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ABSTRACT

The purpose of this study is to provide insights into the neutronic similarities that may exist between a
generic cask containing typical spent nuclear fuel assemblies and commercial reactor critical (CRC) state-
points. Forty CRC state-points from five pressurized-water reactors were selected for the study and the
type of CRC state-points that may be applicable for validation of burnup credit criticality safety
calculations for spent fuel transport/storage/disposal systems are identified. The study employed cross-
section sensitivity and uncertainty analysis methods developed at Oak Ridge National Laboratory and the
TSUNAMI set of tools in the SCALE code system as a means to investigate system similarity on an
integral and nuclide-reaction specific level. The results indicate that, except for the fresh fuel core
configuration, all analyzed CRC state-points are either highly similar, similar, or marginally similar to a
generic cask containing spent nuclear fuel assemblies with burnups ranging from 10 to 60 GWd/MTU.
Based on the integral system parameter, ¢, , approximately 30 of the 40 CRC state-points are applicable to
validation of burnup credit in the generic cask containing typical spent fuel assemblies with burnups
ranging from 10 to 60 GWd/MTU. The state-points providing the highest similarity (c,>0.95) were
attained at or near the end of a reactor cycle. The ¢, values are dominated by neutron reactions with major
actinides and hydrogen, as the sensitivities of these reactions are much higher than those of the minor
actinides and fission products. On a nuclide-reaction specific level, the CRC state-points provide
significant similarity for most of the actinides and fission products relevant to burnup credit. A
comparison of energy-dependent sensitivity profiles shows a slight shift of the CRC k.4 sensitivity
profiles toward higher energies in the thermal region as compared to the k.4 sensitivity profile of the
generic cask. Parameters representing coverage of the application by the CRCs on an energy-dependent,
nuclide-reaction specific level (i.e., effectiveness of the CRCs for validating the cross sections as used in
the application) were also examined. Based on the CRCs with ¢,>0.8 and an assumed relative standard
deviation for uncovered covariance data of 25%, the relative standard deviation of k. due to uncovered
sensitivity data varies from 0.79% to 0.95% for cask burnups ranging from 10 to 60 GWd/MTU. As
expected, this uncertainty in k.4 is largely dominated by noncoverage of sensitivities from major actinides
and hydrogen. The contributions from fission products and minor actinides are very small and comparable
to statistical uncertainties in k.yresults. These results (again, assuming a 25% uncertainty for uncovered
covariance data) indicate that there could be approximately 1% uncertainty in the calculated application
ke due to incomplete neutronic testing (validation) of the software by the CRCs. However, this
conclusion also assumes all other uncertainties in the complex CRC configurations (e.g., isotopic
compositions of burned fuel, operation history, data) are well known. To accomplish this, an evaluation
and quantification of the uncertainties in the CRC configurations is needed prior to the use of CRCs for
code validation (i.e., quantifying code bias and bias uncertainty).
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FOREWORD

" In 1999 the United States Nuclear Regulatory Commission (U.S. NRC) issued initial recommended
guidance for using reactivity credit due to fuel irradiation (i.e., burnup credit) in the criticality safety
analysis of spent pressurized-water-reactor (PWR) fuel in storage and transportation packages. This
guidance was issued by the NRC Spent Fuel Project Office (SFPO) as Revision 1 to Interim Staff
Guidance 8 (ISG8R1) and published in the Standard Review Plan for Transportation Packages for Spent
Nuclear Fuel, NUREG-1617 (March 2000). With this initial guidance as a basis, the NRC Office of
Nuclear Regulatory Research initiated a program to provide the SFPO with technical information that
would: i ;

e enable realistic estimates of the subcritical margin for systems with spent nuclear fuel (SNF) and
an increased understanding of the phenomena and parameters that impact the margin, and

¢ support the development of technical bases and recommendations for effective implementation of
burnup credit and provide realistic SNF acceptance criteria while maintaining an adequate margin
of safety.

An outcome of the research program was Revision 2 to Interim Staff Guidance 8 (ISG8R2), which
expand the guidance to: (1) extend the range of allowed burnup and cooling time; (2) allow loading of
assemblies exposed to burnable absorbers; (3) removing the loading offset for initial 2**U enrichments
between 4 and 5 percent; and (4) indicate an acceptable source for selecting a bounding axial burnup
profile(s). The Recommendation that burnup credit be based on only the actinide compositions remained
unchanged, and hence a focus of current work is to investigate the technical basis for enabling credit for
fission products. A significant number of domestic and international studies have been performed to help
understand the components that influence the negative reactivity available with burnup credit, including
the presence of the fission product nuclides. However, the availability of adequate experimental
benchmark data for validation has continued to be an issue. The purpose of this study was to provide
insights into the neutronic similarities that may exist between a transportation cask containing typical
spent nuclear fuel assemblies and commercial reactor critical (CRC) state-points, which have been
proposed by applicant for criticality validation. The study employed cross-section sensitivity and
uncertainty analysis methods developed at Oak Ridge National Laboratory and the TSUNAMI set of tools
in the SCALE code system as a means to investigate system similarity on an integral and nuclide-reaction
specific level. The results indicate that the CRC configurations attained at or near the end of a reactor
cycle are highly similar neutronically to a cask loaded with spent fuel, and therefore applicable to
validation of burnup credit criticality calculations. However, it is also noted that the CRC state-points are
complex configurations that include considerable uncertainty (e.g., isotopic compositions of the burned
fuel, operating history, data). Hence, while this work addressed the issue of neutronic similarity, future
work is suggested to evaluate and better understand the uncertainties in the CRC configurations that
should be considered in their use as part of code validation.

Tz Yl —

Farouk Eltawila, Director
Division of Systems Analysis
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1 INTRODUCTION

A commercial reactor critical (CRC) state-point is either a hot zero-power critical condition attained after
sufficient cooling time to allow the fission product xenon inventory to decay or at-power equilibrium
critical condition where xenon worth has reached a fairly stable value. Due primarily to the differences in
physical characteristics between CRC state-points and spent nuclear fuel in storage and transport casks,
the applicability of CRC state-points to validation of burnup credit criticality safety calculations has been
repeatedly called into question. A number of studies have been previously carried out to compare general
problem characteristics between the two types of systems to support the case for applicability, but a
conclusive demonstration of applicability has not been performed.”*? These studies focused on neutron
spectra comparisons, determining trends in calculated k. values and assessing the effects on k. of
specific system characteristics such as material temperatures. A concern has been raised that the reactivity
of the CRCs is driven by the low-burnup fuel, which would render CRC experiments inappropriate for
burnup credit validation studies.’ The development and release of the Tools for Sensitivity and
Uncertainty Analysis Methodology Implementation (TSUNAMI) (Refs. 5, 6, and 7) in the Standardized
Computer Analyses for Licensing Evaluation (SCALE) 5 (Ref. 8) provides an ability to calculate and
compare detailed information on the physics of the CRCs and applications of interest.

This report provides an evaluation of the neutronic similarities between a generic high-capacity, rail-type,
burnup credit cask containing typical spent fuel and 40 CRC state-points based on indices and parameters
computed with the TSUNAMI tools and identifies the state-points that are most similar to the generic
cask. Integral and nuclide-reaction specific indices indicative of k.4 sensitivity to cross sections and to
cross-section uncertainties are used to assess the similarities of the two types of systems. The set of
nuclides considered in sensitivity evaluations consist of actinides and major fission products that are
important for burnup credit criticality calculations for spent fuel casks. The analysis evaluates 40 critical
configurations from five pressurized-water reactors (PWRs); Crystal River Unit 3 (33 configurations),
Sequoyah Unit 2 (three configurations), Surry Unit 1 (two configurations), Three Mile Island (TMI)

Unit 1 (a single configuration), and North Anna Unit 1 (a single configuration). These state-points are
deemed to be representative of the available CRC state-points and were expected to be at least marginally
applicable to burnup credit criticality safety validation. A series of Yucca Mountain Project (YMP)
studies that provide descriptions, isotopic evaluations, and criticality calculations for additional CRC
state-points from commercial reactors McGuire, Sequoyah, Three Mile Island, Quad Cities, and LaSalle,
were not evaluated in this report. Note that the CRC data evaluated in the YMP studies were taken before
most of the nuclear industry moved to extended cycles (18- and 24-month cycles) and reactor uprates.
Currently, most of the commercial reactors use higher enrichments (many close to the 5 wt% limit) and
some use complex fuel designs such as axial and asymmetric enrichments. Gathering data for more recent
CRCs may be necessary to provide adequate benchmarks for burnup credit validation of systems designed
for modern spent fuel types.

The objective of this analysis report is limited to determination of neutronic similarity between the
generic cask and the evaluated CRCs using the TSUNAMI methodology. The applicability of a set of
benchmark experiments to validation of burnup credit calculations for a design system may be based on
the similarities of material compositions and neutron spectra of the two types of systems.” However, there
.are other characteristics, such as material and environmental condition uncertainties, that should also be
considered in the process of selecting experiments for use in bias determination. Information regarding
uncertainties in operating parameters of the nuclear reactors or in material compositions of the CRC
configurations is not available in the YMP studies. Therefore, use of CRCs as a component of the
benchmarking methodology requires additional evaluations to determine whether the data collection
process for the CRCs is of benchmark quality, particularly in view of the caveat in standard ANS-19.4°
regarding data acquisition methods, and to determine isotopic uncertainties or k. penalties for
conservatively bounding such uncertainties.
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Note that the term “applicability” is used throughout this report to indicate that sufficient neutronic
similarity between an evaluated CRC state-point and the generic cask has been determined so that the
CRC state-point could be used as a component of the benchmarking methodology, providing the CRCs
satisfy benchmark quality requirements. ,

The structure of this report is the following. Section 2 describes the theoretical bases and the tools of
cross-section sensitivity and uncertainty (S/U) analysis methods. Descriptions of a generic spent fuel cask
that serves as the application system, the CRC configurations, and required calculations for the S/U
analysis are presented in Sect. 3. An analysis of the TSUNAMI results is provided in Sect. 4. Conclusions
and recommendations are presented in Sect. 5. '



2 SENSITIVITY/UNCERTAINTY ANALYSIS METHOD

Sensitivity/uncertainty analysis methods can be used to demonstrate that nuclear systems with similar
physical characteristics, including material compositions, geometry, and neutron flux spectra, exhibit
similar sensitivities of the effective neutron multiplication factor, kg, to perturbations in the neutron
cross-section data on an energy-dependent, nuclide-reaction specific level. The assessment of system
similarities and shared variance; due to cross-section uncertainties, in the computed values of k4 is
particularly useful in determining applicability of critical experiments to be used to determine bias and
uncertainty of criticality safety calculations. The Oak Ridge National Laboratory (ORNL) has formulated
the theoretical bases for use of S/U analysis methods in criticality safety validation'' and developed the
software tools needed to implement the methodology in the SCALE code system.>*” A set of indices has
been defined for use in S/U analyses that provide a measure of the neutronic similarity between a design
system and a critical experiment. Methodologies for determining first-order-linear perturbation theory
sensitivity coefficients with multigroup Monte Carlo methods in SCALE employ both forward and
adjoint neutron fluxes. '

The analyses presented in this report are limited to system similarity evaluations and are based on results
obtained with cross-section S/U analysis tools in SCALE 5.1, including TSUNAMI-3D (Tools for
Sensitivity and Uncertainty Analysis Methodology Implementation in Three Dimensions) and
TSUNAMI-IP (Tools for Sensitivity and Uncertainty Analysis Methodology Implementation - Indices
and Parameters). SCALE 238-GROUP ENDF/B-V library (235GROUPNDFS5) was used in cross-section
processing and transport calculations and the SCALE 44-GROUP ENDEF/B-V recommended covariance
library (44GROUPVSREC) was used in S/U calculations. The TSUNAMI-3D calculations for the
analyses invoke functional modules SENLIB, BONAMIST, NITAWLST, KENO V.a, and SAMS to
determine the sensitivity of the calculated value of k. to the nuclear data used in'the calculation as a
function of nuclide, reaction type, and energy. TSUNAMI-IP produces a set of integral and nuclide-
reaction specific indices indicative of similarity of nuclear systems. These analyses use sensitivity

~ coefficients and energy- dependent sensitivity profiles,'’ mtegral index ¢, and the nuclide-reaction
specific integral index g'* to assess the similarities of a generic spent fuel cask and CRC state-points.
Integral index ¢, is generally used to assess neutronic similarity between systems since a ¢, value is based
on uncertainty correlations from all nuclides in the systems. The global similarity criteria require the
major sensitivity components of each system pair to match. Reference 11 demonstrates that ¢; values of
0.80.or higher constitute systems that are similar to the extent that they are useful in the determination of
bias and associate uncertainty. Further, Ref. 11 recommends that the validation methodology should
include about 15 to 20 very correlated systems (c; of 0.90 or higher) or 25 to 40 moderately correlated
systems (c; of 0.80 or higher).

2.1 SENSITIVITY COEFFICIENTS, Sx

- The sensitivity of kg to a particular nuclide-reaction pair macroscopic cross section 2.7, referred to as

sensitivity coefficient, provides a measure of the first-order effect of perturbations in nuclear reaction x.
for nuclide » upon k.4 Nuclear data for which sensitivity coefficients are computed in a TSUNAMI
calculation include total, scatter, capture and fission cross sections, v (average number of neutrons per
fission event), and y (distribution function of fission neutrons). The sensitivity coefficient has been

defined in Ref. 11 as:

eyl
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A sensitivity coefficient is computed as the sum over all energy groups of the sensitivities of k.gto
group-wise cross-section data. The sensitivity coefficient expressed as a function of energy,
B Koy / ko
ks n no
S 52&1. /&L

where j denotes an energy group, is referred to as an energy-dependent sensitivity profile. In addition to

@

an explicit change in the affected nuclide reaction rate, perturbations of Z:, ; produce secondary effects

on the resonance-shielded values of some cross sections, which in turn affect k.5 Therefore, a complete
sensitivity coefficient consists of two components referred to as explicit and implicit sensitivity
coefficients. The implicit sensitivity component is the cumulative sensitivity of k.4 to all processes that

are influenced by the perturbations in the value of 27 . TSUNAMI-3D computes sensitivity profiles in a

SCALE energy group structure. A graphical representation of sensitivity per unit lethargy as a function of
neutron energy can be generated with the Javapeno plotting package of the SCALE code system (Ref.
14).

2.2 INTEGRAL INDEX ¢,

The effects of uncertainties in nuclear data on the k.4 values of systems with the same materials and
similar spectra are correlated. Integral index ¢ is a measure of similarity of two systems in terms of their
common components of uncertainty in k. due to cross-section uncertainties. A ¢, value represents the
correlation coefficient between sensitivity weighted uncertainties in the design system (application) and
an experiment. The definition and intended use of the integral index ¢, are documented in Refs. 7 and 11.

Relative uncertainties in cross-section data can be represented as the elements of an M x M matrix,

_[cov(a,,,am)
a = _

anam

C

a, } , where M is the product of the number of nuclide-reaction pairs and the number

of energy groups, a =(«, )is a variable array containing the cross-sections of nuclide-reaction-energy
group triplets. The C, , matrix contains covariance data that provide a measure of how strong the

correlation of uncertainty is between two nuclide-reaction-energy group triplets. An individual element of
the covariance matrix, c,,,, is the ratio of the covariance of cross-section uncertainties to the product of

cross-section expectation values for nuclide-reactioni-energy group triplets 7 and m. In a TSUNAMI-IP
calculation, the covariance data are propagated to relative changes in the calculated k.5 value of a given
system via the sensitivity coefficients. An uncertainty matrix is computed for the system k. values,

Cy =S,C,,SI, where S,and S] are the matrix and the transpose matrix, respectively, containing
sensitivities of the calculated k.4 values of critical systems to the o parameters. S, is an J x M matrix
defined as: ‘

Sf[a_m - }’i:l’z’---,l;m=l,2,...,M
k, |

where I is the number of critical systems being considered.
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The diagonal elements of the Cy matrix represent the relative variance values, 7], for each of the
systems under consideration, and the off-diagonal elements, 77; , represent the common variance between

two systems. A correlation coefficient is defined as:

2 B
ni
Cp = d ’ (3)
n:7

such that the single ¢, value represents the correlation coefficient between sensitivity weighted
uncertainties in system i and system j. The interpretation of the correlation coefficient is the following: a
value of 0.0 represents no correlation between the systems, a value of 1.0 represents full correlation
between the systems, and a value of -1.0 represents a full anticorrelation.

Covariance data for some nuclide-reaction pairs are not available.” In the TSUNAMI-IP calculations for
this analysis, the default value of 0.05 was used for the fractional standard deviation in cross-section data
for nuclide-reaction pairs for which covariance data are not available. This value is deemed to be a
conservative estimation for fractional standard deviation in cross-section data in the thermal and
epithermal energy regions and is based on the fractional standard deviation in cross-section data for
nuclide-reaction pairs for which covariance data are available."

2.3 INTEGRAL INDEX G AND NU CLiDE;REACTION SPECIFIC INTEGRAL INDEX g

The G index provides a measure of the similarity of two systems based on normalized differences in the
energy-dependent sensitivity data for fission, capture, and scatter reactions, as appropriate for each
nuclide. Differences in energy-dependent sensitivity profiles are indicative of the coverage of the
application by an experiment (i.e., the effectiveness of the experiment for validating the cross-sections as
used in the application). The definitions of the integral index G and nuclide-reaction specific integral
index g are documented in Refs. 7 and 13. An example of analysis that utilizes the integral index g to
assess the similarity between an application and a set of experiments on a nuclide-reaction specific level
is available in Ref. 16.

The G index is defined as
a,n e'.n
> 3o -scr)
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Superscripts a and e denote the application and an experiment, respectively; the » summation is
performed over all nuclides present in the application system; the x summation is performed over fission,
capture, and scatter reactions, as appropriate for each nuclide; and the j summation is performed over all

energy groups.

A G value of 1.0 indicates complete coverage of the application by the experiment for the particular
nuclide-reaction pair, while a G value of 0.0 indicates no coverage of the application by the experiment
for the particular nuclide-reaction pair.

The nuclide-reaction specific integral index g provides a measure of the intersection area of the
 application and the experiment sensitivity profiles. It is defined in terms of the normalized differences of
the group-wise sensitivity coefficients for a particular nuclide » and reaction x, summed over all energy

groups j, as:

S(sen -ser)

gh=l-te | | @)

D8

J
A g value of 1.0 indicates complete coverage of the application by the experiment for the particular

nuclide-reaction pair, while a g value of 0.0 indicates no coverage of the application by the experiment for
the particular nuclide-reaction pair.

24 UNCERTAINTY ESTIMATE FOR NON-COVERED SENSITIVITY DATA

A method is available in TSUNAMI-IP to assess the impact, or penalty for non-covered sensitivity data,
when sufficient critical experimients are not available to provide complete coverage for an application.’
This quantity is intended to represent the uncertainty in the calculated value of k.4 due to inadequate
validation coverage or when an extension of the range of applicability is required.” However, the kegr
penalty for non-covered sensitivity data computed in a TSUNAMI-IP calculation has not been validated
in comparative studies that use a different method of calculation. Therefore, in this report the penalty for
non-covered sensitivity data is used only as a measure of non-similarity between the composite set of the
CRC:s and the generic cask and it will be referred to as “relative standard deviation of k.gdue to
uncovered sensitivity data” in the other report sections. ' '

The definition of penalty for non-covered sensitivity data and the technique to be used in penalty
calculation are described in Refs. 7 and 16. The penalty is estimated as:

Hhy /by =+/2,C, .21 , ‘ | )

where C, , is.the matrix of the cross-section-covariance data defined in Section 2.2, + indicates a

transpose, and Z, is a vector of minimum differences in the sensitivity coefficients for the application
with respect to all experiments. The elements of vector Z, are computed as:

an __ Qan _ gan
Zx,j - Sx_,j Cx,j
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where

g 7 1s a composite of the best available sensitivity data from all experiments and is deﬁned as

C.i=S5.; e " for the experiment that satlsﬁes min S - S jj"

: S""f Sen
e,n a, n en xX,J - " x]
ij,where Se 7|28k | and 7= ==
Sy i Sy y
, AN Y
Sy =18, 7, where [S771<IS77| and LRy
y X, J X J Sa, n Se,’n
x, x, j

0, otherwise

Superscripts @ and e or e’ denote the application and an experiment, respectively; n represents a
particular nuclide present in the application system,; x represents a particular reaction (fission, capture, and
scatter reactions, as appropriate for each nuclide); and j represents a particular energy group.

Only experiments that exhibit a certain degree of similarity to the application, based on g integral index
and/or a global integral index, can be used in a penalty calculation. Use of minimum differences in group-
wise nuclide-reaction specific sensitivity coefficients from the most similar experiments ensures that only
uncovered sensitivity data is used in the penalty calculations. Note that in the limit that no relevant
validation experiments are used in penalty calculation, the penalty assessed is simply the uncertainty in
the application’s criticality calculation due to cross-section covariance data.

2.5 DIRECT PERTURBATION CALCULATIONS

The direst perturbation method is used to assess the quality of the sensitivity coefficients obtained in a
TSUNAMI-3D calculation that could be affected by the quality of the neutron fluxes from forward and
adjoint Monte Carlo calculations with KENO V.a. Factors that determine the quality of neutron flux
estimates are related to the number and quality of sample neutron tracks or to the size of the unit volumes
used in a track-length estimation of the flux.

The macroscopic cross section of a nuclide-reaction pair can be perturbed by changing either the nuclide
atom density or the microscopic cross section for the neutron reaction with the nuclide. The direct
perturbation method employs variations of nuclide atom density that result in small k.4 variations
consistent with the linear-perturbation approximation. Applications of this method require k.4 results for
the nominal system and for the perturbed system with the concentration of the nuclide of interest
increased or decreased by the same percentage. The direct total perturbation sensitivity coefficient of keﬁr
to some input quantity is determined as

a dk a k.-k_
S — X — __—a’ 6
T de k at-an 6)
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where a* and a” represent the increased and decreased values of the input quantity, a, respectively, and
k. and k__represent the corresponding values of k. The standard deviation of a direct perturbation
sensitivity coefficient is determined as

2 2 2 +_ 1) Z o ‘
Gsz[{%:—t—_%?—)’)+%Jx(k_%J] xa*c—ta" -0




3 CALCULATIONS

The application system for the S/U analysis in this report is a conceptual high-capacity spent fuel cask
containing typical PWR spent fuel assemblies. This system will be compared with 40 CRC state-points -
from various PWRs. A brief description of the physical characteristics of these systems and the set of
required calculations for an S/U analysis are presented in this section.

3.1 GENERIC BURNUP CREDIT CASK GBC-32

A generic burnup credit cask design, referred to as GBC-32 cask, has been proposed as a reference
conﬁguratlon for burnup credit studies.'” The generic cask, which can accommodate 32 PWR assemblies,
uses Boral® panels containing '°B as a fixed neutron poison dispersed uniformly with an areal density of ~
0.0225 g '°B/cm’. The strong neutron-absorbing effect of 1°B in the Boral® panels reduces neutronic
interaction between adjacent fuel assemblies. :

3.1.1 Description of Calculations for GBC-32 Cask

CSAS25/KENO V.a (Ref. 18) and TSUNAMI-3D calculations were performed for the GBC-32 cask to
validate KENO V.a cask modeling and determine sensitivity profiles in the SCALE 238-energy group
structure. The KENO V.a cask model consists of identical spent fuel assemblies of Westinghouse 17x17
OFA type. Pin geometry contains 18 equal-length axial regions that allow specifications of different fuel
compositions corresponding to a fuel burnup axial profile. Nodal spent fuel compositions for spent fuel
with assembly-average burnup ranging from 10 GWd/MTU to 60 GWd/MTU and a 5-year cooling time
were computed using control module STARBUCS in the SCALE code system. ' ® A built-in bounding
burnup-dependent axial profile was used to automatically generate the spent fuel compositions.
Reference 20 has demonstrated that this burnup-dependent axial profile adequately bounds the axial-
profile database documented in Ref. 21 and that the database provides an adequate representation of
discharged U.S. PWR spent nuclear fuel assembly designs with initial enrichments up to 4.0 wt % 2y
and burnups up to 40 GWd/MTU. The nuclides included in fuel compositions consist of the following
actinides and major fission products that have been identified in Ref. 4 as being important for burnup
credit crrtrcalrtz/ calculations: 24U, 25U, U, 28U, 2*Pu throu §h 2py, ' Am, ** Am, Z"Np, Mo, *Tc,
10lRy, 1 g, 'BCs, 'Sm, Mg through ‘”Sm, INd, "Ng, 15‘1~:u 1By, and "°Gd. The mesh
optlon was used 1n TSUNAMI 3D calculations to generate smaller volumes for accumulation of flux
‘moments to assure accuracy of the sensitivity coefficient calculations. The results of the CSAS25
calculations, i.e., k.;and associated standard deviation (o), are presented in Table 3.1, along with
calculated energy of average lethargy causing fission (EALF). A cutaway view of the KENO V.a cask
model is shown in Figure 3.1. Note that the fuel initial enrichments used in the calculations are typical for
the selected burnup values. Therefore, the S/U analysis presented in this report is limited to a generlc cask
containing spent fuel assemblies with the characteristics presented in Table 3.1.

Table 3.1 k. for GBC-32 cask as a function of spent fuel burnup

Case Average burnup enrlin il:lr:lent " tem F: eltu EALF k

identifir  (GWAMTU) o) o V) o o

GBC10 10 1.9972 203 2.09E-01 0.8975 0.0005
GBC20 20 2.5563 293 2.42E-01 0.8854 0.0006
GBC30 30 3.2025 293 2.67E-01 0.8807 0.0005
GBC40 40 37777 293 2.84E-01 0.8776 0.0004
GBC50 50 4.3427 203 © 299E-01 . 08755 0.0006
GBC60 60 4.8819 293 3.14E-01 0.8703 0.0005
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Fig. 3.1 Cutaway view of the KENO V.a model for GBC-32 cask showing the cask bottom half
with a quarter of the model removed.
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3.2 COMMERCIAL REACTOR CRITICALS

The CRCs evaluated in this analysis are comprised of 40 state-points from various PWRs, including
Crystal River Unit 3, Sequoyah Unit 2, Surry Unit 1, TMI Unit 1, and North Anna Unit 1. These state-
points are deemed to be representative of the available CRC configurations and are expected to be at least
marginally applicable for burnup credit calculation validation. The CRC state-points consist of 37 hot
zero-power (HZP) reactor start-up critical conditions and three hot full-power (HFP) critical
configurations, and include beginning-of-life (BOL), beginning-of-cycle (BOC), middle-of-cycle (MOC),
and end-of-cycle (EOC) reactor core configurations containing either Babcock and Wilcox (B&W) fuel or
Westinghouse fuel types.

3.2.1 Description of Crystal River Unit 3 State-Points

Thirty-three Crystal River Unit 3 state-points were evaluated in the S/U analysis. The state-points were
HZP startup critical configurations attained during Cycles 1 through 10 of reactor operation. Crystal River
Unit 3 is a B&W reactor core design of 177 15x15 fuel assemblies. During Cycles 1 through 10, the
reactor used fuel assemblies from 15 fuel batches representing 6 different fuel assembly designs. Each
fuel assembly contains 16 guide tubes and 1 instrument tube. Cycles 1A and 4 through 10 used burnable
poison rod assemblies (BPRAs) with B4C-ALO; as the absorber material. The Crystal River Unit 3
reactor, Cycles 1 through 10, used three rod cluster control assembly (RCCA) banks and one axial power
shaping rod assembly (APSRA) bank during startup and operation. The RCCA guide tubes contain 16
control rods made of Ag-In-Cd alloy. The APSRA guide tubes contain 16 axial power shaping rods made
of Ag-In-Cd alloy during Cycles 1 through 5 and of stainless steel 304 during Cycles 6 through 10. The
insertion heights varied with reactor cycle from completely inserted to completely withdrawn. State-point
characteristics, including effective full-power days, the fraction of fuel assemblies in BOC cores, fuel
initial enrichments and temperature, core average burnup, soluble boron concentrations and moderator
density, are presented in Table 3.2. A detailed description of the Crystal River Unit 3 critical
configurations and fuel compositions is available in Refs. 22 and 23.

3.2,2 Description of Sequoyah Unit 2 State-Points

Threée Sequoyah Unit 2 Cycle 3 state-points were evaluated in the S/U analysis. The reactor core
consisted of 193 Westinghouse fuel assemblies, each comprised of a 17x17 lattice containing 264 fuel
rods, 24 control guide tubes, and 1 instrument tube. At-power reactivity control was maintained using
four control banks and two shutdown banks of full-length Ag-In-Cd control rod clusters, 44 BPR clusters,
containing a total of 656 BPRs, and soluble boron. The critical configurations modeled are based on HZP
and HFP conditions at BOC-3 and HFP conditions at the MOC-3 restart. State-point characteristics,
including effective full-power days, the fraction of fuel assemblies in BOC cores, fuel initial enrichments
and temperature, core average burnup, soluble boron concentrations and moderator density, are presented
in Table 3.2. A detailed description of the Sequoyah Unit 2 critical configurations and fuel compositions
is available in Ref. 24. Note that a HFP state-point is characterized by high fuel temperatures and
equilibrium Xe poison concentrations.

3.2.3 Description of Surry Unit 1 State-Points

Two Surry Unit 1 Cycle 2 state-points were evaluated in the S/U analysis. The reactor core consisted of
157 Westinghouse fuel assemblies, each comprised of a 15x15 lattice containing 204 fuel rods, 20 control
rod guide tubes, and 1 instrument tube. At-power reactivity control was maintained using 4 control banks,
28 BPR clusters, containing a total of 320 fresh and 48 depleted BPRs, and soluble boron. The critical
configurations modeled are based on HZP conditions at BOC-2 and HFP conditions at EOC-2. State-point
characteristics, including effective full-power days, the fraction of fuel assemblies in the BOC core, fuel
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initial enrichments and temperature, core average burnup, soluble boron concentration and moderator
density, are presented in Table 3.2. A detailed descrlptlon of the Surry Unit 1 critical conﬁguratxons and
fuel compositions is available in Ref, 25.

3.2.4 Description of TMI Unit 1 State-Points

A single TMI Unit 1 Cycle 5 state-point was evaluated in the S/U analysis. The reactor core consisted of
177 B&W fuel assemblies, each comprised of a 15x15 lattice containing 208 fuel rods, 16 control/safety
rod guide tubes, and 1 instrument tube. At-power reactivity control was maintained using 24 full-length
Ag-In-Cd control rod clusters and soluble boron. Eight partial-length Ag-In-Cd axial power shape rod
clusters were used to control the axial power distribution. The critical configuration modeled is based on
HZP startup testing for BOC-5. Cycle-5 startup occurred after a downtime of 6.63 years, and the core
consisted primarily of burned fuel, with all fresh fuel loaded on the core outer periphery. State-point
characteristics, including effective full-power days, the fraction of fuel assemblies in the BOC core, fuel
initial enrichments and temperature, core average burnup, soluble.boron concentration and moderator
density, are presented in Table 3.2. A detailed description of the TMI Unit 1 critical configuration and
fuel compositions is available in Ref. 26.

3.2.5 Description of North Anna Unit 1 State-Points

A single North Anna Unit 1 Cycle 5 state-point was evaluated in the S/U analysis. The reactor core
consisted of 157 Westinghouse fuel assemblies, each comprised of a 17x17 lattice containing 264 fuel
rods, 24 control rod guide tubes, and 1 instrument tube. At-power reactivity control was maintained using
four control banks and two shutdown banks of full-length Ag-In-Cd control rod clusters, 68 BPR clusters
containing a total of 912 fresh and 192 depleted BPRs, and soluble boron. The critical configuration
modeled in this report is based on HZP startup testing for BOC-5. State-point characteristics, including
effective full-power days, the fraction of fuel assemblies in the BOC core, fuel initial enrichments and
temperature, core average burnup, soluble boron concentration, and moderator density, are presented in
Table 3.2. A detailed description of the critical configuration and fuel compositions is available in

Ref. 27.

3.2.6 Description of Calculations for the CRC State-Points

CSAS25/KENO V.a and TSUNAMI-3D calculations were performed for the CRC state-points to validate
the KENO V.a reactor core models and compute sensitivity profiles in the SCALE 238-energy group
structure for use in a TSUNAMI-IP calculation. Due to the large amount of input data describing a reactor
critical configuration, a computer program was developed to generate CSAS25/KENO V.a input files
automatically. The input data for these files were extracted from the CSASN (SCALE 4) or MCNP 4B
(Ref. 28) input files and reactor core descriptions available in Refs. 22 through 27. KENO V.a pin
geometry for Sequoyah, Surry, TMI, and North Anna critical configurations consists of a single mixture
composition based on average assembly burnup. The KENO V.a core model for Crystal River is much
more complex. It includes an 18-zone and a 17-zone axial profile for fuel rods and burnable poison rods,
respectively, control rods and axial power shaping rods, spacer grids, and homogenized assembly
hardware regions. The majority of the configurations had eighth-core symmetry, which requires modeling
for only 29 different fuel assemblies. A horizontal and a partial vertical cross section of the KENO V.a
geometry for a Crystal River state-point is illustrated in Figure 3.2. Table 3.3 presents a comparison of the
k.gresults of the CSAS25 validation calculations and the k.4 results documented in Refs. 22 through 27.
Generally, the CSAS25 results are in good agreement with the results described in the referenced
documents, indicating that the mixture compositions and geometry models are consistent between the
current and previous calculations. Only the results for the last two Crystal River state-points are
significantly lower than the comparison MCNP calculation results (see Table 3.3). The largest difference
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is observed in the case of Crystal River state-point 32, which has the highest coolant boron concentration
(2326 ppm). The ORNL staff has thoroughly verified CSAS25/KENO V.a material compositions and
geometry modeling against the YMP MCNP input files, but could not identify any differences between
the inputs to the two computational methods. Considering the complexity of the CRC configurations,
modeling errors in the CSAS25 input files for the two Crystal River state-points may exist. However, the
impact on sensitivity coefficients is expected to be less important because these coefficients are defined in
terms of relative values (see Eq. 1). Further exploration of the .y deviation exhibited by these two state-
point models would be necessary prior to using them in bias determination analysis.

To reduce the computer time of a TSUNAMI-3D calculation using the SCALE 238-energy group library -
for a Crystal River state-point, the total number of nuclides in KENO V.a fuel mixtures was reduced from
more than 40,000 to approximately 20,000 by including in fuel compositions only the actinides and the
major fission products that have been identified as being important to burnup credit criticality calculations
(see Sect. 3.1.1). While this approach significantly reduced the required computer time, it had minimal
effects on the accuracy of the sensitivity coefficients because these coefficients are defined in terms of
relative values.

13
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Table 3.2 Summary of CRC state-point characteristics
Average core Initial Fuel Soluble  Moderator
State  Reactor burnup® enrichment temperature boron density
point cycle FFFA° EFPD* (GWJd/MTU) (Wt% 250) (K) (ppm) (g/cm®)
. Crystal River Unit 3

1 1A 1.0 0 0 - 1.93-283 551 1403 0.7682
2 1B 0 268.8 8.09 1.93-283 551 1106 0.7686
3 1B 0 411 12.34 1.93 -2.83 553 493 0.7653
4 2 0.32 0 8.67 2.54-2.83 551 1294 0.7682
5 3 0.32 0 7.50 2.54-2.83 551 1428 0.7682
6 3 0 168.5 12.54 - 2.54-2.83 553 737 0.7653
7 3 0 250 14.98 2.54-2.83 554 . 562 0.7633
8 4 0.38 0 6.92 2.62-295 551 1384 0.7682
9 4 0 2281 14.00 2.62-2.95 551 705 0.7682
10 4 0 253 14.77 2.62-2.95 554 502 0.7633
11 5 0.43 0 7.08 2.62-3.29 551 1540 0.7682
12 5 (1 388.5 19.12 2.62-3.29 554 605 0.7633
13 6 0.34 0 12.01 2.62-3.49 551 1574 0.7682
14 6 0 96 "14.99 2.62-3.49 552 1211 0.7662
15 6 0 400 24.41 2.62-3.49 - 553 390 0.7653
16 7 0.45 0 10.02 2.54 -3.84 551 2033 0.7682
17 7 0 260.3 18.09 . 2.54-3.84 551 1223 0.7682
18 7 0 291 ° 19.04 2.54-3.84 553 1149 0.7643
19 T 0 319 19.91 2.54-3.84 551 1048 0.7682
20 7 0 462.3 24.35 2.54-3.84 550 563 0.7691
21 7 0 479 24.87 2.54-3.84 553 520 0.7691
22 8 0.41 0 12.26 1.93-3.94 551 2101 0.7682

23 8 0 97.6 15.27 1.93-3.94 ! 553 1751 0.7653
24 8 0 139.8 16.58 1.93-3.94 553 1612 0.7653
25 8 0 404 24.74 1.93-3.94 553 865 0.7643
26 8 -0 409.6 24,91 1.93-3.94 553 865 0.7643
27 8 0 515.5 28.19 1.93-3.94 553 675 0.7643
28 9 0.36 0 14.18 1.93-3.94 551 2212 0.7682
29 9. 0 158.8 19.10 1.93-3.94 553 1572 0.7683
30 9 0 - 219 20.96 1.93 -3.94 553 1481 0.7653
31 9 0 363.1 25.42 1.93-3.94 555 963 0.7614
32 10 0.41 0 15.24 3.84-4.167 551 2326 0.7682
33 10 0 573.7 33.00 3.84-4.167 553 516 0.7643

Sequoyah Unit 2
1 3 0.35 0 11.00 2.6-3.8 559 1685 0.7540
3 0.35 0 11.15 2.6-3.8 901 1150 0.7149
39 3 0 205 19.25 26-38 901 475 0.7149
Surry Unit 1
1 2 0.54 0 6.93 1.9-33 559 1030 0.7540
2 0 204 13.85 1.9-3.3 910 123 0.7327
TMI Unit 1
1¢ 5 0.29 0 11.44 26-29 551 1182 0.7540
North Anna Unit 1

1 5 0.43 0 11.07 32-36 559 1836 0.7540

“Fraction of fresh fuel assemblies in the reactor core.

