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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 )
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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 theYankee
Rowe 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 5.8. Reference 5.4 provides
information on molar masses; the assembly design, power history and operating parameters are
obtained from References 5.5 through 5.7; the cladding composition from References 5.8 and 5.9;
and a list of trace elements in the fuel is derived from Reference 5.10.

4.1  Design Parameters

The molar masses of selected elements are obtained from Reference 5.4 and are provided below
within three significant figures. Precision beyond three significant figures is not necessary since
calculated isotopic concentrations from SCALE are only to three significant figures. Also, the
weight per mole of enriched uranium is approximated by the weight per mole of natural uranium
since the weight percent of enrichment is small.

Mole of natural uranium = 238 g,
6.02 x 10* atoms per mole. (Reference 5.4)

General spent fuel characteristics for each pellet sample are presented in Table 4-1 and include the
initial 2*U enrichment, final burnup and the cooling time (Section 2.1.1, Reference 5.5). The initial
enrichment for all samples is 3.40 wt% ***U and the burnup ranges from 15.95 to 35.97 GWd/MTU.
The cooling time for the sample E6-C-f6 at 138.94 cm is 717 days and for the other samples is 281.5
days. Reference 5.5 indicates that the measured isotopic concentrations for **'Pu were back
calculated to a zero cooling time.

Assembly design parameters are presented in Table 4-2 (Section 2.1.1, Reference 5.5; p. 2-1,
Reference 5.6). The samples come from a special design, Westinghouse 17 x 18 assembly with an
empty cell in the center for a flux wire thimble. A diagram of the cross section of the Yankee Rowe
assembly is given in Figure 4-1. Since only 22 out of the 76 assemblies were equipped with the
thimble, it is assumed that the thimble is not present. The assembly is in effect a square 18 x 18
lattice without 18 of its outer cell positions, which accommodates cruciform blades. In the Yankee
Rowe core there are 76 square assemblies and 32 cruciform blades, of which 24 are Ag-In-Cd control
blades and 8 are zircaloy shims.

It is assumed that the controls blades are not inserted during Cycles I, II or IV, since accurate
information about the control blades composition and movement could not be obtained. However,
the zircaloy shims occupied some of the outer ring of control blade positions during each cycle.
Although the placement of the assembly during Cycle I is unknown, the placement during Cycles
IT and IV are in the center of the core, so that the effect of the zircaloy shims would not be
significant. Therefore, it is assumed that samples from the assembly examined do not experience
the effects of the zircaloy shims. Furthermore, Cycle IV contained 72 assemblies enriched to 4.1 wt.
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% 2U; however, due to the limitations of the SAS2H module, it is assumed that all assemblies were
enriched to 3.4 wt % »5U (pp. 2-1 through 2-5, Reference 5.6).

The operating parameters in Table 4-3 include the uptime and downtime, cumulative burnups,
specific powers, and average cycle boron concentrations (Table 2.1-2 and Appendix A, Reference
5.5). The temperatures of the fuel, cladding and moderator, and the moderator density are presented
in Table 4-4 (Table 2.1-2, Reference 5.5). The moderator density is obtained from Appendix A of
Reference 5.5 (pp. A-2 and A-3). Unfortunately, Reference 5.5 does not describe the operating data
in sufficient detail to determine its accuracy. However, Reference 5.6 (pp. 2-7 through 2-9) provides
diagrams of the power history and indicates that the assembly resided in the core during low power
testing prior to Cycle I, which are not indicated by Reference 5.5. Although the information in
Reference 5.6 is not in sufficient detail to allow accurate modeling, it does indicate that the operating
data obtained from Reference 5.5 may have been simplified.

The composition of the cladding, stainless steel 348, is presented in Table 4-5, and has a density of
8.03 g/cm’® (Table 8, p. 151, Reference 5.8; p. 46, Reference 5.9). However, SCALE 4.3 does not
recognize the isotope '®Ta, which is 0.012 wt % of natural tantalum. Since only one other isotope
of tantalum exists and the weight percent of '®'Ta is small, tantalum is approximated as consisting
of only "*'Ta. A list of trace elements in the fuel used in updating cross sections during the depletion
analysis are presented in Table 4-6 and developed with consideration of elements used in Table 1
of 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 5.7). 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 2.1-3,
Reference 5.5). The measurements were performed as part of the Yankee Core Evaluation (EYC)
Program, a three phase program that performed radiochemical analyses on fuel pellet samples.
Samples analyzed in this report are from Phase 3, which examined samples from an assembly that
was irradiated in Cycles I, T and IV. Note that the concentration of %'Pu was back calculated to the
time of discharge, with a cooling time of zero days (pp. 2-10, Reference 5.5).
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Table 4-1. Spent Fuel Characteristic Parameters for Yankee Rowe PWR

Assembly Axial Enrichment, Burnup, Cooling Time,
and Rod Location wt % 2*U GWd/MTU days
Number from Bottom

of Assembly,
cm
E6-C-f6 220.22 3.400 15.95 281.5
E6-C-f6 138.94 3.400 30.39 717.0
E6-C-f6 57.66 3.400 31.33 281.5
E6-C-f6 17.02 3.400 20.19 ‘ 281.5

E6-SE-c2 138.94 3.400 32.03 281.5
E6-SE-c2 57.66 3.400 3141 281.5
E6-SE-e4 138.94 3.400 3597 281.5
E6-SE-e4 57.66 3.400 35.26 281.5

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

Parameter Data
Core Data: N
Number of Rods per Core _ 23,142
Uranium Fuel Loading, kg U 20,908
Assembly General Data:
Designer Westinghouse
Type _ 17 x 18
Number of Fuel Rods 305
Number of Instrument Cells 1
Assembly Pitch, cm ' : 19.46
Enrichment:
wt % U 0.020
wt % 25U 3.400
wt % 26U 0.020
wt % B8U : 96.56
Fuel Rod Data:
Type of Fuel Pellet uo,
Pellet Density, g/cm’ 10.18
Rod Pitch, cm , i 1.072
Rod Outside Diameter (OD), cm 0.864
Rod Inside Diameter (ID), cm - , 0.757
Pellet Diameter, cm ) 0.747
Active Fuel Length, cm 230.05* -
Clad Material SS-348

“The active fuel length was given as 90.57 inches in Reference 5.6 and converted to cm by the
following relation: 1 in. = 2.54 cm.
References 5.5 and 5.6



Waste Package Development | Design Analysis

Title: SAS2H Analysis of Radiochemical Assay Samples From Yankee Rowe PWR Reactor
Document Identifier: BOO000000-01717-0200-00143 REV 00 Page 10 of 28

Figure 4-1. Cross Section of Yankee Rowe Assembly
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Table 4-3. Operating Data for Yankee Rowe PWR

Sample Axial Location, Cycle1 Cycle 1 Cycle IV
Identifier cm
Uptime, days all all 451.5 . 333.1 337.0
Downtime, days all all 129.0 370.0 See Table 4-1
Cumulative Burnup, E6-C-f6 220.22 5.90 10.23 15.95
GWJ/MTU
E6-C-f6 138.94 12.53 22.78 30.39
"E6-C-f6 57.66 13.29 23.54 31.33
E6-C-f6 17.02 8.19 14.54 20.19
E6-SE-c2 138.94 13.20 24.01 32.03
E6-SE-c2 57.66 13.33 23.30 31.41
E6-SE-e4 138.94 14.83 26.97 3597
E6-SE-e4 57.66 14.96 26.15 35.26
Specific Power, E6-C-f6 220.22 13.07 13.00 16.97
MW/MTU
E6-C-f6 138.94 27.74 30.79 22.57
E6-C-f6 57.66 29.44 29.86 24.01
E6-C-f6 17.02 - 18.14 19.07 16.76
E6-SE-c2 138.94 29.24 32.45 23.79
E6-SE-c2 57.66 29.51 29.93 24.07
E6-SE-e4 138.94 32.84 36.44 26.72
E6-SE-e4 57.66 33.13 33.60 27.02
Boron Concentration, 1 hour all 0 0 835
ppm
2022 hours all 0 0 707
2022 hours all 0 0 337
4044 hours all 0 0 0

Reference 5.5
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Table 4-4. Operating Temperatures for Yankee Rowe PWR

Sample Axial Cyclel Cycle I Cycle IV Average
Identifier Location, cm H,O
: Density,
g/em’
Moderator E6-C-f6 22022 548 - 549 549 0.77017
Temperature, K i —
E6-C-f6 138.94 541 541 540 0.78338
E6-C-f6 57.66 531 531 534 0.79733
E6-C-f6 17.02 527 527 531 0.80256
E6-SE-c2 13894 541 541 540 0.78338
E6-SE-c2 57.66 531 531 534 0.79733
E6-SE-e4 138.94 541 541 540 0.78338
E6-SE-e4 57.66 531 531 534 0.79733
Cladding -E6-C-f6 22022 - 558 559 561
Temperature, K
E6-C-f6 138.94 560 563 557
E6-C-f6 57.66 551 552 550
E6-C-f6 17.02 540 540 543
E6-SE-c2 138.94 560 563 557
E6-SE-c2 57.66 540 552 550
E6-SE-e4 138.94 560 563 557
E6-SE-e4 57.66 540 552 550
Fuel ‘ E6-C-f6 220.22 755 755 800
Temperature, K '
E6-C-f6 138.94 894 915 848
E6-C-f6 57.66 885 889 847
E6-C-f6 17.02 788 796 777
E6-SE-c2 138.94 894 915 848
E6-SE-c2 57.66 885 889 847
E6-SE-e4 138.94 894 915 848
E6-SE-e4 57.66 885 889 847

Reference 5.5
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Table 4-5. Composition of SS-348

Material Weight Percent *
C 008
Mn 2.00
P 0.045
S 0.030
Si 0.75
Cr 18.00
Ni 11.00
Cb 0.70
Ta 0.10
Co 0.20
Fe 67.095
References 5.8 and 5.9
Table 4-6. Nuclides Updated in SAS2H
BKr BKr ¥y 2Sr %Mo "Zr
Zr *Nb 5Zr #Tc 9IRu '“Rh
'%Rh 1%Ru 105pq 198pd '®Ag 12Sb
B1Xe B2xe B34Cs 135%e 1%5Cs 136Xe
1Ba B1Cs 1%La 141py 143pp 3Nd '
14Ce Nd "Nd “Pm TSm 48pm
1°Sm 130Sm 51Sm 132Sm 15 Eu YEu
155Gd I55Eu

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

Element kg/MTU
0] 135.0
Cr 5.9
Mn 0.33
Fe 13.0
Co 0.075
Ni 9.9
Zr 221.0
Nb 0.71
Sn 3.6
Reference 5.7 -
Table 4-8. Measured Isotopic Concentrations (g/MTU)
Sample E6-C-f6 | E6-C-f6 | E6-C-f6 | E6-C-f6 | E6-SE-c2 | E6-SE-c2 | E6-SE-e4 | E6-SE-e4
Location, cm 220.22 138.94 57.66 17.02 138.94 57.66 138.94 57.66
Burnup, 1595 | 3039 31.33 20.19 32.03 3141 35.97 35.26
GWd/MTU
By 155 142 119 144 114 115 118 120
»y 19800 12600 11900 17200 11800 11900 9780 9840
By 2880 4080 4150 3300 4180 4090 4450 4440
3y 949000 | 937000 | 935000 93§OOO 935000 936000 933000 934000
Bipy 473 176 214 79.1 222 211 247 240
Bpy 5950 7870 8010 6600 7980 7680 6950 6820
“Wpy 1120 2120 2260 1440 2376 2270 2570 2480
Hipy 663 1540 1640 915 1670 1580 1680 1620
uzpyy 80.3 346 398 145 422 400 552 529

Reference 5.5
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4.2 Criteria

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

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

4.3  Assumptions

4.3.1 Ttis assumed that the flux wire thimble was not present in the empty unit cell. The basis for
this assumption is that there were only 22 out of 76 assemblies equipped with a thimble and
data could not be obtained on the dimensions and composition of the thimble. Therefore, the
probability of the assembly containing the thimble is low and the thimble dimensions and
compositions would have had to be assumed. This assumption is used throughout Section
7.

4.3.2 It is assumed that effects from the zircaloy shims are negligible. The basis for this
assumption is that during Cycles I and IV the assembly was loaded in the center of the core
and the zircaloy shims were located in the outer ring of the cruciform positions, so that
effects of the zircaloy shims would not be experienced by the assembly during these cycles.
However, it is not known where the assembly resided during Cycle I, which could have been
next to a zircaloy shim. This assumption is used throughout Section 7.

4.4 Codes and Standards

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

A. Reference 5.11 describes the SAS2H module of SCALE 4.3 that is used with the
44GROUPNDEFS5 cross section library to calculate the isotopic concentrations for the
 specified burnup and cooling time. The computer code’s spatially independent point
depletion model is appropriate for comparison with pellet sample measurements, and is used

within the range of validation, as described in Reference 5.12, in accordance with the QAP-

SI series procedures. SCALE is obtained from the Software Configuration Management in
accordance with appropriate procedures. SCALE’s CSCI number is 30011 V4.3 and is
installed on the WPDD HP 9000, 700 Workstation with CRWMS M&O tag number 110433.

B. Lotus 1-2-3 Release 5 for Windows 95 is an Acquired Software spreadsheet program as
defined in QAP-SI-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 Yankee Rowe 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 compositions, temperatures, and geometry of the fuel assembly. This
is accomplished with the use of data blocks in which similar parameters are grouped together.

7.1 SCALE Input Data Blocks 1, 2, and 3

Data blocks 1 through 3 define the SCALE module to be used, the title of the input file, the cross
section library to be used, and the lattice type to be modeled. The module used is SAS2H and the
cross sectional library is 44GROUPNDEFS, abbreviated as 4GROUP. The 44GROUP cross section
library is recommended by Oak Ridge National Laboratory. Since SAS2H is only to be used for
isotopic depletion/generation, the ‘parm=skipshipdata’ option is used so that a shipping cask
shielding analysis is not performed. The title is arbitrary and should contain information that is
sample specific, while the lattice type is “latticecell” to reflect the array characteristic of the
assembly. :

7.2  SCALE Input Data Block 4

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

The fuel mixture is specified as UO, with isotopic weight percentages from Table 4-2. The stack
density is calculated from the fuel dimensions and the initial uranium fuel loading, with the
following equation:

S taclzbensfty = ULoad ( logog U, 210¢U0,
(NFR)(%)(PD;a' ViFuelLongthy esU 238U

) Equation 7-1

Where:
StackDensity = Fuel Stack Density (gUO,/cm?)
Uload = Initial Uranium Fuel Loading of the Entire Core (kgUO,)
NFR = Number of Fuel Rods in the Entire Core
PDia. = Fuel Pellet Diameter (cm)
FuelLength = Active Fuel Length (cm)

The resulting stack density is 10.17 gUO,/cm?, compared to the pellet density of 10.18 gUO,/cm’.
Therefore, it is believed that the pellet density reported in Table 4-2 is the stack density, with the .
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difference being a result of rounding, and is used for mixture 1. Fuel temperatures for the samples
during each cycle are presented in Table 4-4 and the temperature during Cycle I 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.

The cladding material is stainless steel 348 with a material composition given in Table 4-5 and a
temperature derived from Table 4-4 by averaging the cladding temperature over the three cycles
The cladding temperatures used for each sample are presented in Table 7-1.

The moderator temperature, density and boron concentration are given in Tables 4-3 and 4-4. The
moderator is composed of H,O and boron. The moderator temperature is determined by averaging
the temperature over the three cycles and is presented in Table 7-1. The boron is defined as an
arbitrary material with the moderator density and temperature, a volume fraction equal to a cycle
average boron concentration of 1 ppm, and a standard boron composition from the Standard
Composition Library designated as 5000. A boron concentration of 1 ppm is used to approximate
a zero boron concentration so that a boron concentration may be specified for Cycle IV in data block
9, Section 7.5. Included in Table 7-1 is the value of the average boron concentration for Cycle IV,
which is calculated by maintaining the cumulative boron concentration over time, as specified in
Table 4-3.

Table 7-1. Average Cladding and Moderator Temperatures

Sample Location Cladding Moderator Cycle IV Boron
Temperature, K Temperature, K Concentration,
' - ppm
E6-C-f6 220.22 559 549 261
E6-C-f6 138.94 560 541 : 261
E6-C-f6 57.66 551 532 261
E6-C-f6 17.02 541 528 261
E6-SE-c2 138.94 560 541 261
E6-SE-c2 57.66 547 532 261
E6-SE-e4 138.94 560 541 261
E6-SE-e4 57.66 547 532 261




Waste Package Development - Design Analysis

Title: SAS2H Analysis of Radiochemical Assay Samples From Yankee Rowe PWR Reactor
Document Identifier: BO0O000000-01717-0200-00143 REV 00 Page 21 of 28

7.3  SCALE Input Data Blocks 5 Through 7

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

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

In data block 7 the user defines general assembly data and determines the level of detail in which the
assembly is to be modeled. The number of fuel rods per assembly is given in Table 4-2 and the
length is calculated so that an assembly contains 1 MTU, using the following equation:

1 2709U02 10%U

Equation 7-2
E(POD)Z(PDen)(NFR) 238U | IMTU

Lengtl: =

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

Since measured isotopic concentrations are presented in grams of isotope per Metric Ton of Uranium
(MTU) and SCALE presents concentrations in grams of isotope per assembly, it is possible 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 the Yankee Rowe assembly is
833.69 cm.

The 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 S is chosen,
while an input level of 2 is defined so that a Path B model may be utilized. The number of light
elements is nine and is determined from Table 4-7, while the number of zones is three Wthh is
determined by the Path B model described in Section 7.4.
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7.4  SCALE Input Data Block 8

The Path B model for Yankee Rowe centralizes the empty cell in the center of the assembly, which
is surrounded by the homogenized fuel and moderator mixture, and finally, the moderator between
assemblies. It is noted that if information concerning the control blade insertion could have been
obtained, then the Path B model would incorporate structure to properly model control blade
insertion histories. The equations below are used to determine the number of fuel unit cells that
surround the empty unit cell, by conserving the fuel to moderator volume ratio. All of the following
equations used to calculate the Path B model dimensions are derived. The results of the fuel-unit-
cell calculations are presented in Table 7-2, and the resulting Path B model dimensions are presented
in Table 7-3. '

Eycucmy)
M Equation 7-3

x

—
FV)-(L
(FV) (M)(MV)

(NFR)(Z)(POD)?
= 4 Equation 7-4
(NFR){RPZ—(%)(CODF]+[RP21

M

CUCMV=RP? Equation 7-5
FV=(§)(POD)2 Equation 7-6
MV=RP2—(£)(COD)2 Equation 7-7

Where:
x = Number of Unit Fuel Cells per Empty Unit Cell
F/M = Fuel to Moderator Volume Ratio
NFR = Number of Fuel Rods
POD = Fuel Pellet Outer Diameter
RP = Rod Pitch
COD = Cladding Outer 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 empty unit cell is determined, the geometry of the Path B model
is calculated. Since the empty unit cell is centralized, the dimensions of the radius for the moderator
in the empty unit cell is calculated with the following equation:

R,=|(=)RP? Equation 7-8

Where:
R, = Radius of Central Moderator Zone

The area of an annular region is calculated by the difference between the outer circular area and the
inner circular area. Equation 7-9 is the basis for the Equations 7-10 and 7-11 which determine the
radii of the homogenized fuel zone and the outer moderator zone.

ARA=n(ORAR?-IRAR? Equation 7-9

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,=|(£)RPZ+R} Equation 7-10
B ,
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 based upon the dimensions and mixtures
specified in the fuel unit cell data block 5.

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
pitch multiplied by the number of unit cells. The radius of the moderator between assemblies is
calculated from the following equation:
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x+1 .
R3=\J ( NC)Q”[APZ (NCel\(RP3)]+R? Equation 7-11
Where:

R, = Radius of Moderator Surroundmg Assembly Zone
NCell = Number of Cells in Assembly
AP = Assembly Pitch

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

FM CUCMYV, cm® FV, cm? MV, cm? X
0.7734 1.1492 _ 0.4383 0.5629 . 305
Table 7-3. Path B Model Dimensions
R, R, R,
Radius, cm 0.6048 : 10.5799 10.9791
Composition 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, the length of downtime, the fraction of boron and moderator density, and the temperature
during the cycle may all be defined. The specific power is in units of MW/MTU while the
irradiation period and length of downtime are both defined in days and are given in Table 4-3. The
moderator density is assumed constant for all cycles and the boron fraction is determined by dividing
the cycle average boron concentration found in Table 7-1 by the boron concentration specified in
data block 4, Section 7.2. The individual cycle temperatures are given in Table 4-4. The boron
fraction is specified with the command ‘bfrac=" and the temperature with ‘temkcyc=".

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 from a typical PWR 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 perfomung the depletion analyses. Data block 16 denotes the end of
the SCALE input.



Waste Package Development ' | Design Analysis

Title: SAS2H Analysis of Radiochemical Assay Samples From Yankee Rowe PWR Reactor
Document Identifier: BOO0O00000-01717-0200-00143 REV 00 Page 25 of 28

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 are presented in Table 7-4 and the percent differences are presented in Table 7-5.
Isotopic concentrations of **'Pu are obtained for a zero cooling time since the measured 2‘“Pu
concentrations were back calculated to that time..

7.7 Results

SAS2H predicted isotopic concentrations are presented in Table 7-4. The calculated concentrations
are obtained through the methodology described in Sections 7.1 through 7.5, and with the input
parameters defined in Section 4.1. ‘Calculated concentrations are compared with measured
concentrations as described in Section 7.6 to determine the accuracy of the SAS2H code. Results
of the comparison, in the form of percent differences, are presented in Table 7-5.

