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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 the Obrigheim
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 5.9. Reference 5.4 provides
information on the molar masses; the assembly design, power history and operating parameters are
obtained from References 5.5 through 5.7; 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 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, (Reference 5.4)

General spent fuel characteristics for each test assembly are presented in Table 4-1 and include the
initial 2*U enrichment, final burnup and the cooling time (Table 2, Reference 5.5). The initial
enrichment of all assemblies is 3.13 wt% 2**U and the burnup ranges from 25.93 to 29.52
GWd/MTU. Reference 5.5 is unclear as to whether the measurements are corrected to the time of
shutdown or discharge. However, since Table 32 in Reference 5.5 contains the measured data and
states that concentrations are relative to the time of unloading, a cooling time consistent with the
time of discharge is used. Unfortunately, the time between shutdown and discharge is unknown,
therefore, a cooling time of 10 days is assumed. This is assumed since a longer decay period would
not significantly effect the isotopic composition; however, a shorter decay period would effect
isotopes that come in part from the decay of short lived parent isotopes (pp. 7 and 10, Reference 5.6).
Most notable is the decay of 2°U (T,, = 23.5 m) and *Np (T,, = 2.35d) to form **Pu, which
increases by roughly 1% during the first 10 days (pp. 7 and 10, Reference 5.6). Therefore, the
predicted concentration of *°Pu relative to that which is measured, may be used as an indication as
to whether the use of a 10 day cooling time is appropriate.

Assembly design parameters are presented in Table 4-2 (Table 13, Reference 5.5; Table 1, Reference
5.7). The assembly is a Siemens 14 x 14 with 16 guide tube positions that were empty throughout
each of the three cycles of irradiation. A cross section of a Siemens 14 x 14 assembly is presented
in Figure 4-1 (Section 2.1.7, Reference 5.8). The guide tube dimensions were unknown and
therefore the dimensions for a guide tube from a Westinghouse 14 x 14 assembly were assumed (p.
13, Reference 5.5). Values for fuel pellet stack density, pellet diameter, and cladding inside and
outside diameters are presented in Reference 5.5 while hot (i.e., in operating reactor.) However, the
dimensions prior to irradiation are obtained from Reference 5.7 and used to maintain consistency in
modeling from one reactor to the next. The initial enrichment of *U and 2*U are not known and
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are approximated by: wt % U = 0.0089 x **U %, and wt % U = 0.0046 x ?°U wt % (p. 13,
Reference 5.5).

Power histories for the core during the pertinent cycles of irradiation are presented in Table 4-3
(Table 2, Reference 5.7). The assemblies were irradiated for a total of 3 cycles during cycles 3, 4
and 6 and were not loaded during cycle 5. The zero load days from each of the three operating cycles
are summed for each cycle and modeled as a total shutdown period subsequent to the cycle of
irradiation. Consequently the sum of the full load days for a particular cycle is used as that cycle’s
bum time. It is expected that approximating the cycle length by summing the full load days will not
significantly alter the isotopic concentrations because the relative number of zero load days to full
load days is small. |

The operating parameters in Table 4-4 include the cumulative burnups, specific powers and fuel
temperatures for each assembly over the operating cycles (Table 15, Reference 5.5). Moderator
temperature, density and boron concentration, as well as the fuel cladding temperature are also
included in Table 4-4 (Table 13, Reference 5.7). The cumulative burnups and specific powers were
based upon data reported by the reactor operating utility (p. 29, Reference 5.5). Fuel temperatures
were derived from the fuel temperature versus rod power diagram, Figure 4-1, and the boron
concentration was assumed to be 450 ppm (p. 5 and Figure 2, Reference 5.7).

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 is 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 5.5). 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/MTUO, or kg/MTU depending on the units
. required in the analysis.

Measured isotopic concentrations are presented in Table 4-8 and are given in g/MTU (Table 32,
Reference 5.5). The measurements were performed at the Karlsruhe Reprocessing Plant in Germany
by cutting each assembly lengthwise and dissolving each half separately. The radiochemical
analyses were performed independently by laboratories of the European Institute for Transuranic
Elements, the Institute for Radiochemistry, the Karlsruhe Reprocessing Plant and the International
Atomic Energy Agency, and are averaged to obtain the values in Table 4-8. Included in Table 4-9
is a listing of the measurement uncertainty for each of the isotopes examined (Table 8, Reference
5.7).
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Table 4-1. Spent Fuel Characteristic Parameters for Obrigheim PWR

Test Assembly Enrichment, Burnup, Cooling Time, days
wt % 25U GWd4d/MTU

168 3.13 28.40 ' 10
170 3.13 25.93 ' 10
171 3.13 29.04 10
172 o 3.13 26.54 10

176, batch 90 3.13 29.52 : 10

176, batch 91 3.13 27.99 10

Reference 5.5
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Table 4-2. Assembly Design Parameters for Obrigheim PWR

Parameter Data
Assembly general data: _
Designer Siemens
Lattice - - 14x14
Number of Fuel Rods ' 180
Number of Guide Tubes : 16
Assembly Pitch, cm 20.12
Fuel Rod Data:
Type of Fuel Pellet ' Uo,
Enrichment, A )
wt % U 3.13
wt % B'U 0.028
wt % B5U 0.014
Pellet Stack Density, g/cm® 10.05
Rod Pitch, cm 1.430
Rod Outside Diameter (OD), cm 1.074
Rod Inside Diameter (ID), cm 0.930
Pellet Diameter, cm 0.913
Active Fuel Length, cm 295.6
- Clad Material Zircaloy-4
Guide Tube Data:
Inner Radius,cm - 0.6413
Outer Radius, cm ' , 0.6845 ,
Tube Material Zircaloy-4

References 5.5 and 5.7 -
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Figure 4-1. Cross Section of Obrigheim Assembly
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Table 4-3. Power History of Obrigheim PWR

Cycle 3, | Operating Cycle 4, | Operating | Cycle 5, | Operating | Cycle 6, | Operating
days Condition days Condition | days Condition | days Condition
4.9 FL* 124.2 FL 377 ZL 127.8 FL
24 yADY 8.5 ZL 24 ZL
79.1 FL 90.1 FL 54.8 FL
3.7 ZL 24 ZL 1.2 ZL
18.3 FL 9.7 FL 65.7 FL

1.2 L 1.2 ‘ZL
12.2 FL 134 FL
37.7 ZL 4.9 7L
136.5 FL: 1.2 FL 7
6.8 ZL 24 ZL
37.0 FL 70.6 FL
29.2 ZL |
Cycle Length, days
369 328 377 , 252
Uptime, days
288 309 0 248
| Downtime, days
81 19 377 4
“Full Load
bZero Load

Reference 5.7
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Table 4-4. Operating Data for Obrigheim PWR
Test Batch Cycle 3 Cycle 4 Cycle 5 Cycle 6
Assembly
Cumulative Burnup, 168 86 8.16 19.90 - 28.40
GWdMTU "
170 94 6.03 17.61 - 2593
171 89 8.39 20.42 - 29.04
172 92 10.03 17.77 - 26.54
176 90 © 9.25 20.62 - 29.52
176 9] 8.77 19.55 - 27.99
Specific Power, 168 86 28.336 38.005 - 34.249
MW/MTU
170 94 20.929 37.468 - 33.564
171 89 29.124 38.952 - 34.748
172 92 34.883 25.035 - 35.374
176 90 32.121 36.801 - 35875
176 91 30.457 34.894 - 34.016
Effective Fuel 168 86 807 895 - 860
Temperature, K "
. 170 94 743 896 - 851
171 89 813 905 - 865
172 92 865 778 - 870.
176 90 840 883 - 875
176 91 825 865 - 855
Water Temperature, K all all 572
Water Density, g/cm? all all 0.7283
Soluble Boron, ppm all all 450
Clad Temperature, K all all 605

Reference 5.5
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Figure 4-1. Fuel Temperature vs Rod Power for Obrigheim PWR
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Reference 5.7
Table 4-5. Composition of Zircaloy-4
Material Weight Percent

o) 012

Cr 0.10

Fe ' 0.20

Sn 1.40

Zr 98.18

Density = 6.56 g/cm®

Reference 5.9
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Table 4-6. Nuclides Updated in SAS2H

BKr BKr ¥y %Sr %Mo "Zr
MZr %Nb 9Zr *Tc 19IRu '®Rh
I5Rh %Ry 105pg 108pg Wag 45
Blxe B2xe 134Cs 5Xe 135Cs 16Xe
*Ba ¥1Cs 1¥La 14lpr 143py "Nd
14Ce "Nd “Nd “TPm 47Sm 45pm
Sm 1°Sm 51Sm 152Sm 5By 1Eu
155Gd 15Eu
Reference 5.10
Table 4-7. Light Element Mass per Unit of Fuel for Typical PWR
Element kg/MTU

0 135.0

Cr 59

Mn 0.33

Fe 13.0

Co 0.075

Ni 9.9

Zr 221.0

Nb 0.71

Sn 36

Reference 5.5
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Table 4-8. Average Measured Isotopic Concentrations (g/MTU)

Batch 86 94 89 92 90 91
Assembly 168 170 171 172 176 176
Burnup, GW&/MTU [2840 [2593 (2004 [2654 |2052 [27.99
2y 9680 1 10950 9580 10580 9180 9850
»éy 3730 3590 3750 3620 3810 3706
BEpy 1054 80.1 101.3 88.9 107.1 94.8
Pu 5013 4805 4957 4713 4943 4925
Hopy 2020 1800 2000 1830 2040 1920
AHipy : 1103 978 1107 978 1128 1058
py 407 312 405 328 438 372
Reference 5.5
| Table 4-9. Measurement Uncertainty

By +2%

By +1%

8Pu | +15%

Py T 3%

uipy , +3%

Ulpy +4 %

A2py +4 %

Reference 5.7
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
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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

4.3.1 Measured isotopic concentrations from Reference 5.5 are calculated and corrected to the time
of discharge; however, the time between shutdown and discharge is not specified. Therefore,
a cooling time of 10 days is assumed. The basis for this assumption is that a longer decay
period does not significantly effect isotopic concentrations, but a shorter decay period effects
concentrations of those isotopes with short lived parents. This assumption is used in Section
7.5.

4.3.2 The cycle average boron concentrations are assumed to be 450 ppm. The basis for this
assumption is that the value is an average of typical cycle average boron concentrations, and
was obtained from Reference 5.7. 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 Programs

A. Reference 5.11 describes the SAS2H module of SCALE 4.3 that is used with the
44GROUPNDFS5 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 assembly average measuremerits, 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-0. User defined formulas and/or algorithms, inputs and results are
documented in the appropriate sections.
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7. Design Analysis

The SAS2H module of SCALE 4.3 is used to perform one-dimensional (1-D) neutron transport and
point depletion analyses on the Obrigheim assemblies using the preferred 44GROUPNDFS 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 1 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 44GROUPNDFS, 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
assembly 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 UO, with a density and isotopic weight percentages from Table 4-2.
Fuel temperatures for the assemblies during each cycle are presented in Table 4-4 and the
temperature during cycle 3 is input for the fuel temperature specification in data block 4. The other
cycle fuel temperatures are input in data block 9. Isotopes which are selected as needing their cross
sections updated during the depletion analysis are included in the fuel mixture. A standard list of
trace fuel elements is given in Table 4-6 and defined in the fuel mixture to have a concentration of
10 atoms/barn-cm. o

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 44 and is composed
of H,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, and a standard boron
composition from the Standard Composition Library designated as 5000. '
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7.3  SCALE Input Data Blocks 5 Through 7

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

Data block 6 allows the user to specify such parameters as the spatial mesh, angular quadrature and
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 assemble contains 1 MTU, using the following equation:

1 , 270500,  10%U

' Lengt}z‘
238U IMTU

Equation 7-1

%(POD)Z(PDen)(NFR)

Where:
Length = Length Required for an Assembly to Contain 1 MTU (cm)
POD = Fuel Pellet Diameter (cm)
PDen = Fuel Pellet Density (g UO,/cm?)
NFR = Number of Fuel Rods

Since measured isotopic concentrations are presented in grams of isotope per Metric Ton Uranium
(MTU) and SCALE presents concentrations in grams of isotope per assembly, it is convenient to
alter the length so that the assembly contains 1 MTU. This is possible since the 1-D transport
calculation is axially independent. Consequently, the length of the assembly does not impact the
neutron flux spectrum nor the nuclide cross sections. The resulting length for Obrigheim assemblies
is 957.89 cm.

Each assembly was irradiated for three cycles. 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 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 are nine and are determined from Table 4-5, while the number of zones are five Wthh is
determined by the Path B model described in Section 7.4.
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74  SCALE Input Data Block 8

The Path B model for Obrigheim is a centralized guide tube unit cell surrounded by an homogenized
fuel and moderator mixture that conserves the fuel to moderator volume ratio, and is further
surrounded by moderator between assemblies. The equation below is used to determine the number
of fuel unit cells that surround the central guide tube. All of the following equations used to
calculate the Path B model dimensions are derived. The results of the fuel-unit-cell calculations are
presented in Table 7-1, and the resulting Path B model dimensions are presented in Table 7-2.

Eycuemw .
. 7 Equation 7-2
(FV)-(XZ)(M V)
(NFR)(Z)(POD)>
Ll 4 Equation 7-3
M (NFR)[RPZ-(E)(COD)Z}+(NGD[RP2-(§)<GTOD)2+(§)(GHD)21
CUCMV=RP2—(%)(GTOD)2+(§)(GHD)2 Equation 7-4
FV=(£)(POD)2 Equation 7-5
M V=I€P2—(%)(COD)2 Equation 7-6

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

CUCMYV = Central Unit Cell Moderator Volume
FV = Fuel Volume of One Fuel Unit Cell

MYV = Moderator Volume of One Fuel Unit Cell
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Once the number of fuel cells per central 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, these are presented in Table 7-2. The mixtures are
moderator for zone 1 and zircaloy for zone 2.

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

R,= l (_l_)RPZ Equation 7-7
T
Where: '

R, = 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.

ARA=(ORAR?-IRAR? 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:

R,=|(Z)RP?+R] Equation 7-9
T
Where:
R, = Radius of Homogenized Fuel and Moderator Zone

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

The 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:

RJ L) p2-(Neelh(RP) R} Equation 7-10
n*NCell '
Where:
R = Radius of Moderator Surrounding Assembly Zone
Ncell = Number of Cells in Assembly
AP = Assembly Pitch
Table 7-1. Calculation of Fuel Unit Cell per Guide Tube Unit Cell
F/M CUCMYV, cm? FV, cm? MYV, cm? X
- 0.5018 1.8650 0.6547 1.1390 11.2500
Table 7-2. Path B Model Dimensions
Rl R2 R3 R4 RS
Radius, cm 0.6413 0.6845 0.8068 2.8238 2.8379
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. Table 4-4 contains values for the specific powers
and the resulting uptime and downtime for each cycle are presented in Table 7-3. The power used
for the intervals is the same and equal to the power for cycle 1 from Table 4-4. The boron and
moderator density fractions are not used in modeling the Obrigheim assemblies because data
provided are not in sufficient detail to determine cycle specific values. The individual cycle
temperatures are provided in Table 4-4, and are specified with the command ‘temkcyc=".

Table 7-3. Cycle Irradiation Lengths and Downtime Between Cycles

Cycle 3 Cycle 4 Cycle 5§
Uptime, days 288 309 248
Downtime, days 81 396 10
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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 1 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 of
the SCALE input.

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. The measured concentrations are given in Table 4-8, calculated
concentrations in Table 7-4 and the percent differences are presented in Table 7-5.

In an attempt to determine the impact of the assumption of a cycle average boron concentration of
450 ppm for each cycle, a sensitivity analysis is performed. Two assemblies representing low and
high burnups, 170 Batch 94 and 176 Batch 90, are used to observe the changes in isotopic
concentrations with both a 100 ppm increase in boron concentration. The results are reported in
Tables 7-5 and 7-6. :

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 percent differences, are presented i in Table 7-4. Also
the results of the sensitivity analysis are reported in Tables 7-5 and 7-6.
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Table 7-3. Calculated Isotopic Concentrations (g/MTU)

Batch 86 94 89 92 90 91
Assembly 168 170 171 172 176 176
35 9.98E3 1.11E4 9.70E3 1.08E4 9.48E3 | 10IE4
By 3.76E3 3.60E3 3.80E3 364E3 | 3.83E3 3.74E3
Bipy 1.08E2 8.72E1 1.14E2 9.22E1 1.19E2 1.05E2
39py 4.21E3 4.17E3 4.21E3 4.24E3 421E3 423E3
2Utpy 2.17E3 1.99E3 2.21E3 2.06E3 2.25E3 2.14E3
utpy 1.10E3 1.01E3 1.13E3 1.03E3 1.15E3 1.08E3
uipy 4.24E2 3.46E2 4.48E2 3.47E2 4.61E2 4.05E2

Table 7-4. Percent Difference Between Measured and Calculated [(C/M-1)*100]

Batch 86 94 89 92 90 91
Assembly | 168 170 171 172 176 176
By 3.10 137 | 125 2.08 3.27 2.54
Y 0.80 0.28 1.33 0.55 0.52 1.08
zipy 2.47 8.86 12.54 3.71 1111 10.76
Mpy | -16.02 -13.22 -15.07 21004 | -1483 | -14.11
240y 7.43 1056 | 10.50 12.57 10.29 11.46
u1py 027 3.27 2.08 5.32 195 2.08

#ipy 4.18 10.90 10.62 5.79 525 8.87
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Table 7-5. Sensitivity Analysis for Assembly 170 Batch 94
Calculated Concentration, g/MTU % Change in
. Calculated

Modeled Conditions Boron Concentration Increase of 100 ppm Concentrations
By 1.11E4 1.12E4 - 0.90
By 3.60E3 36OEZ; 7 0.00
BPu 8.72E1 7 8.80E1 0.92
3Ppu 4.17E3 421E3 0.96
Py 1.99E3 2.00E3 0.50
Py 1.01E3 1.01E3 0.00
Hipy 3.46E2 3.47E2 0.29

Table 7-6. Sensitivity Analysis for Assembly 176 Batch 90
Calculated Concentration, g/MTU % Change in‘
Calculated

. Modeled Conditions Boron Concentration Increase of 100 ppm Concentrations
»yu 948E3 9.54E3 0.63
By 3.83E3 3.83E3 0.00
Hpu 1.19E2 1.20E2 0.84
Pu 421E3 4.26E3 1.19
Wpy 2.25E3 2.25E3 0.00
#py 1.15E3 1.16E3 0.87
Hipy 4.61E2 4.61E2 0.00
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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
consistently under- predicts the concentration of °Pu, while it consistently over-predicts the isotopes
of 26U, 2Py, %Py, and *?Pu.  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.

Uncertainty in the measured concentration of each isotope helps to explain the deviation of the
calculated concentrations from the measured concentrations. For example, the calculated
concentration of 25U, U, #®Py, and *'Pu are either within or very close to the measurement
uncertainties of +2%, £1%, +15% and +3%, respectively. However, such is not the case for the
isotopes of “®Pu, *Pu and *?Pu, which deviate by more than the respective measurement
uncertainties. '

Results from the sensitivity analysis of the isotopic concentrations with boron concentration reveal
that calculated isotopic concentrations increase by around 1% or less with a 100 ppm increase in
boron concentration. Although, a slightly lower average boron concentration would improve
calculated concentrations for most isotopes, it would also create a larger deviation for %Py which
already has some of the largest deviation. However, since the average boron concentration is not
expected to deviate more than 250 ppm from the assumed value, it is expected that the assumption
of an average boron concentration of 450 ppm does not significantly effect the calculated isotopic
concentrations.

It is believed that the 10 day cooling time assumed does not adversely effect any isotopic
concentrations since the concentration of 2**Pu is under-predicted and any longer cooling time would
not significantly increase the concentration. However, if the concentration of »**Pu were over-
predicted then a shorter cooling time would seem to be more appropriate.

