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1. Purpose 
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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 analysjs that will eventually support the License Application 
Design phase. This activity, when appropriately confirmed, can impact the proper functioning ·of the 
Mined Geologic Disposal System (MGDS) waste package; the waste package has been identified. 
as an MGDS Q-List item important to safety and waste isolation (pp. 4, 15, Reference 5.1). The 
waste package is on the Q-List by direct inclusion by the Department of Energy (DOE), without 
conducting a QAP-2-3 evaluation. The Waste. Package Development Department (WPDD) 
responsible manager has evaluated this activity in accordance with QAP-2-0, Conduct of Activities. 
The Perform Criticality, Thermal, Structural, and Shielding Analyses (Reference 5.2) evaluation has 
determined the preparation and review of this design analysis is subject to Quality Assurance 
Requirements and Description (Reference 5.3) requirements. As specified in NLP-3-18, this activity 
is subject to QA controls. 

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

3. Method 

The analytical model employed for this analysis was the SAS2H module of the SCALE seq~ence. 
Based upon fuel design, power history, and operating data for specific assemblies in the Obrigheim 
pressurized water reactor (PWR), a computational model was developed for use with the SAS2H 
module of SCALE. The SAS2H module is used to perform a fuel depletion analysis to predict the 
isotopic concentrations in localized areas of assembly pins (pellet samples) subsequent to irradiation 
and cooling time. The isotopic concentrations predicted by the SAS2H module are then compared 
with measured concentrations of the same localized areas (axial locations) of the assembly pins to 
determine the accuracy of the developed model. The measured isotopic concentrations used for 
comparisons in the analysis are obtained from a separate report (Reference 5.5). 
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4. Design Inputs 
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The sources for the design parameters are References 5.4 through 5.9. Reference 5.4 provides 
information on the molar masses; the assembly design, power history and operating parameters are 
obtained from References 5.5 through 5.7; cladding composition from Reference 5.8; and a list of 
trace elements in the fuel is derived from Reference 5.9. 

4.1 Design Parameters 

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

Mole of natural uranium= 238 g, (Reference 5.4) 

General spent fuel characteristics for each test assembly are presented in Table 4-1 and include the 
initial 235U enrichment, final bumup and the cooling time (Table 2, Reference 5.5). The initial 
enrichment of all assemblies is 3.13 wt% 235U and the bumup ranges from 25.93 to 29.52 
GWd/MTU. Reference 5.5 is unclear as to whether the measurements are corrected to the time of 
shutdown or discharge. However, since Table 32 in Reference 5.5 contains the measured data and 
states that concentrations are relative to the time of unloading, a cooling time consistent with the 
time of discharge is used. Unfortunately, the time between shutdown and discharge is unknown, 
therefore, a cooling time of 10 days is assumed. This is assumed since a longer decay period would 
not significantly effect the isotopic composition; however, a shorter decay period would effect 
isotopes that come in part from the decay of short lived parent isotopes (pp. 7 and 10, Reference 5.6). 
Most notable is the decay of 23~ (TIll = 23.5 m) and 23~p (TIll = 2.35 d) to form 23l>u, which 
increases by roughly 1% during the first 10 days (pp. 7 and 10, Reference 5.6). Therefore, the 
predicted concentration of 239pu relative to that which is measured, may be used as an indication as 
to whether the use of a 10 day cooling time is appropriate. 

Assembly design parameters are presented in Table 4-2 (Table 13, Reference 5.5; Table 1, Reference 
5.7). The assembly is a Siemens 14 x 14 with 16 guide tube positions that were empty throughout 
each of the three cycles of irradiation. A cross section of a Siemens 14 x 14 assembly is presented 
in Figure 4-1 (Section 2.1.7, Reference 5.8). The guide tube dimensions were unknown and 
therefore the dimensions for a guide tube from a Westinghouse 14 x 14 assembly were assumed (p. 
13, Reference 5.5). Values for fuel pellet stack density, pellet diameter, and cladding inside and 
outside diameters are presented in Reference 5.5 while hot (i.e., in operating reactor.) However, the 
dimensions prior to irradiation are obtained from Reference 5.7 and used to maintain consistency in 
modeling from one reactor to the next. The initial enrichment of 234U and 236U are not known and 
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are approximated by: Wt% 234U = 0.0089 X 235U %, and Wt% 2360 = 0.0046 X 
235U wt% (p. 13, 

Reference 5.5). 

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

. . 

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

The composition of the cladding, Zircaloy-4, is presented in Table 4-5, and has a density of 6.56 
g/cm3 (Reference 5.9). A list of trace elements in the fuel used in updating cross sections during the 
depletion analysis is presented in Table 4-6 and is developed with consideration of elements used 
in (Table 1, Reference 5.1 0). A generic set of light element weights for PWRs that is typically used 
in depletion analyses is included in Table 4-7 (Table 17, Reference 5.5). Variations in light el~ment 
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!MTU02 or kgJMTU depending on the units 
required in the analysis. 

Measured isotopic concentrations are presented in Table 4-8 and are ·given in giMTU (Table 32, 
Reference 5.5). The measurements were performed at the Karlsruhe Reprocessing Plant in Germany 
by cutting each assembly lengthwise and dissolving each half separately. The radiochemical 
analyses were performed independently by laboratories of the European Institute for Transuranic 
Elements, the Institute for Radiochemistry, the Karlsruhe Reprocessing Plant and the International 
Atomic Energy Agency, and are averaged to obtain the values in Table 4-8. Included in Table 4-9 
is a listing of the measurement uncertainty for each of the isotopes examined (Table 8, Reference 
5.7). 
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a e - ;pent T bl 4 1 S F lCh ue .. p aractenst1c arameters or ng1 etm ~ Ob. h. PWR 

Test Assembly Enrichment, Burn up, Cooling Time, days 
wt% mu GWd/MTU 

168 3.13 28.40 10 

170 3.13 25.93 10 

171 3.13 29.04 10 

172 3.13 26.54 10 

176, batch 90 3.13 29.52 10 

176, batch 91 3.13 27.99 10 
Reference 5.5 
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Table 4-2. Assembly Design Parameters for Obrigheim PWR 
Parameter 
Assembly general data: 

Designer 
Lattice 
Number of Fuel Rods 
Number of Guide Tubes 
Assembly Pitch, em 

Fuel Rod Data: 
Type of Fuel Pellet 
Enrichment, 

wt% 235U 
wt% 234u 

wt% 236U 
Pellet Stack Density, g/cm3 

Rod Pitch, em 
Rod Outside· Diameter (OD), em 
Rod Inside Diameter (ID), em 
Pellet Diameter, em 
Active Fuel Length, em 

· Clad Material 

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

References 5.5 and 5. 7 
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Data 

Siemens 
14 X 14 
180 
16 
20.12 

3.13 
0.028 
0.014 
10.05 
1.430 
1.074 
0.930 
0.913 
295.6 
Zircaloy-4 

0.6413 
0.6845 
Zircaloy-4 
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Figure 4-1. Cross Section of Obrigheim Assembly 
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Reference 5.8 
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Cycle 4, 
days 
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0 248 
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377 4 
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a e T bl 4-4 0 :>eratmg ata or ngJ e1m D ~ Ob. h. PWR 

Test Batch Cycle3 Cycle4 CycleS 
Assembly 

Cumulative Bumup, 168 86 8.16 19.90 -
GWd/MTU 

170 94 6.03 17.61 -

171 89 8.39 20.42 -
172 92 10.03 17.77 -

176 90 9.25 20.62 -
176 91 8.77 19.55 -

Specific Power, 168 86 28.336 38.005 -
MW/MTU 

170 94 20.929 37.468 -

171 89 29.124 38.952 -
172 92 34.883 25.035 -
176 90 32.121 36.801 -
176 91 30.457 34.894 -

Effective Fuel 168 86 807 895 -
Temperature, K 

170 94 743 896 -

171 89 813 905 -

172 92 865 778 -
176 90 840 883 -
176 91 825 865 -

Water Temperature, K all all 572 

Water Density, g/cm3 all all 0.7283 

Soluble Boron, ppm all all 450 

Clad Temperature, K all all 605 

Reference 5.5 
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Cycle6 

28.40 

25.93 

29.04 

26.54 

29.52 

27.99 

34.249 

33.564 

34.748 

35.374 

35.875 

34.016 

860 

851 

865 

870. 

875 

855 
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Fi re 4-1. Fuel Tern rature vs Rod Power for Obri heim PWR 
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Reference 5.7 

T bl 4 5 C a e - omposttton o fZi ai -4 rc OY· 

Material Weight Percent 

0 0.12 

Cr 0.10 

Fe 0.20 

Sn 1.40 

Zr 98.18 

Density = 6.56 glcm3 

Reference 5.9 
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a e - uc 1 es Jpj ate m T bl 4 6 N I'd U d d . SAS2H 

83Kr 85Kr 89y 90Sr 95Mo 

94Zr 94Nb 95Zr 99-y'c to•Ru 

105Rh HJ6Ru 105pd 108pd t09Ag 

131Xe 132Xe 134Cs 135Xe 135Cs 

136Ba 137Cs 13~ 14tpr t43pr 

t44ce t4sNd t47Nd t47pm I47Sm 

t49Sm tsosm 151Sm 152Sm 1s3Eu 

tssad 155Eu 

Reference 5.10 

Table 4-7 Light Element Mass per Unit of Fuel for Typical PWR 

Element kg/MTU 

0 135.0 

Cr 5.9 

Mn 0.33 

Fe 13.0 

Co 0.075 

Ni 9.9 

221.0 

Nb 0.71 

Sn 3.6 
Reference 5.5 
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93Zr 

103Rh 

124Sb 

136Xe 

t43Nd 

I4spm 

I54Eu 
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Table 4-8. Average Measured Isotopic Concentrations (g/MTU) 

Batch 86 94 89 92 90 

Assembly 168 170 171 172 176 

Burnup, GWd/MTU 28.40 25.93 29.04 26.54 29.52 

nsu 9680 10950 9580 10580 9180 

23(iu 3730 3590 3750 3620 3810 

238Pu 105.4 80.1 101.3 88.9 107.1 

239pg 5013 4805 4957 4713 4943 

240Pu 2020 1800 2000 1830 2040 

241Pu 1103 978 1107 978 1128 

242Pu 407 312 405 328 438 

Reference 5.5 

a e -T bl 4 9 M easurement u rt t nee am!Y 

nsu ±2% 

23(ju ±1% 

238Pu ± 15% 

239Pu ±3% 

240Pu ±3% 

241Pu ±4% 

242Pu ±4% 

Reference 5. 7 

4.2 Criteria 
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91 

176 

27.99 

9850 

3700 

94.8 

4925 

1920 

1058 

372 

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 Require~ents 
Document (EBDRD, Reference 5.13) provides requirements for engineered barrier segment design. 
The Repository Design Requirements Document (RDRD, Reference 5.14) provides requirements 
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for reposit!Jry design. The Controlled Design Assumptions Document (Reference 5.15) provides 
guidance for requirements listed in the EBDRD and RDRD which have unqualified or unconfirmed 
data associated with the requirement. 

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

4.3 Assumptions 

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

4.3.2 The cycle average boron concentrations are assumed to be 450 ppm. The basis for this 
assumption is that the value is an average of typical cycle average boron concentrations, and 
was obtained from Reference 5.7. This assumption is used in Section 7.2. 

4.4 Codes and Standards 

There are no applicable codes or standards for this design analysis. 
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6. Use of Computer Programs 
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A. Reference 5.11 describes the SAS2H module of SCALE 4.3 that is used with the 
44GROUPNDF5 cross section library to calculate the isotopic concentrations for the 
specified bumup and cooling time. The computer code's spatially independent point 
depletion model is appropriate for comparison with assembly average 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 
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The SAS2H module of SCALE 4.3 is used to perform one-dimensional (1-D) neutron transport and 
point depletion analyses on the Obrigheim assemblies using the preferred 44GROUPNDF5 cross­
section library. To properly model the neutron flux spectrum and the nuclide composition changes, 
it is necessary to define the materials, geometry, and operating parameters of the fuel assembly. This 
is accomplished with the use of data blocks in which similar parameters are grouped together. 

