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1. Purpose

The purpose of this design analysis is to determine the accuracy of the SAS2H module of SCALE
4.3 in predicting isotopic concentrations of spent fuel assemblies. The objective is to develop a
methodology for modeling assemblies similar to those evaluated within this analysis and to establish
the consistency of SAS2H predictions. The results of this 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 theTurkey Point
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 concentrations used for
comparisons in the analysis are obtained from a separate report (Reference 5.5).
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4. Design Inputs

The sources for the design parameters are References 5.4 through 5.10. Reference 5.4 provides
information on molar masses; the assembly design, power history and operating parameters are
obtained from References 5.5 through 5.8; the cladding composition from Reference 5.9; and a list
of trace elements in the fuel is derived from Reference 5.10.

4.1 Design Parameters

The molar masses of selected elements are obtained from Reference 5.4 and 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,
6.02 x 102' atoms per mole. (Reference 5.4)

General spent fuel characteristics for each pellet sample are presented in Table 4-1 and include the
initial " 5U enrichment, final burnup and the cooling time (Table 1, Reference 5.5). The initial
enrichment for all samples is 2.556 wt% "2 5U and the burnup ranges from 30.510 to 31.560
GWd/MTU. The cooling time is the same for all samples and is 927 days.

Assembly design parameters are presented in Table 4-2 (Table 9, Reference 5.5; Table 8, Reference
5.6). The samples come from a Westinghouse 15 x 15 assembly with 20 guide tube positions and
one instrument tube, which were empty during operation. A cross section of a Westinghouse 15 x
15 assembly is presented in figure 4-1 (Figure 3, Reference 5.5). An assembly pitch could not be
obtained for Turkey Point, therefore, the assembly pitch is obtained from the H. B. Robinson
assembly, which is also a Westinghouse 15 x 15 assembly (Table 8, Reference 5.6). It is noted that
the fuel loading per assembly given in Reference 5.5 indicates 456.9 kg U0 2; however, Reference
5.6 indicates that the initial loading is 456.9 kg U. Furthermore, Table 2.2 in Reference 5.7 includes
assembly design information for a typical Westinghouse 15 x 15 assembly and indicates ihat the
initial loading is 458.97 kg U, which is slimilar to that presented in Reference 5.6. Therefore, it is
believed that the units for the fuel loading is misprinted in Reference 5.5 and a uranium loading of
456.9 kg U is used. The initial enrichments for "'U, "'U, "'U, and 2MU are given in Table 4-3
(Table 10, Reference 5.5).

The operating parameters in Table 44 include the cycle start and stop dates, uptime and dowitime,
specific powers, operating temperatures, and moderator conditions (Tables 9, 11 and 12, Reference
5.5; Table 3.8, Reference 5.8). Since cycle specific data for the specific power could not be
obtained, the specific power was calculated from the final bumup and the total irradiation tirie, and
approximated as constant over the three cycles (p. 17, Reference 5.5).
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The composition of the cladding, Zircaloy-4, is presented in Table 4-5, and has a density of 6.56
g/cm (Reference 5.9). A list of trace elements in the fuel used in updating cross sections during the
depletion analysis is presented in Table 4-6 and developed with consideration of elements used in
(Table 1, Reference 5.10). A generic set of light element weights for PWRs that is typically used
in depletion analyses is included in Table 4-7 (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 kgIMTU depending on the units
required in the analysis.

Measured isotopic concentrations are presented in Tables 4-7 and are given in mg/gU (Appendix E,
Reference 5.5). The measurements were performed at the BCL for the Climax Spent Fuel Test
Materials for samples from rods G09, GIO, and H09 from assembly DOI and r6ds G09 and GIO from
assembly D04.

. Table 4-1. Spent Fuel Characteristic Parameters for Samples from Turkey Point Unit 3 PWR

Assembly Axial Enrichment, Burnup, Cooling Time,
and Rod Location wt % "SUGWd/MTU days
Number from Bottom

of Assembly,
cm

DOI (G09) 167.6 2.556 30.720 927

DOI (GIO) 167.0 2.556 30.510 927

DOI (H09) 167.0 2.556 31.560 927

D04 (G09) 167.6 2.556 31.260 927

D04 (G1O) 167.0 2.556 31.310 927
Reference 5.5
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Table 4-2. Assembly Design Parameters for Turkey Point Unit 3 PWR
Parameter

Assembly general data:
Designer
Lattice
Number of Fuel Rods
Number of Guide Tubes
Number of Instrument Tubes
Assembly Pitch, cm
Assembly Mass, kg U

Fuel Rod Data:
Type of Fuel Pellet
Pellet Stack Density, g/cm
Rod Pitch, cm

- Rod Outside Diameter (OD), cm
Rod Inside Diameter (ID), cm
Pellet Diameter, cm
Active Fuel Length, cm
Clad Material

Data

Westinghouse
15 x 15
204
20
1
21.50
456.9

UO2

10.235
IA300
1.0719
0.9484
0.9296
365.76
Zircaloy-4

Guide Tube Data:
Inner Radius, cm
Outer Radius, cm
Tube Material

References 5.5, and 5.6

0.6502
0.6934
Zircaloy-4
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Figure 4-1. Cross Section of Turkey Point Assembly
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Table 4-3. Fuel C mposition by Assembly for Turkey Point Unit 3 PWR

Parameter D01 D04

Enrichment,
wt % 2 U 2.556 2.556
wt % 2U 0.023 0.023
Wt % 2MU 0.012 0.012
wt % 2'U 97.409 97A09

Reference 5.5

Table 4-4. Oper ting Data for T y Point Unit 3 PWR

Sample Cycle 2 Cycle 3 Cycle 4

Cycle Start all 12/1674 1212375 1/16177

Cycle End all 10/26175 11/15/6 11/247

Uptime, days all 314 327 312

Downtime, days all 58 62 927

Specific Power, MW/MTU DO (09) 32.235

DOI (G10) 32.015

DOI (1H09) 33.116

D04 (09) 32.802

D04 (G10) 32.854

Fuel Temperature, K all 922

Cladding Temperature, K all 595

Moderator Temperature, K all 570

Moderator Density, g/cm3 all 0.731

Boron concentration, ppm (wt) all 450
References 5.5 and 5.8
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Table 4-5. Compo ition 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/cm
Reference 5.Y

Reference 5.10
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Table 4-7. Light Element Mass Der Unit of Fuel for a Typical PWR

Element kg/MTU

0 135.0

Cr . 5.9

Mn 0.33

re 13.0

Co 0.075

Ni 9.9

Zr 221.0

Nb 0.71

Sn 3.6
Reference 5.6

Table 4-8. Measured Isotopic Cocentrations ( )

Axdal Location, cm 167.6 167.0 167.0 167.6 167.0

Sample Identification DOI (G09) DO (GIO) DOI (HO9) D04 (G09) D04 (GIO)

Burnup, GWdtMTU 30.720 30.510 31.560 31.260 31.310

IUU 1.321E-01 1.321E-01 1.225E-01 1.131E-01 1.320E-OI

_VU 5.865E00 5.676EOO S.584EOO S.509EOO 5.662EOO

_U_ 3254EOO 3.255EOO 3.174EOO 3.156EOO 3.252EOO

IMU 9.502E02 9506E02 9.495E02 9.499E02 9.498E02

2"pu 1.365E-01 1.360E-01 IA26E-01 1.382E401 1.372E-01

_PU_ 4.838EO0 4.840EOO 4.930EOO 4.941EOO 4.788E00

_ _ _ _ 2.266EOO 2.294EOO 2.29SE00 2.320EOO 2.278E00

"'Pu 1.061EOO 1.068EOO 1.104EOO 1.124EOO 1.072EOO

5.020E-01 5.248E-0I 5.477E-0 5A28E411 S.2S-41
I __________ 1. I

Reference 5.5
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4.2 Criteria

The design of the waste package will depend on waste package configuration criticality analyses
performed using an acceptable disposal criticality analysis methodology. Criteria that relate to the
development and design of repository and engineered barrier components are derived from the
applicable requirements and planning documents. The Engineered Barrier Design Requirements
Document (EBDRD, Reference 5.13) provides requirements for engineered barrier segment design.
The Repository Design Requirements Document (RDRD, Reference 5.14) provides requirements
for repository design. The Controlled Design Assumptions Document (Reference 5.15) provides
guidance for requirements listed in the EBDRD and RDRD which have unqualified or unconfirmed
data associated with the requirement.

This analysis supports the disposal criticality analysis methodology by providing input, in the form
of fuel depletion results, to benchmark calculations which address the prediction of both spent fuel
isotopic compositions and their associated reactivity. These benchmark calculations will contribute
to the determination of bias values in the method of critical multiplication factor calculation that is
implemented by the analytic tools to be used in the disposal criticality methodology. The
requirements for utilizing the bias in the method of calculation of the critical multiplication factor
for disposal configurations containing spent nuclear fuel are located in Section 3.2.2.5 of the RDRD
and Section 3.2.2.6 of the EBDRD. This analysis does not satisfy these requirements, but the results
from this analysis will be used as input to subsequent analyses which will satisfy these requirements.

4.3 Assumptions

Not applicable.

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 5.11 describes the SAS2H module of SCALE 4.3 that is used with the
44GROUPNDF5 cross section library to calculate the isotopic concentrations for the
specified burnup and cooling time. The computer code's spatially independent point
depletion model is appropriate for comparison with pellet sample measurements, and is used
within the range of validation, as described in Reference 5.12, 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-O. User defined formulas and/or algorithms, inputs and results, are
documented in the appropriate sections.
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7. Design Analysis

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

7.1 SCALE Input Data Blocks 1, 2, and 3

Data blocks I through 3 define the SCALE module to be used, the title of the input file, the cross
sectional library to be used, and the lattice type to be modeled. The module used is SAS2H and the
cross sectional library is 44GROUPNDF5, abbreviated as 44GROUP. The 44GROUP cross section
library is recommended by Oak Ridge National Laboratory. Since SAS2H is only to be used for
isotopic depletion/generation, the option 'parm=skipshipdata' 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 1 for fuel; mixture 2 for cladding
and mixture 3 for moderator.

The fuel mixture is specified as U02 with a density and isotopic weight percentages from Tables 4-2
and 4-3 and a fuel temperature from Table 4-4. Isotopes which are selected as needing their cross
sections updated during the depletion analysis are included in the fuel mixture. A standard list of
trace fuel elements is given in Table 4-6 and defined in the fuel mixture to have a concentration of
1020 atoms/barn-cm.

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

The moderator temperature, density and boron concentration are given in Table 4-4 and is composed
of H2 0 and boron. The boron is defined as an arbitrary material with the moderator density and
temperature, a volume fraction equal to the cycle average boron concentration of cycle 2,.and a
standard boron composition from the Standard Composition Library designated as 5000.
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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 pin,
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 1 MTU, using the following equation:

LengtA. I 27O9 UO2 10* U Equation 7-1
(POD)2(PDen)(NFR) 2389U IMTU

4

Where:
Length = Length Required for an Assembly to Contain I MTU (cm)
POD = Fuel Pellet Diameter (em)
PDen = Fuel Pellet Density (gUO2Icm3)
NFR = Number of Fuel Rods

Since measured isotopic concentrations are presented in milligrams of isotope per gram of uranium
and SCALE presents concentrations in grams of isotope per assembly, it is convenient to alter the
length so that the assembly contains 1 MMU. This is possible since the -D transport cilculation is
axially independent. Consequently, the length of the assembly does not impact the neutron flux
spectrum nor the nuclide cross sections. The resulting length for a Turkey Point assembly is 800.54
Cm.

