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1. Purpose

The purpose of this design analysis is to determine the accuracy of the SAS2H module of SCALE
4.3 in predicting isotopic concentrations of spent fuel assemblies. The objective is to develop a
methodology for modeling assemblies similar to those evaluated within this analysis and to establish
the consistency of SAS2H predictions. The results of this anal'sis may then be applied to future
depletion calculations using SAS2H in which no measurements are available.

2. Quality Assurance

The Quality Assurance (QA) program applies to this analysis. The work reported in this document
is part of the Waste Package Design analysis that will eventually support the License Application
Design phase. This activity, when appropriately confirmed, can impact the proper functioning of the
Mined Geologic Disposal System (MGDS) waste package; the waste package has been identified
as an MGDS Q-List item important to safety and waste isolation (pp. 4, 15, Reference 5.1). The
waste package is on the Q-List by direct inclusion by the Department of Energy (DOE), without
conducting a QAP-2-3 evaluation. The Waste Package Development Department (WPDD)
responsible manager has evaluated this activity in accordance with QAP-2-0, Conduct ofActivities.
The Perform Criticality, Thermal, Structural, and Shielding Analyses (Reference 5.2) evaluation has
determined the preparation and review of this design analysis is subject to Quality Assurance
Requirements and Description (Reference 5.3) requirements. As specified in NLP-3-1 8, this activity
is subject to QA controls.

The analysis described in this document supports development of the disposal criticality analysis
methodology. No designs were analyzed in this document. This document will not directly support
any construction, fabrication, or procurement activity and therefore is not required to be procedurally
controlled as TBV (to be verified). The calculation design inputs or information used in this
document come from data accepted by the Nuclear Regulatory Commission and by the scientific and
engineering community as established fact. The specific references are listed in Section 5 and
identified in Section 7. The information is therefore not treated as unqualified data.

3. Method

The analytical model employed for this analysis was the SAS2H module of the SCALE sequence.
Based upon fuel design, power history, and operating data for specific assemblies in the Cooper
boiling water reactor (BWR), a computational model was developed for use with the SAS2H module
of SCALE. The SAS2H module is used to perform a fuel depletion analysis to predict the isotopic
concentrations in localized areas of assembly pins (pellet samples) subsequent to irradiation and
cooling time. The isotopic concentrations predicted by the SAS211 module are then compared with
measured concentrations of the same localized areas (axial locations) of the assembly pins to
determine the accuracy of the developed model. The measured isotopic concentrations used for
comparisons in the analysis are obtained from a separate report (Reference 5.6).
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4. Design Inputs

The sources for the design parameters are References 5.4 through 5.9. References 5.4 and 5.5
provide information on molar masses and half-lives; the assembly design, power history and
operating parameters are obtained from References 5.6 and 5.7; the cladding composition from
Reference 5.8; and a list of trace elements in the fuel is derived from Reference 5.9.

4.1 Design Parameters

The half-lives of selected isotopes and molar masses of selected elements are obtained from
Reference 5A, while molar masses for selected isotopes are obtained from Reference 5.5. The half-
life and molar masses. are provided below within three significant figures., Precision beyond three
significant figures is not necessary since the calculated isotopic concentrations from SCALE are only
to three significant figures. Also, the weight per mole of enriched uranium is approximated by the
weight per mole of natural uranium since the weight percent of enrichment is small.

Mole of natural uranium = 238 g,
Half-Life of '9 Tc = 2.13 x 105 years,
Half-Life of ... Np = 2.14 x 106 years,
Half-Life of 24'Am = 432.7 years,
6.02 x 10" atoms per mole. (Reference 5.4)
Mole of "Tc = 98.9 g.
Mole of 21 7Np = 237 g,
Mole of 241Am = 241 g. (Reference 5.5)

General spent fuel characteristics for each test sample are presented in Table 4-1 and include the
initial "'U enrichment, final bumup and the cooling time (p. 4.93, Figure 4.2, and Tables 4.17 and
D.1; Reference 5.6). The initial enrichment for the type 1 fuel rod, which includes over half of the
assembly's fuel rods, is 2.93 wt% 2"U and the bumup ranges from 17.84 to 33.94 GWd/MTU. The
cooling time reflects the time after shutdown in which the burnup measurements were performed.

Assembly design parameters are presented in Table 4-2 (Table 4.1, Reference 5.6; Table 1 and 3,
Reference 5.6). The assembly is a General Electric (GE) 7 x 7 and contains four types of fuel rods
and three types of burnable poison rods. Assembly channel dimensions are obtained for Quad Cities,
which also uses a GE 7 x 7 assembly (Table 1, Reference 5.7). A cross section of the assembly is
presented in Figure 4-1 (Figure 4.2, Reference 5.6; Figure 8, Reference 5.7). The initial enrichments
of 235U and Gd2O3 for each type of fuel rod and burnable poison rod are included in Table 4-3.
Power histories for each assembly during the three cycles of irradiation are presented in Table 4-4
in the form of Linear Heat Generation Rates (LHGRs) (Table A.2, Reference 5.6). The assemblies
were irradiated for 5 cycles during cycles 1, 2, 3, 6 and 7. Both rods ADD2966 and ADD2974 are
Type I fuel rods.
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The composition of the channel, Zircaloy.4, is presented in Table 4-5, and has a density of 6.56
g/cm3 (Reference 5.8). A list of trace elements in the fuel used in updating cross sections during the
depletion analysis is presented in Table 4-6 and developed with consideration of elements used in
(Table 1, Reference 5.9).

The measured isotopic concentrations for plutonium and uranium isotopes are presented in Table
4-7, given in g/gUO2 (Table 4.17, Reference 5.6). Also measured isotopic concentrations for 'Tc,
237Np and 24tAm are presented in Table 4-8, given in Ci/gUO, (Table 4.17, Reference 5.6). The
measurements were performed at the Materials Characterization Center at Pacific Northwest
Laboratory for fuel pellets at three different axial positions in Rods ADD2974 and ADD2966, of
Bundle CZ346.

Table 4-1. Spent Fu Characteristic Parameters for Cooper BWR

Sample Axial Location Enrichment, Burnup, Cooling Time,
from Top, cm wt % MU MWd/kgM years

ADD2966-B 55.107 2.93 18.96 5.35

ADD2966-K 218.869 2.93 33.07 5.35

ADD2966-T 274.777 2.93 33.94 5.35

ADD2974-B 55.723 2.93 17.84 5.28

ADD2974-J 115.042 2.93 29.23 5.28

ADD2974-U 291.087 2.93 31.04 5.28
Reference 5.6
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Table 4-2. A ssembly Design Parameters for Cooper BWR
DataParameter

Assembly general data:
Designer
Lattice
Number of Fuel Rods
Assembly Pitch, in. (cm)

General Electric
7x7
49
6.0 (15.24)

Channel
Outside Dimension, in. (cm)
Thickness, in. (cm)
Material

5.438 (13.813)
0.080 (0.203)
Zircaloy-4

Fuel Rod Data:
Type of Fuel Pellet U0 2
Pellet immersion density, g/cm3 10.32
Rod Pitch. cm 1.87
Rod Outside Diameter (OD), cm 1.43
Cladding Thickness, cm 0.094
Pellet Diameter, cm 1.21
Active Fuel Length, cm 371
Clad Material Zircaloy-2
Peripheral-Rod-to-Channel Spacing, in. (cm) 0.1435 (0.364)

Dimensions are converted from inches to centimeters by the following relationship: 1 in. = 2.54 cm.
Reference 5.6
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Figure 4-1. Cross Section of Cooper BWR Assembly
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See Table 4-3 for Rod Enrichments

References 5.6 and 5.7
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Table 4-3. Rod Enrichments for Cooper BWR

Rod Type Enrichment, wt % "U Wt % Gd2 O, Number of Rods

1 2.93. 0 .26

2 1.94 0 11

3 1.69 0 6

4 1.33 0 1

5 2.93 3.0 3

6 2.93 4.0 1

7 1.94 4.0 1
Reference 5.6

Table 4-4. Power History for Bundle CZ346 from Cooper BWR

Elapsed Time Power Density, Cumulative Burnup, Average LHGR,
Time, days Interval, MW/MTU MWd/MTU kW/m

Cycle 1
19 19 15.63 0.297 16.34

27 8 0 0.297 0

90 63 14.21 1.192 14.84

157 67 22.74 2.715 23.76

174 17 0 2.715 0

182 8 14.21 2.829 14.84

215 33 25.58 3.673 26.73

225 10 0 3.673 0

296 71 27.01 5.591 28.22

451 155 14.21 7.793 14.84

486 35 0 8.062 0

505 19 14.21 8.574 14.84
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Table 4-4. Power History for Bundle CZ346 from Cooper BWR

Elapsed Time Power Density, Cumulative Burnup, Average LHGR,
Time, days Interval, MW/MT MWd/MTU kWMm

days _ _ _ _ _ _ _ _ _ _

525 20 25.58 8.574 26.73

532 7 0 9.074 0

554 22 22.74 9.074 23.76

566 12 0 10.325 . 0

621 55 22.74 11.379 23.76

674 *53 19.89 11.379 20.79

693 19 0 11.876 0

718 25 19.89 11.876 20.79

807 89 22.74 13.900 23.76

Cycle 2

866 59 0 13.900 0

880 14 15.46 14.116 16.15

904 24 20.98 14.620 21.92

919 15 11.04 14.785 11.53

945 26 20.99 15.331 21.93

953 8 0 15.331 0

996 43 20.99 16.234 21.93

1001 5 8.84 16.278 9.24

1017 16 20.99 16.614 21.93

1022 5 0 16.614 0

1044 22 19.88 17.051 20.77

1083 39 13.25 17.568 13.84

1172 89 17.67 19.140 18.46
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Table 4-4. Power History for Bundle CZ346 from Cooper BWR

Elapsed Time Power Density, Cumulative Burnup, Average LHGR,
Time, days Interval, M iW/MTU MWd/MTU kWm

_ _ _ J~ ~days I _ _I __ ___

Cycle 3

1203 31 0 19.140 0

1367 164 16.95 21.920 17.71

. Cycle 6

2166 799 0 21.920 0

2189 23 10.33 22.158 10.80

2214 25 11A8 22.445 12.00

2228 14 5.74 23.525 6.00

2326 98 10.91 23.594 1.A0

2335 9 0 23.594 0

2377 42 10.91 24.052 11.40

2393 16 11.48 24.236 12.00

2452 59 10.91 24.880 11.40

2483 31 10.33 . 25.200 10.80

._______ Cycle 7

2531 48 0 25.200 0

2539 8 4.38 25.235 4.57

2548 9 8.75 25.314 9.14

2627 79 10.71 26.160 - 11.19

2688 61 0 26.160 0

2743 55 10.71 26.749 11.19

2817 74 10.39 27.518 10.86
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Table 4-4. Power History for Bundle CZ346 from Cooper BWR

Elapsed Time Power Density, Cumulative Burnup, *Average LHGR,
Time, days Interval, MW/MTU MWd/MTU kW/m

_ _ _ _ _ _ _ _ _ _ d ays _ _ _ _ _ _ _

2822 5 0 27.518 0

2853 31 9.84 27.823 10.28

2879 26 8.75 28.050 9.14

Reference 5.6
Table 4-5. Composition of Zircaloy -4

Material Weight Percent

0 0.12

Cr 0.10

Fe 0.20

Sn 1.40

Zr 98.18

Density = 6.56 g/cm3

Reference 5.8
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Table 4-7. Measured Isotopic Concentrations (g) UO,_)
Sample ADD2966-B ADD2966-K ADD2966-T ADD2974-B ADD2974-J ADD2974-U

Burnup, 18.96 33.07 33.94 17.84 29.23 31.04
MWd/kgM .

1.7E-4 1.35E-4 1.44E-4 1.74E4 1.46E-4 1.S4E4

"Su 1.191 E-2 5.34E-3 4.83E-3 1.30E-2 7.76E-3 6.28E-3

2MU 2.63E-3 3.53E-3 3.62E-3 2A8E-3 3.36E-3 3.48E-3

2MU 8.437E-1 8.346E-1 8.391E-1 8.54SE-1 8.490E-1 8.45SE-1

MPu 5.35E&5 1.743E-4 1.706EB4 S.21E-5 1.64E-4 1.389E-4

"'Pu 3.738E-3 3.579E-3 3.336E-3 4.056E-3 4.526E-3 3.668E-3

24QPU 1.220E.3 2.216E-3 2.190E-3 1.184E-3 2.164E-3 2.082E-3

Z41PU 3A03E.4 6390E4 6.201E4 3.415E-4 6.649E4 6.139E 4

U2PU 9.892E-5 4A07E4 4.737E4 8.742E-5 3.247E4 3.823E4

Reference 5.6

Table 4-8. Measure Isotopic Concentrations (Cil UO.)

Sample ADD2966-B ADD2966-K ADD2966-T ADD2974-B ADD2974-J ADD2974-U

Burnup, 18.96 33.07 33.94 17.84 29.23 31.04
MWdlkgM _

"Tc . 6.26E-6 I .03E-5 I .06E-5 6.17E-6 9.86E-6 1 .OOE-5

'nNp 1.1 IE-7 2.54E-7 2A6E-7 1.09E-7 2.35E-7 2.36E-7

3'Am 5.1 8E4 8.78E-4 8.38E-4 523E4 9.46E-4 8.69E4

Reference 5.6

4.2 Criteria

The design of the waste package will depend on waste package configuration criticality analyses
performed using an acceptable disposal criticality analysis methodology. Criteria that relate to the
development and design of repository and engineered barrier components are derived from the
applicable requirements and planning documents. The Engineered Barrier Design Requirements
Document (EBDRD, Reference 5.12) provides requirements for engineered barrier segment design.
The Repository Design Requirements Document (RDRD, Reference 5.13) provides requirements
for repository design. The Controlled Design Assumptions Document (Reference 5.14) provides
guidance for requirements listed in the EBDRD and RDRD which have unqualified or unconfirmed
data associated with the requirement.
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This analysis supports the disposal criticality analysis methodology by providing input, in the form.
of fuel depletion results, to benchmark calculations which address the prediction of both spent fuel
isotopic compositions and their associated reactivity. These benchmark calculations will contribute
to the determination of bias values in the method of critical multiplication factor calculation that is
implemented by the analytic tools to be used in the disposal criticality methodology.. The
requirements for utilizing the bias in the method of calculation of the critical multiplication factor
for disposal configurations containing spent nuclear fuel are located in Section 3.2.2.5 of the RDRD
and Section 3.2.2.6 of the EBDRD. This analysis does not satisfy these requirements, but the results
from this analysis will be used as input to subsequent analyses which will satisfy these requirements.

4.3 Assumptions

4.3.1 The average fuel temperature is unknown and assumed to be 840 K. The value for average
fuel temperature is taken from an example depletion case on p. S2.6.12 of Reference 5.10.
The basis for this assumption is that this is a representative value for the average fuel
temperature in a BWR operating under normal conditions. Sensitivity analyses of fuel
temperature changes are documented in Section 7.7 of this analysis. This assumption is used
in Section 7.2.

4.3.2 The cladding temperature is unknown and assumed to be of 620 K. The value for the
cladding temperature is taken from an example depletion case on p. S2.6.12 of Reference
5.10. The basis for this assumption is thatitsis a representative value for the cladding
temperature in a BWR operating under normal conditions. Furthermore, it is expected that
the cladding temperature will not significantly effect the resulting isotopic concentrations,
since the composition contains no nuclides that are strong neutron absorbers. This
assumption is used in Section 7.2.

4.3.3 The moderator temperature is unknown and assumed to be 557 K. The value for the
moderator temperature in an example depletion case on p. S2.6.12 of Reference 5.10 is 558
K. The basis for this assumption is that this is a representative value for the cladding
temperature in a BWR operating under normal conditions. This assumption is used in
Section 7.2.

4.3.4 The moderator density profile is unknown and is assumed to be an inverse exponential
function with an entrance density of 0.862 g/cm3 and plateau density of 0.240 gtcm3 The
basis for this assumption is that this is a representative function for the moderator density
profile in a BWR operating under normal conditions. Additional supporting data for the
moderator density profile is to be determined and will be included in revision(s) to this
analysis. This assumption is used in Sectign 7.2.

4.4 Codes and Standards

There are no applicable codes or standards for this design analysis.
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6. Use of Computer Software

A. Reference 5.10 describes the SAS2H module of SCALE 4.3 that is used with the
44GROUPNDF5 cross section library to calculate the isotopic concentrations for the
specified burnup and cooling time. The computer code's spatially independent point
depletion model is appropriate for comparison with pellet sample measurements, and is used
within the range of validation, as described in Reference 5.11, in accordance with the QAP-
SI series procedures. SCALE is obtained from the Software Configuration Management in
accordance with appropriate procedures. SCALE's CSCI number is 30011 V4.3 and is
installed on the WPDD HP 9000,700 Workstation with CRWMS M&O tag number 110433.

B. Lotus 1-2-3 Release 5 for Windows 95 is an Acquired Software spreadsheet program as
defined in QAP-SI-0. User defined formulas and/or algorithms, inputs and results, are
documented in the appropriate sections.
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7. Design Analysis

The SAS2H module of SCALE 4.3 is used to perform one-dimensional (1-D) neutron transport and
point depletion analyses on the Cooper samples using the preferred 44GROUPNDF5 cross-section
library. To properly model the neutron flux spectrum and the nuclide composition changes, it is
necessary to define the compositions, temperatures, and geometry of the fuel assembly. This is
accomplished with the use of data blocks in which similar parameters are grouped together.

7.1 SCALE Input Data Blocks 1, 2, and 3

Data blocks 1 through 3 define the SCALE module to be used, the title of the input file, the cross
section library to be used, and the lattice type to be modeled. The module used is SAS2H and the
cross sectional library is 44GROUPNDF5, abbreviated as 44GROUP. The 44GROUP cross section
library is recommended by Oak Ridge National Laboratory. Since SAS2H is only to be used for
isotopic deplction/generation, the 'parm=skipshipdata' option is used so that a shipping cask
shielding analysis is not performed. The title is arbitrary and should contain information that is
sample specific, while the lattice type is "lattictcell" to reflect the array characteristic of the
assembly.

7.2 SCALE Input Data Block 4

Data block 4 defines the material compositions present in the assembly. A unique mixture number
is assigned to each composition, and follows the form of mixture 1 for fuel, mixture 2 for cladding
and mixture 3 for moderator.

The fuel mixture is UO, with a density and isotopic weight percentages of the pellet on which the
measurements are performed. This is to ensure that the proper amount of 235U is present in the fuel
region. The density is approximated as the pellet immersion density. Also, since only the 235U
enrichment is known, the enrichment of 23'U and 236U are approximated by the following relationship
with results for each rod type presented in Table 7-1: wt% 234U = 0.0046 * wt% 215U and wt% 236U

= 0.0089 wt% "'U. The fuel temperature is unknown and assumed to be 840 K. The basis for this
assumption is that this is a typical value for the average fuel temperature in a BWR. Isotopes which
are selected as needing their cross sections updated during the depletion analysis are included in the
fuel mixture. A standard list of trace fuel elements is given in Table 4-6 and defined in the fuel
mixture to have a concentration of 10-2' atoms/barnmcm.

The cladding material is Zircaloy-2. The cladding temperature could not be obtained, therefore, a
cladding temperature of 620 K is assumed for each sample. This value is consistent with the
expectation that the cladding temperature is closer to the moderator temperature than the fuel
temperature. Furthermore, it is expected that the cladding temperature will not significantly effect
the resulting isotopic concentrations.
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Table 7-1. Enrichment of Fuel Rods

Rod Type wt% 236U wt% 235U wt% 234U . wt% 238U

1 0.013 2.93 0.026 97.031

2 0.009 1.94 0.017 98.034

3 0.008 1.69 0.015 98.287

4 0.006 1.33 0.011 98.663

5 0.013 2.93 0.026 97.031

6 0.013 2.93 0.026 97.031

7 0.009 1.94 0.017 98.034

The moderator temperature and density are unknown. Therefore, a moderator temperature of 557
K will be assumed. The basis for this assumption is that this is a typical value for the average
moderator temperature in a BWR. The BWR moderator density profile used in this analysis is
assumed to be an inverse exponential function with an average'entrance density of 0.862 g/cm3 and
plateau density of 0.240 g/cm3. Figure 7-1 shows a typical moderator density profile for a BWR.

Figure 7-1. Typical Moderator Density Profile
1
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Several other material compositions must be specified. The material for the air between the fuel rod
* and cladding is nitrogen at 5 x 10- atomslbarn-cm, and the material for the channel is Zircaloy-4..

The temperature for these materials is the same as the moderator temperature and the mixture
numbers are 4 and 5, respectively. The average Gadolinium rod mixture is specified as mixture 6
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and is an average of all S Gd rods. To obtain the average Gadolinium rod composition, the weight
percentages for both Gd and `5U are averaged by the number of rods. The resulting weight percents
are 3.4 wt% Gd and 2.732 wt% mU; resulting in 0.024 wt% 'U, 0.013 wt% 236U and 97.231 wt%
2'U from the method described previously. The moderator between assemblies does not behave in
the same manner as the moderator within the assembly. Between assembly moderator. must be
defined as mixture 7 and has a density and temperature of the inlet conditions.

The channel material of Zircaloy-4 is not contained within the Standard Composition library in
SCALE 4.3 and must be defined as an arbitrary material. The channel is defined with a density and
isotopic weight percentages from Table 4-5 and temperature given in Table 4-2.

7.3 SCALE Input Data Blocks 5 Through 7

The unit fuel rod cell geometry is defined in data block 5. The 'squarepitch' designation for the type
of lattice is appropriate since the fuel assembly consists of a square array of fuel rods. Fuel rod,
cladding and pitch dimensions are given in Table 4-2 with the mixture number for each composition
defined in Section 7.2. The gap mixture is defined as 0.

Data block 6 allows the user to specify such parameters as the spatial mesh, angular quadrature and
the convergence criteria. It is determined that the default values are sufficient and such options are
not used in this design model.

In data block 7 the user defines general assembly data and determines the level of detail in which the
assembly is to be modeled. The number of fuel rods per assembly is given in Table 4-2 and the
length is calculated so that an assembly contains I Metric Ton of Uranium Dioxide (MTUO2), using
the following equation:

1 ~~10 6 U0Letggg~tr1 '9 UO2 Equation 7-1
. (POD)2(PDn)(NFR) 1MTUO2
4

Where:
Length = Length Required for an Assembly to Contain I MTU0,O (cm)
POD = Fuel Pellet Diameter (cm)
PDen = Fuel Pellet Density (gUO2/cm')
NFR = Number of Fuel Rods

Since, measured isotopic concentrations are presented in grams of isotope per gram UO2 and SCALE
presents concentrations in grams of isotope per assembly, it is possible to alter the length so that the
assembly contains I MTUO 2. This is possible since the 1-D transport calculation is axially
independent, consequently the length of the assembly does not impact the neutron flux spectrum nor
the nuclide cross sections. The resulting calculated length for the Cooper assembly is 1719.74 cm.

Each assembly was irradiated for five cycles, which are divided into a total of 17 intervals so that
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all periods of downtime may be modeled. It is determined that approximately 80 days per cross
section library is sufficient to accurately model the change in nuclide cross sections with increasing
bumup, without over-burdening the SAS2H code. Therefore, the number of libraries per cycle are
specified as two. To obtain the concentrations of all interested nuclides, a print level of 5 is chosen,
while an input level of 2 is defined so that a Path B model may be utilized. The nufijber of light
elements is zero, while the number of zones is eight which is determined by the Path B model
described in Section 7.4.

7.4 SCALE Input Data Block 8

It should be noted that control blade insertion information could not be obtained for the pertinent
cycles, even though such information is important in the modeling of BWR assemblies. Calculated
concentrations obtained from a BWR model without control blade insertion information are not
expected to agree closely with corresponding measurements.

The Path B model for Cooper is a centralized average Gadolinium rod unit cell surrounded by an
homogenized fuel and moderator mixture that conserves the fuel to moderator volume ratio. Further
surrounding the homogenized fuel and moderator mixture are the moderator between the fuel cells
and channel, the channel, and the moderator between assemblies. The equation below is used to
determine the number of fuel unit cells that surround the central guide tube. All of the following
equations used to calculate the Path B model dimensions are derived. The results of the fuel-unit-
cell calculations are presented in Table 7-2, and the resulting Path B model dimensions are presented
in Table 7-3.
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(M)(CUCMV,
M )

M

Equation 7-2

(NFR)( )(p4D)2
F

M (NFRflpP2-(! )(COD)2J .(NGJR)[RP2_( )(COD)l
4 4

CUCMV=Rpp2_(O)(COD)2
4

Equation 7-3

Equation 7-4

FV_(.'j(pOD)2
4

Equation 7-5

MV=Rp~p2O7)(COD)2
4

Equation 7-6

Where:
x = Number of Unit Fuel Cells
F/M = Fuel to Moderator Volume Ratio
NFR Number of Fuel Rods
POD = Fuel Pellet Outer Diameter
RP = Rod Pitch
COD = Cladding Outer Diameter
NGdR = Number of Gadolinium Rods
CUCMV = Central Unit Cell Moderator Volume
FV = Fuel Volume of Fuel Unit Cell
MV = Moderator Volume of Fuel Unit Cell

Once the number of fuel cells per central Gd rod is determined the geometry of the Path B model
may be calculated. Since the Gd rod is centralized, the dimensions of the first three zones are the
same as the Gd rod pellet radius, cladding inside radius and cladding outside radius.

The radius for the moderator surrounding the Gd rod, but still within the Gd rod unit cell, is
calculated with the following equation:

R 4.. (l)p2

Where:
R4 = Radius of Moderator Surrounding Gd Rod

Equation 7-7
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The area of an annular region is calculated by the difference between the outer circular area and the
inner circular area. Equation 7-8 is the basis for the Equations 7-9 and 7-10 which determine the
radii of the homogenized fuel zone and the outer moderator zone.

ARAun(ORAR 2-JRAR>2 Equation 7-8

Where:
ARA = Annular Region Area
ORAR = Outer Radius of Annular Region
IRAR = Inner Radius of Annular Region

The area of the homogenized fuel zone surrounding the Gd rod unit cell is equal to the number of
fuel unit cells surrounding the Gd rod multiplied by the area of a fuel unit cell. Consequently, the
radius of the homogenized fuel zone is computed with the following equation:

Rs5- (.)RP2+R4 Equation 7-9

Where:
R5 = Radius of Homogenized Fuel and Moderator Zone

The mixture number of the homogenized fuel and moderator mixture must be specified as 500. The
code then determines the composition of the region using cell averages or homogenized densities
of the fuel-pin-cell.