7.1 SCALE Input Data Blocks 1, 2, and 3 

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

7.2 SCALE Input Data Block 4 

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

The fuel mixture is specified as U02 with a density and isotopic weight percentages from Table 4-2. 
Fuel temperatures for the assemblies during each cycle are presented in Table 4-4 and the 
temperature during cycle 3 is input for the fuel temperature specification in data block 4. The other 
cycle fuel temperatures are input in data block 9. Isotopes which are selected as needing their cross 
sections updated during the depletion analysis are included in the fuel mixture. A standard list of 
trace fuel elements is given in Table 4-6 and defined in the fuel mixture to have a concentration of 
10'20 atoms/bam·cm. . 

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

The moderator temperature, density and boron concentration are given in Table 4-4 and is composed 
of H20 and boron. The boron is defined as an arbitrary material with the moderator density and 
temperature, a volume fraction equal to the cycle average boron concentration, and a standard boron 
composition from the Standard Composition Library designated as 5000. · 



Waste Package Development Design Analysis 
Title: SAS2H Analysis of Radiochemical Assay Samples From Obrigheim PWR Reactor 
Document Identifier: B00000000-01717-0200-00139 REV 00 

7.3 SCALE Input Data Blocks S Through 7 
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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 sq.uare 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 
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 ~f detail in which the 
assembly is to be modeled. The number of fuel rods per assembly is given in Table 4-2 and the 
length is calculated so that an assemble contains 1 MTU, using the following equation: 

Where: 

Length 1 * 270gU02 * 106gU 

~(POD)2(PDen}(NFR) 238gU lMTU 
4 

Length = Length Required for an Assembly to Contain 1 MTU (em) 
POD= Fuel Pellet Diameter (em) 
PDen =Fuel Pellet Density (g UOjcm3

) 

NFR = Number of Fuel Rods 

Equation 7-1 

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

Each assembly was irradiated for three cycles. It is determined that approximately 80 days per cross 
section library is sufficient to accurately model the change in nuclide cross sections with increasing 
bumup, without over-burdening the SAS2H code. Therefore, the number of libraries per cycle are 
specified as five. To obtain the concentrations of all interested nuclides, a print level of 5 is chosen, 
while an input level of 2 is defined so that a Path B model may be utilized. The number of light 
elements are nine and are determined from Table 4-5, while the number of zones are five which is 
determined by the Path B model described in Section 7 .4. 
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7.4 SCALE Input Data Block 8 
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The Path B model for Obrigheim is a centralized guide tube unit cell surrounded by an homogenized 
fuel and moderator mixture that conserves the fuel to moderator volume ratio, and is further 
surrounded by moderator between assemblies. The equation below is used to determine the number 
of fuel unit cells that surround the central guide tube. All of the following equations used to 
calculate the Path B model dimensions are derived. The resrilts of the fuel-unit-cell calculations are 
presented in Table 7-1, and the resulting Path B model dimensions are presented in Table 7-2. 

Wh~re: 

(£)(CUCMV) 
M X ._.;;_:._ __ _ 

(FV)- ( £. )(MV) 
M 

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

Equation 7-2 

Equation 7-3 

Equation 7-4 

Equation 7-5 

Equation 7-6 
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Once the number of fuel cells per central guide tube is determined the geometry of the Path B model 
i.s calculated. Since the guide tube cell is centralized, the dimensions of the first two zones are the 
same as the guide tube inner and outer radii, these are presented in Table 7-2. The mixtures are 
moderator for zone 1 and zircaloy for zone 2. 

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

Equation 7~7 

Where: 
R3 = Radius of Moderator Surrounding Guide Tube 

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

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

Equation 7-8 

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: 

Where: 

R4= (.=_)RP 2+R; 
1t 

R4 = Radius of Homogenized Fuel and Moderator Zone 

Equation 7-9 

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

The moderator in the channel between assemblies is determined by calculating the total mod!!rator 
volume and multiplying by the fraction of unit cells in the larger unit cell of the Path B modd. The 
total moderator volume between assemblies is determined by the assembly pitch and the fuel cell_ 
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pitch multiplied by the number of unit cells. The radius of the moderator between assemblies is 
calculated from the following equation: 

Where: 
R5 = Radius of Moderator Surrounding Assembly Zone 
Ncell = Number of Cells in Assembly 
AP =Assembly Pitch 

a e - cu at10n o T bl 7 1 Cal I . ue mt e fF I U . C ll per me u e mt e G 'd T b U . C ll 

F/M CUCMV,cm2 FV,cm2 MV,cm2 

0.5018 1.8650 0.6547 1.1390 

Table 7-2 Path B Model Dimensions 

Rt Rz RJ R4 

Radius, em 0.6413 0.6845 0.8068 2.8238 

Composition Moderator Cladding Moderator Fuel/Moderator 

7.5 SCALE Input Data Blocks 9 Through 16 

Equation 7-10 

X 

11.2500 

Rs 

2.8379 

Moderator 

Data block 9 is used to describe the power history of the reactor. The specific power, fuel irradiation 
period, length of downtime, fraction of boron and moderator density, and the temperature during the 
cycle may all be defined. The specific power is in units of MW/MTU while the irradiation period 
and length of downtime are both defined in days. Table 4-4 contains values for the specific powers 
and the resulting uptime and downtime for each cycle are presented in Table 7-3. The power used 
for the intervals is the same and equal to the power for cycle 1 from Table 4-4. The boron and 
moderator density fractions are not used in modeling the Obrigheim assemblies because data 
provided are not in sufficient detail to determine cycle specific values. The individual cycle 
temperatures are provided in Table 4-4, and are specified with the command 'temkcyc='. 

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

Cycle3 Cycle4 Cycle 5 

Uptime, days 288 309 248 

Downtime, days 81 396 10 
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Light elements and their effective weight, in kg per assembly, are entered in data block 10. Table 
4-7 provides a generic set of light elements and their weights, in kg per MTU. Since the fuel length 
is altered so that there is 1 MTU per assembly the use of light elements with weights of kg per MTU 
is appropriate. 

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

7.6 Comparison of Calculated and Measured Concentrations 

Comparisons of corresponding calculated and measured concentrations are_ performed on a percent 
difference basis. The difference between the measured and the calculated value is divided by the 
measured value to determine the accuracy of the SAS2H calculation. A positive percent difference 
represents an over-prediction by the code, while a negative percent difference represents an under­
prediction by the code. The measured concentrations are given in Table 4-8, calculated 
concentrations in Table 7-4 and the percent differences are presented in Table 7-5. 

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

7.7 Results 

SAS2H predicted isotopic concentrations are presented in Table 7-3. The calculated concentrations 
are obtained through the methodology described in Sections 7.1 through 7.5, with the input 
parameters defined in Section 4.1. Calculated concentrations are then compared with measured 
concentrations as described in Section 7.6 to determine the accuracy of the SAS2H module. Results 
of the comparison, in the form of measured percent differences, are presented in Table 7-4. Also 
the results of the sensitivity analysis are reported in Tables 7-5 and 7-6. 
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Table 7-3. Calculated Isotopic Concentrations (g/MTU) 

Batch 86 94 89 92 90 

Assembly 168 170 171 172 176 

23sU 9.98E3 1.11E4 9.70E3 1.08E4 9.48E3 

236u 3.76E3 3.60E3 3.80E3 3.64E3 3.83E3 

238Pu 1.08E2 8.72E1 1.14E2 9.22El 1.19E2 

23'Tu 4.21E3 4.17E3 4.21E3 4.24E3 4.21E3 

240Pu 2.17E3 1.99E3 2.21E3 2.06E3 2.25E3 

241Pu 1.10E3 1.01E3 1.13E3 1.03E3 1.15E3 

242Pu 4.24E2 3.46E2 4.48E2 3.47E2 4.61E2 
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91 

176 

1.01E4 

3.74E3 

1.05E2 

4.23E3 

2.14E3 

1.08E3 

4.05E2 

Table 7-4. Percent Difference Between Measured and Calculated [(C/M-1)*1001 

Batch 86 94 89 92 90 91 

Assembly 168 170 171 172 176 176 

23su 3.10 1.37 1.25 2.08 3.27 2.54 

236u 0.80 0.28 1.33 0.55 0.52 1.08 

238Pu 2.47 8~86 12.54 3.71 11.11 10.76 

239Pu -16.02 -13.22 -15.07 -10.04 -14.83 -14.11 

240Pu 7.43 10.56 10.50 12.57 10.29 11.46 

241Pu -0.27 3.27 2.08 5.32 1.95 2.08 

242Pu 4.18 10.90 10.62 5.79 5.25 8.87 
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a e T bl 7 -5. Sensitivity lysis for .. Anal A ssem ly ate bl 170 B h 94 

Calculated Concentration, g/MTU %Change in 
Calculated 

Modeled Conditions Boron Concentration Increase of 100 ppm Concentrations 

l35u I.IIE4 1.12E4 0.90 

236u 3.60E3 3.60E3 0.00 

l38Pu 8.72El 8.80El 0.92 

l39Pu 4.l7E3 4.21E3 0.96 

l48Pu l.99E3 2.00E3 0.50 

:z.ctpu l.OlE3 l.OlE3 0.00 

l42Pu 3.46E2 3.47E2 0.29 

a e - ensitlVIty n lYSIS or T bl 7 6 S . . . A al . ~ A ssem ly ate bl 176B h 90 

Calculated Concentration, g/MTU %Change in 
Calculated 

. Modeled Conditions Boron Concentration Increase of 100 ppm Concentrations 

lJsu 9.48E3 9.54E3 0.63 

236u 3.83E3 3.83E3 0.00 

l38Pu 1.19E2 1.20E2 0.84 

l39Pu 4.2lE3 4.26E3 I.I9 

l40Pu 2.25E3 2.25E3 0.00 

241Pu 1.15E3 1.16E3 0.87 

242Pu 4.61E2 4.61E2 0.00 
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8. Conclusions 
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The accuracy in which the SAS2H module is able to predict isotopic concentrations is indicated by 
the percent differences presented in Table 7-4. Inspection of such results reveals that the code 
consistently under- predicts the concentration of 23%, while it consistently over-predicts the isotopes 
of 236U, 238Pu, 240pu, and 242Pu. 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 27bumuplib cross section library. The concentrations calculated in Reference 5.5 for the 
most part agree with the concentrations calculated in this analysis; however, significant differences­
are seen for the plutonium isotopes. Since there are few differences between the model in Reference 
5.5 and the model contained within, it is believed that the discrepancy between calculated 
concentrations for plutonium isotopes is caused by a change in the cross section library. 

Uncertainty in the measured concentration of each isotope helps to explain the deviation of the 
calculated concentrations from the measured concentrations. For example, the calculated 
concentration of 235U, 236U, 238Pu, and 241Pu are either within or very close to the measurement 
uncertainties of ±2%, ±1 %, ±15% and ±3%, respectively. However, such is not the case for the 
isotopes of 238Pu, 24<1>u and 242Pu, which deviate by more than the respective measurement 
uncertainties. 

Results from the sensitivity analysis of the isotopic concentrations with boron concentration reveal 
that calculated isotopic concentrations increase by around 1% or less with a 100 ppm increase in 
boron concentration. Although, a slightly lower average boron concentration would improve 
calculated concentrations for most isotopes, it would also create a larger deviation for 239pu which 
already has some of the largest deviation. However, since the average boron concentration is not 
expected to deviate more than 250 ppm from the_ assumed value, it is expected that the assumption 
of an average boron concentration of 450 ppm does not significantly effect the calculated isotopic 
concentrations. 

It is believed that the 10 day cooling time assumed does not adversely effect any isotopic 
concentrations since the c;oncentration of 23% is under-predicted and any longer cooling time would 
not significantly increase the concentration. However, if the concentration of 239pu were over­
predicted then a shorter cooling time would seem to be more appropriate. 

