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1. PURPOSE

The purpose of this document is to review the criticality benchmark experiments previously
selected (BSC2002a) for use in the criticality analyses of the codisposal viability for the various
types of U.S. Department of Energy (DOE) spent nuclear fuel (SNF) and to perform evaluations of
the critical limit (CL) for each DOE SNF group using the methodology described in the Disposal
Criticality Analysis Methodology Topical Report (YMP 2000). The CL is derived from the bias and
uncertainties associated with the employed criticality code (MCNP) and modeling process. The
scope of the present calculation encompasses nine DOE-owned spent nuclear fuel types. These are:
1) Highly Enriched Uranium (HEU) Oxide SNF (Shippingport Pressurized Water Reactor [SPWR]
SNF) (CRWMS M&O 2000c); 2) UZrH (TRIGA) SNF (CRWMS M&O 2000a); 3) Melt and Dilute
Waste Form (Radulescu 2001a); 4) U-Zr/U-Mo Alloy (Enrico Fermi) SNF (CRWMS M&O
2000b); 5) Mixed Oxide (MOX) SNF (Fast Flux Test Facility [FFTF] SNF) (CRWMS M&O
1999a); 6) Th/U Oxide SNF (Shippingport Light Water Breeder Reactor [SLWBR] SNF) (CRWMS
M&O 2000d); 7) Th/U Carbide SNF (Ft. St. Vrain [FSV] High Temperature Gas Reactor [HTGR]
SNF) (Radulescu 2001b); 8) U-metal SNF (N-reactor SNF) (CRWMS M&O 2001), and 9) Three
Mile Island (TMI) Waste Form. The current report also includes additional benchmarks on 23U/Th
LWBR SNF that have been recently evaluated (Putman 2003).

The results of this calculation will be used to validate the MCNP (CRWMS M&O 1998a) code’s
ability to accurately predict the effective neutron multiplication factor (keg) for a range of
conditions spanned by various critical configurations representative of the potential configurations
the DOE SNF stored in a codisposal waste package may take due to degradation.

This calculation is associated with the waste package design and is subject to the Quality Assurance
Requirements and Description (QARD) (DOE 2003) per the activity evaluation under work
package number NSNOO2 in the techmical work plan TWP-MGR-MD-000031 REV 00 (BSC
2003a). \

2. METHOD

As mentioned in Disposal Criticality Analysis Methodology Topical Report (YMP 2000), the
criticality model ‘applies the Monte Carlo method along with material cross-section data in
evaluating the criticality potential of configurations of fissionable and other materials identified by
the degradation analyses of the waste package. The accuracy of the method and cross-section data is
established by evaluating benchmark critical experiments. For the waste package (WP) criticality
evaluations, criticality is defined by the CL, which is the value of kes at which a waste package
configuration is considered potentially critical. An essential element of validating the methods and
models used for calculating effective neutron multiplication factors, ke, for a waste package is the
determination of CL (YMP 2000, Section 3.5.3.2.5). CL values are established by applying the
criticality model in evaluating critical experiments that are representative of the range of in-package
and out-of-package configurations identified by the degradation analyses. The CL is derived from
the bias and uncertainties associated with the criticality code and modeling process. The CL is
characterized by statistical tolerance limits that account for biases and uncertainties associated with
the criticality code calculating process.
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A CL is associated with a specific type of codisposal waste package/waste form and its state (intact
or various stages of degradation described by the Master Scenarios (YMP 2000, pp. 3-8 through 3-
14). The CL is characterized by a representative set of benchmark criticality experiments. This set
of criticality experiments also prescribes the basic range of applicability of the results. A CL
function may be expressed as a regression-based function of neutronic and/or physical variable(s).
In application, a CL function could also be a single value, reflecting a conservative result over the
range of applicability for the waste form characterized.

The application of statistical methods to biases and uncertainties of ke values is determined by
trending criticality code results for a set of benchmark critical experiments that will be the basis of
establishing CLs for a waste form. This process involves obtaining data on various neutronic and/or
physical parameters that are associated with the set of critical experiments used to model the code-
calculated values for k.s. These data, with the calculated values of kg, are the basis of the
calculation of the CL function.

Figure 1 displays two general processes for establishing CL functions. These two processes are as
follows: 1) regression-based methods reflecting criticality code results over a set of critical
experiments that can be trended; and 2) random sample based methods that apply when trending is
not an appropriate explanation of criticality code calculations.

The regression approach addresses the calculated values of ke as a trend of neutronic and/or
physical parameters. That is, regression methods are applied to the set of ke values to identify
trending with such parameters. The trends show the results of systematic errors or bias inherent in
the calculational method used to estimate criticality. In some cases, a data set may be valid, but
might not cover the full range of parameters used to characterize the waste form. The area (or
areas) of applicability of a calculational method may be extended beyond the range of the
experimental conditions of the data set over which the bias is established by making use of
correlated trends in the bias.

If no trend is identified, a single value may be established for a CL that provides the desired
statistical properties associated with the definition of this quantity. The data are treated as a random
sample of data (criticality code values of kex) from the waste form population of interest and
straightforward statistical techniques are applied to develop the CL. For purposes of differentiation,
these techniques are described in YMP 2000 as "non-trending”. The normal distribution tolerance
limit (NDTL) method and the distribution free tolerance limit (DFTL) method, discussed in YMP
(2000, pp. 3-56 and 3-57), are "non-trending" methods. Similar methods are also described in more
detail in Dean (2001) under the denominations “single-sided tolerance limit” (Dean 2001, p. 11)
and respectively “nonparametric statistical treatment” (Dean 2001, p. 14).

The regression or “trending” methods use statistical tolerance values based on linear regression
techniques to establish a CL function. Trending in this context is linear regression of ks on the
predictor variable(s)(YMP 2000, p. 3-52). Here the predictor variable(s) may be a parameter such
as enrichment, or a parameter that indicates the distribution of neutrons within the system, such as
the average energy of a neutron that causes either fission or absorption. Where multiple candidates
are found for trending purposes, each regression model will be applied and the conservative model
may be used to determine the value of the CL. The lower uniform tolerance band (LUTB) method,
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discussed in YMP (2000, pp. 3-55 and 3-56), trends a single parameter against kesr. Multiple
regression methods that trend multiple parameters against ke may also be used to establish the
tolerance-limit CL function. In either single or multiple situations, the regression trend that
produces the lowest CL is defined to be the more conservative regression. The current calculation
only uses single parameter regression methods.

In all calculations of CL functions, the concept described as the “no positive bias” (Lichtenwalter et
al. 1997, p. 160) rule must be accommodated. This rule excludes benefits for raising the CL for
cases in which the best estimate of the bias trend would result in a CL greater than 1.0. The
treatment of this element is discussed below in the context of each method used to establish the
basic CL function.

The critical limit is calculated by CLREG code using LUTB method (BSC 2002b) when a trending
regression is identified as statistically significant. If no trend is identified, then the NDTL or the
DFTL methods are implemented using Excel spreadsheets.

The method to perform the additional criticality calculations consists of using MCNP Version 4B2
(CRWMS M&O 1998a, CRWMS M&O 1998b) to calculate the effective neutron multiplication
factor of the codisposal waste package. The calculations are performed using the continuous-energy
cross section libraries, which are part of the qualified code system MCNP 4B2 (CRWMS M&O
1998a, CRWMS M&O 1998b). All calculations are performed with fresh fuel composition unless
otherwise specified.

The detailed description of the calculations performed and of the exact flow of calculations
involved in each method is presented in Section 5.

Control of the electronic management of data was accomplished in accordance with the controls
specified by BSC 2003a.
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Figure 1. Process for Calculating Critical Limits
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3. ASSUMPTIONS
No specific assumptions have been used in developing the current calculation.
4. USE OF COMPUTER SOFTWARE AND MODELS
4.1 SOFTWARE

The commercial off-the-shelf software MS EXCEL Version 97 SR-1 installed on a personal
computer (PC) Dell Optiplex GX150 operating under Windows 98 operating system, was used for
performing graphical representations and arithmetical manipulations in a spreadsheet type
environment. The developed spreadsheet files are included in Attachment I and listed in
Attachment ITII. The spreadsheets contain sufficient information to allow an independent check to
reproduce or verify the results.

4.1.1 MCNP

The baselined MCNP code (CRWMS M&O 1998b) was used directly to calculate the ke of the
additional critical benchmark experiments. The software specifications are as follow:

Program Name: MCNP

Version/Revision Number: Version 4B2LV

Status/Operating System: Qualified/HP-UX B.10.20

Computer Software Configuration Item Number: 30033 V4B2LV

Computer Type: Hewlett Packard (HP) 9000 Series Workstations

Computer processing unit number: Software is installed on the Framatome ANP workstation

“grl” whose CPU number is E 9000/785 2008515632 and “gr0” whose CPU number is E
9000/782 2002611431.

The MCNP software used is: (a) appropriate for the application of ks calculations, (b) used only
within the range of validation as documented in CRWMS M&O (1998a) and Briesmeister (1997),
and (c) obtained from the Software Configuration Management in accordance with appropriate
procedures.

412 CLREG

The CLREG computer code (BSC 2002b) was used to calculate the critical limit for the benchmark
experiments provided, and extend the range of applicability for the critical limit. The software
specifications are as follows:

Program Name: CLREG

Version/Revision Number: V1.0

Status/Operating System: Qualified/Windows 1998

Software Tracking Number (STN) Number: 10528-1.0-00
Computer Type: Personal Computer (PC) Dell Optiplex GX150
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e Computer Processing Unit (CPU) number: Software is installed on two Framatome ANP PCs
whose CPU numbers are CHO6TO1 and 1ZF8F01.

CLREG is a computer program that calculates sets of critical limits (critical limit functions) for
waste packages under certain conditions. Each CL represents the value of ke at which a
configuration is considered potentially critical. This value accounts for the criticality analysis
method bias and uncertainty of the calculated ke values for a set of critical experiments that
represent the waste package, as explained by linear regression trending. Also inherent in each CL
value is the statistical property of confidence for lower prediction limits and lower tolerance limits.
The input and output files for the CLREG calculations are documented in Attachment III such that
an independent repetition of the software used could be performed. The CLREG software used
was: (a) appropriate for the calculation of critical limits, (b) used only within the range of validation
as documented in BSC (2002b), and (c) obtained from Software Configuration Management in
accordance with appropriate procedures.

5. CALCULATION

This section describes the calculations performed to evaluate the CL for each DOE SNF group
based on the ks calculated with the MCNP code for appropriately selected pools of criticality
benchmark experiments (BSC 2002a). Section 5.1 describes the general inputs used in the present
evaluation. These also include the additional criticality benchmark experiments and the nuclear
cross-section data used with the criticality model. A detailed description of the flow of the
calculations that materialize the application of the CL calculation method described in Section 2 is
outlined in Section 5.2. The results of the calculations are presented in Section 6. The
corresponding MCNP and CLREG input and output files and the supporting Excel spreadsheets for
each DOE SNF group are listed in Attachment III and included in Attachment I.

51 INPUTS
5.1.1 Additional 2*U/Th Criticality Benchmark Experiments

This section describes the eight water—flooded *’U/Th critical assemblies, designated SB-cores,
which have been recently evaluated (Putman, 2003) and are used in the present calculation to
increase the pool of applicable benchmarks for the DOE SNF group containing 23U/Th. These
cores were designed to provide nuclear parameter information for LWBR seed-and-blanket
configurations. Seed fuel was made up of either 25U0,- Zr0, or *UQ,-ZrO, matrix, but neither
matrix was used in the final LWBR design. Blanket fuel was made up of either a 2*’ThO; or
230,-P*ThO, matrix, and both matrices were used in the final LWBR fuel design. The eight
assemblies included five rectangular (SB-1, SB-2, SB-21/2, SB-3, and SB-4) and three hexagonal
(SB-5, SB-6, SB-7) cores. The following table (Table 5-1) summarizes the lattice and core loading
information.
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Table 5-1. Summary of SB Core Lattices for 2**U/Th Critical Experiments

Seed Region Blanket Region
Total No Pitch | HHU | Noof | Com- Pitch No of
Core ID | Lattice | Geometry | of Rods |Fissile| (cm) rods |]position| (cm) |H/Th| rods

SB-1 square | rectangular| 1588 5%y |og1948| 37 576 ThO2 1.8387 | 44 | 1012

SB-2 | square |rectangular| 1480 | **u |0.91948| 38 340 ThO, | 1.8387 | 4.4 | 1140

8B-2 1/2 | square |rectangular| 288 23y lo0.91948| 38 288 N/A NA | NAL O

SB-3 square | rectangular| 1288 2% |o.91948| 38 224 JUO.-ThO2| 1.8387 | 44 | 1064

SB-4 square | rectangular| 1402 235y lo.o1948| 37 376 |UO2-ThO2| 1.8387 | 4.4 | 1026

SB5 |triangular | hexagonat | 1261 | U ]1.44805( 107 | 217 | ThO, | 1.4514 | 0.46 | 1044

SB-6 | triangular | hoxagonal | 1261 | *°U ]1.44805( 110 | 148 ThO: | 1.4514 | 046 | 1113

SB-7 |triangular | pexagonal | 1261 | *°U [1.44805]| 110 | 115 |UOxThOn| 14514 | 0.45 | 1146

Source: Putman 2003, Table 1

These experiments used four fuel rod matrices: 235UOz-Zroz seed, 233U02-21‘02 seed, 2?ThO,
blanket and **U0,-ThO, blanket. Each rod consists of a fuel-pellet stack between zircaloy-2
plugs, all within a seamless zircaloy-2 tube, with welded zircaloy-2 end caps. Fuel pellets within a
stack were flat-ended cylinders of identical composition and diameter, and varying lengths. Table
5-2 summarizes relevant dimensional information.

Table 5-2. SB Fuel Rod Average Dimensions

Seed Region Blanket Region

2500,- Zr0, 230,-2r0, 22ThO, 23Y0,-22ThO,

Overall length (cm)

52.9082 (20.83 in.)

52.9082(20.83 in.)

52.9082(20.83 in.)

52.9082(20.83 in.)

Fuel pellet diameter (cm)

0.5367 (0.2113 in.)

0.5354 (0.2108 in.)

1.2408 (0.4885in.)

1.2454 (0.4903 in.)

Clad inner diameter (cm)

0.5575 (0.2195 in.)

0.5575 (0.2195 in.)

1.2670 (0.4988 in)

1.2659 (0.4984 in.)

Clad outer diameter (cm)

0.6464 (0.2545in.)

0.6464 (0.2545 in.)

1.4473 (0.5698 in.)

1.4463 (0.5694 in.)

Active fuel length (cm) 38.1 (15in.) 38.1 (15in.) 38.1 (15in.) 38.1 (15in.)

Source: Putman 2003, Table 2

The benchmark models developed in Putman (2003) are simplified representations of these
experiments and have been adopted to be used in the present calculation. The MCNP benchmark
model inputs (Putman, 2003, Appendix E) have been modified to include cross-section libraries that
are consistent with the previous benchmark evaluations (BSC 2002a). A detailed presentation of
the nuclear cross-section data used in the benchmark evaluations applicable to the present CL
calculation is presented in the following section (Section 5.1.2). The corresponding MCNP input
and output files used to evaluate the present benchmarks are listed in Attachment I and included in
Attachment L

5.1.2 Nuclear Cross-Section Data

Nuclear cross-section data are available from several source evaluations (data libraries). Utilizing
the appropriate material cross-sections in a criticality calculation with MCNP is essential to
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obtaining credible results (BSC 2003b). The cross sections for the various neutron interactions are
used to determine the flow of the criticality calculation at each interaction site. The MCNP neutron
interaction tables are processed from either the ENDF/B-V, LLNL, or LANL:T-2 evaluations. The
sources for the neutron interaction tables are listed by material in Briesmeister (1997, Appendix G).

For a particular table, the cross sections for each reaction are given on one energy grid that is
sufficiently dense that linear-linear interpolation between points reproduces the evaluated cross
sections within a specified tolerance that is generally within 1% or less of the evaluated data
(Briesmeister 1997, p. 2-18).

Neutron interaction table designations are included as part of the material composition input to
MCNP. Each material composition is composed of one or more elements or isotopes designated by
a ZAID identifier. The ZAID identifier takes the form “ZZZAAA.nnC” where ZZZ represents the
atomic number of the element (ZZZ may be one or two digits), AAA represents the elemental isotope
(AAA must be three digits incorporating leading zeros), nn represents the neutron interaction table
designation, and C indicates continuous-energy reaction tables. A more complete description of the
ZAID nomenclature is available in Briesmeister (1997, Appendix G).

Calculations involving transport through the resonance region should use the most detailed neutron
interaction tables available unless there is a valid reason to do otherwise, such as the availability of
more appropriate temperature dependent cross sections. Table 5-3 contains a listing of elements and
isotopes selected for use in the criticality model for the codisposal waste package containing
various DOE SNF or waste forms. The selected cross-section libraries have been used consistently
in the analyses involving codisposal waste package containing DOE SNF (CRWMS M&O 2000c,
CRWMS M&O 2000a, Radulescu 2001a, CRWMS M&O 2000b, CRWMS M&O 1999a, CRWMS
Mé&O 2000d, Radulescu 2001b, CRWMS M&O 2001) and in the analyses of the applicable critical
benchmark experiments (BSC 2002a). The cross-section libraries utilized in the additional >*U/Th
benchmark models described in Section 5.1.1 are consistent with the listing presented in Table 5-3.
Table 5-3 is also partially consistent with the cross-section libraries utilized in BSC (2003b) for the
waste package containing commercial SNF.

Table 5-3. Selected MCNP ZAIDs for Various Elements and Isotopes
Cross Section Cross Section

Element Isotope Library ZAID Element Isotope Library ZAID
Hydrogen H-1 1001.50c Molybdenum Mo (natural) 42000.50c
H-2 1002.55¢ Mo-95 42095.50c
H-3 1003.50¢c Silver Ag-107 47107.50c
Helium He-3 2003.50¢ Ag-109 47109.50c
He-4 2004.50c Cadmium Cd (natural) 48000.50¢c
Lithium Li-6 3006.50¢c Tin Sn (natural) 50000.35¢
Li-7 3007.55¢ Cesium Cs-133 55133.50¢
Beryllium Be-7 4007.35¢ Cs-135 55135.50c
Be-9 4009.50¢c Barium Ba-138 56138.50c
Boron B-10 5010.50¢ Gadolinium Gd-152 64152.50c
B-11 5011.56¢C . Gd-154 64154.50c
Carbon C (natural) 6000.50c Gd-155 64155.50c
C-12 6012.50c Gd-156 64156.50c
C-13 6013.35¢ Gd-157 64157.50c
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Table 5-3. Selected MCNP ZAIDs for Various Elements and Isotopes
Cross Section Cross Section

Element Isotope Library ZAID Element Isotope Library ZAID
Nitrogen N-14 7014.50c Gd-158 64158.50c
N-15 7015.55¢ Gd-160 64160.50¢c
Oxygen 0-16 8016.50c Hafnium Hf (natural) 72000.50¢
Fluorine F-19 9019.50¢c Tantalum Ta-181 73181.50¢c
Sodium Na-23 11023.50¢c Tungsten W (natural) 74000.55¢
Magnesium Mg (natural) 12000.50¢c W-182 74182.55¢
Aluminum Al-27 13027.50c w-183 74183.55¢
Silicon Si (natural) 14000.50c W-184 74184.55¢
Phosphorous P-31 15031.50c W-186 74186.55¢
Sulfur S$-32 16032.50c Gold Au-197 79197.50¢c
Chlorine Cl (natural) 17000.50¢c Lead Pb (natural) 82000.50¢c
Argon Ar (naturat) 18000.59¢ Thorium Th-232 90232.50¢
Potassium K (natural) 19000.50c Uranium U-233 92233.50¢
Calcium Ca (natural) 20000.50¢c U-234 92234.50c
Titanium Ti (natural) 22000.50c U-235 92235.50c
Vanadium V (natural) 23000.50c U-236 92236.50c
Chromium Cr (natural) 24000.50c U-237 92237.50c
Manganese Mn-55 25055.50¢ U-238 92238.50c
Iron Fe (natural) 26000.55¢ Plutonium Pu-238 94238.50c
Cobalt Co-59 27059.50¢c Pu-239 94239.55¢
Nickel Ni (natural) 28000.50c Pu-240 94240.50c
Copper Cu {natural) 29000.50¢c Pu-241 94241.50c
Gallium Ga (natural) 31000.50c Pu-242 94242.50c
Zirconium Zr (natural) 40000.56¢ Americium Am-241 95241.50c

Niobium Nb-93 41093.50¢c

5.1.3 Selected Criticality Benchmark Experiments for CL Calculation

This section provides a brief overview of the data used in the present CL calculation. The results of
the MCNP calculations for each case from the subsets of selected criticality benchmark experiments
included in (BSC 2002a) have been used as inputs for the present analysis and CL calculation. The
number of cases in each subset has been summarized in the following table (Table 5-4). The
additional benchmark cases evaluated in the present report have been also included. Detailed
values of the benchmark and calculated k. that have been used as input in the present CL
calculations are included in the full tables presented in Attachment II.

Table 5-4. Summary of Subsets of Critical Benchmark Experiments Used as input

DOE SNF Group
Placed in Codisposal

Subset Applicable
for Intact
Moderated
Configurations

Subset Applicable
for intact Non-
moderated
Configurations

Subset Applicable
for Degraded
Moderated
Configurations

Subset Applicable
for Degraded Non-
moderated
Configurations

No of Benchmark

No of Benchmark

No of Benchmark

No of Benchmark

Owned SNF

waste package Cases® Cases® Cases® Cases’
HEU Oxide (Shippingport-
PWR) DOE-Owned SNF 7 69 197 47
UZrH (TRIGA) DOE- 108 11 273 47
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Table 5-4. Summary of Subsets of Critical Benchmark Experiments Used as Input

Subset Applicable | Subset Applicable | Subset Applicable | Subset Applicable
for Intact for Intact Non- for Degraded for Degraded Non-
Moderated moderated Moderated moderated
DOE SNF Group Configurations Configurations Configurations Configurations
Placed in Codisposal | No of Benchmark | No of Benchmark | No of Benchmark | No of Benchmark
waste package Cases’ Cases® Cases® Cases’®
Melt and Dilute Waste
Form 37 13 103 13
U-alloy (Enrico Fermi)
DOE-Owned SNF 63 13 103 13
MOX (FFTZ)NIIJ:OE-Owned 32 75 385 48
Graphite/Carbide (Fort -
Saint Vrain HTGR) DOE- | 8 éﬁ:’n‘ﬁ":’;“' 93 108 139
Owned Fuel
Th/U (Shippingport 67+8 (additional 08 81 140
LWBR) DOE-Owned SNF benchmarks)
U-metal (N reactor) DOE- R .
owned SNF 25 37
LEU Oxide (TMI ) Core R .
Debris Waste Form 51 49

NOTE: %See corresponding tables in Attachment Il for a full listing of cases including benchmark and calculated kes
values.

5.2 DETAILED DESCRIPTION AND FLOW OF CL CALCULATIONS

For each DOE SNF group to be disposed, a number of subsets (Table 5-4) of criticality benchmark
experiments have been formed based on the anticipated range of parameters of the intact and
degraded configurations of the codisposal waste package. For the critical benchmark experiments
that were slightly super or subcritical, an adjustment to the kg value calculated with MCNP (kcac)
was done as suggested in Dean (2001, p.8). This adjustment is done by normalizing the (k) value
to the experimental value (kexp). This normalization does not affect the inherent bias in the
calculation due to very small differences in kesr. To normalize, the following formula applies:

knonn=kcalo/kcxp @

Unless otherwise mentioned, the normalized kg values (kporm) have been used in all subsequent
calculations of the critical limit (CL).

Each subset of normalized ks values is first tested for trending against available neutronic or
physical parameters (e.g., average energy of a neutron causing fission (AENCF), enrichment, H/X,)
using the build-in regression analysis tool from Excel. The AENCF is the energy per source particle
lost to fission divided by the weight per source neutron lost to fission from the “problem summary
section” of the MCNP output. The H/X ratio is the ratio of mole of hydrogen to mole of fissile
materials (U-235 and/or Pu-239). Trending in this context is linear regression of keg on the
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predictor variable(s)(YMP 2000, p. 3-52). If trending is identified for one subset, the CLREG code
is used to calculate CL function using LUTB method (BSC 2002c).

The linear regression fitted equation is in the form y(x) = a + bx + & where € is the random error
component (residuals). The trending is checked using well-established indicators or goodness-of-fit
tests concerning the regression parameters. As a first indicator, the coefficient of determination (%)
that is available as a result of using linear regression statistic (Scheaffer, 1990, p. 390) can be used
to evaluate the linear trending. It represents the proportion of the sum of squares of deviations of
the y values about their mean that can be attributed to a linear relation between y and x.

Another assessment of the adequacy of the linear model can be done by checking the goodness-of-
fit against a null hypothesis on the slope (b) (Scheaffer, 1990, p. 382). The slope test requires
calculating the test statistic “T” as follows in Equation 2 along with the statistical parameters in
Equations 3 and 4 (Scheaffer, 1990, p. 382 and p. 371).

\ ' (n-2)S
T=b /—-—-——-’“
SS, 2

where

b is the slope of the fitted linear regression equation

Sw= D (x, —%)* 3)

i=l,n

and

SSe=D (y;—a—bx,)’ @)

i=l,n

The test statistic is compared to the Student’s t-distribution (to2.2) With 95% confidence and n-2
degrees of freedom (Schaeffer, 1990, p. 659), where n is the initial number of points in the subset.
Given a null hypothesis of “no statistically significant trend exists (slope is zero)”, the hypothesis
would be accepted if [T} < ter2 n-2, and rejected otherwise. Unless the data is exceptional, the linear
regression results will have a non-zero slope. By only accepting linear trends that the data supports
with 95% confidence, trends due to the randomness of the data are eliminated (BSC 2003b). A
good indicator of this statistical process is evaluation of the P-value probability (calculated by the
regression tool in Excel) that gives a direct estimation of the probability of having a linear trending
due only to chance.

The last step employed as part of the regression analysis is determining whether or not the final
requirements of the simple linear regression model are satisfied (Schaeffer, 1990, p.377, p.401).
The error component (residuals) need to be normally distributed with mean zero, and these
requirements were verified for the present calculation by calculating the mean of the residuals and
applying a normality test on the residuals.
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If the subset shows no trending, according to the methodology summarized in Figure 1, the subset is
tested for normality using an omnibus normality test. For pools of data between 10 to 50 points the
Shapiro-Wilk’s normality test is used. The steps required to apply the test and the necessary test
statistics are described in detail in Dean (2001, p.10) and have been explicitly implemented in Excel
worksheets. For pools of data over 50 points the Anderson-Darling test is used (D’ Agostino 1986,
p- 372) that tests the goodness-of-fit to a normal distribution constructed with the subset sample
average and standard deviation. The required steps to apply the test and specific test statistics are
implemented using Excel worksheets (Attachment I and III).

Given that the ke values produced by the criticality code for the benchmark experiments are shown
to be normally distributed, the CL can be calculated using NDTL (YMP 2000, p. 3-56) as:

CL =Kave -k (v, P, df ) * Sp &)

where: k,y. is the average of the kg values, unless kay. is greater than unity (1.0), in which instance
the appropriate value for K, should be 1.0 to disallow positive bias; k (y, P, df) is a multiplier
(Natrella 1963, pp. 1-14 and 1-15) in which ¥y is the confidence level, P is the proportion of the
population covered, and df is the number of degrees of freedom. The Sp term is the square root of
the sum of the inherent variance of the critical experiment data set plus the average of the criticality
code variances for the critical experiment data set (Lichtenwalter et al. 1997, p. 159). Dean (2001,
p.11) recommends that the lower tolerance limits (CL), at a minimum, should be calculated with a
95% confidence that 95% of the data lies above CL. This is quantified by using the multipliers
provided in Table 5-5 (Dean 2001, Table 2.1; Natrella 1963, pp.1-14 and 1-15).

Table 5-5. Multiplier used in calculating CL using NDTL

Number of Multiplier k (y, P, df) for
experiments (n) ¥=95%; P=95% and df=n

10 2.91

11 2.815

12 2.736

13 2.670

14 2.614

15 2.566

16 2.523

17 2.486

18 2.453

19 2.423

20 2.396

21 2.371

22 2.350

23 2.329
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Table 5-5. Multiplier used in calculating CL using NDTL

Number of Mulitiplier k (y, P, df) for
experiments (n) v=95%; P=95% and df=n

24 2.309

25 2.292

30 2.220

35 2.166

40 2.126

45 2.092

50 2.065

Source: Dean 2001, Table 2.1

If the data does not have a normal statistical distribution, a non-parametric statistical treatment must
be used as described in YMP (2000, p. 3-57) as the distribution-free tolerance limit (DFTL). A
more specific description of the method is presented in (Dean 2001, p.14), resulting in the
determination of the degree of confidence that a fraction of the true population of data lies above
the smallest value observed. The more data are available in the sample, the higher the degree of
confidence. Non-parametric techniques do not require reliance upon distributions, but are rather an
analysis of ranks. Therefore, the keg values in a sample are ranked from the smallest to the largest.

For a desired population fraction of 95% and a rank order of 1 (the smallest ke value in data

sample), the following equation determines the percent confidence that the specified fraction of the
population is above the lowest observed value:

B=1-q" =1-095" (6)
For non-parametric data analysis, Dean (2001, p. 14) suggests that CL be determined by:
CL= Smallest k¢ value — Uncertainty for smallest keg — Non-parametric Margin (NPM) (7)
where: Non-parametric margin (NPM) is added to account for small sample size.

Dean (2001, p.15) recommends a set of values based on the confidence level (B) calculated above.
The values are presented in Table 5-6.

Table 5-6. Non-parametric margins

Degree of
confidence () for
95% of population Non-parametric margin
>90% 00
>80% 0.01
>70% 0.02
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Table 5-6. Non-parametric margins

>60% 0.03
>50% 0.04
>40% 0.05
<40% Additional data needed.

Source: Dean 2001, Table 2.2
If the smallest ke value is greater than 1, then the non-parametric CL becomes:
CL=1-Sp -NPM ®)
where: Spis the square root of the pooled variance.

All calculations described above have been applied, where appropriate, to each subset of keg data
for the set of criticality benchmarks selected for each DOE SNF group. The actual calculations are
performed using Excel spreadsheets that are included in Attachment III.

6. RESULTS

This section documents the MCNP results for the additional 2*U/Th benchmarks and the CL results
for each subset of the criticality benchmark experiments that have been evaluated in the present
calculation. The CL results represent either CL functions (where parameter trending was identified)
calculated with CLREG code or CL values calculated with applicable “non-trending” methods
described in Section 2. Representative plots of the calculated kg for the benchmarks and the
calculated CL are included for each subset of ks values.

The outputs of the MCNP and CLREG code runs have been found to be reasonable compared to the
developed inputs. All results obtained using MCNP and CLREG computer codes are suitable for
their intended use. This document may be affected by technical product input information that
requires confirmation. Any changes to the document that may occur, as a result of completing the
confirmation activities will be reflected in subsequent revisions. The status of the technical product
information quality may be confirmed by review of the DIRS database.

6.1 MCNP RESULTS FOR THE ADDITIONAL BENCHMARKS

The results obtained with MCNP for the benchmark models representing the SB LWBR cores are
presented in Table 6-1.

Table 6-1. MCNP calculated ke values for 2°U/Th benchmarks

Benchmark values® Calculated values (MCNP)

Experiment Case name Keatt Oexp_ Kest Ocalc AENCF
Experiments with SB cores SB1m 1.002 0.019 0.9995 0.0006 0.0702
(LWBR) (8 cases) SB2m 1.002 0.019 0.9971 0.0006 0.0950
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Table 6-1. MCNP calculated ke values for 22U/Th benchmarks

Benchmark values® Calculated values (MCNP)
Experiment Case name Kest Oexp Kett Ocalc AENCF

SB26m 1.000 0.019 0.9980 0.0006 0.0676
SB3m 1.002 0.019 0.9952 0.0005 0.0793
SB4m 1.002 0.019 0.9998 0.0005 0.0670
SB5m 1.002 0.019 0.9966 0.0005 0.0573
SB6m 1.002 0.019 0.9903 0.0006 0.0788
SB7m 1.002 0.019 0.9951 0.0005 0.0953

Source: “Putman 2003, p.35

The above results have been added to the pool of kg data that are applicable to the calculation of
CL for the intact moderated configurations of the codisposal waste package containing
Shippingport LWBR and Ft. St. Vrain HTGR (Table II-21, Table II-25).

6.2 CL RESULTS

The CL results have been grouped based on the benchmark subsets selected as being applicable for
each category of configurations of the codisposal waste package (Table 5-4). For each subset, the
results of the trending analysis are presented, and if a valid trending is identified, the CL function
(LUTB method calculated with CLREG code) is included in corresponding figures from Sections
6.2.1 t0 6.2.9 together with the kes values of each subset. If the data show no trending, the subset
is tested for normality. The CL obtained either by NDTL method (if the subset is found to follow a
normal distribution) or DFTL method is included in corresponding figures with the pool of ke data
for each subset that shows no trending (Sections 6.2.1 to 6.2.9).

The results of the linear trending analysis for each subset are summarized in separate tables at the
end of each of the following Sections (Sections 6.2.1 to Section 6.2.9) and comprise the number of
kess points (n), the calculated intercept (a), the slope (b), the square of the correlation coefficient
known as coefficient of determination (r"), the test statistic (T) described by Eq. (2), the tabulated
value of tgpn (With a=0.05 - Scheaffer, 1990, p.659), and the probability (P-value) that the
observed trending is due to chance. All above values have been calculated with the regression tool
available in Excel and are included in the spreadsheets attached to this document (Attachment I and
III). For the purpose of these evaluations, the goodness-of-fit test for the linear model was judged
to be passed when the coefficient of determination was greater than 0.1, the P-value was smaller
than 0.001 and the residuals were found to be normally distributed with a mean of 0.

6.2.1 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
Shippingport PWR DOE SNF

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing Shippingport PWR
SNF are presented in Table 6-2.
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Table 6-2. Trending Parameter Results for the Critical Benchmark Subset Representative for Moderated
Intact Configurations of the Codisposal WP Containing Shippingport PWR SNF

Trend P- Goodness- Valid
Parameter [ n | Intercept Slope r T toosne | value | of-fit Tests Trend
AENCF 77 1.0064 -0.2336 0.3500 | -6.3542 | 1.960 | 1.5E-8 Passed Yes

Source: Calculated in spreadsheet “SPWR_int_mod.xis”, Attachment il

The value calculated with CLREG (file “SPWR_intact_thermalQut.csv”’ and spreadsheet
“SPWR_int_mod.xls”, Attachment III) for the CL function (LUTB) for the benchmarks applicable
to intact-moderated configurations of Shippingport PWR DOE SNF (Figure 2) is:

CL =0.969 for 0 < AENCF < 0.0278
CL =-0.2336 * (AENCF) + 0.9755 for 0.0278 < AENCEF < 0.0922
Keff
SPWR Intact Moderated ° efi(ce)
s Pred Keff
1.040 4 PreClos CL_
° x LUTB CL
1.030
1.020
1.010 %00’ &
(2] - o
@ 1.000 -
g —%—"%: Ten..
g 0.990 - = W&? 9 O\"lon %o I—.—.——:—B—
. AEREE. S8 A&%‘ : o a
% 0.980 LY VS °
@A A
0.970 41— mmmmx SRIOIOMEK 3t 5 i
X b XX
0.960 A T
0.950
0-940 ¥ ¥ T ¥
0.000 0.020 0.040 0.060 0.080 0.100

AENCF (MeV)

NOTE: Pre-closure CL (PreClos CL) is calculated by CLREG using simplified statistical assumptions and is not used in
the present calculation.

Figure 2. Critical Limit Applicable for Shippingport PWR DOE SNF (intact moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing Shippingport PWR
SNF are presented in Table 6-3.
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Table 6-3. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Intact Configurations of the Codisposal WP Containing SPWR SNF

Trend P- Goodness- Valid
Parameter | n | Intercept Slope ¢ T tomsne | value | offitTests | Trend
AENCF 69 1.0008 -0.0045 0.0778 -2.3772 1.960 | 0.0203 Failed No

Source: Calculated in spreadsheet “SPWR_int_nonmod.xis”, Attachment il

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9864 (Figure

3). The normality test results and the CL calculation are detailed in the spreadsheet:
“SPWR_int_nonmod.xls”, Attachment III.
SPWR Intact Non-moderated o Keff(cc)
DFTL
1.025
1.020 2
(o]
1.015
@
1.010
'y [+]
% 1.005 ° o o °
2 b o
ul] 1000 0o B < ° °
¥ 8 8 & %o o o
0.995 ——o %OO 0‘50%3 &
8 o % e ® o .
0.990 fo 8o @
0.985
0.980 T T T
0.000 0.500 1.000 1.500 2.000
AENCF (MeV)

NOTE: DFTL in the figure represents the CL calculated using DFTL method

Figure 3. Critical Limit Applicable for Shippingport PWR DOE SNF (intact non-moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing Shippingport PWR

(SPWR) SNF are presented in Table 6-4.

Table 6-4. Trending Parameter Results for the Critical Benchmark Subset Representative for Moderated
Degraded Configurations of the Codisposal WP Containing SPWR SNF

Trend P- Goodness- Valid
Parameter n_| Intercept Slope ¥ T to.zsn2 | value | of-fitTests | Trend
AENCF 197 1.0056 -0.0868 0.0299 -2.4494 1.960 | 0.0152 Failed No
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Table 6-4. Trending Parameter Results for the Critical Benchmark Subset Representative for Moderated
Degraded Configurations of the Codisposal WP Containing SPWR SNF

WX | 197 | 1.0028 | 3556-08 | oote5 | 1.8070 | 1960 | 0.0723 | Failed | N |
Source: Calculated in spreadsheet “SPWR_deg_mod.xis”, Attachment 11l

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9807 (Figure
4). The normality test results and the CL calculation are detailed in the spreadsheet:
“SPWR_deg_mod.xls”, Attachment III.

SPWR Degraded Moderated o Kefficc)
DFTL
1.050
1.040 o
1.030
(=] o
2 1.020 — o -
] ° Og0
ﬁ 1.010-—T,¢~§°n = N 2 288533
¥ 1,000 - 8°% 59° ° %EE; °88§_‘2g§_°£§4¢_,
° ooo ° 8 880 00
o ° &g
0.990 o 5° 2
0.980
0.970 : . . .
0.000 0.010 0.020 0.030 0.040 0.050
AENCF (MeV)

Figure 4. Critical Limit Applicable for Shippingport PWR DOE SNF (degraded moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated degraded configurations of the codisposal waste package containing Shippingport
PWR SNF are presented in Table 6-5.

Table 6-5. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Degraded Configurations of the Codisposal WP Containing SPWR SNF

Trend P- Goodness- Valid
Parameter | n Intercept Slope P T toozsn2 | value of-fit Tests | Trend
AENCF 47 1.0053 -0.0038 0.0743 -1.9001 1.960 0.0638 Failed No

Source: Calculated in spreadsheet “SPWR_deg_nonmod.xls”, Attachment Iii.
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Checker:

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9843
(Figure 5). The normality test results and the CL calculation are detailed in the spreadsheet:
“SPWR_deg_nonmod.xls”, Attachment III.

SPWR Degraded Non-moderated [ Keff(cc)
e NDTL
1.025
1.020 2
o
1.015
e
1.010 s - o
[ <]
> 2
g 1:005 3 o5 T
@ °o
£ 1.000 O
':.; o o o % o o
0.995 5 Cog 0P
o °c °
0.990 - -
0.985
o
0.980 . . . . ' , , .
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800
AENCF (MeV)

NOTE: NDTL in the figure represents the CL calculated using NDTL method
Figure 5. Critical Limit Applicable for Shippingport PWR DOE SNF (degraded non-moderated configurations)

Table 6-6 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing Shippingport PWR
SNF and the calculated CL values i

Table 6-6. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Godisposal WP Containing SPWR SNF

Applied
Trend Test for Calculationat
Subset Parameter | Normality Method CL or CL Function
Intact Moderated | AENCF | Passed | CLREG code | CL=0.969for 0<AENCF <0.0278
(LUTB) CL =-0.2336 * AENCF + 0.9755 for 0.0278 <
AENCF < 0.0922
Intact Non- None Failed DFTL CL =0.9864
moderated
Degraded None Failed DFTL CL =0.9807
Moderated
Degraded Non- None Passed NDTL CL = 0.9843
Moderated




Engineered Systems Project Calculation
Title: Analysis of Critical Benchmark Experiments and Critical Limit Calculation for DOE SNF

Document Identifier: CAL-DSD-NU-000003 Rev 00A Page 30 of 67
Initial and Date: Originator:_M-5. 7/2/073 Checker: _ 34 01921/13

6.2.2 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
TRIGA DOE SNF

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing TRIGA DOE SNF are
presented in Table 6-7.

Table 6-7. Trending Parameter Resuilts for the Critical Benchmark Subset Representative for Moderated
Intact Configurations of the Codisposal WP Containing TRIGA DOE SNF

Trend Goodness- | Valid
Parameter | n Intercept Slope v T to.ozsn2 | P-value | of-fit Tests | Trend
AENCF 108 1.0120 -0.3315 0.4566 -9.4373 1.960 1.04E-15 Passed Yes

H/U235 81 0.9945 2.56E-05 0.1321 3.4679 1.960 8.52E-04 Passed Yes

Source: Calculated in spreadsheet “TRIGA_int_mod.xls", Attachment il|

The value calculated with CLREG for the strongest correlation  (file
“TRIGA_intact_thermalOut.csv” and spreadsheet “TRIGA_int_mod.xls”, Attachment III) for the
CL function (LUTB) for the benchmarks applicable to intact-moderated configurations of TRIGA
DOE SNF (Figure 6) is:

CL =0.9668 for 0 < AENCF < 0.0404
CL =-0.3315 * (AENCF) + 0.9788 for 0.0404 < AENCF < 0.0922
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Figure 6. Critical Limit Applicable for TRIGA DOE SNF (intact moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing TRIGA DOE SNF

are presented in Table 6-8.

Table 6-8. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Intact Configurations of the Codisposal WP Containing TRIGA SNF

Trend P- Goodness- | Valid
Parameter | n | Intercept Slope A T tomsnz | value | offit Tests | Trend
AENCF 11 0.9947 0.0040 0.0244 1.6523 1.960 | 0.1014 Failed No

Source: Calculated in spreadsheet “TRIGA_int_nonmod.xls”, Attachment ill

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9721 (Figure
7). The normality test results and the CL calculation are detailed in the spreadsheet:
“TRIGA_int_nonmod.xls”, Attachment ITI.
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Figure 7. Critical Limit Applicable for TRIGA DOE SNF (intact non-moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing TRIGA DOE SNF

are presented in Table 6-9.