The area of the moderator between the unit cells and the channel is determined by calculating the
total moderator volume and multiplying by the fraction of unit cells surrounding the Gd rod in the
Path B model. The volume is calculated by determining the distance from the unit cells and the
channel using the following equation:

Ru' (~ ~~~'p.) ______O RP-POD 2

R6=. -41(NCpR*RPCC ap)]RRD).(CC p- P)+R2 Equation 7-106 ;, OvNC81.I!-CCP~

Where:
R6 Radius of Moderator Between Unit Cell and Channel
NCell = Number of Cells in Assembly
NCpR = Number of Cells per Row
CCsp = Cell to Channel Spacing

The area of the channel is calculated from the total channel volume and multiplying by the fraction
of unit cells surrounding the Gd rod in the Path B model. The total channel volume of the assembly
is calculated by the following equation:
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2=4 (VNC.*!! .4(CHOD-CWhiA) *(CHthA)+R62

Where:
R. = Radius of Channel
CHOD = Channel Outer Dimension
CHthick = Channel Thickness

Equation 7-11

The area of the moderator between assemblies is calculated from the total moderator between
assemblies volume and multiplying by the fraction of unit cells surrounding the Gd rod in the Path
B model. The total volume of the moderator between assemblies is calculated by the following
equation:

R.ead*' .l2-(CHOD-'Wo-(NO+2-(CHOD+N,)-(Vv]-,R72
,r *NCJ

Where:
Rs = Radius of Moderator Between Assemblies
WK = Wide-Wide Half Dimension
NK = Narrow-Narrow Half Dimension

Equation 7-12

Table 7-2. Calculation of Fuel Unit Cell per Guide Tube Unit Cell

[ F/M | CUCMV, cm2 I FV, cm2 MV, cm2 | x l

0.5461 1.8908 1 1.1499 1.8908 8.8 I
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Table 7-3. Path B Model Dimensions

Radius, cm Composition

R. 0.6050 Average Gd Rod

R. 0.6210 Air

R. 0.7150 Cladding

'4 1.0550 Moderator

Rs 3.3028 Homogenized Fuel and Moderator

3.3179 Moderator

R, 3.4223 Channel

R. 3.7883 Moderator

7.5 SCALE Input Data Blocks 9 Through 16

Data block 9 is used to describe the power history of the reactor. The specific power, fuel irradiation
period, the length of downtime, the fraction of boron and moderator density, and the temperature
during the cycle may all be defined. The specific power is in units of MW/MTUO2 while the
irradiation period and length of downtime are both defined in days. The specific power is
determined from Table 4-4 by developing intervals that allow modeling of the downtime during and
after each cycle. The power during the interval is determined by the cumulative bumup of that
interval and the length of the interval. Tables 7-4 and 7-5 contairi values for the specific powers and
the interval lengths. The moderator density fractions and the individual cycle temperature options
are not used in modeling the Cooper assemblies because data obtained were not in sufficient detail
to determine cycle specific values.
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Table 7-4. Approximated Power History for Samples from Rod ADD2966

Time Interval, days Speciflc Power, MW/MTUO0

Cycle Uptime Downtime Axa Level B Axil Level K Axi Level T

One 19 8 9.313 16.243 16.671

130 17 11.086 19.336 19.845

41 10 13.919 24.278 24.917

226 35 10.863 18.947 19.445

39 7 11.941 20.827 21375

22 12 13.549 23.632 24254

108 19 12.716 22.179 22.762

114 59 13.177 22.983 23587

Two 79 8 10.795 18.829 19.324

64 5 11.941 20.827 21.375

150 31 10.037 17.506 17.966

Th ree 164 799 10.099 17.615 18.078

Six 160 9 6.234 10.874 11.160

148 48 6.465 11.276 11573

Seven 96 61 5.958 10.391 . 10.664

129 5 6.272 10.939 11.227

57 See Table 5.567 9.709 9.965
4-1 I .
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Tab le 7-5. Approximated Power History for Samples from Rod ADD2974

Time Interval, days Specific Power, MW/MTUO_

Cycle Uptime Downtime Axial Level B Axial Level J. Aidal Level U

One 19 8 8.763 14.357 15..246

130 17 10.431 17.091 18.149

41 10 13.097 21.459 22.788

226 35 10.221 16.747 17.784

39 7 11.235 18.409 19.549

22 12 12.749 20.888 22.182

108 19 11.965 19.603 20.817

114 59 12.398 20.314 21.572

Two 79 8 10.157 16.642 17.673

64 5 11.235 18.409 19.549

150 31 9.444 15A73 16.431

Three 164 799 9.503 15.570 16.534

Six 160 9 5.866 9.611 10.206

148 48 6.083 9.967 10.584

Seven 96 61 5.606 .9.184 9.753

129 .5 5.901 9.669 10.268

57 See Table 5.238 8.582 9.113
4-1

Light elements and their effective weight, in kg per assembly, are entered in data.block 10.
However, information concerning the light elements could not be obtained and this option is not
used.

Data blocks 11 through 15 describe parameters used in the radial shielding analysis of a shipping
cask and are not necessary in performing the depletion analysis. Data block 16 denotes the end of
the SCALE input.
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7.6 Comparison of Calculated and Measured Concentrations

Comparisons of corresponding calculated and measured concentrations are performed on a percent
difference basis. The difference between the measured and the calculated value is divided by the
measured value to determine the accuracy of the SAS2H calculation. A positive percent difference
represents an over-prediction by the code, while a negative percent difference represents an under-
prediction by the code.

Measured concentrations presented in Table 4-7 have units of g of isotope per g of U0 2, while
calculated concentrations presented in Table 7-6 have units of g of isotope per Metric Ton of UO2 .
Therefore, the measured concentrations must be multiplied by 106 gUO2/MTUO2 to obtain similar
units.

Measured concentrations are presented in Table 4-8 with units of Curies per g U02. The activity of
a particular isotope per gram U02 is converted to grams of that isotope per gram UO2 using the half-
life and molar mass presented in Section 4.1 and the following equation:

YL ,LX~i 3.7xOlO B 3.l&x J lmol Ma, Equation 7-13
9 U02 9UO2 Ci I lyr 6.02rxO13afomslands

Where:
Y = Measured Value Used in Comparison (g isotope/g U0 2)
X = Measured Value from SAS2H (Ci isotope/g U02)

A= ln(2) (yr i)

T% = Half-life of Isotope (yr)
Mass = Molar Mass of Isotope

Percent differences for the actinides and fission products are presented in Table 7-6.

In an attempt to determine the impact of the assumptions from Section 4.3 on the calculated isotopic
concentrations, a sensitivity analysis is performed on the fuel temperature and moderator density.
It is determined that the effect of the moderator temperature is not significant in the absorption of
neutrons and the effect of up-scattering is not significant over the expected range of moderator
temperatures. Also it is determined that the cladding temperature has no significant effect because
it does not contribute significantly to either neutron absorption or scattering. Two samples
representing low and high burnups, ADD2966-B and ADD2974-B, are used to observe the changes
in isotopic concentrations for both: 1) a 100 K increase in fuel temperature, and 2) a 10 percent
increase in moderator density for the sample taken near the bottom of the assembly and a 50 percent
increase in moderator density for the sample taken near the top of the assembly. The results are.
reported in Tables 7-8 and 7-9.
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7.7 Results

SAS2H predicted isotopic concentrations are presented in Table 7-6. The calculated concentrations
are obtained through the methodology described in Sections 7.1 through 7.5, and with the input
parameters defined in Section 4.1. Calculated concentrations are compared with measured
concentrations as describe in Section 7.6 to determine the accuracy of the SAS2H module. Results
of the comparison, in the form of percent differences, are presented in Table 7-6. Also the results
of the sensitivity analysis are reported in Tables 7-8 and 7-9.

_________ ~~Table 7-6. Calculated concentrtons (gM O_____
Sample ADD2966&B ADD2966-K ADD2966-T ADD2974-B ADD2974-J ADD2974.U

Burnup, 18.96 33.07 33.94 17.84 29.23 31.04
M W d/kgM _ _ _ _ _ _ _ _ _ _ _ __ _ _

"Tc 4.22E2 7.02E2 7.22E2 3.99E2 6.24E2 6.71E2

LU U 1.67E2 1.39E2 1.38E2 1.70E2 1.44E2 IA45E

1HU ~~1.2E4 5.22E3 4.50E3 1.25E4 7.22t3 5.32E3

ZMU 2.61E3 3.46E-3 3.5 1 E3 2.52E3 3.29E3 3A40E3

LU U SA.42E 8.34E5 8.34E5 8.43ES 8.35E5 8.37E-5

"7NP ~2.00E2 3.44E2 3.32E2 IMBE2 3.29E2 2.93E2

IMPU ~5.93E1 1.60E2 1.54E2 5.15EI 1.44E2 1.25E

1"PU ~4.41E3 3.95E3 3.57E3 4.32E3 4.61E3 3.47E3

24PU 1.30E3 2.1 0E3 2.08E3 1.21E3 1.98E3 1.92E3

34'pu 4.28E2 6.87E2 6.44E2 3.93E2 6.93E2 5.82E2

U2PU 1.22E2 4.60E2 4.91E2 L.05E2 3.42E2 3.98E2

_________ 2.08EZ 3.06E2 2.83E2 1.92E2 3.19E-2 2.60E2



Waste Package Development Design Analysis
Title: SAS2H Analysis of Radiochernical Assay Samples From Cooper BWR Reactor
Document Identifier: BOOOOOOOO-01717-0200-00145 REV 00 Page 29 of 33

Table 7-7. Percent Difference Between Measured and Calculated [(CIM-I) 1001
Ssmple ADD2966-B ADD2966-K ADD2966-T ADD2974-B ADD2974-J ADD2974-U

Burnup, 18.96 33.07 33.94 17.84 29.23 31.04
MWd/kgM _

"Tc 14.18 15.44 15.37 9.53 *7.19 13.65

MU -1.76 2.96 -4.17 -2.30 -1.37 -5.84

MuV 0.76 -2.25 -6.83 -3.85 .6.96 -15.29

IMU -0.76 -1.98 -3.04 1.61 -2.08 -2.30

=u -0.20 -0.07 -0.61 -1.35 -1.65 -1.01

='Np 26.76 4.72 -5.05 19A.1 -1.51 -12.66
MPu 10.84 -8.20 -9.73 -1.15 -12.20 -10.01

"'Pu 17.98 10.37 7.01 6.51 1.86 -5.40

MPu 6-56 -5.23 -5.02 2.20 -8.50 -7.78

___________ 25.77 7.51 3.85 15.08 4.23 -5.20

2UPU 23.33 4.38 3.65 20.11 5.33 4.11

"'Am 37.39 19.25 15.55 25.61 15.38 2.37
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Table 7-8. Sensitivity Analyses for Samp ADD2966-T

Case Modeled Conditions Fuel Temperature Moderator Density Increase of 109%
Increase of 100 K

Isotope Calculated Calculated % Change In Calculated % Change In
Concentration, Concentration, Calculated Concentration, Calculated

p/MTU g/MTU _ _ WM-U
"Tc 7.22E2 7.22E2 0.00 7.24E2 0.28

W*U 1.38E2 1.38E2 0.00 1.38E2 0.00

M"U 450E3 4.54E3 0.89 4.31E3 -4.22

1MU 3.51E3 3.50E3 -0.28 3.52E3 0.28

Zou 8.34E5 8.34E5 0.00 8.35ES 0.12

'nNp 3.32E2 3.34E2 0.60 3.23E2 -2.71

U'Pu 1.54E2 I.551E2 0.65 1.48E2 -3.90

L~Pu 3.5iE3 3.61E3 1.12 3A2E3 -4.26

1"Pu 2.08E3 2.08E3 0.00 2.06E3 -0.96

MIPU 6.44E2 6.50E2 0.93 6.21E2 -3.57

242Pu 4.91E2 4.92E2 0.20 4.92E2 0.20

_'Am 2.83E2 2.86E2 1.06 2.71E2 -4.24
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Table 7-9. Sensitivity Analyses for Sample ADD2974-B

Case Modeed Conditions Fuel Temperature Moderator Density Increase of 50%
Increase of 100 K

Isotope Calculated Calculated % Change in Calculated % Change In
Concentration, Concentration, Calculated Concentration, Calculated

gMTU /MTU _ _M_

"Tc 3.99E2 3.99E2 0.00 4.02E2 0.75

1'U 1.70E2 1.70E2 0.00 1.72E2 1.18

1 "U 1.25E4. 1.26E4- 0.80 1.22E4 -2.40

MU 2.52E3 2.5SE3 -0.40 2.51E3 40.40

IMU 8.43E5 8A3E5 0.00 8.44E5 0.12

'Np 1.85E2 1.86E2 054 1.69E2 -8.65

naPu 5.15EI 5.17E1 0.39 4.53EI -12.04

________ 4.3iE3 4.36E3 0.93 3.93E3 -9.03

PUT 1.21E3 1.21E3 0.00 1.16E3 -4.13

1'Pu 3.93E2 3.97E2 1.02 3.64E2 -7.38

Z'3Pu I.05E2 1.OSE2 0.00 1.03E2 . -1.90

u'Am 1.92E2 1.94E2 1.04 1.77E2 -7.81
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8. Conclusions

The accuracy with which the SAS2H module is able to predict isotopic concentrations is indicated
by the percent differences presented in Table 7-7. Inspection of such results-reveals that the code
has a tendency to over-predict "Tc, 2APu and 24'Am while it tends to under-predict "U.

An analysis of the sensitivity of isotopic concentrations in relation to the fuel temperature reveals
that for a 100 K increase in the fuel temperature, most of the plutonium isotopic concentrations
increase by approximately 1%. For the sample at relatively low burnup, ADD2974-B, the isotopes
of 235u, 237Np, 23Pu, 239pu, 24Pu and 2'Am increase by 1.04% or less; "'U decreases by 0.4% and
the remaining isotopes are unchanged. For the sample at relatively high burnup, ADD2966-T, the
isotopes of 2"U, 237Np, 23pu, 239pu, 24pu, 242Pu and 24'Am all increase-by 1.12% or less; "'U
decreases by 0.28% and the remaining isotopes remain unchanged. Since the actual fuel temperature
is not expected to deviate more than 200 K from the temperature assumed, the assumption of a fuel
temperature of 840 K does not significantly effect the calculated isotopic concentrations.

An analysis of the sensitivity of isotopic concentrations in relation to the moderator density reveals
that for a 10 percent increase in the moderator density of sample ADD2966-T and a 50 percent
change in sample ADD2974-B, the isotopic concentrations change significantly. For the sample at
relatively low bumup, ADD2974-B, the isotopes of 3'U, 2'7Np, "3Pu, 29pu, 240pu, 41PU and 241AM

decrease between 2.4 to 12.04%, and the remaining isotopes change by less than 2%. For the sample
at relatively high burnup, ADD2966-T, the isotopes of 3'U, 237Np, Mpu, 239Pu, 24Pu and 241AM

decrease between 2.72 to 4.24% or less, and the remaining isotopes change by less than 2%. The
moderator density is not expected to deviate more than 10 percent from the assumed value near the
bottom of the assembly, or not more than 50 percent from the assumed value near the top of the
assembly. Therefore, it may be concluded that an incorrect assumption of the moderator density
would significantly effect the calculated isotopic concentrations.

The SAS2H code normally predicts isotopic concentrations as a radial assembly average; however,
measurements are performed on individual pellet samples. Therefore, local pellet conditions are
modeled as closely as possible in this analysis so that a more realistic pellet composition can be
determined. However, it was necessary to approximate the fuel temperature and the moderator
temperature as typical assembly average values. Furthermore, approximations made to obtain local
pellet conditions will influence the calculated isotopic concentrations.

No final conclusions can be drawn from inspection of the measured to calculated ratios presented
in this analysis. Although the assumptions for the fuel temperature and the moderator density do
effect the resulting isotopic concentrations, the effect is not significant enough to account for all
variation between the measured and calculated concentrations. More detailed operating data,
especially data concerning control blade insertion, would be expected to improve the accuracy of the
calculated concentrations in relation to the corresponding measurements. It is expected that future
revision(s) to this analysis will incorporate more detailed operating data thereby providing more
conclusive results.
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9. Attachments

Attachment I includes ten pages and contains the input files used in the modeling of the Cooper
samples. A description of the parameters contained within the input files is found in Sections 7.1
through 7.5.

Included in Attachment II is an extraction from each of the output files, containing the following
information:

* echo of the SAS2H input deck,
* time/date stamp for when the SAS2H depletion calculation was performed,
* the output extraction of information pertinent to the Radiochemical Assay evaluations

from the final ORIGEN calculation of the SAS2H depletion calculation.



Attachment I: BBAOOOOOD-01717-0200-00145 REV OC

coop2966b.input
sws2h paxm-skipshipdau

Cooper BWR Sample ADD2966-D. HeigMt 35.107 em f(rn top. Aug97

Mihtuel orffuel-pin-unit cDu:

44group laiticecell
uo2 I den-10.32 1 340

92234 0.026 9223S 2.93 92236 0.013 92233 97.031 end
kr-3 1 0 1.20 40 end
kr-S 10 1.20 40 end
y-S9 101-20S40 end
sr-90 101.20 UO end
zrr93 101-20S40 end
zr-94 101.20840 end
r-95 101.20S40 end
nib-94 101.20 40 end
mo-95 10 1-20 t40 end
tc-99 I 01.20340 end
tu-IO1 1 01.20S40 end
ru.106 101 20UO4 end
rh-103 1 0 1.20340 end
rh-lOS 0 1.20 S40 end
pd.0lI 01-20 840 end
pdl108O101-20S40 end
Ug 109101.20S40 end
sb-124 101.20U40 end
xe- 131 IC 1.20UO end
xe- 32 101.20U40 end
xe 135 101.20U40 end
xe-1 36 1 0 120 340 end
cs-134 101 .20 S40 end
es.135 1 0 1.20 640 end
cs.137 10 120S40 end
bne-136 101-20 340 end
la-139 1 0 1-20 340 end
pr- 141 101.20U40 end
pr.143 101.20UO4 end
cc-144 101-20640 end
nd.143 I 0 1.20 840 end
nd-145 101.20 40 end
nd-l47 101-20U40 end
pm-47 I 0 1-20 S40 end
pm.14S 101.20U40 end
amr-147 I 01.20 340 end
sm.149 1 01.20 40 end
gm-ISO 101.20 40 end
sm-1SI 101-20UO4 end
sm-152 10 1-20 40 end
eu-153 10 1-2040 cand
cu.l54 10 1-20540 end
cu-I SS I 10-20 U end
gd-155 10 1-20 S40 end

zirc2 2 1 620 end

I Page I-1 of 10

end corp

fue(-pn-cell geomety

squarepitch 1.37 1.211I 3 1.43 2 1242 0 end

a sunmbly and cyclepwwncmen:

upinfusm-49 fuelnght-17 19.74 ncycles.17 nhi/cyc.2
prnnheve1=5 Inplevel-2 surnoal-4 end
6 0.6050 40.6210 20.7150 3 1.0OS30500 3.30283 3.3179 5
3.4223 73.7833
power-9.313 bWra-19 doww4 end
powtual.0S6bum-130 down=17 end
poweru I3.919 burn-41 down-tO end
power=10.863 bum-226 down-3S end
povver 1 1.941 bumu39 domn-7 end
powtr.13.549bwn-22 do"4-2 end
power.12.716bwa=103 dowr.-19 end
power-13.177 bumn-114 down-59 end
power.10.795 burn-79 down-I end
powtrwll .941 burs-64 down=S end
powc,.10.037 bumn-ISO down-31 end
powermi10.99 bum=164 down-799 end
powe-.234 bur-160 down-9 cad
power-6.463 buna-148 down-48 end
powea'-S.958 burn-96 down-61 end
powea'-6.272 burn-129 down-5 end
powerzS3567 burn=57 down-19S4.09 end

end

h2o 3 den-0.240 1 557 end

n 405-5557end

ubm-rirc4 6.56 S 0 0 0 S016 0.12 2400 0.10 26000 0.20 SO00O 1.40
400009S.151.055t7 end

uo2 6dcn=1032 1 340
92234 0.024 92235 2.732 92236 0.013 92233 97.231 cad

abm-gdrvod I0.32 2 0 1 0 S016 3 64000 2 6 0.034 U40 end

h2o 7 den-0.962 1 557 cnd



Attachment I: BBAOOOOOO-01717-0200-00145 REV 00 Page 1-2 of 10

coop2966k.input
uas2b pamnskpshipdais
Cooper BWR Sanmple ADD2966-K. Height 218.869 cn from top. Aug 97

mixtures of fuei-pin-unit-ceu:

44group laniceceD
uo2 I dend10.32 1 340

92234 0.025 92235 2.93 92236 0.013 92233 97.031 end
kr43 101-20 40 end
kr-S5 101.20340 cad
y-S9 101-2040 end
sr.90 101.20 40 end
zrr93 IO 1020 40 end
xrr94 1 01-20 S40 end
zr-95 101.20 40 end
ob-94 10 1-20 40 end
mo-95 101-20 340 end
te-99 101-20 40 end
ru-101 101*20UO4 end
ru-106101-20S40 end
rh.103 101-203UO end
rb-105 101-20340 end
pd-105 10 1.20 40 end
pd-lOS 1 0 1.20 340 end
az-lO0 101-20 140 end
sb-124 101-2034 Uend
xe.131 101.20 340 end
xe.132 1 01-20 UO end
xe-l35 101-20340 end
xe -36 101-20340 end
cs-134 1 01-20S40 end
cs-135 101-20S40 end
cs-137 101-20 840 end
ba-136 101-20S40 end
a-l139 101-20340 end

pr-141 10 1.20 40 end
pr-l43 101-20 40 end
ce-144 101-20 340 end
nd-143 1 01.20 340 end
nd-145 101-20S40 end
nd-147 101-20340 end
pm.147 101 *20 340 end
pml14S I01.20 S40 end
sm-147 101 *20 40 end
sm-149 101.20 34 end
sm-15I 0 1-20 S40 end
sm-151 101-20 340 end
rm-152 101-20 S40 end
eu-153 101-20S40 end
eu-154 101-20 S4D ed
eu-155 1 0 1.20 340 end
gd-155 101.20 S40 end

zirc2 2 1 620 end

h2o 3 den-0.47S I 557 end

n 4 0 5-5 557 end

arbm-zrc4 6.56 5 00 0 3016 0.12 24000 0.10 26000 0.20 50000 1.40
400009S.1351.0557 end

uo2 6den=10.32 1 340
92234 0.024 92235 2.732 92236 0.013 92231 97.231 end

atum-gdod 10.32 2 0 1 0 S016 3 64000 2 6 0.034 40 end

a2o 7den-0.162 1 557 end

end camp

squumpiteb 1.37 121 1 3 1.43 2 1.242 0 end

........... ..................... _

aerably ad cyce pametes:

npinunn-49 flngb-1719.74 wcycl17 lib/cyc>2
priklewU5 inplevel-2 mustotal- cad
60.60504 0.62102 0.71503 1.0550 500 3.3028 3 33179 5
3.4223 7 3.7993
powa-16.243 b -19 dowt-I end
powerul9336bunwu30 down-17 end
powa-24.273tbur-41 down-10 end
powel13.947 buv-226 down-35 end
power.20.U27 bum-39 dowm-7 end
power23.632 burn22 dowvm12 end
powemn22.1791 -1Qt down-19 end
powtr.22.933buhn114 down-59 nd
power- 1.t29 bun-79 down-a end
power-20.U7 bum-64 down-5 end
power-177. 6burnl down-31 end
power-17.615tbu-164 down-799 end
powerlO.374bur-160 down-9 ead
power-I1276bura.14t down-43 end
powe10.391 buw-96 down-61 ed
power=10.939bum-129 down-S end
power-9.709 bun-57 down-1954.09 end

end



Attachment I: BBAOOOOOO-01717-0200-00145 REV 00 Page I-3 of 10

coop2966t.input
..axs2h parm-kidpshipdlaz
Cooper BWIR Sample ADD2966-T. Height 274.777cm from top. Aug 97

and camp

* mixwus otruel-pin4msh.-c21:

44grup Wucce
uo2 I den-10.32 1 340

92234 0.026 92235 2.9392236 0.013 9223t 97.031 cad
kr43 101-20 UO end
kr45 101-20 40 cnd
y49 I01-20 E cad
sr-90 10 1-20 UO end
xr-93 101-20 UO end
xr-94 1 0 1-20 340 evd
nr-9S 101.20UO ced
ob-94 101-20E40 end
mo-95 101-20 4 end
tc-99 101-20 UO end
ru-IO1 101-20340 end
ru-106 101-20 t40 cnd
rh-103 101-20340 end
th-105 I 0 1-20 340 end
pd-105 10 1J20 340 cnd
pd-lOS I 01-20 E40 cnd
aU-109.10 1-20340 end
sb-124 101-20 340 end
xe-l31 101-20340 end
ze-l32 1 0 1-20 t40 end
xe-l35 1 0 1-20340 end
xe-l36 1 0 1-20 40 end
cs-134 10 1-20140 end
cs-135 I 0 1-20 140 end
cs-137 101-20140 end
ba-136 0 I-iO U40 end
Ia--139 1 0 1-20 40 end
pr-141 101-20O cand
pr-143 I01-20U40 end
cc-144 101-20340 end
nd-l43 101-20 t40 cnd
ad-145 101-20340 end
nd-l47 10 1-20 340 end
pm-l47 201-20340 end
pm-l4S 101-20E40 end
sm-147 101-20 40 end
sm-149 101-20 340 end
sm-15I 0 1-20 340 end
sm-151 201-20 340 end
sm-152 101-20 340 end
cu-l53 10 1.20 t40 end
cu-154 101-20340 end
cu-l55 20 1-20U40 end
gd-155 I 01-20340 end

zirc2 21 620 end

h2o 3 den-0.607 1 557 ed

n 4 0 5-5 5S7 end

uibm-zirc4 6.56 5 0 O O S016 0.12 24000 0.10 26000 0.20 50000.140
400D19s.1.252 1.0SS7 end

uo2 6den-10.32 I E40
92234O.024 92235 2.732 92236 0.013 92238 97.231 end

atm-gdrod 10.32 20 0 1016 3 64000 2 6 0.034 40 end

b2o 7dcn-0.362 I 557 end

u 6epin-ceD gvomeary

urwpitch 1.7 1.221 3 1.A3 2 1.242 0 and

...............................