In general the SAS2H module of SCALE does well in predicting isotopic concentrations for
Obrigheim assemblies, 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 average boron concentration does 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 would be
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 eight pages and contains the input files used in the modeling of the Obrigheim
assemblies. 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,

J 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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ob168g28.input

=sas2h  parm=skipshipdata
obrighiem (kwo) pwr, assm 168, batch 86, 28.40 gwd/mtu 3-cyc June 97
' ....used 180 fuel rode, 16 guide tubes....,

44group latticecell
uo2 1den=10.05 | 807

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end

kr-83 101-20 807 end
kr-85 10 1-20 807 end .
y-89 101-20 807 end
sr-90 10 1-20 807 end
zr-93 10 1-20 807 end
zr-94 10 1-20 807 end
zr-95 101-20 807 end
nb-94 "1 0 1-20 807 end
mo-95 10 1-20 807 end
tc-99 101-20 807 end
ru-101 1 0 1-20 807 end
ru-106 1 0 1-20 807 end
rh-103 1 0 1-20 807 end
rh-1051 0 1-20 807 end
pd-105 10 1-20 807 end
pd-108 1 0 1-20 807 end
ag-109 10 1-20 807 end
sb-124 1 0 1-20 807 end
xe-131 10 1-20 807 end
xe-132 1 0 1-20 807 end
xe-135 1 0 1-20 807 end
xe-136 10 1-20 807 end
cs-134 10 1-20 807 end
cs-13510 1-20 807 end
cs-137 1 0 1-20 807 end
ba-136 10 1-20 807 end
1a-139 10 1-20 807 end
pr-141 1 0 1-20 807 end
pr-143 1 0 1-20 807 end
ce-144 10 1-20 BO7 end
nd-143 10 1-20 807 end
nd-145 1 0 1-20 807 end
nd-147 1 0 1-20 807 end
pm-147 10 1-20 807 end
pm-148 10 1-20 807 end
sm-147 1-0 1-20 807 end
sm-149 1 0 1-20 807 end
sm-150 1 0 1-20 807 end
sm-151 10 1-20 807 end
sm-152 10 1-20 807 end
eu-153 10 1-20 807 end
eu-154 1 0 1-20 807 end
eu-155101-20 807 end
gd-155101-20 807 end

arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 605 ’
h20 3den=0.72831 572 end
arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

' 450 ppm boron (wt) in moderator

v

fuel-pin-cell geometry:

squarepitch 1.43 0913 1 3 1.074 2 0.930 0 end

mixtures of fuel-pin-unit-cell:
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assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5

printlevel=5 lightel=9 inplevel=2 numztotal=5 end
30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379

power=28.336 bum=288 down=81 end
power=38.005 bum=309 down=396 temkcyc=895 end

power=34.249 burn=248 down=10 temkcyc=860 end
0135 cr 59 mn 0.33

fe 13 co0.075ni 9.9
zr221nb 0.71 sn 3.6
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ob170g25.input

=sas2h  parm=skipshipdata

obnghlem (kwo) pwr, assm 170, batch 94, 25.93 gwd/mtu 3-cyc June97
' ...used 180 fuel rode, 16 guide tubes...

' mixtures of fuel-pin-unit-cell:
44group  latticecell
uo2 1den=10.05 1 743
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 101-20743 end
kr-85 10 1-20743 end
y-89 101-20743 end
sr-90 10 1-20 743 end
zr-93 101-20 743 end
zr-94 101-20743 end
zr-95 101-20743 end
nb-94 10 1-20 743 end
mo-95 10 1-20743 end
tc-99 10 1-20743 end
ru-101 10 120 743 end
ru-106 1 0 1-20 743 end
rh-103 1 0 1-20 743 end
rh-105 1 0 1-20 743 end
pd-105101-20 743 end
pd-108 10 1-20 743 end
ag-109 10 1-20 743 end
sb-124 1 0 1-20 743 end
xe-131 10 1-20 743 end
xe-13210 1-20 743 end
xe-13510 1-20 743 end
xe-136 10 1-20 743 end
cs-134 10 1-20 743 end
cs-135 10 1-20 743 end
cs-137 10 1-20 743 end
ba-136 1 0 1-20 743 end
1a-139 10 1-20 743 end
pr-141 10 1-20 743 end
pr-143 10 1-20 743 end
ce-144 10 1-20 743 end
nd-143 1 0 1-20 743 end
nd-145 10 1-20 743 end
nd-147 1 0 1-20 743 end
pm-147 10 1-20 743 end
pm-148 10 1-20 743 end
sm-147 10 1-20 743 end
sm-149 10 1-20 743 end
sm-150 10 1-20 743 end
sm-15110 1-20 743 end
sm-152 10 1-20 743 end
eu-153101-20 743 end
eu-154 10 1-20 743 end
eu-15510 1-20 743 end
£d-155101-20743 end
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.18 2 1.0605 end
h20 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

' 450 ppm boron (wt) in moderator

" fuel-pin-cell geometry:

i

squarepitch 1.43 0.913 1 3 1.074 2 0.930 0 end
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assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5

printlevel=5 lightel=9 inplevel=2 numztotal=5 end
30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379

power=20.929 burn=288 down=81 end

power=37.468 burn=309.0 down=396 temkcyc=896 end
power=33.564 burn=248.0 down=10 temkcyc=851 end
0135 cr 59 mn 033

fe 13 c00.075ni 9.9
zr221 nb 0.71sn 3.6
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ob171g29.input

=sas2h  parm=skipshipdata

obrighiem (kwo) pwr, assm 171, batch 89, 29.04 gwd/mtu 3-cyc June 97

' ....used 180 fuel rode, 16 guide tubes....

' mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.05 1 813
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 101-20813 end
kr-85 101-20813 end
y-89 101-20813 end
sr-90 101-20 813 end
zr-93 101-20 813 end
zr-94 101-20813 end
zr-95 101-20813 end
nb-94 101-20813 end
mo-95 101-20813 end
1c-99 101-20813 end
ru-101 10 1-20 813 end
ru-106 10 1-20 813 end
rh-103101-20 813 end
rh-1051 0 1-20 813 end
pd-10510 1-20 813 end
pd-108 1 0 1-20 813 end
ag-109 10 1-20 B13 end
sb-124 1 0 1-20 813 end
xe-131101-20 813 end
xe-132 1 0 1-20 813 end
xe-13510 1-20 813 end
xe-136 1 0 1-20 813 end
cs-134 10 1-20 813 end
cs-135101-20813 end
cs-137101-20 813 end
ba-136 1 0 1-20 813 end
a-139 10 1-20 813 end
pr-141 101-20 813 end
pr-143 1 0 1-20 813 end
ce-144 10 1-20 813 end
nd-143 1 0 1-20 813 end
nd-145101-20 813 end
nd-147 10 1-20 813 end
pm-147 10 1-20 813 end
pm-148 10 1-20 813 end
sm-147 1 0 1-20 813 end
sm-149 10 1-20 813 end
sm-150 1 0 1-20 813 end
sm-151 10 1-20 813 end
sm-152 10 1-20 813 end
eu-153 10 1-20 813 end
eu-154 10 1-20 813 end
eu-155101-20 813 end
gd-155101-20813 end

arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.182 1.0605 end
h20 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

* 450 ppm boron (wt) in moderator

fuel-pin-cell geometry:
squarepitch 1.43 0.913 1 3 1.074 2 0.930 O end
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' assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=5 end
30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=29.124 burn=288 down=81 end

power=38.952 bumn=309.0 down=396 temkcyc=905 end
power=34.748 bumn=248.0 down=10 temkcyc=865 end
0135 cr 59 mn 0.33

fe 13 c00.075ni 9.9
zZr221 nb 0.71sn 3.6
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ob172g26.input

=sas2h  parm=skipshipdata

obrighiem (kwo) pwr, assm 172, batch 92, 26.54 gwd/mtu 3-cyc June 97

' mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.05 1 865
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 10 1-20 865 end
kr-85 10 1-20 865 end
y-80 10 1-20 865 end
sr-90 10 1-20 865 end
zr-93 101-20865 end
zr-94 10 1-20 865 end
zr-95 10 1-20 865 end
nb-94 10 1-20 865 end
mo-95 1 0 1-20 865 end
1c-99 10 1-20 865 end
ru-101 1 0 1-20 865 end
ru-106 1 0 1-20 865 end
rh-103 1 0 1-20 865 end
rh-1051 0 1-20 865 end
pd-1051 0 1-20 865 end
pd-108 1 0 1-20 865 end
ag-109 1 0 1-20 865 end
sb-124 1 0 1-20 865 end
xe-131101-20 865 end
xe-132 10 1-20 865 end
xe-13510 1-20 865 end
xe-136 10 1-20 865 end
cs-134 1 0 1-20 865 end
cs-135 10 1-20 865 end
cs-137 1 0 1-20 865 end
ba-136 1 0 1-20 865 end
la-139 1 0 1-20 865 end
pr-141 1 0 1-20 865 end
pr-1431 0 1-20 865 end
ce-144 10 1-20 865 end
nd-143 10 1-20 865 end
nd-145 1 0 1-20 865 end
nd-147 1 0 1-20 865 end
pm-147 10 1-20 865 end
pm-148 1 0 1-20 865 end
sm-147 10 1-20 865 end
sm-149 1 0 1-20 865 end
sm-150 1 0 1-20 865 end
sm-151 10 1-20 865 end
sm-152 10 1-20 865 end
eu-153 10 1-20 865 end
eu-154 1 0 1-20 865 end
eu-15510 1-20 865 end
gd-155 10 [-20 865 end

arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

4000098.182 1.0605 end
h20 3 den=0.72831 572 end .
arbm-bormod 0.7283 1 100 5000 100 3 450.0e-6 572 end

' 450 ppm boron (wt) in moderator

fuel-pin-cell geometry:

v

squarepitch 1.43 0.913 1 3 1.074 2 0.930 O end
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assembly and cycle parameters:

v

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5

printlevel=5 lightel=9 inplevel=2 numztotal=5 end
30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=34.833 burn=288 down=81 end

power=25.035 bum=309.0 down=396 temkcyc=778 end
power=35.374 bum=248.0 down=10 temkcyc=870 end

0135 cr 5.9 mn 0.33
fe 13 c00.075ni 9.9
zr 221 nb 0.71sn 3.6
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ob176g29.input

=sas2h  parm=skipshipdata

obrighiem (kwo) pwr, assm 176, batch 90, 29.52 gwd/mtu 3cyc June 97

mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.05 1 840
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 101-20 840 end
kr-85 10 1-20 840 end
y-89 101-20 840 end
sr-90 10 1-20 840 end
zr-93 10 1-20 840 end
2zr-94 10 1-20 840 end
zr-95 10 1-20 840 end
nb-94 1 01-20 840 end
mo-95 10 1-20 840 end
1c-99 10 1-20 840 end
ru-101 1 0 1-20 840 end
ru-106 10 1-20 840 end
rh-103 1 0 1-20 840 end
rh-105 1 0 1-20 840 end
pd-105 1 0 1-20 840 end
pd-108 1 0 1-20 840 end
ag-109 1 0 1-20 840 end
sb-124 1 0 1-20 840 end
xe-131 10 1-20 840 end
xe-132 1 0 1-20 840 end
xe-13510 1-20 840 end
xe-136 10 1-20 840 end
cs-134 1 0 1-20 840 end
cs-135101-20 840 end
¢s-137 10 1-20 840 end
ba-136 1 0 1-20 840 end
la-139 1 0 1-20 840 end
pr-141 10 1-20 840 end
pr-143 10 1-20 840 end
ce-144 1 0 1-20 840 end
nd-143 1 0 1-20 840 end
nd-145 1 0 1-20 840 end
nd-147 1 0 1-20 840 end
pm-147 1 0 1-20 840 end
pm-148 10 1-20 840 end
sm-147 10 1-20 840 end
sm-149 10 1-20 840 end
sm-150 10 1-20 840 end
sm-151 10 1-20 840 end
sm-152 10 1-20 840 end
eu-153 10 1-20 840 end
eu-154 1 0 1-20 840 end
eu-15510 1-20 840 end
gd-155101-20 840 end

arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 605 end
h20 3 den=0.7283 1 572 end

arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

' 450 ppm boron (wt) in moderator

" fuel-pin-cell geometry:

squarepitch 1.43 0913 1 3 1.074 2 0.930 0 end

Page I-5 of 8

' assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5

printlevel=5 lightel=9 inplevel=2 numztotal=5 end

30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379

power=32.121 bum=288 down=81 end

power=36.801 bum=309.0 down=396 temkcyc=883 end

power=35.875 bum=248.0 down=10 temkcyc=875 end
0135 cr 5.9 mn 0.33

fe 13 c00.075ni 9.9
zr221nb 0.71sn 3.6
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ob176g27.input

=sas2h  parm=skipshipdata

obrighiem (kwo) pwr, assm 176, batch 91, 27.99 gwd/mtu 3-cyc June 97

' ...used 180 fuel rode, 16 guide tubes....

" mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.05 1 825
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 101-20 825 end ‘
kr-85 101-20 825 end
y-89 101-20 825 end
sr-90 10 1-20 825 end
zr-93 10 1-20 825 end
zr-94 10 1-20 825 end
zr-95 10 1-20 825 end
nb-94 10 1-20 825 end
mo-95 10 1-20 825 end
1c-99 10 1-20 825 end
ru-101 1 0 1-20 825 end
ru-106 1 0 1-20 825 end
rh-103 1 0 1-20 825 end
rh-1051 0 1-20 825 end
pd-105 10 1-20 825 end
pd-108 1 0 1-20 825 end
ag-109 10 1-20 825 end
sb-124 1 0 1-20 825 end
xe-131 10 1-20 825 end
xe-132 10 1-20 825 end
xe-135101-20 825 end
xe-136 10 1-20 825 end
cs-134 1 0 1-20 825 end
cs-13510 1-20 825 end
cs-137 10 1-20 825 end
ba-136 1 0 1-20 825 end
la-139 10 1-20 825 end
pr-141 10 1-20 825 end
pr-143 1 0 1-20 825 end
.ce-144 10 1-20 825 end
nd-143 10 1-20 825 end
nd-14510 1-20 825 end
nd-147 1 0 1-20 825 end
pm-147 10 1-20 825 end
pm-148 1 0 1-20 825 end
sm-147 10 1-20 825 end
sm-149 1 0 1-20 825 end
sm-150 10 1-20 825 end
sm-151 10 1-20 825 end
sm-15210 1-20 825 end
eu-153 10 1-20 825 end
eu-154 1 0 1-20 825 end
eu-1551 0 1-20 825 end
gd-155101-20 825 end

arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 605 end
h20 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 100 5000 100 3 450.0e-6 572 end

' 450 ppm boron (wt) in moderator

fuel-pin-cell geometry:

squarepitch 1.43 0.913 1 3 1.074 2 0.930 O end

Page 1-6 of 8

assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=5 end
30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=30.457 bum=288 down=81 end

power=34.894 bum=309.0 down=396 temkcyc=865 end
power=34.016 burn=248.0 down=10 temkcyc=855 end
0135 cr 5.9 mn 0.33

fe 13 c00.075ni 9.9
zr22inb 0.71sn 3.6
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ob170g25plus100boron.input .
=sas2h  parm=skipshipdata
obrighiem (kwo) pwr, assm 170, batch 94, 25.93 gwd/mt 3-cyc June97 '

....used 180 fuel rode, 16 guide tubes.... npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5

assembly and cycle parameters:

R L . printlevel=5 lightel=9 inplevel=2 numztotal=5 end
mixtures of fuel-pin-unit-cell 30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379

o oo power=20.929 bum=288 down=81 end

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 101-20743 end
kr-85 101-20743 end .
y-89 101-20743 end
sr-90 10 1-20743 end
#-93 101-20743 end fe 13 co0.075 ni 9.9
zr-94 101-20743 end 22221 nb 0.71 sn 3.6
zr-95 10 1-20 743 end , : ’
nb-94 10 1-20 743 end ,
mo-95 10 1-20 743 end ,TTTTTTTTTT T
tc-99 101-20743 end
ru-101 10 1-20 743 end
ru-106 1 0 1-20 743 end
rh-103 10 1-20 743 end
rh-105 1 0 1-20 743 end
pd-105 10 1-20 743 end
pd-108 1 0 1-20 743 end
ag-109 10 1-20 743 end
sb-124 10 1-20 743 end
xe-13110 1-20 743 end
xe-132 1 0 1-20 743 end
xe-135 10 1-20 743 end
xe-136 1 0 1-20 743 end
cs-134 10 1-20 743 end
cs-135101-20 743 end
cs-137 10 1-20 743 end
ba-136 1 0 1-20 743 end
Ia-139 10 1-20 743 end
pr-141 1 0 1-20 743 end
pr-143 10 1-20 743 end
ce-144 10 1-20 743 end
nd-143 10 1-20 743 end
nd-145101-20 743 end
nd-147 10 1-20 743 end
pm-147 10 1-20 743 end
pm-148 10 1-20 743 end
sm-147 1.0 1-20 743 end
sm-149 1 0 1-20 743 end
sm-150 10 1-20 743 end
sm-151 101-20 743 end
sm-152 10 1-20 743 end
eu-153 10 1-20 743 end
eu-154 1 0 1-20 743 end
€eu-15510 1-20 743 end
gd-155101-20 743 end
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0. 102600002050000 1.40
40000 98.18 2 1.0 605 end
h20 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 100 5000 100 3 550.0e-6 572 end

power=37.468 bumn=309.0 down=396 temkcyc=896 end
power=33.564 bum=248.0 down=10 temkcyc=851 end

0135 cr 59 mn 0.33

" 550 ppm boron (wt) in moderator

' fuel-pin-cell geometry:

squarepitch 1.43 0913 1 3 1.074 2 0.930 O end



Attachment I: B00000000-01717-0200-00139 REV 00

ob176g29plus100boron.input

=sas2h  parm=skipshipdata

obrighiem (kwo) pwr, assm 176, batch 90, 29.52 gwd/mtu 3-cyc June 97

mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.05 1 840
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 101-20 840 end
kr-85 10 1-20 840 end
y-89 101-20 840 end
sr-90 10 1-20 840 end
zr-93 10 1-20 840 end
zr-94 10 1-20 840 end
zr-95 10 1-20 840 end
nb-94 10 1-20 840 end
mo-95 10 1-20840 end
1c-99 10 1-20 840 end
ru-101 1 0 1-20 840 end
ru-106 1 0 1-20 840 end
rh-103 1 0 1-20 840 end
rh-105 1 0 1-20 840 end
pd-105 1 0 1-20 840 end
pd-108 1 0 1-20 840 end
ag-109 10 1-20 840 end
sb-124 10 1-20 840 end
xe-131 10 1-20 840 end
xe-132 10 1-20 840 end
xe-13510 1-20 840 end
xe-136 1 0 1-20 840 end
cs-134 1 0 1-20 840 end
cs-13510 1-20 840 end
cs-137 1 0 1-20 840 end
ba-136 1 0 1-20 840 end
la-139 1 0 1-20 840 end
pr-14110 1-20 840 end
pr-143 10 1-20 840 end
ce-144 10 1-20 840 end
nd-143 1 0 1-20 840 end
nd-145101-20 840 end
nd-147 10 1-20 840 end
pm-147 1 0 1-20 840 end
pm-148 10 1-20 840 end
sm-147 10 1-20 840 end
sm-149 1 0 1-20 840 end
sm-150 10 1-20 840 end
sm-151 10 1-20 840 end
sm-152 10 1-20 840 end
eu-153 10 1-20 840 end
eu-154 10 1-20 840 end
eu-155 10 1-20 840 end
gd-155 10 1-20 840 end

arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

4000098.182 1.0605 end
h20 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 100 5000 100 3 550.0e-6 572 end

" 550 ppm boron (wt) in moderator

fuel-pin-cell geometry:
squarepitch 1.43 0913 1 3 1.074 2 0.930 0 end

e e e cecrrermeaan bevweovewecaan
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assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlitvcyc=5

printlevel=5 lightel=9 inplevel=2 numztotal=5 end

30.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379

power=32.121 burn=288 down=81 end

power=36.801 bum=309.0 down=396 temkcyc=883 end
power=35.875 bum=248.0 down=10 temkcyc=875 end
o135 cr 5.9 mn 0.33

fe 13 c00.075ni 9.9
zr22inb 0.71 sn 3.6
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ob168g28.sum
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SCALE4.3 Bulletin Board

Welcome to SCALE-4.3.

module sas2h will be called

obrighiem {kwo) pwr, assm 168, batch 86, 28.40 gwd/mtu 3-cyc June 97

--..used 180 fuel rode, 16 guide tubes....,

mixtures of fuel-pin-unit-cell:

44group latticecell
uo2 1 den=10.05 1

92234 0
kr-83 1 0 1-20 end
kr-85 1 0 1-20 807 end
y-89 10 1-20 807 end’
sr-30 1 0 1-20 807 end
zr-93 1 0 1-20 807 end
zr-94¢ 1 0 1-20 807 end
zr-95 1 0 1-20 807 end
nb-34 1 0 1-20 807 end
mo-95 1 0 1-20 807 end
tc-9%3 1 0 1-20 807 end
ru-101 1 0 1-20 807 end
ru-106 1 0 1-20 807 end
th-103 1 0 1-20 B07 end
th-105 1 0 1-20 B0? end
pd-105 1 0 1-20 B07 end
pd-108 1 0 1-20 807 end
ag-109 1 0 1-20 807 end
sb-124 1 0 1-20 807 end
xe-131 1 0 1-20 807 end
xe-132 1 0 1-20 807 end
xe-135 1 0 1-20 807 end
xe-136 1 0 1-20 807 end
cs-134 1 0 1-20 807 end
cs-135 1 0 1-20 807 end
cs-137 1 0 1-20 807 end
ba-136 1 0 1-20 B07 end
1a-139 1 0 1-20 807 end B
pr-141 1 0 1-20 807 end
pr-143 1 0 1-20 807 end
ce-144 1 0 1-20 807 end
nd-143 1 0 1-20 807 end
nd-145 1 0 1-20 807 “end
nd-147 1 0 1-20 807 end
pm-147 1 0 1-20 807 end
pm-148 1 0 1-20 807 end
sm-147 1 0 1-20 807 end
sm-149 1 0 1-20 807 end
sm-150 1 0 1-20 807 end
sm-151 1 0 1-20 807 end
sm-152 1 0 1-20 807 end
eu-153 1 0 1-20 807 end
eu-154 1 0 1-20 807 end
eu-155 1 0 1-20 807 end
gd-155 1 0 1-20 807 end .
arbm-zircd 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