In general the SAS2H module of SCALE does well in predicting isotopic concentrations for 
Obrigheim assemblies, using the methodology presented. While over-prediction or under-prediction 
is significant for a few isotopes, the majority of calculated concentrations are very close to the 
measured concentrations. Although the assumptions for the average boron concentration does-·effect 
the resulting isotopic concentrations, the effect is not significant enough to account for all variation 
between the measured and calculated concentrations. More detailed operating data would be 
expected to improve the accuracy of the calculated concentrations in relation to the corresponding 
measurements. It is recommended that future analyses use more detailed data if possible. 
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9. Attachments 
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Attachment I includes eight pages and contains the input files used in the modeling of the Obrigheim 
assemblies. A description of the parameters contained within the input files is found in Sections 7.1 
through 7.5. 

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

• echo of the SAS2H input deck, 
• time/date stamp for when the SAS2H depletion calculation was performed, 
• 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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ob 168g28.input 
=sas2h pann=skipshipdata 
obrighiem (kwo) pwr, assm 168, batch 86,28.40 gwd/mtu 3-cyc June 97 
: .... used 180 fuel rode, 16 guide tubes .... , 

' mixtures of fuel-pin-unit-cell: . 
44group lanicecell 
uo2 I den=l0.05 I 807 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 807 end 
kr-85 I 0 1-20 807 end . 
y-89 I 0 1-20 807 end 
sr-90 I 0 1-20 807 end 
zr-93 I 0 1-20 807 end 
zr-94 I 0 1-20 807 end 
zr-95 I 0 1-20 807 end 
nb-94 ·1 0 1-20 807 end 
mo-95 I 0 1-20 807 end 
tc-99 I 0 1-20 807 end 
ru-101 I 0 1-20 807 end 
ru-106 I 0 1-20 807 end 
rh-103 I 0 1-20 807 end 
rh-105 I 0 1-20 807 end 
pd-105 I 0 1-20 807 end 
pd-108 I 0 1-20 807 end 
ag-109 I 0 1-20 807 end 
sb-124 I 0 1-20 807 end 
xe-131 I 0 1-20 807 end 
xe-132 I 0 1-20 807 end 
xe-135 I 0 1-20 807 end 
xe-136 I 0 1-20 807 end 
cs-134 I 0 1-20 807 end 
cs-135 I 0 1-20 807 end 
cs-137 I 0 1-20 807 end 
ba-136 I 0 1-20 807 end 
la-139 I 0 1-20 807 end 
pr-141 I 0 1-20 807 end 
pr-143 I 0 1-20 807 end 
ce-144 I 0 1-20 807 end 
nd-143 I 0 1-20 807 end 
nd-145 I 0 1-20 807 end 
nd-147 I 0 1-20 807 end 
pm-147 I 0 1-20 807 end 
pm-148 I 0 1-20 807 end 
sm-147 1·0 1-20 807 end 
sm-149 I 0 1-20 807 end 
sm-150 I 0 1-20 807 end 
sm-151 I 0 1-20 807 end 
sm-152 I 0 1-20 807 end 
eu-153 I 0 1-20 807 end 
eu-154 I 0 1-20 807 end 
eu-155 I 0 1-20 807 end 
gd-155 I 0 1-20 807 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

4000098.1821.0605 end · 
h2o 3 den=0.7283 I 572 end 
arbm-bormod 0.7283 I I 0 0 5000 100 3450.0e~ 572 end 

' 450 ppm boron (wt) in moderator 

end comp 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 I 3 1.074 2 0.930 0 end . . 
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' assembly and cycle parameters: 

npin/assm= 180 fuelnght=957 .89 ncycles=3 nliblcyc=5 

printlevel=5 lightel=9 inplevel=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 

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

power=34.249 bum=248 down=IO temlccyc=860 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

end 
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ob 170g25 .input assembly and cycle parameters: 
=sas2h pann=skipshipdata 
obrighiem (kwo) pwr, assm 170, batch 94,25.93 gwd/mtu 3-cyc Iune97 

' .... used 180 fuel rode, 16 guide tubes.... npinfassm=l80 fuelnght=957.89 ncycles=3 nliblcyc=5 

' mixtures of fuel-pin-unit-cell: 

44group lanicecell 
uo2 I den=l0.05 I 743 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 743 end 
kr-85 I 0 1-20 743 end 
y-89 I 0 1-20 743 end 
sr-90 I 0 1-20 743 end 
zr-93 I 0 1-20 743 end 
zr-94 I 0 1-20 743 end 
zr-95 I 0 1-20 743 end 
nb-94 I 0 1-20 743 end 
mo-95 I 0 1-20 743 end 
tc-99 I 0 1-20 743 end 
ru-101 I 0 1-20 743 end 
ru-106 I 0 1-20 743 end 
rh-I03 I 0 I-20 743 end 
rh-I05 I 0 1-20 743 end 
pd-105 I 0 I-20 743 end 
pd-108 I 0 1-20 743 end 
ag-109 I 0 1-20 743 end 
sb-I24 I 0 1-20 743 end 
xe-13I I 01-20743 end 
xe-I32 I 0 1-20 743 end 
xe-135 I 01-20743 end 
xe-I36 I 0 1-20 743 end 
cs-134 I 0 1-20 743 end 
cs-135 I 0 1-20 743 end 
cs-137 I 0 1-20 743 end 
ba-136 I 0 1-20 743 end 
la-139 I 0 1-20 743 end 
pr-1411 01-20743 end 
pr-143 I 0 1-20 743 end 
ce-144 I 0 1-20 743 end 
nd-143 I 0 1-20 743 end 
nd-145 I 0 1-20 743 end 
nd-147 I 0 1-20 743 end 
pm-147 I 0 1-20 743 end 
pm-148 I 0 1-20 743 end 
sm-147 I 0 1-.20 743 end 
sm-149 I 0 1-20 743 end 
sm-I50 I 0 1-20 743 end 
sm-151 I 0 1-20 743 end 
sm-152 I 0 1-20 743 end 
eu-153 I 0 1-20 743 end 
eu-154 I 0 1-20 743 end 
eu-155 I 0 1-20 743 end 
gd-155 I 0 1-20 743 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

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

· 450 ppm boron (wt) in moderator 

'------------------------------
end comp 

'----- ------ ..................... ---- ......... ----
fuel-pin-cell geometry: 

squarepitch 1.43 0.913 I 3 1.074 2 0.930 0 end 

printlevel=5 lightel=9 inpleve1=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 

power=20.929 bum=288 down=81 end 

power=37.468 bum=309.0 down=396 temkcyc=896 end 

power=33.564 bum=248.0 down=10 temkcyc=851 end 

o 135 cr 5.9 mn 0.33 
fe 13 co O.o75 ni 9.9 
zr 221 nb 0.71 sn 3.6 

'--- ---· ............ --- .................................. ·--
end 



Attachment 1: B00000000-01717-0200-00139 REV 00 

ob171g29.input 
=sas2h pann=sldpshipdata 
obrighiem (kwo) pwr, assm 171, batch 89, 29.04 gwdlmtu 3-cyc June 97 
: .... used 180 fuel rode, 16 guide tubes .... 

' mixtures of fuel-pin-unit-cell: 

44group lalticecell 
uo2 I den=l0.05 I 813 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 813 end 
kr-85 I 0 1-20 813 end 
y-89 I 0 1-20 813 end 
sr-90 I 0 1-20 813 end 
zr-93 I 0 1-20 813 end 
zr-94 I 0 1-20 813 end 
zr-95 I 01-20813 end 
nb-94 I 0 1-20 813 end 
mo-95 I 0 1-20 813 end 
tc-99 I 0 1-20 813 end 
ru-101 I 0 1-20 813 end 
ru-106 I 0 1-20 813 end 
rh-103 I 0 1-20 813 end 
rh-105 I 0 1-20 813 end 
pd-105 I 0 1-20 813 end 
pd-108 I 0 1-20 813 end 
ag-109 I 0 1-20 813 end 
sb-124 I 0 1-20 813 end 
xe-131 I 0 1-20 813 end 
xe-132 I 0 1-20 813 end 
xe-135 I 0 1-20 813 end 
xe-136 I 0 1-20 813 end 
cs-134 I 0 1-20 813 end 
cs-135 I 0 1-20 813 end 
cs-137 I 0 1-20 813 end 
ba-136 I 0 1-20 813 end 
la-139 I 0 1-20 813 end 
pr-141 I 0 1-20 813 end 
pr-143 I 01-20813 end 
ce-144101-20813 end 
nd-143 I 0 1-20 813 end 
nd-145 I 0 1-20 813 end 
nd-147 I 0 1-20 813 end· 
pm-147 I 0 1-20 813 end 
pm-148 I 0 1-20 813 end 
sm-147 I 0 1-20 813 end 
sm-149 I 0 1-20 813 end 
sm-1~0 I 0 1-20 813 end 
sm-151 I 0 1-20 813 end 
sm-152 I 0 1-20 813 end 
eu-153 I 0 1-20 813 end 
eu-154 I 0 1-20 813 end 
eu-155 I 0 1-20 813 end 
gd-155 I 0 1-20 813 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

4000098.1821.0605 end · 
h2o 3 den=0.7283 I 572 end 
:m'm-bormod 0.7283 I I 0 0 5000 100 3 450.0e-6 572 end 

' 450 ppm boron (wt) in moderator 

end comp 

fuel-pin-cell geometry: 

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

npin/assm= 180 fuelnght=957 .89 ncycles=3 nliblcyc=5 

prindevel=5 Jightel=9 inplevel=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power=29.124 burn=288 down=81 end 

power=38.952 burn=309.0 down=396 temkcyc=905 end 

power=34.748 burn=248.0 down=IO temkcyc=865 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 Sll 3.6 

end 



Attachment 1: 800000000-01717-0200-00139 REV 00 

ob 172g26.input 
:sas2h parm=skipshipdata 
:"'righiem (lcwo) pwr, assm 172, batch 92, 26.54 gwd/mtu 3-cyc June 97 

' mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 I den=l0.05 I 865 

92234 O.o28 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 865 end 
kr-85 I 0 1-20 865 end 
y-89 I 0 1-20 865 end 
sr-90 I 0 1-20 865 end 
zr-93 I 0 1-20 865 end 
zr-94 I 0 1-20 865 end 
zr-95 I 0 1-20 865 end 
nb-94 I 0 1-20 865 end 
mo-95 I 0 1-20 865 end 
tc-99 I 0 1-20 865 end 
ru-101 I 0 1-20 865 end 
ru-106 I 0 1-20 865 end 
rh-103 I 0 1-20 865 end 
rh-105 I 0 1-20 865 end 
pd-105 I 0 1-20 865 end 
pd-108 I 0 1-20 865 end 
ag-109 I 0 1-20 865 end 
sb-124 I 0 1-20 865 end 
xe-131 I 0 1-20 865 end 
xe-132 I 0 1-20 865 end 
xe-135 I 0 1-20 865 end 
xe-136 I 0 1-20 865 end 
cs-134 I 0 1-20 865 end 
cs- 135 I 0 1-20 865 end 
cs-137 I 0 1-20 865 end 
ba-136 I 0 1-20 865 end 
la-139 I 0 1-20 865 end 
pr-141 I 0 1-20 865 end 
pr-143 I 0 1-20 865 end 
ce-144 I 0 1-20 865 end 
nd-143 I 0 1-20 865 end 
nd-145 I 0 1-20 865 end 
nd-147 I 0 1-20 865 end 
pm-147 I 0 1-20 865 end 
pm-148 I 01-20865 end 
sm-147 I 0 1-20 865 end 
sm-149 I 0 1-20 865 end 
sm-150 I 0 1-20 865 end 
sm-151 I 0 1-20 865 end 
sm-152 I 0 1-20 865 end 
eu-153 I 0 1-20 865 end 
eu-154 I 0 1-20 865 end 
eu-155 I 0 1-20 865 end 
gd-155 I 0 1-20 865 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

4000098.18 21.0605 end 
h2o 3 den=0.7283 I 572 end 
:Ubm-bormod 0.7283 I I 0 0 5000 100 3 450.0e-6 572 ~nd 