PEffective full-power days.

“Core average burnup for Crystal River Unit 3 is provided in Ref. 29.

“Startup after a downtime of 2.73 years.
“Startup after a downtime of 6.63 years.
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Calculations . ~ Section 3

Table 3.3 k. results for CRCs

State Case EALF CSAS25° . Comparison calculations® %
point identifier (eV) kg o kg o Difference’
Crystal River Unit 3 -
1 CR3SP1 - " 5.58E-01 0.9938 10.0004 0.9960 0.0004 0.22
2 CR3SP2 6.28E-01 0.9925 0.0004 0.9929 0.0004 0.04
3 CR3SP3 6.09E-01 0.9946 -0.0005 0.9950 0.0005 0.04
4 CR3S5P4 6.28E-01 0.9920 0.0004 0.9928 0.0004 0.08
5 CR3SP5 6.58E-01 0.9924 0.0004 0.9941 0.0005 0.17
6 CR3SP6 6.46E-01 © 09919 0.0004 0.9930 0.0005 0.11
7 CR3sP7 6.43E-01 0.9893 0.0005 0.9907 0.0005 0.14
8 CR3SP8 6.62E-01 0.9915 0.0004 0.9913 0.0005 -0.02
9 ~ CR3S8P9 6.35E-01 0.9890 0.0004 0.9915 0.0005 0.25
10 CR3SP10 6.64E-01 0.9956 0.0004 0.9960 0.0005 0.04
11 CR3SP11 . 7.24E-01 0.9952 0.0004 0.9948 0.0005 -0.04
12 CR38P12 7.08E-01 0.9960 0.0004 0.9981 0.0005 0.21
13 CR3SP13 7.88E-01 0.9940 0.0004 0.9956 0.0004 0.16
14 CR3SP14 7.80E-01 0.9948 0.0004 0.9958 0.0005 0.10
15 CR3SP15 7.36E-01 0.9899 0.0003 0.9927 0.0004 0.28
16 CR3SP16 8.74E-01 0.9923 0.0004 0.9932 0.0005 0.09
17 CR3SP17 8.40E-01 0.9902 0.0003 0.9908 0.0005 0.06
18 CR3SP18 8.46E-01 0.9906 0.0003 0.9922 0.0005 0.16
19 CR3SP19 8.27E-01 0.9895 0.0004 0.9899 0.0005 - 0.04
20 CR3S8P20 7.78E-01 0.9912 0.0005 0.9932 0.0004 0.20
21 CR3SP21 7.83E-01 0.9899 0.0003 0.9925 0.0005 026
22 CR3SP22 9.39E-01 0.9905 0.0004 0.9904 0.0004 -0.01
23 CR3SP23 9.42E-01 0.9903 0.0004 0.9902 0.0005 -0.01
24 CR3SP24 9.34E-01 0.9916 0.0004 0.9906 0.0005 -0.10
25 CR3SP25 8.52E-01 0.9910 0.0005 0.9905 0.0004 -0.05
26 CR3SP26 8.37E-01 0.9910 0.0005 0.9907 0.0005 -0.03
27 CR3SP27 8.20E-01 0.9873 0.0004 0.9877 0.0004 0.04
28 CR3SP28 9.60E-01 0.9895 0.0004 0.9921 "0.0004 0.26
29 CR3SP29 9.32E-01 0.9919 0.0004 0.9931 0.0005 0.12
30 CR3SP30 9.23E-01 0.9897 0.0004 0.9908 0.0005 0.11
31 CR3SP31 8.81E-01 0.9861 0.0004 0.9884 0.0005 0.23
32 CR3SP32 1.04E+00 0.9811 0.0005 0.9916 0.0005 1.06
33 CR3SP33 8.60E-01 0.9807 0.0005 0.9873 0.0005 0.67
’ < Sequoyah Unit 2
1 SQ2C3BZ 8.65E-01 1.0054 0.0002 1.0039 0.0005 -0.15
SQ2C3BF? " 9.58E-01 1.0076 0.0002 1.0067 0.0005 -0.09
3 SQ2C3Mm 9.47E-01 1.0054 0.0003 '1.0046 0.0005 -0.08
Surry Unit 1
1 SU1C2B 6.19E-01 1.0035 0.0002 1.0014 0.0005 -0.21
SU1C2E* 6.72E-01 1.0107 0.0002 1.0113 0.0005 0.06
. TMI Unit 1
1 TMIIC5B 7.28E-01 1.0017 0.0002 0.9978 0.0004 -0.39
North Anna Unit 1 )
1 ' NAI1CSB 9.17E-01 1.0041 0.0002 1.0040 0.0005 -0.03

“Irradiated fuel compositions for the Crystal River Unit 3 state-points consist of oxygen and up to 85 nuchdes (Ref. 22), while
1rrad1ated fuel compositions for the other state-points consist of 48 nuclides (Refs. 24 through 27).
¥Criticality calculations for Crystal River Unit 3, Sequoyah Unit 2, Surry Unit 1, TMI Unit 1, and North Anna Unit 1 are
provided in Refs. 22, 24, 25, 26, and 27, respectively.
‘100x(Companson calculation k. — CSAS2S5 k.4)/Comparison calculation k..
“Hot full-power critical configuration.
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Section 3 Calculations

3 DIRECT PERTURBATION CALCULATIONS

Direct perturbation calculations were performed for the GBC-32 cask loaded with fuel burned to

40 GWd/MTU using the method described in Sect. 2.4 (Eqgs. 6 and 7), and fission-product reactivity
worth calculations were performed for Crystal River Unit 3 state-point 27 to verify the quality of the
sensitivity coefficients computed with TSUNAMI-3D. A reactivity-worth calculation is adequate for
individual fission products because the effect on k5 of removing a fission product from the fuel
composition is small. A comparison of the TSUNAMI-3D sensitivity coefficients and the change in k5
due to direct perturbations in 149Sm, N4, 103Rh, 133Cs, 151Sm, and 155Gd'compositions is shown in
Table 3.4.

Table 3.4 Direct perturbation results

GBC40 CR3SP27
Direct % Direct ‘ %
perturbation TSUNAMI-3D Difference® perturbation TSUNAMI-3D Difference®
Sk o, Six o S .G Sz . :
“SSm  -0.0156 1.2E-03 -0.0156 8.3E-05 0.6 -0.0150 6.2E-04 -0.0139 1.3E-05 13
Nd  -0.0114 3.1E-04 -0.0112 6.3E-05 2.1 -0.0103 5.6E-04 -0.0109 8.0E-06 6.4
BRh  -0.0089 3.3E-04 -0.0087 6.3E-05 2.8 -0.0101 5.7E-04 -0.0099 7.6E-06 -1.3
B'Sm  -0.0092 4.1E-04 -0.0084 5.5E-05 9.2 0.0050 6.1E-04 -0.0054 4.4E-06 7.9
B3cg  0.0040 19E-04 -0.0038 4.3E-05 5.3 -0.0057 6.1E-04 -0.0050 6.3E-06 -12.2
Gd  -0.0038 1.9E-04 -0.0038 2.5E-05 -1.9 - - - - -

@ 100x(S: S/
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4 SENSITIVITY AND UNCERTAINTY ANALYSIS

The GBC-32 cask and a CRC state-point are physically similar because the two systems contain spent
nuclear fuel assemblies placed in lattice configurations with light water as the neutron moderator.

. However, differences in isotopic compositions and neutron spectra may exist due to differences in fuel
burnup, temperature, and cooling time, moderator density and temperature, and boron concentration and
form (plates versus soluble). Additionally, the CRCs contain a number of materials (e.g., boron in BPRAs
and Ag-In-Cd in RCCAs) that are not present in the GBC-32 cask. For state-points at or near reactor EOC -
however, the amount of neutron absorbers is significantly reduced since control and power shaping rods
are almost entirely withdrawn, burnable boron is depleted due to neutron capture, and the soluble boron
concentration is low to maintain a critical state. As indicated by the EALF values presented in Tables 3.1
and 3.3, the CRC state-points have harder neutron spectra than the GBC-32 cask. Spectral differences
between the two systems are the result of different water temperatures and densities and different fuel
temperatures. Further, soluble boron, burnable poison rods, and control rods used to balance the reactor
core excess reactivity decrease the thermal neutron population within the fuel lattice cell, while the Boral®
panels placed between fuel assemblies in GBC-32 cask absorb most of the thermal neutrons crossing fuel
assembly boundaries. Similarities of the GBC-32 cask and the CRC state-points will be rigorously
examined using the calculated values for the set of indices described in Sect. 2, including sensitivity
coefficients (Eq. 1), integral index ¢; (Eq. 3), and nuclide-reaction specific integral index g (Eq. 4).
Further, the relative standard deviation of ks due to uncovered sensitivity data will be evaluated (Eq. 5).

4.1 SENSITIVITY COEFFICIENTS

Energy- and region-integrated k.4 sensitivity to nuclide total cross sections for the GBC-32 cask is
presented in Table 4.1. The sensitivity coefficients are shown for the actinide and major fission product
nuclides important for burnup credit criticality calculations (see Sect. 3.1.1), and for 'H and '°B, which
also can cause significant reactivity changes. The values are presented starting with the lowest negative
sensitivity coefficient, which corresponds to the nuclide with the greatest negative effect on reactivity,
and ending with the highest positive sensitivity coefficient, which corresponds to the nuclide with the
greatest positive effect on reactivity. Sensitivity coefficients with the absolute value greater than 1.0E-05
for the CRC state-points are listed in Appendix A, Table A.1. Comparisons of energy-and region-
integrated k. sensitivities to relevant nuclides are illustrated in Figures A.1 through A.29, Appendix A.

As can be seen in Tables 4.1 and A.1, the main neutron absorbers include actinide nuclides 2**U, 2*°Pu,
1 Am, >'Np, and U, the neutron absorber '°B, and the following six fission product nuclides '“Sm,
13Nd, 18R, ¥'Sm, **Cs, and '°Gd. These fission product nuclides are stable except for 519m, which
has a half-life of 90 years. Their concentrations in spent fuel compositions increase after fuel discharge, as
main precursors '*Pm, '*Pr, '®Ru, "*'Pm, '**Xe, and **Eu, decay by negative beta-emission with half-
lives of 2.212 days, 13.57 days, 39.27 days, 1.183 days, 5.243 days, and 4.75 years, respectively.’® The
decay process mainly affects '*°’Gd and, to a lesser extent, '“’Sm concentrations. These two fission
product nuclides have very large thermal neutron absorption cross sections and exist in small
concentrations during fuel irradiation. However, '>>Gd and '“Sm concentrations in spent fuel with a 5-
year cooling time are approximately 100 times and 2 times, respectively, those of discharge spent fuel
compositions. Investigation of the energy-dependent sensitivity profiles for the aforementioned six high-
reactivity worth fission product nuclides is provided in Section 4.3.
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Sensitivity and Uncertainty Analysis ‘ Section 4

For each of the nuclides listed in Table 4.1, Appendix A provides a plot comparing the kg sensitivities in
each of the CRC state-points and the GBC-32 cask. With the exception of a few nuclides that build in
after discharge (e.g., ~Gd, **' Am, and to a lesser extent 7Sm), the sensitivities are quite.comparable
between the GBC-32 cask and many of the CRC state-points. This is an important finding that addresses
long-standing questions related to the-influence of the various nuclides on the k.4 of these systems.
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Table 4.1 Energy-and rggion-intégrated k. sensitivity to nuclide total cross section for GBC-32 cask

Spent nuclear fuel burnup (GWd/MTU) and initial enrichment (wt% BY)

10/1.9972 20/2.5563 30/3.2025 40/3.7777 50/4.3427 60/4.8819
By -1.38E-01 By -L.19E-01 By -1.06E-01 U 9.88E-02 By 9.10E-02 By -8.59E-02
g 3.25E-02 g 3.24E-02 #py 3.63E-02 *py -3.78E-02 0py 389E02 opy -4.03E-02
20py -1.94E-02 Hopy- 3.12E-02 g -3.26E-02 i} 3.19E-02 g 3.18E-02 g 3.13E-02
198m -1.28E-02 9Sm -1.52E-02 Sm -1.58E-02 Sm -1.56E-02 ¥Sm -1.52E02 Sm -1.53E-02
¥Sm 4.93E-03 Nd -7.66E-03 1UNd 5.93E-03 BNd -1.12E-02 1Nd -121E-02 Nd -1.34E-02
"Nd 4.26E-03 B¥lgm 6.67E-03 '%Rh -1.75E-03 ‘®Rh -8.66E-03 1®Rh 9.33E-03 '®Rh -1.02E-02
'®Rh -3.06E-03 ®Rh - -5.94E-03 BlSm -7.74E-03 ¥lSm -8.38E-03 51Sm -8.81E-03 B1Sm 9.44E-03
2y -1.71E-03 #Am 4.69E-03 ¥ Am -6.66E-03 *Am -7.69E-03 MAm -8.44E-03 1 Am 9.42E-03
*Am -1.64E-03 By 2.74E-03 By -3.38E-03 By -3.86E-03 “"Np -4.39E-03 »'Np -5.30E-03
Bes -1.24E-03 Bcs 2.43E-03 Bes 3.26E-03 s -3.78E-03 1%5Gd 4.29E-03 18Gd -5.02E-03
2y -1.08E-03 135Gd -2.16E-03 %Gd -3.16E-03 1564 -3.77E03 By -4.18E-03 Bcs -4 68E-03
1%Gd -1.03E-03 128m -1.92E-03 Np -2.86E-03 »Np -3.65E-03 13Cs 4.17E-03 sy -4.53E-03
2Sm -9.36E-04 #Tec -1.79E-03 '2Sm -2.61E-03 Sm 2.92E-03 528m -3.20E-03 *Tc -3.57E-03
T 9.11E-04 ZNp -1.78E-03 T -2.39E-03 *T¢ -2.88E-03 T -3.18E-03 1528m -3.52E03
Nd -6.88E-04 1sNg -1.35E-03 1Nd -1.84E-03 1%Nd -2.15E-03 MNd 242E-03 BEy 2.74E-03
2'Np 6.81E-04 98m -1.13E-03 s -1.67E-03 gy -2.04E-03 _PEn 2.35E03 Nd 2.71E-03
¥ISm 6.23E-04 T By -1.09E-03 #py -1.53E-03 #2py -1.94E-03 242py -2.26E-03 H2py -2.60E-03
%Mo 4.59E-04 ¥Ey -1.08E-03 ¥Sm -1.47E-03 Sm -1.68E-03 ¥Sm -1.85E-03 B8py 241E-03
gy -3.95E-04 %Mo 9.05E-04 %Mo -1.24E-03 Mo -1.45E-03 Bipy -1.80E-03 178m -2.05E-03
19Sm 3.62E-04 Mpy -8.88E-04 my -1.13E-03 Bitpy -1.36E-03 Mo -1.60E-03 Mo -1.78E-03
®Ag -2.56E-04 99m 8.01E-04 1%9m -1.13E-03 198m -1.31E-03 1908m -1.45E-03 108m -1.63E-03
R 2.42E-04 PAg -6.69E-04 YAg 9.63E-04 ™y -1.22E-03 ™y -1.27E-03 ®Ag -1.43E-03
#py -1.62E-04 IRy -5.28E-04 2y 9.35E-04 ®Ag -1.13E-03 ®Ag -1.26E-03 2y -1.31E-03
BBy -1.48E-04 Ppy 4.50E-04 "'Ru -7.75E-04 "Ry -9.35E-04 'R -1.07E-03 "Ry -1.25E-03
Bipy 9.02E-05 PIEy 2.06E-04 2Am 4.63E-04 *Am -6.86E-04 % Am 9.13E-04 Am -1.21E-03
*Am -1.73E-05 2 Am -1.93E-04 gy -2.46E-04 gy 2.72E-04 BlEy 291E-04 BlEy -3.16E-04
#lpy 7.42E-03 H#py 1.99E-02 Hipy 2.71E-02 Hpy 2.93E-02 Hipy 3.13E02 #py 3.39E-02
Ppy 1.07E-01 Zpy 1.28E-01 Zpy 1.32E-01 py 1.26E-01 py 1.24E-01 py 1.23E-01
'H 1.56E-01 'H 1.85E-01 By 1.72E-01 =y 1.64E-01 y 1.64E-01 By 1.58E-01
»y 231E01 »y - 1.87E-01 'H 1.98E-01 'H 2.20E-01 'H 2.27E01 'H 2.31E-01

$ UON29S
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Sensitivity and Uncertainty Analysis ‘ Section 4

4.2 INTEGRAL INDEX ¢,

Integral ¢, values for the GBC-32 cask containing spent fuel assemblies of 10, 20, 30, 40, 50, and

60 GWd/MTU burnup are presented in Table 4.2. As described in Sect. 2, an integral ¢; value of 1.0
indicates complete correlation between the effects of cross-section uncertainties on the k.4 values of two
systems, while a value of 0.0 indicates no correlation between these effects. Hence, the integral c; value
for the GBC-32 cask is 1.0, and the integral ¢, value for a CRC state-point depends on its neutronic
similarity to the cask. Table 4.2 also provides the number of CRC state-points that exceed threshold c;
values deemed to be indicative of the degree of system similarity. A cx value of 0.90 or higher indicates
similar systems, and a value of 0.80 or higher indicates marginally similar systems. "’

The analysis will focus next on the TSUNAMI-IP results for the GBC-32 cask containing spent fuel
assemblies of 40-GWd/MTU burnup and 3.78 wt% initial enrichment, which is a typical spent fuel
assembly in the current commercial waste stream. The integral ¢; values vary from 0.6726 to 0.9620, with
the lowest value corresponding to Crystal River Unit 3 BOL state-point (CR3SP1) and the highest value
corresponding to Crystal River Unit 3.Cycle 10 EOC state-point (CR3SP33). Except for the Crystal River
Unit 3 fresh core, a CRC state-point is either similar or marginally similar to the generic spent fuel cask.
Thirty CRC state-points, or 75% of the total CRC state-points evaluated in this study, have integral c,
values greater than 0.90. Among these, 16 Crystal River Unit 3 state-points have ¢, values greater than
0.95. These state-points are highly similar to the generic spent fuel cask. Except for the BOC core
configurations with fresh fuel assemblies located at core periphery, such as the Crystal River Unit 3
BOC-2 (CR3SP4) and BOC-3 (CR3SP5) and TMI Unit 1 BOC-5 (TMI1C5B) core configurations, the
BOC CRC:s are only marginally similar to the GBC-32 cask due to their fresh fuel contents and lower
average burnups. : '

A grouping of the CRC state-points based on the degree of similarity, core average burnup, soluble boron
concentrations, and EALF, is presented in Table 4.3. A graphical representation of the integral index ¢; as

a function of core average burnup is shown in Fig. 4.1. Integral index ¢, exhibits an ascending trend with
increasing core average burnup within a given reactor cycle. However, integral ¢, values greater than 0.95
exist for a large range of reactor core burnup (12.34-33.00 GWd/MTU). This is an indication that the
integral index ¢, varies with initial fuel enrichment and core average burnup. As can be seen in Table 3.2,
fresh fuel enrichment at the beginning of a Crystal River Unit 3 cycle was increased, as compared with
that of the previous cycle, to achieve higher burnups. The higher fuel reactivity excess was balanced by
adjusting the position of control rods and by adding boron to the reactor coolant.

Figure 4.2 shows integral index c; as a function of burnup for Crystal River Unit 3 state-points with
similar soluble boron concentrations. In the figure, the first (~500 ppm), second (~1000 ppm), and fourth
(~2000 ppm) data series from the top show a slight linear variation with burnup for state-points at or near
EOC, MOC, and BOC, respectively, while the third data series (~1500 ppm) shows a steeper linear
variation for BOC and MOC state-points with similar soluble boron concentrations. The variation in the
third data series is expected since the state-points consist of BOC configurations containing a large
amount of fresh fuel and MOC configurations containing irradiated fuel. Similar trends are observed
when the CRC state-points are compared with the GBC-32 cask containing spent fuel of various burnups,
as shown in Fig. 4.3.
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Section 4 Sensitivity and Uncertainty Analysis
Table 4.2 Integral c; values
Case Application burnup (GWd/MTU) and initial enrichment (wt% 23sU)
identifier 10/1.9972 20/2.5563 30/3.2025 40/3.7771 50/4.3427 60/4.8819

GBC-32 1.0000 -1.0000 1.0000 1.0000 1.0000 ~1.0000
CR3SP1 0.8091 0.7128 0.6782 0.6726 0.6682 0.6574

* CR3SP2 0.9579 0.9576 0.9485 0.9442 0.9375 0.9330
CR3SP3 0.9383 0.9629 0.9624 0.9593 0.9536 0.9516
CR3SP4 0.9559 0.9508 0.9413 0.9374 0.9317 0.9273
CR3SP5 0.9527 0.9378 0.9253 0.9211 0.9150 0.9100
CR3SP6 0.9482 0.9617 0.9582 0.9552 0.9498 0.9471
CR3SP7 0.9370 0.9614 0.9617 0.9594 0.9544 0.9528
CR3SPS8 0.9415 0.9084 0.8911 0.8867 0.8810 0.8747
CR3SP9 0.9366 0.9587 0.9580 0.9554 . 0.9499 0.9480
CR3SP10 0.9340 0.9578 0.9578 0.9554 0.9502 0.9485
CR3SP11 0.9292 0.8882 0.8689 0.8649 0.8597 0.8531
CR3SP12 0.9157 0.9536 0.9588 0.9577 0.9530 0.9531
CR3SP13 0.9372 0.9092 0.8945 0.8916 0.8871 . 0.8819
CR3SP14 0.9465 0.9435 0.9359 0.9335 0.9289 - 0.9255
CR3SP15 09114 0.9531 0.9604 0.9602 0.9564 0.9573
CR3SP16 0.9162 0.8752 0.8571 0.8545 0.8506 0.8447
CR3SP17 . 0.9400 0.9516 0.9488 0.9473 -0.9431 0.9411
CR3SP18 0.9351 0.9522 0.9513 0.9501 -0.9459 0.9445
CR3SP19 0.9361 0.9551 0.9548 0.9537 0.9496 0.9483
CR3SP20 0.9185 0.9540 0.9595 0.9592 0.9556 0.9559
CR3SP21 0.9185 0.9548 0.9605 0.9604 0.9568 0.9573
CR3SP22 0.9151 0.8776 0.8607 0.8584 0.8545 0.8489
CR3SP23 0.9358 0.9238 0.9139 0.9120 0.9077 0.9039 -
CR3SP24 0.9396 0.9337 0.9257 0.9240 0.9198 0.9165
CR3SP25 0.9212 0.9507 0.9542 0.9539 0.9503 0.9502
CR3SP26 0.9208 0.9503 0.9538 - 0.9536 0.9501 £ 0.9500
CR3SP27 0.9074 0.9479 0.9553 0.9558 0.9524 0.9536
CR3SP28 0.9138 0.8769 0.8603 0.8581 0.8545 0.8490
CR3SP29 0.9379 0.9359 0.9292 0.9275 0.9234 0.9205
CR3SP30 - 0.9344 0.9444 0.9413 0.9401 0.9359 0.9341
CR3SP31 0.9188 0.9482 0.9517 0.9513 0.9476 0.9476
CR3SP32 0.9062 0.8677 0.8510 0.8493 0.8460 0.8407
CR3SP33 0.9129 0.9533 ~ 0.9609 0.9620 0.9593 0.9605
SQ2C3BZ 0.9379 - 0.9163 0.9030 0.9010 0.8961 0.8912
SQ2C3BF 0.9239 0.9029 0.8900 0.8881 0.8833 0.8785
SQ2C3M 0.9170 - 0.9399 0.9399 0.9391 0.9339 0.9326
SUIC2B 0.9518 0.9220 0.9052 0.9016 0.8955 0.8892
SUIC2E 0.9271 0.9497 0.9491 0.9472 0.9416 0.9397
TMIIC5B 0.9534 0.9462 0.9356 0.9324 0.9259 0.9212
NAIC5B 0.9131 0.8708 0.8517 0.8493 0.8446 0.8383

Integral c,
values Number of CRCs
0.95-1 5 17 16 16 11 9
0.9-0.95 34 16 14 14 17 19
0.8-0.9 1 6 9 9 11 11
0-0.8 0 1 1 1 1 1
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Table 4.3 CRC state-point grouping based on the degree of similarity to GBC-32 cask

Integral Number of ' Average core Soluble B
" index & CRC state- CRC state-points burnup - concentration  EALF
points (GWd/MTU) (ppm) (eV)
' Crystal River Unit 3 state-points 3,

0.95-0.9726 16 6,7,9,10, 12, 15, 18, 19, 20, 21, 12.34-33.00  390-1149 0.61-0.88
25, 26,27, 31, and 33. :

Crystal River Unit 3 state-points 2,
0.90-0.95 14 4,5,14,17,23, 24, 29, and 30. 6.93-20.96 123-1751 0.62-0.95
Sequoyah Unit 2 state-points 1 ' ‘
and 3. Surry Unit 1 state-points 1
and 2. TMI Unit 1 state-point 1.

Crystal River Unit 3 state-points 8,

0.85-0.90 7 11, 13, 16, 22 and 28. Sequoyah ©6.92-12.26 1150-2212 0.66-0.96
Unit 2 state-point 2. '
0.80-0.85 2 Crystal River Unit 3 state-point 32. 15.24,11.07 2326, 1836 1.04,
) North Anna Unit 1 state-point 1. i 0.92
0.6726 1 Crystal River Unit 3 state-point 1. 0 ' 1403 0.56
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Fig. 4.3 Integral index c; as a function of CRC average burnup for various application burnups.
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The EALF is often used as a parameter in trending analyses. Figures 4.4 and 4.5 show integral index ¢, as

Section 4

a function of EALF for Crystal River Unit 3 state-points with similar burnup and similar soluble boron

concentrations, respectively. The range of EALF values for integral ¢ values greater than 0.95 increases

with increasing burnup and/or decreasing soluble boron concentrations, which characterize CRC
configurations at or near the end of reactor cycle (i.e., configurations with low reactivity excess). Note

that the EALF values for the GBC-32 cask with burnup and enrichment combinations representative of an

anticipated loading curve are in the 0.21-0.31 eV range (see Table 3.1). These values are notably lower
than the values for the CRCs, which are in the 0.56-1.0 eV range (see Table 3.3).
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Fig. 4.4 Integral index ¢, as a function of EALF: CRC state-points with similar burnup.
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Fig. 4.5 Integral index c; as a function of EALF: CRC state-points with similar soluble boron

concentrations.
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In summary, the integral index, ¢, values indicate that 30 of the 40 CRC state-points considered in the
analysis are highly similar (¢, > 0.90) to the GBC-32 cask loaded with representative spent fuel, and
hence meet the neutronic similarity criteria for being useful in bias determination. As expected, the CRC
state-points with higher average burnup have higher ¢, values, and hence are more similar to the GBC-32
cask. Only one of the CRC state-points (Crystal River BOL state-point with all fresh fuel) had a ¢; value
below the suggested threshold for being moderately similar (e.g., 0.80). '

.3 SENSITIVITY PROFILES

To further evaluate system similarities, selected sensitivity profiles representing kg sensitivity to total
cross sections of the six highest worth fission products (**Sm, '*Nd, '®Rh, '*'Sm, **Cs, and '**Gd) as a

_ function of neutron energy (see Eq. 2), are shown in Figs. 4.6 through 4.12. Sensitivity profiles for

actinides and other relevant nuclides are included in Appendix B, Figs. B.1 through B.16. Comparison of
the sensitivity profiles from the GBC-32 cask and the CRCs indicates that the energy-dependent
sensitivities are quite similar between the cask model and many of the CRC state-points for the fission
products and actinides relevant to burnup credit. The differences between the sensitivity profiles of the
two systems result from the differences in the sensitivity coefficients (see Tables 4.1 and A.1) and a slight
displacement between the sensitivity profiles of the two systems. As indicated by the values in Table 4.1,
CRC state-points with higher average burnup tend to have higher sensitivity coefficients, and the state-
points at or near the end of reactor cycle provide better similarity -for the same burnup than the other state-
points. This can be illustrated in the case of '**Sm. Figure 4.6 shows a comparison of the *Sm sensitivity
profiles for the GBC-32 cask and Crystal River Unit 3 EOC state-points of various burnup values (boron

. concentrations ~500 ppm, burnup values 12-33 GWd/MTU). Although the average burnups vary greatly,

the CRC sensitivity profiles in the figure are almost identical, indicating the same degree of similarity
seen with integral index ¢, for these state-points and the good coverage (i.e., the effectiveness for
validating cross sections as used in the application) of these CRC state-points. Figure 4.7 shows a
comparison of the '**Sm sensitivity profiles for the GBC-32 cask and Crystal River Unit 3 state-points 12
and 29, which have a core average burnup of approximately 19-GWd/MTU and boron concentrations of
605 ppm and 1572 ppm, respectively. The CRC sensitivity profile shift toward slightly higher energies in
the thermal region is better seen in the case of nuclides with total cross sections inversely proportional to
neutron velocity, such as "*Nd (see Fig. 4.8). Note that similar trends are seen in Figures 4.9 through
4.11. Sensitivity profile displacement can be explained by the differences in the thermal spectra of the two
types of systems, i.e., the difference in temperature between the reactor criticals and the cask. Note that
only TMI Unitl Cycle 5 BOC (6.63-year downtime) and Sequoyah Unit 2 Cycle 3 MOC (2.73-year
downtime) configurations are similar to the GBC-32 cask in regard to '*>Gd contents, as seen in Fig. 4.12,
since only these systems contain comparable '>>Gd concentrations as a result of '*>Eu decay after fuel
discharge.
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4.4 NUCLIDE-REACTION SPECIFIC INTEGRAL INDEX g

As suggested by the sensitivity profiles illustrated in Figures 4.6 through 4.12 and B.1 through B.16, use
of sensitivity coefficients is not sufficient in assessing system similarities on a nuclide-reaction specific
level because systems with similar sensitivity coefficients may have very different sensitivity profiles.
Therefore, the concept of coverage of an application by an experiment can be used to assess system
similarities on an energy-dependent, nuclide-reaction specific level. Nuclide-reaction integral index g,
representing the fraction of the application sensitivity profile area that also pertains to the area delimited
by the sensitivity profile of the experiment, provides a measure of this coverage (see Sect. 2.3).
Nuclide-reaction integral index g values for the actinides and major fission products relevant for burnup
credit in the GBC-32 cask in relation to the CRC state-points are presented in Appendix C, Tables C.1
through C.6. Note that the GBC-32 model did not include adjustments to account for measured versus
calculated isotope compositions.

The EOC state-points provide better coverage of the cask’s k.4 sensitivities to 9Sm, '"*Nd, '®Rh, 'Sm,
and '*Cs than the other state-points, and the integral-g index values do not vary significantly with the
burnup of an EOC state-point, as shown in Fig. 4.13. As expected, only TMI Unit 1 BOC and Sequoyah
Unit 2 MOC provide coverage of the cask’s k. sensitivities to nuclides that significantly build in after
fuel discharge, such as '*°Gd, **' Am, and '’Sm. The highest g-index values were obtained for nuclides
with greater reactivitg' worth in a critical reactor core than in the generic cask, such as el AR R 1
0py Bipy g P iRy l()“’Ag, 3Cs, and '*?Sm. The maximum coverage of the cask’s sensitivities
to "Sm, '*Nd, '“Rh, *'Sm, 33Cs, and *°Gd provided by the CRC state-points is 81%, 78%, 89%, 60%,
92%, and 75%, respectively. The CRC state-points that provide significant coverage are summarized in
Table 4.4.
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Fig. 4.13 Nuclide-reaction integral index g for Crystal River Unit 3 EOC state-points.

Table 4.4 Summary of CRC state-points providing significant coverage for the cask’s k.
sensitivities to 'Sm, "*Nd, 'Rh, "*'Sm, '**Cs, and '*°Gd

Fission product Integral ¥ index CRC state-points
interval

9Sm 0.7-0.81 Crystal River Unit 3 state-points 2, 3, 6, 7, 9, 10, 12, 14, 15,17, 18, 19, 20,
21,25, 27, 30, and 33

"INd 0.6-0.78 Crystal River Unit 3 state-points 3, 7, 9, 10, 12, 15, 18, 19, 20, 21, 25, 26,
27,31, and 33. Sequoyah Unit 2, state-point 3

"Rh 0.7-0.89 Crystal River Unit 3 state-points 7, 9, 10, 12, 15, 18, 19, 20, 21, 25, 26, 27,
30, 31, and 33. Sequoyah Unit 2, state-point 3

'Sm 0.5-0.6 Crystal River Unit 3 state-points 7, 10, 12, 15, 20, 21, 25, 26, 27, 31, and
33

s 0.8-0.92 Crystal River Unit 3 state-points 7, 9, 10, 12, 15, 17, 18, 19, 20, 21, 25, 26,
27,30, 31, and 33. Sequoyah Unit 2, state-point 3

'5Gd 0.7493 TMI Unit 1 state-point 1
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4.5 RELATIVE STANDARD DEVIATION OF £, DUE TO UNCOVERED SENSITIVITY
DATA

The relative standard deviation of k.4 due to uncovered sensitivity data by all CRC state-points with
¢>0.8 was evaluated using the TSUNAMI-IP methodology (see Section 2.4). Contributions to
uncertainty in k.y (% Dk.g/k.g) by individual energy covariance matrices are listed in Appendix C, Tables
C.7 through C.12, for cask burnups ranging from 10 to 60 GWd/MTU. Note that only contributions larger
than 1.0E-04 are listed in the tables. The relative standard deviation of k.5 due to uncovered sensitivity
data and contributions by nuclide groups are summarized in Table 4.5. The values shown in the tables are
based on-an assumed relative standard deviation for unknown covariance data of 25% and vary from

- 0.79% to 0.95% Ak, g/k,.g for cask burnups ranging from 10 to 60 GWd/MTU. Major actinides dominate
the relative standard deviation of &,y due to uncovered sensitivities, while the total contribution due to
noncoverage of fission-product cross sections varies from approximately 0.02% to 0.08% Ak.4/k.4 for
cask burnups ranging from 10 to 60 GWd/MTU. Note that the contributions from individual fission
products are comparable to statistical uncertainties in kg results (see Table 3.1).

.Table 4.5 Relative standard deviation of k. (% Dk gk, ;) due to
uncovered sensitivity data’

Cask burnup (GWd/MTU)

Nuclide group 10 20 30 40 - 50 60

Major actinides’ 0.7540 [ 0.8295 [ 0.8763 | 0.8913 [ 0.9004 | 0.9173
Minor actinides® 0.0093 ] 0.0168 | 0.0213 [ 0.0283 | 0.0333 | 0.0386
Fission Qroducts 0.0210 | 0.0444 | 0.0560 | 0.0631 | 0.0688 [ 0.0761
H 0.2095 |0.2194 |0.2201 [ 02272 [.0.2280 | 0.2261
®0 0.0389 | 0.0401 [ 0.0413 | 0.0420 “| 0.0433 | 0.0430
B 0.0076 | 0.0076 | 0.0077 [ 0.0075 | 0.0075 | 0.0074
Total® ‘ 0.7877 | 0.8639 | 0.9099 | 0.9268" | 0.9364 | 0.9529

“Assumed relative standard deviation for unknown covariance data is 25%.

b234(; B5(; Yy VBpy BIpy M0py HIpy MIp; g W An

c 236U 237 p and 243 Am.

d 95Mo ®Tc, 'Ry, 1%Rh, ®Ag, *Cs, “'Sm, “*Sm, °Sm, ''Sm, 52Sm, *Nd,
145Nd, lleu’ 153Eu’ and 155Gd

‘Quadrature sum of total contributions.

/ For comparison purposes, the value is 0.7895 when assuming a relative standard
deviation for unknown covariance data of 5% (instead of 25%).
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S CONCLUSIONS

This report provides an analysis of similarities between a generic spent fuel cask and a set of 40 critical

state-points achieved at BOC, MOC, and EOC of various PWR reactors, including Crystal River Unit 3,
Sequoyah Unit 2, Surry Unit 1, TMI Unit 1, and North Anna Unit 1. The analysis uses the cross-section
S/U analysis methods developed at ORNL and the TSUNAMI set of tools in the SCALE code system.
Material and neutron spectrum similarities between the two types of systems are examined using a set of
indices that provide a measure of similarity on an integral and on an energy-dependent and nuclide-
reaction specific level. The CSAS25/KENO V.a models for the CRC state-points used in TSUNAMI-3D
calculations were automatically generated and were validated by comparing the CSAS25 results with
criticality calculation results previously published, as described in Sect. 3.2.6.

The CRC state-points present various degrees of similarity with the GBC-32 cask, as summarized in
Table 4.3. Thus, 30 CRC state-points are highly similar (¢,>0.90), and 39 state-points are moderately
similar (¢;>0.80) to the GBC-32 cask containing typical spent fuel assemblies of 3.78 wt% **°U initial
enrichment, 40-GWd/MTU burnup, and 5-year cooling time. The state-points providing the highest
similarity (¢;>0.95) were attained at or near the end of a reactor cycle. Except for the TMI Unit 1 state-
point, the BOC state-points are only moderately similar to the GBC-32 cask due to their fresh fuel
contents and lower average burnup. The correlation coefficient (c;) exhibits an ascending trend with
increasing average burnup within a given reactor cycle. It varies linearly with burnup for state-points with
similar soluble boron concentrations, regardless of cycle, and the rate of change increases with increasing
boron concentrations, as illustrated in the set of graphs provided in Sect. 4.2.