assembly and cycle pnrmees:

nplWnasm-49 fuehigt-1719.74 ncIes17 aihbcyc.-2
printkevs5 inpkvel=2 numnotal-1 cad
60.605040.62102 0.71503 1.05505003302 3 333179 5
3.4223 7 3.7113
power=16.671 buml-19 down-S end
powerul9.U45buwn-130 down-17 ced
power.917 bui-41 dowi-lO end
power 19.445 bun.226 down-35 end
powes-21.375 bum-39 down-7 end
pawer-24.254 b1u-22 down-12 end
power-22.762 burm-lIOC down-l9 end
power23.5t7 burn-I 14 down-59 end
power.19.324 burn-79 down-3 end
power-21.375 burn-64 down-S eid
powcr-17.966bum-150 down-31 cad
power-1S.07E burn-164 down.799 end
powerall.l60burnou6O down9 end
powcr-1.573burn-143 down-48 end
powcr-10.664 bum-96 down-61 cad
power-122.7buim-l29 down-5 end
powr9.965 bumaS? down-l954.09 end

.,,,,,,,,,,,,,,,,,,;,..........

end



Attachment I: BBAOOOOOO01717-0200-00145 REV 00 Page1-4 of 10

coop2974b.input
.2. purnnxkipshipdaza

Cooper BWR Swnple ADD2974-B. Heigt 55.723 cm fnxn top. Aug 97

' mixsts of fuel-pin-uniz-ceD:

44Uoup lakiece2
uo2 I den-1032 1 340

92234 0.026 92235 2.93 92236 0.013 92238 97.031 end
kr.t3 101-20 t40 end
kr45 101.20 40 end
y49 101.20 40 end
sr-90 10 1.20 340 end
zr-93 101-20 t40 end
zr-94 10 1-20 40 end
r.95 I 0 1.20E40 end

nb-94 101.20 t40 end
mo-9S 101.20 40 end
tc-99 101-20t40 end
ru-101 101-20340 cad
ru-106 101-20 O end
rh-103 10 1-20 U40 end
rb-105 101.20 340 end
pd-lOS I 0 1-20 40 end
pd-1OS I 0 1-20 40 end
*g-109 1 0 1-20 4 0 end
sb-124 101-20 40 end
xe.131 10 1-20840 end
xe-132 101-20340 end
xe-135 101.20 40 end
xe-136 101-20t40 end
cs-134 1 01-2040 end
cr-135 101-20E40 end
cs- 137 1 0 1-20 E40 end
ba-136 101.20 840 end
WaI139 1 01*20 t40 end
pr-141 101-20 340 end
pr-143 101-20 t40 end
cc-144 1 0 1-20340 ncd
nd-143 101-203UO end
nd-l45 1 01-2040 end
nd-147 101-2040 end
pm-147 101-203UO end
pm-148 101-2040 end
sm-147 101.20 W end
sm.149 101.20 340 cad
sm-150I1 01-20 40 end
sm-IS 1 01-20 40 end
sm-152 1 01.20340 end
etu-1S3 1 01-20t40 end
eu-154 1 0 1-20 340 end
eu-l551 0 1-20 UO end
gd-I5 101.20 UO end

zirc2 2 1 620 end

h2o 3den=0.240 1 557end

n 405-5557end

wbrn-zxi4 6.56 5 0 0 0 t016 0.12 24000 0.10 26000 0.20 50000 1.40
400009t.1tS 1.05S7 end

uo2 6den-10.32 13 4
92234 0.024 92235 2.732 92236 0.013 92233 97.231 end

wtbm-gdrod 10.32 2 010 t016 3 64000 2 6 0.0434 U0 end

b2o 7 den=0.862 1 557 end

..............................
end cam~p

* fr fpin-ccD Poma

quarepitch 1.37 1.211 3 1.43 2 1.242 0 end

usarnbly and cycle pw:meaas

upinlusm-49 fueln&- 1719.74 ncyclea=17 pilib/cyc-2
printleve-S bpIevei-2 numnotal.3 end
6 0.6o50 4 0.6210 20.7150 3 1.0550 S00 3.023 333179 5
3.4223 7 3.7U3
power..763 burn-l9 down-I end
pow0ul0.431 bun=130 down-17 end
powes-13.097 burn-41 down-10 end
powr-10221 bmw226 dowrz35 end
pow l 1.235 bur39 down=7 end
pownu12.749 b1m-22 down.12 end
poweull.965bub-101 down-19 end
power-I2.393bur.114 down59 ead
poweul0.157 hn=79 down-8 end
powenIlI23MSbun64 downuS end
powerw9.444 bmn150 down-31 end
power-9.503 burn-164 down-799 end
powe5.t.66 burn-160 down-9 end
power=6.0t3 bun-143 down-4t end
powcr-5.606 bn-96 down-61 end
power.5.901 burn-129 down-5 end
power-S.238 burn-S7 down=1954.09 end

end



Attachment I: BBAOOOO00-01717-0200-00145 REV 00 . Paie 1-5of IO

coop2974j.input
.wui2h pum-siipsbipdaae
Coopeg BWR Sample ADD2974.J. litight 315.042 an hum top. Aug 97

...............................

end eotnp

' mixtures o uel-pin-unit-ceD:

44grup IMceceU
uo2 Iden10.32 1 34

92234 0.026 92235 2.93 92236 0.013 92233 97.031 end
ky83 1 01.20 UO ead
kr-85 101-20UO end
y-9 IO 1.20 UO end
sr.90 I01.20 40 end
zr-93 1 0 1-20 34 end
zr.94 1 01.20 340 end
zr-95 101.20 40 end
eb-94 101-20 40 end
mo.95 10 1-20UO end
tc-99 10 1.20S40 end
ru-lO 101.20340 end
ru-106 101 20 40 end
rt-103 1 012040 end
r6 105101.20UO4 end
pd-105 101.20 40 end
pdIIOS 101.20 40 end
ang109 101-20 40 end
sb-124 101.2040 end
xe.131 10 1-20U40 end
ze 132 101.20 B40 end
xe.135 I 0 1-20 340 ead
xe- l 36 1 0 1-2040 end
cs.134 I0 .20 40 end
cs-135 101.20 40 end

cs- 37 1 0 120 40 end
ba-136 101-20UO end
lb-139 IC 1.20 U40 end
pr-141 O 1.2040 end
pr.143 2 0 1.20 40 end
ce.-l 44 101-20 40 end
nd-l43 10 1.20 40 end
nd145 I 01-20 340 end
nd-147 101.20UO end
pm- 147 1 0 1.2040 end
pm-143 10 1.20 S40 end
sm.147 101.20340 end
sm-149 101b20S40 end
sm130 I101-20 PO end
sm-15I 101-2040 end
sm-152 1 01.20 UO end
eu1l53 10 .20 S40 end
eu-154 101b20S40 end
cu-155 1021-20 S40 end
gd-155 1 0 1-20 UO end

zirc2 2 1 620 end

h2o 3 den-0.306 1 557end

n 4 0 55 557 end

ubm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 SOOO 1.40
4000093.1851.0557 end

uo2 6den-10.32 I S40
922340.024922352.732922360.013 92233 97.232 end

arbm-gdrod 10.322010S016364000260.03440 end

h2o 7 den=0.g62 1 557 end

f ix1e.-pinfce o m e

squarepitch 1.37 12121 3 1.43 2 1.242 0 eand

-m* -4 Cycle paramet-

mpiriusm-49 bmln&.1719.74 ncyclei-17 nliUcyc-2
pdadevel-5 iinplew�2 numnotal-2 end -
6 0.6050 4 0.6210 2 0.7150 3 1.0550 SW 3.3029 3 3.3179 5
3.4223 7 3.711113
powtr-14.357 bum-19 downs end
power-17.091 bum-130 down-17 eM
power-21.459bum-41 down-10 end
powa=16.747bum-226 down-33 ead
powa-18.409 burv-39 down-7 end
powa-20.811 sun-= dowrwl2 end
Pmver-19.603 bum-10.9 down-19 vW
powcr-20.314 bura* 1 14 down-59 end
powa-16.642 b=-79 down-11 end
powerwa 1 9.409 bum-64 down-5 end
power-15.473bum-150 dma-31 end
power-15.570bunwl6il down-799 end
pyw^9.611 hun-16D down-9 eW
powa-9.967 huywl4g down-U end
pwo-9.194 bum-% dows-61 end
power-9.669 hun-129 down-S awl
powcr-8.582 bum=57 down=1954.09 end

end



Attachment I: BBAOOOOOO-01717-0200-00145 REV 00 Page 1-6 of 10

coop2974u.input
ww2h parm-kipshipdata
Cooper BWR Sample ADD2974-U. Heit 291.067 cm hnm top, Aug 97

mixturrs oruel-pin-unit-cel:

44group ladicecel
uo2 I den-1032 I 40

92234 0.026 92235 2.93 92236 0.013 92233 97.031 end
ki.93 1 01.20640 end
'rS5 1 0120 t40 end
y-S9 1 0 1.20 640 end
sr-90 1 01-20 340 end
u-93 1 0 1-20 840 end
zr-94 10 1-20640 end
zr-95 101.20640 end
nb-94 101.20 840 end
mo-95 101-20 40 end
te.99 101.20 40 cnd
ru-101 1 01.20 U0 end
ru-106 101 .20 t40 end
rh-103 1 0 1.20 840 end
ti-105 101 .20 40 end
pd-105 101.20 U0 end
pd 0I 101-20 40 end
ag-109 1 0 1-20 30 end
sb 124 101.20 40 end
xe-131 1 01.20 t40 end
ze-132 101-20t40 cnd
ze-135 101-20t40 end
xe-136 101.20340 end
cs.134 101-20 40 end
as-135 10120 S40 end
ns-137 10 1-20 840 end
ba-136 101-20 840 end
la.139 101-20 340 end
pr141 101.20340 end
pr-143 1 0 1.20 840 end
ce-IU 101-20 40 end
nd-143 10 1-2040 end
nd-145 10 1-20 40 end
nd-147 101-20 840 end
pmr-147 101.20 840 end
pm-143 101-20 40 end
*m-147 101-20 540 end
rm-149 1 01.20 540 end
rm-150 101-20 340 end
rm-IS I 101.20640 end
sm-1S2 101.203U0 end
eu-153 101-20640 end
eu-154 101-20 40 end
eu-155 101.20 940 end
gd-155 101-20 40 end

zirc2 2 1 620 end

h2o 3 dend0.652 I 5S57 end

n 4 0 5-5 557 end

arbmr-zr4 6.56 0 0 0 S016 0.12 24000 0.10 26000 020 soOO0 1.40
4000098.1tS1.0557 end

no2 6den=10.32 1 340
92234 0.024 92235 2.732 92236 0.013 92233 97.231 end

wbm-gdrod 10.32 2 0 1 0 8016 3 64X0 2 6 0.034 840 end

h2o 7 den=0.862 I S57 end

.en ...e_
eDd cornp

: IWAn-ccu scomeuy:

squarepitch 1.37 1.21 1 3 1.43 2 1.242 0 end

*asczmbly and cycle parameters:

npiraum-49 fuelnbi.1719.74 neyeles-17 nLb/cyc-2
printlev'eM inplevelu2 anumotal-3 end
6 0.6050 40.6210 20.7150 31.MM SW03.30283 333179 5
3.A223 7 3.7833
poweru1S.246bum=19 down-! end
poweru13.149 buniul30 down-17 end
powtr-22.733 bum-41 down-tO end
powee.17.734 bwn-226 dowu.35 ca
power-19.549 burn-39 'dowap-7 end
powet.27-132 hwiia22 down.12 end
povwe-20.317burs-1Q8 dqws.19 end
poweru21.S72 biwm uI14 down.59 cad
powr- 17 673 bum=79 down-I end
power-19.549bum-64 down-3 end
power-16R31buwn-150 down-31 end
powe.-16.34 bum-164 down=799 end
power 10.206bsurit160 downw9 end
power-1.IO4 bum.149 down=48 end
power-9.753 bum-%6 downa61 cad
power.I0.263buwn=129 down-3 end
power-9.113 buxn-S7 down-1954.09 end

.. . . .. . . .. . . .. . . .



Attachment l: BBAOOOOOO-01717-0200-00145 RE

2966tplus lOOdeg.input
sm2h pam-alprhipd
Cooper BWR Sample ADD2966-T. Height 274.777 n from ucp, Aut 97

00 K Lae In fuel temperaurc

mixures of fue-pin-tunh.ceDl:

44gup r aziceceU
uo2 I deo10.32 1 940

92234 0.026 92235 2.93 92236 0.013 92233 97.031 end
kr43 101.20 940 end
kr45 101.20 940 end
y49 101-20 940 end
sr-90 101.20 940 end
zr-93 1 0 1.20940 end
zr-94 I 01.20940 end
vr-95 101-20940 end
nb-94 101-20 940 end
mo-95 101.20 940 end
tc-99 10 1-20 940 end
ru.-I11 01-20940 end
ru-106 10 1.20 940 end
rh-103 10 1-20940 end
rh- 105 0 1-20 940 end
pd-105 101-20940 end
pd.lOS 101.20940 end
ag-109 101.20940 end
sb-124 10 1-20 940 end
ze.131 101-20940 end
xe.132 101-20 940 end
xe-135 101-20 940 end
xe.l36 101-20940 end
cs-134 10 1.20940 end
es-l35 I 0 1-20 940 end
cs-137 10 1-20940 end
ba-136 1 0 1-20940 end
la-139 101-20940 end
pr-l41 101.20940 end
pr-143 1 0 1-20 940 end
cc-l44 101-20940 end
nd.41143 101-20940 end
nd-l45 101-20940 end
nd-147 101-20 940 end
pm.147 1021-20 940 end
pm-l 4g 1 0 1-20 940 end
sm-147 1 0 1.20 940 end
sm.149 101.20940 end
sm-50 1 01.20940 end
sm.l 102-20940 end
sm-1S2 10 1-20 940 end
eu-l53 101-20940 end
cu-l54 101-20940 end
eu-I55 I 0 1-20 940 end
gd-155 101-20940 end

zinrc2 2 1 620 end

h2o 3 den=0.607 1 557 end

n 405.5557end

arbm-zirc4 6.56 5 0 0 0 3016 0.12 24000 0.10 26000 0.20 50000 1.40
4000098.8Sl1.0S57 end

uo2 6denI10.32 1 940
92234 0.024 92235 2.732 92236 0.013 92235 97.231 end

abm-gdrod 10.32 2 0 1 0 8016 3 64000 2 6 0.034 940 end

h2o 7 den-0.862 1 557 end

Page 1-7 of 10

...............................

end comp

fuel-puceU rgrneury

squwtch 1.27 121 1 3 1.43 2 1.242 0 end

...............................

assembly nd ryle psiezen.

npiassm-49 fudnotul719.74 ncycles-17 bibcyc-2
prindevelm5 inplewel-2 anmsota1-t end
6 0.60504 0.6210 2 0.7150 3 1.0550 500 3.3028 3 3.3179 S
3.4223 7 3.7883
power=16.671 In-19 dowu. end
powwt19.345bsm=130 downr17 end
powe-24.917 buma-41 down-10 end
power19.445 bu-226 down-35 end
powtr=21.375 burn-39 down-7 end
power.24.254 bu-22 down-12 ead
powerw=762 Qrn-lOS down-19 end
power=23.537 bunm- 14 dowtw59 end
powrwl9.324 burn.79 downxU end
power-21.375 burn64 down-S end
powezul7.966b1im=50 down-31 cnd
powe-1I.078 bum.164 down-799 end
powetll.l60bun-160 down-9 end
power=l 2573 bum-143 down-ti end
poweiw10.664 bun=96 down-61 end
powtc-1.227 bn-129 down-5 end
power-9.96S bumr57 down-1954.09 end

end



Attachment I: BBAOOOOOO-01717-0200-00145 REV 00

2966tplus lOden.input
msu2h parmskipshipdata
Cooper DWR Sample ADD2966-T, Heiglt 274.777 an fnr top. Aug 97

Page 1-8 of 10

CMd comp

increase modem"or density by 10%

mixtures of fuel-pin-nil-cell:

4 4vroup laticecefl
,o2 I den.10.32 1 340

92234 0.026922352.93 922360.01392231 97.031 end
kr43 IO 1-20S40 end
kr-45 101-20 40 end
y-89 101-20 40 end
sr-90 101-20 S40 end
z-93 101-20140 end
v-94 101-20140 end
v-95 101-20 840 end
nb-94 101-20 UO end
mo-95 101.20 140 end
tc-99 101-20 S40 end
ru.101I 101-20UO end
ru-106 1 0 1-20 S40 end
rh-103 1 0 1-20 840 end
rh-10O 101-20 40 end
pd-105 101.20140 end
pd-10 110 1.20U40 end
ag-109 101.20 *40 end
sb.124 101-20 S40 end
xe-131 101.2040 end
xe-132 1 0 1-20 40 ead
xe-l35 10 1.2040 end
xe-136101-2040 end
cs-134 10 1-20640 end
ca-135 101-20 S40 end
cs-137 IO 1.20 UO end
ba-136 101-20 840 end
Ia-139 1 0 1-20 40 end
pr-141 101-20640 end
pr.143 10 1-20 340 end
ce-144 101.20 S40 end
nd- 143 101-20340 end
nd.145 1 0 1-20 40 end
nd.147 1 0 1-20 840 end
pm- 147 1 01-20t40 end
pm-145 101-20 S40 end
sm-147 1 0 1-20 E40 end
sm.-149 1 0 1.20 40 end
sm-150 I01-20 UO end
sm-151 101-2034 end
sm.l52 101.2040 end
eu-153 10 1.20 S40 end
eu-154 IC 1-20 UO end
eu-155 1 0 1-20 40 end
gd-l55 101-20 840 end

zirc2 2 1 620 end

h2o 3 den-0.66S I 557 end

n 4 0 5-5 557 end

arbm-zirc4 6.56 5 0 00 3016 0.12 24000 0.10 2600 0.20 50000 1.40.
40000 98.1815 1.0 557 end

uo2 6den-10.32 I 340
92234 0.024 92235 2.732 92236 0.013 92238 97.231 end

wbm.Sdrd 10.32 2 0 1 0 3016 3 64000 2 6 0.034 40 end

h2o 7den-0.362 I 557 end

fhadepinlD geometry:

quarepich 1.37 1.21 1 3 1.43 2 1.242 0 end

_ _...........................

assembly nd cycle panmee:

npinnassm-49 fueInght.1719.74 acycles.17 nlibcyc-2
printlavel=5 Inplavel.2 numswio4 end
60.605040.621020.71503 1.05505003.3028 3 3.31795
3.4223 7 3.7183
power-16.671 bwn-l9 dowa.t end
powtm19.45 buml130 down-17 end
powea.24.917 burn-41 down-10 end
power19.445burn-226 down-35 end
power-21.375 bur-39' down-7 end
powers24.254 burn-22 down-12 end
power 22.762bwnm10t downa19 end
powa23.557 urn-I 14 down-59 end
powa.19324 bwua79 down-I end
power=213375 bum.64 down=5 end
power-17.966bunt-ISO down-31 end
powelt073 bwn-164 down-799 end
powerl1.160burn-160 down-9 end
power1.I73burn.14t down-4t cnd
powers10.664 bun-96 down-61 end
power- 1.227 burn-129 down-5 end
power-9.965 burn.57 down-1954.09 end

...........................
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2974bplus1OOdeg.input
mw2h parm-sidphipdau
Cooper BWR Smple ADD2974-B. Height 55.723 cn fromn top. Aug 97

' incuse fuel tenpersture 100 R

' riiturcs of fuel-piafmit cecO:

44gOup 1 1icecel
uo2 I den-1032 1 940

92234 0.026 9223S 2.93 92236 0.013 92233 97.031 end
kr43 1 01-20 940 end
kr45 10 1-20 940 end
y49 1 01-20940 end
sr-90 1 01-20940 end
zr.93 101.20 940 end
zr-94 10 1-20 940 end
v-95 101.20 940 end
nb-94 101-20 940 end
mo-95 101-20 940 end
tc-99 10 1-20 940 end
ru-101 101-20940 end
ru-l 1 0 1-20 940 end
rb.103 1 01-20 940 end
rh-10S 1 01-20 940 end
pd-105 101.20940 end
pd-lO$ 101-20 940 end

S-I1 I 0 1-20 940 end
sb-124 101-20 940 end
xe-131 1 01-20940 end
xe.132 101.20 940 end
xe-135 101.20940 end
xe-136 1 0 1-20 940 end
cs-134 101-20940 end
cs-135 1 01-20940 end
cs-137 101-20 940 end
ba-l36 101-20940 end
a. 139 1 0 1.20 940 end

pr-141 1 0 1-20 940 end
pr-143 101-20940 end
ce- I 0 1-20 940 end
nd-143 101-20 940 end
nd-145 101 -20 940 end
nd-147 101-20 940 end
pm-147 101-20940 end
pm-14S 1.0 1-20940 end
sm-147 1 01*20 940 end
sm-149 101-20 940 end
sm-I50 1 0 1-20 940 end
sm-151 101-20940 end
sm-152 10 1.20 940 end
eu-153 101-20 940 end
eu-154 10 1-20 940 end
eu-155 101-20940 end
gd-155 101-20940 end

zirc2 2 1 620 end

h2o 3 dens0240 I 557 end

n 4 0 S-5 557 end

aubm-zirc4 6.56 5 0 0 0 3016 0.12 24000 0.10 26000 0.20 50000 1.40
40000X9S.I 5 1.0557 end

uo2 6den-10.32 1 940
922340.024922352.732922360.0139223B97.231 end

arbmgdrod 10.32 2 01 0 S016 3 64000 2 6 0.034 940 end

h2o 7dcn-0.162 1 557 end

. .............................
cad cornp

squwepitch .17 121 1 3 1.43 2 1.242 0 end

...............................

assembly nd cycle parders:

npinissm-49 fuelnght=1719.74 .cydes17 nliWcyc-2
printdevl5 implevel=2 nurnmotal-I end
60.60504 0.6210 2 0.7150 3 1.0550 500D3302 3 3.3179 5
3.4223 7 3.7SS3
power-3.763 bhur19 domaa4 end
powrwl0.431 bun-130 dow=17 end
power 13.097 bun-41 down-10 end
power=I0.221 bu1n-226 down-35 end
powul1.235bur-39 down-7 end
poweI2.749 burz22 dowans2 end
powe=11.965burn10D downal9 end
powt-12.398 bun-114 down-59 end
powera10.157 burn-79 down-8 end
power-11.235burn-64 down-S end
power-9.444 burn-l50 down=31 end
powei.9.503 burn- 164 down.799 end
power=5.366 burn-l60 down-9 end
powtvs6.083 burn.141 down-4S end
poweru.5606 burn-96 down-61 end
powu=5.901 burn.129 down-S end
power-5233 bun-57 down-1954.09 end

end
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2974bplusSOden.input
wus2h par bps)hipdata
Cooper BWR Sample ADD2974-B. Height 55.723 em from top. Aug 97

tnae moderuor density by 50%

wnixtues of fuel-pin-unit-cell:

44group lWceccM
uo2 I den-1032 1 40

922340.026 92235 2.93 92236 0.013 92238 97.031 end
kr-13 101-20U0 end
ks-IS 101-20 40 end
y49 1 01.20 40 nd
sr-90 1 01-20 40 end
u-93 101-20340 end
v.94 101.20S40 end
zr.95 1 0 1-20 340 end
nb.94 101-20 80 end
no95 101-20 640 end
tc-99 I 0 1-20 40 end
ru-101 101-20 U0 end
ru-106 101-203U0 end
rb.103 1 01-20 340 end
tn.105 101-20U40 end
pd-105 101-20 U0 end
pd-lOS 1 01-20 340 end
ag-109 1 0 1-20S40 end
sb.124 10 1-20S40 end
xe.l31 1 0 1-20 S40 end
xe-l32 1 0 1-20640 end
xe-135 101.220 340 end
xe.136 I0 1.20 340 end
cs-134 10 1-20340 end
cs.135 1 01.2040 end
cs-137 1 01-20840 cnd
ba-136 101-2040 end
a- 139101-20 B40 end

pr-141 101-20S40 end
pr-14 3 1 01-20 840 end
ce-l44 1 01-20 t40 end
nd-143 10 1-20 40 end
nd-l45 1 0 1-20 40 end
nd-l47 101-20U40 end
pmn-147 10 1-20 340 end
pmn-14 I 0 1:20340 end
sm-147 10120U0 end
sm-149 101-20640 end
sm-150101-20640 end
rsn-151 101-20U40 end
sm.152 101-20640 cad
eu.153 10 1-20 S40 end
cu-154 101-20 640 end
eu.155 101-20 40 end
gd-55 I 01.20340 end

zir:2 2 1620 end

h2o 3 den-0.36 1 557 end

n 4 0 5-5 557 end

arbm-rirc4 6 5 0 0 0 3016 0.12 2400 0.10 26000 0.20 500Q0 1.40
40000 9t.18 51.0 557 end

uo2 6den-10.32 3 840
92234 0.024 92235 2.732 92236 0.013 92238 97.231 end

arbm-gdrod 10.32 2 0 1 0 8016 3 64000 2 6 0.034 U0 cad

h2o 7 den-0.S62 1 557 end

...............................

end comp

6 ieIpinaccu Seomeuy:

uquarepitch 1.37 1.21 1 3 1.43 2 1.242 0 end

asemby and cycle paaunee:

upinfam49 fuelnght-1719.7 4 ncyckes;l7.Dlib/cyt-2
piintlevel-5 inplevel-2 unumtI end
6 0.6050 4 0.6210 2 0.7150 3 1.0530500 3302 3 333179 5
3.4223 73.7t3U
power-t.763 bhuvl9 down-I end
power10.431 bunw130 down-17 ed
poweru13.097 bun-41 down-10 end
powen10.221 bu_-226 down-35 end
powr- 1.235 bu-39 down-7 end
power-12.749 bun-22 downUl2 end
powes 11.960bur-100 down-19 end
powes-I2398burn-114 down-59 end
powerlO.lS7bun-79 down-S end
powe-11235bum-64 down-5 end
powes-9.444 bwun-150 down-31 end
power-9.503 bun-164 down-799 end
powem5.666 Iuxn-160 doww-9 end
power.6.083 burn-143 down-4A end
powerS.606 bu-96 down=61 end
powera5.901 bun=129 down-S end
power-5.233 burn-S7 down=1954.09 end

end
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coop2966b.sum
e-----*-----**--**v*-................................ ........... 0-0**......................

* 802.C4.3 blletia Soard

* el1m to OCALE-4.3.