807
.028 92235 3.13 92236 0.014 92238 96.828 end
07

40000 98.18 2 1.0 605 end

h2o 3 den=0.7283 1 572 end
arbm-bormod §¢.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

’

450 ppm boron (wt) in moderator

fuel-pin-cell geometry:

squarepitch 1.43 0.913 1 3 1.074 2 0.930 0 end

asgsembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=S
printlevels5 lightel=9 inplevel=2 numztotalsS end
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=28.336 burn=288 down=81 end

power=38.005 burn=309 down=396 temkcyc=895 end
power=34.249 burns248 down«=10 temkcyc=860 end

o135 cr 5.9 mm 0.33
fe 13 co 0.075 ni 9.9
zr 221 nb 0.71 sn 3.6

SS5SS8SS585 anaaaaaaa 22222222222
B5S5855583838 aaaa 2222222222222
55 a8 aa aa ss [ 1] 22 22
58 aa aa ss 22
88 aa aa 88 22
EESSSSSS5SsS aaaaaaaaaaaaa SBSS5SSSSSSSS 22

BESSSSS5588S  Aaaaaaaaaaaaa 8585855558888 22

88 aa aa 8s 22

BB aa aa 8s 22
ss a8 aa aa 88 as 22
5S5355S5585888 aa aa 8888585895585 2222222222222

S555S5838s8 aa aa 88585888388 2222222222222

EEEEE

"2 8 04

-

30..00.ttt.Q0nnno..laaioton"o'o"ﬁaaﬁoocccn"oﬂtﬁttno.ott.-ntoncoooooooo.tnt.

primary module access and input record ( scale driver - 95/03/29 - 09:06:37 )
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Attachment II: B00000000-01717-0200-00139 REV 00

(=¥

Qoao
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an nn iiiddiiiidddd cececeecccee hh hh 00000000000 1
nnn nn  iidddidididg ccceccecccecce . hh hh 0000000000000 11
nnnn nn ii ec cc hh hh oo o0 11
nn nn nn if ce hh hh oo oo 11
nn nn nn ii cc hh hh 0o oo 11
nn nn an ii ce hhhhhhhhhhhhh oo oo 11
nn nn  nn ii cc hhhhhhhhhhhhh 0o oo 11
nn nn  nn ii cc hh hh 0o 00 11
nn nn nn ii cc hh hh oo 00 11
nn annn ii cc cc hh hh oo oo 11
nn ann  iiidddididiifdd cecceccccecee hh hh ooooococooo00d 1111111111111
nn nn  iiiiiiiiidid cccececcoree hh hh 00000000000 1111111111111
0000000 88888BB8BBAS /7 0000000 88888888888 /7 99999999595 7777777777777
000000000 88BBEBEBBBE8E /7 000000000 8888888888888 144 9999999999995 777777777777
00 00 88 88 Iz 00 00 88 88 1/ 99 99 77 77
00 00 a8 88 77 00 00 88 88 /7 99 95 77
00 00 a8 1 124 00 00 88 88 /7 77
00 00 gapssBesBes /7 00 00 88888888888 ) /7 9999999999999 77
00 00 B88888BBEBESB 77 00 00 88888888888 /7 999999995998 77
00 00 88 88 IZ4 00 00 88 88 /l 99 77
00 00 88 88 44 00 00 88 88 /1 935 77
00 00 88 88 7/ 00 00 88 88 /" 99 77
000000000 8888888888888 /7 000000000 8888888888888 1 9999999999999 77
ooooooco 88888888888 /7 0000000 88888888888 IZ; 999999999999 77
i1 99999999999 au 33333333333 22222222222 0000000
111 9999999999999 a2 3333333333333 2222222222222 000000000
1111 IR 4444 3 33 si: 22 22 00 00
11 99 99 44 44 33 22 00 00
11 99 99 4 & 33 22 00 00
11 9995599999999 4 44 3 00 00
11 999599999999 44 44 EEk) 00 00
11 4444444444844 kK] 22 00 00
11 99 4444444448444 33 22 00 00
11 99 R 44 33 33 iE] 22 00 00
11111111 9559999999999 44 3333333333333 2222222222222 000000000
11111111 999959999999 44 33333333333 2222222222222 0000000
aaaaaaaaa 11 eccececeeceaee
cc aaaaaaaaaaa 11 eeceecececeee
B 55 cc cc aa aa 11 ee
BB cc aa aa 11 ee
BS cc aa aa 11 ee
558585558588 cec Aaaaaasaaaaaa 11 eceecceee
8585555855888 cc AAAAAAAAAAAAA 11 ececeeceee
13 cc aa aa 11 ee
BS cc aa aa 11 ee
55 8BS cec cc aa aa 11 ee
8555555559555 ceeeceeececcecee aa aa 1111111111111 eeceeceececeeee
55535358588 cceeoecceoece aa aa 1111111111111 seceseeeeseee
AAAAS AR RS R A AARad S A A AR R AR R R R R e R R R S R SRR R R R R )
AAAAAAASAS AR SR SR s s d el R R R R R R R R R R R R R R R R R R R R R RS R SRS RSRRE 2 X 3
AR AR AR RSO A R AR R R RN AR T RN AR AR RGN R A AN AR R RS F IR AR AR R AN R AR RN AR R O R R DR R AR tand
renen aenne
Treee program verification information b hdd
anaee arwan
code system: scale version: 4.3 o
ERENR
AAAAA AR SRS S RS SRl d R R e s e R R R R R R R R R TR
AAAL AR A RARA SRSl S s R R R R R R R R A R SR R R RS S Y S
anan ranan
ranen sreun
waann : program: sas2 arenn
Tawaw . trene
wanan creation date: 03/07/97 seene
Aanae crene
bbb library: /opt/neut/Scaled.3/bin bbb
canaw LY
aenan anewr
e this is not a scale configuration controlled code hidedd
vewnw : annne
ranan jobname: nichol eeees
senmw e
sanae date of execution: 08/08/97 ener
Iy sannn
wreve time of execution: 19:43:20 ki
srann anen
reene asaan
AL AR A AR AR AR R R R R R R R R R A E R R R R R R R R R R R R R R T R R R R R
LA A A A XA R R R R R AR R R R AR R R R R R R R RS R R RS EERR RS X 3 LA A A2 222222222222 XRRRR 2}
AR RRERIRRN AR AR A AR R A AR AR A AARARARA RS S CRRARR AN ERPRR RS LA AR AR R RSS2
....used 180 fuel rode, 16 guide tubes....,
nuclide concentrations, grams
basis szingle reactor assembly
initial 1B-18 d
o 16 1.35+05 1.35B+0%5
total 3.30B+05 3.90E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1B-18 4d
u234 2.80E+02 2.B0E+02
u23s 3.13E+04 3.13E+04
u2lié 1.40B+02 1.40B+02
u238  9.68E+«05 9.6BE+05
total 1.00B+06 1.00E+06
basis =
initial 14.4 4 28.8 d 43.24d 57.6 @ 57.6 d
initial 14.4 4 28.8 d - 43.2d 57.6 & ‘$7.6 4
nuclide concentrations, grams
basis =single reactor assembly
initial 1.74d 3.34d 5.0d 6.7d 8.3 ¢ 10.0d



Attachment II:
o 16 1.35B+05

0
initial
mo 95 1.22B+01
tc 99 3.13B-0%

4
initial
total 3.90B+05
initial
u233 1.778-03
u23d 1.80B+02
u235s 9.98E+03
u2lé 3.76B+03
u238 9.48B+05
np237 3.32E+02
pu2i6  4.03E-04
pu23s 1.078+02
puz23g 1.07E+02
pu2i9 4.13E+03
pu2do 2.17B+03
pu2dl 1.10E+03
pu2dz 4.24B+02
am241 4.17E+01
am242m 1.04E+00
am243 7.33B+01
total 9.70B+05

0

0
initial

0
initial
mo 95 5.66B+02
tc 99 6.98E+02
tc 9%m 2.89E-01
rulfl 6.63E+02
rhl03 3.84E+02
rhl03m 4.46E-02
aglog 7.53E+01

0
initial

o
initial
ndl43 7.18E+02
ndld5s 5.95E+02
sm147 8.84E+01

4]
initial
sml49 2.22B+00
sml50 2.49E+02
sml151 1.58E+01
eul5l 1.88E-02
sm152 1.16B+02
eul5] 9.42E+01
gdl155  3.49B-02
total 2.91E+04

B00000000-01717-0200-00139 REV 00

1.35B+05

1.74
.22BE+01
-1SE-05

[

1.7 4
3.90E+05

1.7 4
.77E-03
.BOE+02
.98E+03
.76B+03
.4BE+D5S
338+02
.04B-04
.07B+02
.07B+02
.16E+03
.17E+03
.10E+03
. 248402
.19E+01
.04E+00
.J4E+01
.70E+0S

LRI N o) ST YN SRV FWRT: TRy

1.74d

1.7 4
.67E+02
.99E+02
.07B-01
.638+02
.85B+02
.33E-02
.55B+01

NBaRWANGOWN

1.74

1.7 4
.20B+02
.95E+02
.86E+01

[ XV RN

1.74
.76E+00
.49B+02
.60E+01
.94B-02
.16B+02
.46E+01
.74B-02
.91B+04

NWD s = N

Nmwoardn

1.35E+05 1.

e

@wuwu

O B W D L AD

[SEXV- Yoy XYW

3.34

L22E+01
.16E-05

3.34d

.S0E+05

3.3 4

.77E-03
.80B+02
-98E+03
.76B+03
.4BE+05
LJ4B+02
.04B-04
.08E+02
.0BB+02
.182+03
L17E+03
.10B+03
L24E+02
.22B+01
.04E+00

34E+01

.70B+0S

334

3.34

.68B+02
.00B+02
.36E-01
.63E+02
.86E+02
.20B-02
.55E+01

j.id

3.3 4

L22E+02
.95E+02
.88E+01

3.34d

.08B+00
.49B+02
.60E+01
-99e-02

16E+02
48E+01

.95E-02
-91B+04

W

~téwh @ -Jin

@y

OB e N e 0 WD e e

RO i N b DO W

ISE+05 1.35E405 1.35E+05 1.35B+0S
nuclide concentrations, grams

basis =single reactor assembly
5.04 6.7 d 8.14 10.04d

.23E+01 1.23B+01 1.23E+01 1.24E+01
.17g-05 3.18E-05 3.18E-05 3,18E-05

nuclide concentrations, grams
basis =single reactor assembly
5.0 4 6.7d 8.3 4 10.0d

.90B+05 3.90E+05 3.90E+05 3.30E+05

nuclide concentrations, grams
basis =single reactor assembly

5.04d 6.7d 8.3 4 10.0 4
-77B-03 1.77E-03 1.77E-03 1.77E-03
-80B+02 1.80B+02 1.80B+02 1.80B+02
98E+03 9.98E+03 9.58B+03 9.98E+03
.76E+03 3.76E+03 3.76B+03 3.76B+03
48B+05 9.48E+05 9.48E+05 9.48EB+05
.35B+02 3.36B+02 3.37B+02 3.37B+02
.03B-04 4.03B-04 4.03E-04 4.028-04
.0BE+02 1.08B+02 1.08E+02 1.08EB+02
.0BB+02 1.08B+02 1.08E+02 1.08R+02
.192+403 4.20E+03 d.21E+03 4¢.21E+03
L17B+03  2.17B+03 2.17E+03 2.17B+03
.10B+03 1.10B+03 1.10B+03 1.10B+03
.24E+02 4.24B+02 4.24E+02 4.24B+02
.24B+01 4.27B+01 4.29E+01 4.31B+01
.04E+00 1.04B+00 1.04B+00 1.04E+00
34E+01 7.342+01 7.34B+01 7.34E+01
-70B+05 9.70B+05 9.70B+05 9.70B+05

element concentrations, grams
nuclide concentrations, grams

basis =single reactor assembly
5.0d 6.74d 8.3d 10.0 4
nuclide concentrations, grams

basis =single reactor assembly

5.0 a 6.74 8.34d 10.0 4
.71E+02 5.73E+02

.63B+02 5.70B+02 5

.01R+02 7.01E+D2 7.02B+02 7.02E+02
.92B-02 5.86B-02 3.85B-02 2.53B-02
.63B+02 6.63E+02 6.63E+02 6.63B+02
.87B+02 3.89E+02 3.90B+02 3.51B+02
.08E-02 3.96B-02 3.85E-02 13.74E-02
.55E+01 7.55B+01 7.55B+01 7.55E+01

nuclide concentrations, grams

basis =single reactor assembly
5.0d 6.7 d 8.3d 10.0 4
nuclide concentrations, grams

basis =single reactor assembly
5.04 6.7d 8.3d 10.0 4

.23E+02 7.25B+02 7.26B+02 7.27ER+02
.95B+02 5.95B+02 5.95BE+02 5.95B+02
.90B+01 8.92E+01 B8.94E+01 8.96R+01

nuclide concentrations, grams

basis =pingle reactor assembly
5.0a 6.7 d 8.3 d 10.0 4
.3BE+00 3.45E+00 3.49E+00

.27B+00 3

L49E+02 2.49B+02 2.49B+02 2.49B+02
.61E+01 1.61B+01 1.61B+01 1.61E+01
.05E-02 2.10E-02 2.16B-02 2.22E-02
-16B+02 1.16R+02 1.168+02 1.16E+02
49E+01 9.50B+01 9.50B+01 9.50E+01
.232-02 4.48B-02 4.73B-02 4.97B-02
.91B+04 2.91B+04 2.91E+04 2.91E+04
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1 primary module access and input record ( scale driver - 95/03/29 - 09:06:37 )
- module sasZh will be called
obrxghxem {kwo) pwr, assm 170, batch 94, 25.93 gvd/mtu 3-cyc June9?
.used 180 fuel rode, 16 guide tubes

mixtures of fuel-pin-unit-cell:
d4group latticecell
uo2 1 den=10.05 1 743
92234 0.028 92235 3.13 92236 0.014 92238 96.828 &nd

kr-83 1 0 1-20 743 end
kr-85 1 0 1-20 743 end
y-89 10 1-20 743 end
8r-90 1 0 1-20 743 end -
zr-93 1 0 1-20 743 end
zr-9¢ 1 0 1-20 743 end
zr-95 1 0 1-20 743 end
nb-94 1 0 1-20 743 end
mo-95 1 0 1-20 743 end
tc-9% 1 0 1-20 743 end
ru-101 1 0 1-20 743 end
Tu-106 1 0 1-20 743 end
rh-103 1 0 1-20 743 end
rh-105 1 0 1-20 743 end
pd-105 1 0 1-20 743 end
pd-108 1 0 1-20 743 end
ag-109 1 0 1-20 743 end
sb-124 1 0 1-20 743 end
xe-131 1 0 1-20 743 end
xe-132 1 0 1-20 743 end
xe-135 1 0 1-20 743 end
xe-136 1 0 1-20 743 end
cs-134 1 0 1-20 743 end
€s-135 1 0 1-20 743 end
c8-137 1 0 1-20 743 end
ba-136 1 0 1-20 743 end
la-139 1 0 1-20 743 end
pr-141 1 0 1-20 743 end
pr-143 1 0 1-20 743 end
ce-144 1 0 1-20 743 end
nd-143 1 0 1-20 743 end
nd-145 1 0 1-20 743 end
nd-147 1 0 1-20 741 end
pm-147 1 0 1-20 743 end
pm-148 1 0 1-20 743 end
sm-147 1 0 1-20 743 end
sm-149 1 0 1-20 743 end
sm-150 1 0 1-20 743 end
sm-151 1 0 1-20 743 end
sm-152 1 0 1-20 743 end
eu-153 1 0 1-20 743 end
eu-154 1 0 1-20 743 end
eu-155 1 0 1-20 743 end
gd-155 1 0 1-20 743 end
arbm-zirc4 6.56 5 0 0 0 BOl6 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 605 end
h20 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

450 ppm boron (wt) in moderator

. fuel-pin-cell gecmetry:

squarepitch 1.43 0.913 1 3 1.074 2 0.930 0 end

' assembly and cycle parameters:
npin/assm=180 fuelnght=957.89%9 ncycles=3 nlib/cycsS
printlevels5 lightel=9 inplevel=2 numztotal=5 end
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
powers20.929 burn=288 down=81 end
power=37.468 burn=309.0 down=396 temkcyc=896 end
power=33.564 burns=248.0 down=10 temkcyc=851 end
© 135 e¢r 5.9 mmn 0.33
fe 13 co 0.075 ni 9.9
zr 221 nb 0.71 sn 3.6

1 SESS58888SS azaaaaaaa 88853853388 22222222222 hh hh
5555355558883 aaaaaasaaaa 5583385858838 2222222222222 hh hh
13 &8 aa aa [ 1] L1 22 22 hh hh
88 aa aa L1 22 hh hh
BE aa aa 88 22 hh
BS5558855SE8S aaaaaaaaaaaaa 8538888888888 22 hhhhhhhhhhhhh

$585585558558 aaanaaaaaaaaa $985995853888 22 hhhhhhhhhhhhh
1] aa aa ss 22 hh hh
ss aa aa ss 22 hh hh
ss 88 aa aa 88 s 22 hh hh
5555555555598 aa aa 8858955999888 2222222222222 hh hh
SSSSSSSSS58 aa aa $8885855888 2222222222222 hh hh
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00000000000 11

nn an iidiidddiddd ceeececcoco bh hh
nnn nn  iijdidddfidg cecccccceccce hh hh 0000000000000 11
nnnn nn ii cc cc hh hh [-1-] oo 11
nn nn nn ii cc hh hh od oo 11
nn m mn ii ce hh hh o0 oo 11
nn nn nn ii ec hhhhhhhhhhhhh 00 oe 11
mn nmn mn ii cc hhhhhhhhhhhhh o0 co 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
an nnrm ii cc cc hh hh oo oo 11
nn mn iiddddidiiig cccccecececceee hh hh  ooocoooocoocooco 1111111111111
nn nn iijiiidiiidig cecececeecee hh hh DDO00000000 1111111111111
[
0000000 - 88888888888 1/ 0000000 88888888888 144 959599399999 7777771717177
000000000 8888888888888 . 7/ 000000000 BBBBB88RBEAREE 17 9999999393999 7777777777717
ag 00 88 88 /7 00 a0 as 88 124 99 99 77 ™
00 00 B8 88 /7 00 00 88 88 17 99 99 77
00 00 88 88 1/ 00 06 88 88 77 99 39 77
00 00 83888888888 1/ 00 00 8BEBBBBBAAA /1 9999593999939 i 77
00 00 B8BBB82E88888 /7 00 00 - BBBEBBBBARGSE /7 999999999999 77
00 00 88 88 /7 00 00 88 - a8 /7 99 77
00 00 8B 88 1/ 00 00 88 88 /7 99 77
00 00 BB 88 17 00 00 88 88 /" 77
000000000 8B6BB68BBBBEA8 124 000000000 8888888888888 /7 9999999999939 77
0000000 88888888888 17 0000000 88888585888 1/ 999999999999 77
o
22222222222 0000000 0000000 5555555555555 . 4 33333333333
2222222222222 000000000 000000000 5555555555555 44 3333333333333
00 00 : 00 00 55 T 4444 33 33
22 00 00 00 00 55 tae 44 44 33
22 00 00 LR 81 a0 00 55 EE S 4 & 3.
22 00 [ 00 00 555555555555 4 313
22 00 00 00 00 . 5555555555355 4" 4 333
22 00 00 IR 00 00 55 RN 444444444444 33
22 00 00 00 00 55 Tz 4344444444444 33
22 00 00 IR (1 00 55 55 LR 4 3 3
2222222222222 000000000 000000000 5555555555555 : 4d 3333333333333
2222222222222 0000000 0000000 55555555555 . 4“4 33333333333
1
0 ccc aaaaaaaaa 11 ceceeececeeee
cecee assaaaaaaaa 11 eceeeceeeeeee
1] 88 cc cc  aa aa 11 ee
[ 13 cc aa aa 11 ee
55 ce aa aa 11 ee
BSSSS5SES8E88 cc aaaaaaaasasaa 1l eecececee
Ss5385E88888 CC aaaaaaaaaaaaa 11 ececeeccee
s cec aa aa 11 ee
] cc aa aa 11 ee
5B a8 [-1-] cc aa aa 11 ee
E55SES5555888 cecceecoeeecee aa aa 1111111111111 eeceeceeeeceee
85585538588 ccecececece aa aa 1111111111111 eeeeceecesceeee
- LA RS Ad A A NS A R R R R R R R R SRR 222 3 (2222 XY RS2SRRSR R )
LA SRS SRS a a2 s e X R R R R R R R R R Ry Y R E R XY
- LA AR AR d R AR AR A N A X R R R R R Y R T SRR R R Y
reree senan
reene program verification information bR A
renee aanes
Aeens code system: scale version: 4.3 teres
venas enses
AASAAEALS SR SRR R Al s g s e R R R R R Y Y TR Y
AAAAAAALR AR R RS RN R 2 R R R R R Y R R A Y YY)
“nnnn
rnnn
program: sas2 bl
. wewnn
creation date: 03/07/97 b
- vew
library: /opt/neut/Scaled.3/bin kg
trens
raren
this is not a =scale configuration controlled code b
anann
jobname: nichol b
aanse
date of execution: 08/08/97 hdddd
N LER R R
time of execution: 20:05:43 ol
anese
. waees
LA A AR AR S A A R A A A A R R R A R R R R R R R R R R R Y Y A RS RN Y
TEERE \LAAAAA S AR AR A A A R AR A R R R R R R R R R R R I E R Y )
®EE LAA A A A AR A d A A A R R R R R T T YL Y ]
1
o ....used 180 fuel rode, 16 guide tubes....
D! = « = = = = = = @ = . . e e e-e-.ew ew e w o oE o= = - o=
o
0 nuclide concentrations, grams
bagis =single reactor assembly
initial 1E-18 d
o 16 1.35B+05 1.35E+05
total 3.90B+05 3.90B+05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 &
u234 2.80E+02 2.80B+02
u2is 3.13B+04 3.13B+04 N
u2lé 1.40E+02 1.40E+02
u238 9.68E+05 9.68E+05
total 1.00E+06 1.00B+06
(] basgis =
0 inicial 14.4 . 28.8 & 43.2 4 57.6 4 57.6 4
0 initial 14.4 a4 28.B @ 43.2 4 57.6 d 57.6 4
0 nuclide concentrations, grams

basis =single reactor assembly
initial 1.74d 3.3d 5.0d 6.7d 8.3 d 10.0 4



Attachment II:
o 16 1.35B+05

0
initial
mo 95 1.09E+01
tc 99 2.30E-05

o
initial
total 3.950E+05
initial
u23i3 1.71B-03
u23d 1.87B+02
w235 1.11B+04
u23ié 3.60E+03
u23s 9.50E+05
np237 2.95E+02
pu2ls 3.22E-4
pu238  B.5BE+D1
pu23s 8.58BE+01
pu2l’ 4.10B+03
puz240 1.99B+03
puz2dl 1.01B+03
puz42 3.46B+02
am241 3.68E+01
am242m 9.08E-01
am243 5.50E+Q1
total 9.73E+05

0

0
initial

o
initial
mo 95 5.16B+02
tc 99 6.44E+02
tc 99m 2.84E-01
rul0l 6.06E+02
Thl03 3.54E+02
rhl03m 4.29%9B-02
agl0os 6.64E+01

0
initial

]
initial
nd1l43 6.76E+02
ndl45 5.51E+02
sml147 8.14E+0O1

0
initial
sml1l49 2.21E+0D
sml150 2.25E+02
smiS1 1.52B+01
eul51 1.90E-02
sml152 1.07B+02
euls53 8.27E+01
gdl55 3.04E-02
total 2.66E+04

B00000000-01717-0200-00139 REV 00

1.35E+05 1.35B+05 1.

