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Abstract —Sensitivity and uncertainty analysis methodologies under development at Oak Ridge National
Laboratory were applied to determine whether existing benchmark experiments adequately cover the area
of applicability for the criticality code and data validation of Pg@nd mixed-oxide (MOX) powder
systems. The study examined three Pp@wder systems and four MOX powder systems that would be
useful for establishing mass limits for a MOX fuel fabrication facility. Using traditional methods to choose
experiments for criticality analysis validation, 46 benchmark critical experiments were identified as ap-
plicable to the Pu@powder systems. However, only 14 experiments were thought to be within the area of
applicability for dry MOX powder systems.

The applicability of 318 benchmark critical experiments, including the 60 experiments initially iden-
tified, was assessed. Each benchmark and powder system was analyzed usiaglshf@rTEnsitivity
and UNcertainty Aalysis Methodology inplementation (TSUNAMI) one-dimensional (TSUNAMI-1D) or
TSUNAMI three-dimensional (TSUNAMI-3D) sensitivity analysis sequences, which will be included in the
next release of the SCALE code system. This sensitivity data and cross-section uncertainty data were then
processed with TSUNAMI-IP to determine the correlation of each application to each experiment in the
benchmarking set. Correlation coefficients are used to assess the similarity between systems and deter-
mine the applicability of one system for the code and data validation of another.

The applicability of most of the experiments identified using traditional methods was confirmed by the
TSUNAMI analysis. In addition, some Pp@nd MOX powder systems were determined to be within the
area of applicability of several other benchmarks that would not have been considered using traditional
methods. Therefore, the number of benchmark experiments useful for the validation of these systems
exceeds the number previously expected. The TSUNAMI analysis also emphasized some areas where more
benchmark data are needed, indicating the need for further evaluation of existing experiments, or possibly
the completion of new experiments to fill these gaps. This lack of evaluated data is particularly important
for very dry and dense MOX powder systems.

[. INTRODUCTION ods, although still under development, have recently been
published in several sourc&s.Development of the tech-
The Tools for Snsitivity and UNertainty Analysis  niques used in this paper was conducted through joint
Methodology inplementation(TSUNAMI) analysis support from the U.S. Department of Enef@OE) and
methods, recently developed at Oak Ridge National Lalthe U.S. Nuclear Regulatory Commission to provide a
oratory(ORNL), have been utilized to determine the ap-physics-based approach for the establishment of the area
plicability of critical benchmark experiments to the of applicability of critical experiments per the require-
criticality code and data validation for particular critical- ments of ANSYANS-8.1(Ref. 6. Use of these methods
ity safety applications, or design systems. These methmay allow users to interpolate and extrapolate the tradi-
tional area of applicability of a given set of critical ex-
periments to include new application areas that may not
*E-mail: elamkr@ornl.gov have been anticipated during the experiment design.
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BENCHMARK SELECTION USING SENSITIVITY AND UNCERTAINTY METHODS 197

Traditional methods for criticality analysis valida- ILA. Sensitivity Theory
tion include choosing experiments with characteris- o o ) )
tics that are similar to those of the application being ~ Sensitivity coefficients are defined physically such
validated. Such characteristics typically include iso-that they represent the percentage effect on some re-
topic composition, chemical and physical form, mod-SPonse due to a percentage change in an input parameter.
eration level(H/X), and energy of average lethargy For fissionable material systems, one of the appropriate
causing fission(EALF). There are seldom sufficient 'esponses is the systekg value, relative to input pa-
numbers of benchmarks that provide bounds on alfameters of interegi.e., the nuclear reaction probabili-
major parameters. Thus, it is recognized that extrapties, Or cross sections Sensitivity coefficients are
olations in parameter space are often necessary and miépically presented as “profiles,” where the change in
be made by experienced analysts. The use of EALF d&« due to cross sections is given as a function of the
a characteristic for choosing experiments is particuenergy of the cross section. These sensitivity profiles
larly problematic, as it does not account for the widetan be generated for each material in the system and
range of possible fission neutron spectra that can rdhclude various nuclear reactiorts.g., scatter, absorp-
sult in the same calculated EALF. The use of thdion, fission as well as the neutron energy distribution
TSUNAMI methods gives the analyst a more quantitafrom fission, y, and average number of neutrons emitted
tive measure of similarity between critical experimentsPer fission,. - _
and applications. N The.technlqu.es used in TSUNAMI to generate sen-

These TSUNAMI meth0d0|ogies were app“ed toSltl'Vl.ty information are' based on the Wldely l.Jsed
determine whether existing benchmark experiments addjoint-based perturbation theory approdtt! This
equately cover the areas of applicability for the critical-methodology is very similar to that used in the FORSS
ity code and data validation of Py@nd mixed-oxide code system for fast reactor applicatidhd.he sensitiv-
(MOX) powder system&.Mass limits for powder and ity coefficients produced with these techniques give the
fuel pellet handling equipment are needed for the desensitivity of the computekk to a particular groupwise
sign of a MOX fuel fabrication facility. These limits Cross-section data component, the so-called explicit sen-
may be based on criticality code calculations, whichSitivity coefficients!® _
in accordance with ANSKANS-8.1, must be validated |n_0pe|’at0r notation, the E|genvalUe-neutron-transport
by comparison with applicable benchmark experimentg§duation can be expressed as
to establish a value and uncertainty for any computa- 1
tlon?rlhblas. _ _ Ad) P B¢ , (l)

e PuQ and MOX material may be handled in k

several forms, including Pu-nitrate and Pu-oxalate aque-
ous solutions; Pu@powders; MOX powders; and MOX where
pellets, fuel rods, and fuel assemblies. Many applicable
critical benchmark experiments are available for the val-
idation of nuclear criticality safety calculations involv-
ing plutonium compounds in solution and for MOX fuel
and fuel assembli€SA large nLimber of such experi- A = operator that represents all of the transport equa-
ments are documgnte_d in the “International Handbo_ok tion except for the fission term
of Evaluated Criticality Safety Benchmark Experi-
ments,” which is published annually by the International B = operator that represents the fission term of the
Criticality Safety Benchmark Evaluation Projéct transport equation.
(ICSBEP. However, very few experiments with PO
or MOX powders are documented in the literature orThe adjoint form of the transport equation can be ex-
evaluated by the ICSBEP. pressed as

¢ = neutron flux

k = largest eigenvaluekgs

1
ATd)T — E BT(],')T . (2)
Il. SENSITIVITY AND UNCERTAINTY

ANALYSIS METHODOLOGY In the adjoint equation, the adjoint flug®™ has a

special physical significance as the “importance” of the
This section describes the development of TSUNAMIparticles within the system.
methods to gauge the similarity of systems. Atheoretical Using linear perturbation theory, one may show that
development of the calculation of the sensitivity coeffi-the relative change ik due to a small perturbation in an
cients and development of integral parameters to quarenergy-dependent macroscopic cross seclipof the
titatively assess the similarity of systems are givertransport operator at some point in phase spaaeeith
below!® the energy variable suppressed, can be expressed as
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Sesr) = @ K (Sﬂ,z‘x'g)complete
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Kk R R " wherei is the summation index for all parameters that
<¢ €)1z B[E(f)]¢(f)> are dependent on the groupwise cross sedtigg, and
y andh (data component and energy group indices, re-
(3)  spectively are the summation indices for over all nuclide-

o _reaction pairs and energy groups that are dependent
where¢ is the phase space-vector and the brackets iryp, w;.

dicate integration over space, direction, and energy
variables.

In practice, thé)A anddB terms in Eq(3) are simple
functions of the scattering, capture, and fission cross-

section data. The evaluation of K@) then becomes an The basis of the TSUNAMI analysis techniques is
integration of the forward and adjoint fluxes and the crosshat systems with neutron multiplication factors that ex-
sections over the entire phase-space. hibit similar sensitivities to perturbations in the neutron
Typically, the energy dependence of the crosscross-section data on an energy-dependent, nuclide-
section data is represented by averagingXh®) quan-  reaction specific level will have similar biases due to the
tities for some reactiorx over an energy grouf, use of the same computational method and nuclear data
represented aSy 4. Insertion of these group quantities ysed in the criticality safety analysis. The development
into Eq.(3) yields the definition of a relative sensitivity of a number of different sensitivity- and uncertainty-
coefficient, predicting the relative changeligs duetoa  pased integral parameters to assess the degree of simi-
rglativ_e perturbation in the cross-section data for reacrity between a benchmark experiment and an application
tion X In energy groupw: has been studied and reported in Refs. 1, 2, 10, and 17.
In this work, two classes of integral parameters were
e L 4) developed: sensitivity based and uncertainty based. The
K 03¢g sensitivity-based integral parameters assess system sim-
ilarity as a function of the sensitivity & to the cross-
Wheng is varied to obtain the sensitivity for all groups, section data by isotope, reaction, and energy. Uncertainty
which span the energy range of interest, an energyanalyses couple the sensitivity data for each system with
dependent sensitivity profile is obtained. the cross-section—covariance data to provide an estimate
The implementation of first-order adjoint-based senof the uncertainties in the calculated values of kg
sitivity analysis used to derive E¢4) is consistent with  due to cross-section uncertainties. Correlations in the
that used previously in the FORSS code sysfemt k. uncertainties between systems can also be assessed.
ORNL. However, it has been demonstrated that this mettone integral parametds,is based only on sensitivity
odology is incomplete and only accounts for the explicitdata and gives a measure of the commonality inkihe
effect due to the perturbation of the macroscopic crossresponse of an experiment and an application to pertur-
section data components in the criticality calculafibn. bations in the cross-section data. Another integral param-
The sensitivity coefficients as computed in E¢) re-  eterc, couples the sensitivity data with tabulated cross-
quire another term to account for the first-order implicitsection—covariance data to give a correlation coefficient
effect of perturbations in the material number densitieshat provides a measure of the shared variance, due to
or nuclear data upon the shielded groupwise macroeross-section uncertainties, in the computed valueef
scopic cross-section data. The implicit portion of the senfor the application and a given experiment. Previous stud-