... ................................................. .. .............
1ieri y w6ule ecesas wwd Lspwt record I seale driver - 5103i29 09s06M I

- m i 5 k will ha galled
C.oPer VW s 9o . A &276-2. l eight 55.107 c from top. A" t7

w4xtures of 1gl-Pin-unit-c 8lli
4 4

frmp lattlemell
102 1 den 10.32 1 o

3234 0.024 02235 2.33 92236 0.013 32236 97.031 xd
krc-8 1 0 1-20 840 end
kr.OS 1 0 1.20 840 aid
Y-U9 1 0 1-20 840 aid
sr-OS 1 0 1-20 640 ad
sr-9S 1 0 1.20 340 end
zr-94 1 1.20 040 end
ar-O5 1 1.20 640 ad
nb-04 1 0 1-20 6d0 ad
so-OS I 0 1.20 88o aid
tc-9 1 01.20 640 end'
ru-10 1 0 2.20 640 end
ru.106 1 0 1-20 840 Md
rh-103 1 0 1-20 640 and
rh-lOS I 0 1-20 640 ard
pd-loS 1 1-20 640 snd
pd-10 1 0 01-20 40 mnd
.g-10 1 e01.20 640 *Od
ob-124 I 01 -20 640 and
x*-131 1 0 1-20 640 wid
xse-h2 1 01.20 640 ad
xe-XIS 1 01 -20 640 and
xe-l3s 1 0 1-20 640 *nd
co-134 1 0 1-20 640 and
cs-135 1 0 1-20 840 s-A
cs-137 1 - 40 aind
be-lu 1 0 1-200 40 end
la-231 1 0a1-20 640 Ond
Pr-141 1 0 1-20 640 old
pr-I4t 1 I 1-20 640 end
Cs-ld 1 0 1-20 U40 end
nd-143 1 0 1-20 140 and
nd-145 1 02-20 840 eOm
nd-147 1 0 1.20 840 ed
p.-iti 1 0 1-20 40 *nd
pe-lag 1 0 1.20 840 aid
--147 1 0 1.20 640 end
s_-149 1 0e120 840 end
.-IS0 1 0 1-20 840 end

s-11 I0 12-0 $40 end
* -152 1 0 1-20 840 end

vu-108 1 0 1-20 640 ed
.15-4S 1 0 1-20 640 end

gd-lOS 1 a1.20 640 end

:irc2 2 1 520 end

b 3o I dsn-0.240 1 557 wd

n 40 o5-S 57 d

Arba-giret 4.S6 5 0 0 0 1016 0.12 24000 0.10 24000 0.20 50000 1.40
40000 S8.18 S 1.0 SS7 xd

uo2 6 den-10.32 1 840
32234 0.024 1223S 2.732 92234 0.013 91238 57.231 and

orb-9drod 10.32 2 0 1 e 1014 3 £4000 2 6 0.034 640 a*d

h23 7 don.0.842 1 557 *nd

end COW

fuel-inla-cel aBeotrys

sq.arepitch 1.87 1.21 1 3 1.43 2 1.242 a and

assbly Ad cycle pWrnter.

rein/asm-41 firacht-1719.74 reycles.17 nlMb/cyc.2
printlevl.S irplevel-.2 nototal-8 amd

0.e050 4 0.6210 2 0.7150 3 1.OSSO 500 3.3021 3 3.3179 5 3.4223 7 3.7883
PDr-7.213 burn-19 6meyli- *rd
poV r.l1.006 burn-l1O do-nl- and
Po-sr-113.91 burn-4l down-10 wid
po-mr-10.867 burn-226 down-5 wid
posr.11.341 burn-3 doen.7 id
power-13.34 burn.22 down1 2 end
power-12.716 buri-106 doen.l2 Wd
pow-l13.177 burn-214 down-SO aid
Po-r.10.715 burn-71 e*.n-t end
power-ll.41 burn-64 eown.5 and
Power10.037 burn-150 dowin-31 end
Pwer-10.093 burn-Itt 0ai.711 Wnd
power-6.234 burn-160 don.- and
Powr.£.465 burn-141 don.41 end
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initial 11-10 d
d135 4*333.02 4.393-0)

total 1.971*04 1.971*04

0
00

lvithSl 15-10 d
u234 3 223.02 2.231.0)
u23S 2583.04 2511.-04
u236 1.335-02 1.153-02
U2M3 355.03 8SS1S.05

total *111.03 *1811-05

initial 2.4
Initial 2.4

Initial 225.7 d 151.4 d
5.150 1.570-01 S.571-01 1.57,104

sal,) 1.333-05 1.341-05 1.342-05
IS)] 1.923-01 7.531-01 7.742-01

Initial 325.7 d 4514 4d
gdl' 3.491-01 3.323-01 3.541-01

total 1.73.04 1.371-04 1.573-04

%u233
U234
U233
.235
Ul330

row7
pu23)
pu231
P*.230
p~a2)
pu200
P.321
P.242
e.341
&P2)'m,
aw,243

total

initial
1.443-03
1.340302

2.411-03
8.423303
1.983-02
2.101-04
5.501*03
5.5*-.02
4.409-03
1.301-03
*.55S102
1.321-02
3.320*01
1.3-o100
I .313.01
011.-05

325.7 d 451.4 d
1.5i1-03 1.s73-03
1.633502 1.53.-0)
1.203.04 1.302-04
3.613*03 3.412-03
3.419*05 8.423-03
1.903.02 1.933.0)
0.311-03 7.203-OS

5303.0l 6041.01~o
4.411.03 4.413.03
1.305.03 1.301.03
5.311-02 5.303-02
1.22).02 1.223302
1041.02 1.202*02
1.4)3.00 1.431*00
1.811*01 1.311.01
0.944305 3.441*05

323.7 d 351.1 d
4.023*02 4.031*02
4.223.-02 4.32102

325.7 d 131.4 d
3.911.02 3.911.02
2.571.02 2.721.02
3.7)9.01 3.79)-01

basis *sinle reactor asseby

eucelld e oncmitzations. gram
basis *igile rIeator asa bly

basis -
4.e0 d 7.1 d

I 4.8 5 7.1 d
maclide concentratIna. gram=
btsi *-sinle reactor *a ly

317.0 d 1702 7 d 1128.4 d 1)54.1 d
1.571-04 1.573-04 1.573-04 1.S73-04
1.353-05 1.35X-05 1.392-05 1.343-05
7.033-01 7.132-01 7.303-01 7.913-01

nuclid. coacentrations. VrT"
basis -single reactor as.1ly

377.0 d 1302.7 d 1)12.4 4 1334.1 d
3.542-01 3.571-01 3.332-01 3.403-01
1.973*04 1.373*04 1.971.04 1.973-04

iuclid. concentrations. gram
basis esingle reactor ass lr

377.0 4 1302.7 d 1428.4 4 1054.1 4
1.411-03 1.701-03 1.743.03 1.12)-03
1.51 .02 1.443*02 1.41.02 ) 1.47-02
1.201*04 1.201-04 1.201*04 1.20".04
3.419.03 )2.41-03 2.611*03 2.413-03
8.421.05 8.421*05 0.423305 1.423103
1.31 .02 ) 1.f-0) 2.003*02 2.001.0)
5.823-05 4.703-05 3 .801-S 3.071-05
4.041*01 4.011.01 53.72-01 S.932-01
4,04S-01 4.013-01 3.973.01 5.9)3.01
4.411*03 4.412-03 4.411-03 4.413-03
1.301*03 1.301*03 1.301*03 1.303.03
4.01*.02 4.473-02 4473-02 4.283*02
1.22z.02 1.225-02 1.221-02 1.220-02
1.50Z-02 1.703-02 1.131-02 2.011.02
2.411*00 1.40*-00 1.403-00 1.531-00
1.813.01 1.811*01 1.013*01 1.803*01
8.644-05 .6443S05 1. 44-05 6.443*0S

elmnt conceatratioaa. grms
nuclid. concentrations. IraS
basis *oinole reactor assbly

977.0 d 1302.7 d 2120.4 d 1354.1 d
4.031.02 4.03)-02 4.03.-0) 4.033*0)
4.223*02 4.223102 4.223*02 4.221*02

nuelids concentrations. gras
basis asingle reactor aasbly

377.0 d 1303.7 d 1421.4 d 1354.1 d
3.913*02 3.891102 3.911*02 3.931-02
2.571*02 2.573-02 2.571*02 2.571-02
3.731*01 3.73.-01 3.731*01 3.731*01

euecid. concentrations, grms
basis esingle reactor assably

377.0 d 1302.7 d 1120.4 d 2334.1 d
4.3 4302 4.03.-0) 4.13)-02 4.833*02
3.S53202 2.452.02 3.652.02 3.453-02
1.401*02 1.472*02 1.32)102 1.5S4-02
1.753-00 1.731-00 1.753-00 1.751*00
1.32)302 1.323*02 1.321*0) 1.321-02
1.013-01 1.012-01 1.001*01 93.43-00
2.23-01 3.411-01 4.302-01 *.13-01
6.871*01 4.371*01 4.71*-01 4.873-01
4.52*-01 4.92Z*03 4.92*-01 4.923-01

nmclid. concentrations. grams
basis -single resotor *sblr

777.0 d 1102.7 d 1320 4 d 15. 6I
6.081-01 3.413-01 5.741-01 1.0S-300
1.72)-04 1.723*04 1.72*.04 1.723-04

,5. d
3.5 d

3.5 d
3.5 d

0

Initial
bo 35 3.863302
Le 53 4.22*-02

initial
rMI0I 3.313*02
rhIC3 2.501*02
gala, 3.731101

0

Initial 325.7 d
nd143 4.103-02 4.132-02
odlOs 3.853*02 3.631.02
sal47 1.033*02 1.223*02
m.149 1.331*00 1.731-00
..150 1.321-02 1.323-02
smlSI 1.031-01 1.032301
aulsi 0.041-02 1.513-01

Ba152 4.83.-01 4.041-01
uilS3 4.91*-01 4.321-01

451.4 d
4. 33-02
3.45x-02
1.323-02
1.753-00
1.32)102
1.021-01
2.221-01
4.171-01
4.921*01

Initial 325.7 d 431.4 d
*d1155 .33Z-02 3.o12-01 5.123-01

total 1.721-04 1.7)2.08 1.7)2304
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coop2966k.sum
0~~~~~~.......... **G----*.*-*,, -v.................. ;....S.

welc, to CAU34.3.

.......... ..... ...................... *... . .................... *..........
PrImry dUl acess mnd Lwut r eord I seale dr.ver . IS/03129 - 044 I31

- module esaah i111 be cailed
cooper 'I Evae AM,236-K. eletiht 210.83 cm fro, top. Jug '7

mixturea of f"l-pvii-wiit-c*ll

"7g~~ V lattlcec1l
uol 1 de1 l0.2 1 0

S222I 0.z02 M2235 2.33 52236 0.1 33 3n7.1 mnd

kr-lS I 0 1.20 40 Omd
kr-13 I 0 1-20 340 mdy-O3 1 0 1-20 340 Odm
*r-70 10 1-20 3O mod

ar-33 1 0 1-20 840 Oum
zr-14 I 0 1- 20 340 Omi
wr-IS 1 0 1-20 840 aod*rb- 5 1 0 1-20 540 nd
mrosO 10 1-20 0 md
tc-ss I 0 1-20 8*o end
ru-l01 0 1-20 340 eod
ru-10t 1 0 1-20 40 end
rh-I0 1 0 1-20 end
rh.105 1 0 1-20 340 nod

pd-lOS 1 0 1-20 340 mid

pd-lo3 1 0 1-20 4 ond
*0-10 I 0 1-20 340 mid

eb-127 1 a 1-20 340 MAd

ae-13l 1 3 -20 140 Od

la-112 1 0 1-20 340 ed
ec-liS 1 0 1-20 840 mnd

xe-iSO 1 0 1-220 340' mid
ce-lit 1 0 12 0 31 rgd

ad-141 1 0 1-20 040 end
ed-117 1 0 1-20 U40 end
bn-llt I 0 1-20 340 nd
la-li 1 0 1-20 3o end

p-r-ll 1 0 1-20 840 god
pr-142 1 0 1-20 40 nd

d -149 1 0 1-20 340 *rd
od-ISO 1 0 1-20 340 end

-147 1 0 1-20 310 nd
-147 1 0 1_-20 340 mid

- -153 1 0 1_20 340 nd

".15
1

1 0 1-20 340 md
m.255 1 0 1-20 840 ad

-O 210 1-20 340 de.-132 1 0 1-20 340 md

eu-l55 1 O 1-20 840 end
gd-155 1 0 1-20 840 end

xire2 2 1 620 end
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b7l 2 don.0.471 1 557 end

40 -S 557 and

arIb-sircd 4.56 5 0 0 0 8016 0.12 24000 00.1 26000 0.20 30000 1.40
40000 33.18 5 1.0 357 mid

uo2 6 den.l0.32 1 340
32234 0.024 3223S 2.732 12236 0.013 322381 7.231 md

arba-9drod 10.23 2 01 016 4000 0.034 40 end

t20 I den.0.862 1 357 nd

end cou

fuel-pin-cell ge try:

equarepitch 1.87 1.21 1 3 1.43 2 1.242 0 nd

easbly mnd eycle partete

Miniem.-49 fueloobt:171 .74 aeyclos-17 ollbicyc-2
vrtntlevel-S Invlevl-2 nuatota1-I md
6 0.6050 4 0.6210 2 0.7150 3 1.0530 500 3.3028 3 3.3171 S 3.4223 7 3.7813
pwoer.16.242 burn.13 R -o8 eW d
per-l1.3i3 burn-lO deo-n17 Wnd
pewer.24.271 burn.4l down.l0 nd
power-18.947 burn-225 down-35 end
power-20.827 burL.SS doan.7 mi
power.23. '32 burn.22 down-l2 md
poWr-22.175 burn-lot don.13 nMd
po7_r.22.15 burn-ll km-OP mnd
poer-1I.t2l burG-75 don.t end
poer.l0.027 burp.4d deolS m od
pmmr.17.506 bur"-ISO dom.21 end
paver-17.615 burneullt down-73 end
pV°er.10.374 burmn.60 down.- end
poer.ll1.276 barn-144 down-41 end
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basis -single reactor aaa try
* Initial 10-11 d

w5415 4.393*02 4.303.0
total 1.973*04 1.973g04

O ueclids ceentratlona wra
basis *ainle reactor -aably

initial 13-1 4
U234 2.293.4) 2.2.0)

U23S 33 I04 58"3.0

total *313.03 3.0*3,135
O b tasis-
O Iritia1 2.4 d 4.3 a 7.1 d 9.5 a 55. d
o Initial 2.4 4.3 d 7.1 d 9.5 d .S d

boasis single re.ctor assbly
chare 2.4d 4. a 7.1 d 1.3 d . 4

basis * Ia *,gie 'rector asobs y
har. 2.4d 4.1 4 7.1 a 7. I 9.34

basis * single reactor ass r1l
chrge 2.0 d 4.3 a 7.1 d 5.5 d 5.3 d

147 00.00 1.193-22 4.473-22 9.53-22 1.31-21 1.18-2f
Mds1 .003.00 3.333-12 .93-9 ) 8.122-:12 5.4813-12 9 13.12
smIS .003.00 1 .73-11 %I 5-it .473-11 7.403-11 7.a0I-11

1s3 .I,:.00 3.33-10 7.01U-10 1,342-09 1.373 1.373-s0
mS2 .005.0 3.773-10 7.543-10 1. 25-09 1S.N-09 1 .54-0

sii .003.00 1.313.2 I.403-12 5.373-12 7.112-1 7.118-12
u1s] .003.00 ..S73-03 1.32-07 4.43-07 7.232-07 7.233-87

Vdls .003.00 4.S33-12 4.533-12 4.13 -12 4. 3-1 4 .533-27
VdlISS 2.13.00 2.823*00 .2.31.00 2.303 o0 2.7 2.733*0

totals S9.43 39.13303 6.5.0- .03 4. 530-0) 4.9333 *o 53.03
basis - siigle reactor ass ' ly

charge 2.4 d 4.3 Is 7.1 d 5.5d 4 .5 4
u233 .003.00 1.073--08 3.333-08 3.389-08 7.343-03 7.143-08
U234 .7 0 9.753-01 9.783-01 9.773-01 9.743-01 5.743-01
u23S 1.133-33 1.103-02 1.053*02 1.09302 1,093.02 1.492*02
2 33 X 453-31 5.213-01 5.378-01 5.933-01 4.293-01 6.291-01

u2 .503*3 35553*031,1 3593.05, 3:1.393.0 2:9.53* 3 .533.03
p237 .003.00 7. 22-05 2.493-04 5.433-04 9.o0-04 5.403-04

p.231 .003.00 3.713-14 4.233-13 1.703-12 4.273-1w2 4.273-f
p.233 .003.4 3.223-00w 4.733-0 2.333-07 7.703-07 7.73337
p.233 .003.00 s.23-09 733-3 2.833-07 7.733-07 7.733-07
p.239 .00.100 2.S53-02 3.743-02 1.333-01 2 513-01 2.513-01
pU240 .003.0 4.653-05 2.243-0 3.733-34 1.103-03 110-0
VU241 .003.00 .133-07 1.0 3-06 4.043-06 1.0-05 1.04-03
p4212 .003.00 3.353-11 7.423-10 4.113-00 1.433-0 1.413-04

basis - Mingle reactor assebly
charge 2.4 d 4.3 d 7.1 d 9.5 a 9.5 a

ar.241 .0330 0 3.453-12 1.593-10 3.43-10 3.043-0 3.0(3-o9
a242s .003*00 1 023-13 3.74S-14 3.133-13 1.' 3-1X2 1. z4312
a243 .003*00 7.15-13 2.34-13 2.43 -12 1.14-1 1.143-11

total 3.702-03 3.70 3 3.702*03 3.703*03 3 103*03 3 07-03
decay data. Including g mand totsl enrgy. a" from ndWf/b.

0 1607 total numer et nuclidss In ib ary
0 teuelid cocentrations. groes

b8ass .sIngle reactor assely
Initial 323.7 d 451.4 d 077.0 d 1302.7 d 1428.4 d 1934.1 d

smO 2 202-:0 2.203-0S 2.203-0 2 .03-06 2. 03-0 2 2.203-06 2.203-04
mIS) 1.343-03 1.333-05 1.333-05 1.343-05 1.27-051.1 :7- 05 12.3 3OS
ewlS3 7.303-01 3.713-01 9.043-01 0.203-01 5.263-01 9.233-01 *.203-01

0 nuclide coneontratioas. gram
be&is BZX "|ir s. l.Teratrassemby

initIal 325.7 d 431.4 d 177.0 d 1 2.7 d 1920.4 d 15S4.1 4
gdss 3 2.12-01 2.1 4-01 2.203-01 2.233-01 2.243-01 2.213-01 2.30Z-01

total .1.73*04 .1.7X*04 19s73.04 1.573*04 1.573*04 .1.73.04 1.073*04
0 asclide concentrations. gramm

basis -stoale reactor ssmbly
initial 325.7 d 451.4 d 177.0 d f302.7 d 1423.4 d 1954.1 d

233 1.403-03 1.403-03 1.713-03 1.313-03 1.923-03 2.033-01 2.143-03
u234 1.202 1.33.O02 1.343*02 1 -e -01.3 02 1.271.0) 1.33*02 1 393*02
.23S 5.22-0) 5.223-03 3 .223.0 5.223*03 3.2)3.03 5.223*03 5.2230
.236 3.460-03 3.46-*03 3.43*03 3.443* 3.43 3 3.463*0 3.463*03
23 .3.34*0S 3.343*0s 3 3.343*05 3.34*.05 a.343.05 3.343*00 1.3-05

,P237 3:.403*0 3.423*02 34.42302 :.433*02 3.4)3.02 3.433*02 3.443-.0
pU236 3.2 0-04 2. 3-04 2. -04 .753-04 1. 13-0 1.143-04 9.23-0
p233 1.3N302 1.623.02 1.630 1.430212321.302 .030

puz]I 1.5030 1.43.02 1.:443-2 1.I30 1.402 1.I13.0) 1.2 03 II
P.2339 3.333*03 3.963*033.9A3*02.1.9(30 2903 3.9 333*3.,203 3.953.03
pu240 2 .03*03 2.09-.0 2.03-.0 2.03.0) 2.1030 2.10-03 2.103-03
pU241 3. 00.02 3.3)3.02 3.133*02 7.82Z.02 7.4)2.02 7. 17302 4.873*02
p.5)

4
) 4:1S.403*3 .030 4.030 4.41032 :4.4103*21 4.403*,02 4:.403*02

sa24 1.0ae332 1 .43302 1.783*02 2. 1330 2453*2. 2. -02 3.043.0)
2a242 1.9-300 1.93-00 1.973*00 1.963*00 1.93S300 1.42*00 1.93Z3*0

sa243 9.473*01 0.473-01 9.471*01 9473-01 9.473.01 .472*01 0.473*01
total 3.513*03 3.513-05 .513*05 .531205 .513-05 3 .3203M SX3105

0 dlnt concentrations. gram
0 muclids coneencratione. gr

basis -sinole reactor assebly
Initial 325.7 d 631.4 d 577.0 d 1302.7 d 1423.4 d 1934.1 d

u 15 03 .333.02 4.653*02 6.66303 6.43*02 4.413.10) 4(3.102 .24:3.02
tc 50 7.01302 7.023*02 7. 023*2 I. 023*0 7. 02*02 7.023*02 7.0 023.0

0 raelids concentrations, grow
basis -sinIe reactor asebly

Initial 323.7 d 451.4 d 977.3 d 130 .7 d 6290.4 d 1S54.1 d
rulCl *.73*0o2 t.73*0eo 14.7*0)l 0.70e*02 4,703.21 1.7i3.0)1 1.733.0
rhlol 2.933*02 4.033.0) 4.033-02 4.033*02 4.083.02 4.033.02 4.0 03302
sb10t 7.333*01 7.943-01 7.042*01 7.943*01 7 .4230*1 7.43*01 7.*43-01

O maclids concentrations, gras
basis -single reactor asso1y

Initial 325.7 d 451. 4 177.0 d 1302.7 d 127.4 d 1054.1 d
rM143 *.S*02 *.4)302 4.423*02 4.26-02 *.523.0) 6.623.0) 6.623*02
*4514 3s.30302 5.393.02 5.49-302 5.893-02 S.303.0) 3.803*02 5.930202

om147 I IX-02 1.701*02 1.853-02 1.043*02 2.043*02 2.133*02 2.193.02
49 1.312*00 1.503*00 1.503*00 1.503-00 1.503*00 1.503*00 1.50C*00

MIS0 2372.02) 2.3.02 2 373*02 2.373-02 2.373*0) 2.373.02 2.372*02
.3151 *.313*00 *,323.00 9.763*00 9.693* I 9 623-00 9.563*00 9.493.00
eulSi 2.173-02 3.443-02 1. 44-01 2.303-01 2.972-01 3.)3.-01 4.233-01
d57S) 1.173*02 1.173*02 1.173-02 1.173.02 1.172-02 1.171dl0 1.171.02
eulS3 1.03*-02 1.03*-0) 1.033*02 1.03*-02 1.03302 1.033-02 1.033-02

0 * ncilds concentrations erams
basis esingle reactor sssbly

Initial 32.78 d 151.4 d 577.0 d 1202.7 d 142.4 d 194.1 d
90155 e.073-02 .673-01 1.143*00 1.sn3o00 1.9o300 2.23*00 2.3 33*0

total I.053*04 2.93*04 2 .90*0 * 053*04 2903.04 2 .9 04 2. 93-04
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coop2966t.sum
0 ..................................... *-**.*-O- ............*

* ~ ~~~~ 8ALU. 3 bulleitn board

..... ... ..... . . . *. . .
* t~~~~~Ocow tO 11MRIJI- . .