On a nuclide-reaction specific level, the CRC state-points provide significant similarity for most of the
actinides and fission products relevant to burnup credit. A comparison of energy-dependent sensitivity-

. profiles shows a slight shift of the CRC k4 sensitivity profiles toward higher energies in the thermal
region as compared to k. sensitivity profile of the GBC-32 cask. The profile displacement reduces the
number of energy groups for which coverage is provided by a CRC state-point. Based on CRCs with
¢>0.80 and assuming a relative standard deviation for uncovered covariance data of 25%, the relative
standard deviation of k.zdue to uncovered sensitivity data varies from 0.79% to 0.95% for cask burnups
ranging from 10 to 60 GWd/MTU. This uncertainty is largely dominated by contributions from major
actinides. The contributions from minor actinides and fission products are small and comparable to
statistical uncertainties in the k.4 results.

Based on the recommended applicability criterion in Ref. 11 (i.e., ¢,>0.9 indicates applicability), 30 of the
40 CRC state-points are applicable and can contribute to the validation of burnup credit in the GBC-32
cask loaded with fuel burned to 40 GWd/MTU. Hence, in principle, these CRC state-points could be part
of a set of benchmark experiments for determining a bias in calculated k.4 of a spent fuel
transport/storage/disposal system due to approximations in computational methods and uncertainties in
parameters and nuclear data. The use of the methods described in Ref. 11 is recommended to determine
the bias and bias uncertainty. However, a CRC state-point model is much more complex than a typical
burnup credit cask model, requires a large amount of data for comprehensive modeling (e.g., physical
characteristics of reactor core components and assembly irradiation histories), and the available CRC
documentation does not provide uncertainties associated with various modeling parameters. Therefore,
additional evaluations should be included in the burnup credit validation methodology if the CRCs are
selected as a component of the benchmarking methodology.
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Appendix A

Energy- and Region-Integrated CRC k.4
Sensitivities to Nuclide total Cross Sections

Table A.1 Energy- and region-integrated sensitivity coefficients for CRC state-points

CR3SP1 CR3SP2 CR3SP3 CR3SP4 CR3SP5

b-10 -1.72E-01  u-238  -1.58E-01  u-238 -1.65E-01  u-238 -1.51E01 * u-238 -1.55E-01
u-238 -1.69E-01  b-10 -LI3E01  b-10 . -547E-02  b-10 -123E-01  b-10 -1.34E-01
o -1.12E02  pu240  -273E-02 pu-240  -3.80E-02  pu-240 2.76E-02  pu-240 2.39E-02
0-16 9.86E-03 sm-149 -124E02 sm-149  -137E-02 sm-149  -1.01E02 o-16 -1.24E02
ni 337E03 =z - -105E02 = . -1.03E02 = 9.96E-03 zr -1.10E-02
ta-181 -1.62E-03  o-16 992E03 o-16 8.69E03 o0-16 9.80E-03 * sm-149  -1.02E-02
u-234 -1.61E-03  nd-143  -501E-03 nd-143 741E-03  nd-143 -543E-03  nd-143 4.90E-03
o -1.04E-03  th-103 ' -463E-03  rh-103 -6.10E-03  th-103 5.01E03  rh-103 4.59E-03
c0-59 6.58E-04 sm-151 -3.36E-03  ag-109 479E-03 sm-151  -3.23E03 i  -3.07E-03
fe 6.39E-04 ni 324E03  sm-151  4.11E03 ni 3.17E-03 sm-151  -2.97E-03
ag-107  444E04 u-236  -3.03E-03 u-236 3.79E-03  u-236 2.63E-03  u-236 -2.38E-03
~ al27 3.00E04 cs-133  -202E03 i 333E03  ¢s-133 2.28E-03  cs-133 -2.09E-03
u-236 295E04 * sm-152 -1.61E-03  cs-133 2.98E-03 sm-152  -1.86E03 sm-152  -1.66E-03
ag-109  -234E04 ta-181  -1.61E03 sm-152  -251E03 1c-99 “-1.7IE03  ta-181 -1.58E-03
mo 231E-04  tc-99 -1.SIE-03  tc-99 223E03  ta-181 -1.61E-03  tc-99 -1.57E-03
sn-117 -142E-04  u-234  -128E03 np-237  -1.75E-03 u-234  -1.40E-03 u-234 -1.44E-03
mn-55 -1.26E-04  nd-145  -1.06E03  nd-145 -1.61E03  np-237 -129E-03  np-237 -1.20E-03
sn-118 -1.1I9E<04  np-237 -1.02E03 ‘ta-181 -1.57E03  nd-145 -122E-03  nd-145 -1.12E-03 .
sn-116 -LI9E04 o 994E-04 u-234 -122E03 or -1.07E03 ¢ 9.69E-04
ti 891E05 mo95 -692E04 eu-153 -1.15E03  fe -1.OIE03  ag-109 -8.97E-04
nb-93 -8.12E-05  co-59 -6.38E-04 pu-242  -1.05E-03  eu-153 -795E04  eu-153 -7.49E-04
sn-119 723E05 fe 633E04 o -105E-03  ag-109 -7.78E-04  fe -7.48E-04
sn-115 493E-05 eu-153 -624E04 mo-95 8.64E-04 mo95 7.66E-04 mo-95  _-7.31E-04
cd 460E05 ag-109 -543E-04 sm-150  -7.70E-04  pu-242 643E04 pu-242 -6.23E-04
sn-120 454E-05 sm-150 -4.65E-04 fe -7.18E-04  co-59 6.12E04  ag-107 -6.05E-04
sn-124 3.04E-05 rm-101 ° 4.52E04 ru-101 6.95E-04 ru-101 539E-04  co-59 -6.02E-04
sn-112 234E05  am- 432E04  c0-59 645E-04 sm-150  -531E-04 am-241  -533E-04
cu -172E05  pu-242  -386E04 am-241  -534E-04 am-241  4.93E04 ru-101 -5.02E-04
si 1.05E05  sm-147 -3.00E-04 sm-147  4.16E-04 sm-147  4.08E-04 sm-150  4.82E-04
in-115 3.12E04 mo 227E04 in-115-  -336E04  ag-107 3.72E04 sm-147  4.10E-04
h-1 1.I3E-01  gd-155 -143E-04  pu-238 2.98E-04 mo 224E04 mo 2.21E-04
u-235 3.34E01  sn-117  -132E04 mo 221E04 pu-238 -1.90E-04 - pu-238 -1.92E-04
mn-55  -1.1SE04 mn-55 -1.65E-04  sn-117 -1.29E-04 sn-117 -1.29E-04

sn-116  -L13E-04 am-243  -1.59E-04 mn-55 -1.I6E-04  gd-155 -1.20E-04

sn-118  -1.12E-04  sn-117 -1.37E-04  sn-116 -1.12E04  sn-118 -1.14E-04

pu-238  -112E-04  sn-116 -1.14E04 sn-118-  -1.11E04  sn-116 -1.14E-04

ti -8.50E-05 sn-118 -1.12E-04 am-243  -978E-05 am-243  -1.07E-04

nb-93 802E05 i 8.72E05 gd-155 -8.30E-05 mn-55 -1.00E-04

sn-119  -6.66E-05  nb-93 -1.82E05 ti 8.10E05 ti -71.96E-05

sn-115  4.51E05  sn-119 -7.04E05 nb-93 -7.98E-05 nb-93 -7.88E-05

in-115  -441E-05 " sn-115 4.90E-05 sn-119 6.34E05 «cd -6.54E-05

sn-120 4.19E-05  sn-120 408E-05 sn-115 425E-05 sn-119 6.41E-05

am- 4.10E-05  gd-155 -331E05 sn-120 4.01E-05 sn-120 4.40E-05

sn-124  2.85E-05 sn-124 -2.85E-05 sn-124 281E05 sn-115 4.20E-05

sn-112  220E-05  sn-112 224E-05 od 2.73E05  sn-124 -2.88E-05

eu-151 -197E05 «cu .-1.68E-05  sn-112 2.16E05 sn-112 2.18E05

cu -1.66E-05  pu-241 2.09E02 cu -1.60E0S cu -1.58E-05

pu-241  1ISE-02  pu-239 1.10E01  eu-151 -1.31E-05 . eu-151 -1.45E-05

pu-239  9.96E-02  u-235 1.53E-01  pu-241 140E-02  pu-241 1.26E-02

h-1 1.32E-01  h-l 1.58E-01°  pu-239 907E-02  pu-239 8.37E-02

u-235 1.95E-01 h-1 132E01  h-l 1.24E-01

u-235 2.01E01  u-235 2.16E-01




Energy- and Region-Integrated CRC k.5
Sensitivities to Nuclide Total Cross Se;ctions

Appendix A

Table A.1 Energy- and Egion—integated sensitivity coefficients for CRC state-points (continued)

CR3SP6 CR3SP7 CR3SP8 CR3SP9 CR3SP10
u-238 -1.57E-01  u-238 -1.57E-01  u-238 -1.60E-01  u-238 -1.60E-0!  u-238 -1.61E-01
b-10 -7.46E-02  b-10 -5.83E-02  b-10 -1.44E-01  b-10 -7.19E02  b-10 -5.20E-02
pu-240 -3.38E-02  pu-240 -3.84E-02  pu-240 -1.99E-02  pu-240 -3 .79E-02 pu-240 -3.82E-02
sm-149 -1.32E-02  sm-149 -1.35E02 o-16 -1.22E-02  sm-149 -l.49E02 sm-149 -1.37E-02
zr -1.02E02 = 997E03 = -1.14E-02  o-16 -l.lftE-OZ bag -1.08E-02
o-16 -9.14E-03  o-16 -8.98E-03  sm-149 -7.24E03 = -1.1§E-02 o-16 -1.00E-02
nd-143 -7.07E-03 ° nd-143 -8.08E-03  nd-143 -3.98E-03  nd-143 -749E-03  nd-143 -7.85E-03
th-103 -5.88E-03  rh-103 -6.85E-03  rh-103 -3.67E-03  rh-103 636E-03  rh-103 -6.88E-03
ag-109 -5.65E-03  ag-107 -4.60E03 ni -3.13E-03 - sm-151 -4.24E-03 ag-107 . -5.57E-03
sm-151 -3.97E03  sm-151 <4.39E-03  u-236 -2.41E-03  u-236 4.03E-03  sm-151 -4.37E-03
u-236 -3.85E-03  u-236 4.15E-03  sm-151 -2.17E-03  ag-107 -3.44E-03  u-236 4.11E-03
ni -3.11E-03  ¢s-133 -3.41E-03  ¢s-133 -1.70E-03  ni -3.26E-03  ni -3.33E-03
cs-133 -2.99E-03  ni -3.36E-03  ta-181 -1.61E-03  cs-133 -3.22E-03  cs-133 -3.32E-03
sm-152 -2.43E-03  sm-152° -2.79E03  u-234 -1.48E-03  sm-152 -2.64E-03  sm-152 -2.72E-03
tc-99 -2.24E-03  tc-99 -2.54E03  sm-152 -1.40E-03  ag-109 -2.60E-03  tc-99 " -2.48E-03
np-237 -1.90E-03  np-237 -2.30E-03 . tc-99 -1.27E-03  tc-99 -241E-03  np-237 -2.22E-03
nd-145 -1.62E-03  nd-145 -186E-03 cr -1.00E-03  np-237 -2.12E-03  nd-145 -1.80E-03
ta-181 -1.57E-03  ag-109 -1.70E-03  np-237 -9.97E-04  nd-145 -1.75E-03  ag-109 -1.75E-03
u-234 -1.33E-03  ta-181 -1.62E03  nd-145 -9.07E-04  ta-181 -1.61E-03  ta-181 -1.63E-03
eu-153 -1.23E-03  pu-242 -1.55E-03  ag-109 -8.70E-04  pu-242 -1.45E-03  pu-242 -1.52E-03
pu-242 -1.ISE-03  eu-153 -1.49E03 fe -8.19E-04  eu-153 -1.39E-03  eu-153 -1.45E-03
cr -9.61E-04 u-234 -1.29E-03  eu-153 6.38E-04  u-234 "-1.29E-03  u-234 -1.30E-03
mo-95 -8.57E-04 o -1.14E-03  ag-107 -6.19E-04 cr 5\ -LI2E03  fe -1.25E-03
sm-150 -71.51E-04 fe -1.0IE03  co-59 6.16E-04 fe -LL1IIEQ3  cr -1.19E-03
ru-101 -7.27E-04  mo-95 -1.01E-03  pu-242 -5.64E-04  mo-95 -8.95E-04  mo-95 -9.91E-04
co-59 -6.13E-04  sm-150 -8.92E-04 mo-95 -5.45E-04  sm-150 -8.40E-04 sm-150 -8.74E-04
fe -6.11E-04  ru-101 -8.43E-04  al-27 443E-04 ru-101 -798E-04  ru-10t -8.22E-04,
am-241 -5.94E-04 am-241 -7.10E-04  sm-150 4.11E-04  co-59 -622E04 cd -6.95E-04
sm-147 4.72E-04  co-59 -6.39E-04 ru-101 4.10E-04  al-27 -5.64E-04  co-59 -6.31E-04
pu-238 -3.90E-04 cd -5.78E-04  am-241 291E-04 am-241 -5.15E-04  am-241 -6.18E-04
in-115 -3.50E-04  sm-147 -536E-04  sm-147 -2.42E-04  pu-238 4.49E-04  al-27 -5.79E-04
am-243 -2.65E-04  pu-238 -5.27E-04 mo -2.26E-04  sm-147 -3.95E-04  pu-238 -4.89E-04
mo -2.17E-04  am-243 -3.79E-04  pu-238 -1.55E-04  am-243 -3.56E-04  sm-147 -4.41E-04
sn-117 -1.32E-04 mo -2.25E04  sn-117 -138E04 cd -3.03E-04  am-243 -3.86E-04
mn-55 -1.27E-04  mn-55 -194E04 sn-118 -1.21E-04 mo -225E04 mo -2.26E-04 -
sn-116 -1.13E-04  sn-117 -1.33E-04  sn-116 -1.20E-04  sn-117 -141E04 mn-55 -1.84E-04
sn-118 -1.12E-04  sn-116 -1.14E-04  am-243 -8.87E-05  mn-55 -1.25E-04  sn-117 -1.42E-04
ti -8.19E-05  sn-118 -1.12E-04  mn-55 -8.36E-05 sn-116 -1.20E-04 . sn-116 -1.20E-04
nb-93 -1.75SE05  ti -8.58E-05 i -8.14E-05  sn-118 -1.20E-04  sn-118 -1.19E-04
sn-119 -6.62E-05  nb-93 -8.00E-05  nb-93 -8.03E-05 ti -8.31E-05 ti . -8.39E-05
sn-115 4.50E-05 sn-119 -6.70E-05  sn-119 -6.83E-05 nb-93 -8.03E05  nb-93 -8.09E-05
sn-120 -4.09E-05  in-113 4.63E05 gd-155 -5.48E-05  sn-119 -7.04E-05  sn-119 -7.10E-05
gd-155 -3.82E-05  sn-115 4.60E-05 . cd -5.33E-05  sn-115 4.71E-05 gd-155 -5.82E-05
sn-124 -2.85E-05  gd-155 425E05 sn-120 .4.65E-05  sn-120 4.58E-05  in-113 -5.45E-05
sn-112 -2.21E-05  sn-120 4.02E-05  sn-115 4.48E-05  gd-155 4.01E-05 sn-115 -4 .81E-05
cu -1.60E-05  sn-124 -2.85E-05 * sn-124 -3.07E-05  sn-124 -3.07E-05  sn-120 -4.42E-05
pu-241 I.97E02  sn-112 -221E05  sn-112 -2.33E05 sn-112 -2.36E-05  sn-124 -3.08E-05
pu-239 9.88E-02 cu -1.L67E05S cu -1.61E-05  in-113 -2.00E05 sn-112 -2.37E-05
h-1 1.58E-01 pu-241 2.39E-02  pu-241 1.L15SE02 cu -1.63E-05 cu -1.65E-05
u-235 1.69E-01 pu-239 1.05E-01 pu-239 6.59E-02  pu-241 2.32E02  pu-241 2.34E-02
) u-235 1.53E-01 h-1 1.29E01 pu-239 1.06E-01 pu-239 1.04E-01
h-1 1.64E-01 u-235 2.37E-01 u-235 1.56E-01 u-235 1.50E-01
>h-1 1.58E-01 h-1 1.66E-01
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Appendix A
: Sensitivities to Nuclide Total Cross Sections

Table A.1 Energy- and region-integrated sensitivity coefficients for CRC state-points (continued)

CR3SP11 CR3SP12 CR3SP13 CR3SP14 CR3SP15
b-10 -1.55E-01  u-238 -1.56E-01  b-10 -1.47E-01  u-238 -1.43E-01  u-238 -1.50E-01
u-238 -1.50E-01  b-10 6.04E-02  u-238 -1.43E-01  b-10 -1.1SE-01  pu-240 -4.69E-02
pu-240 -1.75E-02  pu-240 448E-02  pu-240 -2.20E-02  pu-240 -2.81E-02  b-10 -3.86E-02
o-16 -1.14E-02  'sm-149 -1.38E02 o-16 -1.18E-02  sm-149 -1.22E02  sm-149 -1.48E-02
o -1.08E-02 o-16 -1.25E02 =z -1.06E-02  o-16 -1.07E02  o-16 -1.15E-02
sm-149 -S.77E-03 = -1.14E-02  sm-149 ©6.94E-03 =zr -1.03E02 = -1.08E-02
nd-143 -3.35E-03  nd-143 -9.41E03  nd-143 4.56E-03  nd-143 -6.13E03  nd-143 -1.07E-02
rh-103 -3.22E-03  rh-103 -8.29E-03  rh-103 4.55E-03  rh-103 -6.02E-03  rh-103 -9.43E-03
ni -2.86E-03  sm-151 4.86E-03  ni -3.38E-03  u-236 -3.74E03  ag-109 -6.81E-03
u-236 -2.19E-03  u-236 482E-03  u-236 -2.81E-03  sm-151 -3.53E-03  sm-151 -5.28E-03
sm-151 -1.82E-03  cs-133 4.14E03  sm-151 -2.27E03 ni -3.08E03  u-236 -5.25E03
u-234 -1.61E-03  sm-152 -345E-03  cs-133 -2.06E-03  cs-133 2.77E-03  cs-133 -4.72E-03
" ta-181 -1.55E-03 ni -3.15E-03  ta-181 -1.73E-03  ag-107 -231E03  sm-152 -3.88E-03
cs-133 -1.46E-03  tc-99 -3.10E-03  sm-152 -1.71E-03  sm-152 -2.19E-03  np-237 -3.87E-03
sm-152 -1.19E-03  np-237 -3.04E-03  u-234 -1.64E-03  tc-99 207E03  tc-99 -3.52E-03
c-99 -1.09E-03  pu-242 -2.30E-03  tc-99 -1.54E-03  ag-109 -2.07E-03  ni -3.02E-03
cr -9.01E-04  nd-145 -229E-03  np-237 -1.41E-03  np-237 -1.89E-03 ~ pu-242 -2,.88E-03
© np-237 -8.19E-04  eu-153 -2.00E-03  nd-145 -1.11E-03  ta-181 -1.63E-03  nd-145 -2.63E-03
ag-107 -7.85E-04  ta-181 -1.63E-03  cr -1.07E-03  u-234 -1.55E-03  eu-153 -2.45E-03
nd-145 -7.73E04  ag-109 -1.51E-03 fe 9.26E-04 nd-145 -149E-03  ta-181 -1.56E-03
ag-109 -748E-04  u-234 -1.29E-03 -  pu-242 -8.95E-04  pu-242 -1.24E-03  mo-95 -1.49E-03
fe -6.65E-04 mo-95 -1.23E-03  eu-153 -8.68E-04  cu-153 -1.17E03  u-234 -1.34E-03
co-59 -5.71E-04  sm-150 -1.14E03  mo95 -7.44E-04  am-241 -1.10E-03  sm-i50 -1.32E-03
eu-153 -5.21E-04  ru-101 -1.07E03  am-241 -7.18E04  mo-95 997E04 m-101 -1.27E-03
mo-95 -5.01E-04  cr -1.0OE-03  ag-109 6.95E-04 cr 9.78E-04  am-241 -1.26E-03
pu-242 4.25E-04 fe -1.79E-04  co-59 6.44E-04 fe -7.93E-04  pu-238 -1.16E-03
ru-101 -3.49E-04  am-241 -1.77E-04  ru-101 -5.31E-04 ru-101 -T.11E04  cr -9.96E-04
am-241 -3.47E-04  pu-238 -7.56E-04  sm-150 5.09E-04  sm-150 6.76E-04  am-243 -9.80E-04
sm-150 -3.38E-04 am-243 6.37E-04 sm-147 4.09E-04  sm-147 -6.15E-04 fe -8.55E-04
al-27 -3.14E-04  co-59 -6.22E-04  pu-238 -2.55E-04  co-59 -6.00E-04  sm-147 -8.46E-04
sm-147 -2.51E-04  sm-147 -5.61E-04 mo -2.55E-04 ﬁu-238 -3.95E-04  co-59 -5.92E-04
mo 2.17E-04  al-27 -5.26E-04  al-27 -2.32E-04- am-243 -2.94E-04  al-27 -3.96E-04
sn-117 -1.33E-04 mo * -225E-04  am-243 -1.73E-04  al-27 -2.68E-04 " in-115 -2.64E-04
sn-118 -1.19E-04  ag-107 2.11E-04  gd-155 -1.49E-04 mo -233E-04 mo -2.14E-04
sn-116 -1.18E-04  'sn-117 -1.39E-04  sn-117 -1.28E-04  gd-155 -1.78E-04  sn-117 -1.36E-04
pu-238 -1.16E-04  sn-118 -1.21E-04  mn-55 -1.22E-04  cd -1.38E-04 mn-55 -1.19E-04
mn-55 -1.04E-04 sn-116 -1.21E-04  sn-118 -1.17E04  sn-117 -1.29E04  sn-116 -1.19E-04
nb-93 -1.73E-05  mn-55 -1.02E-04  sn-116 -1.17E-04  sn-l116 -LIBE-04  sn-118 -1.18E-04
cd -7.66E-05 i -8.20E-05  nb-93 -9.29E-05  sn-118 -1.17E-04  ti -1.77E-05
ti -7.37E-05  nb-93 -8.14E-05  ag-107 -9.10E-05 mn-55 -1.11E<04  nb-93 -7.48E-05
gd-155 -6.51E-05 sn-119 6.90E05 ti -8.41E05  nb-93 -8.33E05  sn-119 -6.66E-05
sn-119 -6.33E-05 sn-120 <4.64E-05  sn-119 -6.00E-05 i -7.82E05  gd-155 -6.63E-05
am-243 -5.75E-05  sn-115 -4.55E-05 sn-120 4.39E-05 sn-119 6.06E-05  sn-120 4.42E-05
sn-120 4.48E-05  gd-155 -391E-05 sn-115 -3.76E-05  sn-120 427E05 sn-115 -4.40E-05
sn-115 4.06E-05 sn-124 -3.10E-05  sn-124 -2.98E-05  sn-115 -3.86E-05  sn-124 -3.03E-05
sn-124 -3.03E-05 «cd -2.65E-05 sn-112 -2.25E-05  sn-124 -2.97E05  sn-112 -2.31E-05
sn-112 -2.29E-05  sn-112 -2.36E-05 cu -1.76E-05  sn-112 -226E-05 cu -1.54E-05
cu -1.49E-05 cu -1.63E-05  eu-151 -1.43E-05  eu-151 -1.96E-05 . pu-241 3.45E-02
pu-241 9.58E-03 pu-241 3.14E-02  pu-241 1.46E-02  cu -1.61E-05  pu-239 1.09E-01
pu-239 5.87E-02  pu-239 i .EZE-OI pu-239 6.62E-02  pu-241 1.80E-02 u-235 1.25E-01
h-1 1.33E-01 u-235 1.33E-01 h-1 1.37E01 pu-239 851E02  h-1 1.76E-01
u-235 2.43E-01 h-1 1.63E-01 u-235 2.24E01 h-1 1.50E-01
u-235 1.89E01
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Table A.1 Energy- and region-integrated sensitivity coefficients for CRC state-points (continued)

CR3SP16 . CR3SP17 CR3SP18 CR3SP19 CR3S5P20
b-10 -1.68E-01  u-238 -1.38E-01  u-238 -1.39E-01  u-238 -1.39E01  u-238 -1.44E-01
u-238 -1.35E-01  b-10 -1.03E-01  b-10 -9.59E-02  b-10 -8.91E-02  b-10 . - -5.11E-02
pu-240 -1.79E-02  pu-240 -3.41E-02  pu-240 -3.62E-02  pu-240 -3.71E-02  pu-240 -4.44E-02
o -9.84E-03  sm-149, -1.24E02  sm-149 -1.26E-02  sm-149 -1.25E-02  sm-149 -1.17E-02
o-16 . 9.76E-03  o-16 -9.90E-03  o-16 -L1IE-02 =r -991E03  o-16 -1.05E-02
sm-149 -5.21E-03 = -977E03 =z -1.03E-02 - o-16 -9.85E03  zr -1.03E-02
r-93 -3.87E-03  nd-143 -736E-03  nd-143 -7.90E-03  nd-143 -8.32E-03  nd-143 -1.03E-02
rh-103 -3.70E-03  rh-103 -6.69E-03  rh-103 -7.50E-03  rh-103 -8.10E-03  rh-103 -9.09E-03
nd-143 -3.67E-03  u-236 454E03  u-236 -<4.78E-03  u-236 <4.83E-03 in-115 -6.48E-03
u-236 -2.51E-03  sm-151 4.11E-03  sm-151 4.32E-03  sm-151 442E-03  u-236 -5.36E-03
sm-151 -1.84E-03  z-93 -3.79E-03 @93 -3.97E-03  zr-93 -3.82E-03 sm-151 -5.15E-03
u-234 -1.79E-03  cs-133 -3.45E-03  cs-133 -3.69E-03  cs-133 -3.80E-03 . c¢s-133 -4.61E-03
cs-133 -1.73E-03  sm-152 -2.73E-03  sm-152 -2.93E-03  sm-152 -3.02E-03 - np-237 -3.81E-03
ni ' -1.72E-03  tc-99 -2.58E-03  np-237 -2.78E-03  np-237 -2.88E-03  zr-93 -3.79E-03
sm-152 -1.42E-03  np-237 -2.51E03 99 -2.76E-03  tc-99 -2.84E-03  sm-152 -3.75E-03
tc-99 -1.29E-03  ag-109 -2.11E-03  ag-107 -2.46E-03  ag-109 -2.11E03  ag-109 -3.70E-03°
np-237 -1.19E-03  ag-107 -2.01E03 nd-145 -2.01E-03  ag-107 -2.11E03  tc-99 -3.45E-03
nd-145 -9.29E-04  nd-145 -1.88E-03  ag-109 -1.86E-03  nd-145 -2.08E-03  pu-242 -2.67E-03
am-241 -9.02E-04  pu-242 -1.61E-03  ni -1.79E-03  pu-242 -1.86E-03  nd-145 -2.61E-03
ta-181 -8.70E-04  u-234 -1.55E-03  pu-242 -1.78E-03  eu-153 -1.74E-03  eu-153 -2.36E-03
pu-242 -7.13E-04  eu-153 -1.53E-03  eu-153 -1.67E-03  u-234 -1.52E-03  ni -1.72E-03
eu-153 -7.10E-04  ni -1.45E-03  u-234 -1.53E-03  ni -1.52E03  mo-95 -1.55E-03
mo-95 -6.12E-04  mo-95 -1.0OSE-03  mo-95 -1.20E-03  am-241 -1.44E-03  am-241 -1.47E-03
cr -5.90E-04  am-241 9.72E04  am-241 -1.06E-03  mo-95 -1.37E-03  u-234 -1.44E-03
ag-109 -5.17E-04  ru-101 -9.15E-04  ru-101 -9.88E-04 ru-101 -1.02E-03  ru-101 -1.27E-03
. fe -5.08E-04  sm-150 -8.38E-04  sm-150 -9.02E-04  sm-150 -9.42E04  sm-150 -1.25E-03
ru-101 4.54E-04  ta-181 -7.55E-04 ta-181 -8.56E-04  sm-147 -8.58E-04  pu-238 -1.18E-03
sm-147 4.19E-04° sm-147 -6.37E-04 sm-147 -6.93E-04  ta-181 -7.68E-04  sm-147 -9.75E-04
sm-150 -4.05E-04  pu-238 -6.03E-04  pu-238 -6.77E-04  pu-238 -7.54E-04  am-243 -9.48E-04
co-59 -3.23E-04 cr -5.11E-04 ¢r -6.41E-04 am-243 -5.84E-04  ta-181 -1.91E-04
al-27 -3.19E-04 am-243 487E-04 fe -6.01E-04 cr -5.43E-04 cr -6.60E-04
pu-238 -2.10E-04  al-27 448E-04 am-243 -5.51E-04  al-27 470E-04 fe -6.54E-04
gd-155 " -1.69E-04 fe -3.74E-04  al-27 4.41E-04 fe 4.23E-04  al-27 -5.19E-04
am-243 -1.43E-04  c0-59 -2.81E-04  co-59 -3.27E-04  co-59 -2.90E-04  co-59 -3.15E-04
mo -1.31E-04 cod -1.74E-04  sn-117 -1.33E-04 cod -2.04E-04  sn-117 -1.37E-04
sn-117 -1.29E-04  sn-117 -1.32E-04 mo -1.28E-04  gd-155 -1.95E04 cd -1.34E-04
sn-118 -1.20E-04  sn-118 -1.20E-04  sn-118 -1.22E-04  sn-117. -1.33E-04 mn-55 -1.22E-04
sn-116 -1.18E-04  sn-116 -1.19E-04  sn-116 -1.21E-04  sn-118 -1.20E-04  sn-118 -1.20E-04
mn-55 -8.53E-05 mo -1.086-04  mn-55 -1.06E-04  sn-116 -1.19E-04  sn-116 -1.19E-04
sn-119 -5.81E-05  mn-55 -7.94E05  gd-155 -8.62E-05 mo -1.11E-04 mo -1.15E-04 -
nb-93 -4.95E-05 . sn-119 -6.10E05 sn-119 -6.18E-05 mn-55 -921E05 sn-119 -6.55E-05
sn-120 4.26E-05  gd-155 -5.15E-05 nb-93 -4.85E-05 sn-119 -6.20E05  gd-155 -5.12E-05
ti 4.23E-05  sn-120 421E-05 sn-120 -4.44E-05  sn-120 4.24E-05  sn-120 -4.34E-05
sn-115 -3.59E-05 nb-93 -3.94E05 ti 4.40E-05 nb-93 4.00E-05  sn-115 -4.28E-05
sn-124 -3.04E-05  sn-115 -3.89E-05  sn-115 -3.89E-05  sn-115 -3.97E-05  nb-93 -4.26E-05
sn-112 -2.29E-05 i , -3.70E-05  sn-124 -3.11E-05 ¢ -3.85E05 ti- -4.26E-05
eu-151 -1.92E05  sn-124 -3.05E-05 sn-112 -2.35E-05  sn-124 -3.06E-05 sn-124 -3.08E-05 |
pu-241 1.13E-02 . sn-112 -2.32E05  eu-151 -1.11E-05 sn-112 -2.33E05  sn-112 -2.35E-05
pu-239 SA8E-02  in-113 -124E-05  pu-241 2.38E02  eu-15! 2.06E-05  pu-241 3.16E-02
h-1 1.42E-01 pu-241 2.21E-02  pu-239 944E-02  in-113 -1.53E05 pu-239 1.01E-01
u-235 2.37E01 pu-239 9.16E02  u-235 1.58E-0! pu-241 243E02  u-235 1.31E-01
u-235 1.65E-01 h-1 1.69E-0t pu-239 9.55E-02  h-1 1.79E-01
h-1 " 1.66E-01 u-235 1.56E-01
h-1 1.72E-01

“Value determined using the direct perturbation method.
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Table A.1 Energy- and region-integrated sensitivity coefficients for CRC state-points (continued)

CR3SP21 CR3SP22 CR3SP23 CR3SP24 CR3SP25
u-238 -1.45E01  b-10 -1.68E-01  b-10 -1.41E-01  b-10 -1.32E-01  u-238 -1.37E-01
b-10 4.73E02  u-238 -1.31E-01  u-238 -1.31E-01 u-238 -1.31E01  b-10 -7.42E-02
pu-240 4.49E-02  pu-240 -1.86E-02  pu-240- -247E-02  pu-240 -2.72E02  pu-240 -4.12E-02
sm-149 -1.33E-02  o-16 -1.14E-02  o-16 -.17E-02  sm-149 -1.09E02  sm-149 -1.38E-02'
nd-143 -1.OSE-02 zr -1.02E-02  sm-149 -1.12E-02  o-16 -1.O6E-02  o-16 -1.10E-02
o-16 -1.0IE-02  2r-93 -6.59E-03 = -1.03E02 zr 9.76E03 zr -1.00E-02
‘o -1.00E-02  sm-149 -5.85E-03 =93 6.71E-03  zr93 -6.48E-03 'nd-143 -9.58E-03
rh-103 -9.32E03  rh-103 -3.96E-03  nd-143 -5.25E-03  nd-143 -5.72E03  rh-103 -8.96E-03
ag-109 -5.59E-03  nd-143 -3.92E-03  rh-103 -4 87E-03  rh-103 -5.28E-03 =93 -6.70E-03
u-236 -542E03  u-236 -2.78E-03  u-236 -3.82E-03  u-236 4.08E-03 u-236 -5.35E-03
sm-151 -5.19E-03  sm-151 -2.04E-03  sm-151 -3.29E-03  sm-151 -3.56E-03  sm-151 -4.88E-03
cs-133 471E-03  cs-133 ~ -1.88E-03  ag-109 -3.06E-03  ag-109 -347E03  cs-133 <4.40E-03
np-237 -3.91E-03  u-234 -1.80E-03  ¢s-133 -2.60E-03  cs-133 -2.81E03  np-237 -3.69E-03
sm-152 3.82E03  sm-152 -1.52E-03  sm-152 -201E03  sm-152 -2.20E-03  sm-152 -3.52E-03
zr-93 -3.713E-03  tc99 -1.42E-03  tc-99 -1.97E-03  tc-99 2.13E03  tc-99 -3.28E-03
tc-99 -3.52E03  np-237 -1.34E-03  np-237 -1.84E-03  np-237 -2.00E-03  ag-107 -3.12E-03
pu-242 .-2.73E03  nd-145 -1.02E-03  u-234 -1.69E-03  u-234 -1.66E-03  nd-145 -2.44E-03
nd-145 -2,64E03  am-241 -9.55E-04  nd-145 -141E-03  nd-145 -1.54E-03  ag-109 -2.39E03 -
cu-153 -241E03 . ni -8.09E-04  eu-153 -1.06E-03  eu-153 -1.16E-03  pu-242 -2.39E-03
ni -1.70E-03  .eu-153 -7.65E-04  pu-242 -1.05SE-03  pu-242 -1.ISEQ3  eu-153 -2.14E-03
mo-95 -1.57E03  pu-242 -7.36E-04  am-241 -8.76E-04 am-241 -8.59E-04 u-234 -1.48E-03
am-241 -1.49E-03  mo-95 -6.68E-04 mo-95 -7.88E-04 mo-95 -8.47E04  mo-95 -1.47E-03
u-234 -1.43E-03  ag-109 -5.42E-04 ni -746E-04  ru-101 -1.57E-04  ru-101 -1.22E-03
ru-101 -1.29E-03  ru-101 -5.01E-04  ru-101 -6.95E-04 sm-150 -647E04 am-241 -1.21E-03
sm-150 -1.27E03  sm-147 4.48E-04  sm-150 -5.88E-04 sm-147 -525E04 sm-150 -1.13E-03
pu-238 -1.20E-03  sm-150 4.32E-04  sm-147 -5.00E-04 ni 482E-04 pu-238 -9.47E-04
sm-147 9.94E04 cr . -3.39E-04 fe -3.62E-04  pu-238 -3.77E04  sm-147 -8.09E-04
am-243 9.70E-04 fe -3.38E-04  pu-238 -3.30E-04 am-243 . 2.84E04 am-243 -7.58E-04
ta-181 -7.76E-04  ta-181 -3.10E-04 cr -3.29E04 cr -2.40E04 ni -6.75E-04
fe 6.95E-04 pu-238 -2.20E-04  ta-181 -2.79E-04 fe -2.21E04 fe -4.53E-04
cr -6.76E-04  al-27 -1.92E-04  in-115 © -2.46E-04  ta-181 -2.03E-04 cr -3.61E-04
al-27 493E-04  gd-155 -1.89E-04  am-243 -2.46E-04  al-27 -1.98E-04  al-27 -3.25E-04
in-115 '-3.68E-04  am-243 -147E-04  al-27 -2.13E04  in-115 -1.71E-04  ta-181 -2.42E-04
co-59 -3.12E-04  sn-117 -1.27E-04  sn-117 -1.28E-04  sn-117 -1.28E04  sn-117 -1.33E-04
mn-55 -1.37E-04  co-59 -1.26E-04  sn-118 -1.22E-04  sn-118 -1.21E04 sn-118 -1.21E-04
sn-117 -1.37E04  sn-118 -1.21E-04  sn-116 -1.I9E-04  sn-116 -1.I8E-04  sn-116 -1.20E-04
sn-116 -1.20E-04  sn-116 -1.17E-04  co-59 -1.I9E-04  co-59 -8.28E-05  gd-155 -1.14E-04
sn-118 -1.20E-04  mn-55 -5.96E-05  mn-55 -5.93E05 sn-119 -5.73E-05  co-59 -1.05E-04
mo -1.14E-04  sn-119 -5.67E-05  sn-119 -5.73E05 mn-55 4.53E-05 mn-55 -8.40E-05
sn-119 6.55E-05 mo -5.52E-05 mo -4.96E05  sn-120 4.29E-05 sn-119 -6.20E-05
gd-155 -6.34E-05  sn-120 4.44E-05  sn-120 -4.51E-05  sn-115 -3.50E-05 'sn-120 -4.37E-05
sn-115 <431E-05  sn-115 -3.40E-05  sn-115 -343E05 mo -3.40E-05 mo -4.28E-05
sn-120 4.25E05 sn-124 -3.04E-05  gd-155 -3.16E-05  sn-124 -3.04E05 sn-115 -3.92E-05
ti 4.20E-05 nb-93 -2.36E-05  sn-124 -3.09E-05 gd-155 -2.77E-05  sn-124 -3.10E-05
nb-93 4.19E05  sn-112 -2.28E-05  sn-112 -2.30E-05  sn-112 2.30E05 sn-112 -2.35E-05
sn-124 -3.08E-05  cu-151 -2.03E-05 nb-93 -2.21E05 nb-93 -1.44E05 nb-93 -1.79E-05
sn-112 -2.36E-05 ti -1.89E-05  ti -1.71E05  ti -1L14E-05 i -1.54E-05
pu-241 3.19E02  pu-241 1.14E-02  pu-241 1.52E-02  pu-241 1.64E02  eu-151 -1.19E-05
pu-239 1.01E-01 pu-239 5.54E-02  pu-239 7.60E-02  pu-239 7.93E02  pu-241 2.85E-02
u-235 1.29E-01 b-1 1.39E01 h-1 1.48E-01  h-1 .1.55E-01 pu-239 9.76E-02
h-1 1.87E-01 u-235 2.38E-01 u-235 2.04E-01 u-235 1.93E-01 u-235 1.42E-01
h-1 1.79E-01
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Table A.1 Energy- and region-integrated sensitivity coefficients for CRC state-points (continued)