The samples were irradiated for three cycles. It is determined that approximately 80 days per cross
section library is sufficielnt 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 five. 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 4-7, while the number of zones is five which is
determined by the Path B model described in Section 7.4.
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7A SCALE Input Data Block 8

The Path B model for Turkey Point is a centralized guide tube unit cell surrounded by an
homogenized fuel and moderator mixture that conserves the fuel to moderator ratio, and is further
surrounded by moderator between assemblies. All of the following equations used to determine the
Path B model dimensions are derived. The equation below is used to determine the number of fuel
unit cells that surround the central guide tube. 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.

(L)(CUCMV)
M

(F:V FM~(

Equation 7-2

(NFR)(! )(poD)2
4F

M (NFR)j}p2_( 4 )(COD)29(NG)jRP2_( 4)(GTOD)2_( 4)(GTID))-+
4 4 4

lRpp2-(4)(I7DD).( )(I7D21

CUCM=RP2-( .)(GTOD)2,(.=)(G7D)2
4 4

I ~~FV=(-)(POD92
4

Equation 7-3

Equation 7-4

Equation 7-5

MV=Rp2_( 2n)(COD)2
4

Where:
x = Number of Unit Fuel Cells per Central Guide Tube
F/M = Fuel to Moderator Volume Ratio
NFR = Number of Fuel Rods
POD = Fuel Pellet Outer Diameter
RP = Rod Pitch
COD = Cladding Outer Diameter
NGT = Number of Guide Tubes
GTOD = Guide Tube Outer Diameter
GTID = Guide Tube Inner Diameter
CUCMV = Central Unit Cell.Moderator Volume
ITOD = Instrument Tube Outer Diameter
1TID = Instrument Tube Inner Diameter
FV = Fuel Volume of One Fuel Unit Cell
MV = Moderator Volume of One Fuel Unit Cell

Equation 7-6
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Once the number of fuel cells per guide tube is determined, the geometry of the Path B model is
calculated: Since the guide tube cell is centralized, the dimensions of the first two zones are the
same as the guide tube inner and outer radii. The mixtures are moderator for zone I and zircaloy for
zone 2.

The radius for the moderator surrounding the guide tube, but still within the guide tube cell, is
calculated with the following equation:

R 3 (1)Up2 Equation 7-7'

Where:
R3 = 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, respectively.

ARAsx(ORA 2-IR 2 ) Equation 7-8

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

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

R4= ( px2) R 2 Equation 7-9

Where:
R4 = Radius of Homogenized Fuel and Moderator Zone

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

The moderator in the channel 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.
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pitch multiplied by the number of unit cells. The radius of the moderator between assemblies is
.calculated from the following equation:

-R,-^-(") AP2-(NCA(RP2lR 2

-n .NCJ

Where:
R = Radius of Moderator Surrounding Assembly Zone
NCell = Number of Cells in Assembly
AP = Assembly Pitch

Equation 7-10

Table 7-1. Calculation of Fuel Unit Cell per Guide Tube Unit Cell

F/M CUCMV cM 2 V, cm MV, cm x

0.5087 1.8626 0.6787 1.1425 9.7143

Table 7-2. Path B Model Dimensions

I__ _R I R2 R3 R.| Rs|

Radius, cm 0.6502 0.6934 0.8068 2.6408 2.6470

Composition Moderator Cladding | Moderator Fuel/Moderator 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, length of downtime, fraction of boron and moderator density, and the temperature during the
cycle may all be defined. The specific power is in units of MW/MTU while the irradiation period
and length of downtime are both defined in days and are found in Table 4-4. The fuel temperature,
moderator density and boron concentration are constant over the three cycles, and therefore, the
options to specify cycle specific values.

Light elements and their effective weight, in kg per assembly, are entered in data block 10. Table
4-7 provides a generic set of light elements and their weights, in kg per MTU. Since the fuel length
is altered so that there is I MTU per assembly the use of light elements with weights of kg per MTU
is appropriate.

Data blocks 11 through 15 describe parameters used in the radial shielding analysis of a shipping
cask and are not necessary in performing the depletion analyses. Data block 16 denotes the end 6f
the SCALE input.
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7.6 Comparison of Calculated and Measured Concentrations

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

Measured concentrations presented in Table 4-6 have units of mg of isotope per g of U, while
calculated concentrations presented in Table 7-3 have units of g of isotope per Metric Ton of U.
Therefore, the measured concentrations must be multiplied by 103 gU/MTU to obtain similar units.
Percent differences are presented in Table 7-4.

7.7 Results

SAS2H predicted isotopic concentrations are presented in Table 7-3. The calculated concentrations
are obtained through the methodology described in Sections 7.1 through 7.5, with the input
parameters defined in Section 4.1. Calculated concentrations are then 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 measured to calculated ratios, are presented in Table 7-4.

Table 7-3. Calculated conc e trations (

AxAA Location, cm 167.6 167.0 167.0 167.6 167.0

Sample Identificatdon DOI (GO9) DOI (010) DOI (HO9) D04 (GO9) D04 (G10)

Burnup,GWdIMTU 30.720 30.510 31.560 31.260 31.310

LU U1.34E2 1.35E2 1.32E2 1.33E2 1.33E2

_U _ 5.55E3 5.61E3 5.29E3 5.38E3 S.37E3

_U 3.35E3 3.34E3 3.37E3 3.36E3 3.37E3

9.49E5 9.49E5 9A8E5 9.49E5 9.49E5

IMPu 1.35E2 1.33E2 1.42E2 1.40E2 1.40E2

_ __ 5.05E3 5.05E3 5.06E3 5.06E3 S.06E3

2"Pu 2.34E3 2.33E3 2.39E3 2.37E3 2.38E3

2W1PU 1.07E3 1.06E3 1.09E3 1.08E3 1.083

_ _Pu_5A S E2 5.37E2 5.77E2 5.65E2 5.67E2
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Table 7-4. Percent Difference Between Measured and Calculated [(C/M-1) 1001

Aial Locadon, cm 167.6 167.0 167.0 167.6 167.0

Sample Identflicaton DO (009) DO (10) DOI (H09) D04 (G09) D04 (GIO)

Burnup,GWdlMTU 30.720 30.510 31.560 31.260 31.310

LUUV 1.44 2.20 7.76 17.60 0.76

U -5.37 -1.16 -5.27 -2.34 -5.16

2MU 2.95 2.61 6.18 6.46 3.63

MxU -0.13 -0.17 -0.16 -0.09 -0.08

UIPu -1.10 -2.21 -0.42 *1.30 2.04

MPu 4.38 4.34 2.64 2.41 5.68

24PU 3.27 1.57 4.14 2.16 4A8

241PU 0.85 -0.75 -1.27 -3.91 0.75

142pJ . * 8.57 232 535 4.09 8.31



Waste Package Development Design Analysis
Title: SAS2H Analysis of Radiochemical Assay Samples From Turkey Point PWR Reactor
Document Identifier: BOOOOOOD01717-0200-00141 REV 00 Page 23 of 24

8. Conclusions

The accuracy in which the SAS2H module is able to predict isotopic concentrations is indicated by
the percent differences presented in Table 7-4. Inspection of such results reveals that the code has
a tendency to over-predict 2U, 23U, 2"Pu, 2"'Pu, and 242Pu, while it tends to under-predict 2 "1U..
Percent differences from this analysis are compared with results from Reference 5.5, in which similar
calculations were performed with a previous version of SCALE and the 27burnuplib cross section
library. The concentrations calculated in Reference 5.5 for the most part agree with the
concentrations calculated in this analysis; however, significant differences are seen for the plutonium
isotopes. Since there are few differences between the model in Reference 5.5 and the model
contained within, it is believed that the discrepancy between calculated concentrations for plutonium
isotopes is caused by a change in the cross section library.

The SAS2H code normally predicts isotopic concentrations as a radial assembly average; however,
measurements are performed on individual pellet samples. Therefore, local pellet conditions are
modeled as closely as possible in this analysis so that a more realistic pellet composition can be
determined. However, 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 Turkey Point, 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. 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 five pages and contains the input files used in the modeling of the Turkey
Point Unit 3 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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tpdOlgO9.input
.?2h pnn-ipsedpdua

Turkey Point 3 assembly DOI tod G09.30.720 GWd/MlU June97

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

tmixtures of ful-pin-unitceU:

4 4 group latticecel

uo2 I den-10.235 1922
92234 0.023 92235 2.556 92236 0.012 92238 97.409 end

kr43 10 120 922 end
kr-45 101-20 922 end
y- 101.20 922 end
*r-90 101.20 922 end
zr-93 101-20 922 end
zr-94 101.20922 end
r-95 I 0 1.20 922 end
nb-94 1 01.20 922 end
rno-95 1 0 1.20 922 end
tc99 I 01.20 922 end
ru-I01l0 1.20 922 end
ru-106 10 1.20922 end
rh-103 101.20922 end
rb-105 IC 1.20922 end
pd-1OS 101-20922 end

_pd-lWS3 0 1.20922 end
U- 109 1 0 1.20 922 end
sb-124 1 0 1.20 922 end
xe-131 101.20922 end
xe-132 101.20922 end
xe.135 101.20922 end
xe-136 10 1-20922 end
cs-134 I0 1.20 922 end
cs-135 10 1-20 922 end
cs-137 101 .20 922 end
ba-l36 101-20922 end
la-139 101-20922 cnd
pr.141 101.20922 end
pr-143 1 0 1.20 922 end
cc-144 101.20922 end
nd-143 1 0 1.20 922 end
nd.145 1 0 1.20 922 end
nd-147 101.20 922 end
pm-147 101-W922 end
pm-148 101-20922 end
gm-l47 101.20922 end
sm-149 10 1.20 922 end
sm-150 101.20 922 end
sm-ISI 101.20922 end
sm-152 101.20 922 end
cu-153 1 0 1.20922 end
cu-154 101.20922 end
eu-5I 01.20 922 end
gd.l55 101.20 922 end
arbm-zirc4 6.56 5 0 0 0 016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 9E.18 2 1.0 S95 end
h2o3den-0.731 I S70ed
xrbm bormod 0.7311 0 0 5000 100 3 450.0c-6 570 end

450 ppm boron (wt) in moderator
e. ..oin

cnd eomp

aepizcb .4300 0.9296 I 3 1.071920.9440 end

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

assemby and ck pamen:

pin/assm-204 felnglt-1100.54 ycles-3 &Wcyc.S
prlieW5 EIghcI-9 inpleve1.2 muznta -5 cd
3 0.6502 2 0.6934 3 0.1061 500 2.640E 3 2.6470
pow= 32.23S burn314 dowDn58 end
power323 bun-327 down.62 end
power-32235 bum-312 down.927 cad

o 135 r 5.9 n0.33
fe 13.0 co 0.075 ni 9.9

r221 b O.71 an 3.6

cnd

.fuel-pin-cell georney:
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tpdOlglO.input
wus2h punuskipshipdau
Turkey Point 3. assembly DO rod G10.30.51 GWd*MU. June97

....... ....... ____ .... .........

miitures otfhel-pin-unitcel:

44gpup laiweeII

uo2 I den-10.235 1 922
92234 0.023 92235 2.556 92236 0.012 92238 97.409 end

kr-13 101-20 922 end
kr-S 101-20 922 end
y.S9 I 0 120 922 end
&r.90 101.20 922 end
xr-93 I 0 1-20 922 end
zr-94 10 1-20 922 end
zr-95 101-20 922 end
nb-94 I 01-20 922 end
mo-95 0 1-20 922 end
tc.99 101.20 922 end
au-IO110 1-20 922 end
ru-106 1 0 1-20 922 end
rh-I3 101 -20 922 end
h-105 01-20922 end

pd-105 101-20 922 end
pd.I08 01-20922 end
eg-109 101-20 922 end
sb-124 101-20922 end
ze.131 101-20922 end
xe-132 101-20 922 end
xe-l35 10 1-20 922 end
xe.136 101.20922 end
cs-134 01-20 922 end
cs.l35 101-20922 end
cs-137 1 01-20 922 end
be-36 101-20 922 end
la-139 1 0 1-20 922 end
pr.l41 10 1.20922 end
pr-143 101.20 922 end
ce.44 1 0 1-20 922 end
nd-143 101-20 922 end
nd-145 101-20922 end
nd-147 10 1-20922 end
pm.147 0 1-20 922 end
pm.14S 101-20922 end
sm-147 101-20922 end
sm-149 101-20 922 end
sm-150 0 1-20 922 end
sm-15I 01.20922 end
sm-152 01-20 922 end
eu-153 10 120 922 end
eu-154 01-20 922 end
eu-155 01-20 922 end
yd-155 101.20 922 end
abm-zirc4 6.56 5 0 0 0 016 0.12 24000 0.10 26000 0.20 50000 1.40

