 24OPu since other Pu isotopes are assumed to be absent. In addition to
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.

As shown in the MFFF document "Minimum critical and maximum permissible parameters of
Pu containing media" [19] a potential criticality risk (kmf > 1) exists over a wide range of Pu
concentrations from 10 g/liter up to the highest possible concentration defined by the crystal
density of the dry Pu-compound . Figure 4-1 shows the basic physical parameter kif versus H/Pu
in the range 0 < H/Pu < 1000 for different Pu compounds in aqueous solution.
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Figure 4-1 kif versus H/Pu for different Pu compounds in aqueous solution

It can be seen from the Figure 4-1 that for higher H/Pu ratios (lower Pu concentrations) the kI1f is
determined only by the H/Pu ratio. The influence of other atoms in the compound on kinf can be
neglected. This means the k,,f in the range of higher H/Pu values is only influenced by hydrogen,
oxygen (coming from H 20) 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 knf 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:

* Composition of the Pu compounds,

* Geometric shape of the fissile medium zone,

* 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
(kdf = 0.93). It is apparent that the difference in the EALF values for the different compounds
increases with lower H/Pu values.

The Pu02+H 20 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 Pu0 2-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 4-4 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 Pu02 and Pu-oxalate, cf. Attachment 1, Figure Al-i and
Figure Al-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 PuO2-polystyrene
experiments are in a good agreement with the Pu0 2-powder application, whereas significant
differences occur when H/Pu ratio increases.
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EALF versus H/Pu, Infinite cyllnder, 30 cm water reflected, k,; 0.93
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Figure 4-2 EALF versus H/Pu for different Pu compounds in aqueous solution over the full
range of H/Pu
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DELTA-EALF versus HJPu, Infinite cylinder, 30 cm water reflected, k.,A 0.93
40- -

20- _

0

-20- -

' .40' _

40 -_

-100 -
0.01

Figure 4-3

0.1 1 10 100
H/Pu

DELTA-EALF versus H/Pu for different Pu compounds in water over the full
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Figure 4-4 DELTA-EALF versus H/Pu for different Pu compounds in water in the range of
0 <H/Pu <30
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4.3.2 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 PuO2-polystyrene experiments (parallelepiped compacts) is used to model
different Pu compounds. This means the PuO2-polystyrene compacts filled with the reference
fissile media instead of the PuO2-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 PuO2-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 Pu02F 2 "standard salt" solution are smaller than 11%, whereas the differences with the
PuO2 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 Pu0 2-polystyrene
experiments.

Besides the application with Pu-oxalate solution and Pu-oxalate precipitates the PuO2 powder
H20 systems with high powder densities between 3.5 g/cm3 (H/Pu = 5.973) and 7.0 g/cm3

(H/Pu = 1.674) are an important application in the MFFF.

The following figures illustrate how far the Pu02 powder application (full saturated powder with
full H20 reflector) is from the critical experiment with PuO2-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 Pu02+H 20 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 PuO2-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 PuO2-Polystyrene and Other Reference Fissile Media

C (Pu) Wt. % DELTA EALF DELTA EALF DELTA EALF
Ca[e/Wcm3 ] Pu-240 PUO2 [%] PN02 F2 1%] Pu-Oxalate [%]

10 1.12 2.2 15 55.1 11.4 0.4

11 1.12 2.2 15 53.5 10.3 0.2

12 1.12 2.2 15 53.4 9.8 0.2

13 1.12 2.2 15 52.5 9.8 0.2

14 1.12 2.2 15 52.2 10.4 0.9

15 1.12 2.2 15 51.5 9.4 1.7

16 1.12 2.2 15 51.9 10.6 0.5

17 1.05 8.06 15 51.5 11.8 1.2

18 1.05 8.06 15 48.2 9.4 1.5

19 1.05 8.06 15 46.9 9.5 1.8

20 1.05 8.06 15 46.5 9.3 1.4

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))/EALF(exp)

Table 4-10 Comparison of the Range of EALF Values of the Experimental Configuration
Filled with PuO2-Polystyrene and Other Reference Fissile Media

PuO2F2+H2O Pu-oxalate+H2 0 Experiments [5], [6]
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0 2 + (C H ).

4.59-6.15 4.14-5.66 4.12-5.57

5.51 -7.29 4.99 - 6.78 4.93-6.68
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Figure 4-5 EALF versus H/Pu for a critical full reflected infinite cylinder and slab
for PuO2-polystyrene with Plexiglas reflector and PuO2+H 20 with water reflector

over the full range of H/Pu
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4.3.3 Reflector Material Composition

The comparison of the EALF values presented in Table 4-6 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 PuO2-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 4-9 shows the DELTA-EALF values as a function of the H/Pu for three
different reflector materials used in MIFFF 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
Pu02-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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Figure 4-8 EALF versus H/Pu for different reflector materials over the full range of HJPu,
critical infinite slab with PuO2-polystyrene mixtures

120-

100 -- t -- -| - - - - - - - - - - - - _ --- - - - - - - - - - - - -- - - - - - - - - - - --

s ~~~~ < @ | ^ S~~~~~~~~cm water |

so -- - - - - - - - - - - - - -- - - - - - - - - - -_ - -_ -- - - - -_ ___ ___ L O cm concrete __

" | \\ | -J~~~~~~~~~_3cm, plexbis

so _-- _-- __- __- __---- _ __- __- __-- _-- _- __-__ -_ -_-_ --__ --_ --_ --__ -__ _ ---_ --_ --__-__-__-

I I

b ^ ~~~~I II

0.01 0.1 1 HPu 10 100 1000
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Figure 4-10 EALF versus H/Pu for different reflector materials over the range of
10 < H/Pu < 1000, critical full reflected slab filled with Pu-nitrate solution
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4A 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 Pu02 powders of 3.5 g/cm3 [181 (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 kff 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 kff
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, PuO2F 2"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 PuO2F 2 "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 Pu02F 2 bounds all possible Pulv oxalate compounds in the MFFF.