Table 6-9. Trending Parameter Results for the Critical Benchmark Subset Representative for Moderated
Degraded Configurations of the Codisposal WP Containing TRIGA SNF °

Trend P- Goodness- | Valid
Parameoter | n | Intercept | Slope P T tooesnz | value | of-fit Tests | Trend
AENCF 273 1.0046 -0.0055 9.10E-05 -0.1571 1.960 0.8753 Failed No

H/X 273 1.0045 -1.82E-07| 3.31E-05 -0.0947 1.960 0.9246 Failed No

Source: Calculated in spreadsheet “TRIGA_deg_mod.xls”, Attachment lil

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9796 (Figure
8). The normality test results and the CL calculation are detailed in the spreadsheet:

“TRIGA_deg_mod.xls”, Attachment III.
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Figure 8. Critical Limit Applicable for TRIGA DOE SNF (degraded moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated degraded configurations of the codisposal waste package containing TRIGA DOE

SNF are presented in Table 6-10.

Table 6-10. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Degraded Configurations of the Codisposal WP Containing TRIGA SNF

Trend P- Goodness- Valid
Parameter | n Intercept Slope & T tooesne | value of-fit Tests Trend
AENCF 47 1.0053 -0.0038 0.0743 -1.9001 1.960 | 0.0638 Failed No

Source: Calculated in spreadsheet “TRIGA_deg_nonmod.xls”, Attachment ill.

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9843
(Figure 9). The normality test results and the CL calculation are detailed in the spreadsheet:

“TRIGA_deg_nonmod.xls”, Attachment I1I.
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Figure 9. Critical Limit Applicable for TRIGA DOE SNF (degraded non-moderated configurations)

Table 6-11 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing TRIGA SNF and the

calculated CL values

Table 6-11. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Codisposal WP Containing TRIGA SNF

Applied
Trend Test for Calculational
Subset Parameter | Normality Method CL or CL Function
Intact Moderated AENCF N/A CLREG code | CL =0.9668 for 0 < AENCF < 0.0404
(LUTB) CL =-0.3315 * AENCF + 0.9788 for 0.0404 <
AENCF < 0.0922

Intact Non- None Failed DFTL CL =0.9721

moderated

Degraded None Failed DFTL CL =0.9796

Moderated

Degraded Non- None Passed NDTL CL=0.9843
moderated
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6.2.3 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
Melt and Dilute Waste Form

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing Melt and Dilute waste
form are presented in Table 6-12.

Table 6-12. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Intact Configurations of the Codisposal WP Containing Melt and Dilute Waste Form

Trend P- Goodness- Valid
Parameter | n Intercept Slope ¢ T toozsne | value of-fit Tests | Trend
AENCF 37 0.9996 -0.0076 0.0166 -0.7677 1.960 0.4478 Failed No

Enr 37 0.9946 1.563E-04 0.0519 1.3844 1.960 | 0.1750 Failed No
(U235/U)
H/U235 31 0.9979 2.42E-05 0.1246 2.0321 1.960 0.0514 Failed No

Source: Calculated in spreadsheet “MD_int_mod.xis”, Attachment IIl.

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9870
(Figure 10). The normality test results and the CL calculation are detailed in the spreadsheet:
“MD_int_mod.x1s”, Attachment III.
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Figure 10. Critical Limit Applicable for Melt and Dilute Waste Form (intact moderated configurations)
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The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing Melt and Dilute
waste form are presented in Table 6-13.

Table 6-13. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Intact Configurations of the Codisposal WP Containing Melt and Dilute Waste Form

Trend P- Goodness- Valid
Parameter | n intercept Slope ? T toozsne | value of-fit Tests Trend
AENCF 13 1.0132 -0.0083 0.0325 -0.6082 | 2.201 0.5554 Failed No

Source: Calculated in spreadsheet “MD_int_nonmod.xls”, Attachment |I1.

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9872
(Figure 11). The normality test results and the CL calculation are detailed in the spreadsheet:
“MD_int_nonmeod.xls”, Attachment III.
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Figure 11. Critical Limit Applicable for Melt and Dilute Waste Form (intact non-moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing Melt and Dilute
waste form are presented in Table 6-14.
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Table 6-14. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Degraded Configurations of the Codisposal WP Containing Melt and Dilute Waste Form

Trend Goodness- | Valid
Parameter | n Intercept Slope 4 T to.o2sn2 | P-value | of-fit Tests | Trend
AENCF 103 1.0018 -0.0218 0.0369 -1.9659 1.960 0.0521 Failed No

Enr 103 1.0048 -2.5E-04 0.1300 -3.8842 1.960 1.84E-04 Failed No
(U235/U) ’
H/U235 103 0.9984 3.93E-06 0.0664 2.6792 1.960 0.0086 Failed No

Source: Calculated in spreadsheet “MD_deg_mod.xls”, Attachment IlI

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9659 (Figure
12). The normality test results and the CL calculation are detailed in the spreadsheet:
“MD_deg_mod.xls”, Attachment III.
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Figure 12. Critical Limit Applicable for Melt and Dilute Waste Form (degraded moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated degraded configurations of the codisposal waste package containing Melt and Dilute
waste form are presented in Table 6-15.
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Table 6-15. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Degraded Configurations of the Codisposal WP Containing Melt and Dilute Waste Form

Trend P- Goodness- Valid
Parameter | N | Intercept Slope r T toozsnz | value | of-fit Tests | Trend
AENCF 13 1.0132 -6.26E-03 0.0325 -0.6082 2.201 0.5554 Failed No

Source: Calculated in spreadsheet “MD_deg_nonmod.xs”, Attachment il

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9872
(Figure 13). The normality test results and the CL calculation are detailed in the spreadsheet:

“MD_deg_nonmod.xls”, Attachment III.
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Figure 13. Critical Limit Applicable for Melt and Dilute Waste Form (degraded non-moderated configurations)

Table 6-16 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing Melt and Dilute

waste form and the calculated CL values.
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Table 6-16. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Codisposal WP Containing Melt and Dilute Waste Form

Applied
Trend Test for Calculational
Subset Parameter | Normality Method CL or CL Function

Intact Moderated None Passed NDTL CL =0.9870

Intact Non- None Passed NDTL ' CL =0.9872
moderated

Degraded None Failed DFTL CL =0.9659
Moderated

Degraded Non- None Passed NDTL CL = 0.9872
moderated

6.2.4 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
Enrico Fermi DOE SNF

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing Enrico Fermi DOE
SNF are presented in Table 6-17.

Table 6-17. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Intact Configurations of the Codisposal WP Containing Enrico Fermi SNF

Trend P- Goodness- Valid
Parameter [ n | Intercept Slope r T tocosnz | value | of-fit Tests | Trend
AENCF 63 1.0005 -0.0214 0.0376 -1.5430 1.960 0.1280 Failed No

Enr 63 0.9990 -3.4E-06 2.24E-04 -0.1169 1.960 0.9073 Failed No
(U235/U)
H/U235 57 0.9976 1.51E-05 0.0697 2.0295 1.960 0.0473 Failed No

Source: Calculated in spreadsheet “EF_int_mod.xis”, Attachment lil.

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9751 (Figure
14). The normality test results and the CL calculation are detailed in the spreadsheet:
“EF_int_mod.xls, Attachment III.
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Figure 14. Critical Limit Applicable for Enrico Fermi DOE SNF (intact moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing Enrico Fermi DOE

SNF are presented in Table 6-18.

Table 6-18. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Intact Configurations of the Codisposal WP Containing Enrico Fermi SNF

Trend P- Goodness- Valid
Parameter | n | Intercept Slope P T tooesnz | value | of-fitTests | Trend
AENCF 13 1.0132 -6.26E-03 0.0325 -0.6082 2.201 0.5554 Failed No

Source; Calculated in spreadsheet “EF_int_nonmod.xls”, Attachment IIl.

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9872
(Figure 15). The normality test results and the CL calculation are detailed in the spreadsheet:

“EF_int_nonmod.xls”, Attachment ITI.
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Figure 15. Critical Limit Applicable for Enrico Fermi DOE SNF (intact non-moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing Enrico Fermi DOE
SNF are presented in Table 6-19.

Table 6-19. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Degraded Configurations of the Codisposal WP Containing Enrico Fermi SNF

Trend Goodness- | Valid
Parameter | n Intercept Slope P T to.025,n-2 P-value of-fit Tests | Trend
AENCF 103 1.0018 -0.0218 0.0369 | -1.9659 1.960 0.0521 Failed No

Enr 103 1.0048 -2.5E-04 0.1300 | -3.8842 1.960 1.84E-04 Failed No
(U235/U)
H/U235 103 0.9984 3.93E-06 0.0664 2.6792 1.960 8.618E-03 Failed No

Source: Calculated in spreadsheet “EF_deg_mod.xis”, Attachment Il]

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9659 (Figure
16). The normality test results and the CL calculation are detailed in the spreadsheet:

“EF_deg_mod.xls”, Attachment III.
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Figure 16. Critical Limit Applicable for Enrico Fermi DOE SNF (degraded moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing Enrico Fermi DOE
SNF are presented in Table 6-20.

Table 6-20. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Degraded Configurations of the Codisposal WP Containing Enrico Fermi SNF

Trend Goodness- | valid
Parameter | n Intercept Slope s T to.oesnz | P-value | of-fit Tests | Trend
AENCF 13 1.0132 -6.26E-03 0.0325 -0.6082 2.201 0.5554 Failed No

Source: Calculated in spreadsheet “EF_deg_nonmod.xls”, Attachment [ll.

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9872
(Figure 17). The normality test results and the CL calculation are detailed in the spreadsheet:
“EF_deg_nonmod.xls”, Attachment III.
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Figure 17. Critical Limit Applicable for Enrico Fermi DOE SNF (degraded non-moderated configurations)

Table 6-21 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing Enrico Fermi DOE

SNF and the calculated CL values.

Table 6-21. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Codisposal WP Containing Enrico Fermi SNF

Applied
Trend Test for Calculational
Subset Parameter | Normality Method CL or CL Function

Intact Moderated None Failed DFTL CL =0.9751

Intact Non- None Passed NDTL CL =0.9872
moderated

Degraded None Failed DFTL CL =0.9659
Moderated

Degraded Non- None Passed NDTL CL =0.9872
Moderated
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6.2.5 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
FFTF DOE SNF

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing FFTF DOE SNF are
presented in Table 6-22.

Table 6-22. Trending Parameter Results forthe Critical Benchmark Subset Representative for
Moderated Intact Configurations of the Codisposal WP Containing FFTF SNF

Trend P- Goodness- Valid
Parameter | n Intercept Slope r T too2sn2 | value of-fit Tests Trend
AENCF 32 1.0045 -0.0382 0.1454 -2.259 1.960 | 0.0313 Failed No

Source: Calculated in spreadsheet “FFTF_int_mod.xis”, Attachment il

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9786 (Figure
18). The normality test results and the CL calculation are detailed in the spreadsheet:
“FFTF_int_mod.xls”, Attachment III.
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Figure 18. Critical Limit Applicable for FFTF DOE SNF (intact moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing FFTF DOE SNF
are presented in Table 6-23.
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Table 6-23. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Intact Configurations of the Codisposal WP Containing FFTF SNF

Trend Goodness- | Valid
Parameter | n Intercept Slope P T to.ozsne2 | P-value | of-fit Tests | Trend
AENCF 75 1.0175 -0.0108 0.3972 | -6.93547 | 1.960 | 1.37E-08 Passed Yes

Source: Calculated in spreadsheet “FFTF_int_nonmod.xls”, Attachment Il

The value calculated with CLREG (file “FFTF_intact_fastOut.csv” and spreadsheet
“FFTF_int_nonmod.xls”, Attachment III) for the CL function (LUTB) for the benchmarks
applicable to intact-non-moderated configurations of FFTF DOE SNF (Figure 19) is:

CL =0.965 for 0 < AENCF < 1.64
CL =-0.0108 * AENCF + 0.9823 for AENCF > 1.64
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Figure 19. Critical Limit Applicable for FFTF DOE SNF (intact non-moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing FFTF DOE SNF are
presented in Table 6-24.
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Table 6-24. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Degraded Configurations of the Codisposal WP Containing FFTF SNF

Trend Goodness- | Valid
Parameter n | Intercept Slope [ T toosne | P-value | of-fit Tests | Trend
AENCF 385 | 1.0142 -0.2456 0.3944 | -15.7944 | 1.960 | 1.24E-43 Passed Yes
H/Pu239 | 378 | 1.0064 5.04E-06 0.1145 6.9736 1.960 1.4E-11 Failed No

Enr 385 | 0.9785 3.39E-04 0.2430 11.0881 1.960 | 5.76E-25 Failed No
(Pu239/Pu)

Source: Calculated in spreadsheet “FFTF_deg_mod.xls”, Attachment lll

The value calculated with CLREG (file “FFTF_degraded_thermalOut.csv” and spreadsheet
“FFTF_deg_mod.xls”, Attachment ITI) for the CL function (LUTB) for the benchmarks applicable
to degraded-moderated configurations of FFTF DOE SNF (Figure 20) is:

CL=0.9769 for 0 < AENCF < 0.056
CL = -0.2456*AENCF+0.9911 for AENCF> 0.056
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Figure 20. Critical Limit Applicable for FFTF DOE SNF (degraded moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated degraded configurations of the codisposal waste package containing FFTF DOE

SNF are presented in Table 6-25.
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Table 6-25. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Degraded Configurations of the Codisposal WP Containing FFTF SNF

Trend
Paramete Goodness- Valid
r n | Intercept Slope P T tomsnz | P-value | of-fit Tests | Trend
AENCF 48 1.0075 -4.16E-03 0.1352 -2.6820 1.960 0.0101 Failed No

Source: Calculated in spreadsheet “FFTF_deg_nonmod.xis”, Attachment lil.

The CL value calculated with NDTL method for this subset (normality test passed) is 0.9872
(Figure 21). The normality test results and the CL calculation are detailed in the spreadsheet:
“FFTF_deg_nonmod.xls”, Attachment III.
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Figure 21. Critical Limit Applicable for FFTF DOE SNF (degraded non-moderated configurations)

Table 6-26 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing Enrico Fermi DOE
SNF and the calculated CL values.
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Table 6-26. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Codisposal WP Containing FFTF SNF

Applied
Trend Test for Calculational
Subset Parameter | Normality Method CL or CL Function
Intact Moderated None Failed DFTL CL=0.9786
’ CL = 0.965 for 0 < AENCF < 1.64
Intact Non- CLREG code _ N
moderated AENCF N/A (LUTB) ?164- -0.0108 * AENCF + 0.9823 for AENCF >
CL = 0.9769 for 0 < AENCF < 0.056
Degraded CLREG code - .
Moderated AENCF N/A (LUTB) 82165—6 0.2456 * AENCF+0.9911 for AENCF>
Degraded Non- _
Moderated None Passed NDTL CL =0.9872

6.2.6 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
Ft. St. Vrain HTGR DOE SNF

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing Ft. St. Vrain (HTGR)
DOE SNF are presented in Table 6-27.

Table 6-27. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated intact Configurations of the Codisposal WP Containing HTGR DOE SNF

Trend Goodness- | Valid
Parameter | n Intercept Slope ¢ T tooesnz | P-value | of-fit Tests | Trend
AENCF 73 1.0099 -0.0226 0.35 -6.1832 1.960 | 3.55E-08 Passed Yes

H/X 71 0.9982 1.19E-04 0.2537 4.8430 1.960 7.6E-06 Passed Yes

Source: Calculated in spreadsheet “FSV_int_mod.xls", Attachment [li

The strongest correlation (in this case, the trending parameter is AENCF) was used for calculating
the CL function. The value calculated with CLREG (file “FSVrain_intact_thermalOut.csv” and
spreadsheet “FSV_int_mod.x1s”, Attachment III) for the CL function (LUTB) for the benchmarks
applicable to intact-moderated configurations of Ft. St. Vrain HTGR DOE SNF (Figure 22) is:

CL =0.9575 for 0 < AENCF < 0.386
CL =-0.0226 * AENCF + 0.9674 for 0.386 < AENCF < 0.8015
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Figure 22. Critical Limit Applicable for FSV HTGR DOE SNF (intact moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing Ft. St. Vrain
(HTGR) DOE SNF are presented in Table 6-28.

Table 6-28. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Intact Configurations of the Codisposal WP Containing HTGR DOE SNF

Trend Goodness- | Valid
Parameter | n | Intercept Slope P T tomsne | P-value | of-fit Tests | Trend
AENCF 93 1.0004 -3.47E-03 0.0633 - 2.4800 1.960 0.01498 Failed No

HIX 64 0.9963 1.98E-04 0.0530 1.8621 1.960 0.0673 Failed No

Source: Calculated in spreadsheet “FSV_int_nonmod.xls”, Attachment Il

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9816 (Figure
23). The normality test results and the CL calculation are detailed in the spreadsheet:
“FSV_int_nonmod.xls”, Attachment I1I.
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Figure 23. Critical Limit Applicable for FSV HTGR DOE SNF (intact non-moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing Ft. St. Vrain

(HTGR) DOE SNF are presented in Table 6-29.

Table 6-29. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Degraded Configurations of the Codisposal WP Containing HTGR DOE SNF

Trend Goodness- | Valid
Parameter n | Intercept Slope ¢ T toosnz | P-value | of-fit Tests | Trend
AENCF 108 | 1.0079 -0.0183 0.2098 | -5.3049 | 1.960 | 6.22E-07 Passed Yes

H/X 103 | 1.0064 | -4.14E-06 | 0.0245 | -1.5911 1.960 0.1147 Failed No

Source: Calculated in spreadsheet “FSV_deg_mod.xis”, Attachment [1]

The value calculated with CLREG (file “FSVrain_degraded_thermalOut.csv” and spreadsheet
“FSV_deg_mod.xls”, Attachment III) for the CL function (LUTB) for the benchmarks applicable to
intact-moderated configurations of Ft. St. Vrain HTGR DOE SNF (Figure 24) is:

CL =0.9608
CL =-0.0183 * AENCF + 0.9687

for 0 < AENCF < 0.4625

for 0.4625 < AENCF < 0.8015
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Figure 24. Critical Limit Applicable for FSV HTGR DOE SNF (degraded moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated degraded configurations of the codisposal waste package containing Ft. St. Vrain
(HTGR) DOE SNF are presented in Table 6-30.

Table 6-30. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Degraded Configurations of the Codisposal WP Containing HTGR DOE SNF

Trend Goodness- | Valid
Parameter | n | Intercept | Slope r T toosn2 | P-value | of-fit Tests | Trend
AENCF 139 0.9906 5.317E-03 0.1297 4.5176 1.960 1.34E-05 Failed No

H/X 100 0.9968 -2.94E-04 0.2742 -6.1970 1.960 1.4E-08 Failed No

Source: Calculated in spreadsheet “FSV_deg_nonmod.xls”, Attachment il

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9723 (Figure
25). The normality test results and the CL calculation are detailed in the spreadsheet:
“FSV_deg_nonmod.xls”, Attachment III.
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Figure 25. Critical Limit Applicable for FSV HTGR DOE SNF (degraded non-moderated configurations)

Table 6-31 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing HTGR DOE SNF
and the calculated CL values.

Table 6-31. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Codisposal WP Containing HTGR DOE SNF

Trend Applied
Parameter Test for Calculational
Subset Normality Method CL or CL Function
CL =0.9575 for 0 < AENCF < 0.386
CLREG code | CL =-0.0226 * AENCF + 0.9674 for 0.386 <
Intact Moderated AENCF N/A (LUTB) AENCF < 0.8015
Intact Non- CL=0.9816
moderated None Failed DFTL
CL = 0.9608 for 0 < AENCF < 0.4625
333;?:;% AENCF N/A C"'(:‘L'Euig;’de CL =-0.0183 * AENCF +0.9687 for 0.4625 <
AENCF < 0.8015
Degraded Non- . _
Moderated None Failed DFTL CL=0.9723
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6.2.7 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
Shippingport LWBR DOE SNF

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing Shippingport LWBR
DOE SNF are presented in Table 6-32.

Table 6-32. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Intact Configurations of the Codisposal WP Containing Shippingport LWBR DOE SNF

Goodnes
Trend s-of-fit Valid
Parameter | n | Intercept Slope 'a T toozsnz | P-value | Tests Trend
AENCF 75 0.9998 -4.87E-03 0.0237 -1.3309 1.960 0.1874 Failed No
H/X 64 0.9984 1.07E-05 0.0185 1.0821 1.960 0.2834 Failed No

Source: Calculated in spreadsheet “SLWBR_int_mod.xls”, Attachment Il|

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9751 (Figure
26). The normality test results and the CL calculation are detailed in the spreadsheet:
“SLWBR_int_mod.xls”, Attachment III.
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Figure 26. Critical Limit Applicable for Shippingport LWBR DOE SNF (intact moderated configurations)
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The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated intact configurations of the codisposal waste package containing Shippingport
LWBR DOE SNF are presented in Table 6-33.

Table 6-33. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Intact Configurations of the Codisposal WP Containing Shippingport LWBR SNF

Trend Goodness- | Valid
Parameter | n | Intercept Slope s T toosn2 | P-value | of-fit Tests | Trend
AENCF 98 0.9996 -2.75E-03 0.0441 -2.1039 1.960 0.0380 Failed No

H/X 69 0.9962 1.5E-04 0.0344 1.5446 1.960 0.1272 Failed No

Source: Calculated in spreadsheet "SLWBR_int_nonmod.xis”, Attachment il|

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9816 (Figure
27). The normality test results and the CL calculation are detailed in the spreadsheet:
“SLWBR_int_mod.xls”, Attachment I.
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Figure 27. Critical Limit Applicable for Shippingport LWBR DOE SNF (intact non-moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing Shippingport
LWBR DOE SNF are presented in Table 6-34.
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Table 6-34. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Degraded Configurations of the Codisposal WP Containing Shippingport SLWBR SNF

Trend Goodness- | Valid
Parameter n Intercept Slope P T to.025,n-2 P-value of-fit Tests | Trend
AENCF 81 1.0042 -0.0115 0.1205 -3.2902 | 1.960 | 1.497€-03 Failed No

H/X 78 1.0024 | -1.02E-06 | 2.304E-03 | -0.4189 | 1.960 0.6765 Failed No

Source: Calculated in spreadsheet “SLWBR_deg_mod.xis”, Attachment llI

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9748 (Figure

28). The normality test results and the CL calculation are detailed in the spreadsheet:
“SLWBR_deg_mod.xls”, Attachment IIL
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Figure 28. Critical Limit Applicable for Shippingport LWBR DOE SNF (degraded moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
non-moderated degraded configurations of the codisposal waste package containing Shippingport
LWBR DOE SNF are presented in Table 6-35.
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Table 6-35. Trending Parameter Results for the Critical Benchmark Subset Representative for Non-
moderated Degraded Configurations of the Codisposal WP Containing Shippingport SLWBR SNF

Trend P- Goodness- Valid
Parameter | n intercept Slope 4 T too2sn2 | value of-fit Tests Trend
AENCF 140 0.9905 5.478E-03 | 0.1393 4.7250 1.960 | 5.6E-06 Failed No

H/X 97 0.9968 -2.9E-04 0.2747 | -5.9983 | 1.960 | 3.6E-08 Failed No

Source; Calculated in spreadsheet “SLWBR_deg_nonmod.xls”, Attachment Ili

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9723 (Figure
29). The normality test results and the CL calculation are detailed in the spreadsheet:
“SLWBR_deg_nonmod.xls”, Attachment III.
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Figure 29. Critical Limit Apphcable for Shippingport LWBR DOE SNF (degraded non-moderated
configurations)

Table 6-36 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing Shippingport LWBR
DOE SNF and the calculated CL values.
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Table 6-36. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Codisposal WP Containing Shippingport LWBR SNF

Subset Trend Test for Applied
Parameter | Normality | Calculational CL or CL Function
. Method
Intact Moderated None Failed DFTL CL = 0.9751
Intact Non- None Failed DFTL CL=0.9816
moderated
Degraded None Failed DFTL CL = 0.9748
Moderated .
Degraded Non- None Failed DFTL _
Moderated CL=09723

6.2.8 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
N-reactor DOE SNF

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing N-reactor DOE SNF
are presented in Table 6-37.

Table 6-37. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Intact Configurations of the Codisposal WP Containing N-reactor SNF

Trend Goodness- | Valid
Parameter | n Intercept Slope ¢ T to.ozsn2 | P-value | of-fit Tests | Trend
AENCF 25 0.9866 0.0765 0.3775 3.7349 2.069 0.0011 Passed Yes

Enr 25 1.0140 -0.0057 0.2062 -2.4441 2.069 0.0226 Failed No
(U235/U)

Source: Calculated in spreadsheet “NReactor_int_mod.xls”, Attachment |||

The value calculated with CLREG (file “Nreactor_intact_thermalOut.csv” and spreadsheet
“NReactor_int_mod.xls”, Attachment III) for the CL function (LUTB) for the benchmarks
applicable to intact-moderated configurations of N-reactor DOE SNF (Figure 30) is:

CL =0.0765 * AENCF + 0.9434 for 0 < AENCF <0.175
CL =0.9568 for AENCF > 0.175
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Figure 30. Critical Limit Applicable for N-reactor DOE SNF (intact moderated configurations)

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated degraded configurations of the codisposal waste package containing N-reactor DOE
SNF are presented in Table 6-38.

Table 6-38. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Degraded Configurations of the Codisposal WP Containing N-reactor SNF

Trend » Goodness- | Valid
Parameter | n Intercept Slope [ T toozsn2 P-value of-fit Tests | Trend
AENCF 37 1.0012 -0.0215 0.1478 | -2.4635 1.960 0.0188 Failed No

Enr 37 1.0017 -1.25E-03 | 0.2261 | -3.1975 1.960 | 2.938E-03 Failed No
(U235/U)
H/U235 31 0.9956 4.66E-06 | 0.1148 | 1.9394 1.960 0.0622 Failed No

Source: Calculated in spreadsheet “NReactor_deg_mod.xls", Attachment Ili

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9748 (Figure
31). The nommality test results and the CL calculation are detailed in the spreadsheet:
“NReactor_deg_mod.xls”, Attachment III.
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Figure 31. Critical Limit Applicable for N-reactor DOE SNF (degraded moderated configurations)

Table 6-39 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing N-reactor DOE SNF
and the calculated CL values.

Table 6-39. Critical Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
of the Codisposal WP Containing N-reactor SNF

Subset Trend Test for Applied CL or CL Function
Parameter | Normality | Calculational
Method
Intact Moderated |  AENCF N/A CLREG CL =0.0765 * AENCF + 0.9434 for
(LUTB) 0 <AENCF <0.175
CL = 0.9568 for AENCF > 0.175
Degraded None Failed DFTL CL =0.9748
Moderated
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6.2.9 Calculated CL Applicable for Configurations of Codisposal Waste Package Containing
Three- Mile Island (TMI) Waste Form

The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing TMI waste form are
presented in Table 6-40.

Table 6-40. Trending Parameter Resuits for the Critical Benchmark Subset Representative for
Moderated Intact Configurations of the Codisposal WP Containing TM! Waste Form

Trend Goodness- | Valid
Parameter | n Intercept Slope r T toozsn2 | P-value | of-fitTests | Trend
AENCF 51 0.9991 -3.38E-03 | 8.43E-04 | -0.2034 1.960 0.8397 Failed No

Enr 41 0.9901 2.839E-03§ 0.1758 2.8847 1.960 0.0064 Failed No
(U235/U)

Source: Calculated in spreadsheet “TMI_int_mod.xls”, Attachment 1l

The CL value calculated with DFTL method for this subset (normality test failed) is 0.9724 (Figure
32). The normality test results and the CL calculation are detailed in the spreadsheet:
“TMI_int_mod.xlIs”, Attachment III.
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Figure 32. Critical Limit Applicable for TMI Waste Form (intact moderated configurations)
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The results of the trending parameter analysis for the critical benchmark subset representative for
moderated intact configurations of the codisposal waste package containing TMI waste form are
presented in Table 6-41.

Table 6-41. Trending Parameter Results for the Critical Benchmark Subset Representative for
Moderated Degraded Configurations of the Codisposal WP Containing TMI Waste Form

Trend Goodness- | Valid
Parameter | n Intercept Slope s T to.025,n-2 P-value of-fit Tests | Trend
AENCF 49 1.0021 -0.0252 0.3139 -4.6373 1.960 2.83E-05 Passed Yes

Enr 49 0.9968 2.62E-04 | 0.0277 1.1568 1.960 0.2532 Failed No
(U235/U)
H/U235 43 0.9955 6.18E-068 | 0.2276 3.4758 1.960 | 1.218E-03 Failed No

Source: Calculated in spreadsheet “TMI_deg_mod.xls”, Attachment i

The value calculated with CLREG (file “TMI_degraded_thermalOut.csv” and spreadsheet
“TMI_deg_mod.xls”, Attachment III) for the CL function (LUTB) for the benchmarks applicable to
intact-moderated configurations of TMI waste form (Figure 33) is:

CL=0.9776 for 0.0142 < AENCF < 0.05186
CL =-0.0252 * AENCF + 0.9789 for 0.05186 < AENCF < 0.3
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Figure 33. Critical Limit Applicable for TMI Waste Form (degraded moderated configurations)
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Table 6-42 presents a summary of the results of the analyses performed on the subsets of critical
benchmark experiments applicable to the codisposal waste package containing TMI waste form and
the calculated CL values.

Table 6-42. Crmcal Limits for Benchmark Subsets Representative for Intact and Degraded Configurations
“of the Codisposal WP Containing TMI Debris

Applied
Trend Test for Calculational
Subset Parameter | Normality Method CL or CL Function
Intact Moderated None Failed DFTL CL=0.9724
Degraded AENCF N/A CLREG code CL=0.9776 for 0.0142 < AENCF < 0.05186
Moderated (LUTB) CL =-0.0252 * AENCF + 0.9789 for
0.05186 < AENCF < 0.3

6.3 SUMMARY OF RESULTS

A summary of the results of the analysis of the critical benchmark data and the calculated CL
functions or values are presented in the following table (Table 6-43).

Table 6-43. Summary of the Calculated CL values applicable for intact and degraded configurations of
the codisposal WP containing various DOE SNF types

DOE Applied
SNF Trend Test for Calculational
Group | Subset | parameter | Normality Method CL or CL Function
Intact AENCF N/A CLREG code CL = 0.969 for 0 < AENCF < 0.0278
Moderated (LUTB) CL =-0.2336 * AENCF + 0.9755 for
0.0278 < AENCF < 0.0922
Intact None Failed DFTL CL =0.9864
_ Non-
Shipping | oderated
port
PWR Degraded None Failed DFTL CL =0.9807
Moderated -
Degraded None Passed NDTL CL=0.9843
Non-
Moderated
Intact AENCF N/A CLREG code | CL=0.9668for 0 < AENCF <0.0404
Moderated (LUTB) CL =-0.331* AENCF + 0.9788 for 0.0404
. < AENCF < 0.0922
Intact None Failed DFTL CL=0.9721
Non-
TRIGA moderated
Degraded None Failed DFTL CL =0.9796
Moderated
Degraded None Passed NDTL CL=0.9843
Non- :
Moderated
Melt & Intact None Passed NDTL CL =0.9870
Dilute Moderated
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Table 6-43. Summary of the Calculated CL values applicable for intact and degraded configurations ot
the codisposal WP containing various DOE SNF types

DOE Applied A
SNF Trend Testfor | Calculational _
Group | Subset | parameter | Normality Method CL or CL Function
Intact None Passed NDTL CL =0.9872
Non-
moderated
Degraded None Failed DFTL CL =0.9659
Moderated
Degraded None Passed NDTL CL =0.9872
Non-
moderated
Intact None Failed DFTL CL =0.9751
Moderated
Intact None Passed NDTL CL =0.9872
Non-
Enrico | Moderated
Fermi | pegraded None Failed DFTL CL =0.9659
Moderated
Degraded None Passed NDTL CL =0.9872
Non-
Moderated
Intact None Failed DFTL CL=0.9786
Moderated
Intact AENCF N/A CLREG code | CL =0.966 for 0 < AENCF <1.64
Non- (LUTB) CL = -0.0108 * AENCF + 0.9823 for
moderated AENCF > 1.64
FETE | Degraded | AENCF N/A CLREG code | CL = 0.9769 for 0 < AENCF < 0.056
Moderated (LUTB) CL =-0.2456 * AENCF+0.9911 for
AENCF> 0.056
Degraded None Passed NDTL CL =0.9872
Non-
Moderated
Intact AENCE None CLREG code CL =0.9575 for 0 < AENCF < 0.386
Moderated (LUTB) CL =-0.0226 * AENCF + 0.9674 for 0.386
< AENCF < 0.8015
Intact None Failed DFTL CL=0.9816
Non-
FSV moderated
HTGR Degraded AENCF N/A CLREG code CL = 0.9608 for 0 < AENCF < 0.4625
Moderated (LUTB) CL =-0.0183 *AENCF + 0.9687 for
0.4625 < AENCF < 0.8015
Degraded None Failed DFTL CL=0.9723
Non-
Moderated
Shipping |  Intact None Failed DFTL CL =0.9751
port Moderated
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Table 6-43. Summary of the Calculated CL values applicable for intact and degraded configurations of
the codisposal WP containing various DOE SNF types

DOE

Applied
SNF Trend Test for Calculational
Group | Subset | parameter | Normality Method CL or CL Function
LWBR | ntact None Failed DFTL CL=0.9816
Non-
moderated
Degraded None Failed DFTL CL=0.9748
Moderated
Degraded None Failed DFTL CL =0.9723
Non-
Moderated
Intact AENCE N/A CLREG code CL = 0.0765 * AENCF + 0.9434 for
N Moderated (LUTB) 0 < AENCF <0.175
- CL = 0.9568 for AENCF > 0.175
reactor | negraded | None Failed DFTL CL=09748
Moderated
Intact None Failed DFTL CL=0.9724
Moderated
™ M Degraded | AENCF NA CLREG code | CL= 0.9776 for 0.0142 < AENCF < 0.05186
Moderated (LUTB) CL = -0.0252 * AENCF + 0.9789 for

0.05186 < AENCF < 0.3
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8. ATTACHMENTS

AttachmentI:  One Compact Disk (CD) containing MCNP and CLREG input and output files
and the Excel spreadsheets used in the calculation process.

Attachment II:  Contains tables with ks values for each benchmark experiment used as input for
this calculation. The tables describe, for each subset of benchmark experiments
applicable to a certain DOE SNF group, the benchmark kes value and its
uncertainty and the corresponding MCNP calculated kg value and uncertainty
(76 pages).

Attachment III: Description of MCNP, CLREG files and Excel spreadsheets contained in
Attachment I (3 pages).
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ATTACHMENT II

This attachment provides the detailed ke values for all benchmark experiments used as input in CL
calculation. The experiments are grouped in subsets that are applicable to a specific configuration
class within each DOE SNF fuel group. The data are listed in individual tables for each subset.

Kesr Values for Benchmark Experiments Applicable to Configurations of the Codisposal Waste
Package Containing HEU Oxide (Shippingport PWR) DOE SNF

Table II-1. ke Values for Benchmarks Applicable to Intact Moderated Configurations for Shippingport

PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kete Oexp Ketr Gealc AENCF

sperti 1.0000 0.004 0.99792 | 0.00184 0.0147
spert2 1.0000 0.004 0.99952 | 0.0019 0.0126
spert3 1.0000 0.004 1.00676 | 0.00114 0.0117

spert4 1.0000 0.004 0.99542 | 0.00173 0.011
spen5 1.0000 0.004 1.00104 | 0.00162 0.0105
spert6 1.0000 0.004 1.00133 0.00168 0.0102
spert7 1.0000 0.004 0.99923 | 0.00163 0.0097
spert8 1.0000 0.004 0.99843 | 0.00154 0.0098
spert9 1.0000 0.004 1.00003 | 0.00143 0.0099
spertiQ 1.0000 0.004 1.00608 | 0.00177 0.0147
sperti1 1.0000 0.004 1.00565 | 0.00163 0.0115

mﬁxggmgg *:Egcrf:s) spert12 1.0000 0.004 1.00676 | 0.00156 0.0101
spert13 1.0000 0.004 1.03289 | 0.00181 0.0143
spert14 1.0000 0.004 0.99451 | 0.00158 0.0106

spert15 1.0000 0.004 0.99355 0.00107 0.0106 -

sperti6 1.0000 0.004 1.00791 | 0.00175 0.012

spert17 1.0000 0.004 1.00569 | 0.00188 - 0.0131

sperti8 1.0000 0.004 1.00028 | 0.00198 0.014
spert19 1.0000 0.004 0.99482 | 0.00148 0.0097
spert20 1.0000 0.004 0.99652 | 0.00158 0.0114
spert21 1.0000 0.004 1.00113 | 0.00186 0.0126
spert22 1.0000 0.004 1.00272 | 0.00194 0.0133
spert23 1.0000 0.004 1.00695 0.0011 0.0132
Experiment HEU-COMP- het3-1 1.0000 0.0044 0.99381 | 0.00136 0.0467
THERM-003 (15 cases) het3-2 1.0000 0.0044 0.99746 | 0.00144 0.0404
hct3-3 1.0000 0.0044 0.99637 | 0.00144 0.0337
hct3-4 1.0000 0.0044 0.99796 | 0.00148 0.0259
hct3-5 1.0000 0.0044 1.00253 | 0.00137 0.0202
hct3-6 1.0000 0.0044 1.00616 | 0.00152 0.0405
het3-7 1.0000 0.0044 1.01132 0.00143 0.0339
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Table lI-1. k.4 Values for Benchmarks Applicable to Intact Moderated Configurations for Shippingport

PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp Kett Ocale AENCF
hct3-8 1.0000 0.0044 1.00088 | 0.00155 0.0329
hct3-9 1.0000 0.0044 1.01309 | 0.00154 0.0263
het310 1.0000 0.0044 1.00962 | 0.0014 0.0209
het311 1.0000 0.0044 1.0133 0.0014 0.0177
het312 1.0000 0.0044 0.98956 | 0.00133 0.0265
het313 1.0000 0.0044 0.99677 | 0.00119 0.0139
hct314 1.0000 0.0044 1.005 0.00157 0.03
het315 1.0000 0.0044 1.00775 | 0.00142 0.0183
Experiment HEU-COMP- hets-1 1.0000 0.0094 0.98455 | 0.00128 0.0764
THERM-005 (1 case)
het6-t1 1.0000 0.0058 0.98952 | 0.00137 0.072
Em%rm% lgE(g-gaCs)eMsF)’- hct6-t2 1.0000 0.002 1.0104 0.0013 0.0232
hct6-t3 1.0000 0.0048 0.99557 | 0.00095 0.0104
het7-4 1.0000 0.0035 0.99932 | 0.00164 0.0339
E}f{ﬁémrgogif(gciggﬂsl; hct7-5 1.0000 0.0041 0.99492 | 0.00156 0.0458
hct7-6 1.0000 0.0043 0.99487 | 0.00154 0.0475
Experiment HEU-COMP- het8-1 1.0000 0.0055 0.99042 | 0.00106 0.0882
THERM-008 (2 cases) hct8-2 1.0000 0.0056 0.98954 | 0.00112 0.0922
het101 1.0000 0.005 0.98716 | 0.00118 0.0797
hct102 1.0000 0.005 0.98361 | 0.00115 0.0797
hct103 1.0000 0.005 0.99328 | 0.00125 0.0557
het104 1.0000 0.005 0.99468 | 0.00125 0.0431
hct105 1.0000 0.005 0.99734 | 0.00119 0.036
hct106 1.0000 0.005 0.99239 | 0.00121 0.0361
het107 1.0000 0.005 0.99976 | 0.00105 0.0308
hct108 1.0000 0.005 0.9991 0.00122 0.0315
hct109 1.0000 0.005 0.99777 | 0.00109 0.0314
het110 1.0000 0.005 1.00198 | 0.00104 0.0287
ETxgng&egg gE(lzJ;gaC;'\:;- hot111 1.0000 0.005 0.99913 | 0.00109 0.0291
hct112 1.0000 0.005 1.00052 | 0.00105 0.0262
het113 1.0000 - 0.005 1.00237 0.001 0.025
het114 1.0000 0.005 1.00112 | 0.00112 0.0281
het116 1.0000 0.005 1.00059 [ 0.00113 0.0289
hct116 1.0001 0.0044 1.00378 | 0.00114 0.0289
het117 1.0010 0.0074 1.00377 | 0.0011 0.0293
het118 1.0000 0.0074 1.0018 | 0.00117 0.0287
het119 1.0000 0.0074 1.00151 | 0.00105 0.0295
het120 1.0001 0.0047 1.0024 0.001 0.0234
het121 0.9997 0.0076 1.00416 | 0.0011 0.0278
het11_1 0.9988 0.0042 09868 | 0.00094 0.05331
mepgg;fgti*ﬁg-gggs';- het11_2 0.9988 0.0043 0.98753 | 0.00093 0.05027
het11_3 0.9988 0.0044 0.98806 | 0.00095 0.04698
het12_1 0.9987 0.0032 0.98578 0.001 0.05512
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Table ll-1. ke Values for Benchmarks Applicable to Intact Moderated Configurations for Shippingport
PWR DOE SNF '
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp _ Kett Oeale AENCF
Experiment HEU-COMP- het12_1 0.9987 0.0032 0.98578 0.001 0.05512
THERM-012 (2 cases) het12_2 0.9987 0.0034 0.98948 | 0.00088 0.05089
Experiment HEU-COMP- het13_1 0.9988 0.0042 0.98828 | 0.00084 0.04811
THERM-013 (2 cases) het13_2 0.9988 0.0043 0.99016 0.00091 0.0432
Experiment HEU-COMP- het14_1 0.9986 0.0048 0.99761 0.00088 0.02589
THERM-014 (2 cases) hct14_2 0.9986 0.0049 0.99704 0.00081 0.02266

Source: BSC 2002a, Table 6-1

Table li-2. k¢ Values for Benchmarks Applicable to Intact Non-moderated Configurations for