1.7d
.09B+D1
.32B-05

N~

1.74d
3.950R+05

1.74

712-03
BTE+02
11E+04
-60B+03
.50B+05
.96E+02
.2IB-04
.6JE+01
.6IE+01
.13E+03
-93B+03
.01B+03
.46E+02
.71B+01
.08E-01
.51E+01
.73E+05

D LD W W - O 00 () N AD Rl e e

1.74d

1.74d
.17B+02
.45B+02
.03E-01
.07R+02
.55B+02
.16E-02
.65E+01

LT N T ]

1.74

1.74
.78E+02
.52E+02
-16B+01

0 U1 O

1.7 4
.73E+00
.25B+02
.53E+01
.95B-02
.07B+02
.31E+01
.26B-02
.66E+04

NWwomHRRENaN

v on

NWOMNPNW

G UG G LS e et g 00 OO L NI AD W et b

OV W OV 4 O N

3.34d

.09E+01
.33e-05

334
.30E+05

3.34

.71E-03
L87B+02
L11B+04
.60E+03
.50B+05

97E+02
23E-04
66E+01
66E+01

-158+03

99E+03

.01B+03
L46E+02
.73E+01
.08E-01
.S1E+D1
.73IE+05

3.34

3.34

.18R+02
.46B+02

33e-01

.07E+02

S6E+02
04E-02
65E+01

334

3.34

.80B+02
.52B+02
.18E+01

3.34

.04B+00
.25B+02
.S4E+01
.00E-02
.07B+02
.33E+01
.48E-02
.66E+04

N

w

@ U

[SENE T N TN NY W)

D UG W ) et e O 00 L N WD A et

L IVEWYE. ¥ N7

JSB+05 1.35B+05 1.35B+05 1.35E+05
ruclide concentrations, grams

basis =gingle reactor assembly

5.0 d 6.74d 8.3 4 10,0 4

.09E+01 1.10E+01 1.10E+01 1.10E+01
-33B-05 2.34E-05 2.34B-05 2.34E-05

nuclide concentrations, grams
basis =single reactor assembly
5.04d 6€.74 8.3d 10.0 4

.90B+05 3.90B+05 3.90E+05 3.90E+05

nuclide concentrations, grams
basis =gingle reactor assembly
.04 6§.74d 8.3 4 10.0 4

.718-03 1.71p-03 1.71E-03 1.71E-03
.87B+02 1.8B7B+02 1.B7E+02 1.87E+02
.11E+04 1.11B+04 1.11B+04 1.11B+04
.60B+03 3.60B+03 3.60B+0) 3.60B+03
.50E+05 9.50B+05 9.50B+05 9.50B+05
-98E+02 2.998+02 3.00B+02 3.00E+02
23E-04 3.23E-04 3.23B-04 3.22B-04
68E+0] B8.69B+01 8.71B+01 B.72B+01
68E+01 B8.65E+01 8.71B+01 B8.72E+01
-16E+03 4.16B+03 4.17B+03 4.17B+03
.99B+03 1.95B+03 1.99E+03 1.99E+03
.01E+03 1.01E+03 1.01B+03 1.01B+03
-46E+02 3 .46E+02 3.46E+02 3.46B+02
.75B+01 3.77B+01 3.80E+01 3.82B+01
.07E-01 §.07E-01 9.07E-01 $5.07B-01
.51E+01 5.51E+01 S.51E+01 5.51B+01
.73B+05 9.73B+05 9.73B+05 $5.73E+0S

element concentrations, grams
nuclide concentrations, grams

basis =single reactor assembly
5.0d 6.7d 8.34d 10.0 4
nuclide concentrations, grams

basis =single reactor assembly

H

0d 6.7d 8.3 d 10.0 4
.19B+02 5.20B+02 5.21B+02 5.22B+02
ATE+02 6.47B+02 6.47B+02 6.47E+02
.T76E-02 5.76BE-02 3.7BE-02 2.48E-02
-07E+02 6.07B+02 6.07B+02 6.07E+02
S7E+02 1.58B+02 3,60B+02 2J.61E+02
-92B-02 3.B1E-02 3.708-02 3.59E-02
66E+01 6.66B+01 6.66B+01 6.66E+01

nuclide concentrations, grams

basis =gingle reactor assembly
5.04d 6.7d 8.3d 16.0 a
nuclide concentrations, grams

basis =gingle reactor assembly
5.0d 6.7d 8.3d 10.0 4

.B1B+02 6.83E+02 6.84B+02 6.85E+02
.52B+02 5.52B+02 5.52B+02 5.52B+02
.132+01 B8.21E+01 8.23E+01 8.25E+01

nuclide concentrations, grams
basis =single reactor assembly

5.0d 6.7 4 8.3 4 10.0 4
.22B+00 3.33B+00 3.39E+00 3.43E+00
-25B+02 2.25B+02 2.25B+02 2.25E+02
.54E+01 1.54E+01 1.54E+01 1.54E+01
.06E-02 2.11BE-02 2.17B-02 2.22B-02
.07TE+02 1.07B+02 1.07BE+02 1.07E+02
-34E+01 8.314B+01 8.35B+01 8.35B+01
.69E-02 3.91B-02 4.12B-02 4.34EB-02
.66E+04 2.66E+04 2.66B+04 2.66E+04
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1 primary module access and input record ( scale driver - 95/03/29 - 09:06:37 )
- module saszh will be called
obxxghxem (kwo) pwr, assm 171, batch 89, 29.04 gwd/-tu 3-cyc June 97

.uged 180 fuel roda 16 guide tubes

mixtures of fuel-pin-unit-cell:

dd4group latticecell
uo2 1 den=10.0% 1 8
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end
kr-83 1 0 1-20 813 end
kr-85 1 0 1-20 813 end
y-89 10 1-20 813 end
st-90 1 0 1-20 813 end
zr-93 1 0 1-20 813 end -
zr-94 1 0 1-20 813 end
zr-95 1 0 1-20 B13 end
nb-94 1 0 1-20 613 end
mo-95 1 0 1-20 813 end
tc-99 1 0 1-20 813 end
ru-101 1 0 1-20 813 end
ru-106 1 0 1-20 813 end
rh-103 1 0 1-20 813 end
rh-105 1 0 1-20 813 end
pd-105 1 0 1-20 813 end
pd-108 1 0 1-20 813 end
ag-109 1 0 1-20 813 end
sb-124 1 0 1-20 813 end
xe-131 1 0 1-20 813 end
xe-132 1 0 1-20 813 end
xe-135 1 0 1-20 813 end
xe-136 1 0 1-20 813 end
cs-134 1 0 1-20 813 end
cs-135 1 0 1-20 B13 end
cs-137 1 0 1-20 813 end
ba-136 1 0 1-20 813 end
1a-139 1 0 1-20 813 end
pr-141 1 0 1-20 813 end
pr-143 1 0 1-20 813 end
ce-144 1 0 1-20 813 end
nd-143 1 0 1-20 813 end
nd-145 1 0 1-20 813 ‘end
nd-147 1 0 1-20 Bl end
pm-147 1 0 1-20 813 end
pm-148 1 0 1-20 Bl3 end
sm-147 1 0 1-20 Bll end
sm-149 1 0 1-20 B13 end
sm-150 1 0 1-20 Bi3 end
sm-151 1 0 1-20 Bl3 end
sm-152 1 § 1-20 B13 end
eu-153 1 0 1-20 813 end
eu-154 1 0 1-20 813 end
eu-155 1 0 1-20 813 end
gd-155 1 0 1-20 813 end
arbm-zircd 6.56 5 0 0 0 BO16 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.18 2 1.0 605 end

h2o 3 den=0.7283 1 572 end -
arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

' 450 ppm boron (wt) in moderator

' fuel-pin-cell geometry:
squarepitch 1.43 0.513 1 3 1.074 2 0.930 0 end

assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=$S
printlevel=5 lightel=9 inplevels2 numztotal=5 end
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.837%
power=29.124 burn=288 down=81 end

power=38.952 burn=309.0 down=396 temkcyc=905 end
power=34.748 burn=248.0 down=10 temkcyc=B65 end
0135 cr 5.9 mn 0.33

fe 13 co 0.075 ni 9.9

zr 221 nb 0.71 sn 3.6

1 sSS5555BBESS aaaaaaaaa 38353858888 22222222222 hh hh
2335555585688 aaasaasasaa s38s0sssa8gss 2222222222222 hh hh
ss 85 aa aa ss ss 22 22 hh hh
s aa aa [ 1] 22 hh hh
ss aa aa =8 22 hh hh
555335555583 aaasaaaaaaaaa 558555588888 22 hhhhhhhhhhhhh

S5B55SSS5SS5  aaaaasazaamaa 883888888888 22 hhhhhhhhhhhhh

55 aa aa s 22 hh hh

S aa aa BS 22 hh hh

-1-4 1] aa aa 88 [ 11 22 hh hh
£53BE5SS5ES5EE588 aa aa BEBEEEBBEEE8EE 2222222222222 hh hh
S85S5SE5888 aa aa 235358558358 2222222222222 hh hh
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nn nn iiididdiidddi cecececcecece hh hh 00000000000 11
nnn an iidiifdifiiddd ceceeeeceeceee hh hh 0000000000000 11
nnnn nn ii cc cc hh hh oo oo 11
nn nn nn ii cc hh hh oo o0 11
nn nn nn ii cc hh hh oo o0 11
nn nn nn il cc hhhhhhhhhhhhh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh %) o° 11
nn nn non ii cc hh hh oo ©o 11
nn nn nn ii cc hh hh oo oo 11
nn nnnn ii cc cc hh hh oo oo 11
nn ann iididdididiii ceccceccecceece hh hh  oooooooooocoe 1111111111111
nn nn  iiiiiididiiid ccecececceee hh hh 00000000000 1111111111111
0
0000000 Bobpssessss 7/ 0000000 885888358888 /7 99999999999 77777771777171717
000000000 BBBBEBBBBBABSE 17 000000000 8888888888888 /7 9993935993999 7777777777177
00 a0 -1} a8 /7 00 00 88 88 Iz 99 99 77 77
00 00 ag 88 /7 00 00 88 88 /7 99 99 77
00 00 1) 88 144 00 00 88 88 /7 95 99 77
00 00 BgsgeeBeBEE 17 00 00 88888888888 ) I£4 9999999959999 77
00 [o]o] 5888BBBBBBE x4 210} 00 88888888888 2 9999935399399 77
00 00 a8 x4 00 00 88 88 /7 29 77
00 00 88 8e /7 00 00 88 88 /7 99" 77
00 00 a8 8B 77 00 00 88 88 /7 939 77
000000000 EEELEELEY:L::0:5 /7 000000000 8888888888888 144 9999999993933 77
0000000 L-EEE-EE:E:D:2:0:0 ) Iz 0000000 88888888888 7/ 9999999999339 77
[}
22222222222 4000000 22222222222 88888888888 0000000 666666666666
2222222222222 000000000 2222222222222 8888888888888 000000000 6666666666666
22 22 00 00 B 22 22 88 88 HER 00 a0 66
22 00 00 (ER 22 88 88 1 00 00 66
22 00 o0 ri: 22 88 8 sir oo 00 66
22 00 00 22 838888888888 o0 00 666666666666
22 00 00 22 88888888888 00 00 6666666666666
22 00 a0 ERR] 22 88 88 T 00 a0 66 66
22 00 00 22 88 88 T 00 00 66 66
22 00 00 B 22 88 88 L] o0 00
2222222222222 000000000 2222222222222 8888588888888 000000000 6666666666666
2222222222222 0000000 2222222222222 88888888888 _ 0000000 66666666666
1 8
0 $8558955558 cceceecocoeecee aaaaaaaan 11 ececececeeseee
B3S5555535888 ceeoeececccee 11 eeceeesecneee
88 B8 cc cc aa aa 11 ee
8s cc aa aa 11 ee
8s cc aa aa 11 ee
8S8SSSSES585SSSS cc aaaaaaaaaaaaa 11 eeceeceee
888853858888 C©C aaaaaaaaaaaaa 11 eecceceee
B8 cc aa aa 11 ee
a8 cc aa aa 11 ee
58 ss cc cc aa aa 11 ee
BBSSSSSESS558 CCCCCooeeeeee aa aa 1111111111111 eecceeeceeeee
55855885588 cccceeeecce aa aa 1111111111111 sececeeeeeeee
B O I R R T T L T T R Py T T T TN
B R R L TR T T NI I
P Ty R R R N T R R R R R R R R R R R PR P T T T T T
anene errnr
bbb program verification information wewwn
T I
bbbt code system: scale version: 4.3 bbb
Enmnn “rraw
L R Ry T
P T L L R LR L Ty e T I
prnrn T
annwn crenn
Rk program: 5!52 L s X 4]
rrenn . teanse
creation date: 03/07/97 bAA
renan
library: /opt/neut/Scaled4.3/bin il
X2 2]
renve
bl ‘this is not a  scale configuration controlled code venes
raann . trnen
bl jobname: nichol bbb
AR ER AERRS
bl date of execution: 08/08/97 A
2R R ] (XA X1
wnmen time of execution: 20:28:06 hdddd
2R EE] ARAES
e veenn
LA R R R R AR AR A RARRRR R R s s st X2 i 222222 XRERERRRRRERR]
(AR R R R AR R AR AR R R AR e R S e A NSRS AR SRR RERER RS}
LAA AR AR R R AR AR AR Rl il sl sttt il 2R XRRRRRRRRR]
1
0 ....used 180 fuel rode, 16 guide tubss....
D' = = = 2 e e e e e e e e - e e e e e e e e e == ===
o
) nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18d
o 16 1.35B+05 1.35B+05
total 3.90B+05 3.390B+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4d
u234d 2.80E«02 2.B0E+02
u235 3.13B+04 3.13B+04
u2lé 1.40E+02 1.40B+02
u2ls 9.68E+05 9.6BE+05
total 1.00B+06 1.00E+06
0 basgis =
"] initial 14.4 d 28.84d 43.2 4 §7.6 d §7.6 4
0 initial 14.4 ¢ 28.8 4 . 43.2 4 57.6 d $7.6 4
0 nuclide concentrations, grams

basis =single reactor assembly
initial 1.74 334 5.0d 6.7 4 8.34d 10.0 4



Attachment II:
o 16 1.35E+05

g
initial
mo 95 1.25E+01
tc 99 3.38BE-05

g
initial
total 3.90B+05
initial
u233 1.78E-D3
u234 1.78E+02
u23is 9.70E+03
u236 3.80E+03
u238 9.47E+05
np237 3.41E+02
pu23é 4.26E-04
pu238 1.12EB+0D2
pu2lb 1.12B+02
pu23’9 4.13B+03
pu240 2.21E+0D3
pu2dl 1.13B+03
pu2d2 4.48E+02
am241 4.24B+01
am242m 1.07E+00
am243 7.92E+01
total 9.70E+05

0

0
initial

0
initial
mo 385 5.78E+02
tc 3939 7.12B+02
tc 99m 2.93E-01
rulll 6.7BE+02
rhlQ3 3.91BE+02
rhl03m 4.55B-02
agl09 7.77E+01

0
initial

o
initial
ndl43 7.29E+02
ndl45 6.06E+02
sml47 8.95E+01

0
initial
smld9 2.23E+00
sml50 2.56E+02
sml51 1.60E+01
eul5l 1.86E-02
sml52 1.18B+02
euls] 9.72E+01
gdl55 3.58E-02
total 2.98B+04

B00000000-01717-0200-00139 REV 00

1.35B+05

1.7 4
-25B+01
-40B-05

[

1.7 4
3.90B+05

1.7 4
788-03
78E+02
T0R+03
80E+03
47B+05
43E+02
27E-04
13E+02
13B+02
16B+03
21B+03
13E+03
48E+02
27E+01
078+00
93E+01
TOB+05

[ SRR NN UWEY- EWRV. Y

1.7 d
79402
138402
09E-01
78E+02
.92E+02
.41E-02
.79E+01

NewaN g

1.7 4
.30B+02
.06E+02
.97B+01

@~

1.7 4
.78E+00
.56E+02
.62B+01
.92E-02
-18B+02
.76B+01
83B-02
98E+04

NWO NN

1

e

@ o

NaWH oW

WG N B B WO WD

dmwoveean

.35E+05

3.34

.26B+01
.41B-05

334

.90E+05

3.3d

.78B-03
.78B+02
.70E+03
.80E+03
.4TE+05
-44B+02

27E-04

-13E+02

13E+02
18E+03
21E+03
13E+03
48E+02
29E+01
07E+00
93E+01
TOE+05

3.3d

3.34d

.80E+02

14E+02
38E-01
T8E+02
94E+02

.28E-02
-T9E+01

3i3a

33 d

.J2E+02
-06B+02
.99E+01

334

.10E+00
.56E+02
.62E+01
.97E-02
.18E+02
.7BE+01
.09E-02
.9BE+DM4

1.

