
ft I l *

~~~~~- - - - .4

MOL.19971229 .0158

CRWMS/M&O
Design Analysis Cover Sheet

Complete only applicable kems.
( I QA: L

Page: I Of: 29

2. DESIGN ANALYSIS TITLE

SAS2H Analysis of Radiochemical Assay Samples from H.B. Robinson PWR Reactor
3. DOCUMENT IDENTIFIER llncluding Rev. No.) 4. TOTAL PAGES

B00000000-01717-0200-00140 REV 00 29
5. TOTAL ATTACHMENTS 0. ATTACHMENT NUMBERS - NO. OF PAGES IN EACH

2 11-6 p. 1-22_
Printed Narme a4s4ure Date

7. Originator Marcus Nichol 0 1021/ 7

8. Checker David Henderson

9. Lead Design Engineer Dan Thomas D/ 7

10. Department Manager Hugh Benton ( .

II. REMARKS

CIAP 3 9 (Effeclie DGMO2171 042 OR_. 03110t97)



CRWMS/M&O
. Design Analysis Revision Record

Complete only applicable Items. GIPage: 2
Of: 29

2. DESIGN ANALYSIS TITLE

SAS2H Analysis of Radiochemical Assay SamPlcs from H.B. Robinson Reactor
3. DOCUMENT IDENTIFIER (Including Rev. No.)

BOOOOOOOO-01717-0200-00140 REV 00

4. Revision No. 5. Description of RevisIon

00 Initial Issuance

n 1- -W -(ss p Vo 0487 tew. 12114455



Waste Package Development Design Analysis
Title: SAS2H Analysis of Radiochemical Assay Samples From H. B. Robinson PWR Reactor
Document Identifier: BOOOOOOOO-01717-0200-00140 REV 00 Page 3 of 29

Table of Contents

1. Purpose .............. 4 ............................................... ;4

2. Quality Assurance .................... 4

3.'Method .................... 4

4. Design Inputs .................... 5
4.1 Design Parameters ......................... 5
4.2 Criteria .13
4.3 Assumptions. :14
4.4 Codes and Standards .......... ..... ! 14

5. References .1

6. Use of Computer Software .16

7. Design Analysis .................... ................... 17
7.1 SCALE Input Data Blocks 1, 2, and 3 .17
7.2 SCALE Input Data Block 4 .17
7.3 SCALE Input Data Blocks 5 Through 7 .18
7.4 SCALE Input Data Block 8 .19
7.5 SCALE Input Data Blocks 9 Through 16 .............................. 23
7.6 Comparison of Calculated and Measured Concentrations .24
7.7 Results ....................... ; -- 25

8. Conclusions .............................................................. 28

9. Attachments .29



Waste Package Development Design Analysis
Title: SAS2H Analysis of Radiochemical Assay Samples From H. B. Robinson PWR Reactor
Document Identifier: BOOOOOOO-01717-0200-00140 REV 00 Page 4 of 29

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 analysis 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 of Activities.
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-3-18, 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 H.B.
Robinson pressurized water reactor (PWR), 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 SAS2H 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
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concentrations used for comparisons in the analysis are obtained from a separate report (Reference
5.6).

4. Design Inputs

The sources for the design parameters are References 5.4 through 5.9. References 5.4 and 5.5
provides 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-life of "9 Tc and molar masses of selected elements are obtained from Reference 5.4, while
the molar mass of ̀ Tc is 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 IO' years,
6.02 x 10" atoms per mole. (Reference 5.4)
Mole of 'Tc = 98.9 g. (Reference 5.5)

General spent fuel characteristics for each pellet sample are presented in Table 4-1 and include the
initial 235U enrichment, final bumup and the cooling time (Table 2, Reference 5.6). The initial
enrichment of all samples is 2.561 wt% 25U and the bumup ranges from 16.02 to 31.66 GWd/MTU.
The cooling time for the samples at axial locations of 11 cm and 26 cm is 3,936 days, while the
cooling time for the samples at axial locations of 199 cm and 226 cm is 3,631 days.

Assembly design parameters are presented in Table 4-2 (Table 8, Reference 5.6). The samples come
from a Westinghouse 15 x 15 assembly with one instrument tube and 20 guide iube positions. A
cross section of a Westinghouse 15 x 15 assembly is presented in Figure 4-1 (Figure 8, Reference
5.6). During operation the instrument tube was empty and there were 12 burnable poison rods during
the first' cycle of irradiation. Burnable poison rod composition and dimensions are included in
Tables 4-2 through 4-4 (Tables 11 and 12, Reference 5.6). The borosilicate glass density was given
as 2.23 g/cm3.

The operating parameters in Table 4-5 include the cumulative burnups, average specific powers, fuel
temperatures, average cycle boron concentrations and the position of the burnable poison rods
(Tables 8 and 9, Reference 5.6; Table 3.8., Reference 5.7). The assembly was irradiated'for two
cycles; however, data reported in Reference 5.6 contains two intervals for each cycle to allow. for
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downtime at the cycle midpoints. Reference 5.6 approximated a linear decreasing specific power
based on reactor data, which was normalized to the final total burnup to produce the interval burnups
and corresponding average specific powers in Table 4-5. Fuel temperatures could not be obtained
for the H. B. Robinson samples, therefore, it is assumed that the fuel temperatures are the same as
those for Turkey Point, also a Westinghouse 15 x 15, Reference 5.7.

Moderator conditions for each sample are given in Table 4-6 and include the moderator temperature
and density (Table 10, Reference 5.6). The moderator temperatures obtained were based upon a
sinusoidal function of axial height, with inlet and outlet moderator temperatures 546.5F and
600.60F, respectively. The moderator density given in Reference 5.6 was determined from the
moderator temperature and the nominal pressure of 2250 psia.

The composition of the cladding, Zircaloy-4, is presented in Table 4-7, 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 4-8 and developed with consideration of elements used in
(Table 1, Reference 5.9). A generic set of light element weights for PWRs that is typically used in
depletion analyses is included in Table 4-9 (Table 17, Reference 5.6). Variations in light element
masses per unit fuel in different PWRs are small when compared to this generic set (p. 2-2,
Reference 5.9). This data is provided in units of kg/MTUO2 or kg/MTU depending on the units
required in the analysis.

The measured isotopic concentrations are presented in Tables 4-10 and 4-11 (Tables 28 and 29,
Reference 5.6). The measurements were performed at the Materials Characterization Center at
Pacific Northwest Laboratory for fuel pellets at four different axial positions in Rod N-9 of
Assembly B05. Eight actinides and one fission product were measured and are presented with units
of g of isotope per g of U02 for the actinides (Table 4-10) and Curies per g UQ for the fission
product (Table 4-11).

Table 4-1. Spent Fuel Characteristic Parameters for H. B. Robinson PWR

Test Assembly B05, Rod N-9

Enrichment: 2561 wt % =U

Axial Location from Bottom of Assembly, Burnup, Cooling Time,
cm GWd/MTU days

11 . 16.02 3936

26 23.81 3936

199 28.47 3631

226 31.66 * 3631

Reference S.6
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Table 4-2. Assembly Design Parameters H. B. Robinson PWR
Parameter Data

Assembly general data:
Designer Westinghouse
Lattice 15x 15
Number of Fuel Rods 204
Number of Guide Tubes 20
Number of Guide Tubes with Burnable Poison Rod (Cycle 1) 12
Number of Instrument Tubes I
Assembly Pitch, cm 21.50
Assembly Fuel, kg U 443.7

Fuel Rod Data:
Type of Fuel Pellet U0 2
Enrichment,

wt % 23 Su 2.561
wt % 234U 0.023
wt %VU 0.013

Pellet Stack Density, g/Cm 3 9.944
Rod Pitch, cm 1.4300
Rod Outside Diameter (OD), cm 1.0719
Rod Inside Diameter (ID), cm 0.9484
Pellet Diameter, cm 0.9294
Active Fuel Length, cm 365.76
Clad Material Zircaloy-4

Guide Tube Data:
Inner Radius, cm 0.6502
Outer Radius, cm 0.6934
Tube Material Zircaloy-4

Burnable Poison Rod Data:
Air OD, cm 0.5677
SS304 OD, cm 0.6007
Air OD, cm 0.6172
Borosilicate Glass OD, cm 1.0058
Air OD, cm 1.0173
SS304 OD, cm 1.1151

Reference 5.6
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Figure 4-1. Cross Section of H. B. Robinson Assembly
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Table 4-3. Borosilicate Glass Composition

Compound Weight Fraction

SiO2 0.805

B203 0.125

Na2O 0.038

K20 0.004

A1203 0.022
Reference 5.6

Table 4-4. Borosilicate Glass Atom Densities

Element/Isotope Weight Fraction Density, atoms/barn-cm

0 0.5358 0.04497

Na 0.0282 0.00165

Al 0.0116 0.00058

Si 0.3763 0.01799

K 0.0033 0.00011

B 0.03882 N/A

°B13 N/A 9.595 x 10'

"B N/A . 3.863 x 10-3

Total 0.99402 N/A
Reference 5.6
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Table 4-3. Borosilicate Glass Composition

Compound Weight Fraction

SiO2 0.805

B203 0.125

Na2O 0.038

K20 0.004

A120 3 0.022
Reference 5.6

Table 4-4. Borosilicate Glass Atom Densities

Element/Isotope Weight Fraction Density, atoms/ban-cm

0 0.5358 0.04497

Na 0.0282 0.00165

Al 0.0116 0.00058

Si 0.3763 0.01799

K 0.0033 0.00011

B 0.03882 N/A

°0B N/A 9.595 x 104

"B N/A 3.863 x 1I0 3

Total 0.99402 N/A
Reference 5.6
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Table 45. p rating Data H. B. Robinson PWRR
Sample Axial Cyde 1 Cyde 1 Cycle 2 Cycle 2

Identifier Location, First Second First Second
cma Interval Interval Interval Interval

Uptime, days all all 243.5 243.5 156.0 156.0

Downtime, days all all 40.0 64.0 39.0 See Table

4-1

Cumulative Burnup, N-9B-S 11 5.08 9.99 13.04 16.02
GWd/MTU

N-9B-N 26 7.S5 15.18 19.60 23.81

N-9C-J 199 9.62 18.41 23.61 28A7

N-9C-D 226 10.88 20.68 26.39 31.66

Specific Power, MW/MTU N-9B-S I 1 20.86 20.15 19.57 I18 I

N-9B-N 26 32.23 30.10 28.35 26.99

N-9C-J 199 39.50 36.11 33.33 31.16

N-9C-D 226 44.68 40.25 36.61 33.78

Fuel Temperature. K all all 922 922 922 9i2

Cladding Temperature. K all all 595 595 595 595

Average Soluble Boron, ppm all all 652.5 247.5 652.5 247.5

Burnable poison fixture, in/out all all in in out out

References 5.6 and 5.7

,
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Table 4-6. Moderator Conditions H. B. Robinson PWR

Pellet Axial Total Moderator Temperature Density of
Sample Location Burnup Moderator

Identifier (cm) (GWdIMTU) K (g/cm3)

N-9B-S 11 16.02 546.6 559 0.7544

N-9B-N 26 23.81 547.2 559 0.7538

N-9C-J 199 28.47 577.3 576 0.7208

N-9C-D 226 31.66 583.3 579 0.7135
Reference 5.6

Table 4-7. 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 4-9. Light Element Mass per Unit of Fuel in a Typical PWR

Element kg/MTUO 2

0 119.0

Cr 5.2

Mn 0.29

Fe . 11.0

Co 0.066

Ni 8.7

Zr 195.0

Nb 0.63

Sn 3.2

Reference S.6
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Table 4-10. Measured Isotopic Concentrations (g/g UO1)

Axial Location, cm 11 26 199 226

Sample Identification N-9B-S . N-9B-N N-9C-J N-9C-D

Burnup, GWdIMTU 16.02 23.81 28.47 31.66

"SU _| 1.07E-2 7.21E-3 6.18E-3 4.86E-3

2Mu 2.19E-3 2.74E-3 2.82E-3 3.OOE-3

2UU 8.47E-1 8.47E-1 8.34E-1 8.42E-1

M'PU 2.83E-5 6.95E-5 1.14E-4 1.30E-4

239pU 3.64E-3 4.02E-3 4.39E-3 4.20E-3

MPu 1.09E-3 1.67E-3 1.97E-3 2.12E-3

U4'Pu * 3.04E-4 5.04E-4 6.81E-4 6.92E-4

ZnNp * 1.55E14 2.60E-4 3.04E-4 3.33E-4

Reference 5.6
Table 4-11. Measured Isotop ic Concentratios (Ci/g 13,)

Axial Location, cm 11 26 199 226

Sample Identification N-9B-S N-9B-N N-9C-J N-9C-D

Burnup, GWdJMTU 16.02 23.81 28.47 31.66

"Tc 5.44E-6 8.09E-6 8.95E-6 1.01 E-5

Reference 5.6

4.2 Criteria

The design of the waste package will depend on waste package configuration criticality analyscs
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 multiplicatiob 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 fuel temperatures are assumed to be the same as for the Turkey Point Unit 3
temperatures from Table 3.8, Reference 5.7. This basis for this assumption is that the
relationship between power and temperature in Turkey Point and H. B. Robinson are similar.
The reason is that both reactors utilize the Westinghouse 15 x 15 assembly design and the
samples for H. B. Robinson were irradiated at approximately the same specific power as
those from Turkey Point Unit 3. This assumption is used in Section 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 bumup 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 (I-D) neutron transport and
point depletion analyses on the H. B. Robinson assemblies 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 fuelassembly.
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 I 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 recomrnmended by Oak Ridge National Laboratory. Since SAS2H is only to be used for
isotopic depletion/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 'latticecell" 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 I for fuel, mixture 2 for cladding
and mixture 3 for moderator.

The fuel mixture is specified as UQ1 with a density and isotopic weight percentages from Table 4-2
and a fuel temperature from Table 4-5. 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 4-8 and defined in the fuel mixture to have a concentration of 102
atoms/barn cm.

The cladding material of Zircaloy4 is not contained within the Standard Composition Library in
SCALE 4.3 and must be defined as an arbitrary material. The cladding is defined with a density and
isotopic weight percentages from Table 4-7 and temperature given in Table 4-5.

The moderator temperature, density and boron concentration are given in Tables 4-5 and 4-6, and
is composed of H20 and boron. The boron is defined as an arbitrary material with the moderator
density and temperature, a volume fraction equal to the average boron concentration of the first
interval of the first cycle, and a standard boron composition from the Standard Composition Library
designated as 5000.
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Three additional mixtures must be specified. These are the stainless steel 304 cladding of the
burnable poison rod, the borosilicate glass of the burnable poison rod and the air in between the
borosilicate glass and cladding. The air between the borosilicate glass and the cladding is given the
mixture number of 4, and is defined as nitrogen with an atom density of 5 x 100 atoms/barn-cm, and
a temperature equal to the moderator temperature. The stainless steel 304 is given the mixture
number of 5 with a temperature also equal to the moderator temperature. Finally, the borosilicate
glass composition is given a mixture number of 6 with atom densities from Table 4-4 and again a
temperature equal to the moderator temperature.

It is noted that subsequent to performing the SAS2H calculation on sample N-9C-D it was
discovered that there was an error in the temperature for mixture number 5. The error consisted of
a -3 K difference between the temperature specified in the SAS2H input file and the temperature
specified in Table 4-6. It is determined that such error will not effect the calculation of the isotopic
concentrations.

7.3 SCALE Input Data Blocks S 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 MTUO., using the following equation:

1 *~~06* ~~~~~~~~Lengthl U 09U2 Equation 7-1
* (POD)2(PD,)(NFR) IMTUO24.

Where:
Length = Length Required for an Assembly to Contain 1 MTUO2 (cm)
POD = Fuel Pellet Diameter (cm)
PDen = Fuel Pellet Density (gUO2 ncm3)
NFR = Number of Fuel Rods

Since, measured isotopic concentrations are presented in either grams or Ci per gram UO 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 MTUO2. This is possible since the 1-D transport
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calculation is axially independent, consequently the length of the assembly does not impact the
neutron flux spectrum nor the nucide cross sections. The resulting length for the Robinson
assembly is 726.63 cm.

The assembly was irradiated for two cycles that are both broken into two equivalent irradiation time
intervals each. It is determined that approximately 80 days per cross section library is sufficient to
accurately model the change in nuclide cross sections with increasing burnup, without over-
burdening the SAS2H code. Therefore, the number of libraries per cycle are specified as three. 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 number of light elements is nine and-is
determined from Table 4-9, while the number of zones is eleven which is determined by the Path B
model described in Section 7.4.

SAS2H calculates a linear boron concentration let down over each cycle when the number of
libraries per cycle are specified as greater than one. The methodology calculates an initial boron
concentration equal to 1.9 times the average boron concentration and a final boron concentration
calculated as 0.1 times the average boron concentration. These two end points ame used to determine
a linear fit for the boron concentration let down, which is used to calculate the boron concentrations
for each library in the cycle. However, a problem arises when the cycle specified is not a full cycle
but rather an interval of a cycle. (It is sometimes necessary to specify an interval as a cycle in
SAS2H so that either a period of downtime during the actual cycle or a power change during the
actual cycle may be modeled.) In this case SAS2H would let down the boron concentration 1o 0.1
times the average boron concentration for the first interval and jump up to 1.9 times the average
boron concentration for the beginning of the second cycle. In reality, the jump does not exist and,
therefore, the modeling of the boron concentration let down is inexact. A solution to this problem
would be to split all cycles into approximately 80 day intervals and change the number of libraries
per cycle to one. However, experience with the SAS2H code indicates that the error due to an
inexact boron concentration let down function, such as described here, is usually less than 0.5%.
Therefore, allowing the SAS2H code to perform a boron concentration over an interval of a cycle
is an acceptable approximation to the actual boron concentration let down.

7.4 SCALE Input Data Block 8

The Path B model for Robinson changes from cycle I to cycle 2, since the burnable poison rod is
withdrawn in cycle 2. For cycle I the burnable poison rod is centralized with a surrounding guide
tube which is further surrounded by the homogenized fuel and moderator mixture and finally the
moderator between assemblies. The equation below is used to determine the number of fuel unit
cells that surround the burnable poison rod by conserving the fuel to moderator volume ratio. 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 7-1, and the resulting Path B model
dimensions are presented in Table 7-2.
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( )(CUCMvM Equation 7-2
F

-(F-)OMV
M

(AawF )(pLj(PD)2F 4N()rx

M (NFR)[RP2_(!1)(COD)2j +(NG7[RP2-( !)(GT0D)2+( 4)(G77D)j+
4. 4 4

4 4 4

[Rp2-(4)(D)'+(4)(=D)'] Equation 7-3

CUCMV=pP2 -(.)(GTOD)2,(!.)(G77D)2-( X BPROD)2 Equation 7-4
4 4 4

4v( 7OD)2 Equation 7-5
4

MVp2(1(0) Equation 7-6

Where:
x = Number of Unit Fuel Cells per Central Poison Rod or Guide Tube (Cycle 2)
F/M = Fuel to Moderator Volume Ratio
NFR = Number of Fuel Rods
POD = Fuel Pellet Outer Diameter
RP = Rod Pitch
COD = Cladding Outer Diameter
NGTE = Number of Empty (Non-Rodded) Guide Tubes
GTOD = Guide Tube Outer Diameter
GTID = Guide Tube Inner Diameter
NGTR = Number of Rodded Guide Tubes
BPROD = Outside Diameter of Burnable Poison Rod
CUCMV = Central Unit Cell Moderator Volume
FV = Fuel Volume of Fuel One Unit Cell
MV = Moderator Volume of One Fuel Unit Cell

Once the number of fuel cells per burnable poison rod is determined the geometry of the Path B
model is calculated. Since the burnable poison rod unit cell is centralized, the dimensions of the
burnable poison rod and surrounding guide tube are the same as those presented in Table 4-2.