.......... .............. 6 **....**X**.......... 0¢*^*............ ..... .** ............ .**. .......... -
primly modul* &Ce O lid Iaut rsc&rd I scleG driver - 103/29 0 7

- dule r2h will be galled
Coopr *- lpe A196-T. Neight 274.77? o trM top. >Al

mixtures of twullw-Mit-Cell

*44roup 1latilcce
a02 S den-l0 77 2 U40

I4. IIRIS 2.3 1213 0.013 3238 97.031 end

r-81 I O 1-20 40 led
er-I0 1 0 1-20 640 nd
sr. 1 0 .-20 340 end
sa-95 1 0 1-20 340 and
er-Isl o 1-20 840 mid
nb-14 1 0 1.20 a40 id

o n- I 0 1-20 U40 id
te-I, 1 0 1-20 40 n.d.
rIAlol I a 1-20 340 *Pd
".-10 2 01.20 840 Qid

,h-10 1 0 1-20 840 nd
rh-103 1 0 1-20 40 end
pd-10S 1 0 1-20 840 end
pd-lt 1 0 1-20 840 ad
ag-10 1 0 1-20 840 nd
ab-124 1 0 1-20 340 nd
we-131 1 0 1-20 040 id
.- 132 1 0 1-20 800 and
xe0133 1 0 1.20 640 nd

136 1 0 1.20 840 ind
ca.IJ 1 0 1-20 840 ard
ce-135 1 1-20 340 id
ca-137 1 0 1-20 340 nid
be-136 1 0 1-20 840 nd
IS-133 1 0 1-20 840 nd
Pr-11 I1 0 1-20 340 end
Pr-12 1 0 1-20 840 *nd
ce- 144 1-20 840 NOd
nd-1431 I 1-20 40 Wnd
nd-143 I 0 1-20 840 Wd
nd-147 1 0 1-20 O40 end
p-147 1 0 1-20 840 end
P-III 1 0 1-20 40 and
8a147 1 0 1-20 d40 id
ai-149 1 0 1.20 340 nd
S.-ISO 1 0 1-0 340 Ad
a-151 I 0 1-20 840 and
*--152 1 0 1-20 340 end
au-IS5 1 0 2-20 340 Ad
Wu-154 1 0 1.20 840 end
ou-ISS 1 0 1-20 840 ind
1d-15 1 0 1-20 840 end

uirc2 2 1 620 end

bLo 2 den.0.907 1 557 .nd

n 40 S-S 557

erbek-tirel 6.56 5 0 0 0 S01l 0.12 24000 0.10 24000 0.20 50000 1.40
40000 10.1 5 1.0 557 nd

w2 4 den.10.32 1 640
12234 0.024 32235 2.132 12236 0.013 92231 87.231 nd

artu-drod 10.33 2 0 1 0 8016 3 U4000 2 t 0.034 840 nid

hlo 7 d-n-0.192 1 57 nd

end eapD

* Luel-pin-Cell gatyrs

aquarepiteb 1.87 1.21 1 3 1.43 2 1.242 0 id

a~mly and cycle paramsteres

nuinlis-41 tfeIngbt-171.74 r le-17 oiMb/cyc-2
printlevel-S tpleml-2 nuztottl.- and
4 0.6030 4 6.8210 20 .71SO 3 1.05so 300 3.3020 3 3.3179 5 3.4223 7 3.7883
pmr-14.471 burn-ll eon.- end
Vowr.19 .4S burn.13O down.17 end
powr-24.517 burn.41 dewn-lo nd
powr-ll.445 burn.226 dn-15 arid
pzor. 3175 bUi-31 dn.7 wid
pwor-24.254 burD-2l da.12 ad
o.r-22.742 burn-1O1 do -l9 id

pwar.23.5t7 barn.114 don.31 Nnd
pcwr-lI.324 burn.79 down. end
powr-21.375 burn-54 down-S Ad
powsr-17.J66 burn-50 dam-3l nd
power-1l.079 buri-194 doen-9l md
power-.11.10 burn110 down-I end
pomr-11.573 burn.141 down-40 nd
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basis sibale reactor ass "ly

Initial 113-1 d
edili *4339-02 4.)01-02

total 1.973*04 11711-04
a Muclid. ewocentzation. grame

basis .&in1 reactor sembly
Initial 13-18 d

uZid 2.213*02 2s.2.0
223, 2.5*3.04 2.533*04

.236 1.153*02 1.1X5102

total *.83.05 S.S13.0e
o basis -

o Initial 2. 4 4. 8 7.d1 d 1.5 d 7.5 d
o initial 2.4 d 4.1 d 7.1 a * .5 d 8. d

basis *single reactor assemly
charge 2.4 8 4.8 d 7.1 d 9.5 d 5.5 d

eharge 2.4 8 4.88 basi igeratrss1

bs1 * sing1e reactor asselycharge 2 i d 41 0d d 75d 1 5 d
char". 2.4 8 4.8 a 7.1 8 0.5 -C .or 8m

salt
7

.003.0* 1.05-22 2.043-22 6.373-22 1.423-21 1.421-21
8.140 .003.0O 1 Olt-12 .50D3-12 7.0t3-12 6.103-12 8 .03-12
asISO .003.00 1.:01- 337:11 3311 13-11 .4-11 . .14N-11
smal .00-.00 3.31'-10 .S I3-10 .6'-10 1.273-0 1.273-09
* iS2 .003.00 3.511-10 7.073-10 1.07-01t 1.443-01 1.441-09
e5I1 .Oot300 1.710-12 3.403-12 500-L7 5.70-22 4.703-12

g133 .003-00 4.19-01 1.873-07 3 .43-07 6.623-07 8.623-07
gdlssa .002.00 4 12,-12 4.103-12 4.003-12 4.073-12 4.073-27
981" 28"33-00 2.621*00 2*61*00 2.803.00 2 73.'0* 2 733.0*

total 96.13303 6.9.1-03 6.951*03 4.953*03 (.133 6 0.03303
basis a igle reactor assembly

char3. 2.4 d 4.6 d 7.1 d .5 d 1.5 a
.232 .003.00 1.63-08 3.753-08 5.623-0 7 .48-00 7.413-01
u23

4
0.703-01 9 O.7-01 I.78141 9.77-34 0177-01 0.773-01

a317 1.10530201 1.10302 1.07-.02 1.0712 1.051-02 1.093*02
.228 4.33-01 3.223-01 .S I3-01 .43-01 4.23-01 6.303-01
.238 3.+59303 3513.*03 3.51303 9.5,102- 3:.5*03 23

rp23
7

.003-00 6.133-05 2.543-04 5 .30-04 8. a04 * 03-04
p4236 .003.00 3.343-14 3.233-13 1.533-12 3.663-12 3.863-12
Pu238 .003.00 4.71n-09 6.223-01 2.643-07 7.093-07 7.0n3-07
V.238 .003.00 4.703-01 6.223-01 2.143-07 7.013-07 7.013-07
pU220 .003-00 2.543-02 8.381-02 1.503-01 2.411-01 2.413-01
pu240 .003.00 4.203-05 2.131-04 5.433-04 1.033-03 1.05R-03
p.241 .003.00 1.701-01 0.403-07 3.583-66 9.243-00 1.243-06
p.242 .D~ldO * .003.00 2.483-11 6.40 3.771-01 1.101-01 1.303-06

basis * s-ial. reactor as*ebly
chard . 2.4 d 4.8 d 7.1 d 1.5 d 1.5 d

- a7241 .003.00 7.233-12 1 Xi.2 10 7.353-10 2.703-01 2.703-09
a.262m .003-00 6.583-16 .203-14 .703-13 1.239-12 1.233-12

a.243 .003-00 6.133-15 2.353-13 2.053-12 1.533-12 9.543-12
totals 3.701-03 3.703*03 3.703.03 3.70R-03 3.703-03 3.107*03

*ecy dat". Including gm and total ergy. are from ondftb-vi
0 167 tcotal nvmer of nucliee In library
o realida eoncentrations. grass

basil *sinle reactor assemrly
Initial 23.17d 651.4 d 177.0 d1200.7 d 1628.4 d 134.21 d

4 3i5 2.083-06 2.063-06 2.063-04 2.063-04 2.043-06 2 O.04-0 2.063-06
s1l2 1.20-03 1 .28-03 1 2 S-05 1.20-05 1 303-03 113I-05 1 .21-05

*u153 7.237-01 8a.2S-01 I.60Z-01 8.743-01 8.793-01 *.811-01 *.823-01
O nuclide concentrations grass

bais -single reactor essely
InitIal 72237 d 851.4 8 177.0 d 1302.7 d 1626.4 8 1154.1 d

V1ass 1.Ol-0I 1.500-01 1.539-01t 1.93-01 . 1.93-01 2.013-01 2.043-01
total 1.073-04 11973.04 11973.04 2.978.04 1.173*04 1.973*04 10973.04

0 sauelid. concentrations. gras,
bass -asingle reactor aseembly

initial 223.7 d 651.4 d 077.0 d 1302.7 d 1628.4 d 1154.1 d
u222 1.361-03 1.473-03 1.573-03 1.663-03 1.703-03 1.839-03 1.993-03
.234 1.311.02 1.322342 1.333*02 LA25.02 1.163*02 1.373*02 1.3832.2
u23 S 4.41-03 4.5*0103 *.503-03 4.5*3003 4.503*03 4.503-03 4.50*.03
u236 3.513-03 2.513-03 3.51V02 3.51503 3.513-03 . 3.513*03 3.513*03
.236 8.343.03 6.343*05 8.343-05 6.3*.065 82343.00 .3424*05 8.34*S05

np237 3.283102 3 303*02 3.31.*02 3.313*02 2.313*02 2.23I 02 2.32*-02
p.236 3.083-04 2 503-04 2.023-04 1.633-04 2.323-04 1.063-04 8.03-03

p.231 1.443-02 1.563*02 1.513-02 1.517302 1.563*02 1.53*-02 1.383*02
pu238 1.443-02 X.5S6-02 1.33*-02 1.573*02 1.563*02 1.553-02 1.543*02
p.331 3.438-03 3.S78.03 3.579-03 3.51836 3 .57-03 3. 573-03 2.172.03
pu 2040 2.083*03 2.083.03 2.08310 4 2.080*03 2.013*03 2.083*02 2.003*03
p.241 1.342302 7.013-03 7.653-02 7.332-02 7.023*02 6.723-02 6.443*02
pu242 4.113-02 4.013.02 4.911*02 4.113-02 4.113-02 4.013*02 4.011302
as241 *.451-01 1.303*02 1.63*102 1.953302 2.243*02 2.53*S02 2.13*.02
as242a 1.63*-00 12.73.00 1.673-00 1.643*00 1.63*-00 1.643-00 1.643*00
a.243 9.413*01 1.62301, 0623.01 91.2*-0 1.9623*01 1.619301 40.13*01

total 8.503*00 1.503*05 *.503.03 8.503-05 8.503-05 8.503*05 8.503-05
0 *l1_nt concuitrations. gras
0 Auclida concentrations. grDs

basil ceingle reactor ses5bly
initial 322.7 d 631.4 8 177.0 1302.7 8 1628.4 ; 1734.1 d

en 03 .6563.02 6.843*02 6.*3*.02 6.156302 6.8313*3 G.853*02 4.805-02
te 00 7.213*02 7.223*02 7.223*02 7.223*02 7.23102 7.223.02 7.223*02

0 noclid concentrations. grams
basis *Ingle reactor as~amwb

initial 722.7 d 651.4 d 977.0 d 02.7 1621.4 I 1 A4 .1 d
rulol 9.173-02 4.173-02 *.171-02 4.17*-02 6.073*02 8.073*02 4.975*02
rhlO3 4.003*02 4.13*.02 4.133*02 4.132-02 4.13U02 4.133-02 4.1*2*02
solOS 8 123101 *.125*01 6.123*01 8.123-01 8.123*01 1.123-01 8.123*01

O ruclie concentrationa. gram
basis -single reactor assemly

Initial 722.7 d 148 d 177.08 1302.78 d 1623.48 1154.1 d
ndl4l * 443-02 6.513i02 6.511.02 t.513.02 .1 31i02 4.513*02 S.5i1302
nd145 6.053:02 6.053*02 *.053*02 6.033*02 6:.0342 6.s033*02 6.03.:02
M147 2.573*02 1.743*02 1 .13*02 2.033*02 2.12342 2.203*02 2.263*02
a-itO I.O23-OO 1.3S63O0 1.363*00 2.33.00 1.M33*00 1.36*00 1.363*00

WInS0 2.413*02 2.413*02 2.413,02 2.413*02 2.413-02 2.413-02 2.412-02
s151 *.613*00 8.831-00 *.773.0* 8.713*00 6.651-00 6.51*-00 3.533.00
eU.S. 2.253-02 6.333-42 1.443-01 2.043-01 3.631-01 3.223-01 3.813-01
s552 1.223*02 1.22t*02 1.223*02 1.223*02 1.223*02 1.22*-02 1.223.02
*ulS3 1.053-02 1.063*02 1.043-02 1.063*02 1.043*02 1.063-02 1.063-02

0 nuclide concentrations, grams
basis esinglO reactor assmly

initial 722.7 d 3S1.4 d 077.0 d 1302.7 d 1623.4 d 11i4.1 d
,dlSS 6.383-02 .5338-01 1.163-00 1.613*00 2.013*00 2.03*X06 2.65300

total 3.07*04 3.073*04 3.071-04 3.073-04 3.07o 04 3.073-04 3.073*04
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coop2974b.sum

I CAZ4.3 bulletin 3d 4

* Xlel teo 3,L-4.3.

......... .................................. . .............

I primary ae :,.s and beet record 0 &eel. drlr - 2S/01/27 - 09708.27 1
- in^sle *ae2h will be c led

Coer NIX Saple 72074.U. Y elobt 5S.721 c from top. Aug 17

ILxtures of mael-pta-wnit-eolls

449roup lattleocell
uo2 Iden-.le 71 I 40

92234 002 12235 2 93 12236 0.013 32238 97.031 nd
kr-13 I 0 1-20 840 d
kr-IS 1 aI1-20 840 d
y-17 1 0 1-20 840 ond
or-70 1 0 1.20 840 nd
at-93 1 0 1-20 U40 md
tr-It 1 0 1-20 840 nd

or-IS 1 0 1-20 340 oad
nhb-4 1 0 1-20 340 nd
so-IS 1 0 1-20 U40 Snd
tc-S I O 1-20 340 d
ru-l0l 1 0 1-20 340 mA
ru-10 I 0 1-20 340 nd
tb-103 1 0 1-20 340 nd
rb-10 1 1-20 340 ed
pds-los 1 0 1-20 840 md
pd-lOt 1 0 1-28 340 end
ag-lol 1 e 1-20 34 n ~d
ag-101 I 01-20 340 and

=-132 1 0 1-20 840 end
ze-135 1 0 1-20 340 and
20-138 1 0 1-20 340 erd
es-Ilt 1 0 1-20 340 nd

ce-lS 1 0 1-20 940 end
ce-137 1 0 1.20 U40 md
bc-13 1 0 1-20 340 end
la-I, 1 0 1-20 840 end
Pr-lit 1 0 1-20 340 nd
pr-l4l 1 0 1-20 340 end
cp-1

4
1 0 1-20 340 endnd-XIS 1 0 1-20 640 end

nd-14S 1 0 1-20 840 nd
nd-145 1 0 1-20 640 and
nD-147 1 0 1-20 840 nd
p-147 1 0 1-20 840 end
em-14

7
1 0 1-20 840 endp-141 I0 1-20 840 nd

am--1S 1 0 1-20 340 mnd
em-ll 1 0 1-70 040 end
*m-101 1 0 1-20 040 n~d
B-15 7I 0 1-201 ::O d

.u-153 1 0 1-20 30 end
eu-154 1 0 1-20 t04 nd
m-155 1 0 1-20 340 end
gd-llS 1 0 1-20 340 nd

oirc2 2 1 420 end

N2o 3 dan-0.240 1 557 md

n 40 5-S 57 nd

ar b-xIrct 6.S4 S 0 00 8016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 18.18 5.1.0 557 nd

uo2 t dn.-10.22 1 340
12234 0.024 12235 2.732 92236 0.013 12231 17.231 mnd

arbl-_drd 10.32 2 0 1.0 8014 44000 2 0.034 1 d

N.o 7 e6n-0.462 1 557 nd

m4d coo

fuel-pin-ell geoetrys

squerepitch 1.37 1.21 1 3 1.43 2 1.242 0 ed

a B miy rnd cycle parameterm

rvlnfIass49 fuelnght-1711.74 neqlee-1all nlb/cyc-2
printlovol-S inmplvel-2 nmstote1s .e nd
8 0.8050 4 0.4210 2 6.7150 3 1.0550 500 3.3028 3 3.3171 S 3.4223 7 3.7113
poemr-8.783 b7rn-l9 dewn.- md
po-er-10.431 brnm-1O eo-l7 nd
p - 13.017 burm-41 doom-10 md
poer-10.221 br,.-229 dow-3S ed
power-11.231 burn-il doom-7 mnd
power-12.741 burn-22 dom-12 md
powr-11.185 buzn.10f doem- 1 nd
pover-12.378 burn-114 doen.I nd
pvevr.10.157 bt 77 doo.0 end
powt-11.13S burn-4 dm.m-5 m
poer-7 444 burn-150 down-3l nd
poeer.l.503 burn-iI do, -711 mwd
po.wr-5.Ot66 burn-lO dn.7 nMd
pmer-6.003 brn.-14 down-40 nd
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poe"rS.660 bumx94 4.o 1 e nd
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me~r..228 ~bb.Sb7 dm-1 9S4.8 gd
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basis -*iigl. reactor assbly
initial 13-18 d

was, 4.*a102 4253.02
total 1.973*04 1. 73*04

0 Mclid eomeu"trations. are"
basis asiagle reacter aseb1y

initial 11-10 d
.234 2.213*12 2.213*02
.231 2.563*04 2533.34

u234 1.151*02 1.153*02*a233 31SS ...... .SS5
total 1.613*05 3.3es

O basis.
0 initial 2.48 bai 4.38 7.28 9.5d 3.4
o Initial 2.4 d 4.3 d 7.1 d t31 d 1.1 d

basis * mingle reactor assemly
charge 2.48 4.3 8 7.1 8 I. 5 d

basis -s ming reactor 8aa.bly
char.e 2.4 d 4.3 8 7.1 d .S d 3.5 d

basis * nlenal reactor assoly
harge 2.4 d 4.8 8 7.1 d 1 5 8 t1 8

8.147 .0. a .143-22 2:003-:2 4.423-22 7.74-22* 7763-2
49 .003.00 2.253-12 4 .4- 12 .332 13 I0-12 3.013-12

8.130 .003.00 1.143.11 2.213-i 1 20S3-11l 4.70-l11 4.70:-lI
.51 00.00 2.3-"10 4. -10 6. -10 1. 2-10 3.24310
152 .003.00 2.3-10 4. 5-0 7 .5-10 1.0 0-03 1. O3-o

.ulsl .00.-00 1.173-12 *.233-12 1.303-12 4.41S-12 4.4*2-2
ela152 s.003.0 2.173-03 1.203-07 2.333-07 5.023-07 5.013-07
odl4l so 02a s *.103-12 3 433-12 3.483-12 3.477-12 3 .472
odlO5 2 333.0 2 2.2e 0 2.311*00 2.313*00 2.313*00

totals 6.513* .5- 3. 6 Se I s sITO 153. .53I0 6.3 30
basis single reactor assmly

charge 2.4 8 4.3 a 7.1 d t.5 a t.S d
u23 .003.00 1.243-03 2.473-01 3.703-01 4. 33-08 4.933-08
.234 5.53-U01 3.733-01 3.733-01 3.733-01 3.763-01 *.733-01
:2231 1.103*021 1:.1:0302 1.103*02 1.11103.0 1.313*012 1.053*02
.236 43-0 losvel e506 I I5.20-01 1.44-01 .e S U -I01 5.-01

.223 312.1303 2.5119-03 23.313-02 s.513-*0 2.1-303 2.13302
np237 .003.00 4.s40-00 1.713-01 3.73-0 5.3 3-04 .I -0 I
pu236 .00:.00 1.41-4 1.743-12 4 753-12 1.713-12 1.713-12

236 .00-300 2.0e3-01 2.64-08 1.123-07 2. 023-07 3.033-07
p.230 I.0 0 2.013-0e 2.443-00 1.132-07 2.0o2-07 3.033-07
pS .T0 1.643-02 1.421-02 1.023-01 1.563-01 1.563-01
p240 .00.00 1.311-05 8.521-01 2 11I-04 4.023-04 4 023-04
p.241 .003-00 2.323-02 2.713-07 1.003-06 2: .3-06 2* 43-06
pu242 0.00 0 S. S-12 1 23-la s1.13-10 1.353-05 1.65-o0

bais *singl, reactor assdry
char 2. * d . 8. 7.1 d 3. t8 1.5 d

as241 .003.00 2.231-Il 4.053-11 2.2 4-10 7.53-10 I .54-10
a.242. .003.00 1.20312 - 1 2.0a3-13 .0-11
&^243 .003.00 7.213-16 2.643-14 2.23-12 1.02-U12 1 023-12

totals 2.703*02 2.700-03 3.702.03 2703-03 2.703*-03 .703-02
* d ay data, includn q and total aneroy. are from endtlb-vI

0 1637 total Npiber of msclides in library
0 emclid. csnaentrationos. 9ram

basis .sin le reactor asgo1y
init al 225.7 d 451.4 d 377.0 d 1302.7 8 1623.4 d 1514.1 d

_-seo 1.433-04 1.41-06 1.433-06 1.401-06 1.481-04 1.43-0 I S.s-04
3.12 1.223-01 1 .22-0 1 .3-01 1.221-05 1.430 1.203-05 1.243-Os
w253 6.463-01 7.232-01 7.453-01 7.54-01 7.573-01 7.513-01 7.553-01

a wiclIds concentrations. gyram
basis -single reactor assd1y

Initial 122.7 d 651.4 d 977.0 d 1302.7 d 1421.4 d 1754.1 d
,gd~ls 2.13-01 2..63-01 .53:3-01 2533.-01 3.613-01 3.623-01 " .63-01

total 1.173*04 1.371*04 1 .73.04 1.373*04 1.173*04 1.371-04 1 73S04
0 niDclide conce ntratons. wrsin

basis msIngle reactor amsibly
initial 225.7 d 611.4 d 177.0 d 1302.7 d 1628.4 d 1114.1 d

u233 1.03-03 1. 4-0S 1 .11-02 1.173-03 1.421-0 1.491-03 1.713-03
.224 1S.32 1.633*02 1 1.30 1 .130l 12 :1.112 1.433*02 1.703*02
.235 1.253-04 I.230 SO 1. 2134 1.234 12:-04 1 .211*4 251.2 04
U226 2.123*023 2.521*03 2 22303 2 e.523*0 2.521.02 2.121.023 2:.1230
.23 . 0.3*0St S 343-0 01 * S3.43* 1330 3.433*05

ag237 1.323*02 1. 43-02 1.343*02 1.3a302 1. 41*02 1.043*02 1.3 1.02
p.236 5.443-01 7.411-05 *.1139-0 4.111-01 4.014-01 23.2-0S 2.453-01
p.238 4.843*01 S.213-01 S.2 7-01 5.253*01 5.223*01 5.153*01 5.1*3*01
p.233 *:3*101 * :211*01 1.27*01 5.213*-01 1.223:0l 12.13*01 1.153*01
p23 S.23 S0 4.2230 4. S32203*2 4. } 4.S223*0 4.2S3*02 4.22e303
p.240 1.213.03 .l :.-03 1.21302 1 3403 1.213.Z0s 1.213*02 1.213-02
p.241 I 03.02 4.333*02 4.471*02 4.43I02 4 .230 2 .113*02 2 .5302

1.2422 .013*02 21.011-02 1.053*02 1.053*02 1.013*02 1.0 1302
as241 7.713*01 5.61-01 1.153*02 1.381*02 1.571*02 1.711*02 1.521*02
a.242- 1.43O0 1.40300 1.4 o710 L1471* 1:4X. 4400 1.4 6*00 1.453*00
Sa43 1.448*01 1.463*01 1.443*0 1.44 S-01 14 a 1. 01 1. 46301

total 0.63*01 6.653*-05 3.4513-0 8.s430s 3.1*01 AS.S6-01 3.451*01
0 elmnt concentrations orr
0 Mclid0 cocentrt Ions. graxn

basis asingls reactor ass"by
Initial 225.7 d 11.4 d 77.0 d 1202.7 8 162.4 d 1514.1 d

o 55 32.t45102 .3:13*02 2:31:012 2.311*02 3.3913*02 2.31302 3.313*02
tc 13 3.331*02 2. 1o0 3133.02 .3I3*02 .13302 .3 -02 3 .1Z102

0 . nuclid concentrations. gry
basis asingle reator as.ekly

Initial 221.78 651.48d 177.0 d 1302.78d 1428.48d 1114.18
p.101 2.37*02 2.633402 2.s33*02 3.6o0302 2.403*02 32i.63022 3.:6302
Thlo1 2- 2.2:M3*0 2.423*02 2 .23*02 2.3*012.3 2I.42302
solO 2.473-01 2.473*013 .473*01 3.473-01 3.473*01 2.473*01 3.z72-01

0 3aclid concentrtiona. grim
basis esingle reactor asss ly

iitial 122.7 d 411.4 d 177.0 d 1302.7 d 1602.4 d 1114.1 d
ndl43 4 .53102 4.62 302 4.421*02 4.462102 , .623-33 4. 23*2 4S I.:02
nd145 1 2.4302 2 .43*02 2 .44302 2.46302 2.463*02 .4s*02 2.46-02

147 1 0,1302 1.13 *02 1.273*02 1.23*102 1.413*02 1.43*0e2 1.S03.02
ova9 1:501I00 M.73-00 733:00 1 733-00 1 73 aI00 1.73300 1 G73*00
100e30 1.23se 1.021 .02 I.2 02 123 021.223-02 1.233*02 1.232-02
M151 I.13*01 1.013.0 3-.193*0 3.323*00 3.353-00 .7a8300 711-00

s.l1l 8.521-02 1.132-01 2.223-01 2.323-01 2.403-01 4.273-01I 4.401
M152 4.421*01 6.402301 6.433*01 4.401*01 4.483-01 4 .40301 4.43.01
slS3 4.S 0301 4.131301 4. 13*01 4.21-01 4.513-01 4.511*01 4.513-01

0 nuclis concentrations, area
basis -mingle reactor assbly

Initial 32217 d 651.4 d t77.0 d 1202.7 d 1621.4 8 1554.1 d
p4111 6.043-02 2.271-01 4.63-01l 4.276-01 7.471-01 3.353-01 3.563-01

total 1.423*4 1.423-04 1.6234 1.426*04 1.423*04 1.423-04 1.421-04
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coop2974j.sum.......... *****......... ...... *.* * **. *.**.........

*Web.e. to uCLZ-4.3.