Shippingport PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp Ketr Ocale. AENCF
hci2-1 1.0000 0.0004 0.99236 0.00081 0.243
Experiment HEU-COMP- hci2-2 1.0000 0.0004 0.99339 | 0.00107 0.2439
lggagﬁi E(E%S_go'lf)ilé hei2-3 1.0000 0.0004 0.99603 | ©0.00101 0.2377
cases) hci2-4 1.0000 0.0004 0.99676 | 0.00101 0.2394
hci2-5 1.0000 0.0004 0.99736 0.001 0.2391
Experiment HEU-MET-FAST- hmf7_01 0.9971 0.0001 0.9941 0.0013 1.5855
007 (43 cases) hmf7_02 0.9986 0.0001 0.9943 0.0013 1.4036
hmf7_03 1.0012 0.0001 0.9929 0.0015 1.3617
hmf7_04 0.997 0.0001 0.9916 0.0015 1.3232
hmi7_05 1.0000 0.0001 0.9909 0.0016 1.253
hmf7_06 1.0028 0.0001 0.9995 0.0014 1.223
hmf7_07 0.9996 0.0001 0.9945 0.0014 1.2195
bmf7_08 0.9992 0.0001 0.9898 0.0014 1.2156
hmf7_09 1.0017 0.0008 1.0003 0.0016 1.2192
hmf7_10 1.0000 - 0.0001 0.9908 0.0019 0.9503
hmf7_11 0.9982 0.0001 0.9887 0.0021 0.7392
hmf7_12 0.9951 0.0001 0.9865 0.0015 0.7036
hmf7_13 1.0009 0.0001 0.9956 0.0018 0.743
hmf7_14 0.9983 0.0001 0.9891 0.0018 0.7021
hmf7_15 0.9978 0.0001 0.9924 0.0019 0.7483
hmf7_16 0.9988 0.0001 0.9911 0.0019 0.7497
hmf7_17 0.9972 0.0001 0.9886 0.0021 0.521
hmf7_18 0.9991 0.0001 0.9936 0.002 0.5176
hmf7_19 0.9983 0.0001 0.9971 0.0014 1.5781
hmi7_20 0.9981 0.0001 0.989 0.0015 1.264
hmf7_21 0.9987 0.0001 0.9938 0.0014 1.2465
hmi7_22 0.9994 0.0001 0.9935 0.0016 1.2323
hmf7_23 0.9993 0.0001 0.9937 0.0014 1.1298
hmf7_24 1.0001 0.0001 0.995 0.0017 1.1177
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Table 1i-2. kew Values for Benchmarks Applicable to Intact Non-moderated Configurations for
Shippingport PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Cexp. Ket Ocalc AENCF
hmi7_25 0.999 0.0001 0.9921 0.0018 1.0153
hmf7_26 0.9997 0.0001 0.9894 0.0016 1.0067
hmf7_27 0.9965 0.0002 0.9918 0.0014 1.3907
hmf7_28 0.9987 0.0002 0.9913 0.0016 1.2784
hmf7_29 0.9978 0.0002 0.9934 0.0015 1.1714
hmf7_30 0.9981 0.0002 0.9936 0.0018 0.8973
hmf7_31 1.0013 0.0002 0.9967 0.002 0.6162
hmf7_32 0.9959 0.0001 0.9968 0.0013 1.4869
hmf7_33 0.9995 0.0001 1.0061 0.0015 1.4324
hmf7_34 0.9977 0.0001 1.0058 0.0014 1.3814
hmf7_35 1.0011 0.0001 0.9894 0.0019 1.013
hmf7_36 0.9999 0.0001 0.9976 0.0017 0.8594
hmf7_37 0.9988 0.0001 0.9959 0.002 0.7462
hmf7_38 1.0000 - 0.0001 0.9996 0.0017 0.7181
hmf7_39 1.0018 0.0001 1.0009 0.0016 . 0.7182
hmi{7_40 1.0013 0.0001 0.9976 0.0019 0.7339
hmf7_41 0.9994 0.0001 0.9968 0.0019 " 0.5383
hmf7_42 1.0016 0.0001 0.9979 0.0017 0.5269
hmf7_43 0.9998 0.0001 0.999 0.0018 0.3145
Experiment HEU-MET-FAST-|  hmf030 1.0000 0.0009 0.9999 0.0005 1.129
030 (1 case)}
Experiment HEU-MET-FAST- heum{33c1 0.9991 0.0014 0.994 0.0004 0.85
033 (2 cases) heumi33c2 0.9991 0.0014 0.9924 0.0004 0.717
heumf34c 0.999 0.0012 0.9913 0.0004 0.958
Experiment HEU-MET-FAST-[  heum{34c2 0.999 0.0012 0.991 0.0004 0.958
034 (3 cases) heumf34c3 0.999 0.0012 09929 | 0.0004 0.953
Experiment HEU-MET-FAST-|__heumf36c1 . |  0.9993 0.0015 0.9932 | 0.0004 0.866
036 (2 cases) heumf{36¢c2 0.9993 0.0013 0.9938 0.0004 1.097
Experiment HEU-MET-FAST.|__heumf37c1 0.9997 0.0011 0.9966 | 0.0004 - 0.896
037 (2 cases) heum{37¢c2 0.9997 0.0011 0.9931 0.0004 1.02
Experiment HEU-MET-FAST-|  heumt38c1 0.9999 0.0015 1.0012 0.0004 1.139
038 (1 case)
HEU-MET-INTER-006 (2 hmi06-01 0.9976 © 0.0008 0.9967 0.0003 0.342
cases) hmi06-02 0.9997 0.0008 0.9984 0.0003 0.386
HEU‘MET'_MIX)ED'OO1 \ heummict 0.9995 0.0013 1.0044 0.0004 0.762
case .
HEU-ME'T-MIX)ED-OO4 (1 heummdc1 0.9999 0.0009 1.0048 0.0004 - 0.914
case
HEU-COMF’-IN';'EW-O01 ( heuciich - 1.0000 0 0.9951 0.0008 0.22
case
HEU-MET-MIXED-005 (5 hmm5_1 1.0007 0.0027 1.01308 | 0.00057 0.307
cases) hmm5_2 1.0003 0.0028 1.0217 0.00055 |- 0.247
hmm5_3 1.0012 0.0029 1.01904 | 0.00052 0.212
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Table 11-2. ket Values for Benchmarks Applicable to intact Non-moderated Configurations for
Shippingport PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Ketr Oexp ket Ocaic AENCF
hmm5_4 1.0016 0.003 1.0145 0.0006 0.3175
hmm5_5 1.0005 0.004 1.00682 | 0.00052 0.377

Source: BSC2002a, Table 6-2

Table 1I-3. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for Shippingport

PWR DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kent Oexp Kett Geale AENCF
hest1-1 1.0000 0.0025 1.00241 0.00131 . 0.01582
hest1-2 1.0000 0.0025 0.99816 0.00209 0.03873
hestt-3 - 1.0000 0.0025 1.00453 0.00199 0.01546

hest1-4 1.0000 0.0025 1.0013 0.00203 0.0405

Experiment HEU-SOL- hest1-5 1.0000 0.0025 1.00361 0.00166 0.00651
THERM-001 (10 cases) hest1-6 1.0000 0.0025 1.01038 0.00187 0.00678
hestt-7 1.0000 0.0025 1.0023 0.00201 0.01501

hestt-8 . 1.0000 0.0025 1.00505 0.00213 0.0161
hest1-9 1.0000 0.0025 0.99973 0.00212 -0.04099
hest110 1.0000 0.0025 0.99468 0.00178 0.00757
hest2-1 1.0000 0.002 1.00548 0.00148 0.01558
hest2-2 1.0000 0.002 1.00773 0.00235 0.01516

hest2-3 1.0000 0.002 1.00219 0.0022 0.0374

hest2-4 1.0000 ~0.002 1.00809 0.00242 0.03541
hest2-5 - 1.0000 0.002 1.01049 0.0023 0.01622
hest2-6 1.0000 0.002 1.00968 0.00215 0.01496
Experiment HEU-SOL- hest2-7 1.0000 0.002 1.00691 0.00224 0.03747
THERM-002 (14 cases) hest2-8 1.0000 0.002 1.01131 0.00206 0.03511
hest2-9 1.0000 0.002 1.00348 0.00209 0.00654
hest2-10 1.0000 0.002 1.00937 0.00202 0.00663
hest2-11 1.0000 0.002 1.00875 0.00211 0.01595
hest2-12 1.0000 0.002 1.0127 0.00209 0.01487
hest2-13 1.0000 0.002 0.99869 0.00232 0.03676
hest2-14 - 1.0000 0.002 1.01062 0.00238 0.03377
Experiment HEU-SOL- heust31 1.0000 - 0.005 1.00638 0.00189 0.00676
THERM-003 (19 cases) heust32 1.0000 0.005 1.00635 0.002 0.00688
heust33 1.0000 0.005 1.00317 0.00235 0.0158

heust34 1.0000 0.005 1.00447 0.00249 0.01541
heust35 1.0000 0.005 1.00436 0.00221 0.03818
heust36 1.0000 0.005 1.00427 0.00241 0.03573
heust37 1.0000 0.005 1.00585 0.00173 0.00685
heust38 1.0000 0.005 1.01086 0.00202 0.01639
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Table II-3. kes Values for Benchmarks Applicable to Degraded Moderated Configurations for Shippingport
PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Ketr _Cexp Kest Cealc AENCF
heust39 1.0000 0.005 1.01063 0.00204 0.01512
hest310 1.0000 0.005 | 1.00102 0.00243 0.03817
hest311 1.0000 0.005 1.00606 0.00232 0.03566
hest312 1.0000 0.005 1.0074 0.00204 0.00651
hest313 1.0000 0.005 1.00045 0.00185 0.00654
hest314 1.0000 0.005 1.00822 | 0.00205 0.00704
hest315 1.0000 0.005 0.99675 0.0015 0.00704
hest316 1.0000 0.005 1.00356 | 0.00241 0.01593
hest317 1.0000 0.005 1.00604 0.00213 0.01498
hest318 1.0000 0.005 1.00007 | 0.00225 0.03842
hest319 1.0000 0.005 1.01306 0.00225 0.03414
heust5c1 1.0000 0.0124 1.0007 0.0011 0.035
heust5c10 1.0000 0.0124 0.9947 0.0013 0.04
heust5c11 1.0000 0.0083 0.9885 0.0012 0.032
heust5¢12 1.0000 0.0084 1.0201 0.0013 0.034
heust5c13 1.0000 0.0119 1.0028 0.0012 0.021
heust5c14 1.0000 0.0058 - 0.991 0.0012 0.019
heust5c15 1.0000 0.0059 1.0115 0.0014 0.02
heust5c16 1.0000 0.0121 1.0068 0.0011 0.011
fﬁ:&“ggg"('%’cig;) heustbc17 1.0000 0.0057 0.9926 0.0013 0.011
heust5¢2 1.0000 0.0124 0.988 0.0012 0.041
heust5c3 1.0000 - 0.0124 1.0128 0.0012 0.036
heust5¢c4 1.0000 0.0126 1.0128 0.0012 0.036
heust5¢c5 1.0000 0.0124 0.9937 0.0012 0.039
heust5c6 1.0000 0.0124 1.0082 0.0012 0.036
heust5¢7 1.0000 0.0124 1.0048 0.0012 0.033
heust5¢c8 1.0000 0.0124 0.9914 0.0013 0.04
heust5c9 1.0000 0.0125 1.007 0.0011 ) 0.035
Experiment HEU-SOL- heust6c1 0.9973 0.005 0987 | 0.0015 0.033
THERM-006 (29 cases) heustéc10 1.0000 0.0065 1.002 0.0013 0.037
' heustéc11 1.0000 0.0088 1.0023 0.0011 0.042
heust6c12 0.9973 0.005 0.9857 0.0014 0.032
heust6c13 0.998 0.0054 0.9904 0.0014 0.035
heust6c14 1.0000 0.0078 1.0027 0.0013 0.039
heust6ci15 1.0000 0.0091 1.0093 0.0011 0.041
heust6c16 1.0000 0.0087 1.0032 0.0012 0.042
heust6c17 1.0000 0.0088 1.0034 0.0012 0.042
heustéc18 1.0000 0.0078 1.0047 0.0012 0.039
heust6c19 1.0000 0.0091 1.0115 0.0011 0.04
heustéc2 0.9986 0.0054 0.9907 0.0014 0.036
heust6c20 1.0000 0.0087 1.0027 0.0012 0.041
heust6c21 1.0000 0.0088 1.0009 0.0011 0.042
heust6c22 1.0000 0.0065 1.0027 0.0014 0.038
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Table 11-3. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for Shippingport
PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kest Ccalc AENCF
heust6c23 1.0000 0.0078 1.0032 0.0013 0.039
heust6c24 1.0000 0.0091 1.0089 0.0012 0.04
heust6¢c25 1.0000 0.0087 1.001 0.0011 0.042
heust6c26 1.0000 0.0088 1.0019 0.0011 0.042
heust6c27 0.9973 0.005 0.9853 0.0014 0.032
heust6c28 0.9986 0.0054 0.9895 0.0014 0.036
heust6c29 1.0000 0.0088 1.0038 0.0011 0.042
heust6c3 1.0000 0.0065 1.002 0.0013 0.037
heust6c4 1.0000 0.0078 1.0033 0.0012 0.04
heust6cb 1.0000 0.0091 1.0115 0.0011 0.041
heust6ct 1.0000 0.0087 1.002 0.0012 0.042
heust6c¢7 1.0000 0.0088 1.0011 0.0011 0.043
heust6c8 0.9973 0.005 | 0.9832 0.0014 0.032
heust6c9 0.9986 0.0054 0.9904 0.0013 0.035
heust9ci 1.0000 0.0057 1.0051 0.0006 0.058
- Experiment HEU-SOL- heustgc2 1.0000 0.0057 1.0045 | 0.0006 0.045
THERM-009 (4 cases) heust9c3 1.0000 0.0057 1.0047 0.0007 0.029
heust9c4 1.0000 0.0057 0.9994 0.0007 0.018
heust10c1 1.0000 0.0018 1.005 0.0007 0.009
Experiment HEU-SOL- heust10c2 1.0000 0.0018 1.0049 0.0006 0.009
THERM-010 (4 cases) heust10c3 1.0000 0.0018 1.0026 0.0006 0.01
heust10c4 1.0000 0.0018 0.9999 0.0007 0.01
Experiment HEU-SOL- heust12 0.9999 0.0058 1.0027 0.0005 0.0027
THERM-012 (1 case)
Experiment HEU-SOL- heust1icl - 1.0000 0.0018 1.0086 0.0005 0.005
THERM-011 (2 cases) heust11c2 1.0000 0.002 1.0044 0.0005 0.005
hst27_1 1.0000 0.0046 1.00009 0.00099 0.015
hst27_2 1.0000 0.0043 1.00204 0.00106 0.015
hst27_3 1.0000 0.0037 1.00171 0.00101 0.015
hst27_4 1.0000 0.0037 1.00394 0.00097 0.015
iﬁpggafgé_’**éﬁg; hst27_5 1.0000 0.0044 1.00241 0.001 0.015
hst27_6 1.0000 0.0043 0.99517 0.001 0.014
hst27_7 1.0000 0.0038 1.00003 0.00102 0.015
hst27_8 1.0000 0.0035 1.0026 0.00103 0.014
hst27_9 1.0000 0.0039 1.00098 0.00103 0.015
Experiment HEU-SOL- hst28_1 1.0000 0.0023 1.00234 0.00086 0.007
THERM-028 (18 cases) hst28_2 1.0000 0.0034 1.00156 0.00082 0.008
hst28_3 1.0000 0.0026 1.00102 0.00085 0.007
hst28_4 1.0000 0.0028 1.00236 0.00087 0.008
hst28_5 1.0000 0.0031 0.99733 0.00092 0.008
hst28_6 1.0000 0.0023 1.00141 0.00086 0.008
hst28_7 1.0000 0.0038 1.00259 0.0009 0.007
hst28_8 1.0000 0.0027 1.00111 | 0.00086 0.008
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Table 11-3. k. Values for Benchmarks Applicable to Degraded Moderated Configurations for Shippingport
» PWR DOE SNF
Benchmark values Calculated values (MCNP) |
Experiment Case name Ker Oexp Kett Cearc AENCF |
hst28_9 1.0000 0.0049 1.00008 | 0.00095 0.026 |
hst28_10 1.0000 0.0053 0.99653 | 0.00091 0.026
hst28_11 1.0000 0.0052 1.00188 | 0.00102 0.026
hst28_12 1.0000 0.0046 0.99633 | 0.00096 0.027
hst28_13 1.0000 0.0058 0.99826 | 0.00097 0.026
hst28_14 1.0000 0.0046 0.99993 | 0.00092 0.027
hst28_15 1.0000 0.0064 1.00725 | 0.00095 0.027
hst28_16 1.0000 0.0052 1.00292 | 0.00098 0.027
hst28_17 1.0000 0.0066 0.99727 | 0.00095 0.027
hst28_18 1.0000 0.006 0.99794 | 0.00096 0.027
hst29_1 1.0000 0.0066 1.00095 0.001 0.028
hst29_2 1.0000 0.0058 1.00562 | 0.00097 0.027
hst29_3 1.0000 0.006B 0.99616 | 0.00094 0.028
$§§33?£9H5Ucfs%)' hst29_4 1.0000 0.0074 0.99727 | 0.00097 0.028
hst29_5 1.0000 0.0067 1.00111 | 0.00098 0.029
hst29_6 1.0000 0.0065 1.00159 | 0.00097 0.029
hst29_7 1.0000 0.0063 1.00199 0.001 0.028
hst30_1 1.0000 0.0039 1.00043 | 0.0009 0.008
hst30_2 1.0000 0.0032 1.00205 | 0.00087 0.008
hst30_3 1.0000 0.0031 0.99961 | 0.00083 0.008
%pgmggo Hgli-‘igsL)- hst30_4 1.0000 0.0064 1.00322 | 0.00099 0.028
hst30_5 1.0000 0.0058 0.99887 | 0.00095 0.027
hst30_6 1.0000 0.0059 1.00262 0.001 0.028
hst30_7 1.0000 0.0064 1.00028 | 0.00097 0.028
hst31_1 1.0000 0.0046 1.0165 } 0.00093 0.028
Experiment HEU-SOL- hst31_2 1.0000 0.0058 1.04116 | 0.00091 0.029
THERM-031 (4 cases) hst31_3 1.0000 0.0058 1.00109 | 0.00092 0.029
hst31_4 1.0000 0.0068 1.00745 | 0.00098 0.031
Experiment HEU-SOL- heust032 1.0015. 0.0026 1.0001 0.0004 0.0021
THERM-032 (1 case)
Experiment HEU-SOL- hst33d_02a 1.0000 0.0111 1.00007 | 0.00128 0.036
THERM-033 (26 cases) hst33d_02b 1.0000 0.0108 0.99792 | 0.00113 0.036
hst33d_02¢ 1.0000 0.0065 0.99796 | 0.00119 0.036
hst33d_03a 1.0000 0.0114 1.00634 | 0.00108 0.033
hst33d_03b 1.0000 0.0111 1.00608 | 0.00115 0.034
hst33d_03c 1.0000 0.007 1.01079 | 0.00118 0.032
hst33d_04a 1.0000 0.0114 1.0057 | 0.00109 0.035
hst33d_04b 1.0000 0.0111 1.0116 | 0.00117 0.035
hst33d_05a 1.0000 0.0111 1.01126 | 0.00114 0.035
hst33d_05b 1.0000 0.0108 1.00608 | 0.00128 0.035
hst33d_06a 1.0000 0.0111 1.00936 | 0.00112 0.035
hst33d_06b 1.0000 0.0108 1.00915 | 0.00114 0.034
hst33d_07a 1.0000 0.0111 1.00453 | 0.00107 0.035
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Table II-3. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for Shippingport
PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kenr Cexp Kert Oecale AENCF
hst33d_07b 1.0000 0.0108 1.00406 | 0.00109 0.035
hst33d_08a 1.0000 0.0111 1.00558 | 0.00113 0.034
hst33d_08b “1.0000 0.0108 1.00213 | 0.00111 0.035
hst33d_09a 1.0000 0.0111 1.00228 | 0.00115 0.036
hst33d_09b 1.0000 0.0108 0.99359 | 0.00113 0.035
hst33d_09c 1.0000 0.0104 0.99619 | 0.00116 0.036
hst33d_10a 1.0000 0.0114 1.00267 | 0.00113 0.034
hst33d_10c 1.0000 0.007 1.00333 | 0.00103 0.032
hst33d_10d 1.0000 0.0104 0.99286 | 0.00111 0.033
hst33d_11a 1.0000 0.0111 1.00669 | 0.0011 0.035
hst33d_11b . 1.0000 0.0108 1.00176 | 0.00097 0.034
hst33d_12a 1.0000 0.0111 1.00386 | 0.00112 0.036
hst33d_12b 1.0000 0.0108 1.00165 | 0.00107 0.035
hst35_1 1.0000 0.0031 1.0049 | 0.00073 0.004
hst35_2 1.0000 0.0032 1.00859 | 0.00068 0.004
hst35_3 1.0000 0.003 1.00832 | 0.00072 0.004
hst35_4 1.0000 0.003 1.00757 | 0.0007 0.004
%pggﬁf&';glif&; hst35_5 1.0000 0.0033 1.00565 | 0.00087 0.008 _
hst35_6 1.0000 0.0029 1.00828 | 0.00089 0.008
hst35_7 - 1.0000 0.0035 1.00811 | 0.00095 0.015
hst35_8 1.0000 0.0038 1.0048 | 0.00095 0.016
hst35_9 1.0000 0.0041 1.00486 | 0.00095 0.016
hst36_1 0.9974 0.0045 0.9989 0.0009 0.01
Experiment HEU-SOL- hst36_2 0.9979 0.0039 1.0044 0.001 0.011
THERM-036 (4 cases) hst36_3 0.9993 0.0044 0.9995 0.0009 0.012
hst36_4 1.0000 0.0062 1.0008 0.0009 0.012
hst37_1 0.9980 0.0034 1.0129 0.0011 0.005
hst37_2 0.9990 0.0035 1.0048 0.0011 0.005
hst37_3 0.9970 0.0042 1.0096 0.0012 0.007
hst37_4 0.9980 0.0035 1.0141 0.0012 0.007
%p;gmf&t;*é%aig';)- hst37_5 0.9980 0.0042 1.0089 | 0.0011 0.007
hst37_6 0.9960 0.0051 1.0172 0.0013 0.009
hst37_7 0.9980 0.0034 1.0162 0.0012 0.009
hst37_8 0.9980 0.004 1.0125 0.0013 0.009
het37_9 0.9980 0.0047 1.008 0.0012 0.009
heust43c1 0.9986 0.0017 0.9995 0.0007 - 0.014
Eﬁggaﬁ:éﬁg; heustd43c2 0.9995 0.0041 1.0082 0.0004 0.003
heust43c3 0.9990 0.0044 1.0033 0.0004 0.003

Source: BSC2002a, Table 6-3
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Table l1-4. ke Values for Benchmarks Applicable to Degraded Non-moderated Configurations for
Shippingport PWR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kefr Oexp Kets Gealc AENCF
heumt3c1 1.0000 0.001 1.0039 0.0008 1.094
heumt3c2 0.9910 0.003 0.9832 0.0008 1.091
heumt3c3 0.9826 0.006 0.9766 0.0008 0.548
iﬁggnes\é:%llcgﬂ heumt3c4 0.9876 0.004 0.9842 0.0009 0.444
003 (7 cases) heumt3c5 0.9930 0.003 1.0014 0.0009 0.222
heumt3cé 0.9889 0.003 0.9719 0.0009 © 0.291
heumt3c7 0.9919 - 0.003 0.9887 0.0008 0.231
Experiment HEU-MET- heumm?2c1 1.0000 0.0037 1.0032 0.0007 0.788
MIXED-002 (1 case)
Experiment HEU-MET- heumm3ct 1.0000 0.0038 1.0039 0.0008 0.784
MIXED-003 (1 case)
heumf2-1 1.0000 0.003 1.0024 0.0011 1.599
heumf2-2 1.0000 0.003 1.0034 0.0011 1.597
Experiment HEU-MET-FAST- heumf2-3 1.0000 0.003 1.002 0.001 1.592
002 (6 cases) heumf2-4 1.0000 0.003 1.0041 0.001 1.583
heumf2-5 1.0000 0.003 1.0039 0.001 1.579
heumf2-6 1.0000 0.003 1.0028 0.0011 1.583
Experiment HEU-MET-FAST-|  heumfdc2 0.9985 0.0008 1.0017 0.0007 1.166
004 (1 case)
Experiment HEU-MET-FAST- HMF8 0.9989 0.0016 0.9951 0.00058 1.5501
008 (1 case)
Experiment HEU-MET-FAST- HMF11 0.9989 0.0015 0.99348 | 0.00079 1.1607
011 (1 case)
Experiment HEU-MET-FAST- HMF12 0.9992 0.0018 0.99399 | 0.00043 1.5237
012 (1 case) )
Experiment HEU-MET-FAST- HMF13 0.999 0.0015 0.99997 | 0.00061 1.4838
013 (1 case)
Experiment HEU-MET-FAST- HMF14 0.9989 0.0017 0.99831 | 0.00062 1.5465
014 (1 case) .
Experiment HEU-MET-FAST- HMF15 0.9996 0.0017 0.99263 | 0.00056 1.5813
015 (1 case)
Experiment HEU-MET-FAST- HMF18 1.0000 0.0014 0.99805 | 0.00056 1.5515
018 (1 case) )
Experiment HEU-MET-FAST- HMF19 1.0000 0.0028 1.00277 0.0006 1.4793
019 (1 case) )
Experiment HEU-MET-FAST- HMF20 -1.0000 0.0028 0.99574 | 0.00061 1.4341
020 (1 case) ;
Experiment HEU-MET-FAST- HMF21 1.0000 0.0024 1.00192 0.0006 1.4431
021 (1 case)
Experiment HEU-MET-FAST- HMF22 1.0000 0.0019 0.99272 0.0006 1.5049
022 (1 case)
Experiment HEU-MET-FAST- HMF24 0.9990 0.0015 0.99521 | 0.00109 1.2553
024 (1 case)
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Table I1-4. key Values for Benchmarks Applicable to Degraded Non-moderated Configurations for
Shippingport PWR DOE SNF :
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp. Kett Ocalc AENCF
Experiment HEU-MET-FAST-|  heumf27c1 1.0000 0.0025 1.0098 0.0006 1.512
027 (1 case)
Experiment HEU-MET-FAST-|  heumtf2Sc1 1.0000 0.002 1.0038 0.0006 1.547
029 (1 case) )
Experiment HEU-MET-FAST-|  heumf31c1 1.0000 0.0059 0.9964 0.0007 0.966
031 (1 case)
heumf32c1 1.0000 0.0016 1.0054 0.0007 1.592
Experiment HEU-MET-FAST- heumf32¢2 1.0000 0.0027 1.0057 0.0006 1.59
032 (4 cases) heum{32¢3 1.0000 0.0017 0.9992 0.0006 1.575
heumf32c4 1.0000 0.0017 0.9994 0.0006 1.565
heumf41c1 1.0013 0.003 0.9991 0.0007 1.331
heumf41c2 1.0022 0.0043 0.9973 0.0007 1.128
Experiment HEU-MET-FAST- heumf41c3 1.0006 0.0029 0.9984 0.0006 1.466
041 (6 cases) heumf41cd 1.0006 0.0025 1.0009 0.0007 1.402
heumfdics 1.0006 0.0031 0.9966 0.0008 1.354
heumf41c6 1.0006 0.0045 0.9993 0.0007 1.315
Experiment HEU-MET-FAST- hmf055 0.9977 0.0003 0.9938 0.0003 1.077
055 (1 case)
hmm5_1 1.0007 0.0027 1.01308 | 0.00057 0.307
hmm5_2 1.0003 0.0028 1.0217 | 0.00055 0.247
HEU-MET-MIXED-005 (5 hmm5_3 1.0012 0.0029 1.01904 | 0.00052 0.212
cases) 1 rmms_a 1.0016 0.003 10145 | 0.0006 0.3175
hmm5_5 | 1.0005 0.004 1.00682 | 0.00052 0.377

Source: BSC2002a, Table 6-4

K¢ Values for Benchmark Experiments Applicable to Configurations of the Codisposal Waste
Package Containing UZrH (TRIGA) DOE SNF

Table iI-5. ke Values for Benchmarks Applicable to Intact Moderated Configurations for TRIGA DOE
SNF

_ Benchmark values Calculated values (MCNP)
Experiment Case hame Kent Cexp _ Kett Ocalc AENCF

Experiment IEU-COMP- ieuct3/1 1.0006 0.0056 0.99746 | 0.00028 0.024
THERM-003 (2 cases) ieuct3/2 1.0046 0.0056 1.00167 | 0.00028 0.024

Experiment HEU-COMP- hct3-1 1.0000 0.0044 0.99381 0.00136 0.0467

THERM-003 (15 cases) hct3-2 1.0000 0.0044 0.99746 0.00144 0.0404

hct3-3 1.0000 0.0044 0.99637 | 0.00144 0.0337

hct3-4 1.0000 0.0044 0.99796 | 0.00148 0.0259

hct3-5 1.0000 0.0044 1.00253 | 0.00137 0.0202

hct3-6 1.0000 0.0044 1.00616 | 0.00152 0.0405
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Table II-5. ke Values for Benchmarks Applicable to Intact Moderated Configurations for TRIGA DOE
SNF
‘ Benchmark values Calculated values (MCNP)
Experiment Case name Ketr Oexp Kest Ocale AENCF
het3-7 1.0000 0.0044 101132 | 0.00143 0.0339
hct3-8 1.0000 0.0044 1.00988 | 0.00155 0.0329
hct3-9 1.0000 0.0044 1.01309 | 0.00154 0.0263
het310 1.0000 0.0044 1.00962 | 0.0014 0.0209
het311 1.0000 0.0044 1.0133 0.0014 0.0177
het312 1.0000 0.0044 0.98956 | 0.00133 0.0265
hct313 1.0000 0.0044 0.99677 | 0.00119 0.0139
hct314 1.0000 0.0044 1.005 0.00157 0.03
hct315 1.0000 0.0044 1.00775 | 0.00142 0.0183
hct4-1 1.0000 0.0038 0.98756 | 0.00122 0.0744
Experiment HEU-COMP- hctd-2 . 1.0000 0.0039 0.9889 0.0012 0.0736
THERM-004 (4 cases) hct4-3 1.0000 0.0037 0.99157 | 0.00119 0.0756
hctd-4 1.0000 0.0038 0.99116 | 0.00114 0.0742
Experiment HEU-COMP- hct5-1 1.0000 0.0094 0.98455 | 0.00128 0.0764
THERM-005 (1 case)
Experiment HEU-COMP- hct6-t1 1.0000 0.0058 0.98952 | 0.00137 0.072
THERM-008 het6-12 1.0000 0.002 1.0104 0.0013 0.0232
(3 cases) _ hct6-13 1.0000 0.0048 0.99557 | 0.00095 0.0104
Experiment HEU-COMP- het7-4 1.0000 0.0035 0.99932 | 0.00164 0.0339
THERM-007 het7-5 1.0000 0.0041 0.99492 | 0.00156 0.0458
 (3cases) het7-6 1.0000 0.0043 0.99487 | 0.00154 0.0475
Experiment HEU-COMP- het8-1 1.0000 0.0055 0.99042 | 0.00106 0.0882
THERM-008 (2 cases) hct8-2 1.0000 0.0056 0.98954 | 0.00112 0.0922
Experiment HEU-COMP- hct101 1.0000 - 0.005 0.98716 | 0.00118 0.0797
THERM-010 (21cases) het102 1.0000 0.005 0.98361 | 0.00115 0.0797
hct103 1.0000 0.005 0.99328 | 0.00125 0.0557
hct104 1.0000 0.005 0.99468 | 0.00125 0.0431
hct105 1.0000 0.005 0.99734 | 0.00119 0.036
hct106 1.0000 0.005 0.99239 | 0.00121 0.0361
het107 1.0000 0.005 0.99976 | 0.00105 0.0308
hct108 1.0000 0.005 0.9991 0.00122 0.0315
het109 1.0000 0.005 0.99777 | 0.00109 0.0314
het110 1.0000 0.005 1.00198 | 0.00104 0.0287
het111 1.0000 0.005 0.99913 | 0.00108 0.0291
het112 1.0000 0.005 1.00052 | 0.00105 0.0262
hct113 1.0000 0.005 1.00237 0.001 0.025
hct114 1.0000 0.005 1.00112 | 0.00112 0.0281
het115 1.0000 0.005 1.00059 { 0.00113 0.0289
het116 1.0001 0.0044 1.00378 | 0.00114 0.0289
het117 1.0010 0.0074 -1.00377 | 0.0011 | 0.0293
hct118 1.0000 0.0074 1.0018 | 0.00117 0.0287
hct119 1.0000 0.0074 1.00151 | 0.00105 0.0295
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Table II-5. ke Values for Benchmarks Applicable to Intact Moderated Contigurations for TRIGA DO
SNF :
Benchmark values Calculated values (MCNP)
Experiment Case name Kent Cexp Kett Ocate AENCF
hct120 1.0001 0.0047 1.0024 0.001 0.0234
het121 1.0007 0.0076 1.00416 | 0.0011 0.0278
hot11_1 0.9988 0.0042 0.9868 | 0.00094 0.05331
i“ﬁ%’&";:l’&?i‘é‘fa‘;i’)" het11_2 0.9988 0.0043 0.98753 | 0.00093 0.05027
hot11_3 0.9988 0.0044 0.98806 | 0.00095 0.04698
Experiment HEU-COMP- het12_1 0.9987 0.0032 0.98578 0.001 0.05512
THERM-012 (2 cases) hct12_2 0.9987 0.0034 0.98948 | 0.00088 0.05089
Experiment HEU-COMP- heti3_1 0.9988 0.0042 0.98828 | 0.00084 0.04811
THERM-013 (2 cases) het13_2 0.9988 0.0043 0.99016 | 0.00091 0.0432
Experiment HEU-COMP- het14_1 0.9986 0.0048 0.99761 | 0.00088 0.02589
THERM-014 {2 cases) het14_2 0.0986 0.0049 0.09704 | 0.00081 0.02266
sperti 1.0000 0.004 0.99792 | 0.00184 0.0147
spert2 1.0000 0.004 0.99952 | 0.0019 0.0126
spert3 1.0000 0.004 1.00676 | 0.00114 0.0117
spert4 1.0000 0.004 0.99542 | 0.00173 0.011
spert5 1.0000 0.004 1.00104 | 0.00162 0.0105
spert6 1.0000 0.004 1.00133 | 0.00168 0.0102
spert? 1.0000 0.004 0.99923 | 0.00163 0.0097
spert8 1.0000 0.004 0.99843 | 0.00154 0.0098
spert9 1.0000 0.004 1.00003 | 0.00143 0.0099
spert10 1.0000 0.004 1.00608 | 0.00177 0.0147
sperti1 1.0000 0.004 1.00565 | 0.00163 0.0115
%@%ﬂ;& f:ggc'\.ffw sperti2 1.0000 0.004 1.00676 | 0.00156 |  0.0101
spert13 1.0000 0.004 1.03289 | 0.00181 | 0.0143
spert14 1.0000 0.004 0.99451 | 0.00158 0.0106
spert15 1.0000 0.004 0.99355 | 10.00107 0.0106
spert16 1.0000 0.004 1.00791 | 0.00175 0.012
spert17 1.0000 0.004 1.00569 | 0.00188 "~ 0.0131
spert18 1.0000 0.004 1.00028 | 0.00198 0.014
sperti9 1.0000 0.004 -1 0.99482 | 0.00148 0.0097
spert20 1.0000 0.004 0.99652 | 0.00158 0.0114
spert21 1.0000 0.004 1.00113 | 0.00186 0.0126
spert22 1.0000 0.004 1.00272 | 0.00194 0.0133
spert23 1.0000 0.004 1.00695 | 0.0011 0.0132
Experiment HEU-COMP- het2_1 1.0011 0.0069 1.0095 0.0017 0.02439
THERM-002 (25 cases) het2_2 1.0011 0.0069 1.0157 0.0018 0.01948
het2_3 1.0011 0.0069 1.0161 0.0017 0.01643
het2_4 1.0011 0.0069 1.0186 0.0019 0.01449
het2_5 | 1.0011 0.0069 1.0181 0.0016 0.01295
hct2_6 1.0011 0.0069 1.0182 0.0018 0.01208
het2_7 1.0011 0.0069 1.0171 0.0014 0.01181
hct2_8 1.0011 0.0069 1.0178 0.0016. 0.01054
het2_9 1.0011 00069 | 1.0173 0.0013 0.00994
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Table II-5. ke Values for Benchmarks Applicable to Intact Moderated Configurations for TRIGA DOE
. SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp Kett Ocalc AENCF
hct2_10 1.0011 0.0069 1.016 0.0013 0.00986
het2_11 1.0011 0.0053 1.0155 0.0018 0.02013
hct2_12 1.0011 0.0053 1.0171 0.0016 0.01411
hct2_13 1.0011 0.0053 1.0219 0.0017 0.01249
hct2_14 1.0011 0.0055 1.0179 0.0017 0.01201
het2_15 1.0011 0.0055 1.0181 0.0014 0.01122
hct2_16 1.0011 0.0055 1.0161 0.0016 0.01024
het2_17 1.0011 0.0055 1.0196 0.0013 0.00978
het2_18 1.0020 0.0043 | 1.019 0.0018 '0.02096
hct2_19 1.0020 0.0043 1.0155 0.0016 0.01522
hct2_20 1.0020 0.0043 1.0135 0.0017 0.01223
het2_21 1.0020 0.0043 1.0178 0.0014 0.01125
hct2_22 1.0020 0.0043 1.0183 0.0015 0.00936
hct2_23 1.0008 0.0085 1.0196 0.0018 0.01542
hct2_24 1.0008 0.0085 1.0185 0.0016 0.01212
het2_25 1.0008 0.0085 1.0136 0.0017 0.0112

Source: BSC2002a, Table 6-5

Table 11-6. ke Values for Benchmarks Applicable to Intact Non-moderated Configurations for TRIGA

DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp__ Keti Ocale AENCF

Experiment HEU-MET-FAST-]__hmf023_02 1.0000 0.0052 0.9932 0.0011 1.452
023 (22 cases) hmt{023_03 1.0000 0.0052 1.0052 0.0012 1.185
hmf023_04 1.0000 0.0052 1.0251 0.0013 1.032

hmt023_05 1.0000 0.0052 1.0294 0.0013 1.005

hmf023_06 1.0000 0.0052 0.9935 0.001 1.581

-hmi023_07 1.0000 0.0052 0.9927 0.0011 1.461

hm{023_08 1.0000 0.0052 1.0004 0.0012 1.172

hmif023_09 1.0000 0.0052 1.0215 0.0011 1.015

hmf023_10 . 1.0000 0.0052 1.027 0.0013 0.993

hm{023_12 1.0000 0.0052 0.9833 0.0011 1.46

hmf023_13 1.0000 0.0052 1.0119 0.0011 1.193

hmf023_14 1.0000 0.0052 1.0258 0.0013 1.044

hm{023_15 1.0000 0.0052 1.0296 0.0013 1.017

hmf023_16 1.0000 0.0052 0.9975 0.001 1.581

hmf023_17 1.0000 0.0052 0.9961 0.0011 1.469

hmf023_18 1.0000 0.0052 0.9999 0.0012 1.181

hmf023_19 1.0000 0.0052 1.0185 0.0012 1.034

hmf023_20 1.0000 0.0052 1.0246 0.0012 1.009
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Table 1I-6. keu Values for Benchmarks Applicable to Intact Non-moderated Configurations for TRIGA

DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Ken Oexp Kett Ocalc AENCF
hmf023_21 1.0000 0.0057 0.9934 0.001 1.585

hmf023_22 1.0000 0.0052 1.0252 0.0011 0.983

hm{023_28 1.0000 0.0052 0.9948 0.0009 1.58
hmt023_29 1.0000 0.0052 0.9947 0.001 1.582
hmf26b1 0.0982 0.0042 1.0001 0.0014 1.5756
hm#26b2 0.9982 0.0042 0.0982 0.0014 1.4694
hmt26b3 1.0000 0.0038 0.098 0.0018 1.2064
hmi26b4 1.0000 0.0038 0.997 0.0017 1.1003
hmi26bs - 1.0000 0.0038 0.9977 0.0018 1.0961
hmi26b6 0.9982 0.0042 0.9963 0.0014 1.5835
hmi26b7 0.9982 0.0042 0.997 0.0016 1.4657
hmi26b8 1.0000 0.0038 0.9975 | 0.0015 1.2118
hmf26b9 1.0000 0.0038 0.9975 0.0017 1.1028
hmf26b10 1.0000 0.0038 0.9975 0.0016 1.0979
hmf26c1 0.9982 0.0042 0.9989 0.0014 1.5784
hmf26c10 1.0000 0.0038 0.9969 0.0016 1.2326
hmi26c11 1.0000 0.0038 1.0026 0.0017 1.1529
hmi26c12 1.0000 0.0038 1.0039 0.0016 1.1412
hmt26c2 0.9982 0.0042 0.9982 0.0014 1.5803
Experiment HEU-MET-FAST-|__NMi26c3 0.9982 0.0042 0.9987 0.0016 1.4701
026 (32 cases) hmi26c4 1.0000 0.0038 1.0023 0.0017 1.3449
hmf26c5 1.0000 0.0038 0.9985 0.0017 1.233
hmi26c6 1.0000 0.0038 0.9993 0.0018 1.1473
hmf26c7 1.0000 0.0038 0.9955 0.0017 1.1437
hmf26c8 0.0982 0.0042 0.9949 0.0015 1.5745
hmi26c9 0.9982 0.0042 0.9944 | - 0.0015 1.4747
hmt26d1 0.9982 0.0042 0.9964 0.0014 1.5776
hmt26d10 1.0000 0.0038 0.9961 0.0019 1.1907
hmf26d2 0.9982 0.0042 0.9998 0.0014 1.4797
hmf26d3 1.0000 0.0038 0.998 0.0016 1.262
hmi26d4 1.0000 0.0038 0.0989 0.0016 1.1935
hmi26d5 1.0000 0.0038 0.9956 0.0017 1.1859
hmf26d6 0.9982 0.0042 0.0989 0.0014 1.5785
hmf26d7 0.9982 0.0042 0.9959 0.0015 1.47B4
hmi26d8 1.0000 0.0038 0.9982 0.0017 1.273
hmf26d9 1.0000 0.0038 1.0015 0.0018 1.2025
hci3-1 1.0000 0.0057 1.0097 0.0016 0.824
hci3-2 1.0000 0.0061 1.0061 0.0017 0.675
hci3-3 1.0000 0.0056 1.0048 0.0018 0.679
E’,‘ﬂ‘i’;’g‘f{,‘}, ;gﬁ;’;‘)"- hci3-4 1.0000 0.0055 1.0035 0.0017 0.702
hci3-5 1.0000 0.0047 0.993 0.0018 0.564
hci3-6 1.0000 0.0047 0.9963 0.0017 0.706
hci3-7 1.0000 0.005 0.9976 0.0019 0.705