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The radius for the moderator surrounding the guide tube, but still within the guide tube cell, is
calculated with the following equation:

R 9 = Equation 7-7

Where:
R9 = Radius of Moderator Surrounding Guide Tube

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.

ARl4A (ORAR2-IRAR2) 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 guide tube unit cell is equal to the number
of fuel unit cells surrounding the guide tube multiplied by the area of a feil unit cell. Consequently,
the radius of the homogenized fuel zone is computed with the following equation:

R10i ( Equation 7-9

Where:
Rio = 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 based upon the dimensions and mixtures
specified in the fuel unit cell data block 5.

The moderator between assemblies is determined by calculating the total moderator volume and
multiplying by the fraction of unit cells in the larger unit cell of the Path B model. The total
moderator volume between assemblies is determined by the assembly pitch and the fuel cell pitch
multiplied by the number of unit cells. The radius of the moderator between assemblies is calculated
from the following equation:
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RII1 IAP2(NCa(P 2 )+R1o Equation 7-10

Where:
RI = Radius of Moderator Between Assemblies
NCell = Number of Cells in Assembly
AP = Assembly Pitch

During cycle 2 the burnable poison rods are not present. For the Path B model of cycle 2, the guide
tube is centralized with the homogenized fuel and moderator surrounding, followed by the between
assembly moderator. Due to the nature of the SAS2H input file, eleven zones must be declared.
Therefore, the dimensions of the burnable poison rod are used as the first six zones with a
composition of moderator. The dimensions and compositions of zones 7, 8 and 9 are the same as
those for the cycle I Path B model. These zones represent the guide tube and the moderator
surrounding the guide tube inside the guide tube unit cell. Zones 10 and 11 have the same
composition as in cycle 1; however, since the non-rodded guide tube is centralized and contains more
moderator than if it were rodded, the number of fuel unit cells surrounding the guide tube is greater.

The number of fuel unit cells needed for each centralized guide tube unit cell is calculated by
Equation 7-2 with an exception to Equations 7-3 and 7-4. Since there are no rodded guide tubes,
Equations 7-3 and 7-4 are modified to reflect such conditions and are shown below:

F ~~~~~~(AVF'RO )(pOD)2
F ~~~~~~4

M (NpFRO[PP2-()(C'OD)21 +(NTE) [Rp2-( )(GTOD)2.(? )(GT7D)2i,
4 4 4

[lRp2-(U)XrrD)2_+11XmD? Equation 7-11

CUCMV=RP2 -(2 )(GTOD)2.(. )(G77D)2 Equation 7-12
4 4

Equations 7-5 through 7-10 are used without modification to determine the dimensions of the of the
Path B zones.
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Table 7-1. Calculation of Fuel Unit Cell per Gui e Tube Unit Cell

F/M 1UCMV c2 FV, e V, cm 2 1

Cycle 1 0.5313 0.8859 0.6784 1.1425 6.5975

Cycle 2 0.5085 1.8626 0.6784 1.1425 9.7143

Table 7-2. Path B Model Dimensions

Cycle 1 Cycle 2

Radius, cm Composition Radius, cm Composition

RI 0.2839 Air 0.2839 Moderator

R2 0.3004 SS304 0.3004 Moderator

R. 0.3086 Air 0.3086 Moderator

R4 0.5029 Borosilicate Glass 0.5029 Moderator

R, 0.5087 Air 0.5087 Moderator

R6 0.5576 SS304 0.5576 Moderator-

R7 0.6502 Moderator 0.6502 Moderator

0.6934 Zircaloy-4 0.6934 Zircaloy-4

.Rs 0.8068 Moderator 0.8068 Moderator

RIO 2.2238 Fuel/Moderator 2.6408 Fuel/Moderator

RI, , 2.2290 Moderator 2.6470 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 and must be
converted from the average specific powers given in Table 4-5 with the relation of 238 g U is equal
to 270 g U02. The irradiation period and length of downtime are both defined in days with values
presented in Table 4-5. The moderator density is constant over both cycles and the boron fraction
is determined by dividing the cycle interval average boron concentration found in Table 4-5 by the
boron concentration specified in data block 4, Section 7.2. The boron fraction is specified with the
command 'bfrac='. Values for the specific power and boron fraction are presented in Table 7-3.
Please note that the specific power for sample N-9B-S during the second interval of the second cycle
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is incorrect. The correct value is obtained by subtracting the burnup from the first interval of the
second cycle from the final burnup, and dividing by the number of days irradiated in the second
interval of the second cycle. The resulting specific power is 19.10 MW/MTU.

Table 7-3. Specific Power and Boron Fractions

Cycle 1 Cycle 1 Cycle 2 Cycle 2
Interval 1 Interval 2 Interval 1 Interval 2

Boron Fraction 1 0.3793 1 0.3793

Specific Power, MW/MTUO_

Sample N-9B-S 18.39 17.76 17.25 16.84

Sample N-9B-N 28.41 26.53 24.99 23.79

Sample N-9C-J 34.82 31.83 29.38 27.47

Sample N-9C-D 39.38 35.48 32.27 29.78

Light elements and their effective weight, in kg per assembly, are entered in data block 10. Table
4-9 provides a generic set of light elements and their weights, in kg per MTUO2. Since the fuel
length is altered so that there is I MTUO2 per assembly the use of light elements with weights of kg
per MTU02 is appropriate.

Data blocks 11 through 15 describe the parameters used in 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.

7.6 Comparison of Calculated and Measured Concentrations

Comparisons of corresponding calculated and measured concentrations are performed on i 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 4-10 have units of g of isotope per g of U02; while
calculated concentrations presented in Table 74 have units of g of isotope per Metric Ton of U0 2.
Therefore, the measured concentrations must be multiplied by 106 gUO21MTUO2 to obtain similar
units.
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Measured concentrations presented in Table 4-11 have units of Curies per g U02 . The activity of
a particular isotope per gram UO2 is converted to grams of that isotope per gram UO using the half.
life and molar mass presented in Section 4.1 and the following equation:

F..yL)XGi 3 7x1O'OBa 1)(3 16x1O 7s, int Mass
9U02 9U02 CiX 3)). Ivr 6.O21 )(Mm ) Equation 7-13
Y UO2 9 U°2 Ci A lyr 6.02x10236foms anl

Where:
Y = Measured Value Used in Comparison (g isotopelg U0.)
X = Measured Value from SAS2H (Ci isotopelg U0 2)

Aln(2 ) (yri)

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

Percent differences for the actinides and fission products are presented in Table 7-5.

In an attempt to determine the impact of the assumption of a fuel temperature of 922 K, a sensitivity
analysis is performed. Two assemblies representing low and high burnups, N-9B-S and N-9C-D,
are used to observe the changes in isotopic concentrations with a 100 K decrease in fuel temperature.
The results are reported in Tables 7-6 and 7-7.

7.7 Results

SAS2H predicted isotopic concentrations are presented in Table 7-4. 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 described 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 7-5. Also the results
of the sensitivity analysis are reported in Tables 7-6 and 7-7.
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.____ _ Table 7-4. Calculated concentra ions (IM UO,)
Sample N-9B-S N.9B-N N-9C-J N-9C-D

Identification

Burnup, 16.02 23.81 28.47 31.66
GWd/MTU .

"Tc 3.61E2 5.19E2 6.07E2 6.65E2

2
5 U l.11E4 7.64E3 6.21E3 5.32E3

2MU 2.13E3 2.66E3 2.88E3 2.99E3

MU *8.47E5 8.42E5 8.38E5 8.35ES

"'Np 1.49E2 2.47E2 3.12E2 3.54E2

='Pu 2.76E1 6.62E1 1.00E2 1.25E2

23Pu 4.02E3 4.40E3 4.61E3 4.68E3

ftPu 1.16E3 1.73E3 2.03E3 2.21E3

241ft 3.14E2 5.12E2 6.54E2 7.18E2

Table 7-5. Percent Difference Between Measured and Calculated RCIM-1)* 1001

Sample N-9B-S N-9B-N N-9C-J N-9C-D
Identification

"Tc 12.40 8.66 14.88 11.52

" 5 U 3.74 5.96 0.49 9.47

M4U -2.74 -2.92 2.13 -0.33

wwUSU0.00 -0.59 0.48 -0.83

27Np -3.87 -5.00 2.63 6.31

""Pu -2.47 -4.75 -12.28 -3.85

131,pU 10.44 9.45 5.01 14A3

24 0pU 6.42 3.59 3.05 4.25

MN _ 3.29 1.59 -3.96 3.76
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.______ Table 7-6. Sensitivity Analysis for Sample N-9B-S

Calculated Concentration, g/MTU6. % Change In
Calculated

Modeled Conditions Fuel Temperature Decrease of 100 K Concentrations

"Tc 3.61E2 3.61E2. 0.00

n5U 1.114 1.11E4 0.00

2MU 2.13E3 2.14E3 0.47

8.47E5 8.47E5 0.00

27Np 1.49E2 1.49E2 0.00

r=Pu 2.76E1 2.76E1 0.00

"tPu 4.02E3 3.98E3 -1.00

UOPu 1.16E3 1.16E3 0.00

U"Pu 3.14E2 3.1IE2 -0.96

Table 7-7. Sensitivity Analysis for Sample N-9C-D

Calculated Concentration, g/MTU0 2 % Change In
Calculated

Modeled Conditions Fuel Temperature Decrease of 100 K Concentrations

"Tc 6.65E2 6.65E2 . 0.00

n3 U 5.32E3 5.27E3 -0.94

__u 2.99E3 3.00E3 0.33

2MU 8.35ES 8.35E5 0.00

"Np 3.54E2 3.52E2 -0.56

2UPu 1.25E2 1.25E2 0.00

"tPU 4.68E3 4.6223 . -1.28

UOPu 2.21E3 2.21E3 0.00-

U'Pu 7.18E2 7.10E2 -1.11



Waste Package Development Design Analysis
Title: SAS2H Analysis of Radiochemical Assay Samples From H. B. Robinson PWR Reactor
Document Identifier: BOOOOOO-01717-0200-00140 REV 00 Page 28 of 29

8. Conclusions

The accuracy in which the SAS2H module is able to predict isotopic concentrations is indicated by
the percent differences presented in Table 7-5. Inspection of such results reveals that the code has
a tendency to over-predict "9Tc, 23U, WPu, and 2' 0Pu, while it tends to under-predict 238Pu. Percent
differences from this analysis are compared with results from Reference 5.6, in which similar
calculations were performed with a previous version of SCALE and the 27burnuplib cross section
library. The concentrations calculated in Reference 5.6 for the most part agree with the
concentrations calculated in this analysis; however, significant differences are seen for the plutonium
isotopes. Since there is a significant difference-in the Path B model from Reference 5.6 and the
model contained within, it cannot be determined what is responsible for the differences between
calculated concentrations.

Results from the sensitivity analysis of the isotopic concentrations with fuel temperature reveal that
most calculated isotopic concentrations decreased by around 1.28% or less with a 100 K decrease
in fuel temperature. However, 36U is seen'to increase slightly for a 100 K decrease in fuel
temperature. For the sample at relatively low burnup, N-9B-S, the isotopes of " 9Pu and 2'I.1N
decreased by 1.00%. and 0.96%, respectively; 2'U increased by 0.47% and the remaining isotopes
are unchanged. For the sample at relatively high burnup, N-9C-D, the isotopes of 235u, 237Np, 2 39Pu

and 241 Pu all decreased by 1.28% or less, while 23U increased by 0.33%. Since the actual fuel
temperature is not expected to deviate more than 200 K from the temperature assumed, it is
concluded that the assumption of a fuel temperature of 922 K does not 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 c
modeled as closely as possible in this analysis so that a more realistic pellet composition can be
determined. However, approximations made to obtain local pellet conditions will influence the
calculated isotopic concentrations.

In general, the SAS2H module of SCALE is adequate in predicting isotopic concentrations for
samples from H. B. Robinson, using the methodology presented. While over-prediction or under-
prediction is significant for a few isotopes, the majority of calculated concentrations are very close
to the measured concentrations. Although the assumptions for the fuel temperature 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 are expected to
improve the accuracy of the calculated concentrations in relation to the corresponding measurements.
It is recommended that future analyses use more detailed data if possible.
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9. Attachments

Attachment I includes six pages and contains the input files used in the modeling of the H. B.
Robinson 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.
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rob9gl6.input
wsas2b puam-skipsbipdao
H.B. Robinson N-9B-S 16.02 GWdlMWU. 11 cm. July 97

m intures of fuel.pin-ni1teU

44group laridcelc

uo2 I den-9.944 1 922
92234 0.023 92235 2.561 92236 0.013 92231 97.403 end

kr-83 I 0 1-20922 end
1r-85 101-20 922 end
y-S9 I 0 1-20922 end
sr-90 201-20922 end
zr.93 101.20922 end
zr-94 1 0 1-20 922 end
zr-95 1 0 1-20922 end
nb-94 I 0 1-20 922 end
mno95 2 0 1-20 922 end
tc-99 1 0 1.20 922 end
ru-101 10 01-20 922 end
ru-106 101-20 922 end
rhu103 I 0 1.2D922 end
r-105 021-20922 end
pd-105 101-20922 end
pd-lOS 101.20 922 end
ag-109 1 01-20 922 end
sb-124 1 0 1-20 922 end
se.131 10 1-20922 end
xe-132 101-20922 end
xe.135 101.20922 end
xc-l36 1 0 1.20 922 end
cs-l34 101-20 922 end
cs-l35 10 1-20 922 end
cs-137 101-20922 end
bs-l36 1 0 1-20 922 end
Ia-139 101-20922 end
pr. 141 10 1.20922 end
pr.-43 1 01.20922 end
ce.144 101-20922 end
nd-l43 20 1.20 922 end
nd-145 101-20 922 end
nd.147 101-20922 end
pm-147 101.20922 end
pm-41 10 1.20 922 end
sm-147 I 021-20 922 end
sm-149 1 01*20 922 end
sm- 150 10I1.20 922 end
sm-15I 1 0 1.20 922 end
sm-152 1 01-20922 end
cu.153 1 0 1.20 922 end
eu-154 1 0 1-20 922 end
cu-l 55 1 0 1-20 922 end
gd-155 I01-20922 end

azbm-zirc4 6.56 5 0 0 0 *016 0.12 24000 0.10 26000 0.20 500001.40
400009.112 1.0595 end

h2o 3 denO0.7544 1 559 end
abmboranod0.7544 11005000 1003652.5e-6559 end

n4 0 5-5 559 end

s5304 5 1 559 end

o 60 0.04497 559 end
na 6 0 0.00165 559 end

Al 600.0005t559 end
di 600.01799559 end
k 600.00011559 end
b-10 609.595-4559 end
b-1 603.t63-3559 end

* 653 ppm boron (wt) in m tdera
..........................

cnd comp

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

Yucl-pin geomear

squarepitch 1.43 0.9294 1 3 1.0719 2 0.94U40 end

* assenbly nd VAcyr p

upindaums204 fuela vbu726.63 t cycks-4 6lWicyc=3
printevel-5 Gg .9 inplevei-2 numnoul-l I
muxpests-0 end

4 0.2339 5 03004 4 030866 0.5029 4 03017 5 0.5576 3 0.6502
2 0.6934 3 O.06 500 2.22313 2.2290
4 0.239 5 0.3004 4 0.30 6 60.5029 4 0 7 5 0.5576 3 0.6502
2 0.6934 3 0.1068 500 2.2233 3 22290
4 02139 5 0.3004 4 0.306 6 0029 4 050875056 3 0.6502
2 0.6934 3 O.S06 500 2.2231 3 22290

4 0.2S39 5 0.3004 4 0.36 6 60029 4 007 5 0.3576 3 0.6502
2 0.6934 3 O.06 500 2.2238 3 2.2290
4 0.239 5 0.3004 4 030t 6 0029 4 0 7 5 0.576 3 0.6502
2 0.6934 3 0.06 500 2.2238 3 22290
4 02S39 5 0.3004 4 030S 6 05029 4 0.507 5 0.576 3 0.6502
2 0.6934 3 0.068 500 2.223 3 22290

3 0.2839 3 03004 3 0.3086 303029 3 03087 0.5576 3 0.6502
2 0.6934 3 .068 500 2.6408 3 2.6470
3 0.2839 3 03004 3 0.306 3 0029 3 050S7 3 0.5576 3 0.6502
2 0.6934 3 0.806S500 2.640 3 2.6470
3 0.2839 3 0.3004 3 0306 3 0029 3 0.507 3 0.5576 3 0.6502
2 0.6934 3 0.8068 500 2.6408 3 2.6470

3 0.2139 3 0.3004 3 0306 3 0.5029 3 0.50S7 3 0.5576 3 0.6502
2 0.6934 3 0.1068 500 2.6408 3 2.6470
3 0.239 3 0.3004 3 0306 3 0.5029 3 0307 3 0.5576 3 0.6502
2 0.6934 3 0.106 500 2.6408 3 2.6470
3 0.2839 3 03004 3 0.36 3 05029 3 0.507 3 035576 3 0.6502
2 0.6934 3 0.1061 500 2.640S 3 2.6470

power-18.39bumn-243.S down-40 end
power-17.76burn-243.5 down-64 bfra-0.3793 end
powerul7.25bum-156.0 down-39 brmac.1.0 end
power-16.84burn-156.0 down-3936 bfrtcO.3793 end
o ll9 cr5.2 mn 0.29
fe 11 co0.06611i8.7
z 195 nb 0.63 an 3.2

the above Ught elements convened to kg per nubo2
......nd .......... ....

cnd
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rob9g23.input
.s2h parm-slkpshipdazx
H.B. Robinson N-9B-N 23.81 GWdtMU. 26 an. July 97

Mmixtues of fuel-pin-witcell

44grp lattccceU

.o2 I den=9.944 1 922
92234 0.023 92235 2.561 92236 0.013 92233 97.403 end

kr-33 1 0 1-20922 end
kr-S5 I 0 1-20 922 end
y-39 1 0 1.20 922 end
sr-90 1 0 1-20 922 end
2r-93 1 0 1.20 922 end
2r-94 10 1-20 922 end
2r-95 101-20 922 end
nb-94 IO 1.20 922 end
mo-95 101.20 922 end
tc-99 10 1-20 922 end
ru-101 101-20922 end
ru.106 1 01.20 922 end
rh.103 1 0 1-20 922 end
rh-105 1 0 1.20 922 end
pd-l10 101 .20 922 end
pd-lO I 0 01-20 922 end
ag-109 1 0 1-20 922 end
sb-124 101.20922 end
zex-31 101-20922 end
xc-132 101-20 922 end
xe-135 1 0 1-20 922 end
xe-136 101-20922 end
c.-134 101 .20 922 end
cr-135 101-20922 end
cs-137 101 .20 922 end
ba-136 1 0 1-20 922 end
b- 139 101-20 922 end
pr-141 1 0 1.20922 cnd
pr. 143 101.20922 end
c- 144 1 0 1-20 922 end
nd-143 101-20922 end
nd-145 1 0 1-20 922 end
nd-147 101 -20 922 end
pm-147 1 0 1.20 922 cad
pm-14B I 0 1.20 922 cad
sm-147 1 0 1.20 922 end
sm-l49 101-20 922 end
sm-150 10 1-20 922 end
sm-IlS 10 1.20922 end
sm-152 101.20 922 end
cu-153 101-20 922 end
cu-154 101.20922 end
cu.155 1 01-20 922 end
gd-155 I 0 1.20922 end

arbm-zirc4 6.56 5 0 0 0 S016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.1B 2 1.0 595 end

h2o 3 den.0.753S 1 559 end
aubm-bormodO.7538 11005000 1003652.2e-6559 cad

4 0 -5 559 end

ss304 5 1 559 end

o 6 0 0.04497 559 end
na 6 0 0.00165 559 end

al 6 0 0.00051S59 cad
si 600.01799559 end
k 6 0 0.00011559 end
b-IO 609.595.4559 end
b-Il 1 6 0 3.63-3 559 end

653 ppm baron (wi) in modeator
_.........................

end comp

., ,, , ,, ,, , , , .. _. . . . .