400009S.12 1.0595 end
h2o3den-.0.731 70end
autr-boronod 0.731 1 1 0 0 5000 100 3 450.0e6 570 end

450 ppm boron (wi) in modeamor
._ 

end comp

uquaptpkch 1.4300 0.92961 3 1.0719 2 0.94U 0 end

............................................................... __

ansebly end eydle pamuceer

npinusm-204 fuelnt.400 S4 Dcycles-3 nfib/cycoS
pdnleveW ligewl-9 inplevel..2 swaw oui.S end
3 0.650 2 0.6934 3 O.t6500 2.6408 3 2.6470
power32.015 biw3lA down-5 end
powcu32.015 buma-327 down-62 end
power32.015 bum=312 downw927 end

o 35 a 5.9 an 0.33
fc 13.0 co 0.075 ni 9.9

221 ib0.71 sn3.6

end

uel-pin-cet geomey:
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tpdOlhO9.input
wsU2h pann-skipspdata
Turkey Point 3. assembly DOI rod H09. 356 GWd/Mll. June 97

9*uiftch 14300 0.9246131.071920.94S4 end

mixturn of fucl pin-unhcel:

Ugroup ltticecefl

uo2 I den=10.235 1922
92234 0.023 92235 2.556 92236 0012 92232 97.409 end

kr-B3 I 0 1.20922 end
kr-B5 I 0 1.20922 end
y-S9 101.20922 end
*F-90 1 0 1.20922 end
z-93 1 0 .20 922 end
v-94 I 1-20 922 end
zr95 10 1-20 922 end
nb-94 1 0 1-20922 end
mo-45 1-20 922 end
tc-99 1 0 1-20 922 end
ru- 10 1 0 1.20922 erd
ru-106 1 0 120 922 end
r-103 1 120 922 end
rh-l 05 10 1.20 922 end
pd-105 1 0 1-20 922 end
pd-l06 20 1.20922 end
ag- 109 101-20922 end
sb-l24 101.20 922 end
xe-l31 0 1-20922 end
ze-13 2 01-20922 end
xc-135 1 0 120922 end
xe-136 1 0 1.20 922 end
cs-l3 4

1 1-20 922 end
cs-135 10 120 922 end
cs-137 101.20 922 end
ba-136 2 0 1.20922 end
Ia 139 101.20 922 end
pr-l41 1 1-20922 end
pr.143 101-20922 end
cc-144 O 1.20 922 end
nd-l43 20 1.20922 end
nd-l45 10 1.20 922 end
nd-l47 I 01.20 922 end
pm-l47 101-20922 end
pm-l4B 01.20 922 end
smI-147 10 1-20922 end
sm-149 101-20 922 end
sm-150 101.20 922 end
sm-15110 1-20922 end
sm-l52 20 1-20922 end
eu-153 101.20922 end
eu- 54 1 0 1-20 922 end
eu-155 1 0 1-20 922 end
yd-155 101.20922 end
ubm-zirc4 6.56 5 0 0 0 016 0.12 24000 0026000 0.20 50000 1.40

400009S.1t21.0595 end
h2o3den-0.731 570end
aubm-bornod 0.731 1 1005000 1003450.0c-6 570 end

450 ppm boron (wt) in moderator
..................................

cnd comnp

asscrbly and cycle parsamn :

apinasmu=204 fenght-OO54 acyesk.3 niicyc-5
printkvel-5 gtbel.9 inpkvel-2 numztotal.5 end
3 0.502 2 0.6934 3 0.062 500 2.640 3 2.6470
powea=33.16burn314 down-Sead
power-33.116 bum-327 down-62 end
powaer33.116 burn.312 down-927 end

o 135 cr 5.9 ma 033
fe 130coO.075 ni 9.9
tr 221 nb 0.71 sn 3.6

end

* fuel-pin-cell Seometry:
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tpdO4gO9.input
*ss2h pskIpshpdaut
Tuskey Point 3. assembly D04 od 009. 31.26 GWddMTIJ. June 97

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

* mixturs of fuel-pin4mitcel:

Ugroup lriuccel

uo2 I den=10.235 1 922
92234 0.023 92235 2.556 92236 0.012 92233 97.409 end

kr.13 1 0 1.20922 end
sr-S5 101.20922 end
y.89 101-20 922 end
*r.90 10 1-20 922 crd
u-93 1 0 120 922 end
zr-94 1 0 120922 end
zr-95 101.20 922 end
nb-94 1 0 120 922 end
mo-95 1 0 120 922 end
tc-99 1 0 1-20 922 end
ru-l01 101.20922 end
ru-106 1 0 1-20 922 end
rh.103 101.20922 end
rh-105I 0 1-20 922 end
pd.l05 101.20922 end
pd-l0 101.20922 end
ag.19 101-20922 end
sb-124 101.20 922 end
xe.l31 101.20922 end
xe.132 1 0 1-209U2end
xe.l35 101-20922 end
xe.136 1 0 1.20 922 end
cs-134 101.20 922 end
cs-135 101-20 922 end
cs-137 101.20922 end
ba. 1 36 101 -20 922 end
la-139 101-20 922 end
pr.141 101.20922 end
pr-143 101-20 922 end
ce.144 101.20922 end
nd. 1 43 101.20 922 end
nd.l4S 101.20922 end
nd-147 1 0 1.20 922 end
pm-147 10 1.20 922 end
pm-14S 101.20922 end
sm-147 101.20 922 end
sm.149 1 01-20 922 end
sm-150 1 01-20 922 end
sm-151 ID 1.20 922 end
sm-152 101.20 922 end
cu-153 101.20922 end
eu-154 101-20922 end
eu.155 1 0 120 922 end
gdt55 I 0 1.20922 ead
arbmr-zirc4 6.56 0 0 0 016 0.12 24000 0.10 26000 0.20 500 1.40

40000 9.1 2 1.0 595 end
h2o 3 den-0.731 1 570 end
arbmrbnnod 0.731 100000100 3450.0e* 570 end

450 ppm boron (wt) In modenzor
..................................

end comp

squwepitcb 1.4300 0.9296 1 3 1.0719 2 0.9414 0 end

*................................

* semby and cycle pmwwes:

npin&ssM204 fuelndt400.54 acyckls3 albicycS
printle5 ightel-9 inplevel-2 nammtai5 end
3 0.6502 2 0.6934 3 0.8061 500 2.6408 3 2.6470
p-32.302 bw314 down-5 end
powt-32102 bur-327 down-62 end
po 32.02 bu-312 down=927 end

ol35 r5.9 mn033
ke 13.0 co 0.075 li 9.9
r221 ab0.71 sn3.6

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

Ind

* ruel-pin-ceU noneur.
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tpdO4glO.input
usas2h prm-nkspshipdata
Turkey Point 3.as nemblyD04 rod G10. 31.31 WdlMU. June 97

mi mUM of fuel-pi n34itcefl:

44group lMicereD

uo2 den.10.235 1922
92234 0.023 92235 2556 92236 0.012 9223S 97.409 end

kr43 1 0 1-20 922 end
kr.S5 I 0 1.20922 end
y49 101-20922 end
sr-90 1 0 1-20922 end
zr.93 101-20 922 end
zr.94 101-20 922 end
zr.95 101-20922 end
nb_94 101-20 922 end
mo-95 10 1-20 922 end
tc-99 I 0 t.20 922 end
ni-lOl1 01-20922 end
ru-16 0 1-20 922 end
II.103 101-20 92 2 end
rh-105 101.20 922 end
pd.105 1 0 120 922 end
pd.OS I01.20 922 end
ag.109 1 0 1-20 922 end
sb.124 101.20 922 end
xe-131 10 1-20922 end
xe-132 101.20922 end
xe-135 101.20922 end
ze.136 1 0 120 922 end
cs.134 1 0 1-20 922 end
a-135 101-20 922 end
cs-137 1 01.20 922 end
ba.l36 101*20 922 end
Ia-139 1 0 120 922 end
pr.141 101.20922 end
pr.143 101-20922 end
ce. 4 14 0 1-20 922 end
nd-143 10 1-20922 end
nd.145 10 120 922 end
nd-147 10 1-20 922 end
pm-147 101-20922 end
pm.I48 1 01.20922 end
sm- 147 101.20 922 end
rm-149 101*20922 end
srm-150 101-20 922 end
sm. 51 101-20922 end
sm.152 101-20 922 eed
eu-153 10 1-20 922 end
eu-154 10 1-20 922 end
eu. 5 1 1-20922 end
gd.p55 01-20922 end
wabmzirc4 6.56 5 0 0 0 8016 0.12 24000 0.1026000 0.2050000 1.40

40000 98.182 1.0595 end
h2o 3den-0.731 1 570end
ubm-xamod 0.731 1 1 0 0 5000 100 3 450.0e-6 570 end

450 ppm boron wt) in modeator
. .........

end comnp

upqaitch 1.4300 0.9296 1 3 1.0719 2 0.94S4 0 end

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

*. 

srnbly and cycle parmeters:

apltussom204 FuenshMO.54 acyckse3 .1blcyc'S
prindevel-5 igleel-9 inpilvcl.2 numstal-S end
3 0.6502 2 0.6934 3 0.8068 500 2.640 3 2.6470
poweru32.154 bun314 down-St end
power=32.154 bum327 down.62 end
power.32.854 bwn-312 down-927 end

a 135 cr 5.9 mn 0.33
fe 13.0 co 0.075 .i 9.9
zr221 nb0.71 n3.6

end

* Wepin cen geomety:
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tpdOlgO9.sum

*S.LI4.3 bulletin board

*lee.* to * mI-4.2.