SN
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Table II-6. ko4 Values for Benchmarks Applic

able to Intact Non-moderated Configurations for TRIGA

DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kent Oexp Keet Ocale_ AENCF
o (eU.comp. | heucites 1.0000 0 0.9951 | 0.0008 0.22
MIXED-003) (1 case)
hem-4 1.0000 0.0059 1.0027 | 0.001 0.1045
hcm-2 1.0012 0.0059 1.0059 | 0.0011 0.1053
hem-5 0.9985 0.0056 09963 | 0.001 0.7833
hcm-6 0.9953 0.0056 09899 | 0.001 0.7962
hem-7 0.9997 0.0038 09949 | 0.001 0.8015
hcm-8 0.9984 0.0052 09915 | 0.0011 0.6872
hcm-9 0.9983 0.0052 0.9931 | 0.0011 0.6536
hcm-10 "0.9979 0.0052 0.9941 0.001 0.6494
hem-11 0.9983 0.0052 09934 | 0.0011 0.6385
hem-12 0.9972 0.0052 0.996 | 0.0011 0.6358
hem-13 1.0032 0.0053 09977 | 0.0011 0.6309
hem-15 1.0083 0.005 1.0063 | 0.0011 0.4671
Experiment HEU-COMP- hem-16 1.0001 0.0046 09949 | 0.0011 0.4692
"%gghﬁ%‘ow‘é‘é‘c’a"sﬁs”) hem-17 0.9997 0.0046 09926 | 0.001 0.4647
hcm-18 1.0075 0.0046 1 0.001 0.4625
hem-19 1.0039 0.0047 1 0.0011 0.5191
hcm-20 1.0060 0.0065 70051 | 00015 0.5357
hem-21 1.0026 0.0064 1.0046 | 0.0016 0.5378
hem-22 1.0013 0.0064 09995 | 0.0016 0.5371
hcm-23 0.9995 0.0053 70056 | 0.0015 0.535
hcm-24 1.0020 0.0053 1.0003 | 0.0016 0.5352
hcm-25 0.9983 0.0053 0997 | 0.0014 05333
hcm-26 0.9998 0.0053 1.0001 | 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 | 0.0016 0.5302
hcm-28 1.0037 0.0053 70033 | 00015 0.541
hem-29 0.9992 0.0052 0.9998 | 0.0014 0.5401
Exporimont HEU-COMP- | emo2_1 1.0000 0.0085 0.9866 | 0.0017 0.868
MIXED-002 (23 cases) hem02_10 1.0000 0.0081 00856 | 0.0019 0.57
hemo2_11 1.0000 0.0088 0.9829 | 0.0019 0.568
hcm02_12 1.0000 0.0078 0.99 0.0019 0.556
hcm02_13 1.0000 0.0083 09874 | 0.0017 0.559
hcmo2_14 1.0000 0.0112 0988 | 0.0017 0.735
hcm02_15 1.0000 0.011 0.985 | 0.0017 0.73
hcmo02_16 1.0000 0.0108 09861 | 0.0017 0.735
hcmo2_17 1.0000 0.0112 09861 | 0.0016 0.732
hcm02_18. 1.0000 0.0111 0.9502 | 0.0017 0.727
hcmo2_19 1.0000 0.0107 0.991 0.0017 0.712
hcmo2_2 1.0000 0.0088 0.9907 | 0.0017 0.865
hcm02_20 1.0000 0.0108 0.9824 | 0.0018 0.735
hem02_21 1.0000 0.0092 09843 | 0.0016 0.902
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Table II-6. k.4 Values for Benchmarks Applicable to Intact Non-moderated Configurations for TRIGA
DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kets Ocalc AENCF
hcm02_22 1.0000 0.009 0.9879 0.0019 0.898
hcm02_23 1.0000 0.0093 0.9866 0.0016 0.896
hem02_3 1.0000 0.0093 0.9914 0.0016 0.724
hcm02_4 1.0000 0.0087 0.9923 0.0017 0.716
hcm02_5 1.0000 0.0089 0.9933 0.0017 0.722
hcm02_6 1.0000 0.0093 0.9852 0.0018 0.574
hcm02_7 1.0000 0.0086 0.9813 0.0019 0.578
hcm02_8 1.0000 0.0068 0.9943 0.0018 0.537
hcm02_9 1.0000 0.0076 .} 0.9913 0.0018 0.541

Source: BSC2002a, Table 6-6

Table I1-7. k. Values for Benchmarks Applicable to Degraded Moderated Configurations for TRIGA DOE
SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp Kett Cealc’ AENCF
hest1-1 1.0000 0.0025 1.00241 | 0.00131 0.01582
hest1-2 1.0000 0.0025 0.99816 | 0.00209 0.03873
hest1-3 1.0000 0.0025 1.00453 | 0.00199 0.01546
hest1-4 1.0000 0.0025 1.0013 | 0.00203 0.0405
Experiment HEU-SOL- hest1-5 1.0000 0.0025 1.00361 | 0.00166 0.00651
THERM-001 (10 cases) hest1-6 1.0000 0.0025 1.01038 | 0.00187 0.00678
hest1-7 - 1.0000 0.0025 1.0023 | 0.00201 0.01501
hest1-8 1.0000 0.0025 1.00505 | 0.00213 0.0161
hest1-9 1.0000 0.0025 0.99973 | 0.00212 0.04099
hest110 1.0000 0.0025 0.99468 | 0.00178 0.00757
Experiment HEU-SOL- heustsc1 1.0000 0.0124 1.0007 0.0011 0.035
THERM-005 (17 cases) heust5¢10 1.0000 0.0124 0.9947 0.0013 0.04
heust5c11 1.0000 0.0083 0.9885 0.0012 0.032
heust5c12 1.0000 0.0084 1.0201 0.0013 0.034
heust5¢13 1.0000 0.0119 1.0028 0.0012 0.021
heust5c14 1.0000 0.0058 0.991 0.0012 0.019
heust5c15 1.0000 0.0059 1.0115 0.0014 0.02
heust5¢c16 1.0000 0.0121 1.0068 0.0011 0.011
heust5¢17 1.0000 0.0057 0.9926 0.0013 0.011
heust5c2 1.0000 0.0124 0.988 0.0012 0.041
heust5c3 1.0000 . 0.0124 1.0128 0.0012 0.036
heust5c4 1.0000 0.0126 1.0128 0.0012 0.036
heust5c5 1.0000 0.0124 0.9937 0.0012 0.039
heust5c6 1.0000 - 0.0124 1.0082 0.0012 0.036
heustsc7 1.0000 0.0124 1.0048 0.0012 0.033
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Table II-7. k.4 Values for Benchmarks Applicable to

Degraded Moderated Configurations for TRIGA DOE

SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Ken Oexp Kett Ccaic AENCF
heust5c8 1.0000 0.0124 09914 | 0.0013 ©0.04
heust5c9 1.0000 0.0125 1.007 0.0011 0.035
heustécl 0.9973 0.005 0.987 0.0015 0.033
heust6c10 1.0000 0.0065 1.002 0.0013 0.037
heustéc11 1.0000 0.0088 1.0023 0.0011 0.042
heust6¢12 0.9973 0.005 0.9857 0.0014 0.032
heust6c13 0.998 0.0054 0.9904 0.0014 0.035
heustécid 1.0000 0.0078 1.0027 0.0013 0.039
heust6c15 1.0000 0.0091 1.0093 | 0.0011 . 0.041
heust6c16 1.0000 0.0087 1.0032 0.0012 0.042'
heustéc17 1.0000 0.0088 1.0034 0.0012 0.042
heust6c18 1.0000 0.0078 1.0047 0.0012 0.039
heust6c19 1.0000 0.0091 1.0115 0.0011 0.04
heust6c2 0.9986 0.0054 . 0.9907 0.0014 0.036
heust6c20 1.0000 0.0087 1.0027 0.0012 0.041
) heust6c21 1.0000 0.0088 1.0009 0.0011 0.042
5;";,:’;3_"0’36”@322;) heust6c22 1.0000 0.0065 1.0027 | 0.0014 0.038
_ heust6c23 1.0000 0.0078 1.0032 0.0013 0.039
heust6c24 1.0000 0.0091 1.0089 0.0012 0.04
heust6c25 1.0000 0.0087 1.001 0.0011 0.042
heust6c26 1.0000 0.0088 1.0019 0.0011 0.042
heust6c27 '0.9973 0.005 0.9853 0.0014 0.032
heust6c28 0.9986 0.0054 0.9895 0.0014 0.036
heust6c29 1.0000 0.0088 1.0038 0.0011 0.042
heust6c3 1.0000 0.0065 1.002 0.0013 0.037
heust6cd 1.0000 0.0078 1.0033 0.0012 0.04
heustéc5 1.0000 0.0091 1.0115 0.0011 0.041
heust6c6 1.0000 0.0087 1.002 0.0012 0.042
heust6c7 1.0000 0.0088 1.0011 0.0011 0.043
heust6c8 0.9973 0.005 0.9832 0.0014 0.032
heust6c9 0.9986 0.0054 0.9904 0.0013 0.035
heust81 1.0000 0.003 1.00316 | 0.00134 0.00661
Experiment HEU-SOL- heust83 1.0000 10.003 0.9973 0.0019 0.00644
THERM-008 (5 cases heust86 1.0000 0.003 1.00969 | 0.0023 0.03669
evaluated) heusi89 1.0000 0.003 1.00373 | 0.00116 0.0066
hest813 1.0000 0.003 1.00331 0.002 0.03616
heust9c1 1.0000 0.0057 1.0051 0.0006 0.058
Experiment HEU-SOL- heust9¢2 1.0000 0.0057 1.0045 0.0006 0.045
THERM-009 (4 cases) heust9c3 1.0000 0.0057 1.0047 0.0007 0.029
heust9c4 1.0000 0.0057 0.9994 0.0007 0.018
Experiment HEU-SOL- heust10ct 1.0000 0.0018 1.005 0.0007 0.009
THERM-010 (4 cases) heust10c2 1.0000 0.0018 1.0049 0.0006 0.009
heust10c3 1.0000 0.0018 1.0026 0.0006 0.01
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Table II-7. k.4 Values for Benchmarks Applicable to Degraded Moderated Configurations for TRIGA DOE
: SNF

Benchmark values Calculated values (MCNP)
Experiment .| Case name Kent Oexp_ Kett Geate AENCF
heust10c4 1.0000 0.0018 0.9999 | 0.0007 0.01
Experiment HEU-SOL- heustitict 1.0000 0.0018 1.0086 0.0005 0.005
THERM-011 (2 cases) heust11c2 1.0000 0.002 1.0044 | 0.0005 0.005
Experiment HEU-SOL- “heust12 0.9999 0.0058 1.0027 | 0.0005 0.0027
THERM-012 (1 case)
hest131 1.0012 0.0026 1.00135 | 0.0005 0.00267
Experiment HEU-SOL- hest132 1.0007 0.0036 1.0002 0.00057 0.00307
THERM-013 (4 cases) hest133 1.0009 0.0036 0.99689 | 0.00085 0.00378
hest134 1.0003 0.0036 0.99777 | 0.00061 0.00374
_ hest141 1.0000 0.0028 0.99854 | 0.00119 0.00716
ot (5 cavath hest142 1.0000 0.0052__ | 1.01307 | 0.00115 0.0073
hest143 1.0000 0.0087 1.02137 | 0.00109 0.00775
hest151 1.0000 0.0032 1.0058 | 0.00123 0.01056
) . hest152 1.0000 0.0034 0.99295 | 0.00125 0.00998
o (& oot hest153 1.0000 0.0068___| 1.00874 | 0.0012 0.01127
hest154 1.0000 0.0069 1.01579 | 0.00115 0.0104
hest155 1.0000 0.0089 1.01277 | 0.00116 0.01133
. hest161 1.0000 0.0036 0.9922 | 0.00137 0.01513
e (3 ansat) hest162 1,0000 00069 | 1.01098 | 0.00122_|  0.01539
hest163 1.0000 0.0079 1.02046 | 0.00119 0.01608
hest171 1.0000 0.0028 0.99352 | 0.00125 0.01892
hestt7z2 | 1.0000 0.004 0.98387 | 0.0015 0.02097
hest173 1.0000 0.0036 0.98507 | 0.00134 0.01969
Experiment HEU-SOL- hest174 1.0000 0.0047 1.0036 | 0.00131 0.01947
THERM-017 (8 cases) hest175 .1.0000 0.0058 1.01001 | 0.00121 0.01973
hest176 1.0000 0.0055 | 1.00653 | 0.00109 0.02183
hest177 1.0000 0.0057 1.01111 | 0.00121 0.02087
hest178 1.0000 0.0067 1.00409 | 0.00112 0.0221
hest181 1.0000 0.0034 0.99364 | 0.00143 0.02846
hest182 1.0000 . 0.0046 0.09331 | 0.00142 | . 0.03121
hest183 1.0000 0.0042 0.99025 | 0.00136 0.02976
hest184 1.0000 0.0044 1.00177 | 0.00133 0.02919
- hest185 1.0000 0.0046 0.99727 | 0.00141 0.03274
Experiment HEU-SOL- hes1186 1.0000 0.0045 0.99699 | 0.00129 0.03086
THERM-018 (12 cases) hest187 1.0000 0.0058 1.01204 | 0.00118 0.02988
hest188 1.0000 0.0056 1.01266 | 0.00117. 0.03286
hest189 1.0000 0.0056 1.00855 | 0.00114 0.03109
hst1810 1.0000 0.0057 1.02526 | 0.00114 0.03464
hst1811 1.0000 0.0059 1.02814 | 0.00115 0.03203
hst1812 1.0000 0.0065 1.01861 | 0.00101 0.03353
_ hest191 1.0000 0.0041 1.00102 [ 0.00129 0.04249
015 (5 cavce) hest192 1.0000 0.0041 1.00497 | 0.00116 0.03928
hest193 1.0000 0.0067 1.00044 | 0.00122 0.04166
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Table II-7. k.4 Values for Benchmarks Applicable to Degraded Moderated Configurations for TRIGA DOE
o SNF .

Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kot Gealc AENCF
hst021_01 0.9975 0.0054 1.005 0.0011 0.0425
hst021_02 0.9975 0.0054 1.0057 0.0011 0.0403
hst021_03 0.9975 0.0054 1.0099 0.0011 0.0393
hst021_04 0.9975 0.0054 1.0124 0.0009 0.037
hst021_05 0.9975 0.0054 1.0118 0.001 0.0365
hst021_06 0.9975 0.0054 1.0114 0.001 0.0365
hst021_07 0.9975 0.0054 1.0088 0.0009 0.0363
hst021_08 0.9975 0.0054 1.0052 0.001 0.0362
hst021_09 09975 | 0.0054 1.0086 0.001 0.0404
hst021_10 0.9975 0.0054 1.0088 0.001 0.0399
hst021_11 0.9975 0.0054 1.0084 0.0009 0.0381
hst021_12 0.9975 0.0054 1.014 0.001 0.0369
hst021_13 0.9975 0.0054 1.0125 0.001 0.0364
hst021_14 0.9975 0.0054 1.0129 0.0009 0.0363
hst021_15 0.9975 0.0054 1.0133 0.0009 0.036
Experiment HEU-SOL- hst021_16 0.9978 0.0054 0.9955 0.001 0.0437
THERM-021 (32 cases) hst021_17 0.9978 0.0054 1.0141 0.001 0.04
hst021_18 0.9978 0.0054 1.0023 0.001 0.0403
hst021_19 0.9978 0.0054 1.0145 0.001 0.0373
hst021_20 0.9978 0.0054 1.0107 0.0009 0.0373
hst021_21 0.9978 0.0054 1.0133 0.0009 0.0361
hst021_22 0.9978 0.0054 1.0026 0.001 0.0368
hst021_23 0.9978 0.0054 1.0015 0.001 0.0413
hst021_24- 0.9978 0.0054 1.0028 0.001 0.0407
hst021_25 0.9978 0.0054 1.006 0.001 0.0388"
hst021_26 0.9978 0.0054 0.995 0.001 0.0432
hst021_27 0.9978 0.0054 0.9995 0.0012 0.0432
hst021_28 0.9975 0.0054 1.0036 0.001 " 0.0283
hst021_29 0.9975 0.0054 1.0081 0.001 ©0.0242
hst021_30 0.9978 . 0.0054 1.0005 0.001 0.039
hst021_31 0.9978 0.0054 0.9976 0.0009 0.0283
hst021_32 0.9978 0.0054 1.0062 0.0009 0.0067
Experiment HEU-SOL- hst25_1 1.0002 0.0025 1.00384 | 0.00083 0.005
THERM-025 (18 cases) hst25_2 1.0007 0.0025 1.00515 | 0.0008 0.005
hst25_3 1.0002 0.0064 0.99868 | 0.00079 0.006
hst25_4 1.0003 0.0027 1.00609 | 0.0008 0.006
hst25_5 1.0013 0.003 1.00929 | 0.00091 0.008
hst25_6 1.0002 0.0067 1.00997 | 0.00075 0.006
hst25_7 1.0009 0.0073 1.01327 | 0.00078 0.007
hst25_8 1.0000 0.0067 1.01046 | 0.00077 0.007
hst25_9 1.0002 0.0065 1.00682 | 0.00081 0.009
hst25_10 1.0003 0.0043 1.01198 | 0.00079 0.012
hst25_11 1.0002 0.0045 1.01281 | 0.0008 0.012
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Table 1I-7. ke Values for Benchmarks Applicable to Degraded Moderated Contfigurations for TRIGA DOE
SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kett OCexp Kett Oeate AENCF
hst25_12 1.0002 0.0045 1.01092 | 0.00078 0.015
hst25_13 1.0009 0.0047 1.01804 | 0.00074 0.015
hst25_14 1.0008 0.0053 1.01041 | 0.00081 0.02
hst25_15 1.0002 0.0058 1.0044 0.0008 0.019
hst25_16 1.0000 0.0049 1.0162 | 0.00079 0.028
hst25_17 | 1.0000 0.0055 1.00831 | 0.00077 0.027
hst25_18 1.0000 0.0061 1.00518 | 0.00077 0.026
hst27_1 1.0000 0.0046 1.00009 | 0.00099 0.015
hst27_2 1.0000 0.0043 1.00204 | 0.00106 0.015
hst27_3 1.0000 0.0037 1.00171 | ©.00101 0.015
. hst27_4 1.0000 0.0037 1.00394 | 0.00097 0.015
7 6 anust) hst27_5 1.0000 0.0044 100241 | 0.001 0.015
hst27_6 1.0000 0.0043 0.99517 0.001 0.014
hst27_7 1.0000 0.0038 1.00003 | 0.00102 0.015
hst27_8 1.0000 0.0035 1.0026 | 0.00103 0.014
hst27_9 1.0000 0.0039 1.00098 | 0.00103 0.015
hst28_1 1.0000 0.0023 1.00234 | 0.00086 0.007
hst28_2 1.0000 0.0034 1.00156 | 0.00082 0.008
hst28_3 1.0000 0.0026 1.00102 | 0.00085 0.007
hst28_4 1.0000 "~ 0.0028 1.00236 | 0.00087 0.008
hst28_5 1.0000 0.0031 0.99733 | 0.00092 0.008
 hst28_6 1.0000 0.0023 1.00141 | 0.00086 0.008
hst28_7 1.0000 0.0038 1.00259 |- 0.0009 0.007
hst28_8 1.0000 0.0027 1.00111 | ©.00086 0.008
Experiment HEU-SOL- hst28_9 1.0000 0.0049 1.00008 | 0.00005 0.026
THERM-028 (18 cases) hst28_10 1.0000 0.0053 0.99653 | 0.00091 0.026
hst28_11 1.0000 0.0052 1.00188 | 0.00102 0.026
hst28_12 1.0000 0.0046 0.99633 | 0.00096 0.027
hst28_13 1.0000 0.0058 0.99826 | 0.00097 0.026
hst28_14 1.0000 0.0046 0.99993 { 0.00092 0.027
hst28_15 1.0000 0.0064 1.00725 | 0.00095 0.027
hst28_16 1.0000 0.0052 1.00292 | 0.00096 0.027
hst28_17 1.0000 0.0066 0.99727 | 0.00095 0.027
hst28_18 1.0000 0.006 0.99794 | 0.00096 0.027
hst29_1 1.0000 0.0066 1.00095 0.001 0.028
hst2g 2 |  1.0000 0.0058 1.00562 | 0.00097 0.027
. hst29_3 1.0000 0.0068 0.99616 | 0.00094 0.028
0 7 2oty hst29_4 1.0000 0.0074___| 0.99727 | 0.00097 0.028
hst29_5 1.0000 0.0067 1.00111 | 0.00098 0.029
hst29_6 1.0000 0.0065 1.00158 | 0.00097 0.029
hst29_7 1.0000 0.0063 1.00199 0.001 0.028
Experiment HEU-SOL- hst30_1 1.0000 0.0039 1.00043 0.0009 0.008
THERM-030 (7 cases) hst30_2 1.0000 0.0032 1.00205 | 0.00087 0.008
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Table II-7. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for TRIGA DOE
SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kot Cexp Kest Ocate AENCF
hst30_3 1.0000 0.0031 0.99961 | 0.00083 0.008
hst30_4 1.0000 0.0064 1.00322 | 0.00099 0.028
hst30_5 1.0000 0.0058 0.99887 | 0.00095 0.027
hst30_6 1.0000 0.0059 1.00262 0.001 0.028
hst30_7 1.0000 0.0084 1.00028 | 0.00097 0.028
hst31_1 1.0000 0.0046 1.0165 | 0.00093 0.028
Experiment HEU-SOL- hst31_2 1.0000 0.0058 1.04116 | 0.00091 0.029
THERM-031 (4 cases) hst31_3 1.0000 0.0058 1.00109 | 0.00092 0.029
' hst31_4 1.0000 0.0068 1.00745 | 0.00098 0.031
$§g§h’;‘%’§2”g%;§2)'" Heust032 1.0015 0.0026 1.0001 | 0.0004 0.0021
hst33d_02a 1.0000 0.0111 1.00007 | 0.00128 0.036
hst33d_02b 1.0000 0.0108 0.99792 | 0.00113 0.036
hst33d_02¢ 1.0000 0.0065 0.09796 | 0.00119 0.036
hst33d_03a 1.0000 - 0.0114 1.00634 | 0.00108 0.033
hst33d_03b 1.0000 0.0111 1.00608 | 0.00115 0.034
hst33d_03¢c 1.0000 0.007 1.01079 | 0.00118 0.032
hst33d_04a 1.0000 0.0114 1.0057 | 0.00109 0.035
hst33d_04b 1.0000 0.0111 1.0116 | 0.00117 0.035
hst33d_05a 1.0000 0.0111 1.01126 | 0.00114 0.035
hst33d_05b 1.0000 0.0108 1.00608 | 0.00128 0.035
hst33d_06a 1.0000 0.0111 1.00936° | 0.00112 0.035
hst33d_06b 1.0000 0.0108 1.00915 | 0.00114 0.034
Experiment HEU-SOL- hst33d_07a 1.0000 0.0111 1.00453 | 0.00107 0.035
THERM-033 (26 cases) hst33d_07b 1.0000. 0.0108 1.00406 | 0.00109 0.035
hst33d_08a 1.0000 0.0111 1.00558 | 0.00113 0.034
hst33d_08b 1.0000 0.0108 1.00213 | 0.00111 0.035
hst33d_09a 1.0000 0.0111 1.00228 | 0.00115 | 0.036
hst33d_09b 1.0000 0.0108 0.99359 | 0.00113 0.035
hst33d_09¢ 1.0000 0.0104 0.99619 | 0.00116 - 0.036
hst33d_10a 1.0000 0.0114 1.00267 | 0.00113 0.034
hst33d_10c 1.0000 0.007 1.00333 | 0.00103 0.032
hst33d_10d 1.0000 0.0104 0.99286 | 0.00111 0.033
hst33d_11a 1.0000 0.0111 1.00669 | 0.0011 0.035
hst33d_11b 1.0000 0.0108 1.00176 | 0.00097 0.034
hst33d_12a 1.0000 0.0111 1.00386 | 0.00112 0.036
hst33d_12b 1.0000 0.0108 1.00165 | 0.00107 0.035
Experiment HEU-SOL- hst35_1 1.0000 0.0031 1.0049 | 0.00073 0.004
THERM-035 (9 cases) hst35_2 1.0000 0.0032 1.00859 | 0.00068 0.004
hst35_3 1.0000 0.003 1.00832 | 0.00072 0.004
hst35_4 1.0000 0.003 1.00757 | 0.0007 0.004
hst35_5 1.0000 0.0033 1.00565 | 0.00087 0.008
hst35_6 1.0000 0.0029 1.00828 | 0.00089 0.008




Engineered Systems Project Calculation
Title: Analysis of Critical Benchmark Experiments and Critical Limit Calculation for DOE SNF
Document Identifier: CAL-DSD-NU-000003 Rev 00A Page 1123 of II-76
Initial and Date: Originator:_JR~(_0702/3 Checker: _#-S . 7/2/03

Table II-7. ke Values for Benchmarks Applicable to Degraded Moderated Configurations tor TRIGA DOE
SNF

Benchmark values Calculated values (MCNP)

Experiment Case name Ketr _Cexp_ Kett Oealc AENCF
hst35_7 1.0000 0.0035 1.00811 | 0.00095 0.015
hst35_8 1.0000 0.0038 1.0048 | 0.00095 0.016
hst35_9 1.0000 0.0041 1.00486 [ 0.00095 0.016
hst36_1 0.9974 0.0045 0.9989 0.0009 0.01
Experiment HEU-SOL- hst36_2 0.9979 0.0039 1.0044 .0.001 0.011
THERM-036 (4 cases) hst36_3 0.9993 0.0044 0.9995 | 0.0009 0.012
hst36_4 1.0000 0.0062 1.0008 | 0.0009 0.012
hst37_1 0.9980 0.0034 1.0120 | 0.0011 0.005
hst37_2 0.9990 0.0035 1.0048 | 0.0011 0.005
hst37_3 0.9970 0.0042 1.0096 | 0.0012 0.007
) hst37_4 0.9980 0.0035 1.0141 0.0012 0.007
e A7 (5 aaent) hst37_5 0.9980 0.0042 1.0089_| _0.0011 0.007
hst37_6 0.9960 0.0051 1.0172 0.0013 0.009
hst37_7 0.9980 0.0034 1.0162 | 0.0012 0.009
hst37_8 0.9980 0.004 1.0125 | 0.0013 0.009
hst37_9 0.9980 0.0047 1.008 0.0012 0.009
_ heust43c1 0.9986 0.0017 0.9995 0.0007 0.014
e (o oot heust43c2_| 09995 0.0041 1.0082_|_0.0004 0.003
heust43c3 0.9990 0.0044 1.0033 0.0004 0.003
hst4410 0.9944 0.0077 0.9909 | 0.0018 - 0.039
hstd4411 0.9944 0.0078 0.9847 0.002 0.041
hst4412 0.9944 0.0078 09872 | 0.0017 0.04
hst4413 0.9964 0.0067 1 0.0018 - 0.042
hst4416 0.9974 0.0062 1.0178 | 0.0018 0.043

hst4417 0.9964 0.0057 09987 [ 0.0017 0.044 -
hst4419 0.9974 0.0063 1.0079 0.0018 0.045
Experiment HEU-SOL- hst4444 0.9984 0.0057 1.0004 0.0017 0.045
THERM-044 (16 cases) hst4449 0.9964 0.0047 1.0116 | 0.0017 " 0.034
hst4450 0.9946 0.0047 0.9881 0.0018 0.038
hst4451 0.9984 0.0057 1.0047 0.0017 0.046
hst4453 0.9984 0.0064 1.0189 | 0.0018 0.047
hst4454 0.9984 0.0065 1.0142 0.0015 0.046
hst4455 0.9984 0.0065 1.0196 0.0017 0.046
hst447 0.9944 0.0097 0.9948 | 0.0018 0.037
hst448 0.9946 0.0083 0.9955 0.0021 0.042

Source; BSC2002a, Table 6-7
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Table 11-8. ke Values for Benchmarks Applicable to Degraded Non-Moderated Configurations for TRIGA

DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kett Oecale AENCF
heumf2-1 1.0000 0.003 1.0024 0.0011 1.599
heumf2-2 1.0000 0.003 1.0034 0.0011 1.597
Exveriment HEU-MET-FAST-|__heumf2-3 1.0000 0.003 1.002 0.001 1.592
002 (6 cases) heumf2-4 1.0000 0.003 1.0041 0.001 1.583
heumf2-6 1.0000 0.003 1.0039 0.001 1.579
heurnf2-6 1.0000 0.003 1.0028 0.0011 1.583
Experiment HEU-MET-FAST-|  heumf4c2 0.9985 0.0008 1.0017 0.0007 1.166
004 (1 case)
Experiment HEU-MET-FAST- HMF8 0.9989 0.0016 0.9951 0.00058 1.5501
008 (1 case)
Experiment HEU-MET-FAST- HMF11 0.9989 0.0015 0.99348 | 0.00079 1.1607
011 (1 case)
Experiment HEU-MET-FAST- HMF12 0.9992 0.0018 0.99399 | 0.00043 1.5237
012 (1 case) .
Experiment HEU-MET-FAST- HMF13 0.999 0.0015 0.99997 | 0.00061 1.4838
- 013 (1 case) : 1 .
Experiment HEU-MET-FAST- HMF14 0.9989 0.0017 0.99831 | 0.00062 1.5465
014 (1 case)
Experiment HEU-MET-FAST- HMF15 0.9996 0.0017 0.99263 | 0.00056 1.5813
015 (1 case)
Experiment HEU-MET-FAST- HMF18 1.0000 0.0014 0.99805 | 0.00056 1.5515
018 (1 case) .
Experiment HEU-MET-FAST- HMF19 1.0000 0.0028 1.00277 | 0.0006 1.4793
019 (1 case)
Experiment HEU-MET-FAST- HMF20 1.0000 0.0028 0.99574 | 0.00061 1.4341
020 (1 case)

Experiment HEU-MET-FAST- HMF21 1.0000 0.0024 1.00192 0.0006 1.4431
021 (1 case) : :
Experiment HEU-MET-FAST- HMF22 1.0000 0.0019 0.99272 0.0006 1.5049

022 (1 case) .
Experiment HEU-MET-FAST- HMF24 0.9990 0.0015 0.99521 { 0.00109 1.2553
024 (1 case)
Experiment HEU-MET-FAST-|  heumf27¢1 1.0000 0.0025 1.0098 0.0006 1.512
027 (1 case) _ .
Experiment HEU-MET-FAST-}  heumf29c1 1.0000 - 0.002 1.0038 0.0006 1.547
029 (1 case)
Experiment HEU-MET-FAST-|  heum(31c1 1.0000 0.0059 0.9964 0.0007 0.966
031 (1 case)
heum{32c1 1.0000 0.0016 1.0054 0.0007 . 1.592
" |Experiment HEU-MET-FAST- heumf32c2 1.0000 0.0027 1.0057 0.0006 1.59
032 (4 cases) heumi32¢3 1.0000 0.0017 0.9992 0.0006 1.575
heumi32c4 1.0000 0.0017 0.9994 0.0008 1.565
-
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: DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp Ken Ocalc AENCF
heumfd4ict © 1.0013 0.003 0.9991 0.0007 0 1.331
heumf41c2 1.0022 0.0043 0.9973 0.0007 1.128
Experiment HEU-MET-FAST- heumf41¢c3 1.0006 0.0029 0.9984 0.0006 1.466
041 (6 cases) heumt41ca 1.0006 0.0025 1.0009 0.0007 | 1.402
heumf41c5 1.0006 0.0031 0.9966 0.0008 1.354
heumf41c6 - 1.0006 0.0045 0.9993 0.0007 1.315
Experiment HEU-MET-FAST- hmf055 0.9977 0.0003 0.9938 0.0003 1.077
055 (1 case)
hmmb_1 1.0007 0.0027 1.01308 0.00057 0.307
hmmb5_2 1.0003 0.0028 1.0217 0.00055 0.247
HEU-MET-MIXED-005 (5 hmm5_3 - 1.0012 0.0029 1.01904 0.00052 0.212
cases) hmm5_4 1.0016 0.003 1.0145 | 0.0006 0.3175
hmm5_5 1.0005 0.004 1.00682 0.00052 0.377
heumt3c1 1.0000 0.001 1.0039 0.0008 .1.094
heumt3¢2 0.9910 0.003 0.9832 0.0008 1.091
heumt3¢3 0.9826 0.006 0.9766 0.0008 0.548
5?23"&“&‘53“5”63“255’) heumt3c4 0.9876 0.004 0.9842 0.0009 0.444
heumt3c5 0.9930 0.003 1.0014 0.0009 0.222
heumt3c6 0.9889 - 0.003 0.9719 0.0009 0.291
heumt3c7 0.9919 0.003 0.9887 0.0008 0.231
Experiment HEU-MET- heumm2c1 1.0000 0.0037 1.0032 0.0007 0.788
MIXED-002 (1 case)
Experiment HEU-MET- heumm3c1 1.0000 0.0038 1.0039 0.0008 0.784
MIXED-003 (1 case) :

Source: BSC2002a, Table 6-8

Ker Values for Benchmark Experiments Applicable to Configurations of the Codisposal Waste
_Package Containing Melt and Dilute Waste Form '

Table 11-9. k.4 Values for Benchmarks Applicable to Intact Moderated Configurations for Melt and Dilute

Waste Form
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Cexp Kess Ocalc AENCF
ieuct2_1 1.0014 0.0039 0.9994 0.0008 0.044
ieuct2_2 1.0019 0.004 1.0012 0.0008 0.047
Experiment [EU-COMP- ieuct2_3 1.0017 0.0044 1.0026 0.0007 0.047
THERM-002 (6 cases) ieuct2_4 1.0019 0.0044 1.0017 0.0007 0.049
ieuct2_5 1.0014 - 0.0043 0.9950 0.0007 0.047
ieuct2_6 1.0016 0.0044 0.9941 0.0007 0.049
Experiment |EU-COMP- ieuct3/1 1.0006 0.0056 0.8975 0.0003 0.024
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Table 11-9. ke Values for Benchmarks Applicable to Intact Moderated Configurations for Melt and Dilute

Waste Form
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Keft Ocale AENCF
THERM-003 (2 cases) ieuct3/2 1.0046 0.0056 1.0017 0.0003 0.024
iect101 1.0000 0.004 0.9974 0.0009 0.21679
iect102 1.0000 -0.004 0.9960 0.0009 0.15817
iect103 1.0000 0.004 0.9931 0.0010 0.10412
iect104 1.0000 0.004 0.9974 0.0011 0.07405
iect105 1.0000 0.004 "~ 1.0085 0.0009 0.04552
iect106 1.0000 0.004 1.0003 0.0010 0.10793
iect107 1.0000 0.004 0.9980 0.0010 . 0.11064
iect108 1.0000 0.004 0.9960 0.0010 0.11867
ject109 1.0000 0.004 1.0004 0.0008 0.1679
iecti10 1.0000 0.004 0.9967 0.0010 0.15756
iecti11 1.0000 0.004 0.9958 0.0010 -0.15732
iect112 1.0000 0.004 0.9964 | 0.0010 0.15568
. iect113 1.0000 0.004 0.9967 0.0010 0.0743
. ject114 1.0000 0.004 0.9979 0.0009 0.07375
ot o0 ones) iect115 1.0000 0.004 0.9981 | 0.0010 0.074
-~ lect116 1.0000 0.004 1.0021 0.0009 0.05547
iect117 1.0000 0.004 0.9965 0.0010 0.20814
iect118 1.0000 0.004 0.9976 0.0011 0.13428
iect119 1.0000 0.004 1.0045 0.0010 0.06114
iect120 1.0000 0.004 1.0005 0.0009 0.15539
iect121 1.0000 0.004 0.9988 0.0009 0.21334
iect122 1.0000 0.004 0.9990 0.0011 0.19772 -
iect123 1.0000 0.004 0.9952 0.0011 0.12826
iecti24a .1.0000 0.004 1.0004 0.0011 0.13305
iect125 1.0000 0.004 0.9987 0.0009 0.05992
iect126 1.0000 0.004 1.0044 0.0010 0.05663
iect127 1.0000 0.004 1.0032 0.0009 0.05633
iect128 1.0000 0.004 1.0051 0.0009 0.15824
iect129 1.0000 0.004 1.0012 0.0010 0.15184

Source: BSC2002a, Table 6-9

Table 11-10. ke Values for Benchmarks Applicable to Intact Non-moderated Configurations for Melt and
Dilute Waste Form ‘

Benchmark values Calculated values (MCNP)

Experiment Case name ket Cexp: Kets Ceate AENCF
imf1-1 0.9988 0.0012 1.0022 0.00029 1.4394
Experiment IEU-MET-FAST- imf1-2 0.9988 0.0012 1.0023 0.00028 '1.4398
001 (4 cases) imf1-3 0.9990 0.001 1.0040 | 0.00029 1.388
imf1-4 0.9990 0.001 1.0048 | 0.00028 1.3859
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Table 11-10. k. Values for Benchmarks Applicable to Intact Non-moderated Configurations for Melt and
Dilute Waste Form

Benchmark values Calculated values (MCNP)
Experiment Case name Kegt Cexp Ken Cealc AENCF
50"29(’1‘”0‘:;‘;)'5”'”5"“37‘ imf2-1 1.0000 0.003 10089 | 0.0006 1.2784
ey T | imi3-t 1.0000 0.0017 0.9993 | 0.00076 13502
5359('1"2:2‘9)'5”‘”'57":“3“ imfa-1 1.0000 0.003 1.0105 | 0.00084 1.3071
Sperment EV-MET-FAST- | imis-t 1.0000 0.0021 1.0088 | 0.00079 1.2852
5(’;‘;9(’1"'0‘:2;)'5"’””’:"57' imf6-1 1.0000 0.0023 0.9960 | ©0.00081 1.2892
g")‘;’e(;"";gg;)'E“‘MET'FAST | ieumf7 1.0045 0.0007 1.0125 | 0.0002 1.253
Sxpariment EVMETFAST | imfa-1 1.0000 0.0018 1.0087 | 0.00084 1.365 -
OE(’;S‘Z‘";:;‘;)'EU'MET‘FAST' ieumf09-01 | - 1.0000 0.0053 1.0081 | 0.0008 1.014
ey o | ieumf10 0.9954 0.0024 0.9982 | 0.0002 1.149

Source: BSC2002a, Table 6-10

Table II-11. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for Melt and
Dilute Waste Form

Benchmark values Calculated values (MCNP)

Experiment Case name Kett Oexp Kest Ocatc AENCF
ist1-1 1.0000 0.0052 0.9807 | 0.00108 0.0149
Experiment IEU-SOL- ist1-2 1.0000 0.0052 0.9760 0.00121 0.0207
THERM-001 (4 cases) ist1-3 1.0000 0.0052 0.9722 | 0.00119 0.0205
ist1-4 1.0000 0.0052 0.9711 0.00124 0.0275
Ist3-1 0.9997 0.0039 0.9993 | 0.0004 0.0186
Ist3-2 .0.9993 0.0042 0.9971 0.00038 0.0166
1st3-3 0.9995 0.0042 1.0015 | 0.00037 0.0164
] Ist3-4 0.9995 0.0042 0.9954 0.00038 0.0162
%’;‘,’fgﬂ%’g‘;g“jsz‘s-; Ist3-5 0.9997 0.0048 0.9990 | 0.00031 0.0133
1st3-6 0.9999 0.0049 0.9992 0.0003 0.0129
Ist3-7 0.9994 0.0049 0.9972 0.0003 0.0127
1st3-8 0.9993 0.0052 1.0008 | 0.00025 0.0114
Ist3-9 0.9996 0.0052 0.9973 0.00025 0.0114
Experiment LEU-SOL- Ist4_1 0.9994 0.0008 1.0029 0.0007 0.0188
THERM-004 (7 cases) Ist4_29 0.9999 0.0009 1.0034 0.0006 0.0179
ist4_33 0.9999 0.0009 -1.0013 0.0007 0.017
Ist4_34 0.9999 0.001 1.0037 0.0006 . 0.0157




Engineered Systems Project Calculation

_ Title: Analysis of Critical Benchmark Experiments and Critical Limit Calculation for DOE SNF
Document Identifier: CAL-DSD-NU-000003 Rev 00A Page 11-28 of I1-76
Initial and Date: Originator:___44cd _07062/03 Checker: _M-S-7/2/03

Table lI-11. k. Values for Benchmarks Applicable to Degraded Moderated Configurations for Melt and
- Dilute Waste Form

Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp Kett Ocaic AENCF
Ist4_46 ~0.9999 0.001 1.0032 | 0.0006 0.0154
Ist4_51 0.9994 0.0011 1.0023 | 0.0005 0.0148
Ist4_54 0.9996 0.0011 1.0026 | 0.0005 0.0142
leust6_1 1.0000 0.0037 0.9996 | 0.0007 0.0245
_ leust6_2 1.0000 0.0038 1.0075 | 0.0007 0.0251
%&m’ggé";%; leust6_3 1.0000 0.0041 1.0014 | 0.0007 0.0253
leust6_4 1.0000 0.0041 1.0020 | 0.0007 0.0254
leust6_5 1.0000 0.0047 1.0039 | 0.0007 0.0257
leust7_1 0.9961 0.0009 0.9966 | 0.0002 0.02
_ leust7_2 0.9973 0.0009 0.9995 | 0.0002 0.0187
0T rasa) leust7_3 0.9985 0.001 0.9979 | 0.0002 0.0173
leust7_4 0.9988 0.0011 1.0005 | 0.0002 0.0166
leust7_5 0.9983 0.0011 | 09989 | 0.0002 0.0159
Ist8_72 0.9999 0.0014 1.0038 | 0.0002 0.0152
Experiment LEU-SOL- Is18_74 1.0002 0.0015 10023 | 00002 | 0.0154
THERM-008 (4 cases) IstB_76 0.9999 0.0014 1.0028 0.0002 0.0153
' Ist8_78 0.9999 0.0014 1.0040 | 0.0002 0.0153
_ Ist9_92 0.9998 0.0014 10018 | 0.0005 0.0155
005 (3 tasat) Is19_93 0.9999 0.0014 10021 | 0.0002 0.0157
Ist9_94 0.9999 0.0014 1.0022 | 0.0002 0.0158
1st10_83 0.9999 0.0153 1.0023 | 0.0003 0.0153
Experiment LEU-SOL- 1st10_85 0.9999 0.0154 1.0019 | 0.0003 0.0154
THERM-010 (4 cases) 1st10_86 1.0000 0.0153 1.0032 00003 |  0.0153
1st10_88 1.0001 0.0154 1.0026 | 0.0003 0.0154
Ist16_05 0.9996 0.0013 10093 | 0.0007 0.0267
Ist16_13 0.9999 0.0013 1.0080 | 0.0006 0.0248
_ Ist16_25 0.9994 0.0014 1.0075 | 0.0006 0.0216
e ono (7 oasat) Ist16_29 0.9996 0.0014 1.0068 | 0.0006 |  0.0209
Ist16_31 0.9995 0.0014 1.0059 | 0.0005 . 0.0195
Ist16_40 0.9992 0.0015 1.0043 | 0.0005 0.0186
Is116_96 0.9994 0.0015 1.0047 | 0.0005 0.018
Ist17_04 0.9981 0.0013 1.0051 0.0007 0.0275
Ist17_22 0.9986 0.0013 1.0049 | 0.0006 0.0258
Experiment LEU-SOL- Ist17_23 0.9989 0.0014 1.0052 | 0.0006 0.0224
THERM-017 (6 cases) 1st17_26 0.9992 0.0014 1.0043 0.0006 0.0212
Ist17_30 0.9987 0.0015 . | 1.0043 | 0.0005 0.02
Ist17_47 0.9996 0.0015 1.0042 | 0.0006 0.0192
RUN133 0.9992 0.001 1.0033 | 0.0002 0.0183
RUN142 0.9996 0.001 1.0042 | 0.0003 - 0.0187
Experiment LEU-SOL- RUN143 0.9996 0.001 1.0045 | 0.0003 0.0188
THERM-018 (6 cases) RUN144 0.9997 0.001 1.0033 | 0.0003 0.0187
RUN145 0.9992 0.001 1.0038 | 0.0003 0.0187
RUN146 0.9996 0.001 10037 | 0.0003 0.0186