[

v

N&Wr NN W

O S e e b NS B e i W AD A AD

N I

35B+05 1.35B+D5 1.35B+05 1.35E+05
nuclide concentrations, grams

basis =single reactor assembly
5.04 6.7 4 8.3 d 10.0 4

.26B+01 1.26E+01 1.27E+01 1.27B+01
.42B-05 3.432-05 3.43E-05 3.43E-05

nuclide concentrations, grams
basis =3ingle reactor assembly
5.0 a 6.7 4 8.34d 10.0 4

.90B+05 3.90B+05 3.90EB+05 3.90E+05

nuclide concentrations, grams
basis =single reactor assembly

5.0d 6.7 4 g.34 10.0 &
.78E-03 1.78E-03 1.78E-03 1.78E-03
.78E+02 1,78B+02 1.78R+02 1.7BE+02
.70B+03 S.70B+03 §.70B+03 9.70B+03
.80B+03 3.80E+03 3.80E+03 3.BOE+03
.4TB+05 9.47B+05 9.47B+05 9.47B+05
45E+02 3 .45B+02 3.46B+02 J3.47B+02
27e-04 4.26B-04 4.26B-04 4.25B-N4
.14BE+02 1.14B+02 1.14B+02 1.14B+02
.14B+02 1,14B+02 1.14B+02 1.14E+D2
19E+03 4.20B+03 4.20B+03 4.21B+03
21B+03 2.21B+03 2.21B+03 2.21B+03
13E+03 1.13B+03 1.13B+03 1.13E+03
4BE+02 4 .48B+02 4.48HE+02 4.4BE+02
.32E+01 4.34B+01 4.37E+01 4.39B+01
07E+00 1.07E+00 1.07B+00 1.07B+00
.93B+01 7.93B+01 7.393B+01 7.93E+01
.70E+05 9.70B+05 8.70E+05 9.70B+05

element concentrations, grams
nuclide concentrations, grams

basis =gingle reactor assembly
5.04d §.74d 8.3 4 10.0 4
nuclide concentrations, grams

basis =zingle reactor assembly

5.04 6.74d 8.3 4 10.0 4
81E+02 5.82B+02 5.83B+02 5.B84B+02
15E+02 7.15B+02 7.15B+02 7.16B+02
O5B-02 5.94E-02 3.90B-02 2.56B-02
T8E+02 6.78B+02 6.78B+02 6.78B+02
95B+02 3.96E+02 3.97B+02 3.98E+02
16B-02 4.04E-02 3.92B-02 3.81B-02
.79E+01 7.79E+01 7.79E+01 7.79B+01

nuclide concentrations, grams

basis =single reactor assembly
5.04 6.7 d 8.34d 10.0 4
nuclide concentrations, grams

basis =single reactor assembly

5.0 4 6.7d 8.3 4 10.0 4

.J4E+02 7.35B+02 7.36B+02 7.38B+02
[06E+02 6.06B+02 6.06B+02 6.062+02
J01E+01 9.02E+01 9.04B+01 9.06E+01

nuclide concentrations, grams
basis =single reactor assembly
VI | .7 4d

5. 3 d 10.0 &
.J0E+00 3.41E+00 3.48E+00 3.52E+Q00
.56E+02 2.56E+02 2.56E+02 2.56B+02
.63E+01 1.63E+01 1.63E+01 1.63E+0l
.03E-02 2.09E-02 2.14E-02 2.20B-02
.18B+02 1.18B+02 1.18E+02 1.18E+02
.BOE+01 9.B0E+01 9.81E+01 9.81E+01
.34B-02 4.60E-02 4.85E-02 5.11B-02
.9BE+D4 2.98E+04 2.98E+04 2.9BE+04
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ob172g26.sum

[ e L Ty i aa A A ST R L XS T T TR
. -

SCALE4.3 Bulletin Board

* e s e

*
LR R R R R A R A N A A A R R R R R R A R R R A R R Y R N R R R A RS AR A R R R AR X222 222222 RR)
1 primary module access and input record ( scale driver - 95/03/29 - 09:06:37 )
- module sasZh will be called
obrighiem (kwo) pwr, assm 172, batch 32, 26.54 gwd/mtu 3-cyc June 97

.
.
.
M : Welcome to SCALE-4.3.
.
.
.

mixtures of fuel-pin-unit-cell:

d44group latticecell
uo2 1 den=10.05 1 865
92234 0.028 92235 3.13 92236 0.014 92238 96.B828 end
kr-83 1 0 1-20 865 end -
kr-85 1 0 1-20 885 end
y-89 1 0 1-20 865 end
8r-30 1 0 1-20 865 end -
zr-93 1 0 1-20 B65 end
zr-94 1 0 1-20 865 end
zr-95 1 0 1-20 865 end
nb-%4 1 0 1-20 865 end
mo-95 1 0 1-20 865 end
tc-99 1 0 1-20 865 end
ru-101 1 0 1-20 865 end
ru-106 1 0 1-20 865 end
th-103 1 0 1-20 865 end
th-105 1 0 1-20 865 end
pd-105 1 0 1-20 Be5 end
pd-108 1 0 1-20 B65 end
ag-109 1 0 1-20 865 end
sb-124 1 0 1-20 B65 end
xe-131 1 0 1-20 B65 end
xe-132 1 0 1-20 865 end
xe-135 1 0 1-20 B65 end
xe-136 1 0 1-20 865 end
cs-134 1 0 1-20 865 end
cs-135 1 0 1-20 865 end
cs~-137 1 0 1-20 865 end
ba-136 1 0 1-20 865 end
1a-139 1 0 1-20 865 end
pr-141 1 0 1-20 865 end
pr-143 1 0 1-20 865 end
ce-144 1 0 1-20 865 end
nd-143 1 0 1-20 865 end
nd-145 1 0 1-20 865 end
nd-147 1 0 1-20 865 end
pm-147 1 0 1-20 865 end
pm-148 1 0 1-20 865 end
sm-147 1 0 1-20 865 end
sm-149 1 0 1-20 865 end
sm-150 1 0 1-20 865 end
sm-151 1 0 1-20 B65 end
sm-152 1 0 1-20 865 end
eu-153 1 0 1-20 865 end
eu-154 1 0 1-20 865 end
eu-155 1 0 1-20 865 end
gd-155 1 0 1-20 865 end
arbm-zircd 6.56 5 0 0 O 8016 0.12 24000 0.10 26000 0.20 50000 1.40

.5

40000 98.18 2 1.0 605 end

h20 3 den=0.7283 1 572 end

arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

450 ppm boron (wt) in moderator

' fuel-pin-cell geometry:
sguarepitch 1.43 0.913 1 3 1.074 2 0.%30 ¢ end

assembly and cycle parameters:

npin/assm=180 fuelnght=957.89%9 ncycles=3 nlib/cyc=5
printlevel=5 lightel=%3 inplevel=2 numztotal=5 end
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=34.833 burn:z288 down=81 end
power=25.035 burn=30%.0 down=3196 temkcyc=778 end
power=35.374 burn=24B.0 down=1l0 temkcyc=870 end

0135 cxr 5.9 mm 0.33

fe 13 c0 0.075 ni 9.9

zZzr 221 nb 0.71 sn 3.6

1 BESBSSSESEE aaaaaaaaa BESSS55E58E 22222222222 hh hh
5585855558888 aaaaaaaaaaa 58SEES5EBE88S 2222222222222 hh hh
BS 13 aa aa ES BE 22 22 hh hh
8s aa aa 88 22 hh hh
L) aa aa 58 22 hh hh
5555855556588 asaaaaaaaaaaa EBSBESBESERE 22 hhhhhhhhhhhhh

5555555555565 A3aaaaaaaaaaa 888335558588 22 hhhhhhhhhhhhh
BB aa aa 83 22 hh hh
58 aa aa 8 22 hh hh
ss BB aa aa as a8 22 hh hh
5385559855588 aa aa 888595855555888 2222222322222 hh hh
S5555558585 aa aa 88888888888 2222222222222 hh hh
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00000000000 11
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nn nn  iidfiiddiiid ceccecececoce hh hh
nnn nn iiddiiif{iiig cecccecccceeee hh hh  oooooocooooco 11
nnnn nn ii cc cc hh hh o0 00 11
nn nn nn ii ec ’ hh hh o0 oo 11
nn  an nn ii ce hh hh oo oo 11
nn nn nn ii ce hhhhhhhhhhhhh oo oo 11
nn nn  nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn nn ii ce hh nh oo oo 11
nn nn nn ii cc hh hh oo oo 11
m nnnn ii ce cc  hh hh oo co 11
m mn  iiliiiiididig ccecoceceecceece . hh hh 0000000000000 1111111111111
nn nn  idiiddidiiii ceceecceeece hh hh 00000000000 1111111111112
0000000 85388888888 /7 0000000 88888588888 /1 99999999939 777777171771777
000000000 8883888888888 /7 000000000 8828888888888 /7 9999999999999 7777777777177
00 00 88 BB /7 00 oo 88 88 /7 99 99 7 77
00 00 88 88 /7 00 00 88 88 124 99 99 77
00 00 88 88 /7 00 00 88 88 /7 99 99 77
00 00 88888898888 /7 00 00 88888888888 /7 9999999999999 77
00 00 88888888888 /7 00 00 - 88888888888 17 999999999599 77
00 00 88 88 /7 00 00 88 - 88 /7 99 77
oo oo 88 88 /7 00 00 88 88 7/ 9% 77
00 00 88 88 7/ 00 00 88 88 124 93 77
000000000 8883888888888 /7 000000000 BB8888BBB8BRE 1/ 9999999999999 77
0000000 88888888888 /7 aa00000 BBBBBBBBBBE 1/ 953959599999 77
22222222222 0000000 5555555555555 0000000 . 33333333313 3333333133133
2222222222222 0D0000000 5555555555555 000000000 3333333333313 333333333333}
22 22 00 00 ERE 00 00 EE R 33 kk] 33
22 00 00 55 00 00 3 33
22 00 00 I 55 00 a0 33 33
22 o0 00 555555555555 00 00 333 313
22 00 00 5555555555555 . 00 Q0 333 3313
22 00 00 tr: 55 00 00 33 a3
22 00 00 55 00 00 33 3
22 00 00 B 55 55 00 00 Toe 313
2222222222222 000000000 5555555555555 000000000 3333333333333 3333333333333
2222222222222 0000000 55555555555 0000000° 033333333333 33333333333
88835588888 ceecececeeceecec aaaaaaaaa 11 eececeeeeeece
3533888888888  C£CCCCLOCOCCCT aaaaaaaaaaa 11 eceeeeeceeeseee
as 88 cc cec aa aa 11 ee
ss cc aa aa 11 ee
f L] cc as aa 11 ee
855555358588 cc aaasaaaaaaaaa 11l eceeeeeee
SES5B5SSSSESS  CC asaaaaaaaaaaa 11 eceeeeeee
88 cc aa aa 11 ee
ss cc aa aa 11 ece
[ 13 ss cc cc aa aa 11 ee
ceeec aa aa 1111111111111 eecececeeeceeeee
5SSB8SSSESSS cccecececee aa aa 1111111111111  eeceeecceesee
LA S AR AR R R RS A2RRR] AR AR R SRR S 2 e R R R R A A A R R R R RS S SR S 2
LA AA AR ARRRRRE R R AR RRR R R R AR e P R R R RN
LA S S AR AL ARR R R AR R R R AR R A e R R e Y Y S R YY)
vewen cenee
had A program verification information heidd
senen
bbb code system: scale version: 4.3
. “rnan
4 A4S AR A A A RS S A R R R R R R IR R R R R R R R R Ry
e LA A A SRS sl SR R R R A R R R R R Y T R R Y TR Y )
reeen anran
reeee aenne
snane program: sas2 Neaes
aann . vanaw
bbb creation date: 03/07/97 i
asnan -
LA L] library: /opt/neut/Scaled.3/bin
seans
rsaan
okl this is not a scale configuration controlled code
anese
bl jobname: nichol
wanaw
el date of execution: 08/08/97
LA R
bbb time of execution: 20:50:33
axnan .
LA AA SRR AR R R R R R R AR A AR e R R N S S Y S S R R R R R AR
AAAAA S AR R AR AR AR R AR R R R R A R R R Y Y Y SR R ]
A4 A AR S AR AR AR R R R R R R R R R Y Y Y Y YT R )
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d B
o 16 1.35B+05 1.35B+05
total 3.90BE+05 3.90E+05
nuclide concentrations, grams
bagis =single reactor assembly
initial 1E-18 4
u2léd 2.80E+02 2.80E+02
u235  3.13B+04 3.13E+04
u2l6 1.40E+02 1.40E+02
u23s 9.68E+05 9.68E+05
total 1.00B+06 1.00E+06
basis =
initial 14.4 4 28.8 d 43.2 4 57.6 d 57.6 d
initial 14.4 4 28.8 4 43.2 4 57.6 d 57.6 4
basis = gingle reactor assembly
charge 28.8d 43.24 57.6 4 57.6 4 -

o 16 8.41B+03

14.4 d
B.41E+03 8.41B+03 8.41B+03 B.41B+03 8.41B+03
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basis = single reactor assembly

charge 14.4 4 28.84d 43.2 4 57.6 d 57.6 d
. basis = single reactor assembly

charge 4.4 4 28.8 4 3.2 & 7.6 d 7.6 d

mo 95 .00E+00 1.67BE-05 1.20B-04 3.66E-04 7.84E-D4 7.84B-04
basis = single reactor assembly

charge 4.4 4 28.84d 43.2 4 57.6 d 57.6 d
basis = single reactor assembly

charge 14.4 a4 28,84 43.24 57.6 4 57.

totals 1.14B+04 1.14B+04 1.14E+04 1.14B+04 1.14B+04 1.14E+04
basis = single reactor assembly

charge 14.4 d 28.84d 43.24d 57.6 4 57.6 d

u233 .ODE+0DD 2.54BE-07 S5.01B-07 7.39E-07 9.688-07 9.6BE-07
u23d 1.20B+0D0 1.19E+00 1.18B+00 1.17B+00 1.16B+00 1.16E+00
u235 1.33B+02 1.31E+02 1.28E+02 1.26B+02 1.23B«02 1.23B+02
u236 5.93E-01 1.06E+00 1.51B+00 1.95E+00 2.38B+00 2.38B+00
u238 4.07B+03 4.07E+03 4.06E+03 4.06E+03 4.06B+03 4.06E+03
np237 .00B+00 3.92B-03 1.18B-02 2.15B-02 3.25B-02 3.25B-02
pu236 .D0B+00 6.40B-11 4.25E-10 1.21B-09 2.50B-09 2.50B-09
pu23s .00E+00 1.05E-05 B8.60E-05 2.64E-04 5.61E-04 S.61E-04
pu238 .C0B+00 1.05B-05 B8.60B-05 2.64E-04 S.61B-04 5.61E-04
pu2l’ .00B+00 B.99B-01 2.01B+00 3.05E+00 d4.03E+00 4.03E+00
puz240 .00B+00 1.00E-02 4.38E-02 9.89E-02 1.72B-01 1.72BE-01
pu24dl .00B+00 2.37B-04 2.13E-03 7.28e-03 1.70E-02 1.708-02
pu242 .00B+00 B.B2B-07 1.63E-05 B8.51B-05 2.688-04 2.68B-04 -
basis = single reactor assembly
charge 14.4 4 28.B 4 43.2 4 §7.6 4 7.6 d
am24d1 _O0R+00 1.05B-07 1.392B-06 1.00B-05 2J.15B-05 3.15B-05
am242m _O0B+00 1.25B-10 4.46B-09 3.39e-08 1.38B-07 1.38E-07
am243 .00B+00 1.86E-09 7.01B-08 5.60E-07 2.39B-06 2.319B-06
totals 4.20B+03 4.20B+03 4&.20B+03 4.20B+03 4.19B+D3 4.19B+03
. decay data, including garma and total energy, are from endf/b-vi .
(] 1697 total number of nuclides in library
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1.7 4 3.34d 5.0d 6.74d 8.3 4 10.0 d
o 16 1.35B+05 1.35E+05 1.35E+05 1.35E+05 1.35B+05 1.35B+05 1.35B+05%
] nuclide concentrations, grams
basis =single reactor assembly
initial 1.74d 334 5.04d 6.74d 8.3 a 16.0 a
mo 95 1.11E+01 1.11E+01 1.11B+01 1.12B+01 1.12BE+01 1.12B+01 1.12B+01
tc 99 2.47B-05 2.4BB-05 2.498-05 2.50B-05 2.51E-05 2.51R-05 2.51B-05
0 nuclide concentrations, grams
basis =single reactor assembly N
initial 1.74d 3.3 4 5.0d 6.7 4 8.3 d 10.0 &
total 3.90B+05 3.30B+05 3.90E+05 3.90B+05 3.50E+05 3.50B+05 3.90B+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1.7d 3.34 5.0d 6.74d 8.3d 10.0 4
u23l 1.728-03 1.72E-03 1.72B-03 1.72E-03 1.72E-03 1.72E-03 1.72E-03
u234 1.85E+02 1.85B+02 1.85B+02 1.85E+02 1.85E+02 1.85B+02 1.85E+02
uz23s 1.08BE+04 1.08E+04 1.08BE+04 1.08E+04 1.08B+04 1.08B+04 1.08B+04
u236  3.64E+03 3.64B+03 3 .64B+03 3.64B+03 3.64B+03 3.64B+03 3.64E+03
u238 9.49B+05 5.49E+05 9.49B+05 9.49B+05 9.49B+05 9.49B+05 9.435B+05
np237 3.04E+D2 3.05B+02 3.06E+02 3.078+02 3.0BB+02 3.09EB+02 3.09B+02
pu2ls 3.42B-04 3.43E-04 3.43B-04 3.42E-04 3.42B-04 3.42BE-04 3J.41BE-04
pu238  9.07E+01 9.12B+01 9.16E+01 §.18p+01 9.20B+01 9.21E+01 35.22E+01
pu23l 3.07E+01 9.12E+01 9.16B+01 9.18E+01 9.20B+01 9.21B+01 9.22B+01
pu239  4.16B+03 d4.19B+03 4.21B+03 4.22E+03 4.23B+01 4.24B+03 4.24B+03
pu240  2.06E+D3 2.06B+03 2.06B+03 2 .06E+03 2.06E+03 2.06B+03 2.06B+03
pu24l 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03B+03 1.03E+03 1.03E+0)
pu242  3.47B+02 3.47B+02 3.47E+02 3.47E+02 3.47B+02 3.47B+02 3.47B+02
am241  3.68B+01 3.70B+01 3.73E+01 3.75B+01 3.77E+01 3.792+01 3.82BE+01
am2Z42m 9.28E-01 9.28B-01 9.28E-01 9.28E-01 9.28E-01 9.28B-01 9.28BE-01
am243 5.49E+01 5.50B+01 5.50B+01 5.50E+01 S5.S50E+01 5.50E+01 5.50B+01
total 9.72B+05 9.72B+05 3.72B+05 9.72E+05 9.72B+05 9.72B+05 9.72B+05
1] element concentrations, grams
[+] nuclide concentrations, grams
basis =single reactor assembly
initial 1.7 4 3.34 5.04d 6.74d 8.3d 10.0 d
0 nuclide concentrations, grams
basis sgzingle reactor assembly
initial 1.74d 3.3 4 5.04d 6.7 @ 8.3 4 10.0 4
mo 95 . 5.24BE+02 5.26E+02 5.27B+02 5.28E+02 5.29B+02 5.30E+02 5.31B+02
tc 83 6.58BE+02 6.59E+02 6.60B+02 6.61B+02 6.61E+02 6.61B+02 6.61E+02
tc 99m 2.99E-01 2.14E-01 1.40E-01 9.23B-02 6.06B-02 3.9BE-02 2.61B-02
rul0l 6.21B+02 6.21B+02 6.21B+02 6.21B+02 6.21B+02 6.21E+02 6.21B+02
rhl03  3.59E+02 3.60B+02 3.61E+02 3.62B+02 3.64B+02 3.65B+02 3.66E+02
rhl03m 4.56B-02 4.43E-02 4.30BE-02 4.17B-02 4.05B-02 3.94E-02 3.B2E-02
aglog 6.82E+01 6.83E+01 6.83B+01 6.84E+01 §6.84B+01 6.84B+01 6.84B+01
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1.74 3.34d 5.0d 6.74d 8.34d 10.0 4
[¥] nuclide concentrations, grams
basis =zingle reactor assembly
initial 1.74d 3.3 4 s.0d 6.7 d 8.3 d 10.0 4
ndl43l  6.86B+02 6.8BB+02 6.90E+02 6.91B+02 6.93B+02 6.94E+02 6.95B+02
nd145 5.63E+02 S5.63B+02 5.63B+02 5.63B+02 5.63B+02 5.63B+02 5.63B+02
smld7 8.63E+01 B.65E+01 B.67E+01 8.69E+01 B8.70E+01 8.72E+01 8.74E+01
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1.7 4 3.3 4 5.0d 6.7 d 8.3d 10.0 4
sm149  2.25B+00 2.79B+00 3.12E+00 3.31B+00 3.42E+00 3.49B+00 3.53E+00
smiS0 2.28B+02 2.28B+02 2.2BB+02 2.2BE+02 2.28E+02 2.28B+02 2.28B+02
sml51 1.55B+01 1.56B+01 1.57B+01 1.57E+01 1.57B+01 1,57E+01 1.57E+01
eul51 1.81E-02 1.86B-02 1.92B-02 1.98E-02 2.03E-02 2.09E-02 2.14B-02
sm152 1.08E+02 1.08E+02 1.08B+02 1.0BE+02 1.08E+02 1.08E+02 1.08E+02
eul53 8.53B+01 B.57B+01 8.59B+01 B8.60B+01 B.60B+01 B.61B+01 B8.61E+01
gdl55 3.13B-02 3.35B-02 3.57B-02 3.80B-02 4.02B-02 4.24E-02 4.46B-02
total 2.73E+04 2.73E+04 2.73B+04 2.73B+04 2.73B+04 2.73B+04 2.73B+04



Attachment II: B00000000-01717-0200-00139 REV 00

ob176g29.sum

R R R R L R S X L L L Y Y L ]

»
-
.
-
»
.
»