[1.B. Sensitivity- and Uncertainty-Based
Integral Parameters

5<,zx,g =

sitivity coefficient is defined as ies have demonstrated that the use of sensitivity-only—
based integral parameters may be inappropriate for
s _ @i 2x.g 5) systems containing plutonium due to the anticorrelation

x,g1 @i 4

of certain components of the cross-section déhere-

fore, only the correlation coefficiert is considered in
wherew; is the number density of a particular materialthis paper. For completeness, the derivation of the cor-
or a certain nuclear data component. The sensitivity corelation coefficient, consistent with that given in Ref. 17,
efficients defined in Eq(5) can be propagated to the; ~ follows.

sensitivity via the chain rule for derivatives. When the ~ The nuclear data parameters are represented by the
implicit sensitivity is added to the explicit sensitivity, vectora = (a,),n=1,2,... M, whereM is the number

the complete sensitivity coefficient, accounting for bothof nuclide-reaction pairs the number of energy groups.
the explicit and implicit terms, can be presented as  The corresponding symmetrid X M matrix containing

Eg‘ X E)wi
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BENCHMARK SELECTION USING SENSITIVITY AND UNCERTAINTY METHODS 199

the relative variancegdiagonal elemenjsand covari- and similar spectra would be correlated, while systems

ancegoff-diagonal elemenjsin the nuclear data is with different materials or spectra would not be corre-
COV(ay, ;) lated. The interpretation of the correlation coefficient is

_ P ‘ the following: A value of 0.0 represents no correlation

aa 1

0 anp [ between the systems, a value of 1.0 represents full cor-
_192 M =12 M 7 relation between the systems, and a value-af0 rep-
n=12..Mp=12..M, (7)) (esents a full anticorrelation.
where
_ II.C. Area of Applicability Using Integral
COVlan, ap) = (Sandas) , ®) Parameter Techniques

wher . . . .
ere All calculations in this study were conducted with

dan, dap, = difference between the values and ex-the TSUNAMI tools that will be included in the next
pectation values of the nuclear datarelease of the SCALE code systéhfor this study, each
parameters application and benchmark experiment was analyzed
_ : using the sensitivity analysis sequences TSUNAMI one-
() w:gmggnxi\ﬁr ;hep:gggeb?”ttlﬁ %ndap- dimensional(1D) (TSUNAMI-1D) (formerly SEN2 or
y density : ;
function. TSUNAMI three-dimensiongBD) (TSUNAMI-3D) (for-

_ o _ _ merly SEN3 (Ref. 21). The TSUNAMI-1D sequence
Arigorous definition of the cross-section—covariance datgyenerates the required forward and adjoint flux solutions
is givenin Ref. 19. o from 1-D models with XSDRNPM. The TSUNAMI-3D

The matrix containing sensitivities of the calculatedsequence generates flux solutions from 3-D models with
keff to thea parameters, where each matrix entry is CONKENO V.a. Both TSUNAMI sensitivity sequences use

sistent with Eq(4), is given as BONAMIST and NITAWLST, enhanced versions of the
a, oK SCALE codes BONAMI and NITAWL-II, to perform

S = [— ] , 1i=1,2,...:n=1,2,...M, (99 resonance self-shielding calculations in the unresolved
ki dan and resolved resonance regions, respectifely. addi-

g-tion to performing the usual functions of the resonance
self-shielding calculations, the enhanced codes produce
the implicit sensitivity terms described in E¢p). All
sensitivity coefficients were calculated with the 238-

wherel is the number of critical systems being consi
ered. The uncertainty matrix for the systdaqy values
Ckk is given as

Cw = SkC(wSLr , (10) group ENDFB-V neutron cross-section data library of
o _ | SCALE.
where 1 indicates a transposk;is anl X M matrix, Coq Cross-section—covariance data were prepared from

is anM X'M matrix, and the resultin€, matrix is of  ENDF/B-V data using the PUFF-II cod@ in the 44-
dimensionl X I. The Cy matrix consists of relative group energy structure of SCALE. These sensitivity data
variance values;? for each of the critical systems under anq cross-section-uncertainty data were then processed
consideratiorithe diagonal elementsas well as the rel- t5 compute the integral parameters for each applica-
ative covariance between systems (the off-diagonal tjon to each experiment in the benchmarking set with

elements These off-diagonal elements represent thersynAMI-IP (formerly CANDE) (Ref. 23. For the
shared or common variance between two systems. Thgesent study, the criterion for the applicability of an

off-diagonal elements are typically divided by the squargxperiment for use in the criticality code validation of
root of the corresponding diagonal elemefits., the  appjications is indicated by the value of the correlation
respective standard deviatiorte generate a correlation coefficient c, of 0.8 or higher. This criterion indicates
coefficient matrix. Thus, the correlation coefficient is tnat 80% of the variance ik due to cross-section data
defined as uncertainties is common to the two systems. The crite-
o rion of 0.8 is somewhat arbitrary and may be reevaluated
(11)  in future studies’

«= (o)

such that the single, value represents the correla-

tion coefficient between uncertainties in systérand 1. DESCRIPTION OF APPLICATION
system. SYSTEMS
These correlations are due to the fact that the uncer-
tainties in the calculatekL values for two different sys- Seven applications were chosen for this analysis.

tems are related since they contain the same materialShree of the applications were Pu@owder systems,
Cross-section uncertainties propagate to all systems coand four were MOX powder systems. The Pytowder
taining these materials. Systems with the same materiatystems range in density from 3.5 to 7.0rg and have
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moderation levels ranging from 1 to 16.6 wt% water.marks include 33 experiments with Py@olystyrene
The MOX powder systems also have a range of densitiesompacts and 13 experiments with Pu metal moder-
and moderation levels, and include one system at vergted by water. These experiments are documented in
high density(10.2 ¢/ml) and very low moderatiofl wt% the ICSBEP “International Handbook of Evaluated
watel. All seven applications were modeled as criticalCriticality Safety Benchmark Experiments’as PU-
spheres with reflection by either 30 cm of water or 60 cmCOMP-MIXED-001, PU-COMP-MIXED-002, PU-MET-
of depleted uranium. The parameters associated with ea€lAST-016, PU-MET-FAST-017, and PU-MET-FAST-037.
application are given in Table I. Traditional techniques identified only 14 experi-
ments as being within the area of applicability for the
MOX powder applications. These experiments were per-
IV. BENCHMARKS CHOSEN USING formed with Iow—moderated MOXpolystyrene com-
TRADITIONAL VALIDATION TECHN'QUES paCtS and are pubIIShed in Ref. 25 but have not yet been
evaluated by the ICSBEP.

Based on the expert judgment of criticality safety
practitioners, a number of benchmark-quality critical ex-
periments were identified as within the area of applica- V. OTHER BENCHMARKS CHOSEN
bility for the seven applications evaluated in this paper. FOR ANALYSIS

For the Pu@ powder applications, 46 critical bench-
mark experiments were identified using the traditional ~ With the anticipation that the TSUNAMI analysis
technique of selecting experiments with similayPu  would extend the traditional area of applicability of
ratios, compositions, and EALfRef. 24. These bench- other benchmark experiments to provide coverage for

TABLE |
Application Specifications
Powder H,O
Composition Density Content H/U or EALF
Identifier (Wt%) (g/ml) (Wt%) Reflector H/(U+Pu (eV)
PU-1 100% Pu®@ 96% 23%Pu 3.5 5% 30 cm HO 1.58 1019
4% 24%py
PU-2 100% Pu@ 96% 23°Pu 3.5 16.6% 30 cm KO 5.99 94.37
4% 240py
PU-3 100% Pu@ 96% 23°Pu 7.0 1% 30 cm HO 3.04 884.3
4% 24%py
MOX-1 22% PuQ 96% 23°Pu 5.5 5% 30 cm HO 1.58 127.0
4% 24%Py
78% UG, 0.3% 235U
99.7%238U
MOX-2 22% PuQ 96% 23%Pu 5.5 5% 60 cm depleted 1.58 3751
4% 240py uranium
78% UO, 0.3%2%°U
99.7%238Y
MOX-3 6.5% PuQ 96% 23%Pu 6.96 5% 30 cm HO 1.58 27.75
4% 24%py
93.5% UG 0.3%23%U
99.7%238U
MOX-4 6.5% PuQ 96% 23%Pu 10.2 1% 30 cm HO 0.3031 2355
4% 240py
93.5% UQ 0.3% 235U
99.7%238U
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the applications, more relaxed criteria were used in the VI. RESULTS

selection of the full set of critical benchmarks to be in-

cluded in this study. Thus, 318 experiments, including  Once sensitivity data were generated for all applica-
the 60 initially identified, were compiled into an exper- tions and benchmark experiments with TSUNAMI-1D
imental database for use with this study. A summary deer TSUNAMI-3D, TSUNAMI-IP was used to compute
scription of each set of experiments is given in Table Il.the ¢, values relating each application to each bench-
The number of benchmark experiments from each sahark experiment. The results of this analysis are used to
identified as applicable by traditional methods is alsadetermine the applicability of the experiments for the
given in Table Il. The experiments were chosen becauseriticality code validation of the applications. Based on
of similarity to the applications, either in material type the previously stated criteria, any benchmark experi-
or in fission energy spectrum. The benchmark experiment that demonstratesavalue of 0.8 or greater with a
ments in this database include plutonium systems, mixegiven application is deemed applicable for the criticality
plutonium and uranium systems, and one set of loweode validation of that system.