Engineered Systems Project . Calculation

Title: Analysis of Critical Benchmark Expeﬁmems and Critical Limit Calculation for DOE SNF
Document Identifier: CAL-DSD-NU-000003 Rev 00A Page I1-29 of II-76
Initial and Date: Originator:_2 A o7/02/c3 Checker: Af.5. 7/2/03

Table 1-11. kex Values for Benchmarks Applicable to Degraded Moderated Configurations for Melt and
Dilute Waste Form

Benchmark values Calculated values (MCNP)

Experiment Case name Kett Cexp - Kett Ocalc AENCF
RUN149 0.9997 0.0009 1.0043 0.0003 . 0.019

. RUN150 0.9995 0.0009 ° 1.0043 0.0003 0.019

Experiment LEU-SOL- RUN151 0.9999 0.0009 1.0049 0.0002 0.0191
THERM-019 (6 cases) RUN152 0.9996 0.0009 1.0054 0.0003 0.0191
RUN153 0.9998 0.0009 1.0050 0.0003 0.0191

RUN183 10.9994 0.0009 1.0036 0.0003 0.0189

LST20C1 0.9995 0.001 1.0014 0.0003 0.015

Experiment LEU-SOL- _ LST20C2 0.9996 0.001 1.0000 0.0003 0.0143
THERM-020 (4 cases) LST20C3 0.9997 0.0012 0.9993 0.0003 0.0131
LST20C4 0.9998 0.0012 1.0004 0.0003 0.0125

- LST21C1 - 0.9983 0.0009 0.9991 0.0003 0.0154

Experiment LEU-SOL- LST21C2 0.9985 0.001 0.9996 | 0.0003 0.0144
THERM-021 (4 cases) LST21C3 0.9989 0.0011 0.9976 0.0003 0.0135
: | LsT21C4 0.9993 0.0012 0.9999 0.0003 0.0127
iect101 1.0000 0.004 0.9974 | 0.00092 0.216791

iect102 1.0000 0.004 0.9960 | 0.00092 0.15817

iect103 1.0000 0.004 0.9931 | 0.00104 0.10412

iect104 1.0000 0.004 09974 | 0.00105 0.07405

iect105 1.0000 0.004 1.0085 | 0.00091 0.04552

iect106 ~1.0000 0.004 1.0003 | 0.00103 0.10793

iect107 1.0000 0.004 0.9980 | 0.00101 0.11064

iect108 1.0000 - 0.004 0.9960 | 0.00101 0.11867

iect109 1.0000 0.004 1.0004 | 0.00084 0.1679

iect110 1.0000 0.004 0.9967 | 0.00099 0.15756

ject111 1.0000 0.004 0.0958 | 0.00096 0.15732

ject112 1.0000 0.004 0.9964 | 0.00101 0.15568

iect113 1.0000 0.004 0.9967 | 0.00103 0.0743

) ject114 1.0000 0.004 0.9979 | 0.00094 0.07375
ot oett) iect115 1.0000 0.004 0.9981 | 0.00099 0.074
ject116 1.0000 0.004 1.0021 | 0.00093 0.05547

ject117 1.0000 0.004 0.9965 | 0.00102 0.20814

iect118 1.0000 0.004 0.9976 | 0.00113 0.13428

iect119 1.0000 0.004 1.0045 | 0.00101 0.06114

iect120 1.0000 0.004 1.0005 | 0.00094 0.15539

iect121 1.0000 0.004 0.9988 | 0.00087 0.21334

ject122 1.0000 0.004 0.9990 | 0.00109 0.19772

iect123 1.0000 0.004 0.9952 | 0.00107 0.12826

iect124a 1.0000 0.004 1.0004 | 0.00105 0.13305

iect126 1.0000 - 0.004 0.9987 0.0009 0.05992

ject126 1.0000 0.004 1.0044 | 0.00095 0.05663

iect127 1.0000 0.004 1.0032 | 0.00086 0.05633

iect128 1.0000 0.004 1.0051 | 0.00091 0.15824
iect129 1.0000 0.004 1.0012 | 0.00099 0.15184
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Source: BSC2002a, Table 6-11

Table I-12. ke Values for Benchmarks Applicable to Degraded Non-moderated Configurations for Melt
and Dilute Waste Form '

Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kett Ocale - AENCF
imi1-1 0.9988 0.0012 1.0022_|_0.00029 1.4304
Experiment [EU-MET-FAST- imf1-2 0.9988 0.0012 1.0023 0.00028 1.4398
001 (4 cases) | imi-3 0.9990 0.001 1.0040_| 0.00029 1.386
imi1-4 0.9990 0.001 1.0048_|_0.00028 1.3850
Saperment PV METTAST | imiz-1 1.0000 0.003 1.0059 | 0.0006 1.2784
ey ETEAST | imfa-1 10000 | 00017 0.9993 | 0.00076 |  1.3502
ey e T | imfd-1 1.0000 0.003 10105 | 0.00084 1.3071
Sapenment EUMET-FAST | imfs-1 1.0000 0.0021 1.0088 | 0.00079 1.2852
ety METTAST | imie-1 1.0000 0.0023 | 0.9960 | 0.00081 1.2892
ey~ Ve TAST | ieumf7 - 1.0045 0.0007 1.0125 | o0.0002 1.253
Expenmont EVMETFAST | imfg-1 1.0000 0.0018 1.0087 | 0.00084 1.365
Sapeiment PV METFAST | jeumios-01 | 1.0000 0.0053 1.0081 | 0.0008 1.014.
Spanment FUMETFAST | ieumi0 0.9954 0.0024 09982 | 00002 |  1.149

Source: BSC2002a, Table 6-12

K. Values for Benchmark Experiments Applicable to Configurations of the Codisposal Waste
Package Containing U Alloy (Enrico-Fermi) DOE SNF

Table 11-13. ke Values for Benchmarks Applicable to Intact Moderated Configurations for Enrico Fermi

DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp Ketr Ocalc AENCF

feuct2_1 1.0014 0.0039 0.9994 0.0008 0.044

ieuct2_2 1.0019 0.004 1.0012 0.0008 0.047

Experiment IEU-COMP-. ~ jeuct2_3 1.0017 0.0044 1.0026 0.0007 0.047
THERM-002 (6 cases) jeuct2_4 1.0019 0.0044 1.0017 0.0007 0.049
jeuct2_5 1.0014 0.0043 0.9950 0.0007 0.047

ieuct2_6 1.0016 0.0044 0.9941 0.0007 0.049

Experiment IEU-COMP- ieuct3/1 1.0006 0.0056 | 0.9975 0.0003 0.024
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Table II-13. ke Values for Benchmarks Applicable to intact Moderated Configurations for Enrico Fermi
DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kent Cexp _ Kett Ocalc AENCF
THERM-003 (2 cases) ieuct3/2 1.0046 0.0056 1.0017 | 0.0003 0.024
hct3-1 1.0000 0.0044 | 09938 | 0.0014 0.0467
hct3-2 1.0000 0.0044 0.9975 | 0.0014 0.0404
hct3-3 1.0000 0.0044 0.9964 | 0.0014 0.0337
hct3-4 1.0000 0.0044 0.9980 | 0.0015 0.0259
hct3-5 1.0000 0.0044 1.0025 | 0.0014 0.0202
hct3-6 1.0000 0.0044 1.0062 | 0.0015 0.0405
het3-7 1.0000 0.0044 10113 | 0.0014 0.0339
B (15 o0 “hct3 8 1.0000 0.0044 1.0099_| 0.0016 0.0329
hct3-9 1.0000 0.0044 1.0131 0.0015 0.0263
hct3-10 1.0000 0.0044 1.0096 | 0.0014 0.0209
hct3-11 1.0000 0.0044 10133 | 0.0014 0.0177
hct3-12 1.0000 0.0044 0.9896 | 0.0013 |  0.0265
hct3-13 1.0000 0.0044 | 09968 | 0.0012 0.0139
hct3-14 *1.0000 0.0044 1.0050 | 0.0016 0.03
hct3-15 1.0000 0.0044 10078 | 0.0014 0.0183
. hct4-1 1.0000 0.0038 0.9876 | 0.0012 0.0744
Experiment HEU-COMP- het4-2 1.0000 0.0039 0.9889 | 0.0012 0.0736
THERM-004 (4 cases) hctd-3 1.0000 0.0037 0.9916 0.0012 0.0756
hctd-4 1.0000 0.0038 0.9912 | 0.0011 0.0742
$H""§S$j.’§5';(§”c;i‘j)"""' hets-2 | 1.0000 0.0094 0.9846 | 0.0013 0.0764
_ hct6-t1 1.0000 0.0058 0.9895 | 0.0014 0.072
Eﬁpgg,’\‘n‘j,’gs”é‘;‘;g’gp’ het6-t2 1.0000 0.002 1.0104 | 0.0013 0.0232
hct6-13 -1.0000 0.0048 0.9956 | 0.0010 0.0104
. het7-1 1.0000 0.0035 0.9927 | 0.0016 0.0347
T (5 ano) het?-2 1.0000 0.0041 09947 | 0.0016 0.0455
hct7-3 1.0000 0.0043 0.9920 | 0.0015 0.0485
Experiment IEU-COMP- iect101 1.0000 0.004 0.9974 | 0.0009 0.21679
THERM-001 (29 cases) |  ject102 1.0000 0.004 0.9960 0.0009 0.15817
iect103 1.0000 0.004 0.9931 0.0010 0.10412
iect104 1.0000 0.004 0.9974 | 0.0011 0.07405
iect105 1.0000 0.004 1.0085 | 0.0009 0.04552
iect106 1.0000 0.004 1.0003 | 0.0010 0.10793
iect107 1.0000 0.004 0.9980 | 0.0010 0.11064
iect108 1.0000 0.004 0.9960 | 0.0010 0.11867
iect109 1.0000 0.004 1.,0004 | 0.0008 0.1679
iect110 1.0000 0.004 0.9967 | 0.0010 0.15756
iect!11 1.0000 0.004 0.9958 | 0.0010 0.15732
iect112 1.0000 0.004 0.0964 | 0.0010 0.15568
iect113 1.0000 ~0.004 0.9967 | 0.0010 0.0743
iect114 1.0000 0.004 0.9979 | 0.0009 0.07375
iect115 1.0000 0.004 0.9981 0.0010 0.074
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Table 11-13. ke Values for Benchmarks Applicable to Intact Moderated Configurations for Enrico Fermi
' DOE SNF ‘
Benchmark values Calculated values (MCNP)

Experiment Case name Kett Cexp Kett Ocalc AENCF
iecti16 1.0000 0.004 1.0021 0.0009 - 0.05547

iect117 1.0000 ' 0.004 0.9965 | 0.0010 0.20814

iect118 1.0000 0.004 0.9976 0.0011 0.13428

iect119 1.0000 0.004 1.0045 0.0010 0.06114

iect120 1.0000 0.004 1.0005 0.0009 0.15539

jecti21 1.0000 0.004 0.9988 0.0009 0.21334

iect122 1.0000 0.004 0.9990 0.0011 0.19772

iect123 1.0000 0.004 0.9952 0.0011 0.12826

iect124a 1.0000 0.004 1.0004 0.0011 0.13305

iect125 1.0000 0.004 0.9987 0.0009 0.05992

iect126 1.0000 | 0.004 1.0044 0.0010 0.05663

iect127 1.0000 0.004 1.0032 0.0009 0.05633

iect128 1.0000 0.004 ‘| 1.0051 0.0008 0.15824

iect129 1.0000 0.004 1.0012 0.0010 0.15184

Source: BSC2002a, Table 6-13

Table ll-14. k.4 Values for Benchmarks Applicable to Intact Non-moderated Configurations for Enrico
: Fermi DOE SNF :

Benchmark values Calculated values (MCNP)
Experiment Case name Kent Oexp_ Kent Ccalc - AENCF
imf-1 0.9988 0.0012 1.0022_| 0.00029 1.4394
Experiment IEU-MET-FAST- imf1-2 0.9988 0.0012 1.0023 0.00028 1.4398
001 (4 cases) imf1-3 0.9990 0.001 1.0040 | . 0.00029 1.386
imi-4 0.9990 0.001 1.0048_| 0.00028 1.3859
ooy AT imt2-1 1.0000 0.003 10059 | 00006 | 12784
Eperment U METFAST ) imis-t 1.0000 0.0017 0.9993 | 0.00076 1.3502
e oney o | imi-d 1.0000 0.003 1.0105 | 0.00084 1.3071
it B 1.0000 0.0021 1.0088 | 0.00079 1.2852
ey ETTAST | imf6-1 1.0000 0.0023 0.9960 | 0.00081 1.2892
ey o | ieumf7 1.0045 0.0007 1.0125 | 0.0002 1.253
ey ETTAST | imig1 | 1.0000 0.0018 1.0087 | 0.00084 1.365
Saperimerty U METFAST | ieumi0g-01 | 1.0000 0.0053 1.0081 | 0.0008 1.014
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Table lI-14. ke Values for Benchmarks Applicable to Intact Non-moderated Configurations for Enrico

: Fermi DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp L Ocale AENCF
0"-;‘8‘3([“";:2;)'5”'“"5“3“ ieumf10 0.9954 0.0024 0.9982 | 0.0002 1.149

Source: BSC 2002a, Table 6-14

" Table }I-15. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for Enrico

Fermi DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Ken Gexp Kent Ocaic AENCF

isti-1 1.0000 0.0052 0.9807 | 0.00108 0.0149

Experiment IEU-SOL- ish-2 1.0000 0.0052 09760 | 0.00121 0.0207
THERM-001 (4 cases) ist1-3 1.0000 0.0052 009722 | 0.00119 0.0205
ist1-4 1.0000 0.0052 09711 | 0.00124 0.0275

Ist3-1 0.9997 0.0039 09993 | 0.0004 0.0186

I513-2 0.9993 "0.0042 09971 | 0.00038 0.0166

ist3-3 0.9995 0.0042 1.0015 | 0.00037 0.0164

_ Ist3-4 0.9995 0.0042 09954 | 0.00038 0.0162

_ %‘g’;ﬁj{;};@”&f&; Ist3-5 0.9997 00048 | 09990 | 0.00031 0.0133
Ist3-6 0.9999 0.0049 09992 | 0.0003 0.0129

Ist3-7 0.9994 0.0049 09972 | 0.0003 0.0127

Is13-8 0.9993 0.0052 1.0008 | 0.00025 0.0114

Ist3-9 0.9996 0.0052 09973 | 0.00025 0.0114

Ista_1 0.9994 0.0008 7.0029 | 0.0007 0.0188

Ist4_29 0.9999 0.0009 1.0034 | 0.0006 0.0179

o st4_33 0.9999 0.0009 1.0013 | 0.0007 0.017
$¥£3§3’34L(E7lt;%; st4_34 0.9999 0.001 1.0037 | 0.0006 ~ 0.0157
Ist4_46 0.9999 0.001 1.0032 | 0.0006 0.0154

Istd_51 0.9994 0.0011 1.0023 | 0.0005 0.0148

st4_54 0.9996 0.0011 1.0026 | 0.0005 0.0142

leust6_1 1.0000 0.0037 0.9996 | 0.0007 0.0245

‘ leust6_2 1.0000 0.0038 1.0075 | 0.0007 0.0251
EH"'EG‘Q&‘%’;,'GL&UC'ES";;; leust6_3 1.0000 0.0041 10014 | 0.0007 0.0253
leusts_4 | 1.0000 0.0041 1.0020 | 0.0007 0.0254

leust6_5 1.0000 0.0047 10039 | 00007 | . 0.0257

leust7_1 0.9961 0.0009 0.9966 | 0.0002 0.02

_ leust7_2 0.9973 0.0009 0.9995 | 0.0002 0.0187
07 (6 oo loust7_3 09985 | 0.001 0.9979 | _0.0002 0.0173
leust7_4 0.9988 0.0011 10005 | 00002 | . 0.0166

. leust7_5 0.9983 0.0011 0.9989 | 0.0002 0.0159

Experiment LEU-SOL- Ist8_72 0.9999 0.0014 1.0038 | 0.0002 0.0152
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Table 1I-15. ko4 Values for Benchmarks Applicable to Degraded Moderated Configurations for Enrico

Fermi DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case hame Kett Oexp. Kent Ccalc AENCF
THERM-008 (4 cases) . 1st8_74 1.0002 0.0015 1.0023 0.0002 0.0154
Ist8_76 0.9999 0.0014 - 1.0028 0.0002 0.0153
Ist8_78 0.9999 0.0014 1.0040 0.0002 0.0153
_ 1st9_92 0.9998 0.0014 1.0018 0.0005 0.0155
$;"E°F’;3j.’g;é”§fe; sto_03 0.9999 0.0014 1.0021 | 0.0002 0.0157
Ist9_94 0.9999 0.0014 1.0022 0.0002 0.0158
Ist10_83 0.9999 0.0153 1.0023 0.0003 0.0153
Experiment LEU-SOL- Ist10_85 0.9999 0.0154 1.0019 0.0003 0.0154
THERM-010 (4 cases) Ist10_86 1.0000 0.0153 1.0032 0.0003 0.0153
1st10_88 1.0001 0.0154 1.0026 0.0003 0.0154
Ist16_05 '0.9996 0.0013 1.0003 0.0007 0.0267
Ist16_13 0.9999 0.0013 1.0080 0.0006 0.0248
. ist16_25 0.9994 0.0014 1.0075 0.0006 0.0216
J Esiityitio=tav Ist16_29 0.9996 0.0014 1.0068_| 0.0006 0.0209
Ist16_31 0.9995 0.0014 1.0059 0.0005 0.0195
Ist16_40 0.9992 0.0015 1.0043 0.0005 0.0186
1st16_96 0.9994 0.0015 1.0047 0.0005 0.018
Ist17_04 0.9981 0.0013 1.0051 0.0007 0.0275
Ist17_22 0.9986 0.0013 1.0049 0.0006 0.0258
Experiment LEU-SOL- Ist17_23 0.9989 0.0014 1.0052 0.0006 0.0224
THERM-017 (6 cases) Ist17_26 0.9992 0.0014 1.0043 0.0006 0.0212
1st17_30 0.9987 0.0015 1.0043 | 0.0005 0.02
Ist17_47 0.9996 0.0015 1.0042 0.0006 0.0192
RUN133 0.9992 0.001 1.0033 0.0002 0.0183
RUN142 0.9996 0.001 1.0042 0.0003 0.0187
Experiment LEU-SOL- RUN143 0.9996 0.001 1.0045 0.0003 0.0188
THERM-018 (6 cases) RUN144 0.9997 0.001 1.0033 0.0003 0.0187
RUN145 0.9992 0.001 1.0038 0.0003 0.0187
RUN146 0.9996 0.001 1.0037 0.0003 0.0186
RUN149 0.9997 0.0009 1.0043 0.0003 0.019
RUN150 0.9995 0.0009 1.0043 0.0003 0.019
Experiment LEU-SOL- RUN151 0.9999 0.0009 1.0049 0.0002 0.0191
THERM-019 (6 cases) RUN152 0.9996 0.0009 1.0054 0.0003 0.0191
RUN153 0.9998 0.0009 1.0050 0.0003 0.0191
RUN183 0.9994 * 0.0009 1.0036 0.0003 0.0189
_ LST20C1 0.9995 0.001 1.0014 0.0003 0.015
Experiment LEU-SOL- LST20C2 0.9996 0.001 1.0000 0.0003 0.0143
THERM-020 (4 cases) LST20C3 0.9997 0.0012 0.9993 0.0003 0.0131
LST20C4 0.9998 0.0012 1.0004 0.0003 0.0125
LST21CH 0.9983 0.0009 0.9991 0.0003 0.0154
Experiment LEU-SOL- LST21C2 0.9985 0.001 0.9996 0.0003 0.0144
THERM-021 (4 cases) LST21C3 ~ 0.9989 0.0011 0.9976 0.0003 0.0135
LST21C4 0.9993 0.0012 0.9999 0.0003 0.0127
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Table II-15. ke4 Values for Benchmarks Applicable to Degraded Maderated Configurations for Enrico

Fermi DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kest Ocale AENCF
iect101 1.0000 0.004 0.9974 | 0.00092 0.216791
iect102 1.0000 0.004 0.9960 | 0.00092 0.15817
iect103 1.0000 0.004 0.9931 | 0.00104 0.10412
iect104 1.0000 0.004 0.9974 | 0.00105 0.07405
iect105 1.0000 0.004 1.0085 | 0.00091 0.04552
iect106 1.0000 0.004 1.0003 0.00103 0.10793
iect107 1.0000 0.004 0.9980 0.00101 0.11064
iect108 1.0000 0.004 0.0960 | 0.00101 0.11867
iect109 1.0000 0.004 1.0004 | 0.00084 0.1679
iecti10 - 1.0000 0.004 0.9967 | 0.00099 0.15756
iect111 1.0000 0.004 0.9958 | 0.00096 0.15732
iect112 ~1.0000 0.004 0.9964 | 0.00101 0.15568
iect113 1.0000 0.004 0.9967 | 0.00103 0.0743
_ iect114 1.0000 0.004 | 09979 | 0.00094 0.07375
m’;m’&'fgfg‘g iecti1s |  1.0000 0.004 090g81 | 000099 |  0.074
: iecti16 - 1.0000 0.004 10021 | 0.00093 0.05547 -
iect117 1.0000 0.004 0.9965 | 0.00102 0.20814
iect118 1.0000 0.004 | 09976.] 0.00113 0.13428
iect119 1.0000 0.004 1.0045 | 0.00101 0.06114
iect120 1.0000 0.004 10005 | 0.00094 0.15539
iect121 1.0000 0.004 0.9988 | 0.00087 0.21334
iect122 1.0000 0.004 0.9990 | 0.00109 0.19772
iect123 1.0000 0.004 0.9952 | 0.00107 0.12826
iect124a 1.0000 0.004 10004 | 0.00105 0.13305
iect125 1.0000 0.004 0.9987 | 0.0009 0.05992
iect126 1.0000 0.004 10044 | 0.00095 0.05663
iect127 1.0000 0.004 10032 | 0.00086 0.05633
iect128 1.0000 0.004 1.0051 | 0.00091 0.15824
iect129 1.0000 0.004 10012 | 0.00099 0.15184

Source: BSC2002a, Ta_ble 6-15

Table 11-16. k. Values for Benchmarks Applicable to Degraded Non-moderated Configurations for Enrico
Fermi DOE SNF

‘ Benchmark values Calculated values (MCNP)

Experiment Case name Ken Oexp Ket | Geac .| AENCF
. imf1-1 0.9988 0.0012 1.0022 | 0.00029 1.4394
Experiment IEU-MET-FAST- imf-2 0.9988 0.0012 1.0023 | 0.00028 1.4398
001 (4 cases) imf1-3 0.9990 0.001 1.0040 0.00029 1.386
imf1-4 0.9990 0.001 1.0048 0.00028 1.3859
ey METEAST | imt2-1 1.0000 0.003 - | 10059 | 0.0006 1.2784
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Table I1-16. key Values for Benchmarks Applicable to Degraded Non-moderated Configurations for Enrico
Fermi DOE SNF
. Benchmark values Calculated values (MCNP)

Experiment Case name Kest Oexp___ Kett Gealc AENCF
gggj;‘”gggg)'E”'MET'FAST’ imf3-1 10000 ~ |  0.0017 0.9993 | 0.00076 1.3502
sgg‘?;‘";ae:;)'EU‘ME"FAST' imf4-1 1.0000 0.003 10105 | 0.00084 1.3071
Egge(;"g:;‘;)' EUMET-FAST- | imt5.1 1.0000 0.0021 1.0088 | 0.00079 1.2852
ey o | imfe-1 1.0000 0.0023 0.9960 | 0.00081 1.2892
533‘9(’1"2“?2;)'5”'”“'“37‘ ieumf7 1.0045 0.0007 10125 | 0.0002 1.253
ey AT imfa-1 1.0000 0.0018 1.0087 | 0.00084 1.365
gg;g"(;i";g;‘;)"f”'”“'”s“ ieumf09-01 1.0000 0.0053 1.0081 | 0.0008 1.014
ey e T | ieumf10 0.9954 0.0024 09982 | 0.0002 1.149

Source: BSC2002a, Table 6-16

ke Values for Benchmark Experiments Applicable to Configurations of the Codisposal Waste
Package Containing MOX (FFTF) DOE SNF

Table l-17. ke Values for Benchmarks Applicable to Intact Moderated Configurations for FFTF DOE

SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kent Oexp Kest . Ocale AENCF
fftf001 1.0000 0.0026 1.0057 0.0034 0.1044

Experiment MIX-COMP- tftf004 1.0000 0.0032 0.9933 0.0035 0.0816
THERM-001 (4 cases) fftf005 1.0000 0.0025 | 0.9958 0.0036 0.1717
fftf006 1.0000 0.0039 1.0129 0.0029 0.0635

smrl 1.0000 0.0042 0.9963 0.0007 0.1707

smr5 1.0000 0.0042 0.9944 | 0.0007 0.1928

Experiment MIX-COMP- smr8 1.0000 0.0071 0.9986 0.0006 0.2045
THERM-003 (6 cases) smro 1.0000 0.0057 0.9947 0.0007 0.1683
smri1 1.0000 0.0052 0.9983 0.0007 0.2049

smri2 1.0000° 0.0028 0.9987 0.0007 0.2041

Experiment MIX-COMP- mixct-4-1 1.0000 0.0046 0.9957 0.0011 0.1218
THERM-004 (11 cases) -~ mixct-4-2 1.0000 - 0.0046 0.9987 0.0011 0.1208
mixct-4-3 1.0000 0.0046 0.9970 0.0011 0.1208

mixct-4-4 1.0000 0.0039 0.9957 0.0010 0.1066

mixct-4-5 1.0000 - .0.0039 0.9986 0.0010 0.1059
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Table 1117, ke Values for Benchmarks Applicable to Intact Moderated Configurations for FFTF DOE
| SNF :
Benchmark values Calculated values (MCNP)
Experiment Case name Kent Oexp Kest Ocalc AENCF
mixct-4-6 1.0000 0.0039 0.9992 0.0010 0.1061
mixct-4-7 1.0000 0.004 0.9994 0.0010 0.0875
mixct-4-8 1.0000 0.004 1.0030 0.0010 0.0869
mixct-4-9 1.0000 0.004 1.0002 0.0011 0.0861
mixct-4-10 1.0000 0.0051 1.0011 0.0009 0.0751
mixct-4-11 1.0000 0.0051 1.0015 | 0.0009 0.0747
mct10-06 1.0000 0.0044 0.9954 0.0006 0.1390
mct10-07 1.0000 0.0044 0.9953 0.0006 0.1453
mct10-09 1.0000 0.0044 0.9976 0.0006 . 0.1397
mct10-10 1.0000 0.0044 0.9954 | 0.0006 0.1382
Experiment MIX-COMP- mct10-11 1.0000 0.0044 09987 | 0.0006 0.1536
THERM-010 (MIX-MISC- mct10-12 1.0000 0.0032 1.0033 | 0.0006 0.1514
THERM-001) (11 cases) mct10-13 1.0000 0.0032 1.0041 | 0.0006 0.1509
mct10-14 1.0000 0.0032 1.0033 0.0006 0.1477
mct10-15 1.0000 0.0066 1.0041 0.0006 0.1470
mct10-16 1.0000 0.0066 1.0080 0.0006 0.1455
mct10-17 1.0000 0.0025 1.0051 0.0006 0.0326

Source: BSC2002a, Table 6-17

Table I1-18. k.4 Values for Benchmarks Applicable to Intact Non-moderated Configurations for FFTF

DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kot Oexp Kest Ocale AENCF
PMF003_101 |  1.0000 0.0030 09985 | 0.0006 1.8996
_ PMF003_102 |  1.0000 0.0030 0.9924 | 0.0006 1.8231
gy o o1 'PMF003_103 | 1.0000 0.0030 09938 | 0.0005 |  1.9008
PMF003_104 |  1.0000 0.0030 09946 | 0.0006 1.8053
PMF003_105 |  1.0000 0.0030 0.9939 | 0.0006 1.9023
PMF004_207 | 1.0000 0.0030 0.9954 | 0.0011 1.8968
PMF004_208 |  1.0000 0.0030 09912 | 0.0013 1.8996
PMF004_209 |  1.0000 0.0030 0.9944 | 0.0011 1.9040
_ PMF004_210 |  1.0000 0.0030 09549 | 0.0012 1.8916
S nonegy eI TAST | 'PMFOD4_211 | 1.0000 00030 | 0.9%21_| 0.0013 1.9049
PMF004_212 |  1.0000 0.0030 | 0.9927 | 0.0012 1.9057
PMF004_213 [  1.0000 0.0030 0.9952 | 0.0012 1.9060
PMF004_214 |  1.0000 0.0030 0.9930 | 0.0012 1.9087
PMF004_215 |  1.0000 0.0030 0.9943 | 0.0012 1.9137
Experiment PU-MET-FAST- | pmf016_1 0.9974 0.0042 1.0121 | 0.0008 1.2810
016 (6 cases) pmf016_2 1.0000 0.0038 1.0022 | 0.0008 1.2540
' pmf016_3 1.0000 0.0033 1.0019 | 0.0008 1.2500
pmio16_4 1.0000 0.0030 0.9987 0.0007 1.2540
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Table 1I-18. ke Values for Benchmarks Applicable to Intact Non-moderated Configurations for FFTF
DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Casename |- ke Cexp Kett Ocale AENCF
pmf016_5 1.0000 0.0034 0.9987 0.0008 1.2490
pmf016_6 1.0000 0.0032 1.0027 0.0008 1.2440
PMF017_201 1.0000 0.0030 0.9938 0.0013 1.7671
' PMF017_202 1.0000 0.0030 0.9955 0.0011 1.6515
5;‘5"(2”;:2;:)”‘”“*’*57‘ PMF017_203 | _ 1.0000 0.0030 1.0022 | 0.0014 15765
PMF017_204 |  1.0000 0.0030 0.9974 0.0011 1.6423
PMF017_205 1.0000 0.0030 1.0044 0.0012 1.4391
pmf037_01 1.0000 0.0044 1.0022 0.0007 1.5348
pmf037_02 1.0000 0.0044 0.9999 0.0008 1.4853
pmf037_03 1.0000 0.0043 0.9977 0.0008 1.4798
pmf037_04 1.0000 0.0043 1.0027 | 0.0007 1.4556
pmf037_05 1.0000 0.0037 1.0000 0.0008 1.4200
pm{037_06 1.0000 0.0040 0.9985 0.0007 1.3708
pmfo37_07 1.0000 0.0038 1.0001 0.0008 1.3642
Experiment PU-MET-FAST- | pmi037_08 1.0000 0.0033 1.0006 0.0008 1.3188
037 (16 cases) pmi037_09 1.0000 0.0037 0.9998 0.0007 1.3182
pmf037_10 1.0000 0.0034 1.0020 0.0008 1.3436
pmf037_11 1.0000 0.0038 0.9942 0.0008 1.4671
pmf037_12 1.0000 0.0040 0.9994 0.0007 1.3496
pmf037_13 1.0000 0.0030 1.0000 0.0008 1.2816
pmi037_14 1.0000 0.0032 1.0033 | .0.0008 1.3015
pmfo37_15 1.0000 0.0033 1.0018 0.0008 1.3163
pmto37_16 1.0000 0.0039 1.0036 0.0008 1.3649 -
pcm001_1 0.9986 . 0.0041 1.0286 0.0009 1.7020
_ pcm001_2 - 1.0000 0.0068 1.0188 0.0013 0.6330
e ’(’suégsoe"s")"‘ | pemoo1_3 0.9990 0.0067 1.0150 | 00013 | 02750
pcmo01_4 1.0000 0.0066 0.9853 0.0014 0.2880
pcm001_5 0.9989 0.0072 1.0101 0.0015 0.0988
Experiment PU-COMP- Pem002_01 0.9990 0.0046 1.0318 0.0009 1.0460
MIXED-002 (29 cases) | Pcm002_02 09990 |  0.0046 1.0309 0.0009 1.0300
Pcm002_03 0.9990 - 0.0046 1.0253 0.0008 1.0090
Pcm002_04 0.9990 0.0046 1.0199 0.0009 0.9810
Pcm002_05 0.9990 0.0046 1.0139 0.0008 0.9430
Pcm002_06 1.0000 0.0044 1.0188 0.0009 0.4390
Pcm002_07 1.0000 0.0044 1.0185 0.0009 0.4320
Pcm002_08 1.0000 |- 0.0044 1.0174 0.0008 0.4220
Pcm002_09 1.0000 0.0044 1.0192 0.0008 0.4110
Pcm002_10 1.0000 0.0044 1.0290 0.0009 0.1840
Pcm002_11 1.0000 . 0.0044 1.0257 | -0.0009 0.1880
Pcm002_12 1.0000 0.0044 1.0241 0.0009 0.1900
Pcm002:.13 1.0000 0.0044 1.0228 0.0010 0.1940
. Pcm002_14 1.0000 . 0.0044 1.0272 0.0009 0.1940
Pcm002_15 1.0000 " 0.0044 1.0241 0.0009 - 0.1940
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Table 1I-18. ke Values for Benchmarks Applicable to Intact Non-moderated:Canfigurations for FFTF |
DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp_ Kes Ocale AENCF
Pcm002_16 1.0000 0.0044 1.0208 0.0009 0.1910

Pcm002_17 0.9988 0.0055 1.0060 0.0009 0.1955

Pcm002_18 0.9988 0.0055 1.0081 0.0009 0.2037

Pcm002_19 0.9988 0.0055 1.0064 0.0009 0.2044

Pcm002_20 0.9988 0.0055 1.0063 0.0009 0.2050

Pcm002_21 0.9988 0.0055 1.0084 0.0009 0.2068

Pcm002_22 0.9988 0.0055 1.0110 0.0009 0.2054

Pcm002_23 1.0000 0.0046 1.0058 0.0009 0.0770

Pcm002_24 1.0000 0.0046 1.0090 0.0009 0.0770

Pcm002_25 1.0000° - 0.0046 1.0081 0.0008 0.0780

Pcm002_26 1.0000 - 0.0046 1.0103 0.0010 0.0770

Pcm002_27 1.0000 - 0.0046 1.0090 0.0009 0.0780

Pcm002_28 1.0000 : 0.0046 1.0095 0.0009 0.0780

Pcm002_29 1.0000. 0.0046 1.0104 0.0009 0.0780

Source: BSC2002a, Table 6-18

Table 11-19. ke Values for Benchmarks Applicable to Dégraded Moderated Configurations for FFTF DOE
SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kegt Cexp_ Kett Ceale AENCF

pni3187 1.0000 0.0016 0.9976 0.0012 0.0417
pni33gi 1.0000 0.0016 0.9943 0.0012 - 0.0411
pni3492 1.0000 0.0016 0.9975 0.0012 0.0431
pni3593 1.0000 0.0016 0.9973 | * 0.0011 0.0459
pni3694 1.0000 0.0016 1.0026 0.0012 0.0445
Experiment MIX-SOL- pni3795 1.0000 0.0016 1.0017 0.0012 0.0400
THERM-001 (12 cases) pni3896 1.0000 0.0016 1.0024 0.0012 '0.0232
: pni3897 1.0000 0.0016 1.0045 0.0011 0.0142
pni3898 1.0000 0.0016 1.0029 0.0010 0.0299
pni3808 1.0000 0.0016 1.0020 0.0011 ©0.0213
pni3999 1.0000 0.0052 1.0092 0.0011 0.0296
pni5300 1.0000 0.0052 1.0080 | 0.0011 0.0288
pnl1158 1.0000 0.0024 1.0069 0.0007 0.0038
Experiment MIX-SOL- pni1159 1.0000 0.0024 1.0074 0.0006 0.0037
THERM-002 (3 cases) pri1161 1.0000 0.0024 1.0079 | 0.0007 0.0061
Experiment MIX-SOL- awre1 0.9985 0.002 1.0147 | 0.0010 0.0315
THERM-003 (10 cases) awre2 0.996 0.002 1.01567 0.0012 0.0315
awre3 0.9935 0.002 1.0120 0.0012 0.0320

awred 0.9909 0.002 1.0051 0.0012 0.0319 -
awre5 0.9981 0.0022 1.0085 0.0010. 0.0104
awre6 0.9959 0.0022 | 1.0107 0.0010 0.0104
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Table 11-19. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE
SNF

Benchmark values Calculated values (MVCNP)
Experiment Case name Kest Oexp Kent Ocale AENCF
awre7 0.9935 0.0022 1.0080 0.0010 © 0.0105

awre8 0.9988 0.0025 1.0128 0.0008 0.0069

awre9 0.9958 0.0025 1.0094 0.0009 0.0066

awre10 0.9964 0.0025 1.0102 0.0008 0.0066

pni1577 1.0000 0.0033 0.9958 0.0012 0.0589

pni1678 *1.0000 0.0033 0.9974 0.0012 0.0504

pni1783 1.0000 0.0078 0.9992 0.0012 0.0534

pni1868 1.0000 0.0078 1.0039 0.0013 0.0343

ﬁémgz '\gxésgel;-) pnl1969 1.0000 . 0.0033 1.0000 0.0012 0.0334
pni2070 1.0000 0.0033 0.9996 0.0014 0.0377

pnl2565 1.0000 0.0033 1.0015 0.0012 0.0129

pni2666 1.0000 0.0033 1.0018 0.0011 0.0117

pni2767 1.0000 0.0078 1.0061 0.0011 0.0123

pustiti 1.0000 0.005 1.0106 0.0010 0.0126

pustitz | 1.0000 0.005 1.0128 0.0010 0.0172

Experiment PU-SOL- pustit3 1.0000 0.005 1.0145 0.0011 0.0209
THERM-001 (6 cases) pustitd 1.0000 0.005 1.0077 0.0011 0.0237
pustits 1.0000 0.005 1.0111 0.0010 0.0246

pust1té 1.0000 0.005 1.0100 0.0010 0.0488

pu003-1 1.0000 0.005 1.0089 0.0009 0.0063

pu003-2 1.0000 0.005 1.0076 0.0009 0.0066

: pu003-3 1.0000 - 0.005 1.0116 0.0010 0.0070

Experiment PU-SOL- pu003-4 1.0000 0.005 1.0116 0.0010 0.0072
THERM-003 (8 cases) puo03-5 1.0000 0.005 1.0116 0.0009 0.0077
pu003-6 1.0000 0.005 1.0128 0.0010 - 0.0086

pu003-7 1.0000. 0.005 1.0144 0.0009 0.0067

pu003-8 1.0000 0.005 1.0119 0.0009 0.0068

pu004-1 1.0000 0.0047 1.0117 0.0009 0.0052

pu004-2 1.0000 0.0047 | 1.0067 0.0009 0.0053

pu004-3 1.0000 0.0047 1.0087 0.0009 0.0056

pu004-4 1.0000 0.0047 1.0056 0.0009 0.0056

pu004-5 1.0000 0.0047 1.0068 0.0009 0.0054

pu004-6 1.0000 0.0047 1.0087 0.0009 0.0057

Tﬁzp;m%fg gg-cSaC;LG;) pu004-7 1.0000 0.0047 1.0118 0.0009 0.0058
pu004-8 1.0000 0.0047 1.0079 0.0009 0.0059

pu004-9 1.0000 0.0047 1.0091 0.0009 0.0082

pu04-10 1.0000 0.0047 1.0098 0.0009 0.0072

pu04-11 1.0000 0.0047 1.0080 0.0010 0.0085

pu04-12 1.0000 0.0047 1.0103 0.0009 0.0057 .

pu04-13 1.0000 0.0047 1.0063 0.0009 0.0057

Experiment PU-SOL- pu005-1 1.0000 0.0047 1.0087 0.0009 _ 0.0057
THERM-005 (9 cases) pu005-2 1.0000 0.0047 1.0108 0.0009 0.0058
pu005-3 1.0000 0.0047 1.0123 0.0009 0.0062




Engineered Systems Project Calculation

Title: Analysis of Critical Benchmark Experiments and Critical Limit Calculation for DOE SNF
Document Identifier: CAL-DSD-NU-000003 Rev 00A Page 11-41 of 1I-76
Initial and Date: Originator:_J4™M 07/62/03 Checker: _M-S - 7/2/03

Table 11-19. k.4 Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE
SNF

Benchmark values Calculated values (MCNP)