quarcpitch IA3 0.9294 1 3 1.0719 2 0.944 0 d

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

usseably nd cycle parmecnrs

npinlass-204 Felnghi-726.63 cycks.4 nlib/c-3
prinlevel.5 Iightcl.9 inplevel-2 numtoudl I
mrnlrpcas end

4 0.239 5 0-3004 4 030 6 0.5029540507 50576 3 0.6502
2 0.6934 3 O.06 500 2.223 3 2.2290
4 0.239 5 03004 4 0.3096 6 035029 4 0.50t7 5 0.5576 3 0.6502
2 0.6934 3 0.t06t 500 2.2231 3 2.2290
4 0.2839 5 0.3004 4 0.306 6 05029 4 05 5 .05576 3 0.6502
2 0.6934 3 0.8064 500 2.223 32.2290

4 0.2139 5 03004 4 03 6 0.5029 4 0.507 5 0.5576 3 0.6502
2 0.6934 3 O.6 500 2.223 3 2.2290
4 0.2839 5 03004 4 03 6 0029 4 0.507 5 0.5576 3 0.6502
2 0.6934 3 O.063 500 2.223 32.2290
4 02339 5 03004 4 030 6 0.5029 4 007 5 0.5576 3 0.6502
2 0.6934 3 0.8068 500 2.223 32.2290

3 0.239 3 03004 3 030 3 029 3 0.5 3 0.5576 3 0.6502
2 0.6934 3 0.8063 500 2.640t 3 2.6470
3 0.2839 3 0.3004 3 0.306 3 0.029 3 007 3 0.5576 3 0.6502
2 0.6934 3 0.306t 500 2.6408 3 2.6470
3 0.2839 3 0.3004 3 0.3086 3 0.5029 3 050t7 3 0.5576 3 0.6502
2 0.6934 3 0.3063 500 2.6401 3 2.6470

3 0.2839 3 0.3004 3 0.3086 3 0.5029 3 0.507 3 0.5576 3 0.6502
2 0.6934 3 0.806S 500 2.6401 3 2.6470
3 0.2839 3 0.3004 3 0.30S6 3 0.5029 3 03067 3 035S76 3 0.6502
2 0.6934 3 0.306W500 2.6408 3 2.6470
3 0.239 3 0.3004 3 0.306 3 0.5059 3 O7 3 0.5576 3 0.6502
2 0.6934 3 O.06 500 2.6409 3 2.6470

powcz-2R.41 b1m-243.5 doww40 cad
pow26.53 bwn-243.5 down-64 bfmcO0.3793 end
poweru24.99 burn-156.0 down-39 brac-r.0 end
powem23.79 burn-156.0 down-3936 bfro.3793 end

o 119 a5.2 am 0.29
fe I I co 0.066 3i 8.7
z 195 nb 0.63 sn 3.2

the abo light elments convened to k per tntuo2
.........................

. cd
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rob9g28.input
-eaz2h pm-snkipshipdoa
H.B. Robinson N-9C4 28.47 GWd/MTU. 199 cm. July 97

mixtures of fucl-pin-tnitcell

44grmp lntliceceD

uo2 I den-9.944 1 922
92234 0.023 92235 2.561 92236 0.0 13 92233 97.403 end

kr.B3 101.20 922 end
ki-I5 1 0 1.20 922 end
y-89 1 0 1.20922 end
sr-90 1 0 1-20922 end
u.93 1 0 1-20922 end
zr-94 1 0 1-20922 end
sr-95 101.20922 end
nb-94 I 0 1.20 922 end
mo-95 1 0 1.20 922 end
tc-99 1 0 1-20 922 end
ru.I011 0 1-20922 end
ru-106 1 0 1.2 0 922 end
rh.103 1 0 1.20 922 end
rh-105I01-20922 end
pd.105 1 0 1-20922 end
pd.l08 101.20922 end
ag.109 101-20922 end
sb.124 101.20 922 end
xe.131 10 1.20922 end
xe-132 101-20 92 2 end
xe.135 1 01-20 922 end
xe.136 1 0 1.20 922 end
cs.134 101.20922 end
cs.135 101-20922 end
cs. 1 37 101.20 922 end
ba- 1 36 101.20 922 end
ba-139 101-20 922 end
pr-141 10 1-20922 end
pr.143 1 0 1-20922 end
ce. 144 1 0 1.20 922 end
nd.143 101.20922 end
nd-145 10 1-20922 end
nd. 147 101-20 922 end
pn-147 101 -2D 922 end
pm.l48 101-20922 end
sm.147 1 0 1.20 922 end
sm-149 101-20922 end
sm-150 101.20 922 end
sm-151 101.20922 end
sm-.152 101-20922 end
eu.153 101.20 922 end
cu-154 1 0 1.20 922 end
eu.l55 101-20 922 end
gd.l55 101-20922 end

arbm-zirc4 6.56 5 0 0 0 S0160.12 24000 0.10 26000 0.20 50000 1.40
40000 98.112 1.0 595 end

h2o 3 den-0.720B 1 576 end
arbm-bormod0.72081 1005000 1003652.5c-6576 end

n 405-5576 end

ss304 5 1 576 end

o 6 0 0.04497 576 end
nA 6 0 0.00165 576 end

ad 6 0 0.00051576 end
si 6 0 0.01799 576 end
k 6 0 0.00011576 end
b-10 609.595-4576 end
b-l 1 6 0 3.63.3 576 end

653 ppm boron (wt) in modecator

end camtp

:........................

Yuel-pin-cell eonety:

iquampitcb 1.43 0.9294 1 3 1.0719 2 0944 0 end

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

assebly V cycle pnmmeus

npinlam.204 fiaelngdw726.63 ncyles- 4 "lbkycy3
printuiveli5Eghtcl-9 inpl2veantmnstad-1I
mmxfpetsLiO end

4 02839 5 0.3004 4 0.306 6 0029 4 0.5067 5 0.5576 3 0.6502
2 0.6934 3 0.306 500 2223 3 2.2290
4 0.2839 5 03004 4 030 6 0029 0.5037 5 0.5576 3 0.6502
2 0.6934 3 o.6 500222313 2.2290
4 0.2839 5 0.3004 4 030 6 0.5029 4 0 .5087 0.5576 3 0.6502
2 0.6934 3 0.3068 5002.2238 3 2.2290

4 0.2839 5 0.3004 4 030 6 0029 4 O0307 5 0.5576 3 0.6502
2 0.6934 3 O68 50 2.223 3 2.2290
4 0.2S39 5 0.3004 4 03G 6 0029 4 7 5 0.5576 3 0.6502
2 0.6934 3 0.8068 500 2.2233 2.2290
4 0.2839 5 0.3004 4 03086 6 0029 4 0307 5 0.3576 3 0.6502
2 0.6934 3 O.0 500 2.2238 3 22290

3 0.2839 3 0.3004 30.306 3 0029 3 037 3 0.5576 3 0.6502
2 0.6934 3 0.8068 50 2.640t 3 2.6470
3 0.239 3 0304 3 0.3086 3 035029 3 0.3087 3 0.5576 3 0.6502
2 0.6934 3 O.06 500 2.6408 3 2.6470
3 0.2839 3 0.3004 3 0.3086 3 05029 3 0.5087 3 0.5576 3 0.6502
2 0.6934 3 0.S061 500 2.6408 3 2.6470

3 0.2839 30.3004 30.306 3 0.5029 3 087 3 03576 3 0.6502
2 0.6934 3 0.3068 00 2.640S 3 2.6470
3 0.239 3 0.3004 3 0.30t6 3 0.3029 3 05017 3 0.5576 3 0.6502
2 0.6934 3 0.3068 50 2.6408 3 2.6470
3 0.2339 3 0.3004 3 0.306 3 05029 3 03 3 0.5576 3 0.6502
2 0.6934 3 0.306 500 2.640t 3 2.6470

powerz34.92 bum.2435 down-40 end
powevr3.33bur.243.5 down-64 bfa0.3793 end
power.29.38 bun=156.0 down-39 bfrac-1.0 end
powea.27.47bum-156.0 down-3631 bfroc-0.3793 end
o 119cr5.2mn 0.29
fe I Ico 0.066 ni 1.7
zr 195 nb 0.63 sn 3.2

the boe 14ht elements convened to kg per mtuo2
.......................

end
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rob9g32.input
sw2h parm-skipshipdam
H.B9. Robinson N-9C-D 31.66 GWdMTU. 226 an July 97

milxau of fuel-pinunitell

44g4u0p hIaiceefl

uo2 I denw9.944 1 922
92234 0.023 92235 2.561 92236 0.013 92238 97.403 end

kr.t3 1 0 1-20 922 end
kr-S5 I 01-20 922 end
y-39 1 0 1-20922 end
sr.90 1 0 1-20 922 end
zu.93 1 0 1.20 922 end
zr-94 1 0 1.20 922 end
u.95 1 0 1.20 922 cnd
nb-94 I 0 1-20922 end
mo-95 101 *20 922 end
te.99 10 1.20922 end
ru-10 1 01-20 922 end
zu.106 1 0 1-20 922 end
rh .103 101.20922 end
rh.1-0 101-20922 end
pd-l05 10 1.20 922 end
pd-lOS I 0 1-20 922 end
cg- 1 09 1 01-20 922 end
sb124 I D 1-20 922 end
xe.131 101-20922 end
xe.132 10 1-20922 end
xe.135 1 0 1-20 922 cnd
xc.136 101-20 922 cnd
cs-134 1 01-20 922 end
cs.135 0 1-20 922 end
cs-137 101-20922 cnd
ba-136101120 922 end
hI-139 1 0 1-20 922 end
pr.141 10 1-20922 end
pr.l 43 101-20922 end
ce.144 101.20922 cd
nd.143 101-20 922 end
nd.145 10 1-20 922 end
nd-147 1 01-20922 end
pmn-147 10 1-20922 end
pm.141 I 01.20922 end
sm.l47 101.20 922 end
sm-149 101-20922 end
sm-ISO I0 1-20922 end
srnm-5I 10 1.20922 cn
sm-152 10 1-20 922 end
cu-153 10 1-20 922 end
cu 154 1 0 1-20 922 end
eu-155 10 1-20 922 end
gd.155 101-20922 ced

Kbm-zigc4 6.56 5 00 0 t016 0.12 24000 0.10 26000 0.20 500001.40
400009t.182 1.0595 end

h2o 3 den=0.7135 1579 end
arbmrnbormod 0.7135 I I 0 0 5000 100 3 652.-6 579 cnd

n 4 0 5-5 579 end

ss304 5 1 576 end

&l 6 0 0.00051579 cad
di 6 0 0.01799 579 cad
k 6 00.00011 579 sad
b-10 6093595-4579 ed
b-Il 1 6 0 3.63-3 579 d

653 ppm bon (wi) In rooxlraor
.........................

end comp

:. . .. . . :. . . . . . .

Yul-pinw1cu ecmets

squarepitch IA3 0.9294 1 3 1.0719 2 0.944 0 cad

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

assembly nd cycle paametmr

npin/issm=204 fuelngth-726.63 ncyces.4 zEbcyc=3
pfint]cVl-5 lightel.9 Inplev2 numxZol. 1 I
minpehLs-O end

4 0.2839 5 0.3004 4 0.30t6 6 0.5029 4 0.5087 5 03576 3 0.6502
2 0.6934 3 0.306t 500 22238 3 2.2290
4 0.2339 50.3004 4 0.3086 6 05029 4 050S7 5 05576 3 0.6502
2 0.6934 3 0.06 500 2.2231 3 2.2290
4 0.2839 5 0.3004 4 0.306 6 0.5029 4 0507 5 0.576 3 0.6502
2 0.6934 3 0.8068 500 22238 3 2.2290

4 02839 5 03004 4 0.306 6 0.5029 4 0.50S7 5 0.55763 0.6502
2 0.6934 3 0O.6t500 2.2231 3 2.2290
4 0.2839 5 0.3004 4 0.30t6 6 0.5029 4 0.50S7 5 0.5576 3 0.6502
2 0.6934 3 .68 500 2.223 3 22290
4 0.2339 5 0.3004 4 0.30 6 0029 4 O 7 5 0.5576 3 0.6502
2 0.6934 3 0.3063 SO 2.2238 3 2.2290

3 02U39 3 0.3004 3 0.306 3 0.5029 3 D.507 3 0.5576 3 0.6502
2 0.6934 3 0.S068 500 2.6408 3 2.6470
3 0.239 3 03004 3 03 63 03029 3 035037 3 0.5576 3 0.6502
2 0.6934 3 0.3068 500 2.64083 2.6470
3 0.2839 3 0.3004 3 0.3086 3 O.5029 3 0.5037 3 0.3576 3 0.6502
2 0.6934 3 O.O6 500 2.6408 3 2.6470

3 02339 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5S76 3 0.6502
2 0.6934 3 0.3068 500 2.640S 3 2.6470
3 0.2839 3 03004 3 0.306 3 0S029 3 0.507 3 0.5576 3 0.6502
2 0.6934 3 0.068 500 2.6408 3 2.6470
3 0.2S39 3 0.3004 3 0.30S6 3 0.5029 3 0.50t7 3 0.5576 3 0.6502
2 0.6934 3 0.8068 500 2.6408 3 2.6470

powerv39.3 bumx243A3 downv40 end
powers35.48 bwn=243.5 down-64 bfrcu0.3793 end
power.3227 burn-156.0 da*n39 bfral.0 end
power=29.78 bumn=156.0 down*3631 bfrac0.3793 end
n 119 cr5.2 mn 029
ft II cc 0.066 ni 8.7
zr 195 nb 0.63 sn 3.2

the aboc lght elementr convened to k4 per rntuo2
.....................

cnd

o 6 0 0.04497 579 end
na 6 0 0.00165 579 end
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rob9g 1 6less 1OO.input
=sas2h pmwxskipthipdau
H.B. Robinson N-9B-S 16.02 GWdSMU. I I cM. July 97

mitmues orfuel-pin-unitell

44group latiececD

ur2 I den-9.944 1 t22
92234 0.023 92235 2.561 92236 0.013 92233 97.403 end

kr-83 1012.20 822 end
kr-t5 101-20S22 end
y-l9 I0 1-20 t22 end
sr-90 I 0 1-20 Z2 end
zr-93 101.20122 end
ur-94 10 1.20322 end
zr-95 101.20 B22 end
nb-94 101.20 t22 end
mo-95 I01.20 322 end
tc-99 101-20t22 end
ru-101 I 0 1-20 t22 end
ru-106 101-20122 end
rh-I103 101-20 t22 end
rb-I05 I 0 1.20 822 end
pd-1 DSI 0 2-20 322 end
pd-WIO 101.20 t22 end
ag-109 101.20122 end
sb-124 10 1.20 322 end
xe-131 101.20t22 end
xe-132 1 01-20t22 end
xe-135 1 0 1.20 322 end
xe-136 1 01.20S22 end
cr 134 101-20322 end
cs-135 201.20 22 end
cs-137 1 0 1-20 522 end
ba-136 101.20 822 end
la.139 1 0 1.20 t22 end
pr.141 101.20322 end
pr.143 101.20 22 end
ct-144 101.20822 end
nd-143 1 0 1220 22 end
nd. I 45 1021.20 822 end
nd-147 1 01-20 822 end
pm-147 101.20 t22 end
pm-I43 1 0 1-20 322 end
sm.) 47 101.20D 22 end
sm-149 1 012D222 end
sm-l5 1 0 1-20 g22 end
sm-5 I I 0 1-20 n2 end
sm-l52 1 01-20t22 end
eu-153 1 0 1-20 822 end
eu-154I 10-20 t22 end
cu-155 101-20 822 end
gd-l55 I 0 1.20 322 end

arbm-zire4 6.56 5 0 0 0 3016 0.12 240000.10 26000 0.2050000 1.40
40000 9S. l 2 1.0 595 end

b2o 3 dcn-0.7544 1 559 end
subm-bornod 0.7544 1 1 0 0 5000 100 3 652.5e-6 559 end

n4 0 5-5 559 end

as304 5 1 559 end

o 6 0 0.04497 559 end
na 6 0 0.00165 559. end

&l 6 0 0.00051559 end
si 6 0 0.01799 559 end
k 600.00011559 cad
b-10 609.5954559 cad
b-I 1 6 0 3.363-3 559 end

* 653 ppm boron (wt) in modertor
._,........................

end eorp

:..........................

squarepich 1.43 0.9294 1 3 1.0719 2 0.944 0 end

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

assenbly nd cycle prnrnetrs

npWaszms204 fuelnth726.63 ncycks-4 nb'cyc=3
printevel-5 HGtelI9 nplevel.2 uroal. II
mxrepeaz.O end

4 0.239 5 0.3004 4 0.306 6 0.5029 4 0.507 5 0.5576 3 0.6502
2 0.6934 3 0.06 500 2.2238 3 2.2290
4 0.2339 5 0.3004 4 0.30t6 6 0.5029 4 0.50t7 5 0.5576 3 0.6502
2 0.6934 3 0.06 500 2.2231 3 2.2290
4 0.2339 5 0.30430 6 0.5029 4 0.507 5 0.5576 3 0.6502
2 0.6934 3 0.306S 500 2.2238 3 2.2290

4 0.2339 5 0.3004 4 0.30 6 0.029 4 0.5037 5 0.5576 3 0.6302
2 0.6934 3 0.063 500 2223 3 2.2290
4 0.239 5 0.3004 4 0.30 6 0.029 4 0.507 5 0.5576 3 0.6502
2 0.6934 3 0.06 500 2.2233 32.2290
4 0.2t39 5 0.3004 4 0306 6 0.5029 4 0.50t7 5 0.5576 3 0.6502
2 0.6934 3 0.8068 500 2.2238 3 2.2290

3 0.2839 3 0.3004 3 30 3 0.3029 30.507 3 0.5576 3 0.6502
2 0.6934 3 0.3068 500 2.6408 3 2.6470
3 02839 3 0.3004 303 6 3 0.5029 3 0.5037 3 0.576 3 0.6502
2 0.6934 3 0.3068 500 2.6403 3 2.6470
3 02339 3 0.3004 3 0.306 3 0.5029 3 0.5087 3 0.5576 3 0.6502
2 0.6934 3 0.3063 500 2.640t 3 2.6470

3 0.2839 3 0.304 3 0.30S6 3 0.5029 3 0.5037 3 0.5576 3 0.6502
2 0.6934 3 O.06 500 2.640t 3 2.6470
3 02339 3 0.3004 3 0.30t6 3 0.5029 3 0.5037 3 0.5576 3 0.6502
2 0.6934 3 O.6t 5W002.6401 3 2.6470
3 0.239 3 0.3004 3 0.306 3 0.5029 3 0.50P 3 0.5576 3 0.6502
2 0.6934 3 O.063 50 2.640 3 2.6470

power-I .39bun-243.5 down-40 end
power.17.76bum-243.5 Jown-64 bfmrc0.3793 end
powcr.27.25 bums-156.0 down-39 bfrac.0 end
power=16.I4bwu=n56.0 down-3936 bfroc-0.3793 end
o 119 cr 5.2 rmn 0.29
te 1 co0.066n13.7
zr I95 nb 0.63 sn 3.2

the above Ught elements convened to kg per mto2

end
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rob9g321ess lOO.input
=s2h prmskipshipdau
H.8. Robinson NH9C.D 31.66 GWdIM . 226cm July97

. mixtures orfuel-pin-unitcell

44group latticecell

uo2 1 den-9.944 1 322
92234 0.023 92235 2.561 92236 0.013 92233 97.403 end

kr.83 101-20 822 end
kr-t5 101-20 822 end
y-S9 101-20 822 end
sr-90 101-20 822 end
zr-93 1 0 1.203 22 end
zr.94 1 0 1.20822 end
zr-95 I 0 1-20 822 end
nb-94 1 0 1.20 t22 end
mo-95 1 0 1-20 822 end
tc-99 101.20 322 end
ru-101 101-20 322 end
ru-106 1I01- 20 822 end
rh.103 1 0 1-20 S22 end
rh. 10S I01-20 S22 end
pd-105 1 0 1.20 822 end
pd.lOS 1I 01-2022 end
ag-109 1 0 1-20 822 end
sb-124 101.20322 end
xe-131 10 1.20322 end
xe-132 I 01-2 012 2 end
xe-135 101-20 322 end
xe-136 10 1-20 322 end
cs-134 101-20 822 end
cs-135 1 01-20 S22 end
cs.137 1 01-20S22 end
ba-136 1 0 1-20 S22 end
Ir-139 10 1-20322 end
pr-141 10 1-20S22 end
pr-143 101-20 822 cnd
cc-144 10 1-20 822 end
nd.143 1 01-20 822 end
nd-145 1 0 1-20 822 end
nd-147 10 1.20322 end
pm-l47 10 i.20 322 end
pm.l4S 101-20S22 end
sm-l 47 101.20 322 end
sm-149 101-20 S22 end
sm-I50 101.20 322 end
sm-I SI 1 01-20 322 end
sm-152 101-20D 22 end
eu.153 101.20 S22 end
cu-lA5 1 0 1-20 t22 end
eu.155 101-20t22 end
gd-155 101-20 822 end

azbm-zirc4 6 56 5 0 0 0 016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.18 2 1.0 59S end

h2o 3 den-O.7135 1579 end
atbmnbonnod 0.7135 1 1 0 0 5000 100 3 6525e-6 579 end

al 6 0 0.00053 579 end
si 6 0 0.01799 579 end
k 600.00011579 end
b-10 609.595-4579 end
b-Il 1 6 0 3.363-3 579 end

* 653 ppm boron (wt) In nodeaor
,..........................