Table 7-4. Calculated Isotopic Concentrations (g/MTU)

Sample E6-C-f6 | E6-C-f6 | E6-C-f6 | E6-C-f6 | E6-SE-c2 | E6-SE-c2 | E6-SE-e4 | E6-SE-e4
Location, cm 220.22 | 138.94 57.66 17.02 138.94 57.66 138.94 5’;.66
Burnup, 15.95 30.39 3133 20.19 32.03 3141 3597 35.26
GWd/MTU

By - 1.54E2 { 1.25E2 | 1.22E2 | 1.45E2 1.20E2 1.22E2 1.13E2 1.14E2
»y 1.98E4 | 1.23E4 | 1.18E4 | 1.71E4 1.16E4 1.18E4 1.02E4 1.03E4
U 2.85E3 | 4.07E3 | 4.13E3 | 3.29E3 4.17E3 4.13E3 4.36E3 4.33E3
By 9.53E5 | 9.40E5 | 9.40E5 | 9.50ES 9.39ES 9.40E5 9.35E5 9.36E5
B5Pu 384E1 | 1 .7§E2 1.85E2 | 6.66EI 1.97E2 1.86E2 2.51E2 2.38E2
»Pu 5.36E3 | 6.57E3 | 6.52E3 | 5.67E3 6.66E3 6.52E3 6.87E3 6.71E3
#Py 1.18E3 | 2.36E3 | 2.41E3 | 1.55E3 2.46E3 242E3 2.70E3 2.65E3
#1Pu 6.24E2 | 1.53E3 | 1.56E3 | 8.81E2 1.62E3 1.56E3 1.82E3 1.76E3
py 8.37E1 | 4.27E2 | 4.53E2 | 1.60E2 4.77E2 4.55E2 6.04E2 5.78E2
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Table 7-5. Percent Difference Between Measured and Calculated [(C/M-1)*100

Sample E6-C-f6 | E6-C-f6 | E6-C-f6 | E6-C-f6 | E6-SE~c2 | E6-SE-c2 | E6-SE-e4 E6-SE-e4
Location, cm 220.22 | 13894 57.66 17.02 138.94 57.66 138.94 57.66
Burnup, 15.95 30.39 31.33 20.19 32.03 3141 35.97 - 35.26
GWd/MTU

U -0.65 -11.97 2.52 0.69 5.26 6.09 4.24 -5.00
»u 0.00 -2.38 -0.84 -0.58 -1.69 -0.84 429 4.67
By -1.04 -0.25 -0.48 -0.30 -0.24 0.98 -2.02 248
By 0.42 0.32 0.53 1.50 043 043 0.21 0.21
PPy -18.82 1.70 -13.55 -15.80 -11.26 -11.85 1.62 -0.83
PPu -9.92 -16.52 -18.60 -14.09 -16.54 -15.10 -1.15 -1.61
Xpy 5.36 11.32 6.64 7.64 3.80 6.61 5.06 6.85

e -5.88 -0.65 -4.88 -3.72 -2.99 -1.27 8.33 8.64
Huipy 4.23 2341 13.82 10.34 13.03 13.75 9.42 9.26
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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 7-5. Inspection of such results reveals that generally the
isotopes of ***Pu and **Pu are under-predicted, while the isotopes of **’Pu and **Pu are over-
predicted. Due to the lack of detail concerning the operation of Yankee Rowe Cycles I through IV,
it is difficult to determine the causes for the under or over-prediction of such isotopes. Percent
differences from this analysis are compared with results from Reference 5.5, in which similar
calculations were performed with a previous version of SCALE and the 27burnuplib cross section
library. The concentrations calculated in Reference 5.5 for the most part agree with the
concentrations calculated in this analysis; however, significant differences are seen for the plutonium
isotopes. Since there are few differences between the model in Reference 5.5 and the model
contained within, it is believed that the discrepancy between calculated concentrations for plutonium
isotopes is caused by a change in the cross section library.

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

In general, the percent differences reveal that the SAS2H module of SCALE is adequate in predicting
isotopic concentrations for Yankee Rowe assemblies, using the modeling methodology presented.
The lack of detailed assembly design and operating data requires approximations that are believed
to cause the inconsistencies between the calculated and measured concentrations. It is believed that
improvements in the model for Yankee Rowe are possible with sample specific operating conditions,
and detailed information concerning the cruciform control blades. 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.



Waste Package Development | Design Analysis

Title: SAS2H Analysis of Radiochemical Assay Samples From Yankee Rowe PWR Reactor
Document Identifier: B0OO000000-01717-0200-00143 REV 00 Page 28 of 28

9, Attachments

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

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

*  echo of the SAS2H input deck,

] time/date stamp for when the SAS2H depletion calculation was performed,

* the output extraction of information pertinent to the Radiochemical Assay evaluations from
the final ORIGEN calculation of the SAS2H depletion calculation.
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ye6efohl.input
=sas2h parm=skipshipdata
Yankee Rowe sample E6-C-f6-1, 220.22 ¢m 15.95 gwd/MTU, July 97

' mixtures of fuel-pin-unit-cell:

44group latticecell

v

v

uo2 1den=10.18 1 755
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end
kr-83 101-20755 end
kr-85 10 1-20755 end
y-89 101-20755 end
sr-90 10 1-20 755 end
zr-93 101-20755 end
zr-94 10 1-20755 end
zr-95 10 1-20 755 end
nb-94 101-20755 end
mo-95 10 1-20755 end
c-99 101-20755 end
ru-101 1 0 1-20 755 end
ru-106 1 0 1-20 755 end
rh-103 1 0 1-20 755 end
rh-10510 1-20 755 end
pd-10510 1-20 755 end
pd-108 1 0 1-20 755 end
ag-109 1 0 1-20 755 end
sb-124 1 0 1-20 755 end
xe-131 10 1-20 755 end
xe-132 10 1-20 755 end
xe-135 10 1-20 755 end
xe-136 1 0 1-20 755 end
cs-134 1 0 1-20 755 end
cs-135101-20 755 end
cs-137 10 1-20 755 end
ba-136 10 1-20 755 end
1a-139 10 1-20 755 end
pr-141 10 1-20 755 end
pr-143 10 1-20 755 end
ce-144 10 1-20 755 end
nd-143 10 1-20 755 end
nd-145 10 1-20 755 end
nd-147 10 1-20 755 end
pm-147 1 0 1-20 755 end
pm-148101-20755 end
sm-147 |1 0 1-20 755 end
sm-149 10 1-20 755 end
sm-150 1 0 1-20 755 end
sm-151 10 1-20 755 end
sm-152 10 1-20 755 end
eu-153 10 [-20 755 end
“eu-154 10 1-20755 end
eu-15510 1-20 755 end
gd-15510 1-20 755 end

arbm-ss348 8.03 11 0006012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.0952 1 559 end

h2o0 3 den=0.77017 1 549 end
arbm-bormod 0.77017 11 0 0 5000 100 3 1.0e-6 549 end

' 261 ppm boron (wt) in moderator for Core IV

Page I-1 of 8

fuel-pin-cell geometry:

squarepitch 1.072 0.747 1 3 0.864 2 0.757 0 end

' assembly and cycle parameters:
npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
printevel=5 lightel=9 inplevel=2 numztotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=13.07 bum=451.5 down=129 end
power=13.00 burn=333.1 down=370 end
power=16.97 burn=337 down=281.5
temkcyc=800 end

01350 cr59 mn0.33

fe 13.0 c00.075ni 9.9

zr221.0nb 0.71 sn 3.6

. bfrac=261

end
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ye6cf6h3.input
=sas2h  parm=skipshipdata
Yankee Rowe sample E6-C-f6-3, 138.94 cm 30.39 gwd/MTU, July 97

' mixtures of fuel-pin-unit-cell:

v

_ 44group  latticecell

uo2 1den=10.18 1 894
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end

kr-83 101-20894 end

kr-85 10 1-20 894 end

y-89 101-20894 end

sr-90 10 1-20 894 end

2r-93 10 1-20 894 end

zr-94 10 1-20 894 end

2zr-95 10 1-20 894 end

nb-94 10 1-20 894 end

mo-95 10 1-20 894 end
tc-99 10 1-20 894 end

u-101 10 1-20 894 end
ru-106 1 0 1-20 894 end
rh-103 1 0 1-20 894 end
rh-105 1 0 1-20 894 end
pd-10510 1-20 894 end
pd-108 1 0 1-20 894 end
ag-109 10 1-20 894 end
sb-124 10 1-20 894 end
xe-131101-20 894 end
xe-132 10 1-20 894 end
xe-135 10 1-20 894 end
xe-136 10 1-20 894 end
cs-134 1 0 [-20 894 end

cs-135101-20894 end
cs-137 1 0 1-20 894 end
ba-136 1 0 1-20 894 end
la-139 1 0 1-20 894 end

pr-141 1 0 1-20 894 end

pr-143101-20 894 end

ce-144 10 1-20 894 end
nd-143 10 1-20 894 end
nd-145 10 1-20 894 end
nd-147 10 1-20 894 end
pm-147 10 1-20 894 end
pm-148 1 0 1-20 894 end
sm-147 1 0 1-20 894 end
sm-149 10 1-20 894 end
sm-150 10 1-20 894 end
sm-151 10 1-20 894 end
sm-152 1 0 1-20 894 end
eu-153 10 1-20 894 end
eu-154 10 1-20 894 end
eu-155101-20 894 end
gd-155101-20 894 end

arbm-ss348 8.03 11 0 006012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.0952 1 560 end

h20 3 den=0.78338 1 541 end

arbm-bormod 0.78338 1 1 0 0 5000 100 3'1.0e-6 541 end

' 261 ppm boron (wt) in moderator for Core [V

end comp

Page I-2 of 8

" fuel-pin-cell geometry:

squarepitch 1.072 0.7471 3 0.864 2 0.757 0 end

' assembly and cycle parameters:
npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=27.74 burn=451.5 down=129 end
power=30.79 burn=333.1 down=370 temkcyc=915 end
power=22.57 bum=337 down=717 bfrac=261 temkcyc=848
end-

01350 cr59 mn0.33

fe 13.0 c00.075ni 9.9

zr221.0nb0.71 sn3.6

[

end
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ye6cf6h5.input

=sas?h parm=skipshipdata

Yankee Rowe sample E6-C-f6-5, 57.66 cm 31.33 gwd/MTU, July 97

' mixtures of fuel-pin-unit-cell:

44group latticecell

uo2 1den=10.18 1 885
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end

kr-83 10 1-20 885 end

kr-85 10 1-20 885 end

y-89 10 1-20 885 end

sr-90 10 1-20 885 end

2r-93 10 1-20 885 end

zr-94 10 1-20 885 end

2r-95 10 1-20 885 end

nb-94 |0 1-20 885 end
mo-95 10 1-20 885 end
tc-99 10 1-20 885 end

ru-101 1 0 1-20 885 end
ru-106 1 0 1-20 885 end
rh-103 1 0 [-20 B85 end
rh-105 1 0 1-20 885 end
pd-105 1 0 1-20 885 end
pd-108 1 0 1-20 885 end
ag-109 1 0 1-20 885 end
sb-124 10 1-20 885 end
xe-131 10 1-20 885 end
xe-132 10 1-20 885 end
xe-13510 1-20 885 end
xe-136 1 0 1-20 885 end
cs-134 10 1-20 885 end
cs-1351 0 1-20 885 end
¢s-137 10 1-20 885 end
ba-136 1 0 1-20 885 end
1a-139 1 0 1-20 885 end

pr-141 1 0 1-20 885 end
pr-143 10 1-20 885 end
ce-144 10 1-20 885 end
nd-143 10 1-20 885 end
nd-1451 0 1-20 885 end
nd-147 1 0 1-20 885 end
pm-147 10 1-20 885 end
pm-148 10 1-20 885 end
sm-147 1 0 1-20 885 end
sm-149 1 0 1-20 885 end
sm-150 1 0 1-20 885 end
sm-15110 1-20 885 end
sm-152 1 0 1-20 885 end
eu-153 10 1-20 885 end
eu-154 1 0 1-20 885 end
eu-15510 1-20 885 end
gd-155101-20 885 end

arbm-ss348 8.03 11 0006012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41053 0.7
73181 0.1 27059 0.2 26000 67.0952 1 551 end

h20 3 den=0.79733 1 532 end

arbm-bormod 0.79733 1 1 00 5000 100 3 1.0e-6 532 end

' 261 ppm boron (wt) in moderator for the Core IV

end comp
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' fuel-pin-cell geometry:

squarepitch 1.072 0.747 1 3 0.864 2 0.757 0 end

assembly and cycle parameters:
npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=3 end
30.6048 500 10.5799 3 10.9791
power=29.44 bum=451.5 down=129 end
power=29.86 burn=333.1 down=370 temkcyc=889 end
power=24.01 bum=337 down=281.5 bfrac=261
temkcyc=847 end

01350 cr59 mn0.33

fe 13.0 c00.075ni 9.9

zr221.0nb 0.7 sn 3.6
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ye6cf6h6.input
=sas2h  parm=skipshipdata
Yankee Rowe sample E6-C-6-6, 17.02 cm 20.19 gwd/MTU, July 97

' mixtures of fuel-pin-unit-cell:

44group larticecell

uo2 1den=10.18 1 788
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end
kr-83 10 1-20 788 end
kr-85 101-20 788 end
y-89 101-20788 end
sr-90 10 1-20 788 end
zr-93 10 1-20 788 end
zr94 101-20788 end
zr-95 10 1-20 788 end
nb-94 10 1-20788 end
mo-95 10 1-20 788 end
tc-99 101-20788 end
ru-101 1 0 1-20 788 end
ru-106 1 0 [-20 788 end
rh-103 10 1-20 788 end
rh-105 1 0 1-20 788 end
pd-1051 0 1-20 788 end
pd-108 1 0 1-20 788 end
ag-109 10 1-20 788 end
sb-124 10 1-20 788 end
xe-131 101-20 788 end
xe-13210 1-20 788 end
xe-135 10 1-20 788 end
xe-136 1 0 1-20 788 end
cs-134 10 1-20 788 end
cs-135 10 1-20 788 end
cs-137 10 1-20 788 end
ba-136 10 1-20 788 end
1a-139 10 1-20 788 end
pr-141 1 0 1-20 788 end
pr-143 1 0 1-20 788 end
ce-144 1 0 1-20 788 end
nd-143 10 1-20 788 end
nd-14510 1-20 788 end
nd-147 1 0 1-20 788 end
pm-147 1 0 1-20 788 end
pm-148 1 0 1-20 788 end
sm-147 1 0 1-20 788 end
sm-149 1 0 1-20 788 end
sm-150 10 1-20 788 end
sm-151 10 1-20 788 end
sm-152 10 1-20 788 end
eu-153101-20 788 end
eu-154 10 1-20 788 end
eu-155101-20 788 end
gd-155101-20 788 end

arbm-ss348 8.03 11 0006012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.0952 1 541 end

h20 3 den=0.80256 1 528 end
arbm-bormod 0.80256 1 1 00 5000 1003 1.0e-6 528 end

* 261 ppm boron (wt) in moderator for the Core IV

end comp

Page I-4 of 8

' fuel-pin-cell geometry:

squarepitch 1.072 0.7471 3 0.864 2 0.757 0 end

assembly and cycle parameters:

npin/assm=305 fuelngth=833.69 ncycles=3 nliblcyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=3 end

3 0.6048 500 10.5799 3 10.9751

power=18.139 burn=451.5 down=129 end
power=19.070 bumn=333.1 down=370 temkcyc=796 end
power=16.755 bum=337  down=281.5. bfrac=261
temkcyc=777 end

01350 cr59 mn0.33

fe 13.0 c00.075ni 9.9

zr221.0nb 0.71 sn 3.6

.

end



Attachment I: BO0O000000-01717-0200-00143 REV 00

ye6sec2h3.input
=sas2h  parm=skipshipdata
Yankee Rowe sample E6-SE-c2-3, 138.94 32.03 gwd/MTU, July 97

' mixtures of fuel-pin-unit-cell:

44group latticecell

v

uo2 1den=10.18 1 894
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end

kr-83 101-20894 end

kr-85 10 [-20 894 end

y-86 101-20894 end

sr-90 [ 0 1-20 894 end

2zr-93 10 1-20 894 end

zr-94 10 1-20 894 end

2zr-95 10 1-20 894 end

nb-94 10 1-20 894 end

mo-95 10 1-20 894 end

tc-99 10 1-20 894 end

ru-101 10 [-20 894 end

ru-106 1 0 1-20 894 end

rh-103 1 0 1-20 894 end

rh-105 1 0 1-20 894 end

pd-10510 1-20 894 end

pd-108 1 0 1-20 894 end

ag-109 10 1-20 894 end

sb-124 1 0 1-20 894 end

xe-13110 1-20 894 end

xe-132 10 1-20 894 end

xe-1351 0 1-20 894 end

xe-136 1 0 1-20 894 end

cs-134 1 0 1-20 894 end

cs-13510 1-20 854 end

cs-137 1 0 1-20 894 end

ba-136 1 0 1-20 894 end i
l1a-139 1 0 1-20 894 end
pr-141 10 1-20 894 end :
pr-143 1 0 1-20 894 end i
ce-144 10 1-20 894 end : |
nd-143 10 1-20 894 end
nd-145 10 1-20 894 end
nd-147 10 1-20 894 end
pm-147 10 1-20 894 end
pm-148 1 0 1-20 894 end
sm-147 1 0 1-20 894 end
sm-149 1 0 1-20 894 end
sm-150 1 0 1-20 894 end
sm-151 10 1-20 894 end
sm-152 1 0 1-20 894 end
eu-153 10 1-20 894 end
eu-154 10 1-20 894 end
eu-155 10 1-20 894 end
gd-155101-20 894 end

arbm-ss348 8.03 11 000 6012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.0952 1 560 end

h2o0 3 den=0.78338 1 541 end
arbm-bormod 0.78338 1 10 0 5000 100 3 1.0e-6 541 end

' 261 ppm boron (wt) in moderator for the Core IV

' fuel-pin-cell geometry:

squarepitch 1.072 0.7471 3 0.864 2 0.757 0 end

' assembly and cycle parameters:
npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=29.24 burn=451.5 down=129 end
power=32.45 bum=333.1 down=370 temkcyc=915 end
power=23.79 bum=337 down=281.5 bfrac=261
temkcyc=848 end :

01350 cr59 mn0.33

fe 13.0 c0 0.075ni 9.9

zr221.0nb0.71 sn3.6

end



Attachment I: B00000000-01717-0200-00143 REV 00

ye6sec2hS5.input
=sas2h parm=skipshipdata
Yankee Rowe sample E6-SE-c2-5, 57.66 cm 31.41 gwd/MTU, July 97

' mixtures of fuel-pin-unit-cell:

v

44group latticecell

uo2 1den=10.18 1 885
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end
kr-83 10 1-20 885 end
kr-85 10 1-20 885 end
y-89 101-20885 end
sr-90 10 1-20 885 end
zr-93 10 1-20 885 end
zr-94 10 1-20 885 end
zr-95 10 1-20 885 end
nb-94 10 1-20 885 end
mo-95 10 1-20 885 end
tc-99 10 1-20 885 end
ru-101 10 1-20 885 end
ru-106 1 0 1-20 885 end
. th-103 10 [-20 885 end
~ rh-10510 1-20 885 end
pd-105 10 1-20 885 end
pd-108 1 0 1-20 885 end
ag-109 1 0 1-20 885 end
sb-124 10 1-20 885 end
xe-131 10 1-20 885 end
xe-13210 1-20 885 end
xe-13510 1-20 885 end
xe-136 1 0 1.20 885 end
cs-134 1 0 1-20 885 end
cs-135 10 1-20 885 end
cs-137 1 0 1-20 885 end
ba-136 1 0 1-20 885 end
la-139 10 [-20 885 end
pr-141 10 1-20 885 end
pr-1431 0 1-20 885 end
ce-144 1 0 1-20 885 end
nd-143 1 0 1-20 885 end
nd-1451 0 1-20 885 end
nd-147 1 0 1-20 885 end
pm-147 1 0 1-20 885 end
pm-148 1 0 1-20 885 end
sm-147 1 0 1-20 885 end
sm-149 1 0 1-20 885 end
sm-150 10 1-20 885 end
sm-151 10 1-20 885 end
sm-152 1 0 1-20 885 end
eu-153 10 1-20 885 end
eu-154 10 1-20 885 end
eu-155101-20 885 end
gd-155 10 1-20 885 end

arbm-ss348 8.03 11 00 0 6012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.0952 1 547 end

h2o0 3 den=0.79733 1 532 end
arbm-bormod 0.79733 1 10 0 5000 100 3 1.0e-6 532 end

' 261 ppm boron (wt) in moderator for the Core IV

end comp

Page I-6 of 8

' fuel-pin-cell geometry:

squarepitch 1.072 0.747 1 3 0.864 2 0.757 0 end

assembly and cycle parameters:

npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numziotal=3 end
30.6048 500 10.5799 3 10.9791

power=29.51 bum=451.5 down=129 end

power=29.93 burn=333.1 down=370 temkcyc=889 end
power=24.07 bum=337 down=281.5 bfrac=261
temkcyc=847 end ‘
01350 cr59 mn0.33

fe 13.0 c00.075ni 9.9

zwr221.0nb0.71 sn3.6

end



Attachment I: B00000000-01717-0200-00143 REV 00

ye6see4h3.input
=sas2h  parm=skipshipdata

Yankee Rowe sample E6-SE-e4-3, 138.94 cm 30.39 gwd/MTU, July 97

mixtures of fuel-pin-unit-cell:

'
'
]
.
.
v

44group latticecell

1

uo2 1den=10.18 1 894
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end

kr-83 10 1-20 894 end

kr-85 10 1-20 894 end

y-89 101-20894 end

sr-90 10 1-20 894 end

zr-93 10 1-20 894 end

zr-94 10 1-20 894 end

zr-95 101-20 894 end

nb-94 10 1-20 894 end
mo-95 10 1-20 894 end
1c-99 10 1-20 894 end

ru-101 1 0 1-20 894 end
ru-106 1 0 1-20 894 end
rh-1031 0 1-20 894 end
rh-105 1 0 1-20 894 end
pd-1051 0 1-20 894 end
pd-108 1 0 1-20 894 end
ag-109 1 0 1-20 894 end
sb-124 1 0 1-20 894 end
xe-131 10 1-20 894 end
xe-132 10 1-20 894 end
xe-135 10 1-20 894 end
xe-136 1 0 1-20 894 end
cs-134 10 1-20 894 end

cs-13510 1-20 894 end
cs-137 10 1-20 894 end
ba-136 10 1-20 894 end
1a-139 1 0 1-20 894 end

pr-141 10 1-20 894 end

pr-143 10 1-20 894 end
ce-144 10 1-20 894 end
nd-143101-20 894 end
nd-14510 1-20 894 end
nd-147 1 0 1-20 894 end
pm-147 10 1-20 894 end
pm-148 10 1-20 894 end
sm-147 1 0 1-20 894 end
sm-149 1 0 1-20 894 end
sm-150 1 0 1-20 894 end
sm-151 10 1-20 894 end
sm-152 10 1-20 894 end
eu-153 10 1-20 894 end
eu-154 10 1-20 894 end
eu-155101-20 894 end
gd-155101-20 894 end

arbm-ss348 8.03 11 0 0 0 6012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.0952 t 560 end

h20 3 den=0.78338 1 541 end

arbm-bormod 0.78338 11 00 5000 100 3 1.0e-6 541 end

' 261 ppm boron (wt) in moderator for Core IV

end comp

Page I-7 of 8

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

v
v
v
T

fuel-pin-cell geometry:
squarepitch 1.072 0.747 1 3 0.864 2 0.757 0 end

assembly and cycle parameters:

npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numziotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=32.84 burn=451.5 down=129 end
power=36.44 bum=333.1 down=370 temkcyc=915 end
power=26.72 bum=337 down=281.5 bfrac=261
temkcyc=848 end

01350 cr59 mn0.33

fe 13.0 c0 0.075ni 9.9

zr221.0nb 0.71 sn 3.6

end



Attachment I: B00000000-01717-0200-00143 REV 00

ye6see4hS.input

=sas2h  parm=skipshipdata

Yankee Rowe sample E6-SE-e4-5, 57.66 cm 35.26 gwd/MTU, July 97

mixtures of fuel-pin-unit-cell:
* Cross Section Library
Agroup latticecell

' Fuel Composition

vo2 1den=10.18 1 885
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end
kr-83 10 1-20 885 end
kr-85 10 1-20 885 end
y-89 10 1-20885 end
sr-90 10 1-20 885 end
zr-93 10 1-20 885 end
2r-94 10 1-20 885 end
zr-95 10 1-20 885 end
nb-94 10 1-20 885 end
mo-95 10 1-20 885 end
tc-99 10 1-20 885 end
ru-101 10 1-20 885 end
ru-106 1 0 1-20 885 end
rh-103 1 0 1-20 885 end
rh-105 1 0 1-20 885 end
pd-105 10 1-20 885 end
pd-108 1 0 1-20 885 end
ag-109 1 0 1-20 885 end
sb-124 1 0 1-20 885 end
xe-131 10 1-20 885 end
xe-132101-20 885 end
xe-135 10 1-20 885 end
xe-136 10 1-20 885 end
cs-134 1 0 1-20 885 end
cs-13510 1-20 885 end
cs-137 1 0 1-20 885 end
ba-136 1 0 1-20 885 end
. 1a-139 10 1-20 885 end
pr-141 10 1-20 885 end
pr-143 1 0 1-20 885 end
ce-144 1 0 1-20 885 end
nd-143 1 0 1-20 885 end
nd-145 1 0 1-20 885 end
nd-147 10 1-20 885 end
pm-147 1 0 1-20 885 end
pm-148 1 0 1-20 885 end
sm-147 10 1-20 885 end
sm-149 1 0 1-20 885 end
sm-150 1 0 1-20 885 end
sm-151 10 1-20 885 end
sm-152 10 1-20 885 end
eu-153 10 1-20 885 end
eu-154 10 1-20 885 end
eu-15510 1-20 885 end
gd-15510 1-20 885 end

arbm-ss348 8.03 11 000 6012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.0952 1 547 end

h20 3 den=0.79733 1 532 end

arbm-bormod 0.79733 1100 5000 1003 1.0e-6 532 end

' 261 ppm boron (wt) in moderator for the Core IV

end comp

Page I-8 of 8

' assembly and cycle parameters:
npin/assm=305 fuclngth=833.69 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=33.13 burn=451.5 down=129 end
power=33.60 burn=333.1 down=370 temkcyc=889 end
power=27.02 burn=337 down=281.5 bfrac=261
temkcyc=847 end

01350 cr59 mn0.33

fe 13.0 c0 0.0751ni 9.9

zr221.0nb 0.71 sn 3.6

end



Attachment IT: B0O0000000-01717-0200-00143 REV 00

ye6cf6h!l.sum

Qttrmrrwensn
-

-
-
-
+
.
-
-

SCALE4.3 Bulletin Board

Welcome

to SCALE-4.3.

PR L LR T L L T R T T ]

PR IR Y

L R A e S T R L L A A

primary module access and input record ( scale driver - 95/03/2% - 0%
will be called

1
- module saszh

44group

uo2 1 den=
92234 0
kr-83
kr-85
y-89
sr-90
zr-93
zr-94
zr-95
nb-94
mo-95
tc-939
ru-101
ru-106
rh-103
rh-105
pd-~105
pd-108
ag-109
sb-124
xe-131
xe~132
xe-135
xe-136
cs-134
cs-135
cs-137
ba-136
la-139
pr-141
pr-143
ce-144
nd-143
nd-145
nd-147
pm-147
pm-148
sm-147
sm-149
sm~150
sm-151
sm-152
eu-153
eu-154
eu-155
gd-155

T N e L e e R L Ty S Sy O Iy e L L T
00000 UOV000000C0000AATO000C00OCCATCTITCOOOO00O

arbm-5s348
. 16000 0.
73181 0.

h2o 3 den=

latticecell

10.18 1

1-20 755

1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end
1-20 755 end

mixtures of fuel-pin-unit-cell:

7585
.020 92235 3.40 92236 0.020 92238 96.56 end
end

8.03 11 0 0 0 6012 0.08 25055 2.0 15031 0.045
030 14000 0.75 24000 18.0 28000 11.0 41093 0.7

1 27059 0.2 26000 67.095 2 1

0.77017 1 549

end

559 end

arbm-bormod 0.77017 1 1 0 0 5000 100 3 1.0e-6 549 end

' 261 ppm boron (wt) in moderator for Core IV

end comp
N fuel-pin-cell geometry:
squarepitch 1.072 0.747

1 3 0.864 2 0.757 0 end

' assembly and cycle parameters:

npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
5 lightel=9 inplevel=2 numztotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=13.07 burn=451.5 down=129% end
power=13,00 burns333.1 down=370 end

printlevels=

power=16.97 burn=33?7 down=281.5 bfrac=261 temkcyc=800 end

o 135.0
fe 13.0
zr 221.
1 BBSESEE5588
5855855565688
88 88
s3
S
5SSSSSSSS8SE
8358sS3855888
88
88

cr 5.9 mn 0
co 0.075 ni 9
0nb 0¢.71 sn 3

adaaaaaaa
Al23Aaaaaaaaa
aa aa
aa aa
as aa
aaaaaaaaaaaaa
aaaaaaaaaaaaa
aa aa
aa aa

k)
.9
.6

88585555588
8883388888858
85 85
a8
53
888585558888

BB558S8388888

38
8s

22222222222
2222222222222
22 22

:06:37 )
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Attachment II: B00000000-01717-0200-00143 REV 00 Page II-2 of 24

BS s aa aa -1 83 hh
5S58555558S585 aa aa 85588S88S85sS 2222222222222 hh hh
ESBSSS5SSSE aa aa 88555588835 2222222222222 hh hh
o
nn nn iijididididd ccecoececeee hh hh 60000000000 11
nnn nn iijiiiddididd ccoceccecccecee hh hh  oocoooooooooo 1l
o nn ii cc cc hh hh oo oo 11
™ nn nn ii [ hh hh oo oo 11
nn’ mn nn ii T hh hh oo oo 11
m nn m ii ce hhhhhhhhhhhhh oo oo 11
nn nn  mn ii cc oo oo 11
nn nn nn ii ce hh hh oo -1} 11
nn nn nn ii c¢ hh hh oo oo 11
nn nnnn ii cc cc hh hh oo oo 11
nn nnn iiidiidddidd cceececceoceee hh hh D0DDDOOD00000 1111111111111
nn nn  iiiiddddiiad cccccececee hh hh ©0000000000 1111111111111
0
0000000 7777777777177 77 33333333333 0000000 17 99999995999 7119777177177
000000000 777777777777 7/ 3333333333313 000000000 /7 9999999599999 777777717
00 00 77 77 77 33 33 00 00 17/ 95 9% 7 77
00 00 77 77 33 00 - 00 /7 99 99 7
00 00 77 /7 33 00 00 77 89 29 77
00 00 77 144 333 00 [:1] 7/ 9999999993999 - 77
a0 00 77 ' 333 00 00 /17 999993999999 7
00 00 77 7/ 33 00 00 77 99 - 77
00 00 77 /7 33 00 00 12 99 77
0 00 77 7/ 33 33 00 a0 /77 99 77
000000000 77 /7 3333333333333 000000000 /7 9999999593399 7
0000000 77 124 33333333333 0000000 12 999999999939 77
0
11 666666666666 44 33333333333 0000000 44
111 6666666666666 444 3333333333333 000000000 444
1111 ] 4444 33 33 00 00 4444
11 66 46 U 33 00 00 44 4
11 66 44 44 33 00 00 4
11 666666666666 4“4 313 ) 00 00 [ 1] 4"
11 6666666666666 44 44 33 00 00 44 L L O
11 66 66 S 444444444444 33 o0 00 444448434444
11 66 66 4444444444444 33 00 00 4444444000444
11 66 66 HER 33 HH 00 00 44
11111111 6666666666666 44 3333333333333 000000000 L1
11111111 66666666666 44 33333333333 0000000 44
1
[] 885585S888S cceecoeceee aaaaaaaaa 11 seeeccceeceee
5555885888888  CCCCCOCLCCECT aaaaaaaaaaa 11 seeeccecececee
88 88 cc cc aa aa 11 ee
S5 cec aa aa 11 ee
S5 cc aa aa 11 ee
S55E555S88E5 cc aaaaaaaaaaaaa 11 ececceececee
555555555558 cc aaaaaaaaaaaaa 11 espeececee
- B8 CC aa aa 11 ee
53 cc aa aa 11 ee
58 88 ce cec aa aa 11 ee
5588855558558 ccececececcee aa aa 1111111111111 eceeceeeeeeee
58855553888 eccececoceccee aa aa 1111111111111 eeeeceeceenee
AR R R 2 2 222222 R R R R R R R e e s N A R R R R R R AR s
R AR R R AR R AR R R A R 22 2 R R 222 2 A R R R R R R R R R R R R R A R R R e R R R R R R A X A S SRR RS AR RAERRE SRS X 4
‘..'li“.."".QQQQQ"QOQIQ‘t...tt..tiiit"QQQQQl.""...i.t.l..ltii‘i..'ﬁ;'l"'
rEnew wenew
hidhod program verification information AL
wewan reann
hhdAdd code system: scale version: 4.3 bbb
sennn - sewse
LR 2 X s e A R R R R R R R R A R e R R R R R R AR e R e R A RS NN R R )
(R R R R L R N R R R R R R R e 2 XS RN XY )
nrnn .
cener
program: sas2
bl creation date: 03/07/97
YT
Dl library: /opt/neut/Scaled.l/bin
caven
rreen
wewan this is not a scale configuration controlled code
ranaw
b jobname: nichol
aenan
il date of execution: 07/30/97
Erwan
hbd time of execution: 16:43:04
sanne
wennw
(222 R R R R R R R R R R S RS X ) LA AR X S X R RS R R RS RRR22 D)
AR 2 X NS Y R A R A R R R I R R R R R R Y R R R R R R RS RSN Y )
M R e T S R e e
1
0 = = = @ = = = = @ = = = 2 = = = @ = = = = = « ® @ = = « = =
0"
[ nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d
o 16 1.35B+05 1.35B+05
total 31.92E+05 3.92B+0S
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d
u234 2.00E+02 2.00E+02
u23s 3.40B+04 3 .40E+04
u236 2.00B+02 2.00E+02
u238 9.65E+05 9.65E+05
total 1.00E+06 1.00E+06
"] . basis =
1] initial 22.6 4 45.2 4 67.7 d 90.34d 90.3 4
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initial 22.6 4 45.2 d 67.7 a4 30.3 4 90.3 d
nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.8d 14¢.8 4 187.7 4 234.6 a 281.5 4
o 16 1.35E+05 1.35B+05 1.35E+05 1.35E+05 1.35E+D5 1.35E+p5 1.35B+05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.84d 140.8 d 187.7 d 234.6 a 2B1.5 4d
mo 95 8.142+00 B.61B+00 8.98E+00 9.23E+00 9.39B+00 9.50E+00 9.56E+00
. tc 99 9.59E-06 9.72B-06 9.72B-06 9.728-06 9.72B-06 9.72E-06 9.72B-06
] nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.8 4 140.8 4 187.7 4 234.6 4 281.5 @
total 3.92B+05 3.92B+05 3.92B+05 3.92B+D5 3.92E+05 3.92E+05 3.92E+05
nuclide concentrations, grams
basis =zingle reactor assembly
initial 46.9 4 3.8 4 140.8 4 187.7 4 234.6 4 281.5 4

2]
]

uz233 1.298-03 1.30B-03 1.308-03 1.31B-03 1.32B-03 1.33E-03 1.34B-03
uz2iq 1.548+02 1.54B+02 1.54B+02 1.54B+02 1.54B+02 1.54B+02 1.54BE+02
u23s 1.98E+04 1.98B+04 1.98E+04 1.98B+04 1.9BE+04 1.98E+04 1.98E+04
u236 2.85E+03 2.85E+03 2.85E+03 2.85B+03 2.B5B+03 2.85B+03 2.85E+03
u238 9.538+05 9.53B+05 9.53E+05 9.53B+05 9.53B+05 9.53E+05 9.53B+05
np237 1.93B+02 1.97B+02 1.97B+02 1.97B+02 1.97B+02 1.937B+02 1.97E+02
pu23é 1.32B-04 1.29B-04 1.25B-04 1.21E-O04 1.18B-04 1.14EB-04 1.11R-04
pu238  3.54B+01 3.64E+01 3.70B+01 3.74E+01 3.78B+01 3.B81B+01 3.84E+01
pu2ls 3.54B+01 3.64E+01 3.70E+01 3.74B+01 3.78E+01 3.81B+01 3.84E+01
pu239  5.32B+03 5.36B+03 5.36E+03 5.36B+03 5.36B+03 S5.36B+03 5.36B+03 .
pu240 1.18E+03 1.1BE+03 1.1BE+03 1.18E+03 1.18E+03 1.18E+03 1.1BE+03
pu2d4l  6.24B+02 6.21E+02 6.17B+02 6.13B+02 6.09B+02 6.05B+02 6.02B+02
pu242  8.37B+01 B8.37B+01 B.37B+01 B.37B+01 8.37E+01 8.37B+01 B.37E+01
am241  2.95E+01 3.33B+01 3.72B+01 4.10B+01 4.48E+01 4.85B+01 5.22E+01
am242m 7.08E-01 7.08E-01 7.07B-01 7.07B-01 7.06B-01 7.06B-01 7.06B-0}
am243  9.20E+00 9.21B+00 9.21E+00 9.21B+00 9.21E+00 9.21E+00 9.21B+00
total 9.83E+05 9.83E+05° 9.83E+05 9.83B+05 9.83R+05 9.83B+05 9.83B+05

element concentrations, grams
nuclide concentrations, grams
basis ssingle reactor assembly
injitiall 46.9 d 93.8d 140.8d 187.7d 234.6d 281.5d
mo 95 3.37BE+02] 3.54B+02 3.67B+02 3.77B+02 3.83B+02 3.86B+02 '3.89B«02
0 muclide concentrations, grams
basis =single reactor assembly
initial| 46.9 d 93.8d 140.8d 187.7d4 234.643 281.54
tc 99  4.07B+02 .09B+02 d4.09E+02 4.09E+02 4.09B+02 4.09B+02 d.09E+02
rulol  3.73E+02 .73B+02 3.73E+02 3.73E+02 3.73E+02 3.73B+02 3.73E+02
rhl03 2.32E+02 .44E+02 2.49E+02 2.51E+02 2.52B+02 2.53E+02 2.53E+02
1
3

oo

rhl03m 2.06E-02 .99E-03 3.93E-03 .71E-03 7.49B-04 3.27E-04 1.40B-04
aglong 3.30E+01 .31B+01 3.31E+01 .31B+01 3.31BE«01 3.31E+01 3.31B+01
[} nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d 93.8 4 140.8 4 187.7 4 234.6 d 281.5 4
ndl43  4.86E+02 [4.96E+02 4.97B+02 4.97B+02 4.97E+02 4.S7B+02 4.97B+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.% 4 93.8d 140.8d 187.7d 234.6d4 281.54d

Wl W

nd145 3.57E+02 3.57E+02 3.57B+02 3.57E+02 3.57B+02 3.57E+02 3.57E+02
smld7 6.69E+01 7.04E+01 7.38E+01 7.71E+01 8.02E+01 8.33E+01 B8.63E+01
sm149 3.01B+00 3.55E+00 3.55E+00 3.55E+00 3.55B+00 3.55E+00 3.55E+00
sml50 1.28E+02 1.28E+02 1.28B+02 1.28B+02 1.28B+02 1.28B+02 1.28E+02
sml51 1.57E+01 1.58E+01 1.57B+01 1.57E+01 1.57B+01 1.S57B+01 1.57B+01
eulSl 4.88E-02 6.44B-02 B8.00B-02 9.55B-02 1.11B-01 1.27E-01 1.42E-01
sm152 6.24E+01 6.24B+01 6.24E+01 6.24B+01 6.24E+01 6.24E+01 6.24B+01
euls3 4.19E+01 4.22B+01 4§.22B+01 4.22B+01 4.22B+01 4.22B+01 4.22B+01
gd155 4.21E-02 7.29E-02 1.03B-01 1.33B-01 1.62E-01 1.91E-01 2.19E-01
o nuclide concentrations, grams

basis =gingle reactor assembly
inicial 46.9 4 93.8 d 140.8 d 187.7 4 234.6 4 281.5 4
total 1.64E+04 1.64B+04 1.64B+04 1.64B+0d 1.64E+0d4 1.64E+04 1.64E+04
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module sas2h

SCALE4.3 Bulletin Board

Welcome to SCALE-4.3.

will be called

mixtures of fuel-pin-unit-cell:

44group

latticecell

uo2 1 den=10.18 1

92234 0.020 92235
kr-83 1 0 1-20 894
xr-85 1 0 1-20 894
y-89 10 1-20 894
sr-90 1 0 1-20 834
zr-93 1 0 1-20 B34
zr-94 1 0 1-20 B94
zr-95 1 0 1-20 B34
nb-94 1 0 1-20 8%4
mo-95 1 0 1-20 894
te-99 1 0 1-20 894
ru-101 1 0 1-20 894
ru-106 1 0 1-20 894
rh-103 1 0 1-20 894
rh-105 1 0 1-20 894
pd-105 1 O 1-20 894
pa-108 1 0 1-20 894
ag-109 1 0 1-20 B94
sb-124 1 0 1-20 894
xe-131 1 0 1-20 894
xe-132 1 0 1-20 894
xe-135 1 0 1-20 894
xe-136 1 0 1-20 894
cs-134 1 0 1-20 894
cs-135 1 0 1-20 894
cs~137 1 0 1-20 B34
ba-136 1 0 1-20 B94
la-139 1 0 1-20 894
pr-141 1 0 1-20 894
pr-143 1 0 1-20 894
ce-144 1 0 1-20 894
nd-143 1 0 1-20 894
nd-145 1 0 1-20 894
nd-147 1 0 1-20 894
pm-147 1 0 1-20 894
pm-148 1 0 1-20 894
sm-147 1 0 1-20 894
sm-14% 1 0 1-20 894
sm-150 1 0 1-20 894
sm-151 1 0 1-20 894
sm-152 1 0 1-20 894
eu-153 1 0 1-20 894
eu-154 1 0 1-20 894
eu-155 1 0 1-20 B854
gd-155 1 0 1-20 B94
arbm-ss348 8.03 11

834
3.40 92236 0.020 92238 96.56 end

end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end

0 0 0 6012 0.08 25055 2.0 15031 0.045

16000 0.030 14000 0.75 24000 18.0 28000 11.0 41033 0.7

73181 0.1 27059 0.2 26000 67.095 2 1 560

h2o 3 den=0.78338 1 541 end
arbm-bormod 0.78338 1 1 0.0 5000 100 3 1.0e-6 541 end

end

' 261 ppm boron [wt) in moderator for Core IV

squarepitch

fuel-pin-cell geometry:

1.072 0.747 1 3 0.864 2 0.757 0 end

' agsembly and cycle parameters:

npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=$S
printlevel=5 lightel=9
3 0.6048 500 10.5799 3 10.9791

power=27.74 burn=451.5 down=12% end
power=30.79 burn=333.1
power=22.57 burn=337 down=717 bfrac=261 temkcyc=848 end

o 135.0 ¢r 5.9 rm 0.33
fe 13.0 co 0.075 ni 9.9
zr 221.0 nb 0.71 sn 3.6
S5335555SSS aaaaaaaaa B88S8BSSS558S
5855555885988 aaaaaaaaaaa 8SS8855558885
s 55 aa aa ss 88
ss aa aa ss
S8 aa aa ss
S8SS9SSSS555 aAAAAAAAAAAAA  S$55SS5SSSS885
SSSSS55585555  AAAAAAAAAAAAA $88588E88888
BB aa as
88 aa 88

inplevel=2 numztotal=3} end

down=370 temkcyc=915 end

22222222222
2222222222222
22

22
22
22
22
22
22
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primary module access and input record { scale driver - 95/03/29 - 09:06:37 )
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35 55 aa aa 88 =5 22 hh hh
5558555555555  aa aa  8SE5S8SSsssss 2222222222222 hh hh
55555555858 aa aa 5588855888835 2222222222222 hh hh
nn nn iddiidiiddidd ccceeccecce hh hh 00000000000 11
nnn mn ddiidddididd ccccececcecce . hh hh  oooooooococco 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 cc hh hh oo oo 11
m nn nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn nn if cec hhhhhhhhhhhhh oo oo 11
nn nn nn ii ce bhh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nnnn ii cc cc  hh hh oo oo
nn nnn didddiidiidig cceccecceecceee . hh hh  ©0000000000000 1111111111111
nn nn  iidiidiidiig ccceeeceeeee hh bhh 00000000000 1111111111111
0000000 7777717777777 /7 33333333333 11 /7 99999999995 7777717777777
000000000 7711717171777 144 3333333333333 111 154 9999959999599 1171717111777
00 00 77 77 7/ a3 33 1111 144 89 99 7 17
00 00 77 77 33 11 i 95 99 77
00 00 17 77 33 11 144 99 99 77
00 00 L /7 333 11 7/ 9959999999599 77
00 00 M /7 313 11 - 124 959959959999 77
[+]}] 00 ” 144 33 11 - 7/ 29 77
00 00 77 12 33 11 7/ 99 17
00 00 77 /7 33 33 11 77 99 77
000000000 77 17 3333333333333 11111111 124 9999999899999 7
0000000 77 7/ 33333333333 11111111 /7 9999995998939 77
0000000 88888888888 11 888588888888 33333333333 5555555555555
000000000 8888888888888 111 8888888888888 3333333333333 5555555555555
00 00 88 88 : 1111 88 IR a3 33 55
00 00 88 B8 11 88 88 3 55
00 00 88 88 R 11 88 8 33 55
00 00 88888888888 i1 85888888888 333 555555555555
00 00 88888888588 11 838886888888 - 333 5555555555555
00 00 88 T 88 Tre 11 88 88 33 55
00 00 88 88 11 88 88 kk) 35
o0 00 88 88 EEE 11 88 33 k) 55 55
Q00000000 8888888888888 111113111 8888888888888 3333333333333 5555555555555
0000000 88888888888 11111111 88888888888 33333333333 55555555555
ESSSS8SSSSE cccecceeceeee aaaaaaaaa 11 eceeceeeeceee
sSSSSEBSSSS8SS  CCccccccecaecae aAaaaaaaanaa 11 eeecempceceee
58 ss cc ec aa aa 11 ee
-1 cc aa aa 11 ee
58 cc aa aa 11 ee
555538555885 cc aaaaaasaasaasa 11 eecccecer
558585555858 ce aaaaaaaaaaaaa 11 eeeccecee
85 ce aa aa 11 ee
&8 ce aa aa 11 ee
=5 88 ce cc aa aa 11 ee
5585555588888 ceeececeecoee aa aa 1111111111111 eeeeccececeeee
SS55555888S ceeecceececeee aa aa 1111111111111 eeeesceeceeeee
(A A A AR 2R R R A R R R A R R Y R R Y R R R N Y XY
(A N X R R R R R R R R R R e R R R R Y
LAZZ A S SR XS R A R R A A R R R R R A R R R R R e N Y R R R Y R R R Y )
renen
program verification information erens
reans
code system: scale version: . 4.3 e
aeeae rense
AERR AR AR AR R R RS S A AR X e R R R R R R e R R R R R R R R R RN )
LAAA R AR AR AR E ARl R sl e R R R RN
XXX 2] - LA R R 22
T
nawan program: sas2
renan
creation date: 03/07/97
library: /opt/neut/Scaled.3/bin
bR this is not a scale configuration controlled code
canne
aewes jobname: nichol
AR R 2]
ewas date of execution: 07/31/97
aneun
bbbl time of execution: 08:18:35
srnas
LA NS S S R R R R R R R e e R P Y P Y T R R R X )
LA A2 XS R Z R R R R R R R R R R R s Y R R S N Y
LA AR R A a2 s A R A R R A R R R R R R R R R R R R R Y R R Y R R R Ry
nuclide concentrations, grams
basis ssingle reactor assembly
initial 1E-18 4
o 16 1.35E+05 1.35B+05
total 3.92E+05 3.92E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1B-18 d
u234 2.00B+02 2.00E+02
u235 3.40B+04 3.40E+04
u2l6 2.00B+02 2.00B+02
u238 9.65B+05 9.65E+05
total 1.00E+06 1.00E+06

basis =

initial 22.6 4 45.2 d §7.7 4 90.3 d 90.3 4
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0 initial 22.6 4 45.2 4 67.7d 90.3 4 90.3 4
0 nuclide concentrations, grams
pasis =single reactor assembly
initial 119.54d 239.04 358.5d 478.0d sy7.5a  717.04d
o 16 1.35E+05 1.35B+05 1.35B+05 1,3SE+05 1.35E+05 1.35E+05 1.35B+0S
0 nuclide concentratijons, grams
basis =single reactor assembly
initial 119.5 d 239.04 358.5 4 478.0 4 597.5 4 717.0 4
mo 95 1.68B+01 1.83B+01 1.88B+01 1.90B+01 1.90EB+01 1.90B+01 1.90B+01
tc 99 7.45B-05 7.57B-05 7.57B-05 7.57B-05 7.57E-05 7.57B-05 7.57BE-05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 119.5 4 239.0 4 358.5 d 478.0 4 597.5 4 717.0 4
total 3.92B+05 3.92B+05 3.92EB+05 3.92E+05 3.92E«+05 3.92B+05 3.92E+0S
nuclide concentrations, grams
basis =single reactor assembly .

- initial 119.5 d 239.0 @ 358.5 d 478.0 4 597.5 4 717.0 4
u233 1.83p-03 1.88E-03 1.93E-03 1.98R-0] 2.02B-03 2.07BE-03 2.12B-03
u234 1.22B+02 1.23B+02 1.23B+02 1.24E+02 1.24B+02 1.24B+02 1.25B+02
u235  1.23B+04 1.238+04 1.23B+04 1.23B+04 1.23B+04 1.23B+04 1.23E+04
u23é 4.07B+03 4.07B+03 4.07B+03 4§.07B+03 4.07E+03 4.07B+03 4.07E+03
u23g 9.40B+05 9.40E+0S 9 .40B+05 9.40BE+05 9.40E+0S 9.40B+05 9.40B+05

np237  4.48E+02 4 .55B+02 4.55B+02 d4.56B+02 4.56B+02 4.56B+02 4.56E+02
pu236 6.32B-04 5.87B-04 5.43B-04 5.02B-04 4.64B-04 4.29E-04 3.97E-04 -
pu23ig 1.62B+02 1.71B«02 1.75B+02 1.77B+02 1.7BE+02 1.79B+02 1.79E+02
pu23g  1.62B+02 1.71B+02 1.758+02 1.77B+02 1.78B+02 1.798+02 1.79B+02 .
pu239  6.51B+0) 6.57B+03 6.57B+03 6.57B+03 6.57E+03 6.57B+03 6.57E+03
pu240 2.36E+03 2.36B+03 2.36E+03 2.36B+03 2.36B+03 2.36B+03 2.36B+03
pu2dl 1.53E+03 1.51E+03 1.48BE+03 1.46B+03 1.44B+03 1.41B+D3 1.39E+03
puz242 4.27B+02 4.27E+02 4.27E+02 d4.27E+02 4.27E+02 4.27B+02 4.27B+02
am241 8.71B+01 1.11B+02 1.35B+02 1.58E+02 1.81BE+02 2.03B+02 2.25B+02
am242m  2.44B+00 2.43E+00 2.43E+00 2.43E+00 2.42B+00 2.42B+00 2.42B+00
am243  9.12B+01 9.13E+01 9.13E+01 9.13E+01 9.13B+01 9.13B+01 9.13E+01
total 9.6BE+D5 9.68E+05 9.68E+05 9.68E+0S 9.68B+05 9.68B+05 9.6BE+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 119.5 & 23%9.04 358.5 & 478.0 4 $97.5 & 717.0 4
mo 95 6.26E+02 6.70B+02 6.87B+02 6.93B+02 6.94B+02 6.54B+02 6.95B+02
] nuclide concentrations, grams
basis =zingle reactor assembly
initial 119.5d@ 239.0d 358.54 478.04d 597.5d4 717.04d
tc 99 7.28E+02 7.31E+02 7.31E+02 .31B+02 7.31E+02 7.31B+02 7
rul0l  7.03E+02 7.03E+02 7.03E+02 .03E+02 7.03E+02 7.03B+02 7
rhl03 4.28E+02 4.55E+02 d4.58E+02 .59E+02 4.59B+02 4.59B+02 4.59B+02
3 9
B 8

QQ

rhi03m 3.05E-02 .T0E-03 4.49E-04 .44E-05 6.60B-06 8.00B-07 .70E-08
agl0® B.32E+01 .34E+01 8.34E+01 .34E+01 8.34B+01 B.34B+01 .34B+01
0 nuclide concentrations, grams
- basis =single reactor assembly
initial 119.5d 23%9.0d 358.5d 478.04 597.54 717.04d
ndld3 8.04E+02 B.19E+02 8.19E+02 8.19B+02 8.15BE+02 8.13B+02 B8.13E+02
ndld45 6.21E+02 6.21B+02 6.21E+02 6.21B+02 6.21B+02 6.21R+02 6.21E+02
0 nuclide concentrations, grams
- basis =single reactor assembly

LRV I S R

initial 119.5d 233.0d 358.54d 478.0 4 597.54 717.0 4
smld7 1.05B+02 1.17E+02 1.278+02 1.38E+02 1.47B+02 1.55B+02 1.63B+02
sml49 3.51E+00 4.35E+00 4.35E+00 4.35B+00 .§.35E+00 4.3SE+00 4.3SE+00
sml50 2.72E+02 2.72B+02 2.72B+02 2.72B+02 2.72E+02 2.72E+02 2.72E+02
sml51 2.33E+01 2.34E+01 2.33B+01 2.33E+01 2.32B+01 2.32E+01 2.31E+01
eulsl 5.18B-02 1.11B-01 1.70B-01 2.28E-01 2.87B-01 3.45E-01 4.04E-01
sml152 1.15E+02 1.15E+02 1.15E+02 1.15B+02 1.15B+02 1.15E+02 1.15E+02
eul53 1.05E+02 1.05E+02 1.05B+02 1.05B+02 1.05BE+02 1.05E+02 1.05B+02
gdl55 1.02E-01 3.05E-01 4.98E-01 6.82E-01 8.57B-01 1.02E+00 1.18E+00

total 3.10E+04 3.10E+04 3.10E+04 3.10B+04 3.10E+04 3.10E+04 3.10E+04
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primary module access and input record ( scale driver - 95/03/29 - 0%

module saszZh

will be called

44group latticecell

uo2 1 den=10.18 1
92234 0.020 82235

kr-83 1 0 1-20 885
kr-85 1 0 1-20 885 end
y-89 10 1-20 885 end
sr-90 1 0 1-20 885 end
zr-93 1 0 1-20 885 end
zr-%34 1 0 1-20 885 end
zr-95 1 0 1-20 885 end
npb-94 1 0 1-20 885 end
mo-95 1 0 1-20 885 end
tc-99 1 0 1-20 885 end
Tu-101 1 0 1-20 885 end
Tu-106 1 0 1-20 885 end
rh-103 1 0 1-20 885 end
rh-105 1 0 1-20 885 end
pd-105 1 0 1-20 885 end
pd-108 1 0 1-20 885 end
ag-109 1 0 1-20 885 end
'sb-124 1 0 1-20 885 end
xe-131 1 0 1-20 885 end
xe-132 1 0 1-20 885 end
xe-135 1 0 1-20 885 end
xe-136 1 0 1-20 885 end
cs-134 1 0 1-20 885 end
cs-135 1 0 1-20 885 end
cs-137 1 0 1-20 885 end
ba-136 1 0 1-20 885 end
1a-139 1 0 1-20 B85 end
pr-141 1 0 1-20 885 end
pr-143 1 0 1-20 BE5 end
ce-144 1 0 1-20 885 end
nd-143 1 0 1-20 885 end
nd-145 1 0 1-20 885 end
nd-147 1 0 1-20 885 end
pm-147 1 0 1-20 885 end
pm-148 1 0 1-20 885 end
sm-147 1 0 1-20 885 end
sm-149 1 0 1-20 885 end
sm-150 1 0 1-20 885 end
sm-151 1 0 1-20 885 end
sm-152 1 0 1-20 885 end
eu-153 1 0 1-20 885 end
eu-154 1 0 1-20 885 end
eu-155 1 0 1-20 BB5 end
gd-155 1 0 1-20 885 end
arbm-ss348

73181 0.1 27059 0.2 26000 67.095 2 1

h2c 3 den=0.

mixtures of fuel-pin-unit-cell:

885
3.40 92236 0.020 92238 96.56
end

end

8.03 11 0 0 0 6012 0.08 25055 2.0 15031 0.045
,16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7

79733 1 532

551

end

end
arbm-bormod 0.79733 1 1 0 0 5000 100 3 1.0e-6 532

' 261 ppm boron {wt) in moderator for the Core IV

fuel-pin-cell geometry:

en

d

squarepitch 1.072 0.747 1 3 0.864 2 0.757 0 end

npin/assm=305 fuelngth=833.69 ncycles=]3

printlevelasS

power=29.86 burn=333.1 down=370

assembly and cycle parameters:

nlib/cyc=S

lightel=9 inplevel=2 numztotal=] end
3 0.6048 500 10.5799 3 10.9751
power=29.44 burn=451.5 down=129 end

temkcyc=88% end

power=24.01 burn=337 down=281.5 bfracs261 temkcyc=847

o 135.0
fe 13.0
zr 221.0

SSBSSB85585S8S
5555855588588
85 58
88
&S
833S58SS855585

SSSSSSS855588

¢cr 5.9 mn 0.33
co 0.075 ni 9.9
nb 0.71 =n 3.6

anaaaaaaa

a233a3aaaaa
aa aa
aa aa
aa aa
aaddaaaaaaaaa
aaaaaaaaaaaaa

B558888S885
£B5585555858S
58 8s
88
as
8885558585858

885888598585

22222222222

2222222222222
22

end

1:9:3:4:
EEEEE

%

:06:37 )
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Attachment II: B0O0000000-01717-0200-00143 REV 00

55 aa aa L 1 22 hh hh
s aa aa =8 22 hh hh
8S . ES  aa aa 885 . s 22 hh hh
8888555858885  aa aa BS558585858888 2222222222222 hh hh
5853355385855 aa aa 85885595858 2222222222222 hh hh
)
nn nn  iliiidddifd cccececcocee hh hh 000000000006 11
nnn nn  iiddfdidfdigi ececcceccceee hh hh  ©o0000DO0G0GO 11
nnnn nn ii ce ce hh hh o0 o0 11
nn nn nn ii cec hh hh oo oo 11
. an nn ii cc hh hh oo oo 11
nn nn nn ii ec hhhhhhhhhhhhh = oc ©0 11
nn nn nn ii cc hhhhhl oo co 11
nn nn nn ii cc hh hh oo o0 11
mn nn nn ii (-] hh hh oo oo 11
nn nnnn ii cc €c  hh hh o0 oo 11
nn nnn idiijiiijiii cccecccececece hh hh  oococooocoosooo 1111111111111
nn nn  iiidiiididdid ceecececegece hh hh 00000000000 1111111111111
[}
4000000 7717717177717777 /7 33333333333 0000000 IZ4 99999999995
000000000 7777771777777 /7 3333333333333 000000000 /7 9999999959599
00 00 77 77 124 00 00 /7 99 99
00 00 77 124 33 00 00 /" 99 99
00 a0 77 124 33 00 00 124 99 99
00 00 77 7/ 333 00 00 1/ 9999999999999
00 00 77 77 333 [+1] 00 7 993999999999
00 00 77 /77 33 00 00 77 99
00 00 77 /7 33 00 00 1/ 99
00 00 77 /7 33 33 00 00 17 99
000000000 77 I 3333333333333 000000000 77 9999599999999
0000000 77 /7 33333333333 0000000 124 999993393999
0
11 7777777777777 22222222222 7717777777777 44
111 7777177177777 2222222222222 7771717111171 444
1111 77 77 22 22 77 77 4444
11 77 22 77 44 4
11 77 22 77 M u
11 77 22 77 4 44
11 77 22 7 a4 44
11 77 22 77 444343444434444
11 77 22 77 4443430444444
11 77 7 aa“
11111111 77 2222222222222 77 44
11111111 77 2222222222222 77 u
1
0 CEE] ecececececeeee aaaaaaaaa 11 eececeecescene
SESSSSSS88888  CCoLCCoCococe aaaaaaaaaaa 11 eeeceeceeeecee
-1 ss cc cc aa aa 11 ee
ss cc aa aa 11 ee
1] ce aa aa 11 ee
SS5585858888 cc aaaaaaaaaaaaa 1l eeeececee
555585855588 cc aaaaaaaaaaaaa 11 eesspcecee
88 cc aa aa 11 ee
BS cc aa aa 11 ee
S5 58 cc cc aa aa 11 ee
EB355585858358 cecceccoecceece aa as 1111111111111 eececceceeeeee
58555558888 cecceccccoee aa aa 1111111111111 eeeeceeceeceee
‘.I'QQ'....""..‘.l.....f’ﬁ....'.““..'.".'.'Q'..........i.".."....'.;"l..
AR R AR AR AR R A RS e 2R 2 2 2 R e R R R R R R A A R R e R e R A N A A S S A R R R R AR S ) A2 23
AR AL R A AR R R A AR R R R R R A A L R R R R R R R R R N S R R RS R R R R ) LR 24
reraw arane
nwes program verification information bk
AREE . ‘ AER LA
reuwe code system: scale version: 4.3 reeee
ennee swaen
AR S R e R R e R R R R R e e R N R R R R R SR TR R )
L A R R R R R T R
teene srann
senve vrare
enen program: sas2 senen
ceees reave
b creation date: 03/07/97 serne
annen senre
manee library: /opt/neut/Scaled.3/bin b kA
anan annne
tanan raenn
bl this is not a scale configuration controlled code ranve
rennn asann
bbb jobname: nichol arase
rrran renne
i date of execution: 07/30/97
rwen
b time of execution: 17:27:44
reane
LA AR X R 22 2 R R AR R R R E R R R R R A R R R R R A A A A A Y R R R R R R RS S )
AR X R S R a2 S R X R R R R R R e R R R Y R A Y R R R R X 3
LA RS2 2SS A 2R R 2 R N Y R R R R R R R R R R A R Y N S S R R RSS2 )
1
0 = = = = = = = @ @ @ @ = * * = = = " - =-- " = = - - = =
o’
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 @&
© 16 1.35E+05 1.35B+05
total 3.92E+05 3.92E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1B-18 d
u234  2.00B+02 2.00E+02
u235 3.40B+04 3.40B+04
u236 2.00B+02 2.00E+02
u238 9.65B+05 9.65B+05
total 1.00B+06 1.00B+06
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0 basis = .
0 initial 22.6 d 45.2 4 §7.7 4 90.3 d 90.3 4
0 initial 22.6 4 45.2 4 67.7 4 90.3 d 90.3 4
basis = Bingle reactor assembly
charge 22.6 & 45.2 4 67.7 4 90.3 4 80.3 &
o 16 8.41E+03 §.41BE+03 B8.41E+03 B8_41E+03 8.41E«03 38.41E+03
basis = single reactor assembly
charge 22.6 4 45.2 4 67.7 4 $0.3 4 90.3 d
basis » single reactor assembly
B charge 22.6 4 45.2 a 67.7 4 90.3 4 90.3 d
mo 95 .O0B+00 6.02B-05 4.11E-04 1.19B-03 2.43BE-03 2.43E-03
basis = single reactor assembly
charge 22.6 4 45.2 4 67.7 4 90.3 4 90.3 d
tc 99 .00E+00 3.21E-12 3.31E-11 1.228-10 3.02B-10 3.02B-10
basis = single reactor assembly
charge 22.6 d 45.2 d 67.7 4 90.3 4 90.3 4
basis = single reactor assembly
charge 22.6 d 45.2 4 67.7 4 90.3 4 90.3 d
totals 1.15E+04 1.15B+04 1.15B+04 1.1SE+04 1.15B+04 1.15B+04
basis = single reactor assembly
charge 22.6 4 45.2 4 €7.7 d 80.3 4 80.3 4
u233 .OOB+00 3.04E-07 5.99E-07 B8.78E-07 1.14B-06 1.14E-06
u234d B.55E-01 8.46E-01 8.37E-01 8.28B-01 8.198-01 B8.19E-01
u235 1.45B+02 1.41E+02 1.38B+02 1.35E+02 1.32B+02 1.32E+02
u236 8.47B-01 1.48E+0C0 2.10E+00 2.70E+00 3.28B+00 3.28E+00
u2l8 4.06B+03 4.05E+03 d4.0SE+03 4.05E+03 4.05B+03 4.05E+03
np237 .00B+00 B8.24BE-03 2.31B-02 4.07E-02 6.05E-02 6.05E-02 ~
pu23é .00B+00 2.12B-10 1.30E-09 3.S53E-09%9 7.05B-0% 7.05E-09
pu2is .00E+00 4.58E-05 2.91E-04 B.03E-04 1.62B-03 1.62B-03
pu23is .00B+00 4.5BE-05 2.91E-04 8.03B-04 1.62B-03 1.62B-0]
pu239 .00E+00 1.51B+00 3.18B+00 4.73IBE+00 &.1SB+00 6.16B+00
puzdo .00B+00 2.02B-02 §8.32E-02 1.81B-01 3.06B-01 3.06B-01
pu2dl .00B+00 7.20B-04 6.09E-03 2.00B-02 4.52B-02 4.52B-02
pu2dz .00E+00 3.20B-06° 5.59B-05 2.81E-04 B8.57B-04 8.57B-04
basis = single reactor assembly
charge 22.6 4 45.2 4 67.7 4 - 90.3 4
am241 .00B+00 5.13E-07 B8.79B-06 4.40B-05 1.34E-04 1.34B-04
am242m .00E+00 7.88B-10 2.64E-08B 1.91E-07 7.46E-07 7.46B-07
am243 .00E+00 1.06E-08 3.78E-07 2.B9E-06 1.15B-05 1.19B-05
totals 4 .20E+03 4.20B+03 4.20B+03 4.19B+03 4.19B+03 4.19E+03
» decay data, including gamma and total energy, are from endf/b-vi *