enriched uranium systems with low moderation. These The results presented in this paper are comparable to
low-enriched uranium experiments were chosen to assiiiose previously presented in Ref. 7. However, the cur-
in validating 2%8U capture and fission cross sections inrent results were computed with the most recent pre-
the higher neutron energy region. production versions of the TSUNAMI codes and, due to

TABLE I
Summary Description of Benchmark Experiments
Number of Experimental
Configurations
Considered ir] Previously Range of Range of Range of EALF
Experiment Identifier This Study | Identified H/(Pu+U) Pu/(Pu+U) (eV)

PU-MET-FAST-001 1 0 1 1.24E062

PU-MET-FAST-002 1 0 1 1.26E06

PU-MET-FAST-003 5 0 1 6.24E05 to 1.24E-06
PU-MET-FAST-016 6 6 0 1 7.78E03 to 1.17E-04
PU-MET-FAST-017 5 3 0 1 9.39E04 to 7.82E+-05
PU-MET-FAST-033 1 0 1 4.02E05

PU-MET-FAST-037 7 5 0 1 1.82E04 to 1.48E-05
PU-COMP-MIXED-001 5 3 0.04 to 49.6 1 1.5480 to 9.57E-05
PU-COMP-MIXED-002 29 29 0.04 to 49.6 1 6.84101 to 4.92E-03
PU-COMP-INTER-001 1 0.37 1 3.08802

MIX-SOL-THERM-001 13 44.08 10 418.64 0.22t0 0.9y 9.25&2 to 2.84E-01
MIX-SOL-THERM-002 3 481.37 to 1150.6 0.23t0 0.5 4.24@2 to 4.34E-02
MIX-SOL-THERM-004 9 48.99 t0 238.94| 0.40t08.31 6.7582 to 3.54E-01
MIX-SOL-THERM-005 7 49.01to 241.44 0.40t0 0.41 6.7082 to 3.56E-01
MIX-COMP-THERM-001 4 3.33t0 17.53 0.22 2.139H4 to 1.61E-03
MIX-COMP-THERM-002 6 1.19to 3.64 0.020 1.3881 to 7.73E-01
MIX-COMP-THERM-003 6 1.68to 10.75 0.066 1.0301 to 9.06E-01
MIX-COMP-THERM-004 11 2.42 t0 5.55 0.028 to 0.080 8.02@2 to 1.46E-01
MIX-COMP-THERM-005 7 2.22t011.87 0.040 8.365 to 3.82E-04
MIX-COMP-THERM-008 28 1.77t0 7.31 0.02 9.1#02 to 3.99E-01
MIX-COMP-THERM-009 6 1.41t05.89 0.015 9.062 to 5.52E-01
MIX-COMP-THERM-011 6 11.75t0 21.13 0.26 2.5601 to 5.66E-01
MIX-COMP-THERM-012 33 39.54t0101.71 0.076t00.15 6.62F2 to 1.40E-01
PU-8-1 to PU-29-9Ref. 25 14 14 2.771t07.33 0.081t0 0.2 6.36B1 to 4.14E-01
NSE-55, Table 4Ref. 26 22 30.6 0.15 1.43E01 to 1.58E-01
NSE-55, Table Ref. 26 10 2.8 0.30 3.85E01 to 4.39E-01
BNWL-2129, Table I Ref. 27 31 30.6 0.15 1.43E01 to 2.57E-01
BNWL-2129, Table 4 Ref. 27) 19 7.13109.37 0.27t00.28 1.5300 to 6.13E-00
MIX-MET-FAST-011 4 0 0.077 t0 0.41f 2.07E05 to 3.18E-05
LEU-COMP-THERM-049 18 2.01t0 3.01 0 7.94B1 to 2.36E-00

aRead as 1.2& 106,
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TABLE 11l
Tabulatedc, Values and Calculated Parameters for Applications and Benchmark Experiments*