' 450 ppm boron (wt) in moderator 

end comp 

fuel-pin-cell geometry: 

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

npin/assm= 180 fuelnght=957 .89 ncycles=3 nliblcyc=5 

printlevel=5 lighte1=9 inplevel=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power=34.833 bum=288 down=81 end 

power=25.035 bum=309.0 down=396 temkcyc=778 end 

power='35.374 bum=248.0 down=lO temkcyc=870 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

end 



Attachment I: Boooooooo..:o1717-0200-00139 REV 00 

ob176g29.input 
=sas2h pann=skipshipdata 
~righiem (kwo) pwr, assm 176, batch 90, 29.52 gwdlmru 3-cyc June 97 

' mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 I den=I0.05 I 840 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 840 end 
lcr-85 I 0 1-20 840 end 
y-89 I 0 1-20 840 end 
sr-90 I 0 1-20 840 end 
zr-93 I 0 1-20 840 end 
zr-94 I 0 1-20 840 end 
zr-95 I 0 1-20 840 end 
nb-94 I 0 1-20 840 end 
mo-95 I 0 1-20 840 end 
tc-99 I 0 .1-20 840 end 
ru-101 I 0 1-20 840 end 
ru-106 I 0 1-20 840 end 
rh-103 I 0 1-20 840 end 
rb-105 I 0 1-20 840 end 
pd-105 I 0 1-20 840 end 
pd-108 I 0 1-20 840 end 
ag-109 I 0 1-20 840 end 
sb-124 I 0 1-20 840 end 
xe-131 I 0 1-20 840 end 
xe-132 I 0 1-20 840 end 
xe-135 I 0 1-20 840 end 
xe-136 I 0 1-20 840 end 
cs-I34 I 0 I-20 840 end 
cs-135 I 0 1-20 840 end 
cs-I37 I 0 1-20 840 end 
ba-136 I 0 1-20 840 end 
Ia-139 I 0 1-20 840 end 
pr-I4I I 0 I-20 840 end 
pr-143 I 0 1-20 840 end 
ce-I44 I 0 I-20 840 end 
nd-143 I 0 1-20 840 end 
nd-145 I 0 1-20 840 end 
nd-I47 I 0 1-20 840 end 
pm-I47 I 0 I-20 840 end 
pm-I48 I 0 I-20 840 end 
sm-I.47 I 0 I-20 840 end 
sm-149 I 0 1-20 840 end 
sm-150 I 0 1-20 840 end 
sm-151 I 0 1-20 840 end 
sm-152 I 0 1-20 840 end 
eu-I53 I 0 1-20 840 end 
eu-154 I 0 1-20 840 end 
eu-155 I 0 1-20 840 end 
gd-155 I 0 1-20 840 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

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

' 450 ppm boron (wt) in moderator 

end comp 

fuel-pin-cell geometry: 

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

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

printlevel=5 lightel=9 inplevel=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power=32.121 bum=288 down=81 end 

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

power=35.875 bum=248.0 down=IO temkcyc=875 end 

o 135 cr 5.9 mn 0.33 
fe 13 co O.Q75 ni 9.9 
zr 221 nb 0.71 sn 3.6 

end 



Attachment 1: B(){)()()()()()(01717-0200-00139 REV 00 

ob176g27.input 
=sas2h parm=skipshipdata 
obrighiem (kwo) pwr, assm 176, batch 91, 27.99 gwdlmtu 3-cyc June 97 
: .... used 180 fuel rode, 16 guide tubes .... 

' mixtures of fuel-pin-unit-cell: 

~group latticeceU 
uo2 I den=10.05 I 825 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 825 end 
kr-85 I 0 1-20 825 end 
y-89 I 0 1-20 825 end 
sr-90 I 0 1-20 825 end 
zr-93 I 0 1-20 825 end 
zr-94 I 0 1-20 825 end 
zr-95 I 0 1-20 825 end 
nb-94 I 0 1-20 825 end 
mo-95 I 0 1-20 825 end 
tc-99 I 0 1-20 825 end 
ru-101 I 0 1-20 825 end 
ru-106 I 0 1-20 825 end 
rh-103 I 0 1-20 825 end 
rh-105 I 0 1-20 825 end 
pd-105 I 0 1-20 825 end 
pd-108 I 0 1-20 825 end 
ag-109 I 0 1-20 825 end 
sb-124 I 0 1-20 825 end 
xe-131 I 01-20825 end 
xe-132 I 0 1-20 825 end 
xe-135 I 0 1-20 825 end 
xe-136 I 0 1-20 825 end 
cs-134 I 0 1-20 825 end 
cs-135 I 0 1-20 825 end 
cs-137 I 0 1-20 825 end 
ba-136 I 0 1-20 825 end 
la-139 I 0 1-20 825 end 
pr-141 I 0 1-20 825 end 
pr-143 I 0 1-20 825 end 

. ce-144 I 0 1-20 825 end 
nd-143 I 0 1-20 825 end 
nd-145 I 0 1-20 825 end 
nd-147 I 0 1-20 825 end 
pm-147 I 0 1-20 825 end 
pm-148 I 0 1-20 825 end 
sm-147 I 0 1-20 825 end 
sm-149 I 0 1-20 825 end 
sm-150 I 0 1-20 825 end 
sm-151 I 01-20825 end 
sm-152 I 0 1-20 825 end 
eu-153 I 0 1-20 825 end 
eu-154 I 0 1-20 825 end 
eu-155 I 01-20825 end 
gd-155 I 0 1-20 825 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

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

' 450 ppm boron (wt) in moderator 

end comp 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 I 3 1.074 2 0.930 0 end 

Page 1-6 of 8 

' assembly and cycle parameters: 

npin/assm= 180 fuelnght=957 .89 ncycles=3 nliblcyc=5 

printlevel=5 lightel=9 inplevel=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power=~.457 bum=288 down=81 end 

power=34.894 bum=309.0 down=396 temkcyc=865 end 

power=34.016 bum=248.0 down=IO temkcyc=855 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

end 



Attachment 1: B00000000-0 1717-0200-00139 REV 00 Page 1-7 of 8 

ob 170g25plus 1 OOboron.input assembly and cycle parameters: 
=sas2h pann=skipshipdata 
obrighiem (kwo) pwr, assm 170, batch 94,25.93 gwdlmtu 3-cyc June97 

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

' mixtures of fuel-pin-unit-ceO: 

44group laniceceU 
uo2 I den=I0.05 I 743 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 743 end 
kr-85 I 0 1-20 743 end . 
y-89 I 0 1-20 743 end 
sr-90 I 0 1-20 743 end 
zr-93 I 0 1-20 743 end 
zr-94 I 0 1-20 743 end 
zr-95 I 0 1-20 743 end 
nb-94 I 0 1-20 743 end 
mo-95 I 0 1-20 743 end 
tc-99 I 0 1-20 743 end 
ru-101 1 0 1-20 743 end 
ru-106 I 0 1-20 743 end 
rh-103 1 0 1-20 743 end 
rh-105 1 0 1-20 743 end 
pd-105 1 0 1-20 743 end 
pd-108 I 0 1-20 743 end 
ag-109 I 0 1-20 743 end 
sb-124 I 0 1-20 743 end 
xe-131 I 0 1-20 743 end 
xe-132 I 0 1-20 743 end 
xe-135 I 0 1-20 743 end 
xe-136 I 0 1-20 743 end 
cs-1341 01-20743 end 
cs-135 I 01-20743 end 
cs-137 I 0 1-20 743 end 
ba-136 I 0 1-20 743 end 
la-139 I 0 1-20 743 end 
pr-141 I 0 1-20 743 end 
pr-143 I 0 1-20 743 end 
ce-144 I 0 1-20 743 end 
nd-143 I 0 1-20 743 end 
nd-145 I 0 1-20 743 end 
nd-147 I 0 1-20 743 end 
pm-147 I 0 1-20 743 end 
pm-148 I 0 1-20 743 end 
sm-147 1·0 1-20 743 end 
sm-1491 01-20743 end 
sm-150 I 01-20743 end 
sm-151 I 0 1-20 743 end 
sm-152 I 0 1-20 743 end 
eu-153 I 0 1-20 743 end 
eu-154 I 0 1-20 743 end 
eu-155 I 0 1-20 743 end 
gd-155 I 0 1-20 743 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

40000 98.18 2 1.0 605 end · 
h2o 3 den=0.7283 I 572 end 
arbm-bormod 0.7283 I I 0 0 5000 100 3 550.0e-6 572 end 

· 550 ppm boron (WI) in moderator 

end comp 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 I 3 1.074 2 0.930 0 end 

'------~-----------------------

printlevel=5 lighte1=9 inplevel=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 

power=20.929 burn=288 down=81 end 

power=37.468 burn=309.0 down=396 temkcyc=896 end 

power=33.564 burn=248.0 down=IO temkcyc=851 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

end 



Attachment 1: B00000000-01717-0200-00139 REV 00 

ob 176g29plus 1 OOboron.input 
=sas2h pann=skipshipdata 
~righiem (kwo) pwr, assm 176, batch 90,29.52 gwd/mtu 3-cyc June 97 

' mixtures of fuel-pin-unit-cell: 
' 

44group latticecell 
uo2 I den=10.05 I 840 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 I 0 1-20 840 end 
kr-85 I 0 I-20 840 end 
y-89 I 0 1-20 840 end 
sr-90 I 0 1-20 840 end 
zr-93 I 0 1-;w 840 end 
zr-94 I 0 I-20 840 end 
zr-95 I 0 1-20 840 end 
nb-94 I 0 I-20 840 end 
mo-95 I 0 1-20 840 end 
tc-99 I 0 I-20 840 end 
ru-101 I 0 1-20 840 end 
ru-106 I 0 1-20 840 end 
rh-103 I 0 1-20 840 end 
rh-105 I 0 1-20 840 end 
pd-105 I 0 1-20 840 end 
pd-108 I 0 1-20 840 end 
ag-109 I 0 1-20 840 end 
sb-124 I 0 I-20 840 end 
xe-13I I 0 1-20 840 end 
xe-I32 I 0 1-20 840 end 
xe-135 I 0 I-20 840 end 
xe-1361 01-20840 end 
cs-134 I 0 I-20 840 end 
cs-135 I 0 1-20 840 end 
cs-137 I 0 1-20 840 end 
ba-136 I 0 1-20 840 end 
la-139 I 0 1-20 840 end 
pr-141 I 0 1-20 840 end 
pr-143 I 0 1-20 840 end 
ce-144 I 0 1-20 840 end 
nd-143 I 0 1-20 840 end 
nd-145 I 0 1-20 840 end 
nd-147 I 0 1-20 840 end 
pm-147 I 0 1-20 840 end 
pm-148 I 0 1-20 840 end 
sm-147 I 0 1,20 840 end 
sm-149 I 0 1-20 840 end 
sm-150 I 0 1-20 840 end 
sm-151 I 0 1-20 840 end 
sm-152 I 0 1-20 840 end 
eu-153 I 0 1-20 840 end 
eu-154 I 0 1-20 840 end 
eu-155 I 0 1-20 840 end 
gd-155 I 0 1-20 840 end 
arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

40000 98.18 2 1.0 605 end 
h2o 3 den=0.7283 I 572 end 
arbm-borm~ 0.7283 I I 0 0 5000 100 3 550.0e~ 572 end 

' 550 ppm boron (wt) in moderator 

end comp 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 I 3 1.074 2 0.930 0 end 

Page I-8 of 8 

assembly and cycle parameters: 

npin/a5sm=l80 fuelnght=957.89 ncycles=3 nliblcyc=5 

printlevel=5 lightel=9 inplevel=2 numztotal=5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
powcr=32.121 bum=288 down=81 end 

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

power=35.875 bum=248.0 down=IO temkcyc=875 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

end 



0 

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

ob 168g28.sum 
o••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• . 