1637 total number of nuclides in library
nuclide concentrations, grams
. basis =single reactor assembly
initial 46.9 d 93.8 & 140.8 d 187.7 @ 234.6d 281.5 4
o 16 1.35E+05 1.35B+05 1.35B+05 1.35E+05 1.35B+05 1.358+05 1.35B+05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.8d 140.84da 187.7d 234.6d 281.5d
mo 95 1.71E+01 1.78E+D1 1.84E+01 1.88EB+01 1.90B+01 1.92B+01 1.93E+01
tc 99 7.93E-05 B.01E-05 8.01E-05 B8.01E-05 8.018-05 B8.01E-05 8.01E-05
] nuclide concentrations, grams
basis =gingle reactor assembly
initial 46.9 d 93.8d4 140.8d 187.7d 234.6d 281.5d
total 3.92E+05 3.92B+05 3.92B+05 3.92B+05 3.92E+05 3.92B+05 3.92B+05
nuclide concentrations, grams
basis =single reactor assembly
initial 46.9%9 4 93.84 140.8d 187.7d 234.64 281.54

o

u233 1.838-03 1.85e-03 1.87E-03 1.B9E-03 1.91BE-03 1.53E-03 1.35B-03
u234 1.218+02 1.212+02 1.21E+02 1.21E+02 1.21E+02 1.21E+02 1.22B+02
u23is 1.18E+04 1.18B+04 1.18B+04 1.18E+04 1.18E+04 1.18B+04 1.18B+04
u2lé6 4.13BE+03 4.13B+03 4.13B+03 4.13B+03 4.13B+03 4.13B+03 4.13E+03
u2is 9.40E+05 9.40B+05 9.40B+05 9.40B+05 5.40E+05 9.40E+05 9.40B+05
np237 4.61B+02 4.68E+02 4.69E+02 4 .639E+02 4.69E+02 4.69E+02 4.69E+02 .
pu2isé 6.71BE-04 6.55E-04 6.35B-04 6.16BE-04 5.97E-04 5.79B-04 5.62B-04
pu23l 1.71B+02 1.76B+02 1.79B+02 1.81E+02 1.B3E+02 1.84E+02 1.85B+02
pu23l 1.71B+02 1.76B+02 1.79E+02 1.81B+02 1.B3B+02 1.84E+02 1.85E+02
puz239 6.45B+03 6.52B+03 6.52E+03 6.52B+03 6.52E+03 6.52B+03 6.52B+03
pu240 2.41E+03 2.41E+03 2.41E+03 2.41BE+03 2.41B+03 2.41E+03 2.41B+03
puzdl 1.56B+03 1.55B+03 1.54BE+03 1.53B+03 1.52B+03 1.51E+03 1.50BE+03
pu2d2 4.53E+02 4.53E+02 4.53E+02 4&.53E+02 4.53E+02 4.53E+02 4.53E+02
am241 8.58E+01 9.55E+01 1.05E+02 1.15B+02 1.24B+02 1.33E+02 1.43E+02
am242m 2.41B+00 2.41B+00 2.41E+00 2.41B+00 2.41B+00 2.40BE+00 2.40B+00
am243 9.84E+01 9.B5E+01 9.85E+01 9.85BE+01 9.8S5E+01 9.85E+01 9.85E+01
total 9.67B+05 9.67E+D5 9.67E+0S 9.67E+05 9.67E+05 9.67E+05 9.67E+0S
0 element concentrations, grams
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.8 140.8 @ 187.7 & 234.6 4 281.5 4
mo 95 6.42E+02 6.64B+02 6.81B+¢2 6.93E+02 7.01B+02 7.06E+02 7.09E+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.8 140.8 d 187.7 4 234.6 4 281.5d
tc 99 7.49B+02 7.51B+02 7.51B+ 7.51BE+02 7.51B+02 7.51B+02 7.51B+02
rulll 7.24B+02 7 .24B+02 7.24EB+ T.24BE+02  7.24E+02 7.24B+02 7.24E+02
rhl03 4.37E+02 4.56E+02 4.64E+0) 4.67B+02 4.69B+02 4.69E+02 4.70B+02 - *
rhi03m 3.26E-02 1.42B-02 6.22E-0. 2.72B-03 1.19E-03 5.18B-04 2.26B-04
agl09  8.62E+01 8.64B+01 B.64EB+0} 8.64E+01 B8.64E+01 8. 64E+01 B8.64E+Q]

0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d 83.8 d! 140.8 & 187.7 4 234.6 4 281.5 4
ndl43 8.20E+02 8.34R+02 B8.35B+0] §.35B+02 B.35B+02 8.15E+02 B8.35E+02
[+] nuclide concentrations, grams
basis ssingle reactor assembly

initial 46.9 4 93.8d; 140.8 4 187.74d 234.64d 281.54d
ndl45 6.37E+02 6.38E+02 6.38B+02] 6.38B+02 6.3BE+02 6.38E+02 §6.38RB+02
sml47 1.06E+02 1.11E+02 1.16E+02. 1.20B+02 1.25B+02 1.29E+02 1.33E+02
sml4% 3.47B+00 4.37E+00 ‘.37!000] 4.37B+00 4.37E+00 4§.37E+00 4.37E+00
sml150 2.B1E+02 2.81E+02 2.81E+02: 2.81E+02 2.818+02 2.81B+02 2.81E+02
sml51 2.33B+01 2.35E+01 2.358001l 2.34E+01 2.34E+01 2.34B+01 2.34E+01
eulsl 4.76B-02 7.09E-02 9.41B-02! 1.17B-01 1.40B-01 1.64B-01 1.878-01
sml152 1.18B+02 1.18B+02 1.18E+02| 1.18B+02 1.18B+02 1.1B8E+02 1.18B+02
euls3 1.09B+02 1.10B+02 1.10B+02 ' 1.10E+02 1.10B+02 1.10B+02 1.10E+02
gd155 1.008-01 1.85B-01 2.68E-01 '3.502-01 4.30B-01 5.08E-01 5.858-01

nuclide concentrations, grams
l basis =single reactor assembly
initial 46.9 a 93.8 a 140.8 d 187.7 4 234.6 4 281.5 4
total 3.20B+04 3.20B+04 3.20B+04 \J‘ZOE’OC 3.20E+04 3.20B+04 3.20E+04

i
!
f
|
{
!
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ye6¢cf6h6.sum

R R R R PO RN R O R R RS AR R T I RN A s d PR B RO PN PR NN bbb a bbb nnbnp b R bR AN IR RNy
sene
-

SCALE4.3 Bulletin Board

s 895 04

.
B
.
. Welcome to SCALE-4.3.
.
B
B

P e 2 2 2 NS YT A s R Y R SRR s XA A N A A A AR AR d]
1 primary module access and input record ( scale driver - 95/03/25 - 039:06:37 )
- module sas2h will be called

mixtures of fuel-pin-unit-cell:

d4group latticecell

uwoZ2 1 den=10.18 1 788
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end
kr-83 1 0 1-20 788 end

kr-85 1 0 1-20 788 end
y-89 1 0 1-20 788 end
sr-90 1 0 1-20 788 end
zr-93 1 0 1-20 788 end
zr-94 1 0 1-20 788 end
zr-95 1 0 1-20 788 end
nb-94 1 ¢ 1-20 788 end
mo-95 1 0 1-20 788 end
tc-99 1 0 1-20 788 end
Tu-101 1 0 1-20 788 end
ru-106 1 0 1-20 788 end
rh-103 1 0 1-20 788 end
rh-105 1 0 1-20 788 end
pd-105 1 0 1-20 788 end
pd-108 1 0 1-20 788 end
ag-109 1 0 1-20 788 end
sb-124 1 0 1-20 788 end
xe-131 1 0 1-20 788 end
xe-132 1 0 1-20 788 end
xe-135 1 0 1-20 788 end
xe-136 1 0 1-20 788 end
cs-134 1 0 1-20 788 end
cs-135 1 0 1-20 788 end
cs-137 1 0 1-20 788 end
ba-136 1 0 1-20 788 end
1a-139 1 0 1-20 788 end
pr-141 1 0 1-20 788 ‘end
pr-143 1 0 1-20 788 end
ce-144 1 0 1-20 788 end
nd-143 1°0 1-20 788 end
nd-145 1 0 1-20 788 end
nd-147 1 0 1-20 788 end
pm-147 1 0 1-20 788 end
pm-148 1 0 1-20 788 end
sm-147 1 0 1-20 788 end
sm-149 1 0 1-20 788 end
sm-150 1 0 1-20 7868 end
sm-151 1 0 1-20 788 end
sm-152 1 0 1-20 788 end
eu-153 1 0 1-20 788 end
eu-154 1 0 1-20 788 end
eu-i55 1 0 1-20 788 end
gd-155 1 0 1-20 788 end

arbm-ss348 8.03 11 0 0 0 6012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 2B000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.095 2 1 541 end

h2o 3 den=0.80256 1 528 end

arbm-bormod 0.80256 1 1 0 0 5000 100 3 1.0e-6 528 end

¢ 261 ppm boron (wt) in moderator for the Core IV

fuel-pin-cell geometry:

squarepitch 1.072 0.747 1 3 0.864 2 0.757 0 end

assembly and cycle parameters:
npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=S
printlevel=5 lightels9 inplevel=2 numztotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=18.139 burn=451.5 down=129 end
power=19.070 burn=333.1 down=370 temkcyc=796 end
power=16.755 burn=337 down=281.5 bfrac=261 temkcyc=777 end
0 135.0 er 5.9 mn 0.33
fe 13.0 co 0.075 ni 9.9
zr 221.0 nb 0.71 sn 3.6

1 SSSE5SSS858S aaaaaaaaa SBSESS55588S 22222222222

hh hh

5555555555588 aaaaaaaaaaa SBSSS5888S8SS 2222222222222 hh hh
ss 85 aa aa 8BS ss hh hh
83 aa aa s 22 hh hh
88 aa aa 88 22 hh hh
585535555888 aaanaaaaaaaaa 5558555588588 22 hhhhhhhhhhhhh
§585585558588 aaaaaaaaaaaaa 8388855888858 22 hhhhhhhhhhhhh
BS aa aa -1 22 hh hh

5B aa aa 55 22 hh hh
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58 55 aa aa 8 85 22 hh hh
$355588558588 aa aa 2885838885358 2222222222222 hh hh
85555555588 aa aa sssssssasss 2222222222222 hh hh
nn nn iidddddiidid ceccececece hh hh 00000000000 11
nnn nn ididddidididd ceccoceeeccecec hh hh  ©000DDDOO0000 11
nnnn nn ii cc cc hh hh ©0 oo 11
mn nn - nn ii cc hh hh oo oo 11
nn  nn nn ii cc hh hh oo ©o 11
nn nn nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn nn ii cc hh hh 00 ©0 11
nn nn nn ii cc hh hh oo oo 11
nn nnnn ii cc cc hh hh oo o0 11
nn nnn  iiddiddidddd ccececcccccee hh hh  ©00000G0C0000 1111111111111
nn nn  iiiiiddididd cceeccecccee hh hh ©0000000000 1111111111111
0000000 7777711717717TY 124 33333333333 0000000 /7 99999999999 T7117717137717177
000000000 7777777777117 124 3333333333333 000000000 / 9939999599999 77777717171717177
00 00 77 77 77 33 00 00 124 99 99 77 77
00 00 77 /77 33 00 00 /7 99 99 7
00 00 ” 144 13 00 00 124 33 29 7
00 00 ki 7 333 00 00 124 9939993999999 - 77
00 00 77 124 333 00 00 7/ 959939399999 7
[+11] 00 77 // 33 00 00 77 99 77
00 00 77 I 33 00 00 77 99 77
[+]] 00 77 /7 33 33 00 00 124 99 77
000000000 77 /! 3333333333333 000000000 7/ 9999999599999 77
0000000 77 7 33333333333 0000000 1 9999999995538 17
11 7777777777777 5555555555555 0000000 22222222222 11
111 777777177777 5555555555555 000000000 2222222222222 i1
1111 77 7 RS 55 - [+1¢] 00 22 22 1111
11 77 55 00 00 22 11
11 7 ti: 55 00 00 22 11
11 77 : 555555555555 00 00 22 11
11 77 5555555555555 00 00 11
11 77 t13 55 00 00 22 11
11 77 55 00 00 22 11
11 77 Tz 55 S5 00 00 22 11
11111111 7 5555555555555 000000000 2222222222222 11111111
11111111 77 55555555555 0000000 2222222222222 11111111
cececceceecee aaa 11 ececceecceceee
ceeceee aaaaaaaaaaa 11 eeseececeeceeee
58 s cc cc aa aa 11 ee
BB cc aa aa 11 ee
55 cc aa aa 11 ee
5858585865856 cc aaaaaaazasaaa 11 ceeeceeee
888855585888 ¢C aaaaaaaaaaaaa 1l ceeeceeee
- 85 [-1-] aa aa 11 ee
a8 cc aa aa 11 ee
88 8s cc ce aa aa 11 ee
$85SS8SSSSSES cceceeceececee aa aa 1111111111111 eececececeeee
8ES5S5888SS cecccecceee aa aa 1111111111111 eeeecceeccecee
I X R R R R A e e R R R R R R )
[ A R R R R R R R R R R R R A A R R R R e e R R R R R R R 22 X R RN SRS
BERR R R AR A A AR AR R AR AR R AR AR R AR AN R R R B R R AR N R AR R AR N AR R R AR IR SRR R R RPN Rd
wrnee
reree program verification information
reenn
werne code system: scale version: . 4.3
sanan reree
LR R R AR R L e R A AR R R Ry R R R R R A R R R R R R R R R S A R R RS AR X S
'Q'.".'...""'.'"'Q".'.I...l..ii..’.".".'.."QQ".'..Q......."..ii..'..'.
T - csann
araan cenen
anan program: sas2 wevan
srean ceann
bl creation date: 03/07/97 srren
rwan . sesen
b library: /opt/neut/Scaled.3/bin b
tenen teane
reans rrnes
hAA A A this is not a scale configuration controlled code i
Teenn rrene
M L. jobname: nichol serss
aease tsens
bl date of execution: 07/30/%97 hhAd
aanan I
bl time of execution: 17:50:21 bk
cenan rhwae
Eawnn rraee
(222 X EEE R R R R A R R e A R R R R R PSS T Y Y
I 2 R R R R R R R R R R R R R R R R R R R R Y R Y ) LRRRRR RSS2 2]
(22222 S S R R R R R R R R R R R R R R R R e N R R Y Y R R X ) LR R AR R R AR R3S 2 22 )
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4
o 16 1.35B+05 1.35E+05
total 3.92E+05 3.92E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4
u23d 2.00E+02 2.00E+02
u235 3.40E+04 3.40E+04
u236 2.00E+02 2.00E+02
u238 9.65E+05 9.65E+05
total 1.00E+06 1.00E+06

basis
initial 22.6 @ é5.24d 67.7 d 90.3 4 90.3 d
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0
0

[-¥-]

o 16

mo 95
tc 99

total

uz2i3
w234
u23is
u236
uz2ig
np237
pu23é
pu238
pu23l
pu2l’
puz240
pu24il
pu242

am24d2m
am243
total

tc 99
rul0l
rhl03
rhl03m
agl09

ndl43

ndl45
smld7
smid9
sml50
sml51
eul51
sml52
eulS3
gdl55

total

initial
1.35E+05

initial
1.05E+01
1.85E-05

initial
3.92E+05

initial
48E-03
458+02
.T1B+04
298+03
SOE+05
61E+02
20E-04
.12B+01
12B+01
.63B+03
.55E+03
.81E+02
60B+02
-11B+01
24E+00
23E+01
79E+05

ON U0 U0 OV N O L e

inicial
4.33B+02

initial
5.07B+02
4.71B+02
2.95E+02
2.10E-02
4.66E+01

initial
5.90E+02

initial
.41B+02
.45E+01
.95B+00
.68E+02
.72E+01
.56E~02
.95E+01
.88E+01
.87E-02

VT U e N o

initial
2.07E+04

inicial

46.9 4
1.35B+05

46.9 d
1.10B+01
1.87B-05

46.9 4
3.92E+05

46.9 d
.43e-03
.45B+02
.71E+04
.29B+03
.SO0B+05
.65E+02
14e-04
.29E+01
.29B+01
.67E+03
.55E+03
.75BE+02
.60B+02
.65E+01
.24B+00
.23B+01
.T9E+05

VRV @E U ORI N D W R s

46.9 d
4.498+02

46.9 4
.09E+02
.71B+02
.07B+02
.18B-03
.66E+01

B owWwew

46.9 d
6.00E+02

46.5 d
.41E+02
.B4E+01
.51B+00
.6BE+02
.73B+01
.27BE-02
.95E+01
.91E+01
.02E-01

Ul

46.9 4
2.07E+04

22.6d

33.84d
1.35B+05

$3.8d
1.14B+01
1.87e-05

93.8 4
3.92B+05

93.8 4
.50B-03
.45B+02
71e+04
29E+03
SOE+0S
.658+02
.08E-04
.40B+01
.40B+01
.67E+03
.SSE+03
.70E+02
.60B+02
19E+01
24E+00
23E+01
79E+05

ORI O 00 2 U OV OV D B D L s s e

93.8d
4.62E+02

93.8 d
5.09E+02
4.71E+02
3.12g+02
4.01E-03
4.66B+01

93.8 4
6.01E+02

93.8 4
-41E+02
L22E+01
.S1E+00
.68E+02
.7IE+01
.99E-02
.95B+01
.91B+01
.44E-01

U300 e WD

93.84d
2.078+04

45.2 4 €7.7d

nuclide concentrations, grams

basis =xingle reactor assembly
140.8d  187.7 4 234.6d 281.54
1.35B+05 1.35E+05 1.35B+05 1.35E+05

nuclide concentrations, grams

basis =single reactor assembly
140.8 & 187.7 4 234.6 d 281.5 4a
1.16E+01 1.18B+01 1.19B+01 1.19E+01
1.87B-05 1.87e-05 1.B7B-05 1.87E-05

nuclide concentrations, grams

basis =zingle reactor assembly
140.8 d 187.7 @ 234.6 4 281.5 d
3.92B+05 3.92E+05 3.92B+05 3.92B+05

nuclide concentrations, grams

basis =single reacto: zasembly

90.3 4

140.8 4 187.7 d 23 281.5 4
1.51B-03 1.52pP-03 1.54B-03 1.55B-03
1.45B+02 1.45EB+02 1.45B+02 1.45B+02
1.71B+04 1.71E+04 1.71B+04 1.71B+0d
3.29B+03 3.29B+03 3.29B+0) 3.29B+03
9.50E+05 9.50B+05 5.50B+0S 9.50E+05
2.65B+02 2.65B+02 2.65E+02 2.65B+02
2.01B-04 1.95E-04 1.89E-04 1.B4R-04
6.49B+01 6£.56B+01 6.61E+01 6.66E+01
6.49B+01 6.56E+01 6.61E+01 6.662+01 _
5.67B+03 S5.67E+03 5.67B+0) S5.67E+03
1.55E+03 1.55B+03 1.55B+03 1.55B+03
8.65E+02 8.59B+02 8.54B+02 B8.49E+02
1.60B+02 1.60B+02 1.60B+02 1.60EB+02
6.73BE+01 7.26B+01 7.79B+01 B.32E+01
1.24B+00 1.24E+00 1.24B+00 1.24E+00
2.23E+01 2.23E+01 2.23B+01 2.23E+01
9.79B+05 9.79E+05 9.79B+05 9.79B+05

element concentrations, grams
nuclide concentrations, grams
basis =gingle reactor assembly
140.8 @ 187.7 4 234.6 4 281.54d
4.71B+02 §.77B+02 4.81E+02 4.B3E+02
nuclide concentrations, grams
basiz =single reactor assembly
140.8 d 187.7 4 234.6 4 281.5 4
.09E+02 S$.09B+02 5.09B+02 5.05E+02
.71E+02 4.71B+02 4.71B+02 4.
_15E+02 3.16B+02 3.16E+02 3.16E+02
.75B-03 7.65E-04 3.34B-04 1.46E-04
66E+01 4 .66BE+01 4.66E+01 d.66E+01
nuclide concentrations, grams
basis zsingle reactor assembly
140.8 @ 187.74d 234.6 @ 28l1.54
6.01E+02 6.01B+02 6.01B+02 6.01B+02
nuclide concentrations, grams
basis =single reactor assembly
140.8d 187.74d 234.6 d 281.5d

CY S INE N |

4. 41B+02 4 .41B+02 4.41B+02 d.41E+02
9.58E+01 9.94E+01 1.03B+02 1.06B+02
3.51E+00 3.51B+00 3.51E+00 3.S51E+00
1.68B+02 1.68E+02 1.6BE+02 1.68E+02
1.73B+01 1.73E+01 1.73B+01 1.73E+01
1.07B-01 1.24E-01 1.41B-01 1.5B8E-01
7.95B+01 7.95E+01 7.95E+01 7.95E+01
5.91B+01 5.91B+01 5.91E+0]1 5.91E+01
1.85B-01 2.26E-01 2.66E-01 3.05B-01

nuclide concentrations, grams

basis =single reactor assembly
140.8 4 187.7 4 234.6 4 281.5d
2.07E+04 2.07E+04 2.07B+04 2.07E+04

90.3 4
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ye6sec2h3.sum
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- module sas2h

SCALEd.3 Bulletin Board

Welcome to

will be called

SCALE-4.3.