.......... .........*^^^******** . ..*****.^**.*....... ....4.4.

primary mdule i ccess nd Laut record t scale diyr -iv/er fl0 * n I
m odue 842lb will be ,led

Cooper No sape AM2974T. Malbht 115.042 on from top. *u 97

mixtures of tuel-pLn-Unit-elI3

44lreuW lattleecell
U*2 1 den. 10.3 1 840

u 22 34 0.024 2235 2.0 12333 0.0L. 12238 97.031 mid
hz-ti 1 0 1-20 840 n~d
kr-S 1 0 1-20 U40 mnd

y;-8 2 012-20 840mdr-93 1 0 1.20 510 end
r-94 e0120 810 aond

ar-tl I 0.20 840 and
er-94 1 0 1.20 840 Om
mo-Ps 1 0 1.20 140 end
mi-2V 1 0 1-20 840 endte-O 1 0 1-20 840 end*
te-77I 1 0 1-20 840 endru-101 I 0 1-20 840 end
ru-106 1 0 1-20 840 ed
Th-lOS 1 0 1-20 ao0 wnd

db-lOS 1 0 1-20 840 ond
pd-IO 1 0 1-20 840 end
pd-10f 1 0 1-70 840 end

eb-124 1 0 1-20 840 nd
*t-1i3 1 0 1-20 840 nd
ze-ll 1 0 1-20 840 *nd
ae-135 101-20 840 mnd
X3-16 1 0 1-20 840 Wd
X--17341 0 1-20 40 Ond
ce.1-5 1 0 1-0 840 mnd
ea-137 1 0 1-20 840 mnd
be-hG 1 0 1-20 840 nd
le-hl9 1 1-20 840 end
pr-l4l 1 1-20 840 end
Pr-143 1 0 1-20 840 end
e-i44 1 0 1-20 840
nd-143 1 0 1-2 O aend
nd-Ill 1 0 1-20 810 d
nd-ill 1 0 1-20 840 Od
P-147 1 0 1-20 840 nd
Vo-I 1 0 1-20 140 end
Se-147 1 0 1-20 40 mnd
0-ill 1 0 1-20 840 nd
e-O 1 0 1-20 810 end
s-il I 0 1-20 840 ud
*s -i52 1 0 1-20 840 end
eu-lSl 1 0 1-20 U10 nd
.-154 1 0 1-20 840 end

eu-lOS 1 0 1-20 840 end
ed-I55 1 0 1-20 $40 end

uirc2 2 1 *20 and

h2o 3 den-0.309 I SS? end

n 40 5-s SS7nd

. erbo-zirgI fjot.5i 0 01e 0.12 24000 0.10 26000 0.20 50000 1.40
I00 81 0 1.0 337 end

u02 4 den-10.32 1 840
12234 0.024 12231 2.732 82236 0.013 92238 97.231 end

erbe-gdrod 10.32 2 0 1 0 f01G 3 6000 2 6 0.034 610 nd

12. 7 don-0.142 1 337 end

end erm

fuel-plo-cell seitryt

squsrepitech 1.87 1.21 1 3 1.43 2 1.242 O' Dd

-s"s-bly end cycle permeters

rpinfms49 Ivelnglit -1711.74 acycles-17 niLb/cyc-2
priztlevel-S irmplevl-2 numstotal-I end
6 0.6050 4 0.4210 2 0.7150 3 1.0510 500 3.3021 3 323179 S 3.4223 7 3.7883
power-14.S77 burn-1i7 1 WAd
poer-17.01 burn-30 dowm-17 ind
power-21.450 bar-4l n-10 and
p.er-16.747 burn-22 dwn-IS mnd
powr-l8.409 burn-31 den.7 end
pover-.0.118 burn.22 darn-l2 aid
power-l1.03 burn-OU dol e-1 md
pr-20.71f burn-114 donw-SI end
pmmr-lf .12 burn-79 down-$ mnd
Power-18.400 burn-64 doS md
power-25.471 burn-ISO down-3 wd
PrveS.570 bumn-II do.n-799 end
pveor-9.711 burn-16O ea- nd
poser-9.967 burn-ll down-48 end
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power9.2.24 bu.zi,96 dom-n*61 n
pwaret..649 bwrn-129 dmI.5 en
powert.3.52 tor%.37 dovi'.19%4.09 and
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aaas08msuSS mamaa~amaaa maaasaaaaa.22 bhhhhhhh~hhhbM

we ma ma ..... a.a 22 bhhkw hhwb

1a me Ga m aas 22hh
saa~aaaaaaaaa ma ma s:eaussasamsa 222222222223222 M ~ kh
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Win fil FW II cc ht his so co 21
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Was 131Ion i :C bkXh 0t-A h 00 00 11
M I ,ww It cc 0hi bit me 11

lv nnUV TinC CC khi his c 00 11
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0o 00 80 II II 1.11 4444 9 It 77 77
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co a II IS I 12 44 44 II *22 392 77oo o0 111018888 8: 3 11 44 44 /1 922292232 77
co 0c MI MM$aill 11 44 44 II 2221219932 77

oo o0 II II I . t11 444144444444 I 33 77
oo 0o0 SI 21 / it 4444444444444 N3 77
00 o o so st j, 11 44 I 77
000000000 *181108818114 // 11111111 44 u 53sfiI5 77
0000000 8I8888818 II 11111111 44 II 9223,9339M 77
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ihitial 23-18 d
odiSS 4.239*2 4.32.302

total 1.973h04 1 .73.04

ilial 1-1 a
ui34 2.21.02 2.239*02
u223 2.383304 2183.04
u223 14532-02 1.115303
u238 0.SSU*03 8.3S3-05

total 85.813*03 *.813*0

Initial
Initial

Janitial 325.7 d
.alS0 2.235-06 2.251-04

153 1.413-0e 1.423-05
Wull 6.O53-01 0.123-01

00
001

a

631.
2.23
1.42
0.4g

jaitial
odiSS 2. 73-1

total 1.37v304
e

Initial
u222 I.643-02
u234 1328 302
u221 .223*03
u23 3.281*8
u236 I.3SI-es

,Wg37 32233.02
V.226 2.003-04
pu223 1.231.02
pA231 1.2l1302
pu723 4.591-03
pu240 IM.

0
'te

3

pu241 8.3 7021
pu242 3.421*02
As241 1.173I02
A242. 2.413*00
salt 7.1.301

total 8.553303
0
0,

322.7 4 651 i
2.823-01 2.31
1.'73*04 1.37

225.7 d 631.
1.752-03 1.63
1.23*302 1.40
7.223*03 7.22
3.28303 3.32.
8.353-03 8.35
3.27O*02 3.27
2.423-04 1.36
1 43S-02 1.47
1.452-02 1.47
4.612-03 4.411
1.906303 1.83
3.333*02 8.221
3.423*02 2.421
1.543-02 1.S00
2.403*00 2.321
7.132*01 7.131
8.551-03 8.531

basia final* r? ctor 0? as.1y

Macild cocntration". gras
basis single reactor assely

2.4 4.8 4 7.1 4
2.4 d 4.8 d 7.1 4

uclids ecnc ntirxtimo . fr_
baest .,ig retor *ase1y

4 a 577.04 1202.7 d 1520 4 d 1554.1 d
3-06 2.233-04 2.253-06 2.213-06 2.233-06
13-0 1.413-0s 1.443-03 1.453-01 1.433-05
3-0l *.S33-0l 3.643-01 3.673-01 3.67-01

Maclid. geme trations. grm
basis *usg1 reactor assalr

4 d 077.0 d 1302.7 4 121.0 d 1014.1 d
3-01 2.803-01 2.013-01 2.043-01 2.903-01
3*04 173-.04 173-.4 10173-04 173-.04

auclid. canentrstLo. * gao
basis * le rsector *esaly

4 a t77.0 4 11.7 d 1628.4 d 1054.1 a
3.03 1.0S-032 32.063-0 2.143-03 2.273-03
3*02 1.413*03 1.423.02 1.243-02 1.443*02
3.02 7.2203*0 1.223*03 7.223*02 7.22S30
3.0 3..90303 2,203.02 3.290302 3.203*03

3.03 8.233*03 6.35*.03 &.333.0 31.33*03
3.02 2.280302 3.203*02 3.203*02 3.203-02
3.04 1.583-01 1.283-04 1.023-04 S.241-03
"302 1.473*02 1.463.03 1.453302 1.443*02
3.02 1.473*02 1.443*02 1.433-02 1.441*02
3.03 4.613*02 46113.03 4.61*-02 4.613*03
1*.0 1.083*03 1.013*03 1.013.03 1.083*03
1.02 7.883*02 7.S13*02 7.223*02 6.323.02
1-02 32423.02 3.423*02 3.42*-02 3.2.3*02
1.02 2.233*02 2.383*02 2.13*-02 3.103*02
t.00 2.38z*00 2.373*00 -2.363-00 2.343-00
3.01 7.132301 7.123*01 7.13*-01 7.123-01
1-05 0.531305 8.5533*0 0.333505 8.533*01

*1ont concentrtions, gras
tualids conc ntrations. eras
basis si ne reactor "abo1Y

I a 577.0 d 11 .7 d 1628 4 d 1034.1 d
6.02 1.03*.02 5.133-02 1.23*-02 3.23*o02
1.02 6.24302 6.243-02 *.243-02 (.243-02

nwlid. coecntratioa. grams
basis .. ingls reactor ease'1

I 4 077.0 d 1202.7 d 1620.4 d 1054.1 d
1-02 51.18-02 503. 102 5.119-02 51.0302
3*02 3.731-02 3.73*-02 3.73*-02 3.723-02
1.01 6.1S3.1l 6.833301 6.813*01 6.013*01

maclids cgenamtrations grom
basiB asinale reactor s*see1Y

I 4 077.0 d 1022.7 d 120.4 d 1034.1 d
3.02 4.423.02 4.422*02 6.428-02 6.4 2302
t.02 3.28s.02 3.283-02 1.213*02 S.233*02
1.02 1.703*02 1.183*02 1.043-02 2.003*02
.00o 1.763*00 1.'76-00 1.763-00 1.763*00

1.02 2.213*02 2.11-*02 2.113*02 2.113*32
1.01 1.123.01 1.213*01 1.103*01 1.003*01
e-01 2.788-01 2.3S3-0l 4.213-01 S.063-01
1.02 1.028*02 1.023-02 1.023-02 1.023*02

wuclid. concentrations. gram
basis asinloe reactor a"sebly

I d 577.0 d 1302.7 d 1428 4 d 1153.1 d
1.01 8.878*01 0.802-01 83.86301 8.833*01
1-01 1.426300 1.633.00 1.023*.0 2.173*00
1.06 2.634*.0 2.643-04 2.443-04 2.643*04

*.3 5
*.5 d

0.S d
5.1 d

Lnitial 321.7 d
ma 05 S.673*02 1.23-02
tc 00 .223*-02 6.243-02

laitial 325.7 d
rulOl 5.063-02 5.96-302
rhiol 32.62-02 3.723-02
g10l 6.133-01 6.833-01

5431.

4.241

31 .4
5A.C6
3.731
4.833

e

0

v.4142
vd.4S4
so,147
5.140
"ISaO

80,ill
svl~i
60153

initial
6.*27302
5 .23-02
1. 383*2
1.483*00
2.113.02
1.123-01
43533-02
1. 02302

l22.7 d 651.4
5.423*02 6.421
S.233-02 5.231
1.551302 1.601
1.763*00 1.761
2.11*-02 2.111
1.13*-01 1.131
1.243-01 2.011
1.02302 1.021

223.7 d 651.4
8.872.02 6.S71
3.601-01 0.711
2.443.04 2.641

Initial
. 1253 8.85302

VdiSS 0.903-02
total 2.643*04
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coop2974u.sum
......... **§*----*****@§--§.................. ............... .§-*@**-......... ; ........ ..........

*SM-4.2 hallgtln 3a"d
* ______ ___- ...............-. ; _ -----.

. ...................................................
* Wtele to 3CZ.3.4.2
* a

.

prialry modul aceess nd WAinut record f scle drivr - 9531/329 09.067 I3
nodule aes2b will be CalIed

copesr EMe Semple AD2174-r. 3e01iM 291.07 C.n If" top. A.9 "7

sutures of Iuel-pin-amit- eill

*4fro¶w lattleecell
u*2 I dien1O.32 1 340

2234 0. 2.93 32236 0.013 92238 97.031 end
Lr-83 1 0 130 U0 end

x.l5 1 0 1.20 840 end
Y-8

0
1 0 1.20 640 d

*r-70 1 0 1-20 340 end
or-93 1 0 1-20 040 nd
at-94 1 0 1-70 340 end
sr-OS 1 0 1-20 340 ad
nb-94 1 0 1.0 40 end
.-I5 1 1.20 840 ind
te-99 1 0 1-20 840 end
ru-l01 0 1.20 840 _d
ru-106 1 0 1.20 840 GOd

b.1031 0 1.20 840 ed
th-l1S 1 0 1-20 o40 nd
pd-10 1 0 1-20 840 nd
pd-101 0 1-20 340 ed
ag-l0l 1 0 1-20 840 nd
ab-124 101.20 840 u n
ae-131 1 1.20 40 ad
ue-132 1 a 20 40 eAnd
xe-135 1 0 1-20 40 end
xe-136 1 0 1-20 040 end
e-134 1 0 1.20 340 and
ce1375 1 0 1-20 340 eI d
c-137 1 0 1-20 340 end
a-136 1 0 1-20 340 end

la-139 1 0 1-20 840 end
pr-141 1 0 1-20 840 end
pr-14 1 0 1-20 840 end
ce- 44 1 0 1-20 840 end
ad-142 1 0 1-20 0 and
nd-14S I 0 1-20 40 end
nd-17 1 0 1-20 840 end
P-147 1 0 1-20 840 nd
p -141 1 0 1-20 840 end
en-1?7 1 0 1-20 840 nd
a.-140 1 0 1-20 840 nfOd
_-150 1 0 1-20 340 end
*e-151 0 1-20 140 end
-.1S2 1 0 1-20 340 end
*u-151 1 0 1-20 340 ed
*u-154 1 0 1-20 840 end
eu 1S 1 0 1-20 8 nd
gd-155 1 0 1-20 840 end

rirc2 2 1 120 end

h70 3 den.4 652 1 557 rnd

n 40 5-5 57 end

arb-:Trc4 6.50 5 0 0 0 801U 0.12 24000 0.10 26000 0.20 00000 1.40
40000 88.18 5 1.0 557 end

uo2 * den-10 11 1 340
82234 0.014 92235 2.872 92236 0.013 32233 17.231 *nd

*rb-9drod 10. 32 3 0 1.0 1016 3 64000 2 6 0.034o840 end

h2o 7 den.0.106 1 S57 end

ed eop

fuel-pLn-cell eowetry:

equarrpiteh 1.87 1.21 1 3 1.43 2 1.242 0 ed

assembly and cycle para-eters

u'cin/asi-49 £uelngtt-1711.74 ocycles-17 al~b/cyte2
prLntlrve.S npl eve-2 1 umstota -8 end
3 0.6050 4 0.6210 2 0.7150 3 1.0500 000 3.3028 3 3.3179 5 3.4223 * 3.183
power-l.5 46 burn-15 down. end
poDer-10.143 burne130 doe.-17 end
power-22.78 burn-41 down-10 end
power-17.714 burn.226 down-IS end
pewr-15.S49 burn-31 down-7 end
power-22.12 burn-22 deon-12 end
power-20.817 burn-101 donz-11 end
po-er-21.572 burn-114 do -SI mod
power-17.473 WJrn-71 downo- end
power-1.549 burn-t el n-5 Ud
powr-16.431 burnacS0 d lowl-31 ad
power-1.5034 bsraa-24 down-759 end
power-10.206 burn-IS0 dow-9 end
power-10580 bsra-148 down-41 end
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posver:.70253 b"m.a120# da~:*l and
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..... hh....

ammmm ofma.........

55111191118118
.a.mm. a..ma

mn

mm u urn
M an im
"ti n sofn

ti m, ain

..

ti t1n -

10000000
00 0000

00 co
00 00

go DIO

0

322132222222
32232222222 222
22 23

22
22

22
22

22
22

22
23222222322222
2232 2222222222

0

a mas

*N _

*N *

Mo MA

sa ma

.ams mma.am
aaaaaammmamma

11

22
22

12
Ii

22
It

22
I222222i

I02I 2222221

mamasasmass 22222222222

so 3a 22 22
* 1 22

mm 22

2a 22
ma 222

maaaaaaaamaa222323222222222
ammammamamas 2222232222222

eeeccecccscc hh h
cececececcec bh h
cc cc hkh Uh
ec ha >
CC ha hcc kh bahh ha
ec huhhhhak.
ec ec hbh hm
cc hh hM
cc IhO hk

ceeeccececeec hh hO.

II 111

cc cc bh '11
IICCCCCCCCC _1 _ __

IICCCCL NO 1

bb UM
h kk

bh kh

bb bb
hO_

so 0

ea ha

ea ha
e _ 00

co 00

e_

::a
77777

44 44

4444 4444
4444 14444

4644

44

77771717777777
777777777777
77 77

77
77

77
77

77
77

77
77
'77

ma as

as &Aaaaammaam
*a m

ma m

itt
itt

itt.

mm as

mm 11111110 1
1ma1111SSI

mmas mamim
"":::::::amam

o000000
o00000000

00 00
oo 00
00 00
co 00
00 00
co 00
00 00

00 co
00o000000

0000000

ceeceectee
cecceccece

cc cc
cc
cc
cc
cc
cc
cc
cc cc
ecceCeCeCeeCC
ececceececece

11 ~ ~ ~ 333333
12 ~ ~ 3333332
21 ~ ~~33 3

11~~~~~~3
to13

I 3 3395909

I, fte"95"00*0

I390594*009999

/, 90051955955

7777777777777
77777777777
77 77
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77

77
77

77
77

77.

77

22222222232
2232232222222
22 22

22
22 2

22
22

22
22

23222222223222
22222722223222

. *~~~~.....m.................m.......................

Srgremi varlflcatton Iniformationi

c- d aystem s acalae watmlami: 4.2

programs ama2

creation data: 02/07/17

llbcatyt ioptlisaut/SCa2a4.3/bin.

thim In act a scale cooflgutrmtlon controlled coda ...

*a* data of execution;: 51114157

t kim of aexecutions 2
13

0
7

i32

I ..................... ...... 4...f....i ..m................ ........

0*

o tai~~~~~~~~nclide coceantratlonu. growm
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Initial 3.s-1I
WSlS 4.332.02 4.3,3.02

total 13973.04 1.973*04
0 .

aa2)4
uL235
U2) 6
oa2)

total

Initial
2 .2t3.02
2 .S3.304
1.133.0)
* .533.05
3.313.03

13-18 a
2.23-302
233.104
1.1ss-02
8-.SR."S
8.813.03

0

a0
0

initial
initial

Initial
.. 50 1.853-06

so,152 1.232-05
.. 15) 8.373-01

Initial
,5133 1.897-01

total 13973.04

initial
U233 1.323-03

a234 1.333-02
u2)S 5.323.03
236 2.403-03

u23 3.373-03
rp237 2.191.02
puzu6 2.343-04
pu238 l.132.02
rpail 1.163+02
P - 39 3.431-03
p.240 1.923.03
pu241 7.543*02
p.242 3.383*02
aa241 3.002*01
a.242a I.S73*00
a243 7.00*.01

total 8 .3).03
0
.0

initial
a 95 6. 11-02
tc 30 4.703.02

0

initial
ral~l 6.303.02
rhl03 3.741-02

20105 7.13Z.01

32S.7 d 651.4 d
1.333-06 1.2s3-06
1.223-05 1.239-03
7.763-01 3.073-01

325.7 d iS1.4 d
1.323-01 1.363-01
1.371*04 1.372.04

323.7 d 514 4d
1.413-03 1.313-03
1.40*-02 1.413*02
5.32).03 S.323*03
3.408-03 3.403.03
1.373-05 3.373.0)
2.913i-2 2.913*02
1.903-04 1.333-04
1.263*02 1.218302
1.263*02 1.312302
3'47X3.0 3.473.03
1.323.03 1.223.03
7.22-.02 6.933.02
2332.02 3.313.0)
1.223-02 I.S23*02

.362-00 .1.36.e00
7.003-01 7.003*31
3.3)3-.0 8.3)3*S3

basil sijgle Ieactor gs*elY

mclide concentration. VrA
basls .oinlo reactor asamblY

basis -
d *O4.8 d 7.1 d

* 4.*8O8 7.18d
acli.e Concentrations. graa

basis olinle reactor asso1
377.0 d 1302.7 d 12t.4 d l2S 1 d
1.853-06 1.833-06 1.333-06 1.833-06
1.24Z-05 1.243-05 1.232-S0 1.253-0H
8.20Z-01 *.24s-01 8.263-01 8.273-01

maclide coacentrations. SraMR
bais in lreactor samembi

277.0 d 1302 7 d 1628.4 d 1234 I
1.3.3-01 2.012-01 2.033-01 2.053-01
13 73.04 1373-04 1.97306 1.97o04

MACIlidae amentratious Iro"
basis sinle reactor &SAblY

377.0 8 1202.7 d 1i28 4 d 134. l
1.803-03 1.603-03 1.783-0) 1.832-03
1.423*02 1.4)3.02 1-.48.0) 1.433402
3.323.-0 S.323.-0 5.323.03 3.323.03
3.403-.0 3.40z*03 2.403.03 3.403-.0
8.237"03 8.3731-03 .313.03 8.378*0S
2.323*02 2.922*02 2.923*02 2.933+02
1.243-44 1.003-04 8.033-03 6.3)3-03
1.27.-02 1.273*02 1.263.02 1.232*02
1.727302 1.27.0-0 1.263*02 1.25302
3.473-0) 3.473-0 3.473.03 3.473.0)
1.923.03 1.323.03 1.32"303 1.323*03
6.8.0s-02 S.353.02 6.08302 S.1223.0
3.383.02 3.983.02 3.938-02 3.1.8302
21.13.02 2.083.02 2.353.02 2.603*02
O .S33-00 1.343*00 1.543.00 1.3)3S00
7.003s*1 7.003*01 7.003*01 7.001-01
8.3)3*03 3.5)2.05 3.533303 8.3)3.05

elmnt concentrations grom
nuclido comcentrations grams
basi single reactor aoublY

977.0 d 1302.7 d 1621.4 d 1354.1 d
I .383*03 6.32.02 6.333*02 C.231.02
6.713*02 6.713*02 6.711.0) 6.713.02
maelid. eoocentrations. eraMa
baso -aiLiolo reactor asably

377.0 d 1302.7 d 1428.4 d 1354.1 l
6,333.02 6.333-.0 6.392.02 6.333*02
3.863.02 3.83-*02 3.162.02 2.863*02
7.1)3-01 7.131*01 7.133-*0 7.133-01

naclid, concentrations. Oram
basi asoingle reactor asably

377.0 d 1)02.7 d 1628.4 d 1334.1 d
I.263-02 6.26.-02 6.263-02 6.243-02
3.6S6302 S.S66303 5.663*02 S.683*02
1.93302 2.073-*0 2.143*02 2.203-02
1.o0z-00 1.303*00 1.303*00 1.303-00
2.132-.0 2.133O*2 2.133*02 2.193.02
8.2)2-00 8.163-00 8.113*00 8.053*00
I.933-01 2.523-01 3.003-01 3.633-01
1.14z.02 1.143*02 1.143.02 1.143-.2
3.32*-01 9.323-01 9.323*01 3.32-301

maclide concentrations, gram
basia sinloe reactor easeably

377.0 d 1302.7 d 1621.4 d 1334 . d
13331.00 1.722*00 2.023-O0 2.283*00
2.813-*4 2812.04 2.1 2.04 2.813*04

.S 3.3 Sd

323.7 8
i.i3-02

6 .713*02

323.7 d
6.333. 02

3.863.02
7.1)3.01

631.4 d
6 .3 8302

*.713.02

631.4 d
* .3 302
3.63.202
7.133-01

DdI47
ndl4E
a.147

5.151

O151salS)
ouls]

initial
6.203*02
5.692.02
1.343-02
1.003*00
2. 13-02
3.323*00
2.44Z-02
1.143-02
3 .2 3-01

325.7 8 651.4 d
6.263.02 6.263*02
3.662-02 3.663*02
1.723.02 1.873*02
1.303-00 1.303*00
2.103-02 2.103*02
8.233.00 8.273.00
8.183-02 1.333-01

1.143.02 1.143*02
3.323-01 3.323.01

a

. Initial 323.7 d 631.4 d
vdiss 3.273-0) 3.642-01 1.00.-00

total 2.113*04 2.313*04 2.813*04
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2966tpMus1OOdeg.sum.... ........... ........ ........ f............ ............

* , xL3.3 ul4etl xed

.tisixeeW te o x=-4 .3.

Primazy module access old Imut record I scale driver - SJ/03129 - 07 :0417
- m jle x4l3h WiM be celled

Coover mW 1-ep15 AM294-?. S Ieigbt 274.777 o. from top. Aug 9?

* 100 X inerease in tuel terature

* stures .f tOf -phnit-Cwll

44proW 14ttie-cell

V 2234 0.025 "2235 2.523 1233 0.013 92233 17.031 nd
hz-83 1 0 1.20 940 end
xr.0S 1 0 1-20 940 nd
r-U9 1 0 1-20 940 ed
*r 70 1 0 1-20 40 end
sr-O3 1 0 1.20 I40 and
ar-, 1 0 1.20 940 end
sr-95 1 0 1-20 940 nd
nb-54 I 0 1-20 940 erd
Mo5.5 1 0 1-20 940 nd
te-1 0 1 -.20 940 end.
ru-IO 11 0 1_20 940 and
ru-106 1 0 1-20 940 end
lh-107 1 0 1-20 340 end
bh-l05 1 0 1-20 940 end

pd-10S I 0 1-20 940 and
pd-101 I 0 1-20 940 ed
eq-109 1 0 1-20 940 end
eb-124 1 0 2-20 940 end
ob-121 1 0 1-20 940 nid
x_172 1 0 1-20 940 nd
xe-137 1 0 1.20 940 end
ac-lU5 1 0 1-20 940 nad

Ie-14 1 0 1-20 e40 nd
eX-1S 1 0 1-20 940 end
e-137 1 0 1-20 940 end
ba-7l 1 0 1-20 940 and
la-13S 1 0 1-20 940 end
pr-141 1 0 1-20 940 end
pr-ll3 1 0 1-20 940 and
eU-1

4 4
1 0 1-20 940 Md

nd-141 1 0 1-20 940 end
nd-14S 1 0 1-20 940 nd
nd-147 1 0 1-20 940 ed
e-214

7
1 0 1-20 940 end

n -140 1 0 1-20 40 end
d-147 1 0 1-20 940 nd

e-147 1 0 1-20 940 end
* e-IsO 10 1-20 940 sad

e-il1 0 1-20 940 end
_-152 1 0 1-20 940 and
eu-15i 1 0 1-20 940 end
e-lI 1 0 1-20 940 nd
m-ilSl 1 0 1-20 940 end

ed-155 1 0 1-20 940 end

sirc2 2 1 420 end

h2o 3 den-0.607 1 557 and

n 4 0 5-5 557 end

.rtb-uTred .1SS 50 0 0 3016 0.12 24000 0.10 24000 0.20 50000 1.40
40000 90.10 S 1.0 557 end

uo2 * 6en-10.72 1 940
92234 0.024 92235 2.732 32234 0.013 92231 97.231 end

*rb--drod 10.32 2 0 1 0 8016 3 44000 2 4 0.034 40 and

LI. 7 den-0.012 1 557 end

.____________ - - - - - ..... -.......... .- I. . . . . . . . . ..

end ce'

fuel-pin-cll geoewtryl

equarepitch 1.37 1.21 1 3 1.43 2 1.212 0 'nd

asseby eNd cycle p reterse

mpinlss_-41 teolnobt.1719 .74 vcycll-17 nIlbcyce-2
printlwl-S irvlew l-2 maxtotel-8 end
6 0.4050 A 0.6210 2 0.7150 2 1.0550 Soo 3.3202 3 3.3173 5 3.4233 7 3.7813
power-15.671 burn-lS down- mid
poevrlJ.145 burn-170 d.l1 end
power-241.97 burn-l down-10 and
power.1 .445 burn-224 do'n-35 end
power-21.775 burn-lJ dmeu7 ed
poer-24.2S4 burn-22 donell2 end
power-22.762 burn-10 eown.l5 and
power.20 .57 burn-ill down-5t end
power-1U.224 burn-75 emn-o end
powr-721.75 burn-el down-S Ad
power-17.136 burn-lS0 doen-31 end
poer-10.070 burna1S down.799 end
powvr-11.160 burna150 d.on-9 _id
po-er-11.571 burn-lU down-I4 end
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po..e2.lO644 b.rn.14 dwn-It WAd

poser.9.955 bugy".S7 awo41OSI.01 en

I os..esss"a 10114411GAIII as88838a5 22222222222 11h bb
8606686888888 11116SISSIOSSAM 3411888186838. 2222222222222 Wk bb

68 58 68 88 II 85 ~~~ ~~~~~~~22 22. bb hb
an ma em I 22 kh bb

::assosgp em us 22 LhhhbkhL
sas5188 £166688 uassmassea 2 b:Juuihl2hh1hh 22I

38 88 58 Ii ~~~ ~~~~~~~~22 bb k
68 88 83 *s ~~~~~~~~~~22 b 4

of ma a. m as u 22 bb k
saaagie**aaha as .8 asa~asaseassiX 22222322222222 WIh hk

eusegsghsss 88 85 Saassa~~~~~~smae 222222222222 his kI
0,

WI1111111111ifi ccccccccccCC 1sh .W .ooso@
.uum WI 11 illtI c@ cccecce bI WI3 so
"MOVI It cc cc bb bb 00 00

*W WI Mn Ii CC bb WI SO

I WI TM 11 cc bb)JWIWI2k WI 0 00
an I WI It CC W kh Go 00

WI lUnf ii CC W kh 00 00
I vivo IIL111I ccCC cce bb bh oeoo* Se

anIU 1l1111tllL ceCccCCC bb WI .oh ooo

11
11
11
11
11
it
11
it
11
11

0000000 IIS S i II 44 1/ 9, 393 1 77777777777700000000 oo i n 444 II 3 93 7*777777777
0o 00 88 * i I 111 4 44 /i 33 77 77

00 00 18 II ii 11 4444 .4 3 77I'l 0018 II I 11 4444 1/ 18 33 77
00 00 is18888888 II 1t 44 44 .I 33g 33333 1 77
00 00 If88838 II 11 44 44 II 93,11,939393 77
00 @0 88 II ii 11 444444444444 / S 77
0O 00 88 SI Ii 1 4444444444444 S t3 77
co 00 a0 8s 11 44 I 31 17
* 000000000 6838188888888 II X111111 44 II 893833I8 3I 17

0000000 1814808818 1/ ^2111111 44 /1 3333333383 77
0

22222222222 22222222222
2222222222222 2222222222222
22 22 22 22

22 22
22 * 22

22 22
22 22

22 22
22 22

22 22
2222222222222 2222222222222
2222222222222 2222222222 2

I

5SSS55SM55SS 44 22222222222 44
SSSSSSS555 5 444 2222222222222 444

ISO Ss 4444 $It 22 22 4444
III s5 4444 Its 22 4444
III Ss 44 44 22 44 44

555555555555 44 44 22 44 44
5533353353135 44 44 22 44 44

II: Ss 444444444444 us 22 444444444444
2?! SS 4444444444444 us, 22 4444444444444

.,2 . 55 55 44 . 22 44
5555335553S35 44 2222222222222 '4
333553s3535 44 2222222222222 44

66S 8585386 Ceeeeeeeeee 888686866 11 * @ 66 @ *66e*6 *6
8 6 6 6 6 6 1 6 6 6 6 6 8 CIC C C C C C C C C C C 8 6 8 8 6 8 8 3 1 6 e 6 6 1 6 6 6 6

86 I, CC C * 11 ..

*X~~~~~~ ae* s it

::Ssassgsitss cc"$^44&s 1 *@ee
ags a CC *8 11 as

66 C. CC "a 21cc c c . " * 11 *

a au8a0ass .6 s eC C CCC C CCeC * 8 8 11 211111111 11c m.e... Ae e ma ee
a8se 18sso8s ccceccCCCCe 484 * 2111111111111 *eme-ese8eeee

.............................6.................................

program vrification intformetion

cod" systet scale version: 4.2

COSaiCIn date: 03/07/17 * t

library: /opt/neuatIea1.4 .2/bin

t Ois Is not a scale contiguration con~tro118d code

jobnamO I aehol

date of SOOe~utlin: 08/14/37

time of sexeutlani M23UM39.6

... .... .. .. ...8 ....6 . ..8 ..8 t............ .*8666..