..........u,111 .............. . *... X.**................ .... .*..... .*...... .
prry indle seesem and imut record ( sale driver - S01102t - 0S0 17 

module lseh vil be clled
Turkey Point 3. embly DOI rd 009 30.730 d/. Je 7

*Ixtures of fud2-pin-uniteell:

*44rouv lcattieeell

uol 1 en.10.231 1 2
0224 o 0.023 0221 2.315 02231 0.012 2238 7.401 nd

kr-0l1 0 1-20 722 end
kr-IS 1 0 1-20 022 end
y-0 1 0 1-20 022 nd
r-D 1 0 1-20 922 end

or-3 I 0 1-20 522 end
er- 0 1-20 922 en
er-OS 1 0 1-20 022 end
e-S 1 0 1-20 22 end
e-n 1 0 1-20 022 end
te-57 1 0 1-20 122 nd
ru-101 1 0 1-20 122 nd
ru-lOS 1 0 1-20 022 end
rh-103 1 e 1-20 022 nd
rh-10S 1 0 1-20 522 end
pd-105S I0 1-20 022 end
pd-lOS 1 0 1-20 022 end
ag-l0t 1 0 1-20 022 end
ab-128 I 0 1-20 022 nd
e-Il 1 0 1-30 122 *nd
-112 1 0 1-20 022 end
e-Ill 0 1-20 022 end

xe-ll 1 0 1-20 022 *nd
es-ll 1 0 1-20 012 end
es-Il 1 0 1-20 022 end
es-il 1 0 1-20 021 end
be-134 1 0 1-20 22 end
1.-lb 1 0 1-20 22 nd
pr-Ill 1-20 922 *nd
pr-ll 1 0 1-20 022 end
ce-ld 10 1-20 122 end
nd-1431 0 1-20 922 end
nd-Ill 1 0 1-20 022 end
md-147 1 0 1-20 022 end
p.-l7 1 0 1-0 022 end
pM-l8 1 0 1-20 022 nd
s-47 1 0 1-20 022 end
e-249 1 0 1-20 122 end
_n-15 1 0 1-20 022 end
e-Ill 1 0 1-20 22 end
o-2 1 0 1-20 2 e nd
u-IS 1 0 1-20 122 nd
-i1S54 1 0 1-20 022 end

eu-lSS I 0 1-20 022 nd
ea-lsS 1 0 1-20 22 end
rb.-IrcO 4.56 5 0 0 0 01 0.12 24000 0.10 2000 0.20 50000 1.40

40000 01i 2 1.0 515 nd
h2o 3 dei-0.711 1 70 nd
ar-bo d 0.731 1 1 0 0 000 100 3 450.0e-g 570 end

* 410 pp boron IvtI n moderter

Ind cp

ruel-pin-cell esetry:

equarepltch 1.4300 0.10 1 1.0711 0414 0 end

asbiily and cycle praeters:

npln/agem-204 fuelnoht-100.54 ncycle..l nb/eye-5
printlevel-l ightel-0 nplel-2 nutotl.S nd
2 0.102 2 0.4034 0048 500 24408 3 2.4470
pver-12.23 brn-314 dn-51 nd
per.2.215 burn-327 do.-62 end
poer-32.215 burn-313 do-n-127 end

e15 cr '1 en 0.33
1 11.0 o 0.075 n .1
Sr 221 nb 0.71 an 1.

I 883826goese easec&a esessesee 22222222222 hh hb
TlSlSESiIlSSS aS&easeleae BII@iIXlI8eI 2222222222 hIh hh
a. cc as as c as 22 22 hh hh
*. as*e 2h& 22 hh
Ce as ma as 22 hh hhb
::e@a esse es a2sses2 uihh hhhh.

* cess~ssas as a|sss eess s 22 h Iiih
cc as ci fs 22 2ih kh
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7
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at

0S
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_cc wee
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.............................. *.avX*sv* ................... *^*X4**^@@@v

........... ...... ~e................................... 6066 .............

programn v.ritication nforuation

code system: scilS versilon . 4.2

*~~~~~~~~~T9S '5
..... . program: 6682

cr@tion dte: 03107/17

librsrys JcptInr.tI9cus14.3fbin

this ia oot a scale configP.uratilo controlled code

jobnaws nichol~~~~~b..... ,icc ......dz gestu~f:FE|/
date o **"~tiofi: 008/47

/ time of e e*aeatln: 14:59:22

.. 0 ..... ....................

0~~~~~.. nc**ie concentrations. Fae. 0.*@... .
O-.- __._ __.............. 

itial It-I d

tot-l .s- .b-0
0 MPclide, concentrations gram.

bas -sin~gle reactor "!=bly

initial 1-1 d
t2t 4 2.303.02 2.303.02

231 2543.04 2.543*04
t.23 1.203.02 1.20 02
U231 .741.05 9.745*05

total 1.00-06 1.003-0
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0
a
a0

initial 15.7
Iitial 15.,1

initlel 114.5 a 205.0 d
e11 )513.-05 l.353-S 1353.-

Initial 154.S 
so 9s 1.5oz-a1 1.732.01
te 9, 5.312-0 5.443-0S

total 3.)03.05 3.900*S3
0

a
0

u223
u234
u235
u236

p.23..234

pu238
pU239
p.340
W.741
pu242
a241
A.242.
a.243

total

Initial
1.341-03
1 .32-02
S.553-03
3.43.03
9.493.05
3.643*02
5.643-04
.24"3O

1.243.02
4.91.03
2 .342-03
1.202-03
5.453*02
3.433*01
S.83-01
1.0)3-02
9.492-01

1S.S d
1.2-02
1. 32-02
S.5303
3.343*03
0.493.05
3 .72.02
5.123-04
1.313-02
1 .31.02
5 .052-03
2.343*03
1.181.03
S.453-02
4.03.01
4.873-01
1 .20.02
9.633-CS

30S.0 d
1.793-01
S .4 4-05
3 .101-05

200.0 d
1.441-03
1.33 -02
S.SS303
3.343*03
9.4)3.05
3 .723-02
4.6 31-04
1. 3-02
1. 33.02
s.05|-03
2.342-03
1.163 02

.4S 3.02
3 .443-01
6.851-01
1.1 0302
9.433-0s

bas -
d 21.4 a 47.1 
d 31.4 47.1 d

uwclids concetrations. T*
basin *sa1 r etor SC

4 614 d 72.5 d 527.0 
1.23*SOS 1.353.0S 1.353.05 1.3S3*05

Mucid. eaecentrationn. *' 
bis nsingle reetor a seny

462.5 d 418.0 4 772 .5 d 97.0 d
1.30-101 . 01 13101 1.1.-01
3.463-D5 S.43-oas 5.43-05 3.443-05
3.0-05 3.900O3S 3.019-C 3.03.05

wtlid eenecntrations. gr
basis -single reactor assebly

4 3.5 a 616.0 772.5 d 027.0 d
1.401-03 1.543-02 1.193-a3 1.4-03
1.338-02 1.333.02 1.343.02 1.343*02
5.551-03 1.351.03 5.55-03 5.313-03
3.34Z303 3.343.0) 3.33"3 3.23*S03
9.49S.05 9.4)3.01 0.4)3.00 9.4)3.03
3.123-02 3.723*02 3.723.02 3.723-02
4.21-04 3.733-04 3.423-04 3.003-04
1.353.02 1.35*02 1.353-03 1.353-02
1.35-02 1.35.02 1.351.02 1.353-02
5.05-03 5.053.03 5.053.03 S.05R-03
2.343.03 2.343*03 2.343.03 2.349-03
1.135.0) 1.11*03 1.09-03 1.079-03
5.453*02 5 453.02 5.413*02 5.453-02
1.083-02 1.313*02 13531-02 1.753-02
6.343-01 6.13-01 6.313-01 6.803-01
1.103-02 1.103.02 1103-02 1.103.02
9.4)3.03 9.6133s1 9.046-05 0.663-01

*lemnt concentrations gram
unid. concentrations. Vre
beas *einle reaetor a 1y

462.5 d 418.0 d 772.5 d 127.0 d
6.93.02 6)94.02 .943.02 4.043*02

Twelid conentratlons, orn
bas *ainv10 renetor nobly

442.5 616.0 d 772.5 d 927.0 d
7.303*02 7.39.02 7.3)3.02 7.39.02
7.17Z.02 7.176*02 7.171.02 7.173.02
4.432*02 4.633.02 4.43*02 4633.02
9.133*01 3.133*01 9.133-01 0.132-01

melld concentrations. gr_
basis -ainole reactor sembly

463.5 d 413.0 d 772.5 d 027.0 d
7.173.02 7.173*02 7.173*02 7173.02
41135.02 6.153*02 4.13*-02 4.153-02
1.173202 1.303*02 1.413*02 1.523.02

nuclids concentration. gram
basis -ingle reactor assbly

463.5 d tlS 0 d 772.5 d 127.0 d
2.203*00 .3.203*00 3.203*00 3.201-00
2.763*02 2.763*02 2.743*02 2.76*02
1.242-01 1.223*01 1.233*01 1.223*01
1.332-01 1.732-01 2.133-01 2.533-01
1.273*02 1.271.02 1.273*02 1.272.02
1.123*02 2.123*02 1.12-02 1.123.02
9.473-01 1.223.00 1.472-00 1.713*00
3.143-04 3.143*04 3.143-04 3.143*04

42.6 8
62. l

42.3 d
62. d

Initial 11S d 309.0 
MO 5 5.973*02 4.703*42 4.8)3.02

a

Initial
te 00 7.361*02
rulOI 7.173*02
r)W10) 4.173-02
aglog 0.163-01

14S 
7.309302
7. 17*02
4.603-02
).183.01

300.0 d
7 .30302
.173-02

4.423*02
* .163-01

initial 154.5 200.0 
nd143 6.972*02 7.175-02 7.17202
ndl45 *.153.02 *.15t-02 *.11-02
5^14Y 4.343*01 6.643-01 1.023-02

0

60142
oel50
ol51
*u131

S152
e,1l3
gdSS

total

Initial
1.853*00

2 .73-02
1.221-01
1. 17-02
1. 273-02
1.113*02
3.273-02
3.143+04

114.S a
3.203*00
2. 74602
1 .243-01
5.233-02
1.273*02
1.123*02
3.573-01
I .143-04

200.0 d
3.203-00
2 .74302
1 .24.01
9.281-02
1.273*02
1. 12Z302
4 .413-01
3 .143.04
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tpdOlglO.sum
...... ,.. *---- .................. ..............

* C3 .J lalta bo rd 

* welein to SZZ.4.3.

...................... * ..*. ...... .****.***** ................... 

primary module access end Lnput record I scal driver . 55/OJ2 01 06:27 2
Oeul aa wil b galled
7Trkey oint . 8s.0ly D01 red 010. 30.31 MInU. June 97

Ixtures of fuel-pin-uniteells

lirroup latticcell

w*2 I den-10.23S 1 92
2224 0.021 9223S 2.53 9223 0.012 9223 07.409 end

1hr-SI 1 0 1-20 922 nd
1.95 1 0 1.20 522 end
y-99 1 e 1.20 522 n
st-to 1 0 1-20 922 end
xr.93 I 0 1-20 922 nd
sr-91 1 1-20 922 nd
Mrg 3 I 0 1.20 922 end
nb5-4 1 e 1.20 922 ond

o-5S 1 0 1-20 922 end
tic-7 1 0 1.20 122 nd
ru-101 I 0 1-20 922 ed
ru-lOS 2 0 1-20 922 und
rh-103 1 0 1-210 22 ond
rb-lOS 2 0 1-20 522 nid
Pd-105 1 0 1-20 922 ond
pd 0S1 I0 1-20 922 _m1

g-108 1 0 1.20 122 end
*b-124 1 1-20 922 and
ze-11 1 0 1.20 922 end
x 3-l2 1 0 1-20 922 nd
1-125 1 0 1.20 922 nd
xe-1IS 1 0 1-20 922 nd
xs-IS' 1 0 1-20 922 and
cs-105 1 0 1-20 922 end
ee-127 1 0 1-20 122 end
be-1321 Ia 1-20 922 end
is-13 1 0 1-20 922 end
pr141 I0 120 922 end
pr-1

4
3 1 0 1-20 922 end

ce.144 1 0 2-20 922 *nd
nd-11 1 0 1-20 922 end
nd-Ill 1 0 1-20 922 end
nd-147 1 0 1-20 922 nd
P-147 1 0 1-20 922 nd
p-14l 1 0 1-20 922 Ond
e.-147 1 0 1-20 922 nd
.-15 1 0 1-20 922 nd

m-s0 1 0 1-20 922 end
.m-lSl 1 0 1-20 922 and
am-152 1 0 1-20 922 end
Wa-Il3 1.0 1-20 922 end

*u-154 1 0 1-20 922 nd
*u-155 1 0 1-20 922 end
gd-115 1 0 1-20 922 nd
arbe-ste 6.6 00 016 0.12 2000 0.10 2000 0.20 5000 .J0

40000 31U 2 1.0 59 end
b2o 3 dn-0.721 1 370 and
arb-bormod 0.731 1 1 0 0 5000 100 30.D-4 570 end