Table 4-11 Comparison of experimental and estimated Pu compounds densities

Pu compound Density [glcm3] Reference

PU(C204 02.70 Experimental PuWv-oxalate density deduced from
Pu(C2O4)h.6H 2 0 2.70 the unit cell parameters in [21], [22]

PU(C204 03.05 Experimental Pur`-oxalate density deduced from
Pu(C2 Q4 >2.2H 2 O 3.05 the unit cell parameters in [21], [22]

Estimated Puiv-oxalate density by linear
Pu(C20 4)2 3.2251) extrapolation from the values of PuNv.6H 20-2.70

and Purv.2H2 0-3.05

Estimated PuO2F2 "standard salt" density used in
"Standard salt" 4.187 criticality studies only to covers the MFFF Pu

Pu0 2F2 compounds [23]. This law is not valid for genuine
PuO2 F2 media (crystal density of 6.5 glcm [20])

Pu0 2 3.50 Basis of Design [18]
1)An estimated conservative value of 3.50 g/cm3 is used in the calculations as shown in Figure 4-13

In the following figures, typical kff curves are presented as a function of H/Pu for slab geometry.
Figure 4-12 shows the kff for a slab filled with different Aqueous Process reference fissile
media versus H/Pu over a wide range of H/Pu.

All ke.-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 glcm3) and 500
(C(Pu) = 0.05 g/cm3) is of interest. Therefore Figure 4-13 and Figure 4-14 compares k-ff-values
respectively versus H/Pu and C(Pu) in this range to demonstrate that the PuO2F2 "standard salt"
bounds various Purv-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 reactive Pu-oxalate is the following one: Pu(C20 4)2.6H 20 with a crystal density of
2.7 glcm3. Based on measurements of Pu-oxalate density, 129] provides a maximum density of
2.7 g/cm3 with six H20 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 kff occurs for Pu-nitrate and
Pu-oxalate in the same range around H/Pu = 100, whereas the maximum of Pu0 2F2 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
PuO2F2 "standard salt" solutions is better described by the Pu02-polystyrene experiments.

Under these conditions, Pu oxalate as shown in Figure 4-12 and Figure 4-13 is of similar
reactivity as the validated Pu nitrate and validated Pu02 powder (it falls between them), and is
clearly bounded (by over 2% at HIPu=30) by Pu02F2 which is used for the calculations. Thus,
the use of Pu02F 2 (rather than Pu oxalate) represents additional calculational margin and is also
validated in this region. Therefore, for Pu02F2, a lower limit for the bounding, abnormal cases
of HIPu=30 is appropriate.
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~Pu()21`2 tandard saltI II

-4--Puoxalste.11H20-2.7O09cmS (AIVYM) IIII III

-'-- Posa~tO1H20O3.05g/cm3 (ANYM)
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Figure 4-14 klff of a full water reflected infinite slab versus C(Pu) for Pu02F2 "standard salt"
and different Pu-oxalate in water M

AIVM 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 kdrvalues corresponding to the minimum H/Pu of Pulv-oxalate compounds
depending from the number of crystalline water molecules in the complex.
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5. Benchmark Experiments

5.1 AOA (5) - PuO2-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 PuO2-
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 HIPu 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 MEFF 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 INFHOMMBEDUM 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(5)

Experiment of AOA 5 * EALF Reflector and 240 % Descrption
Experiment of AOA ~~ [eV] Geom etrical form [w t. % ]De c pto

PU-COMP-MLKED-001 5 to 49.6 1.548 to Bare rectangular 2.2 to PuO2 -polystyrene
PU-COMP-M XED-001 to 49.6 175000 parallelepipeds 18.35 compacts

0.04 to 0.685 to Plexiglas-reflected 2.2 to PuO 2-polystyrene
PU-COMP-NMIXD-00 46 490rectangular 18.35 compacts

49.6 4900 ~~parallelepipeds _ _ _ _

PU-SOL-THERM-001 87-354 0.35-0.09 Water reflected sphere 4.67 11.5m Diameter sphere

Concrete reflected and
PU-SOL-THERM-008 85-858 0.55-0.05 concrete /Cd reflected 4.67 14' Diameter sphere

sphere

PU-SOL-THERM-014 210 0.17-0.14 Unreflected array of 4.23 Interacting cylinders inP U-S Q L-T H E R M -014 210 0.17-0.14 ~cylinders 4. 3 air w ith 115.1 g P ul

PU-SOL-THERM-015 155 0.24 Unreflected array of 4.23 Interacting cylinders in
cylinders air with 152.5 g Pull

Unreflected array ofInteracting cylinders in
PU-SOL-THERM-016 155-210 0.24-0.17 cylinders 4.23 air with 152.5 and

cylinders ~~ ~~115.1 g Putl

PU-SOL-THERM-017 210 0.17 Unreflected array of 4.23 Interacting cylinders inPlSOLTHERM_017 210_ 0_17 _ cylinders 4_23 air with 115.1 gPu/l
From (Nuclear Energy Agency 1999) [5]
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Table 5-2 AOA (5) - Comparison of Key Parameters and Definition of Validated AOA

Parameter Design application B chmarks Validated AOA
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _(c f. T a b le 5 - 1 )V a i te A O

Geometric Parallelepipeds a) Parallelepipl' Parallelepipeds
shape t Arrays in of cylinders Arrays of cylinders
shape Spheres b) Arrays of cylinders Spheres

Absorber/ Water, Cd, a) Plexiglas, air Water, Cd,
reflector Borated concrete b) Air/ water Borated concrete2