SCALU. 3 Bulletin Board 

Welcome to SCALE-4. 3 • 

.........••........••.•............•.••......•.•••...•.....................•... 
primary module ac:ceaa and input record ( scale driver - 95/03/29 - 09:06:37 

..adule sas2h will be called 
obrighiem (!two) pwr, asam 168, betch 86, 28.40 gwd/mtu 3-cyc June 97 
· .... uud 180 fuel rode, 16 guide tubea .... , 

mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 1 den•l0.05 1 807 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 1 0 1-20 807 end 
kr-85 1 0 1-20 807 end 
y-89 1 0 1-20 807 end" 
sr-90 1 0 1-20 807 end 
zr-93 1 0 1-20 807 end 
zr-94 1 0 1-20 807 end 
zr-95 1 0 1-20 807 end 
nb-94 1 0 1-20 807 end 
mo-95 1 0 1-20 807 end 
tc-99 1 0 1-20 807 end 
ru-101 1 0 1-20 807 end 
ru-106 1 0 1-20 807 end' 
rh-103 1 0 1-20 807 end 
rh-105 1 0 1-20 807 end 
pd-105 1 0 1-20 807 end 
pd-108 1 0 1-20 807 end 
ag-109 1 0 1-20 807 end 
sb-124 1 0 1-20 807 end 
xe-131 1 0 1-20 807 end 
xe-132 1 0 1-20 807 end 
xe-135 1 0 1-20 807 end 
xe-136 1 0 1-20 807 end 
cs-134 1 0 1-20 807 end 
cs-135 1 0 1-20 807 end 
cs-137 1 0 1-20 807 end 
be-136 1 0 1-20 807 end 
la-139 1 0 1-20 807 end 
pr-141 1 0 1-20 807 end 
pr-143 1 0 1-20 807 end 
ce-144 1 0 1-20 807 end 
nd-143 1 0 1-20 807 end 
nd-145 1 0 1-20 807 -end 
nd-147 1 0 1-20 807 end 
pm-147 1 0 1-20 807 end 
pm-HB 1 0 1-20 807 end 
sm-147 1 o 1-20 807 end 
sm-149 1 0 1-20 807 end 
sm-150 1 0 1-20 807 end 
sm-151 1 0 1-20 807 end 
5111-152 1 0 1-20 807 end 
eu-153 1 0 1-20 807 end 
eu-154 1 0 1-20 807 end 
eu-155 1 0 1-20 807 end 
gd-155 1 0 1-20 807 end 
arbm-zirc4 6. 56 5 0 0 0 8016 0 .12 24000 0.10 26000 0. 20 50000 -1.40 

40000 98.18 2 1.0 605 end 
h2o 3 den•0.7283 1 572 end 
arbm-bormod 0. 7283 1 1 0 0 5000 100 3 ,450. Oe-6 572 end 

450 ppm boron (wt) in moderator 

end camp 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 1.074 2 0.930 0 end 

assembly and cycle parameters: 

npin/asa~l80 fue1nght•957.89 ncycles•3 nlib/cyc•5 
printlevel•S liqhtel•9 inplevel•2 numztotal•S end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379. 
pover•28.336 burn•288 down•81 end 
power•38. 005 burn•309 down•396 temkcyc•895 end 
power•34 .249 burn•2U down•lO temkcyc•860 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

SSSSSSSSS!IS aaaaaaaaa ••••••••••• 22222222222 
sssssssssss•s aaaaaaaaaaa sssssssss•••• 2222222222222 
BS .. a a a a •• •• 22 22 •• a a a a •• 22 
ss aa a a as 22 
ssssssssssss aaaaaaaaaaaaa sssssssssssa 22 
asssssssssss aaaaaaaaaaaaa ssssssssssss 22 

8S a a a a as 22 
88 a a a a 88 22 .. .. a a a a 88 sa 22 

S!II!U!ISSSSSSSSS aa a a sssssssssssss 2222222222222 
sssssssssss aa a a sssssssssss 2222222222222 

hh hh 
hh hh 
hh hh 
hh hh 
hh hh 
hhhhhhhhhhhhh 
hhhhhhhhhhhhh 
hh hh 
hh hh 
hh hh 

"hh hh 
hh hh 
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0 

1 
0 

1 
0' 

nn nn 
nnn nn 
nnnn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nnnn 
nn nnn 
nn nn 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 

11 
111 

1111 
11 
11 
11 
11 
11 
11 
11 

11111111 
11111111 

iiiiiiiiiiii eccccec:ccec hh hh 00000000000 11 
iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 11 

ii cc cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hhhhhhhhhhhhh 00 00 11 
ii cc hhhhhhhhhhhhh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii c:c cc hh hh 00 00 11 

iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 1111111111111 
iiiiiiiiiiii ccccccccccc hh hh 00000000000 1111111111111 

88888888888 II 0000000 88888888888 I I 99999999999 
8888888888888 II 000000000 8888888888888 II 9999999999999 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 

88888888888 II 00 00 88888888888 II 9999999999999 
88888888888 II 00 00 88888888888 II 999999999999 

88 88 II 00 00 88 88 II 99 
88 88 II 00 00 88 88 II 99 
88 88 II 00 Ob 88 88 II 99 
8888888888888 II 000000000 8888888888888 II 9999999999999 

88888888888 II 0000000 88888888888 II 999999999999 

99999999999 44 ~3333333333 22222222222 
9999999999999 444 3333333333333 2222222222222 
99 99 4444 33 33 22 22 
99 99 4444 33 22 
99 99 u 44 33 22 
9999999999999 44 44 333 22 

999999999999 u 44 333 22 
99 444444444444 33 22 
99 4444444444444 33 22 
99 44 33 33 22 

9999999999999 44 3333333333333 222"2222222222 
999999999999 u 33333333333 2222222222222 

BSSSSBSSSSS cccccccc:ccc: aaaaaaaaa 11 eeeeeeeeeeeee 
SSSSSSSIISSSSS ccccccccccccc aaaaaaaaaaa 11 eeeeeeeeeeeee 
ss ss c:c: cc a a aa 11 ee 
SB cc a a a a 11 ee 
8S cc a a aa 11 ee 
ssssssssssas cc aaaaaaaaaaaaa 11 eeeeeeeee 
ssssssssssss c:c aaaaaaaaaaaaa 11 eeeeeeeee 

ss cc a a a a 11 ee 
BS cc a a a a 11 ee 

85 BS cc cc a a a a 11 ee 
sssssssssssss ccccccccccccc a a a a 1111111111111 eeeeeeeeeeeee 

SSSSSSSBSSS ccccccccccc a a a a 1111111111111 eeeeeeeeeeeee 

................................................................................... ........................................................................................... ................................................................................... 
program verification info~tion 

code system: scale version: 4. 3 ................................................................................ ..................................................................... .................... . 
program: sas2 

creation date: 03107/97 

library: /opt/neut/Scale4.3/bin 

this is not a scale configuration controlled code 

j obname: nichol 

date of execution: 08108197 

time of execution: 19:43:20 

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

o·------
o· 
0 

initial 
0 16 1.35!+05 

total 3.90E+05 
0 

initial 
u234 2 '80!+02 
u235 3.13!+04 
u236 1.40!+02 
u238 9.68!+05 

total 1.00!+06 
0 
0 
0 
0 

initial 

lE-18 d 
1. 35E+05 
3.90!+05 

lE-18 d 
2. 80!+02 
3 .l3E+04 
1. 40!+02 
9.68!+05 
1. 00!+06 

initial 
initial 

1.7 d 

nuclide concentrations, grams 
basis •single reactor assembly 

nuclide concentrations, grams 
basis •single reactor assembly 

basis • 
14.4 d 28.8 d 43.2 d 57.6 d 
14.4 d 28.8 d 43.2 d 57.6 d 

nuclide concentrations, grams 
basis •single reactor assembly 

3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

57.6 d 
"57.6 d 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77 
77 

0000000 
000000000 

00 oo 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 
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0 16 l. 35E+05 l. 35!+05 1. 35£+05 l. 35!+05 1.35£+05 1.35£+05 l. 35!+05 
0 nuelide concentrations, grams 

initial 1. 7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

1110 95 1. 22!+01 1.22!+01 1.22E+01 l.23E+01 1.23!+01 1.23£+01 l. 24!+01 
tc 99 3.13!-05 3 .15!-05 3 .16E-05 3.178-05 3 .lBE-05 3 .18£-05 3.18!-05 

nuclide concentrations, gram. 

initial l.7d 3.3 d 
basis •ainqle reactor a&aembly 
5.0 d 6.7 d 8.3 d 10.0 d 

total 3. 90£+05 3.901+05 3.901+05 3 .90E+05 3.90E+05 3.901+05 3.90E+05 
0 nuelide concentrations, grams 

initial l. 7 d 3.3 d 
basia •single reactor a.ssembly 
5.0 d 6.7 d 8.3 d 10.0 d 

u233 1. 771-03 1. 771-03 1. 77!-03 1. 77!-03 1. 77E-03 1. 77E-03 1. 77E-03 
u234 1.1!0£+02 1. 808+02 l. 80£+02 l. 80£+02 1.80£+02 1. 80E+02 1.80!+02 
u235 9. 988+03 9. 98£+03 9. 988+03 9.988+03 9.98!+03 9. 98£+03 9.98!+03 
u236 3. 76£+03 3. 76!+03 3. 768+03 3. 76£+03 3.761+03 3.76£+03 3.761+03 
u238 9. 48!+05 9.481+05 9. UB+05 9.48!+05 9.UE+05 9.48!+05 9.481+05 

np237 3.32!+02 3. 331+02 3 .34!+02 3 .35!+02 3. 36!+02 3.37!+02 3.371+02 
pu236 4.03£-04 4.041!-04 4. 04!-04 4.03E-04 4. 03!-04 4. 03£-04 4. 0211-04 
pu238 1.07£+02 l. 07E+02 1. 08£+02 1. 08!+02 1. 08!+02 1. 08£+02 1.081+02 
pu238 1.07!+02 1.07£+02 1. 08!+02 1. 08!+02 1. 08!+02 1. 08!+02 l. 0811+02 
pu239 4 .13!+03 4.16!+03 4 .18!+03 4 .19!+03 4. 20£+03 4 .21£+03 4. 211!!+03 
pu240 2.17!+03 2.17!+03 2 .17!+03 2.17£+03 2 .17£+03 2 .17£+03 2 .17£+03 
pu241 1.10£+03 1.10!+03 1.10!+03 1.10E+03 1.10£+03 1.10£+03 1.10£+03 
pu242 4.24!+02 4.24!+02 4 .24£+02 4 .24£+02 4. 24£+02 4 .24E+02 4 .24!+02 
&11\241 4.17!+01 4.19!+01 4.22£+01 4 .24£+01 4. 27!+01 4 .29!+01 4.318+01 
&ll\242m 1. 04!+00 1.04!+00 1.04£+00 1.04£+00 1. 04£+00 1. 04E+OO 1. 04E+OO 
&11\243 7.33E+01 7. 34£+01 7.34!+01 7.34!+01 7.341!+01 7. 34£+01 7.34!+01 

total 9.70£+05 9.70£+05 9.70!+05 9.70!+05 9.70£+05 9.70!+05 9.70E+05 
0 element concentrations, g-rams 
0 nuclide concentrations, g-rams 

initial 1.7 d 3.3 d 
basis •aingle reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

0 nuclide concentrations, QTIIJIIS 

initial 1.7 d 3.3 d 
baaia •single ·reactor •••embly 
5.0 d 6.7 d 8.3 d 10.0 d 

mo 95 5.66!+02 5.671!+02 5.68!+02 5. 69E+02 5. 701!+02 5.71!+02 5. 731!+02 
tc 99 6.98!+02 6. 99!+02 "7 .00!+02 7.01£+02 7. 01!+02 7.02!+02 7.021+02 
tc 99m 2.89!-01 2.071-01 1. 36!-01 8. 92E-02 5.86E-02 3. 85£-02 2.531!-02 
ru101 6. 63!+02 6.631+02 6. 63£+02 6. 63E+02 6.63E+02 6. 63£+02 6.63£+02 
rh103 3.84£+02 3.851+02 3.86£+02 3.87£+02 3.89£+02 3. 90!+02 3.911!+02 
rh103m 4. 46£-02 4.33!-02 4.20!-02 4. 08E-02 3. 96E-02 3. 85E-02 3. 74£-02 
ag109 7.53E+01 7.55!+01 7.55!+01 7.55!+01 7. 55E+01 7.55!+01 7.551+01 