CR3SP26 CR3SP27 CR3SP28 CR3SP29 CR3SP30
u-238 -137E01  u-238 -L40E-01  b-10 - 72E01"  u-238 -131E01  u238 . -1.32E01
b-10 S1A2E02  b-10 593E02  u-238 -130E01  b-10 -127E01  b-10 -1.20E-01
pu-240 4.12E-02  pu-240 463E02  pu-240 -1.89E02  pu-240 2.90E02  pu-240 331E-02
sm-149 -138E02  sm-149 -139E02  o-16 -LI1E02  sm-149 -1.00E02  sm-149 -1.26E-02
0-16 -LI0E02  o-16 -LI9E02 = -LOOE02  o-16 9.86E03  o-16 -1.15E-02
P -1.00E02  nd-143 J1.09E-02 =93 -709E03 =z 939E03 = -1.00E-02
nd-143 958603 7z -1.04E-02  sm-149 588E03  zr-93 6.67E03  nd-143 -7.36E-03
th-103 -8.96E-03  rh-103 994E03  1h-103 4.08E03  nd-143 6.15E-03  th-103 -7.04E-03
-93 670E03 2193 690E-03  nd-143 4.03E03  rth-103 -5.54E03  z93 "6.99E-03
u-236 535E03  u-236 S70E03  u-236 2.90E03  u-236 432E03  u-236 4.73E-03
sm-151 4.88E-03  sm-151 SA2E03  sm-15] 211E03  sm-151 375E03  sm-151 4.13E-03
cs-133 440E03  cs-133 S01E03  cs-133 -L96E03  ag-109 328E-03  ag-109 -3.58E-03
np-237 3.69E03  np-237 446E03  u-234 -181E03  cs-133 3.01E03  cs-133 -3.50E-03
sm-152 352E03  sm-152 40SE-03  sm-152 -157E03  sm-152 237E03  sm-152 2.74E-03
ag-107 328E-03  tc-99 374E03 099 -L47E03 99 2.28E03  np-237 -2.73E-03
tc-99 3.12E03  pu-242 3.07E03  np-237 -141E03  np-237 221E03  tc-99 2.63E-03
ag-109 2.44E03  nd-145 2.82E-03  nd-145 -1.06E03  u-234 -L67E03  nd-145 -1.92E-03
nd-145 239E03  eu-153 2.65E-03  eu-153 -791E04  nd-145 -1.67E03  u-234 -1.59E-03
pu-242 2.39E-03  ag-109 2.54E03  pu-242 “137E04  eu-153 -1.28E03  pu-242 -1.57E-03
eu-153 2,14E-03  ag-107 2.25E03  mo-95 -1.00E04  pu-242 -126E03  eu-153 -1.54E-03
mo-95 -148E03  mo-95 -1.69E-03  am-241 671E04  mo-95 892E-04 mo-95 -1LI13E03
u-234 -1ATE03  am-241 -143E03  ag-109 S44E04  ru-101 -8.18E04  am-241 -9.59E-04
am-241 -1.22E03  ru-101 -142E-03  ni 539E04 ‘am-241°  -7.56E04  mu-101 9.53E-04
ru-101 J121E03  u-234 -141E-03  ru-101 S527E04  sm-150 1.06E04  sm-150 -8.31E-04
sm-150 -LI3E03  sm-150 -136E-03  sm-150 444E04  sm-147 5.63E04  sm-147 46.75E-04
pu-238 94TE-04  pu-238 -133E03  sm-147 434E04  pu-238 444E04  pu-238 -5.92E-04
ni 8.09E04  am-243 -LI0E03 fe 322E04  am-243 333E-04  am-243 4.54E-04
sm-147 758E04  sm-147 940E-04 cr 271E04  al27 -1.97E-04  al-27 2.47E-04
am-243 675E04  al27 391E-04  al27 235E04 ni -1.59E04  ni -2.31E-04
fe 453E-04  fe 2.60E-04  pu-238 2232E04  in-115 1A9E04  fe -2.16E-04
or 361E04 ni 235E04  ta-181 -167E04  cr -147E04 o -1.81E-04
al27 325E04 o -2.08E-04 . am-243 -1.52E04  sn-117 -1.27E04  in-115 -1.31E-04
ta-181 24204  sn-117 -1.36E-04  sn-117 J127E04  fe -1.22E04  sn-117 -1.29E-04
sn-117 -133E04  sn-118 -123E04 sn-118 -122E04  sn-118 -1.I9E04  sn-118 -1.21E-04
c0-59 -121E04  sn-116 -120E-04  sn-116 -LISE04  sn-116 -1.16E04  sn-116 -1.18E-04
sn-118 -120E-04  ta-181 -1.14E-04  gd-155 -LO3E04  ta-181 693E05  gd-155 -8.71E-05
sn-116 -1.14E-04 " gd-155 681E05  co-59 Z171E0S  sn-119 5.67E05  ta-181 -8.10E-05
mn-55 -1.05E04  su-119 645E-05  sn-119 562E05  sn-120 4.11E05  sn-119 -5.81E-05
gd-155 840E05 mn-5S 488E-05 mn-55 458E05  sn-115 -3.50E05  sn-120 4.38E-05
sn-119 620E05  sn-120 452E-05  sn-120 441E05 mn-55 3.32E05  co-59 -3.68E-05
mo 437E05  co-59 423E05 mo 350E05  co-59 3.08E05 sn-115 3.55E05
sn-120 428E-05 sn-115 4.13E05  sn-115 335E05  sn-124 2.99E05  mn-55 -3.35E-05
sn-115 '392E-05 sn-124 3.14E05  sn-124 307E05  gd-155 2.52E05  sn-124 -3.07E-05
sn-124 3.00E05  sn-112 237E05  sn-112 228E05  sn-112 2.27E05  sn-112 -2.30E-05
sn-112 235605 mo -1.59E-05 nb-93 -1.68E-05 mo -LISE0S mo -1.50E-05
nb-93 -1.79E-05 - pu-241 341E02  eu-151 -1.62E05  pu-241 173E02  eu-151 -1.13E-05
ti -1.54E05  pu-239 1.03E01 -120E05  pu-239 - 797E-02  pu-241 2.09E02
eu-151 -LI9E05  u-235 128E01  pu-24l 1I4E02  h-l 1.54E-01  pu-239 8.87E-02
pu-241 285602  h-l 185E01  pu-239 SA42E02  u-235 1.88E01  h-l 1.59E-01
pu-239 9.76E-02 h-t 1.41E-01 u-235 1.75E-01
u-235 1.42E-01 u-235 2.38E-01
h-1 1.79E-01
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Table A.1 Energy- and region-integrated sensitivity coefficients for CRC state-points (continued)

CR3SP31 CR3SP32 CR3SP33 SQ2C3BZ $Q2C3BF
u-238 -1.37E-01  b-10 -1.73E-01  u-238 -1.35E01  b-10 -145E-01  u-238 -1.45E-01
b-10 -8.11E-02 u-238 -1.26E-01  pu-240 459E02 u-238 -1.40E-01  b-10- -1.01E-01
pu-240 4.12E-02  pu-240 -1.81E02 b-10 4.33E02  pu-240 2.24E02  xe-135 2.T2E-02
o-16 -1L1I6E02  zr93 -1.01E02  sm-149 -151E02 o-16 -1.02E02  pu-240 2.35E-02
sm-149 -1.13E02  o-16 998E-03  nd-143 -116E02 =z 8.61E03 o-16 -1.10E-02
zr -LO3E02 =z 9.31E03  rh-103 -1.04E-02  sm-149 8.58E03 = -8.85E-03
nd-143 931E-03  sm-149 578E03 = -8.70E-03  rh-103 4.58E-03  sm-149 -5.94E-03
th-103 -8.40E-03  rh-103 -391E03  o-16 -8.18E-03  nd-143 4.50E-03  rh-103 4.61E-03
-zr-93 -7.19E-03  nd-143 3.89E-03 zr93 -638E-03 u236 -3.06E-03  nd-143 4.42E-03
u-236 -543E03  u-236 -2.78E-03  u-236 -5.88E-03  xe-131 2.80E03 u-236 -3.34E-03
sm-151 4.93E03 sm-151 -194E-03  sm-151 -5.65E03  sm-151 -2.58E-03  xe-131 2.86E-03
cs-133 438E-03  cs-133 -1.92E-03  cs-133 -521E-03  pm-147 2.15E03  sm-151 -2.47E-03
np-237 3.73E03  u-234 -1.87E-03  np-237 490E03  ¢s-133 2.10E-03  pm:147 -2.17E-03
sm-152 2352E03  sm-152 -1.56E-03  sm-152 4.17E03  eu-155 -1.95E-03  c¢s-133 -2.14E03
1c-99 -329E03  np-237 -147E-03  tc99 -3.88E-03  sm-152 -1.L71E-03  eu-155 -2,04E-03
in-115 2.88E-03 99 -1.44E-03  pu-242 323E03 w234 -1.67E03  sm-152 -1.76E-03
nd-145 247E03  nd-145 -1.05E-03  nd-145 297E03  np-237 -1.60E-03  u-234 -1.71E-03
pu-242 2.386-03  pu-242 -8.53E-04  eu-153 -2.83E-03  tc-99 -1.57TE-03  np-237 -1.62E-03
eu-153 2.16E03  eu-153 -8.28E-04  ag-109 -2.57E-03  nd-145 -.ISE03  tc-99 -1.61E-03
ag-109 -1.87E-03  mo-95 -6.44E-04  ag-107 2.22E-03  eu-154 -8.70E-04  nd-145 -1.18E-03
u-234 -149E-03  ag-109 -5.74E-04  mo-95 ALTTE03  eu-153 -8.30E-04  eu-154 -8.90E-04
mo-95 -141E03 ru-101 -528E-04 ru-101 -149E-03  mo-95 -1.65E-04  eu-153 -8.38E-04
ru-101 -1.23E03  sm-150 451E04 u-234 - -147E03  pu-242 -71.56E-04  pu-242 -8.05E-04
sm-150 -1.13E-03  am-241 -3.87E-04  sm-150 -147E03  am-241 6.17E-04  mo-95 -7.81E-04
am-241 -1LI2E-03  sm-147 -294E-04  pu-238 -1.46E03  ag-109 -5.95E-04  rh-105 -7.67E-04
pu-238 9.84E-04  pu-238 2.51E04  am-241 -1.30E03  hf -5.50E-04 am-241 -6.29E-04
sm-147 820E-04  al-27 230E-04 am-243 -1.24E03  ru-101 -5.49E-04  ag-109 -6.08E-04
am-243  -790E04  ni 2.19E-04  sm-147 -8.83E-04  sm-150 -5.43E04  hf -5.68E-04
cd 496E-04 am-243 -1.88E-04  al-27 -346E-04  sm-147 4.12E-04  ru-101 -5.65E-04
al-27 3.12E04 o -146E-04 fc 292E04  kr-83 -2.93E04 sm-150 -5.39E-04
fe T3.07E-04  sn-117 -127E-04 cr 229E-04  pd-105 " 291E04 sm-147 -4.21E-04
ni " 2.68E-04  sn-118 -1.22E04 sn-117 -1.32E-04  pr-141 2.80E-04  pd-105 -2.97E-04
cr 2.19E-04  sn-116 -1.17E-04  sn-118 -1.I6E04  gd-155 2.64E-04  kr-83 -2.95E-04
sn-117 -1.32E-04 fe 9.93E05 sn-116 -1.16E-04  pu-238 -2.63E-04  pr-141 2.79E-04
sn-118 -1.22E04 ta-181 -844E05 ni -1.07E04  zr-93 2.01E-04  pu-238 -2.56E-04
sn-116 -1.20E-04  sn-119 -5.52E-05 mn-55 -1.07E04  cs-134 -1.85E-04  zr-93 -2.06E-04
ta-181 8.52E-05  sn-120 4.23E-05  gd-155 9.30E-05 am-243 -1.66E-04  gd-155 -2.02E-04
sn-119 6.13E05  gd-155 4.12E-05  sn-119 6.14E-05  pd-108 -1.65E-04  cs-134 -1.88E-04
in-113 451E05  co-59 -3.69E-05  ta-181 -5.52E05  cs-135 -1.58E-04 am-243 -1.73E-04
sn-120 445E05  sn-115 -3.29E-05  sn-115 4.04E05  sn-117 -1.23E-04  pd-108 -1.70E-04
gd-155 425E05 sn-124 3.06E-05  sn-120 -381E-05 sn-118 -1.12E-04  pm-148 -1.66E-04
mn-55 397E05 mn-55 2.71E-05 sn-124 297E05 sn-116 -1LI1E-04  ¢s-135 -1.62E-04
c0-59 -391E05 sn-112 231E05 sn-112 -232E-05 mn-55° 8.18E-05  sn-117 -1.27E-04
\ sn-115 -3.84E05 mo "-1.68E-05  co-59 2.15E05  sn-119 -5.62E05 sn-118 -1.18E-04
sn<124 3.11E05  pu-241 127E02  eu-151 -1.03E05  nd-148 435E-05 sn-116 -1.16E-04
sn-112 233E05  pu-239 529E-02  pu-241 3.41E02  sn-120 4.17E-05 mn-55 -8.03E-05
mo -1.57E-05  h-1 1.45E01  pu-239 9.81E02  sn-115 -3.47E-05  sn-119 -5.73E-05
pu-241 2.84E02  u-235 239E01  u-235 1.24E01  sn-124 -2.91E-05  sn-120 4.32E-05
pu-239 9.61E-02 h-1 197E01  sn-112 2.18E-05 nd-148 -4.27E-05
u-235 1.44E-01 ni -1.17E-05  pm-149 -4.26E-05
h-1 1.72E-01 pu-241 142E02  sn-l115 -3.50E-05
pu-239 6.70E-02  sn-124 -3.01E-05
h-1 1.53E01  pu-241 1.42E-02
u-235 2.13E01  pu-239 6.49E-02
' h-1 1.61E-01
u-235 2.10E01 ~
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Appendix A

Table A.1 Energy- and region-integrated sensitivity coefficients for CRC s'tate-points (continued)

SQ2C3M SU1C2B SUIC2E TMI1C5B NA1C5B
u-238 -147E01  u-238 -165E01  u-238 -168E01 u-238 -1.56E01  b-10 -1.63E01
b-10 4.50E02  b-10 -121E01  pu-240 374E02  b-10 -L.I0E-01  u-238 -1.38E-01
pu-240 388E02  pu-240 -1.99E-02  xe-135 299E02  pu-240 2.71E02  pu-240 -1.63E-02
xe-135 282602 = 9.65E03  b-10 2.05E02  o-16 -1.04E02  o-16 -9.85E-03
0-16 -123E02  o-16 934E03 = 9.66E03  sm-149 -1.00E02 = -8.38E-03
sm-149 964E03  sm-149 6.10E03  o-16 930E03 = - 9.62E03  sm-149 -5.66E-03
z 927E03  nd-143 4.04E-03  sm-149 -884E03  nd-143 5.69E03  rh-103 -3.30E-03
rh-103 -8.07E03  rh-103 371E03  nd-143 -720E-03  rh-103 S4TE03  nd-143 3.25E-03
nd-143 781E03  xe-131 2.19E03  th-103 590E03  am-241 479E03  u-236 -2.49E-03
u-236 5.17E03  u-236 217E03  xe-131 4.0SE03 - u-236 341E03  xe-131 -2.06E-03
xe-131 489E03  sm-151 2.07E-03  sm-151 403E03  xe-131 329E-03  sm-151 -1.86E-03
sm-151 422E03  pm-147 -L.T3E03  u-236 391E03  gd-155 3.20E03  u-234 -1.80E-03
am-241 407E03  cs-133 -162E-03  eu-155 334E03  sm-151 . -3.06E-03  cs-133 -1.54E.03
cs-133 374E03  u-234 -143E-03  pm-147 325E03  cs-133 247E03  pm-147 -1.52E-03
np-237 320E03  sm-152 -L37E03  cs-133 3.02E03  sm-152 2.01E03  sm-152 -1.23E-03
eu-155 3.16E03  eu-155 -137E-03  sm-152 261E03  tc-99 -1.84E-03  eu-155 -1.22E-03
sm-152 307E03 99 -120E03  tc-99 226E03  np-237 -174E03  tc-99 -1.15E-03
tc-99 2.80E03  np-237 -LI8E-03  np-237 222E03  u234 -149E03  np-237 -113E-03
gd-155 2.19E03  nd-145 896E04  eu-154 -L78E03  sm-147 -143E-03  fe -8.52E-04
nd-145 207E03  eu-154 6.96E-04  nd-145 -1.72E03  nd-145 -136E03  nd-145 -8.39E-04
pm-147 -198E03  eu-153 635E04  pu-242 -147E03  mo95 953E04  mo-95 -5.70E-04
pu-242 -184E03  hf 623E-04  th-105 -146E-03  eu-153 950E04  eu-153 -5.59E-04
cu-154 -1.72E03  mo-95 S71E04  eu-153 -130E03  pu-242 -8.74E04  hf -5.55E-04
eu-153 -1.64E03  pu-242 S6TE04  u-234 -127E-03  eu-155 $73E04  am-241 -5.35E-04
sm-147 -153E03  ag-109 5.02E04  ag-109 -10IE03 . ag-109 °  B67E04  eu-154 -5.09E-04
u-234 -149E-03  sm-150 443E04  fe 9.14E04  sm-150 6.50E-04  pu-242 4.25E-04
mo-95 -146E03  am-241 443E04  sm-150 9.14E04  eu-154 626E-04  ru-101 3.99E-04
ag-109 -LISE03  ru-101 391E04  mo95 8.50E04  ru-101 621E-04  ag-109 -3.92E-04
th-105 -1.03E03  sm-147 2.82E04 ru-101 758E04  hf 6.08E04 cr -3.74E-04
sm-150 -1.02E03  kr-83 2.54E04  nf 6.16E04  pm-147 532E04  sm-150 -3.62E-04
ru-101 -1OIE03  pr-14] 234E04  am-241 528E04 k83 3.65E04  sm-147 -3.42E-04
pu-238 6.79E-04  pd-105 232E04  kr-83 481E04 pr-14 345E04 i -2.86E-04
pd-105 572E04  pu-238 -186E-04  pu-238 481E-04  pd-105 342E04  gd-155 2.51E-04
hf 552E04  mn-55 -1.71E04  pm-148 478E04  in-115 3.08E04  kr83 2.15E-04
am-243 S20E04  gd-155 -1.56E-04  pd-105 471E04  pu-238 2.96E04  pr-141 -1.99E-04
kr-83 S.I2E04  cs-134 -146E-04 cr 4.18E-04  cs-135 -1.96E-04 pd-105 *  -1.99E-04
pr-141 " 5.10E-04  zr-93 -146E-04  pr-141 4.10E-04 pd-108 -1.88E-04 mn-55 -1.58E-04
93 3.63E04  sn-117 -141E-04  sm-147 394E04  am-243 -1.81E04  pu-238 -1.54E-04
pd-108 341E04 i -1.39E-04 ni 3.84E-04 293 -1.52E04  cs-135 -1.43E-04
cs-135 292E-04  cs-135 -134E04  cs-134 375E04  sn-117 -139E04  sn-117 -1.22E-04
cs-134 -196E04  cr -132E04  am-243 334E04  od -134E-04  sn-118 -1.13E-04
o -1.51E04  pd-108 -128E-04 mn-55 2.78E04  sn-118 -.I9E-04  sn-116 -1.12E-04
pm-148 -1.50E-04 sn-118 -L14E04  z93 277604  sn-116 -.I9E04  cs-134 -1.11E-04
mn-55 -141E04  sn-116 -L.I2E-04  pd-108 276E04  ag-107 -1.08E-04  pd-108 -1.06E-04
ni -131E04  am-243 8.54E05  cs-135 230E04 sn-119 6.74E-05 93 9.77E-05
sn-117 -129E04  sn-119 -7.19E-05  sn-117 -144E04 i S.64E05  am-243 -7.47E05
sn-118 -LLISE04  sn-115 488E05 sn-118 -1.16E-04  nd-148 -5.00E-05 sn-119 -545E-05
sn-116 -1.ITE04  sn-120 4.52E-05 sn-116 -1.IGE04  mn-55 4.94E05  sn-120 4.09E-05
nd-148 -783E05  nd-148 -3.18E05  pm-149 -L.OIE04  sn-120 457E05  sn-115 331E-05
sn-119 592E-05  sn-124 302E05  cm-244 -8.86E05  sn-115 439E05 nd-148 -3.05E-05
fe 460E05  sn-112 2.30E-05  ru-103 -821E-05  sn-124 3.01E05  sn-124 -2.88E-05
pm-149 446E05 pu-241 - 138602  nd-147 821E05  cs-134 2.68E05 sn-112 -2.19E-05
sn-120 443E05  pu-239 680E-02 sn-119 -733E05  in-113 241E05 - pu-241 8.88E-03
sn-115 3.65E05  hl 135E0F  nd-148 626E-05  pu-241 125E02  pu-239 482E-02
pu-241 231E02  u-235 226E01  pu-241 252E02  pu-239. 8.71E02 k-l 1.45E-01
pu-239 9.68E-02 pu-239 1.03E01  h-l 153E-01  u-235 246E-01
u-235 1.50E-01 u-235 149E-01  u-235 1.95E-01
h-} 1.82E-01 h-1 1.68E-01
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Fig. A.1 Energy- and region-integrated k. sensitivities to 'H total cross section.
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Fig. A.3 Energy- and region-integrated k. sensitivities to %pu total cross section.
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Fig. A.4 Energy- and region-integrated k. sensitivities to **'Pu total cross section.
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Fig. A.5 Energy- and region-integrated k., sensitivities to 33 total cross section.
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Fig. A.6 Energy- and region-integrated k. sensitivities to “*’Pu total cross section.
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Fig. A.7 Energy- and region-integrated k. sensitivities to 198 total cross section.
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Fig. A.8 Energy- and region-integrated k. sensitivities to '“’Sm total cross section.
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Fig. A.9 Energy- and region-integrated k. sensitivities to 13Nd total cross section.
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Fig. A.10 Energy- and region-integrated k. sensitivities to 1%Rh total cross section.
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Fig. A.11 Energy- and region-integrated k. sensitivities to '*'Sm total cross section.
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Fig. A.12 Energy- and region-integrated k. sensitivities to 1 Am total cross section.
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Fig. A.13 Energy- and region-integrated k. sensitivities to B8y total cross section.
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Fig. A.14 Energy- and region-integrated k. sensitivities to '**Cs total cross section.
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Fig. A.15 Energy- and region-integrated k. sensitivities to '°Gd total cross section.
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Fig. A.16 Energy- and region-integrated k. sensitivities to 27Np total cross section.
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Fig. A.17 Energy- and region-integrated k. sensitivities to '*2

Sm total cross section.
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Fig. A.18 Energy- and region-integrated k. sensitivities to *Tc total cross section.
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Fig. A.19 Energy- and region-integrated k. sensitivities to '“*Nd total cross section.
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Fig. A.20 Energy- and region-integrated k., sensitivities to 3Eu total cross section.
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Fig. A.21 Energy- and region-integrated k., sensitivities to = “Pu total cross section.
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Fig. A.22 Energy- and region-integrated £y sensitivities to 7Sm total cross section.
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Fig. A.23 Energy- and region-integrated k. sensitivities to *Mo total cross section.
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Fig. A.24 Energy- and region-integrated k., sensitivities to 23%py total cross section.

L e e o)

LN N S 2w mm e o an 2

'

A-20



Appendix A Energy- and Region-Integrated CRC ky
Sensitivities to Nuclide Total Cross Sections

NAICSB
TMICSB
SUIC2E
SUIC2B

SQ2CIM

SQ2C3BF

SQ2C3BZ

8

8

c 3

- x4

8

CRISP33 4 . E— — E— 5
CR3SP32 T T . . N - o

CR3SP31
CR3SP30
CR3SP29
CR35P28
CR35P27
CR35P26
CR35P25
CR3$P24
CR35P23
CR38P22
CR3SP21
CR35P20
CR3SPI9
CR3SP18
CR3SPI7
CR3SPI6
o r—
CR3SPI3 L ™

-0.0014 +-0.0012 -0.0010 -0.0008 -0.0006 -0.0004 -0.0002 0.0000
. .

Sensitivity Coefficient .
Fig. A.25 Energy- and region-integrated k. sensitivities to *’Sm total cross section.
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Fig. A.26 Energy- and region-integrated k. sensitivities to **U total cross section.
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Fig. A.27 Energy- and region-integrated k., sensitivities to %A g total cross section.
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Fig. A.28 Energy- and region-integrated k., sensitivities to 191Ru total cross section.
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Appendix B Additional Sensitivity Profiles
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Fig. B.3 Comparison of *’Tc sensitivity profiles for GBC40, CR3SP27, CR3SP24, and CR3SP22.
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Fig. B.7 Comparison of "*’Sm sensitivity profiles for GBC40, CR3SP27, CR3SP24, and CR3SP22.
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Fig. B.11 Comparison of 2*°U sensitivity profiles for GBC40, CR3SP27, CR3SP24, and CR3SP22.
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Fig. B.12 Comparison of **U-capture sensitivity profiles for GBC40, CR3SP27, CR3SP24, and
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Appendix C Nuclide-Total Reaction Specific Integral Index g

Table C.1 Nuclide-reaction specific g index for GBC10

CRC

state-points By Py =y By Py Ppu Mpy Hpy ¥py  PNp -
CR3SP1 0.8886 0.8794 0.1668 0.8645 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CR3SP2 0.8391 0.7008 09774 0.8505 0.8654 0.7479 09323 09025 0.9901 0.8834
CR3SP3 0.8435 0.6182 0.9928 0.8688 1.0000 0.8046 0.9916 1.0000 1.0000 0.9914
CR3SP4 0.8481 0.7027 0.9695 0.8343  0.9943 0.7105 09395 09434 09992  0.9219
CR3SPS 0.8507 .0.7253 0.9651 0.8306 0.9948 0.6803 09016 09157 0.9989 ' 0.9025
CR3SP6 0.8510 0.6441 09914 08483 1.0000 07542 09764 09974 1.0000 0.9914
CR3SP7 0.8477 0.6101 09953 0.8526 1.0000 0.7804 0.9913 10000 = 1.0000  0.9993
CR3SP8: 0.8589 0.7532 0.9673 0.8390 0.9674 0.5957 08125 0.8923 0.9980 0.8669
CR3SP9 0.8418 0.6145 09928 0.8469 - 1.0000 0.7810 09859 1.0000 1.0000 0.9967
CR3SP10 0.8435 0.6007 0.9937 0.8505 1.0000 0.7780  0.9895  1.0000 1.0000  0.9984
CR3SP11 0.8584 0.7391 09596 0.8158 0.8727 0.5415 0.7696 0.8299 0.9895  0.8163
CR3SP12 0.8351 0.5536 -0.9981 0.8346 1.0000 0.8046 09893 1.0000 1.0000 1.0000
CR3SP13 0.8529 0.6972 09723 0.7992 0.9999 0.5966 0.8019 09434 0.9999 09232
CR3SP14 0.8467 0.6467 09849 0.8033- 1.0000 0.6836 09182 09891 1.0000 0.9760
CR3SP15 0.8431 0.5261 09993 0.8288 1.0000 0.7946 09776 1.0000 1.0000 1.0000
CR3SP16 0.8533  0.6973 0.9626 0.7806 0.9968 0.5123 0.7342 0.8605 0.9986 0.8718
CR3SP17 0.8436 0.5985 09916 0.7953 1.0000 0.7080 0.9670 0.9985 1.0000 0.9967
CR3SP18 0.8388 05831 09930 07932 1.0000 0.7174 09719 0.9996 1.0000 - 0.9990
CR3SP19 0.8437 0.5821 09947 0.7995 1.0000 0.7266 09755 09999 1.0000 0.9996
CR3SP20 0.8481 0.5355 0.9990 0.8128 1.0000 0.7636 09794 1.0000 1.0000 . 1.0000
CR38P21 0.8480 0.5301 09991 0.8144 1.0000 0.7625 0.9795 1.0000 1.0000 1.0000
CR3SP22 0.8477 0.6896 0.9655 0.7674 09973 0.5171 07469 0.8496  0.9980  0.8853
CR3SP23 - 0.8371 0.6460 09793 0.7675 1.0000 0.6263 - 0.8684 0.9326 1.0000 0.9500
CR3SP24 . 0.8391 0.6329 09834 0.7737 1.0000 0.6421 09092 0.9508 1.0000 0.9650
CR3SP25 .0.8388  0.5509 09980 0.7929 1.0000 0.7328 0.9728 1.0000 1.0000  1.0000
CR3SP26 0.8387 0.5464 09979 0.7926 1.0000 0.7272 09724 1.0000 1.0000 1.0000
CR3S5P27 0.8385 0.5218 0.9992 0.8009 1.0000 0.7622 0.9660 1.0000  1.0000  1.0000
CR3SP28 0.8470 0.6872 09671 0.7660 0.9986 0.5066 0.7526  0.8439  0.9969  0.8905
CR3SP29 0.8422 0.6263 09869 0.7734 1.0000 0.6466 0.9273  0.9595 1.0000 0.9807
CR3SP30 0.8361 0.6046 09910 0.7750 1.0000 0.6820 0.9518 0.9902 - 1.0000  0.9960
CR3SP31 0.8374  0.5520 0.9979 0.7870 1.0000 0.7259 0.9740 0.9999  1.0000  1.0000
CR3SP32 0.8448  0.6783  0.9651 0.7605 09994 04963 0.7166 0.8759 0.9988  0.8970
CR35P33 0.8447  0.5091 0.9995 0.8008 1.0000 0.7482 0.9647 1.0000 1.0000  1.0000

SQ2C3BZ = 08440 0.6692 0.9705 0.7849 0.9999 0.5943. 0.8437 0.9248 0.9990  0.9325
SQ2C3BF 0.8339  0.6502 0.9682 0.7784 0.9997 0.5765 0.8450 0.9109 0.9986 0.9182

SQ2C3M "0.8188  0.5566 09900 0.7850 1.0000 0.7158 0.9657 09986 1.0000 0.9994 -
SUIC2B 0.8630 ' 0.7425 0.9673  0.8558 0.9939 0.6105 0.8086 09512 0.9990 0.9071
. SUIC2E 0.8383  0.5923 0.9911 0.8529 1.0000 0.7742 0.9862 1.0000 1.0000 0.9986
TMI1CSB 0.8552 0.6761 09819 0.8313 1.0000 0.6959 0.9250 0.9143 1.0000 0.9664
NAICSB 0.8488 0.7061 0.9580 0.7763  0.9430 0.4552 0.7422 0.7678 0.9817  0.8466
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Nuclide-Total Reaction Specific Integfal Index g

Table C.1 Nuclide-reaction spéciﬁc g index for GBC10 (continued)

Appendix C

CRC :
state-points  *Am  *Am 'H 50 '8 **Mo Te Ru 'Rh  '"Ag"
CR3SPI  ©  0.0000 0.0000 0.6022 0.6096 0.6146 0.0000 0.0000 0.0000 0.0000 0.1248
CR3SP2 0.2639  0.9814 0.6782 0.7067 0.4701 0.8954 09397 09649  0.8999 0.9484

' CR3SP3 03259 - 1.0000 0.7242 0.7267 0.3093 09496 09915 09944 0.9634  0.9816
CR3SP4 03017  1.0000 0.6651 0.6991 0.5030 0.9039 0.9505 09712 0.9069  0.9635
CR3SP5 0.3261  1.0000 0.6532 0.6770 0.5291 0.8922 09376 0.9644 0.8874  0.9547
CR3SP6 03632  1.0000 0.7075  0.7226 03799  0.9359 0.9854 0.9912 0.9477  0.98i2
CR3SP7 0.4340  1.0000 0.7155 0.7241  0.3289 09663 0.9957 09971 0.9733  0.9807
CR3SP8 0.1777  1.0000  0.6603  0.6787 0.5554  0.8400 0.9149 0.9523 0.8465  0.9437
CR3SP9 0.3147  1.0000 0.7032 0.7002 0.3758 0.9446 0.9924 0.9955 09609  0.9872
CR3SP10 03777  1.0000 0.7131 0.7140. 0.3145 0.9608 0.9946 09966 0.9720  0.9807
CR3SP11 02125 09938  0.6597 0.6822 0.6257 0.8190 0.8890 09382 0.8129  0.9196
CR3SP12 0.4750  1.0000 0.6909 0.6899 0.3482 0.9871 0.9992 09991 0.9922  0.9873
CR3SP13 0.4400  1.0000 0.6581 0.6786 0.6250 0.8857 0.9296 0.9613 0.8746  0.9604
CR3SP14 0.6457  1.0000 0.6768 0.6995 0.5405 09414 - 0.9669 0.9815 0.9328  0.9713
CR3SP15 0.7005  1.0000 0.7081 0.7015 0.2748 0.9971 0.9997- 09993  0.9967  0.9842
CR3SP16 0.5494  1.0000 0.6478 0.6899. 0.6650 0.8335 0.8962 0.9432 0.8194  0.9333
CR3SP17 0.5873  1.0000 0.6805 0.7122 0.5001 09446 09836 0.9910 09458  0.9864
 CR3SPI18 0.6324  1.0000 0.6890 0.7061 04824 09626 09884 0.9938 0.9608  0.9811
CR3SP19 0.7219  1.0000 0.6955 0.7140 0.4567 09836 09937 0.9962 09740  0.9871
CR3SP20 0.7374  1.0000 = 0.6983 0.7080 0.3274 0.9962 0.9994 09992 0.9933  0.9763
CR3SP21 0.7396  1.0000 0.7171 0.7256 03142 09968 0.9995 0.9992 0.9943  0.9842
CR3SP22 0.5782  1.0000 0.6439 0.6827 0.7086 0.8396 0.9006 0.9454 0.8244  0.9325
CR3SP23 0.5366  1.0000 0.6554 0.6907 0.6404 0.8711 09417 09676 0.8681  0.9588
-CR3SP24 0.5262  1.0000 0.6645 0.6923 0.6107 0.8888 09542 0.9746 0.8860  0.9667
CR3SP25 - 0.6772  1.0000 0.6968 0.7061  0.4186 0.9892 - 0.9969 0.9980 0.9844  0.9814
CR3SP26 0.6799  1.0000 06948 0.7003 0.4196 09898 09967 0.9980 09842  0.9814
CR3SP27 0.7225  1.0000 0.7033  0.6957 0.3621 09971 09995 0.9992 09944  0.9817
CR3SP28 0.4120  1.0000 0.6457 0.6838 0.7165 0.8412 0.9022 09462 0.8242  0.9290
CR3SP29 0.4636  1.0000 0.6618 0.7074 0.5940 09004 0.9633 09798 0.8964 0.9719
CR3SP30 0.5820  1.0000 0.6618 0.6920 0.5686 0.9443 09775 0.9875 0.9401  0.9803
CR3SP31 0.6534  1.0000 0.6806 0.6944 04432 09823 09964 0.9979 09747  0.9830
CR3SP32 02376  1.0000 0.6434 0.6937 0.7155 0.8226 0.8988 0.9449 0.8130 09310
CR3SP33 0.6985  1.0000 0.7149 0.7369 03067 0.9983 0.9996 0.9993 09962  0.9817
SQ2C3BZ 03785  1.0000 0.6649 0.7004 - 0.6500 0.8695 0.9185 0.9558 0.8596  0.9536
SQ2C3BF 03857  1.0000 0.6664 0.7212 0.5775 0.8587 0.9111 0.9524 0.8473  0.9468
SQ2C3M 0.2704  1.0000 0.6887 0.7250 0.5296 0.8633 0.9193 0.9560 0.8599  0.9656
SU1C2B 03222 1.0000 _ 0.7124 0.7302 02167 0.9366 0.9899 0.9953 0.9530  1.0000
SUIC2E 09298  1.0000 0.6826 0.7080 0.3468 09711 09799 0.9897 09568  0.9989
TMIICSB 09840  1.0000 0.6914 0.7135 04895 09357 0.9551 09755 09168  0.9603
NAIC5B 03281  0.9949  0.6397 0.6873- 0.7331 0.8043 0.8714 0.9301 0.7849  0.8935