cnd camp

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

fuel-pin-ecU goe~try:

squarepit I.43 0.9294 13 1.0719 2 0.94t4 0 end

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

aebly and cycle puamee

spin/asms204 fuelnoh.726.63 ncycks=4 alibtcyc 3
printlevel.5 lightel-9 inplevel-2 numnzitaul I
mxrepeusu0 end

4 0.28395 0.3004 4 030 6 05029 4 0.5037 5 0.5576 3 0.6502
2 0.6934 3 0.306 500 2.2238 3 2.2290
4 0.2339 5 0.3004 4 030t 6 OM029 4 O 7 5 0.5576 3 0.6502
2 0.6934 3 0.306S500 2.2238 3 2.2290
4 0.239 5 0.3004 4 0.3036 6 0.5029450307 5 03576 3 0.602
2 0.6934 3 0.t068 500 2.2238 3 2.2290

4 0.2S39 5 03004 4 0.30 6 O.S029 4 0.5037 5 03576 3 0.6502
2 0.6934 3 0.3063 500 2.2231 3 2.2290
4 0.2839 5 03004 4 03 6 0.5029 4 03507 5 03576 3 0.6502
2 0.6934 3 0.306t SO 2.2238 3 2.2290
4 0.239 5 0.3004 4 03036 6 0.029 4 0.50t7 S 03576 3 0.6502
2 0.6934 3 O.W36 5002.223t 3 2.2290

3 0.2839 3 03004 3 0.306 3 0029 3 05087 3 OS576 3 0.6S02
2 0.6934 3 .06 500 2.6403 3 2.6470
3 0.2t39 3 0.3004 30.30S6 3 029 3 0.50S7 3 0.5576 3 0.6502
2 0.6934 3 .06 500 2.6408 3 2.6470
3 0.2839 3 03004 3 0306 3 03029 3 007 3 0.5576 3 0.6502
2 0.6934 3 0.3063 500 2.640S 3 2.6470

3 0.2339 3 0.3004 3 0.306 3 0029 3 O.507 3 0576 3 0.6502
2 0.6934 3 0.3068 500 2.6408 3 2.6470
3 0.2839 3 0.3004 3 03016 3 0.5029 3 0.50t7 3 0.5576 3 0.6502
2 0.6934 3 0.3063 S 2.6403 3 2.6470
3 02839 3 0.3004 3 0306 3 .09 3 050S7 3 0.5576 3 0.6502
2 0.6934 3 0.3061 SOD 2.6408 3 2.6470

power=3931 burn-243.5 down.40 end
power-35.43 burnm243.5 down=64 bfrzuc0.s793 end
powet-32.27burn-156.0 down-39 bfra-1.0 end
powr.29.7t bum.156.0 down-3631 bfac-0.3793 end

o 119 cr5.2 na 0.29
re I I co .066 ni 3.7
zr 195 nb 0.63 *n 3.2

* the above light elenmnts conveted to kg per mtuo2
'''''''''''-d....-.....

cnd

n 4 0 5-5 579 end

ss304 5 1 576 end

o 6 0 0.04497 579 end
na 600.00165579 end
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rob9gl6.sum
............................................. **.................................

* SCILU .2 Dulluth Urd

* U~~~~~oceome to SCALR.4.2.

*_.___ ______ .**f.. ....................................

ptri3ry i ldu ee access and ilyut record C seale driver - S1/03i21 - e UM,7 1
_ male sab2b will be called

K4. Robinon 1.-9a.s 16.02 amnn, 11 c.m uir 97

wl-tures of fuel-pin-uniteell

!4Woup lattiereell

.02 1 de' .44 1 122
9 *10 .0e23 ,912231 2.141 12236 0.013 12231 97.403 and

kr-13 1 1.20 22S d
kr-IS I1 1-200 922 Gnd
y-UI 1 0 1-20 922 Wnd
or-lo 1 0 1-20 122 end
or-13 1 e 1- 92 122 W'd
.1-, 1 01-20 922 end

or-IS 1 1.20 922 end
nb-14 I 0 1-20 122 end
N-15 I e .o 2 d

se-S1 I 1.20 1232 Od
ru-ll 1 0 1-20 922 wbd
re-lOX 1 0 1.20 122 eod
rh-lOI 1 0 1-20 122 mid
rb-lN 1 0 1-20 122 Od
pd-lOS 1 0 1-20 122 *nd
pd-l01 1 0 1-20 122 end
ag-201 1 01-20 122 and
ab-iZI 1 0 1.20 722 and
":-11 1 0 1-20 122 rnd
xo-3 1 0 1-20 122 end
xe-ISO 1 0 3 -lO 522 0 nd
e-.I 1 0 1.20 t22 end

es.13 1 0 1-20 122 end
ca-137 1 0 1-20 922 nd
em-llS 1 1-20 922 d

ba-134 1 0 1-20 721 end
la-ll^ 1 0 1.20 122 endpr-ll 1 0 1_20 122 end
pr.1d3 1 0 1.20 122 end
co-144 1 a 1-20 22 end
nd-143 1 1-20 22 end
nd-I4l 1 D 1.20 122 end
nd-I47 1 0 1-20 922 end
P-141 1 0 1-20 922 nd
_-14I 1 0 1-20 922 nd
=-:I 1 0 1-20 122 and
*_-Il 1 0 1-20 122 nd
*-151 1 0 1-20 122 end

*n-1l2 1 e 1-20 122 endiN-S 15 0 1-20 122 endNu-S 1 0 1-20 122 e.d
e-ll 1 0 1-20 122 ss.d
eu-lS I1 0 1-20 112 end
od-155 1 0 1-20 22 end

erbm-2rC4 S.10 1 a 0 0 014 0.122 24006 0.°0 26000 0.20 50000 1.40
40000 10.16 2 1.0 SI$ en

h20 3 don-.7141 1551 O end
irbe-bormad 0.7044 1 1 0 0 0000 100 3 S12.1.-C SSen

fi 40 1-111 _.d

el304 5 1131 end

o 260 0.04417 559 and
n~a 60 o a0.00161 .59 d
*1 C 0 0.00051 11 m end
at C 0 0.0179 531 ed
1 600.00011 550 end
b-10 6 0 7.111-4 557 m~d
b-ll a 3.63-3 551 end

657 M= boron 1-t) in moderator

end coo

'fuel-pia-cell eometry

quarephtch 1.43 0.214 1 3 1.0719 2 O.494 0 O>d

.

oassebly and cycle parameters

NVWn8aas204 Cueingth-724.43 ncycles.4 rnlibicye-3
prlntlvwla3 liehtel-t IfWIel.-2 nuttotal.ll

epoets.O end

40.2823 S 0.3004 4 0.3086 C 0.5029 4 0.1081 S 0.5576 3 0.6302
2 0.6134 3 0.e04 5'00 2.2233 3 2.2210
I 0.23819 I 0.2004 4 0.3016 6 0.5021 4 0.0087 S 0.1174 3 0.C102
2 0.e124 3 0.3041 S00 2.2238 3 2.2290
4 0.2132 5 0.3004 4 0.3086 6 0.5021 4 0.5017 5 0.5576 3 0.4502
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20.5834 3 0.8048 so. 2.22231 3 2.2tso

4023S 5.3004I40.30840.502 4 0.5017 50.357430.4S02
20683 3 0.04 3O02.223g8 3 .22801

,02350.3004 0.204 .004.87S0S~ 060
2 0.683 43 5.806 500 22238322
4 0.2133 ,5 .3004 4 0.I0of 6 0.S028 4 0.S087 5CA.M763 .6502
2 0.6034 306.3061 500 2.2231 3 2.2210

30.281383 0.300420J.308 30O.S02 3 0.5017 30.357430.4502
20.634 30.08 500 .440 3 2.4,470
30.28 3830.3004 30.3083C.53230.5087 30.33730.4502
2 0.6834 3 0.8068 300 2.6403 3 2.6470
30.2~33830.3004 30.3018630.5023 30.5087 30.557630.4502
2 0.5834 3 0.3068 S00 2.4408 3 2.4470

3 0.2333 3 0.3004 3 0.3084 3 0.S02) 3 0.3037 3 0.3576 30.6503
2 0.6134 230.8068 300 2.4408 3 2.4470

20:.233330.30043 01.30843@.3SO" 3 0.5037 3C.HU30.4302
21 043430.306 5002.,64038 30 2.4470
.30. 2838 30.3004 30.3083.3038 0.5087 30.557630.4582
2 0.6824 3 0.8068 500 2.6403 3 25.64730

pw..ur.18.30 bun.2413. doe.-40 wnd
pVmmr.17.76 burwn.243.3 do-.n44 btrac.O.3733) n
powver17.2S burn-139.0 doem.31 btrae.l. sand
pover.16.84 burn-154.0 6cwn.3936 btrae.0.3782 end

* 11 cr 3.2,-t 0.28
is.I 11 a .0.4 S 3.7
or 135 ab 0.63 s! 3.2

tk bnv llgbt *1elot converted to kg per stuo2

asessEEsEEE 588553 ESEE3 2211222222222 his bb
TeUsosSESEEE of "EEaasa ESEEEEE 22 2222222223 kh kh

us Es 5~~~~45 a mm s 22 22 kh Sb
WE La El ~~~~~~ ~~~~~~~~~~~~~~~22 11h 52

ES aE S S 22 Sb Sb
E81115311388 *EE1AA&&&aEEE wseEIEEEEEEE 22 bhhhhhhbi~khhJM
EESSEIEIUEIS ......SESeLsEs assEEoseEEIE 22 bhh00hhNhihhhb

EE ES ES EE ~~~ ~~~ ~~22 bb kh
El ES SEE 22 bb hsb
ES El SE ES SE se ~~~~~22 bb 0th

ES3SEESEE8IEE ES ES~~~ NEaESsseEsEE 2'222222222222 kh Sb
ESSogESESSE ES, Es 8S8ess$$SS 22222222222322 52i Sb

an son Liii1i~ eceCceCoCeC kb bb ocosoccooco 1
anin an ILIMLIitiil cccccccCC 11h Sihh ocoocc 1
1%M11 lm It C cc ah Kh so cc1
maom Mn 1 cc Sb Sh cc c 11
an n an 3i C S kb cc 21

an fan an IL. cc bkhhhhhh3Jh~iiih go Do 11
nn van an it cc thitihh De cc 21
n ante it cc hb Sb go gO 11
an man it cc cc bh h *a Do 11
Tin innm 11111 LI c"C C cce Sb hsb 0cc so 100
nn, ivy IICIIii ccCcccec Sb Sb occcccco..111111111

0000000 83803088888 II 0000000 88088088883 i~~~~~~~~~~~I 881880088 77771777771777

00 00 88 3 I 00 00 I8 as 9I 8 38 77 7
00 00 88 N I 00 0 0I3t I 8 8 77

00 0 I 3 00 0 00 83 88 II 8 3 77
00 00 8188303 I 00 0 38831318388 I., 8080888808888 77

00 0 to86801188 II 00 00 I8 83M if 801,1t 77
00 00 84 88 I 00 00 as 8I II 77

00 00 88 83 ~~~ ~~~ ~~~~if 00 00 88. 8o II 77

0000000000 11888111s888 II00000000 888838888 i 888003) 77

11 7777777771777 22222222222 lo33188883 53515353353535 0000000
ILL 7777717777777 22322222222222 *313811112888S, 55533SS53555 000000000
111l 7 77 .s 2 22 8 88 st 55 c0 00
11 77 i 22 s8 88 is 55 00 00
01 77 its 22 88 83oi 3S 00 *00

It 77 22 888888355555 0 0
It 77 22 38888,88388 5555555555555 ISI SI.00 1.00
11 717 i 22 I 3 sx5 0 0
Ill 77 22 N22 83 88 i0, 55 00 00
11 77 x. 22 3 88 lIt SI 55 00 00

11111111 77 22223222223222 *3188388M8 535555555 0000000
12111112 ~~~77 232 2222222 888388883 55555555 00000

0 EEE~~~~~~~~~~~~~&BgesEEESE3 coecceececece 4ESEESE 14*....aess

El ~cc cc as114E

ascc as SE 11s
SE EU ~~CC its E 1S

EEEEseE3EEE8 Cccecccececcc £5 E 1111011...,.ss

................................ .... O...*.*.............S5 ....
....... S*S....s.......*................*...0. ....... 0..

pywoglm verification Jnforuation
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cods SYStemt scale version, 4.3

....... * **-*@****..... *. .. ::

Progrems :A.2
..... ~~~~~~~~~~~~~~~~~.....

creation dates 03107MJ3

libra.y: /optl utIcal&.3/bin....

'bis ts mot a scale centigrattion controlled code

jobnas nichol

date of ecution: 08/081$9

tim, of esecs.tion: M7U2M.50

.................... 0...........4............ .....................................

Page 11-3 of 22

initial 13-13 d
0 16 L13.1-05 1.133.OS

total 345.05-o 2453.05

binita 13-18 d
u234 2..3..02 2 033h02
%A

2
3S 21.263*0 2.263,04- As . z.oz .2 z~

u1236 1.158.02 1.153*02
e238 3.58;3305 8.53.s

total 8.8113-03 .813*05

nuclide eoncentrations. Vgre
basis aSingls reactor asseby

nAclide conceniratiors. grams
basis .si,.ol. reactor assemly

0

00o
0o

£
I

initial
o 16 1 153.05

Initial
so 15 6.343-00

initial
total 3.453-05

e

initial
u233 1.051-03

U235 1.11.-04
u234 2.133-03
u238 8.478.05

np237 1.44Z.02
pu234 1.041-04
p.233 1.103*01
pu238 2.703*01
pu.23 3.992-03
pu2O 1.16Z-03
p..24l S.293*02
p.2

4
3 1.071*02

a.241 1.32-01
as242m 3.293-01
a.243 1.083*01

total 8.678-.S
0

Initial
so 15 2.903*02
ts 99 3.59302

initial
rulOl 3.I13.02

aOl 2.11s.02
69i39 32403.01

basis a
nitial 20.2 d 40.1 d 60.9 d
nitial 20.I d 40.6 d 60.9 5

maclids concentration. grams
basis -single reactor asebly

654.0 d 1312.0 d 1968.0 d 2624.0 d 3220.0 0d 23l.0 d
1.193.05 1.13-*05 1.1f I S 1.1 *s05 1.13.S05 1.139-05

maclide conscentrstions. irma
basis suingle roactor ;caaly

651.0 d 1312.0 d 1848.0 d 2424.0 d 3100 8 d 337.0 d
8143.00 0.15s300 8.153.00 8.153-00 3.^15300 81123.00
4.723-06 *.721-06 *.723-08 6.722-06 *.723-06 6.723-04

maclide concentrations. gram
basis sinole reactor assembly

65e.0 d 1312.0 d i160.0 d 2624.0 d 280.0 d 1371.0 d
3.45Z.05 .3453.05 3.43*05 3.453*05 3A45s.0S 32453.05

mAclids concentrations, gram
basis -single reactor &asemly

656.0 d 1312.08 1968.0 e 240e 2 0 20.0 d 2394.0 d
1.123-03 1.213-03 1.203-01 1.383-01 1.471-02 1.S68-OS
1.239.02 1533-03 1.541-02 1.543-02 1.55Z-02 1.553*02
1.113*04 1.113.04 1.213*04 1.113*04 1.11304 1.113*04
2.133*03 2.123-03 2.123.03 2.13Z303 2.132-01 2.133-03
8.473.05 8.473.05 8.473*05 8.473.05 8.479.OS 8.473*05
1.473-02 1.473*02 1.483*02 1.481202 1.433-02 1.493-02
6.813-05 4.433-OS 2.093-05 1.883-05 1.22Z-OS 7.961-04
2.553.01 2.921*01 2.688301 2.843.01 2.803*01 2.714301
2.953-01 2.923-01 2.881-01 2.843-01 2.803-01 2.743*01
4.033*03 4.033+03 4.03*-03 4.033-03 4.039*03 4.023*03
1.263*03 1.163*03 1.163-03 1.16s-03 1.163*03 1.163*03
4 .53.02 4.4SX302 4.083*02 2.746302 .3 423.02 3.141*02
1.073*02 1.013*02 1.01Z*02 1.071*02 1.073*02 1.073*02
.322.301 1.033.02 1.401*02 1.733.02 2.043*02 2.322302

2.263-01 3.243-01 3.213-01 3..13-01 3.151-01 3.121-01
1.013*01 1.083-*01 1.083*01 1.013*01 1.082.01 1.083*01
8.673*03 8673.05 8 8.67Z*0 8.673.03 1.617805 8.673es

elemnt concentrationa. gram
aclids concentrations, gram

basti -sinole reactor aembly
636.o d 1312.0 d 19,8.0 d 2624.0 d 1220.0 d 2036.0 d
3.423*02 3.423-02 3.423*02 3.423*02 3.423*02 .423*02
3.311*02 3.613*02 3.413-02 3.413-02 3.613*02 3413.02

uAclid, concentrations, gram
basls *sinole reactor asbrly

456.0 d 1312.0 8 d.68.0 d 3224.0 d 3280.0 d 3934.0 d
3.313*02 3.313*02 3.352.02 3.318*02 3.313-02 3.313*02
2.322-02 2.32202 2.3322*02 2.322802 2.323*02 2.322302
3.403-01 3.403401 3.403*01 3.403-01 3.403-01 3.40Z-01

maclids concentrsation. gram
basst *ainol reactor a"s _1Y

656.0 d 1212.0 d 1348.0 a 2624.0 d 2280.0 d 2336.0 d
4.113*02 4,113-02 4.113-02 4.1* -02 4.113*02 4.113*02
3.118*02 2.113-02 2.113*02 3.113*02 3.113*02 3.113*02
3.123.01 1.073*02 1.223-02 1.322302 1.33*.02 1.423*02
2.083*00 2.038*00 2.083-00 2.083*00 2.083*00 2.088*00
1.143*02 1.113-02 1.143*02 1.241602 1.163-02 1.143*02
8.373*00 8.263-00 8.113-00 8.02*-00 7.923-00 7.813*00
1.343-01 2.433-01 3.638-01 4.753-01 S.833-01 6.943-01
6.243-01 4.243*01 6.243*01 6.243*01 6.242-01 6.243-01
3.943.01 3.943-01 2.343-01 5.943-01 3.941-01 3.94s-01
4.243-01 7.123-01 1.174-01 1.143*00 1.301-30 1.40*00

nuclids concentrations, cram
,basis single reactor as bly

654.0 d 1312.0 d 188.0 d 2424.0 d 3280.0 d 3211.0 d
1.453*01 1.413-04 1.453-04 1.453*04 1.453*04 1.453*04

81.2 d
31.2 d

81.2 d
81.2 8

ndlO
dlI45
:5147

5150Onalsl

ss^152

sdllS

initial
4.003.02
2.21302
4.05301
1.523*00
1.163*02
6.373*00

1.772-02
*. .43.01
3.3 91.01
1.8 13-02

Initial
total 1.453-04



Attachment II: BOOOOOOOO-01717-0200-00140 REV 00 Page 1-4 of 22

rob9g23.sum

.~~~~~C51 .28..tt or

"Glcoem to BCAIJ-4.3.