Experiment Case name Kest Cexp Kett Ocale AENCF
pu005-4 1.0000 0.0047 1.0118 0.0009 0.0068

pu005-5 1.0000 0.0047 1.0125 0.0009 0.0073

pu005-6 1.0000 - 0.0047 1.0128 0.0009 0.0078

pu005-7 1.0000 0.0047 1.0103 0.0009 0.0084
pu005-8 1.0000 0.0047 1.0056 0.0009 0.0061

pu005-9 1.0000 - 0.0047 1.0093 0.0009 - | 0.0064 -
pu007-2 1.0000 0.0047 1.0136 -0.0011 0.0410
pu007-3 1.0000 ©0.0047 1.0054 0.0010 ~ 0.0397

pu007-5 1.0000 0.0047 1.0144 0.0010 0.0175

Experiment PU-SOL- pu007-6 1.0000 0.0047 1.0081 0.0011 0.0177
THERM-007 (8 cases) pu007-7 1.0000 0.0047 1.0104 0.0011 0.0177
pu007-8 1.0000 0.0047 1.0051 0.0010 0.0180

pu007-9 1.0000 0.0047 1.0027 0.0011 0.0180
pu07-10 1.0000 0.0047 1.0064 0.0010 0.0171

pust9-1 1.0000 0.0033 1.0199 .| 0.0008 0.0029

TESEZ'&'_'SS; ':;J-cig;) pust9-2 - 1.0000 0.0033 1.0233 0.0008 0.0026
pust9-3 1.0000 0.0033 1.0209 0.0008 0.0025

pu10091 1.0000 0.0048 1.0219 0.0011 0.0166

pu10092 1.0000 0.0048 1.0193 0.0010 0.0127

pu10093 1.0000 0.0048 1.0143 0.0010. 0.0093

pul0i1 1.0000 0.0048 1.0183 0.0010 0.0103

pu10112 1.0000 0.0048 1.0169 0.0010 0.0089

pu10113 1.0000 0.0048 1.0138 0.0010 0.0087

Experiment PU-SOL- pui10114 1.0000 0.0048 . 1.0085 0.0009 0.0080
THERM-010 (14 cases) puiOi11s 1.0000 0.0048 1.0100 0.0009 0.0075
pu10116 1.0000 0.0048 1.0192 0.0010 0.0111

pul0i17 1.0000 0.0048 1.0097 0.0010 0.0090

pu10121 1.0000 0.0048 1.0173 0.0010 0.0089

pui0122 1.0000 0.0048 1.0153 0.0010 0.0080

pui0123 1.0000 0.0048 1.0221 0.0010 0.0067

pui0i124 1.0000 0.0048 1.0170 0.0009 0.0059

pu11161 1.0000 0.0052 1.0167 0.0010 0.0074

pul1162 1.0000 0.0052 1.0206 0.0010 0.0076

pui1163 1.0000 0.0052 1.0255 0.0010 0.0083

pul1164 1.0000 0.0052 1.0170 0.0010 0.0085

pul1165 1.0000 0.0052 1.0132 0.0010 0.0096

Experiment PU-SOL- pui1181 1.0000 0.0052 1.0032 | 0.0009 0.0050
 THERM-011 (12 cases) pu11182 1.0000 0.0052 1.0089 0.0009 0.0053
pu11183 1.0000 0.0052 1.0051 0.0009 . 0.0053

pui1i84 1.0000 0.0052 1.0020 0.0009 0.0053

pui1185 1.0000 0.0052 1.0096 0.0010 0.0059

pul1186 1.0000 0.0052 1.0072 0.0009 0.0063

pul1187 1.0000 0.0052 1.0073 ©0.0009 0.0054
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Table 11-19. ks Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE
' SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kett _Cexp Kert Geale AENCF
pst012_01 1.0000 0.0043 1.0115 0.0009 0.0048
pst012_02 1.0000 0.0043 1.0118 0.0008 0.0042
pst012_03 1.0000 0.0058 1.0124 | 0.0007 0.0040
pst012_04 1.0000 0.0058 1.0117 0.0007 - 0.0037
pst012_05 1.0000 0.0058 1.0178 0.0006 0.0035
pst012_06 1.0000 0.0007 1.0075 0.0013 0.0222
pst012_07 1.0000 0.0013 . 1.0080 0.0013 0.0172
pst012_08 1.0000 0.0013 1.0121 0.0012 0.0111
pst012_09 1.0000 0.0043 1.0157 0.0011 - 0.0070
pst012_10 1.0000 0.0043 1.0111 0.0009 0.0061
psto12_11 1.0000 0.0043 1.0149 0.0010 0.0051
Experiment PU-SOL- pst012_12 1.0000 0.0043 - 1.0144 | - 0.0008 0.0047
THERM-012 (23 cases) I 161213 1,0000 0.0058 1.0141 | 0.0006 0.0034
pst012_14 1.0000 0.0013 1.0074 0.0011 0.0118
pst012_15 1.0000 0.0043 1.0161 0.0011 0.0074
pst012_16 1.0000 0.0043 1.0111 0.0010 0.0063
pst012_17 |  1.0000 0.0043 1.0144 0.0009 0.0051
pst012_18 1.0000 0.0043 1.0149 0.0009 0.0050
pst012_19 1.0000 0.0043 1.0153 0.0009 0.0043
pst012_20 1.0000 0.0058 1.0149 0.0008 0.0042
psto12_21 1.0000 0.0058 1.0141 0.0007 0.0038
pst012_22 1.0000 0.0058 1.0155 0.0007 0.0035
pst012_23 1.0000 0.0058 1.0151 0.0006 0.0034
Experiment PU-SOL: pst13-01 0.998 0.004 1.0088 0.0008 0.0247
THERM-013 {21cases) pst13-02 0.998 0.004 1.0080 0.0008 0.0251
pst13-04 0.9965 0.0052 1.0060 | 0.0008 0.0252
pst13-05 | 0.9965 0.0052 1.0075 0.0008 0.0251
pst13-06 0.9965 0.0052 1.0062 0.0009 "~ 0.0251
pst13-07 0.9965 0.0052 1.0003 0.0008 0.0246
pst13-08 0.9965 0.0052 1.0095 0.0008 0.0249
pst13-09 0.9965 0.0052 1.0060 0.0009 0.0247
pst13-10 0.9965 0.0052 1.0060 0.0009 0.0249
pst13-11 0.9965 0.0052 1.0120 0.0008 0.0251
pst13-12 0.9965 0.0052 1.0078 | 0.0008 0.0249
pst13-13 0.9965 0.0052 1.0053 0.0008 0.0250
pst13-14 0.9965 0.0052 1.0080 0.0008 0.0250
pst13-15 0.9959 0.0062 1.0149 0.0008 0.0243
pst13-16 0.9959 0.0062 1.0081 0.0008 0.0251
psti3-17 0.9959 0.0062 1.0072 0.0008 0.0251
pst13-18 0.9959 0.0062 1.0063 0.0008 - 0.0245
pst13-19 0.9959 0.0062 1.0069 0.0008 0.0248
pst13-20 0.9959 0.0062 1.0059 0.0008 | 0.0249
pst13-21 0.9966 0.0043 1.0070 0.0008 0.0250
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Benchmark values Calculated values (MCNP)
Experiment Case name Kess Oexp Kett Geale AENCF
© pst13-22 0.9966 0.0043 1.0122 0.0008 0.0245
pst014_1 0.9980 0.0032° 1.0104 0.0010 0.0240
pst014_10 ~ 0.9980 0.0032 1.0072 0.0010 0.0240
pst014_11 0.9980 0.0032 1.0109 0.0010 0.0250
pstD14_12 0.9980 0.0032 1.0115 0.0010 0.0250
pst014_13 - 0.9980 0.0043 1.0118 | 0.0010 0.0250
pst014_14 00,9980 - 0.0043 1.0084 0.0010 0.0250
pst014_15 0.9980 0.0043 1.0087 0.0010 0.0250
pst014_16 0.9980 - 0.0043 1.0086 0.0010 0.0250
pst014_17 0.9980 0.0043 1.0100 0.0010 0.0240
pst014_18 0.9980 0.0043 1.0116 0.0010 0.0240
psto14_19 0.9980 0.0043 1.0092 0.0010 0.0250
pst014_2 0.9980 0.0032 1.0094 0.0010 0.0240
"pst014_20 0.9980 0.0043 1.0095 0.0010 0.0240
" pst014_21 0.9980 0.0043 1.0091 0.0010 0.0240
pst014_22 0.9980 0.0043 1.0070 0.0010 0.0240
. pst014_23 0.9980 0.0043 1.0080 0.0011 0.0240
. : pst014_24 0.9980 0.0043 1.0114 0.0010 0.0240
Tﬁ)épgsmlt gg-csaos;) pst014_25 0.9980 0.0043 1.0083 0.0010 0.0250
pst014_26 0.9980 0.0043 1.0096 0.0010 0.0240
pst014_27 0.9980 0.0043 1.0078 0.0010 0.0240
pst014_28 0.9980 0.0043 1.0099 0.0010 0.0240
pst014_29 0.9980 0.0043 1.0059 0.0010 0.0250
pst014_3 0.9980 0.0032 1.0100 0.0010 0.0250
pst014_30 - 0.9980 . 0.0043 1.0091 0.0010 0.0250
pst014_31 0.8980 0.0043 1.0084 0.0011 0.0240
pst014_32 0.9980 0.0043 1.0084 0.0010 0.0250
pst014_33 0.9980 0.0043 1.0075 0.0010 0.0250
pst014_34 0.9980 0.0043 1.0095 0.0010 0.0250
pst014_35 0.9980 0.0043 1.0084 0.0010 0.0250
pst014_4 0.9980 0.0032 1.0103 0.0010 . 0.0240
pst014_5 0.9980 0.0032 1.0110 0.0010 0.0250
pst014_6 0.9980 0.0032 1.0088 0.0010 0.0240
pst014_7 0.9980 0.0032 1.0104 0.0010 0.0250
pst014_8 0.9980 | 0.0032 1.0090 0.0010 0.0250
pst0t4_9 0.9980 0.0032 1.0110 0.0010 0.0250
Experiment PU-SOL- pst015_1 0.9980 0.0038 1.0088 | 0.0010 0.0330
THERM-015 (17 cases) pst015_10 0.9971 0.0047 1.0076 0.0010 0.0330
' pst015_11 0.9971 . 0.0047 1.0053 0.0010 . 0.0330
pst015_12 0.9971 0.0047 1.0084 0.0010 0.0330
pst015_13 0.9971 0.0047 1.0069 0.0010 0.0330
pst015_14 0.9971 0.0047 1.0068 0.0010 0.0330
pst015_15 0.9971 0.0047 1.0097 0.0010 0.0330
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Table I1-19. ko4 Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE
SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Ketr Oexp Ketr Ocalc AENCF
: pst015_16 0.9971 0.0047 1.0087 0.0010 -~ 0.0330
pst015_17 0.9971 0.0047 1.0079 0.0010 0.0330
pst015_2 0.9980 0.0038 1.0078 0.0010 0.0330
pst015_3 0.9980 0.0038 1.0096 0.0010 0.0330
pst015_4 0.9980 0.0038 1.0092 0.0010 0.0330
pst015_5 - 0.9980 0.0038 1.0089 0.0010 0.0330
pst015_6 0.9980 0.0038 1.0091 0.0010 0.0330
pst015_7 0.9971 0.0047 1.0093 0.0010 0.0330
pst015_8 0.9971 0.0047 1.0085 0.0010 0.0330
pst015_9 0.9971 0.0047 1.0071 0.0010 0.0330
pst016_1 0.9980 0.0043 1.0076 0.0010 0.0330
pst016_10 0.9963 0.0033 1.0106 0.0011 0.0242
pst016_11 0.9963 0.0033 1.0101 | 0.0010 0.0242
pst016_2 0.9980 0.0043 1.0071 0.0010 0.0330
" pst016_3 0.9980 0.0043 1.0089 0.0010 0.0325
Tﬁg&fm (':l:-fafi;) pst016_4 0.9980 0.0043 1.0100 0.0010 0.0328
pst016_5 0.9969 0.0038 1.0086 0.0010 0.0241
pst016_6 0.9969 0.0038 1.0096 0.0010 0.0246
pst016_7 - 0.9969 0.0038 1.0103 0.0010 0.0247
pst016_8 0.9969 0.0038 1.0091 0.0010 0.0244
pst016_9 0.9963 0.0033 1.0107 0.0010 0.0245
pst017_1 0.9969 0.0038 1.0089 0.0010 0.0250
pst017_10 0.9969 0.0038 1.0082 0.0010 0.0250
pstO17_11 0.9969 - 0.0038 1.0100 0.0010 0.0240
psto17_12 0.9969 0.0038 1.0081 0.0010 0.0250
pst017_13 0.9969 0.0038 1.0084 0.0010 0.0240
pst017_14 0.9969 0.0038 1.0081 0.0010 0.0250
pst017_15 0.9969 0.0038 1.0102 0.0010 0.0240
pst017_16 0.9969 0.0038 1.0108 0.0010 0.0250
Experiment PU-SOL- pst017_17 0.9969 0.0038 1.0088 0.0010 0.0250
THERM-017 (18 cases) pst017_18 0.9969 0.0038 1.0088 0.0010 0.0240
pst017_2 0.9969 0.0038 1.0109 0.0011 0.0250
pst017_3 0.9969 0.0038 1.0080 0.0010 0.0240
pst017_4 0.9969 0.0038 1.0067 0.0010 0.0240
pst017_5 0.9969 0.0038 1.0102 0.0010 0.0250
pst017_6 0.9969 0.0038 1.0088 0.0010 0.0250
pst017_7 0.9969 0.0038 1.0076 0.0010 0.0250
pst017_8 0.9969 0.0038 1.0101 0.0010 ©0.0250
pst017_9 0.9969 0.0038 1.0088 0.0010 - 0.0250
Experiment PU-SOL- pst020_1.T8A 1.0000 0.0059 1.0105 0.0009 0.0078
THERM-020 (B cases) | pst020_2.TBA 1.0000 0.0059 1.0144 0.0010 0.0078
pst020_3.T8A 1.0000 0.0059 1.0077 0.0009 0.0067
pst020_5.T8A 1.0000 0.0059 1.0080 0.0010 0.0100
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Table II-‘19. ket Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE
SNF

Benchmark values Calculated values (MCNP)
Experiment Case name: Kers Cexp __ Kett Ocale AENCF
pst020_6.T8A 1.0000 0.0059 1.0103 0.0010 .0.0106
pst020_7.T8A 1.0000 0.0059 - 1.0046 0.0009 0.0067
pst020_8.T8A 1.0000 0.0059 1.0109 0.0011 0.0146
pst020_9.T8A 1.0000 0.0059 1.0044 0.0010 0.0096
pst021_1.T9A 1.0000 0.0032 1.0123 0.0010 0.0080
pst021_2.T9A 1.0000 0.0032 1.0123 0.0010 0.0070
Experiment PU-SOL- pst021_3.T9A 1.0000 0.0065 1.0095 0.0012 ~ 0.0400
THERM-021 (6 cases) pst021_4.T9A 1.0000 0.0025 1.0089 0.0009 0.0050
pst021_5.T9A 1.0000 0.0025 1.0105 0.0009 0.0050
pst021_6.T9A 1.0000 0.0044 1.0118 0.0009 0.0080
pst022_01 1.0000 0.002 1.0020 0.0011 0.0320
pst022_02 1.0000 0.002 1.0071 0.0009 0.0210
pst022_03 1.0000 0.002 1.0093 0.0010 0.0130
pst022_04 1.0000 0.002 1.0083 0.0009 0.0110
pst022_05 1.0000 0.002 1.0093 0.0009 0.0090
pst022_06 1.0000 0.003 1.0113 0.0008 0.0080
pst022_07 1.0000 - 0.003 . 1.0117 0.0007 |. 0.0070
pst022_08 1.0000 0.003 1.0124 0.0008 0.0070
, TE’EPS&"_(‘)% (ﬁg'(?aos:; ) pst022_09 1.0000 0.003 1.0103 0.0008 0.0060
pst022_10 1.0000 0.002 1.0024 0.0010 0.0340
pst022_11 1.0000 0.002 0.9969 0.0010 0.0290
pst022_12 1.0000 0.002 1.0035 0.0010 0.0210
pst022_13 1.0000 0.002 1.0014 0.0010 0.0170
pst022_14 1.0000 0.002 1.0017 0.0010 0.0150
pst022_15 1.0000 0.002 0.9968 0.0009 - 0.0120
pst022_16 1.0000 0.002 1.0007 0.0009 0.0110
pst022_17 1.0000 0.002 1.0024 0.0009 0.0110-
_ pst23-1 1.0000 -0.0038 1.0011 0.0009 0.0212
Experiment PU-SOL- pst23-7 1.0000 0.0038 1.0036 | 0.0009 0.0234
THERM-023 (3 cases) pst23-11 1.0000 0.0038 1.0012 0.0009 0.0214
Experiment PU-SOL- pst024_1 1.0000 0.0062 1.0081 0.0020 0.0560
THERM-024 (23 cases) pst024_10 1.0000 0.0053 1.0094 0.0019 0.0340
pst024_11 1.0000 0.0053 1.0079 0.0019 0.0350
pst024_12 1.0000 0.0053 1.0082 0.0020 - 0.0340
pst024_13 1.0000 0.0053 1.0078 0.0019 0.0340
pst024_14 1.0000 0.0053 1.0034 0.0027 0.0440
pst024_15 1.0000 0.0053 1.0046 0.0018 0.0450
pst024_16 1.0000 0.0053 1.0032 0.0019° 0.0440
pst024_17 1.0000 - 0.0053 1.0033 0.0018 - 0.0430
pst024_18 1.0000 0.0051 1.0095 0.0019 0.0140
pst024_19 1.0000 0.0051 1.0089 0.0018 0.0140
pst024_2 1.0000 - 0.0062 0.9981 0.0019 0.0560
pst024_20 1.0000 0.0051 1.0143 0.0018 0.0140
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Table 11-19. ks Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE
o SNF

Benchmark values Calculated values (MCNP)
Experiment Case hame Kets Cexp _ Kest Ocalc AENCF
pst024_21 1.0000 0.0051 1.0106 0.0018 0.0140
pst024_22 1.0000 . 0.0051 1.0119 0.0017 0.0140
pst024_23 1.0000 0.0051 1.0083 0.0017 0.0150
pst024_3 1.0000 0.0062 1.0000 0.0020 0.0560
pst024_4 1.0000 0.0062 1.00256 0.0019 0.0560
pst024_5 1.0000 0.0062 0.9998 0.0019 0.0560
pst024_6 1.0000 0.0077 0.9966 0.0019 0.1050
pst024_7 1.0000 0.0053 1.0111 0.0018 0.0350
pst024_8 1.0000 0.0053 1 1.0096 0.0018 0.0340
pst024_9 1.0000 0.0053 1.0086 0.0021 0.0340
Experiment PU-SOL- pst025_1 1.0000 0.0039 1.0176 0.0011 0.0110
THERM-025 (44 cases) pst025_10 1.0000 0.0038 1.0071 0.0012 0.0130
pst025_11 1.0000 0.0038 1.0053 0.0012 0.0130
pst025_12 1.0000 0.0038 1.0093 0.0012 0.0140
pst025_13 1.0000 0.0038 1.0053 0.0013 0.0130
pst025_14 1.0000 0.004 1.0046 0.0013 0.0320
pst025_15 1.0000 0.004 1.0051 0.0013 0.0310
pst025_16 1.0000 0.004 1.0060 0.0013 0.0310
pst025_17 1.0000 0.004 1.0044 0.0013 0.0310
pst025_18 1.0000 0.004 1.0057 0.0013 0.0310
pst025_19 . 1.0000 0.004 1.0043 0.0013 0.0320
pst025_2 1.0000 0.0039 1.0170 - 0.0012 0.0110
pst025_20 1.0000 0.004 1.0028 0.0014 0.0320

pst025_21 1.0000 0.0044 0.9987 0.0012 0.0390
pst025_22 -1.0000 0.0044 0.9975 0.0013 0.0400
pst025_23 1.0000 0.0044 1.0003 0.0013 0.0400
pst025_24 1.0000 0.0044 0.9950 0.0014 0.0410
pst025_25 1.0000 0.0044 0.9970 0.0013 0.0400
pst025_26 1.0000 0.0044 0.9956 0.0014 0.0410
pst025_27 1.0000 0.0044 0.9935 0.0013 0.0410
pst025_28 1.0000 0.0048 0.9954 0.0013 0.0500
pst025_29 1.0000 0.0048 0.9938 0.0013 0.0500
pst025_3 1.0000 0.0039 1.0186 0.0012 0.0110
pst025_30 1.0000 0.0048 0.9957 0.0013 0.0500
pst025_31 1.0000 0.0048 0.9991 0.0013 0.0500
pst025_32 1.0000 0.0048 0.9958 0.0013 ~ 0.0500
pst025_33 1.0000 0.0048 0.9943 0.0013 0.0520
pst025_34 1.0000 0.0049 0.9962 0.0013 0.0590
pst025_35 1.0000 0.0049 0.9940 0.0012 0.0600
pst025_36 1.0000 0.0049 0.9956 0.0012 0.0600
pst025_37 1.0000 0.0049 0.9949 0.0012 0.0600
pst025_38 1.0000 0.0049 0.9940 0.0013 0.0600
pst025_39 1.0000 0.006 0.9961 0.0013 0.0940
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Table 1I-19. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE
SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Ken Oexp Kett Ocatc AENCF
_ pst025_4 1.0000 0.0039 1.0157 0.0013 0.0110

pst025_40 1.0000 0.006 0.9927 0.0013 0.0950

pst025_41 1.0000 0.006 0.9929 0.0012 0.0950

pst025_42 1.0000 0.006 0.9936 0.0012 0.0960

pst025_43 1.0000 0.006 0.9894 0.0013 0.0960

pst025_44 1.0000 0.006 0.9904 0.0012 0.0970

pst025_5 1.0000 0.0039 1.0178 0.0012 0.0110

pst025_6 1.0000 0.0039 1.0109 0.0012 0.0110

pst025_7 1.0000 0.0038 1.0046 0.0013 0.0140

pst025_8 1.0000 0.0038 1.0091 0.0012 0.0130

pst025_9 1.0000 0.0038 1.0049 0.0012 0.0140

Pst026_01 1.0000 0.0052 1.0024 0.0010 0.0130

Pst026_02 1.0000 0.0052 1.0001 0.0009 0.0130

Pst026_03 1.0000 0.0051 1.0013 0.0009 0.0130

Pst026_04 1.0000 0.0045 1.0024 0.0009 0.0150

Pst026_05 1.0000 0.0044 1.0017 0.0009 0.0150

Pst026_06 1.0000 0.0043 1.0008 0.0009 0.0150

Pst026_07 1.0000 0.0041 1.0027 0.0009 0.0150

Pst026_08 1.0000 0.0039 1.0033 0.0009 0.0150

Pst026_09 1.0000 0.0049 0.9995 0.0010 0.0370

Pst026_10 1.0000 0.0048 1.0021 0.0010 0.0370

Tﬁggmezrg ("2111-;2:-5) Pst026_11 1.0000 0.0047 - 1.0021 0.0010 0.0370
Pst026_12 1.0000 0.0047 1.0023 0.0010 0.0370

Pst026_13 1.0000 0.0045 1.0011 0.0010 0.0370

Pst026_14 1.0000 0.0044 1.0054 0.0010 0.0370

Pst026_15 1.0000 0.0046 0.9900 0.0010 0.0470

Pst026_16 1.0000 0.0044 0.9961 0.0010 0.0470

Pst026_17 1.0000 0.005 0.9949 0.0009 0.0590

Pst026_18 1.0000 0.0049 0.9950 0.0010 0.0600

Pst026_19 1.0000 0.0049 0.0954 0.0009 0.0590

Pst026_20 1.0000 0.0049 0.9948 0.0009 0.0600

Pst026_21 1.0000 0.0049 "0.9948 0.0010 0.0600

pst006_1 1.0000 0.0035 1.0080 0.0009 0.0050

Tﬁggmgé F(’élig;) pst006_2 1.0000 0.0035 1.0103 0.0009 0.0050
pst006_3 1.0000 0.0035 1.0076 0.0009 0.0050

Experiment PU-SOL- pst008_1.10A 1.0000 0.0033 1.0098 0.0005 0.0070
THERM-008 (14 cases) | pst008_10.10A| 1.0000 0.0037 1.0291 0.0005 0.0090
pst008_11.10A|  1.0000 0.0031 1.0227 0.0005 0.0080

pst008_12.10A|  1.0000 0.0041 1.0215 0.0005 - 0.0140

pst008_13.10A|  1.0000 0.0041 1.0293 0.0005 0.0100

pst008_14.10A|  1.0000 0.0042 1.0114 0.0006 0.0160

pst008_15.10A}  1.0000 0.0041 1.0164 0.0005 0.0100

pstO08_2.10A 1.0000 0.0037 1.0111 0.0005 0.0100
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Table 11-19. k.4 Values for Benchmarks Applicable to Degraded Moderated Configurations for FFTF DOE .
SNF .
Benchmark values Calculated values (MCNP)
Experiment Case name Kegt Oexp Kett Ccale AENCF
pst008_3.10A 1.0000 0.0040 1.0193 0.0005 0.0100
pst008_4.10A 1.0000 0.0040 1.0238 0.0005 0.0100
pst008_5.10A 1.0000 0.0028 1.0232 0.0005 0.0070
pst008_7.10A 1.0000 0.0028 1.0184 0.0005 0.0060
pst008_8.10A 1.0000 0.0040 1.0029 0.0005 . 0.0110
pst008_9.10A 1.0000 0.0061 1.0072 0.0006 0.0540
pst002_1 1.0000 0.0047 1.0095 0.0010 0.0080
pst002_2 1.0000 . 0.0047 1.0115 0.0010 0.0100
. pst002_3 1.0000 0.0047 1.0083 0.0010 0.0100
TEﬁf&“_gg;':y;ig;) pst002_4 1.0000 0.0047 1.0126 0.0010 0.0110
pst002_5 1.0000 0.0047 1.0144 0.0010 0.0120
pst002_6 1.0000 0.0047 1.0105 0.0010 0.0130
pst002_7 1.0000 0.0047 1.0131 0.0010 0.0140
. msl5-63 1.0000 0.0037 0.9877 0.0008 0.0130
.msl5-64 1.0000 0.0037 1.0045 0.0007 0.0120
msl5-71 1.0000 0.0037 - 1.0032 | 0.0008 0.0330
%Péeémrgshgxcfg; | __msl5-72 1.0000 0.0037 1.0001 | 0.0008 0.0320
’ msl5-74 1.0000 0.0037 0.9922 0.0009 0.0370
msl5-75 1.0000 0.0037 0.9898 0.0009 0.0590
msi5-76 1.0000 0.0037 0.9974 0.0007 0.0490 -

Source: BSC2002a, Table 6-19

Table 11-20. ke Values for Benchmarks Applicable to Dégraded Non-moderated Configurations for FFTF

DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kert Oexp kest Ocale AENCF
i t MIX-MET- . .
M ED 001 (MIYMET-  |mixmm1 0.9991 0.0013 0.9914 | 0.0004 0.7770
INTER-002) (1 case)
Experiment MIX-MET-FAST-|  mixmf1 1.0000 0.0016 0.9960 | 0.0020 1.8070
001 (1 case)
mixmf2-1 1.0000 0.0042 10061 | 0.0010 1.7130
Experin:)%rg hg'X-MET -FAST-|  mixmif2-2 1.0000 0.0044 1.0080 0.0011 1.7050
(3 cases) mixmf2-3 |  1.0000 0.0048 1.0067 | 0.0010 1.6990
Experiment MIX-MET-FAST-{ * mixmf3 0.9993 0.0016 0.9993 0.0006 . 1.7740
003 (1 case)
Exporiment MIX-MET-FAST. |___Mmi4-38 0.9993 0.0013 0.9986 | 0.0006 1.5470
" 004 (2 cases) - mmf4-39 0.9993 0.0013 1.0002 | 0.0006 " 1.5410
Experiment MIX-MET-FAST-{  mixmf5 0.999 0.0017 1.0005 | 0.0003 1.7400
005 (1 case) . h
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Table 11-20. ke Values for Benchmarks Applicable to Degraded Non-moderated Configurations for FFTF
DOE SNF
. Benchmark values Calculated values (MCNP)
Experiment Case name Ken Oexp Kent Ocalc. AENCF
Experiment MIX-MET-FAST- mixmi9 1.0000 0.001 0.9977 0.0006 18510
009 (1 case) : .
mmf11-01 0.9897 0.0023 0.9926 0.0005 1.0750
Experiment MIX-MET-FAST- mmf11-02 0.9998 0.0023 0.9972 0.0005 1.0640
011 (4 cases) mmf11-03 1.0018 0.0024 0.9999 0.0004 0.9620
mmf11-04 -1.0012 0.0024 1.0012 | 0.0005 . 09710
Experiment MIX-MET-FAST- mixmf10 1.0000 0.0009 0.9984 | 0.0008 17230
010 (1 case)
Experiment PU-MET-FAST- pumfo1 1.0000 0.002 | o.9987 0.0012 1.9150
001 (1 case)
Experiment PU-MET-FAST- pumf02 1.0000 0.002 0.9992 0.0011 1.9150
002 (1 case) .
Experiment PU-MET-FAST- pumf05- 1.0000 0.0013 1.0100 0.0013 1.6610
005 (1 case) )
Experiment PU-MET-FAST- pmic06 - 1.0000 0.003 1.0047 0.0014 1.9010
006 (1 case) .
Experiment PU-MET-FAST- pumf09 1.0000 |  0.0027 0.9999 | 0.0009 1.8030
008 (1 case)
Experiment PU-MET-FAST- pumf10 1.0000 0.0018 1.0004 0.0013 1.9010
010 (1 case)
Experiment PU-MET-FAST- pumf1i 1.0000 0.001 0.9991 0.0014 1.5180
011 (1 case)
Experiment PU-MET-FAST- pumfi8 1.0000 0.003 1.0002 0.0013 |  1.6660
018 (1 case) ;
Experiment PU-MET-FAST- pumf019 0.9992 0.0015 1.0005 0.0007 1,6200
019 (1 case)
Experiment PU-MET-FAST- ‘pumfo21-1 1.0000. 0.0026 1.0032 | 0.0007 1.6610
021 (2 cases) pumf021-2 |  1.0000 0.0026 0.9979 0.0006 1.6671
Experiment PU-MET-FAST- pmfo35 1.0000 0.0016 1.0085 0.0007 - 1.8240
035 (1 case) .
Experiment PU-MET-FAST- pmf036 1.0000 0.0031 1.0029 | 0.0007 1.7160
036 (1 case) -
Experiment PU-MET-FAST- pmf039 ' 1.0000 0.0022 0.9870 0.0006 1.8110
039 (1 case)
Experiment PU-MET-FAST- pmf040 1.0000 0.0038 0.9912 0.0006 1.7940
049 {1 case) :
Experiment PU-MET-FAST- pmfo41 1.0000 0.0016 1.0092 0.0007 1.9440
041 (1 case)
Experiment PU-MET-FAST- PMF20 0.9987 0.0017 1.0009 0.0006 1.8895
020 (1 case) ha B
Experiment PU-MET-FAST- PMF22 1.0000 0.002 0.9963 0.0006 1.8914
022 (1 case)
Experiment PU-MET-FAST- PMF23 1.0000 0.002 0.9974 0.0006 1.7988
023 (1 case)
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Table 11-20. keq Values for Benchmarks Appl:cable to Degraded Non-moderated Configurations for FFTF

DOE SNF
, Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp. Kent Gcalc AENCF
Experiment PU-MET-FAST- PMF24 1.0000 . 0.002 0.9978 0.0007 1.7418
024 (1 case)
Experiment PU-MET-FAST- PMF25 1.0000 0.002 0.9984 0.0006 1.8293
025 (1 case)
Experiment PU-MET-FAST- PMF26 1.0000 0.0024 1.0017 0.0008 1.7250
026 (1 case) - ST
Experiment PU-MET-FAST- PMF27 1.0000 0.0022 1.0018 0.0008 1.4726
. 027 (1 case) . i :
Experiment PU-MET-FAST- | . PMF28 1.0000 0.0022 1.0032 0.0006 1.7100
028 (1 case)
Experiment PU-MET-FAST- PMF29 1.0000 0.0019 0.9931 0.0006 1.9154
029 (1 case)
Experiment PU-MET-FAST-|  PMF30 1.0000 0.0021 1.0008 0.0007 1.8138
030 (1 case) : :
Experiment PU-MET-FAST- PMF31 1.0000 0.0021 1.0021 0.0007 1.6057
031 (1 case) . : :
Experiment PU-MET-FAST- PMF32 1.0000 0.002 0.9994 0.0006 1.8113
032 (1 case)
pmm1-2 1.0002 0.0025 1.0051 0.0006 0.3781
pmm1-3 1.0000 0.0025 1.0088 0.0006 . 0.3392
Emerimg;: P;J-MET;MlXED- pmmi-4 1.0001 0.0025° 1.0165 0.0006 0.2175
(5 cases pmm1-5 1.0003 0.0025 1.0159 | 0.0006 0.2157
pmm1-al 1.0002 0.0032 0.9983 0.0006 0.4510

Source: BSC2002a, Table 6-20

Kkerr values for benchmark experiments applicable to configuratlons of the codlsposal Waste
Package containing Graphite/Carbide (Ft. St. Vrain HTGR) DOE SNF

Table II 21. keﬁ Values for Benchmarks Applicable to Intact Moderated Configurations for Ft. St. Vrain

HTGR DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name - Kent Cexp _ Keny Ccalc AENCF
Experiment HEU-COMP- het2_1 1.0011 0.0069 1.0095 0.0017 0.02439
THERM-002 (25 cases) hct2_2 . 1.0011 ~0.0069 1.0157 | 0.0018 . 0.01948
het2_3 1.0011 0.0069 1.0161 0.0017 0.01643

het2_4 1.0011 0.0069 1.0186 0.0019 0.01449

hct2_5 1.0011 . 0.0069 1.0181 0.0016 0.01295

hct2_6 1.0011 0.0069 1.0182 0.0016 0.01208

het2_7 1.0011 0.0069 1.0171 .0.0014 0.01181

het2_8 1.0011 0.0069 1.0178 0.0016 0.01054
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Table 11-21. key Values for Benchmarks Applicable to Intact Moderated Configurations for Ft. St. Vrain
HTGR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp_ Kett Gealc AENCF
: hct2_9 1.0011 0.0069 1.0173 0.0013 -0.00994
het2_10 1.0011 0.0069 1.016 0.0013 0.00986
het2_11 1.0011 - 0.0053 1.0155 0.0018 0.02013
het2_12 1.0011 0.0053 1.0171 0.0016 0.01411
hct2_13 1.0011 0.0053 1.0219 0.0017 0.01249
hct2_14 1.0011 0.0055 1.0179 0.0017 0.01201
het2_15 1.0011 0.0055 1.0181 0.0014 0.01122
hct2_16 1.0011 0.0055 1.0161 0.0016 0.01024
het2_17 ©1.0011 0.0055 1.0196 0.0013 0.00978
het2_18 1.0020 0.0043 1.019 0.0018 0.02096
het2_19 1.0020 0.0043 1.0155 0.0016 0.01522
het2_20 1.0020 0.0043 1.0135 0.0017 0.01223
het2_21 1.0020 0.0043 1.0178 0.0014 0.01125
het2_22 1.0020 0.0043 1.0183 0.0015 0.00936
het2_23 _1.0008 0.0085 1.0196 0.0018 0.01542
hct2_24 1.0008 0.0085 1.0185 | 0.0016 - 0.01212 -
hct2_25 1.0008 0.0085 1.0136 0.0017 0.0112
hcem-1 1.0000 0.0059 1.0027 0.001 0.1045
hcm-2 1.0012 0.0059 1.0059 0.0011 0.1053
hcm-5 0.9985 0.0056 0.9963 0.001 0.7833
hcm-6 0.9953 0.0056 0.9899 0.001 0.7962
hem-7 0.9997 0.0038 0.9949 0.001 0.8015
hcm-8 . 0.9984" 0.0052 0.9915 0.0011 | 0.6872
hcm-9 0.9983 0.0052 0.9931 0.0011 0.6536
-~ hem-10 0.9979 0.0052 0.9941 0.001 0.6494
hcm-11 0.9983 . 0.0052 0.9934 | 0.0011 0.6385
hcm-12 0.9972 0.0052 0.996 0.0011 0.6358
hcm-13 1.0032 0.0053 0.9977 0.0011 0.6309
hcm-15 . 1.0083 0.005 0.9949 0.0011 . 0.4671
Experiment HEU-COMP- hcm-16 1.0001" 0.0046 0.9926 0.0011 0.4692
MIXED-001 (26 cases) " hem-17 0.9997 | 0.0046 1.0012 0.0011 © 0.4647
hcm-18 1.0075 0.0046 1 0.001 0.4625
hem-19 1.0039 0.0047 1 0.0011 0.5191
hcm-20 1.006 0.0065 1.0051 0.0015 0.5357
hcm-21 1.0026 0.0064 1.0046 0.0016 0.5378
hcm-22 1.0013  0.0064 . 0.9995 0.0016 0.5371
hem-23 0.9995 0.0053 1.0056 0.0015 0.535
hcm-24 1.002 0.0053 1.0003 0.0016 . 0.56352
hcm-25 0.9983 0.0053 0.997 0.0014 0.5333
hcm-26 0.9998 0.0053 1.0001 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 0.0016 0.5302
hcm-28 1.0037 0.0053 1.0033 0.0015 0.541
hcm-29 0.9992 0.0052 0.9998 0.0014 0.5401
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Table 11-21. ke Values for Benchmarks Applicable to Intact Moderated Configurations for Ft. St. Vrain

HTGR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kent Oexp Kent Oecale AENCF
Experiment HEU-MET- hmi06-01 0.9976 0.0008 0.9967 0.0003 0.342
INTER-006 (2 cases) hmi08-02 0.9997 0.0008 0.9984 0.0003 0.386
m35 1.0000 0.0035 1.023 0.0008 0.0576
m36 1.0000 0.0035 1.0113 0.0008 0.0583
m37 1.0000 0.0035 0.9996 0.0008 0.0588
- m38 1.0000 0.0035 1.0011 0.0008 0.0584
m45 1.0000 0.0035 1.0186 0.0011 0.059
Experiment U233-SOL- m61 1.0000 0.0035 1.0228 0.0008 0.0345
THERM-006 (12 cases) m62 1.0000 0.0035 1.0132 0.0008 0.0346
' mé3 1.0000 0.0035 0.9988 0.0008 0.0352
me5 1.0000 0.0035 0.9939 0.0008 0.0350
m77 1.0000 0.0035 0.9939 | - 0.0011 0.0358
m78 1.0000 0.0035 0.9932 0.0011 0.0358
m79 1.0000 0.0035 0.9929 0.0011 0.0355
SB1m 1.0020 0.019 0.99953 | 0.0006 0.070228
SB2m 1.0020 0.019 0.99714 | 0.0008 0.094981
_ SB25m 1.0000 0.019 0.99795 | 0.0006 0.067624
Experiments with SB cores SB3m 1.0020 0.019 0.99516 | 0.0005 0.079284
(LWBR) (8 cases) SB4m .1.0020 0.019 0.99984 | 0.0005 0.067017
SB5m 1.0020 0.019 0.9966 0.0005 0.057312
SB6m 1.0020 0.019 0.9903 0.0006 0.078802
SB7m 1.0020 0.019 0.99509 | 0.0005 0.095296

Source: BSC2002a, Table 6-21, except SB cores experiments that are presented in Section 4 and 6.-

Table 1-22. Kept Values for Benchmarks Applicable to Intact Non- Moderated Conflguratlons for Ft. St.

Vram HTGR DOE SNF

Benchmark values Calculated values (MCNP)

Experiment - Case name Kesr Oexp Ketr Ocale AENCF
E@f’g‘g{“(}fg’g‘a‘ v u2331a 1.0000 0.001 0.99297 | 0.00038 1.77385
Experiment U233-MET- u2332a 1.0000 0.001 0.99547 | 0.00038 1.73702
FAST-002 (2 cases) u2332b 1.0000 0.0011 0.99807 | 0.00039 1.70789
Experiment U233-MET- u2333a 1.0000 0.001 0.99583 0.00041 1.74832
FAST-003 (2 cases) u2333b 1.0000 0.001 0.99771 | 0.00041 1.76231
Experiment U233-MET- u2334a1 1.0000 0.0007 1.00356 | 0.00041 1.61336
FAST-004 (2 cases) u2334b1 1.0000 0.0008 1.00637 | 0.00043 1.51775
Experiment U233-MET- u2335a 1.0000 0.003 0.99351 | 0.00043 1.6195
FAST-005 (2 cases) - u2335b 1.0000 0.003 0.99681 | 0.00045 1.51871
E}g}”g‘o"é‘:}’éig}”ﬂ u2336a 1.0000 0.0014 1.00057 | 0.00045 1.77403
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Table I-22. ke Values for Benchmarks Applicable to Intact Non-Moderated Configurations for Ft. St.

Vrain HTGR DOE SNF |
Benchmark values Calculated values (MCNP)
Experiment Case name ket Oexp_ Kent Ocalc AENCF
hmf7_01 0.9971 0.0001 0.9941 0.0013 1.5855
hmf7_02 0.9986 0.0001 0.9943 | 0.0013 1.4036
hmf7_03 1.0012 0.0001 0.9929 | 0.0015 1.3617
hmf7_04 0.9970 0.0001 0.9916 | 0.0015 1.3232
hmf7_05 1.0000 0.0001 0.9909 | 0.0016 1.253
hmf7_06 1.0028 0.0001 0.9995 | 0.0014 1.223
hmf7_07 0.9996 0.0001 0.9945 | 0.0014 1.2195
_ hmf7_08 0.9992 0.0001 0.9898 | 0.0014 1.2156
-hmf7_09 1.0017 0.0008 1.0003 | 0.0016 1.2192
hmi7_10 1.0000 0.0001 0.9908 | 0.0019 0.9503
hmf7_11 0.9982 0.0001 0.9887 | 0.0021 0.7392
hmf7_12 0.9951 0.0001 1 0.9865 |- 0.0015 0.7036
hmf7_13 1.0009 0.0001 0.9956 | 0.0018 0.743
hmf7_14 0.9983 0.0001 0.9891 | 0.0018 0.7021
hmf7_15 0.9978 0.0001 0.9924 | 0.0019 0.7483
hmf7_16 0.9988 0.0001 0.9911 0.0019 0.7497
. hmf7_17 0.9972 0.0001 0.0886 | 0.0021 0.521
hmf7_18 0.9991 0.0001 0.9936 0.002 0.5176
hmf7_19 0.9983 0.0001 0.9971 0.0014 11.5781
hmf7_20 0.9981 0.0001 0.989 0.0015 1.264
, hmf7_21 0.9987 0.0001 0.9938 | 0.0014 1.2465
053‘29(23’"22;;‘;'”‘““":"37' hmi7_22 0.9994 0.0007 0.9935 | 0.0016 12323
hmf7_23 0.9993 0.0001 0.9937 | 0.0014 1.1298
hmi7_24 1.0001 0.0001 0.995 0.0017 1.1177
hmf7_25 0.999 0.0001 0.9921 | 0.0018 1.0153
hmf7_26 0.9997 0.0001 0.9894 | 0.0016 1.0067
hmf7_27 0.9965 0.0002 0.9916 | 0.0014 1.3907
hm{7_28 0.9987 0.0002 0.9913 | 0.0016 1.2784
hmf7_29 0.9978 0.0002 0.9934 | 0.0015 1.1714
hmf7_30 0.9981 0.0002 0.9936 | 0.0018 0.8973
hmi{7_31 1.0013 0.0002 0.9967 0.002 0.6162
hmf7_32 0.9959 0.0001 0.9968. | 0.0013 1.4869
* hmf7_33 0.9995 0.0001 1.0061 0.0015 1.4324
hmf7_34 0.9977 0.0001 1.0058 | 0.0014 1.3814
hmf7_35 1.0011 0.0001 0.9894 | 0.0019 1.013
hmf7_36 0.9999 . 0.0001 0.9976 | 0.0017 0.8594
hmf7_37 0.9988 0.0001 0.9959 0.002 0.7462
hmi7_38 1.0000 0.0001 0.9996 | 0.0017 0.7181
hmf7_39 1.0018 0.0001 1.0009 | 0.0016 0.7182
hmf7_40 1.0013 0.0001 0.9976 | 0.0019 0.7339
hmf7_41 0.9994 0.0001 0.9968 | 0.0019 10.5383
hm{7_42 1.0016 0.0001 0.9979 | 0.0017. . 0.5269
hmf7_43 0.9998 0.0001 0.999 0.0018 0.3145
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Table 11-22. k. Values for Benchmarks Applicable to Intact Non-Moderated Configurations for Ft. St.
Vrain HTGR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case nhame Keft - Oexp Ket Geale AENCF
Experiment HEU-MET-FAST-|__heumf33c1 0.9991 0.0014 0.994 0.0004 0.85
033 (2 cases) heumt33c2 0.9991 0.0014 0.9924 | 0.0004 0.717
' heumf34c1 0.999 0.0012 09913 | 0.0004 0.958
(fg"g"(g"g:;‘;s';su’MET'FAST‘ heumf34c2 0.999 0.0012 0.991 | 0.0004 0.958
heumf34c3 0.999 0.0012 0.9929 | 0.0004 0.953
Experiment HEU-MET-FAST-| _heumf36ct | 0.9993 0.0015 0.9932 | 0.0004 0.866
036 (2 cases) heumf36c2 0.9993 0.0013 . | 0.9938 | 0.0004 1.097
Experiment :‘fgs“g? heummic1 0.9995 0.0013 1.0044 | 0.0004 0.762
e aod '(*15;2"9')'3 heummdci | 0.9999 0.0009 1.0048 | 0.0004 0.914
hmm5_1 1.0007 0.0027 1.01308 | 000057 | ~ 0.307
‘ hmm5_2 1.0003 0.0028 1.0217 | 0.00055 0.247
s '(*SE;LV'S ; hmms_3 1.0012 0.0029 1.01904 | 0.00052 0.212
hmm5_4 1.0016 0.003 1.0145 | 0.0006 0.3175
hmm5_5 1.0005 0.004 1.00682 | 0.00052 0.377
hem-1 1.0000 0.0059 1.0027 0.001 0.1045
hem-2 1.0012 0.0059 1.0059 | 0.0011 0.1053
hcm-5 0.9985 0.0056 0.9963 0.001 0.7833
hem-6 0.9953 0.0056 0.9899 0.001 0.7962
hem-7 0.9997 0.0038 0.9949 0.001 0.8015
hcm-8 0.9984 0.0052 0.9915 | 0.0011 0.6872
hem-9 0.9983 |  0.0052 09931 | 00011 | 0.6536
hem-10 0.9979 0.0052 0.9941 0.001 0.6494
hcm-11 0.9983 0.0052 0.9934 | 0.0011 0.6385
hem-12 0.9972 0.0052 0.996 | 0.0011 0.6358
hem-13 1.0032 0.0053 0.9977 | o0.0011 0.6309
hcm-15 1.0083 0.005 09949 | 0.0011 | 04671
Experiment HEU-COMP- hcm-16 1.0001 0.0046 0.9926 | 0.0011 0.4692
MIXED-001 (26 cases) " hem-17 0.9997 0.0046 1.0012 0.0011 0.4647
hcm-18 1.0075 0.0046 1 0.001 0.4625
hem-19° 1.0039 0.0047 1 0.0011 05191
hcm-20 1.0060 0.0065 1.0051 | 0.0015 0.5357
hcm-21 1.0026 0.0064 1.0046 | 0.0016 0.5378
hem-22 1.0013 - 0.0064 09995 | 0.0016 0.5371 -
hem-23 0.9995 0.0053 1.0056 | 0.0015 0.535
hem-24 1.0020 0.0053 1.0003 | 00016 | 05352
hem-25 0.9983 0.0053 0.997 0.0014 0.5333
hcm-26 0.9998 0.0053 1.0001 | 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 | 0.0016 0.5302
hcm28 | 1.0037 0.0053 1.0033 | 0.0015 0.541
hcm-29 0.9992 0.0052 09998 | 0.0014 0.5401

Source: BSC2002a, Table 6-22
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" Table 1-23. key Values for Benchmarks Appllcable to Degraded Moderated Configurations for Ft. St.