1% A g exists in spent fuel and/or control rods.
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Appendix C _ Nuclide-Total Reaction Specific Integral Index g

Table C.1 Nuclide-reaction specific g index for GBC10 (continued)

CRC

state-points s WNd O ™Nd Y“Sm  Sm  'Sm  "'Sm "'Sm "Eu  '®Gd
CR3SP1 0.0000 0.0000 O.QOOO -0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CR3SP2 _ 0.9272 0.8090 0.8931 04812 07973 0.8424 0.6024 09389 0.8928 0.1381
CR3SP3 0.9897 09478 0.9814 0.6620 0.8341 0.9871 0.7068 0.9953 0.9985 0.0321
CR3SP4 0.9400 0.8318 09109 0.6509 07101 0.8749 0.5788 0.9504 09347 0.0804
CR3SP5 .. 0.9244 " 0.7900 0.8891 0.6539 0.7151 0.8386 0.5401 0.9338 0.9159 0.1158
CR3SP6 09821 09271 09713 0.7434 0.8170. 0.9733 0.6821 09868 09970 0.0370
CR3SP7 0.9948 09647 09914 0.8246 0.8253 09942 0.7349 0.9965 1.0000 0.0411
CR3SP8 0.8969 0.7112 0.8484 0.3876 0.5564 0.7897 = 0.4207 09137 0.8838  0.0531
CR3SP9 0.9906 0.9436 0.9825 0.6310 0.8391 0.9893 0.7149 0.9943 0.9997 0.0388
CR3SP10 0.9935 0.9557 0.9883 0.7002 0.8307 09924 0.7315 09954 0.9998 0.0564
CR3SP11 : 0.8655 0.6398 0.8046 0.4028  0.4509 0.7165 0.3620 - 0.8866 0.8282  0.0631
CR3SP12 09991 09873 09981 0.8319 0.8298 09998 0.7806 09997 1.0000 0.0379
CR3SP13 0.9146 0.7523 0.8733 0.6547 0.5349 0.8436 04315 09293 09329 0.1444
CR3SP14 0.9597 0.8660 09377 0.8292 0.7813 09311 0.6091 09649 09883 0.1723
CR3SP15 0.9997 ~0.9960 0.9996 0.8869 0.8538 09999 0.8214 09999 1.0000 0.0642
CR3SP16 0.8741 0.6567 0.8171 0.6696 0.4077 0.7498 0.3581 0.8915 0.8694 0.1635
CR3SP17 0.9798 09188 0.9683 0.8315 0.7874 09750 0.6772 09814 0.9988  0.0499
CR3SP18 0.9856 09367 09761 0.8389 0.7916 09852 0.7011 09865 09995 0.0835
CR3SP19 09923 09525 09859 08713 0.7910 09893 0.7152 0.9930 09998 0.1888
CR3SP20 - 0.9994 09908 0.9991 0.9007 .0.7704 09998 0.8013 0.9997 1.0000 0.0496
- CR3SP21 0.9995 09928 0.9992  0.9024 0.8143 09998 0.8048 0.9997 1.0000 0.0614
CR3SP22 0.8787 0.6745 0.8249 0.7100 04557 0.7611 0.3864 0.8932 0.8735 0.1829
CR3SP23 0.9282° 0.7877 0.8958 07761 0.7430 '0.8647 0.5619 0.9321 0.9454 0.0306
- CR3SP24 0.9429 0.8215 09180 0.7954 0.7346 0.8968 0.5986 0.9467 09643 0.0268
CR3SP25 0.9962 09820 0.9936 0.8575 0.8230 09982 0.7636 0.9965 1.0000 0.1101
CR3SP26 0.9959 09814 0.9934 0.8569 0.7494 09978 0.7699 0.9963 1.0000 0.0989
CR3SP27 . - 09995 0.9935 - 0.9992 0.8850 0.8284 09999 0.8222 0.9997 1.0000 0.0660
CR3SP28 0.8812 0.6809 0.8285 0.6914 0.4578 0.7631 0.3957 0.8934  0.8727  0.0996
. CR3SP29 . 009538 0.8486 09345 0.8040 0.6976 0.9199 0.6229 09562 0.9802 0.0244
CR3SP30 09726 09081 09587 0.8260 0.7895 09584 0.6703 09728 0.9948  (0.0844
CR3SP31 0.9954 09774 09930 0.8585 0.7493 09972 0.7663  0.9958 1.0000 0.0412
CR3SP32 0.8769 0.6662 0.8220 04719 04500 0.7664 03682 0.8910 0.8800 0.0400
CR3SP33 09996 0.9960 09994 0.8753 0.8535 0.9999 0.8372  0.9997 1.0000 0.0901
SQ2C3BZ 0.9019 0.7242 0.8580 0.4516 04758 0.8275 04067 09233 0.8994 0.1507
SQ2C3BF 0.9864. 09274 09809 0.6225 0.6467 0.9953 0.6847 09944 0.9994 0.0406
SQ2C3M 0.8920 0.7083 (0.8482 0.6609 04604 0.8257 0.4463 09062 0.8880 0.1957 .
SUIC2B - 0.9015 0.7321 0.8593 0.6583 0.6306 0.8443 0.4705 09132 09036 0.2552
SUIC2E 0.9753 09154 09647 09313 0.6743 09883 . 0.6752 09791 0.9969 0.9992 .
TMIICSB 0.9463¥ 0.8427 09219 09506 0.7062 0.9248 0.5503  0.9547 0.9559. 1.0000
NAIC5B 0.8451 0.6018 0.7805 0.5475 04411 06965 0.3571 0.8606  0.7966 0.2430

- C3
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* Nuclide-Total Reaction Specific Integral Index g : Appendix C

Table C.2 Nuclide-reaction specific g index for GBC20

st ats-l:;fints 24y 15y 26(y 138 238p, 29p, 20p, 41py i I
CR35SP1 0.8886 0.8794 0.1668 0.8645 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CR3SP2 0.8391 0.7008 0.9774 0.8505 0.8654 0.7479 0.9323 0.9025 0.9901 0.8834
CR3SP3 0.8435 0.6182 0.9928 0.8688 1.0000 0.8046 09916 1.0000 1.0000 0.9914
CR3SP4 0.8481. 0.7027 0.9695 0.8343 09943 0.7105 09395 0.9434 09992 0.9219
CR3SP5 0.8507 0.7253 0.9651 0.8306 09948 0.6803 0.9016 0.9157 0.9989 0.9025
CR3SP6 0.8510 0.6441 0.9914 0.8483 1.0000 0.7542 09764 0.9974 1.0000 0.9914
CR3SP7 0.8477 0.6101 0.9953 0.8526 1.0000 0.7804 0.9913 1.0000 1.0000 0.9993
CR3SP8 0.8589 0.7532 0.9673 0.8390 0.9674° 0.5957 0.8125 0.8923 0.9980 0.8669.
CR3SP9 . 0.8418 0.6145 0.9928 0.8469 1.0000 0.7810 0.9859 1.0000 -1.0000 0.9967
CR3SP10 0.8435 0.6007 0.9937 0.8505 1.0000 0.7780 0.9895 1.0000 1.0000 0.9984
CR3SP11 0.8584 0.7391 0.9596 0.8158 0.8727 0.5415 0.7696 0.8299 0.9895 0.8163
‘CR3S8P12 0.8351 0.5536 0.9981 0.8346 1.0000 0.8046 0.9893 1.0000 1.0000 1.0000
CR3SP13 0.8529 0.6972 0.9723 0.7992 0.9999 0.5966 0.8019 0.9434 0.9999 0.9232
CR3SP14 0.8467 0.6467 0.9849 0.8033 1.0000 0.6836 09182 0.9891 1.0000 0.9760
CR3SP15 0.8431 0.5261 0.9993 0.8288 1.0000 0.7946 0.9776 1.0000 1.0000 1.0000
CR3SP16 0.8533  0.6973 0.9626 0.7806 0.9968 0.5123 0.7342 0.8605 0.9986 0.8718

. CR3SP17 0.8436 0.5985 0.9916 0.7953 1.0000 0.7080 0.9670 0.9985 1.0000 0.9967

CR3SP18 0.8388 . 0.5831 0.9930 0.7932 1.0000 0.7174 09719 0.9996 1.0000 = 0.9990
CR3SP19 0.8437 0.5821 0.9947 0.7995 1.0000 0.7266 ~ 0.9755 0.9999 1.0000  0.9996
CR3SP20 0.8481 0.5355 0.9990 0.8128 1.0000 0.7636 0.9794 1.0000 1.0000  1.0000
CR3SP21 0.8480 0.5301 0.9991 0.8144 1.0000 0.7625 0.9795 1.0000 1.0000 1.0000
CR3SP22 0.8477 0.6896 0.9655 0.7674 0.9973 0.5171 0.7469 0.8496 0.9980 0.8853
CR3SP23 0.8371 0.6460 0.9793 0.7675 1.0000 0.6263 0.8684 0.9326 1.0000 0.9500
CR3SP24 0.8391 0.6329 0.9834 0.7737 1.0000 0.6421 0.9092 0.9508 1.0000 0.9650
CR3SP25 0.8388 0.5509 - 0.9980 0.7929 1.0000 0.7328. 0.9728 1.0000 1.0000 1.0000
CR3SP26 0.8387 0.5464 0.9979 0.7926 1.0000 0.7272 09724 1.0000 1.0000 1.0000
CR3SP27 0.8385 0.5218 0.9992 0.8009 1.0000 0.7622 0.9660 1.0000 1.0000 1.0000
CR35P28 0.8470 0.6872 09671 0.7660 0.9986 0.5066 0.7526 0.8439 0.9969  0.8905
CR3SP29 0.8422 0.6263 0.9869 0.7734 1.0000 0.6466 0.9273 09595 1.0000 0.9807
CR3SP30 . 0.8361 0.6046 0.9910 0.7750 1.0000 0.6820 0.9518 0.9902 1.0000 0.9960
CR38P31 © 0.8374 0.5520 09979 0.7870 1.0000 0.7259 0.9740. 0.9999 1.0000 1.0000
CR38P32 0.8448 0.6783 0.9651 0.7605 0.9994 0.4963 0.7166 0.8759 0.9988  0.8970
CR3SP33 0.8447 0.5091 0.9995 0.8008 1.0000 0.7482 0.9647 1.0000 1.0000 1.0000

SQ2C3BZ 0.8440 0.6692 0.9705 0.7849 0.9999 0.5943 0.8437 0.9248 0.9990 0.9325
SQ2C3BF 0.8339 0.6502 0.9682 0.7784 0.9997 0.5765 0.8450 09109 0.9986 0.9182

SQ2C3M 0.8188 0.5566 0.9900 0.7850 1.0000 0.7158 0.9657 0.9986 1.0000 0.9994
SU1C2B 0.8630 0.7425 0.9673 . 0.8558 0.9939 0.6105 - 0.8086 0.9512 0.9990 0.9071
SUIC2E 0.8383 0.5923 09911 0.8529 1.0000 0.7742 0.9862 1.0000 1.0000 0.9986
TMIICSB 0.8552 0.6761 0.9819 0.8313 1.0000 0.6959 0.9250 09143 1.0000 0.9664
NAICSB 0.8488 0.7061 0.9580 0.7763 0.9430 0.4552 0.7422 0.7678 0.9817  0.8466




Nuclide-Total Reaction Specific Intégral Index g

Appendix C
Table C.2 Nuclide-reaction specific g index for GBC20 (continued)
CRC :
state-points 2 Am *Am 'H 50 B . *Mo i "Ry 1BRh Az’
CR3SP1 0.0000 0.0000 0.5548 0.5382 0.6122 0.0000 0.0000 0.0000 0.0000  0.0873
CR3SP2 .0.0920 0.2111 0.6468 0.6701 0.4649 0.7423 0.8241 0.8401 0.7525  0.7470
CR3SP3 0.1136 0.8075 0.7089 0.6893 0.3052 0.8412 09272 0.9603 0.8543 0.9392
CR3SP4 0.1052 0.5046  0.6346 0.6624 0.4971 07974 0.8723 0.9260 0.7920  0.8691
CR3SPS 0.1137 0.5511 0.6223 0.6363 0.5234 07715 0.8391 0.9058 0.7498  0.8188
- CR3SP6 0.1267 0.9502  0.6969 0.6907 0.3753 0.8279 09194 0.9566  0.8345 0.9311
CR3S8P7 0.1513 0.9792  0.7050 0.6881 0.3247 0.8634 09399 0.9675 .0.8696 0.9497
CR3SP8 0.0620 0.4577 0.6236 0.6276 0.5512 0.5955 0.7026 0.7666  0.6108 0.7406
CR3SP9 0.1098 0.9741 0.6945 0.6667 0.3712 0.8367 09289 0.9619 08515 0.9478
CR3SP10 0.1317 09806 0.7065 0.6826 03103 08567 0.9342 09646 0.8678 0.9485
CR3SP11 0.0741 0.2967 0.6168 0.6140 0.6233 05497 0.6072 0.6537 0.5409  0.6404
CR3SP12 0.1657 0.9997 0.6851 0.6621 0.3437 0.8951 0.9599 09787 09027  0.9684
CR3SP13 0.1535 0.8686  0.6223  0.6321 0.6226 0.7728 0.8200 09175 0.7423 0.8630
- CR3SP14 0.2342 09489  0.6531 0.6641 0.5351 0.8350 0.8937 09443 0.8198 0.8923
CR3SP15 0.2685 1.0000 0.7014 0.6714 02698 09313 09739 0.9862 0.9271 0.9790
CR3SP16 0.1928 0.7375  0.6057 0.6297 0.6635 0.6651 0.7143 0.8454 0.6183 0.7607
CR3SP17 0.2078 09853 0.6746 0.6760 0.4947 0.8388 09185 09572 0.8349  0.9277
CR3SPI8 0.2274 09912  0.6828 0.6783 04776 0.8612 0.9252 09607 0.8543 0.9302
CR3SP19 0.3070 0.9958  0.6868 0.6728 0.4523 0.8918 0.9335 09649 0.8746 0.9426
CR3SP20 03140  1.0000 0.6947 0.6735 0.3233 09288 09676 0.9832 09116 0.9631
CR3SP21 0.3191 1.0000  0.7121 0.6915 0.3100. 0.9313° 0.9690 09838 09155 0.9727
CR3SP22 0.2043 0.7593  0.6081 0.6291 0.7067 0.7121 0.7678 0.8979 0.6611 0.7930
CR3SP23 0.1876 09223  0.6340 0.6466 0.6380 0.7726 0.8694 09321 - 0.7593  0.8696
CR3SP24 0.1837 0.9347 0.6466 0.6605 0.6083 0.7864 0.8817 09383 0.7757 0.8817
CR3SP25 0.2593 09994  0.6903 0.6742 0.4145 0.9009 09498 09734 0.8911 0.9522
CR3SP26 0.2623 0.9993  0.6914 0.6661 = 0.4156 0.9019 0.9494 09734 0.8909  0.9531
CR3SP27 0.3066 1.0000 0.6988  0.6688 0.3576 0.9357 09711 09849  0.9203 0.9704
CR3SP28 0.1437 0.7827 0.6107 0.6275 0.7145 0.7359 0.7855 0.9077 0.6790  0.7941
CR3SP29 0.1617 09478  0.6454 0.6766 0.5909 0.7971 0.8917 09436 0.7852  0.8874
CR3SP30 0.2053 0.9727  0.6551 0.6616 0.5645 0.8403 0.9108 09531  0.8305 0.9096
CR3SP31 0.2398 0.9994 0.6825 0.6615 0.4394 0.8916 09488 09734 0.8771 0.9511
CR38P32 0.0829 0.8963  0.6063 0.6300 0.7135 0.6919 0.7720 0.9073  0.6523  0.8171
CR3SP33 0.2781 1.0000  0.7130 0.7049 0.3028 0.9430 0.9749 09870 09282  0.9728
SQ2C3BZ 0.1320 0.8402  0.6363 0.6506 0.6477 0.7713 0.8287 09177 0.7446  0.8405
SQ2C3BF 0.1345 0.8406 0.6417 0.6636 0.5737 0.7642 0.8318 0.9082" 0.7338 - 0.8318
SQ2C3M 0.7167 09806 0.6795 0.6699 0.3425 0.8769 09148 09565 0.8516 ~ 0.9330
SUIC2B 0.0943 0.4402  0.6600 0.6599 - 0.5237 0.6197 0.6612 0.7303  0.6147 0.7353
SUIC2E 0.1124 09723  0.7018 0.6949  0.2117 0.8293 09256 09604 0.8395  0.9528
TMIICSB 0.7787 0.8933  0.6744 0.6894 04837 0.8293 0.8813 0.9385 0.8038 - 0.8646
NAIC5B 0.1144 0.3867  0.6037 0.6247 0.7310  0.6253  0.6383  0.7485 0.5855

“1®Ag exists in spent fuel and/or control rods.
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Table C.2 Nuclide-reaction specific g index for GBC20 (continued)

Appendix C

CRC
state-points Bcs Nd  '“Nd "Sm Sm Sm  ¥'sm 52Sm SEun 5Gd
- CR3SP1 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
CR3SP2 - 0.8067  0.5947  0.7536 0.2665 0.7340 0.5552 0.4803 0.8213 0.5738  0.0661
CR3SP3 09118 0.7568 0.8752 0.3693 0.7781 0.7774 0.5707 0.9276 0.8445 0.0154
CR3SP4 0.8484 0.6183  0.7900 0.3618 0.6359 0.6128 0.4616 0.8661 0.7166  0.0385
CR3SP5 0.8172 0.57\80 0.7705 0.3634 0.6414 0.5704 0.4292 0.8314 0.6819  0.0554
CR3SP6 0.9020 0.7273  0.8624 0.4186 0.7597 0.7535  0.5492 0.9127 0.8402  0.0177
CR3SP7 0.9268 0.7833  0.8960  0.4761 0.7691 0.8166 0.5961 - 09359 0.8902 0.0197 -
CR3SP8 0.6902- 0.5000 0.6581  0.2147 0.4738 0.4993 0.3237 . 0.7188 0.5870  0.0254
CR3SP9 0.9135 0.7516. 0.8774 0.3505 0.7845 0.7930 0.5784 0.9242 0.8691 0.0186
CR3SP10 0.9202 0.7705  0.8859 0.3911 0.7753 0.8075 0.5931 - 0.9300 0.8814 0.0270
CR3SP11 0.5956  0.4323  0.5677 0.2231 0.3783 0.4194 0.2732 0.6176 0.4833  0.0302
CR3SP12 0.9505 0.8377 0.9294 0.4976 0.7744 0.8901 0.6402 0.9585 0.9463  0.0181
CR3SP13 0.7950 0.5462 0.7571 0.3634 0.4548 0.5889 0.3377 0.8405 0.7366  0.0691
CR3SP14 0.8711 0.6555 0.8190 0.5458 0.7185 Q.6961 0.4879 0.8822 0.8052  0.0824
CR3SP15 0.9679 0.8826  0.9532 0.7417 0.8042 0.9298 0.6797 0.9711 09767  0.0307
CR3SP16 0.7005 0.4642 0.6758 03718 0.3415 0.4928 0.2753 0.7308 0.6513  0.0782
' CR3SP17 0.9007 0.7218 0.8609  0.5650 0.7256 0.7611 0.5473 0.9066  0.8585 0.0239
CR3SP18 0.9090 0.7472  0.8719 0.6141 0.7301 0.7834 0.5686 0.9140 0.8752  0.0400
CR3SP19 0.9190 0.7714  0.8856 ° 0.7516 0.7291 0.8037 0.5810 0.9228 0.8906  0.0903
CR3SP20 0.9595 0.8614 0.9431 0.8344 0.7060 0.9061 0.6617 0.9613  0.9640  0.0237
CR3SP21 09615 0.8670  0.9451 0.8442 0.7582 0.9094 0.6651 0.9626 0.9662  0.0294
CR3SP22 0.7444 0.4839 0.7184 0.3973 0.3835 0.5183 0.3042 0.7813  0.6852 0.0875
CR3SP23 0.8407 0.5811 0.7796 0.4435 0.6759 0.6265 0.4496 0.8515 0.7547 0.0146
CR3SP24 "0.8550 0.6132  0.8006 0.4661  0.6641 0.6587 0.4803 0.8646 0.7773  0.0128
CR3SP25 0.9387 0.8221 0.9131 0.7133 0.7687 0.8582 0.6259 0.9400 0.9269  0.0527
CR3SP26 0.9379  0.8201 0.9127 0.7144 0.6815 0.8588 0.6323 0.9396 0.9264 0.0473
CR3SP27 0.9642 0.8766  0.9491 0.8122 0.7741 0.9224 0.6824 0.9645 09719 0.0316
CR3SP28 0.7577 0.4902 0.7217 0.3854 0.3855 0.5266 0.3137 0.7951 0.6918 0.0476
CR3SP29 0.8670 0.6406  0.8185 0.4998 0.6259 0.6875 0.5009 0.8754 0.7976 0.0117
CR3SP30 0.8916 0.7106  0.8489 0.5991 0.7281 0.7421 0.5421 0.8955 0.8412  0.0404
CR3SP31 0.9365 0.8095 0.9126 0.7212 0.6819 0.8558 0.6289 0.9383 0.9263  0.0197
CR35P32 0.7451 0.4772  0.7180 0.2614 0.3788 - 0.5305 0.2894 0.7914 " 0.6983  0.0191
CR3SP33 0.9687 0.8941 0.9555 0.7702 0.8057 0.9387 0.6999 0.9683 0.9819  0.0431
SQ2C3BZ 0.7982 05317 0.7476  0.3654 0.5516 0.6041 0.3750 0.8349 0.7145  0.1222
SQ2C3BF 0.7955  0.5141  0.7404 0.3737 0.3892 0.5843 0.3562 0.8304 0.7028  0.0936
SQ2C3M 0.8964  0.7220 0.8585  0.8758 " 0.6034 0.8029 0.5466  -0.9051 0.8497 0.8133
SUIC2B 0.6558  0.5060  0.6479 0.2501 0.3998 " 0.5322 0.3091 0.7048  0.5825  0.0721
SUIC2E 0.9082 0.7293  0.8760 0.3495 0.5675 0.8234 0.5522 0.9248  0.8599  0.0194
TMIIC5B 0.8569 0.6302 0.8025 0.8927 0.6328 0.6851 0.4385 0.8717 0.7624  0.9746
NAICSB 0.6320 0.4186 0.6164 0.3032 0.3709 0.4462 0.2777 0.6399 05192  0.1163
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Appendix C Nuclide-Total Reaction Specific Integral Index g
Table C.3 Nuclide-reaction specific g index for GBC30
stat(:-l:;):ints 234U TJSU 236U 238U 238Pu 239Pu 240Pu 241Pu 142Pu 237Np

CR3SP1 09145 09820 0.0806 0.9360 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000
CR3SP2 0.8682 0.8492 - 0.8340 0.9254 0.1219 0.6796 0.6829 04268 0.2467  0.3551
CR3SP3 0.8704 0.7674 0.9327 09412 0.3216 0.7436 0.8749 0.6894  0.6697  0.5997
CR3SP4 ,0.8775 0.8487 0.8658 0.9102 02081 0.6416 0.7202 0.5142 04115 0.4482
CR3SPS 0.8800 0.8697 0.8192 0.9038 0.2115 0.6033 0.6411 04668 0.3995 04167
CR3SP6 0.8799 0.7935 09362 0.9228  0.4201 0.6921 0.8422 0.6649 0.7580  0.6509
CR3SP7 0.8766 0.7577 09481 0.9282 0.5439 07246 . 0.8796 0.7532 0.9607  0.7662
CR3SP8 0.8876 0.8922 0.6738 0.9137 0.1695 0.5005 0.5457 04250 0.3612  0.3473
CR3SP9 0.8710 0.7621 0.9403 09218 04775 07279 0.8656 0.7409 09195 0.7172
CR3SP10- 0.8725 0.7483 09429 09252 0.5113 0.7223  0.8734 0.7457  0.9550- 0.7465
CR38P11 0.8872 0.8769 0.6118 0.8915 0.1274 04467 0.4797 03541 02718  0.2853
CR3SP12 0.8653 0.6963 0.9646 09087 0.7013 0.7557 09121 -0.8463 0.9833  0.8464
CR3SP13 0.8821 0.8377 0.7919 0.8752 0.2834 0.5031 0.6022 0.5334 0.5746  0.4931
CR3SPi4 0.8763  0.7905 0.9300 0.8793 04300 0.6197 0.7550 - 0.6270  0.7986  0.6505
CR3SP15 0.8732 0.6686 09754 0.9047 0.8794 0.7457 09245 0.8722 - 09911 0.8962
CR3SP16 0.8825 0.8352 0.7104 ~ 0.8584 ° 0.2355 04171 04909 0.4168 0.4582 0.4158
CR3SP17 0.8734 0.7406 09531 0.8727 0.6018 0.6598 0.8351 0.7134 0.9624  0.7835
CR3SP18 0.8690 0.7240 0.9583 08713 0.6471 0.6718 0.8462 0.7339  0.9679 0.8024
CR3SP19 0.8735  0.7243 ~ 09616 0.8770 0.6944 0.6793 0.8554 0.7454 0.9715 0.8149
CR3SP20 0.8777 0.6738 09742- 0.8878 0.8828 0.7123 0.9065 0.8381 0.9877 0.8848
CR3SP21 0.8776  0.6683 0.9747 0.8914 0.8903 . 0.7101 0.9081 0.8397 0.9882  0.8891
CR3SP22 0.8772 0.8278 0.7872  0.8430 0.2488 04221 0.5125 0.4207 0.4734 0.4688
CR3SP23 0.8674 0.7871 0.9292 0.8435 0.3719 0.5671  0.6757 0.5529 0.6743 * 0.6413
-CR3SP24 - 0.8693 0.7742 0.9379 0.8514 0.4182 0.5875 0.7316 0.5835 0.7425  0.6905
CR3SP25 0.8691 0.6893 09691  0.8692 0.7869 0.6860 0.8776 0.7856  0.9780  0.8599
CR3SP26 0.8690 0.6840 0.9691 0.8705 0.7894 0.6774 0.8780 0.7813 0.9780  0.8599
CR3SP27 0.8689 0.6594 09766 0.8773 0.9203 0.7129 09108 0.8502 0.9893  0.9064
CR3SP28 0.8765 0.8254 0.8175 0.8418 0.2635 0.4138  0.5200 0.4228 0.4747  0.4956
CR3SP29 0.8720 0.7672 0.9461 0.8507 04780 0.5915 0.7707 0.6080 ~ 0.8107 0.7389
CR3SP30 0.8665 0.7459 0.9564 0.8512 0.5884 0.6403 08214 0.6797 09566 0.7884
CR3SP31 0.8678 0.6905 0.9694 0.8628 0.7994 0.6789 0.8751 0.7818 0.9779  0.8599
CR3SP32 0.8744 0.8164 0.7918 0.8379 02869 04034 04987 04715 05498 0.5173
CR3SP33. 0.8745 0.6461 09791 0.8819 09473 0.6947 09096 0.8497 0.9917  0.9241
SQ2C3BZ 0.8737 08122 0.8516 08616 02937 05105 06127 0.5207 04856 0.5592
SQ2C3BF © 0.8644 0.7900 0.8853  0.8571  0.2882 0.4949 0.6433 0.5175 0.5168  0.5654
SQ2C3M 0.8502 0.6939 0.9542 0.8640 0.6322 0.6729 0.8375 0.7091 09618 0.8139
SUIC2B 0.8915 0.8836 0.6063 09270 02017 0.5148 0.5461 0.5083 0.3624  0.3932
SUIC2E 0.8678 0.7368  0.9337 . 09270 0.4967 0.7089 0.8658 0.7681 0.9139  0.7321
TMIICSB 0.8842 0.8235 0.9141 09083 03271 0.6297 0.7223  0.4631 0.5606  0.6037
NAICSB 0.8783 0.8441 0.7038 0.8533  0.1738  0.3681 0.4471 0.3285 0.2726  0.3967
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- Appendix C

Table C.3 Nuclide-reaction specific g index for GBC30 (continued)

CRC
state-points am  MAm 'H 0 g *Mo #Te ""Ru '“Rh ®Ag”
CR3SP1 0.0000 0.0000 0.5623  0.4883 0.6101 0.0000 - 0.0000 0.0000 0.0000 0.0772
CR3SP2 0.0646 0.0876 0.6578 0.6143  0.4631 0.5519 0.6287 0.5765 0.5911 0.5360
CR3SP3 0.0798 0.3406 0.7268  0.6491  0.3023 0.6794 0.8828 0.8727 0.7566 0.9090
CR3SP4 0.0739 0.2095 0.6485 0.6203 0.4949 0.6085 0.7065 0.6865 0.6370 0.6637
CR3SP5 0.0799 0.2287 0.6344 0.5911 0.5203  0.5811 0.6508 0.6385 0.5877 0.6182
CR3SP6 0.0890  0.5668 0.7085 0.6455 03743 0.6751 0.8796  0.9033  0.7347 - 0.9005
CR3SP7 0.1063 0.8029 0.7238  0.6525 0.3228 07825 09062 09464 0.8258 -0.9208
CR3SP8 0.0435 0.1900 0.6295 0.5741 0.5478 0.4352 0.5314 0.5235 0.4723 0.5548
CR3SP9 0.0771 0.7570 0.7124  0.6271 0.3702 0.7027 0.8931 0.9388 0.7875 0.9180
CR3SP10 0.0925 0.8175 0.7175 0.6377 03076 0.7688 0.8993 0.9426 0.8264 0.9201
CR3SP11 0.0520 0.1231 0.6306 0.5723 0.6216 0.4003 0.4556 0.4450 0.4145 0.4792 -
CR3SP12 0.1164 0.9598 0.7089 0.6275  0.3421 0.8505 0.9297 09646 0.8634 0.9402
CR3SP13 0.1078 0.3723 0.6294 - 0.5859 0.6208 0.5917 0.6412  0.6770 0.5837 0.6702
CR3SP14 0.1645 0.6315 0.6683 0.6236 0.5319 0.7722 0.8385  0.8890 0.7547 0.8315
CR3SP15 0.1886 0.9878 0.7212  0.6308 0.2675 0.8868 0.9463 0.9729 - 0.8891 0.9588
CR3SP16 0.1354 0.3068 0.6234 0.5854 0.6627 0.4886 0.5395 0.5788 04764 0.5363
- CR3SP17 0.1459 0.9259 0.6926 0.6397 0.4926 0.7973 0.8873 0.9436 0.7986 0.8965
CR3SP18 0.1598 0.9361 0.6999 0.6351 0.4756  0.8199 0.8941 09478  0.8178 0.8984
CR3SP19 0.2156 0.9434 0.7075 0.6437 0.4507 0.8483 0.9020 0.9515 0.8367 09117
CR3SP20 0.2206 0.9844 0.7209 0.6458 03213 0.8845 0.9391 0.9696 0.8731 0.9299
CR3SP21 0.2241 0.9851 0.7356  0.6527 03073 0.8873  0.9404 0.9703 0.8774 0.9496
CR3Sp22 0.1435 0.3159 0.6201 0.5768 0.7061 0.5331 " 0.5914 0.6390 0.5107 0.5624
CR3SP23 0.1318 0.5301 0.6419 0.6067 0.6365 0.6271 0.8027° 0.8724 0.6249 0.7579
CR3SP24 0.1291 0.6102 0.6595 0.6213  0.6062 0.6721  0.8485° 0.9151 0.6731 0.8060"
CR3SP25 0.1822 0.9590 0.7137  0.6351 04131 0.8573 09193 0.9596 0.8536 ' 0.9242
CR3SP26 0.1843 0.9596 0.7188 0.6309 04141 0.8582 09189 09597 0.8535 0.9256
CR3SP27 0.2153 0.9875 0.7225 0.6336 03567 0.8924 09430 09716 0.8829 0.9470
CR3SP28 0.1009 0.3269 0.6194 0.5803 0.7138 0.5585 0.6134 0.6720 0.5251 0.5650
CR3SP29 0.1136 0.7159 0.6579 0.6310 0.5884 0.7029 0.8608 09265 0.7037 0.8463
CR3SP30 0.1442 0.9056 0.6713  0.6214  0.5617 0.8012 0.8803  0.9413  0.7960 0.8781
CR3SP31 0.1685 09611 0.7020 0.6323 04376 0.8485 0.9183 0.9597 0.8395 0.9218
CR3SP32 0.0582 0.4048 0.6162 0.5897 0.7128 0.5138 0.6017 0.6729  0.5032 0.5938
CR3SP33 0.1953 0.9941 0.7291 0.6693  0.2997 0.9011 0.9485 0.9742 0.8909 0.9499
SQ2C3BZ 0.0927 0.3570 0.6427 06114 0.6464 06084 0.6513 0.6994 0.5880 0.6164
SQ2C3BF 0.0945 0.3719 0.6463 0.6216 0.5705 0.6186 0.6662 0.7184 0.5899  0.6283
SQ2C3M 0.5981 0.9226 0.6959 0.6397 03407 0.8354 0.8843 0.9405 0.8165 0.9016
SU1C2B 0.0662 0.1827 0.6643  0.6109 0.5208 0.4560 0.5007 0.4991 0.4778 0.5199
SUIC2E 0.0789 0.7054 0.7204 0.6474 0.2094 0.6658 0.8838 0.9037 0.7282 0.9196
TMIIC5B 0.6860 0.3888 0.6811 0.6297 04819 0.7452 0.7572 0.7873 0.6914 0.7248
NAICSB 0.0804 0.1605 0.6102 05744 0.7304 04558 04787 0.5095 0.4248 0.4072

@1®Ag exists in spent fuel and/or control rods.
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Table C.3 Nuclide-reaction specific g index for GBC30 (continued)

CRC
state-points B¢Cs Nd 'SNd “Sm *Sm - 'Sm S'Sm 52Sm SEu 5Gd
CR3SP1 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
CR3SP2 0.6133 04916 05695 02033 0.7256 0.4107 0.4248 0.6161 03745 0.0451
CR3SP3 0.8665 0.6652  0.8200 = 0.2817 0.7721 0.6350 0.5104 0.8989  0.6769  0.0105
CR3SP4 0.6888 0.5254 0.6475  0.2760 0.6234 0.4643 0.4090 0.7051 04773  0.0263
CR3SP5 0.6348 04813  0.6001 02772  0.6307 0.4244 03774  0.6351 0.4493  0.0378
CR3SP6 0.8622 0.6378 08136 0.3194 0.7506  0.6225 0.4924 , 08796 07174 0.0121
CR3SP7 ~0.8883 0.6928 0.8462  0.3632 0.7621 0.7019 0.5363 09076  0.8112 0.0134
CR3SP8 0.5208 04013 04908  0.1637 0.4578 03625  0.2803 0.5358 03828  0.0173
CR3SP9 0.8750 0.6611 0.8284  0.2673 0.7786  0.6754 0.5203 0.8965 0.7875  0.0127
CR3SP10 0.8816 0.6800 0.8366  0.2983 0.7698 0.6930 0.5337 0.9022  0.8021 0.0184
CR3SP11 0.4451 03378 04179 0.1701 0.3648 0.2979 0.2352 04569  0.3125  0.0206
CR3SP12 09145 07489 0.8814 0.3796 0.7689 0.7940 0.5778 0.9321 . 0.8711  0.0124
CR3SP13 0.6265 04530 05970 02772 0.4391 0.4465  0.2936 0.6528  0.5206  0.0472
CR3SP14 0.8193 0.5717 07726 04164 0.7110 0.5726 0.4381 0.8252  0.6924  0.0563
CR3SP1S 0.9351 07994 09087  0.5724 0.7976 0.8415 0.6148 09462 . 09123  0.0210
CR3SP16 0.5274 03697 05024  0.2836 0.3293 0.3567 0.2374 0.5427 04261 0.0534
CR3SP17 © 0.8642 0.6345 0.8140- 0.4311 0.7178 0.6583 0.4925 0.8808 0.7851 0.0163
CR3SP18 0.8725 0.6590 0.8246  0.4687 0.7222 0.6852. ' 0.5124 0.8878 0.7999  0.0273
CR3SPI19 0.8821 0.6829  0.8375  0.5809 0.7212 0.7065 0.5235 0.8962  0.8146 - 0.0617
CR3SP20 0.9256 0.7754  0.8980  0.6577 0.6960 0.8128 0.5983 09359  0.8953  0.0162
CR3SP21 0.9276 0.7823 09000 0.6702 0.7499 0.8167 0.6015 09374  0.8985 0.0201
CR3SP22 0.5736 03950  0.5507  0.3031 0.3698 0.3808 0.2637 0.5826 04588  0.0597
CR3SP23 0.7771 0.5044  0.7397 0.3383 0.6663 0.5082 0.4045 0.7665 0.6333 0.0100
CR3SP24 0.8178 0.5353  0.7600  0.3556 0.6549 0.5507 0.4319 0.8213 0.6883  .0.0088
CR3SP25 09027 0.7349 0.8656  0.5475 0.7634  .0.7610 0.5656 09136  0.8519  0.0359
CR3SP26 09019 0.7330 0.8653  0.5482 0.6717 0.7618 0.5715 09132  0.8517 0.0323
CR3SP27 0.9307 0.7939  0.9041 0.6354 0.7687 0.8335 0.6179 0.9392 0.9071 0.0215
CR3SP28 0.5971 04053  0.5727  0.2940 0.3717 0.3915 0.2729 0.6037 04746  0.0325
CR3SP29 0.8326 0.5596 0.7757 0.3813 0.6162 0.5867 0.4509 0.8528  0.7308  0.0080
CR3SP30 0.8561 0.6249  0.8034  0.4571 - 0.7203 0.6465 0.4882 0.8711 0.7709 0.0275
CR3SP31 . 09006 0.7216 0.8653  0.5547 0.6721 0.7589 0.5685 09119  0.8517 0.0135
CR3SP32 0.5862 03917 0.5654  0.1994 0.3653 0.3975  0.2505 0.5979  0.4967 0.0130
CR3SP33 0.9371 08132 09130 05976 _ 0.7995 0.8550 0.6358 0.9432  0.9208 0.0294
SQ2C3BZ  0.6400 0.4460 0.6165 0.2788 0.5364 0.4729 0.3305 0.6530 0.4978. 0.0834
SQ2C3BF 0.6500 04355 0.6320  0.2851 0.3754 0.4652 0.3155 0.6735 0.5029  0.0639
SQ2C3M 0.8609 0.6368  0.8129  0.8628 0.5911 0.7079 0.4929 0.8802 0.7792  0.6276
SUIC2B 04954 04065 04842  0.1908 0.3855 0.3910 0.2670 0.5265 0.3809  0.0492
SUIC2E 0.8602 0.6408 0.8274  0.2666 0.5517 0.6991 04952 .0.8972 07427  0.0133
TMIIC5B 0.7447 05446 0.7216  0.8770 0.6201 - 0.5533 0.3887 0.7608  0.5673  0.8335
0.3357  0.0794