¢ for ¢ for ¢y for ¢ for Weight
¢ for| ¢ for|ccfor| c.for | ¢ for | cfor MOX-4 MOX-4 | MOX-4 | MOX-4 H/ Pu/ Percentl EALF
Experiment PU-1| PU-2| PU-3| MOX-1 [ MOX-2 [ MOX-3 | 454 kg PU 163 kg PU 40 kg Pu[ 8 kg Pul (Pu+U) | (Pu+U)| 24%Pu (eV) Kot o
BNWL2129T3-01 0.48| 0.61 0.49 0.63 0.51 0.7p 0.38 0.42 0.51 0|68 30.6 0.[L46 1.97 -10448.0178 0.000
BNWL2129T3-02 0.48| 0.61 0.49 0.63 0.51 0.7p 0.38 0.42 0.%2 0|68 30.6 0.[L146 1.97 -1046E.0188 0.000
BNWL2129T3-03 0.48| 0.61 0.49 0.63 0.51 0.7p 0.38 0.42 0.%2 0|68 30.6 0.L46 1.97 —1047H.019¢4 0.000
BNWL2129T3-04 0.48| 0.61 0.49 0.63 0.51 0.7p 0.3¢ 0.42 0.%2 0|68 30.6 0.L46 1.97 -1049E.0198 0.000
BNWL2129T3-05 0.48] 0.61 0.49 0.63 0.51 0.7b 0.39 0.42 0.52 0(68 30.6 0.1146 1.97 -1030H.0214 0.000
BNWL2129T3-06 | 0.48| 0.61| 0.49 0.63 0.53 0.75 0.39 0.42 0.5p 0.68 30/6 0.146 7197 1GI1E1.0195 0.000
BNWL2129T3-07 0.48| 0.61 0.49 0.63 0.51 0.7p 0.39 0.42 0.%2 0|68 30.6 0.[L146 1.97 —10%2E.0198 0.000
BNWL2129T3-08 0.48| 0.61 0.50 0.64 0.5 0.7p 0.3¢ 0.42 0.%2 0|68 30.6 0.[L46 1.97 —10%38.0177 0.000
BNWL2129T3-09 0.48| 0.61 0.50 0.64 0.5 0.7p 0.39 0.42 0.%2 0|68 30.6 0.L46 1.97 -10%4H.0183 0.000
BNWL2129T3-10 0.48| 0.61 0.50 0.64 0.5 0.7p 0.3¢ 0.42 0.%2 0|68 30.6 0.L46 1.97 -10%4H.0190 0.000
BNWL2129T3-11 | 0.48| 0.61| 0.50 0.64 0.53 0.76 0.39 0.43 0.5p 0.68 30/6 0.146 7197 1®bE1.0193 0.000
BNWL2129T3-12 0.48| 0.61 0.50 0.64 0.5 0.7p 0.3¢ 0.48 0.%2 0|68 30.6 0.[L146 1.97 —-103%E.018¢4 0.000
BNWL2129T3-13A| 0.48| 0.61 0.5 0.64 0.53 0.76 0.39 0.42 0.52 0/68 30Q0.6 0.146 71.97 -1034H.0183 0.000
BNWL2129T3-14 0.48| 0.61 0.50 0.64 0.5 0.7p 0.3¢ 0.48 0.%2 0|68 30.6 0.L46 1.97 —-103%E.0165 0.000
BNWL2129T3-15 0.48| 0.61 0.50 0.64 0.5 0.7p 0.3¢ 0.48 0.%2 0|68 30.6 0.L46 1.97 -103%E.0164 0.000
BNWL2129T3-16 | 0.47 | 0.60| 0.49 0.64 0.53 0.76 0.39 0.42 0.5p 0.69 30/6 0.146 7197 1 ®BE1.0202 0.000
BNWL2129T3-17 0.47) 0.6 0.49 0.64 0.54 0.7y 0.40 0.44 0.%4 0|70 30.6 0.[146 1.97 -204H.0182 0.000
BNWL2129T3-18 0.47) 0.6 0.49 0.64 0.5 0.78 0.43 0.4Y 0.%6 0|71 30.6 0.[L146 1.97 -246H.0173 0.000
BNWL2129T3-19 0.47) 0.6 0.49 0.64 0.5 0.78 0.44 0.48 0.%7 0|71 30.6 0.[L46 1.97 -2%TH.0174 0.000
BNWL2129T3-20 0.48| 0.61 0.50 0.64 0.5 0.7p 0.39 0.42 0.%2 0|68 30.6 0.L46 1.97 -10%4H.0227 0.000
BNWL2129T3-21 | 0.48| 0.61| 0.50 0.64 0.53 0.76 0.39 0.43 0.5p 0.68 30/6 0.146 7197 1®bE1.0216 0.000
BNWL2129T3-22 0.48| 0.61 0.50 0.63 0.5 0.7p 0.3¢ 0.42 0.%2 0|68 30.6 0.[L146 1.97 —10%6H.0200 0.000
BNWL2129T3-23 0.48| 0.61 0.50 0.63 0.5 0.7p 0.3¢ 0.48 0.%2 0|68 30.6 0.[L146 1.97 —10%3%E.0212 0.000
BNWL2129T3-24 0.48| 0.61 0.49 0.63 0.5 0.7p 0.39 0.42 0.%2 0|68 30.6 0.[L146 1.97 -10%6H.0449 0.000
BNWL2129T3-25 0.48| 0.61 0.50 0.64 0.5 0.7p 0.39 0.42 0.%2 0|68 30.6 0.L46 1.97 -10%3B0.9868 0.000
BNWL2129T3-26 | 0.48 | 0.61| 0.50 0.64 0.53 0.76 0.39 0.43 0.5p 0.68 30|6 0.146 7197  4GBE0.9778 0.000
BNWL2129T3-27 0.48| 0.61 0.49 0.63 0.51 0.7p 0.38 0.42 0.51 0|68 30.6 0.[L146 1.97 -1044H.0183 0.000
BNWL2129T3-28 0.48| 0.61 0.49 0.63 0.51 0.7p 0.38 0.42 0.51 0|68 30.6 0.[L146 1.97 —1043EH.0199 0.000
BNWL2129T3-29 0.48| 0.61 0.49 0.63 0.51 0.7p 0.38 0.42 0.51 0|68 30.6 0.[L146 1.97 —1043E.0191 0.000
BNWL2129T3-30 0.48| 0.61 0.49 0.63 0.51 0.7p 0.38 0.42 0.%2 0|68 30.6 0.[L46 1.97 —1043E.0193 0.000
BNWL2129T3-31 | 0.48 | 0.60| 0.490 0.63 0.52 0.75 0.38 0.42 0.5 0.68 30|6 0.146 7197 41@BE1.0214 0.000
BNWL2129T4-01 0.79| 0.90 | 0.82 0.93 0.86 0.94 0.66 0.69 0.77 0.87 7.13 0.28 10.95 6.13E00| 1.0164 0.000
BNWL2129T4-02 0.77] 0.88 | 0.80 0.91 0.84 0.93 0.64 0.68 0.76 0.86 7.64 0.28 10.89 4.51E00| 1.0178 0.000
BNWL2129T4-03 0.73] 0.85| 0.76 | 0.88 0.80 0.92 0.61 0.65 0.73 0.85 8.08 0.27 10.83 3.44E00| 1.0177 0.000
BNWL2129T4-04 0.78| 0.89 | 0.81 0.92 0.85 0.93 0.65 0.68 0.76 0.87 7.51 0.28 10.9 5.08E00(| 1.0175 0.000
BNWL2129T4-05 | 0.73| 0.85| 0.76 | 0.88 0.80 0.92 0.61 0.65 0.73 | 0.85 8.29 | 0.27 10.8 3.22E00( 1.0181f 0.000
BNWL2129T4-06 0.69| 0.81 | 0.72| 0.85 0.76 0.90 0.58 0.61 0.70 0.83 8.81 0.27 10.74 2.24E00| 1.0181f 0.000
BNWL2129T4-07 0.77] 0.88 | 0.80 0.92 0.84 0.93 0.64 0.68 0.76 0.86 7.57 0.28 10.89 4.91E00| 1.0159 0.000
BNWL2129T4-08 0.70] 0.82 | 0.73| 0.85 0.77 0.90 0.58 0.62 0.71 0.83 8.71 0.27 10.75 2.40E00| 1.0165 0.000
BNWL2129T4-09 0.77] 0.88 | 0.80 0.92 0.84 0.94 0.65 0.69 0.77 0.87 7.39 0.28 10.92 5.78E00| 1.01749 0.000
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BNWL2129T4-10 | 0.75( 0.87| 0.78 | 0.91 0.84 0.94 0.65 0.69 0.77 | 0.87 7.72 0.28 10.88 | 5.24E00| 1.015
BNWL2129T4-11 | 0.69( 0.81| 0.71| 0.84 0.77 0.91 0.62 0.65 0.74 | 0.85 | 8.52 0.27 10.77 | 3.48E00]| 1.015
BNWL2129T4-12 | 0.75( 0.86| 0.78 | 0.90 0.82 0.92 0.63 0.66 0.75 | 0.86 | 8.09 0.27 10.83 | 3.84E00]| 1.019
BNWL2129T4-13 | 0.70( 0.82| 0.73| 0.86 0.77 0.90 0.59 0.63 0.71 | 0.84 | 8.79 0.27 10.74 | 2.47E00| 1.022
BNWL2129T4-14 | 0.64 0.7 0.66 0.79 0.70 0.87 0.53 0.56 0.66 0.79 9.37 0.27 10.67 1.54@D| 1.020
BNWL2129T4-15 | 0.77| 0.89 | 0.80| 0.92 0.84 0.93] 0.64 0.68 0.76 | 0.87 7.51 0.28 10.9 5.08E00| 1.015
BNWL2129T4-16 | 0.78/ 0.89| 0.81| 0.93 0.85 0.93] 0.65 0.69 0.77 | 0.87 7.37 0.28 10.92 | 5.24E00]| 1.017
BNWL2129T4-17 | 0.76[ 0.88| 0.79 | 0.91 0.83 0.93 0.63 0.67 0.75 | 0.86 7.68 0.28 10.88 | 4.28E00]| 1.018
BNWL2129T4-18 | 0.74 0.86| 0.77 | 0.89 0.81 0.92 0.61 0.65 0.74 | 0.85 7.91 0.27 10.85 | 3.58E00]| 1.017
BNWL2129T4-19 | 0.76[ 0.88| 0.79 | 0.91 0.83 0.93 0.63 0.67 0.75 | 0.86 7.79 0.27 10.87 | 4.05E00]| 1.018
LCT049-01 0.00( 0.01] 0.01 0.13 0.19 0.27 0.23 0.24 0.24 0.22 20124 O 0 Z00E0.991
LCT049-02 0.00f 0.01 0.01 0.14 0.19 0.2y 0.27 0.23 0.23 0J22 20124 0 0 2001F.991
LCT049-03 0.00] 0.01 0.0 0.13 0.19 0.2y 0.24 0.2% 0.24 0J22 20124 O 0 2@1E0.990
LCT049-04 0.00, 0.013 0.01 0.14 0.14 0.2y 0.24 0.24 0.24 0J22 2.p124 0 0 2@BED.995
LCT049-05 0.00, 0.013 0.01 0.14 0.1§ 0.2 0.20 0.21 0.21 0{20 2.p164 O 0 4+ (BED.989
LCT049-06 0.00| 0.01f 0.0 0.14 0.18 0.25 0.19 0.20 0.2 0.21 23164 O 0 *06E0.991
LCT049-07 0.00f 0.01 0.01 0.14 0.18 0.2p 0.19 0.2 0.21 020 25164 O 0 +(IDED.989
LCT049-08 0.00f 0.01 0.01 0.14 0.18 0.2 0.20 0.2§ 0.21 0j21 2.p164 O 0 +(PED.990
LCT049-09 0.00f 0.01 0.01 0.13 0.17 0.24 0.17 0.1 0.19 019 3.0067 O 0 - (@UED.989
LCT049-10 0.01f 0.01 0.01 0.14 0.17 0.24 0.16 0.17 0.19 0/19 3.0067 O 0 S@DED.991
LCTO049-11 0.01| 0.01f 0.0 0.14 0.1 0.24 0.17 0.18 0.1p 0.19 3.Q067 O 0 #03E0.990
LCT049-12 0.00, 0.013 o0.01 0.14 0.1% 0.24 0.17 0.18 0.19 0{19 3.p067 O 0 8([EPE.989
LCT049-13 0.01f 0.0 0.01 0.14 0.18 0.2p 0.19 0.2 0.21 0J21 3.p067 O 0 4 (EBED.990
LCT049-14 0.00f 0.0 0.01 0.14 0.18 0.2p 0.20 0.21 0.22 0J21 3.p067 O 0 4+ (HBED.991
LCTO049-15 0.00f 0.0 0.01 0.14 0.18 0.2p 0.20 0.21 0.22 0J21 3.p067 O 0 4+ (B4E0.991
LCT049-16 0.01| 0.01f 0.04 0.14 0.18 0.25 0.19 0.19 0.2p 0.20 3.0067 O 0 *00E0.991
LCTO049-17 0.00; 0.04 0.01 0.13 0.14 0.2 0.20 0.21 0.22 0{21 3.p067 0 0 +(B8E.991
LCT049-18 0.00; 0.0 0.01 0.13 0.14 0.2b 0.21 0.21 0.22 0{20 3.p067 0 0 +@PED.993
MCTO001-01 0.65| 0.74 0.6% 0.81 0.71 0.87 0.52 0.56 0.65 0.79 3.3346 0.2237 11.5414 1608 1.001
MCTO001-02 0.56 0.6§ 0.57 0.70 0.58 0.7 0.42 0.46 0.56 0{73 6.8576 0.237 11.5414—-846E001
MCTO001-03 0.51| 0.62( 0.52 0.64 0.52 0.77 0.38 0.42 0.5p 0.69 10.8808 0.2237 11.5414 -D9]1E.003
MCTO001-04 0.48/ 059 0.4 0.60 0.44 0.68 0.35 0.39 0.49 0/67 17.p335 0J2237 1{.5414—0Q4[1E004
MCTO002-01 0.46| 0.54 0.4 0.68 0.60 0.83 0.46 0.50 0.59 0.74 1.1946 0.02Q4 7.7%93 5.79#| 0.993
MCT002-02 0.47) 059 049 0.69 0.62 0.85 0.49 0.53 0.62 0.76 1.1946 0.02Q4 7.7%93 7.78E| 0.996
MCTO002-03 0.44| 055 04% 0.62 0.51] 0.74 0.36 0.4 0.51 0{70 2.6249 0.0204 71.7593—-0DBEE999
MCTO002-04 0.46( 0.57| 0.47 0.65 0.56 0.78 0.43 0.47 0.5[ 0.Y3 2.9249 0.0204 77593 -2082H.005
MCT002-05 0.44| 054 0.44 0.60 0.44 0.7p 0.34 0.38 0.49 0/68 3.p41 0.p204 7.7593—DBBE.004
MCT002-06 0.45| 0.59 0.44 0.62 0.5% 0.74 0.40 0.44 0.54 0{71 3.p41 0.p204 7.7593—DBBE.006
MCTO003-01 0.57] 0.7q 0.59 0.77 0.67 0.87 0.49 0.53 0.63 0.78 1.6814 0.0659 8.5826 9.06H| 0.992
MCTO003-02 0.55| 0.64 0.57 0.73 0.63 0.83 0.45 0.49 0.59 0.76 2.1645 0.0639 8.5826 5.50E| 0.993
MCTO003-03 0.55| 0.68| 0.57] 0.74 0.64| 0.84 0.46 0.50 0.60 0.77 2.1645 0.0639 8.5826 6.56H| 0.993
MCTO003-04 0.49( 0.6Q 0.5 0.64 0.57 0.78 0.36 0.40 0.51 0{70 4.7057 0.0659 }.5826—!).’88&998
MCTO003-05 0.48) 0.59 0.4 0.63 0.5( 0.71 0.35 0.39 0.50 0]69 5.672 0.p659 .5826—-D5pH.997
MCTO003-06 0.45| 0.5 0.4 0.58 0.4 0.6p 0.3 0.37 0.47 0/67 10.[7543 0J0659 8.5826—0D1E001
MCT004-01 0.43] 054 04 0.60 0.44 0.7p 0.35 0.39 0.49 0l67 2.4201 0.03 22.0825—-D1pB.993
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TABLE Il (Continued