* 450 wn boron "vt! in moderator

end CW

--- --- --- --- --- ----- I. -- -- -

ful-pin-cell eostrry

squarepitch 1.4100 0.5216 1 3 1.0719 2 0.9414 0 end

* *'s v and cycle Perter

yvin/ages-204 fuelneht.S004 cyclea.3 Rmlb/cyc S
printlevel.S lothtel-7 jplenel-2 rnmote1-S ed
3 0.6302 2 0.4934 3 0.8069 00 2.6401 3 2.4470
poer.32 .015 bwnll down.51 and
power-32.015 burn-327 6own-62 _id
po~er-2.013 brn-212 d5n-27 end

o 125 er 5. e n 0.23
e 10.0 co 0.073 nl 9.9

Ir 221 nb 0.71 an 2.M

1 sssssssss s**aosee ssssadas 22222222222 bh bb
assaaasssas. aa&saaaaaa aSas zsssss 2222222222222 M hb
as as ma * e *s me 22 22 hb bh
as ma *as em22 M Oh
55 ma me a. 22 Mh ba
sssssssssa asaaaamm^|aaa ""s8eesasea 22 Ohhhhhhh
aseasha@gaus aasaaaammhaaa essassess8sa * 22 hhhhhh2.

as as as ma 22 h ha
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eeeceeceee WI WI
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ma cc
as cc

assessesssss ecccesecec
*$gssssBr m c ceecc e
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00000000000
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be 00
D0 00
De 00
00 00
00 so

00 00
00000000
0000000000

to as
to St
to is
5 80 05 50 00 
ois0,$oM

Be Be
go so

22 32
32
22

323
223

32 2
323332322323

333332223

ad 0

Lso i
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11
11
1

11
11
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11
11
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II31O00 33~

all 3 33
.~~i 30 33

33
33
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22200*00
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. . ......... .aiii.... ..... .ai..............
..................... . . ..........................................
....... ......... --........... ................... ---- ........... .............. 0

.ig..ii.. ..ii......

prolria verificatien Inforastlon

code ystas scise versieni 4.3

........................................ .... .* -.*
.................................................. ........... X 

programs * S

ereation date, 0/07/07

library: /optinsoutIScal* .3/bin

this Is not a meals eonfiguration controllod cods

. bm: niechol

date of slcutlans 0/0/97

time_ of sxecutien; 17,22:25

. i... . . ...................... a....

0 maclide csncentration, rma
balso *iingle ractor assbly

Iintial 13-15 II
1 12531.05 1.23N.0S

total 3.301.0S 3.g0i.0s
0

Initial 13-1 d
aa234 2.301.02 2.30s.02
Us23l 2.S42.04 2.S411.04
u234 1.201.02 1.20Z.02
u238 9.743.03 .9.743.05

total 1.00i.08 1.001.00

nuelids concentritiona ams
basis imingls reactor iasmb1y



Attachment nI: BOOOOOOO-01717-0200-00141 REV 00 Page 11-6 of 15

0
e
e01

Initial
initial

Initial
e 16 1353.03

0

* initial

te 75 1S.-os
tc t 5.231-03

total 3.S0-05
e

Initial
u233 1.242-03
u234 1.323.03
u235 S.G13.03
u236 3.341.03
u238 9.49t.03
1p237 3.623.02
pu236 S.332-04
pu2

3
8 1.222.03

p.2335 1.22t.02
pu23 4.12.03
pu

3 6
o 2.33X.03

PU2
4
1 1.203.00

dt43 3.373.02
_, 1 3.623.01
a.242. 6.861-02
sx243 l.073.02

total 9.633.05
0
e

134.3 4 305.0 4
1.333-03 3.353.0)

134.5 4 305.0 4
1.733.0l 1.782.01
5.333-03 3.323-03
3.503-03 3.903.03

154. d
1.353-03
1 .33.03
5.92-03
323.2-03
S.493-.S
3. -02
3.043-04
1 .35-03
1 .23-.0
5033-03
.333.03
1.173-03
5 .313.0
.043-01

6.633-01
1 073-0
5.51305

303.0 d
1.443-03
1 .333-0
3.13.03
3.343-.0
3.453.03
3653.03
4.553-04
1.313.02
1 .313.02
3 .03.03
2.333.0)
1.133-03
5.373.02
5.413.01
6.831.01
1.073.02

.612-05

- basis -
a 31.4 d 47.1 d 2.0 d 62. 4
d 31.4 d 47.1 4 63.3 a 62.0 d

mcld. .oientrations. r
basla *single reactor ass 1y

463.5 £15.0 d 773.5 d 337.0 d
1.3I3.0) 1.325305 1.353.05 1.353-03

mclide ecnetrations. ym
baai *iele reactor asbly

463.5 4 £13.0 d 17.5 d 727.0 d
1.7)3.01 1.753-01 1.790.01 1.73-01
3.323-03 5.33-03 5.333-03 5.333-03
3,03.g 03 30.03-0 3.503.03 3.0-0
maclid eonewntratlona go
beais singl reactor asseby

463. d 11.0 d 773.5 d 727.0 d
1.433-03 1.541-0 1.3)3-03 1.643-03
1.34-03 1.34-03 1.343-02 1.33S-02
.613.03 3.613.03 5613.03 5,6.. 03
3.I43.0) 3,342.03 3,343+03 3.343-03
5,433.05 5,495.0S 5,653.05 45.4.S
33.3-02 3.533.03 3.6.03 3433-02
4.13-04 3.73-04 3.363-04 3.063-04
1,333.02 1,333.02 1.333.02 1.332-02
1.333-0 1,333.02 1.332-02 1.333.02
5.033.0) S,033.03 S533.03 SS.03
333-03 2.338.03 2.332-03 2.3. 03

1.133-03 1,103.03 1,03-03 1.063-03
5.373.03 S373-02 5.373.02 5373-03
1.073-03 1.303.02 1.523-03 1.143.03
6.13-01 6.103-01 4.193-01 6.18-01
1.073.03 1.073.02 1.072.02 1.073-03
SAM30 5,6A3.03 5,46303 5,683.03

leent concentratlona. rams
nuclids conentration. ram
basis ingle reactor asmly

463.5 4 613.0 d 772.5 d 7.0 d
*,3-03 6,303.03 6,303.O3 6,303-0

uaclid cncentrations, rams
basis eSinel reactor easly

413.3 4 613.0 d 772.5 d 327.0 d
7.33-03 7.333.03 7,333.02 7.333-03
7.13.e0 7.123.02 7.133.02 7.123.03
4,6030- 4,602.02 4.603-0 4.603.03
5.103-01 5.103.01 9.103-01 3.103-01
nuclils eencentration. gs
basis single reactor ssmbly

463. 4 613.0 d 772.5 d 737.0 d
7,143.02 7.143.03 7.143.03 7,14.80
4,13-03 6,133.03 6133-0 6,123-03
1.173-03 1.29.03 1,413-0 1.313-02

uiclid. concentrations. irr
basis aSimle reactor assebly

463.S5 4 6S.0 771.5 d 337.0 d
3,133.00 3.153.00 3.153-00 3.132-00
3,743-0 2,743.03 3.743.03 2,743-02
1.32-01 1.233+01 1.333-01 1.333-01
1.333-01 1.738-01 2.133-01 3.333-01
1.63.02 1.263.02 1.263-02 1.36.03
1.113-03 1,113.03 1.113-02 1.113-02
5.371-01 ,203.00 1,S43.00 1,653.00
3,133.04 3123.+04 3.123-04 3.123-04

initial 1S5S d 305.0 d
o 53 594.-02 26.63.02 6,133.02

initial 154.S d 30.0 d
tc 35 7,313.02 7.33.-02 7,353+02
cuol l 7,133.02 7.133.02 3 .13Z303

rhlO3 4 102 4,573.03 4,603.02
40105 ,0313-01 3,103.01 5,103.01

Initial 154.5 30.0 4
Md143 6,341.02 7.143.02 7.163+02
MMl43 6.13.02 6.131-03 6123.02

147 6.323.01 8.23.01 1,033.03

0$se145
S.151

s153

talss
total

initial
16s3.00
3,743.03
1,.22.01
1le3-03
1.263.02
1.106.02
3.353-02
3.133.04

134.5 
3.183.00
2.743.02
1.343.01
S .223-02
1.362-02
1.112-02
3,533.01
3.123-04

305.0 d
3.18U300
3.743.#02
1.243.01
5.26Z-02
1,.26202
1.113-02
* .343-01
3,.12+04



Attachment I: BOOOOOOOO01717-0200-00141 REV 00 Page f-7 of 15

tpdOlhO9.sum
..-----. .....-.-.--............ . .

3 43 Duiltla Sad

* ielce to -1L.-4.3. *

...... ..... .......... .... * ...... ............
prieary odu; cese ; Ad input Teord; e le diwr v 5e 0129 - 0503:27 I

MouIe 8.2h will be called
Turkey Pn 3. aseuly P01 td not. 1.54 OadIlMn Iww 7

* mltr.. clp.-at~1

*Ixtu-s oful-t-ltol

U49fovp lattiecell

uo2 1 den.10.23S 1 922
5233 0.022 5!225 2.554 1221 .612 2238 7.485 Wd

kr-li 1 O 1-20 22 *nd
kr-IS 1 e 1-20 522 *nd
r-t5 1 e 1-20 522 e der-SO 10 120 522 nd
ar-Si 1 0 1-20 522 *nd
sr-I I a 1-20 522 *Wd
sr-S I 01-20 22 ed
nb.51 I 0 1-20 122 end

o-Is 1 e 1-20 522 end
tc-9S 2a1-20 522 nbd
r.101 1 0 1-20 522 end
ru-104 1 0 1-20 922 end
rh-20 1 0 1-20 522 end
th-los 1 0 1-20 922 end
pd-lOS 1 0 1-20 122 nd
pd-1OU I 0 1-20 522 ed
a-lOS 1 0 1-20 522 mnd
S-121 1 0 -12 522 and

xe-132 0 1-20 922 end

* e-111 1 0 1-20 122 Wid
s-ill 1 0 1.20 122 ende-llS 1 0 1-20 522 nd -

c-17 1 0 1.20 122 end
co-137 1 0 1-20 522 Wd
baele 1 1-20 522 md

Ie15 1:1-0 522md
pr-241 1 0 1-20 522 end
pr-i43 1 01-20 522 end
ce-ll 1 0 1-20 222 nd
nd-143 1 0 1.20 22 mWd
nd-ill 1 2 1-20 522 end
nd-147 I1 e 120 I22 and
p-ls 1 e 1-20 22 end
p-1I 1 0 1.20 122 nd
e-1l 2 0 -20 522 end
e-151 1 0 1-20 122 nd
e--Is 1 0 1-20 22 end
e-151 I0 1-20 922 end
em-ill 201-20 522 end

*u-13 I 0 1-20 522 endeu-lIE 1 0 1-20 522 endeu-MI10 1-20 922 end
gd-15l I 0 1-20 922 end
&rbe-slerc 4.S4 5 00 0 6014 0.12 24000 0.10 24000 0.20 S0OO 1.10

40000 58.1 2 1.0 51 end
h20 3 en.0.731 1 570 nd
erbe-bor d 0.731 1 1 0 0 5000 100 3 SO.Oe-6 570 nd

40 pm boron (vtl in derator

*nd cow

fuel-pin-cell eaetry

equarepittb 1.4300 0.9214 1 3 1.0719 2 0.141 0 mnd

* ae bly Lnd ycle par -ters,

npintsel-201 luInght.-80054 ncycle-I lib/creY5
prlntlewl-5 ligbtel-5 inplevel. numtete. end
2 .S50 2 0.4924 0.8046 00 2.413 2.6470
por-ll .1 burn-Ill down-5 end
poer- 1 burn-l27 dovn.42 nd
po-r-2.11 brn-ll2 dn.-137 nd

e 115 er S.5 an 0.33
f 3.0 co 0.075 ni .,
sr 221 nb 0.71 an 3.6

1 *eesmasaa eaeeaa... . e.s....gs 2222222222 1h bh
aaeeeeeeeeaea a"asaaa&&" s& eesec ssessea 2222222222222 hh .12
as c a. a as esaee 22 22 lh ) .b
e* as a* em 22 hh hb2.