Chemical Pu compounds in water a) PuO2-polystyrene
form and precipitated mixture PuO2F2 solutionoxalates b) Pu-nitrate solution

a) 2.2 to 18.35 wt. %
Isotopic 4 wt. % 24OPu u4. 67 4 wt. % 2*Pu

composition b) 4.23 to 4.67 wt.%
24OpU

H/Pu 30 to 50 a) 0.04 to 49.6 a) 30 to 50H/Pu 30to50 ~~~~b) 78 to858 b) 78 to858

EALF 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. I
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6. Analysis of Validation Results

6.1 AOA (5) - PuO2-Polystyrene Mixtures and Pu-Nitrate Solutions

Eight benchmarks (cf. Table 5-1) are modeled with CSAS26/KENO VI using the 238 group
library 238GROUPNDF5. These experiments are grouped as follows:

* Group 1 (for use with H/Pu < 50): Thirty-two experiments with PuO2-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<HIPu<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 PuO2-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 kff values for the two groups of AOA(5) 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 kff values for Group 1 experiments
calculated with SCALE 4.4a on the PC platform. Similarly, Figure 6-2 shows the distribution of
the calculated kd values for Group 2 experiments.

The keff 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
(Pu0 2-polysterene and Pu-nitrate solutions). Note that the range of EALF obtained with these
experiments covers the EALF values of AOA(5), 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., kff =1.000), while other experiments
are not considered critical (i.e., kfl1.000). Therefore, all calculated kff values are normalized to the handbook
values (cf. Section 3.5).
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Figure 6-1 Histogram of keff Occurrences for AOA(5) Group 1
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Figure 6-2 Histogram of kff Occurrences for AOA(5) Group 2
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6.1.1 USL with EALF and H/Pu Ratio

Figure 6-3 and Figure 6-4 show the keff 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
(PuO2-polystyrene).

The keff 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 PuO2 systems is 0.9534.

Table 6-2 shows that for the AOA(5) 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 PuO2-polystyrene experiments, the conservative minimum margin to subcriticality
Akm=0.0239 calculated with the USL-2 method suggests that the administrative margin
(Akm=0.05) applied to the USL-1 value is adequate for the AOA(5) provided the EALF and H/Pu
ratio fall within this range of applicability3. The same is found for the Pu nitrate experiments
with a conservative minimum margin to subcriticality Ak1=0.0121

1.04

1…- ~ ~ ~ - - ~ - - - - - - - - - - -- - - - - - - - - - - --…

*0N--mkle-

0.98 _ __ _ - -Linear Re> W _____________________________________________

0.100 1.000 10.000 100.000 1000.000 10000.000
EAL (eV)

Figure 6-3 keff as Function of EALF (Pu-Comp-Mixed) AOA(5) 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 6-5 kff as Function of EALF (Pu-Nitrate Solution) AOA(5) Group 2
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6.1.2 Summary of USL for AOA(5)

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-
for the Group 1 experiments involving PuO2-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(5) are summarized in the following tables.
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Table 6-1 Summary of USL Calculations from SCALE 4.4a on PC Platform AOA(5)
Group 1: PU-COMP-MIXED-001 and PU-COMP-MXEED-002

CorrlaCted No. of Min USL 1 Min Akin
Parameter No. Range of X k,(X) Linear regression Average kc (Akm=O.05) Min USL2 (USL2)

EALF 32 0.686 to 1.0167+(3.1025EJ06)*X 1.0186 0.9328 0.9534 0.0294
[eV] 4900 ____

H/Pu 32 0.04 to 49.60 1.0246+(-3.0367E-04)*X 1.0186 0.9360 0.9621 0.0239

24rt 32 2.20 to 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(5),
Group 2: Pu-Nitrate Solution
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7. Conclusions

The SCALE 4.4a code package using the CSAS26 (KENO-VI) sequence and the 238 energy
group cross section library 238GROUPDF5 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: PuO2-polystyrene mixtures
and Pu-nitrate solutions.

The USLs for the two groups of AOA (5) are as follows:

* AOA(5) Group 1 representative of design applications with H/Pu < 50 USL = 0.9328.

* AOA(5) Group 2 representative of design applications with HJPu > 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 kin + 2a - 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(5) 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 kff 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 kff 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.



CD
DUKE COGENA

STONE aWEBSTER MFFF Ciacaldy Code Vau n - Part III Page 57 of 87

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
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 [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 basis4.

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: a, 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 a that an
additional calculation of kff for a critical system will lie within the band. For example, a
calculation with a=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 kff above the USL
(which is conservative). This level of statistical treatment is consistent with the statistics usually
employed in the inclusion of 2N 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 NUREGICR-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 a = 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 krf 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 a = 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 MEFF.

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 NUREGICR-6698
which states "the subcritical margin is not intended to account for process upset conditions or
for 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 kff 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) 239Pu b) 0.02
storage
c) Mark 42 tube c) 239Pu c) 0.05
dissolution
d) Ion exchange columns d) 239Pu solution d) 0.04
with fissile solutions
e) DDF-1 package e) 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 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(5) 0.0239 0.05
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ATTACIMENT NUMBER 1

Sensitivity Study Results
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Table Al-I Critical experiment with PuO2-polystyrene with plexiglas reflector at H/Pu=15,
cf. Table A4-lb

Case. C (Pu) wtL % H/Pu kff GEN NPG NSK EALF
[gWcm) 2APu [eV]

10 1.12 2.2 15 1.0314 0.0007 1500 1000 30 4.12

11 1.12 2.2 15 1.0293 0.0008 1500 1000 7 4.55

12 1.12 2.2 15 1.0270 0.0008 1500 1000 21 5.14

13 1.12 2.2 15 1.0259 0.0007 1500 1000 20 5.44

14 1.12 2.2 15 1.0285 0.0008 1500 1000 7 5.57

15 1.12 2.2 15 1.0271 0.0008 1500 1000 21 5.57

16 1.12 2.2 15 1.0232 0.0008 1500 1000 14 5.15

17 1.05 8.06 15 1.0064 0.0007 1500 1000 3 4.93

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 PuO2+ H20 mixture at HlPu=15 in the same experimental configuration of
Table Al-1