¢, for ¢, for ¢y for ¢ for Weight
¢ for | ¢ for | ¢ for | ¢ for ¢, for ¢, for MOX-4 MOX-4 | MOX-4 | MOX-4 H/ Pu/ Percent| EALF

Experiment| PU-1 | PU-2 | PU-3 | MOX-1 | MOX-2 | MOX-3 | 454 kg Pu| 163 kg Pu| 40 kg Pu| 8 kg Pu| (Pu+U) | (Pu+U) | 24%Pu (eV) Kef o

MCT004-02| 0.43| 0.54f 0.43 0.60 0.49 0.72 0.35 0.34 0.50 0.67 2.4201 0.p299 22.1504-04pB.9944| 0.0001
MCTO004-03| 0.43| 0.54] 0.44 0.60 0.49 0.72 0.35 0.34 0.50 067 2.4201 0.028 23.7291 —045B.9946| 0.0004
MCTO004-04| 0.42| 0.53 0.43 0.58 0.48 0.7 0.34 0.38 0.48 0.66 2.9761 0.03 22.078 —D21H.9955 0.000¢
MCTO004-05| 0.42| 0.53 0.43 0.59 0.48 0.70 0.34 0.34 0.48 0.66 2.9761 0.0299 22.1521-02pBE.9966| 0.0006
MCTO004-06| 0.43| 0.53 0.43 0.59 0.48 0.7 0.34 0.34 0.49 0.67 2.9761 0.0298 22.289 —019B.9979 0.0004
MCTO004-07| 0.42| 0.52 0.47 0.56 0.45 0.67 0.32 0.36 0.47 0.65 42387 0.03 22.0708 —9341B.9983| 0.000¢
MCTO004-08| 0.42| 0.52 0.47 0.56 0.45 0.67 0.32 0.36 0.47 0.65 42387 0.0299 22.1533-93[1H.9993] 0.0004
MCTO004-09| 0.42| 0.52 0.43 0.57 0.45 0.67 0.33 0.36 0.47 0.65 42387 0.0298 22.2246—-92BHB.9996| 0.0004
MCTO004-10| 0.41| 0.51f 0.41 0.55 0.44 0.65% 0.32 0.36 0.46 0.64 5.5521 0.03 22.0739 —®P5HHE.0002| 0.00041
MCTO004-11| 0.41| 0.51f 0.41 0.55 0.44 0.65 0.32 0.36 0.46 0.64 5.5521 0.p299 22.155 —8DPB.9999 0.0004
MCTO005-01| 0.48( 0.60[ 0.5( 0.68 0.54 0.80 0.42 0.46 0.56 0.73 2.2187 0.0399 18.2054 3.8RE| 0.9970 0.0004%
MCTO005-02| 0.47| 0.59] 0.4§ 0.65 0.54 0.76 0.38 0.472 0.53 071 2.8531 0.0399 18.2054 —P41HB.9954| 0.0006
MCTO005-03| 0.46( 0.57] 0.44 0.62 0.51 0.72 0.35 0.4( 0.50 0.69 3.9116 0.0399 18.2054 —04BE.0040 0.0004
MCTO005-04| 0.45| 0.56] 0.44 0.60 0.49 0.7 0.34 0.34 0.49 0.68 4.8202 0.0399 18.2054 —08BPHE.0275 0.0004
MCTO005-05| 0.44| 0.54f 0.44 0.57 0.46 0.66 0.33 0.37 0.47 0.66 7.558 0.0399 18.2054 —DHBHE.0057| 0.0004
MCTO005-06| 0.43| 0.53] 0.43 0.55 0.44 0.64 0.32 0.36 0.47 065 10.4047 0.p399 18.2054—B83BPE.0058 0.0001
MCTO005-07| 0.42| 0.52 0.43 0.55 0.43 0.63 0.32 0.36 0.46 064 11.8748 0.p399 18.2054—83PE.0073| 0.0004
MCTO008-01| 0.43| 0.55 0.45 0.65 0.517 0.80 0.44 0.48 0.57 0.72 1.7672 0.02 23.5804 3.99H | 0.9913] 0.000¢
MCTO008-02| 0.43| 0.54] 0.44 0.61 0.51 0.74 0.38 0.472 0.52 070 2.Y396 0.p2 23.5727 —D991H.9951| 0.00041
MCTO008-03| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —DA2H.9967| 0.0004
MCTO008-04| 0.42| 0.53 0.42 0.58 0.47 0.69 0.34 0.38 0.49 067 4.6486 0.02 23.6031 —D19H.0011{ 0.0004
MCTO008-05| 0.42| 0.52 0.47 0.56 0.45 0.66 0.33 0.37 0.48 0.66 6.5336 0.02 23.5994 —9B7H.0018| 0.0004
MCTO008-06| 0.41| 0.51f 0.41 0.55 0.44 0.65 0.33 0.37 0.47 0.65 7.8056 0.p2 23.5727 —947H.0026| 0.000¢
MCTO008-07| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.Y669 0.p2 23.588 —D#1M.9967| 0.0004
MCTO008-08| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —D#1H.9947| 0.00041
MCTO008-09| 0.42| 0.53] 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —DA2H.9969| 0.0004
MCTO008-10| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.Y669 0.p2 23.588 —D#2H.9949| 0.0004
MCTO008-11| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —D#2H.9946| 0.0004
MCTO008-12| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.Y669 0.p2 23.588 —Da2H.9937| 0.00041
MCTO008-13| 0.43| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —D#1H.9943| 0.0006
MCTO008-14| 0.42| 0.53] 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.7669 0.02 23.588 —DA2H.9957| 0.00041
MCTO008-15| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.Y669 0.p2 23.588 —D#2MH.9949| 0.0004
MCTO008-16| 0.43| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —DA2H.9930[ 0.00041
MCTO008-17| 0.42| 0.53] 0.43 0.59 0.49 0.71 0.35 0.3 0.50 0.68 3.Y669 0.p2 23.588 —Da3MH.9944 0.00041
MCTO008-18| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.7669 0.02 23.588 —D#2H.9928/ 0.00041
MCTO008-19| 0.42| 0.53] 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —DA2H.9938| 0.0004
MCTO008-20| 0.43| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.Y669 0.p2 23.588 —DaBM.9936| 0.0004
MCTO008-21| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.71669 0.02 23.588 —Da3M.9940[ 0.0004
MCTO008-22| 0.43| 0.53 0.43 0.59 0.49 0.71 0.35 0.3 0.50 0.68 3.Y669 0.p2 23.588 —Da3MH.9940[ 0.0004
MCTO008-23| 0.42| 0.53 0.43 0.59 0.49 0.71 0.35 0.34 0.50 0.68 3.7669 0.02 23.588 —Da3M.9935( 0.00041
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MCTO008-24
MCTO008-25
MCTO008-26
MCTO008-27
MCTO008-28

MCTO009-01
MCTO009-02
MCTO009-03
MCTO009-04
MCTO009-05
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7.8651 5578

.8647 —8D
71.8643 —D5
71.8643 —D1
1.8643 —95B

7|8647 -90206
9.7532-8b
9.7532-8b
9.7532-81
9.7532-25b

7532 D537
9.7532-PB
3.0093—-013
.0093-013
.0093-013

23.0093 —1D4(

3.0093-013
3.0093—- QM
.1493—-635
.1493-65

81493 —@8?
.1493—-06%5
.1493—-0635
.1493—-065
8.1493-065

80016 —1043
§.0016—-0u4
8.0016—-01
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8.0016—-01