1
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Welcome to SCALE-4.3.
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primary module access and input record { scale driver - 95/03/29 - 09:06:37 )}

module sas2h will be called

obrighiem (kwo) pwr, assm 176, batch 90, 29.52 gwd/mtu 3-cyc June 97

mixtures of fuel-pin-unit-cell:

ddgroup latticecell
uoZ2 1 den=10.05 1 840

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end

kr-83 1 0 1-20 840 end
kr-85 1 0 1-20 840 end
y-89 101-20 840 end
sr-90 1 0 1-20 840 end
zr-93 1 0 1-20 840 end
zr-94 1 0 1-20 840 end
zr-95 1 0 1-20 B40 end
nb-94 1 0 1-20 840 end
mo-95 1 0 1-20 8B40 end
tc-9% 1 0 1-20 840 end
ru-301 1 0 1-20 840 end
ru-106 1 0 1-20 840 end’
rh-103 1 0 1-20 840 end
rh-105 1 0 1-20 840 end
pd-105 1 0 1-20 840 end
pd-108 1 0 1-20 840 end
ag-10%9 1 0 1-20 840 end
sb-124 1 0 1-20 840 end
xe-131 1 0 1-20 840 end
xe-132 1 0 1-20 840 end
xe-135 1 0 1-20 B840 end
xe-136 1 0 1-20 840 end
cs-134 1 0 1-20 840 end
cs-135 1 0 1-20 840 end
¢s~137 1 0 1-20 840 end
ba-136 1 0 1-20 840 end
la-139 1 0 1-20 840 end
pr-141 1 0 1-20 840 end
pr-143 1 0 1-20 840 end
ce-144 1 0 1-20 840 end
nd-143 1 ¢ 1-20 840 end
nd-145 1 0 1-20 840 ‘end
nd-147 1 0 1-20 840 end
pn-147 1 0 1-20 840 end
pm-148 1 0 1-20 B840 end
sm-147 1 0 1-20 840 end
sm-149 1 0 1-20 B40 end
sm-150 1 0 1-20 840 end
sm-151 1 0 1-20 840 end
sm-152 1 0 1-20 840 end
eu-153 1 0 1-20 840 end
eu-154 1 0 1-20 840 end
eu-155 1 0 1-20 840 end
gd-155 1 0 1-20 840 end
arbm-zircd

40000 98.18 2 1.0 605

h2o 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

450 ppm boron (wt) in moderator

fuel-pin-cell geometry:

sguarepitch 1.43 0.513 1 3 1.074 2 0.930 0 end

assembly and cycle parameters:

rnpin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=$
printlevel=5 lightel=9 inplevels2 numztotal=S end
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=32.121 burn=288 down=81 end
power=36.801 burn=309.0 down=396 temkcyc=883 end
power=35.875 burn=248.0 down=10 temkcyc=875 end

k]

0135 ¢cr 5.9 mn 0.3
fe 13 ¢o 0.075 ni 9.9
3.6

zr 221 nb 0.71 sn

55585555888 aaaaaaaaa S5553358858 22222222222
5585555855888 aaaaaaaaaaa $85885855588858 2222222222222
ss 88 aa aa ss s
ss aa aa ss 22
ss aa aa L1 22
5S5SSS88SE5S aaaaanaasaaaa 5SSSS8S8SSSS 22

S5S585535555  Aasaaaaaaaaaa 88SSSS88E888 22

s5 aa aa 88 22
85 aa aa 13 22
ss ss aa aa s8 -1
BEES355558888 aa aa BEBEEESSESESE 2222222222222

B556S5S8888 aa aa BEBSSESSESE 2222222222222

6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
end

hh hh
hh hh
hh hh
hh hh
hh hh
hhhhhhhhhhhhh
hhhhhhhhhhhhh
hh hh
hh hh
hh hh
'hh hh
hh hh
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nn an  iididitdidis eceecececce hh hh 00000000000 11
nnn nan  iidddddiiidd ceceeeceeccee hh hh  pococoocoocooe 11
nnnn nn ii cec cc hh hh oo oo 11
nn nn nn i1i cec hh hh oo oo 11
o nn nn ii cc hh hh oo oo 11
mn nn nn ii cec hhhhhhhhhhhhh 0o [ 11
nn nn nn ii ce hhhhhhhhhhhhh oo oo 11
nn nn nn ii ce hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
mn nnnn ii ce cc  hh hh oo oo 11
nn nnn ifiiididdidi ceceeececccee hh hh  oooooccooocoooc 1111111111111
nn nn  iiiijiidiidi ceeceeecceee hh hh 00000000000 1111111111111
0000000 88888888888 // 0000000 88888888888 IZ4 99999999999
000000000 8888888888888 1 000000000 8B85888888888 /7 9999999999995
00 00 a8 88 124 90 00 88 88 7/ 99 9%
00 o0 88 88 /7 00 00 88 88 7 99 99
00 00 88 88 124 00 00 BB 88 17 99 99
00 ] 88888888888 /! 00 00 8B8BBBABEBE 17 3999995399999
00 (1] 88888888888 /7 00 00 88688888888 17 988999999999
0o 00 B8 88 /7 00 00 88 88 77 99
00 00 88 88 /7 00 00 88 88 77 . 99
00 00 88 88 1/ 00 “00 1] 17 99
000000000 8858888BBBBBAEA 77 000000000 8888988888888 124 9999999599999
0000000 888888888868 /7 0000000 88888888888 17 999999539939
22222222222 11 33333333333 555555555555% 11
2222222222222 111 3333333333333 555555555555S 111
22 22 1111 H 33 33 55 1111
22 11 33 55 11
22 11 33 55 11
22 11 333 555555555555 11
22 11 333 5555555555555 11
22 i1 33 11
22 11 33 55 11
22 11 33 3 55 55 11
2222222222222 11111111 3333333333333 5555555555555 11111111
2222222222222 11111111 33333333333 55555555555 }1111111
114111 cecee aaaaaaaaa 11 ecegeseeeeeee
SSESSEE8SSREE  CCCCCCCCCcCCC asaaaaaaaaa 11 eceececceeeee
88 11 cc ce aa aa 11 ee
85 ce aa aa 11 ee
88 (-1 aa aa 11 es
$53885598588 cec asaaaaasaaaaa 11 ecececeees
SBs355SS8888 CC aaaaaaaasaaaa 1l ecceeeeee
85 cc aa aa 11 es
ss cc aa aa 11 ee
[ 1 ss [-1-] cc aa aa 11 ee
ceece aa aa 1111111111111 cececeeceeeee
cc aa aa 1111111111111 ceceeeeseeeee
FrssnaneRNe
sessasnanane
LR R R T I Y
rerne
bbb program verification information
rannr
bbb code system: scale version: 4.3
veaen e
L] LA A A A A X2 2 S A R R R R R R R R R R RER Y ) (AR AR L R e R R R Y R R YR N )
LA d LA A AR A S 2 2 X X A S X R X R RN Y AR AR A Rl R R R R R R R R Y
TS aeaan
aanun
program: sas2 bkl
I
creation date: 03/07/%97 bbbl
library: /opt/neut/Scaled.3/bin
this is not a scale configuration controlled code
jobname: nichol
date of execution: 08/08/97
time of execution: 21:35:18
senns “heas
LA AR S AR A S A g A R R R R S R R R R A I T I I T I
LA AR A S A s e Y Y R R R R T I I I I
A AAS AR AR S A A s A A A Y Y R R L i I, ™
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 &
o 16 1.358+05 1.35E+05
total 3.90E+05 3.80E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4
u23§ 2.80E+02 2.80B+02
u23s 3.13E+04 3.13B+04
uz23é 1.40E+02 1.40B+02 -
u23l 9.6BE+05 9.68E+05
total 1.00B+06 1.00E+06
basis =
initial 14.4 d 28.8 4 43.2 4 57.6 d 57.6 4
initial 14.4 d 28.8d . 43.2.4 5§7.6 4 - 57.64
nuclide concentrations, grams
basis =single reactor assembly
initial 1.7d 3.3 d 5.0d 6.7d 8.34d 16.0 4



Attachment II:
o 16 1.35E+05

1]
initial
mo 95 1.27B+01
tc 99 3.57B-05

0o
initial
total . 3.90E+05
initial
u233 1.78E-03
u234 1:76E+02
u235  9.4B8E+03
u23é 3.83E+03
u2ll 9.47B+05
np237 3.48B+02
pu236  4.45B-04
puz3ls 1.178+02
pu23s8  1.17B+02
pu2l9 4.138+03
pu240  2.25E+03
puz2dl 1.15E+03
puzd2 4.61E+02
am241 4.21B+01
am242m 1.07B+00
am243 B.23E+01
total 9.69B+05

0

0
initial

0
initial
mo 95 5.84E+02
tc 99 7.22E+02
te 99m 3.02E-01
rulldl 6.B9E+02
rhl03 3.95B+02
rhl03m 4.71E-02
aglo9 7.94E+01

o
initial

[/}
initial
ndlél 7.35E+02
ndl45 6.14E+02
smld7 9.05E+01

0
initial
smld9 2.24B+00
sml50 2.60E+02
sml51 1.62E+01
eulsl 1.81E-02
sm152 1.20E+02
eul53 9.94E+01
gdl55 3.60B-02
total 3.03E+04

B00000000-01717-0200-00139 REV 00

1.358+05 1.35E+05

1.7 4
.27B+01
.59B-05

i

1.74d
3.90B+05

1.7 4
.78E-03
.T6E+02
.48E+03
.83B+03
.47E+05S
.49B+02
46B-04
L17B+02
.172+02
.168+03
.25B+03
.15E+03
.61E+02
L23EB+01
.07E+00
.25E+01
.69E+05

000 ke B N e e LD D

1.7d

1.74d
.B6E+02

.16E-01
.89E+02
.37B+02
.58E-02
.96E+01

NN I

1.74d

1.74d
.37B+02
.14E+02
.07E+01

w3

1.74d
.82E+00
60E+02
64E+01
86E-02
20E+02
98E+01
86E-02
.03E+04

WWOH MDD N

.24B+02 -

(e

O 0O b i = R e e e L D A D S

NAaWH I

o

d B e N W

3.34

.28E+01
.60B-05

3.3 4d

.90B+05

3.34

.7%E-03
.T6E+02
.48B+03
.83E+03
.4ATE+05
.S1E+02
.468-04
.18B+02
.18B+02
.19E+03
.25B+03
.158+03
.61E+02
.26B+01
.07E+00
.25E+01
.69E+05

3.34

334

.87B+02
.25B+02
.42E-01
.89E+02
.98E+02
.44B-02
.96E+01

3.3d

3.3d

.398+02
.14E+02
.09E+01

3.3 4
16B+00

.60B+02
.65E+01
.92E-02
.20B+02
.00B+02
.12B-02
.03E+04

(=

("I

GEWAVIWN

oo

W s e W

O 00 e N e e L AD W AD b

.36E+00

.35E+05 1.35B+05 1.35E+05 1.35E+05

nuclide concentrations, grams
basis =single reactor assembly
5.04d 6.7 4 8.3 4d 10.0 4

.28E+01 1.2BB+01 1.29B+01 1.29E+01
.61E-05 3.62E-05 3.62B-05 3.62E-05

nuclide concentrations, grams
basis =single reactor assembly
5.0d 6.74d 8.3d 10.04d

.90B+05 3.90B+05 3.90E+05 3.90E+05

nuclide concentrations, grams
basis =szingle reactor assembly

5.0d 6.7 @ 8.3 4d 10.0 4
.79B-03 1.79E-03 1.79e-03 1.79E-0]
.76B+02 1.76E+02 1.76E+02 1.76E+02
.48B+03 3.48B+03 9.48E+03 9.4BE+0]
.83B+03 3.83B+03 3.83E+03 3.B3E+03
.47E+05 9.47B+05 9.47B+05 9.47B+05
_52BE+02 3.52B+02 3.53B+02 3, 54B+02
L46B-04 4.462-04 4.4SE-04 4.435B-04
.1BB+02 1.18E+02 1.19B+02 1.15E+02
.1BE+02 1.18BE+«02 1.19B+02 1.19E+02
.20B+03 4.21B+03 4.21E+03 4.21E+03
L25E+03 2.25B+03 2.25E+03 2.25E+03
L15E403 1.15B+03 1.15E+03 1.158+03
.61B+02 4.61B+02 4.61B+02 4.61B+02
28B+01 4.31B+01 d.33E+01 d.36E+01
078+00 1.07E+00 1.07B+00 1.07B+00
25E+01 8.25B+01 8.25p+01 B8.25E+01
69E+05 9.69B+05 9.69B+05 9 69B+05

element concentrations, grama
nuclide concentrations, grams

basis =single reactor assembly

5.0 4 6.7d 8.34d 10.0 4
nuclide concentrations, grams

basis =single reactor assembly

5.04 6.7 4d 8.3d 10.0 4
.88BE+02 5.B9B+02 5.90B+02 5.91E+02
L25E+02 7.26B+02 7.26B+02 7.26B+02
.33B-02 6.13B-02 4.03B-02 2.64B-02
.89B+02 6.89B+02 6.89B+02 6.B9E+02
.99B+02 4.01B+02 4.02R+02 4.03E+02
L31B-02 4.19B-02 4.07B-02 3.95B-02
.96E+01 7.96E+01 7.96B+01 7.96E+01

nuclide concentrations, grams

basis =single reactor assembly
5.04 6.7d 8.3 4d 10.0 4
nuclide concentrations, grams

basis =zingle reactor assembly
s.0d 6.7 a 8.3 4 10.0 4

A1B+02 7.42B+02 7.43B+02 7.45B+02
J14B+02 6.14B+02 6.14B+02 6.14B+02
J11E+01 9.13B+01 9.1SE+01 9.16E+01

nuclide concentrations, grams

basis =single reactor assembly
s.0d 6.7d 8.3 d 10.0 &
.48E+00 3.55E+00 3.59E+00

3
.60B+02 2.60B+02 2.60E+02 2.60E+02
.65E+01 1.65B+01 1.65E+01 1.65E+01
.9BE-02 2.04E-02 2.10E-02 2.15E-02
L20E+02 1.20B+02 1.20B+02 1.20E+02
.00E+02 1.00E+02 1.00E+02 1.00BE+02
.38E-02 4.64E-02 4.50B-02 5.16E-02
.03E+04 3.03B+04 3.03E+04 3.03B+04
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SCALE4.3 Bulletin Board

* e 2 e

.
.
* - Welcome to SCALE-4.3.
..l.QQQ..'Q‘""."'..'0t.'.ti.l...i.iii.’.ii.....'0'0"'.""Q.Q.."..'.i."..
primary module access and input record ( scale driver - 95/03/29 - 09:06:37 )
- module sas2h will be called

obr:qhxem {kwo) pwr, assm 176, batch 91, 27.99 qu/mtu 3-cyc June 97
.used 180 fuel rode, 16 guide tubes.

mixtures of fuel-pin- unit cell:

dlgroup latticecell
uo2 1 den=10.05 1 825
92234 0.028 92235 3.13 92236 0.014 922238 96.B28 end

kr-83 1 0 1-20 825 end
kr-85 1 0 1-20 825 end
y-89 1 0 1-20 825 end -
sr-30 1 0 1-20 825 end
zr-93 1 0 1-20 B25 end
zr-94 1 0 1-20 B35 end
zr-95 1 0 1-20 B25 end
nb-94¢ 1 0 1-20 825 end
mo-95 1 0 1-20 825 end
tc-99 1 0 1-20 825 end
ru-101 1 0 1-20 825 end
ru-106 1 0 1-20 825 end
rh-103 1 0 1-20 825 end
rh-105 1 0 1-20 825 end
pd-105 1 0 1-20 825 end
pd-108 1 0 1-20 825 end
ag-10% 1 0 1-20 825 end
sb-124 1 0 1-20 825 end
xe~131 1 0 1-20 825 end
xe-132 1 0 1-20 825 end
xe-135 1 0 1-20 825 end
xe-136 1 0 1-20 825 end '
¢s-134 1 0 1-20 825 end
¢8-135 1 0 1-20 825 end
€s-137 1 0 1-20 825 end
ba-136 1 0 1-20 825 ernd
la-139 1 0 1-20 825 end
pr-141 1 0 1-20 825 end
pr-143 1 0 1-20 825 end
ce-144 1 0 1-20 825 end
nd-143 1 0 1-20 825 end
nd-145 1 0 1-20 825 end
nd-147 1 0 1-20 825 end
pm-147 1 0 1-20 825 end
pm-148 1 0 1-20 825 end
sm-147 1 0 1-20 825 end
sm-143 1 0 1-20 825 end
sm-150 1 0 1-20 825 end
sm-151 1 0 1-20 825 end
sm-152 1 0 1-20 825 end
eu-153 1 0 1-20 825 end
eu-154 1 0 1-20 825 end
eu-155 1 0 1-20 825 end
gd-155 1 0 1-20 825 end
arbm-zircd 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 ©.20 50000 1.40

40000 98.18 2 1.0 605 end
h2o 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 1 0 0 5000 100 3 450.0e-6 572 end

450 ppm boron (wt} in moderator

fuel-pin-cell geometry:

squarepitch 1.43 0.913 1 3 1.074 2 0.930 0 end

assembly and cycle parameters:
npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=S
printlevel=5 lightel=3 inplevel=2 numztotal=S end
3 0.6413 2 0.6845 3 0.8068 SO0 2.8238 3 2.8379
power=30.457 burn=288 down=81 end
power=34.894 burn=309.0 down=396 temkcyc=865 end s
power=34.016 burn=248.0 down=10 temkcyc=855 end
0135 cr 5.9 mn 0.33
fe 13 ¢co0 0.075 ni 9.9
zr 221 nb 0.71 sn 3.6

1 SS5533555856 aasaaaaaa 83988955838 22222222222 hh hh

5535395585588 aaaaaaaaaaa 8888883558888 2222222222222 hh hh
1] ss8 aa aa ss8 88 22 . 22 hh hh
55 as aa ss 22 hh hh
L1 aa aa B - 22 hh hh
SES5S55855888 aaaaazaaaaaaa 585588885588 22 hhhhhhhhhhhhh
555555855858 aaaaaaaazaaaa 55588SSSS888 22 hhhhhhithhhhhh
ss  aa aa ss 22 hh hh
1] aa aa L1 22 hh hh