... * ................. * .. *.* ..
Jimry andAe acess nd lepuc reord I sale driver - 53/03129 - 05s.0g7 I

- modulo es2h mml I be cslled
X.. NSobimnom 3-98-N 23.11 Owd o . 26 co, July o 7

mixtures of fuel-pi.-uniteell

14droup latticectll

Uo2 1 de i.4 322
,S1224 0.1023 32123S 2.5(1 32231 0.013 92231 37.403ai

kr-83 1 0 e 0 323 gid
kr-IS 0 1.200 522 mmd
Yr- aI 0120 22 and

ar3 101-032 and
ar -IS 1 0 -2 22 aidi-"S I 0 1-20 922 nd

mo-'IS 10 1-20 922 mnd
te-3 1 I01.20 122 and
ru-oS15 I01-20 232 aid
t:-1031 I0 1-200 322 amid
Ili-10I10 120 232 end
pd4OS6 10 1-20 322 amidr-103 01-20 922 a nd

sq-lOS 10 1-20 322 aid
sd-. 1 0 1.20 322 aid

pd-lot I 01-20 122 mnd
xa-132 I 01-20 923 end
wa-135 1a0 120 922 mWd
:5-136 1a01-20 322 anidcs-113 1 a120 122 and
ce-1e Ia1.20 322 and
gs-Ill 1 0 1-20 322 and
ba-I's I 01.20 922 amid

bla- 1 0 1.20 522 amd
pr-1.31 I1.0120 922 amidPr-i1 0 1-20 922 end
ca-d31 0 1-20 922 and
id-144 1 0 1-20 322 a
id-Ill 101-20 322 amid
id-l 1 0 1.20 322 and
d-14 1 0 1-20 322 and

gr-147 1 0120 922 aid
Ps-ll4 I 0 1-20 322 aid
ma-X4I 1 0 1.20 322 end
na-ISO 1 0.20 922 mnd

sr-lo4 1 0 1-20 322 Ad
Pm-22 1 0 1-20 322 and
aom-XSI I01-20 522 and

P -l4 I I o 0 -w 22 endai-iSI 1 o 1-20 322 m"d

au-l 1 0-20 322 amnd
gd-X5S 1 1-20 322 and

arb.-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 30000 1.40
40000 95.23 2 1.0 950 Om

h2o 3 don-6 7s~s I *, end
srbl-bormod 0.7S38 1 1 0 0 s000 100 3 6s2.9.-S SS3 ond

n 40S-3359 and

m.304 SI150 I -d

o 6 0 0.04497 Ss, mnd
a 6 00.001S S55, am

*1 6 0 0.00006 Ss, end

b-t S 0 .315-4 553 end
b-10 60 0 . -3 SS, VWd

*53 tm boron (vt) In moderator

aid cam

tuwel-pin-cal geometry:

aquer*pitch 1.43 0.3234 1 3 1.0713 2 0.4814 0 and

sembly and cycle paramters

npin/lsam-204 fuelmqtb-72 .63 ncyclea-4 nml b/Ye-
prlntlavtl.O lI btel-3 impeIn2.2 nmxztota-ill
maepeats-0 aid

40.2833 0.3004 e0.3016 40 C.02 4 e.3S87 5 0.3576 3 0.6502
2 0.134 3 0.8048 300 2.2238 3 2.2230
4 023 S 0.3004 4 0.3086 e 0.3S 29 4 0.0S17 s 0.55762 0.S402
2 0.4934 3 0.8068 900 2.223 3 2.2210
4 0.2139 * 0.3004 * 0.308 6 0.5029 4 0.3017 S 0.5376 3 0.9502
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2 .6934 3 0.3048 500 2.22218 2 2.2200

402 3510.300440j.30844a0.502 4 0.1117 S 0.5576 30.6302
2 0.4534 3 0.3068 5eo 2 2222 82 g.20
40135 e e.3004 0 0.036 6 0.5029 4 0.e017 S 0.376 3 o. 3022 0.653 I 0..0. ..00 2.2228 3 a 2290
40.283 e 0.3004 a 0.2 0o 0.5029 4 5 .SO87 * 0.SS743 0.o502
2 0.6534 3 0.3033 500 2 .2238 3 2.22"0

3 0.2351 2 0.3004 3 0.e336 3 0.5025 2 0.5087 3 0.5375 3 0.4302
2 0.6534 3 0.8063 530 2.6408 2 s 2.70
2 o.2V833 3 0 0 0s. 2 0.50393 0.50o 7 3 0.5576 3 0.6302

2 I.32 3 .06 31.6406 Os2 2.6470
3 0.28253 03 3 3 .23 3 0.5025 3 0.5087 2 0.5575 3 0.6502
2 0.6524 3 0.8038 Sa0 2.3400 3 2.6470

3 0 233 0.3004 3 0.3016 3 0.5025 3 0.5087 3 0.SS763 0.6502
2 0S6g 3 0.3058 500 2.3408 3 2.640
3 o.232 3 0.3004 0.30 34 0. 020 3 0.5037 3 o.SS7 3 0.6502
2 0.6534 3 .8 2.60 3 2.64703 0.e320 3 0.3004 3 0.3086 3 0.5023 3 0.SO7 3 0.S576 3 o.6S02
2 0.6334 3 0.306 Soo 2.4408 3 3.6470

PDwr-21041 burn.243.5 dO.n.40 *nd
pO"G.326S

3
burn.243S . o5en.

4
btrec.0.3753 _d

Powr-24.97 burn.153.O dwn.-5 bgrlc.1.0 nd
power-D23.1 burn.153.0 enl939 bftc-20.3713

o 110 cl S.2 en 0.35
1. 11 co 0 uit 8.7
sr 155 nb o0. *n 2.2

tbe abov light *Iinnt* cenvnrted to kg per Atuo2
- --- - -- -- -- - --. - - - -
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6 * 58
as .. ,.

o~~~~~n

nn nn ~~~~it
t0nn

nn 'n ann
nn M 0 rn 1
nn nn "nn
nn annnn
nn Dn M £ssstt
nn nnnn ssitoooooooooM l8886*888*88

an M8358 58*8*8*598*5

co o n

'WV'77'17717711 7771
IIIe 77V 777777

am wi n 1

n e e7 71

1ntil *7X7777

ic' 211 77

11 77

0 ls

00000 3883838
000000000 8880888
00 08 88 77

000e6 3

Bs

658 66 68886*

988022s

888838688888
gee1888 c889

ceeceecece
cececeeceeeee
cc cc
cc
cc
cc
cc
ec
cc cc
escecccecee
eccccecec

'i

Its
'I8

as N8
*asssssssWo'I

22222222222 bh bb
2222222222222 M b
22 22 M~ 1h

22 M Mb
22 M >

22 bhhhhihlhihihwA
22 bhO. hkkh

22 bh h.
3222222222222 M bb
222232233222 hO bh M

hO hh. ooooeoeeoO 11hO. MO 03 00 0*0 it
M bb 00e o 11kh Mh go oo it

h h bh Do 00 11

hhh M 00 3e 11
bh hM 00 00 21
hM h ee 0e 11
bh kh e. o 0D 11
hi bh _ o 1111111111111
hi bh e _ 1111111111111

0000000 880883 881863 1/ 0 8989
000000000 8883881888168 II 8505539955

0o 00 a88s I8 I
0o 0o a3 38 I n o
0o 00 88 i8 ii 55 55
00 00 88868t888 11 553850055
00 0o 6es88388888i Ii 55555995008
co 00 8s 88 ii 58
eo0 0o 88 8a I Is
00 00 as as - 05
000000000 3281283 8as83s8a8 I/ 98555585

0000000 3886s$88 8 I59955995585

5553555555555 7777777777777 44
555355533s 555 77777777777 444
S5 s 77 a 4444
Ss 77 i18 44 44
Ss 77 43 4 44
55555555555 77 44 44
55SSS5555 77 44 44

5S 77 s, 444444444444
15 77 1 4444444444444

is Ss 77 123 44
555555555555S 77 44
SSSSSSS5555 77 44

teececeeec *""&GOSS .21 _ . eeeevwe
ceceecceeeec 6 11 .ee 9e.*ee-- ee
cc cc as a* 11 me
cc &8 Oa 21 @
cc a* 21 e*
cc sassasaasaasam 21 aneeee
cc 586*668LA*. . aee e e
cc as 5 Al8
cc en 88 11 * e
cc cc AM as 1
"ceeccceecce AM as 1111111111111 .esee sese..
ceecceeccee AS *3 1111111111111 ee*e eee

717777777777
77177717777
77 77

77
77
.57
77

77
77

71

77

3639965666644
46669666366466
6s
64
66
664696636696
6664663649666
63 66
66 66
6466S464666666

664469664666

........ P... ...****2........* 52... *. .8 ... ..****8***56**2*55 5.. 2...
................. . ................. jj fo*. * 0.......... jo*. .. . .

........................ #--*................... ---- *e ... 0-*-.00.****s***@v* **

*-- ~~~~program verificatlon Information *-
.... .... a
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co"d system, seal, wtesiU* 4.)
..... .......

....
C..... .. ..

creation date: Oe7/97

library, loptineutst/Scal.4 43bin

this is not a "cll Contiguratiun controlled Code

jobname5. nichol

. * *...

..... oexctn. ...../

t.. .ime oft *ocuionte 17157247

.........

... . *.**+vv¢.¢.*. .............. a............................... .. ******.*.s.................... *.*****

o mnulid concentrations. irama
bis s tiilo reactor essimbly

initial 1H18 d
o If I1 905 1.191305

total 34353.05 I3.5-05
e maclide concentrations. gr-

basis -single reactor assembly
inLitial 1-X1 d

u23s 2 .30.02 2.033.0)
u235 2.:26304 22.-04
u26 1.133.02 1'MR-02
u2)8 3 583.03 *833.05

total 331.03ve 3311.03
0 basis -
0 Initial 20.3 a 40.4 a 60.9 d 01.2 4 01.2 4
o initIal 20.3 4 d0.4 J d 0.9 5 31.2 d 31.2 d

basis - sinle resaetor Sembly
ebar 20 .3 d 40.4 0 3.9 d d 1.2 d 01.2 d

o 1C 7.423.01 7.421.03 7.422.03 7.423.0) 7.423.03 7.423.03
b s * single reactor asely

charge 20.3 d 40.4 d 40. d C1.2 d 41.2 d
ba;is - single reactor assbly

charge 20.3 d 40.4 d 40.9 7d 1.2 d 01.2 d
basil -aSingle eactor assbly

charge 20.3 0 40.4 d 40.8 4 81.2 d 1.2 d
no co.010 4373-.0 3.443-04 1.013-03 2.093-0) 2.033-03

te 00 3.873-12 4.073-11 1.513-10 3.713-10 3.713-10
boals * single reactor asseby

charge 20.3 d 40.4 d 4 0.9 d 81.2 d 01.2 d
basis * single reactor *Somb1y

,Charge 20 .2d 40j.1 d 4.8 d 31.2d 4 1.2 8
totals 1.02.04 1.0204 1 I.a030 1.023.04 1.023.04 1.0.2104

basis d sinlie reactor 5ssely
charge 20.3 d 40.4 a $0.9 S .12 d 21.2 4

u233 .003-00 3.311-07 4.1-07 3.443-07 1.2).04 1. 2I-24
u2)4 3.433-01 I.53 -01 .443-311 9.243-01 8.232.01 .233-01
U2234 9.40301 1.3 1 043. 0I 1.30.0el 4.5(3.01, .2(2-.811
u232 4.303-01 1.3*01 1.031-01 1.930.01 243.00 a.4.I0'

u228 3613.03 3.s03.0) 3. 03*03 3.403.0) 3.40.0) 3.403.0)
no737 .003-00 7.71-03 2.1II-02 3.30Z-02 3.781-02 S.783-02
pu23) .00300 2 413-10 1.313-09 4.133-09 3.24349 8 .24-09
pu2 3 .00C.00 4.033-05 2 944-04 .7-04 1.733-03 1. 73 3e4
pu238 .003.00 4.033-05 2.943-04 8.43O- 1.7)3-0) 1.7)3033
p.

2
39 .033.00 1.313-00 3.193I0I J4713-00 4.023.00 g.083.0

pu240 .003.00 2.48 3-02 1.0)3-01 2.213-01 3.403-01 3.6 9-01
p.24l .003.00 1.043-0) a.191-03 2.S-02 s.323-02 6.322-02
pu)42 .003.00 5.763-04 1.013-04 3.011-04 1.50Z-03 1.503-03

basis e single reactor sssbly
charge 20.2 d 48.4 d 40.9 4 81.2 4 31.2 4

am24I .003.00 e .0o-07 1.1133-0 3.4)30 1sJ .301 1.dC293-04
ea2420 .00300 1 223-09 4 073-03 2.883-07 3 .10-04 1 .10-04
e.)4) .003.00 2.233-08 3.043-07 4.073-04 2.433-03 3.03

totals 3.70.-03 3.7030) 3.703-.0 2.703-.0 3.4 030 3.433*O0
*decy dat. clncluding g eand total energy a"r from * dfib-L*

O 1817 total nuAmber of nuelides An library
o acelids concentrations. grams

basts -single reactor assembly
Initial 434.0 d 1312.0 d 1916.0 4 2424.0 d 7240.0 d 3393.0 d

o 14 1.193.03 1.1)3.05 1.193-03 1.193*0S 1.119-OS 1.193S05 1.193.0
0 aclid. concentrations, grams

bais esingle reactor asably
initial S34.0 d 1312.0 d 1168.0 d 2424.0 d 3280.0 d 231t.0 d

No 93 1.04.1 0 33.2)3.01 1.:2)301 1.232.01 .2)3.-01 1.2)3-01 1.233-01
t 3 2.273-05 2.213-05 2.311-OS 2.313-0S 2.213-0S 2.313-05 2.313-0S

0 mauclide concentrations. gram
basis esingle reactor aseesby

Initial 63.0 d 1312.0 4 131i.03 2424.6 4 3280.0 4 39).0
total 3.43S03 3.433*0S 3.4S3.05 3.453*0 3.43S+0S 3. 05IsOS 3.4S3.OS

0 iasclidd concentrations. greas
basis esingle reactor assely

initial 44.0 4 131120 193.9 4 2424.9 4 3230.0 . 23).0 d
u.233 1.19-03 1.343-03 1.43-003 1.) 3 1.783-03 1.939-03 2.031-03
U234 1.323-02 1.333*02 1.343-02 1.333Z02 1.333.02 1.373-02 1.382302
.235 7.44303 7.441.0) 7.64.0) 7 7.743.0) 7.643.0) 7.144.0) 7.643-0o
u236 2. 33*03 2 .44303 2 .4(303 2 3.4-03 2 .44*03 2. 44303) 2.4 3-0
u233 I.42)3.20 8.4)3.03 423.03 8I423.05 8.423*03 3.4)3.03 3.4)2303

uw237 2.39-02 2.443-02 2443-02 2.43 302 2.44302 2.443*02 2 43. 02
pu23) 2.71-0.4 1 773-04 1.51-04 7.513-OS 4:.89-03 3.133-03 2 073-OS
V%2339 *.45.01 7. 073*0 1013-e1 I S11-01 4.313-01 4 .1*01 .623.01
pu210 4.453-01 7.07*Z01 7 l.0101 .91301 *.31 .01 I.723.01 .4 23.01
p.229 4.343*03 4 403*03 4.03*03 4 403.0) 4 40I.03 4.401.0) 4 403.03
p.240 1.733*03 *1.73 .03 1.732.03 1.7)3-03 1.739.03 1.733.03 1.733*03
p.241 1.4)-02 7.903-02 7.253.02 4.43-02 4.093-.0 S.S93-.0 5.123*02



Attachment II:

a261 3.001.0
IM2412, 5.512-:01
*.243 43 3.0I

total 6.303-0S
0
e

initial
t- 16-02
tc 95 5.17s.02

initial
rul~l 4.g' a'
rtl0O 3.043-02

Initial
ndl43 5.313-02
1dl45 4 8l3.02

I7 5.1 701
"149 1. 1I.00

a-IS0 1.343*02
m-ll 5.433*00
oulsl 1.301-02
aaI2 5301-
aul5l 4.313-01

0

initial
8dl55 2.353-02

total 2 143.04

B00000000-01717-0200-00140 REV 00 Page 11-7 of 22

2.323-02 2.i2l02; 2.821.02 2.823-02 2.323002 2.823*02
1.013-02 1. CM02 2 2(1.02 2.31-02 3.31..02 3.742-03
5.44 -01 5.41-01 5.3(3-01 3.323-01 5.27u.01 S.223-01
4.33*-01 4.33*:01 £331.01 :4.33301 4.333*01 4233.e0
8.60*05s 8.4030s 1.40.05 8 403.05 1.603015 840.d05

*lsnt eCMcfltratLonu. grow
waclid. concentratiaw. grni
baSic *-a8116 reactor as embla

454.0 d 1312.0 d 148.0 d i2424.0 d 3280.0 6 315 .0 d
4.*8-02 4.181Z02 4.183*03 4.813*02 4.8812 4.882202
5.192.02 3.133*02 5.19 5*3.l 2 *.15*02 S.1905 5.153*02

maclid coneontraiosA. are"
basis .sinwl. resetor assmly

S5S.0 d 1312.0 d 1248.0 d 2424.0 d 3230.0 d 2313.0 d
4.513.02 4.J12-02 (.513.02 4.511*02 4.5137-2 4.511-02
3.338-02 2.3S02 2.353-02 3.351-02 3.253*02 3.353*02
5.933*01 *.53-01 S.33.01 5.*31*01 5.531*01 5.5-3301

maclid. conegftratioeas gra
basis -*anlo reaetor aseably

451.0 d 1312.0 d 1S3.0 d 2424.0 d 3238.0 o 3d21.0 d
S.441-02 S.443*02 S.443*02 S.443*02 5.443-02 5.443-*0
4.353*02 4.3.2-02 4.395102 4.353202 4(.]2-02 4.353*02
1.032-02 1.341*02 1543.02 14613-02 1743-02 1.813-02
2.503-00 2.502*00 2.501*00 2.503-00 2.S03.00 2.503*00
1.643-02 1.343-02 1.343*02 1.143*02 1.342302 1.342-02
*.723-00 5.403-00 5.442-00 95331.00 5.213*00 5.083.00
1.483-01 2.323-01 4.143-01 5.441.01 *.723-01 7.5s5-01
3.093+01 5.059-01 *.053.01 9.053-01 5.003.01 5.095301
6513.01 (.573.01 4.573.01 8.571.01 4.578301 4.973*01

maclid. concenftrationh. Wras
bashs -single reactor assebly

454.0 d 1312.0 d 1366.0 d 2424.0 d 2280.0 0 1253.0 d
7. 44-01 1.331.00 1.773*00 2.103*00 2.33*O00 2.e33*00
2.1(4-04 2.143-04 2.141*04 2.141-04 2.143*04 2.143*04
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rob9g28.sum
...---------- *............ ............................................

ICALU.1 bulletin Bord

* I^leae to 5O.Z-4.2.

............ *. .