80016 —1039
$.0016—-0DB
$.0016—-0DB
$.0016—2D
8.1648—-0Db

1648 —1065
.1648—-056

.1648—-056

8[0.9939
[0.9939
0.9930
[0.9939
©.9931

0.9940
B10.9925
/D.9954
BI.9974]
|E.0001

0.9914
6E.0022
bE.0036
HE.0025
DEE.0007

E1.0007|
AE.0009
OB.9775
OB.9796
OB.9757

.9806
0B.9781
0B.9838
GE.0358
AE.0323

E.0284
PE.0301
BE.0270
BE.0300
GE.0393

EL.0241
BE.0232
1E.0199
1E.0207
DEE.0197

E1.0190
BE.0168
BEE.0173
GEE.0147
GHE.0145

E1.0138
AE.0133
1E.0121
DE.0122

8
§
8.1648—-056
§
$.1648—-05b

DE.0135
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¢, for ¢, for ¢, for ¢, for Weight
¢ for | ¢ for [ ¢ for| ccfor | ccfor | cfor MOX-4 MOX-4 | MOX-4 | MOX-4 H/ Pu/ Percent| EALF
Experiment | PU-1| PU-2 | PU-3 | MOX-1 | MOX-2 | MOX-3 | 454 kg Pu| 163 kg Pu| 40 kg Pu| 8 kg Pu| (Pu+U) |(Pu+U)| 24Pu (eV) Kett o

MCTO012-29 | 0.50[ 0.63 0.52 0.65] 0.54 0.76 0.39 0.43 0.52 068 954106 0.3001 .1648—-0BBE.0132 0.000
MCT012-30 | 0.50[ 0.63 0.52 0.65] 0.54 0.76 0.39 0.43 0.52 068 954106 0.3001 8.1648—0BPE.0130| 0.0001
MCTO012-31 | 0.51| 0.65 0.53 0.66] 0.56 0.78 0.40 0.44 0.53 068 954106 0.3001 .1648—R21PH.9995 0.0007
MCT012-32 | 0.51| 0.65 0.53 0.66] 0.54 0.78 0.40 0.44 0.93 068 95.4106 0.3001 .1648—R1PH.9995 3
MCT012-33 | 0.51| 0.65 0.54 0.66 0.54 0.78 0.40 0.44 0.53 068 954106 0.3001 .1648—-R1PH.9954
MMF011-01 | 0.82 | 0.61| 0.76f 0.63 0.64 0.44 0.55 0.58 0.62 0.43 0 0.414 6.16 208 1.0016
MMF011-02 | 0.71| 0.52] 0.61 0.54 0.55 0.38 0.48] 0.5( 0.54 0.65 0 0.374 6|73  -B0OEBE1.0051
MMF011-03 | 0.53| 0.40, 0.44 0.43 0.45 0.32 0.40 0.41 0.44 0.44 0 0.178 7|88  20%/[E1.0088
MMF011-04 | 0.21| 0.15 0.19 0.18 0.20 0.1% 0.17 0.14 0.19 0.R0 0 0.q77 11i6 2%/[E1.0087
MST001-01 | 0.49| 0.62 0.51 0.64 0.53 0.76 0.39 0.42 0.52 0J68 4644302 0[2186 3.3098— 0 16/1E.9962
MST001-02 | 0.49| 0.62 0.51 0.64 0.53 0.7 0.39 0.43 0.52 0J68 46,2535 0[2196 .31 —056pB.9970
MST001-03 | 0.49| 0.62 0.5 0.64 0.53 0.7b 0.39 0.42 0.52 0J68 46,2873 0[2213 3.3097— 015869927
MST001-04 | 0.49] 0.62 0.51 0.64 0.54 0.76 0.39 0.43 0.52 0J68 45211  0.p216 .338 —DI[1H.9964
MST001-05 | 0.49| 0.63 0.51 0.65 0.54 0.7 0.40Q 0.43 0.33 0/68 441552 02214 8.3383—-QI76E.0000
MST001-06 | 0.49] 0.62 0.51 0.64 0.53 0.7p 0.39 0.4 0.52 0/68 440763 0[2216 8.338 —DBPE.0002
MST001-07 | 0.55| 0.69 0.5 0.69 0.58 0.78 0.42 0.4% 0.54 0/69 110439 0/,9678 /.94 —DPBHB.9998
MST001-08 | 0.49] 0.63 0.51 0.63 0.5] 0.78 0.37 0.40 0.50 0/66 213]2237 0/9666 7.9399—Q149E0018
MST001-09 | 0.46] 0.59 0.47 0.59 0.47 0.6p 0.34 0.38 0.48 0/65 4181636  0/962 7.9402—-92bE.0023
MST001-10 | 0.47| 0.59 0.4 0.61 0.5( 0.78 0.37 0.40 0.50 0l67 7209965 02273 3.3378—Q116E.0031
MST001-11 | 0.46] 0.59 047 0.60 0.4¢4 0.7R 0.346 0.4 0.50 0/66 72)0147 02273 8.3379—Q12E.0070
MSTO001-12 | 0.46| 0.59 0.47 0.61 0.44 0.7p 0.36 0.4 0.50 0/66 715816 02278 8.3381—Q109E.0086
MST001-13 | 0.45 0.57 0.4¢ 0.59 0.47 0.7p 0.35 0.39 0.49 0l66 1163487 0J2255 B3.3378—822E0003
MST002-01 | 0.41| 0514 0.41 0.52 0.4( 0.6p 0.30 0.38 0.43 0/61 1129{223 0J5181 3.3119—-@25E0076
MST002-02 | 0.41| 0514 0.41 0.52 0.4( 0.6D 0.30 0.38 0.43 0/61 1150(656 0J5211 3.312 —024E.0078
MST002-03 | 0.41| 051 0.41 0.52 0.4] 0.6[L 0.31 0.34 0.44 0l61 48113749 04229 8.3119—-0234E.0067
MSTO004-01 | 0.44| 0.5 0.4% 0.57 0.44 0.6} 0.33 0.36 0.46 0l64 238/9425 0J3968 3.3101—-G25E 0002
MST004-02 | 0.44| 0.54 0.45 0.56 0.45 0.6} 0.33 0.36 0.46 0l64 237/6855 0J3969 B3.3099—-6Z5E0017
MST004-03 | 0.44| 0.5 0.45 0.57 0.41 0.6} 0.33 0.36 0.47 0/65 238{0412 0J3969 8.31 —0DDLE.0025
MSTO004-04 | 0.50, 0.6 0.52 0.64 0.53 0.7 0.39 0.42 0.52 0/68 78/8473 044056 3.3098—QI/|6EE0029
MST004-05 | 0.50, 0.63 0.51 0.64 0.52 0.74 0.38 0.41 0.51 0/68 78)3251 0/4053 8.3098— 0 160&.9972
MST004-06 | 0.50, 0.64 0.52 0.65 0.53 0.76 0.38 0.42 0.52 0]68 785445 0J4052 8.3101—0193&.9969
MST004-07 | 0.55 0.69 0.57 0.70 0.59 0.80 0.42 0.46 0.55 0.71 49.1472 0.3964 8.3098 3.54F| 0.9965
MST004-08 | 0.54| 0.64 0.5¢ 0.69 0.5 0.7p 0.42 0.45 0.5 0{70 491257 0)3969 8.3101—Q168E.9958
MST004-09 | 0.54| 0.64 0.57 0.69 0.5 0.7p 0.42 0.46 0.5 0{70 48/9859 0)3972 8.31 —8DPHB.9978
MST005-01 | 0.44|] 0.5 0.4%5 0.57 0.44 0.6} 0.33 0.37 0.47 0l64 241{4437 0)395 8.31 —D2AXHB.9965
MST005-02 | 0.44| 055 0.44 0.56 0.41 0.6} 0.33 0.36 0.46 0l64 238{4842 0J3981 B3.3099—-6210E0035
MST005-03 | 0.46] 0.63 0.51 0.64 0.53 0.7b 0.38 0.42 0.51 0l67 788898 0/4066 8.3102—Q0155E.0026
MST005-04 | 0.49] 0.63 051 0.64 0.53 0.76 0.38 0.42 0.51 0l67 788898 0/4066 8.3102—Q153E.0006
MST005-05 | 0.50, 0.64 0.52 0.65 0.54 0.7p 0.39 0.42 0.52 0/68 78)5768 0/4062 3.3098— 019569887
MST005-06 | 0.54] 0.69 0.57 0.70 0.59 0.80 0.43 0.47 0.55 0.70 49.0373 0.3966 8.3(})99 3.56KE| 0.9879
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MSTO005-07

NSES55T4-01
NSES55T4-02
NSES55T4-03
NSES55T4-04

NSE55T4-05
NSE55T4-06
NSES55T4-07
NSES55T4-08
NSES55T4-09

NSES55T4-10
NSE55T4-11
NSE55T4-12
NSE55T4-13
NSE55T4-14

NSES55T4-15
NSE55T4-16
NSE55T4-17
NSE55T4-18
NSE55T4-19

NSES55T4-20
NSES55T4-21
NSE55T4-22
NSE55T5-01
NSE55T5-02

NSE55T5-03
NSES55T5-04
NSES55T5-05
NSES55T5-06
NSES55T5-07

NSES55T5-08
NSES55T5-09
NSES55T5-10
PCI001-01
PCM001-01

PCMO001-02
PCM001-03
PCMO001-04
PCM001-03
PCM002-0F

PCM002-02
PCMO002-03
PCM002-04
PCM002-03

PCMO002-06

0.54
0.48
0.48

0.48

0.48
0.48
0.48

0.48

0.48
0.48
0.48

0.48

0.48
0.48
0.48
0.48
0.48

0.48
0.48

0.85
0.85

0.85
0.85

0.86
0.86

0.86
0.85

0.73
0.80

0.95
0.83

0.66
0.93

0.93
0.93

0.94

0.93

0.68
0.61
0.61

0.6

0.61
0.61
0.61

0.6

0.61
0.61
0.61

0.6

0.61
0.61
0.61
0.61
0.61

0.61
0.61

0.95
0.95

0.95
0.95

0.95
0.95

0.95
0.94

0.82
0.56

0.98
0.97

0.81
0.76

0.77
0.77

0.79

0.99

0.98

0.88
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18.35
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146 1.
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146 1.
146 1.
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146 1.