=s s aa aa 58 j 13 hh hh N
5533535585888 aa aa 8858855555888 2222222222222 hh hh
$SSSSSESSEBBE aa aa 88888883388 2222222222222 hh hh
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nn nn  fiifdididdid ccececececee hh hh 00000000000 1
nnn nn  iijiiddiididi ctceceeccccece  hh hh  pooooooo00000 11
nnnn m ii cc cc hh hh o0 00 11
nn nn nn ii ce hh hh oo [-1.] 11
nn  nan nn ii cc hh hh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo o0 11
nn nn  nn ii 14 hhhhhhhhhhhhh oo 11
nn nn mn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo -] 11
nn nnnn cc cc hh hh oo oo 11
nn mnn iiddddiddidd ceccceccceccee . hh hh ooooooooooccoo 1111111111111
nn nn iididdiididi cccecocececeee hh hh 00000000000 1111111111111
0
0000000 88888888888 /7 0000000 88888888888 Iz 99999993999 7777777777717
000000000 8888888888888 IZ4 000000000 8888888888888 7/ 9999999993539 777777777777
o0 00 88 as /7 00 00 88 88 24 99 99 77 77
00 00 88 88 /7 00 00 88 88 7/ 99 99 77
00 00 88 88 144 00 00 88 88 /7 99 99 77
00 00 88888888888 /7 00 00 BBBBBBABESAE 1/ 9999999599999 77
00 00 88888888888 144 00 00 - 88BBE88BB8SE 124 999559539999 7
a0 00 88 88 /7 00 00 88 - 88 IZ4 99 7
00 00 88 88 1/ 00 00 88 88 77 99 77
00 14 88 88 77 00 00 88 88 /7 77
000000000 8888888888888 77 000000000 8858888888888 /7 9999933999999 77
0000000 EELEEELE-E] /7 0000000 88888885888 124 999993559599 77
0
22222222222 11 11 22222222222 5555555555555 5555555555555
2222222222222 111 111 2222222222222 5555555555555 5555555555555
22 22 1111 IRE] 1111 22 22 IEE 55 55
22 11 I 11 22 T3 55 55
22 11 Tt 11 22 B 5 ) 55
22 11 11 22 555555555555 555555555555
22 11 11 . 22 5555555555555 5555555555555
22 11 : 11 22 55 53
22 11 11 22 55 55
22 11 sz 11 22 Tt 55 55 5 5
2222222222222 11111111 11111111 2222222222222 5555555555555 5555555555555
2222222222222 11111111 11111111 2222222222222 . 55555555555 55555555555
1
0 5S8SS5BE888 ¢ceececceccee aaaaaaaaa 11 eecceceeceeeeee
BBS8SSE588888  £COCLLLECLCCOCT aaaaaaaaaaa 11 eeceeeeeeceee
85 83 cc cc aa aa 11 ee
&8s cec aa aa 11 ee
88 cc aa as 11 ee
ESSSES555888 cec azaaaasasaaaa 11 eeceeesee
S3S85555888s cec aaaaaazaaaaaa 11 eececeeece
ss cc aa as 11 ee
ss cC aa aa 11 ee
BB 5B cc cc aa aa 11 ee
5555685565858 ceceececccceee aa aa 1111111111111 eeeecceceesee
58§885555885 cceeecceccce aa aa 1111111111111 ceeeceeeceeeeee
AR AR 2 R R 2 R AR 22 2 R R R R R R R R R R R R R R R R R R R R A S S R R R RN Y
AAAAA R AR 2 2 R R 2 2R R A R R R R R R R R R R R A R R X R R RN}
AR R AR AR R 22l S R R N S 2 R X R R R R R R R R R A R R R Y R R S R R N N RS R R Y]
renaw senns
YY) program verification information enewn
snnea e
il code system: scale version: 4.3 b
rean renun
LA A N S R e A A R R R R s R R R N Y R R R R R R RN N Y
A AR R R R A2 s g R R R R R e e R R R R R R R R R )
rrree reaes
rreee aanee
rrenn program: sas2 cenne
rans i venee
weaas creation date: 03/07/97 bR A
vonun - aesan
il library: /opt/neut/Scaled.3/bin b
annan E seaew
YT Y
il this is not a scale configuration controlled code bl
Aewan rees
bl jobname: nichol - A
ey wsane
hidbad date of execution: 08/08/97
rewar . anene
b time of execution: 21:12:55 bbbl
erene srwnn
rnnrr . “rnan
AR 2 2RSSR 2 RN Y N R Y R R R R R L R S R Y Y
AAARRR RS R0 222 R a2 2 a2 A A SRS R R R R R R R A R R R R R R R R S N )
LA AL R R X R R R R A A AR R R R R A R e R R R R R R RS )
1
0 ....used 180 fuel rode, 16 guide tubes....
0
Q' = « = = = = = = @ @ &2 = = = @ @ 8 = = = ® % === * - - - -
o'
[} nuclide concentrations, grams
basis =Bingle reactor assembly
initial 1B-18 4 .
o 16 1.35E+05 1.35E+05
total 3.90B+05 3.S0E+05
nuclide concentrations, grams .
basis sgingle reactor assembly
initial 1E-18 d
u234 2.80B+02 2.80B+02
u235 3.13B+04 3.13B+04
u236  1.40E+02 1.40B+02
u23B 9.68E+05 9.68E+05
total 1.00E+06 1.00B+06
0 basis = .
[} initial 14.4 4 28.8 4 41.2 4 57.6 4 57.6 4
0 initial i14.4 4 28.8d 43.2d 57.6 d $7.6 4

basis = single reactor assembly
charge 14.4 4 28.8 d 43.2d §7.6 4 57.6 4
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o 16 8.41B+03 B.41E+03 8.41E+03 8.41E+03 8.41E+03 §.41E+03
basis = single reactor assembly

charge 14.4 4 28.8 & 43.2d 57.6 4 57.6 4
basis = single reactor assembly

charge 14.4 4 28.8d 43.2 4 57.6 4 57.6 d

mo 95 .00B+00 1.45B-05 1.05B-04 3.19E-04 6.84E-04 6.B4E-04
basis = single reactor assembly

charge 4.4 4 28.8 4 43.24 57.6 4 57.6 d
basis = single reactor assembly

charge 14.4 4 28.8 d 4.2 4 57.6 57.6 d

totals 1.14B+04 1.14E+04 1.14B+04 1.14B+04 1.14B+04 1.14B«04
basis = linglz reactor assembly

7.

charge 14.4 4 28.8d 43.24d s 57.6 d
u233 .00B+00 2.22E-07 4.38E-07 6.47E-07 8.50B-07 8.50E-07
u23d 1.20B+00 1.19B+00 1.18E+00 1.17E+00 1.17E+00 1.17E+00
uz2is 1.338+02 1.31E+02 1.29E+02 1.27B+02 1.24E+02 1.24E+02
u236 5.93B-01 9.9BB-01 1.40E+00 1.79E+00 2.17B+00 2.17E+00
u2ig 4.07B+03 4.07B+03 4.07B+03 4.06E+03 4.06E+03 4.06E+03
np237 .00B+00 3.39B-03 1.02E-02 1.84E-02 2.76B-02 2.76E-02
pu2ls .O0B+00 4.84B-11 3.20E-10 9.10E-10 1.86E-09 1.B6E-09
pu2is .00E+00 8.00B-06 6.50E-05 1.99B-04 4.21B-04 4.21E-04
pu2lis .0O0B+00 8.00B-06 6.50E-05 1.99e-04 4.21B-04 4.21B-04
puz2i9 .00B+00 7.86B-01 1:76B+00 2.63E+00 3.56B+00 3.56E+00
puz40 .00B+00 7.668-03 3.38B-02 7.66B-02 1.34B-01 1.34B-01
puzdl .00E+00 1.59E-04 1.43E-03 4.93B-03 1.16E-02 1.16E-02 -
pu2§2 .00E+00 5.17E-07 9.57B-06 5.04E-05 1.60B-04 1.60EB-04
basis = single reactor assembly
charge 14.4 4 28.8d 43.2 4 57.6 @ 7.6 d
am241 .00B+00 7.06E-08 1.30E-06 &6.80E-06 2.15E-05 2.15E-05
am242m .00B+00 7.38E-11 2.65E-09 2.04E-08 8.35E-08 8.35B-08
am243 .00B+00 3.54B-10 3.60E-08 2.89E-07 1.24B-06 1.24E-06
totals 4.20B+03 4.20B+03 d.20E+03 4.20E+03 4.19B+03 4.19E+03
. decay data, including gamma and total energy, are from endf/b-vi 4
[} 169 total number of nuclides in library
0 nuclide concentrations, grams
basis =gingle reactor assembly
initial 1.7 & 3.3a 5.04d 6§.74d 8.3 4 10.0 4
o 16 1.35E+05 1.35E+05 1.35E+05 1.35B+05 1.3S5E+05 1.35B+05 1.35B+05
g nuclide concentrations., grams
- basis =single reactor assembly
initial 1.74 3.34d 5.0d 6.7d 8§.3d 10.0 &
mo 95 1.20E+01 1.20B+01 1.20E+01 1.21E+01 1.21BE+01 1.21B+01 1.21E+01
tc 99 2.97E-05 2.998-05 3.00BE-05 3.01E-05 3.02B-05 3.02E-05 3.02B-05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1.7 4 3.3d 5.0d 6.7 4 8.3 4 10.0 4
total 3.90E+05 3.90B+05 3.90E+05 3.90E+05 3.90B+05 3.90B+05 3.90B+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1.74d 3.34d s.04d 6.7 a 8.3 d 10.0 d
u233 1.75B-03 1.76B-03 1.76BE-03 1.76B-03 1.76B-03 1.76B-03 1.76E-03
u234 1.81E+02 1.81B+02 1.81B+02 1.81B+02 1.B1E+02 1.8l1E+02 1.81B+02
u23s 1.01B+04 1.01E+04 1.01E+04 1.01E+04 1.01B+04 1.01B+04 1.01B+04
u236  3.74E+03 3.74E+03 3.74E+03 3.74E+03 3.74B+03 3.74B+03 3.7dE+0]
u238  9.48E+05 9.48E+05 9.48E+05 9.48E+05 9 .48B+05 9.4BB+05 9.48B+05
np237  3.26E+02 3.27E+02 3.28E+02 3.29E+02 3.30B+02 3.31E+02 3.31B+02
pu236 3.88E-04 3.89B-04 3.89E-04 13.88E-04 3.88E-04 3.882-04 3.B7E-04
pu23s 1.038+02 1.03B+02 1.04B+02 1.04E+02 1.04E+02 1.04B+02 1.05B+02
pu238 1.03E+02 1.03B+02 1.04B+02 1.04E+02 1.04E+02 1.04B+02 1.05B+02
pu239  4.15E+03 4.18B+03 4.20B+03 4.21E+03 4.22E+03 4.23B+03 4.23B+03
pu240 2.14E+03 2.14B+03 2.14E+03 2.14E+0) 2.14E+03 2.14E+03 2.14E+03
pu24l  1.08E+03 1.08E+03 1.08E+03 1.08E+03 1.08E+0] 1.08E+03 1.08E+03
puz2d2 4.05E+02 4.058+02 4.0SE+02 4.05B+02 4.0SE+02 4.05B+02 4.05B+02
am241 4.12BE+01 4.15E+01 4.17E+01 4 .19E+01 4.22B+01 4.24E+01 4.27B+01
am242m 1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03B+00 1.03B+00 1.03B+00
am243 6.86E+01 6.87E+01 6.87E+01 6.87E+01 6.87B+01 6.87B+01 6.87E+01
total 9.71E+D5 9.71E+05 9.71E+05 9.71E+05 9.71E+05 B9.71B+05 9.71B+0S
element concentrations, grams
0 nuclide concentrations, grams
basis ssingle reactor assembly
initial 1.74d 3.3 d s.0d 6.74d 8.3 4d 10.0 &
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1.74d 3.3d 5.0 4 6.7 d 8.3 4 10.6 4
mo 95 5.58E+02 5.59B+02 5.61E+02 5.62E+02 5.63E+02 5.64E+02 S5.65E+02
tc 99 6.89E+02 6.91B+02 6.92B+02 6.92B+02 6.92B+02 6.93B+02 6.33E+02
tc 99m 2.87B-01 2.05B-01 1.35E-01 @&.86E-02 5.82E-02 13.82E-02 2.51B-02
rul0l 6.54E+02 6.5d4B+02 6.54E+02 6.54E+02 6.54E+02 6.54E+02 6.54E+02
rhl03 3.79E+02 3.80B+02 3.B1E+02 3.82B+02 1J.84E+02 3 .85E+02 13.86E+02
rhl03m 4.42B-02 4.29B-02 4.17B-02 4.05E-02 3.93BE-02 3.82E-02 3.70B-02
aglo9 7.36E+01 7.38B+01 7.38E+01 7.38EB+01 7.38B+01 7.38B+01 7.38E+01
[} nuclide concentrations, grams
basis =single reactor assembly
initial 1.74d 3.34d 5.0d 6.7 4 8.3 4 10.0 4
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1.74d 3.34d 5.0d 6.74d 8.34 10.0 4 .
ndlé3 7.11E+02 7.13E+02 7.15B«+02 7.16E+02 7.18B+02 7.19B+02 7.20EB+02
nd145 S.BBE+02 5.88E+02 5.88E+02 5.88E+02 5.88E+02 5.88E+02 5.B8E+02
smi47 B8.86B+01 B.88E+01 8.90E+01 8.91E+01 8.93E+01 8.95E+01 8.97E+01
o nuclide concentrations, grams
basis =single reactor assembly
. initial 1.74 3.34 5.0d 6.7 d 8.34d 10.0 4
smld9 ~ 2.21E+00 2.74E+00 3.06E+00 3.25B+00 3.36E+00 13.42E+00 3.46B+00
sm150 2.44E+02 2.44B+02 2.44B+02 2 .44E+02 2.44EB+02 2.44E+02 2.44B+02
sml151 1.57E+01 1.58B+01 1.59B+01 1.59E+01 1.59B+01 1.59E+01 1.558+01
eul51 1.88E-02 1.94B-02 1.998-02 2.05E-02 2.10E-02 2.16E-02 2.22B-02
sml52 1.14E+02 1.14B+02 1.14B+02 1.14E+02 1.14B+02 1.14E+02 1.14B+02
euls3 9.22E+01 9.26B+01 9.28B+01 9.29p+01 9.30B+01 9.30B+01 9.30E+01
gdls5 3.44E-02 3.69E-02 3.93E-02 4.17B-02 4.42B-02 4.66E-02 4.90E-02
total 2.8B7E+04 2.87B+04 2.87B+04 2.87E+04 2.B7E+04 2.87B+04 2.8B7B+04
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- Welcome to SCALE-4.3.
.

..
'l'.l".l.Qt.....QQQQQ'Ct.".ﬁ"""'."'""'.I"Q.'."Q"'l."."'..'...'-t..
1 primary module access and input record { scale driver - 95/03/29 - 09:06:37 )
- wodule sas2h will be called

obrighiem {kwo) pwr, assm 170, batch 94, 25.93 gwd/mtu 3-cyc June97
M --...used 180 fuel rode, 16 guide tubes....

' mixtures of fuel-pin-unit-cell:

v

d4group latticecell
uo2 1 den=10.05 1 743
92234 0.028 92235 3.13 92236 0.014 92238 96.828 end

kr-83 1 0 1-20 743 end
kr-85 1 0 1-20 743 end
y-839 10 1-20 743 end
sr-90 1 0 1-20 74] end
zr-93 1 0 1-20 743 end
zr-94 1 0 1-20 743 end
zr-95 1 0 1-20 743 end
nb-94 1 0 1-20 743 end
mo-95 1 0 1-20 743 end
tc-99 1 0 1-20 743 end
ru-101 1 0 1-20 743 end
ru-106 1 0 1-20 743 end
rh-103 1 0 1-20 743 end
rh-105 1 0 1-20 743 end
pd-105 1 0 1-20 743 end
pd-108 1 0 1-20 743 end
ag-109 1 0 1-20 743 end
sb-124 1 0 1-20 743 end
xe-131 1 0 1-20 743 end
xe-132 1 0 1-20 743 end
xe-135 1 0 1-20 743 end
xe-136 1 0 1-20 743 end
cs-134 1 0 1-20 743 end
cs-1351 0 1-20 743 end
¢cs-137 1 0 1-20 743 end
ba-136 1 0 1-20 743 end
la-139 1 0 1-20 743 end
pr-141 1 0 1-20 743 end
pr-143 1 0 1-20 743 end
ce-144 1 0 1-20 743 end
nd-143 1 0 1-20 743 end
nd-145 1 0 1-20 743 ‘end
nd-147 1 0 1-20 743 end
pm-147 1 0 1-20 743 end
pm-148 1 0 1-20 743 end
sm-147 1 0 1-20 743 end
sm-14% 1 0 1-20 743 end
sm-150 1 0 1-20 743 end
sm-151 1 0 1-20 743 end
sm-152 1 0 1-20 743 end
eu-153 1 0 1-20 743 end
eu-154 1 0 1-20 743 end
eu-155 1 0 1-20 743 end
¢d-155 1 0 1-20 743 end
arbm-zircd

6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 S0000 1.40
40000 98.18 2 1.0 605 end

h2c 3 den=0.7283 1 572 end

arbm-bormod 0.7283 1 1 0 0 5000 100 3 550.0e-6 572 end

' 550 ppm boron (wt) in moderator

fuel-pin-cell geometry:

squarepitch 1.43 0.913 1 3 1.074 2 0.930 0 end

' assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotals=5 end
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=20.929 burn=288 down=§1 end
power=37.468 burn=309.0 down=396 temkcyc=896 end
power=33.564 burn=248.0 down=10 temkcyc=851 end

© 135 cr 5.9 wn 0.33

fe 13 co 0.075 ni 9.9

zr 221 nb 0.71 sn 1.6

1 =E85358588S aaaaaaaaa SESESSSSSSES 22222222222 hh hh
SESS5E558ES88 aaasaaaaaaa 8858585558888 2222222222222 hh hh
sS ss aa aa ss s 22 22 hh hh
-1 aa aa ss 22 hh hh
BE aa aa 88 22 hh hh
SESBBE5SSSSS aaaaaaaaaaaaa 5558885855888 22 hhhhhhhhhhhhh

585535585558 aaaaaaaaaaaaa 8583855858538 22 hhhhhhhkhhhhh
-1 aa aa 83 22 hh hh
88 aa aa 83 22 hh hh
1] ss aa aa s ss 22 hh hh
5855855885858 aa aa SS588568558888 2222222222222 Thh hh
88888535888 as aa 85555888888 2222222222222 hh hh
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Attachment II: B00000000-01717-0200-00139 REV 00 Page II-20 of 24

nn nn iiifdiididddd ccececceeee hh hh 00000000000 11
nnn nn iidiidididid ccececcceecece hh hh 6000000000000 11
nann nn ii cc ce  hh hh oo oo 11
nn nn an ii cc hh hh oo oo 11
nn n nn ii cc hh hh oo oo 1
nn nn nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn  nn ii ec hhhhhhhhhhhhh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nn an ii cc hh hh oo oo 11
nn nnnn ii cc cc  hh hh oo oo 11
nn nnn  iiiiidididdid ccececcecccecee . hh hh  ooocoooooocooo 1111111111111
nn nn  ididiidiiiid cecececeeece hh hh DOODO000000 1111111111111
[
0000000 88888888888 /7 0000000 BSBBBBBBABBE /7 9999999933% 7777777777777
000000000 8888888888888 /" go0000000 88BBBBBBRBRASR /7 9999999999999 7171717777177
00 00 88 88 124 00 a0 88 a8 /7 99 99 77 77
00 00 88 88 7/ 00 00 88 88 1/ 99 99 77
00 00 1] 88 77 00 - 00 88 - a8 77 99 99 17
00 00 8BBB3B88BASE 24 00 00 888883888888 : 1/ 9999999999999 ki
00 00 88888888888 17 00 00 888858888888 /7 999999339995 77
00 00 88 88 77 00 00 88 88 /7 99 77
00 00 88 88 IZ4 00 00 88 88 /7 - 99 17
00 00 88 88 /7 00 00 88 88 1/ 99 7
000000000 8888888888888 /! 000000000 8888888888888 /" 9999999999599 77
0000000 88888888888 124 0000000 88888888888 1/ 999999999599 k)
[}
22222222222 11 5555555555555 1777777777177 44 33333333333
2222222222222 111 5555555555555 177777777777 44 3333333333333
22 22 1111 3 77 77 ER 4444 33 33
22 11 55 77 e 4 A« 13
22 11 55 77 HE 4“4 & 13
22 11 555555555555 77 44 44 333
22 11 5555555555555 77 44 4 333
22 11 55 77 HRA] 4444444444 U 33
22 11 55 77 4444444444404 33
22 11 ER S 55 55 77 ER A 44 33 kk]
2222222222222 11111111 5555555555555 77 LY 3333333333333
2222222222222 11111111 55555555555 7 . ) 4 333333333313
b
] S5558588885 ccececeeccee aaxaaaaaa 11 ececececeeeee
cececeeec cc aaaaaamaaaa 11 eeececeeeeeee
s8 s cc ce aa aa 11 ce
85 cec aa aa 11 ee
B85 cc aa aa 11 ee
BSSS5ESE8888 cec aaaaaaaaaaaaa 11 eceeccceee
SSSSSSS58S8s  CC aaaaaaaaaaaaa 11 eeceeeceee
ss cc aa aa 11 ee
85 cc aa aa 11 ee
58 a8 cc cc  aa aa 11 ee .
$558885558888  CCCCOCCCOCCES aa aa 1111111111111 eeceeceececeeee
ceccecececee aa aa 1111111111111 ecceeeeeeeeee
[ e e R R R R R R R R R A R R R R R R R N YR A A R R R R R RS R R RSS2 2 2 X 3
(22 X R R R X R R R R R Ry R R R R A R R R S R R R R A R N R N S SR R AR R R R R R R 2 2]
EE R R R R R R R R R R R R R R e R R A e R R R R R R R R AR R R R R R R )
reeee seaae
reRRy program verification information tanwe
arnas crsan
ceunse code system: scale version: 4.3 waean
Tanan sennn
LR R R R R e e A R e e R R R R R R A R RS R RS RN R R Y]
(AR R R R R A R R e R R R e R e e Ry R e R R R R R R R R R R R R R R RS SRR RN R S
Panaw wrenn
crann treen
LA A S program: sasz ETEERE
. renre
creation date: 03/07/97 LA A
. saane
library: /opt/neut/Scaled.3/bin bbbkl
reran sewan
reees wenan
i this is not a scale configuration controlled code b
weres . crnne
e jobname: nichol bbb
wavan reaen
bbb date of execution: 08/08/97 hbbddd
wanan renve
bbb time of execution: 21:57:43 e
reewn teven
reanw annee
(22 R R R R R R R R P R R R X R R R RSN T X
(2 Z 2 2R 2 22 2 2 X R R A R R R R R R R R R P R R S YR TS R, )
AR R R R R R R R R R R R R R R A R R N N Y R )
1
0 ....used 180 fuel rode, 16 guide tubes....
D' = = = = = =@ @ ¢ - & = s - m e e mmEm . e eeem.w = .-~ = -
o
0 nuclide concentrations, grams
bagis =single reactor assembly
initial 1B-18 d
o 16 1.35E+05 1.35B+05
total 31.90E+05 3.90EB+05
nuclide concentrations, grams
basis =single reactor assembly
initjial 1E-18 @
u234  2.BOE+02 2.80E+02
u235 3.13B+04 3.13E+04
w236  1.40B+02 1.40B+02
u2is 9.68E+05 9.6BE+05
total 1.00E+06 1.00E+06
0 basis =
0 initial 14.4 28.8 d 43.2d 57.6 4 57.6 d
] initial 14.4 4 28.8 d . 43.2 d 57.6 4 57.6 d
o nuclide concentrations, grams

basis =single reactor assembly
initial 1.7 d 3.34 5.04 6.7 d 8.3d 10.0 4
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o 16 1.35B+05 1.35B+05 1.55!*05 1.35B+05 1.35E+0% 1.35B+05 1.35B+05