IMary hle er. and Imp * cord I aed diwr . 33/03/2 - 03:06:37

- dule sa2h will be called
W.e. lobinson M-9C-J 23.47 Oid/VW. 199 on. Jry *7

ietu.g of tuel-pin-unitcell

;44qogw lattieecall

vo2 I den-S 1 321
12234 0.o02 32235 2.361 32236 0.013 12231 t7.403 end

kr-U 1 0 1-20 522 God
kr-S 1 0 1.20 722 end
y-o7 1 0 1-20 522 and
sr-to 1 0 1-20 322 n~d
xr-2S 1.0 2.20 522 ad
sr-94 1 e 1-20 522 end
*r-5 I 01-20 922 end

nb-34 1 0 1-20 322 end
e-3 I0O 1-20 922 *nd
te-l1 1 0 1-20 722 Wd
ru-101 1 0 1.20 322 end
re-105 1 0 1-20 322 and
rh-l10 1 0 1-20 322 *nd
rh-1lo 1 0 1-20 322 end
pd-los I 1.20 322 end
pd-a08 1 0 1-20 n22 end

o-107 2 0 1.20 922 Wd
ob-124 1 O 1-20 122 end
xe-11 1 0 1-20 722 end
xe-132 1 0 1-20 322 ed
U.-135 1 0 1-20 922 eod
xe-i33 1 0 1-20 322 end
cS-134 1 0 1-20 22 end
CS-2SO 1 0 1-20 322 end
cs-137 1 0 1-20 322 end
be-lIE 1 O 1-20 322 mnd
1-.11 1 0 1-20 722 end
pr-1421 0 1-20 322 end
pr-143 1 0 1-20 322 .nd
ce-ill 1 0 1-20 322 nd
nd-a43 1 0 1-20 322 and
nd-14S -f 0 1-20 722 nd
nd-147 1 0 1-20 322 and

-147 1 0 1-20 722 ed
px-li 1 0 1-20 322 end
_-147 1 0 2-20 322 end
-li4 1 0 1.20 322 end
.- S0 1 0 -20 322

e-151 1 0 1-20 322 end
I.. I.2 1 0 1-20 322 nd

a-153 I 1-20 522 end
eu-134 0 1-20 322 amd
eu-3 I 0 1-20 322 end
d-155 l 0 1-20 322 en

arbe-ztrel 1.31 SOC 02016 0.12 24000 0.10 24000 0.20 50000 1.40
40000 38.10 2 1.0 153 end

)2* 0 don-0.7200 1 576 nd
*rb-borwad 0.7208 1 1 0 0 3000 100 3 652.5.*- 577 end

n 405- 371 end

304 3 1 576 end

e 6 0 0.044O 7 574 nd
no I0 11S 371 end
*1 f 0 0.00050 371 end
S1 f 0 0.01711 571 end
k f 0 0.00011 576 end
b-10 A 0 75.5-4 576 end
b-Il 1 0 3.O1-3 576 end

f53 pp* boron (wti in mnderator

end eop

fuel-pin-eoll V*emtry:

sqarepiteh 1.43 0.5234 1 3 1.0711 2 0.3414 0 end

assbly end cycle Wrmters

npinfasvs204 fuelntb-726 .3 ncycl.e-4 nlib/cyc-3
prin"Uvel-S lihtel-7 inPevel-2 unantetal.1

xrpeets-0 end

40.3213 30.3004 40.3026 6 0.5023 4 0.301730 .3574 3 0.6302
2 0.6933 3 0.3062 300 2.2231 3 2.2230
40.2033 3 0.3004 4 0.301 6 0.3029 4 0.3037 S O.SS76 3 0.6102
2 0.634 3 0.2032 SOO 2.2230 3 2.2230
4 0.213 S 0.3004 4 0.30816 0.5023 4 0.3087 5 0.3376 3 0.1502
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2 CASH4 3 0.1001 508 2.22i8 3 2.i29o

* 0.283 30.30eJO4 40. 3008 o 0 529 4 0.S0O7 30.517 30 .502
2 0.404 30.800 500 2.2238 3 2.2290
a40'.21 0. 308440.3308'16 0.5020 4 0.5087530.53713 0.6302
2 0. 2 34 0.504 50 22 30 ;2.298
4 0.321 5 e0.004 4 0.3003 S 0.0029 4 0.5087 S 0.3578 3 0.4502

20.634 3 0.e04 500 2.2231 3 2.230

3 e1 2 030.20014 3 0.30148 3 o. 32 *e0.1087 30.e578 3 0.S42
2 0.6034 01UOI 500 .14408 3 2.6470
3 0.2830 20.3004 3 0.3088 3 0. 0 2 3 0.5007 30.3370 3 0.0)
2 0.00s34 2 0.806 50 2.8408 3 e3.4470 s? oss ~s
3 0.2133 0.00430.3004 3 0 30.303 O 30 005087 3 0.1 30.$503
2 0.0034 3 0.8008 500 2.4408 3 2. 410

3 0.2839 30.3004 3 00301 .5030.58873 30.5576 3 0.8503
3 0.4034 3 0.8060 So0 3.o488 3 3.4410
32. 0.23320.3084 3 0.3081 3 0.S020 3 0.5087 3 0.5578 3 0.4503
2 0:.0034 3 0.8801 S00 2.8401 3 2.4470
I 0. 38 3 0.3004 3 0.3018 3 0.5030 3 0.5007 2 0.5578 3 0.AW0
2 0.6024 2 0.8081 300 2.8408 3 2.6470

p-ower34.02 buz.24.S doun.40 _tid
powr-ll.23 but-i243.S do-n.i4 blrac.0.3793 end
poor.20.

3
0 burn-15

8
.0 dobn-w3 bfree-1.0 *nd

poiwr-27.47 burn-i15.0 down-l391 bree-0.3713 *nd
e a10 c' 0.2 mi 0.20
Se 1 eo 0.060 ni 8.7
Sr 195 no 0.43 on 3.2

the above light eloIents cnerted to kg per Mtuon
- ________ - .... - ......... - _ _ _ - - - - - - -

Page II-9 of 22

u..a h a II-

05 M 33 La ,

50 3*n3

80 3D . 80

30 0 00 4888 881
5000350333 as 8
0euei Do0 so 3

lvi P0111 i 111111m111s:
........... ..... als

o~~~~~~~~o

nnn01 lIP 11rni s urm 11

Dv nni nn 11.
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3was338880803 eceeeeceCee
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soossess3s3 cc
to et
as cc
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*0as88800 0es CeececceeeCCC
40034886868 CcCCeece-
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.... S..~~~~~~~~~~~~~~~~~*#*
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COd- system scale Verstone 4.3

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

.... ......

program: 85.2

creation date: 02/07/07

librarey iopt/nrut/ cled .3/bin

*- is Is sot a scale configuration controllod code

*obnom-- Sicheol

... a... ..... .....

dtl_ of exutlon lt 10 111

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

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

O nuclide eoncentrations. era"
basis -sinole reactor .asebly

initial 1l.1I d
e S5 .195t05 1 15t.03

total 3 433.02 233.03
e flutlide cene ntrstiru, gras

bet .l *ibgle reactor ees~b1r
initial 13-13 8

uvlS 2.013.02 *203.02
u233 2.2-.04 2 263.04
u236 21.59.02 1.153302
u231 l 3503.0 6.36*01

total *.813.05 1.813-05
0 baste e
o initisl 20.3 d 40.6 8 60.9 a d1.2 a 01.2 d
o Initial 20.I d 40.6 a 60.9 a d1.2 d 51.1 a

bests a single reactor assbly
Charge 20. 3d 40.4 d 60.9 d 1.2 d 81.2 d

o 1s 7,422.03 7.423*03 7.423.03 7.432303 7.422.03 7.423-03
bas is * Ingle reactor a*sambly

charge 20.3 d 40.6 d 40.9 d 61.2 d 81.2 d
basis * stonge reactor assembly

charge 20.3 4 40.6 8d 60.9 4 61.26 Ila. 8
basis * stoole reactor asembly

charge 20.3d *40. d 60.9 d 61 2 d 81.2 d
No 95 .00300 . 263-03 4.233-04 1.273-03 2 .33-02 2 .63-03
tc 9 .003.00 7 793-12 6.243-11 3 043-10 7 463-10 7 4a3-10

basil * am9le reactor -- ebly
charge 20.2 d 40.6 d g.0. d 61.2 d 61.2 d

batss * single reactor assembly
,charge 20.2 d 401.6 MI0. d 61.2 4 81.2 d

totas l.02Z.04 1.023.04 I.02.04 1.023-04 1.023-04 1.023*06
basIs . mingle reactor uasebmly

rbarge 20.3 d tO.6 50. a d 1.2 d *1.2 d
u233 .00.0 4.113-07 *.043-07 1.163-06 1.503-06 1.503-06
u234 I 8.3-01 a 5I3-01 6.93:-01 *.263-01 a.133-01 I.133-01
u235 9603.01 *.273.01 6,933.01 8.43-01 353*01 8Is33.01
u236 4*.53-01 :1113.0 1,733.00 21.o13.0 2.653*00 2.133.00
u226 3.613-03 .3 0s.0 3 2603.@3 3 .02 2.603*03 2,63.03

np237 .O0t.O 5.743-03 2. Ol-02 5. 07-02 7.S3t 02 751t9 02
pl326 .003-00 3.311-10 2.42S-09 S .7- I9 1 I3.r 1.343-00
p.22 r.oo03. 6.28-OS * 4.653-64 1 .23-0o 2.73-03 2.783-03
p.238 .003.00 *.20-0 I 4 .53-04 1,253.03 2 733-03 2 78 03
p,23 .003.00 1 .&3.00 3.913.00 5.713.00 7.293-00 7 29Z.00
pu240 .003.00 3 77t-02 .53.-01 3 243-01 5.203-01 S.30 -01
pu241 .003.00 19142-03 1 .23-02 5.163-02 1.123-01 1.123 01
pu.20 .003-00 1.332-05 2.293-04 1.123-03 3.293-03 23.29-03

basis . sing1e reactor asserly
charge 20.3 d 40.1 d S0.9 d 81.2 d 61.2 d

am261 .003-00 1.243-06 2.103-00 1.023-04 2.0o1-0 3.031.0 -
262. .03.00 2.803-09- 9.103-06 *.23-07 2.322-06 2 323-06
am243 003.00 4 42-:0 2.3113-0 1.713-O.s 6.716-0 4.5113s0

total 3.70.03 3.703.03 3,703.02 233 ' 03 2' 9303 2 *69303
decay date, AnCludtnzwomm and total onergy. are from sndflb-vi

0 I167 total numbsr of sucld*s in library
0 ,wclldJ cOne ntrations, gra

beaitsingle reactor eassebly
Initial 6052d 1210.2 d 1819.5 d 2420.7 d 3025.6 d 231.0 d

o 19 1. 19*0S 1.193-05 I1.t9-03 1,193-0 l 1,9.0 1,119.03 1.103-.0
0 nuclide concentrationSe grme

basis aetngle reactor *ssebl
Initisl 603.2 d 1210.3 d 1613.5 d 2420.7 d 2025.8 d 6391.0 d

no 93 1X a0001 1, 32.01 1.3)3.01 1.523.01 1,536.01 1,533.01 1 .33.01
tc 9 4.423-035 .463-05 4.486-03 4.483-05 4.413-05 4.43-05 4.480-03

0 nuclid. concentrations, grass
beets seinglo reactor aas5m1y

Initial 605.2 d 1210 I 181.S5 d 2420.7 d 3023.5;8 2431.0 d
tot&l 3.453-03 3.45-053 3,433.03 .45303 3.453.035 2.453-03 3.4Z305

0 neclide concenttations. gra
basis -sinola reactor assebly

initial tO3.2 d 1210.3 d 1113.5 d 2420.7 d 3025.8 d 3631.0 d
u233 1.2-0 I 43- . 03 3 .9I-03 2.13-02 2.301-03
u234 1,213.02 1 223.02 1.233.02 1,253302 1.3 2602 1,273.02 1.293-02
u233 6,213.03 6.213*03 6 213-03 6.213-03 6.213-03 6,213.03 6.213.03
u236 2,816.03 2 873*03 2 .7-;03 2.873.0) 2.673*03 283 .02 2:.803*0
u236 V,"I0 6S ,3863. 05 .23 -05 6 303 ,3.05 3 6383.05 8 38305
up237 3:.02-02 3.091*0 2,06.02o 2,103.02 2,103.0 1,113.02 3,123.02
pu23" 4.3I.04 2.95'-04 1 983-04 1 33.-04 1 9It-0O 6 043-03 4 073-OS
pu23. 9.7.2301 1.063-02 1.06s-02 1,043.02 1,033-02 1023-02 1.001-02
p.26 97 723-01 1.063-02 1.,06-02 1.043*02 1,023.02 1.02t.02 1,003.02
p.29 4,343.03 4 61s03.0)34,313.0. ,103 4 .3 0 2 " 4.61: 02 , 61I03
p.240 2,0.03 2.033.03 2,033.0 2.03303 203.03 033*03 2.033*03
pu261 1,063-03 9.763*02 9.013.02 6.313.02 7.673-02 7.083*02 6,543.02



Attachment II: BOO OOOO-01717-0200-00140 REV 00

pu242 4 23302 4.223*02 4233.02 4.233-02 4.233*02 4.232.02 4.233-02
8.241 35S43. 11.:173-02 1.91z-02 2.906-02 3. :22.02 3.31302 4233.02

.242. *a.23-01 4.76a-01 *.711-01 4.653-01 4.603-01 3.353-01 6.4)3-01
*a243 71.93*01 7.94.I 1943.01 794.-01 7.94.01 7*94-.01 7.943-*0

total 6.1S4305 .3.61,05 3.5 05 * s-.5 3 3.54303 356.0es 5 SS.-.s0
0 el*1t gnentretions gras
0 roxtid. Concentrations. 313me

basis *stql reactor Gas1
liiiti&1 605.2 d 1210.3 d 13S1.S d 2420.7 d 302. o d 11.0

95 4:003.012 5.693*02 5.49102 5.4 32 S.60 .02 5.6)3.02 S.69Z-02
t o 99 .043*02 6.073.02 6.07302 .-07o 02 4.073o02 *.073*02 6.073*42

0 micli. conenatrations. OMA
basl§ *ingle reactor assembly

Initial *40S.2 d 1219.3 d 2115.1 d 2420.7 d 3025.3 d 3631.0 d
rulot 5.353*02 5s.653*02 5.353*02 3.853*02 5.333*02 5.&53*02 5.853-02
wb03 3.553*02 3. 23-02 3.32*02 3.12302 3.923.02 3.923-02 3.623-02
e910 7.53*S01 7.56101 7.543-01 7.S53-01 7.563*01 7.543*01 7.561-01

0 wwclide goncantrationm. uruo
basis as ingl. raetor ssebly

Initial 605.2 a 1210.1 d 1715.5 d 2420.7 d 3025.3 d 3411.0 d
ndl43 5.94.02. 6.143-02 6.113-02 6.143-02 6.143-02 4.143-02 6.143-02
ndl4S 5.073*02 5.073*02 3.073*02 S.073*02 1.072.02 5.071.02 S.073-02
3.147 S5.58301 1.011*02 1.423-02 1.343*02 1.783302 1.873*02 1.933-02
sed49 1.723.00 2.823*00 2.823-00 2.32*0o 2.323*eO .2.323-00 2.123-00
8.1se 2.263-02 2.263*02 2.263-02 2.s23.02 2.243*02 2.263-02 2.243*02
151 1.103*0 1.113*01 1.103S01 1.03.*01 1.073*01 1.063-01 1.043*01

1e 1 1.243-02 1.SS3-01 2.1.2-01 4.35t-01 5.723-01 7 .01-31 1.42Z-01
sm.22 1.031*02 1.063*02 1.043-02 1.043*02 1.063*02 1.06842 1063.002

aul] 3 103-01 8.973.01 6.973-01 3.9730 e .97301 1.973*01 3.973*01
0 nuclida eonentrations. wram

basis isole reactor asably
Initial 105.2 d 1210.3 d 1315.5 d 2420.7 d 0025.3 d 6331.0 d

4dl5S 2.813-02 9.413-01 1.653*00 2.213-00 2.653*00 2.903-00 3.263*00
total 2.563-04 2.541.04 23.56304 2.543*44 2.54304 2.S43*04 2.53*-04

Page i-1 I of 22



Attachment II: BOOOOOOOO-01717-0200-001 40 REV 00 Page II-12 of 22

rob9g32.sum
............................ t -.*.......-........

* SO.U.2 Ujiletin 2oeurd

^Welome to SCUi-4-.-

I .......... ....... ......... - *-

pr ry mo eceuas t inpi record I scale driver - 5t/03/29 - OS90127 I
- end sl wile be clled

1.1. PlobinsOn I-9C-D 21.11 DIf V. 221 es July 97

mixtures of guel-pia-unitc*ll

44GOuV latticecell

uo2 1 d..i.9941 1 922
923r4 0.023 2233 2.31 192231 0.013 9223 97.403 ard

kVr-1 1 0 1-20 922 SOd
kr-0 I 0 1-10 922 ndy-39 I 0 1-20 922 nd
er.0 1 0 1-20 922 end
:r-93 1 o 1-20 922 end
sr-S 1 0 1-20 922 am
nr-95 1 0 1-20 922 end
ob-94 I 0 1.20 922 Sed

mo-US 1 0 1.20 922 and

tu-10 1 0 1-20 922 end
ru-104al 0 1.20 922 endvi-lol 2 0 1-20 922 end
rh.-103 1 0 1-20 922 ntdrb-lOS 1 0 1.20 922 d
p-lOS 1 0 1-20 922 eSd
pd-lO e0120 922 a-d
.0-109 a10 .20 922 and
ob-124 I 0 1-20 922 MId
e-11 1 0 1.20 922 ed

me-132 1 0 1-20 922 ed
xe=130 1 0 1-20 922 and
..-13I 1 0 1-20 922 end
Ce-134 1 0 1-20 922 a-d
cea-1S 1 0 1-20 922 and
Ce-137 1 0 1-20 922 end
b,-iE1360 1-20 922 end
le-13 1 0 1-20 122 ..dPT.2411 e1-20 122 eMpr-1Il 1 0 1-20 922 end
pr-lUl 1e 1-10 922 .nd
ce-l 1 0 1-20 922 end
ndt-ld 1 0 1-20 922 eod
ad-XIS 1 0 1-20 922 mid
pd.147 1 0 1-20 922 end
Pi-14

7
1 0 1-20 922 ed

pe-Il 1e0 1-20 122 ed
-147 1 0 1-20 122 end
-2140 1 e 1-20 122 edd

*-Is-5 1 0 1-20 922 end
-151 1 0 1-20 922 end

o-152 1 0 1-20 922 end
u-152 I 0 1-20 922 end
u.-1 1 0 l-20 922 ed
-155 1 0 1-20 922 end

gd-135 1 0 1-20 922 end

rItm-2ircl 15.1 5 0 0 0 0011 0.12 24000 0.10 24000 0.20 30000 1.40
40000 93.1 3 21.0 395 end

t2. 3. den-0.715 1 371 end
.rlm-boreod 0.7103 1 I I0 0 000 100 2 152.5.04 571 end

n 40S-3 579 etd

s304 5 1 571 end

a 0 0.0417 37 end
. s 0 0.0013S S79 end
el e40 .00031 379 end
:k 0 e0.0179 573 end
t - 0. .001 379 MO
b-2 10 0 2.39-4 79 end
t8-11 1 O 2.62-2 379 mid

t13 p. boron Itvl In moderator

end cam
: . . ... .. . . . . . . . . . . . . . . . . . .