NAICSB 04720 03281 04538  0.2313 0.3577 0.3192 0.2398 0.4723
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-Table C.4 Nuclide-reaction specific g index for GBC40

stat(e:-l:)f):ints 234U ZJSU . 236U 238U ZJSPu 239P“ 240Pu ) 241Pu . 242Pu 237Np
CR3SPI 09136 0.9920 0.0698 0.9533  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CR3SP2 0.8653 0.8812 0.7295 0.9428 0.0832 0.6990 0.6449 0.3946 0.1945 02775
CR3SP3 0.8670 ~ 0.8018 0.8668 0.9564 02195 0.7645 0.8592 0.6575 0.5284  0.4750
CR3SP4 0.8760 0.8807 0.7773 0.9273 0.1421 0.6605 0.6820 0478 0.3245  0.3503
CR3SP5 0.8791 0.8991 0.7186 0.9221 0.1444 0.6228 0.6077 04315 03150 0.3257
CR3SP6 08773 08276 0.8862 09411 02898 0.7128 0.8106 0.6344 05988  0.5166
CR3SP7 0.8732 0.7929 09195 09458 0.3909 0.7460 08712 0.7217 0.7815 0.6172
CR3SP8 0.8867 09197 0.5837 0.9309 0.1157 0.5220 0.5229 03928 02848 02715
CR3SP9 0.8681 0.7978 0.9039 09395 03345 07495 0.8548 0.7083 0.7314  0.5718
CR3SP10 0.8694 07832 09115 09428 03629 07440 0.8649 07134 0.7670  0.5979
CR3SP11 0.8870 0.9037 0.5296 0.9104 0.0870 0.4683 04597 0.3273 .= 02143 02230
CR3SP12 0.8632 07304 09438 09264 05362 0.7807 0.9056 0.8343 09728  0.7865
CR3SP13 0.8822 0.8691 0.6875 0.8955 0.1934 0.5252 0.5785 0.4987 0.4531 0.3854
CR3SP14 08763 0.8245 0.8867 08993 02982 0.6409 0.7221 0.5948  0.6305  0.5147-
CR3SP15 0.8719 0.7022 09617 09235 0.7296 07723 09183 0.8603 09855  0.8567
CR3SP16 0.8826 0.8665 0.6155 0.8783 0.1608 04372 04704 0.3853 03613  0.3250
CR3SP17 0.8734 07757 0.9325 0.8920 0.4490 0.6820 0.8224 0.6883 0.8195 . 0.6771
CR3SP18 0.8691 0.7583 09383 0.8912 04967 06961 0.8376 0.7198 08996  0.7398
CR3SP19 0.8735 0.7587 09422 0.8968 0.5407 0.7039 0.8470 0.7305 09364  0.7596
CR3SP20 0.8777 0.7086 09627 0.9070 0.7341 0.7388 0.8999 0.8261 09817  0.8464
CR3SP21 0.8776 0.7031 0.9647 09109 0.7419 0.7372 09018 0.8281 0.9822  0.8512
CR3SP22 0.8776 0.8587 0.6834 0.8634 0.1698 0.4425 04912 0.3889 03733  0.3664
CR3SP23 0.8677 0.8210 09020 0.8637 0.2550 0.5870 0.6454 05193  0.5317  0.5045
CR3SP24 0.8694 0.8075 09165 08718 02900 0.6078 0.6962 0.5515 0.5855  0.5468
CR3SP25 0.8692 0.7242 09603 0.8891 0.6350 0.7134 0.8711 0.7744 09713  0.8238
CR3SP26 0.8692 0.7187 09608 0.8904 0.6382 0.7056 0.8714 0.7704 09714  0.8240
CR3SP27 0.8691 . 0.6939 09699 0.8979 0.7820 0.7408 0.9050 0.8400 0.9835  0.8697
CR3SP28 0.8770 0.8562 0.7170  0.8622 . 0.1799 0.4338 04983 03908 03743  0.3873
CR3SP29 0.8721 0.8002 09258 0.8713 03399 06132 07324 05771 06398  0.6024
CR3SP30 0.8668 07813 09380 08719 0.4450 0.6638 0.8096 0.6626 0.7967  0.7299
CR3SP31 0.8680 0.7255 0.9606 0.8826 0.6484 0.7061 0.8686 0.7709 0.9710  0.8240
CR3SP32 0.8751 0.8468 0.6896 0.8578  0.1959. 0.4229 04779 04358 0.4335 0.4044
CR3SP33 0.8746  0.6799 09727 09019 08193 07239 09039 0.8395 09862 0.8875
SQ2C3BZ 0.8742 0.8439 07476 0.8815 0.2005 0.5331 0.5845 0.4851 -. 0.3829  0.4377
SQ2C3BF ©  0.8649 0.8239 0.7932 0.8780 0.1968 0.5173 0.6131 04844 04075 0.4436
SQ2C3M 0.8516 0.7291 0.9347 0.8850 0.4904 0.6990 - 0.8291 0.6954 09102 0.7742
SUIC2B 0.8895 0.9107 0.5251 09456 0.1377 0.5366 0.5233  0.4724 0.2858 0.3085
SUIC2E 0.8651 0.7709 0.8784 0.9445 0.3547 0.7299 0.8515 0.7363  0.7356  0.5931
TMIIC5B 0.8840 0.8560 0.8249 0.9261 02233  0.6499 0.6856 0.4280 04420 0.4754
NAICSB . 08786 0.8749 0.6095 0.8736 0.1186 0.3858 0.4285 0.3037 02150 0.3100
ginterval . Number of CRCs

0.9-1.0 1 4 20 19 0 0 5 0 11 0
0.8-0.9 39 18 5 21 1 .0 15 6 2 8
0.7-0.8 0 17 6. 0 4 16 2 9 5 5
0.6-0.7 0 1 3 0 3 11 7 5 2 3
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Table C.4 Nuclide-reaction specific g index for GBC40 (continued)
CRC
state-points 2 Am *Am 'H %0 B Mo o O Ru  '®Rh  ®Ag”
CR3SP1 0.0000 0.0000  0.5309 04593  0.6061 0.0000 0.0000 0.0000 0.0000 0.0725
CR3SP2 0.0560 0.0590  0.6241  0.5959 0.4634. 04747 0.5237 0.4779 - 0.5321 0.4605
CR3SP3 0.0691 0.2293 0.6899 0.6307 0.3027 0.5891 0.7572 0.7297 0.6860  0.8256
CR3SP4 0.0640 0.1410 0.6096 0.5979 04944 05249 0.5902 05699 0.5747° 05764
CR3SPS 0.0691 0.1540 05992 0.5613 0.5194 0.5003 0.5426 0.5295 0.5286  0.5395
CR3SP6 0.0770 0.3817 0.6748 0.6216 03749 0.5850 0.7605 0.7639  0.6657  0.8129
CR3SP7 0.0920 0.5462 0.6925 0.6255 03230 0.6837 0.8541 0.8743 0.7617 0.9121
CR3SP8 0.0377 0.1279 0.6003 05433 0.5456 0.3735 0.4408 0.4336 0.4228 04841
CR3SP9 0.0667 0.5133 0.6767 0.6054 03710 0.6091 0.8166 0.8348 0.7144  0.8942
CR3SP10 0.0801 0.5575 0.6920 0.6227 0.3082 0.6707 0.8362 0.8571 0.7647 09116
. CR3SP11 0.0451 0.0829 0.5948 0.5380 0.6180 0.3435 03778 0.3686 0.3711 0.4195
CR3SP12 0.1007 0.8874  0.6765 0.6104 0.3426 0.8131 09120 0.9549  0.8521 0.9307
CR3SP13 0.0933 0.2507 0.5976 0.5564 0.6171 0.5092 0.5337 0.5612 0.5245 0.5771
CR3SP14 0.1424  0.4254 0.6346 0.6010 0.5310 0.6762 0.7103 0.7487 0.6825 0.7404
CR3SP15 0.1633 0.9662 07002 06125 0.2662 0.8681 09307 09675 0.8775 0.9511
CR3SP16 0.1173 02066 0.5905 05615 0.6586 0.4194 0.4475 04794 04265 0.4560
CR3SP17 0.1264 0.7032 0.6586 0.6137 04925 0.7080 0.8610 0.9206 0.7533 0.8794
CR3SP18 0.1383 0.7929 0.6657 0.6129 0.4763 0.7922 0.8755 0.9360 0.8084  0.8904
CR3SP19 0.1867 0.8318 0.6738 0.6105 04515 0.8311 0.8839 0.9409 . 0.8267 0.9033
CR3SP20 0.1910 0.9611 0.6905 0.6172 0.3215 0.8661 0.9231 09643 0.8624. 09176
CR3SP21 0.1940 0.9623 0.7065 0.6331 03079 0.8688 0.9248 0.9649 0.8668 0.9418
CR3SP22 0.1242 0.2127 0.5862 0.5438 0.7035 0.4576 04906 0.5292 04572 0.4781
CR3SP23 0.1141 0.3569 0.6084 05821 0.6331 0.5394  0.6775 0.7328 0.5616  0.6743
CR3SP24 0.1117 0.4108  0.6251 05957 0.6022 05798 0.7329 0.7970 0.6065 0.7177 -
CR3SP25 0.1577 0.9327 .0.6856 0.6190 0.4135 0.8397 0.9041 0.9549 0.8434 09155
CR3SP26 0.1595 0.9336 06919 0.6132 04146 0.8407 0.9037 09549 0.8433 09173
CR3S8pP27 0.1864 0.9660 0.6989 0.6143 03574 0.8739 09277 09663 0.8717 0.9390
CR3SP28 0.0874 0.2201 0.5892 ' 0.5448 0.7114 04795 0.5090 05566 0.4701 0.4802
CR3SP29 0.0983 0.4827 0.6244 0.6103 0.5848 0.6099 0.7817 0.8562 0.6352  0.7567
CR3SP30 0.1248 . 0.6568 0.6365 0.6070 0.5588 0.7586 0.8617 09286 0.7826  0.8603
CR3SP31 0.1458 09354 0.6665 0.6078 - 0.4385 0.8316 09032 09549 0.8296 0.9126
CR3SP32 0.0504 0.2725 0.5843 0.5587 0.7104 0.4410 04992 05574 04505  0.5059
- CR3SP33 0.1691 0.9757 07109 0.6516 0.2997 0.8826 0.9333 0.9690 -0.8798  0.9420
SQ2C3BZ 0.0803 02404 0.6133 0.5863 0.6431 0.5232 0.5419 0.5798 0.5273 0.5248
SQ2C3BF 0.0818 0.2504  0.6175 0.5985 -0.5681 0.5346 0.5552 0.5970 0.5302 0.5359
SQ2C3M 0.5280 0.7373  0.6685 0.6116 0.3412 - 0.8195 0.8655 0.9267 0.8079 0.8944
SUIC2B 0.0573 0.1230  0.6243  0.5797 0.5201 . 0.3913 0.4154 0.4134 04277 0.4425
SUIC2E 0.0683 04815 0.6802 0.6070 0.2094 0.5774 0.7622 0.7871 0.6608 0.8355
T™MIICSB 0.6132 0.2617 0.6452 0.6091 04819 0.6474 .0.6333 0.6541 0.6248  0.6284
NAICSB 0.0696 0.1081 0.5780  0.5463  0.7279  0.3912 0.3970 0.4220  0.3802  0.3461
g interval 3 Number of CRCs
0.9-1.0 0 8 0 0 0 0- 9 14 0 12
0.8-0.9 0 2 0 0 0 11 8 4 12 7
0.7-0.8 0 3 3 0 4 3 6 6 5 3
0.6-0.7 1 1 27 23 6 6 2 1 7 2

“1%Ag exists in spent fuel and/or control rods.
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Table C.4 Nuclide-reaction specific g index for GBC40 (continued) -

'

Appendix C

CRC .
state-points BCs Nd  "“Nd “Sm °Sm %'Sm S1Sm 52Sm SEu 5Gd
CR3SP1 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CR3SP2 0.5312 0.4455 0.4912 0.1779 0.7331  0.3537 0.3958 0.5522 0.3059 0.0378
CR3SP3 0.7662 0.6147 0.7210 0.2466 0.7801 0.5646 0.4772 0.8365 0.5607 0.0088
CR3SP4 0.5980 0.4776  0.5603 0.2415 - 0.6304 .0.4033 0.3807 . 0.6329 0.3899 0.0220
CR3SP5 0.5502 0.4358 0.5180 0.2426 0.6377 0.3659 0.3511 . 0.5692 0.3670 0.0317
CR3SP6 0.7693  0.5910  0.7290 0.2795 0.7585 0.5532 0.4610 0.8152 0.5947 0.0101
CR3SP7 0.8640 0.6527 0.8139 0.3179 0.7701 .,  0.6355 0.5050 0.8973 © 0.7131 0.0113
CR3SP8 0.4487 0.3563 0.4200 0.1433 0.4626 0.3122 0.2589 0.4783 0.3126 0.0145
CR3SP9 0.8245 0.6186  0.7761 0.2340 0.7877 0.6063 « 0.4896 0.8703 0.6675 0.0106
CR3SP10 0.8461 0.6398  0.7955 0.2611 0.7780 0.6259 0.5033 0.8867 - 0.6945 0.0154
CR3SP11 0.3834 0.2996 0.3576 0.1489 0.3686 0.2566 0.2172 0.4078 0.2553 0.0173
CR3SP12 0.8999 0.7102 0.8618 0.3322 0.7774  .0.7457  0.5478 0.9223 0.8413 0.0104
CR3SP13 0.5422 04077 0.5139 0.2426 0.4437 0.3862 0.2713 0.5849 0.4255 0.0395
CR3SP14 T 07204 05274 0.6808 0.3644 0.7186 0.5050  0.4120 0.7435 0.5721 0.0471
CR3SP15 0.9210 0.7609  0.8891 0.5014 0.8069 0.8036 0.5840 0.9369 0.8824 0.0176
CR3SP16 0.4544 03280 0.4300 0.2482 0.3327 0.3072 0.2193 0.4844 0.3480 0.0447
CR3SP17 0.8510 0.5983  0.7973 0.3773 0.7255 0.6055 0.4669 0.8716 0.7329  0.0136
CR3SP18 0.8591 0.6222 0.8075 0.4102 0.7299 0.6355 0.4857 0.8789 0.7721 0.0229
CR3SP19 0.8684  0.6453 0.8196 0.5084 0.7289 0.6559 0.4964 0.8871 0.7877 0.0517
‘CR3SP20 09113 0.7368 -0.8784 0.5774 0.7030 0.7749 0.5684 0.9262 0.8661 0.0136
CR3SP21 0.9134 0.7438 0.8805 0.5887 0.7579 0.7788 0.5715 0.9276 0.8692 0.0168
CR3SP22 0.4943  0.3511 04715 0.2652 0.3737 0.3280 0.2436 0.5200 0.3748 0.0500
. CR3SP23 0.6798 0.4624  0.6489 0.2961 0.6730 0.4453 0.3827 0.6876 0.5201 0.0084
CR3SP24 0.7336  0.4957- 0.7036 0.3112 0.6615 0.4864 0.4097 0.7490 0.5696 0.0073
CR3SP25 - 0.8891 0.6975 0.8472 0.4792 0.7719 0.7246 0.5368 0.9045 0.8241 0.0301
CR3SP26 0.8884 0.6956 .= 0.8470 0.4798 0.6785 0.7256 0.5427 - 0.9041 0.8239 0.0271
CR3SP27 0.9168 0.7560  0.8849 0.5570 0.7777 0.7958 0.5870 0.9297 0.8777 0.0180.
CR3SP28 0.5148 0.3611 0.4905 0.2573 0.3756 0.3372 0.2521 0.5388 0.3877 0.0272
CR3SP29 0.7811  0.5256 0.7511 0.3337 0.6234 0.5247 0.4274 0.8017 0.6225 0.0067
CR3SP30 0.8435 0.5894 0.7876 0.4001 0.7280 0.5986 0.4630 0.8626 0.7359 0.0231
CR3SP31 0.8872 0.6844  0.8470 0.4855 0.6789 0.7226 0.5398  0.9028 0.8240 0.0113
CR3SP32 0.5052  0.3482  0.4842 0.1745 0.3691 0.3426 0.2313 0.5336 0.4057 0.0109
CR3SP33 0.9237 0.7757 0.8944 0.5231 0.8088 0.8185 0.6043 0.9343 0.8922 0.0247
SQ2C3BZ 0.5535  0.4023 0.5308 0.2440 0.5424 0.4120 0.3070 0.5843 0.4066 0.0699
SQ2C3BF 0.5632 0.3941 0.5452 0.2495 - 0.3794 0.4075 0.2935 0.6034 0.4109 0.0535
SQ2C3M 0.8485 0.6017 0.7971 0.8496 0.5979 0.6612 0.4676 0.8719 0.7469 0.5456
SU1C2B 04269 0.3612 0.4146 0.1669 0.3895 0.3368 .-0.2466 0.4706 0.3111 0.0412
SUIC2E 0.7701 0.5928 0.7619 0.2333 0.5579 0.6363 0.4646 0.8541 0.6251 0.0111
TMIIC5B 0.6469 0.4960 0.6249 0.8263 0.6271  0.4878 0.3615 0.6828 0.4654 0.7493
NAICSB 0.4066 0.2909 - 0.3883 0.2024 0.3614 0.2749 0.2215 04216 0.2742 0.0665
_g interval , Number of CRCs . '
0.9-1.0 5 0 0 0 0 0 0 8 0 0
0.8-0.9 12 0 12 2 ‘ 2 2 0 12 9 0
0.7-0.8 6 16 10 16 16 ) 7 0 2 6 1
0.6-0.7 2 8 3 ) 8 8 8 | 4 4 0
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" Table C.5 Nuclide-reaction specific g index for GBCS0
statCe-I:)f):ints IMU . ZJSU 236U 238U V 238Pu 239P“ 140Pu 241P“ 24,1Pu 237Np‘
CR3SP1 0.9145 09942 0.0633 0.9650 0.0000 0.0000 . 0.0000 0.0000 0.0000  0.0000
CR3SP2 ,0.8659 = 0.8918 0.6626 0.9565 0.0627 0.7069  0.6197 03695 0.1663 0.2302
CR3SP3 0.8655. 0.8073 0.8080 0.9688 0.1654 0.7727 0.8419 0.6318 0.4518  0.3940
CR3SP4 0.8764 0.8914 07065 0.9442 0.1071 0.6684 0.6571 0.4482 0.2774  0.2905
CR3SP5 0.8797 09092 0.6528 09374 0.1088 0.6306 0.5828 0.4041 0.2693  0.2701
CR3SP6 0.8774 0.8383 0.8260 09540 02184 0.7210 0.7869 0.6064 0.5120  0.4292
CR3SP7 0.8734 0.8021 0.8614 09587 0.2951 0.7542 0.8657 0.6938 0.6694  0.5178
CR3SP8 - 0.8879 0.9299 0.5299 09461 0.0872 0.5286 0.5079 03679 02435  0.2252
CR3SP9 0.8686 0.8082 0.8428 0.9522 0.2521 0.7575 0.8392 0.6802 0.6263  0.4773
CR3SP10 0.8698 0.7927 0.8518 09556 0.2735 0.7526 0.8553 0.6853  0.6569  0.5009
CR3SP11 0.8902 09138 04808 0.9269 00655 04746 0.4465 03065 0.1833  0.1849
CR3SPI2 0.8640 07390 09239 09411 04212 0.7921 09047 0.8199 09609 0.6724
CR3SP13 0.8859 0.8798 0.6243 09120 0.1458 . 0.5322 0.5619  0.4672 0.3874  0.3197
CR3SP14 0.8794 0.8358 0.8259 09159 0.2248 0.6483 0.6963 0.5678  0.5391 0.4269
CR3SP15 0.8726 0.7102 09433 09384 0.6070 0.7841 0.9186 0.8500 0.9806 0.8197
CR3SP16 0.8864 08768 0.5587 0.8957 0.1212 0.4431 04569 0.3608 0.3089  0.2696
CR38P17 0.8769 0.7873  0.9089 0.9096 03444 0.6902 0.8022 0.6612 0.7018  0.5680
CR3SP18 0.8728 0.7699 09198 0.9081 0.3868 0.7067 0.8347 0.6937 0.7746  0.6254
CR3SP19 0.8769 0.7703  0.9240 0.9137 04271 0.714F  0.8457 0.7044  0.8089  0.6455
CR38P20 0.8796 0.7198 09441 0.9235 0.6147 07510 0.8998 0.8146 09748 0.8111
CR3SP21 0.8797 0.7143  0.9460 0.9270 0.6244 0.7495 09018 0.8168 0.9762  0.8188
CR3SP22 0.8814 0.8694 0.6205 0.8815 0.1280 0.4484 04771 © 0.3642 0.3191 0.3039
CR3SP23 0.8714 0.8320 0.8423 0.8819 0.1922 0.5949 0.6199  0.4876 04546 04185
CR35P24 0.8731 08187 0.8712 0.8897 0218 0.6160 06701 0.5227 0.5006 0.4536
CR3SP25 0.8729 0.7361 0.9420 09063 05223 07263 0.8708 0.7636 09617  0.7920
CR3SP26 0.8728 0.7306 09425 09074 0.5259 0.7187 0.8712 0.7600 0.9619  0.7925
CR3SP27 0.8721 - 0.7058 09558 0.9141 0.6687 0.7548 0.9053 0.8286 0.9800  0.8435
. CR3SP28 10.8808 0.8669 0.6510 0.8806 0.1356 04396 04840 03660  0.3201 0.3213
CR3SP29 - 0.8757 08114 0.8978 0.8893 02562 0.6214 0.7066 = 0.5488 0.5470  0.5014
CR3SP30 0.8706 0.7927 09199 0.8894 0.3421 0.6737 0.7888  0.6352 . 0.6817 0.6166
CR3SP31 0.8717 07375 09423 0.8996 0.5362 0.7191 0.8683 0.7601 0.9614  0.7932
CR3SP32 0.8788 0.8574 . 0.6261 0.8768 0.1476 0.4286 0.4642 0.4081 . 0.3706 0.3354
CR3SP33 0.8780  0.6919 09653 09183 0.7089 0.7370 0.9042 0.8281 0.9829  0.8634
SQ2C3BZ 0.8777 0.8545 0.6790 0.8988  0.1511 0.5399 0.5614 0.4543 0.3274 0.3631
SQ2C3BF 0.8688 0.8345. 0.7341 0.8950 0.1483  0.5236 0.5885_  0.4542 0.3484  0.3680
SQ2C3M 0.8557 07410 09168 09016 03875 0.7116 0.8287 0.6746  0.7879  0.7033
SUI1C2B 0.8900- 09208 04767 09572 0.1038 0.5430 0.5083 0.4424 0.2443  0.2569
SUIC2E 0.8657 0.7797 0.8191 09569 0.2674 0.7382 0.8360 0.7079 0.6340  0.4985
TMIICSB 0.8861 0.8666 0.7521 09418 0.1683 0.6574 0.6606 0.4008 0.3780  0.3944
NAICSB 0.8824 0.8849 0.5533 0.8913  0.0894 0.3910 0.2844  0.1838

0.2572
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‘Nuclide-Total Reaction Specific Integral Index g Appendix C
Table C.5 Nuclide-reaction specific g index for GBC50 (continued)
CRC
state-points 1 Am *Am 'H %0 "B **Mo *Tec ""Ru '“Rh 'PAg”
CR3SP1 ~ 0.0000 0.0000 0.5250 0.4376 0.6115 0.0000 0.0000 0.0000  0.0000 0.0699
CR3SP2 0.0509 0.0442 0.6056° 0.5603 0.4649 0.4273 04742 04142 04939 04178
CR3SP3 0.0629 0.1719  0.6717 0.5892 03056 0.5333 0.6905 0.6348 0.6422 0.7692
CR3SP4 0.0582 0.1057 0.5964 0.5590 0.4966 0.4725 0.5353 0.4941 0.5349 0.5260
CR3SP5 0.0629 0.1155 0.5826 0.5266 0.5232 0.4504 04913 04589 0.4905 0.4946
CR3SP6 0.0701 0.2862 0.6510 0.5865 0.3770  0.5289 0.6936 0.6643 -0.6219 0.7573
CR3SP7 0.0837 0.4096 06738 05865 03262 0.6204 0.7815 0.7666 0.7134  0.8665
CR3SP8 0.0343 0.0959 0.5834 0.5134 0.5504 0.3362 0.3991 0.3757 03924  0.4439
CR3SP9 0.0607 03849  0.6545 05623 03730 0.5513 0.7448 ~ 0.7268 0.6686  0.8357
CR3SP10 0.0729 04180  0.6720 0.5827 03113 0.6082 0.7635 0.7488  0.7163  0.8612
CR3SP11 0.0410 0.0622 0.5790 0.5102 0.6229 0.3091 03422 03194 03444  0.3866
CR3SP12 0.0916 0.6851 0.6619  0.5680 . 0.3452 0.7456  0.8982 0.9402 0.8394  0.9255
CR3SP13 0.0849 0.1879  0.5838 0.5238  0.6222  0.4584 0.4833 0.4865 0.4868 0.5232
CR3SP14 0.1296 0.3190  0.6197 0.5604 0.5351 0.6126 0.6464 0.6504 0.6378 0.6887
CR3SP15 0.1485 0.9463 0.6792 0.5747  0.2691 0.8552 09231 09628 0.8734  0.9465
CR3SP16 0.1066 0.1549 0.5729 0.5253 0.6615 03774 0.4052 04154 0.3958 - 0.4106
CR3SP17 0.1149 0.5287  0.6379 0.5805 0.4946 0.6418 0.7981 0.8333 0.7040 = 0.8226
CR3SP18 0.1258 0.5982 0.6482 0.5733 04783 0.7287 0.8482 0.8897 0.7808 0.8713
CR3SP19 0.1698 0.6328 0.6551  0.5775 0.4535 0.8168 0.8653 09089 0.8215 0.8989
CR3SP20 0.1737 0.9405 0.6750 0.5816 0.3247 0.8541 09156 0.9606 0.8583 09111
CR3SP21 0.1765 0.9426  0.6910 0.5959 03109 0.8567 - 09172 0.9612 0.8627  0.9367
CR3SP22 0.1130 0.1595 0.5639  0.5223  0.7040 0.4118 = 04443 0.4587 0.4243 0.4304
CR3SP23 0.1038 0.2676 ~ 0.5875 0.5469 0.6371 0.4856 - 0.6152 0.6359  0.5211 0.6288
CR3SP24 - 0.1016 03080 0.6072 0.5591 0.6075 0.5220 0.6666 0.6924 0.5639  0.6684
CR3SP25 0.1434 0.8146  0.6654 05762 0.4159 0.8286 0.8963 09498 0.8403 09113
CR3SP26 0.1451 0.8255 0.6744 0.5767 04169 0.8298 0.8962 0.9502 0.8402 0.9130
CR3SP27 0.1696 0.9503 0.6837 - 05736 03591 0.8621 0.9204 0.9626 0.8680  0.9341
CR35P28 0.0795 0.1650  0.5688  0.5195 0.7120 0.4315 0.4609 0.4824  0.4363 0.4323
CR3SP29 0.0894 0.3619 0.6035 0.5760 0.5901 0.5497 0.7119 0.7486 0.5916  0.7042
CR3SP30 0.1135 0.4926 0.6169 0.5595 05639 0.6942 0.8126 0.8655 0.7394  0.8058
CR3SP31 0.1326 0.8424 0.6452 0.5694 0.4404 0.8202 0.8957 0.9509 0.8267 0.9082
CR3SP32 0.0458 0.2043 0.5684 0.5272 0.7109 03969 0.4520 0.4831 0.4181 0.4563
CR3SP33 0.1538 0.9611 0.6935 0.6043 03026 0.8709 0.9264  0.9655 0.8763 0.9369
SQ2C3BZ 0.0730 0.1802  0.5937 0.5448 0.6468 0.4710 0.4907 0.5025 0.4893 0.4724
SQ2C3BF 0.0744 0.1877 0.6022 0.5565 0.5731 0.4813 05029 0.5174 0.4920  0.4825
SQ2C3M 0.4812 0.5634 0.6543 0.5711 © 03444 0.8095 0.8495 0.83840 0.8020  0.8681
" SUIC2B 0.0521 0.0922 0.6032 0.5563 0.5232 0.3522 0.3761 0.3583 0.3970  0.3984
SUIC2E 10.0622 0.3610  0.6699 0.5895° 02102 0.5230 0.6956 0.6885 0.6186  0.7703
TMIIC5B 0.5646 0.1962 0.6255 0.5686 0.4835 0.5861 0.5753 0.5677 0.5826  0.5735
NAICSB 0.0633 0.0810 0.5629 0.5156 0.7287 0.3521 0.3596 0.3657  0.3528 03116
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Appendix C : Nuclide-Total Reaction Specific Integral Index g

! Table C.5 Nuclide-reaction specific g index for GBC50 (continued)

CRC

state-points _ '"Cs  'Nd  '*Nd “'Sm Sm Sm *'Sm S2Sm "SEu S5Gd
CR3SP1 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
CR3SP2 04818 04131 04367 0.1618 07511 03206 0.3788. 0.5040  0.2658  0.0333
CR3SP3 07008 05807 0.6487 02243  0.7967 05211  0.4577 07679  0.4907  0.0077
CR3SP4 0.5439 04459 0.5003 0.2197 06490 03655 03644  0.5790  0.3388  0.0194
CR3SP5 04992 04038 04608 02207 - 0.6552 03317 03355 05196 03189  0.0279
CR3SP6 07034 0.5587° 0.6559 02543  0.7774 05096 04424  0.7478  0.5206  0.0089
CR3SP7 07926 0.6196 07404 02892  0.7881  0.5894  0.4852  0.8450  0.6268  0.0099
CR3SP8’ 04069 03283 03733  0.1303 04762 02829 02464 04363 02717 0.0128
CR3SP9 07546 0.5847 07018 02129  0.8038  0.5621 04700  0.8082  0.5855  0.0093
CR3SP10 07752 0.6063 07209 02375 0.7946  0.5804  0.4836  0.8300 0.6101  0.0136
CR3SP11 03477 02761 03179 0.1354 03794 02325 02068 03720 02218  0.0152
CR3SP12 0.8904 = 0.6862 0.8519 03023 07937 07127 05306 09191 08131  0.0091
CR3SP13 04916 03758 04568 02207 04567 03500 02583  0.5338  0.3698  0.0348
. CR3SP14 0.6571 0.4953 0.6104 03316 07365 - 0.4635 03947  0.6809  0.4991  0.0415
CR3SP15 09122 0.7370 0.8790 04562  0.8236 07737  0.5667  0.9335  0.8651  0.0155
CR3SP16 04120 03023 03822 02258 03425 02785 02088 04419 03024  0.0394
CR3SP17 0.8079 0.5744 0.7563 03433 07436  0.5606  0.4525  0.8313  0.6450  0.0120
CR3SPI8 0.8484 0.6009 07943 03732 07481  0.5967 04718  0.8662  0.7000  0.0201
CR3SP19 0.8589 06237 08116 04625 07471 06180 04821  0.8829 07271  0.0455
CR3SP20 09022 0.7140 0.8682  0.5255 07220 ' 0.7443  0.5518 09231  0.8489  0.0119
CR3SP21 0.9045 0.7213 0.8703  0.5360 07770  0.7495  0.5548 09246  0.8522 . 0.0148
CR3SP22 ° 04482 03235 04191 02413 03847 02972 02319 04743 03257  0.0440
CR3SP23 0.6187 04315 05799 02694 06914 04045 03678  0.6286 04519  0.0074
CR3SP24 ~  0.6690 04653 0.6319 02832 06796 04450 03956  0.6855  0.4957  0.0065
CR3SP25 0.8802 0.6745 0.8381 04359  0.7881  0.6933  0.5216 09018  0.8087  0.0265
CR3SP26 0.8796 06729 08379 04365 06970  0.6950  0.5275 09015 0.8086  0.0238
CR3SP27 09083 0.7325 ° 0.8749 05067  0.7935  0.7737  0.5703 09270  0.8611  0.0159
CR3SP28 04667 03328 04360 02341 03866 03056 02400 04915 03368  0.0240
CR3SP29 0.7137 . 04948 0.6789  0.3036  0.6412 04825 04148  0.7342 05433  0.0059
CR3SP30 0.8197 0.5696 0.7691 03640  0.7461 05560  0.4498  0.8281  0.6520  0.0203
CR3SP31 0.8784 0.6625 0.8379 04417 06975 0.6916 ., 0.5247  0.9003  0.8088  0.0099
CR3SP32 0.4581. 03209 0.4304 0.1587 03800 03105 02202 04868  0.3525  0.0096
CR3SP33 0.9152 07534 0.8847 04759 08256 0.7976 05879 09312 08750  0.0217
SQ2C3BZ 0.5019 03710 04718, 02220 05584 03734 02929 05330 0.3533  0.0615
SQ2C3BF 05110 03646 04853 02270 03905 03702 02804 05507 03571  0.0471
SQ2C3M 0.8384 0.5817° 0.7909  0.7933  0.6156  0.6333  0.4544  0.8705  0.6825  0.4908
SUIC2B 03871 03328 03685 0.1519 = 04010 03052 02348 04293 02704  0.0363
SUIC2E 0.7049 = 0.5605 0.6863 02123 05743  0.5918  0.4461  0.7921  0.5487 .0.0098
TMIIC5B 0.5893 04648 0.5593  0.7633  0.6456  0.4468 03458 06252 04044  0.6849