I
a .
0 1200 X lncrease in fuel texermture
0.
0 nujelide conlcnltrations, greams
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hals .Si ~l@ reater £sa"r
Initial 13-18 d

d1ss 4.203*l02 4.20*02
total I073.04 Z .. 7.04

O msclida contration.. grams
basis elnole reactor assbly

SntSal 13-16 d
i234 223.02 25.20
aa23 253s.04 2563.04
u236 1.113-2 1.1*-02
,a23 86.353*05 .530

total 66813.0 6.1,3*10 ee *heaL.0 le0
0o* initial 2.4 d 4. d 7.1 d O55d .5 d
0 initial 2.4 d 4.8 4 7.1 4 7.5 a t.5 4

baste * staste reactor asembly
charge 2.4 d 4.6 d 7.1 * P.5 4 0.5 8

bhas a a ingle reacter sombly
ebaro- 2. 4d 4.6 d 7.1 d 7.5a o 5 4

a.4del- simle reactor asubIy

&-147 oe5.0 e 0 8.3-22 .53-2 6*'.4022 1.3i3-21 1.432-21
SW .003.0 2.063-12 5.Sla-12 7.413-12 0.313-2 6.0-134

"IS0 .003.00 1.613-11 3.373-11 5.143-11 6.053-11 4.03-11
-15l .003.00 3. 22-10 65s-lo 9.6-10 1.273-09 1.27S-00
aglSl . 3It 3.513-10 7.013-10 1.073-00 1.443-09 1.441-00
ai.15 .003.00 1.71S-12 2.403-12 5.073-U1 6:713-U 4.712-12

1153 .003.00 *.1 II-08 1 7 63-07 3743 -07 I II-07 6.423-07
9dlSs. .00-00 4.1.212 4.1t3-12 4. _l 4.07312 I. 407._27
94,13 2.632300 2323*00 2.311.00 2.603*00 2.763-00 2.713.0O

tot11 6.95-303a 6.0-03 6.153303 4.051-03 6.M.0330 6.0513*0
heasi a hlAl reactor assembly

char9g 2 d 2.4 d *.8 d.4 4 0. 1
u233 o.00 1.383-0 . 0 32.73-00 5.63- 7.40-0 7.3 I -0
,214 0.703-1 I 0.7301 0.783-01 9.773-91 0.7793z-1 0.7131
u235 1.103*02 1.103-02 1.090302 1.003*02 1.091302 1.091302
^236 4.13.-01 5.22-01l 5.5S3-01 3.143-01 I.303-01 6.203-01.a23 2.53*033.50-023 .50*0 .53*0S 2503-02 :.030

w23
7

.003.0 6.843_01 2.33-_04 5.233 .30 1.023-0
pU22 .003.00 3.352-14 30943.13 1.413-12 3.073-12 3.37-12

32 3 .003.00 4 7-00 6.2238 2. 64 3- 007 7.103-07 7.103-07
P..3I .003.00 4.70-00 6 .23 -0 2.64-07 7 .103-7 7.103-07
p3 .003.00 2.563-02 6.443-02 1.603-01 24z.4-01 2 .2-0
pa

2 4 0
.003-00 4.313-05 2.162-04 5.473-04 1.0Io-03 1.063-03

p.2I1 .003.00 .773-00 0.73-07 3.61.3-0 0.313-04 .3210-06
,a42 .00.00 2.513-11 6.6-10 .00-00 11.1- 1.21-0

bhal. * sinle reactor assbly
charge 2.4 d 4.8 d 7 1d 9.5 d .S d

- II241 .003.00 7.203-12 1.203-10 7.00-10 2.123-00 2.123-00
a242m .003300 0.663-16 .233-1 2.739-13 1.243-12 1.243-12
.e243 .003*00 6.1*-113 2.361-12 2.063-12 9.603-121 .603-12

totals 3.103-03 3.703*03 3.703-03 2.703-03 3.103-03 3.703-03
* decay data. Includina Vum and total marry. are from endf/

0 1607 total numer of nwelide. in library
0 inuelide concentrations. grams

eals sai7ne. reactor assmly
Initial 225.7 d 651.4 d 77.0 e 1302.7 d 1626.4 d 114.18

ISO 2.073-06 2.073-01 2.073:7-0 2.073-06 2.073-04 2.073-06 2.073-06
Saez I. -O 2SS1.233-0 1.23-0 1.03-01 1030 1:.313-01 :21.223-01
eu1S3 7.372731 8.2 01 1 8.7301 6.0 ' .623-01 .a23-I

0 nu lida concantration. grams
he~al-s ingle reactor asembly

Initial 32174 d 631.4 0 717.08sz 12037.78 1 ;626.4 1 .18
qdl1 1.67-01 1.13- 01 1.03-e01 1.D0-01 2.00I-01 2.03-01z1 .o0-

total 1.073.04 1.973*04 1.073-04 1.073*04 1.073*04 1.073-04 1.073*04
0 Roelide concastratlons * aras

bhals *aIngle reactor thea ry
Initial 221.7 d 611.4 d 077.0 8 1202.7 4 1621.4 d 1S04.1 d

.233 1.7Z3-03 1.411-02 1.511-03 1.693-03 1.703-03 31.00-03 2.003-02
*2II 1.223*:0,2 1:223.0 1.243.02Il 1:4.233-2 13..243012 1.373-02 1 .6302
U235 4.543*03 4.430 4.3 4.43* 4.I4* 4.543:03 4.543S.-0
a236 3.10*03 3.503-03 3.S.03.02 2.3*0 2.503*03 3. 10303 I.30l*03
.u230 6243.03 &.32403* 8.343*05 6.424301 8.324*05 .343-s0 ..4 S
p2l

7
32.20*02 2.322-*02 2.332302 2.323803 3.33* 02 3.33* 02 3.343-02

p.'
23
S 3.103-04 2.S13-04 2.033-04 1.643-04 1.322-04 1.073-04 6.643-01

p.226 1.441-02 1.543.02 1582302 1.563-02 1.S73*02 1.S63.02 1.513-02
v.

2 3
S 1.463-02 1 2 " 01. 5 6*02 1.13*03 1.573*01 1.563*02 1.513*02

p.:23 3.53*03 .6113*03 2.II*03 3.13*03 3.613*03 3 13I03 .13,02
p.240 2.063*03 2.013*03 2.083:03 2.03 *.03 2.0 83*0 2.030 2.06303
pU241 1.413*02 *.063-02 7.723-02 7.23027 . 2 7.71t.02 6.503 02
.242 4.023*02 4.*33-02 4.023-02 4.02*02 4.023-02 4.921-02 4.0Z 302

2a41 15.1301 1.213*02 1.53.*02 1.073*01 2.223.02 2.533-02 2.363*02
242. 1.713.00 1.703*00 1.6 0 1603.00a 80 a0 I.673*00 1 .668*0

a.2
4

3 0.673*01 0.673.01 3.23-*01 I.673*01 0.673*01 0.673*01 0.663.01
total 6.S03.o0 6.101*01 3.50s-01 3.50305 6.SO3-OS 603so*0os 3.503*01

0 elment concentrations. grin
0 nuclide covcentrations, gmes

bheis sinlne reactor ass;bly
Initial 325.7 d 611. a 077.0 d 1302.7 d 1626.4 d 1054.1 d

n 01 6 .5I3*02 *.840 42 .3 0 a.O2 6.133*02 6.831302 6.133*02 6.813*02
tc 0 7.213 *02 7.223202 7.22*02 7.223*02 7.223*02 7.223*02 7.22*-02

0 nuclld. concentrations. gram
bhels *single reactor esably

initial 22S.7 8 611.4 d 077.0 d 1302.7 d 1621.4 4 10S5l1 d
rulOl 6.073*02 6.073*02 6.073.02 * 207.02 6.073*02 6.973-02 6.073-02
rhlo 4.013*02 . 4.'0 s -2143 * ts-02 40 .143-02 4.143-02 4.143-02
aglOO .11 .1S3*01 6.13t.01 0.133*01 6.11s0ol 8.11*01 0.1SS*01

0 rmclid. eoncentratlons. gram
beala asinole reactor assmly

initial 325.7 d 611.4 d 177.0 8 1202.7 d 1621.4 d 114.1 d
1d1 .463*02 6.523* 02 6.323*02 6.12X302 S.2-3*02 6.523-02 6.523*02

"di43 6.013.02 *.01302 .0 13*02 S.013*02 6.03*02 6.03*.02 6.S01302

II7 1.57*-02 1.763-02 1.,13*02. 2.033*02 2.133*02 2.203*02 2.263*02
am14 1.033*00 1.373-00 1.372700 1 373*00 1 .37300 1.372700 1.273*00
ISO 2.413*02 2.413*02 2.413*02 2.413*02 2.413*02 2.413*02 2.413*02
m2ll 0.830 8.003*0 6.430 3o-oB , .753*00 8.713*00 3.643-00 8.603*00

ealsl 2.2S3-02 8 .42-2 1 .41-01 2 03-01 .6I3-01 2.25-01 3. 3-01
M1S52 1.223-02 1.122502 1.223 02 1.223021 1. 22302 1.223*02 1.223-02
eulSI 1.03*-02 1.043-02 1.063*02 1.063.02 1.063*02 1.043*02 1.063-02

0 saclids concentratlons. gro
bhses *sinole reactor assemly

initial 325.7 d S51. 44 77.0 d 8 2.7 d 12 7 28.4 d 8 114.1
945ss 02 3 1 1173*:00 1.613*t:004 2.013*,00 2 .253*00 2.633*00.

total 3.073*04 3.304 .0730 .0 3 273.034 2.073:04 3. 3*404
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1
=*&As s&A2h will be called

Cooper WM Jevle A29S4-Y. Ibit 2 74.777 ci from toP. a" 37

increas, Moderator denaity by 10%

snatures of tel pin-unit-colls

d~grmm lattleerell

32234 0.0 2 3 s32 0.013 22)33 37.031 end
kt-1 I 0_20 e nd
kr-IS 1 0 1-20 040 nd
y-451 0 1-20 40 mid
er;.SO 1 0 1-20 640 aid
*r-1 0 a1.20 840 nd
sr-94 I 0 1-20 840 and
ar-IS 1 0 1-20 840 end
nbO.4 I 01-20 840 mid
so-IS 1 1-20 040 fed
te-.9 1 1-20 040 nd
ru-101 1 0 1-20 040 ind
ru-106 1 81-20 840 ind
rh-103 1 0 1-20 840. end
rb-l10 I e1-20 840 ind
pd-105 1 0 1-20 840 nd
pd-10 1 0 1-20 840 WA
ag-10S 1 0 1-20 840 and
ab.124 2 0 1-20 840 mnd
.e-131 1 0 1-20 040 *nd
ae-132 1 0 1-20 040 nd
as-235 1 0 2-20 840 nd
xe-136 1 0 1-20 840 *Od
eCa134 1 0 1-20 840 cad
e-ll5 1 0 1-20 140 end

ce-137 1 0 1-20 840 end
be-liE 1 0 1-20 840 nd
la-uS 1 0 1-20 040 nd
pr-i41 I0 1-20 840 end
pr-243 I 01-20 140 and
cc-1

4 4
1 0 1-20 040 Md

nd-143 I 0 1-20 140 end
nd-145 1 01-20 040 aid
nd-14

7
1 0 1-20 140 and

V -lI? 1 0 1-20 840 end
:-161 1 0 1-20 040 nd

-
4 7

1 0 1-20 $40 end
"-15 1 O 1-20 840 eA

ar-ISO 1 1-20 840 and
oa-151 1 0 1-20 ao end

as-153 1 0 1-20 840 endWi-103 1 0 1-20 840 WAd*v-1Sd 1 0 1-20 340 nd
csI-lS5 1 0 1-20 840 mid
gd-155 1 0 1-20 S40 nd

*irc2 2 1 620 end

b2o 3 den..0.68 1 307 and

n < 0S-SS557cn

arbe-uircl *.51 S O 0 8016 0.12 24000 0.10 21000 0.20 50000 1.40
40000 98.18 3 1.0 537 end

U02 I don-10.32 1 840
12234 0.024 32220 2.132 92233 0.013 32238 87.231 id

orbm-drod 10.32 20100142 4 O 4000 2 6 0.03440 nd

h2. 7 don-0.092 1 537 end

and oeop

fual-pln-el1 g0.mtrys

squarepLtCb 1.87 1.21 1 3 1.43 2 1.342 0 ed

a sseby and cycle parae terls

npin/essa4l faelaht-1719.74 n..Tles-17 glib/cyc-2
printlevei.S 11evi1-¢2 rMstotsl.8 id
6 0.0050 4 0.210 2 0.7130 3 1.0550 S00 3.3021 3 3.3179 5 3.4223 7 3.7113
poar.16.6

7
1 buri.-1 down.1 and

po.or-17.845 burn-130 do-17 nd
povvr.24.517 bWn-41 down-10 Gd
power-.1.445 burn-226 eown-05 cnd
powr-21.375 burn.-3 down-7 end
power-24.254 burn-22 don-12 nd
powr-22.762 burn-10t do_1 end
power.235.37 burn-ll dei-.S end
pDver-1t.324 burn.73 n- I ind
power-21.375 bumn.64 down-S ind
power-17.966 burn-150 doesn3l and
power.18.070 burn-ld down.73 and
pawr-.11.10 burn-SO doI I and
power-ll.73 burnelil domn-41 mnd
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I'.tial 12-18 d
lS55 4.25i.oz 4.353-02

total 137.04 1.73*04
° iiBell eene ntr-tiena. grow

basil .51415 r eator aaadly
Initial 13-11 d
2234 2.293.0 2.253*02

U225 2.2Ss904 2.518*04
u23S 1.:13.0) 1.153*02
u23 3.s3.05 a8.0as as

total 3.-1305 8.813.05
o basis .
0 Initial 7.4 d 4. ts 7.1 d 9 8 .*

o ~ ~ t In3ll I 4Sd 7 1 d415d d,
0 Initia 2 d t.t d . 71 iS 5. 5 9. e4t 5d~basis * single reactor assmbly

cearge 2.4 d 4.3 8 7. I .d d .5 d
basis * .1.81. reactor asse.bly

charge 2.4 8 4.38 d 7.1 8 5.5 8 9.5 IS
basis * single reactor as.dly

charge 2j.4 . . . .
m.I47 .030 3732 3I.84-22 7.74S-2 1.3121 .13i
s.149 .00.00 2.94S-12 5.243-12 7.093-Z2 8.473-12 *.417-12
..i50 .003.00. 1.583-11 3.23.-11 4.533911 6.463-11 4.1
..1S1 .003.00 2.183-10 9.27-10 3.23-o 101.223-09 1.223-03
mMs2 .N0300 .2.23-10 *.783-10 1l023-03 1.093.05 1.33-03
.uls .003.00 I.353-12 3.27-u 4.3 3- 1 .4_ -12 6.44_-12
eU.S3 .003.00 3.933-03 1.533-07 3.513-07 4.303-07 4.303-07

IdISI .00*.00 32.87-1 3.35312 3.343-U 3.323-12 2.323-27
98125 2.83300 2.3)3.00 2.313-00 2. 03*80 2.703.00 2.733*00

total 3.353*03 a.3st-03 4.93.03 4353.03 a 95S.03 6353-03
basis a single reactor a*semly

charge 2.4 d 4td 7.18 d .58 d 9.58
0233 .00.00 1. 23-08 .423-08 S.44.-03 7.243-08 7.2_ -03
W234 3.733-01 9.731-01 9.8-01 77-01 9.73-01 3 .7-01
I2I5 1.103.02 1.103*02 1.03-.02 1.093-02 201.0302 1.033*02
I23S 4. 8%-01 5.223-01 .5 II-01 S.533-01 4.253-01 8.233-01
23S 3. 53303 3,5.0 33.03 2.5330) 2.593.0) 3.593*02

r1237 .003.00 S.303-05 2.463-04 1.143-04 3.593-04 8.533-06
p3234 .00-.00 3.133-14 3.673-13 1.423-12 3.418-12 3.413-12
pu23 .0OS-00 4.51-0 S 5843.03 2.433-07 4.333-07 4.4834-7
pu233 .O0t 00 4.511-05 5.839-08 2.451-07 4.683-07 6.831-07
PU27 .003 00 2.417-02 81432-02 1.543-01 1 30t-01 2.343-01
P.24o .003.00 *.313-OS 2.023-04 1.233-04 1.303-03 1.003-03
pU241 .003.00 3.303-02 t.581-07 3.223-06 1.483-06 t.453-06
pu242 .003-00 3.153-11 4.043-10 3.433-05 1.193-00 1.138-08

basis single reactor assombly
charge 2.4 8d 4.38 d 7.1 8d 3.5S8 .5 8

Bm241 .003.00 t.Stt-52 1.2t-150 7.'173-0 2.417-0 2.413-05
a.242. .003.00 7.643-1 2.73-14 2 433-13 1.113-12 1.113-12
s24) .003*00 5.22-15 2.043-13 1.73-12 8 35S-12 8 3.4-U

totals 3.701*03 3.703-03 3.703-03 3.701.03 3.702*03 3.103.03
* dseyd aae. including o sand total energy. refo endt/b-v *

0 1637 total mber of nuclides In librazy
0 wuelide concentratious. gram

basis esingle reactor sams'l
ISitilm 321.7 d8 4S1.4 d8 77.0 8 1302.7 d8 628.4 d 1314.1 d

saso 1.3-06 1.553-06 1.33-04 1.933-04 1.333-06 1.953-04 1.3ll -0"
ae) 1 '24S-05 1.253-05 1.203-05 1.213-05 1.273-05 1.273-05 1.28305
OUlS3 7.153-01 8.021-01 8.373-01 *3503-01 3.553-01 8.573-01 85183-01

o scnulids Concantrationa. VrasM
beasisainglts reactor assombly

Initial 2257 d 4514 8 d 977.0 liO 13 7 8d 142.4 8 1354.1 8
odiSS 1.703-01 1.17-01 1.853-01 1.783-01 17.13-01 1.33S-01 1.373-01

total 1.373-04 1 .73-04 1.973*04 1.373*04 1.373*04 1.373I04 1.97304
0 nelid concentrations. grams

basits single reactor ass" ly
Initial 225.7 d 151.4 8d 77.0 d 1302.7 d l121.4 d 1114.1 d

.223 1 313-03 1413032 1.513-03 1.613-03 1.723-03 1.823-03 1.323-03
2234 1.323*02 1.233*02 1.343.02 1:353-02 1 343*02 1.371-02 1.383*02

u235 4.313-03 4.313*03 4.313.03 4.131*03 4.313*03 4.313.03 4.313*03
u236 3.52.303 3523*033233 52.0 3.52aI3 3.5).03 3.523*03
.238 .3 .353.05 8.3S3 *0 3.313*05 1.325305 a .S53.05 8.1341 8.352*05

ng2) 2.133*02 3.213.02 3.213*02 2.20.02 3.2 2 2223 02 3 233-02
pu236 2.912-04 2.323-04 1.203-4O 1.543-04 1.243-04 1.00-O04 O.113-0S
p.230 1.383.02 1.503*02 1.523*02 1.530 1.103*02 1. 9.0) 1.43302
p.230 1.383*02 1.503*02 1.532.02 1.513.02 1.503*02 1.403.02 1.483*02
p:23 2.40:.03 3.423,*00 ,:.2,.:30 2.42'*i 031 3.423*03 2403 3.4':23.
p.240 2. 04-03 2.041.030 2.043 03 2.06.0 2 2 I .a .03 2. 06303
p.241 *3U.0*02 7 703*02 7.33*0 7.073 z *02 2 .773*0 . 0 .102

42 S . 2 s0 1 4.92302 4.23*02 U 4.n 02 423'*02 .32 4.' '".02
SM211 033.01 I1.243S2 1.3*2 1.873*02 2.143*-02 2.443*02 2.113*02
a.242. 1.58-00 1.56*00 1.53*. 00 1.543*60 1533* 00 1.533-00 1.52300
8.243 3.333*01 9.332.01 S.333-01 9.33*-01 9.3)3* 3.333-01 *.33:*01

total 3.503-05 8.503-03 3.503-05 3.503-05 3.5035 .503-05 8.503-05
0 lamnt Co trationm. gram
0 nclid. concentrations, groom

beasi osioLe~ reactor assem1l
initial 2)5.7 d 51.4 d 977.0 1202.7 d 1423.4 lSMC 1 d

t. S 7 7.583-02 4.363*02 4.373202 6.378*03 4.873*02 4.373*0) 4.373*02
te 9 7.233.02 7.243*0) 7.243*02 7.243.0) 7.243-02 7.243-02 7.243*02

0 . ruclids conentrations.,gwrom_
basis esinIIl reactor asabrly

Initial 325.7 d 151.4 I 577.0 d 02 .7 d 1628.4 d 1514.1 d
rulOl 9.73. 02 4.973-0)2 '."73*02 ° .'73*2 4.'73*02 .373*-02 '.° 7*02
rhlO3 3. 98-02 4.121*02 4.129-03 4.1)3-02 4.123*02 4.123*02 4.123*02
iglOO 3.073-01 8.003*01 .083*01 8.003*01 3.083*01 8.083-01 3.083*01

0 seaclida eoncestratiole. grams
basis -single reactor asseby

initial 125.7 8 1.d 41 8 977.0 8 1202.7 8 142t.4 8 1354.1 d
Vr143 a 4.2t3*02 1.423*02 14.4 I02 4 .42-02 4.422-02 4.423*02
ndl45 4.04:302 0 .073*02 .073-02 4.071303 8.073.0) 4.07.02) 4.073*02

i147 1.S83-02 1.783.02 1.23.-02 2.053.02 2.143*02 2.223.0) 2 2Is-02
I" 9.463-01 1.303*00 1.303200 1.203*00 1.303*00 1.303-00 1.303-00
m 0S 2.403*02 2.403*0) 2.403* 02 2.404302 2.403-0 2.403.0) 2.403*0)

m151 3.413*00 8.4300 8.373*00 8.213*00 8.2.-00 a 203*00 8.143*00
ou1s1 2.063-02 7.8173-02 1:3.243011 1.3143-01 2.5I:1-1I 3:1.07-01 323.63301

S) '2;1.233*02 1. 23' 21.33*0) 233*0) 1. 302 12 2102 1 .233*02
SUM3 1.053-02 1.053.02 1.051.02 1.053*0) 1.0s3.0) ll0o02 1.053.02

0 .aCIlLd ecneontrations. gram
basis astngle reactor assely

initial 325.7 d 451.4 d 77.0 d 1302.7 d 1428.4 d 1954.2 d
cISS 6. 413-0) *.46o-01 1.16-00 - .40Z*00 2.003*00 2.342-00 2.t43-00

total 3.373*04 2.0o7304 2.073*04 3.073*04 3.073*04 3.073-04 3.073-04
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I vtin"y sodfl aces ond Lrput ecord t scale drivr - 1S/03121 - 0@1:04:7 2
-pad as6 h will be called