Vrain HTGR DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp - Kett Geale AENCF

' uSt001-1 1.0000 0.0031 1.0018 | 0.0005 0.0038

' Us001-2 1.0005 0.0033 1.0004 | 0.0006 0.0041
$$gm'g1‘{§i§'s§g"' ust001-3 1.0006 00033 | 0.0994 | 0.0006 0.0043
ustoo1-4 | 0.9998 0.0033 0.9989 | 0.0006 0.0043

ust001-5 0.9999 0.0033 0.9987 | 0.0006 0.0043

Us102-04 1.0040 |  0.0087 1.0103 | 0.0011 0.026

Ust02-05 1.0040 0.0087 0.9973 | 0.0011 . 0.0214

ust02-08 1.0040 |  0.0087 10113 | 0.001 0.0173

Ust02-10 1.0040 0.0087 1.0096 | 0.0011 0.0138

ust02-11 | 1.0040 0.0087 10126 | 0.001 0.0115

ust02-12 1.0040 0.0087 1.0006 |  0.001 0.01

ust02-14 1.0040 0.0087 0.9875 | 0.0009 0.0098

_ ust02-15 1.0040 0.0087 1.0026 | 0.001 0.0083
%ﬁﬁ%’&%&;ﬁ% usi02-17 1.0040 0.0087 0.9897 | 0.0009 0.0072
ust02-18 1.0040 0.0087 1.0029 | 0.0008 0.0066

ust02-19 1.0040 |  0.0087 1.0102 | 0.0008 0.0056

Ust02-22 1.0040 0.0087 0.9967 | 0.0011 0.0356

ust02-24 1.0040 0.0087 0.9976 | 0.0012 0.049

Ust02-34 1.0040 0.0087 1.0038 | 0.0011 0.0223

Ust02-35. 1.0040 0.0087 1.0103 | 0.0009 0.0155

Ust02-36 1.0040 0.0087 1.0115 | 0.0009 0.0096

Us102-38 1.0040 0.0087 1.0097 | 0.0008 0.0075

Us03-40 0.9995 0.0087 1.008 0.001 0.0387

ust03-41 0.9991 0.0151 1.026 | 0.0011 0.0397

Ust03-42. 1.0007 0.0087 1.0044 | 0.0011 0.04

ust03-45 1.0015 0.0126 1014 | 0.0011 0.061

Experiment U233-SOL- ust03-55 |  1.0006 0.0122 1.0197 | 0.0011 0.0693
THERM-003 (10 cases) ust03-57 1.0012 ©.0087 1.0244 0.001 0.0209
ust03-58 |  1.0016 0.0087 1.0167 | 0.001 0.0138

us103-61 1.0016 0.0087 1.0133 | 0.001 0.0108

Ust03-62 1.0018 0.0087 1.0107 | 0.001 0.0095

ust03-65 1.0008 0.0087 1.0073 | 0.0008 0.0056

ust04-03 1.0039 0.0088 1.0086 | 0.0011 0.0257

ust04-06 1.0034 0.0086 1.0113 | 0.001 0.0208

ust0a-20 | 1.0041 0.0089 1.0006 | 0.0011 0.0353

Experiment U233-S0L- ust04-25 1.0051 0.0089 0.9936 | 0.0011 0.0493
THERM-004 (8 cases) usto4-27 1.0020 0.0105 1.0119 | 0.0011 0.0479
ust04-28 1.0020 0.0104 1.0063 | 0.0011 0.0425

ust04-30 1.0037 0.009 0.9988 | 0.0011 0.043

Ust04-33 1.0020 0.0102 1.0087 | 0.0011 0.0215

us105-01 1.0000 0.004 1.0054 | 0.0009 0.0094
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Table 1I-23. k.4 Values for Benchmarks Applicable to Degraded Moderated Configurations for Ft. St.
Vrain HTGR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kett Gcale AENCF
Experiment U233-SOL- ust05-01 1.0000 0.004 1.0054 | 0.0009 ~0.0094
THERM-005 (2 cases) ust05-02 1.0000 0.0049 1.0075 0.0009 0.0078
EHW;g&‘j.'gsu(fiz'si?L‘ ust008 1.0006 0.0029 109986 | 0.0004 0.003
i m35 1.0000 0.0035 1.023 0.0008 0.0576
m36 1.0000 0.0035 1.0113 0.0008 0.0583
m37 1.0000 0.0035 0.9996 0.0008 0.0588
m38 - 1.0000 0.0035 1.0011 0.0008 0.0584
_ m45 1.0000 0.0035 1.0186 | 0.0011 0.059
Experiment U233-SOL- mé1 - 1.0000 0.0035 1.0228 | 0.0008 0.0345
THERM-006 (12 cases) m62 1.0000 0.0035 1.0132 0.0008 0.0346
: m63 1.0000 0.0035 0.9988 | - 0.0008 0.0352
méS - 1.0000 0.0035 0.9939 0.0008 0.0350
m77 1.0000 0.0035 0.9939 0.0011 0.0358
m78 1.0000 0.0035 0.9932 0.0011 0.0358
m79 1.0000 0.0035 0.9929 0.0011 0.0355 -
hct2_1 1.0011 0.0069 1.0095 0.0017 0.02439
het2_2 1.0011 0.0069 1.0157 0.0018 . 0.01948
het2_3 1.0011 0.0069 1.0161 0.0017 0.01643
hct2_4 1.0011 0.0069 1.0186 0.0019 0.01449
hct2_5 1.0011 0.0069 1.0181 0.0016 0.01295
het2_6 1.0011 0.0069 1.0182 0.0016 0.01208
het2_7 1.0011 0.0069 1.0171 0.0014 | 0.01181
hei2_ 8 - 1.0011 0.0069 1.0178 0.0016 ~0.01054
hct2_9 1.0011 0.0069 1.0173- 0.0013 0.00994
het2_10 1.0011. 0.0069 1.016 0.0013 0.00986
het2_11 - 1.0011 0.0053 1.0155 0.0018 0.02013
) hct2_12 1.0011 0.0053 1.0171 0.0016 0.01411
s (2% osats) het2_13 1.0011 0.0053 1.0219 | 0.0017 0.01249
het2_14 - 1.0011 0.0055 1.0179 | 0.0017 0.01201
het2_15 1.0011 0.0055 1.0181 0.0014 0.01122
het2_16 1.0011 0.0055 1.0161 0.0016 - 0.01024
het2_17 1.0011 0.0055 1.0196 0.0013 0.00978
het2_18 1.0020 0.0043 1.019 0.0018 . 0.02096
hct2_19 1.0020 0.0043 1.0155 0.0016 '0.01522
het2_ 20 1.0020 0.0043 1.0135 0.0017 0.01223
het2_21 1.0020 0.0043 1.0178 0.0014 - 0.01125
het2_22 1.0020 0.0043 1.0183 0.0015 0.00936
het2_23 - 1.0008 0.0085 1.0196 0.0018 0.01542 .
hct2_24 1.0008 0.0085 "1.0185 0.0016 0.01212
) het2_25 1.0008 0.0085 1.0136 -0.0017 0.0112
Experiment HEU-COMP- hcm-1 1.0000 0.0059 1.0027 0.001 0.1045
MIXED-001 (26 cases) hem-2 1.0012 0.0059 1.0059 0.0011 0.1053
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Table 11-23. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for Ft. St.
Vrain HTGR DOE SNF
, Benchmark values Calculated values (MCNP)
Exper'iment Case name Kett Cexp. Kets Ocale - AENCF
- hcm-5 0.9985 0.0056 0.9963 0.001 0.7833
hcm-6 0.9953 0.0056 0.9899 0.001 0.7962
hem-7 0.9997 0.0038 0.9949 0.001 " 0.8015
hcm-8 0.9984 0.0052 0.9915 0.0011 0.6872
hcm-9 0.9983 0.0052 ©0.9931 0.0011 0.6536
hcm-10 - 0.9979 0.0052 0.9941 0.001 0.6494
hcm-11 0.9983 0.0052 0.9934 0.0011 0.6385
hcm-12 0.9972 0.0052 0.996 0.0011 0.6358
hcm-13 1.0032 0.0053 0.9977 0.0011 - 0.6309
hcm-15 1.0083 0.005 0.9949 0.0011 0.4671
hcm-16 1.0001 0.00486 0.9926 0.0011 0.4692
hem-17 0.9997 0.0048 1.0012 0.0011 0.4647
hcm-18 1.0075 0.0046 1 0.001 0.4625 -
hem-19 1.0039 0.0047 1 0.0011 0.5191
hem-20 1.006 0.0065 1.0051 0.0015 . 0.5357
hem-21 1.0026 0.0064 1.0046 0.0016 0.5378
- hem-22° 1.0013 0.0064 0.9995 | 0.0016 0.5371
hcm-23 0.9995 0.0053 1.0056 0.0015 0.535
hem-24 1.0020 . 0.0053 1.0003 0.0016 0.5352
hcm-25 0.9983 0.0053 0.997 0.0014. 0.5333
hcm-26 0.9998 0.0053 1.000t1 |. 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 0.00186 0.5302
hcm-28 1.0037 0.0053 1.0033 0.0015 0.541 -
hem-29 0.9992 0.0052 - 0.9998 0.0014 - 0.5401
Experiment HEU-MET- hmi06-01 - 0.9976 0.0008 0.9967 0.0003 0.342
INTER-006 (2 cases) hmi06-02 0.9997 0.0008 0.9984 0.0003 0.386

Source: BSC2002a, Table 6-23

Table I-24. k@ﬂ Values for Benchmarks Applicable to Degraded Non-Moderated Configurations for Ft. St.

Vrain HTGR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kent Ocatc - AENCF
Experiment U233-SOL- usi01-01m 1.0000 0.0083 0.986 0.0003 - 0.1068
INTER -001 (33 cases) usi01-02m 1.0000 0.0085 0.9814 0.0004 0.1136
) usi01-03m 1.0000 0.0066 0.9838 0.0005 0.1185
usi01-04m 1.0000 0.0061 0.9952 0.0006 0.1092
usi01-05m 1.0000 0.0082 0.9868 0.0007 0.1236
usi01-06m 1.0000 0.0061 0.9895 0.0007 0.1146
usi01-07m 1.0000 0.0059 0.9851 0.0007 0.1269
usi01-08m 1.0000 0.0056 0.983 0.0007 0.118
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Table 1I-24. k.« Values for Benchmarks Applicable to Degraded Non-Moderated Configurations for Ft. St.
Vrain HTGR DOE SNF
. Benchmark values Calculated values (MCNP)
Experiment Casename | Ky Cexp__ Kett Ocalc AENCF
’ usi01-09m 1.0000 0.0068 0.9821 0.0007 0.1246
usi01-10m 1.0000 0.0053 0.9822 | 0.0007 0.1325
usi01-11m 1.0000 0.0057 0.9814 | 0.0007 0.1291
usi01-12m 1.0000 0.0091 0.9835 | 0.0007 0.0922
usi01-13m 1.0000 0.0071 0.9835 | 0.0007 0.0973
usiol-14m |  1.0000 0.0052 0.9929 | 0.0007 0.0914
usi01-15m 1.0000 0.0075 0.9811 0.0007 0.1018
usi01-16m 1.0000 0.0028 0.9847 | 0.0007 0.0906
usi01-17m 1.0000 0.0056 .| 0.9907 | 0.0007 0.0947
usi0o1-19m 1.0000 0.0057 0.9782 | 0.0003 0.1104
usi01-18m 1.0000 0.0083 0.9794 | 0.0007 0.1069
usi01-20m 1.0000 0.0056 0.9818 | 0.0008 0.1018
usio1-21m 1.0000 0.005 0.9773 | 0.0007 0.1147
usi01-22m 1.0000 0.0049 0.9802 | 0.0007 0.1181
" usi01-23m | 1.0000 0.0047 0.9939 | 0.0008 0.1118
“usi0l-24m | 1.0000 0.0081 0.9932 | 0.0008 0.0685
- usi01-25m 1.0000 0.0081 0.9855 | 0.0007 0.0733
usi01-26m 1.0000 0.0065 0.9897 | 0.0007 0.0759
usi01-27m 1.0000 0.0051 0.9931 0.0007 0.0713
usio1-28m 1.0000 0.0061 0.9856 | 0.0007 0.0798
usi01-29m 1.0000 0.0098 0.9784 | 0.0007 0.0829
usi01-30m 1.0000 0.0053 0.9795 | 0.0007 0.0766
usi01-31m 1.0000 0.0071 0.9923 | 0.0007 0.0852
usi01-32m 1.0000 0.0053 0.9794 | 0.0008 0.0888
usio1-33m | - 1.0000 0.0046 0.9953 | 0.0008 0.0836
E’@"&‘:{‘i}’fi‘;‘““ u2331a 1.0000 0.001 0.99297 | 0.00038 1.77385
Experiment U233-MET- u2332a 1.0000 0.001 0.99547 | 0.00038 1.73702
FAST-002 (2 cases) u2332b 1.0000 0.0011 0.99807 | 0.00039 1.70789
Experiment U233-MET- u2333a 1.0000 0.001 0.99583 | 0.00041 1.74832
FAST-003 (2 cases) u2333b 1.0000 0.001 0.99771 | 0.00041 1.76231
Experiment U233-MET- u2334at 1.0000 0.0007 1.00356 | ©0.00041 1.61336
FAST-004 (2 cases) u2334b1 1.0000 0.0008 1.00637 | 0.00043 1.51775
Experiment U233-MET- u2335a 1.0000 0.003 0.99351 | 0.00043 16195
FAST-005 (2 cases) u2335b 1.0000 0.003 0.99681 | 0.00045 1.51871
EA"PS"T"S‘(;’Q‘(}’?;‘;MET u2336a 1.0000 ‘0.0014 1.00057 | ©0.00045 1.77403
Experiment HEU-MET-FAST-| __hmf7_01 0.9971 0.0001 0.9941 0.0013 1.5855
007 (43 cases) hmf7_02 0.9986 0.0001 0.9943 0.0013 - 1.4036
hmf7_03 1.0012 0.0001 0.9929 | 0.0015 1.3617
hmf7_04 - 0.9970 0.0001 0.9916 | 0.0015 1.3232
hmf7_05 1.0000 - 0.0001 0.9909 | 0.0016 1.253
hmf7_06 1.0028 0.0001 0.9995 | 0.0014 1.223
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‘Table I1-24. ke Values for Benchmarks Applicable to Degraded Non-Moderated Configurations for Ft. St.
Vrain HTGR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kets Cexp Kert Oeale AENCF
: hmf7_07 0.9996 0.0001 0.9945 0.0014 1.2195
hmf7_08 0.9992 0.0001 0.9898 0.0014 1.2156
hmf7_09 1.0017 0.0008 1.0003 0.0016 1.2192
hmf7_10 1.0000 0.0001 0.9908 0.0019 0.9503
hmf7_11 0.9982 0.0001 0.9887 0.0021 0.7392
hmf7_12 0.9951 0.0001 0.9865 0.0015 0.7036
hmf7_13 1.0009 0.0001 0.9956 0.0018 0.743
hmf7_14 0.9983 0.0001 0.9891 0.0018 0.7021
hmf7.15 0.9978 0.0001 0.9924 0.0019 0.7483
hmf7_16 0.9988 0.0001 0.9911 0.0019 0.7497
hmf7_17 0.9972 0.0001 0.9886 0.0021 0.521
hmf7_18 0.9991 0.0001 0.9936 0.002 0.5176
hmf7_19 0.9983 0.0001 0.9971 0.0014 1.5781
hmf7_20 0.9981 0.0001 0.989 0.0015 1.264
hmf7_21 0.9987 0.0001 0.9938 0.0014 1.2465
hmf7_22 0.9994 0.0001 0.9935 0.0016 1.2323
hmf7_23 0.9993 0.0001 0.9937 | 0.0014 " 1.1298
hmf7_24 1.0001 0.0001 0.995 0.0017 1.1177
" hmf7_25 0.999 0.0001 0.9921 0.0018 1.0153
hmf7_26 0.9997 0.0001 0.0894 | 0.0016 1.0067
hmf7_27 0.9965 0.0002 0.9916 0.0014 1.3907
hmf7_28 0.9987 0.0002 0.9913 0.0016 1.2784
hmi7_29 0.9978 0.0002 09934 | 00015 | 1.1714
hmf7_30 0.9981 0.0002 0.9936 0.0018 0.8973
hmf7_31 1.0013 0.0002 0.9967 0.002 0.6162
hmf7_32 0.9959. 0.0001 0.9968 0.0013 1.4869
hmf7_33 - 0.9995 0.0001 1.0061 0.0015 1.4324
hmf7_34 0.9977 0.0001 1.0058 0.0014 1.3814
hmf7_35 1.0011 0.0001 0.9894 0.0019' 1.013
hmf7_36 0.9999 0.0001 0.9976 | 0.0017 0.8594
hmf7_37 0.9988 0.0001 0.9959 0.002 0.7462
hmf7_38 1.0000 0.0001 0.9996 0.0017 0.7181
hmf7_39 1.0018 0.0001 1.0009 0.0016 0.7182
hmf7_40 1.0013 0.0001 0.9976 0.0019 0.7339
hmf7_41 0.9994 0.0001 0.9968 0.0019 0.5383
hmf7_42 1.0016 0.0001 - 0.9979 0.0017 0.5269
hmf7_43 0.9998 0.0001 0.999 0.0018 0.3145
gﬁe(;"';::;;*EU'MET'FAST‘ HMF11 - 0.9989 0.0015 0.09348 | 000079 |  1.1607
5;‘37;"2:2;;‘5“""'“":"“ HMF19 1.0000 0.0028 1.00277 | 0.0006 1.4793
55‘3‘?',""::;)”5”'””":“37‘ HMF20 1.0000 0.0028 - | 0.99574 |' 0.00061 1.4341
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Table 11-24. Ke Values for Benchmarks Applicable to Degraded Non-Moderated Configurations for Ft. St.

Vrain HTGR DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp Kett Ocalc AENCF
ey O METTAST] P24 0.9980 00015 | 0.99521 | 0.00109 1.2553
ggcs(?rz::;)l-iEU-MET-FAST- “heumf3tct | 1.0000 0.0059 0.9964 | 0.0007 0.966
Experiment HEU-MET-FAST- heumf33c1 0.9991 0.0014 0.994 0.0004 0.85
033 (2 cases) [ heum3ac2 | 0.9991 0.0014 0.9924 | 0.0004 0.717
- heumf34c1 09990 |  0.0012 0.9913 | 0.0004 - 0.958
o@jg'g‘:;‘;;EU'MET'FAST' heumf34c2 0.9990 0.0012 0991 | 0.0004 0.958
‘ heumf34c3 0.9990 0.0012 09929 | 00004 | 0953
Exporiment HEU-MET-FAST-|_heumf3éc? 0.9993 0.0015 09932 | 0.0004 0.866
036 (2 cases) heumt36c2 0.9993 0.0013 0.9938 | 0.0004 1.007
heumt41ci 1.0013 0.003 0.9991 | 0.0007 1.331
heumf41c2 1.0022 0.0043 0.9973 | 0.0007 1.128
Experiment HEU-MET-FAST-|__heumfdic3 1.0006 0.0029 0.0984 | 0.0006 1.466
041 (6 cases) heumf41c4 1.0006 0.0025 3.0008 | 0.0007 1.402
' heumf41c5 1.0006 0.0031 0.9966 | 0.0008 1354
heumf41c6 1.0006 0.0045 0.9993 | 0.0007 1315
'c*i‘;;MEr'M'XED"’m a heummic1 09995 |  0.0013 1.0044 | 0.0004 0.762
Exparimer '(*fé’agf)ﬂ heumm2c1 1.0000 0.0037 1.0032 | 0.0007 0.788
5’;;%’&"3; '(*,Eé’as"g')?r heumm3c1 1.0000 0.0038 10039 | oo008 | 0784
HEUMETMIXED-00401 | heummac1 |  0.9999 0.0009 1.0048 | 0.0004 0.914
hmms_1 1.0007 T 0.0027 1.01308 | 0.00057 0.307
hmmé._2 1.0003 0.0028 10217 | 0.00055 0.247
:;‘;;‘)‘E"M'XED*"’S ® hmms_3 1.0012 0.0029 1.01904 | 0.00052 0212
hmmb._4 1.0016 0.003 1.0145 | 0.0006 0.3175
hmmb_5 1.0005 0.004 1.00682 | 0.00052 0.377
Exporiment HEU-COMP- hem-1 ~1.0000 0.0059 1.0027 | 0.001 0.1045
- MIXED-001 (26 cases) hcm-2 1.0012 0.0059 1.0059 | 0.0011 0.1053
hcm-5 0.9985 0.0056 0.9963 | 0.001 07833
hcm-6 0.9953 0.0056 09899 | 0.001 0.7962
hem-7 09997 |  0.0038 0.0949 | 0.001 0.8015
hcm-8 0.9984 0.0052 0.9915 | 0.0011 0.6872
hcm-9 0.9983 0.0052 0.9931 | 0.0011 0.6536
hem-10 0.9979 0.0052 0.9941 0.001 0.6494
hem-11 0.9983 0.0052 0.9934 | 0.00M 0.6385
hem-12 0.9972 0.0052 0996 | 0.0011 0.6358
hem-13 1.0032 0.0053 09977 | 0.0011 0.6300
hem-15 1.0083 0.005 0.9949 | 0.0011 0.4671
hem-16 1.0001 0.0046 0.9926 | 0.0011 0.4692
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Table lI-24. ke,. Values for Benchmarks Applicable to Degraded Non-Moderated Conf:guratlons for Ft St.

Vrain HTGR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name ket Cexp Ketr Ocatc AENCF

: hem-17 0.9997 0.0046 1.0012 0.0011 © 0.4647
hcm-18 1.0075 : 0.0046 1 0.001 0.4625
‘hem-19 1.0039 0.0047 1 0.0011 0.5191
hem-20 1.008 0.0065 1.0051 0.0015 . 0.5357
hcm-21 1.0026 0.0064 1 1.0046 0.0016 0.5378
"hcm-22 1.0013 0.0064 0.9995 0.0016 0.5371
hcm-23 0.9995 0.0053 1.0056 0.0015 0.535
hcem-24 1.002 0.0053 1.0003 0.0016 0.5352
hcm-25 0.9983 0.0053 0.997 0.0014 0.5333
hcem-26 - 0.9998 0.0053 1.0001 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 0.0016 0.5302

hem-28 1.0037 0.0053 1.0033 0.0015 0541

hcm-29 0.9992 0.0052 0.9998 0.0014 0.5401

Source: BSC2002a, Table 6-24.

ke Values for Benchmark Experiments Applicable to Configurations of the Codlsposal Waste
Package Containing Th/U (Shlppmgport LWBR) DOE SNF

_Table 11-25. ke Values for Benchmarks Applicable to Intact Moderated Configurations for Shippingport

LWBR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name ke Oesp, Ketr Geate AENCF
Experiment HEU-COMP- hcm-1 1.0000 0.0059 1.0027 0.0010 0.1045
MIXED-001 (26 cases) hcm-2 1.0012 0.0059 1.0059 0.0011 - 0.1053
hcm-5 | 0.9985 0.0056 0.9963 0.0010 0.7833
hcm-6 0.9953 0.0056 0.9899 0.0010 - 0.7962
hcm-7 0.9997 0.0038 0.9949 0.0010 0.8015
hcm-8 0.9984 0.0052 0.9915 0.0011 0.6872
hcm-9 0.9983 0.0052 0.9931 0.0011 0.6536
hem-10 0.9979 0.0052 0.9941 0.0010 0.6494
hcm-11 0.9983 0.0052 0.9934 0.0011 0.6385
hcm-12 0.9972 0.0052 0.9960 0.0011 0.6358
hcem-13 1.0032 0.0053 0.9977 0.0011 0.6309
hcm-15 1.0083 0.0050 0.9949 0.0011 0.4671
hcm-16 1.0001 0.0046 0.9926 0.0011 0.4692
hem-17 0.9997 0.0046 1.0012 0.0011 0.4647
hcm-18 1.0075 0.0046 1.0000 0.0010 0.4625
- hem-19 1.0039 0.0047 1.0000 0.0011 0.5191
hem-20 1.0060 0.0065 1.0051 0.0015 0.5357
hcm-21 1.0026 0.0064 1.0046 0.0016 0.5378
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Table 11-25. k.,f{ Values for Benchmarks Applicable to Intact Moderated Configurations for Shippingport

LWBR DOE SNF

Benchmark values Calculated values (MCNP)

Experiment Case name Kent Gexp Kett Ocstc AENCF
hem-22 1.0013 0.0064 0.9995 | 0.0016 0.5371
hcm-23 0.9995 0.0053 - 1.0056 | 0.0015 0.5350
hcm-24 1.0020 0.0053 1.0003 | 0.0016 0.5352
hem25 | . 0.9983 0.0053 0.9970 | 0.0014 0.5333
hcm-26 0.9998 00053 | 1.0001 | 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 | 0.0016 0.5302
hcm-28 1.0037 0.0053 1.0033 | 0.0015 7 0.5410
‘hem-29 0.9992 0.0052 0.9998 | 0.0014 0.5401
m35 1.0000 0.0035 1.0230 | 0.0008 0.0576
m36 1.0000 0.0035 1.0113 | 0.0008 0.0583
m37 1.0000 0.0035 0.9996 | 0.0008 0.0588
m38 1.0000 0.0035 1.0011 | 0.0008 0.0584
m45 1.0000 0.0035 1.0186 | 0.0011 0.0590
Experiment U233-SOL- m61 1.0000 0.0035 1.0228 | 0.0008 0.0345
THERM-006 (12 cases) m62 1.0000 0.0035 1.0132 | 0.0008 0.0346
: m63 1.0000 0.0035 0.9988 | 0.0008 0.0352
m65 1.0000 0.0035 09939 | 0.0008 0.0350
m77 1.0000 0.0035 0.9939 | 0.0011 0.0358
m78 1.0000 0.0035 0.9932 | 0.0011 0.0358
m79 1.0000 0.0035 0.9929 | 0.0011 0.0355
hct3-1 1.0000 0.0044 0.9938 | 0.0014 0.0467
hct3-2 1.0000 0.0044 0.9975 | 0.0014 0.0404
hct3-3 1.0000 0.0044 0.9964 | 0.0014 0.0337

hct3-4- 1.0000 0.0044 0.9980 | 0.0015 0.0259
hct3-5 ~1.0000 0.0044 1.0025 | 0.0014 0.0202
hct3-6 1.0000 0.0044 71.0062 | 0.0015 0.0405
. hct3-7 '1,0000 0.0044 10113 | 0.0014 0.0339
o (15 aaet) het3-8 1.0000 0.0044 1,009 | 0.0016 0.0329
hct3-9 1.0000 0.0044 1.0131 | 0.0015 0.0263
hct310 1.0000 0.0044 1.0096 | 0.0014 0.0209
hct311 1.0000 0.0044 1.0133 | 0.0014 0.0177
hct312 1.0000 0.0044 0.9896 | 0.0013 0.0265
hct313 1.0000 0.0044 0.9968 | 0.0012 0.0139
hct314 1.0000 0.0044 1.0050 | 0.0016 0.0300
hct315 1.0000 0.0044 1.0078 | 0.0014 0.0183
Experiment HEU-COMP- het5-1 1.0000 0.0094 0.9846 0.0013 0.0764

THERM-005 (1 case)

. hct6-t1 1.0000 0.0058 09895 | 0.0014 0.0720
e ( asg) het6-12 10000 |  0.0020 1.0104 | 0.0013 0.0232
: hct6-13 1.0000 0.0048 0.9956 | 0.0010 0.0104
, hct7-4 1.0000 0.0035 0.9993 | 0.0016 0.0339
Experiment gigcggehg hct7-5 1.0000 0.0041 0.9949 | 0.0016 0.0458
_ hct7-6 1.0000 0.0043 0.9949 | 0.0015 0.0475
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Table 11-25. ke Values for Benchmarks Applicable io Intact Moderated Configurations for Shippingport

LWBR DOE SNF ,

Benchmark values Calculated values (MCNP)

Experiment Case name Kest Cexp Kest Geale AENCF
_ het11_1 0.9988 0.0042 0.0868 0.0009 - 0.0533
$ﬁ§,;‘m)“1‘1“(53“;§:’e';")'°‘ heti1_2 0.9988 0.0043 0.9875 | 0.0009 0.0503
het11_3 0.9988 0.0044 0.9881 | 0.0010 0.0470
Experiment HEU-COMP- hct12_1 0.9987 0.0032 0.9858 0.0010 0.0551
THERM-012 (2 cases) het12_2 0.9987 - 0.0034 0.9895 0.0009 0.0509
Experiment HEU-COMP- “heti3_1 - 0.9988 0.0042 0.9883 0.0008 0.0481
THERM-013 (2 cases) het13_2 0.0988 0.0043 0.9902 0.0009 0.0432

SB1m 1.0020 0.019 0.99953 | - 0.0006 0.070228 -

SB2m 1.0020 0.019 0.99714 | 0.0006 0.094981

SB25m 1.0000 0.019 0.99795 | 0.0006 0.067624

Experiments with SB cores SB3m - 1.0020 0.019 . 0.09516 | 0.0005 0.079284

(LWBR) (8 cases) SB4m 1.0020 - 0.019 0.99984 | 0.0005 0.067017

SB5m 1.0020 0.019 0.9966 0.0005 0.057312

SB6m 1.0020 0.019 0.9903 0.0006 0.078802

SB7m * 1.0020 0.019 0.99509 | 0.0005 0.095296

Source: BSC2002a, Table 6-2

5, except SB Experiments (8 cases) that are presented in Section 4 and 6 of this report.

Table 11-26. ke Values for Benchmarks Applicable to Intact Non-moderated Configurations fqr

Shippingport LWBR DOE SNF

_ Benchmark values Calculated values (MCNP)
Experiment Case name Kegt Cexp Kesr Ocalc | AENCF
E’;”;{‘g‘g{‘}}’éﬁ”ﬂ u2331a 1.0000 0.001 099207 | 000038 | 177385
Experiment U233-MET- u2332a | . 1.0000 0.001 0.99547 | 0.00038 1.73702
FAST-002 (2 cases) u2332b 1.0000 0.0011 0.99807 | 0.00039 1.70789
Experiment U233-MET- u2333a 1.0000 0.001 0.99583 | 0.00041 1.74832
FAST-003 (2 cases) u2333b 1.0000 0.001 0.99771 | 0.00041 1.76231
Experiment U233-MET- u2334al 1.0000 0.0007 1.00356 | 0.00041 1.61336
FAST-004 (2 cases) u2334b1 1.0000 0.0008 1.00637 | 0.00043 1.51775
Experiment U233-MET- u2335a 1.0000 0.003 0.99351 | 0.00043 1.6195
FAST-005 (2 cases) u2335b 1.0000 0.003 0.99681 | 0.00045 1.51871
E;ge;g‘gg‘(}’;as‘:')”“' u2336a 1.0000 0.0014 1.00057 | 0.00045 1.77403
Experiment HEU-COMP- hem-1 1.0000 0.0059° | 1.0027 | 0.001 0.1045
MIXED-001 (26 cases) hem-2 1.0012 0.0059 1.0059 | 0.0011 0.1053

: hcm-5 0.9985 0.0056 09963 | 0.001 0.7833

hem-6 0.9953 0.0056 0.9899 | 0.001 0.7962

" hem-7 0.9997 0.0038 0.9949 | 0.001 0.8015

hcm-8 0.9984 0.0052 09915 | 0.0011 0.6872

hem-9 0.9983 0.0052 09931 | 0.0011 0.6536
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Table 11-26. ke« Values for Benchmarks Applicable to Intact Non-moderated Configurations for
Shippingport LWBR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kent Cexp Ken Oeale AENCF
hcm-10 0.9979 0.0052 0.9941 0.001 - 0.6494
hem-11 0.9983 0.0052 0.9934 0.0011 0.6385
hcm-12 0.9972 0.0052 0.996 0.0011 0.6358
hem-13 1.0032 0.0053 0.9977 0.0011 0.6309
hcm-15 1.0083 0.005 0.9949 0.0011 0.4671
hcm-16 1.0001 0.0046 0.9926 0.0011 0.4692
hcm-17 0.9997 0.0046 1.0012 0.0011 0.4647
hcm-18 1.0075 0.0046 1 0.001 0.4625
hem-19 1.0039 0.0047 1 0.0011 0.5191
hem-20 1.006 0.0065 1.0051 0.0015 0.5357
hem-21 .}  1.0026 0.0064 1.0046 0.0016 0.5378
hcm-22 1.0013 0.0064 0.9995 0.0016 0.5371
hcm-23 0.9995 0.0053 1.0056 0.0015 0.535
hcm-24 1.002 0.0053. 1.0003 0.0016 0.5352
hcm-25 0.9983 0.0053 0.997 0.0014 0.5333
hcm-26 0.9998 0.0053 1.0001 0.0015 0.5283 -
hem-27 0.9991 0.0053 0.9978 0.0016 0.5302
hem-28 1.0037 0.0053 1.0033 0.0015 0.541
hem-29 0.9992 0.0052 0.9998 0.0014 0.5401
Experiment HEU-MET-FAST- hmf7_01 0.9971 0.0001 0.9941 0.0013 1.5855
007 (43 cases) hmf7_02 0.9986 0.0001 0.9943 0.0013 | 1.4036
hmf7_03 1.0012 0.0001" 0.9929 0.0015 1.3617
hmf7_04 0.9970 0.0001 0.9916 00015 |  1.3232
hmf7_05 1.0000 0.0001 0.9909 0.0016 ) 1.253
hmf7_06 1.0028 0.0001 0.9995 0.0014 1.223
hmi{7_07 0.9996 0.0001 0.9945 | 0.0014 1.2195
hmf7_08 | 0.9992 0.0001 0.9898 0.0014 1.2156
hmf7_09 1.0017 0.0008 1.0003 0.0016 12192
hmf7_10 . 1.0000 0.0001 0.9908 0.0019 0.9503
hmi7_11 . 0.9982 0.0001 0.9887 0.0021 0.7392
hmf7_12 0.9951 0.0001 0.9865 0.0015 0.7036
hmi7_13 1.0009 0.0001 0.9956 0.0018 0.743
hmf7_14 0.9983 0.0001 0.9891 0.0018 0.7021
hmf7_15 0.9978 0.0001 0.9924 0.0019 0.7483
hmf7_16 0.9988 0.0001 0.9911 0.0019 0.7497 .
hmf7_17 - 0.9972 0.0001 . 0.9886 0.0021 0.521
hmf7_18 0.9991 0.0001 0.9936 0.002 - 0.5176
hm{7_19 0.9983 0.0001 0.9971 0.0014 1.5781
hm{7_20 0.9981 0.0001 0.989 0.0015 1.264
hmf7_21 0.9987 0.0001 0.9938 0.0014 1.2465
hmf7_22 0.9994 0.0001 0.9935 0.0016 1.2323
hmf7_23 0.9993 0.0001 0.9937 0.0014 1.1298
hmi7_24 1.0001 0.0001 0.995 0.0017 1.1177
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Table - 26 ket Values for Benchmarks Applicable to Intact Non-moderated Configurations for
Shippingport LWBR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kets Cexp Ketr Ocale AENCF
hmi7_25 0.999 0.0001 0.9921 0.0018 1.0153
hmf7_26 0.9997 0.0001 0.9894 | 0.0016 1.0067
hmf7_27 0.9965 0.0002 0.9916 | 0.0014 1.3907
hmf7_28 0.9987 0.0002 0.0913 | 0.0016 1.2784
hmf7_29 09978 |  0.0002 09934 | 00015 | 11714
hmf7_30 0.9981 0.0002 0.9936 | 0.0018 0.8973
hmf7_31 1.0013 0.0002 0.9967 0.002 0.6162
hmf7_32 0.9959 ~0.0001 0.9968 | 0.0013 1.4869
hm{7_33 0.9995 . 0.0001 | 1.0061 0.0015 1.4324
hmf7_34 0.9977 0.0001 1.0058 | 0.0014 1.3814
hmf7_35 1.0011 ~0.0001 0.9894 | 0.0019 1,013
hmf7_36 0.9999 0.0001 0.9976 | 0.0017 0.8594
hmf7_37 0.9988 0.0001 0.9959 0.002 0.7462
hmf7_38 1.0000 0.0001 0.9996 | 0.0017 0.7181
hmf7_39 1.0018 0.0001 1.0009 | 0.0016 0.7182
hmf7_40 1.0013 0.0001 0.9976 | 0.0019 0.7339
~ hmi7_41 0.9994 0.0001 0.9968 | 0.0019 0.5383
hmf7_42 1.0016 0.0001 0.9979 | 0.0017 0.5269
hmf7_43 0.9998 0.0001 0999 | 0.0018 0.3145
Experiment HEU-MET-FAST-| _heumf33c1 0.9991 0.0014 0.994 0.0004 0.85
033 (2 cases) heumt33c2 . 0.9991 0.0014 0.9924 0.0004 0.717
. heumf34c1 0.999 0.0012 0.9913 | 0.0004 0.958
gy M1 o1 [ heumfd4c2 | 0999 0.0012 0.991_| 0.0004 0.958
heumf34c3 0.999 0.0012 0.9929 | 0.0004 " 0.953
Experiment HEU-MET-FAST- heumf36¢1 0.9993 0.0015 0.9932 0.0004 0.866
036 (2 cases) heumf36c2 0.9993 0.0013 0.9938 | 0.0004 1.097
P :‘f;'a;‘"e‘)“ heummict 0.9995 0.0013 1.0044 | 0.0004 0.762
HEUMETMXEDQO4C! 1 heummdct | 09999 0.0003 | 1.0048 | 0.0004 0.914
hmm5_1 1.0007 0.0027 1.01308 | 0.00057 0.307
hmms_2 1.0003 0.0028 1.0217 | 0.00055 0.247
HE ) ETMIXED-005 (& hmms_3 1.0012 0.0029 | 1.01904 | 0.00052 0.212
hmm5_4 | 1.0016 . 0.003 1.0145 | 0.0006 0.3175
hmm5_5 1.0005 0.004 1.00682 | 0.00052 0.377
hei2-1 1.0000 0.0004 0.99236 | 0.00081 0.243
_ hci2-2 1.0000 0.0004 0.99339 | 0.00107 0.2439
e (’f,fc‘;'s‘;gw’ ' hci2-3 1.0000 0.0004 0.99603 | 0.00101 0.2377
hci2-4 1.0000 0.0004 0.99676 | 0.00101 0.2394
hci2-5 1.0000 0.0004 0.99736 | 0.001 0.2391