Case C (Pu) wtL % H/Pu kff GEN NPG NSK EALF
W~gcm] 24pu [eV]

10 1.5059 4 15 1.0932 0.0007 1500 1000 7 6.39

11 1.5059 4 15 1.0942 0.0008 1500 1000 17 6.98

12 1.5059 4 15 1.0975 0.0008 1500 1000 73 7.88

13 1.5059 4 15 1.0968 0.0007 1500 1000 13 8.30

14 1.5059 4 15 1.1002 0.0008 1500 1000 75 8.48

15 1.5059 4 15 1.0994 0.0008 1500 1000 8 8.44

16 1.5059 4 15 1.0926 0.0007 1500 1000 11 7.82

17 1.5059 4 15 1.1602 0.0007 1500 1000 21 7.47

18 1.5059 4 15 1.1749 0.0008 1500 1000 23 9.18

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 1.1798 0.0007 1500 1000 37 9.77

22 1.5059 4 15 1.1807 0.0008 1500 1000 29 9.51
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Table A1-3 Pu02F 2 +H 20 mixture at H/Pu=15 in the same experimental of
Table Al-I

Case C (Pu) wt. % HlPu kff GEN NPG NSK EALF
gkm 3J 24pU [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 5.98
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 2 0 mixture at HlPu=15 in the same experimental configuration of
Table Al-i

Case C (Pu) wt % HfPu O GEN NPG NSK EALF
Wcm3J 2Opu [eVl

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 5.45
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 6A9
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Figure Al-i Normalized flux in an infinite full water reflected slab for two dry Pu compounds
(H(Pu=O.04) in the range of 1LE02 eV < Energy < 1LE07 eV
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Figure A1I-2 Normalized flux in an infinite full water reflected slab for two Pu compounds in
water (HIPu=100) in the range of 1.E02 eV < Energy < 1.E07 eV
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ATTACHMENT NUMBER 2
REACTIVITY BOUNDING FISSILE MEDIUM RESULTS
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Table A2-1 keff-values of an infinite slab 6 cm thick, full water reflected, filled with
Pu compounds of MFFF versus H/Pu ratio - XSDRNPM calculations

PuO2 powder PUO2F2 Pu-oxalate. Pu-oxalate. Pu-oxalate. Pu(lII)-nitrate.
H/Pu 1 3 stsndard salt > 6H20 (*) 2H20 (*) OH20 5H20 ()

11.46 g/cm 4.187 g/cm3 2.70 glcm 3 3.05 g/cm 3 3.50 g/cm3 2.15 g/cm3

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 _

1.674 1.2735 0.9684 - - 0.8691 _

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 _

5.973 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 1.0013 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 0.9175 0.9141 0.9132 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
15001 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 PU0 2 POWDER BENCHMARKS

The ICSBEP Handbook [5] includes a number of experiments relevant to PuO2 powder
applications. The list below provides the reasoning for inclusion of each candidate experiment.

PU-COMEP.MIX-001:

PU-COMIP-NMX-002:

PU-SOL-THIERM-001:

PU-SOL-THERM-008:

PU-SOL-THLERM-014:

PU-SOL-THERM-015:

PU-SOL-THERM-016:

PU-SOL-THERM-017:

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.

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.

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.

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.

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.

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.

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.

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.
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ATTACIMENT NUMBER 4

CRITICALITY CALCULATION RESULTS FOR AOA(5)
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Table A4-1: SCALE 4.4a calculations on PC

pU 2Ucrant' Ex P CSAS26
Experiment H/Pu EXp. kff Unceranty 238GROU a } LF GEN NPG NSK