0 nuclide concentrations, grams 

initial 1. 7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

0 nuclide concentrations, grams 

initial 1. 7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

ndl43 7.18!+02 7.20E+02 7.22!+02 7. 23£+02 7.25!+02 7.26!+02 7.27E+02 
ndl45 5.95!+02 5. 95!+02 5.95E+02 5. 95E+02 5. 95!+02 5.95!+02 5. 95£+02 
sml47 8. 84E+01 8. 86!+01 8. 88£+01 8. 90E+01 8. 92£+01 8.94!+01 8.961!+01 

nuclide concentrations, grams 

initial l.7d 3.3 d 
basis •single reactor assembly 
5.0 d 6. 7 d 8.3 d 10.0 d 

sml49 2. 22£+00 2.76£+00 3.08!+00 3.27E+OO 3.38E+00 3. 45!+00 3.49!+00 
sml50 2.49E+02 2.49!+02 2.49E+02 2. 49E+02 2.49E+02 2. 49!+02 2. 49!+02 
sml51 1.58!+01 1.60!+01 1.60!+01 1.61E+01 1.61!+01 1. 61£+01 1. 61£+01 
eul51 1. 88£-02 1. 94£-02 l. 99!-02 2.05!-02 2.10!-02 2 .16!-02 2. 22£-02 
sml52 1.16!+02 1.161!+02 1.16!+02 1.16!+02 1.16E+02 1.16E+02 1.16£+02 
eu153 9.42!+01 9. 461!+01 9.48!+01 9.49!+01 9. 501!+01 9.50!+01 9.50£+01 
gd155 3.49E-02 3. HB-02 3. 99!-02 4.23!-02 4.48E-02 4. 73E-02 4.97E-02 

total 2.91!+04 2. 91£+04 2.91!+04 2.91E+04 2.91E+04 2. 91!+04 2.91E+04 
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0 

SCAL1!!4 . 3 Bulletin Board 

Welc,_ to SCALI!!-4. 3 . 

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

module sas2h will be called 
obrighiem (kwo) pwr, asam 170, batch 94, 25.93 gwd/mtu 3-cyc June97 
· .... used 180 fuel rode, 16 guide tubes .... 

mixtures of fuel-pin-unit-cell; 

44group latticecell 
uo2 1 den~l0.05 1 743 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 1 0 1-20 743 end 
kr-85 1 0 1-20 743 end 
y-89 1 o 1-20 743 end 
ar-90 l 0 1-20 743 end 
zr-93 l 0 1-20 743 end 
zr- 94 1 0 1-20 743 end 
zr-95 1 0 1-20 743 end 
nb-94 1 0 1-20 743 end 
mo-95 1 0 1-20 743 end 
tc-99 1 0 1-20 743 end 
ru-101 1 0 1-20 743 end 
ru-106 1 0 1-20 743 end 
rh-103 1 0 1-20 743 end 
rh-105 1 0 1-20 743 end 
pd-105 1 0 1-20 743 end 
pd-108 1 0 1-20 743 end 
ag-109 1 0 1-20 743 end 
sb-124 1 0 1-20 743 end 
xe-131 1 0 1-20 743 end 
xe-132 1 0 1-20 743 end 
xe-135 1 0 1-20 743 end 
xe-136 1 0 1-20 743 end 
ca-134 1 0 1-20 743 end 
cs-135 1 0 1-20 743 end 
cs-137 l 0 1-20 743 end 
ba-136 1 0 1-20 743 end 
1a-139 1 0 1-20 743 end 
pr-141 1 o 1-20 743 end 
pr-143 1 0 1-20 743 end 
ce-144 1 0 1-20 743 end 
nd-143 1 0 1-20 743 epd 
nd-145 1 0 1-20 743 end 
nd-147 1 0 1-20 743 end 
prn-147 1 0 1-20 743 end 
prn-148 1 0 1-20 743 end 
sm-147 1 0 1-20 743 end 
sm-149 1 0 1-20 743 end 
sm-150 1 0 1-20 743 end 
sm-151 1 0 1-20 743 end 
sm-152 1 0 1-20 743 end 
eu-153 1 0 1-20 743 end 
eu-154 1 0 1-20 743 end 
eu-155 1 0 1-20 743 end 
gd-155 1 0 1-20 743 end 
arbrn-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

40000 98 .18 2 1. 0 605 end 
h2o 3 den•0.7283 1 572 end 
arbrn-bormod 0. 7283 1 1 0 0 5000 100 3 450. Oe-6 572 end 

450 ppm boron (wt} in moderator 

end comp 

fuel-pin-cell geometry: 

squarepitch 1. 43 0. 913 1.074 0. 930 0 end 

assembly and cycle parameters: 

npin/assm=lBO fuelnght•957.89 ncycles•J nlib/cyc•5 
printlevel•S lightel•9 inplevel•2 n~total•S end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power•20. 929 burn•288 down•81 end 
power•37.468 burn•309.0 down=396 temkcyc=896 end 
power•JJ. 564 burn•248. 0 down•lO temkcyc•851 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0 . 07 5 ni 9. 9 
zr 221 nb 0.71 an 3.6 

- - - - - ------ - - - - - - - - - -
sssssssssss aaaaaaaaa •ssssssssas 22222222222 

sssssssssssss aaaaaaaaaaa asssssssssass 2222222222222 
ss ss •• aa ... •• 22 22 
ss a a aa •• 22 
ss aa aa sa 22 

hh 
bh 
hh 
hh 
hh 

hh 
hh 
hh 
bh 
bh 

BSSSSBBBSSSS aaaaaaaaaaaaa SSSBBSSSSSSS 22 hhhhhhhhhhhhh 
ssssssssssss aaaaaaaaaaaaa SSSSSSSSBSSS 22 hhhhhhhhhhhhh 

ss a a a a ss 22 hh hh 
ss a a a a •• 22 hh hh 

ss ss aa aa •• 88 22 hh hh 
sssssssssssss a a a a asssssssssasa 2222222222222 hh hh 
sssssssssss aa a a •sssssssssa 2222222222222 hh hh 
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0 

0 

1 
o· 

nn nn 
nnn nn 
nnnn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn JU] nn 
nn JU] nn 
nn JU] JU] 

nn nnnn 
nn nnn 

JU] 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 

22222222222 
2222222222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2222222222222 
2222222222222 

iiiiiiiiiiii eeeeeeccccc hh hh 00000000000 11 
iiiiiiiiiiii ccecccccccccc hh hh 0000000000000 11 

ii cc cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hhhhhhhhhhhhh 00 00 ll 
ii cc hhhhhhhhhhhhh 00 00 ll 
ii cc hh hh 00 00 ll 
ii cc hh hh 00 00 ll 
ii cc cc hh hh 00 00 11 

iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 1111111111111 
iiiiiiiiiiii cceccceeecc hh hh 00000000000 1111111111111 

88888888888 II 0000000 88888888888 II 99999999999 
8888888888888 II 000000000 8888888888888 II 9999999999999 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 

88888888888 II 00 00 88888888888 II 9999999999999 
88888888888 II 00 00 88888888888 II 999999999999 

88 88 II 00 00 88 88 II 99 
88 88 II 00 00 88 88 II 99 
88 88 II 00 00 88 88 II 99 
8888888888888 II 000000000 8888888888888 II 9999999999999 

88888888888 II 0000000 88888888888 II 999999999999 

0000000 0000000 5555555555555 4t 
000000000 000000000 5555555555555 444 

00 00 00 00 55 4444 
00 00 00 00 55 44 44 
00 00 00 00 55 44 44 
00 00 00 00 555555555555 44 44 
00 00 00 00 5555555555555 44 44 
00 00 ... 00 00 55 444444444444 
00 00 00 00 55 4444444444444 

00 00 00 00 55 55 44 
000000000 000000000 5555555555555 44 

0000000 0000000 55555555555 44 

BSSSSI!ISSI!IIIS eeeccccceee aaaaaaaaa ll eeeeeeeeeeeee 
assssssssssss cccccecccccce aaaaaaaaaaa 11 eeeeeeeeeeeee 
•s •• cc cc aa .... ll ee 
•• cc .... aa ll ee .. cc aa aa ll ee 
ssssssssssss cc aaaaaaaaaaaaa ll eeeeeeeee 
•••••••••••• cc aaaaaaaaaaaaa ll eeeeeeeee 

•• cc a a aa 11 ee 
•• cc a a aa ll ee .. •• cc cc •• •• 11 ee 

5SSSSSSSSSSSS ccccccccecece a a aa l11llllllllll eeeeeeeeeeeee 
SSSSSSSI!ISSS cccccccccec a a aa lllllllllllll eeeeeeeeeeeee 

....................................................................... ,. .............. . .................................................................................. 
•••••••••••••••••••••••• * ••••••••••••••••• ** •••••••••••••••••••••••••••••••••••• 

program verification information 

code system: scale version: '. 3 ...................................................................................................... ................................................................................ 
program: sas2 

creation date: OJ /07/97 

library: /opt/neut/Scale4.J/bin 

this is not a acale configuration controlled code 

jobname: nichol 

date of execution: 08/08/97 

time of execution: 20:05:43 

................ *"" *"" *" *"". * ............. * •• * •••••• * •••••••••••••• " ••••••• "" ..... . ................................................................................ ................................................................................... 
.... used 180 fuel rode, 16 guide tubes .... 

o· - - - - - -
o· 
0 

0 
0 
0 
0 

0 16 
total 

u234 
u235 
u236 
u238 

total 

initial 
1. 351!+05 
3. 90E+05 

initial 
2.802+02 
3.13E+04 
1.40E+02 
9. 6BE+05 
1. OOE+06 

initial 

1E-l8 d 
1.351!+05 
3.901!+05 

1E-l8 d 
2. 801!+02 
3 .1JE+04 
l. 401!+02 
9.68!+05 
1. 001!+06 

initial 
initial 

1.7 d 

14.4 
14.4 

3.3 d 

d 
d 

nuclide concentrations, grams 
basis •single reactor assembly 

nuclide concentrations, grams 
basis •single reactor assembly 

basis • 
28.8 d 43.2 d 
28.8 d 43.2 d 

nuclide concentrations, grams 
basis •single reactor assembly 
5.0 d 6.7 d B .3 d 10.0 

57.6 
57.6 

d 

d 
d 

57.6 d 
57.6 d 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77 
77 

33333333333 
3333333333333 
33 33 

33 
33. 

333 
333 . 