' mixtures of fuel-pin-unit-cell:

44group latticecell

uo2 1 den=10.18 1 894

92234 0.020 92235

kr-83 1 0 1-20 894 end
kr-85 1 0 1-20 854 end
y-89 1 0 1-20 894 end
sr-90 1 0 1-20 894 end
zr-93 1 0 1-20 894 end
zr-94 1 0 1-20 894 end
zr-95 1 0 1-20 894 end
nb-94 1 0 1-20 894 end
mo-95 1 0 1-20 894 end
tc-99 1 0 1-20 8%4 end
ru-101 1 0 1-20 894 end
ru-106 1 0 1-20 894 end
rh-103 1 0 1-20 894 end
rh-105 1 0 1-20 854 end
pd-105 1 0 1-20 894 end
pd-108 1 0 1-20 894 end
ag-109 1 0 1-20 894 end
sb-124 1 0 1-20 894 end
xe-131 1 0 1-20 894 end
xe-132 1 0 1-20 894 end
xe-135 1 0 1-20 894 end
xe-136 1 0 1-20 894 end
cs-134 1 0 1-20 894 end
cs-135 1 0 1-20 894 end
cs-137 1 0 1-20 834 end
ba-136 1 0 1-20 894 end
1a-139 1 0 1-20 894 end
pr-141 1 0 1-20 894 end
pr-143 1 0 1-20 894 end
ce-14d4 1 0 1-20 894 end
nd-143 1 0 1-20 894 end
nd-145 1 0 1-20 854 end
nd-147 1 0 1-20 894 end
pm-147 1 0 1-20 894 end
pm-148 1 0 1-20 894 end
sm-147 1 0 1-20 894 end
sm-149 1 0 1-20 894 end
sm-150 1 0 1-20 B94 end
sm-151 1 0 1-20 894 end
sm-152 1 0 1-20 8394 end
eu-153 1 0 1-20 894 end
eu-154 1 0 1-20 894 end
eu-155 1 0 1-20 8%4 end
gd-155 1 0 1-20 894 end

3.40 92236 0.020 92238 96.56 end

arbm-ss8348 8.03 11 0 0 0 6012 0.08 25055 2.0 15031 0.045
. 16000 0.030 14000 0.75 24000 18.0 28000 11.0 41083 0.7
73181 0.1 27059 0.2 26000 67.095 2 1 560

h2o 3 den=0.78338 1 541

end
arbm-bormod 0.78338 1 1 0 0 5000 100 3 1.0e-6 541 end

' 261 ppm boron (wt)

' fuel-pin-cell geometry:

squarepitch

1.072 0.747 1

in moderator for the Core IV

3 0.864 2 0.757 0 end

' assembly and cycle parameters:

npin/assm=305 fuelngth=8133.69 ncycles=3

printlevel=5

power=32 .45 burns333.1 down=370 temkcyc=915

nlib/cyc=S
end

lightel=9 inplevel=2 numztotal=3
3 0.6048 500 10.5799 3 10.5791
power=29.24 burn=451.5 down=129 end

end

power=23.79 burn=337 down=281.5 bfrac=261 temkcyc=B848
0 135.0 c¢r 5.9 mn 0.33
fe 13.0 co 0.075 ni 9.9
zr 221.0 nb 0.71 sn 3.6
1 95895885558 aaaaaaaaa 88888533555 22222222222
85SSS55538588 aaaasaaaaaa 8SES8S8858888 2222222222222
s8 ss aa an ss ss 22 22
ss aa aa ss 22
ss aa aa ss 22
SSS555S58588 aaaaaaaaaaaaa 8SESS8SSSASS 22
S585SSSSSSSS  AARaaaaaaaaaa 85SS8558558S 22
ss aa aa =5 22
ss aa aa 13 22

P R L R T T e L R R R R R T R S 'Y

primary module access and input record ( scale driver - 95/03/29 - 09:06:37 )

end

hh
hh
hh
hh
hh

FEEEF

hhhhhhhhhhhhh
hhhhhhhhhhhhh

EE
gz
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ss 35 aa aa =5 58 22 hh hh
5553535535558 aa aa  FaS8sS8SA5S5SS 2222222222222 hh hh
SB5SS3SS588 aa aa 88555555888 2222222222222 hh hh
0
nn nn  iididdddd4d4 ccececcceece hh hh 00000000000 11
nnn mwn iiddiddiiiig ceccccccccecce hh hh 0000000000000 11
nnnn nn ii cc cc  hh hh oo oo 11
nn nn nn ii ce hh hh oo oo 11
m nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo o0 11
nn nn nn ii cc hhhhhhhhhhhhh oo °0 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo co 11
nn nnnn ii cc ¢c  hh hh oo oo 11
nn nnn iii cceccccececeece . hh hh  0000000OCOCGCO 1111111111111
nn nn iiiiidiiiiiig cceceececece hh hh 00000000000 111111111111}
0
Q000000 7777177777777 144 33333333333 0000000 77 99999999999
000000000 7771177777777 /7 3333333333333 000000000 /7 9999999999998
00 00 77 77 /1 33 33 00 00 1 9 99
00 o0 77 77 33 00 -~ 00 L1 99 99
00 00 7 77 33 00 00 /7 99 99
00 00 77 77 333 00 00 /1 9999999599999
00 00 77 124 333 00 00 /1 999995999999
00 00 77 /7 33 00 00 /7 99
00 00 77 124 33 00 0o 1/ 99
oo 00 77 124 33 33 00 00 7/ 99
000000000 77 /7 3333333333333 000000000 /7 9995599999999
0000000 77 1 33333333333 0000000 7/ 999999999999
0
11 83888888888 11 33333333333 0000000
111 8838888888888 111 3333333333333 000000000
1111 88 88 1111 33 33 00 00
11 88 88 11 33 00 00
11 88 88 11 33 00 00
11 B8BB8BB8888E 11 333 00 00
11 BBBBBBABEAS 11 333 00 00
11 88 8 EES 11 33 00 00
11 88 88 11 33 00 00
11 88 B8 HE 11 33 33 00 00
11111111 8888588888686 11111111 3333333333333 000000000
11111111 888888888488 11111111 33333333333 0000000
1
[} 5585335988858 cececcececee aaaaaaaaa 11 esecceeeeeeee
3838535995838  cceoecceccececeee aaaaaaaaaaa 11 ececcecereeee
85 88 cec ce aa aa 11 ee
88 ce as aa 11 ee
55 cc aa aa 11 e
BS5SS5SS8588 cc asaaaaaaaaaaa 1l eecceceee
BSSESSSSS888  CC aaaaaaaaaaaaa 11 eeeeeccee
- ss cc aa aa 11 ee
-1 cc aa aa 11 ee
BS ss cc cc aa aa 11 ee
S88SES5E88888  CCCCCCCCCCCCE aa aa 1111111111111 eeeececcscese
58555555885 ceeccoccece aa aa 1111111111111 eececeeeeceee
RS AR A N ER TS 22 R R R R R R R R R R R R e X S R R R R R R R A R R R R RS R )
A2 X S SR 2 A R A R g X A R X R R R R R R R R A A R R R R R R R R R A A R R R R RS R 2 )
Ii'.....l.....'.‘..'ll......ﬁ.'ﬁ“."".".'.'.Q.l........0..'.'."".'.";.1..'
program verification information
code system: scale version: 4.3
Awraw
AR AR R R R A AR R R R R AR RS 2 A R R R R R A R R R R R R R R R R N R RS S SRR R 2]
(222 2 R R R R R R R R R R R R A e R e N R R R R R R R R R SRR}
sewnw
renan
rEwne program: sas2
reman
bbb creation date: 03/07/97
e
il library: /opt/neut/Scaled.3/bin
venas
TEEER °
bbb this is not a scale configuration controlled code
TRERR
s jobname: nichol
aanne
wemes date of execution: 07/30/97
sewan
meeee time of execution: 18:13:07
YTy
I
(AR AR R R R R AR AR AR R R Rl S R R N e R R R R R R R R R R R R R R RS2 22 )
LA AR R R R R R R R R A AR A s R e e R e R R e e R X R R RS RS R RN 3
(A A2 X R R R R R R R R R R R A R R R R A R e Y A R  E R R R R R R S RS E T o)
1
Q) =« = = = - = = = @ &t = = = e eee = == Emeeem = e emeweo= -
0
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d
o 16 1.35B+05 1.35B+05
total 3.92E+05 3.92E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d
u23d 2.00E+02 2.00E+0Q2
u235  3.40B+04 3.40B+04
u236 2.00B+02 2.00E+02
u238 9.65E+05 9.65E+05
total 1.DOE+06 1.00E+06
0 . basis =
0 initial 22.6d 45.2 4 67.7 d 90.3 4 90.3 d

7777777177777
7777771777777
7 17

7777177771777
7777777717777
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initial 22.6 4 5.2 d 67.7 & 90.3 & 90.3 4
nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 a 83.8d 140.8 4 187.7 d 234.6 4 281.5 4
o 16 1.35E+05 1.35B+05 1.35B+05 1.35B+05 1.35B+05 1.35E+05 1.35E+05
] nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d $3.8d 140.8d 187.7d 23¢4.6d 281.54
mo 95 1.78B+01 1.86E+01 1.91B+01 1.95E+01 1.9BE+01 1.939E+01 2.00E+01
. tc 99  8.91B-05 9.00B-05 9.00BE-05 9.00E-05 §.00E-05 9.00E-05 9.00E-05
V] nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.8 d 140.8 4 187.7 d 234.6 4 281.5 4
total 3.92B+05 3.92B+05 3.92B+05 3.92E+05 3.92E+05 3.92B+05 3.92E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 33.8 d 140.8 4 187.7 4 234.6 d 281.5 4

0
0

uz2i3 1.86B-03 1.88B-03 1.30BE-03 1.92B-03 1.94B-03 1.96B-03 1.9BE-03
u2i4 1.198+02 1.198+02 1.19E+02 1.20B+02 1.20B+02 1.20B+02 1.20B+02
w235 1.16E+04 1.168+04 1.16B+04 1,16B+04 1.16E+04 1.16B+04 1.16B+04
u236 4.17E+03 4.17B+03 4.17E+03 4.17B+03 4.17E+03 4.17B+03 4.17B+03
u23g 9.39B+05 9.39B+05 §.39E+05 9.39B+05 9.39E+05 9.39B+05 9.39E+0Q5
np237 4.78E+02 4.85B+02 4.85B+02 4.85B+02 d4.85B+02 4.85E+02 4.85B+Q2
pu23é 7.22B-04 7.03B-04 6.81B-04 6.61B-04 6.41E-04 6.21B-04 6.03E-Od
pu23ls 1.B2E+02 1.87B+02 1.90B+02 1.92B+02 1.94E+02 1.96B+02 1.97B+02
pu238 1.82E+02 1.87E+02 1.90E+02 1.92B+02 1.34B+02 1.56E+02 1.37E+02 -
puz23sg 6.60BE+0]1 6.66E+03 6.66E+03 6.66B+03 6.66B+03 6.66E+03 6.66E+03
pu2d0 2.46B+03 2.46E+03 2.46B+03 2.46B+03 2.46B+0) 2.46E+03 2.46R+02 ”
puzdl 1.62B+03 1.61E+03 1.60E+03 1.59B+03 1.5BE+03 1.57E+03 1.56B+03
puz42 4.77E+02 4.77E+02 4.77B+02 4.77E+02 4.77B+02 d4.77B+02 4.T7E+02
am241 9.05E+01 1.00E+02 1.10E+02 1.20E+02 1.30B+02 1.40B+02 1.49E+02
am242m 2.56E+00 2.56E+00 2.S6B+00 2.56E+00 2.55E+00 2.55B+00 2.55E+00
am243 1.07E+02 1.07E+02 1.07E+02 1.07E«02 1.078+02 1.07B+02 1.07E+02
total 9.67B+05 9.67E+05 9.67E+05 9.67B+05 9.67B+05 9.67E+05 9.67E+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 93.8d 140.8d 187.7d 234.6d 281.5d
mo 95 6.55B+02 6.77B+02 6.94E+02 7.06BE+02 7.14E+02 7.19B+02 7.22B+02
0 nuclide concentrations, grams
basis =gingle reactor assembly
initial 46.9 4 93.8d 140.Bd 187.7d 234.64d 281.54d

Qo

te 99 7.62B+02 7.65B+02 7.65E+02 7.65B+02 7.65E+02 7.6S5E+02 7.65B+02
ruldl 7.40B+02 7.40E+02 7.40B+02 7.40B+02 7.40E+02 7.40B+02 7.40B+02
rhl03 d4.47B+02 4§.65E+02 4.73B+02 4.77B+02 4.78BE+02 4{.79E+02 4.73B+02
rhl03m 3.25E-02 1.42B-02 6.19B-03 2.70B-03 1.18E-03 5.16B-04 2.25B-04
agloy 8.91E+01 8.93B+01 8.93E+01 8.93B+01 B8.93E+01 8.53E+01 8.393E+01

0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d 93.8d 140.8d 187.7 4 234.64 281.5d
ndi43 8.34B+02 B.4BE+02 B8.49E+02 8.49B+02 8.439E+02 B8.49B+02 B8.49E+02
[¢] nuclide concentrations, grams
basis =single reactor assembly
initial 46.9% 4 93.8d 140.8d 187.7d 234.6d4 281.54d

nd145 6.4BE+02 6.4BE+02 6.48E+02 6.4BE+02 6.48E+02 6.4§B+02 6.48E+02
sml47 1.06BE+02 1.11B+02 1.16B+02 1.21E+02 1.25B+02 1.29B+02 1.34B+02
smié9 3.56E+00 4.46E+00 4 .46E+00 4.46EB+00 4.46BE+00 4.46B+00 4. 46E+00
sml50 2.89B+02 2.89E+02 2.89B+02 2.89E+02 2.89B+02 2.892+02 2,89B+02
sml51 2.41E+01 2.42B+01 2.42B+01 2.42BE+01 2.41B+01 2.41B+01 2.41B+01
eul51 4.99B-02 7.39E-02 9.78E-02 1.22B-01 1.46BE-01 1.69E-01 1.93B-01
sml52 1.20E+02 1.20B+02 1.20B+02 1.20E+02 1.20E+02 1.20EB+«02 1,20B+02
euls5l 1.12E+02 1.13B+02 1.13B+02 1.13B+02 1.13E+02 1.13E+02 1.13B+02
gd155 1.08E-01 1.96E-01 2.B2B-01 3.67E-01 4.50E-01 35.31E-01 6.11B-01
4] nuclide concentrations, grams

basis »eingle reactor assembly
initial 46.9 d 93.8d 140.84 187.7d4 234.6d 281.54d
total 3.27E+04 3.27B+04 3.27E+04 3.27E+04 3.27B+04 3.27B+04 3.27E+04
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1 primary module access and input record ( scale drjver - 95/03/29 - 09:06:37 )

- module sas2h

will be called

mixtures of fuel-pin-unit-cell:

d4group latticecell

uoc2 1 den=10.18 1 885

92234 0.020 92235
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
i-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
i-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-

kr-83 10
kr-85 1 0
y-89 10
sr-%0 10
zr-93 10
zr-94 10
zr-95 1 0
nb-%94 10
mo-95 1 0
tc-99 10
ru-101 1 0O
ru-106 1 0
rh-103 1 0
rh-105 1 0
pd-105 1 0
pd-108 1 0
ag-103 1 0
sb-124 1 0
xe-131 10
xe-132 1 0
xe-135 1 0
xe-136 1 0
cs-134 1 0
cs5-1351 0
cs-137 1 0
ba-136 1 0
la-139 1 0
pr-141 1 0
pr-143 1 0
ce-144 1 0
nd-143 1 0
nd-145 1 0
nd-147 1 0
pm-147 1 0
pm-148 1 0
sm-147 1 0
sm-149 1 0
sm-150 1 0
sm-151 1 0
sm-152 1 0
eu-153 1 0
eu-154 1 0
eu-155 1 0
gd-155 1 0
arbm-ss348

8.03 11

20 885 end
20 885 end
20 B85 end
20 885 end
20 B85 end
20 B85 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 B85 end
20 B85 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 B85 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end
20 885 end

3.40 92236 0.020 92238 96.56 end

000 6012 0.08 25055 2.0 15031 0.045

16000 0.030 14000 0.75 24000 18.0 28000 11.0 410393 0.7

73181 0.1 27059 0.2 26000 67.095 2 1 547

h2o 3 den=0.79733 1 532 end
arbm-bormod 0.79733 1 1 0 0 5000 100 3 1.0e-6 532 end

* 261 ppm boron (wt)

' fuel-pin-cell geometry:

squarepitch

1.072 0.747 1

3 0.864 2

' assembly and cycle parameters:

end

in moderator for the Core IV

0.757 0 end

npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5
lightel=9 inplevel=2 numztotal=3 end
3 0.6048 500 10.5799 3 10.9791
power=29.51 burn=451.5 down=129 end

printlevel=5

power=29.93 burn=333.1
power=24.07 burn=337 down=281.5 bfrac=261

o 135.0
fe 13.0
zr 221.0
1 $5555555555
8888585585885
-1 5%
88
ss
SS53SSS85888
BS58838555888
1]
ss

cr 5.9 wn 0.33
co 0.075 ni 9.9
nb 0.71 sn 3.6

aaaaaaaaa
asaaaaaaaaa
aa aa
aa aa
aa as
a3aaaaaaaaaaaa
aasaaaaaaadda
aa as
aa aa

down=370 temkcyc=889

88885585855
8888888885888
88 85
88
58
5885585838838

B85585858588

88
55

end
temkcyc=847

22222222222
2222222222222
22 22

end
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a8 =5 aa aa ss s 22 hh hh
S$S555588555585 aa aa 8858853885885 2222222222222 hh hh
55355555588 aa aa SEESSsEsssE 2222222222222 hh bh
0
nn nn  iiiidddidddi cecceecceee hh hh 00000000000 11
nnn nn  iiijdididididi cceccececcccee hb hh  ocooooocooocooo 11
nnnn ™m ii cc cc hh hh oo oo 11
mn nn nn ii cc hh hh oo oo 11l
nn nn nn ii cc hh hh o0 0o 11
nn nn nn ii ce hhhhhhhhhhhhh .13 oo 11
nn nn nn ii cc hhhhhhhhhhhhh o0 oo 11
an an  nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nnnn ii cc cc hh hh oo 00 11
nn nnn iididddiddidi ceceeccencecee hh hh  ©000000DDO00O 11111111
nn an  iiiididdididdii ceceecceecee hh hh DOOOOOTOO00 1111111111111
[}
0000000 7777777777777 77 33333333313 0000000 I74 99999999999 T17T7717717277777
000000000 7777777771777 IZ4 3333333333333 000000000 7/ 9999999339999 1777771777777
00 00 77 77 124 33 33 00 00 77 9 99 T ”
00 00 77 ’/ 33 00 00 Nz 99 99 77
00 00 77 124 33 00 1] 124 9% 99 77
00 00 77 /7 kEE) 00 00 7/ 9999999999999 <77
[«J4] 00 77 /7 31 00 (4] . 24 999999599999 77
00 00 17 /7 33 00 00 /7 95 77
00 00 77 /7 33 0o 00 /" 99 77
00 00 77 /7 33 33 00 00 17/ 39 77
000000000 77 7/ 3333333333333 000000000 124 9599999999995 77
0000000 7 /7 33333333333 0000000 /7 999999999999 ”
0
11 88888888888 33333333333 5555555555555 33333333333 “
111 8888888888868 3333333333333 5555555555555 3333333333333 444
1111 88 88 LS i3 - 33 55 33 33 44484
11 88 88 33 55 13 44
i1 88 8 33 55 HE 33 4 4§
11 88888888888 333 555555555555 31 44 (1}
11 888888888388 333 5555555555555 . 333 44 1]
11 88 © B8 33 55 N 33 4444444844444
11 88 88 33 L1 33 4444444444484
11 88 88 : 33 33 55 55 LR 21 33 4
11111111 8888888888888 3333333333333 5555555555555 3333333333333 L L]
11111111 BBBBBBE8EASE 33333333333 55555555555 33333333333 4“4
1
0 55555555558 cccceccecee aaaaaanaa 11 esceeeeeeecee
5555855558888  CCCCCCCCCCCCE aaaaaaaaaaa 11 eeczcceceeeee
BE 55 cec cc aa aa 11 ee
ss ec aa aa 11 ee
ss cc aa az 11 ee
5555555558388 cc aaaaaaaaaaaaa 11 eeceececeene
5855555555835 cec aaaaaaaaaaaaa 11 ececeeces
- 88 cc aa aa 11 ee
88 cc aa aa 11 ee
58 s8 cc cc aa aa 11 ee
55888 ccece aa aa 1111111111111 eeeceeceeceeee
c aa aa 1111111111111 secceeeceecee
AAR AR X R A A R R R R R A R s R R R R R R R R T )
AR A S S R R A R R R R R E R R R R R R R R R R R N R e R R R YY)
AAA AR 2 X R A A A A R E R L R R R e e R R R R R e R A I 2SR X Y
rens asnee
A program verification information WA A
eenn cenee
b AA A code system: scale version: 4.3 rente
aannn saen
AR R A AR R A S A2 a2 R R Ry R R TS R )
"""“.QQ.'."""O".Q..0.0.0&.‘.‘&""“.."‘Ql'..“..tlttt..t.i't..".l'."
TS reeen
anmaw csann
sanae program: sas2 ananw
seaan
creation date: 03/07/97 LA
weann
library: /opt/neut/Scaled.3/bin b
Ty
seaen
this is not a scale configuration controlled code bbb
jobname: nichol
date of execution: 07/30/97
time of execution: 18:35:34
LA XA R R R R R R R R R R R R R R R R R R RS RSS2 ]
LA A R R R R R R R e T R R R T T R R R R RS Y
(A S A A R R R R R A R R Y Y S S EEXY EY T RR NNy
1
Q' « = = = = = = = @ & 4 = = @ a4 = = .. =-em e = m .- = -
0’
0 nuclide concentrations, grams
basis =gingle reactor assembly
initial 1E-18 4
o 16 1.35E+05 1.35E+05
total 3.92E+05 3.92E«05
nuclide concentrations, grams
basis =single reactor assembly
initial 1B-18 d
uz23d 2.008+02 2.00E+02
u23s 3.40E+04 3.40BE+04
u236 2.00B+02 2.00B+02
u23B 9.65E+05 9.65E+0S
total 1.00E+06 1.00E+06
a basis =
[} initial 22.6 d 45.2 4 67.7 4 90.3 4 90.3 4
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0