PU-COMP-MIXED-001

Case 2 5 111A6 1 0.0033 1.0204 0.0007 1.75E+03 1503 1000 15

Case 3 15 2.2 0.999 0.0047 1.0163 0.0009 3.27E+01 1503 1000 5

Case 5 49.6 18.35 0.9989 0.0053 1.0077 0.0009 1.55E+00 1503 1000 44

PU-COMP-MIXED-002

Case 1 0.04 18.35 0.999 0.0045 1.0334 0.0007 4.90E+03 1503 1000 3

Case 2 0.04 18.35 0.999 0.0045 1.0302 0.0007 4.20E+03 1503 1000 51

Case 3 0.04 18.35 0.999 0.0045 1.0266 0.0008 3A6E+03 1503 1000 42

Case 4 0.04 18.35 0.999 0.0045 1.0207 0.0007 2.60E+03 1503' 1000 7

Case 5 0.04 18.35 0.999 0.0045 1.0163 0.0007 1.87E+03 1503 1000 78

Case 6 5 11.46 1 0.0043 1.0237 0.0007 9.21E+01 1503 1000 7

Case 7 5 11.46 1 0.0043 1.0212 0.0008 8A2E+01 1503 1000 11

Case 8 5 11.46 1 0.0043 1.0214 0.0008 6.79E+01 1503 1000 8

Case 9 5 11.46 1 0.0043 1.0223 0.0007 5.70E+01 1503 1000 3

Case 10 15 2.2 1 0.0043 1.0314 0.0007 4.12E+00 1503 1000 30

Case 11 15 2.2 1 0.0043 1.0293 0.0008 4.55E+00 1503 1000 7

Case 12 15 2.2 1 0.0043 1.027 0.0008 5.14E+00 1503 1000 21

Case 13 15 2.2 1 0.0043 1.0259 0.0007 5.44E+00 1503 1000 20

Case 14 15 2.2 1 0.0043 1.0285 0.0008 5.57E+00 1503 1000 7

Case 15 15 2.2 1 0.0043 1.0271 0.0008 5.57E+00 1503 1000 21

Case 16 15 2.2 1 0.0043 1.0232 0.0008 5.15E+00 1503 1000 14

Case 17 15 8.06 0.9988 0.0043 1.0064 0.0007 4.93E+00 1503 1000 3

Case 18 15 8.06 0.9988 0.0043 1.0114 0.0008 6.19E+00 1503 1000 4

Case 19 15 8.06 0.9988 0.0043 1.0086 0.0007 6.47E+00 1503 1000 29

Case 20 15 8.06 0.9988 0.0043 1.0096 0.0008 6.67E+00 1503 1000 176

Case 21 15 8.06 0.9988 0.0043 1.0088 0.0008 6.68E+00 1503 1000 42

Case 22 15 8.06 0.9988 0.0043 1.0130 0.0007 6.42E+00 1503 1000 5

Case 23 49.6 18.35 1 0.0045 1.0079 0.0007 6.86E-01 1503 1000 7

Case 24 49.6 18.35 1 0.0045 1.0100 0.0008 6.97E-01 1503 1000 9

Case 25 49.6 18.35 1 0.0045 1.0086 0.0008 7.06E-01 1503 1000 42

Case 26 49.6 18.35 1 0.0045 1.0101 0.0007 7.13E-01 1503 1000 66

Case 27 49.6 18.35 1 0.0045 1.0105 0.0007 7.23E-01 1503 1000 14

Case 28 49.6 18.35 1 0.0045 1.0101 0.0008 7.29E-01 1503 1000 49

Case 29 49.6 18.35 1 0.0045 1.0124 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

I 2 0p4 E x i CSAS26
Experiment C(Pu) HtX Exp kff Ext 238GROUP a EALF GEN NPG NSKI[w t. % ]1P U ncertainty I 2

__ _ _ __ _ __ _ __f_ _

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 4 132.00 180.97 4.67 1.0000 0.005 1.0059 0.0008 1.51E4-01 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

UO240 Exp CSAS26
Experiment C(Pu) H/X I[Wt.] Exp. kff Uncertaint 238GROUP aCY EALF GEN NPG NSK

PU-SOL-THERM-008

Case 9 232 85.03 4.67 1.0000 0.0061 |_1.0071 | 0.0008 |5.49E-01 1503 | 1000 _ 24

Case 22 232 88.43 4.67 |_1.0000 0.0061 |_0.9948 | 0.0008 |5.20E-01 1503 | 1000 I 10
GEN: = Number of generations
NPG: = Number of neutrons per generation
NSK: = Number of generations skipped prior to collecting data
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Experiment C(Pu) H|X Exp. k.jr Ex 238OUP a EALF GEN NPG NSK
[ ..] . .Uncertainty . .

PU-SOL-THERM-014

Case 1 115.10 210.18 4.23 0.9980 0.0032 1.0071 0.0008 1.68E-01 1503 1000 31

Case 2 115.10 210.18 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 1.67E-01 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 4.23 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 1.68E-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 4.23 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

Case 24 115.10 210.18 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-01 1503 1000 65

Case 26 115.10 210.18 4.23 0.9980 0.0043 1.0068 0.0009 1.67E-01 1503 1000 20

Case 27 115.10 210.18 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 33 115.10 210.18 4.23 0.9980 0.0043 1.0063 0.0008 1.67E-01 1503 1000 10

Case 34 115.10 210.18 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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I I I~Mop E- CAS26
Experiment (Pu) HJX [wt.w]fExP'k|ff Uncertainty 238GROUPj GI EALF GEN NPG NSK

PU-SOL-THERM-015

Case 1 152.50 155.21 4.23 0.9980 0.0038 1.0073 0.0009 2.38E-01 1503 1000 61

Case 2 152.50 155.27 4.23 0.9980 0.0038 1.0080 0.0008 2.37E-01 1503 1000 5

Case 3 152.50 155.27 4.23 0.9980 0.0038 1.0059 0.0009 2.37E-01 1503 1000 3

Case 4 152.50 155.27 4.23 0.9980 0.0038 1.0063 0.0009 2.37E-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 7 152.50 155.27 4.23 0.9971 0.0047 1.0075 0.0009 2.38E-01 1503 1000 71

Case 8 152.50 155.27 4.23 0.9971 0.0047 1.0070 0.0009 2.37E-01 1503 1000 19

Case 9 152.50 155.27 4.23 0.9971 0.0047 1.0068 0.0008 2.37E-01 1503 1000 15

Case 10 152.50 155.27 4.23 0.9971 0.0047 1.0055 0.0009 2.36E-01 1503 1000 6

Case 11 152.50 155.27 4.23 0.9971 0.0047 1.0040 0.0009 2.38E-01 1503 1000 150

Case 12 152.50 155.27 4.23 0.9971 0.0047 1.0036 0.0008 2.38E-01 1503 1000 4

Case 13 152.50 155.27 4.23 0.9971 0.0047 1.0060 0.0009 2.37E-01 1503 1000 6

Case 14 152.50 155.27 4.23 0.9971 0.0047 1.0067 0.0009 2.36E-01 1503 1000 19

Case 15 152.50 155.27 4.23 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 17 152.50 155.27 4.23 0.9971 0.0047 1.0062 0.0009 2.37E-01 1503 1000 4

M4 Pu Exp. CSAS26I I
Experiment C(Pu) EUX [t Exp. kf Uncertainty 23GOIaEL GE P NSK= HX ~~~~~~~~~~~~~~~~~~~~kf

-

PU-SOL-THERM-016

Case 1 152.50 155.27 4.23 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 4 152.50 155.27 4.23 0.9980 0.0043 1.0068 0.0009 2.36E-01 1503 1000 16
Case 5 115.10 210.18 4.23 0.9969 0.0038 1.0043 0.0009 1.68E-01 1503 1000 11