33 
33 

33 33 
3333333333333 

33333333333 
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0 16 1.351+05 1. 35!+05 1.35!+05 1.35!+05 1.35!+05 1.35!+05 1. 35!+05 
0 nuclide concentration., ljrama 

initial 1. 7 d 3.3 d 
baaia •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

DIO 95 1. 09!+01 1. 09.!+01 1.091+01 1.09!+01 1.10!+01 1.101!+01 1.10!+01 
tc 99 2.301-05 2.321!-05 2. 33£-05 2.338-05 2.34!-05 2. 34£-05 2.341!-05 

0 nuclide concentrations:, grama 
baaia •single reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
total 3.908+05 3.9011+05 3.90!+05 3. 901+05 3.901+05 3.901+05 3.901!+05 

nuclide concentratiorw. ljrB ... 
basis •aingle reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
u233 1.718-03 1.718-03 1. 718-03 1. 71!-03 1. 711!-03 1. 71!-03 1. 711!-03 
u234 1. 87!+02 1.87!+02 1. 871!+02 1.871!+02 1. 87!+02 l. 87!+02 1. 871+02 
u235 1.11!+04 1.11!+04 1.111!+04 1.111!+04 1.111!+04 1.11£+04 1.111+04 
u236 3.60!+03 3.60!+03 3. 601!+03 3.601+03 3.60!+03 3. 601+03 3. 501+03 
u238 9. 50!+05 9.501+05 9.501!+05 9.501!+05 9. 501!+05 9.501!+05 9.501+05 

np237 2. 95!+02 2.96£+02 2.97!+02 2.98!+02 2.99£+02 3.00!+02 3. 001+02 
pu236 3.22£-04 3.23!-04 3.23£-04 3.231!-04 3.231!-04 3. 23!-04 3. 22£-04 
pu238 8.581!+01 8. 631+01 8.56£+01 8.68!+01 8. 691!+01 8. "71£+01 8.721+01 
pu238 8.581+01 8. 53!+01 8.66£+01 8.68£+01 8.691!+01 8. "711!+01 8.721+01 
pu239 4.101!+03 4 .13£+03 4 .15!+03 4 .16£+03 4 .161!+03 4 .17!+03 4 .17£+03 
pu240 1. 99£+03 1. 99!+03 1. 99!+03 1. 991+03 1.99!+03 1. 99!+03 1. 99!+03 
pu241 1. 011!+03 1. 011!+03 1. 011!+03 1. 01£+03 1.01!+03 1. 011!+03 1. 01!+03 
pu242 3. 461!+02 3. 461!+02 3. 45!+02 3.46£+02 3.46!+02 3.46!+02 3. 46!+02 
am241 3.681!+01 3. "711!+01 3. 73£+01 3. 75!+01 3.771!+01 3.80!+01 3.821+01 
am242m 9.081!-01 9.081!-01 9.081!-01 9. 07E-01 9.071!-01 9.071!-01 9.071!-01 
am243 5. 501!+01 5.511!+01 5.511!+01 5.51!+01 5.51!+01 5.51!+01 5.511!+01 

total 9.73!+05 9. 731!+05 9. 73£+05 9.731!+05 9. 73£+05 9.731!+05 9.731!+05 
element concentrations, ljriiiNI 
nuclide concentrations, ljrBJIIII 
basis •ainole reactor assembly 

initial 1.7 d 3.3 d 5.0 d 5.7 d 8.3 d 10.0 d 
0 nuclide concentrations, ljriiJU 

basis •single reactor assembly 
initial 1.7d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

1110 95 5 .16!+02 5.17£+02 5 .18£+02 5 .19£+02 5.201!+02 5.21!+02 5.22!+02 
tc 99 6 .UE+02 6. 45£+02 6.46!+02 6.47£+02 6. 471+02 5.47£+02 5. 471!+02 
tc 99m 2. 84E-01 2. 03£-01 1. 331!-01 8.761!-02 5.76£-02 3. 781!-02 2.48£-02 
rul01 6.06!+02 6.071!+02 6.071!+02 6.071!+02 6 .07£+02 6. 071!+02 5. 071+02 
rhl03 3.541!+02 3.55!+02 3.561!+02 3.57!+02 3. 581!+02 3. 501+02 3 .511+02 
rhl03m 4. 291!-02 4 .16!-02 4 .04!-02 3 .92!-02 3. 811!-02 3. 701!-02 3. 591-02 
a11109 6. 64!+01 6.65!+01 5. 65£+01 6.66!+01 6.66!+01 6.661!+01 5. 66!+01 

0 nuclide concentrations, grams 

initial 1.7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 
nuclide concentrations, grams 
basis •aingle reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
ndl43 6.76£+02 6.78!+02 6. 80!+02 6. 812+02 6.832+02 6.84E+02 6.85!+02 
ndl45 5. 51!+02 5. 52!+02 5. 521!+02 5. 52!+02 5. 52E+02 5. 52E+02 5.52!+02 
sml47 8.14£+01 8.161+01 8.181!+01 8.19!+01 8.211!+01 8.23!+01 8.251!+01 

nuclide concentrations, grams 

initial 1.7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6. 7 d 8.3 d 10.0 d 

sm149 2.211!+00 2. 73£+00 3.04!+00 3.221!+00 3. 331!+00 3 .391!+00 3.43!+00 
sml50 2. 251!+02 2.251!+02 2.25!+02 2 .251!+02" 2.251!+02 2.252+02 2. 25E+02 
am151 1.52!+01 1. 53!+01 1.54!+01 1.54!+01 1. 54£+01 1.542+01 1. 54£+01 
eul51 1. 901!-02 1. 95!-02 2. OOE-02 2.06!-02 2 .111!-02 2.171!-02 2. 22!-02 
sm152 1.071!+02 1. 07!+02 1. 07!+02 1. 07£+02 1.071!+02 1. 07!+02 1. 07!+02 
eul53 8.27!+01 8.311!+01 8. 33!+01 8. 34£+01 8.341!+01 8.35!+01 8.351!+01 
!ldl55 3.04!-02 3. 26!-02 3. 481!-02 3.69!-02 3. 91!-02 4 .121!-02 4. 342-02 

total 2.66£+04 2.661!+04 2. 66!+04 2. 66E+04 2.66!+04 2.661!+04 2.661+04 
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SCAL£4.3 Bulletin Board 

Welcome to SCALE-4.3. 

······························································••··············• 
1 prilllary module access and input record ( aeale driver - 95/03/29 - 09:06:37 

IIIOdule sas2h will be called 
obrighiem (kwo) pwr, uam 171, batch 89, 29.04 gwd/atu 3-cye June 97 

.... used 180 fuel rode, 16 quide tubea .... 

mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 1 den•lO. 05 1 813 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
ltr-83 1 0 1-20 813 end 
kr-85 1 0 1-20 813 end 
y-89 1 0 1-20 813 end 
sr-90 1 0 1-20 813 end 
zr-93 1 0 1-20 813 end 
zr-94 1 0 1-20 813 end 
zr-95 1 0 1-20 813 end 
nb-94 1 o 1-20 813 end 
mo-95 1 0 1-20 813 end 
te-99 1 0 1-20 813 end 
ru-101 1 0 1-20 813 end 
ru-106 1 0 1-20 813 end· 
rh-103 1 0 1-20 813 end 
rh-105 1 0 1-20 813 end 
pd-105 1 0 1-20 813 end 
pd-108 1 0 1-20 813 end 
ag-109 1 0 1-20 813 end 
sb-124 1 0 1-20 813 end 
xe-131 1 0 1-20 813 end 
xe-132 1 0 1-20 813 end 
xe-135 1 0 1-20 813 end 
xe-136 1 0 1-20 813 end 
cs-134 1 0 1-20 813 end 
cs-135 1 0 1-20 813 end 
es-137 1 0 1-20 813 end 
ba-136 1 0 1-20 813 end 
1a-139 1 0 1-20 813 end 
pr-141 1 0 1-20 813 end 
pr-143 1 0 1-20 813 end 
ee-144 1 0 1-20 813 end 
nd-143 1 0 1-20 813 end 
nd-145 1 0 1-20 813 ·end 
nd-147 1 0 1-20 813 end 
pm-147 1 0 1-20 813 end 
pm-148 1 0 1-20 813 end 
sm-147 1 0 1-20 813 end 
sm-149 1 0 1-20 813 end 
sm-150 1 0 1-20 813 end 
sm-151 1 0 1-20 813 end 
sm-152 1 0 1-20 813 end 
eu-153 1 0 1-20 813 end 
eu-154 1 0 1-20 813 end 
eu-155 1 0 1-20 813 end 
gd-155 1 0 1-20 813 end 
arbm-zire4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

40000 98.18 2 1.0 605 end 
h2o 3 den•0.7283 1 572 end 
arbm-bormod 0. 7283 1 1 0 0 5000 100 3 450. Oe-6 572 end 

450 ppm boron (wt) in moderator 

end COlli) 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 1.074 0. 930 0 end 

assembly and cycle parameters: 

npin/a8sm•180 fuelnght•95?.89 ncycles•3 nlib/cyc•S 
printlevelzS liqhtel~9 inplevel•2 n~total•S end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
powerz29 .124 burn•288 down=Bl end 
power•38.952 burnz309.0 down•396 temkcyc•90S end 
power•34. 748 burn•248. 0 down•10 temkcye•865 end 

o 135 er 5.9 mn 0.33 
fe 13 co 0. 075 ni 9. 9 
zr 221 nb 0. 71 an 3. 6 

------ - - - - - - - - - -
SBSSSSSSSSS 

ssasssssssssa 
ss as 
ss 

aaaaaaaaa 
aaaaaaaaaaa 

a a •• aa •• aa •• 

IIISSI!II&SS 22222222222 
&SIII!UISSIISI 2222222222222 

•• •• 22 22 

•• 22 
•• 22 

hh 
hh 
hh 
hh 
hh 

hh 
hh 
hh 
hh 
hh ss 

ssssssssssss aaaaaaaaaaaaa ssssssssssss 22 hhhhhhhhhhhhh 
ssssssssssss 

BS 

•• 
58 .. 

ssssssssssssa 
sssssssssss 

aaaaaaaaaaaaa 
a a aa 
a a a a 
a a a a 
•• aa 
a a aa 

•••••••••••• .. 
BS .. .. 

sssssssssasss 
aasssssssas 

22 hhhhhhhhhhhhh 
22 hh hh 

22 hh hh 
22 hh hh 

2222222222222 "hh hh 
2222222222222 hh hh 

.. 
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nn IUl 

nnn IUl 

IUliUl nn 
nn nn nn 
nn IUl IUl 

nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nnnn 
nn nnn 
nn nn 

0 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 

22222222222 
2222222222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2222222222222 
2222222222222 

1 
0 

1 

iiiiiiiiiiii ccccccecccc hh hh 00000000000 11 
iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 11 

ii cc cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
i1 cc hhhhhhhhhhhhh 00 00 11 
ii cc hhhhhhhhhhhhh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc cc hh hh 00 00 11 

iiiiiiiiiiii ccccccccccccc bh hh 0000000000000 1111111111111 
iiiiiiiiiiii ccccccccccc bh hh 00000000000 1111111111111 

88888888888 II 0000000 88888888888 f f 99999999999 
8888888888888 If 000000000 8888888888888 {{ 9999999999999 
88 88 II 00 00 88 88 If 99 99 
88 88 If 00 00 88 88 II 99 99 
88 88 {/ 00 00 88 88 II 99 99 

88888888888 {/ 00 00 88888888888 {/ 9999999999999 
88888888888 If 00 00 88888888888 {{ 999999999999 

88 88 If 00 00 88 88 {{ 99 
88 88 If 00 00 88 88 {{ 99" 
88 88 If 00 00 88 88 {{ 99 
8888888888888 If 000000000 8888888888888 {{ 9999999999999 

88888888888 If 0000000 88888888888 If 999999999999 

0000000 22222222222 88888888888 0000000 
000000000 2222222222222 8888888888888 000000000 

00 00 22 22 88 88 00 00 
00 00 22 88 88 00 00 
00 00 22 88 88 00 00 
00 00 22 88888888888 00 00 
00 00 22 88888888888 00 00 
00 00 22 88 88 00 00 
00 00 22 88 88 . 00 00 

00 00 ... 22 88 88 00 00 
000000000 2222222222222 8888888888888 000000000 

0000000 2222222222222 88888888888 0000000 

SSSSBSSBS!IS ccccccccccc aaaaaaaaa 11 eeeeeeeeeeeee 
sssssssssssss ccccccccccccc aaaaaaaaaaa 11 eeeeeeeeeeeee 
ss ss cc cc aa a a 11 ee 
ss cc aa a a 11 ee 
ss cc a a a a 11 ee 
SI!ISSSSSSSSS!I cc aaaaaaaaaaaaa 11 eeeeeeeee 
ssssssssssss cc aaaaaaaaaaaaa 11 eeeeeeeee 

as cc a a aa 11 ee 
as cc aa •• 11 ee 

ss sa cc cc aa aa 11 ee 
sssssssssssss ccccccccccccc a a a a 1111111111111 eeeeeeeeeeeee 
sssssssssss ccccccccccc aa a a 1111111111111 eeeeeeeeeeeee 