Qo

ac

o 16

mo 95

tc 99

© totals

u233
u234d
u23s
u236
w238
np237
pu23é
pu23s
puzis
puz2l’9
pu240
puzdl
puzd2

am241

am242m

am243
totals

o 16

mo 95
tc 9%

total

u233
u234d
uz23s
u23é
u238
np237
puzié
puzisg
puz3s
pu239
pu240
pu2dl
pu242

am242m
am243
total

tc 98
Tulll
rhl03
rhl03m
agl09

ndl43

ndld5s
smld7
smid9
sml50
sml51
eulsl
sml52
euls3
gd155

total

charge
8.41E+03

charge

charge
.Q0E+00

charge
.GOE+00

charge

charge
1.15B+04

charge

.D0E+00
.55E-01
.45BE+02
.47E-01
.06E+03
.00B+00
.00E+00
.00E+00
.00E-00
-00E+00
.Q0E+00
.00E+00
.00E+00

o ®@

charge
.O0B+00
.ODOB+00
.00B+00
4.20E+03
de

initial
1.35E+05

initial
1.71E+01
7.99E-05

initial
3.32E+05

initial
.83E-03
.20E+02
.18E+04
L13B+03
.40B+0S
.62E+02
.778-04
.72B+02
.72E+02
.46E+01
.41E+03
.56E+03
.55E+02
.60B+01
.42B+00
.91E+01
.67E+05

DRI @S ATV 0N D b b

initial
6.43E+02

initial
7.50E+02
7.26E+02
4.38E+02
3.278-02
8.65E+01

initial
8.21E+02

initial
.39E+02
.06E+02
-47E+00
.82E+02
.34E+01
.76E-02
.1BE+02
.09B+02
.01E-01

A NNWEG

initial
3.21B+04

initial

22.6 4
8.41E+03

22.6 d

22.6d
6.04E-05

22.6 4
3.24e-12
22.6 &

22.6 d
1.158+04

22.6 a
.05E-07
.46E-01
.41E+02
.48B+00
.05B+03
.27B-03
.13e-10
.60E-05
.60B-05
.51E+00
.03E-02
.25B-04
.23B-06

W I 0D s e e N O 0D

22.6 d
5.17E-07
7.95B-10
1.078-08
4.20E+03

cay data,
1697

46.9 4
1.35E+05

46.9 d
1.79E+01
8.08E-05

46.9 a
3.92B+05

46.9 d
.B5B-03
.21E+02
.18E+04
L13E+03
.40E+05
.70B+02
.59E-04
.TTE+02
.7T7B+02
.52E+03
.41B+03
.S5E+03
.S5E+02
.56E+01
.41E+00
.92E+01
.67B+05

DD RO B N O e OV O

46.9 a
6.65B+02

46.9d
.53E+02

.56E+02
.43B-02
.66E+01

LR RN R |

46.9 4
B8.35E+02

46.9 d
.39E+02
.11B+02
.38B+00
.82E+02
.35E+01
.08E-02
.18E+02
.10E+02
.86E-01

o N R Oy

46.9 a
3.21E+04

.26B+02°

22.6 d 45.2 4 67.7 4
basis = single reactor assembly
4524 67.74d 90.3 a 90.3 4
8.41E+03 8.41E+03 B.41B+03 §g.41E+03
basis = single reactor assembly
45.2 @ 67.7 @ 90.3 4 90.3 4
basis * single reactor assembly
45.2 a 67.7 4 90.3 4 90.3 4
4.12E-04 1.19E-03 2.43E-03 2.43B-03
basis = single reactor assembly
45.2 4 67.7 d 90.3 4 90.3 d
3.33e-11 1.23E-10 3.04E-10 3.04E-10
basis = Bingle reactor assembly
45.2 4 §7.7 & 90.3 d 90.3 4
basis = single reactor assembly
45.2 4 67.7 4 90.3 4 90.3 4
1.15B+04 1.15B+04 1.15E+04 1.15B+04
basis = single reactor assembly
45.2 4 67.7 4 80.3 4 90.3 4
6.00B-07 8.80E-07 1.15B-06 1.15E-06
8.37e-01 8.28B-01 8.19B-01 B.19E-01
1.38B+02 1.35B+02 1.32B+02 1.32E+02
2.10E+00 2.71E+00 3.29E+00 3.29E+00
4.058+03 4.05E+03 4.05B+03 4.05B+03
2.31B-02 4.08B-02 6.07E-02 6.07B-02
1.30E-09 3.55B-09 7.09B-09 7.03E-09
2.92e-04 B8.07E-04 1.63E-03 1.63B-03
2.92p-04 B.07E-04 1.63E-03 1.63E-03
3.19B+00 4.74B+00 6.17B+00 6.17B+00
8.35e-02 1.82B-01 3.07E-01 3.07B-01
6.13E-03 2.01B-02 4.55B-02 4.55E-02
S.65E-05 2.83E-04 B8.64E-04 8.64E-04
basizs = single reactor assembly
45.2 4 67.7 d 90.3 4 90.3 4
8.85E-06 4.43BE-05 1.35B-04 1.35B-04
2.66E-08 1.93B-07 7.52B-07 7.52E-07
3.83e-07 2.92B-06 1.20B-05 1.20E-0S
4.20BE+03 4.19B+03 4.19B+03 4.19B+03

$3.8 4
1.35E+05

§3.8d
1.84E+01
8.08E-05

93.84d
3.92B+05

93.8 4
.87E-03
.21E+02
.1BB+04
L13E+03
.40E+05
.70B+02
.39B-04
.BO0E+02
.BOE+02
.52E+03
.41B+03
.S4E+0]
.55E+02
05E+02
.41E+00
.92E+01
67E+05

WD N OV - OY D e

93.8 4
6.BIE+02

93.8 4
7.53B+02
7.26B+02
4.65B+02
6.24E-03
8.66E+01

93.8d
8.36E+02

93.8 4
.39E+02
.16B+02
38E+00
8§2B+02
35e+01
41B-02
.18E+02
.10E+02
.69E-01

N D NN e - O

93.8 d
3.21E+04

nuclide concentrations, grams

basis =single reactor assembly
140.8d 187.7d 234.6d4 281.54d
1.35E+05 1.35E+05 1.35B+05 1.35B+05

nuclide concentrations, grams

basis =single reactor assembly
140.8d 187.7d 234.6d 281.5d
1.88E+01 1.91BE+01 1.92B+01 1.93B+01
8.08E-05 8.08E-05 8.08E-05 8.08E-05

nuclide concentrations, grams

basis =single reactor assembly
140.8d 187.7 4 234.6 4 281.54d
3.92E+05 3.92E+05 3.92B+05 3.92B+05

nuclide concentrations, grams

basis =single reactor assembly
140.8d 187.7d 234.6a 281.5d

1.89E-03 1.91B-03 1.93E-03 1.95E-03
1.21E+02 1.21B+02 1.21B+02 1.22B+02
1.18E+04 1.18E+04 1.18B+04 1.18E+04
4.13B+03 4.13B+03 4.13B+03 4.13E+D3
9.40BE+05 9.40B+05 9.40E+05 9.40B+05
4.70E+02 4.70B+02 4.70B+02 4.70BE+02
6.20E-04 6.01B-04 5.83B-04 5.65B-04
1.82B+02 1.84E+02 1.858+02 1.868+02
1.82E+02 1.84B+02 1.85B+02 1.86B+02
6.52B+03 6.52E+03 6.52BE+03 6.52E+03
2.41B+03 2.41B+03 2.42E+03 2.42B+03
1.53B+03 1.53B+03 1.52E+03 1.51E+03
4.55B+02 4.55B+02 4.55B+02 4.55B+02
1.1SE+02 1.24B+02 1.34B+02 1.43E+02
2.41E+00 2.41BE+00 2.41E+00 2.41E+00
9.92E+01 9.92B+01 9.92E+01 9.92B+01
9.67E+05 9.67B+05 B2.67B+05 9.67E+05

element concentrations, grams

rmuclide concentrations, grams

basis =single reactor assembly
140.8d 187.7d 234.6d4 28l1.54
6.95B+02 7.03E+02 7.08B+02 7.11B+02

nuclide concentratjons, grams

basis =gingle reactor agssembly
140.8d 187.7d 234.64d
.53E+02 7.53B+02 7.53B+02 7
26E+02 7.26E+02 7.26E+02 7.26E+02
68BE+02 4.70BE+02 4.70EB+02 4
.73E-03 1.13%B-03 5.20B-04 2
.66E+01 B.66E+01 B8.66E+01 8.66E+01
nuclide concentrations, grams
basis =single reactor assembly
140.8 4 187.7 4 234.6 & 281.5 4
8.36B+02 B8.36B+02 B.36E+02 8.36E+02

nuclide concentrations, grams

basig =single reactor assembly

[ RN NN R |

140.8 4 187.7a@ 234.6d 281.54d
6.39E+02 6.39E+02 6.39B+02 6.39E+02
1.20E+02 1.25B+02 1.298+02 1.33B+02
4.38E+00 4.318E+00 4.38B+00 4.38B+00
2.82E+02 2.82R+02 2.82E+02 2.82B+02
2.35B+01 2.35BE+01 2.34E+01 2.34E+01
1.17E-01 1.41B-01 1.64E-01 1.87E-01
1.18B+02 1.1BB+02 1.18B+02 1.18B+02
1.10B+02 1.10E+02 1.10B+02 1.10B+02
3.51B-01 4.31E-01 5.10E-01 5.87E-01

nuclide concentrations, grams

basis =single reactor assembly
140.8d 187.7a 234.6 4 281.54
3.21E+04 3.21B+04 3.21E+04 3.21E+04

90.3 4

including gamma and total energy, are from endf/b-vi
total number of nuclides in library

90.3 a4
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ye6see4h3.sum

LR e et L L R L T R R R A A A A

. SCALE4.3 Bulletin Board :
- .
. Welcome to SCALE-4.3. :
. .
R R R RN R G AN R R R N P N A RS AR A AN R R E O AP A S B AR AR S R A P R T P R U R R PRSI NI E RO R I NR GRS
1 primary module access and input record ( scale driver - 95/03/29 - 09
- module sas2h will be called
Yankee Rowe sample B6-SE-ed-3, 138.94 cm 30.39%9 gwd/MTU, July 97
mixtures of fuel-pin-unit-cell:
44gToup latticecell
uo2 1 den=10.18 1 834
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end
kr-83 1 0 1-20 894 end
kr-85 1 0 1-20 894 end
y-83 1 0 1-20 894 end
sr-90 1 0 1-20 894 end
zr-33 1 0 1-20 894 end
zr-94 1 0 1-20 8%4 end
zr-95 1 0 1-20 B89¢ end
nb-94 1 0 1-20 834 end
mo-95 1 0 1-20 894 end
tc~99 1 0 1-20 894 end
ru-101 1 0 1-20 894 end
ru-106 1 0 1-20 854 end
rh-103 1 0 1-20 854 end
rh-105 1 0 1-20 894 end
pd-105 1 0 1-20 854 end
pd-108 1 0 1-20 894 end
ag-109 1 0 1-20 894 end
sb-124 1 0 1-20 B34 end
xe-131 1 0 1-20 B394 end
xe-132 1 0 1-20 894 end
xe-135 1 0 1-20 B94 end
xe-136 1 0 1-20 894 end
cs~134 1 0 1-20 894 end
cs-135 1 0 1-20 894 end
c5-137 1 0 1-20 8%4 end
ba-136 1 0 1-20 894 end
la-13% 1 0 1-20 894 end
pr-141 1 0 1-20 894 ‘end
pr-143 1 0 1-20 894 end
ce-144 1 0 1-20 B94 end
nd-143 1 0 1-20 8%4 end
nd-145 1 0 1-20 834 end
nd-147 1 0 1-20 894 end
pm-147 1 0 1-20 894 end
pm-148 1 0 1-20 894 end
sm-147 1 0 1-20 854 end
sm-149 1 0 1-20 894 end
sm-150 1 0 1-20 894 end
sm-151 1 0 1-20 894 end
sm-152 1 0 1-20 894 end
eu-153 1 0 1-20 894 end
eu-154 1 0 1-20 894 end
eu-155 1 0 1-20 834 end
gd-155 1 0 1-20 894 end
arbm-s8348 8.03 11 0 0 0 6012 0.08 25055 2.0 15031 0.045
.16000 0.030 14000 0.75 24000 18.0 28000 11.0 41053 0.7
73181 0.1 27059 0.2 26000 67.095 2 1 560 end
h20 3 den=0.78338 1 541 end
arbm-bormod 0.78338 1 1 0 0 5000 100 3 1.0e-6 541 end
' 261 ppm boron {wt) in moderator for Core IV
end comp
’ fuel-pin-cell geometry:
squarepitch 1.072 0.747 1 3 0.864 2 0.757 0 end
' assembly and cycle parameters:
npin/assm=305 fuelngth=833.69 ncycless3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=3 end
3 0.6048 500 10.579% 3 10.9751
power=32.84 burn=451.5 down=129 end
power=36.44 burn=333.1 down=370 temkcyc=915 end
power=26.72 burn=337 dJdown=281.5 bfrac=261 temkcyc=848 end
0 135.0 cr 5.9 mn 0.33
fe 13.0 co 0.075 ni 9.9
zr 221.0 nb 0.71 sn 3.6
1 85S55585585 asaaaaaaa $85858855885 22222222222 hh hh
5385355555588 aaaaaaaaaaa 8SssSssSsssssss 2222222222222 hh hh
13 88 aa aa ss 8s 22 22 hh hh
S aa aa 88 22 hh hh
55 aa aa S5 22 hh hh
855558685588 aaaaaaaaaaaaa B58S5ESSSSES 22 hhhhhhhhhhhhh
SE5SESSS8SSS  aaaaaaaaaaaaa BS5S5SS8S88S 122
ss aa aa -1 22 hh hh
&8 aa aa 58 22 hh hh

:06:37 )
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o~

(=X}

FEE
FEE

20000000000
0000000000000
o0

3

==}

0000000
000000000

000000000
0000000

7777771771711717
7177777177777

a3aaaaaaa
aaaaaaaaaaa
aa aa
aa aa
aa aa
aaaaaaaaaaaaa
aaaaaaaaaaaaa
aa aa
aa aa
aa aa
as aa
aa aa

1111111111111
111111111111

124

1111111111111
1111111111111
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95999595999
9999393359999
99 99

9 99

99 99
9999999939999
9999999995939
93
99

93
9999599599999
959999999999

5555555555555
5555555555555
55

55

55
§55555555555
5555555555555

55

s5

55 55
5555555555555
55555555555

eeeesceeseese
eeeeseceesceee
ee

ee

ee

eseceececee
eeeececee

ee

ee

ee
eeeeeceecesee
eeeesnccpeToe

L R R Y T T T Y
R Y Y
R R T R T T R R L oY

program verification information

scale version:

4.3

senan
rrene
rrenn
erune

L R e R T P 2
LRy R Y TS R R T R XY

/opt/neut/Scaled.3/bin

configuration controlled code

2sene

L R O Y Y Y R R R 2

L O Y S LR Y
L S Ty T T PR T Y Y Y

grams

L1] 55 aa aa 35 a8
8555855588888 aa aa ASB5SBSEBES8s538 2222222222222
BESS5SS85885 aa aa 585585535883 2222222222222
nn nn iididiididgi ceccceceecee hh hh
nnn nn  iiiidddiiddd ccecccccecece  hh hh
nnnn nn ii cc ec hh hh
nn nn nn ii cc hh hh
nn nn nn ii cec hh hh
nn nn nn ii cc hhhhhhhhhhhhh
nn nn  nn ii cc hhhhhhhhhhhhh
nn nn nn ii cc hh hh
an nn nn ii cc hh hh
m nnnn ii cc cc  hh hh
nn nnn  iiiiiiididid ccececccceccee . hh hh
m nn  iiiijidididid ccecececoooee hh hh
0000000 771777 124 33333333333
000000000 7777717777777 /77 3333333333333
00 00 77 77 124
00 00 77 /1l 33
00 00 77 /" 33
00 00 77 /7 333
00 00 77 /7 333
o0 00 77 // 33
00 00 77 /7 13
(4] 00 77 /7 33 33
000000000 77 /7 3333333333333
0000000 77 // 33333333333
11 BBBBBBBRESS 5555555555555
111 BBBBBBBBBBEAS 5555555555555
1111 88 88 55
11 88 88 55
11 88 8B 55
11 8888888BB8BB 555555555555
11 88885888888 5555555555555
11 88 8 55
11 88 88 55
11 88 a8 55 55
11111111 8888888888888 5555555555555
11111111 88888888888 55555555555
$85SS588858 ceccccececec
ccec ccc
ss s8 c¢ cc
88 cc
85 cc
SSSSSESSSSSES cc
S5555558558S [=1]
- s cc
ss  cC
55 88 cc cc
s cceeeee
5S5S355E5855 cccccecceee
resee
renen
bbb code system:
saean
hhhAd program: sas2
ey
wewas creation date: 03/07/97
aanaw
raAa library:
rawan
Iy
bbb this is not a  scale
rewnn
b jobname: nichol
rwaw
bbb date of execution: 07/30/97
srann
b time of execution: 18:57:54
renes
renen
Terentnens
nuclide concentrations, grams
basis =single reactor assembly
initial 1B-18 4
o 16 1.35B+05 1.35E+05
total 3.92B+05 3.92B+05
nuclide concentrations,
basis =single reactor assembly
initial 1E-18 d
u23d 2.00E+02 2.00E+02
u235 3.40E+04 3.40E+04d
u236 2.00B+02 2.00E+02
u238 8.65E+05 9.65E+05
total 1.00B+06 1.00E+06
. basis =
initial 22.6 d 45.2 4@

67.7 d

90.3 4

90.3 d

T7777INNININ
7777777177717

4“

"

ddde

“au

TRt

a4
& .
443830434444
e

4

4

4
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0 initial 22.6d 5.2 4 67.7 d 90.3 4 90.3 4
0 nuclide concentrations, grams
basis agingle reactor assembly
initial 46.9 4 93.8d 140.8 & 187.7 a4 234.6 4 281.5 4
o 16 1.35B+05 1.35E+05 1.35B+05 1.35B+05 1.35p+05 1.35E+05 1.35B+05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 a 93.8d 140.8 d 187.7 4 234.6 G 281.5 4
mo 95 2.02B+01 2,10B+01 2.17B+01 2.21B+01 2.24E+01 2.26B+01 2.27B+01
. tc 99 1.31E-04 1.32B-04 1.32BE-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04
o nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 4 83.8d 140.8 4 187.7 4 234.6d 281.5 ¢
total 3.92B+05 3.92B+05 3.92B+05 3.92E+05 3.92B+05 3.92E+05 3.92B+0S
nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d 93.8 4 140.8 @ 187.7 4 234.6 & 281.5 4

u233 1.92B-03 1.94E-03 1.96E-03 1.99E-03 2.01e-03 2.0)B-03 2.05E-03
u234 1,128+02 1.12B+02 1.12B+02 1.12E+02 1.12E+02 1.13B+02 1.13B+02
u235 1.028+04 1.02B+04 1.02B+04 1.02B+04 1.02E+04 1.02E«04 1.02B+04
u23é 4.36B+03 &.36B+03 4.36E+03 4.36B+03 4.36B+03 4.36B+03 J.36B+03
u238 9.358+05 9.35B+05 9.35E+05 9.35B+05 9.35E+05 9.35E+05 5.35B.05
np237 5.47B+02 5.55E+02 5.55B+02 5.55BE+02 5.56E+02 5.56E+02 5.56B«02
pu2lé 9.65e-04 9.392-04 9.118-04 8.B3E-04 B8.56E-04 8.30E-04 8.05B-04
pu2ig 2.33E+02 2.39E+02 2.43B+02 2 .46B+02 2.48B+02 2.50B+02 2.51B+02
pu2ils 2.33B+02 2.39B+02 2.43R+02 2.46B+02 2.48BB+02 2.50E+02 2.51E+02 . )
pu23’ 6.79E+03 6.87E+03 6.87E+03 6.87B+03 6.87E+0) 6.87B+03 6.87E+03 .
pu2do 2.70B+03 2.70BE+03 2.70B«03 2.70B+03 2.70B+03 2.708+03 2.70E+03
puz2dl 1.82B+03 1.80E+03 1.79E+03 1.78E+03 1.77B+03 1.76E+03 1.75E+03
puz2d2 6.04E+02 6.04B+02 6.04E+02 6.04B+02 6.04B+02 6.04E+02 6.04E+02
am241 9.70E+01 1.08B+02 1.19E+02 1.30B+02 1.41B+02 1.52B+02 1.63B+02
am242m 2.80B+00 2.80B+00 2.80E+00 2.80B+00 2.80B+00 2.73B+00 2.79E+00
am243 1.50B+02 1.50B+02 1.50E+02 1.50E+02 1.50B+02 1.50B+02 1.50E+02
total 9.63E+05 9.63B+05- 9.63E+05 9.63E+05 9.63B+05 9.63B+05 9.63E+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 46.9d 93.8d 140,84 1B7.74 234.6d4 281.54
mo 95 7.23E+02 7.47B+02 7.66E+02 7.79B+02 7.BBE+02 7.93B+02 7.96E+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d 93.8d 140.8d 187.74da 23¢4.64d4 281.5d
tc 99 8.41E+02 .44E+02 8.44E+02 .44E+02 B8 .44E+02 B8.44E+02 B8.44BR+02
rul0l  8.27B+02 .27B+02 8.278+02 .27B+02 8.27B+02 8.27E+02 B.27E+02
rhl03 4.89E+02 .10B+02 5.20E+02 .24E+02 S5.25E+02 5.26B+02 5.27E+02
rhi03m 3.72E-02 .62E-02 7.09E-03 .10E-03 1.35B-03 5.91B-04 2.58E-04
agl09  1.03E+02 .03E+02 1.03E+02 .03B+02 1.03B+02 1.03E+02 1.03E+02
] nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d 93.8a 140.8d 187.74 234.6d 281.54d
0 nuclide concentrations, grams
basis =single reactor assembly
initial 46.9 d 93.8d4 140.8d 187.74d 234.64 281.5d