Case 6 115.10 210.17 4.23 0.9969 0.0038 1.0044 0.0009 1.67E-01 1503 1000 6

Case 7 115.10 210.17 4.23 0.9969 0.0038 1.0070 0.0009 1.67E-01 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 9 115.10 210.17 4.23 0.9963 0.0033 1.0059 0.0009 1.66E-01 1503 1000 34

Case 10 115.10 210.17 4.23 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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.1 1 ~~~24ftExp. 1CSAS26 I I I
Experimentj C(Pu) HJX [wt. % Exp k Uncertainty 238GROUP| | 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 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 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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ATTACHMENT NUMBER 5

OUTPUT LISTING OF USLSTATS V1.0

FOR PC CALCULATIONS
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Figure A5-1: USLSTATS output listing for AOA(5) Group 1: PuO2 powder keff versus EALF
as trending parameter, SCALE 4.4a on PC

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

t*.*****.** ** **.* *...- ****...**-**--.-. ** .*.*.**** n.C... ***-*-*** *** -**..**.

Input to statistical treatment from file:ealf.in

Title: PuO2 powder EALF

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
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
1.03140E+00
1.02930E+00
1.02700E+00
1.02590E+00
1.02850E+00
1.02710E+00
1.02320E+00

deviation
in y

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
4.455333-03
4.47214E-03
4.472143-03
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
7.360003-01
1.74727E+03
3.26850E+01
1.54800E+00

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

deviation
in y

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
4.652963-03
4.66905E-03
4.66905E-03
3.37343E-03
4.78539E-03
5.37587E-03

WARNIM "I 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 EALF

Number of data points (n)
Linear regression, k(X)
Confidence on fit (1-gamma) [input)

Confidence on proportion lalphaj [input]
Proportion of population falling above
lower tolerance interval (rho) (input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,X)J2
Within variance, s(w)'2
Pooled variance, s(p) 2
Pooled std. deviation, s(p)
C(alpharho)*s(p)
student-t 0 in-2,1-gaxma)
Confidence band width, W
Minimum margin of subcriticality, C s(p)-W

32
1.0167 + (
95.0%

95.0%

3.1025E-06) X

99.99%
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-02

Upper subcritical limits: ( 0.68600
*.... -******..--- --. *...

<= X <= 4902.1
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USL Method 1 Confidence Band with
Administrative Margin) USLi = 0.9328 1 0.68600 < X < 4902.1

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9534 ( 0.68600 < X < 4902.1

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

X:

USL-1:
USL-2:

6.86E-1 7.01E+2 1.40E+3 2.10E+3 2.80E+3 3.503+3 4.20E+3 4.90E+3
________________________________________________________________________

0.9328 0.9328 0.9328 0.9328 0.9328 0.9328 0.9328 0.9328
0.9534 0.9534 0.9534 0.9534 0.9534 0.9534 0.9534 0.9534

Thus spake USLSTATS
Finis.
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Figure A5-2: USLSTATS output listing for AOA(5) Group 1: Pu0 2 powder keff versus HIPu as
trending parameter, SCALE 4.4a on PC

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:hpu.in

Title: PuO2 powder B/Pu

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
variable - x

4.000003-02
4.00000E-02
4.00000E-02
4.00000E-02
4.00000E-02
5.00000E+00
5.00000E+00
5.OOOOOE+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

dependent
variable - y

1.034433+00
1.03123E+00
1.02763E+00
1.021723+00
1.017328+00
1.02370E+00
1.02120E+00
1.021403+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

deviation
in y

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 dependent
variable - x variable - y

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
4.96000E+01
5.00000B+00
1.50000E+01
4.96000E+01

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
1.012403+00
1.02040E+00
1.01732E+00
1.00881E+00

deviation
in y

4.45533E-03
4.47214E-03
4.455333-03
4.47214E-03
4.47214E-03
4.45533E-03
4.65296E-03
4.66905E-03
4.66905E-03
4.65296E-03
4.652963-03
4.66905E-03
4.669053-03
3.37343E-03
4.78539E-03
5.37587E-03

WPRNING "I 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 (1-gamma) [input]

Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) (input)
Minimum value of X
haximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit. s(kX)"2
Within variance, s(w)^2
Pooled variance, s(p)^2
Pooled std. deviation, s(p)
C(alpharho) s(p)
student-t @ Cn-2,1-gamma)
Confidence band width, W
Minimum margin of subcriticality, C*sIp)-W

32
1.0246 + (-3.0367E-04)*X
95.0%

95.0%

99. 9%
0.0400

49.6000
19.75000

1.01858
1.00761

4.0344E-05
2.0709E-05
6.1053E-05
7.8136E-03
3.7933E-02
1.69700E+00
1.4010E-02
2.3923E-02

Upper subcritical limits: ( 4.00000E-02 <= X <=
,--** -** *, *******

49.600 )
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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
Width Closed Interval Approach) USL2 = 0.9621 C 4.00000E-2< X < 49.600

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

X:

USL-l:
USL-2:

4.00E-2 7.12E+0 1.42E+1 2.13E+1 2.84E+1 3.54E+1 4.25E+1 4.96E+1

0.9360 0.9360 0.9360 0.9360 0.9360 0.9360 0.9360 0.9360
0.9621 0.9621 0.9621 0.9621 0.9621 0.9621 0.9621 0.9621

________________________________________________________________________

Thus spake USLSTATS
Finis.
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Figure A5-3: USLSTATS output listing for AOA(5) Group 1: Pu02 powder keff versus "Pu as
trending parameter, SCALE 4.4a on PC

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:%pu.in

Title: PuO2 powder %Pu

Proportion of the population
Confidence of fit
Confidence on proportion
Number of observations
Minimum value of closed band
Maximum value of closed band
Administrative margin

. .999
- .950
= .950
- 32
- 0.00
* 0.00
- 0.05

independent
variable - x

1.835003+01
1.83500E+01
1.83500E+01
1.83500E+0I
1.83500E+01
1.14600E+01
1.14600E+01
1.14600E+01
1.14600E+01
2.20000E+00
2.20000E+00
2.20000E+00
2.20000E+00
2.20000E+00
2.20000E+00
2.20000E+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
1.03140E+00
1.02930E+00
1.02700E+00
1.02590E+00
1.02850E+00
1.02710E+00
1.02320E+00

deviation
in y

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

8.06000E+00
8.06000E+00
8.06000E+00
8.06000E+00
8.06000E+00
8.06000E+00
1.83500E+01
1.83500E+01
1.83500E+01
1.83500E+01
1.83500E+01
1.83500E+01
1.83500E+01
1.14600E+01
2.20000E+00
1.83500E+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

deviation
in y

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

WAHNING "I the test for normal may be unreliable due to insufficient data.

chi - 8.0000 (upper bound = 9.49). The data tests normal.