ee a ~as s e22 Uh3 01.easeceecece &aea&&e&&&eAAfA esessafesse 22 h FhhhM.3h
eemeee *ea4aeeesa*a eseseass:: 22 Wi)hhhhhM

ee as as e 22 h)h U.2.
e JA a s 22 3.1. 1h
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.m as Ba 5* a * @@@@@0000 ||s a: 222 Ba B
*5s~s,8613585 6* 5* maeasaga6* ea 222222222222 bh bb
nnas ISSSISSSSSSS aee e _ssa 222222322222 Ii Il
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an rn c *S e kk e0 so

M, nl n I cc e hhhhhWhSthhh 00 @0
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win nS nn It cc be 11Pin nnn It cc cc Ka haso 0
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oo1 oo85838381880 Ill 00000000
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eo SI0110000 11 'IO 'IO
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11 8I, .88..I 11 @0 o

t11 88111 'l 00 00
11 88 8 i 11 00 00
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0 seesa.588S5 ~~~~~~~~~~~~ ~~~cccccc *&&aaaaas
sbasszaseaasa cccecceeccecc &aaaaoo eo
s of cc cc s as
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as888ssa8s5ss cccCccccCcc@ as 5

ssessa.. eecccec s

Page 11-8 of 15

11
1

11
11
11
11
it
21
21
21

1'
ItI,

'I to9f9

, I 0

L'I I ' 1 1

It 11
IIs 11,0990

98800009*

111111
1X11111

*xi: 11 e
.~ 11ev

*1

11

111111 11111*@..

7777777777777
'777777777777
77 77

77
77

77
T7

77
77
77
77
77

11
11
11
11
11
11
11

11111111
11111111

11
21
11
it
11
11
11
11
11
1
111111
111110

........... .. .... .... .... .. .* ** * @ ................................. ... ... .... .... ... ... .... ... * **s¢¢

† P0 .0****X**000****^*e****s&*he****^***04** .o0.ooO*000.***
......................... ................................ ** 0.****

vroram _erification inforuation

code nytem: scale wrjion: 4.2

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

*---- ~~progress Deal.. ..
..... ~~~~~~~~~~~~~~~~~ ..

creation date: 0/07/97

*0000 library: optIneut/9c&1.4 ./bwi

this not seale configuration controlled cod.

jonme: niehol

date of execution: 0110119

..... ~~I. .1 ecution, 21:10ill...

.0. ...o..o.oo.0.00. ... OO..a.

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

0 iwelIu e conentrationa. wTrm
initial 10-10 d basle single reactor assbly

o 14 Initial 10 dO.3s0
total 3.90.00 39.005

O iwelid coentraton gras

initial 13-10.. dai ~gerr~.Or;vml
.a234 2.30.02 2. iot02
0.235 23|00 334.04
0230 1203.02 1 201-02
u22, 043.05 2.41-03

total 1.00 a00 l.003.04
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0

a
0 11

O

laitial
liiial

itial 1S4. d
1.3SS.o0 .335-.S

initial 1S4S d
No P3 1.S3S301 1.783-01
tc 9 S.909-0S 5.83-OS

total 3.90.o0s 3.90.OS

U233
u234
U23 5

np237

Ip-
2 3

.

v.*239

P-242
a..1

0.142.
.2 43

total
0
0

Initial
1.343-03
1.29 .02
5.29s-03
3 .373.03
9 .483.05
3 .733.02
6.033-04
1 .31s.02
1.313.02
4.972.03
2 9Z.03
1.233*03
3 .773.02
3.663.o0
4.963-01
1.193-02
9.67.0,

154.5 a
1.4 02.03
1.303-02
5.293*03
3.372.03
9.4030s3
3.843-02
3.483-04
1.12 -02
1.36.02
5.07 3.03
2.392303
1.21*03
5772.02
6.15301
6.943.0±
1. 193.02
9.673.05

309
1.3

309
1.8
3.9
3.9

309
1.4
1.3
5.2
3.3
9.4
3.3
4.*,
1.4
1.4
3.0
2.3
2.1
5.7
3.51
6.9:
1.1!
9.6

309
7. !

309.
7.31
7.31
4.7:

309,
7.21
6.21
1.01

209.
3.22
2. !
1.21
9.31
1.21
1.15
6.82
3.21

15. d 31.4 47.1 d
13.7 d 21.4 d 47.1 d

vuel118 eenetratim.a CT~
basis *siiil@ teactor aus ly

.0 483.S a 'IJ.0 d 772 927.0 d
3.0.s 1.233*.0 1.353.os l.353. 1.3 .03

sc1id6 cGCC trtleU5 *
basts aSilno1 resctor ase

.0 463.5 619.0 d 772.5 d 977.0 d
M3.01 . 114.0 1 1.30±-o 1.8SS.0±
3.05 S393-01 3.903.s 5.983-05 S.933-03

0R-0S 3.90-S 3.903-8 3.90*0-3 3.903es
Mcli. veee.ntratons. Sram
basil *ingl reactor as.ely

.0 d 463. d £18.0 772. d 927.0 
33-3 1.503-03 1.5S30x3 1.603-03 1.658-03
03.02 1.313.02 1.3±3.02 1.223*02 1.322.02
93.03 S.21a3.3 S.29. s.23-03 S.293.03
73.83 3.373*03 3.371.03 3.373*03 3.373*02
10.05 9.43.03 1.403*05 9.483-03 1.43*X-0
43-0 3.843.02 3.43102 3.143-02 3.8-002
33.04 4.472-04 4.041-04 3.443-04 3.301-04
13-02 1.423-02 1.433.02 1.433-02 1.423*02
13-0 1.423*02 1.433.02 1,43-02 1.423-02
63.03 5.063*03 3.063.03 3.0S.03 S.03*03
3.03 2.23*3 2.393.03 2.39*-03 2.393-03

33.03 1.163*03 1.123 1,113.03 1.093-03
73.02 5.773*02 3.77202 3.773-02 5.773*02
3-01 1.102*02 1 .33302 1.343*02 1.713*02
03.01 8.923-01 4.903-01 6.918-01 6.873-01
93-02 1.19.02 1.293*02 1.193*-2 1.193*02
7*05 9.473.03 9.673.03 9.673*05 9.473-0

o1e-mt concentratem. Sr
Melids canentmtions. grw
bess -sinole reactor asbily

.0 d 463. d £10.0 d 772.3 d 927.0 d
53-02 7.093.02 7.10302 7.103-02 7.103*02

Muclide coacantratisu wrs 
basis -sin.We reactor asbly

.0 d 462.5 618.0 d 772.3 927.0 d
13-02 7.563*02 7.S43*02 7.56302 7.S63.32
11.02 7.362302 7.3*9.02 7.363*02 7.343-02
13-02 4.733*02 4.733*02 4.733*02 4.73Z-02
La301 9.312*01 9.313*01 9.513-01 9.513*01

Mclia. cne5ntrstin waren
basis -single reactor mbly

0 d 463.5 d 61.0 d 772.3 d 917.0 d
7-02 7.273*02 7.273*02 7.273S02 7.273*02
31-02 4.293*02 6.29202 4.293-02 6.293*02
13-02 1.111*02 1.313*02 1.4202 1.3302

muclie. cmncentrstions. gros
basis *aingle reactor ssblsy

.0 d 463. d 616.0 d 771.5 d 927.0 d
32-00 3.29300 3.2$1. 00 3.25-00 3.253*00
13*02 2.833.02. 2.853*03 2.853*02 2.11*02
13.01 1.253.01 1.253*01 1.243*01 1.243-01
13-02 1.333-01 1.793-01 2.21-01 2.563-01
39-02 1.302*02 1.303-02 1.303-02 1.303*02
13-02 1.16302 1.163*02 1.163-02 1.163-03
11-01 9.163-0 1 .271*00 1.3-3300 1.78300
3-08 3.223.04 3.223*04 3.223-*0 3.22*-04

62.8 d
*2.e a

62. d
62.8 

initial 14.5 d
" 93 6.113*02 4.131*02

Initial 194.5 a
te 99 7.3302 7.Si3.b2
rull 7.36t*02 7.343*02
rhlOI3 4.2S3*02 4.703*02
agoo1 5.493-01 9.513-01

initial 136.3 
nd143 7.063*02 7.273*92
,d14S 6.283*02 4.293*02
5.147 6.893-01 8.713*01

a

aa149
:W6.10

m.152

total

Initial
1. 163*00
2.I3 332
1.24 .01
1. 133-02
1 .303.02
1.1Z.302

3.322-02
3.223*04

154.5 
3 .253*00
2 .8S3*02
1.2 6301
s .26-02
1.3 0*02
1.163-02
3.713-01
3.223-04
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tpdO4gO9.sum
0:......................... ....... ........... p....... .................--..-- '.----.-.-..--

* _ _ _.........*.........

* .-.-........... -- 

* 8e"leam to SMZ-4.3. C

* C..... C .*.C*........C...C.. C*.C
. ................. ........................... ..................................................... *.**..X

I vrinery mide rrss end Input record I ccle drlyr . 5103/29 - 03,08:37
module eas2h will be celled

Trkey rPoint 3. sawmly r04 ed 00. 1.26 *'d/XTg. ea 97

satures of tuel-plfn-unitella

;4rv letticocell

uo I dn.20.235 1 922
32234 0.023 92235 2.556 2236 0.012 2238 97.403 mid

hr.tl 1 0 1-20 522 _nd
kr-S I 0 1.20 922 end
Y-80 I0 1-20 322 and
sr-I I0 0 322 end
.,32 10 1-20 3 WAd
r-I 1 0 1-20 922 end
r-9s 1 0 1.20 322 end

nb-94 1. 1-20 322 and
I S I 0120 3 22 and

tc-I. I0 1-20 922 end
ru-lel I 120 32 end
T.u-100 1 0 1.20 922 end
rh-102 I 0 1-20 322 ed
rh-lOS 1 2 1.20 32 *nd
pd-lOS 1 0 1.20 322 end
PrdlOS I 0 1-20 922 cnd

o.103 I 0 1-20 322 end
ob-124 I 0 1-20 922 end
xe-131 1 0 1-20 322 nd
14-132 1 0 1-20 322 end
x-15 0 1-20 922 end

-136 101.20 32 end
cS-134 1 O 1-20 322 end
CeS.35 1 0 1-20 922 and
ec-137 1 0 1-20 922 *id
be1-h I 0 1-20 322 end
la-13 1 0 1-20 922 nd
pr-lOX 1 0 1-20 922 end
pr-l43 I 0 1.20 322 end
c*-144 1 0 1-20 22 endnd-lI) 0 1-20 322en
pd-145 I 0 1-20 322 end
nd-147 1 0 1-20 322 end
pu-147 1 0 1-20 322 nd
Ps-I4l 1 0 1-20 522 end
in-147 1 0 1-20 322 end
M.-11I 1 0 1-20 922 end
-ISO 1 0 1-20 222 end-ISt 1 0 1-20 922 end

..-112 1 0 1-20 3 nd
eu-I 1 e 1-20322 end
au-154 1 1-20 922 end
eu-155 1 1-20 922 nd
ed-l5 1 0 -20 93 and
arbe-girel 6.56 5 00 0 101 0.12 24000 0.10 26000 0.20 50000 1.40