0.0585

NAICSB 0.3687  0.2681 0.3452  0.1841 03720  0.2492 0.2108 0.3846
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Nuclide-Total Reaction Specific Integral Index g Appendix C
Table C.6 Nuclide-reaction specific g index for GBC60

stat(e:-l:)f):ints 234U 235U 236U 238U 238Pu 239Pu 240P“ 241P“ 242Pu 137Np
CR3SP1L 09122 0.9976 0.0574- 0.9720 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
CR3SP2 0.8618 09150 0.6010 0.9668 0.0466 -0.7095  0.5900 0.3409 0.1432  0.1903
CR3SP3 0.8566 0.8281 0.7434 09760 0.1229 0.7752 0.8112 0.5981 0.3890  0.3258 .
CR3SP4 0.8742 09139 0.6412 09534 0.0795 0.6704 0.6259 0.4135 0.2389  0.2402
CR3SP5. 0.8773 09312 05922 0.9466 0.0808 0.6323 0.5545 0.3728 0.2319 0.2233
CR3SP6 0.8746 0.8636 0.7629 0.9647 0.1622 0.7237 0.7561 0.5734  0.4408  0.3548
CR3SP7 0.8697 0.8256 08044 0.9697 02192 -0.7567 0.8385 0.6599 0.5768  0.4288
CR3SP8 0.8855 0.9490 0.4807 09550 0.0648 0.5306 04860 0.3394 02097  0.1862
CR3SP9 0.8656 0.8324 0.7839 0.9616 0.1873 0.7602 0.8082 0.6472 0.5393  0.3946
CR3SP10 .0.8668 0.8177 0.7953 09655 0.2032  0.7551 0.8264 0.6518 0.5660 0.4142
CR38P11 0.8892 09359 04361 . 09370 0.0487 04761 04294 0.2828 0.1578  0.1529
CR3SP12 0.8619 0.7621 0.8765 0.9499 03143 0.7962 0.8953 0.7878  0.8547  0.5637
CR3SP13 0.8855 0.9015 0.5664 0.9233 0.1083  0.5345 0.5407 0.4311 0.3335 0.2643
CR3SP14 0.8785 0.8599 0.7525 09272 0.1670 0.6504 0.6670 0.5322 0.4642 0.3529
CR3SP15 0.8705 0.7322 09222 - 0.9483 04761 0.7904 0.9102° 0.8322 0.9671 0.7058
CR3SP16 - 0.8868 - 0.8977 0.5069 0.9074 0.0900 0.4445 04397 0.3329 0.2660 0.2229
CR3SP17 0.8767 0.8129 0.8557 0.9208 0.2559 0.6924 0.7705 0.6268 0.6045 0.4706
CR3SP18 0.8724 0.7967 0.8797 09194 02876 0.7093 0.8073  0.6601 . 0.6678  0.5205
CR3SP19 0.8762 0.7971 0.8869 0.9251 03193 0.7166 0.8227 0.6700 0.6977  0.5388
CR35P20 0.8777 0.7448 09250 0.9337 04842 0.7565 0.8907 0.7950 0.9592  0.6991
CR3SP21 0.8777 0.7390  0.9270  0.9374 0.4937  0.7556  0.8928  0.7981  0.9619  0.7158
CR3SP22 0.8816 0.8915 0.5630 - 0.8925 0.0951 0.4499 04591 03360 02748  0.2513
CR3SP23 0.8720 0.8554 07712 0.8930 0.1427 0.5963 0.5916 0.4499  0.3914 - 0.3460
CR3SP24 0.8736 © 0.8443 08129 0.9010 0.1624 = 0.6175 0.6385 0.4833  0.4311 0.3750
CR3SP25 0.8723 © 0.7626 09230 09176 04027 0.7337 0.8610 0.7444  0.8928  0.6839
CR3SP26 0.8723- 0.7569 09235 0.9186 04061 0.7258 0.8614 0.7414 0.8929  0.6862
CR3SP27 0.8706 0.7309 09366 0.9255  0.5401 0.7635  0.8971 0.8141 0.9685 0.7964 -
CR3SP28 0.8810 0.8896 0.5908 0.8918 0.1007 04410 04658 0.3377 0.2756  0.2656
CR3SP29 0.8761. 0.8368 0.8398  0.9004 0.1903  0.6230 0.6746  0.5108 04710 04145
CR3SP30 0.8712 0.8175 0.8843 09007 02541 0.6762 0.7573 0.6009 0.5870  0.5119
CR3SP31 0.8712 0.7640 0.9236 0.9106 - 0.4161 0.7261 0.8585 0.7416 0.8914  0.6897
CR3SP32 0.8791 0.8814 05681 0.8893 0.1096 0.4299 0.4467 0.3765 0.3191 0.2773
CR3SP33 0.8774 07177 09460 0.9320 0.5812 0.7454 0.8961 0.8134 09744  0.8275
SQ2C3BZ 0.8780 0.8787 0.6161 09099 0.1122 0.5423  0.5353  0.4191 0.2819  0.3002
SQ2C3BF 0.8693 0.8580 0.6668 0.9087 0.1102 0.5263 0.5614 0.‘419'1 0.3000 0.3043
SQ2C3M 0.8555 0.7671 0.8818 09146 02901 0.7183 0.8138 0.6411 0.6872  0.5951
SUIC2B 0.8879 09432 04324 0.9654 0.0771 0.5456 0488 0.4081. 0.2104 0.2132
SUIC2E - 0.8614 0.8043 0.7654 0.9670 0.1986 0.7406 -0.8081 0.6748  0.5463  0.4136
TMIICSB 0.8840 0.8912 0.6829 09519 0.1250  0.6595 0.6295 0.3698 0.3254  0.3260
NAI1CSB 0.8826 0.9061 0.5019 0.9026 0.0664 0.3923 0.3993 02624 0.1582  0.2126
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Table C.6 Nuclide-reaction specific g index for GBC60 (continued)
CRC
state-points 241Am 243Anl' IH 160 IOB 95Mo 99Tc 101Ru lUSRh 109Aga
CR3SP1 0.0000 0.0000 0.5383 0.4339 0.6118 0.0000 0.0000 0.0000 0.0000 0.0663
CR3SP2 0.0456 0.0333 0.6230 0.5632 04672 0.3851 04219 0.3553 0.4537 0.36%4
CR3SP3 0.0563 0.1293 0.6954 0.5962 0.3065 0.4811 0.6181 0.5459 0.5943 0.7033
CR3SP4 0.0521 0.0795 0.6111  0.5629 04986 0.4258 04763 0.4238 0.4913 0.4677
CR3SP5 0.0563 0.0868  0.6046- 0.5293  0.5243 0.4059 0.4372 0.3936 0.4505 0.4409
CR3SP6 0.0627 0.2152 0.6766 0.5934 03787 04766 0.6204 0.5712 . 0.5752  0.6918
CR3SP7 0.0749 0.3080  0.6943  0.5931 0.3267. 0.5626 0.7005 0.6597 0.6620  0.7917
CR3SP8 0.0307 0.0721  0.6030 0.5133 . 0.5514 03030 0.3551 0.3223 03604  0.3968
CR3SP9 0.0543 0.2895 0.6799 0.5757 03746 0.4973 0.6671 0.6251 0.6188 0.7577
CR3SP10 0.0652 03144 06944 05930 03118 05510 0.6844 0.6443  0.6645 . 0.7864
CR3SP11 0.0367 0.0467  0.6020 0.5100 0.6235 0.2786 0.3044 .0.2739 0.3163 0.3465
' CR3SPI12 0.0820 0.5180 0.6790 0.5734 0.3459 0.6784 0.8434 0.8344 0.7852 09153
- CR3SP13 0.0760 0.1414 06010 0.5261 0.6228 0.4131 04300 04173 04471 04621
CR3SP14 0.1160 02399 06326 0.5681 0.5360 0.5537 0.5770 0.5585  0.5891 0.6267
CR3SP15 0.1329 0.7911 0.7022 0.5850 0.2701 0.8071 0.9056 09478  0.8595 0.9374
CR3SP16 0.0955 0.1165 0.5911  0.5294 0.6630 03402 0.3605 0.3564 0.3636  0.3599
CR3SP17 0.1029 0.3976  0.6581 0.5867 0.4967 0.5805 0.7143 0.7169 0.6516  0.7461
CR3SP18 0.1126 04500 0.6669 0.5806 0.4804 0.6616 0.7627 0.7729  0.7238 0.7991
CR3SP19 0.1520 04764 0.6746 0.5858" 0.4559 0.7516 0.7817 0.7943  0.7748 - 0.8260
CR3S5P20 0.1555 0.7668  0.6935 0.5926 0.3253 0.8267 0.8986 0.9462 0.8430  0.8990
CR3SP21 0.1579 0.7844  0.7074 0.5990 03115 0.8319 0.9011 09475 0.8511  0.9273 ‘
CR3S8P22 0.1011 0.1199  0.5868 0.5206 0.7053 0.3711 03953 0.3935 0.3898 0.3774
CR3SP23 0.0929 02012 06099 05499 06386 0.4376 0.5475 0.5454 04787 0.5724
CR3SP24 0.0910 0.2316 0.6213 0.5556 0.6079 0.4704 0.5944 = 0.5942 0.5179  0.6108
CR3SP25 0.1284 0.6192  0.6843 0.5885 0.4183 0.7988  0.8791 0.9253  0.8292  0.9020
CR3SP26 0.1299 0.6282  0.6922 0.5860 0.4194 0.8027 0.8790 0.9273 0.8298  0.9039
CR3SP27 . 0.1518 0.8755 0.7042  0.5862 0.3609 0.8433 0.9090 09545 0.8569  0.9250
CR3SP28 0.0711 0.1241 0.5838 0.5167 0.7131 0.3889 0.4101 0.4138 0.4007 0.3790
CR3SP29 0.0800 02722  0.6238 0.5774 0.5906 0.4953 0.6360 0.6430 0.5438  0.6425
CR3SP30 0.1016 03705 0.6379 0.5740 0.5646  0.6289  0.7273  0.7468  0.6843 0.7338
CR3SP31 0.1187 0.6442  0.6688 0.5765 0.4432 0.7730 0.8787 0.9300 0.8000  0.8989
CR3SP32 0.0410 0.1537  0.5830 0.5299 07120 0.3577 0.4022 0.4144 0.3841 - 0.4007
CR3SP33 0.1377 0.9361 0.7167 0.6148 0.3038 0.8522 0.9157 09601 0.8650 0.9279
SQ2C3BZ 0.0653 0.1355 0.6190 0.5540 0.6483 0.4244 04366 04311 04494 04142
SQ2C3BF 0.0666 0.1412  0.6189 0.5637 0.5739 0.4337 04475 0.4438 04519  0.4230
SQ2C3M 0.4307 0.4237  0.6681 0.5773 03448 0.7807 0.7717 0.7849 0.7670  0.7941
SUIC2B 0.0467 0.0694  0.6268 0.5533 05249 0.3175 03346 0.3073 03646  0.3493
SUIC2E 0.0556 0.2715 0.6879 0.5895 0.2100 0.4722 0.6237 0.5930 0.5729  0.6877
TMI1ICSB 0.5067 0.1476  0.6530 0.5766 0.4855 0.5289 0.5121 0.4870 0.5365  0.5077
" NAICSB - 0.0566 0.0609  0.5819 05136 07294 03173  0.3199  0.3137  0.3240  0.2732

“Ag-109 exists in spent fuel and/or control rods.
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Table C.6 Nuclide-reaction specific g index for GBC60 (continued)

Appendix C

CRC
state-points B¢ "Nd  '“Nd “Sm Sm 'Sm  ¥'Sm S1Sm SEu Gd

CR3SP1 0.0000  0.0000 0.0000 ~ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
CR3SP2 04286 0.3751 0.3895 0.1463 0.4286 0.7479 0.2849 0.3549 0.4578 0.2274
CR3SP3 0.6287 0.5399  0.5852 = 0.2028 0.6287 0.7946 0.4698 0.4302 0.7019  .0.4207
CR3SP4 0.4840 0.4067 0.4463 0.1986 0.4840 0.6454 0.3248 0.3411 0.5265 - 0.2899
CR3SP5 04442 03667 04110 0.1995 0.4442 0.6526 0.2947 0.3135 04720 02729
CR3SP6 0.6304 05175  0.5907 0.2299 0.6304 0.7740 0.4587 0.4154 0.6833 0.4465

CR3SP7 0.7118 0.5772  0.6687 0.2614 0.7118 0.7858 0.5352 0.4560 0.7767  0.5411

CR3SP8 0.3620  0.2981 0.3330 0.1178 0.3620 0.4726 0.2514 0.2298 0.3963 0.2325

CR3SP9 0.6773  0.5438 0.6334 0.1924 0.6773 0.8019 0.5083 0.4419 0.7385 0.5045

CR3SP10 0.6958  0.5650  0.6511 0.2147 0.6958 0.7926 0.5262  0.4546 0.7587  0.5264
CR3SP11 0.3093  0.2507 0.2835 0.1224 . 0.3093 0.3765 0.2066 0.1929 0.3379  0.1898
CR3SP12 0.8513  0.6475 0.8009 0.2733 0.8513 0.7919 0.6547 0.5001 09103 0.7125

CR3SP13 04374 03413 04075 0.1995 0.4374 0.4533 0.3111 0.2409 0.4848 0.3164
CR3SP14 0.5875 0.4569  0.5479 0.2998 0.5875 0.7338 0.4132 0.3703 0.6209 0.4270
CR3SP15 0.8989 0.7036 0.8611 04124 0.8989 0.8217 0.7310 0.5374 0.9253 0.8380
CR3SP16 0.3666 0.2744  0.3409 0.2042 0.3666 0.3399 0.2474 0.1947  0.4013 0.2588
CR3SP17 0.7248  0.5339 0.6819 03103  0.7248 0.7408 0.5078 0.4269 0.7677  0.5558
CR3SP18 0.7727 0.5650 0.7260 0.3374 0.7727 0.7453 . 0.5408 0.4465 0.8188 - 0.6039.
CR3SP19 0.7923  0.5880 0.7474 0.4182 0.7923 0.7443 0.5620 0.4558 0.8397 0.6288
CR3SP20 0.8890 0.6812 0.8505 0.4751 0.8890 0.7189 0.7016 0.5242 0.9151 0.8195
CR3SP21 0.8914 0.6880  0.8526 0.4846 0.8914 0.7740 0.7076 0.5274 09165 0.8263
CR3SP22 0.3988  0.2938 0.3738 0.2182 0.3988 0.3818 0.2641  0.2162 0.4308 0.2787
CR3SP23 0.5510 - 03935 ~ 0.5179 0.2435 0.5510  0.6889 0.3595 0.3453 0.5712 0.3867
CR3SP24 0.5973 04276 0.5665 0.2560 0.5973 0.6772 0.3958 0.3719 0.6242 0.4242
CR3SP25 0.8678 0.6429 0.8213 0.3941- 0.8678 0.7864 0.6516 0.4960 0.8942 0.7614
CR3S8P26 0.8672 0.6412° 0.8212 0.3946 0.8672 0.6943 0.6537 0.5015 0.8938 - 0.7645
CR3SP27 0.8957  0.6996  0.8575 0.4581 0.8957 0.7918 0.7328 0.5428 0.9187 0.8368
CR3SP28 04153 03022 0.3890 0.2116 0.4153 0.3837 0.2716 0.2238 0.4465 0.2882
CR3SP29 0.6385 0.4571 0.6103 0.2745 0.6385 0.6386 0.4318 0.3903 0.6694  0.4651

CR3SP30 0.7371 0.5326  0.6959 0.3291 0.7371 0.7433 0.5032 0.4266 0.7707 0.5613
CR3SP31 0.8662 0.6311 0.8214 0.3993 0.8662 0.6948 0.6504 0.4990 0.8927 0.7658
CR3SP32 0.4076 0.2914  0.3839 0.1435 0.4076 0.3771 0.2759 0.2054 °  0.4422 0.3017
CR3SP33 0.9027 0.7209 0.8670 0.4303 0.9027 0.8236 0.7619 0.5592 0.9232 0.8511

SQ2C3BZ 0.4466 03368  0.4209 - 0.2007 0.4466 0.5555 0.3318 0.2731 0.4842  0.3024
SQ2C3BF 0.4547 03313 04329 0.2052 0.4547 0.3875 0.3296 0.2617 0.5002  0.3055
SQ2C3M 0.7815 . 0.5517  0.7429 0.7267 0.7815 0.6123 0.5887 04313 0.8369  0.5930
SU1C2B 0.3444 03021 . 0.3287 0.1373 0.3444 0.3979 0.2712 0.2190 0.3899  0.2313
SUIC2E 0.6334 0.5214 0.6202 0.1919 0.6334 _I 0.5712 0.5400 0.4195 0.7243 0.4734
TMIICSB 0.5254 04262 0.5002  0.6936 0.5254 0.6420 0.3974 0.3235 . 0.5693 0.3460
NAICSB - 0.3281 0.2434 0.3079 0.1665 0.3281 03692  0.2214 0.1966 0.3493 0.2039
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Table C.7 Relative standard deviation of k. due to uncovered sensitivity data for GBC10

Covariance matrix

nuclide-reaction with nuclide-reaction _ % Akepfky due to this matrix
u-235 nubar u-235 nubar ' 4.19E-01 +7.53E-05
u-238 n,gamma u-238 n,gamma 3.30E-01 =+ 1.02E-03
pu-239 nubar pu-239 nubar 3.16E-01 +4.32E-05
h-1 elastic h-1 elastic 2.00E-01 =+247E-02
- pu-240 - n,gamma pu-240 n,gamma 1.88E-01 £ 9.36E-04  ***
u-238 elastic u-238 elastic 1.75E-01 +9.17E-03  ***
pu-239 _ nubar u-235 nubar 1.72E-01 +3.22E-05
pu-239 n,gamma pu-239 n,gamma - 1.47E-01 +=4.31E-04
pu-239 fission pu-239 fission. 1.18E-01 +241E-04
u-235 n,gamma . u-235 n,gamma 1.15E-01 +3.53E-04
u-235 fission u-235 fission 1.15E-01 +2.27E-04
pu-239 , chi pu-239 chi 9.42E-02 +4.61E-04
u-238 fission u-238 fission 8.28E-02 +1.33E-04
pu-239 fission ~ pu-239 n,gamma 6.27E-02 + 5.57E-04
h-1 n,gamma h-1 '~ n,gamma 6.10E-02 = 1.39E-04
u-238 " nubar u-238 nubar 476E-02 =+ 1.22E-05
pu-241 nubar u-235 nubar 4,18E-02 =+ 8.47E-06
0-16 n,alpha o-16 n,alpha . 348E-02 +244E-04
pu-241 nubar pu-241 nubar 3.42E-02 +5.13E-06
pu-239 nubar ’ pu-241 nubar 2.90E-02 = 5.04E-06
am-241 n,gamma  am-241 n,gamma 238E-02 +6.92E-05  **x
sm-149 n,gamma - sm-149 " n,gamma 1.89E-02 +£5.25E-05  ***
o-16 elastic o-16 elastic 1.64E-02 + 3.78E-03
u-238 nn' u-238 n,n’ 1.49E-02  + 4.64E-03
nd-143 _n,gamma nd-143 n,gamma 1.39E-02 +3.21E-05 ook
pu-241 n,gamma - pu-241 n,gamma 1.12E-02 +3.02E-05
u-238 elastic u-238 n,gamma 1.03E-Q2 + 1.54E-03
sm-151 " n,gamma sm-151 . n,gamma 9.39E-03 +£3.32E-05  ***
rth-103 n,gamma rh-103 n,gamma 7.74E-03 £7.00E-05  ***
b-10 n,alpha b-10" n,alpha 7.61E-03 =+ 2.49E-05
pu-241 fission pu-241 fission 7.35E-03 + 1.24E-05
u-238 n,n’ u-238 " elastic -7.33E-03 +2.91E-03
u-238 © n2n ' u-238 n,2n 7.25E-03 + 1.76E-04
u-236 n,gamma : u-236 n,gamma ] 7.19E-03 =+ 1.02E-04  ***
pu-240 nubar u-235 nubar 6.24E-03 +8.43E-07
u-238 n,n' u-238 fission " -6.16E-03 +3.02E-03
u-234 n,gamma u-234 n,gamma 5.70E-03 +£9.80E-05  ***
pu-239 fission u-235 . fission 5.61E-03 +6.07E-06
o-16 elastic ' 0-16 n,alpha 5.32E-03 £9.03E-04
u-238 n,n' - u-238 n,gamma 5.16E-03 + 1.04E-03
u-238 chi u-238 chi 5.12E-03 +2.80E-04
nd-145 n,gamma nd-145 ‘ n,gamma 5.12E-03 +£4.23E-05  ***
cs-133 n,gamma V cs-133 ' n,gamma 5.07E-03 +5.24E-05  ***
u-238 n,gamma b-10 n,alpha 4.86E-03 +4.07E-04
pu-239 nubar pu-240 nubar 4.33E-03  +5.74E-07
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Appendix C

Table C.7 Relative standard deviation of k.; due to uncovered sensitivity data for GBC10

(continued)
Covariance matrix
nuclide-reaction with nuclide-reaction % Ak 4k due to this matrlx
tc-99 n,gamma tc-99 n,gamma 3.83E-03 +4.87E-05  ***
ru-101 n,gamma ru-101 n,gamma 3.66E-03 +3.23E-05 **""
u-236 chi u-236 chi 3.60E-03 +6.77E-07 *
b-11 elastic b-11 elastic 3.60E-03 +4.32E-04
u-236 nubar u-236 nubar 3.57E-03 *=1.12E-06 *
pu-240 fission .pu-240 n,gamma -2.88E-03 +3.97E-05
sm-147 - n,gamma sm-147 n,gamma 2.82E-03 +180E-05 ***
u-235 chi u-235 chi '2.56E-03 £ 3.88E-02
sm-152 n,gamma sm-152 n,gamma 2.25E-03 +£225E-05  ***
np-237 n,gamma np-237 n,gamma 2.06E-03 +9.74E-06  ***
u-236 fission u-236 fission 1.86E-03 +£3.20E-06  ***
u-238 n,n' u-238 R n,2n 1.83E-03 +8.95E-04
pu-240 fission u-235 fission 1.80E-03 +2.19E-06
sm-150 n,gamma sm-150 n,gamma 1.50E-03 + 8.02E-06 ok
pu-241 fission pu-241 n,gamma 1.45E-03 =+ 7.18E-0S
mo-95 n,gamma mo-95 n,gamma 1.35E-03 +£2.35E-05  ***
eu-153 n,gamma eu-153 n,gamma 1.34E-03 £ 6.66E-06  ***
pu-242 n,gamma pu-242 n,gamma 1.19E-03  *£3.16E-05  ***
pu-241 fission u-235 fission 1.17E-03 £ 1.30E-06
pu-240 nubar pu-241 nubar 1.05E-03  + 1.42E-07
" u-234 chi "u-234 chi 9.27E-04 +1.74E-07 *
0-16 n,n’ o-16 nn' | 9.26E-04 +3.55E-04
u-234 nubar u-234 nubar 9.20E-04 +£945E-07 *
gd-155 n,gamma gd-155 n,gamma 8.41E-04 +2.81E-06
pu-241 chi pu-241 chi 8.08E-04 =+ 1.08E-04
pu-240 fission pu-240 fission 7.64E-04 +3.02E-06
o-16 nn' o-16 - . n,alpha -7.64E-04 +2.50E-04
u-235 elastic u-235 elastic 7.63E-04 +296E-03 *
am-241 chi am-241 chi 7.55E-04 +143E-07 *
pu-240 elastic pu-240 elastic 6.03E-04 +123E-02 *
u-234 fission u-234 fission 5.93E-04 +192E-06 *
b-10 _n,alpha b-10 elastic -5.92E-04 <+ 1.46E-04
ag-109 n,gamma ag-109 n,gamma 5.86E-04 £ 1.05E-05  ***
am-241 fission u-235 fission 5.55E-04 +7.02E-07
u-238 elastic u-238 fission -4.40E-04 =+ 8.48E-05
o-16 n,gamma o-16 n,gamma 4.39E-04 =+ 1.10E-06  ***
u-236 elastic u-236 elastic 435E-04 +464E-03 *
am-241 nubar am-241 nubar 4.12E-04 +6.19E-08  ***
u-235 n,n' u-235 n,n' 3.96E-04 +491E-04 *
np-237 chi np-237 chi 3.84E-04 +7.28E-08 *
np-237 nubar np-237 nubar 3.84E-04 +5.99E-08  ***
. pu-242 fission u-235 fission 3.18E-04 *4.24E-07
pu-240 nubar pu-240 - nubar 2.32E-04 +3.18E-08
0-16 elastic o-16 n,n' 231E-04 +1.03E-03
pu-238 chi pu-238 chi 2.15E-04 *+405E-08 *
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Table C.7 Relative standard deviation of k., due to uncovered sensitivity data for GBC10

(continued)
Covariance matrix )
nuclide-reaction with nuclide-reaction % Ak gk due to this matrix
am-241 fission am-241 fission 1.95E-04 +4.06E-07  ***
eu-151 * n,gamma eu-151 n,gamma 1.93E-04 +6.77E-07  ***
pu-238 n,gamma pu-238 n,gamma 1.80E-04 £ 5.58E-07  ***
u-235 n,2n u-235 n2n 1.39E-04 +252E-06 *
np-237 - fission np-237 fission - L32E-04 *14B8E-07  ***
pu-242 nubar pu-242 nubar 1.15E-04 +3.98E-07 *
pu-239 elastic ‘pu-239 elastic 1.14E-04 +1.91E-0S  ***
b-10 n,p b-10 n,p 1.08E-04 +2.26E-05 *
mo-95 elastic mo-95 elastic 1.06E-04 +231E-03 *
u-234 elastic u-234 elastic 1.06E-04 . £3.48E-05  ***
o-16 n,p 0-16 n,p 1.00E-04 +8.11E-06"

* indicates default covariance data. . ,
*** indicates default covariance data used to correct zeros or large values in some groups.
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Appendix C

Table C.8 Relative standard deviation of [ ke due to uncovered sensitivity data for GBC20

Covariance matrix

nuclide-reaction with nuclide-reaction % Ak gk due to this matrix
pu239 - nubar pu-239 - nubar 3.92E-01 = 6.44E-05
pu-240 n,gamma pu-240 " ‘nm,gamma 3.52E-01 +1.37E-03 *ak
u-235 nubar u-235 nubar 3.45E-01 + 7.45E-05
u-238 n,gamina u-238 n,gamma 3.18E-01 =+ 8.94E-04
h-1 elastic . h-1 elastic 2.12E-01 *2.67E-02
pu-239 n,gamma pu-239 n,gamma 1.87E-01 + 5.06E-04
pu-239 nubar u-235 nubar 1.76E-01 =+ 3.83E-05
u-238 elastic u-238 elastic 1.73E-01 =+ 8.14E-03 ok
pu-239 fission pu-239 fission 147E-01 +2.77E-04
pu-239 chi pu-239 chi 1.17E-01 +7.01E-04
u-235 n,gamma u-235 n,gamma 1.07E-01 +2.96E-04
u-235 fission u-235 fission 9.99E-02 + 1.73E-04
pu-241 nubar pu-241 nubar 9.29E-02 + 1.67E-05
u-238 fission u-238 fission 8.28E-02 +1.25E-04
pu-239 fission pu-239 n,gamma 7.51E-02 =+6.63E-04
am-241 n,gamma am-241 n,gamma 6.70E-02 =+ 1.76E-04 ork
pu-241 nubar u-235 nubar 6.35E-02 =+ 1.49E-05.
h-1 n,gamma h-1 n,gamma 5.52E-02 =+ 1.55E-04
pu-239 nubar pu-241 nubar 5.38E-02 £ 1.09E-05
u-238 nubar u-238 nubar 473E-02 + 1.48E-05
_ o-16 n,alpha o-16 n,alpha 3.48E-02 +2.28E-04
pu-24 1 n,gamma pu-241 n,gamma 3.05E-02 + 7.53E-05
nd-143 n,gamma nd-143 n,gamma 2.54E-02" & 5.47E-05 ok
sm-149 n,gamma sm-149 n,gamma 2.26E-02 =+ 6.09E-05 Fokk
pu-241 fission pu-241 fission 2.08E-02 <+ 3.08E-05
0-16 elastic 0-16 elastic 1.92E-02 + 3.53E-03
u-238 n,n' u-238 n,n' 1.73E-02 +4.34E-03
rh-103 n,gamma rh-103 n,gamma 1.53E-02 +1.22E-04  ***
sm-151 n,gamma sm-151 n,gamma 1.27E-02 +4.33E-05 ook
u-236 n,gamma u-236 n,gamma 1.17E-02 £ 1.50E-04 *xx
u-238 elastic u-238 n,gamma 1L12E-02 =+ 1.27E-03
nd-145 n,gamma nd-145 n,gamma 1.06E-02 =+ 8.10E-05 ok
cs-133 n,gamma cs-133 n,gamma 1.00E-02 +9.10E-05 ook
pu-240 nubar u-235 nubar 8.60E-03 £ 1.44E-06
ru-101 n,gamma ru-101 n,gamma 8.08E-03 £ 6.48E-05 =~ .*¢*
u-238 n,n' u-238 elastic -7.86E-03 +2.55E-03
b-10 " n,alpha b-10 n,alpha 7.58E-03 +2.41E-05
tc-99 n,gamma tc-99 n,gamma 7.56E-03 + 8.48E-05 ok
pu-239 nubar pu-240 " nubar 7.28E-03 + 1.22E-06
u-238 n,2n u-238 n,2n 7.24E-03 =+ 1.54E-04
u-236 chi u-236 chi 6.91E-03 =+ 1.59E-06 *
u-238 n,n' u-238 fission -6.90E-03 =+ 2.54E-03
u-236 nubar u-236 nubar 6.85E-03 =+ 2.23E-06 *
pu-239 fission u-235 fission 6.71E-03 + 6.68E-06
- pu-242 n,gamma pu-242 n,gamma 6.53E-03 =+ 1.43E-04 *Hx
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Table C.8 Relative standard deviation of k. due to uncovered sensitivity data for GBC20

v (continued)
Covariance matrix
nuclide-reaction - with nuclide-reaction % Ak.plkey due to this matrix
u-234 n,gamma ‘u-234 n,gamma 6.09E-03 +9.17E-05 il
np-237 n,gamma np-237 n,gamma 5.69E-03 *=243E-05 *hx
o-16 elastic o-16 n,alpha 5.55E-03 + 8.24E-04
u-238 n,n' u-238 n,gamma 5.44E-03 +8.89E-04
sm-147 n,gamma sm-147 n,gamma 5.22E-03 +3.05E-05 o
u-238 chi u-238 chi ' 5.03E-03 +3.45E-04
u-238 n,gamma b-10 n,alpha 4.81E-03 +3.61E-04
sm-152 n,gamma sm-152 n,gamma ° 475E-03 +4.37E-05 R
pu-240 fission , pu-240 n,gamma -4.25E-03 +£4.62E-05 :
u-235 chi u-235 chi 411E-03 +2.03E-02
eu-153 n,gamma eu-153 n,gamma’ 3.86E-03 + 1.71E-05 ok
u-236 _ fission u-236 fission 3.67E-03 =+ 5.36E-06 *rx
sm-150 n,gamma sm-150 n,gamma 3.44E-03 =+ 1.87E-05 i
b-11 elastic . b-11 elastic 3.23E-03 +4.34E-04
mo-95 n,gamma mo-95 n,gamma 2.71E-03 £4.23E-05 ok
pu-240 fission u-235 fission 2.71E-03 +3.00E-06
pu-240 nubar pu-241 nubar 2.63E-03 +4.40E-07
pu-241 chi pu-241 chi 2.28E-03 + 3.48E-04
am-241 chi am-241 chi 2.28E-03 * 5.27E-07 *
pu-241 fission u-235 - fission 2.06E-03 =+ 2.06E-06
u-238 n,n' u-238 n,2n 1.96E-03 + 7.36E-04
gd-155 n,gamma gd-155 n,gamma 1.76E-03  + 5.78E-06
ag-109 n,gamma ag-109 n,gamma 1.57E-03 +2.42E-05 xx
pu-240 fission pu-240 fission 1.54E-03 + 3.05E-06
pu-241 fission pu-241 n,gamma -1.41E-03 +4.82E-04
am-241 nubar am-241 ~ nubar 1.32E-03 +2.45E-07 b
u-236 elastic - u-236 elastic 1.23E-03 +6.91E-03 *
pu-238 chi pu-238 chi 1.15E-03 £ 2.66E-07 *
np-237 - chi np-237 chi . 1.12E-03 % 2.59E-07 *
np-237 nubar np-237 nubar 1.12E-03 +2.14E-07 bl
pu-240 elastic : pu-240 elastic 1.06E-03 + 1.03E-02 *
u-234 chi u-234 chi 1.03E-03 +2.38E-07 *
u-234 nubar u-234 nubar 1.03E-03 <+ 1.01E-06 *
o-16 nn' ' o-16 n,n'  9.98E-04 +324E-04
am-241 fission u-235 fission 9.93E-04 =+ 1.13E-06
u-235 elastic u-235 elastic 9.57E-04 + 5.99E-03 *
pu-238 n,gamma pu-238 n,gamma : 9.08E-04 =+ 2.62E-06 b
o-16 n,n’ 0-16 n,alpha - -7.85E-04 +2.26E-04
pu-242 fission u-235 fission 7.82E-04 +9.12E-07
pu-242 nubar pu-242 nubar 6.98E-04 +2.03E-06 *
u-234 fission u-234 fission 6.69E-04 + 2.10E-06 *
am-243 n,gamma ' am-243 n,gamma 6.12E-04 <+ 7.15E-06 ork
" b-10 n,alpha b-10 elastic -5.87E-04 +1.07E-04 ,
pu-238 nubar pu-238 nubar 5.52E-04 + 6.34E-08 ol
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Table C.8 Relative standard deviation of k. due to uncovered sensitivity data for GBC20

(continued) :
Covariance matrix
nuclide-reaction with nuclide-reaction % Ak.glkg due to this matrix
am-241 fission ~ am-24] fission 5.44E-04 =+ 1.01E-06 ok
pu-240 nubar pu-240 nubar » 5.23E-04 +89I1E-08
u-235 n,n’ u-235 n,n' 4.96E-04 +2.56E-04 *
u-238 elastic u-238 fission -4.59E-04 =+ 7.39E-05
o-16 n,gamma o-16 n,gamma 3.88E-04 =+ 1.11E-06 b
np-237 fission np-237 fission 3.87E-04 +4.03E-07 b
mo-95 elastic mo-95 , elastic 3.38E-04 +2.57E-03 ~ *
am-241 - fission am-241 n,gamma -3.02E-04 +2.78E-06
pu-238 fission pu-238 fission 2.83E-04 +2.14E-07 *ax
eu-151 n,gamma eu-151 n,gamma 2.80E-04 +9.64E-07 b
o-16 _ elastic - 0-16 n,n' 2.62E-04 + 8.72E-04
pu-239 elastic pu-239 elastic . 2.08E-04 +2.58E-05 orn
u-234 elastic u-234 elastic 1.38E-04 +£3.33E-05 @ ***
u-235 n,2n u-235 n,2n 1.37E-04 +2.14E-06 *
pu-239 n,n’' pu-239 n,n' 1.37E-04 =+ 7.27E-05 *
b-10 . elastic b-10 elastic . 1.13E-04 =+ 4.64E-05 Hook
sm-147 elastic sm-147 elastic 1.10E-04 + 1.,74E-03" *
am-243 ' nubar am-243 nubar 1.08E-04 +3.62E-04 *
b-10 n,p b-10 n,p 1.08E-04 +2.11E-05 *
am-243 chi am-243 chi 1.07E-04 +248E-08 *
0-16 n,p 0-16 " np 1.06E-04 + 7.48E-06
pu-242 fission pu-242 fission 1.06E-04 +1.11E-07 hrx

* indicates default covariance data.
*** indicates default covariance data used to correct zeros or large values in some groups.