feli-pin-ell goweintry:

equarepitcb 1.43 0.1924 1 2 1.0719 2 0.9414 0 end

-asembly and cycle prameters

Mpin/e.-.204 elnt..72f14 43 ycles-4 nuiblcy.2

mirepeVts-O Wd*

4 0.2139 5 0.3004 4 0.20°1 2 0.5029 4 0.3507 S 0.3371 3 0.1302
2 0.9134 2 0.1018 300 2.2238 3 2.2290
4 0.23 93 0.3004 4 0.3081 4 0.502 40.3017 5 0.5574 3 0.1502
2 0.934 2 0.8018 30O 2.2231 2 2.32290
4 0.2839350.30W 4 0.3089110.5029 40.5017 30.5574230.1502
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2 0.483 3 0.8063 300 2.2238 3 2.2290

4 0.2838 S 0.3004 4 0.304 3 0 .02894 0.50on 3 s.s3nt 3o .302
2 0.4834 3 0.804 300 2.2230 3 2.3220
4 0.2138 50.3004 4 0.30 W 4V.102 0.3087 5 0.5374 30.4502
2 0.8834 3 0.8060 500 2.2230 3 2. 290
4 0.2838 S 0.3004 4 0.3006 4 0.5202 4 0.5087 S 0.574 3 0.4102
2 0.4934 3 0.8048 300 2.2230 3 2.2290

3 0.339 30.3004 0 .3014 3 0.500 3 20.597 3 0.SS79 30.4S02
2 0.4934 3 0.008 300 2.4403 2 2.4470
3 0.2839 30.3004 3 0.3016 3 0.02930.507 3 0.S371 30.302
2 0.934 3 0.8061 300 2.4408 3 2.4470
3 0.2839 30.3004 3 0.301 3 0.o30 3 30.S007 3 0.5374 30.6302
2 0.4934 3 0.8068 500 2.4408 3 2.4470

3 0.213 330.3004 3 0.300 3 0.3039 30.5307 30.3374 30.4302
2 0.6034 3CA.0M 500 2.4408 3 2.4470
3 0.2139 30.3004 30.3080430C.329 30.5087 3 O.SS7630.6002
2 0.6934 2 0.8048 300 2.4408 3 2.4470
3 0.2839 3 0.3004 3 0.3084 3 0.S029 3 0.5087 3 0.S379 3 0.4502
2 0.6934 3 0.801 500 2.4408 3 2.4470

p-.rS3.3U bunt-
3 4

).
3

doen.40 end
Do-r.31540hburn-243.S d5 en.t4 bftsc-0.2791 and
powr.32.2

1
burn.0S6.0 downm39 btrac-1.0 *nd

p .25.78 burn.lS
4
t0 dowtn.331 brae.0.373 eund

e 119 Cr 3.2 _ 0.29
1. 11 co 0.066 at 8.7
i1 1195 nb 0.03 an 3.2

the abom light *lintt conwrtd to kg per utuo2
.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .. _ _ _ __- - - - -
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C..- myst": scale vwrslon: 4.3

progra: Oat?

creation dates 03/07/97

librarys Jeptineut/Scale4-3/bin

**.** this is not a scale conoiguratiom controlled Cod*

jobname: . ichol

date of aseeution- 06/031*7

ties. of ..OCtI.1l 16:40:03

.... . . ..... .....
. *......nt......t... ....... ~ ~ ~ ~ na da" to assembly@'0

. ** 0**** ***** ***. * *. .. a~ ..... ....

Init ~ ~ ~~l &I *xe-len 11400

o ~~~~~~~~~Maclid. concentrationus. IraS"
basis -ainole reactor assembly

initial 13-Il d
o 14 1.193.02 1.103.02

total .4-..01 . .0

0 bacids cocnrtoa rm

basis esingle reactor assasily

u2 a1.13g0 10.13-00212I 812s
.30 5.333-05 *.S83. 0S32-0

tota 4131.03 7.821303 74431 -

cOarnet20l 2 0.3 6 d d40. 4 01.9 4 12d 3.
baIss amingle reactor aseably

charge 20.3ad 40.4 4 40.9 6 311.2d 8 1.2 4
basis * single reactor asembly

Charge 20j.3 d S0. d S0.e 31.2 d 31.2 se

basis * single reactor aseab1y
chsarge 20.3 82 40.4 d s0., a 81.2 d 31.2 d

basis a single reactor assembly
lcharge 20.3 d 40.4 d 40.9 se 81.2 8 61.2 d

tcta$ ~ .0.. .0.0 . - .213-10 4.423- 0..04 1.02.-04 1.1023-4

basis * single reactor asasembly
chrg 20.3 8 40 .4 d 60.9 81.2 6, 31.2 4.chre 2.3 8 40.4 8 *.*. *._87 .. 7 3 .2

.234 3.443-01 3.5113-01 3.341-OX 0.213-01 8.6.3431 *03
IIIS 5.0. 1 233.:01 63:73.101 6.333.011 31.21:.01 8:213.01
u234 4.3- 1 1.9.0 18630 2.2:a0 3.12 . 3.12300
a238 3.612.03 34603.030 3.403.03 3.43.-03' 3.5*.03 3.393-03

OB 2 , :

n27 .003-.0 1.113-02 3.243-02 5.903-02 8.633-02 1.333-02
p.234 :.30.00:I 4:1.9310 3:.14309 3.743-091 1 :11.773-0 1.773-06

o auclid~~~~e IenI It:zc.eou:e

o~~~~~~~~~. 7s 3 11-0 3 Sl-

p.236 .003.0 0130S a.03-4 1.743-03 0 3.43-0
p236 .00.00 .0 . 03-0 1. -03 3.113.-1 3.d2-03.

gu239 2.00.00 2 .00 4373.00 4.343*00 3.033-00 SA0S300
pu20 1.0-0213.0 '.0-02 1.2- 4. . 0 4

p.241 .003.00 2.743-03 2.12613-0 .1-2 1. 543-01 I .3I3-01
p.242 .001-00 2.103-05 3.431-04 1.753-03 5.103-03 5.103-03

baSis - single reactor asamly
charge 20. 4I 40. I 60.9 4 81.2 d 81.2 se

a.241 .000 1.73304 2.430 _O 43 4.13- I'414-0 '

eh O 07 20 74 05d 1 II 3 012

a242a O.00.0 4.1423-0 1.423-07 .1S93-7343043430
en2I3 .003.00 1.143-07 4.143-04 3.053-05 1.23-41.203-04

totals 3.70.-03 3.7*2.03 3.702.03 3.742.03 3.749-03 3.492-03
decay data. including gamu and total eergy. are from endf lb-vI

0 ~~~~~16971 total numeber of nouclildes In library
0 macllde concontrations areass

beass -single reactor issimbly
initial 401.2 4 1200.3 5 1313.5 d 2420.7 d 3021. d 3431.0 se

a 1s 1. 1*3.3 1.1*3.05 1.1d.0 1 1.1d3-05 1.129.05 1.1t3.01 1.193.05
a nuclid. concentrations, gramss

basls *single reactor aeb~ly
initial 07.2 d 1210.3 8d ll 5 d 2420.7 d 302.6 d 34te5 1I .01 1 772-.1 1 21 1.723101 1.723.01 1.723.01 1.723*01

tc 95 45-O 4.43054443--01 4.443-01 4.443-05 6.443-03 4.443405
0 maclide concertrations. grams

basis -single reactor asembly
inh a l 405J.d 2 4 121.3 0 1315.5 2420.7 4 3025.8 d 3431.0 d

total 3.430 as 3..a0S 3.4 OS 3.413.01 3.453-03 3.41305 3.451.05
o ouclde concentretion. gramm

basls *ing lI reactor assely
Initial 4052 d 1210.34 1311.54 2420.7 3025.68 3421.0 d

u233 1.273-03 1.473-001 1.73-03 1.341: 2.101 -03 2.21.-03 2.413-03
.234 1.13 2 1.153.02 1. 170 3 1.132-02 2 01 2 2 02 1. 2
"235 3.323.:0I S.323.:031 5.323*003 3.32a.03 S.321*03 1.3230 1.32.3*0
0234 2. 3 2.9.03 2. 9 2 3.03 2.30 2.33 2.913-0 3 2.9303
u231 8.313.05 35.3.01 8.313*0. 3.35.0IS 3.SZ3025 8.:35303 3353.0
23 3 -0 3.4 22.2 3.0302 5.512021 331.02 52202 3.543102

P.237 3-014 3. 51-04 2.7213-04 1.733-04 1.771-0t4 7.741-012S 5.23-0
pu23O l_22.02 5 1.32302 1 31302 12 .2. 03 1.2602 3 1.16
P.233 l.223.02 1.323*2 13 2 I 03. 2 1.26302 1.273*02 1.25*02p.239 4.413.3 | 0446303 4 .48-0 4.416303 S433.03 4.663*03

Vu205 4O1t-00 2 ltv0 *S110 S J#0 1 01a0a 1: OSI-003 :21.:0

pu240 2.201*03 2.203*03 2.213-03 2.21303 2.21.03 22 3 2. 2 30
pu241 1.113*03 1.073-03 9.28-02 9.133*02 l.433*02 7.763*02 7.183*02



Attachment H:

puVO2 5272.02
a241 1.733*01
a,24). 7',.293-OX
A0243 1.103*02

total 3.5)3.03

0

initial
o 92 5263.s02

tc UJ 6.32.302

i. itial
rulOl 1.493.a2

agl0g9 a. 5630
0

initial
MdlMl .43.0)
dlOs 1.123.0)
.-7 s.3l3.0l

w1a1 1.763.00
waSO 2.563.0)
al2l 1171.01

oulS] 1.183-02
sail 1.163.0)

0

initial
Qdl5S 3.S 2 atodtl 2.193-02

total 23.4

BOOOOOD-0001717-0200-00140 REV 00

S.273-02 1.27.02 5.273.02 1.273.02 5.27 .02 *127.-02
1 273.0) 2.5"30) 2.343.0 1.143 5.90I 413 02 4.73.1 0)
7.2 3-01 7.73-01 7.213-01 7.15r4-o1 7*09-01 7.0)3-01
11 03.02 1. 03.021 1.103.02 1.103.02 1.13.02 1.103202
3.533*05 3533.O5 8353.05 ..SS 8.S3.05 3.323-*0

ilmanit Cfeanientrstions. g
suclide emcaatratio,,. Wriwa
bais .Staole reactor assebl

401.2 d 1210.2 4 1311.5 d 2430.7 d 3025.3 d 36.10 d
*.223.02 4 223.0) 6.223.02 4.2)3.02 3.2r-.02 4.2)3.02

* 45|-02 i {s02 t :2s*02 .s1:2 0 6 5se l 3:5B024.413.03 4.1.2 I.63*6 .6130 .1.)6630
3wclle eneentratien, gr
awlse asinel reactor "pably

401.2 d 1210 3 d 131S.S d 2420.7 d 3021. 0 26321.0 d
6.493.02 *.493*02 ..49...02 *.49-02 4.4*s.02 8.493.0)
4.2n.02 4.23.0)2 4.21.02 4.21-02 42302 .283-02
38.17-01 8.673-01 8.673-01 *.873-01 8.473*01 1.473*01

auclids ecnenetretie". erg
bawl. *Uiaol teretor asawaly

402.2 d 1210.3 d 1315. 5d 24)0.7 d 2251 0 2421.0 a
SS.13.02 *.13.02 63.13.02 .123.02 6.923.2 4 .13.02
1.223.02 1.1)3.02 5.23.02 9.523.0) 5.123.2 1 .2.0

.1)33.02 1.403-.2 1.713-0) 1.363.0) J.'s02 2.0 1*02
2.003*00 2.00100 .03*-00 3.003*00 2.003*0 I.02

2.13 *02 2.602 2.63.02 2.503-02 2.S69.02 2.143.0)
1. 13301 I.173*01 1 .1S01 1.14Z*01 1.12)-01 .1.113.01
1.643-013 .14-01 4 .613-01 6.003-01 7.23-1 3 a.94l-01
1.143*02 1.16. 02 1. 3*02 11. .16302 2.16.021.043*02 1.43*02 1.04.0) 1.043*8) 1.043*02 1.043*02
2.olo-02 1.0 t-02 I.O o-e 1 r02 1 04.0 O-2

auclids cmnemntratIans. green
bawls *slnol reactor sw.bly

01. I 110.) 8 1311.5 5 2420.7 d 202.3 0 d 2)1.3 0 d
1 .10300 1.943O0 2.03 *00 2.113.e0 S .23*00 3.132*00
2.343*04 2.343*04 2.143*04 2.843*04 2.143-04 2.343*04

Page Il-15 of 22
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rob9gl 6less I OO.sum
..........................................................................

* SC Z.3 Bulletin Board

* Welcoe to SCLR-4.3.

............... *.*.....,*, ........................

1 prirmoy modulo access and input record s cale drier - 55/03/27 - 03:06:37 1

- edule uaz,2h will be called
H... Robinson N-Pa-S 16.02 Gidn=. 11 c. July 97

alxtures of fuel-pin-unitcell

!42roup latticocell

uo2 1 den.S 544 1 022
9221 a.02 2235 2.561 32233 0.012 P2231 97.403 end

kr-83 1 0 1-20 822 end
kr-I5 1 0 1-20 022 end
y-05 1 0 1-20 822 end
ar.5o 1 0 1-20 822 end
xr-3 1 0 1.20 0822 nd
sr-9I 1 0 1-20 322 end
zr-P5 1 0 1-20 322 and
nb-94 1 0 1.20 022 end

-PS a a 1-20 122 end
to-99 1 -120 822 end
ru-101 0 1-20 822 nd
ru-lOS 1 0 1-20 822 end
th-103 1 0 1-20 822 end
rh-105 1 0 1-20 822 end
pd-lOS 1 0 1-20 322 end
pd-108 1 0 1-20 322 pnd
eu-lop 1 O 1-20 322 end
sb-124 1 0 120 322 end
ce-l2 1 0 .-20 322 end
xe-132 1 0 1.20 122 *nd
,e.l]S 1 0 1-20 *22 end
ye-136 1 o 1.20 822 :nd
cs-134 1 0 1-20 822 *nd
cz-1U 1 0 1-20 822 end
c-1237 1 0 1.20 822 end
be-131 1 0 1-20 822 end
1.-13 1 0 1-20 322 end
pr-l4l 1 2-20 322 end
pr-143 1 0 1-20 822 nd
ce-l44 1 0 1-20 822 end
nd-143 1 0 1-20 322 end
nd-143 5 0 1-20 322 end
od-147 1 0 1-20 322 end
Oi-147 1 0 1-20 122 and
pu-l<0 1 0 1-20 322 end
as-147 1 0 1-20 122 nd
5u-149 1 0 1-20 022 nd
P-150 1 0 1-20 822 end
e-il 1 0 1-20 822 end
va-152 1 0 1-20 822 end

u-153 1 0 1-20 822 end
gu-iSI 1 0 1-20 822 end
u-55 1 0 1-20 822 and

qd-155 1 0 1-20 822 end

arbn-ilrc4 4.53 5 0 0 0 8011 0.12 24000 0.10 26000 0.20 30000 1.40
40000 52.10 2 1.0 595 end

b2. 3 don-0.7544 1 55
!cbm-boraed 0.7S44 1 1 0 0 000 100 2 652.5a-- 559 end

rn 405-S S59 end

ael04 5 1 559 end

e 0 0.04197 555 end
ne 0 0.00165 557 end
el 6 0 0.00035 559 nd
*I 6 0 0.01751 539 end
k 6 0 0.00011 ss end
b-l0 6 0 P.593-4 553 end
b-li 5 0 28.12-3 557 end

153 ppm boron Mt) in moderator

end ceoip

lfuel-pin-cell goretry:

iquarepiteb 1.11 0.3234 1 3 1.0719 2 0.9484 0 end

asmably and cycle paramefers

npln/aeem-204 fuelneth-72.573 acycles-l nllbcyrc-3
printlevel-5 lightel-7 Inple"l-2 rnwztotal-ll
urepeatsa-0 end

; 0.2311 5 0.3004 4 0.3086 1 0.5029 4 0.5087 S 0.371 2 0.6102
2 0.9334 3 0.8011 S00 2.2239 3 2.2210
4 0.289 3 0.3004 4 0.3015 1 0.5029 0.30n7 5 0.3571 3 0.5502
2 0.6934 3 0.3018 500 2.2238 3 2.2290
4 0.2839 5 0.3004 * 0.3086 1 0.5029 4 0.5087 3 0.5571 3 0.5502
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2 0.4934 3 0.5048 500 2.2231 3 2.2290

*0.2839 5 0 .300 4 0.0843 * 0.5029 40.5087 50.5573 0.6502
2 0.8934 2 0.1063 500 2 2238 3 2.2290
* 0.2839 5 0.3004 0.30234 0.502 4 0.5087 5 o.ss 3 0.4582
2 0.834 3 0.80e 1 500 2.2238 3 2.2290
40.2839 0 3004 4 0.308w 6 0.5029 4 0.5087 0.557O730.4502
2 0.4934 2 0.041 500 2.2238 3 2.2290

20.2839 3 0.30043 0.30842 0.5025 3 0.c087 0.5O7S630.4502
2 0.4934 2 0.8048 500 2.4401 3 2.6470
3 0.283 3 0.3004 3 0.3086 3 0.5029 3 0.50813 0.557 2 0.4502
2 0.4534 3 0.1048 500 2.6408 3 2.4470
3 0.2039 3 0.3004 3 0.3084 3 0.029 3 0.S087 3 0.5574 3 0.AM02
2 0.4534 3 0.1048 50 2.6408 3 2.4470

0.2139 3 0.3004 3 0.3064 2 0.5029 3 0.50Q7 3 O.SS37 2 0.6S02
2 0.6934 3 0.8048 500 2.4401 3 2.6470
3 0.2839 3 0.3004 3 0.3081 3 0.5029 3 0.5087 3 0.5576 3 0.6502
2 0.434 3 0.8068 500 2.6401 2 2. 470
3 0.283 3 0.3004 3 0.3086 3 0.502 3 0.507 320.557430.4502
2 0.6934 3 0.8048 500 2.4408 3 2.4470

pv~sr-10 39 burn-243.5 down-40 ed
power-17.74 burn-243.S down-44 btres.0.2793 end
pover-17.25 buyrn-15.0 do~w-m3 bfrac.1.0 end
porr.l1.84 burn-254.0 down-3936 bfrac-0.3793 end

* 115 er 3.2 on 0.29
f. 11 co 0.044 ni 8.7
or 155 nb 0.43 en 3.2

t* t e light eloents converted to kg per otuO2
_ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -
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code "ytem scale wVrsion 4.3

................ X

.. a.a.....

..... a.....

program: B&52

creation date: 03/07/37

**b libry: Ie*t/rutZscsle '.3/bin
a.. ....... a....

thbi Is not a scale configuration controlled code

.obam.ai nicbol

date of oxecutlon 08/08/97

tim_ of exsecution- 15101111

......... *..*... ... ...... *a......**........... * a** ** ..

........ a..... ..... ................

1

o' ruclids concentrationa. grams
initial 12-10 4 basis asingle ireactor assambly

o 16 1.9*31.130
total .30334.3

o nuclide concentrations. gram
basis *single reactor asasebly

I nitial 13-18 d

toe ' nt~ 20.30 ' 40'5'-0'd 812d 1.