40000 38.1 2 1.0 55
b2 3 dn.0.711 1 570 end

rtm-bormod 0.731 1 1 100 3 4.0e1- 570 and

.450 boron Nrt In moderator

end e

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

tual-pin-ecal onetry:

equarepitch 1.4300 0.92 6 1 3 1.0719 2 0.9414 0 end
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cssebly end cycle peramterel

wpLnlssaw-204 uelnht-100.54 ocycles. nb/cyc.5
printlevel- Ibtei-9 Nulno.2 ntol.5 end

0502 2 0.6031 3 0.066 500 2.6408 2 2.6470
poer-32.802 burn.314 down.50 and
Poer-12.802 brn-327 donn-12 mrd
pDor-32 802 brn-ll2 don.17 end

a 11 cT S.9 vn 0.3
fe 13.0 o 0.075 ni 9.9
er 221 n 0.71 en 3.6

see98e9 8c ce cea es e csee" 22222222222 hh Ui
egeveeesss accceae&ec smasesmcacss 2222222222222 hh hh

s, Oa * n c2 22 WU hh

cc on cc *c 22 h hh

man $ |goas cca m ss sssc 2 2 hhw hhh
I*sess 8022229 22 hh . hhhM

. as WA so" 22 Uh h

I 5
as

Sc

I

I
I
II
II
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as as ~~~as as 35 asa s: 22 bk22222
sssfsssesss as As *seassssss 2222222222222 M

Yin an MIMiIIiiiii CCCCCCCCCCC 311 Ish oooooooooOO
TM Mu IiiiiI eccceccoce bIs h .0oooo00oO.0
nflun an cc cc 1h hit o .0
swuri .0 L cc Ih Itt .0 s

n uas an cc ht M*hi Do Do
,.n in on5 ii cc giii~tih o De
-' Mv .0 i cc Do bt.0 0

an rintin i c cc i it .0 0
mu turn Uitit CeCCeCCeCCeeC bIs hhi .ooooooooe006
ur an31 iiiiAiiiiL ccccS i hit .CCC 60oocoeso

ooocooo *oamumsosma ii 0~~~~~~D00000 18088188512
00000000 aiI~se 000000000 818683

'IO 0o 8 II/ 00 00 38 8

00 00 as of II s0 0 N8 3

00l 00 111804 I 0 00 :::OIsesI
00 0 80 II I 00 00. ii S

@@ 6 8 I 00 co Ii C
000000 i 0 I 0 0 8 i
0000000 AIIIII11110 it 0000000 82118888811

11 15111888188 14 6656664
21 688881888845 4 44 66666666

11 J21818181880 44 44 4:6666664669
11 si58 tu 4444444144444 66 9

11111111 81*8884848858 44 8~~~44666641646
1111111 61144651 4 6666666468

e~ssasussaa~s cccccecccc assesasassa
55 as ~~cc cc ar a
us ~~~~cc as e
.8sss~ss~sss cc asasssaa

3S5885355338 Cc a.aaaaa
CC CC as "as

as cc 44, 441

as as ~~c ccas a

ashagssass CCCeCCCCCcC a.11,
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11~~~~99 S
11 ~ ~ ~ 9999929

11~~~~~~~9
11~~~~~~~9
11~ ~~~~~i

11 ~ ~ 9P99999
11 ~ ~ 9IM,92

11~~~~~~4
11~~~~~~4
11~ ~ ~~~44

I, 3aS8 48SS
ti II S 9

*U 88
II 39 4

I, 05000i0084
sit 808030858000
it 00

44
'44

4444eota

:5: 44 44

so 4 4
44 4

14 44etetii

77777777777
77,77,771777
77 77

,, 77
'7
.77

77
* 77

77
77
77
77

466664466464

6
66
es
6 46 6666 66
46464669666

4 St

is 66
66 46

6464466666

..... **..............................0...........

progra v.tificstiosu nforuation *O

cods yetiai scale version: 4.2

............................... OOfl.5......... ....
.OOO~u~s~uu 5000050000.0..0O5O*O~u...........

progrsaftl al

creation dtes 3/01/i7

library, /opt/neut/Scal*4.3/biu 0O*

thlu Is not scale configuration controllsd cod"

Sobsame: tuichol

date of eecutions 0/00/87

tins of assetLons 144:46

... .. ......... 0 u0.. O*..
. ....... OO **O. 0.4. .......~o.o
. . u............... .. . ............... *.0..0. 00f5 0

0 nuocl~ds concsntrstions. gram
basis vaingla rsetor ssmbly

o 9 I it al 13-i S dS
total 3.10.0$ 2.903*05

0 nuclid cnatsatinss grams
ba1 .sionce reactor mssmbly

Ini1tial 13.18, d1
so234 2 .30 3*02 2 .203*0
ua2S 2:563.04 2.563*04
u236 1.103*02 1.203.-02
0233 8.74 3.05 .74 3.05

total 1.003.-06 -.00R-06
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lntial
Initial

1S.7
15.7

Initial 154.3 4 301.0 d
e la 2.33S.05 1.3$5.os 1.353.05

o S
te It

total

u233
U234
a235

u236
U231

1n
2

21
p.23S
PU238
vu238
pu23"
pu2

4
0

pu2
4
1

pu2 42
3241

.32425

.3243
total

laitial
1.532-01
5.713-05

Initial
1.343-03
1.301*02
3 .38.03

.3.3g1.03
9.491.0s
3.713*02
S .ts-04
1 .28-03
.28-02

4£371.03
2.373*03
1 .22.03
563.s02
3.53-01
4.32-01
l .15.02
9.48 -05

1S4.5 d 209.0 a
1.723.*0 1.8321.0
5.793-05 5.791-05
3.90s.0s 3.103-03

154.5 d
1.403-03
1.31302
18.383.03
3.361*03
1.49-05
2.8 002
5.3s-04
1.353.02
1.333*02
*.063*03
2 .373.03
1.202303
5.653-02
6.121-01
6.923-01
1.163.02
9.613,05

Initial 154.S5 d
MO 13 6.063*02 4.801*02

Initial 1S.5 d
te 99 7.441-02 7.50s*02
rulOl 7.213*02 7.29103
vblO3 4.223*02 4.643*02
aglOl 9.373*01 9.39*-01

initial 54.5 d
ndl43 7.0302 7.232-02
n2d4S 6.241*02 6.34-02
... 47 4.87Z*01 3.481-01

inItial IS4.5 d
5.140 1.361*00 3.233*00
5.130 2.B23.02 2.821*02
*-151 1.31-01 1.26-0l
*u131 1.3-02 5.253-02
.132 1.291-02 1.293-02

*U153 1.141.02 1.131.02
tl1S .101-02 35 -1101

tota 3.1I1*04 3.113*04

300.0 d
1.45B-03
I.31*02
S.383-03
3.363*03
1.413-05
3.803-02
4 .621-04
1.381*02
1.2 3-02
5. 063-03
2 .373*03
1.173*03
5.651*02
3.561*01
6.to0-e1
1.161*02
1.683-05

300.0 d
7.003*02

30o.0 4
7. S01*02
7.223.02
4 .9 1-02
0.3 13*01

301.0 d
7 .22-02
6.243.02
1.03 302

201.0 d
3.23-00
2.833*02
1.253-01
9.332-02
1.203-02
2.13502
4.713-01
3.11-04

basis 

4 31.4 d 47.1 
mMOeAl conentratl. rea

bs s .gIEnel retor aSeely
63.5 d 6180 d 772.5 d 127.0 d

1.33*05 1.353*05 1.351.*01 1.33-03
ielde eitratie gra
bush *ing1 reactor "aabY

462.5 d 616.0 d 772.5 d 527.0 d
1.841*01 1.843+01 1.343-01 1.843-01
3.713-03 5.719-05 5.70s-05 5.711-0S
3.103*03 3.103*05 3.103*03 3.101*03

milied e nentratlon. gr_
bais signle reactor aalY

413.3 d 618.0 d "2.5 4 527.0 d
1.503-02 1.SS3-02 1.603-03 1.631-03
1.323.02 1.32-02 1.323-02 1.331*02
5.381*03 3.33-03 5.392303 5.33-03
3.341*03 3.361-03 3.333*03 2.363-*0
1.4103 9.4910*3 1.403*03 0.493305
3.801*02 3.803*02 3.801*02 3.303+02
4.312-04 3.9S1-04 3.511-04 3.231-04
1.39302 1.403*02 1.401*02 1.403*02
1.319-02 1.401-02 1.401*02 1.401*02
5.063*02 5.06*0-0 5.061-03 5.061-03
2.371.03 2.373*03 2.32-03 2.37Z*03
1.11S1*3 1.12-0 1.201*03 1.081*03
5.S31.02 5.83302 5.651-02 5.651-02
1.011*02 1.323*02 1.551-02 1.773-02
6.811-01 6.88-01 6.861-01 6.853-01
1.161-02 1.133-02 1.133*02 1.153-02
3.683.*0 9.683.0s 1.68I303 9.62.0s

lmant concentrations, gre
Me li. Concntratioens Ors
basis single reator aas" bly

462.5 d 61.0 d 773.5 d 927.0 d
7.02*02 7.043-02 7.041-02 7.043-02

O"ld e cmentrtlons. grm
bals asinogle reactor a4z*0ly

463.5 d 612.0 d 772.5 d *27.0 
7.503*02 7.503-*0 7.501*02 7301*302
7.213*02 7.201*02 7.21-02 7.211*02
4.63902 4.113*02 4.613*02 4.611-02
1.313401 0.303*01 1.30901 1.323*01

nuelide concentrationa gr
bea s .angl. reactor assembly

463.5 d 618.0 d 772.5 d 127.0 
7.223*02 7.21*02 7.232-02 7233-03
6.245*02 6.24&02 6.243*02 6.241-02
1.283*02 1.32302 1.421*02 1.521*32

uwelide concentrations. re
basis ingl. reactor a*e.ly

443.5 d 418.0 d 772.5 d 127.0 d
3.233*00 3.23-00 3.23-00 3.239*00
2.823*02 2.821-02 2.321*02 2.82-202
1.253*01 1.243*01 1.243*01 1.233-01
1.343-01 1.751-01 2.133*01 2.S33-01
1.201*02 1.201-02 1.2 102 1.211*02
1.1S*202 1.1S-02 1.131*02 1.1S-2
1.723-01 1.253*00 1.513*00 1.75100
3.113-04 3.113*04 3.113*04 3.213*04

62.8 4
a3.8 d

*2. d
52.8 0
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tpdO4glO.sum
0.... -...........................-............... .
*S&*.2 bulietin Soard

* tele to PL3-4.3. 