146 1.
146 1.
146 1.
146 1.
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8.3099—-015
97 -Da
97 -D2
97 -Da
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1GD
Db
Db
—D5b
-D2

10B
—Da
—Da
-D2
Db

1 @G0
—Da
—Db
—D5
Db

1GB
-D2
.97 -Da
3.97E01
3.97E01

4.00£01
4.10£01
4.03E01
4.14£01
4.39E01

3.93E01
3.88E01
3.85E01
3.08@2

5 9-BBh

1.7863
3.26B1
3.9581

1.5460

b 4:008

4208
3608
2:608
1808

OTroTruoTroT

1E.996
BH.018
bH.018
'H.018
DE.019

—1.016
| H.017
| £.020
BH.018
BH.018

=1.018
BH.019
BH.017
bHE.020
| H.021

=1.020
DHE .020
1H.018
bH .015
bH.016

=1.020
bH.052
bH .046
1.005
1.002

1.003
1.003
1.002
1.003
1.004

1.002
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TABLE Il (Continued

¢y for ¢, for ¢y for ¢y for Weight
¢ for | ¢ for | ¢ for | ¢ for ¢, for ¢, for MOX-4 MOX-4 MOX-4 | MOX-4 H/ Pu/ Percent EALF

Experiment [ PU-1| PU-2 | PU-3 | MOX-1 | MOX-2 | MOX-3 | 454 kg Pu[ 163 kg Pu| 40 kg Pu| 8 kg Pu| (Pu+U) | (Pu+U) | 24%Pu (eV) Keft o

PCMO002-07 | 0.93 | 0.99| 0.96 0.96 0.90 0.84 0.69 0.71 0.77 0.82 5 1 11.46 | 8.49E01| 1.0224] 0.00041
PCMO002-08 | 0.93 | 0.99| 0.96 0.96 0.90 0.84 0.69 0.72 0.77 0.82 5 1 11.46 | 6.80E01| 1.0213| 0.00041
PCM002-09 | 0.92 | 0.99| 0.96 0.96 0.89 0.84 0.68 0.71 0.76 0.81 5 1 11.46 | 5.68E01 | 1.0213| 0.0001
PCM002-16 | 0.80 | 0.95| 0.86 0.91 0.83 0.87 0.60 0.63 0.70 0.78 15 1 2.2 4.14B0| 1.0308, 0.000¢
PCMO002-12| 0.80| 0.95| 0.86 0.91 0.83 0.87 0.60 0.63 0.69 0.77 15 1 2.2 45500 | 1.0283| 0.0004
PCMO002-12| 0.80| 0.95| 0.86 0.91 0.83 0.8 0.60 0.63 0.69 0.76 15 1 2.2 5.13B0| 1.0282| 0.0004
PCMO002-13| 0.81| 0.95| 0.86 0.91 0.83 0.877 0.61 0.63 0.70 0.77 15 1 2.2 5.46B0 | 1.0251] 0.0004
PCMO002-14 | 0.81 | 0.95| 0.87 0.91 0.84 0.87 0.61 0.64 0.70 0.78 15 1 2.2 5.66B0| 1.0292| 0.00041
PCMO002-15 | 0.81 | 0.95| 0.86 0.91 0.83 0.87 0.61 0.64 0.70 0.78 15 1 2.2 5.56B0| 1.0269| 0.00041
PCM002-16 | 0.81 | 0.95| 0.87 0.91 0.84 0.87 0.61 0.64 0.70 0.77 15 1 2.2 5.15B0 | 1.0238 0.000¢
PCMO002-17| 0.82 | 0.95| 0.86 0.92 0.84 0.89 0.63 0.66 0.72 0.81 15 1 2.2 | 4.93B-00| 1.0078| 0.000¢
PCM002-18 | 0.82 | 0.95| 0.87 0.93 0.85 0.89 0.63 0.66 0.73 0.81 15 1 2.2 6.196-00 | 1.0100] 0.000¢
PCMO002-19| 0.82 | 0.95| 0.87 0.93 0.85 0.89 0.63 0.66 0.73 0.80 15 1 2.2 6.478-00| 1.0089| 0.0006¢
PCMO002-2@| 0.82 | 0.95| 0.87 0.93 0.85 0.8 0.63 0.66 0.73 0.80 15 1 2.2 6.65B0 | 1.0086| 0.0004
PCMO002-22 | 0.82 | 0.95| 0.87 0.93 0.85 0.89 0.63 0.66 0.73 0.81 15 1 2.2 6.648-00 | 1.0088] 0.000¢
PCMO002-22 | 0.82 | 0.95| 0.87 0.92 0.85 0.88 0.63 0.66 0.72 0.80 15 1 2.2 6.458-00 | 1.0132 0.0004
PCMO002-23 | 0.64 | 0.78| 0.67 0.78 0.68| 0.83 0.49 0.52 0.61 0.74 49.6 1 18.3p 6.8481| 1.0081] 0.00041
PCM002-24 | 0.64 | 0.79| 0.67 0.78 0.68| 0.83 0.49 0.52 0.61 0.73 49.6 1 18.3p 6.9781| 1.0102| 0.0006¢
PCM002-25% | 0.64 | 0.79| 0.67 0.78 0.68| 0.83 0.49 0.52 0.61 0.73 49.6 1 18.3p 7.051| 1.0092| 0.000¢
PCMO002-26 | 0.64 | 0.79| 0.67 0.78 0.68| 0.83 0.49 0.53 0.61 0.74 49.6 1 18.3p 7.13E1| 1.0092 0.0004
PCM002-27| 0.64 | 0.79| 0.67 0.78 0.68| 0.83 0.49 0.53 0.61 0.73 49.6 1 18.3p 7.24E1( 1.0101 0.000¢
PCMO002-28 | 0.64 | 0.79| 0.68 0.78 0.68| 0.83 0.49 0.53 0.61 0.74 49.6 1 18.3p 7.2661( 1.0118 0.0004
PCMO002-29 | 0.64 | 0.78| 0.67 0.78 0.68| 0.83 0.49 0.53 0.61 0.74 49.6 1 18.3p 7.3681| 1.0108 0.00064
PMF001-01 | 0.80 | 0.56 | 0.73 0.53 0.53 0.33 0.45 0.47 0.51 0.591 0 1 417 1296 0.9944] 0.00064
PMF002-01 [ 0.79] 0.55 0.72 0.52 0.52 0.38 0.44 0.4 0.50 0J51 1 2p.1 @®BE0.9966| 0.0004
PMF003-01 | 0.81 | 0.56 | 0.73 0.53 0.53 0.33 0.45 0.47 0.5( 0.591 0 1 5|97 1408 0.9948 0.0007
PMF003-02 | 0.82 | 0.57 | 0.74 0.55 0.54 0.35 0.46 0.48 0.52 0.53 0 1 5|97 6490 0.9933 0.0006
PMF003-03 | 0.80 | 0.56 | 0.73 0.53 0.53 0.33 0.45 0.47 0.5( 0.591 0 1 597 1+04E| 0.9895] 0.0004
PMF003-04 | 0.82 | 0.58 | 0.75 0.55 0.55 0.35 0.46 0.48 0.5 0.53 0 1 597 6+0H 0.9936] 0.0004
PMF003-05 | 0.80 | 0.56 | 0.73 0.53 0.53 0.33 0.45 0.47 0.5( 0.51 0 1 5|97 104 0.9912] 0.0006
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PMF016-0F
PMF016-02
PMF016-03
PMF016-04
PMF016-03