Cooper WAReop I 2074-3. Nabot 55.723 cm fram top. A>a 97

Incre&as fuel torature 100 X

ua2turso of Ieel-pia-wdUt-clls

*Ioroup lattLCocell
wa2 1 dn.l0.22 1 140

52234 a.021 1223 2 93 92236 0.013 12331 #7.031 Sad
3f-l 1 1-720 40 end

Xr-tS I e1220 l-wo ^o nd
r-S I I 0a-2 o4 ndy-0o 1 0 1270 940 nd
sr-93 2 0 1-0 940 end..r-s 2 0 1-20 90 endsr-14 1 3-20 940 sad
sr-lI I 0 1-10 940 and

no-55 1 0 1-20 140 end
te-9I I 0 1-20 140 end.
ru-101 1 0 1-20 940 end
rWu-I0 I 0 1.20 40 ed
rh-103 1 0 1-20 140 end
rh-105 1 0 1.20 140 end
pd-105 1 0 1-20 940 nd
pd-108 1 1-20 140 end
ec-lo9 1 0 1.20 140 nd
.1-124 I a1-20 140 and
.-131 1 a 1.20 140 nd

se-132 1 0 1-20 940 end
e-U 1 0 1-20 940 snd
me-h1 1 0 1-20 40 Sad
ce-1li 1 0 1-20 140 end
co-hI 1 a 1-20 140 nd
c-lJ7 1 0 1-20 140 snd
be-liE 1 1-20 940 nd
a-h2I 1 0 1-20 140 end

pr-124 1 1-20 040 and
r-143 1 e 1.20 140 Od
cs-1

4 4
1 0 1-20 340 sd

nd-143 I e 1.20 340 end
nd-14 1 2-20 940 ed
nd-147 1 0 1-20 940 end
P--141 1 0 1-20 140 end
_-140 1 0 1-20 940 and

s 5-II 1 0 1-20 40 .ndam-1il 1 0 1-20 940 nd
-157 1 0 1-20 140 nd
x-IS3 1 0 1-20 940 ad
e-l IS 1 0 1-20 140 end

Wu-155 1 0 1-20 940 Sd
qd-1SS 1 C 1-20 940 end

2ireo 2 1620 end

L.e 3 den-0.240 1 557 end

n 05-5 557 *d

.rbm-zIrc4 4.50 5 0 0 0 3016 0.12 24000 0.10 26000 0.20 SOO0O 1.40
40000 50.18 5 1.0 557 end

uo2 6 don-l0.33 1 040
12234 0.024 92231 2.732 92231 0.013 92238 97.231 end

arb.-drod 10.32 2 0 1 0 1016 3 64000 2 4 0.034 140 end

LO. 7 den-0.842 1 557 and

nd cow

feel-pin-cell ceoetrys

quarepitch 1.17 1.21 1 2 1.43 2 1.242 0 *rd

saebly ad cycle paranoters.

apIn/.ss-41 1elrnht-1711.74 ncycles-17 nljh/cye.2
prIntlevel-5 lnnlevol.2 Mematotal-8 nd
4 0.6050 4 0.6210 2 0.7150 3 1.0550 S00 3.3020 3 3.3179 5 3.4223 7 3.7833
pDer-'.761 burn-ll daen-S ed
poer-10.431 burn-20 dn-l7 nd
pawr-13.057 burn-dl do l0 end
power-l .221 burn-226 doen-5 and
powr-11.235 burn-27 en .7 nd
ymer-l 2.74 bern-32 en-12 nd
pDwer115.94 burn101 dom-15 end
Dowr-12J39t bur.114 dseM-.5 end
power-I0 157 bwrn-71 down- wd
power-1l.235 bjrn-64 6se-S Wd
pow r-9.444 burn-150 down-31 and
power-1.507 burn-244 0on:71, rnd
power-5.866 burnml0 down-I and
posr-6.0t3 burn-141 dea-41 nd
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basis *simle reactor assely

Initial 12-28 d
@4155 4. 89302 4.391-02

total 1.73.04 1873.04I
° iwelide coneetatioos. 3?w

basis -Single reactor as-bly
initial 13-10 d

u224 2.23.0) 2.293.-02
U23s 2.sssg04 2.58s.04
u224 1.S3. 0 1.15.02
.233 8.553.os 8353.05

total *8813.0$ *.ai..os
o basis *

0 Initial 2.4 d 4.3 d 7.1 d 8.5 a 5.5 a
ct initial 2.4 2 4. a 7.1 ;.5 d 7.5 d

bass * single reactor a"Gbsly
c-arge 2.4 d 4.8 d 7.1 O.;I I .5

bails * mingle reactor ass* ly
*charge 2.4 a 4.8 8 7.1 d 9.5d $ .5 a

basis . single reactor assamly
chatr 2.4 d 4.0 d 7.1 d .5 d 0.5 d

M.147 .003.00 5.163-23 2.013-22 423-22 7.783-22 7.031-22
sa-l .003.00 2.353-12 4.463-12 .343-12 1.033-12 8.033-12
sOo et.0030 1.13C-11 2.321-11 2 S.03-11 4.713-11 4.71-11
sm151 .001.00 2263t.10 4.651-10 6.* n-10 8.253-10 9.25S-10
"sMIS .0. 2.483-10 1.o00-10 7.S3.c10 1.013-09 1.013-09
5l I .00.0 1.173.1) 2.31-12 3.503-12 4.663-12 4.*16-12

*U153 .003.00 3.173-08 1.261-07 2.13o-07 5.013-07 S.013-07
oCISSa .001.00 3.511-12 3.503-12 3.483.2 1 .3 3-12 2.483-27
qdISS 2,823.00 2.13).00 2.S)3.00 213.00 2,13-.00 23 13.00

totals g.qs1303 6.853.03 6A.S5S3 . .954.03 0 .V5SZ0 6.853.03
basis a sled. reactor assambly

charse 2.4 d 4.* 0 7.1 8 .5 d 9.5 d
.32. 003.00 1.241-08 2.473-08 3.711-08 4.843-01 4.343-01
u234 7.7 52-01 1.73-01 8.783-01 8.783-01 9.781-01 8.783-01
ulRS 1.103.0) 1.101-.2 L.103-02 L.103.-02 1.08n02 1.083*02
u226 4.0Ss-01 5.0-01 .2 0I -01 5.3-01 . -01
u238 3.5839-02 3.53. 03' 3:58.03 2.83.0) 2.53 -03 3 3 .02

nV237 .003.00 4.413-05 1.711-04 32.53-04 5.873-04 5.972-04
pu226 .003.00 1.4OZ-14 1.75S-12 S.813-12 1.713-12 1.71-12
Pn233 .003-00 2.05Z-09 2.17S-08 1.123-07 3.033-07 3.03Z-07
p.233 .00-.00 2.053-01 2.613-08 1.123-07 3.03Z-07 3.032-07
p.231 .003.00 1.SS3-02 5.45s-02 1.023-01 1.973-01 1.573-01
p.240 .003.00 1.833-OS S.SSX-0S 2.123-04 4.053-04 4.053-04
P.241 .003.00 2.851-08 2.731-07 1.013-04 2.553-06 2.5SZ-06
pu242 003.00 5.62'-12 1.023-10 5.643-10 1.903-00 l.R0-08

basis * singls reactor amably
charge 2.4 d 4.8 8 7.1 8 8.5 d 8.5 4

SM241 .002.00 2.242-12 4.0i31 l 2.252-10 7.382-10 7.3i-2_0
.242a .003-00 1 .S8-14 5.703-15 4.*93-14 2.101-13 2.102-12

*&243 .00.-00 7.283-16 2.463-14 *2.21-13 1.023-12 1.031-12
totals 2.703.03 3.703-03 3.70-03 32.730.03 3.703*03 3.703.03

decay dIta. Including g And total ..rgy. are from ondf/b-vi
0 1617 total n.uber of nuclides In library
o nuclida concentrations, gram

basis .sInl* reactor asasebly
initial 325.7 d 651.4 d 877.0 12 0.7 d 1428.4 d 1954.1 d

svaSO 1.43-06. 1.4l3-06 1.483-06 1.483-06 1.483-06 1.4Z3-06 1.491-06
sm,12 1.332-OS l2.32-CS 1.333-OS 1.243-0S 1.3 2-05 1.343-05 l.3SZ-05
*ula3 6.67X-01 7.223-01 7.453-01 7.543-01 7.573-01 7.581-01 7.593-01

0 reclide conertrations, grass
basis *aingeo reactor asoely

initial 225.7 d 151.4 d 877.0 d 1202.7 d 1628.4 d 1954.1 d
gdlSS 32.55-01 2.581-01 3.40Z01 2.613-01 3.433-01 2.643-01 3.6S3-01

total 18173.04 1 .73.04 1.978-04 1 .73-04 1.873-04 1873.04 18173.04
0 nuclide concentrations, gras

basis -single reactor assemby
Initial 225.7 d 651.4 d 877.0 d 1302.7 d 1628.4 d 1054.1 d

U233 1.403-01 1.463-03 1.523-03 1.583-03 1.644-03 1.433-03 1.753-03
.234 1.983.02 14133-02 1 .13-02 1.683.02 1.383-02 14. ss02 1.703.0)
u235 1.2(3.04 1.243.04 1.263-08 1.243-04 1.243-04 1263.04 1243.04
u236 2.5130.0 2.IZ3-.0 2.513.03 2.513.03 ).513-03 2.513.02 2.513-03
u233 8433.05 SAMOS .0 4323S0 3.4)3.0S 8.43.05 8.433.05 8.423.0s

W.23¶ 1.139-0 I.S5S.02 1,l3.-02 1.,53.02 1.A13-01 1.13.02 1.343*02
.239 8.513-05 7.703-05 6.223-05 S.033-OS 4.0620S 3.23$-05 2.4S0-0S
p.23

5
4873-.01 S.231.0l 5283-.01 S1273-01 5.24B*01 S.213.01 5.173*01

pu233 4.873.01 5233.01 5283-.01 5,273.01 5243-01 S.213.03. S.17301
p4238 4.353.03 4.31.03 42343-.0 4.3(3.03 4.243-.0 4.33.*03 4.363.02
p.240 1.213.03 1.213.03 1.213-03 1.213-03 1.213-03 1.213.0) 1.213*03
pu2

4
1 5143-02 4.23-.02 4.72.02 4.523.02 4.333-02 4.13-.0 3.873-.0

pu242 1.053.02 .105.02 1.053*-02 1.053*02 1.0530) 1.053.03 1.033.02
o241 7.783.0l 3.843*01 1.203.02 2.403-02 1 .S8-02 1.773.02 1843-02
.242M l.S02-300 1.503*00 1.483-00 1.41-o00 1433-00 1473.00 1.473*00

&.242 1.473-0l 1.473.01. 1.SI3.81 1.473.01 2.473-01 1.471.0l 1.473.01
total 84653-05 86453.05 3.632-05 BAS1.Os I.63*0 3.653.0% 8.653.0$

*elmnt concentrations, gram
0 nucllde concentrations. grAs

basis -single reactor assbly
Initial 225.7 8 451.4 8 877.0 d 1302.7 d 1(23.4 8 1854.1 d

WC 85 2.53Z.0) 3.813.02 3.011.02 3.313*02 3.113*02 311-302 3.813-.0
tc 33 3.933.0) 32.83.02 3.883.02 329.8802 3.892-02 381-.02 32.83-02

0 ehclid. concentrations, grams
basis -sing1 reactor aassbly

Initial 325.7 d 451.4 d 877.0 d 1502.7 d 1428.4 d 1954.1 d
ru0l1 3.603.02 3.411*02 3.01120633.02 3.483*02 3.413-.0 3.413-02
rblO3 2.37Z-0) 2.443*02 2.445-02 2.443-02 2.443-02 2.442.02 2.443.02
OVID, 3.483-01 3.483-01 3.483*01 243.4-01 3.493-01 3.48S-01 3.483-01

a eclide concentrations. grm
basis esingle reactor amsmaly

initial 32S.7 d 411.4 d 877.0 8 1202.7 d 1423.4 d M84.1 d
ad143 4.*58t02 4.62* 0 4.42 230-02 4.23.02 4.;23*02 4.628.0) 4.423.0)
nd445 3.41-.0) 3.446302 3,443.02 3.463*02 .461*0t2 3.463.02 32.46*02
a.147 1.053*0) 1.113*0) 1.273.02 1.352-02 1.413.02 1.463*02 1.503.0)
mal4t 1.883*08 1743.00 1,741.00 1,743.00 1.743*00 1.743*00 1.743*00
salSO 1.233.0) 1.233.0) 1.233.0- 2.233*02 1.233.02 1.233*02 1.233+02

s151 1.013*01 1,013.01 1,003.01 887-.00 o803-00 .1333*00 1.773*00
OulS1 8.603-02 1.143-01 2.253-01 2.843-01 3.423-01 4.303-01 4.871-01
mIS3 6.413*01 (.413.01 .483.01 6.41*01 4.493.01 6483.01 *.403-01
eUIS) 4.503*01 '4.513*01 4,513.01 4,513.01 4.513*01 4,513.01 4,53.1UC

0 auclid concentrations, grams
basis -single reactor assly

Initial 325.7 8 651 4 d 577.0 d 1202.7 d 1111.4 8 1a54.1 a
gdISS 8.113-02 2.883-01 4.703-01 *.293-01 7.603-01 8.803-O0 8.87X-01

total 1.4)3-04 1.623.04 1.6)1-04 1.623*04 1.622e04 1,623.04 1.62)-04
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2974bplusSOden.sum
............ ........ 0....... ...... l~e***** *....... ;........

$ 7C4.3 bailotia board

* ccWlee_ to SC=-4.3.

....
................... 0............v...................... .... ... *.* .*..... *. ...... §**

primary mo&sle access end Lput record ( Seal. iver - 103121 69.O4e37 0
- Gdul 482lh will be celled

Cooper s1e A=2174-0. W.Igbt 55.721 oen fro top, Aao 97

increme mioderator deilty by 50%

sixtures of fuael-pin-init-ells

*4gro,,p Itticecell
eel 1 ..l10.35 1 040

32234 0.024 92235 2.13 9223 0.0e 1 2238 1.031 nd
_r-.i 1 0 1-20 840 end

kr-" S 1 Z 1-20 40 end
y-I0 1 0 1-20 340 nid
.;.So I 0 1.20 840 end
sr-93 I 0 1.20 $40 end
tr-94 1 0 1.20 440 ed
er-s 1 0 1.20 340 nd

b-94 1 0 1.20 340 nd
'-s 1 0 I 120 340 end
tc-tt 1 0 1-20 40 end
ru-10 1 0 1.20 840 nd
rua-10810 1-20 840 ndo
rh.100 1 0 1-20 840 end
rh-105 1 0 1-20 840 nd
Pd-1OS 1 0 1-20 840 nd
pd-100 1 0 1-20 $40 nd
g-l109 1 0 1-20 640 nd

&b-124 1 0 1-20 640 nd
.- 1321 1 1-20 M40 e

3e-liZ 1 0 1-20 340 nd
se-135 1 0 1-20 340 and
se-130 1 0 1.20 840 ed
ce-12 5I 0 1.20 840 *nd
Cs-1IS 1 0 1-20 840 end
b-137 1 0 1-20 840 end
b-12 1 0 1 20 40 end
ia-X39 I 0 1-20 840 nd
Pr-140 1 0 1-20 840 nd

3-143 1 0 1-20 340 and

c-U44 1 0 1-20 340 Ad
nd-141 1 0 1-20 340 nd
nd-147 1 0 1.20 340 nd
Vd-147 1 0 1-20 840 nd
YN-146 1 0 1-20 840 ed
sw-147 1 0 1-20 840 ends.-147 1 0 1-20 840 sdM-145 1 0 1-20 840 and
S.-15O 1 0 1.20 640 nd
*.-15s 1 0 1-20 840 nd
e.-1S2 1 0 1-20 840 end
eu-152 1 0 1-20 340 end
e.-154 1 0 a120 340 nd
eu-iSO I 0 1-20 340 eWd
ed-155 1 0 1-20 340 end

:Irc2 2 420 nd

bl2 3 den-.35 1 557 nd

n 40 -5 5Sf end

*re -cired 4.5S 5 0 0 0 3014 0.12 24000 0.10 24000 0.20 50000 1.40
40000 18.18 5 1.0 557 nd

uo7 S den-10.12 1 840
12234 0.024 12235 2.732 122216 0.01) 82233 17.221 end

erb-drod 10.32 2 0 1.0 3016 3 64000 2 1 0.024 840 nd

h20 7 den.O.042 I 557 nd

end ceaV
:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

fuel-VIrIoell geomtry,

equarepitch 247 1.21 1 2 1.43 2 1.242 0 end

aseeb2y nd cycle paremeteres

vwinlsem-49 tuelnoht.1711.74 ncyclee-17 nlLb/cyc-2
printlevel.5 plovell-2 imsttotel.8 end
0.4050 4 0 .210 2 0.7150 3 1.055000 3.3028 3 3.17 5 3.422 3.783

pwer-..751 burni10 d2 n-S Wd
powr-10.431 burnl110 doun17 end
power 11.017 burn-41 deo 0 nd
power-10.221 bur1-226 4en-35 nd
powsr-11.23S bun-1r doen-7 nd
power-12.749 burl-22 doen.12 nd
poeer-11.5S5 butn-101 do1n,.9 end
power.12.311 bur-114 down-52 end
pcD r-.10.1S7 burr-71 doen8 end
power-ll.23 bCarne- dom5S end
pasr-1.444 burn-l5O down-1 end
power-5.501 burn-l4U down-791 end
vo"r.-53.19 burn'-10 dow- end
power1. 083 burn-148 down.48 end
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powet..5606 burnu91 down.S1 end
PC..o01 bwun-129 do-, ond
po1"r.5.226 bn57 do51%S4.09 end

:
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hel *eiiel. rsecto ase>lr
initial 1-18 dr

98155 433.-02 *4383.02
total 1373.04 1.97 304

o wclid. ecenctrations gras
basis *single reactor assebly

Initial 11-18 d
U2M4 2 293*02 2.29s.0)
u225 2581.04 2.583*04
U238 1SU.DS 1.153.0)

total 8*13.0, 3615.3.88
basis.

0 initial 2.4 d 4 t 7.1 d 9.5 d 5 5
0 initial 2.4 d 4. t8 7.1 d .5 5 9.5 58

basis - ingl, reactor assebly
charge 2.4 d 4.O d 7. II 9.5 d 9.5 I

charge 2.48 4.88 *vd mirnl; reactor aaamoby
curve 2.4IS 4.8 d .18 .58 9.18

1asis *single r-ecter oassbly
charye 2.4 d 4.3 d 11 d 7 5 d 5 d

.147 .001.0 * .2- 22 1.';'-22 I1.13-22 7i3 27-2 26.22
mlI .00.00 2.03-12 3.43-12 s.593-.1 7.0I-12 7.043-12
Mso .003.00 1.033ll2 2. -11 3.113-11 4.243-11 4.249-11
gl.5 . .80 I 2.111-10 4.203-18 * .21-10 .283-10 8.283-10
s.152 .00.80 2.2 4..13- ' .721 8.3313 6.33-1
eulI .co1. 1.01-12 2.133-12 3:.1:1- 4243.12 4.241-1:2
U152 .003.002 a 1 2.783-08 1.07 2 4-07 4.71-07 4 .37-07
8SS1. .003.00 2.931-z12 2.911-112 2. 9 -12 2*.91-12 2. 31-27

gdl1S 2323s.00 2208 2 8230 02313.00 2 01.0 - 211.00
totals 69153-02 89.53.03 8.592-03 69.53.03 6353.01 6.951.03

basis a sinai resetor assbly
charge 2.48 4.88 d 71ald . 9d585d

u222 .0 0 1.143-08 2.21-08 3 2.41-0 4.54-08 * 541-0e
W2il 9.791-01 I 783-01 3.713-01 9.733-01 3.708-01 9.7S3-01

S .235 '.2 1.12 . 111.8 s -, "1.101*02 1.03.0-) 1.0O3*02
..228 4.851-01S5.053-0 5.530 54-SI.430 5.830
u223 3.563.03 3.S3.303 3.5s9218 3.53.00 3.513.3 3 2593.083

P237 .001.0 4203-05 1.53-84 3.273-04 s. 31-04 SZ.2-04
v9236 .003.0 1.253-14 1.463-13 .49S-13 I1433-12 1.433-12p OiC8.60.0 1.743-09 2.263_08 9.55348 2.56-72530
pu2)8 .001.00 1. 41-09 2.283-08 9.5-08 231.5-07 2. -7
pul .0g03.0 1. 521-0 5.o"3-°2' 521' 02 1.41531 1 .g5-01
p.240 .003.00 1.553-01 7.413-05 1.863-04 3.57 e4 3.571-04
pu241 .001.00 2.221-02 2.081-67 7.307-07 2.o00-04 2.00Z- 0
Pu242 .00-00 4.221-12 7.I21-11 4. 0 1I0.493-09 1.4os

basis *- singl; reactor. esa1y
charge 2.4 8 4.8 8d 7.1 8 .5 do R. ;

ss241 .003.00 1.613-12 3.111-11 1.741-10 5.103-10 5.90t-10
342. .003..100 1.123-:1 4:.21-15 3.43-4 41.5-1 2: 1:5.53-13
343 .0030 4 I13-16 1. 7-14 1 533-13 7.73-13 7.071-12

totals 3.703*03 32.703.02 2701.0) 3.70.3-03 .70.-0) 3.703.02
decay data, Including g end total emrw. are from ndf/b-vi

0 1117 total nuber of nuelldes In library
0 nuelld, cone ntrations, gTrs

basis *si,,Ole. rator ass'b1yInitial 321.7 d 451. 48 778 1202.7 8 163.48 d 1S54.1
'5'5 1334_-06 1 343-0 1.34-06 1.343-06 X123U-06 1 .3-06 13341-06

amI 1.231-05 .22HU S 1.233-05 1.223-01 1.243-05 1.243-OS 1. 2-4 s
gull] 6.083-01 4.583-01 6.781-01 4.3 1-01 6.*31-01 6.903-01 * .01-01

0 clnulde concentrations, grms
basis ei~ngle reactor assmly

initial 225.7 d 651.4 d 97. e 130. d I6 33.4 1"954.1 d
9dlSS 3.003-01 3.021-81 3.043-01 3.043-01 3 071-01 3.083-01 2.083-0

total 1.973*04 1971.04 1373.04 1.977.04 1971Z-04 l:97U04 19 73.04
o nauclide concentrations gree.

basis esingle reactor assably
initial 325.7 d 651.4 d 977.0 d 1202.7 d .2628.4 d 1954.1 d

2122 1.203-03 1.351-03 1.413-03 1.483-02 1.51-03 1.573-03 1.623-03
u2n 1 70302 1.711*02 1 7139e2 1 711*02 1.725*02 1.723-02 l.723.02
u225 1.223-04 2:22.0 1.2218I4 1.2).04 1.23. 04 1.22304 1.223.04
u22 2.1 2.1132 -.03 2.51.03* 2.513.0) 2.513I8 2I132.0) 2 3.1.

i223 .4 . 8.44OS 8.441-5 3.44305 8.443*8 gs43 .443
n.P227 1.58.302 1.433*02 1.893*02 11.63302 1.4203.0 1.83*-02S 1.16433-2
pu232 7.92S-05 .413.-0S 5:181-05 4.193-05 3.381-05 .7)1-015 2.21-0Spala8 4.243;1 .5o S 14I.6)3.0 I.62*0 4.583-01 4.5630 4.S3301

a231 4.243*01 4.578-01 4.632-01 4.2*01 4.531.01 d.S$U-el 4. 53.01
On.238 29 3. 2:1g.93.01 3 .93 303 1.830) 3. :9)3.10" 3"'.823 3. 33*03
VUp24 1.16 1.183*02 1.181*03 1.163C0I 1161*03 1 .16103 1 .63*0]
p241 4. 711*2 4.523.-0 4.3 3.02 4.143-0 3.37302 3.J0102 3.441*02
pV242 1.031-02 1.032302 1.03-02 1.033-02 1.033*02 1.03l-02 1.032-02
a2I1 7.07'.01 ° .053°01 1°091.02 1 .27302 1.453*02 1.613*02 1.773'02

am,242. 1.283-001 1.231*:00 1:273..00 1.273*00 1:7.263*00 1:2.28300 1.213:00
"243 1 273*01 1 27301 1 271.81 1.173*01 1 273-01 1.2701- 1.273*01

total a.6S3-01 8.SS3-05 8.653-.8 8.*5105 3.613*05 8.613*0 8. 6*S05
0 *elmat concentrations gramis
0 ,wcIide concentrations. grams

basis -single reactor asebly
Initial 325.7 d 651.4 d 77.0 o 1312.7 8 12t.4 8 1954.1 8

No 95 3.61 S 010 32.840-02 3.85*02 3 .33*02 3s.85.0 3:.332UZ 3 o.13*2
te 93 4.023-02 4.0)3.2- 4.02302 4.023*02 4 023-02 6.023*02 4 023-02

0 nuclide concentrations. grms
basis asingle reactor as0ly

initial 325.7 d 651.4 d 977.0 d 1302.7 d 1621.4 d 1954.1 d
rul01 3 s.693-02 368132 2.883*01 3.61*02: 3.09302 3.69.o02 3.693*02
rblOC 2.230)0 2.:3*0 2 .3302 2.42*02 2. 45*02 2.423-02 2.623*02
ag10 3.371*01 3.373*01 3.371-01 3.373-01 3.373+01 2.278-01 3.373*01

0 uclids concentratlene. grac
basis -sinale reactor assml

Initial 325.7 d 651.4 d 977.0 d 1302.7 d 1828.4 d 1Sr.. 1 d
MM143 4 378*02 :.613*02 4 .130-2 4.811302 4s.13012 4.413o02 4s.13002
n"d41 3.43*0-2 z2.4-.0 2 43*02 3.2I I0) .48932 30 .419-02 3.431*2
o47 1.093.0 1.213*02 1.31*02 1.39*02 1.461*02 1.503*02 1.54Z302

m)49 1.31*00 1.S43-00 1.-400 1.S43*00 1.54*00 1.543*00 1.343*00
mIsO 1.22-02 1:223*02 1.223*02 1.223*02 1.22).02 2.223.02 1.221-02

8-4si 9.02-00I.0 8.9053*00 3300 1 3.23*00 8.773*0 8.11*001
,ni5i 7.513-02 1.373-01 1.I93-l0 2.8-0 12.213-01 3.81-01 74.41-0

dm5S t.623*01 4.623.01 6.6)3.01 5 123.01 6.823.01t 6.32301 *. 23.01
evl1 4.3-*01 4.4.3*01 .40301 a .s0a 01 .4D- 014.0301 4.40301

0 .aclid. concentrations. griam
basis asingle reactor assemby

Initial 312.7 d S 1.8 d 977.0 1)82.7 1 -18233.6d 1954.1 8Voss A.671-0 2.69-01 4._83-01 *.013-01 7.37-_01 3.7-01 9.613-01
total 1.423*04 1. 63.04 1.8)3*04 1.623*04 1.21*-04 1.323-04 1.6)3*04