< a

e 12 0 D O
L1 oo 00

nd143 9.02E+02 9.17E+02 9.19E+02 9.19E+02 9.19B+02 9.13%E+02 9.19B+02
nd145 7.11E+02 7.11B+02 7.11E+02 7.11E+02 7.11E+02 7.11BE+02 7.11EB+02
sm147 1.10E+02 1.15B+02 1.20E+02 1.25E+02 1.30B+02 1.34B+02 1.39B+02
smld9 3.69E+00 4.74B+00 4.74B+00 4.74E+D0 4.74E+00 4.74B+00 4.74E+00
sml50 3.31E+02 3.31E+02 3.31E+02 3.31B+02 3.31B+02 3.31B+02 3.31E+02
sml51  2.59E+01 2.61E+01 2.61B+01 2.60E+01 2.60E+01 2.60E+01 2.59E+01
eul51 4.61E-02 7.19E-02 9.77B-02 1.23B-01 1.49B-01 1.75E-01 2.01E-01
sml152 1.33E+02 1.33B+02 1.33E+02 1.33B+02 1.33B+02 1.33B+02 1.33E+02
eul53 1.31E+02 1.32E+02 1.32E+02 1.32E+02 1.32B+02 1.32B+02 1.32E+02
gdl55 1.22B-01 2.28E-01 3.32E-01 4.34E-01 5.34E-01 6.33E-01 7.25E-01 .
0 nuclide concentrations, grams

basis =single reactor assembly
initial 46.9 a 93.8 4 140.8 4 187.7 4 234.6 4d 281.5 4
total 3.66E+04 3.66BE+04 3.66B+04 3.66E+04 3.66E+04 3.66E+04 3.66E+04
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module sasZh

SCALE4.3 Bulletin Board

Welcome to SCALE-4.3.

will be called

' mixtures of fuel-pin-unit-cell:

' Cross Section Library

44group

latticecell

' Fuel Composition

uo2 1 den=10.18 1 885
92234 0.020 92235 3.40 92236 0.020 92238 96.56 end
kr-83 1 0 1-20 885 end
kr-85 1 0 1-20 885 end
y-89 1 0 1-20 885 end
sr-90 1 0 1-20 BBS5 end
zr-93 1 0 1-20 885 end
zr-94 1 0 1-20 885 end
zr-95 1 0 1-20 885 end
nb-94 1 0 1-20 885 end
mo-95 1 0 1-20 885 end
tc-99 1 0 1-20 885 end
ru-101 1 0 1-20 885 end
ru-106 1 0 1-20 885 end
rh-103 1 0 1-20 885 end
rh-105 1 0 1-20 885 end
pd-105 1 0 1-20 885 end
pd-108 1 0 1-20 885 end
ag-109 1 0 1-20 885 end
s5b-124 1 0 1-20 885 end
xe-131 1 0 1-20 885 end
xe-132 1 0 1-20 885 end
xe-135 1 0 1-20 885 end
xe-136 1 0 1-20 885 end
cs-134 1 0 1-20 B85 end
cs-135 1 0 1-20 885 end
cs-137 1 0 1-20 885 end
ba-136 1 0 1-20 885 end
la-139 1 0 1-20 885 end
pr-141 1 0 1-20 885 end
pr-143 1 0 1-20 885 end
ce-144 1 0 1-20 885 end
nd-143 1 0 1-20 885 end
nd-145 1 0 1-20 885 end
nd-147 1 0 1-20 885 end
pm-147 1 0 1-20 885 end
pm-148 1 0 1-20 885 end
sm-147 1 0 1-20 885 end
sm-149 1 0 1-20 885 end
sm-150 1 0 1-20 885 end
sm-151 1 0 1-20 885 end
sm-152 1 0 1-20 885 end
eu-153 1 0 1-20 885 end
eu-154 1 0 1-20 885 end
eu-155 1 0 1-20 885 end
gd-155 1 0 1-20 885 end
arbm-ss348 8.03 11 0 0 0 6012 0.08 25055 2.0 15031 0.045
16000 0.030 14000 0.75 24000 18.0 28000 11.0 41093 0.7
73181 0.1 27059 0.2 26000 67.095 2 1 547 end
h2o 3 den=0.79733 1 532 end
arbm-bormod 0.79733 1 1 0 0 5000 100 3 1.0e-6 532 end
* 261 ppm boron (wt) in moderator for the Core IV
end conmp
' fuel-pin-cell geometry:
squarepitch 1.072 0.747 1 3 0.B64 2 0.757 0 end
' assembly and cycle parameters:
npin/assm=305 fuelngth=833.69 ncycles=3 nlib/cyc=5S
printlevels=5 lightel=2 inplevel=2 numztotals3 end
3 0.6048 500 10.5799 3 10.9791
power=33 .13 burn=451.5 down=129 end
power=33.60 burn=333.1 down=370 temkcyc=8B% end
power=27 .02 burn=337 down=281.5 bfrac=261 temkcyc=847
0 135.0 cr 5.9 mn 0.33
fe 13.0 co 0.075 ni 9.9
zr 221.0 nb 0.71 =n 3.6
BEBSSSSSSSS aaaaaaaaa 855 22222222
5355555558888 aaaaaaaaaaa 8555585558888 2222222222222
ss 85 aa ss s 22 22
ss aa s8 22
£ aa 8s 22
SSSSSSSS55S8S AAAAAAAAARAAA  SSSSSSSESSSS 22
B5SSSSSSSSSS  AAAAAAAAAAAAA 388853833538 22 -
8BS aa 88 22
8BS aa ss 22

LAY

.

L R T R P R R R AR A i g

primary module access and input record { scale driver - 95/03/29 - 09:06:137 )

end
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Attachment I1:

ss 88 aa aa 88 F13 22 hh hh
SS38588SSS888  aa aa ssssssgsss 2222222222222  hh hh
5SSSBES5588S5 aa aa BBESSES85SS 2222222222222 hh hh
0
nn nn iddidddddidd cceceeeceece hh hh 00000000000 11
nnn nn  iliiidididiii cceccecceecce . hh hh  oooooocoo00000 11
nnnn nn ii cc cc hh hh oo oo 11
mn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh 00 ©0 11
nn m ™ ii cc hhhhhhhhhhhhh 0o oo 11
nn nn nn ii cec [-1-] oo 11
nn nn nn ii cc hh hh oo 00 11
nn nn nn ii ce hh hh oo oo 11
nn nnnn ii cc cc  hh hh oo oo 11
nn nnn iiiididddddidid ccecceecccece hh hh  00000000000OCO 1111111111111
nn nn  iiiiiididddd ccceeccecee hh hh 00000000000 1111111111111
o
0000000 777717771777717 /7 33333333333 0000000 144 99999999999
000000000 7177717177777 // 3333333333333 000000000 /" 9999999999999
00 00 77 7 144 33 33 00 00 // 99 99
00 00 77 77 33 00 00 124 83 99
o]+] 00 77 IZ4 33 Q0 00 124 99 99
00 [+]} 77 /7 333 00 00 77 9999999999999
00 00 77 1/ 333 00 00 77 999999993999
00 00 77 7/ 33 00 00 /7 39
00 00 77 124 33 00 00 /7 99
00 00 17 44 33 33 00 00 144 99
000000000 77 77 3333333333333 000000000 144 9999999999999
0000000 77 77 33333333333 0000000 124 999999999999
0
11 99999999999 a4 22222222222 o
111 9999999999999 444 2222222222222 444
1111 99 99 4444 22 22 4444
11 99 99 44 ¢ 22 44
11 99 95 4 &4 22 44 44
11 9999999999999 4 4 22 4 i
11 999999959999 44 44 22 44 4“
11 . 93 . 444444444444 22 444443444444
11 99 4444444444444 22 444448444844444
11 99 44 22 au
11111111 9999999999999 44 2222222222222 a4
11111111 959959999999 u 2222222222222 4"
1
0 55555858888 ccececoccecece aaaaaaaaa 11 esececceeeeee
5585855855588 ccccecceeccceee aaasaaasaaa 11 ecececeeseeee
ES -1 cc cc aa aa 11 ee
58 cc aa aa 11 ee
85 cc aa aa 11 ee
555888838888 cc aaaaaaaaaaaaa 1l eeeeeceee
SESSESSSS88E CC aaaaaaaaaaaas 11 eecceecee
- ss ce aa aa 11 ee
-1 cc aa aa 11 ee
13 55 cc cc aa aa 11 ee
5855888855558 cceecceeceeee aa aa 1111111111111 eeeececeenrcee
55558588888 ccececceecce aa aa 1111111111111 cecececeeecee
LR R R R AR R R A R A R e R A R R R R R R R R e R R S R R TS S A R AR )
(22 X Z R R R R L R R R A A A A R R R AR R R R e 2 R R R R R R R R R R R R A R R R R A R RS S SRR R ]
EERRE AR AR S AR A A NI LA NS AR S AR RS R AR B AR R A AR PR A SRR NS R AN PR G RN E R R ARSI R PR SRR NI RN
rewen arnan
bk program verification information weeen
rren
b code system: scale version: 4.3
anves
ER AR AR E R AR R AR R R AR AR SR A NS s e R R A R R R R R R R R R R RS SRR SR RS 2 )
(A4 E R R AR AR R R R AR AR A A R s R R R R R R R R R S R R R Y S A S R AR RN
[EE 22 . - (XXX R
N LTS fEE R
b program: sas2
EPTT T
b creation date: 03/07/97
annse
vewes library: /opt/neut/Scaled.3/bin
YT
eane
bbbl this is not a scale configuration controlled code
jobname: nichol
date of execution: 07/30/97
time of execution: 19:42:45
LA XX ]
(222 R R R A R R E R R R A R e A R R e e A R R e R R R R R R R R R R R SRR RN Y )
I R A R R R R R R R R R A R R A R R s R R R R N Y R R R RS R NS ) -
L2 R A R R A R R R R R R R R R R N T R R R A R R R R R SRS XY )
1
D' = = = = 2 @ @ = @ &a & & * = = ® = = = " = .= = == = =
0
0 nuclide concentrations, grams
basis =single reactor assembly
injitial 1E-18 d
o 16 1.35E+05 1.35E+05
total 3.92E+05 3.92E+05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4
u2id 2.00E+02 2.00E+02
u235 J.40E+04 3 _40E+04
u236 2.00E+02 2.00E+02
u238 9.65E+05 9.65E+05
total 1.00BE+06 1.00E+06
] basis =
o initcial 22.6d 45.2 4 67.7 4 90.3 4 90.3 4

B00000000-01717-0200-00143 REV 00
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(4]

mo 95

te 99

- totals

u233
u23i4
u23is
u236
u2lg
np237
pu2lé
pu238
pu2ls
pu2is
pu2do
pu2dl
pu242

am241

am242m

am243
totals

oa

o 16

mo 35
tc 99

total

w233
u2id
u235
u23é
u23s
np237
pu236
pu23s
puz3s
pu2lg
pu240
pu2dl
pu2d2
am241
am242m
am243
total

Qo

tc 99
rulll
thl03
rhld3m
aglQy

ndldl
ndld5s
smld47
smld9
sml50
sml51
eul5l
sml152
euls3
galss

total

charge
8.41E+03

charge

charge
.00E+00

charge
.00B+00

charge

charge
1.15B+04

charge

.Q0B+00
.S5E~01
.45E+02
.47E-01
06E+03
.DOE+00
.Q0E+00
.00E+00

- w

L00E+00

.00E+00
.00E+00
.00E+00
.00E+00

charge
.00B+00
.Q0B+00
.Q0B+00
4.20E+03

initial

22.6 4
§.41E+03

22.6d

22.6 4
6.78E-05

22.6 4
4.58E-12

22.6d

22.6d
1.15B+04

22.6 4
42B-07
45E-01
.41E+02
S6E+00
0SE+03
.36E-03
71BE-10
82E-05
82E-05
69E+00
53E-02
.01B-03
04E-06

U NNV O e - oW

22.6 d
7.20E-07
1.23E-09
1.87E-08
4.20B+03

22.6 d

45.2 a4
8.41E+03

45.2 &

45.2 d
4.62R-04

45.2 a
4.73E-11

45.2 4

45.2 d
1.15B+04

45.2 4
.72E-07
34E-01
.37E+02
.25E+00
.0SE+03
.64E-02
.67E-09
.72E-04
.72E-04
55E+00
04E-01
.S51E-03
.79B-05

00 00 - W LI o ) N O O

45.2 d
1.23E-05
4.09E-08
6.70B-07
4.20B+03

45.2 4 67.7 4
basis = single reactor assembly
67.7 4 90.3 4 90.3 d

8.41B+03 B.41E+03 8.41E+03
basis = single reactor assembly
67.7 4 80.3 4 30.3 d
basis = single reactor assembly
67.74d 80.3 4 90.3d
1.34B-03 2.73E-03 2.73B-03
basis = single reactor assembly
67.7 4 90.3 a4 90.3 d
1.75E-10 4.32B-10 4.32E-10
basis = single reactor assembly
67.7 4 90.3 4 90.3 4
basis = single reactor assembly
90.3 90.3

1.15B+04 1.15B+04 1.15B+04
basis = single reactor assembly
67.7 4 90.3 d 80.3 &

9.83E-07 1.28E-06 1.28B-06
8.25E-01 8.158-01 8.15E-01
1.34B+02 1.30BE+02 1.30E+02
2.92B+00 3.57B+00 3.57E+00
4.05B+03 {§.0SE+03 4d.0SE+03
4.69B-02 7.02E-02 7.02E-02
4.57E-09 9.17B-03%3 9.17E-09
1.03E-03 2.05e-03 2.09B-03
1.03E-03 2.09E-03 2.09B-03
5.26E+00 6.82E+00 6.82E+(0
2.24E-01 3.75E-01 3.75E-01
2.77E-02 6.228B-02 6.22B-02
4.38B-04 1.33E-03 1.33E-03

basis = single reactor assembly
67.7 d 90.3 d 90.3 4
6.10E-05 1.84B-04 1.B4E-D4
2.93E-07 1.13B-06 1.13B-06
5.09E-06 2.08E-05 2.08B-05
4.19E+03 4.19B+03 4.19B+03

90.3 4

decay data, including gamma and total energy, are from endf/b-vi

initial
1.35E+05

initial
1.94E+01
1.17E-04

initial
3.92E+05

initial
.89E-03
.13B+02
.03E+04
.33E+03
.J6E+05
30E+02
.05E-04
.21E+02
.21E+02
.64E+03
65E+03
76E+03
.78E+02
.23E+01
65E+00
39E+02
.64E+05

WHNOVNHMANNWOUID &

initial
7.09E+02

initial
8.28B+02
8.12E+02
4.80E+02
3.75B-02
1.00E+02

initial

initial
.87E+02
-01E+02
10E+02
.58B+00
.23E+02
51B+01
.39E-02
L31E+02
.27B+02
.13e2-01

et b i B L L b 3 O

initial
3.59E+04

1697

46.9 d
1.35E+05

46.9 4
2.03E+01
1.18E-04

46.9 d
3.92E+405

46.94d

91E-03
13E+02
03E+04
.33E+03
.36B+05
.38B+02
.81E-04
26E+02
26E+02
.T1B+03
.65B+03
.74E+03
78E+02
.03E+02
.64E+00
.40E+02
.64E+05

O N U R R OV R N 00U AD B b e

46.9 d
7.34E+02

46.9 d
.31E+02
L12B+02
.01E+02
.63B-02
.01E+02

XYY

46.3 d

46.9 4
.03E+02
.01E+02
.15E+02
.64E+00
.23E+02
.53E+01
.90E-02
.31B+02
.28E+02
.16E-01

N OV L 3D

46.9 d
3.59E+04

93.84d
1.35B+05

93.8 4
2.09B+01
1.18E-04

93.8 d
3.92E+05

93.8 a
.93E-03
L13E+02
.03E+04
.33B+03
.36E+05
.38E+02
.S4E-04
.30E+02
.J0E+02
.71B+03
.65E+03
73B+03
.78E+02
.14E+02
€4E+00
40E+02
64E+05

TR DOANRKD VD &

93.8 d
7.53E+02

93.8 d
8.31E+02
B.12E+02
5.10B+02
7.14E-03
1.01E+02

93.8d

93.8 4
.04E+D2
.01B+02
.20B+02
.64E+00
.23B+02
.53E+01
.40E-02
.31B+02
.28E+02
.17B-01

WHMHMONWA M IO

93.8 4
3.59B+04

total number of nuclides in library

nuclide concentrations, grams
basis =single reactor assembly
140.8 4 187.7d 234.6 4 281.54
1.35E+05 1.35B+05 1.35B+05 1.35E+05
nuclide concentrations, grams
basis =single reactor assembly
140.8 4 187.7 4 234.6 4 28l.5 a
2.14E+01 2.17E+01 2.18B+01 2, 20E+0l
1.18E-04 1.18E-04 1.1BE-04 1.18E-04
nuclide concentrations, grams
basis =single reactor assembly
140.8 4 187.7 4 234.6 4 281.5 &
3.92E+05 3.92B+05 3.92E+05 3.92B+05
nuclide concentrations, grams
basis =single reactor assembly
140.8 4 187.7d 234.6d 281.54

1.95E-D3 1.98E-03 2.00E-03 2.02B-03
1.14E+02 1.14E+02 1.14B+02 1.14B+02
1.03E+04 1.03E+04 1.03E+04 1.03E+04
4.33B+03 4.33E+03 4.33E+03 4.33E+03
9.36B+05 9.36B+05 9.36E+05 9.36E+03
5.38E+02 5.39E+02 5.39E+02 5.39E+02
8.28E-04 B.03E-04 7.78E-04 7.56E-04
2.33E+02 2.35B+02 2.37B+02 2.3BE+02
2.33E+02 2.35E+02 2.37B+02 2.38E+02
6.71E+03 6.71E+03 6.71E+03 6.71B+03
2.65E+03 2.65B+03 2.65BE+03 2.65B+03
1.72B+03 1.71E+03 1.70E+03 1.69E+03
5.78E+02 5.78E+02 5.78E+02 5.78E+02
1.25E+02 1.35B+02 1.46E+02 1.56B+02
2.64E+00 2.64EB+00 2.64B+00 2.64E+00
1.40B+02 1.40E+02 1.40E+02 1.40E+02
9.64E+05 9.64E+05 9.64B+05 9.64E+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
140.8 a4 187.7 4 234.6 4 281.5 &
7.67E+02 7.75B+02 7.81E+02 7.84E+02
nuclide concentrations, grams
basis =single reactor assembly
140.8 d 187.7 4 234.6 A4 281.5 4
.31E+02 B.31E+02 8.31E+02 B8.31E+02
.12B+02 8.12E+02 8.12B+02 8.12E+02
.15B+02 S5.16E+02 5.17B+02 S5.17B+02
.12B-03 1.36BE-03 5.95e-04 2.60E-04
L01E+02 1.01B+02 1.01E+02 1.01E+02
nuclide concentrations, grams
basis =zingle reactor assembly
140.8d 187.7d 234.6d 281.54d
nuclide concentrations, grams
basis =single reactor assembly
140.8 4 _187.7 d 234.6 4 281.5 4

W

9.04B+02 9.04E+02 9.04B+02 9.04B+02
7.01E+02 7.01E+02 7.01B+02 7.01E+02
1.25E+02 1.29B+02 1.34E+02 1.38E+02
4.64B+00 4.64E+00 4 .64E+00 4 .64E+00
3.23B+02 3.23E+02 3.23B+02 3.23E+02
2.52E+01 2.52E+01 2.52B+01 2.52B+01
1.15B-01 1.44E-01 1.6%9B-01 1.34E-01
1.31E+02 1.31B+02 1.31B+02 1.31E+02
1.28B+02 1.28B+02 1.28E+02 1.28E+02
4.158-01 5.12E-01 6.07B-01 7.00B-01

nuclide concentrations, grams

basis =s5ingle reactor assembly
140.8 @ 187.7d 234.6d 281.5d
3.59E+04 3.59E+04 3.59E+04 3.59E+04

90.3 d
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