PMF016-06
PMF017-01
PMF017-02
PMF017-03
PMF017-04

PMFO017-03
PMF033-01
PMFO037-0F
PMF037-0%
PMFO037-07

PMF037-10
PMF037-12
PMF037-15
PMFO037-16
PU-15-P

PU-29-P
PU-29-2
PU-29-F
PU-29-4
PU-29-%

PU-29-&
PU-29-7
PU-29-&
PU-29-&

PU-8-1°
PU-8-2
PU-8-3
PU-8-#

0.90
0.90
0.90
0.90
0.90

0.90
0.83
0.85
0.86
0.85

0.89
0.82
0.87
0.89
0.89

0.89
0.90
0.90
0.89
0.77

0.86
0.86
0.86
0.86
0.86

0.85
0.85
0.85
0.85

0.55
0.55
0.55
0.55

0.71
0.71
0.70
0.70
0.71

0.71
0.59
0.62
0.64
0.62

0.68
0.60
0.65
0.68
0.69

0.69
0.69
0.70
0.68
0.88

0.95
0.95
0.95
0.95
0.94

0.95
0.95
0.95
0.94

0.68
0.68
0.68
0.68

0.84
0.84
0.83
0.84
0.84

0.84
0.75
0.78
0.79
0.78

0.82
0.75
0.80
0.82
0.83

0.83
0.83
0.83
0.82
0.81

0.90
0.89
0.89
0.89
0.89

0.89
0.89
0.89
0.89

0.57
0.57
0.57
0.57

0.68
0.68
0.68
0.68
0.68

0.68
0.56
0.59
0.61
0.60

0.65
0.61
0.62
0.65
0.67

0.66
0.67
0.67
0.66
0.95

0.98
0.98
0.98
0.98
0.98

0.98
0.98
0.98
0.98

0.74
0.74
0.74
0.74

0.65
0.65
0.65
0.65
0.65

0.65
0.56
0.59
0.60
0.59

0.64
0.62
0.61
0.63
0.64

0.64
0.64
0.65
0.64
0.90

0.93
0.93
0.93
0.93
0.93

0.93
0.93
0.93
0.93

0.65
0.65
0.65
0.65

0.50
0.50
0.49
0.50
0.50

0.50
0.36
0.39
0.41
0.40

0.46
0.42
0.43
0.46
0.47

0.47
0.48
0.49
0.47
0.97

0.93
0.93
0.93
0.93
0.93

0.94
0.93
0.94
0.94

0.86
0.86
0.86
0.86

0.54
0.54
0.54
0.54
0.54

0.54
0.47
0.50
0.51
0.50

0.53
0.54
0.51
0.53
0.54

0.53
0.54
0.54
0.53
0.72

0.72
0.72
0.73
0.72
0.72

0.72
0.72
0.72
0.72

0.49
0.49
0.49
0.49

0.57
0.57
0.56
0.57
0.57

0.57
0.50
0.52
0.53
0.52

0.56
0.57
0.54
0.56
0.56

0.56
0.56
0.57
0.56
0.75

0.75
0.75
0.76
0.75
0.76

0.75
0.75
0.76
0.75

0.52
0.53
0.53
0.53

0.62
0.62
0.62
0.62
0.62

0.62
0.53
0.54
0.57
0.54

0.60

0.61
0.58
0.60
0.61

0.61
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*Values in bold exceed applicability criteria of = 0.8.
aPreviously identified as applicable to Pp@pplications.

bPreviously identified as applicable to MOX applications.
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recent code enhancements, differ to some degree frotion alone, these experiments would not be selected for
the results previously reported. A complete listing of thethe validation of MOX-2. However, the TSUNAMI
¢k values for each benchmark experiment in relation tanethods provide a more rigorous analysis. The energy-
each application is presented in Table Ill. Also includeddependent—sensitivity profiles fé#°Pu fission for appli-
in Table Ill are the H(Pu+U) and Py (Pu+U) atomic  cation MOX-2 and benchmark experiments NSE55T4-01
ratios,?4%Pu content, EALF, and computég; value for and NSE55T5-04 are shown in Fig. 1. The sensitivity of
each of the 318 benchmark experiments examined in thiglOX-2 is most significant in the fast energy region with
study. some significant values in the thermal region. The peak
Of the 318 benchmark experiments evaluated in thizalues in the resonance region are also large, but their
study, 92 were determined to satisfy the criteriacp&  contribution to the integral of the sensitivity profile is
0.8 used to define applicability to at least one of thdimited by their small group widths. With the TSUNAMI
PuO, powder applications. Of the 46 experiments idenimethodology, the sensitivity profiles of the benchmark
tified as applicable to Pufpowder systems using tra- experiment for all significant nuclide reactions must
ditional selection techniques, 39 were confirmed asearly match, or exceed, those of the application at all
applicable by TSUNAMI analysis. For application PU-1, energies to demonstrate applicability. The sensitivity of
71 systems exhibit g, value of 0.8 or greater. Of these NSE55T4-01 is strongly peaked in the thermal energy
71 systems, 39 are plutonium fueled and 20 contain MOXegion, with almost no sensitivity in the fast region. Thus,
fuel. The majority of the systems are of metal composiNSE55T4-01 is a poor match for MOX-2, and when all
tion with a fast energy spectrum. For application PU-2nuclides are examined, a log value of 0.52 results.
60 systems exhibit g, value of 0.8 or greater. Of these Experiment NSE55T5-04 exhibits more sensitivity in the
60 systems, 22 are plutonium-only systems, and 38 atdermal region than does MOX-2 but also exhibits sig-
MOX systems. For application PU-3, 66 systems exhibinificant sensitivity in the fast region, and a highvalue
ac value of 0.8 or greater. Of these 66 systems, 39 aref 0.93 is produced. Therefore, although the EALF value
plutonium fueled, and 27 contain MOX fuel. Note thatshows that MOX-2 and NSE55T5-04 have different av-
numerous MOX benchmarks exceed the applicability crierage parameters, the TSUNAMI methodology shows
terion for these plutonium applications. The applicablehat the most significant areas of the application are, in
MOX benchmarks typically had high P(U+Pu) ratios  fact, covered by the benchmark experiment. Further-
and low H/(U+Pu) ratios. more, the TSUNAMI methodology confirms that exper-
For the MOX powder applications, 83 of the 318 iment NSE55T4-01 is not applicable to the validation of
experiments were identified as applicable to at least on®OX-2.
of the applications. All 14 experiments identified previ- For application MOX-3, 81 benchmarks exhigit/al-
ously through traditional selection techniques were conues in excess of 0.8, with 38 of these values exceeding
firmed by the TSUNAMI analysis to be applicable. For 0.9. Of the 81 experiments witty values exceeding 0.8,
application MOX-1, 61 experimental benchmarks excee®4 are MOX, and the remaining 27 are plutonium fueled.
the 0.8 criterion forc,. Of these, 51 exceeda value of For application MOX-4, which is MOX powder with
0.9, with 19 even exceeding 0.98, exhibiting a very strong density of 10.2 gcm? and only 1 wt% water, no bench-
correlation to the application. Of the 61 experiments withmarks exceed thg, criterion of 0.8. However, the values
acy of 0.8 or greater, 39 benchmarks were MOX and 2Zor 21 systems exceed 0.7. Twenty of these 21 bench-
were plutonium fueled. marks are low-moderated MOX systems from either
For application MOX-2, 55 benchmarks exceed theRef. 25 or 26. This result indicates that application MOX-4
0.8 criterion forc,. Of these, 24 values exceed 0.9. Ofis marginally outside the area of applicability of the 318
the 55 experiments with, values exceeding 0.8, 34 are experiments in the benchmark set, which points to the
MOX, and the remaining 21 are plutonium fueled. Theneed for further evaluation of existing experiments, or
matching systems exhibited EALF values 6#0 eV, possibly the completion of new experiments.
where the EALF of this application is nearly 4000 eV. Because of its low moderation, this application has a
Thus, the TSUNAMI methods have identified applicablevery large critical spherical mass containing 454 kg of
experiments that might not have been selected througblutonium (7900 kg total mags An effort was made to
traditional means. determine if more benchmark experiments would meet
The selection by the TSUNAMI methods of certainthe applicability criterion if the application were evalu-
experiments as applicable to application MOX-2 can bated at a smaller subcritical size and mass. The correla-
explained through examination of the sensitivity datations between the reduced mass subcritical configurations
on which the correlation coefficients are based. Experiand the benchmark experiments were improved with de-
ment 1 from NSE-55 table 4Ref. 26 [NSE55T4-01 creasing mass. With the mass of Pu reduced to 163 kg,
and experiment 4 from NSE-55 table Ref. 26  still no benchmarks exceed the 0.8 criteriondgrHow-
[NSE55T5-04 exhibit EALF values of 0.143 and 41.0 eV, ever, for a 40-kg Pu case, 20 benchmarks exceed the 0.8
respectively. As shown in Table I, application MOX-2 criterion forc,. All of these benchmarks consist of MOX
has an EALF value of 3751 eV. Based on this informafuel. For an 8-kg Pu case, 48 benchmarks exceed the 0.8
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Fig. 1. Energy-dependent—sensitivity profiles f8PPu fission for MOX-2, experiment 4 from NSE-55 table 5 and experi-
ment 1 from NSE-55 table 4.

criterion forc,. Of these experiments, 38 are MOX, andvalue of including both types of systems in the valida-
the remaining 10 are plutonium fueled. tion of either. It is not necessary to confine the validation
Upon further investigation of the critical configura- of MOX systems to only MOX experiments. For exam-
tion of application MOX-4, it was determined that this ple, several plutonium-fueled benchmarks exhibit high
system exhibits unique energy-dependent sensitivities ioorrelation coefficients with a subset of the MOX appli-
the fast energy range for several important reactions ireations studied. This can increase the number of experi-
cluding?®%Pu fission and®8U capture. It is these partic- ments available for validation, providing a larger statistical
ular reactions that are likely responsible for the lowempopulation and more reliable results.
correlation between the critical experiments and the ap- The TSUNAMI analysis also emphasized some areas
plication. For the reduced mass configurations, the energyvhere more benchmark data are needed, indicating the
dependent sensitivities in these reactions are similar toeed for further evaluation of existing experiments, or
those of the benchmark experiments, resulting in impossibly the completion of new experiments to fill these
proved correlation. gaps. This lack of evaluated data is particularly impor-
tant for very dry and dense MOX powder systems.
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