Source: BSC2002a, Table 6-26
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Table I1-27. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for
Shippingport LWBR DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kettr Oexp Kens Cealc AENCF
" ust001-1 1.0000 0.0031 - 1.0018 0.0005 - 0.0038
N ust001-2 1.0005 0.0033 1.0004 0.0006 0.0041
5@33%’&”@1333“ ust001-3 1.0006 00033 | 0.9994 | 0.0006 0.0043
ust001-4 0.9998 0.0033 - 0.9989 0.0006 0.0043
ust001-5 0.9999 0.0033 0.9987 0.0008 - 0.0043
ust02-04 1.0040 0.0087 1.0103 0.0011 0.026
ust02-05 1.0040 0.0087 | 0.9973 0.0011 0.0214
ust02-08 .1.0040 0.0087 1.0113 0.001 0.0173
ust02-10 1.0040 0.0087 1.0096 0.0011 0.0138
ust02-11 1.0040 0.0087 1.0126 0.001 0.0115
ust02-12 1.0040 0.0087 1.0006 0.001 0.01
ust02-14 1.0040 0.0087 0.9875 0.0009 " 0.0098
e ust02-15 1.0040 0.0087 1.0026 0.001 0.0083
$§;§&‘g’§2"(§?2§% ust02-17 7.0040 0.0087 0.9897 | 0.0009 0.0072
ust02-18 1.0040 0.0087 1.0029 0.0008 0.0066
ust02-19 1.0040 0.0087 1.0102 0.0008 0.0056 -
ust02-22 1.0040 0.0087 0.9967 0.0011 |. - 0.0356
ust02-24 - 1.0040 0.0087 0.9976 0.0012 0.049
ust02-34 " 1.0040 0.0087 - 1.0038 0.0011 0.0223
ust02-35 1.0040 0.0087 1.0103 0.0009 0.0155
ust02-36 1.0040 0.0087 1.0115 0.0009 0.0096
ust02-38 1.0040 0.0087 1.0097 0.0008 0.0075
ust03-40 0.9995 0.0087 1.008 0.001 0.0387
ust03-41 0.9991 . 0.0151 1.026 0.0011 | . 0.0397
ust03-42 1.0007 0.0087 1.0044 0.0011 0.04
ust03-45 1.0015 0.0126 1.014 | 0.0011 0.061
Experiment U233-SOL- ust03-55 1.0006 0.0122 1.0197 0.0011 0.0593
THERM-0083 (10 cases) ust03-57 1.0012 0.0087 1.0244 0.001 "~ 0.0209
ust03-58 1.0016 0.0087 1.0167 0.001 0.0138
ust03-61 1.0016 0.0087 1.0133 0.001 0.0108
ust03-62 1.0018 0.0087 1.0107 0.001 0.0095
ust03-65 1.0008 0.0087 1.0073 0.0008 0.0056
ust04-03 1.0039 -0.0088 1.0086 0.0011 0.0257
ust04-06 1.0034 0.0086 1.0113 0.001 0.0208
ust04-20 1.0041 0.0089 1.0006 0.0011 0.0353
Expeﬁmenf U233-SOL- ust04-25 1.0051 0.0089 0.9936 0.0011 0.0493
THERM-003 (10 cases) ust04-27 1.0020 0.0105 1.0119 0.0011 - 0.0479
ust04-28 1.0020 0.0104 1.0063 0.0011 0.0425
ust04-30 1.0037 0.009 0.9988 0.0011 0.043
ust04-33 1.0020 0.0102 1.0087 0.0011 0.0215
Experiment U233-SOL- ust05-01 1.0000 0.004 1.0054 0.0009 -0.0094
THERM-005 (2 cases) ust05-02 1.0000 0.0049 1.0075 0.0009 0.0078
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Table 11-27. ke Values for Benchmarks Applicable to Degraded Moderated Configurations for '
Shippingport LWBR DOE SNF :
. Benchmark values Calculated values (MCNP)
Experiment | Casename | = ke Oexp Kett Ocale AENCF
$|T€|2Wor§au(ﬁ§'s§?b ustoos 1.0006 00020 | 09986 | 0.0004 0.003
m35 1.0000 0.0035 1.023 0.0008 0.0576
m36 1.0000 0.0035 1.0113 0.0008 0.0583
m37 1.0000 0.0035 '0.9996 0.0008 0.0588
m38 1.0000 0.0035 1.0011 0.0008 0.0584
m45 1.0000 | 0.0035 1.0186 0.0011 0.059
Experiment U233-SOL- m61 1.0000 0.0035 1.0228 | 0.0008 0.0345
THERM-006 (12 cases) m62 1.0000 0.0035 1.0132 0.0008 0.0346
m63 1.0000 0.0035 0.9988 0.0008 0.0352
m65 1.0000 0.0035 0.9939 0.0008 0.0350
m77 1.0000 0.0035 0.9939 0.0011 0.0358
m78 1.0000 0.0035 0.9932 0.0011 0.0358
m79 - 1.0000 0.0035 0.9929 0.0011 0.0355
hem-1 1.0000 0.0059 1.0027 0.001 0.1045
hcm-2 1.0012 0.0059 1.0059 0.0011 0.1053
hem-5 0.9985 0.0056 0.9963 0.001 0.7833
hcm-6 0.9953 0.0056 0.9899 0.001 0.7962
hem-7 0.9997 0.0038 0.9949 0.001 0.8015
hcm-8 0.9984 0.0052 0.9915 0.0011 0.6872
" hcm-9 0.9983 0.0052 0.9931 0.0011 0.6536
hcm-10 0.9979 0.0052 0.9941 0.001 0.6494
hem-11 0.9983 0.0052 0.9934 0.0011 0.6385
hem-12- 0.9972 0.0052 0.996 0.0011 0.6358
hcem-13 1.0032 -0.0053 0.9977 | o0.0011 0.6309
hem-15 1.0083 0.005 0.9949 0.0011 0.4671
Experiment HEU-COMP- hcm-16 1.0001 0.0046 0.9926 0.0011 0.4692
MIXED-001 (26 cases) hcem-17 0.9997 0.0046 1.0012 0.0011 - 0.4647
hcm-18 1.0075 0.0046 1 0.001 0.4625
hcm-19 1.0039 0.0047 1 0.0011 0.5191
hem-20 1.0060 0.0065 1.0051 0.0015 0.5357
hem-21 1.0026 0.0064 1.0046 0.0016 0.5378
hcm-22 1.0013 0.0064 0.9995 0.0016 - 0.56371
hem-23 | 0.9995 0.0053 1.0056 0.0015 0.535
hcm-24 1.0020 0.0053 1.0003 0.0016 0.5352
hcm-25 0.9983 0.0053 0.997 0.0014 0.5333
hem-26 0.9998 0.0053 1.0001 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 0.0016 0.5302
hcm-28 1.0037 - 0.0053 1.0033 0.0015 - 0.541
hcm-29 0.9992 0.0052 0.9998 0.0014 0.5401

Sourée: BSC2002a, Table 6-27
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Table 11-28. ke Values for Benchmarks Applicable to Degraded Non-Moderated Conhguratlons for

Shippingport LWBR DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kent Oexp Kest Oealc AENCF
usiol-0lm |  1.0000 0.0083 0.986 | 0.0003 0.1068

usi01-02m | 1.0000 0.0085 0.9814 | 0.0004 0.1136

usio1-03m |  1.0000 0.0066 0.9838 | 0.0005 0.1185

usiol-04m | 1.0000 0.0061 0.9952_| - 0.0006 0.1092
usio1-06m |  1.0000 0.0082 0.9868 | 0.0007 0.1236

usiol-06m_ | 1.0000 0.0061 0.9895 | 0.0007 0.1146

usi01-07m | _ 1.0000 0.0059 0.9851 | 0.0007 0.1269

usiol-08m | 1.0000 0.0056 0.983 | 0.0007 0.118

usiol-09m | 1.0000 0.0068 0.9621 | 0.0007 0.1246

usiol-10m | _ 1.0000 0.0053 0.9822 | 0.0007 0.1325

usiol-11m | _1.0000 0.0057 0.9814_| 0.0007 0.1291

usiol-12m_| _ 1.0000 0.0091 0.9835_| 0.0007 0.0922

usiol-13m_| _ 1.0000 0.0071 0.9835 | 0.0007 0.0973

usiol-14m | _ 1.0000 0.0052 0.9929 | 0.0007 0.0914

usiol-15m | 1.0000 0.0075 09811 | 0.0007 0.1018

_ usiol-16m | _ 1.0000 0.0028 09847 | 0.0007 0.0906
e 5 caot) usiol-17m | 1.0000 0.0055 0.9907 | 0.0007 | 00947
usiol-19m |  1.0000 0.0057 0.9782 | 0.0003 0.1104

usiol-18m_| _1.0000 0.0083 0.9794 | 0.0007 0.1069

usiol-20m | _ 1.0000 0.0056 0.9818 | 0.0008 0.1018

usiol-2im__| _ 1.0000 0.005 09773 | _0.0007 0.1147

usiol-22m | _ 1.0000 0.0049 0.9802_| 0.0007 0.1181

usiol-23m | _ 1.0000 0.0047 | 0.9939 | 0.0008 01118

usio1-24m | 1.0000 _ 0.0081 0.9932_| 0.0008 0.0685

usiol-25m | _ 1.0000 0.0081 09855 | 0.0007 0.0733

usio1-26m | 1.0000_ 0.0065 0.9897 | 0.0007 0.0759

usiol-27m_| _ 1.0000 0.0051 09931 | 0.0007 0.0713

usiol-28m_ | 1.0000 0.0061 0.9856 | 0.0007 _ 0.0798

usio1-2om | 1.0000 0.0098 0.9784 | 00007 |  0.0829

usio1-30m_| _1.0000 0.0053 09795 | 0.0007 0.0766

usiol-3Im_| _ 1.0000 0.0071 09923 | 0.0007 0.0852

usi01-32m | _ 1.0000 0.0053 0.9794 | 0.0008 0.0888

usi01-33m | 1.0000 0.0046 0.9953 | 0.0008 0.0836
B oo ET: u2331a 1.0000 0.001 0.99297 | 0.00038 1.77385
Experiment U233-MET- u2332a 1.0000 0.001 0.99547 | 0.00038 1.73702
FAST-002 (2 cases) u2332b 1.0000 0.0011 0.99807 | 0.00038 |  1.70789
|Experiment U233-MET- u2333a 1.0000 0.001 0.99583 | 0.00041 1.74832
FAST-003 (2 cases) u2333b 1.0000 0.001 0.99771.] 0.00041 1.76231
Experiment U233-MET- u2334a 1.0000 0.0007 | 1.00356 | 0.00041 161336
FAST-004 (2 cases) u2334b1 1.0000 0.0008 1.00637 | 0.00043 1.51775
Experiment U233-MET- u2335a 1.0000 0.003 0.99351 | 0.00043 1.6195
FAST-005 (2 cases) u2335b 1.0000 0.003 0.09681 | 0.00045 151871
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Table 11-28. ke Values for Benchmarks Applicable to Degraded Non-Moderated Conflguratlons for

Shippingport LWBR DOE SNF

‘ Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kets Ocalc AENCF
E’;"s";‘g‘;g'( }’;ii)'““ u2336a 1.0000 0.0014 | 1.00057 | 0.00045 | 177403
Experiment HEU-MET-FAST- hmf7_01 0.9971 0.0001 0.9941 0.0013 . 1.56855
007 (43 cases) hmf7_02 0.9986 0.0001 0.9943 0.0013 1.4036
hmf7_03 1.0012 0.0001 © 0.9929 0.0015 1.3617

hmf7_04 0.9970 0.0001 0.9916 0.0015 1.3232

hmf7_05 1.0000 0.0001 0.9909 0.0016 . 1.253

hmf7_06 1.0028 0.0001 0.9995 0.0014 1.223

hmf7_07 0.9996 0.0001 0.9945 0.0014- . 1.2195

“hmf7_08 0.9992 0.0001 0.9898 0.0014 . 1.2156

hmf7_09 1.0017 0.0008 1.0003 0.0016 1.2192

hmf7_10 1.0000 0.0001 0.9908 0.0019 0.9503

hmf7_11 0.9982 0.0001 0.9887 0.0021 0.7392

. hmf7_12 0.9951 0.0001 0.9865 0.0015 0.7036

hmf7_13 1.0009 0.0001 0.9956 0.0018 0.743

hmf7_14 0.9983 0.0001 0.9891 0.0018 0.7021

- hmf7_15 0.9978 0.0001 0.9924 0.0019 0.7483

hmg_l 6 0.9988 0.0001 0.9911 0.0019 0.7497

hmf7_17 0.9972 0.0001 0.9886 0.0021 0.521

hmf7_18 0.9991 0.0001 0.9936 0.002 0.5176

hmf7_19 0.9983 0.0001 0.9971 0.0014 1.5781

hmf7_20 0.9981 0.0001 0.989 0.0015 1.264

hmf7_21 0.9987 0.0001 0.9938 0.0014 1.2465

hmf7_22 0.9994 0.0001 0.9935 0.0016 1.2323

hmf7_23 0.9993 0.0001 0.9937 0.0014 1.1298

hmf7_24 1.0001 0.0001 0.995 0.0017 11177

hmf7_25 0.999 0.0001 0.9921 0.0018 1.0153

hmf7_26 0.9997 0.0001 -0.9894 0.0016 1.0067

hmf7_27 0.9965 0.0002 0.9916 0.0014 1.3907

hmf7_28 0.9987 0.0002 0.9913 0.0016 1.2784

hmf7_29 0.9978 0.0002 0.9934 0.0015 1.1714

hmf7_30 0.9981 0.0002 0.9936 0.0018 0.8973

- hmf7_31 1.0013 0.0002 0.9967 0.002 0.6162

hmf7_32 0.9959 0.0001 0.9968 0.0013 1.4869

hmf7_33 0.9995 0.0001 1.0061 0.0015 1.4324

hm{7_34 0.9977 0.0001 1.0058 0.0014 1.3814

hmf7_35 1.0011 0.0001 0.9894 0.0019 1.013

hmf7_36 0.9999 0.0001 0.9976 0.0017 0.8594

hmf7_37 0.9988 . 0.0001 0.9959 0.002 0.7462

hmf7_38 1.0000 0.0001 0.9996 0.0017 0.7181

hmf7_39 1.0018 0.0001 1.0009 0.0016 0.7182

hmf7_40 1.0013 0.0001 0.9976 0.0018 0.7339

hmf7_a1 0.9994 0.0001 0.9968 0.0019 0.5383
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Table 11-28. ke Values for Benchmarks Applicable to Degraded Non-Moderated Configurations for

Shippingport LWBR DOE SNF
» Benchmark values Calculated values (MCNP)
Experiment Case name Kett | Gexp Kett Geale AENCF
hmf7_42 1.0016 0.0001 0.9979 | 0.0017 0.5269
hmf7_a3 0.9998 0.0001 0999 | 0.0018 0.3145
Experiment HEU-MET-FAST-
A HMF11 0.9989 0.0015 0.99348 | 0.00079 1.1607
oy T METFAST  MF1e 1.0000 00028 | 1.00277 | 0.0006 1.4793
ggg‘;;"g‘:;‘;;*eu'”a‘”s“ HMF20 1.0000 0.0028 0.99574 | 0.00061 1.4341
5;5’}'1"222;;*5”'”5*"37' HMF24 0.9990 0.0015 0.99521 | 0.00109 1.2553
gaﬁ;“'c‘ggg)“w'“"a‘“s" heumf31ct 1.0000 0.0059 0.9964 | 0.0007 0.966
Experiment HEU-MET-FAST-] _heumf3aci 0.9991 0.0014 0994 | 0.0004 0.85
033 (2 cases) heumf33c2 09991 0.0014 09924 | 0.0004 0717
_ heumf3aci 0.999 0.0012 0.9913 | 0.0004 0.958
oy METFAST "houmiaace | 0.989 0.0012 0.991_| 0.0004 0.958
: heumf34c3 0.999 0.0012 0.9929 | 0.0004 0.953
Experiment HEU-MET-FAST-] _heumf36¢1 0.9993 0.0015 0.9932 0.0004 0.866
036 (2 cases) heuml36c2 0.0993 0.0013 09938 | 0.0004 1.097
heumfa1c1 1.0013 0.003 09991 | 0.0007 1.331
heumfa1c2 1.0022 0.0043 09973 | 0.0007 1.128
Experiment HEU-MET-FAST-| _heumf41c3 1.0006 0.0029 0.9984 | 0.0006 1.466
041 (6 cases) heumfd1cd 1.0006 0.0025 1.0009 0.0007 1.402
heumfaics |  1.0006 0.0031 0.9966 | 0.0008 1.354
heumt41c6 1.0006 0.0045 0.9993 | 0.0007 1.315
;Es‘;;MET'M‘XE"m‘ a heummic1 0.9995 00013 | 1.0044 | 0.0004 0.762
Experimart :',Ecuax)g heumm2c1 1.0000 0.0037 1.0032 | 0.0007 0.788
PR '&Ec”a:"f heumma3c1 1.0000 0.0038 1.0039 | 0.0008 0.784
P ETMIXED-004 1 heummd4c1 0.9999 0.0009 1.0048 | 0.0004 0.914
hmms._1 1.0007 0.0027 1.01308 | 0.00057 0.307
hmms_2 1.0003 0.0028 1.0217 | 0.00055 0.247
'c*a'iﬁ's';"Er'M'XEDms © hmms_3 1.0012 0.0029 1.01904 | 0.00052 0.212
hmms_a 1.0016 0.003 1.0145 | 0.0006 0.3175
hmms._5 1.0005 0.004 1.00682 | 0.00052 0.377
Experiment HEU-COMP- hem-1 1.0000 0.0059 1.0027 | 0.001 0.1045
MIXED-001 (26 cases) hem-2 1.0012 0.0059 1.0059 | 0.0011 0.1053
hem-5 0.9985 0.0056 0.9963 | 0.001 0.7833
hem-6 0.9953 0.0056 00899 | 0.001 0.7962
hem-7 0.9997 0.0038 0.9949 | 0.001 0.8015
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Table 11-28. ke Values for Benchmarks Applicable to Degraded Non-Moderated Configurations for

Shippingport LWBR DOE SNF
Benchmark values Calcu lated values (MCNP)
Experiment Case name Kot Cexp Kett Cealc AENCF
hcm-8 0.9984 0.0052 0.9915 0.0011 © 0.6872
hcm-9 0.9983 0.0052 0.9931 0.0011 0.6536
-hem-10 0.9979 0.0052 0.9941 0.001 0.6494
hem-11 0.9983 0.0052 0.9934 0.0011 0.6385
hem-12 0.9972 0.0052 0.996 0.0011 0.6358
hem-13 1.0032 0.0053 0.9977 0.0011 0.6309
hem-15. 1.0083 0.005 0.9949 0.0011 0.4671
hcm-16 1.0001 0.0046 0.9926 0.0011 0.4692
hem-17 0.9997 0.0046 1.0012 0.0011 0.4647
hem-18 1.0075 0.0046 1 0.001 0.4625
hcm-19 1.0039 0.0047 1 0.0011 0.5191
hcm-20 1.0060 0.0065 1.0051 0.0015 - 0.5357
" hem-21 1.0026 0.0064 1.0046 0.0016 0.5378
hcm-22 1.0013 0.0064 0.9995 0.0016 0.5371
hem-23 0.9995 - 0.0053 1.0056 0.0015 0.535
hcm-24 1.0020 0.0053 1.0003 0.0016 0.5352
hem-25 0.9983 0.0053 0.997 0.0014 0.5333
hcm-26 0.9998 0.0053 1.0001 0.0015 0.5283
hem-27 0.9991 0.0053 0.9978 0.0016 0.5302
hcem-28 1.0037 0.0053 1.0033 0.0015 0.541
hcm-29 0.9992 0.0052 0.9998 0.0014 0.5401
PU-MET-FAST-008 (1 »
case)(detailed model pmi8-2 1.0000 0.0006 1.006 0.0008 1.7677
evaluated) - ) _ ]

Source: BSC2002a, Table 6-28

Ky Values for Benchmark Experiments Applicable to Configurations of the Codisposal Waste
Package Containing U-Metal (N-Reactor) DOE SNF

Table 11-29. k.4 Values for Benchmarks Applicable to Intact Moderated Configurations for N-reactor DOE
SNF ,

Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp Kett Ocalc AENCF
Experiment with N-reactor subc2p8h 1.0000 0.005 1.0048 | 0.00294 0.4085
Mark IA fuel elements (3 subc3pih 1.0000 0.005 1.03902 | 0.00248 0.3516
cases) subc3p4h 1.0000 0.005 1.02088 | 0.00277 0.3145
Experiment LEU-COMP- Case_1 0.9998 0.0031 0.9987 | 0.00191 0.1239
THERM-001 (B cases) Case_2 0.9998 0.0031 0.99557 | 0.00185 0.1208

' ‘ Case_3 0.9998 0.0031 0.9957 | 0.00175 0.122
Case_4 ~ 0.9998 0.0031 0.99907 | 0.00144 0.1208
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Table 11-29. ko4 Values for Benchmarks Appllcable to Intact Moderated Configurations for N-reactor DOE

SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kets Oexp Kext Ocalc _ AENCF
Case_5 0.9998 -~ 0.0031 0.99313 | 0.00157 0.1218
Case_6 0.9998 0.0031 | 0.99882 | 0.00143 0.1208
Case_7 0.9998 0.0031 0.99677 | 0.00143 0.1186
Case_8 0.9998 0.0031 1.00246 | 0.00162 0.1201
o twih235wie | P! 1.0000 0.0031 0.99958 | 0.00087 0.12037
2351 and absorber plates exp2 1.0000 0.0031 0.99762 | 0.00086 0.12291 .
(see also LEU-COMP- exp3 1.0000 0.0031 1.00103 | 0.00091 0.12005
THERM-016) (4 cases) oxpd 1.0000 _ 0.0031 1.00241 | 000091 |  0.12057
Experiment with 4.31 wi% exp5 1.0000 0.0028 0.9969 | 0.00103 0.28386
U subcritical clusters and exp6 1.0000 0.0028 0.99772 | 0.00105 | 0.17775
reflecting walls (see also "
tfsligOMP-T“ERM*m) ® exp7 1.0000 0.0028 0.99821 | 0.0011 0.17822
~ 1ct42-01 1.0000 0.0016 0.9944 | 0.0008 0.169
Ict42-02 1.0000 0.0016 0.9927 | 0.0008 0.172
‘ Ict42-03 1.0000 0.0016 0.9933 | 0.0008 0.175
ot O eoost) Ict42-04 1,0000 0.0017 0.995 | 0.0008 0.174
Ict42-05 1.0000 0.0033 0.9948 | 0.0008 0.173
Ict42-06 1.0000 0.0016 0.9947 | 0.0008 0.169
Ictd2-07 1.0000 0.0018 0.9938 | 0.0008 0.171

Source: BSC2002a, Table 6-29

Table 11-30. ket Values for Benchmarks Applicable to Degraded Moderated Configurations for N- reactor

DOE SNF

Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp Kets Ocale AENCF

"~ sphuSa 0.9920 0.006 0.99004 | 0.00249 0.2541

sphugb 0.9925 0.005 0.99269 | 0.00249 0.2163

sphuSc 0.9875 0.0058 0.97871 | 0.00256 0.1883

sphudd 0.9821 0.0054 0.97914 | 0.00242 0.1737

sphuge 0.9702 0.007 0.96607 | 0.00163 0.1591

Experiments with LEU UO3- sphudf 1.0063 0.0073 1.00952 | 0.00261 0.2511
H20 solutions (12 cases) sphudg 1.0064 0.0078 1.0136 | 0.00246 0.1839
sphugh 0.9957 0.0061 0.99713 | 0.00198 0.1651

sphudi_ 1.0298 0.0056 1.03372 | 0.00274 0.2495

sphugj 1.0330 0.0051 1.04207 | 0.00224 0.1783

sphugk 1.0313 0.0032 1.02951 | 0.00216 0.1661

o - sphugl 1.0209 0.0051 1.02281 | 0.0021 0.1549
%gm&'—g”;fgf Leustt 0.9991 - 0.0029 1.01182 | 0.00101 1 0.05186
' leust21 1.0038 0.004 0.99855 | 0.00058 0.02513
02 (o easat) leust22: 1.0024 0.0037 0.99659 | 0.00064 0.0283
leust23 1.0024 0.0044 1.0009 0.0006 0.02684
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Table I1-30. keu Values for Benchmarks Applicable to Degraded Moderated Configurations for N-reactor
DOE SNF
Benchmark values Calculated values (MCNP)
Experiment Case name Kest Oexp Kert Oeal AENCF
B CASE_1 1.0000 0.0042 0.999 0.0005 . 0.0255
m*gm%’g;g"c’fsoe; CASE_2 1.0000 0.0051 0.9985 | 0.0005 0.0254
CASE_3 1.0000 0.0064 0.9983 | 0.0005 0.026
Ict49-01 1.0000 0.0034 0.9923 0.0006 0.294
Ict49-02 1.0000 0.0034 0.9937° 0.0006 0.293
1ct49-03 1.0000 0.0034 0.9929 0.0006 - 0.297
Ic149-04 1.0000 0.0034 0.9931 0.0006 0.3
1c149-05 1.0000 0.0042 0.9944 0.0007 0.255
1ct49-06 1.0000 0.0042 0.9946 0.0007 0.256°
Ic149-07 1.0000 0.0042 0.9932 0.0007 0.253
1ct49-08 1.0000 0.0042 | 0.9921 0.0007 0.258
Experiment LEU-COMP- Ict49-09 1.0000 0.0037 0.9933 0.0006 10.227
THERM-049 (18 cases) |  |ct49-10 1.0000 0.0037 0.9946 0.0007 0.227°
' lct49-11 1.0000 0.0037 0.9933 0.0006 0.227
Ict49-12 1.0000 0.0037 0.9924 0.0007 | 0.231
Ict49-13 1.0000 0.0036 0.9935 0.0006 0.271
lct49-14 1.0000 0.0036 0.9941 0.0006 0.272
1ct49-15 1.0000 0.0036 0.9937 0.0006 0.271
Ict49-16 1.0000 0.0038 0.9938 0.0007 0.254
1c149-17 1.0000 0.0036 | 0.9929 0.0007 0.258
Ict49-18 1.0000 0.003 0.997 0.0006 0.251

Source: BSC2002a, Table 6-30

_ Table II-31. ke Values for Benchmarks Applicable to Intact Moderated Configurations for TMI Waste

Form :
Benchmark values Calculated values (MCNP)
Experiment ' Case name Kett Cexp _ ket | Ocae AENCF
Case_1 0.9998 0.0031 0.9987 | 0.00191 |- 0.1239
Case_2 0.9998 0.0031 0.99557 | 0.00185 0.1208
Case_3 0.9998 0.0031 0.9957 | 0.00175 0.122
Experiment LEU-COMP- Case_4 0.9998 0.0031 0.99907 | 0.00144 0.1208
THERM-001 (8 cases) Case_5 0.9998 0.0031 0.99313 | 0.00157 0.1218
' Case_6 0.9998 0.0031 0.99882 | 0.00143 0.1208
Case_7 0.9998 0.0031 0.99677 | 0.00143 - 0.1186
Case_8 0.9998 0.0031 1.00246 | 0.00162 0.1201
e ey Lot27-1 1.0000 0.001 1.0139 | 0.0005 0.1024
Experiment LEU-COMP- Ict42-01 1.0000 0.0016 0.9944 | 0.0008 0.169
THERM-042 (7 cases) Ict42-02 1.0000 0.0016 0.9927 -1 0.0008 0.172
Ict42-03 1.0000 0.0016 0.9933 | 0.0008 0.175
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Table II-31. ke Values for Benchmarks Applicable to Intact Moderated Configurations for TMI Waste

Form
Benchmark values Calculated values (MCNP)
Experiment Case name Kett Cexp ket Ccalc AENCF
Ict42-04 1.0000 0.0017 0.995 0.0008 0.174
Ict42-05 1.0000 0.0033 0.9948 | 0.0008 0.173
Ic142-06 1.0000 0.0016 0.9947 | 0.0008 0.169
Ict42-07 1.0000 0.0018 0.9938 | 0.0008 0.171
Ict41-01 1.1990 0.0062 1.2048 | 0.0006 0.118
' Ict41-02 1.1060 0.0062 1.1045 | 0.0006 0.131
$ﬁg§%’:}é“c§2§’)"" “Ic141-03 0.8820 0.0079 0.8749 | 0.0008 0.168
ict41-04 0.8360 0.0091 0.8256 | 0.0008 0.18
Ict41-05 0.8140 0.0103 0.7999 | 0.0007 0.185
Experiment with 235 Wt exp? 1.0000 0.0031 0.99958 | 0.00087 0.12037
U and absorber plates exp2 1.0000 0.0031 0.99762 | 0.00086 0.12291
(see also LEU-COMP- exp3 1.0000 0.0031 1.00103 | 0.00091 0.12005
THERM-016) (4 cases) oxpd 1.0000 0.0031 1.00241 | 0.00091 0.12057
riment with 4.31 Wi% exp5 1.0000 0.0028 0.9969 | 0.00103 0.28386
“*U subcritical clusters and - expb 1.0000 - 0.0028 0.99772 | 0.00105 0.17775
reflecting walls (see also
tfggOMP'THERM'O’O) @ exp7 1.0000 0.0028 0.99821 | 0.0011 0.17822
exp8 1.0000 0.0028 1.007 | 0.00102 0.17807
Es’gfjf;“d:'}:lv’“:::h'l‘ﬁo‘:::ﬁd exp9 1.0000 0 1.00687 | 0.00109 0.22393
water lattices (4 cases) exp10 1.0000 0 1.00499 | 0.00173 0.2225
expil 1.0000 0 1.00046 | 0.00177 0.26803
ugd1 1.0000° 0 0.99717 | 0.0014 0.20069
ugd2 1.0000 0 0.99892 | 0.0015 0.20018
ugd3 1.0000 0 0.99846 | 0.00145 0.19736
ugd4- 1.0000 ) 0.99911 | 0.00144 0.19744
ugd5 1.0000 ) 0.99958 | 0.00147 .|  0.20041
ugds 1.0000 0 1.00229 | 0.00149 0.19897
ugd7 1.0000 0 0.99807 | 0.00144 0.19896
ugds 1.0000 0 0.99904 | 0.00151 0.19942
) _ _ ugd9 1.0000 0 1.00042 | 0.00159 0.19963
st e ugd10 1.0000 0 1.00115 | 0.00145 0.20029
ugdi12 1.0000 0 1.00178 | 0.00146 0.20785
ugd13 1.0000 0 0.99887 | 0.00166 0.20937
ugdi4 1.0000 ) 1.00069 | 0.00144 0.20585
ugd15 1.0000 0 0.99927 | 0.00147 0.20333
ugdi6 1.0000 ) 0.99904 [ 0.0015 0.20947
ugd17 1.0000 0 0.99908 | 0.00153 0.20572
ugdi8 1.0000 ) 0.99741 | 0.00156 0.21013
ugd19 1.0000 - 0 0.99908 | 0.00155 - 0.20757
ugd20 1.0000 0 1.00179 | 0.00159 0.20624

Source: BSC2002a, Tabie 6-31
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Table 1I-32. key Values for Benchmarks Applicable to Degraded Moderated Configurations for TMI Waste
Form
. : Benchmark values Calculated values (MCNP)
Experiment Case name Kett Oexp _ Kett Geale AENCF
sphuda 0.9920 0.006 0.99004 | 0.00249 0.2541
sphugb 0.9925 0.005 0.99269 | 0.00249 0.2163
sphuSc 0.9875 0.0058 0.97871 | 0.00256 0.1883
sphu9d 0.9821 0.0054 0.97914 | 0.00242 0.1737
sphu9e 0.9702 0.007 0.96607 | 0.00163 0.1591
Experiments with LEU UO3- sphugf 1.0063 0.0073 1.00952 | 0.00261 0.2511
H20 solutions (12 cases) sphu9g 1.0064 0.0078 1.0136 | 0.00246 - 0.1839
sphuSh 0.9957 0.0061 0.99713 | 0.00198 0.1651
sphugi 1.0298 0.0056 1.03372 | 0.00274 0.2495
sphugj - | 1.0330 0.0051 1.04207 | 0.00224 0.1783
sphugk 1.0313 0.0032 1.02951 | 0.00216 0.1661
sphugl 10209 |  0.0051 1.02281 | 0.0021 0.1549
%ﬁ?{ﬁ,’}‘}ﬁ“j&f Leust1 0.9991 0.0029 1.01182 | 0.00101 0.05186
. - leust21 1.0038 0.004 0.99855 | 0.00058 |  0.02513
e varas) leust22 1.0024 0.0037 | 0.99659 | 0.00064 0.0283
‘ leust23 1.0024 0.0044 1.0009 | 0.0006 0.02684
Ist4_1 0.9994 0.0008 1.0029 | 0.0007 0.0188
© Ist4_29 0.9999 0.0009 1.0034 | 0.0006 0.0179
o Ist4_33 0.9999 - 0.0009 1.0013 | 0.0007 0.017
ot G coos) Ist4_34 0.9999 0.001 1.0037_|_0.0006 0.0157
Ist4_46 0.9999 0.001 - 1.0032 | 0.0006 0.0154
Ist4_51 0.9994 0.0011 1.0023 | 0.0005 | 0.0148
Ist4_54 0.9996 0.0011 1.0026 | 0.0005 0.0142
_ CASE_1 1.0000 0.0042 0.999 0.0005 0.0255
e 5 bt CASE_2 1,0000_ 0.0051 0.9985 | 0.0005 0.0254
CASE_3 1.0000 0.0064 0.9983 | 0.0005 0.026
leust7_1 0.9961 0.0009 0.9966 | 0.0002 0.02
: leust7_2 0.9973 0.0009 0.9995 | 0.0002 0.0187
e o) leust7_3__| 09985 0.001 0.9979 | 0.0002 0.0173
leust7_4 0.9988 0.0011 1.0005 | 0.0002 © 0.0166
leust7_5 0.9983 - 0.0011 0.9989 | 0.0002. 0.0159
Experiment LEU-COMP- 1c149-01 1.0000 0.0034 0.9923 | 0.0006 0.294
THERM-049 (18 cases) 1ct49-02 1.0000 0.0034 0.9937 0.0006 0.293
Ic149-03 10000 | 0.0034 0.9929 | 0.0006 0.297
Ict49-04 1.0000 - 0.0034 0.9931 | 0.0006 0.3
Ict49-05 | 1.0000 0.0042 0.9944 | 0.0007 0.255
icta9-06 | 1.0000 0.0042 0.9946 | 0.0007 0.256
Ict49-07 1.0000 0.0042 0.9932 | 0.0007 0.253
Ict49-08 1.0000 0.0042 0.9921 0.0007 0.258
Ict49-09 1.0000 0.0037 0.9933 | 0.0006 0.227
Ict49-10 1.0000 0.0037 0.9946 | 0.0007 0.227
Ict49-11 1.0000 0.0037 | 09933 | 0.0006 0.227
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| Table 11-32. ko Values for Benchmarks Applicable to Degraded Moderated Configurations for TMI Waste

Form
Benchmark values Calculated values (MCNP)
Experiment Case name ket Cexp Kett Ocalc AENCF

Ict49-12 1.0000 0.0037 0.9924 0.0007 ©0.231
lct49-13 1.0000 0.0036 0.9935 0.0006 0.271
Ict49-14 1.0000 0.0036 0.9941 0.0008 0.272
Ict49-156 - 1.0000 0.0036 0.9937 0.0006 .0.271
Ict49-16 1.0000 0.0036 0.9938 0.0007 0.254
Ict49-17 1.0000 0.0036 0.9929 0.0007 0.258
1ct49-18 1.0000 0.003 0.997 0.0006 0.251

Source: BSC2002a, Table 6-32
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ATTACHMENT I

Table lll-1. Files Contained on the Electronic Media (Attachment 1)

File Name/Directory Denomination l File Size (bytes) l Date of Last Update I Time
Directory of :CD\Clreg
FFTF_Degraded_Thermal.csv . ‘ 10,963 1/28/03 11:23a
FFTF_Degraded_Thermal.utl 18,500 2/11/03 5:04a
FFTF_Degraded_ThermalOut.csv : 32,421 2/11/03 5:04a
FFTF_Intact_Fast.csv 2,161 1/23/03 . 10:46a
FFTF_Intact_Fast.utl © 4,545 1/23/03 10:48a
FFTF_intact_FastOut.csv _ 6,381 1/23/03 10:48a
FSVrain_intact_ThermalOut.csv 6,213 2/13/03 6:48a
FSVrain_intact_Thermal.utl 4,461 2/13/03 6:48a
FSVrain_Degraded_Thermal.utl 6,038 2/5/03 5:22a
FSVrain_Intact_Thermal.csv 2,299 2/13/03 6:45a
FSVrain_Degraded_Thermal.csv 3,417 2/5/03 5:13a
FSVrain_Degraded_ThermalOut.csv 9,153 : 2/5/03 5:22a
NReactor_intact_ThermalOut.csv 2,181 1/24/03 4:56a
NReactor_Intact_Thermal.utl 2,302 1/24/03 4:56a
NReactor_intact_Themal.csv 718 1/24/03 4:55a
SPWR_Intact_Thermal.csv 2,184 2/3/03 6:47a
SPWR_Intact_Thermal.utl 4,638 2/3/03 6:48a
SPWR_Intact_ThermalOut.csv _ ] 6,549 2/3/03 6:48a
[TMI_Degraded_ThermalOut.csv 4,197 2/4/03 6:51a
TMI_Degraded_Thermal.utl 3,379 2/4/03 6:51a
TMI_Degraded_Thermal.csv 1,430 . 1/30/03 9:13a
TRIGA_Intact_Thermal.csv 3,174 1/30/03 9:15a
~ |[TRIGA_Intact_Thermal.utl 6,034 1/31/03 9:55a
ITRIGA_Intact_ThermalOut.csv 9,153 1/31/03 9:55a
Directory of :CD\MCNP
SB1m : 14,235 2/7/103 9:26a
SB1m.out 2,345,558 2/6/03 4:44p
SB25m 7,979 2/7/03 12:17p
SB25m.out 1,023,241 2/10/03 4:16a
SB2m 12,124 2/7/03 10:10a
SB2m.out 2,306,613 2/7/03 6:06p
SB3m ' 16,444 2/7/03 12:29p
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File Name/Directory Denomination File Size (bytes) Date of Last Update Time
SB3m.out ' 2,289,055 2/10/03 4:17a
SB4m 26,250 2/7/03 .. 12:38p
SB4m.out 2,298,306 2/10/03 4:17a
SB5m 12,459 2/7/03 12:43p
SB5m.out 2,444,157 2/10/03 4:17a
SBém 12,780 - 2/7/03 12:52p
SBSm.out ' 2,445,646 : 2/10/03 4:18a
SB7m _ 12,963 2/7/03 12:52p
SB7m.out _ 2,444,378 2/10/03 4:18a
, Directory of :CD\CLresults
SPWR_deg_mod.xis ' 275,968 ' 2/28/03 - 2:24p.
SPWR_deg_nonmod.xls 58,880 1 2n9/03 5:21a
SPWR_int_nonmod.xis A 94,208 2/28/03 . 1:47p
SPWR_int_mod.xls 178,688 2/28/03 10:50a
[TRIGA_int_nonmod.xis o o 136,192 2/19/03 '~ 5:3Ba
RIGA_deg_nonmod.xis 59,904 2/19/03 ) 6:55a
TRIGA_int_mod.xis 266,752 2/28/03 4:14p
TRIGA_deg_mod.xis _ : 362,496 2/28/03 2:22p
MD-deg_mod.xls : . 206,848 2/19/03 10:02a
MD_deg_nonmod.xls . 39,424 2/19/03 10:05a
MD_int_mod.xis 59,904 ' 2/19/03 . © . 9:56a
MD_int_nonmod.xis © 39,424 - 2/19/03 ' 9:58a
EF_deg_mod.xis _ 207,872 2/19/03 ' 11:04a
EF_deg_nonmod.xls 50,688 2/19/03 6:32a
EF_int_mod.Xis ' 106,496 2/19/03 6:24a
EF_int_nonmod.xis o 49,152 2/19/03 6:26a
FFTF_deg _mod.xls 910,848 - 2/28/03 - 2:26p
FFTF_deg_nonmod.xis : 58,368 2/19/03 6:52a
FFTF_int_mod.xls ' 46,080 - 2/19/03 6:34a
FFTF_int_nonmod.xis 109,568 2/28/03 2:39p
FSV_deg_nonmod.xis 300,544 2/19/03 - 9:14a
[FSV_deg_mod.xls 240,128 2/28/03 4:28p
FSV_int_nonmod.xls ' 143,360 2/19/03 9:07a
FSV_int_mod.xls 216,576 2/28/03 2:56p
SLWBR_int_mod.xls : 137,216 2/19/03 9:27a
SLWBR_deg_nonmod.xis 304,640 2/19/03 " 9:36a
SLWBR_int_nonmod.xls 154,112 ’ 2/19/03 9:30a -
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' ISLWBR_deg_mod.xis 152,064 2/19/03 '9:33a
NReactor_int_mod.xls 76,800 2/20/03 - 6:41a
INReactor_deg_mod.xls 62,976 2/19/03 10:19a
~ [TMI_deg_mod.xls 145,408 2/20/03 6:42a
TMI_int_mod.xls 79,872 1/30/03 6:26a
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NU-000008 REV 00. Las Vegas,
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BSC (Bechtel SAIC Company) 2002, Entire Qualitied |2, 4 ICLREG software used to N/A
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10528-1.0-00.
BSC (Bechtel SAIC Company) 2003. Entire Relerence [5 Reference to the components |[NA
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4 INU-000003 REV 00 JCN 01. Las Vegas,
Nevada: Bechtel SAIC Company.
ACC: DOC.20030319.0001. _
!BSC {Bechtel SAIC Company) 2003, Entire [Reference |, 2 Reference to the work plan FN]A
Tectmical Work Plan for: Depariment of Only and activity evaluation for the
Energy Spent Nuclear Fuel Criticality calculation
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MCNP. 4B2LV, HP. 30033 V4B2LV. Software ' calculate k(effective)
CRWMS M&O 1998. Sofhvare Entire Reterence [1,2,4 Reforence (o the MCNP TA
Qualification Report for MCNP Version Only soflware documentation
4B2, A General Monte Carla N-Particle '
7 {Transport Code. CSCI: 30033
V4B2LV. DI 30033-2003, Rev. Ot.
Las Vegas, Nevada: CRWMS M&O.
ACC: MOL.19980622.0637.
CRWMS M&O 1999. Evaluation of .rEmire Reference |I,5 Reference to the MOX DOE  [N/A
Codisposal Viability for MOX (FFTF) Only SNF group and the specific
8 DOE-Owned Fuel. BBA000000-01717- "|benchmark experiments used
5705-00023 REV 00. Las Vegas, for establishing the interim
Nevada: CRWMS M&O, ACC: criticality limit
MOL.19991014.0235. . '
CRWMS M&O 2000. Evaluationof  |Entire Reference [[, 3 Reference to the HEU Oxide ,
Codispasal Viability for HEU Oxide Only DOE SNF group and the
9 (Shippingport PWR) DOE-Owned Fuel., specific benchmark
TDR-EDC-NU-000003 REV 00. Las experiments used for
Vegas, Nevada; CRWMS M&O. ACC: establishing the interim
MOL.20000227.0240. criticality limit
WMS M&O 2000. Evaluationof  |Entire Reference |1, 5 Reference to the Th/U Oxide - [NA
Codisposal Viability for TWU Oxide Only DOE.SNF group and the’
10 (Shippingport LWBR) DOE-Owned specific benchmark
Fuel. TDR-EDC-NU-000005 REV 00. experiments used for
Las Vegas, Nevada: CRWMS M&O. establishing the interim
ACC: MOL.20001023.0055. criticality limit .
CRWMS M&O 2000. Evaluationof  |Entire Reference [l,5 Relerence to the UZrH DOE  [N/A
Codisposal Viability for U-Zr/U-Mo Only SNF group and the specific
" Allgy (Envico Fermi) DOE-Owned Fuel, benchmark experiments used
TDR-EDC-NU-000002 REV 00. Las for establishing the interim
Vegas, Nevada: CRWMS M&O. ACC: criticality limit
MOL..20000815.0317. _
CRWMS M&O 2000, Evaluation of Entire Reference |1,5 Reference to the UZtH DOE  |N/A
Codisposal Viability for UZrH (TRIGA) Only SNF group and the specific.
|2 |DOE-Owned Fuel. TDR-EDC-NU- |benchmark experiments used
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_ Lvalualionof  |Entire Reierence |1, Reference fo the U-Metal - [N/A
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