Output frcm statistical treatment

PuO2 powder %Pu

Number of data points In)
Linear regression, klX)
Confidence on fit (l-gamnma) [input]
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) (input)
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,X)^2
Within variance, s~w)^2
Pooled variance, {p) ̂2
Pooled std. deviation, sip)
C~alpha.rho)*6sp)
student-t 0 (n-2,l-gamna)
Confidence band width, W
Hinimum margin of subcriticality, C*s(p)-W

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

Upper subcritical limits: C 2.2000
.*-* ..-....-.--- * .... *..**.*

<= X c= 18.350 )
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USL Method 1 (Confidence Band with
Administrative Margin) USLI = 0.9338 ( 2.2000 < X < 18.350 )

USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9561 e 2.2000 < X < 18.350

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

I:

USL-1:
USL-2:

2.20E+0 4.51E+0 6.81E+0 9.12E+0 1.14E+1 1.37E+1 1.60E+1 1.84E+1

0.9338 0.9338 0.9338 0.9338 0.9338 0.9338 0.9338 0.9338
0.9561 0.9561 0.9561 0.9561 0.9561 0.9561 0.9561 0.9561

________________________________________________________________________

Thus spake USLSTATS
Finis.
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Figure A54: USLSTATS output listing for AOA(5) Group 2: Pu Nitrate kff versus EALF as
trending parameter, SCALE 4.4a on PC

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

Version 1.3.7, Nay 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:ealfPC

Title: gr2 PC EALF

Proportion of the population = .999
Confidence of fit = .950
Confidence on proportion = .950
Number of observations = 87
Minilmti value of closed band - 0.00
Maxinumn value of closed band - 0.00
Administrative margin = 0.05

independent
variable - x

1.34839E-01
1.50757E-0l
1.59544E-Ol
3.46678E-01
5.48519E-01
5.20183E-01
1.67812E-01
1.67457E-01
1.66807E-01
1.67233E-01
1.66668E-01
1.66668E-01
1.68142E-01
1.67636E-01
1.67279E-01
1.67337E-01
1.66955E-01
1.66546E-01
1.68373E-01
1.67903E-01
1.67166E-01
1.66898E-01
1.66630E-01
1.68449E-01
1.67790E-01
1.66997E-01
1.66691E-01
1.66682E-01
1.66969E-01
1.68612E-01
1.67699E-01
1.67331E-01
1.66818E-Ol
1.66664E-01
1.66641E-01
1.68215E-01
1.68357E-01
1.67772E-01
1.67416E-01
1.67630E-01
1.67462E-01
2.37509E-01
2.36912E-01
2.36543E-01

dependent
variable - y

1.01150E+00
1.00590E+00
1.00920E+00
1.00870E+00
1.00710E+00
9.94800E-01
1.00910E+00
1.007903+00
1.010000E+O
1.00800E+00
1.00940E+00
1.00800E+00
1.00790E+00
1.00750E+00
1.00720E+00
1.00580E+00
1.00730E+00
1.00900E+00
1.00970E+00
1.00630E+00
1.00900E+00
1.00770E+00
1.00750E+00
1.010000E+O
1.00690E+00
1.00880E+00
1.00830E+00
1.00800E+00
1.00730E+00
1.01020+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

deviation
in y

5.063603-03
5.063603-03
5.06360E-03
5.06360E-03
6.15224E-03
6.15224E-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
3.32415E-03
3.29849E-03
3.32415E-03
4.373793-03
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
4.39318E-03
4.37379E-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

independent dependent deviation
variable - x variable - y in y

2.36831E-01
2.36587E-01
2.36202E-01
2.38483E-01
2.37274E-01
2.36695E-01
2.36058E-01
2.38161E-01
2.37891E-01
2.36841E-01
2.36296E-01
2.38548E-01
2.38276E-0l
2.37141E-01
2.37431E-01
2.36989E-01
2.36537E-01
2.36458E-01
1.67942E-01
1.67467E-01
1.67208E-01
1.66786E-01
1.65519E-01
1.66435E-01
1.67131E-01
1.66869E-01
1.66968E-01
1.671203-01
1.67064E-01
1.67223E-01
1.67150E-01
1.67269E-01
1.67189E-01
1.67010E-01
1.67538E-01
1.66900E-01
1.66967E-01
1.67078E-01
1.67248E-01
1.66704E-01
1.66824E-01
1.66972E-01
1.66697E-01

1.00830E+00
1.00670E+00
1.00930E+00
1.01040E+00
1.009903+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
1.010103+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
1.008303+00
1.00900E+00
1.00780E+00
1.00890E+00
1.00870E+00
1.00910E+00
1.00920E+00
1.01020E+00
1.01010E+00
1.00880E+00
1.00950E+00