.Co........ ... ...... ........
I pDar y sawle acess and Lr.ut ruesrd i eels drlve - 5O3I29 -

duis o2h will be called
Turkey' La t ss ably D04 rod 010. 31.31 OW/lI. June 97

atu. of fel-pin-Mltesil.

i4oroup latticeesll

ee2 1 den-10.2135 1 922
9 24 2 2.SS6 2236 0.01 9223 97.409 .d

Ur-85 1 0 1-20 122 and
tr-85 1 0 1-20 922 md
y-89 *0 1-20 922 end
Ir- 1 01 -2 922 mnd
sr-SI 1 0 1-20 922 nd
tr-St 1 0 1-20 022 nd
Sr-lI 1 0 1-20 922 nd
ib-94 0 1-20 922 eA
o IS 1 0 20 922 nd

te-OS 1 0 1-20 922 ed
ru-lO1 I0 I-20 922 ad
ru-los I0 1-20 922 and
rh-ll 1 0 1-20 922 W
rh-10S 1 0 1-20 922 nd
pd-lS 1 0 1-20 922 ed
pd-0 1 0 1.20 922 end
.9-10S 1 e 1-20 922 mnd
ob-124 1 0 2.20 122 nd
s-II I 0 1-20 222 and

xe-l 12 0 1-20 922 end
xe-ll 1 0 1-20 722 end
,.-i20 1 0 1-20 922 end
CS-134 1 0 1-20 922 end
ce-135 1 0 1-20 922 ad
e.-237 1 0 1-20 922 and
b-il6 Ia 1-20 922 end
la-I, 1 0 1-20 922 end
pr-41 0 2-20 922 'end
pr-ll 1 0 1-20 922 and
ce-144 1 0 1-20 22 end
nd-ill 1 0 1-20 122 nd
nd-I4S I 0 1-20 922 end
nd- ? 1 0 1-20 122 Wd
pO-lI? 1 0 1-20 922 *nd
pll 2 0 1-20 922 ed
s- I 1 0 1-20 522 end

-b4J 1 0 1-20 922 end
::-lS 1 0 1-20 922 and
*r-Il5 1 0 1-20 922 and
ga-132 1 0 1-20 922 end
eu-Ill 1 e 1-20. 22 nd
au-ll 1 0 1-20 t22 Ind

-155 I 0 1-20 922 en
7d-ISS 1 0 1-20 922 end
arbw-sirc4 6.5C 50 0 01l 0.12 24000 0.10 200 0.20 50000 1.40

40000 58.1 2 .0 595 en
k22 den.0.711 1 570 nd
atb-boreod 0.731 1 1 0 0 000 100 3 450.e- D10 SMd

*50 Mm boron getl In moderator

and eoD

fuel-pin-cell eometrys

gquarepitCh 1.1200 0.929 1 1.071 2 0.1484 0 nd

as semly ad Cycle pramteras

aintasm-204 fuelnght-800.S nclos-l nlibicyc-S
printlevel-S lightel-9 nplevel.2 nimatotal.5 nd
3 0.4502 2 0.6914 3 01068 500 2.6408 3 2.4170
power-32.854 bern-Ill don-S8 nd
por-2. 814 bumrn.27 do.62 nd
power.12.854 burn-212 down-927 nd

o 15 cr .5 n 0.2
Ce 13.0 o 0.071 nl 9.t
sr 221 nib 0.71 an 3.t

ggs^^eeeeeeg *^asassa aggeseeseac 22222222222 h. hi
seasaceeseses aaseaaaaaas *aseeeeesaes 2222222222222 h. h
as ao a u as as as 22 22 bh hh

-s*o as a. 22 hI bb
as as a. an ~~~~~~~ ~~~~~~22 h hI.

egassass aases&A&a&&a asuassass 22 bhhinhhhhhhb
a~s0S@@8s as$4zz&^^&^&^ as s|@ss cc 22 * hO hhhhhh

s &a s 22 hb h
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55 55 ma sa ma 58 22 Ih
ssss.s~ssss ma ma .sgs~ssmssas 222322222222 bb bb
*asssss* sss@@sE ma ma *tgg~5 2222222222222 bh

e

nn. nn. llli 111111Iiii CceCCcccc hh hh eOoOOOOO
wenn nnw llliitilil ccccccCcccc kk hab e _oooooooooo
ieee we IL cc cc kh M so 0
Mnn nn ec 11b hk go * 0

nn nn nn 1 c c bb h hh 00 0
nn nn Pon 11 cc h _hhhhk o e
nn nn n ee cc bhhjhj.)hhhh eo

n n nn cc 1 cC bh eo ea

nn nnnn t1 cc hh. hh eo @
n rn 111111Ilit1 cccccccccce hh hh e _

nn nn 01111111111 coccecccec kh hh 6 e _6666
0

00000o0 *ll8818888 II 000000 883883181

0 00 2138 38 1 00 00 8 M 80
eeco as o s N ooo ....... eN

00 00 I.I 30 II 00 00 88 3
e0 00 . oo00 00 St as

°°°0°°°°~~l U 00 0 8888888883 ooo ....... |s||

lll *99999 222222222222 33333333333
00 88 02 2 22 222 3 33

llt 0 8 88 II 00 0 IS 33
Is *8 II 000 33
it 33333033333 2222222222 33333333333
11 I3 t a.2 2 33
12 13 2, 2 33
11 19j9lit 32 32 33

1111111 939013393 2222222222222 3333333333333
11111111 31933339301 232222222222 33333333333

0 8558885 Ceccccc'c'vC .........
Oa cc cc@@@ eeeecceec '"S888"||

-~~* cc *

vsssssss$8 cc ^&|&

assssussas cc C &C s m &aa&$"
s cc ma

on 8 CC e m

55ss5seslass ec cSccccc * a 
*8895SISABA ccccmccc m aa
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11
,,
,,

if11,1121
,~~~~~~~p

11^Xll1Xllll1

i1
11~~~11911t

ii 19803335353

1 I 833303330

i, 3 333s3t

.. 83......... 
,. ..~~~~3

533535335553

I Sa 50
t Ss Ss

S55533531SS31

5SSS5S5S555S
*06C8096"S

21 *@ees"4440*

11

11 *e11 *6@0

1111111 *ewe.....

111111111111l ..masesses..

7777777777777
777777777777
77 77

77
77
77
77

77
77

77
77
77

993333919
,Os,, ... 930*

It 3
It3000~
It

11 t" '3l
o 80"111

...... ....... . . -**.......... ** ............ .... . .......... .*..... .........

.... ... -.. ............. . ..................... **& .............. *....

...... ....... ^ ...... -. *..*.*.......................... ......... ..... *.S.***-** *.S

program verification Inforuatlon

Cod system: scalse Iron: .4

. ................................. *.~~~~..... ..... ..........

program *2

creatlo dt., 0/07/37

libracys J/pt/nouttScales.3/bin

-thl a not scale confluratlotn controllid code

•---- jobnaw nichol

date of execution: O/7

tim of nxecutlon3 123053

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

.... P............ X

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

0~~~~~~~... -.... -** -.. *- - - ........ - - ---. --- .--- --- 
O'
0'.

0 oucILds onentatiow. rms
Initial 13-1 d basis sinlole reactor ssealy

a 16 1.330 1 .
total 3.01'05 3.303.0S

0 muclide conCentrattions gras

Initial 15-1S IS bals single reactor masbly
u234 2 303.02 2.303.02
u235 2:513.04 2.382.0a
u238 1 203.02 1.20.02
u2 3 3.7 3.:0S 3.7*3.03

total 1.00.08 1.003.0
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001
01

WnitIal 15.7
Initial 2S.7

Initial 14.5 e 305.0 d
1 9 1.33.0% 1353.03 1.33.@5c

Initial 134 4 30.0 d
o 1.333-01 l.17-0.1 1.13301

te 9 5.741-03 5.123-05 S.823-0
total 3.503*0 3.90.0-G 1.502-05

u.233

0274u233
a.235
u231
0I237

pu23O
p..233

Po423 9
D4240
Po241
p.24)
m)41
&.242a
.. 243

total

Initial
1.343-03
1.301.02
S .373.03
3 .361.0
9.49.03
3.723.02
S.923-04
1.2 33.02
1.2Z3.02
4.972-03
2.271.03
1 .223.0)
3 .673.02
1 33s.01
(.343.01
1.1(3.02

3.-03

154.5 d
1.403-03
S.311-02
5.37.-03
3.363*02
9.493.0s
3.603.02
3 .312304
1.3(3.02
1.3.02
3 .06R.03
2 373.0)
2.2*3.02
3. (73-02
6.U.01
(.923-01
1. 143.02
9 .633.03

307. O4
I . Ist01.433-031.31303

3 .343.0)
9 .4,2-05
3 .433.03
I4.330

1.2 3302S .043.03

2.373.03
1 .1703

.473.02
, .34.01
4 .313.01
1.1(3.02
3.683-05

4 311 4 47.1 a
relid Centttena. g_
bali *3l.re acter _aslY
3.3 13.0 772 5 d 7.0 4

1.333.05 1.333.03 1.333-N 3.333.50
MOlid CaOCattrattm. WWWW
batie al l r.eatr Saal

463.5 d 61.0 8d 772. 4 d 517.0 
1.143*01 2oSS.01 101-301 1303.01
.323-0 3S 5.2-03 3.32-0oS 5312305
33.103 3,543.0 3.303*03 303.03

muclid. cobeantratim. Wae,
bail *Siha r~etor a _17

5 61.0 4d 772.3 5 d 270 e 
1.503.03 1.S3-03 1.602-03 1.33-03
1 31S.02 1.323.0) 1.32)302 1.3 .02
S.371.03 3.313.03 5.373-03 5.373*03
3.373.03 2.31.03 33.303 3.373-03
3.493.S 3433-05 303.03 S .413.05
3.-02 3.00-0 3.013*02 3013.02

4.333-04 3.13.04 3.33-04 2.243-04
1.403.02 1.40t.02 1.403-02 1.403-02
1.40.02 1.403.02 1.403*02 1.40-02
S.06s03 3.043.03 3.063-03 5.08-03
2.373.03 2.371.03 2.383.03 2.3(3.03
1.13-03 1.133.03 1.101-03 1.01-t3
167.02 S.613.2 367Z.02 3.1-02
1,033.02 1,333.02 I.333*02 1.773*02
6.533-01 X.3-01 6.873-01 4.833-01
1.1"3*02 1.1a*02 1.1(3.02 1.163.02
3.483.03 A0S 3633.03 3.64205

*Jnt et ccntratLe. Wie.
malide cncentrationa. gra
baa *4ula reactor aly

42. d 613.0 d 72 S d 027.0 d
7.043.02 1.031.02 7.051.02 7.031-02

ituclid. cetentrationa. gr am
baois aiNol. e Yt. aaa& 1y

443. d *10d 772.5 d 917.0 d
7.Sn1.0) ?.S31302 7.5S1.02 7.313.02
7.303.02 7.303.02 7.303-02 7,301.02
4.703.02 4,703-02 4.7003 4.703-02
*.413*01 *.413*01 3. 9 413.01

mclid. conentations. rs
baaie *sinql reactor "inhlY

463.3 410.0 d 772.5 d 527.0 
7.241.02 7.2(1.02 7.243.02 7.243-02
*.233.02 (.253.02 (.253.02 (.23.-02
1.163.02 1.313-02 1.423.02 1.5)302

mAClid. conentrationa. fromm
basis *ingle reactor ossembly

413.5 d 1.0 0d 772.5 327.0 d
3.24a.00 3,243-00 3.243-00 3,243.00
2.823-02 2.8)-02 2.823-02 2.831-02
1.233.01 14.3.01 1.243-0l 1.243-*1
1.343-01 1.733-01 2.138-01 2.SSS-Ol
1.203-02 1,203.02 1.333.02 1.23S02
1.133*03 1.133.02 1.133.02 1.133-*0
3.753-01 1,25300 1,512.00 1.7(3.00
3.203.04 3.20-04 3203.06 3.20-04

12.8 d
62. d

62.0 d
62.8 

0

Initial
ma 33 (.073.02

initial
te 33 1.403.0)
rulOl 7.30S.02
r3h03 4.23S.02
soglo 1.23.101

134.3 8 203. 0 
6.613.02 7003.02

134. a
7.S31.02
7 .30.02
4.373*02
3.413-.0

303.0 d
7.513-02

7 .30-02
4.103.02
.4 1+01

Initial 14.5 8 30d.0 d
rdAd) 7.033.02 7248*02 7.243-02
ndl4S 6.24Z302 6.253-02 6.256-02
A147 6.873*01 1.608.01 1.033.02

s-i',
SAlSO
a151
ul5l
a132
Oul53
a03ss

total

Initial
1.8E.D 00
2.823*02
1.23*-01
1.13.02
1.2ew302
1.14 *02
3.30-02
3.203*04

154.5 d
3.241300
2.82z-02
1.32(.01
5 .25-02
1.233.0)

1S3-302
3.M73.01

3.303*04

307.0 d
3.243-*0
2.623-02
1.2st-01
3.341-02
1.233-02
1.233-02
S.603-01
2.203*04