C-24



Appendix C _ Nuclide-Total Reaction Specific Integral Index g

Table C.9 Relative standard deviation of k. due to uncovered sensitivity data for GBC30

Covariance matrix -

nuclide-reaction with nuclide-reaction ' % Ak glk.r due to this matrix
pu-240 n,gamma pu-240 n,gamma 4.34E-01 + 1.82E-03 o
pu-239 nubar pu-239 nubar 4.10E-01 =+ 5.61E-05
u-235 nubar u-235 nubar 3.20E-01 +5.74E-05
u-238 n,gamma . u-238 ngamma 3.10E-01 + 9.46E-04
h-1 T elastic h-1 ~ elastic - 2.14E-01 +2.56E-02
" pu-239 n,gamma "~ pu-239 n,gamma 1.99E-01 =+ 5.86E-04
pu-239 nubar u-235 nubar 1.75E-01 =+ 3.08E-05
u-238 elastic u-238 . elastic, 1.74E-01 + 8.88E-03 *EE
- pu-239 fission pu-239 . fission "1.56E-01 +3.15E-04
pu-241 nubar pu-241 nubar = 1.27E-01 + 1.89E-05
pu-239 chi pu-239 chi 1.18E-01 =+ 6.44E-04
u-235 n,gamma u-235 n,gamma ‘ 1.08E-01 +3.29E-04
“u-235 fission u-235 . . fission 9.73E-02 £ 1.70E-04 .
am-241 n,gamma am-241 - n,gamma N 9.38E-02 +2.67E-04 ok
u-238 fission u-238 fission 8.26E-02 + 1.35E-04 '
pu-239 fission pu-239 n,gamma 7.63E-02 + 7.96E-04
pu-241 nubar u-235 nubar 7.23E-02 +1.36E-05-
pu-239 nubar . pu-241 nubar 6.48E-02 + 1.07E-05
h-1 . n,gamma h-1 n,gamma 5.06E-02. +145E-04
u-238 nubar u-238 nubar 4.69E-02 + 1.25E-05
pu-241 - n,gamma pu-241 n,gamma 4.16E-02 £ 1.10E-04
o-16 n,alpha o-16 n,alpha- 345E-02 +2.50E-04
nd-143 n,gamma nd-143 © n,gamma 3.35E-02 + 7.70E-05 *kk
pu-241 fission pu-241 fission 2.94E-02 +4.59E-05
u-238 n,n' u-238 n,n' 2.54E-02 =+ 4.49E-03
sm-149 n,gamma sm-149 n,gamma 2.34E-02 + 6.96E-05 *x
o-16 elastic o-16 elastic 2.18E-02 +3.66E-03
rh-103 n,gamma rh-103 n,gamma ' 2.03E-02 +1.77E-04 il
nd-145 .h,gamma nd-145 n,gamma 1.50E-02 & 1.28E-04 ~ ***
u-236 : n,gamma u-236 n,gamma 1.47E-02 +2.05E-04 *kok
sm-151 n,gamma sm-151 n,gamma 1.47E-02 +5.47E-05 ok
cs-133 n,gamma - cs-133 n,gamma 1.36E-02 +1.31E-04 b
ru-101 n,gamma ru-101 : 'n,gamma 1.20E-02 + 1.05E-04 ok
pu-242 n,gamma pu-242 n,gamma 1.13E-02 +£2.77E-04 i
u-238 : elastic u-238 n,gamma 1.10E-02 +141E-03
u-238 n,n' . u-238 elastic -1.04E-02 +2.38E-03
tc-99 n,gamma tc-99 n,gamma . 1.01E-02 =+ 1.22E-04 *xk
u-236 chi u-236 chi 9.99E-03 + 1.95E-06 *
u-236 nubar u-236 . nubar 9.91E-03 + 3.05E-06 *
pu-240 nubar u-235 ‘nubar 9.75E-03 + 1.40E-06
np-237 "n,gamma np-237 n,gamma 9.52E-03 + 4.48E-05 ek
u-238 n,n' u-238 fission -9.22E-03 £ 2.05E-03
pu-239 nubar pu-240 nubar 8.74E-03 + 1.19E-06
u-235 chi u-235 chi 8.33E-03 +7.35E-03
b-10. n,alpha b-10 n,alpha 7.62E-03 +2.79E-05
pu-239 : fission u-235 fission 7.47E-03 < 7.90E-06
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Table C.9 Relative standard deviation of k. due to uncovered sensitivity data for GBC30

| (continued)
Covariance matrix _ .
nuclide-reaction with nuclide-reaction % Ak ik g due to this matrix
u-238 n,2n u-238 ‘n,2n 7.43E-03 +1.67E-04
sm-147 n,gamma sm-147 n,gamma 6.97E-03 +4.45E-05 *rx
u-234 n,gamma u-234 n,gamma 6.57TE-03 =+ 1.06E-04 *Ex
sm-152 n,gamma sm-152 . n,gamma 6.56E-03 + 6.78E-05 *okk
. o-16 elastic o-16 n,alpha 6.21E-03 +8.09E-04
eu-153 n,gamma eu-153 n,gamma 6.19E-03 =+ 3.04E-05 ok
u-238 n,n' u-238 n,gamma 5.99E-03 =+ 8.56E-04
pu-241 fission pu-241 n,gamma - -5.53E-03 +245E-04
u-236 fission u-236 fission , -5.43E-03 + 8.18E-06 wokk
sm-150 n,gamma sm-150 n,gamma 4,99E-03 © +3.15E-05 k
“u-238 n,gamma b-10 n,alpha 4.78E-03 + 7.76E-04
pu-240 fission pu-240 n,gamma -4.70E-03 +5.33E-05
u-238  chi u-238 chi 435E-03 +3.32E-04
b-11 elastic b-11 elastic 4.07E-03 =+ 5.02E-04
mo-95 n,gamma mo-95 n,gamma 3.76E-03 + 6.44E-05 rx
pu-240 nubar pu-241 nubar 3.61E-03 =+ 5.16E-07
am-241 chi am-241 chi 3.38E-03 +6.64E-07  *
pu-240 fission u-235 fission 3.27E-03 +3.88E-06
pu-241 fission - u-235 fission 2.61E-03 +2.79E-06
gd-155 n,gamma gd-155 n,gamma 2.57E-03  +9.36E-06
pu-238 chi pu-238 chi 2.52E-03° +4.95E-07 *
pu-241 chi pu-241 chi 2.45E-03 +5.12E-04
ag-109 n,gamma ag-109 n,gamma 2.29E-03 =+ 3.86E-05 *Ex
u-236 elastic u-236 elastic 2.15E-03 +1.98E-02. *
am-241 nubar am-241 nubar 2.04E-03 +3.23E-07 KAk
pu-240 fission pu-240 fission 2.00E-03 +3.29E-06
np-237 chi np-237 chi 1.94E-03 +3.82E-07 *
np-237 - nubar np-237 nubar 1.94E-03 +3.15E-07 ok
u-238 n,n' © u-238 n,2n 1.92E-03 £ 8.36E-04
pu-238 ~ n,gamma pu-238 n,gamma 1.90E-03 =+ 5.98E-06 *rk
am-243 n,gamma am-243 n,gamma 1.49E-03 £1.87E-05 .- ***
pu-242 nubar pu-242 nubar | 1.36E-03 + 5.07E-06 *
pu-238 nubar pu-238 nubar 1.28E-03 + 1.26E-07 *Ex
am-241 fission ~u-235 fission - 1.28E-03 + 1.54E-06
u-234 chi u-234 chi 1.17E-03  +2.29E-07 *
u-234 nubar. u-234 nubar 1.16E-03 + 1.26E-06 *
pu-240 elastic pu-240 elastic 1.1SE-03 +331E-02 *
pu-242 fission u-235 fission 1.12E-03  + 1.40E-06
u-235 elastic u-235 elastic 1.03E-03 +1.01E-03 *
o-16 n,n' o-16 n,n' 9.02E-04 +3.50E-04
o-16 n,n' o-16 n,alpha -8.24E-04 +2.49E-04
am-241 fission am-241 fission 7.67E-04 =+ 1.52E-06 *kx
u-234 fission u-234 fission 7.64E-04 +2.68E-06  *
pu-240 nubar pu-240 nubar 7.15B-04 +104E07
np-237 fission np-237 fission 6.74E-04 + 7.60E-07 il
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Table C.9 Relative standard deviation of k. due to uncovered sensitivity data for GBC30

~ (continued)
‘Covariance matrix
_nuclide-reaction with nuclide-reaction % Ak glkey due to this matrix

pu-238 fission pu-238 fission - ' 6.60E-04 £ S5S44E-07 *ax
u-235 n,n’ u-235 n,n' 6.56E-04. +1.09E-04 ~ *

b-10 n,alpha b-10 elastic -6.52E-04 =+ 1.50E-04

mo-95 elastic mo-95 elastic ’ 486E-04 +977E-03 *
u-238 elastic u-238 fission -4.65E-04 +7.98E-05
am-241 fission am-241 n,gamma -4.50E-04 +4.44E-06"
nd-145 elastic nd-145 elastic © 3.80E-04 +9.74E-03 *

o-16 . : n,gamma o-16 n,gamma 3.50E-04 =+ 1.05E-06 g
eu-151" n,gamma eu-151 n,gamma - 345E-04 +1.38E-06 i

o-16 elastic o-16 n,n' 3.34E-04 +7.26E-04
am-243 nubar am-243 nubar 2.76E-04 *7.71E-04 *
am-243 chi am-243 chi 2.75E-04 .+ 5.40E-08 *
pu-239 elastic pu-239 elastic 2.54E-04 =+ 3.32E-05 Ak
pu-239 ' n,n' pu-239 n,n’' 2.12E-04 '+ 5.09E-05 *
am-243 fission am-243 - fission 2.12E-04 +2.27E-07 ok
pu-242 fission pu-242 fission ‘ 2.06E-04 +2.34E-07 ok
b-10 elastic b-10 " elastic 2.04E-04 £5.19E-05  ***
sm-147 elastic sm-147 elastic 1.72E-04 =+ 1.61E-02 *
u-234 elastic u-234 - elastic 1.67E-04 -+ 4.10E-05 Rk
pu-242 elastic pu-242 elastic 1.67E-04 .+ 5.89E-05 ohx
u-236 n,n’ u-236 nn 1.64E-04 +2.79E-05 *
u-235 n,2n , u-235 n,2n 1.50E-04 =+ 2.40E-06 *
cs-133 elastic . cs-133 elastic 1.35E-04 + 7.81E-04 *
sm-152 elastic sm-152 elastic 1.28E-04 +2.95E-04 ok

o-16 n,p 0-16 n,p 1.12E-04 £ 8.55E-06

b-10 n,p b-10 n,p 1.06E-04 +4.37E-05 *
nd-143 elastic nd-143 elastic 1.03E-04 + 1.93E-05 rok

* indicates default covariance data,
*** indicates default covariance data used to correct zeros or large values in some groups.
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Table C.10 Relative standard deviation of &, due to uncovered sensitivity data for GBC40

Covariance matrix ) .
nuclide-reaction with nuclide-reaction % Ak,dk,g due to this matrix

pu-240 n,gamma pu-240 n,gamma 461E-01 <+ 1.79E-03 b
pu-239 nubar pu-239 nubar 4.07E-01 =+ 6.22E-05
u-235 nubar - u-235. nubar 3.16E-01 =+ 6.33E-05
u-238 n,gamma u-238 n,gamma 3.04E-01 +847E-04
h-1 elastic h-1 elastic 2.22E-01 +2.85E-02
pu-239 n,gamma pu-239 n,gamma 2.04E-01 =+ 5.62E-04
pu-239 nubar u-235 nubar 1.75E-01 +3.36E-05
u-238 elastic u-238 elastic 1.73E-01 + 7.88E-03 . *ok
pu-239 fission pu-239 fission 1.55E-01 + 3.00E-04
pu-241 nubar pu-241 nubar 1.40E-01 +2.32E-05
pu-239 chi pu-239 chi 1.16E-01 - + 7.34E-04
u-235 " * n,gamma u-235 n,gamma 1.16E-01 + 3.18E-04
~ am-241 “n,gamma am-241 . n,gamma "~ 1.07E-01 +2.90E-04 ok
u-235 fission u-235 fission 9.84E-02 + 1.63E-04
u-238 fission ‘ u-238 fission 8.16E-02 +1.31E-04
pu-241 nubar u-235 nubar 7.61E02 +157E-05
pu-239 fission pu-239 n,gamma 7.51E-02 + 7.65E-04
pu-239 . nubar pu-241 nubar 6.81E-02 +1.23E-05
h-1 n,gamma h-1 n,gamma 4.85E-02 +1.67E-04
pu-241 ngamma  pu-241 n,gamma " 4.62E-02 +1.18E-04
u-238 nubar u-238 nubar 4.62E-02 + 1.39E-05
nd-143 ©  n,gamma nd-143 n,gamma 3.84E-02 =+ 8.43E-05 *kok
pu-241 fission pu-241 fission 3.30E-02 +4.89E-05
u-238 oo u-238 0’ 2.76E-02 +4.27E-03
sm-149 n,gamma . sm-149 n,gamma - 2.32E-02 +6.73E-05 xR
rh-103 n,gamma rh-103 n,gamma 2.30E-02 +1.78E-04 ok
nd-145 n,gamma nd-145 . n,gamma 1.80E-02 =+ 1.43E-04 Ak
u-236 n,gamma u-236 n,gamma 1.70E-02 +2.15E-04 *nE
cs-133 n,gamma cs-133 n,gamma 1.59E-02 + 1.39E-04 *ak
sm-151 n,gamma sm-151 n,gamma 1.58E-02 +5.81E-05 il
ru-101 n,gamma ru-101 n,gamma 1.45E-02 +1.18E-04 i
pu-242 n,gamma pu-242 n,gamma 1.43E-02 +3.16E-04 *ax
np-237 n,gamma np-237 n,gamma 1.25E-02 +5.33E-05 e
tc-99 n,gamma tc-99 n,gamma 1.23E-02 +1.34E-04 i
u-236 . chi u-236 chi 1.23E-02 +2.73E-06 *
u-236 nubar u-236 . nubar o 1.22E-02 =+ 3.87E-06 *
u-238 n,n’' u-238 elastic -1.20E-02 =+ _2.28E-03
u-238 elastic u-238 n,gamma 1.15E-02 = 1.21E-03
u-235 chi u-235 chi 1.10E-02 =+ 6.21E-03
pu-240 nubar u-235 : nubar - 1.04E-02 + 1.68E-06
u-238 n,n' u-238 fission . -1.00E-02 + 1.80E-03
pu-239 nubar pu-240 ) nubar 9.26E-03 + 1.35E-06 )
sm-147 n,gamma sm-147 n,gamma ‘ 8.06E-03 +4.74E-05 *kk
pu-239 fission - u-235 . fission 8.04E-03 +8.19E-06
pu-241 fission " pu-241 ngamma -7.94E-03 + 1.94E-04
eu-153 n,gamma eu-153 n,gamma 7.78E-03  + 3.48E-05 e

(
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Table C.10 Relative standard deviation of k. due to uncovered sensitivity data for GBC40

(continued) ‘
Covariance matrix
nuclide-reaction with nuclide-reaction % Ak gk due to this matrix
b-10 n,alpha_ b-10 n,alpha 7.47E-03 & 2.79E-05
u-238 n,2n u-238 : n,2n 7.44E-03 + 1.43E-04
sm-152 n,gamma sm-152 n,gamma 744E-03. +£7.11E-05 ax
u-234 n,gamma u-234 n,gamma : 7.25E-03 +1.05E-04 ok
u-236 fission u-236 fission 6.74E-03 +9.64E-06 E
sm-150 n,gamma sm-150 n,gamma . 5.92E-03 +3.61E-05 | Rk
u-238 n,n’ u-238 n,gamma 5.89E-03 + 8.16E-04
pu-240 fission pu-240 - n,gamma "~ 4.79E-03 +4.68E-05
u-238 n,gamma b-10 ‘ n,alpha 4.71E-03 +6.36E-04
mo-95 n,gamma mo-95 n,gamma 443E-03 =+ 6.89E-05 i
u-238 ' ~ chi ‘ u-238 . chi - 4.14E-03 +3.86E-04
pu-240 _ nubar pu-241 nubar 4.03E-03 +6.54E-07
am-241 chi am-241 chi 3.98E-03 + 8.88E-07 *
b-11 . elastic b-11 elastic 3.81E-03 +4.95E-04
pu-238 ~ chi pu-238 chi 3.80E-03 + 8.48E-07 *
pu-240 fission u-235 fission 3.63E-03 +4.12E-06
gd-155 n,gamma gd-155 n,gamma 3.07E-03 +1.11E-05
pu-241 fission u-235 fission 2.96E-03 +3.03E-06
u-236 elastic u-236 . elastic 2.93E-03 +1.24E-02 *
pu-238 n,gamma . pu-238 n,gamma ~ 2.79E-03 £ 8.61E-06 i
pu-241 chi pu-241 _chi 2.75E-03 +6.29E-04
ag-109 n,gamma ag-109 n,gamma 2.74E-03 . +4.17E-05 *hkk
np-237 chi np-237 chi 2.59E-03 +5.79E-07 *
np-237 nubar " np-237 ~ nubar 2.59E-03 +4.76E-07 i
am-241 nubar am-241 nubar 2.46E-03 +4.43E-07 s
am-243 n,gamma ' am-243 n,gamma 2.22E-03 +2.49E-05 *rx
pu-240 fission pu-240 fission 2.20E-03 +2.88E-06
pu-238 nubar pu-238 nubar 2.01E-03 +2.22E-07 ' *xk
pu-242 nubar pu-242 - ‘nubar 1.80E-03 + 7.39E-06 *
am-241 fission u-235 fission 1.47E-03 £ 1.69E-06
pu-240 elastic pu-240 elastic 1.36E-03 +8.74E-03 *
pu-242 fission - u-235 fission 1.35E-03 <+ 1.62E-06
u-234 chi u-234 chi 1.30E-03 +2.88E-07 *
‘u-234 nubar u-234 nubar 1.29E-03 + 1.32E-06 *
u-235 elastic u-235 elastic 1.21E-03 +7.03E-04 *
u-238 n,n’ u-238 . n2n 1.16E-03 £ 1.19E-03
pu-238 fission pu-238° fission . 1.03E-03 + 8.28E-07 orx
np-237 fission np-237 fission 8.99E-04 +9.97E-07 A
am-241 fission am-241 fission . 8.65E-04 =+ 1.63E-06 *xx
‘u-234 fission u-234 fission 8.50E-04 '+ 2.87E-06 - *
u-235 n,n’ u-235 n,n’ 8.27E-04 + 1.33E-04 *
pu-240 .. nubar pu-240 : nubar 8.05E-04 = 1.33E-07
mo-95 elastic mo-95 elastic - 6.87E-04 <+ 8.32E-02 *
b-10 n,alpha b-10 elastic -6.24E-04 +7.68E-05
nd-145 elastic nd-145 elastic 5.58E-04 +3.46E-03 *
am-241 fission am-241 n,gamma -5.35E-04 +4.79E-06
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_Table C.10 Relative standard deviation of k., due to uncovered sensitivity data for GBC40

(continued)

Covariance matrix .
nuclide-reaction

nuclide-reaction

% AK gk due to this matrix

u-238 elastic u-238 fission -4.84E-04 =+ 6.86E-05
am-243 nubar am-243 nubar 428E-04 =+ 9.09E-04 *
am-243 chi - am-243 chi 4.26E-04 +9.52E-08 *
eu-151 n,gamma eu-151 n,gamma 391E-04 +1.48E-06 b
am-243 fission am-243 fission 3.29E-04 +3.48E-07 ok
pu-239 elastic pu-239 elastic - 293E-04 +3.26E-05 b
sm-152 elastic sm-152 elastic 2.87E-04 +2.00E-04 i
pu-242 elastic pu-242 elastic 2.86E-04 +6.84E-05 i
pu-242 fission pu-242 fission 2.74E-04 +3.05E-07 Koxx
pu-239 n,n' pu-239 n,n' 2.50E-04 +5.38E-05 *
sm-147 elastic sm-147 elastic 2.15E-04 <+ 1.36E-03 *
u-236 n,n' u-236 n,n' 2.13E-04 +3.46E-05 *
u-234 elastic u-234 elastic 1.90E-04 +3.97E-05 bl
cs-133 elastic cs-133 elastic 1.80E-04 +3.70E-04 *
u-235 n,2n u-235 n,2n 1.67E-04 +2.30E-06 *
nd-143 elastic nd-143 elastic 1.44E-04 =+ 2.16E-05 *xx
b-10 elastic b-10 elastic 1.32E-04 +5.36E-05 *rk
ru-101 elastic ru-101 elastic 1.29E-04 +3.80E-04 *
tc-99 elastic tc-99 elastic 1.24E-04 <+ 1.60E-03 *
sm-150 elastic sm-150 elastic 1.08E-04 =+ 1.23E-03 *
b-10 n,p b-10 n,p 1.05E-04 + 3.59E-05 *

* indicates default covariance data.

*** indicates default covariance data used to correct zeros or large values in some groups.
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Table C.11_Relative standard deviation of k. due to uncovered sensitivity data for GBC50
Covariance matrix : ‘

nuclide-reaction with nuclide-reaction % Ak glk g due to this matrix
pu-240 n,gamma pu-240 n,gamma ~4.80E-01 + 1.92E-03 *ax
pu-239 nubar pu-239 nubar 4.04E-01 + 5.69E-05
u-235 . nubar u-235 nubar - 3.14E-01 = 5.80E-05
u-238 n,gamma u-238 n,gamma 2.98E-01 +8.25E-04
h-1 elastic h-1 » elastic 2.23E-01 *3.30E-02
pu-239 n,gamma pu-239 n,gamma 2.03E-01 <+S5.65E-04
pu-239 nubar u-235 nubar 1.75E-01 £ 3.05E-05
u-238 elastic - u-238 elastic 1.72E-01 + 7.83E-03 ek
pu-239 fission pu-239 fission 1.55E-01 =+ 3.00E-04
pu-241 nubar pu-241 nubar 1.49E-01 +2.28E-0S
- u-235 n,gamma u-235 n,gamma 1.21E-01 +3.28E-04
am-241 - n,gamma am-241 n,gamma 1.16E-01 =+3.21E-04 *hx
. pu-239 chi pu-239 - chi 1.05E-01 £ 7.23E-04
u-235 fission u-235 fission 1.02E-01 =+ 1.62E-04
u-238 fission u-238 fission 8.06E-02 + 1.32E-04
_pu-241 nubar u-235 ' nubar 791E-02 <+ 1.47E-05
pu-239 fission pu-239 n,gamma 727E-02 +797E-04
pu-239 nubar pu-241 nubar ; 7.04E-02 =+ 1.16E-05
pu-241 ‘n,gamma *  pu-24l] n,gamma 4.92E-02 <+ 1.28E-04
h-1 n,gamma h-1 n,gamma 4.74E-02 + 1.96E-04
u-238 nubar u-238" nubar 4.55E-02 =+ 1.28E-05
nd-143 n,gamma nd-143 © n,gamma 4.22E-02 +9.39E-05 *rk
u-238 ' n,n' u-238 n,n' ] 3.94E-02 +4.41E-03
pu-241 fission pu-241 fission 3.61E-02 =+ 5.35E-05
o-16 n,alpha o-16 ’ n,alpha 3.36E-02 +2.45E-04
o-16 elastic 0-16 elastic 2.64E-02 +3.74E-03 .
rh-103 ‘n,gamma rh-103 n,gamma : ' 2.52E-02 =+ 1.93E-04 *Ak
sm-149 n,gamma sm-149 n,gamma 2.25E-02 +6.77E-05 i
u-235 chi u-235 chi 2.23E-02 +2.79E-03
nd-145 n,gamma nd-145 n,gamma 2.07E-02 + 1.68E-04 wok
u-236 n,gamma u-236 n,gamma 1.86E-02 +2.34E-04 *kk
cs-133 n,gamma cs-133 n,gamma - L.76E-02 * 1.55E-04 *EX
ru-101 © n,gamma ru-101 n,gamma 1.68E-02 =+ 1.36E-04 *ak
pu-242 n,gamma pu-242 n,gamma 1.67E-02 +3.77E-04 >k
sm-151 _ ngamma sm-151 n,gamma - 1.66E-02 £ 6,24E-05 S
np-237 n,gamma np-237 - n,gamma - 1.53E-02 +£6.72E-05 Rk
u-236 chi u-236 chi 145E-02 +298E-06 - *
u-238 n,n’ u-238 elastic -145E-02 =+ 2.46E-03
u-236 nubar u-236 nubar 1.44E-02 +4.51E-06 *
tc-99 ' n,gamma tc-99 " n,gamma 1.36E-02 + 1.49E-04 ook
u-238 o u-238 fission’ -1.16E-02 + 1.55E-03
u-238 elastic u-238 n,gamma 1.10E-02 =+ 1.24E-03
pu-240 nubar u-235 nubar 1.09E-02 =+ 1.65E-06
pu-241 fission pu-241 ' n,gamma " -1.00E-02 +1.77E-04
pu-239 nubar pu-240 nubar 9.67E-03 +1.31E-06
eu-153 n,gamma eu-153 n,gamma 9.16E-03 +4,14E-05 . *rk
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Table C.11 Relative standard deviation of k. due to uncovered sensitivity data for GBCS()

(continued)

Covariance matrix

%% Akeplkoy due to this matrix

nuclide-reaction with nuclide-reaction
sm-147 n,gamma sm-147 n,gamma 8.96E-03 =+ 5.29E-05 ok
pu-239 fission u-235 fission 8.56E-03 + 8.88E-06
sm-152 n,gamma sm-152 n,gamma 8.29E-03 +£8.15E-05 *ax
u-236 fission - u-236 fission 8.05E-03 =+ 1.16E-05 *Hk
u-234 n,gamma u-234 n,gamma 7.79E-03 + 1.10E-04 A
b-10 n,alpha b-10 n,alpha 7.45E-03 + 2.86E-05
u-238 . n,2n u-238 n2n 7.28E-03 + 1.40E-04
o-16 elastic o-16 n,alpha 6.73E-03 +7.27E-04
u-238 n,n' u-238 n,gamma 6.66E-03 + 7.18E-04
sm-150 n,gamma sm-150 n,gamma 6.64E-03 +4.23E-05 *ax
pu-238 chi pu-238 chi 5.23E-03 + 1.08E-06 *
mo-95 n,gamma mo-95 n,gamma 496E-03 + 7.63E-05 ¥
pu-240 fission pu-240 n,gamma -4.84E-03 +4.62E-05
u-238 n,gamma b-10 n,alpha 4.66E-03 + 1.40E-03
am-241 chi am-241 chi 4.50E-03 =+9.33E-07 *
pu-240 nubar pu-241 nubar 437E-03 + 6.64E-07
pu-240 fission u-235 fission 3.94E-03 +4.59E-06
pu-238 n,gamma pu-238 n,gamiria " 3.70E-03 =+ 1.19E-05 okk
u-236 elastic u-236 elastic 3.67E-03 +3.31E-02 *
gd-155 n,gamma gd-155 n,gamma 3.49E-03 +1.33E-05
pu-241 fission u-235 fission 3.27E-03.- +3.42E-06
np-237 chi np-237 chi 3.26E-03 +6.77E-07 *
np-237 nubar np-237 - nubar 3.26E-03 +5.61E-07 A
b-11 elastic b-11 elastic 3.10E-03 +5.45E-04
ag-109 n,gamma ag-109 n,gamma 3.07E-03 +4.66E-05 ok
am-243 n,gamma am-243 n,gamma - 2.98E-03 +3.43E-05 Hokk
pu-238 nubar ¢ pu-238 nubar . 2.86E-03 +2.96E-07 ok
am-241 nubar am-241 nubar 2.85E-03 +4.80E-07 *hx
u-238 chi u-238 chi 2.56E-03 +549E-04
pu-240 fission pu-240 fission 2.37E-03  +2.86E-06
pu-242 nubar pu-242 nubar 2.22E-03 =+ 1.15E-05 *
am-241 fission u-235 fission 1.64E-03 =+ 1.93E-06
pu-242 fission u-235 fission 1.55E-03 + 1.94E-06
u-238 n,n' u-238 n,2n 1.55E-03 + 8.59E-04
pu-238 fission pu-238 fission 1.47E-03 +1.23E-06 b
pu-241. chi pu-241 chi 1.46E-03 +1.23E-03.
u-234 chi u-234 chi 1.42E-03 =+ 2.92E-07 *
u-234 nubar u-234 nubar 1.41E-03 =+ 1.44E-06 *
pu-240 elastic pu-240 elastic 1.25E-03 +2.28E-02 *
u-235 elastic u-235 . elastic 1.22E-03 +2.23E-03 *
u-235 n,n' u-235 n,n' 1.18E-03 +7.72E-03 *
np-237 fission _np-237 fission 1.14E-03 =+ 1.30E-06 b
mo-95 elastic mo-95 elastic 9.52E-04 +2.13E-02 *
am-241 fission am-241 fission 9.50E-04 =+ 1.79E-06 ok
u-234 fission u-234 fission 9.34E-04 +3.21E-06 *
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Table C.11 Relative standard deviation of k. due to uncovered sensitivity data for GBC50

(continued)
Covariance matrix :
nuclide-reaction with nuclide-reaction % AkgﬁJ_k,ﬂ due to this matrix
pu-240 nubar pu-240 nubar 8.81E-04 +1.37E-07 :
am-241 fission am-241 n,gamma -6.05E-04 +5.52E-06
am-243 nubar am-243 nubar 5.88E-04 =+ 1.20E-03 *
am-243 chi am-243 chi 5.85E-04. £ 1.21E-07 *
o-16 ‘ n,n' o-16 n,alpha -5.67E-04 +2.70E-04
b-10 n,alpha b-10 elastic -5.53E-04 + 2.78E-04
nd-145 elastic ' nd-145 elastic - S42E-04 . + 1.63E-02 *
© u-238 ‘ elastic u-238 ) fission -5.22E-04 +6.31E-05
am-243 fission am-243 fission 4.52E-04 =+ 5.07E-07 . EE
sm-152 elastic sm-152 elastic 4 50E-04 =+ 1.90E-04 Kok
eu-151 n,gamma ' eu-151 n,gamma . 430E-04 <+ 1.72E-06 ok
o-16. n,n’ o-16 n,n' 424E-04 +2.89E-04
pu-242 © elastic pu-242 elastic 3.93E-04 +8.12E-05 b
o-16 elastic o-16 n,n' . 3.90E-04 +2.22E-03
u-236 n,n’ : u-236 - nn' 3.72E-04 +4.88E-05 * .
pu-239 n,n' pu-239 n,n' 3.50E-04 =+ 1.26E-04 *
pu-242 fission \pu-242 fission 3.38E-04 +3.94E-07 b
pu-239 elastic pu-239 elastic 3.29E-04 £ 3.48E-05 o
o-16 n,gamma 0-16 n,gamma 3.18E-04 + 1.26E-06 S
sm-147 elastic sm-147 elastic 2.90E-04 <+ 6.35E-03 *
cs-133 elastic cs-133 elastic 2.41E-04 +9.66E-04 *
u-234 elastic u-234 elastic 1.95E-04 +4.22E-05 Ak
u-235 n,2n u-235 n,2n 1.79E-04 +2.43E-06 *
nd-143 elastic nd-143 elastic 1.68E-04 +2.37E-05 ok
tc-99 elastic tc-99 elastic 1.60E-04 =+ 2.36E-03 *
ru-101 elastic © -0l elastic " 1.60E-04 +4.70E-04 *
sm-150 elastic sm-150 elastic 1.45E-04 +2.09E-03 *
b-10 n,p b-10 n,p 1.05E-04 =+ 7.67E-05 *
0-16 ’ n,p 0-16 n,p 1.02E-04 =+ 6.96E-06

* indicates default covariance data.
*** indicates default covariance data used to correct zeros or large values in some groups.
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Table C.12 Relative standard deviation of k., due to uncovered sensitivity data for GBC60

Covariance matrix

nuclide-reaction with nuclide-reaction % Ak gl k.y due to this matrix
pu-240 n,gamma pu-240 n,gamma 5.06E-01 = 1.57E-03 oAk
pu-239 nubar pu-239 nubar 4.07E-01 =+ 5.45E-05
u-235 nubar u-235 nubar 3.06E-01 =+ 5.36E-05
u-238 _ n,gamma u-238 n,gamma 2.93E-01 =+ 6.54E-04
h-1 elastic h-1 elastic 2.22E-01 +2.05E-02
pu-239 n,gamma pu-239 n,gamma 2.07E-01 +4.59E-04
pu-239 nubar’ u-235 nubar 1.75E-01 +2.84E-05
u-238 elastic u-238 elastic 1.68E-01 =+ 5.59E-03 il
pu-241 nubar pu-241 nubar 1.62E-01 +2.35E-05
pu-239 fission pu-239 fission 1.58E-01 +2.38E-04
am-241 n,gamma am-241 n,gamma 1.29E-01 +2.70E-04 *okk
u-235 n,gamma u-235 n,gamma 1.23E-01 +£2.72E-04
pu-239 chi pu-239 chi - '1.05E-01 =+ 7.08E-04
u-235 fission u-235 - fission 1.02E-01 + 1.21E-04
pu-241 nubar u-235 nubar 8.20E-02  + 1.42E-05
: u-238 fission u-238 fission 8.08E-02 +9.72E-05
pu-239 nubar pu-241 nubar 7.40E-02 &+ 1.14E-05
pu-239 fission pu-239 n,gamma 7.20E-02 +6.74E-04
pu-241 n,gamma pu-241 ~ n,gamma 5.36E-02 +1.01E-04
nd-143 n,gamma nd-143 n,gamma 4.69E-02 + 7.68E-05 hk
u-238 nubar u-238 nubar 4.55E-02 #+1.22E-05
h-1 n,gamma h-1 n,gamma 448E-02 =+ 1.19E-04
pu-241"- fission pu-241 fission 4.01E-02 +4.48E-05
u-238 nn' u-238 " o 3.99E-02 +3.15E-03
0-16 n,alpha o-16 n,alpha 3.33E-02 + 1.85E-04
rh-103 n,gamma rh-103 n,gamma 2.76E-02 + 1,70E-04 ok
o-16 elastic 0-16 elastic 2.63E-02 +2.67E-03
nd-145 n,gamma - nd-145 n,gamma 2.35E-02 +1.47E-04 *xx
sm-149 n,gamma sm-149 n,gamma 2.27E-02 +4.99E-05 ok
u-235 chi u-235 chi 2.12E-02 +2.72E-03
u-236 n,gamma u-236 n,gamma 2.05E-02 +2.00E-04 *kk
cs-133 n,gamma cs-133 n,gamma 2.00E-02 <+ 1.34E-04 ok
ru-101 n,gamma ru-101 n,gamma 1.97E-02 =+ 1.25E-04 *okk
pu-242 - n,gamma pu-242 n,gamma '1.92E-02 + 3.40E-04 ok
np-237 n,gamma np-237 n,gamma 1.88E-02 +6.32E-05 o
sm-151 n,gamma sm-151 n,gamma 1.78E-02 +4.90E-05 ok
u-236 chi u-236 chi 1.70E-02 +3.38E-06 *
u-236 nubar u-236 nubar 1.69E-02 +4.61E-06 *
tc-99 n,gamma tc-99 n,gamma 1.54E-02 <+ 1.29E-04 R
u-238 n,n’' u-238 elastic -1.52E-02 + 1.58E-03
pu-241 fission pu-241 n,gamma - -1.20E-02 £ 1.39E-04
u-238 n,n’ u-238 fission -1.19E-02 + 1.10E-03
pu-240 nubar u-235 nubar L.13E-02 = 1.66E-06
u-238 ~ elastic u-238 n,gamma 1.13E-02 +8.12E-04
eu-153 n,gamma eu-153 n,gamma 1.09E-02 =+ 3.84E-05 ok
pu-239 nubar pu-240 nubar 1.02E-02 _+ 1.30E-06
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Table C.12 Relative standard deviation of &, due to uncovered sensitivity data for GBC60

(continued)
Covariance matrix , :
nuclide-reaction with nuclide-reaction - % Akgfky due to this matrix

sm-147 . ngamma  sm-147 n,gamma 1.00E-02 + 4.64E-05 s
u-236 fission u-236 fission 9.57E-03 + 1.01E-05 i
sm-152 © n,gamma sm-152 n,gamma 9.15E-03 + 6.95E-05 *kx
pu-239 “fission u-235 fission - 9.03E-03 =+ 6.99E-06

u-234 n,gamma u-234 n,gamma 8.09E-03 +9.26E-05 Ak
sm-150 n,gamma : sm-150 n,gamma 7.56E-03 + 3.84E-05 Ak
u-238 . n2n u-238 n,2n 7.48E-03 + 1.15E-04

b-10 n,alpha b-10 n,alpha 7.34E-03 4+ 2.24E-05
pu-238 . chi pu-238 chi - - 722E-03 <+ 1.44E-06 *

o-16 . elastic - o-16 n,alpha 6.78E-03 + 5.26E-04

u-238 n,n' u-238 n,gamma 6.57E-03 + 5.30E-04

mo-95 ﬁ,gamma mo-95 n,gamma 5.51E-03 +6.75E-05 *ax
am-241 " chi am-241 chi - : 5.14E-03 =+ 1.03E-06 *
pu-238 n,gamma pu-238. n,gamma ~ 4.99E-03 =+ 1.15E-05 b
pu-240 fission pu-240 n,gamma -4.96E-03 =+ 3.84E-05

pu-240 ~ "nubar pu-241 nubar 481E-03 =+ 7.04E-07

u-238 n,gamma b-10 n,alpha 4.60E-03 =+ 1.06E-03

u-236 elastic u-236 elastic 4.56E-03 +1.01E-02 *
pu-240 fission u-235 7 fission 425E-03 +3.67E-06 _
np-237 chi np-237 chi | " 4.10E-03 +8.20E-07 *
np-237 nubar np-237 nubar 4.10E-03 +6.77E-07 *ax
gd-155 n,gamma gd-155 n,gamma 4.08E-03 +1.11E-05 ‘
pu-238 nubar pu-238 nubar 4.04E-03 +4.03E-07 *ax
am-243 n,gamma am-243 ngamma 3.96E-03 = 3.36E-05 *ak
pu-241 fission u-235 ' fission 3.59E-03 +2.77E-06
ag-109 n,gamma ag-109 n,gamma 3.53E-03 +4.19E-05 *ax
am-241 nubar am-241 nubar 332E03 & 5.38E-07 axn

b-11 elastic b-11 ~ elastic. 3.13E-03 +3.96E-04
pu-242 . nubar pu-242 nubar 2.77E-03 % 1.76E-05 *
pu-240 fission pu-240 fission . 2.59E-03 +2.39E-06
u-238 chi u-238 chi 2.58E-03 +5.28E-04
pu-238 _ fission pu-238 - fission 2.09E-03 + 1.27E-06 *ax
am-241 fission u-235 fission 1.81E-03 + 1.59E-06
pu-242 fission i u-235 fission . 1.78E-03  + 1.62E-06
u-234 chi . u-234 chi ' 1.53E-03  + 3.03E-07 *
u-234 . nubar u-234 nubar 1.52E-03 =+ 1.28E-06 *
np-237 fission np-237 fission 1.43E-03 +1.19E-06 ok
u-238 ., nn' u-238 n,2n 1.36E-03 +.8.07E-04
pu-240 elastic pu-240 ) elastic 1.34E-03 +4.49E-03 *
u-235 elastic u-235 elastic 1.30E-03 =+ 1.22E-03 *
. pu-241 chi ’ pu-241 * chi 1.24E-03 4 1.66E-03

u-235 n,n' u-235 . nn' ' 1.19E-03 =+ 1.22E-04 *
mo-95 elastic mo-95 elastic 1.18E-03 &+ 1.61E-02 *
am-241 fission am-241 - fission 1.06E-03 + 1.51E-06 *kk

u-234 fission u-234 fission . 1.01E-03 <+ 2.85E-06 *
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Table C.12 Relative standard deviation of k. due to uncovered sensitivity data for GBC60

(continued)
Covariance matrix
nuclide-reaction with nuclide-reaction % AK 4lk y due to this matrix
pu-240 nubar pu-240 nubar 9.77E-04 + 1.46E-07
nd-145 elastic nd-145 elastic 8.51E-04 +421E-03 *
am-243 nubar am-243 nubar '8.14E-04 + 1.04E-03 *
am-243 chi am-243 chi 8.10E-04 + 1.62E-07 *
am-241 fission am-241 n,gamma -6.85E-04 + 4.83E-06
am-243 fission am-243 fission 6.27E-04 + 5.00E-Q07 ***
o-16 : n,n' o-16 n,alpha -6.11E-04 +2.32E-04
o-16 - n,n' o-16 n,n’ 5.91E-04 +2.61E-04
b-10 . n,alpha b-10 elastic -5.59E-04 +8.32E-04 .
pu-242 elastic pu-242 elastic 5.08E-04 = £7.14E-05 ***
u-238 elastic u-238 fission -5.01E-04 + 4.58E-05
eu-151 n,gamma eu-151 ~ n,gamma 4.72E-04 + 1.47E-06 ***
sm-152 elastic sm-152 elastic 4,66E-04 + 1.68E-04 ***
u-236 n,n' . u-236 n,n’ - 439E-04 + 1.96E-04 *
pu-242 fission pu-242 ~ fission 4.24E-04 +3.55E-07 ***
sm-147 elastic sm-147 elastic 3.76E-04 +2.16E-03 *
‘pu-239 n,n' A pu-239 - n,n' _ 3.70E-04 +2.79E-04 *
pu-239 elastic pu-239 elastic . 3.63E-04 +2.52E-05 ***
o-16 n,gamma o-16 " n,gamma : 3.00E-04 |+ 7.86E-07 ***
cs-133 elastic © cs-133 elastic : 2.99E-04 +5.68E-04 *
u-234 elastic u-234 elastic 2.18E-04 + 3.24E-05 ***
nd-143 elastic " nd-143 ’ elastic 2.06E-04 +2.20E-05 ***
ru-101 elastic ru-101 elastic 2.00E-04 + 8.40E-04 *
tc-99 elastic tc-99 elastic - 1.96E-04 +3.18E-03 *
sm-150 elastic sm-150 elastic 1.91E-04 +3.89E-04 *
u-235 n,2n u-235 n,2n 1.89E-04 +2.03E-06 *
'b-10 elastic b-10 elastic 1.80E-04 + 4 46E-05 ***
cs-133 nn : cs-133 n,n' 1.20E-04 ° *£245E-05 *
o-16 ‘ n,p o0-16 "~ n,p 1.11E-04 + 6.13E-06
ru-101 n,n' ru-101 n,n' 1.11E-04 +2.88E-05 *
‘b-10 n,p b-10 n,p 1.04E-04 +6.10E-05 *

* indicates default covariance data. .
*** indicates default covariance data used to correct zeros or large values in some groups.
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