0 ~~~~~~~initial 20.3 d 40.6 d 60.9 d 31.2 d 31.2 d
o nuclide concentrations, gram

b ais -,ingl, reactor assembly
initial 16Z 0 d1312.0 d1943.0 d 2624.0 d 3280.0 4 3936.0 8

o 1 I198035 1.1 03 1.193*05 1.19.OS 1.193*03 1.1f3*05 1.13*03
.0 nIidX 5concetrations. *rma

basis *single reactor assembly
initoi 636.0 8 1312.0 d1068.0 d 2624.0 d 3210.0 5 3 06.0 2

no39 (.33.00 3.143.00 1.143*00 3.143*00 8.143*00 3.143*00 3143.00
tc 39 6.623-06 6.1.13-06 6.713-06 6.713-06 6.71X-06 9.71Z-06 6.711-06

0 nuclide concentrations, grCam
bas Is xsingle reactor aessemby

initial 656.0 d 1312.0 d 1968.0 d 2624.0 8 3230.0 d 3336.0 d
total 3.4 1905 3.41 -05 31451-05 3.453-05 3.41305 3.4S*05 1 3.4305

0 nuclide cone ntrations gramn
O nu~~~~~~~~~~bc,.d e,*,c ntrstLen2,gr%1U

ia single reactor asebly
initial 636.0 d 1312.0 d 1963.0 d 2624.0 d 3210.0 0 3936.0 d

u23
3

1.023-03 1.113-]0 1.20Z-03 1.291-03 1.383-03 1.472-03 1.5(3.03
u234 I533.02 1.53Z.02 1.323*02 1.543*02 1.541-02 1.S5302 1.55302
u235 1.113.04 1.11.-04 1.113*04 1.113104 113I 1.113
u23( 2.14.-03 2.143*03 2.11-03 2 143*03 2 163*03 2 143.02 2.1(1.0
u238 3.473:05 2.473*03 8 47Z.05 8.473*05 8.47Z-05 3.472.05 8.473*05

4p237 1.443.02 1.47Z.02 1.473.02 1.473*02 1.481302 1.413002 1.15c902
Du236 1.043-04 .712-OS * 423-OS 2 .73-OS 1.87I-03 1.223-03 7. 9 1-06
Pu238 2.70Y-0l 2.953*01 2.923*01 2 28830± 2.843*01 2 .03*01 2.763*01
pu233 2.703.01 2.953*01 2.923*01 2 l6.8 01 2.843*01 2.803*01 2.763*01
pu239 3.34303 3.983*03 3 .83*03 3 .93*03 3 983*03 3.983*03 3.333*03
pu240 1.1(3.03 1.1(3.03 1.163*03 1.1(3.03 1.163+03 1.1(6.03 1.163*03
pu.2: 5.242-02 *.803.02 4.401*02 4.043.02 3 703*02 3.393*02 .111.02
pU242 1.013-02 1.063*02 1.0(2.02 1 063*02 1.063*02 1.063*02 1.0(-.02
sm241 1.31-301 49.253-01 1.023*02 1.383-02 1 723*02 2.02Z302 2.293*02
sm242m 3.253-01 3.223-01 3.203-01 3.173-01 3.143 01 3.113-01 3.083-01
sm243 1.073-01 1.073*01 1.071*01 1.073201 1.073201 1 073*01 1.073.01

total 8.67*-05 8.671*03 1.673*05 8 .7305 * 73 05 8.67305 38.673 05
0 element concentrations, gram
O muclide concentrations, gr-as

basis -singl, reactor assembly
lnitil 636.08 1312.0 d 198.0 d 2624.0 d 3210.0 d 3936.0 d

eo 95 2.913*02 31428*02 3.42302 3.423*02 3.423*02 3.42Z302 3.423*02
t 19 3.594.02 31302 3.613*02 3 61302 3.611*02 3.611*02 3.611*02

0 nuclids concentrations, grams
basis *single reactor asambly

Initial 436.0 d 1312.0 156.0 d 2624.0 d 2280.0,d 3336.0 d
rulOl 3 313*02 3.313*02 3.3l1302 3.311*02 3.311-02 3.311*02 3.313*02
rbhl3 2.113 02 2 311*02 2 313*02 2.313*02 2.313-02 2.313*02 2.313-02
80109 3.313*01 3.393-01 3.393.01 3.393-01 3.391-01 3.393101 3.393.01

0 nuclide concentrations, grams
basis -. Ingle reactor aasasbly

Initial 365.0 d 1312.0 d 196.0 d 2624.0 d 3280.0 d 3936.0 d
nd637 * 4.0002 4.113-02 4.111302 4.113*02 4.11*t02 4.111-02 4 .i1-02
nd163 3.113*02 3211 -02 3 113*02 .1 13102 3 113*02 3 113*02 3.11Z*02
am147 4 043*01 3.123*01 1 073*02 1 222*02 1.323*02 1.313*02 1.423-02
sm147 1.313.00 2 2073 2 .073-00 2 07Z300 2.073*00 2.073*00 2.073-00
sAMiS 1.113*02 1.1 3.02 1.163*02 1.163*02 1.161*02 1.163*02 2.163*02
sl5l I.323*00 *.323*00 8.213*00 8 093*00 7.389300 7,873.00 7.773*00
u151 1.753-02 1.333-01 2.483-01 3.60Z-01 4 723-01 5.313-01 1.90l-01

em152 6.243-01 6.243*01 6.241*01 6.243-01 6.243*01 4.243.01 6.241.01
eu133 I.911*01 3.93Z*01 3.033-01 3.931-01 3.933*01 3.93Z.01 3.93Z.01
gdl55 1.793-02 4.233-01 7.341-01 5.731-01 1.163-00 1.303-00 1.401-00

o. nuclide concentrations, grams
basis -single reactor assembly

initial 656.0 d 3112.0 d 1968.0 d 2624.0 d 3210.0 d 3936.0 d
total 1.433-04 1.453304 1.453*04 1.4S3-04 1 453.04 1.453304 1.453304
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rob9g321ess 1 OO.surn
...... *.......... -............................. *.*****...........** -.......

* SCALZ~~~~4. b ulletin bodrd

* Welcome to $or -4.2.

....................... f*...... --... ..... :
primary oo&jle access and input record 6 scale driver - 95/03125 - 05906217

- module as2cb will be called
h.P. lobinaon w-SC-PD 1.6 GadIWV 226 cm July 17

mixtures of fu.1-pin-unitcell

14group latticecell

uo2l n.5.544 1 322
52234 0.023 92235 2.561 52236 0.013 52238 57.403 end

kr-0I 1 0 1-20 122 end
kr-IS 1 0 1-20 522 end
y-65 1 0 1-20 322 d
er.-0 1 0 1-20 622 end
ar-9I 1 0 1-20 822 *nd
zr-94 1 0 1-20 822 end
Ir-25 1 0 2-20 322 end
nb-94 1 0 1-20 822 end
mo-5 101-20 822 *nd
tc-55 1 0 1-20 822 end
ru-101 1 0 1-20 822 end
ru-106 1 0 1-20 822 end
rh-103 1 0 1-20 822 end
rh-lOS 1 0 1-20 822 end
pd 105 1 0 1-20 822 end
pd-100 1 0 1-20 822 end
ag-105 1 0 1-20 822 end
ab-124 1 0 1-20 622 end
xe-131 1 0 1-20 822 and
xe-1

2 2
1 0 1-20 822 end

xe-23 2 0 1-20 822 end
xe-136 1 0 1-20 322 end
Ca-lld 1 0 1-20 822 end
Ce-lIS 1 0 1-20 822 end
es-137 1 0 1-20 222 end
ba-136 1 0 1-20 322 end
1-lIS 1 0 1-20 822 end
pr-ldl 1 0 1-20 822 end
pr-d

3
1 0 1-20 322 *nd

e.-144 1 0 1-20 522 end
nd-143 1 0 1-20 822 end
nd-145 1 0 1-20 t22 nd
nd-147 1 0 1-20 B22 end
pR-147 1 0 1-20 322 end

-148 1 0 1-20 822 end
am-147 1 0 1-20 322

-l49 1 0 1-20 322 nd
-ISO 1 0 1-20 122 nd

as- 1 0 1-20 322 end
m-15

2
1 0 1-20 822 end

eu-15 1 0 1-20 822 end
ea-lSd 1 0 1-20 522 en4
*u-1SS I 0 1-20 822 end
qd-1SS 1 0 1-20 822 and

arbim-strc 6.56 5 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 58.18 2 1.0 593 end

L.n 3 den-0.7115 1 579 end
arte-bormod 0.7135 1 10 0 5000 100 3 632.5.-S 579 end

n *0S-5 579 end

5,304 S 1 576 nd

o 6 0 0.04137 575 nd
na 6 0 0.00156 575 nd
*1 6 0 0.00058 575 end
xi 6 0 0.01775 575 end
k 6 0 0.00011 575 end
b-10 6 0 .555-4 575 end
b-ll 6 O 3.63-3 579 end

* 6513 p boron trt) in moderator

end cop

,fuol-~pln-cwll Vemetrys

squarepitch 1.f3 0.5294 1 3 1.0711 2 0.464 0 nd

- - - -- - - - - - - - - ~~~~~~~~~~- - - - - _ _ _ --

s*sembly nd Cycle peraseteri

pinfassam-204 fuelnoth-726 .63 acycles-4 nlibleyc-3
printle l-5 llght.19 Inplevl.2 numstotal-ll
rnepents-O end

4 0.2139 5 0.3004 4 0.3086 6 0.5029 4 0.5017 5 0.5576 3 0.4502
2 0.6934 3 0.1068 500 2.2238 3 2.2290
4 0.2351 5 0.3004 4 0.3086 6 0.5025 4 0.5017 5 0.5576 3 0.502
2 0.6934 3 0.8068 300 2.2238 3 2.2290
4 0.2839 5 0.3004 A 0.3086 6 0.5029 4 0.5087 5 0.5576 2 0.6502
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2 0.6134 3 0.1068 500 2.2238 3 2.22iO

4 0.2838 S 0I3004 4 0. 08I C e.5029 4 0.5087 5 0.55s 3 2.502
2 0.5834 3 0.I008 500 2.2231 3 2.2290
4 0.2389 50.3004 4 0.3081 6 0.5029 4 0.5087 50.55763 3.502
2 0.6934 3 0.1061 500 2.2238 3 2.2290
4 0.2839 5 0.3004 4 0.3086.6 0.5029 4 0.508 5 0.5576 3 0 .502
2 0.634 3 0.803 500 2.2238 3 2.2290

30.2839 30.3004 3 0.3081 3 0.5029 3 0.5087 30.55763 0.6502
2 0.9934 3 0.8068 S00 2.4408 3 2.4470
30.239 3 0.3004 3 0.3086 3 0.5029 3 0.50173 0.5574 30.6502
2 0.6934 3 0.808 500 2.6408 3 2.6470
30.2833 30.3004 3 0.3086 3 0.5029 3 0.5087 30.55173 0.3502
2 0.6o34 3 0.1068 500 2.6401 3 2.6470

30.2839 30.3004 3 0.3086 3 0.C02 3 0.5087 30.557 3 0.6502
2 0.634 3 0.1068 500 2.6408 3 2.6470
3 0.213 3 0.3004 3 0.3016 3 0.5029 3 0.5087 3 0.5576 3 0.6502
2 0.6934 3 0.068 500 2.6401 3 2.6470
30.2839 30.3004 3 0.3018 3 0.5029 3 0.5087 30.5576 30.6502
2 0.684 3 0.8068 500 2.6401 3 2.6470

vr.3 .38 bum.243.5 down-40 end
por.153.4 burn.243.5 down.64 blrae-0.3773 and
power-32.27 burn.156.0 down-39 bfre-1.0 enl
po.er.27.7t burn.156.0 down-3631 bfree-0.3753 end

o 219 cr 5.2 win 0.29
fe 11 co 0.066 nl 8.7
Er 195 nb 0.63 an 3.2

the above light elements converted to kg per *tco2
. _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -
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Code system: scale version * 4.3
......... .. *....*. ..... ***.....a.C.....

. a.e... .... .*... . t***..

program: 8aa2

.. eation dates 0/071/97

*lbrary: jopt/neut/lcale4 .3bins

this to not a scale configuration controlled coe

.obname: nichol

date of axecutlon: 08e08o97

time of .xecution: 19j22:11

... *.. .***..*....a**.a..afl*.**.**a**.......
. ......... . .............. ........ .............

1

O0
o imelid. roncentrations. vraMs

bals esijVle reactor assembly
Initial 11-18 d

16 1. 193*03 1.19*03
total 3.45.305 3 .43Z5

o nuclid. concentrations. grams
basis a-ngle reactor aembly

Initial 11-18 d
u234 2 031202 2 033*02
u235 2.283*04 2.212a04
u236 9.1 3*02 1 133*02
u238 3.582*05 *.582*05

total 3 812*01 3313.03
0 basis
e initial 20.3 d 40.6 d 60.9 5 81.2 d 31.2 d
0 initial 20.3 d 40.6 d 80.5 d V1.2 d 31.2 d

basis - ainl rl etor sebly
charge 20.3 d t0.6 a 40.5 d 31.2 d 61.2 d

o 16 7.422.03 7.422*03 7.422*03 7.423*03 7.423*03 7.423-03
basis - single reactor asembly

cbarge 20.3 d 40.6 d 80.5 d *1.2 d 31.2 8
basis * single reactor assembly

charge 20.3 d 40.6 d *0.5 $1.2 d 81.2 d
basis * ingle reactor assembly

charge 203 2d 40.* d 60.9 d 31.2 d 1.2 d
mo 95 .C0.00 7.093-05 4.911-04 2.443-03 2.938-03 2.98t-03
tc 99 .003.00 2.113-11 1.213-10 4.481-10 1.093-09 1.033-09

basls * sinale reaector assembly
charge 20.3 d 40.6 d 80. 81.2 d 31 2 d

basis * sin0le reactor assembly
charg 20. 40.6 d 80.9 d 81.2d8 81.2 d

totals 1 02I.04 1.02Z-0 1.023-04 1.023d04 1.023*04 1.02d*04
basis a single reactor assembly

charge 20. 8 8d0.6 a 60.9 d 31.2 d 81.2 d
u233 .00100 4.833-07 9 033-07 1.303-08 1.877-06 1.873-08
u234 8.883-01 8.512-01 1 3 213-01 1.083-01 8.083-01
u25 9.803*01 9.232*01 3.873*01 8. 53102 3.213.01 8.213*01
u236 4.832-01 1:0.1900 1.3 3300 2:52Z:00 3 133*00 3.13t300
u238 3 .13*03 3 .01*02 3.80*03 3. 02*03 3.592*03 3.333*03

np23
7

.002-00 1.113-02 3. 26-02 5.353-02 3.073-02 8.87Z-02
pu23

8
003*00 4 .03-10 3.13Z-09 0.733-0 1.783-08 1.763-08

pu23: .003.00 8.071-0S 8.02Z-04 1.716-03 3.633-03 3.63Z-03
pVu23 .003.00 T.072-OS 6.02z-04 1.163-03 3.832-03 3.632-03
pu23i .003.00 2 082-00 4.332-00 6.293Z00 7.983*00 3.982-00
pu240 .008300 4.711-02 1.90Z-01 3.972-01 6.442-01 *.441-01
gu21 00O.-00 1 722-03 2.283-02 7.103-02 1.333-01 S1.53-ol
pu24 

2
. 08-05 3 .1-04 1 183-03 5 073-03 5 073 03

bhsas * single reactor ss*ebly
charge 20.3 d 40.8 d 60.5 d 81.2 d I1.2 a

s.241 .003.00 1.743-06 2923-05 1413-0*04 8.103-04 4.103-08
am24

2
a .00.00 4.382-09 1.413-07 9 .3107 3 473 08 3.472-08

au243 .003*00 1.133-07 *.13_-08 3.033-Os I.1.908 1.1 92-04
totals 3.702.03 3.703-03 3.703*03 3.893*03 3.883-03 3.893-03

decay da t, including ge And total energy, are from *end/b-vI
0 1697 total numer of nuclide. In library
0O- nuclid econcentrations, Vrms

b~asis cingle reactor assbly
initial 605.2 d 1210.3 d 1013.5 d 2420 .7 d 3025 . d 3631.0 d

o 16 1.192*05 1.193*05 1.19Z305 1.193303 1.193*05 1.193*-05 1.19303
0 nuclide concentrations, gram

basis -single reactor easembly
Initial 60532 d 1210.3 d 1813.5 d 2420.7 8 3023.3 d 3631.0 d

no 95 1,462.01 1.123I01 1.723-01 1.723-01 1.722+01 1.722.01 1.723*01
te 99 36382-051 .4AS-OS 6.453-05 6.453-OS *.412-OS 4.451-05 8.4AS-01

0 rnuclide concentrations. gras
basis *single reactor assmbly

Initial 805.2 d 1210 3 d 1813.5 d 2420.7 d 3025.6 d 3731.0 d
total 3.453105 3,453-01 3. 33-05 3.433*05 3.433+05 3.453*05 3.813*05

O nuclide concentrations, grams
basis -single reactor assembly

initial 80352 d 1210.3 d 181513 d 2420 7 d 3023.8 d 2t31.0 8
u233 1.268-03 1.413-03 1.853-03 1.8 3-03 2.032-03 2.243-03 2.443-03
u234 1.133*02 1.153*02 1.163+02 1.181.02 1.203-02 1.211.02 1.233+02
u235 5 273*03 5 273*03 5.27X303 5.273-03 S.273*03 5.272-03 5.273*03
u236 2.99g303 2.993*03 2.992*03 2.993*03 3.003*03 3.002*03 3.003*03
u238 *.353*05 * 35.205 8.353-03 8.351305 8.353105 8.351*05 1.333+05

rp23
7

3.411-02 3.483*02 3.493-02 3.412*02 3.90s302 3.531-02 3.522-02
pu236 5.632-04 3.813-04 2.561-04 1.72Z-04 1.163-04 7.813-05 5.25z-35
pu238 1.213+02 .321*-02 1.313-02 1.302-02 1.28Z*02 1.26Z802 1.252-02
pu238 1.213*02 1.323-02 1.313-02 1.303*02 1.28Z+02 1.263*02 1.233-02
pu239 4.542-03 48622*03 4.823-03 4.822*03 4.822*03 4.622*03 4.62Z-03
pu240 2:202-03 2:20Z-03 2:201:03 2.202-03 2:202:03 2:203-03 2:213-03
Vu241 1.159-03 2.062-03 1.702.02 9.039-02 8.33202 7. f9g02 7.109-02
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pu242
ao24 1
as) 42.
.9243

total

5.271-02
3.72Z.01
7.23Z-01

.03-.02
3.53,.3S

0
0

initial
M 95 S.925-02
te "9 *.623-02

initial
rulOl 6.49Z+32
rhIOJ 3.a61.02
aglOP 8.62Z.01

initial
ndl4l 6.3*2.02
ndl4S 5.52)-02
5147 5.313*01

S249 1.743.00
a150 2.53.-0)
1a5Si 1.16Z.01

u15SI 1.135-02
sI)52 1.13.-02

*u15 1.03.-02

5.27Z.01 5.273.0) 53.27302 5.273.02 5.273-02 5.273.02
1.253.02 2.043.02 2.311,02 3.493.02 4.1)3.02 4.71.-02
7.15Z-01 7.123-01 7.073-01 7.013-01 *.963-01 6.903-01
1.093-02 1.093-02 1.091-02 1.093*02 1.03.0-0 1.093-02
3.539.05 8.531.05 .53i-0S 1.533.05 3.3)3.05 3.53)303

element concentrations, groT
nuClida concentrations. Grmg
basis -single reactor sssbly

*03.2 d 1210.2 d 1313.5 d 2420.7 d 3023 . 4 2361.0 d
6.232.02 6.23-.02 6.231-02 6.2)3202 6.233.02 6.23.-02
6.6*5-02 .651.02 * 6651302 *.51.02 5 0.6523 6.6S51-02

nuclide concentrations arms
basis "mingle reactor assembly

605.2 a 1210.1 d 1315.3 d 2420.7 d 3025.t d 2611.0 d
6.491.02 6.4t3.02 6.493.02 6.493.02 (.493.02 6.493.02
4.273,02 4.273.02 4.273+02 4.273.02 4.273.02 4.273+02
1.33.01 1.633.01 3.639.01 3.63Z.01 3.s63.01 1.612301

nuclide concentrations, gram
basiL *sinul reactor asebly

605.2 d 1210.3 d ltl1.5 d 2t20.7 d 3023.t d 3631.0 d
6.51.-02 6.351302 6.313.02 6.513.02 6.513-02 6.352102
S.522.02 5.523.02 5.32Z.02 5.323.03 5.523-02 5.523-02
1.1)3.02 1.483*02 1.1Z.02 1.153.02 1.95w302 2.013*02
2.98Z.00 2.98Z300 2.983*00 2.903*00 2.583*00 2.93-*00
2.563.02 2.56.-02 2.56Z*02 2.363*02 2.563-02 2.363.02
1.173*01 1.163-01 1.143.01 1.131*01 1.11Z301 1.103-01
1.123-01 3.103-01 4.573-01 6.013-01 7.44Z-01 1.853-01
1.163-02 1.16Z*02 1.13.02) 1.163*02 .162*02 1.163*02
1.03* 02 1.03.-02 1.031.02 1.032.02 1.03.-02 1.03*-02

nuclide concentrations, tr7a
basic "singl, reactor *aesbly

605.2 d 1210.3 d 1315.5 d 2420.7 d 3025.t d 36)1.0 d
1.103*00 1.94E.00 2.603.00 3. 11300 3.S23300 3.83)-00
23.43*04 2.843-04 2.343*04 2.041-04 2.541404 2.343-04

a

initial
qd135 3.143-02

total 2.241*04

1.