3.90513E-03
3.90513E-03
3.88330E-03
4.78539E-03
4.78539E-03
4.767603-03
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
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
3.90513E-03
3.90513E-03
3.92938E-03
3.90513E-03
3.90513E-03
3.88330E-03
3.90513E-03
3.90513E-03
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)
Linear regression, k(X)
Confidence on fit (1-gamma) [input]
Confidence on proportion (alpha) [input)
Proportion of population falling above
lower tolerance interval {rho) (input)
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, sfk,X)^2
Within variance. s(w)^2
Pooled variance. s(p)^2
Pooled std. deviation, s(p)
C(alpharho)*s(p)
student-t 6 (n-2,1-gamma)
Confidence band width, W
Minimum margin of subcriticality, C-s(p)-W

Upper subcritical limits: ( 0.13484 =
**...* A*****.*-.. *----.-

87
1.0108 + (-1.3126E-02)*X
95.0%
95.0%

99.9%
0.1348
0.5485
0.19394

1.00824
0.99480

3.0167E-06
1.7752E-05
2.0769E-05
4.5573E-03
2.2118E-02
1.66558E+00
8.9068E-03
1.3211E-02

X <= 0.54852

USL Method 1 (Confidence Band with
Administrative Margin) USLI = 0.9411 1 0.13484 4 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:
.--- ....---..... .... ..... .. ......... ..-*--

USL-l:
USL-2:

1.35E-1 1.943-1 2.53E-1 3.12E-1 3.71E-1 4.30E-1 4.89E-1 5.49E-1
________________________________________________________________________

0.9411 0.9411 0.9411 0.9411 0.9411 0.9411 0.9411 0.9411
0.9779 0.9779 0.9779 0.9779 0.9779 0.9779 0.9779 0.9779

*---*--------*.-------..--.*-t- ****--* *****....**....*-**

Thus spake USLSTATS
Finis.
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Figure A5-5: USLSTATS output listing for AOA(5) Group 2: Pu Nitrate keff versus H/Pu as
trending parameter, SCALE 4.4a on PC

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

Version 1.3.7, May 18, 1999
Oak Ridge National Laboratory

Input to statistical treatment from file:bpupc

Title: gr2 PC EPU

Proportion of the population
Confidence of fit
Confidence on proportion
Number of observations
Kinirmnm value of closed band
Maximum value of closed band
Axninistrative margin

. .999
= .950
= .950
* 87
= 0.00
= 0.00
= 0.05

independent
variable - x

2.05140E+02
1.80970E+02
1.71210E+02
8.66600E+01
8.50300E+01
8.84300E+01
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
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.10180E+02
2.101802+02
2.10180E+02
1.55210E+02
1.55270E+02
1.55270E+02

dependent
variable - y

1.01150E+00
1.00590E+00
1.00920E+00
1.00870E+00
1.00710E+00
9.94800E-01
1.00910E+00
1.00790E+00
1.01000E+00
1.00800E+00
1.00940E+00
1.00800E+00
1.00790E+00
1.00750E+00
1.00720E+00
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
1.006502+00
1.00830E+00
1.00630E+00
1.00700E+00
1.00930E+00
1.01000E+00
1.00790E+00

deviation
in y

5.06360E-03
5.06360E-03
5.06360E-03
5.06360E-03
6.15224E-03
6.15224E-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
3.32415E-03
3.29849E-03
3.32415E-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
4.39318E-03
4.37379E-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

independent dependent
variable - x variable - y

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
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

1.00830E+00
1.00670E+00
1.00930E+00
1.01040E+00
1.00990E+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
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
1.006902+00
1.00830E+00
1.00900E+00
1.00780E+00
1.00890E+00
1.00870E+00
1.00910E+00
1.00920E+00
1.01020E+00
1.01010E+00
1.00880E+00
1.00950E+00

deviation
in y

3.905132-03
3.90513E-03
3.883302-03
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
4.393182-03
4.39318E-03
4.39318Z-03
3.90513E-03
3.90513E-03
3.90513E-03
3.90513E-03
3.42053E-03
3.44819E-03
3.42053E-03
3.90513E-03
3.90513E-03
3.90513E-03
3.883302-03
3.90513E-03
3.90513E-03
3.92938E-03
3.92938E-03
3.92938E-03
3.90513E-03
3.90513E-03
3.92938E-03
3.90513E-03
3.90513E-03
3.88330E-03
3.90513E-03
3.90513E-03
3.90513E-03

chi = 9.3793 (upper bound = 9.49). The data tests normal.

Output from statistical treatment
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gr2 PC EPU

Number of data points (t)
Linear regression, kMX)
Confidence on fit (1-ganms) [input)
Confidence on proportion (alpha) [input)
Proportion of population falling above
lower tolerance interval frho) (input)
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, sik,XV^2
Within variance, s(w) 2
Pooled variance, s(p) 2
Pooled std. deviation, sip)
C(alpha.rho) s(p)
student-t 0 En-2,1-gamma)
Confidence band width, W
Xinimum margin of subcriticality, Cfs(p)-W

Upper subcritical limits: ( 85.030 <=
.**t* **tfl*****-- -**t**

87
1.0054 + (

95.0%
95.0%

1.4797E-05)*X

99.9%
85.0300
210.1800
191.82517
1.00824
0.99480

3.5025E-06
1.7752E-05
2.1254E-05
4.6103E-03
2.0310E-02
1.66558E+00
8.23572-03
1.2074E-02

X <- 210.18

USL Method 1 (Confidence Band with
Administrative Margin) USL1 - 0.9418 ( 85.030 < X c 210.18

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:
t* ** *.** 5**. ** ***... *** **

X:

USL-1:
USL-2:

8.50E+1 1.03E+2 1.21E+2 1.39E+2 1.57E+2 1.74E+2 1.92E+2 2.10E+2
________________________________________________________________________

0.9418 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418
0.9797 0.9797 0.9797 0.9797 0.9797 0.9797 0.9797 0.9797

* *t**- ** ta ... ...*.**..******--*-t---t---t-t***-*****-a---******** a-na

Thus spake USLSTATS
Finis.