[+] nuclide concentrations, grams
basig =single reactor assembly
initial 1.74 3.3 4d 5.04 6.74d 8.34d 10.0 4
mo 95 1.09g+01 1.10B+01 1.10E+01 1.10E+01 1.i0E+01 1.1IB+01 1.11E+01
tc 99 2.35e-0%5 2.37B-05 2.38E-05 2.38E-05 2.39E-05 2.39BE-05 2.35E-05
1] nuclide concentrations, grams
basis =single reactor assembly
initial 1.74d 3.34 5.0 a4 6.74d 8.3 d 10.0 4
total 3.90B+05 3.90B+0S 3.90B+05 3.90B+05 3.90B+05 3.90E+05 3.90B+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1.7 4d 3.3d 5.0d 6.7d 8.3 4d 10.0 4
u233 1.73E-03 1.73B-03 1.73E-03 1.73B-03 1.738-03 1.73B-03 1.73E-03
u234 1.87B+02 1.B87E+02 1.87E+02 1.87B+02 1.87B+02 1.87B+02 1.87B+02
u2ls 1.12B+04 1.12E+04 1.12E+04 1.12B+04 1.12B+04 1.12B+04 1.12B+04
u236 3.60BE+03 3.60E+03 3.60E+03 3.60E+03 3.60B+03 3.60B+03 3,60B+03
u238 9.50B+05 9.50E+05 9.50B+05 9.50B+05 9.50B+05 9.50B+05 9.50B+05
np237  2.97B+02 2.98B+02 2.99E+02 3.00B+02 13.01B+02 3.02B+02 3.02E+02
pu2lé 3.28E-04 3.29E-04 3.29B-04 3.28E-04 3.28BE-04 3.28B-04 3.27E-04
pu238 B.66E+01 8.70B+01 8.73B«01 B.76E+01 B8.77E+01 8.79E+01 8. 80E+01
pu238  8.66B«01 8.70B+01 8.73B+01 B.76B+01 B8.77B+01 8.79E+01 8.80B«01
pu2iy 4.13E+03 d.17B«03 4.1BE+03 4§.20E+03 4.20B+03 d4.21B+03 4.21B+03
puZd0  2.00E+03 2.00E+03 2.00E+03 2.00E+03 2.00B+03 2.00R+03 2.00E+03
pu2dl 1.02E+03 1.02B+03 1.02B+03 1.028+03 1.01EB+03 1.01B+03 1.01R+03
pu2d2  3.4T7E+02 3.47B+02 3 . 47B+02 3.47B+02 3.47B+02 3.47B+02 3.47E+02
am241 3.73E+01 3.75E+01 3.77B+01 3.79B«01 3.82B+01 3.B4B+01 3.86E+01
am242m 9.20E-01 5.20B-01 §5.20E-01 9.20E-01 9.20B-01 9.20E-01 9.208-01
am243 5.54E+01 5.55B+01 5.55B+01 5.55B+01 5.55B+01 S5.55E+01 5.55E+01
total 8.73E+05 9.73E+05 5.73BE+05 9.73E+05 9.73B+05 9.73B+05 9.73B+05
0 element concentrations, grams
"] nuclide concentrations, grams
basis =gingle reactor assembly
initial 1.74 3.3 4 5.0d 6.7 4d 8.3d 16.0 a
o nuclide concentrations, grams
basis =gingle reactor assembly
initial 1.74 3.34d 5.04 6.74d 8.3 4 10.0 4
mo 95 5.15B+02 5.16B+02 5.18B+02 S5.19B+02 5.20B+02 5.21E+02 5.22R«02
tc 99 6.44B+02 6.45B+02 6.46B+02 6.46B+02 6.47B+D2 6.47E+02 6.47B+02
tc 39m 2.84E-01 2.03B-01 1.33B-01 8.76B-02 5.75B-02 3.78B-02 2.48E-02
rulldl 6.06E+02 6.06E»02 6.06E+02 6.06B+02 6.06B+02 6.06B+02 6.06R+02
rhl03  3.54B+02 3.55B+02 3.56B+02 3.58E+02 3.59B+02 3.60B+02 3.61B+02
rhl03m 4.29E-02 4.17B-02 4.04E-02 3.93E-02 3.81E-02 3.70E-02 3.60E-02
aglo9 6.66E+01 6.67E+01 6.67E+01 6.67E+01 6.67B+01 6.67B+01 6.67E+01
"] nuclide concentrations, grams
basis =gingle reactor assembly
initial 1.7 4 3.3 4 5.0 4 6.7 & 8.34d 10.0 a
4] nuclide concentrations, grams
bagis =gingle reactor assembly
initial 1.74d 3.34 5.0 4 6.7d 8.3d 10.04d
nd1ld3 6.77E+02 6.79E+02 6.80B+02 6.82B+02 6.83E+02 6.85E+02 6.86E+02
ndl45 5.51E+02 S5.51E+02 5.51B+02 5.51E+02 5.51E+02 5.51E+02 5.51E+02
sm147 8.12E+01 8.14B+01 8.162+01 B.18E+01 8.20E+01 8.21E+01 8.23E+01
[+] N nuclide concentrations, grams
basis »*single reactor assembly
initial 1.7d 3.3 a 5.0d 6.7d 8.3 4 10.0 4
sml49  2.23E+00 2.7SE+00 3.05B+00 3.24E+00 3.34E+00 3.41E+00 3.45E+00
sml50 2.25E+02 2.25E+02 2.25B+02 2.25B+02 2.25B+02 2.25B+02 2.25E+02
smiS51 1.53E+01 1.54E+01 1.55B+01 1.55E+01 1.55B+01 1.55B+01 1.55B+01
eul5l 1.93E-02 1.98E-02 2.03E-02 2.09E-02 2.14B-02 2.20B-02 2.25E-02
sml52 1.07E+02 1.07BE+02 1.07E+02 1.07BE+02 1.07E+02 1.07E+02 1.07E+02
euls3 8.28E+01 B8.32B+01 8.34B+01 8.35E+0]1 8.35B+01 8.36B+01 8.36E+01
gdl55  3.09E-02 3.30B-02 3.52B-02 3.74E-02 3.95E-02 4.17E-02 4.38E-02
total 2.66E+04 2.66B+04 2.66E+04 2.66B+04 2.66E+04 2.66B+04 2.66B+04
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SCALE4.3 Bulletin Board

Welcome to SCALE-4.3.
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primary module access and input record ( scale driver - 395/03/29 - 09
module sas2h will be called

mixtures of fuel-pin-unit-cell:

44group latticecell
0

uoz 1 den=10.05 1

92234 0.028 92235 1.13 92236 0.014 92238 96.828 end
kr-83 1 0 1-20 840 end -
kr-85 1 0 1-20 840 end
y-83 1 0 1-20 840 end
sr-30 1 0 1-20 840 end
zr-93 1 0 1-20 840 end
zr-94 1 0 1-20 840 end
zr-95 1 0 1-20 840 end
nb-%4 1 0 1-20 840 end
mo-95 1 0 1-20 840 end
tc-9%9 1 0 1-20 840 end
ru-101 1 0 1-20 840 end
ru-106 1 0 1-20 8B40 end
rh-103 1 0 1-20 B840 end
rh-105 1 0 1-20 B40 end
pd-105 1 0 1-20 8B40 end
pd-108 1 0 1-20 840 end
ag-109 1 0 1-20 840 end
sb-124 1 0 1-20 840 end
xe-131 1 0 1-20 340 end
xe-132 1 0 1-20 840 end
xe-135 1 0 1-20 840 end
xe-136 1 0 1-20 840 end
cs-134 1 0 1-20 840 end
cs8-135 1 0 1-20 840 end
cs-137 1 0 1-20 840 end
ba-136 1 0 1-20 840 end
1a-139 1 0 1-20 840 end
pr-141 1 0 1-20 840 end
pr-143 1 0 1-20 840 end
ce-144 1 0 1-20 840 end
nd-143 1 0 1-20 840 end
nd-145 1 0 1-20 840 end
nd-147 1 0 1-20 840 end
pm-147 1 0 1-20 840 end
pm-148 1 0 1-20 840 end
sm-147 1 0 1-20 840 end
sm-149 1 0 1-20 840 end
sm-150 1 0 1-20 840 end
sm-151 1 0 1-20 840 end
sm-152 1 0 1-20 840 end
eu-153 1 0 1-20 840 end
eu-154 1 0 1-20 840 end
eu-155 1 0 1-20 840 end
gd-155 1 0 1-20 840 end
arbm-zircd 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

[
-

40000 98.18 2 1.0 605 end

h2c 3 den=0.7283 1 572 end
arbm-bormod 0.7283 1 1 0 0 5000 100 3 550.0e-6 572 end

550 ppm boron [(wt) in moderator

fuel-pin-cell geometry:

squarepitch 1.43 0.%13 1 3 1.074 2 0.930 0 end

assembly and cycle parameters:

npin/assm=180 fuelnght=957.89 ncycles=3 nlib/cyc=S
printlevelsS lightel=% inplevel=2 numztotal=5 end
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379
power=32.121 burn=288 down=81 end

power=36.801 burn=309.
power=35.875 burn=248.

0 down=396 temkcyc=883 end
4 down=10 temkcyc=875 end
o135 cr 5.9 mn 0.33
fe 13 co 0.075 ni 9
zr 221 nb 0.71 sn 3

SS55555S585 aaaaaaaaa 5S85S585S8S 22222222222
BS5ESS5888938 aaaaaansaaa ESSSS5SSE8856 2222222222222
ss 58 aa aa s es 22 22
-1 aa aa ss 22
s aa aa 88 22
555555585688 a32a2aaaaaaaa SS5555585888 22

5555555588585 aaaaaazaaaaaa §555588598888 22

B8 aa aa . 1] 22
58 aa aa ss 22
ss 8s aa aa ss &8s 22
5855555888888 aa aa E8S5555555888 2222222222222
SSESESS5S58S aa aa B8SSE8S858E 2222222222222

:06:37 )

Page 1I-22 of 24



Attachment I1: B00000000-01717-0200-00139 REV 00 Page I1-23 of 24

nn nn  {iiidiiiiiii ccecocceeee hh hh 11
nnn nn  iiiddiiidiidi cccecccececeee hh hh 0000000000000 11
nnnn nn ii cc cc  hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
m nan nn ii ce hh hh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh o0 oo 11
nn nan mn ii ce hhhhhhhhhhhhh oo co 11
m nn nan ii cc hh hh oo 00 11
nn nn nn ii cec hh hh oo oo 11
nn nnnn ii cc cc  hh hh oo 00 11
nn nnn iiididiidiidi ceceececececece  hh hh DO0000000D000 1111111111111
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o
0060000 88888888888 124 0000000 8888888BBBB 1/ 99999999999 7777777717717
000000000 8883888888888 124 000000000 8888888686888 /7 9999999939998  77IIITINNINY
00 00 88 88 // 00 00 B8 88 124 99 95 77 77
00 00 88 88 /7 00 00 Be 88 17/ 99 99 77
00 00 88 88 /7 00 00 1] 88 17 99 99 77
00 00 88888888888 124 00 00 88886888888 17 9999999998999 77
00 00 88888888888 /7 00 00 ~ B58BBBEBBBAS /7 999999599899 77
00 00 88 88 1/ 00 00 88 - 88 /7 95 77
[o]4] 0o 1] 88 124 ¢} 00 88 88 /7 99 77
00 o0 88 88 7/ 00 00 88 88 /7 99 77
000000000 8885588888888 77 000000000 8888888888888 /7 9599999599999 77
0000000 8BABBBBRBEE 124 0000000 888888558888 7/ 999999959999 7
[+]
22222222222 22222222222 22222222222 0000000 0000000 33333333333
2222222222222 2222222222222 2222222222222 000000000 000000000 3333333333333
22 22 22 22 EE 22 22 00 00 00 00 33 33
22 22 N 22 00 00 00 00 kk}
22 22 22 00 00 00 00 33
22 22 22 00 00 40 00 313
22 22 22 . 00 00 00 00 313
22 22 22 00 00 00 o0 33
22 22 22 00 00 00 00 33
22 22 : 22 00 00 : 00 00
2222222222222 2222222222222 2222222222222 000000000 000000000 3333333333333
2222222222222 2222222222222 2222222222222 0000000 . 0000000 33333333313
1
0 85555555888 cocececoeecee aaaaaaaaa 11 ecceceececeeee
5585353888888 ccoeccoeecoced aaaaaaaaaaa 11 eeeceeeceeeeee
58 88 cc ce aa aa 11 ee
88 cc aa aa 11 ee
ss cec aa aa 11 ee
SSS353535888 cc aaaaaaaaaaaaa 11 ececeeeee
8533553958888 CC aaaaaaaaaaaaa 1l eceeeeeee
ss cc as aa 11 ee
55 cc aa aa 11 ee
58 s ec cc aa aa 11 es
ceceeccoecceee aa aa 1111111111111 ecceeneeceeee
SS5S558S8ss cecocceccecee aa aa 1111111111111 ecceceeecesee
LA AR R AR S R Y Y Y Y 2 322 I I’
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LAAAA A AAAS S AR AR RS AR R A R R Y Y N S S X S SRR L]
ceens *seen
bl program verification information avan
srane arean
b code system: scale version: 4.3 o
arene enaw
WAAAARLALALEEA LRSS S S S A R S s R R R R R R R R R R R R T ™
WAL AL LEAALRA SRS AR S s s e R Y S R R R R R R R R R R R I )
anman enxnnn
rewen crnan
TRERR proqram: 5‘52 EERES
e . srnne
reore creation date: 03/07/97 *
reesn - assee
bbb library: /opt/neut/Scaled.l/bin wrbaa
wenew teean
rrosn Namaw
bbb this is not a  scale configuration controlled code bbbl
senee renan
e jobname: nichol bbbl
Tenan srnan
il date of execution: 08/08/97 b
ranen e
hhhAdd time of execution: 22:20:03 bbb
crnaw trnen
ERRANN - A8 22 2]
AR R AR AR R S e Yy N s e ey I InImnmmMmmmmn
AR AR AR R S A A s Y Y Y N R R eI I I I
LAAAAAALRR AL LR AR A SRR R 2 N Y S R S A Y
1
o
D! = = o e e m o . e - - . e e e e e e eem . m.e == -
0
1] nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d
o 16 1.35+05 1.35BE+05
total 3.90E+05 3.50E+05
[} nuclide concentrations, grams
basis =single reactor assembly
initial 1B-18 d
u23d 2.80E+02 2.80E+02
u23s 3.13E+04 3.13E+04
u236 1.40E+02 1.40B+02
u238 9.68R+05 9.68E+05
total 1.00B+06 1.00B+06
0 basis =
0 initial 14.4 28.8 4 43.2 4 57.6 4 57.6 d
4 initial 14.4 4 28.8 d 43.2 4 §7.6 d 57.6 4
[} nuclide concentrations, grams

basis =gingle reactor asgsembly
initial 1.74d 3.34 5.04 6.7d 8.3d 10.0 d



Attachment II:
o 16 1.35E+05

0
initial
mo 95 1.28E+01
tc 99 3.64B-05

0
initial
total 3.90B+05
initjal
u233 1.80E-03
u234 1.76E+02
uz235 9.54E+03
u23é 3.83E+03
u23is 9.478+05
np237 3.50E+02
pu2lb 4.52B-04
pu238 1.1BE+02
puz3is 1.18B+02
puz2is 4.17E+03
pu240 2.25E+03
puzdl 1.16E+03
pu2dz 4.61E+02
am241 4.26E+01
am242m 1.08E+00
am243 8.2BE+01
total 9.69E+05

0

0
initial

1]
initial
mo 95 5.84E+02
tc 98 7.22E+02
tc 99m 3.02B-01
rulll 6.89E+02
rh103 3.96B+02
rhl03m 4.72E-02
agl09 7.96E+01

1]
initial

0
initial
ndl43 7.36E4+02
ndl45 6.14E+02
sml147 9.03E+01

[}
initial
sm149 2.26E+00
sml50 2.608+02
sml151 1.64E+01
eul5l 1.84E-02
sm152 1.19B+02
eulSs] 9.95E+01
gd155 3.66E-02
total 3.03E+04
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1.35B+05

1.74
1.28E+01
3.66E-05
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69E+0S

1.74

1.74d
.85E+02
.23E+02
:16E-01
89E+02
.97E+02
.58E-02
.98E+01

SRR Y CENRT

1.7 a

1.7 4
.38B+02
.14B+02
.058401

wo-a

1.74
.84E+00
.60E+02
.65E+01
.90B-02
.19B+02
.99E+01
.92B-02
.03B+04
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1.35E+05 1.
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ooy
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3.34d

.28E+01
.68B-05

3.34d

.B0E-03

T6E+02

.54B+03
.83E+03
.47B+05

53E+02

.53E-04

19E+02
19E+02

.23B+03

25B+03
16E+03
61B+02

.31BE+01

08E+00
30E+01

.69E+05

3.34

3.34

.86E+02
.24B+02
.42B-01
.89B+02

98B+02
45E-02

.38BE+01

3.34d

3.34d

.40E+02
.14E+02
.07E+D1

3.34

.18B+00
.60B+02

66E+01
9SE-02

.19E+02

O0E+02
18E-02

L03E+04

[

[r-Y

Ne s w v O 00 =k A B b e D D

N i Al A

ISE+05 1.358+05 1.35B+03 1.35E+05
nuclide concentrations, grams

basis =gingle reactor assembly

5.0 4 6.7 d 8.3 4 10.0 4

.292+01 1.29E+01 1.29E+01 1.30B+01
.69B-05 3.69B-05 3.70B-05 3.70B-05

nuclide concentrations, grams
basis =single reactor assembly
s.0d 6.74d 8.3d 10.0 4

.90B+05 3.90B+05 3.90E+05 3.30B+05

nuclide concentrations, grams
basis =single reactor assembly

5.0d 6.7d 8.3 4d 10.0 4
.80B-03 1.8B0B-0J 1.80B-0) 1.80R-03
76BE+02 1.76B+02 1.76B+02 1.76B+02
.54B+03  9.54B+03 9.54B+03 9.54E+03
.83B+03 3.83B+03 3.B3E+03 3.83EB+0]
.47B+05 9.47B+05 9.47E+05 9.47B+05
.54B+02 3.55E+02 3.55B+02 3.56E+02
.53E-04 4.52B-04 4.52B-04 4.51B-04
.19B+02 1.19E+02 1.20B+02 1.20B+02
.19E+02 1.19E+02 1.20E+02 1.20B+02
.24E+03 4.25E+03 4.25E+03 4.26E+03
.25E+03 2.25E+03 2.25B+03 2.25E+0}
16B+03 1.16E+03 1.16E+03 1.16E+03
.61E+02 4§.61E+02 d4.61E+02 d4.61E+02
.34B+01 4.36E+01 4.398+01 d.41BE+01
.08E+00 1.08E+00 1.0BE+00 1.08B+00
30E+01 8.30E«01 B8.30B+01 B8.30B+01
.69B+05 9.69E+05 9.69E+05 9.69E+05

element concentrations, grams
nuclide concentrations, grams

basis =single reactor assembly
5.04 6.7 d 8.3d 10.0 a4
nuclide concentrations, grams

basis =single reactor assembly

5.0d 6.7d 8.3 4 10.0 d
.87E+02 5.89E+02 5.90B+02 5.91E+02
.25B+02 7.25B+02 7.25B+02 7.26B+02
.33E-02 6.13BE-02 4.03B-02 2.64E-02
.89E+02 6.89E+02 6.89B+02 &.89E+02
.00E+02 4.01E+02 4.02B+02 4.03E+D2
J2B-02 4.198-02 4.078-02 3.95B-02
98E+01 7.98B+01 7.98E+01 7.98E+01

nuclide concentrations, grams

basis =gingle reactor assembly
s.0d 6.74d 8.3 4 10.0 d
nuclide concentrations, grams

basis =gingle reactor assembly
5.0d 6§.7d 8.3 4 10.0 4

A2E+02 7.43B+02 7.44B+02 7.46B+02
114E+02  6.14B+02 6.14B+02 6.14E+02
J05E+01 9.11E+01 9.12B+01 9.14B+01

nuclide concentrations, grams
basis =gingle reactor assembly
5.0d 6.74d 8.3d 10.0 4

.3BE+00 3.50E+00 3.57E+00 3.61B+00
.60E+02 2.60BE+02 2.60B+02 2.60E+02
.66E+01 1.66B+01 1.66E+01 1.66E+01
.01E-02 2.07E-02 2.13B-02 2.19B-02
.19E+02 1.19E+02 1.19B+02 1.13E+02
.00E+02 1.00B+02 1.00B+02 1.00B+02
d4E-02 4.70E-02 4.96B-02 5.22E-02
.03E+04 3.03E+04 3.03B+04 3.03E+04
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