................................................................................ ..... .............................. ...................... ................ ......... .. 
progrsm verification information 

code system: scale version: 4. 3 

program: sas2 

creation date: 03{07{97 

library: /opt/neut/Scale4.3/bin 

this is not a scale configuration controlled code 

jobname: nichol 

date of execution: 08/08/97 

time of execution: 20:28:06 

................................................................................... ........................................................................... ..... ..................................•.........••.•.••••.••••••••••••••••••••.••••• 
0' .... used 180 fuel rode, 16 quide tubes .... 
0' - - - - - - - - - - - - -
0' 
0 nuclide concentrations, grams 

basis •single reactor assembly 
initial 

0 16 1. 351!!+05 
total 3.901!!+05 

0 

initial 
u234 2.801!!+02 
u235 3 .131!!+04 
u236 1.401!!+02 
u238 9.681!!+05 

total 1.001!!+06 
0 
0 
0 
0 

initial 

1E-18 d 
1.351!!+05 
3. 901!!+05 

1E-18 d 
2. 801!!+02 
3 .131!!+04 
1.401!+02 
9. 68!+05 
1.001!!+06 

initial 
initial 

1.7 d 

14.4 d 
14.4 d 

3.3 d 

nuclide concentrations, grams 
baa:is •ainqle reactor aa:sembly 

basis • 
28.8 d 
28.8 d 

43.2 d 
43.2 d 

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

57.6 d 
57.6 d 

57.6 d 
57.6 d 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77 
77 

666666666666 
6666666666666 
66 
66 
66 
666666666666 
6666666666666 
66 66 
66 66 
66 66 
6666666666666 

66666666666 
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0 16 1. 351!!+05 1. 351!!+05 1. 351!!+05 1.351!!+05 1.351!!+05 1.351!!+05 1.351!!+05 
0 nuclide concentrationa, qrams 

basis •sinqle reactor aaaembly 
initial 1.7d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

DIO 95 l. 251!!+01 1.251!!+01 1.261!!+01 1.261!!+01 1.261!!+01 1.271!!+01 1.271!!+01 
tc 99 3.381!!-05 3.401!!-05 3.411!!-05 3. 421!!-05 3. 431!!-05 3. 431!!-05 3.431!!-05 

0 nuclide concentrationa, qr .... 
baaia •single reactor aaaembly 

initial 1.7d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
total 3. 901!!+05 3.901!!+05 3.901!!+05 3.901!+05 3.908+05 3.901!!+05 3.901!+05 

nuclide concentrations, qrama 
basis •single reactor assembly 

initial 1.7d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
u233 1. 781!!-03 1. 781!!-03 1. 781!-03 1.781!!-03 1. 781!-03 1.781!!-03 1. 781!-03 
u234 1. 781!+02 1. 781!!+02 1.781!!+02 1. 788+02 1. 781!!+02 1. 781!+02 1. 781!!+02 
u235 9. 701!!+03 9. 701!!+03 9. 701!+03 9. 701!!+03 9.701!+03 9.708+03 9. 708+03 
u236 3. 801!!+03 3.801!!+03 3. 801!!+03 3. 801!+03 3.801!+03 3.801!+03 3.808+03 
u238 9. 471!!+05 9.471!!+05 9.471!!+05 9.471!!+05 9 .478+05 9 .471!!+05 9. 471!+05 

np237 3. 411!!+02 3. 431!!+02 3 .441!!+02 3.451!!+02 3.458+02 3 .461!!+02 3 .471!!+02 
pu236 4.261!!-04 4. 271!!-04 4. 271!!-04 4.271!!-04 4.261!!-04 4. 261!!-04 4.251!!-04 
pu238 1.121!!+02 1.131!!+02 1.131!!+02 1.141!!+02 1.141!!+02 1.141!!+02 1.148+02 
pu238 1.121!!+02 1.13!+02 1.13!+02 1.141!!+02 1.141!!+02 1.141!!+02 1.141!!+02 
pu239 4 .131!!+03 4 .161!!+03 4.181!!+03 4.191!!+03 4.201!!+03 4. 201!!+03 4.211!!+03 
pu240 2.211!!+03 2. 211!!+03 2. 211!!+03 2. 211!!+03 2. 211!!+03 2.211!!+03 2.211!!+03 
pu241 1.131!!+03 1.131!!+03 1.131!!+03 1.131!!+03 1.131!!+03 1.131!!+03 1.131!+03 
pu242 4. 481!!+02 4. 481!!+02 4. 481!!+02 4.481!!+02 4. 481!!+02 4. 481!!+02 4. 481!!+02 
am241 4. 241!!+01 4. 271!!+01 4.291!!+01 4 .321!!+01 4. 341!!+01 4.371!!+01 4.398+01 
am242m 1.071!!+00 1. 07!+00 1. 071!!+00 1.071!!+00 1.071!!+00 1. 071!!+00 1.071!!+00 
am243 7.921!!+01 7. 931!!+01 7.931!!+01 7.931!!+01 7.931!!+01 7.931!!+01 7. 938+01 

total 9. 701!!+05 9. 701!!+05 9.701!!+05 9.701!!+05 9.701!+05 9. 701!!+05 9.701!!+05 
0 element concentrations, qriUU 
0 nuclide concentrations, qriUU 

basis •single reactor assembly 
initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

0 nuclide concentrations, qriUU 
basis •single reactor assembly 

initial 1.7 d 3.3d 5.0 d 6.7 d 8.3 d 10.0 d 
me 95 5. 781!!+02 5. 791!!+02 5.801!!+02 5.811!!+02 5.821!!+02 5. 831!+02 5. 841!!+02 
tc 99 7 .121!!+02 7 .131!!+02 7 ."141!!+02 7 .151!!+02 7.158+02 7 .151!!+02 7.168+02 
tc 99m 2.931!!-01 2. 09!-Q1 1. 381!!-01 9.051!!-02 5. 941!!-02 3. 901!!-02 2. 561!!-02 
ru101 6. 781!!+02 6. 781!!+02 6. 781!!+02 6.781!!+02 6.781!!+02 6.781!!+02 6. 781!!+02 
rh103 3. 911!!+02 3. 921!!+02 3. 941!!+02 3. 95!+02 3.961!!+02 3. 971!!+02 3.981!!+02 
rhlOJm 4.551!!-02 4. 411!!-02 4. 281!!-02 4 .161!!-02 4.041!!-02 3. 921!!-02 3. 811!!-02 
aq109 7.771!!+01 7. 791!!+01 7 .791!!+01 7.791!!+01 7. 791!!+01 7. 791!!+01 7. 791!!+01 

0 nuclide concentrations, grams 
basis •single reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
0 nuclide concentrations, qrams 

basis •single reactor assembly 
initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

ndl43 7.291!!+02 7. 301!!+02 7.321!!+02 7 .HI!!+02 7.351!!+02 7.361!!+02 7.381!!+02 
ndl45 6. 061!!+02 6. 061!!+02 6. 061!+02 6. 061!!+02 6.061!!+02 6.061!!+02 6.061!!+02 
sml47 8.951!!+01 8.971!!+01 8. 991!!+01 9. 011!!+01 9.021!!+01 9.041!!+01 9.061!!+01 

nuclide concentrations, qrama 
basis •single reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
sml49 2.231!!+00 2.781!!+00 3 .101!!+00 3.301!!+00 3 .UI!!+OO 3.481!!+00 3.521!!+00 
sml50 2.561!!+02 2.561!!+02 2.561!!+02 2. 561!!+02 2.56!+02 2.561!!+02 2.561!!+02 
sml5l 1.601!!+01 1.621!!+01 1.621!!+01 1. 631!!+01 1. 631!!+01 1.631!!+01 1. 631!!+01 
eu151 1. 86!-02 1. 921!!-02 1. 971!!-02 2.031!!-02 2.091!!-02 2.141!!-02 2.20!-02 
sm152 1.181!!+02 1.181!!+02 1.181!!+02 1.181!!+02 1.18!+02 1.181!!+02 1.181!!+02 
eu15J 9. 72!+01 9.761!!+01 9.781!!+01 9.801!!+01 9.80!+01 9.811!!+01 9.811!!+01 
gd155 3. 58!-02 3. 831!!-02 4. 091!!-02 4.341!!-02 4.60!-02 4.851!!-02 5.111!!-02 

total 2. 981!!+04 2. 981!!+04 2.981!!+04 2. 98!+04 2. 98!+04 2.98!+04 2. 981!!+04 
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0 

SCALE4. 3 Bulletin Board 

Welcoaoe to SCALE-4. 3. 

primary. module acceu and input record ( scale driv..r - 95/03/29 - 09,06,37 
module sas2h will be called 

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

mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 l den•l0.05 1 865 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 l 0 1-20 865 end 
kr-85 1 0 1-20 865 end 
y-89 1 o 1-20 865 end 
ar-90 1 0 1-20 865 end 
zr-93 1 0 1-20 865 end 
zr-94 1 0 1-20 865 end 
zr-95 1 0 1-20 865 end 
nb-94 1 0 1-20 865 end 
mo-95 1 0 1-20 865 end 
tc-99 1 o 1-20 865 end 
ru-101 1 0 1-20 865 end 
ru-106 1 0 1-20 865 end 
rh-103 1 0 1-20 865 end 
rh-105 1 0 1-20 865 end 
pd-105 1 0 1-20 865 end 
pd-108 1 0 1-20 865 end 
ag-109 1 0 1-20 865 end 
ab-124 1 0 1-20 865 end 
xe-131 1 0 1-20 865 end 
xe-132 1 0 1-20 865 end 
xe-135 1 0 1-20 865 end 
xe-136 1 0 1-20 865 end 
cs-134 1 0 1-20 865 end 
cs-135 1 o 1-20 865 end 
cs-137 1 0 1-20 865 end 
ba-136 1 0 1-20 865 end 
la-139 1 0 1-20 865 end 
pr-141 1 0 1-20 865 end 
pr-143 1 0 1-20 865 end 
ce-144 1 0 1-20 865 end 
nd-143 1 0 1-20 865 end 
nd-145 1 0 1-20 865 end 
nd-147 1 0 1-20 865 end 
pm-147 1 0 1-20 865 end 
pm-148 1 0 1-20 865 end 
sm-147 1 0 1-20 865 end 
sm-149 1 0 1-20 865 end 
sm-150 1 0 1-20 865 end 
sm-151 1 0 1-20 865 end 
sm-152 1 0 1-20 865 end 
eu-153 1 0 1-20 865 end 
eu-154 1 0 1-20 865 end 
eu-155 1 0 1-20 865 end 
gd-155 1 0 1-20 865 end 
arbm-zirc4 6. 56 5 0 0 0 8016 0.12 24000 0.10 26000 0. 20 50000 l. 40 

40000 98.18 2 1.0 605 end 
h2o 3 den•0.7283 1 572 end 
arbm-bcrmod 0. 7283 1 1 0 0 5000 100 3 450 .Oe-6 572 end 

450 ppm be ron (wt) in moderator 

end co~ 

fuel-pin-cell geometry: 

squarepitch .43 0.913 1.074 2 0.930 o end 

assembly and cycle parameters: 

npin/assm=l80 fuelnght•957.89 ncycles•J nlib/cyc•S 
printlevel""S liqhtel•9 inplevel•2 numztotal•5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power=34. 833 burn=-288 down•Bl end 
power•25.035 burn•309.0 down•396 temkcycz778 end 
power•35.374 burn•248.0 down•lO temkcyc•870 end 

o 135 cr 5.9 1m 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

------ - - - - - - - - - -
SSSBSSSSSBB aaaaaaaaa ••••••••••• 22222222222 

sssssssssssss aaaaaaaaaaa SSS8BSSSSB888 2222222222222 
ss .. 1111 aa as •• 22 22 
ss 1111 aa ss 22 
ss 1111 &II 58 22 

hh 
hh 
hh 
hh 
hh 

hh 
hh 
hh 
hh 
hh 

SSSSSSSSBSSS aaaaaaaaaaaaa BSSSSSBBSSBB 22 hhhhhhhhhhhhh 
ssssssssssss aaaaaaaaaaaaa ssssssssssss 22 hhhhhhhhhhhhh 

SB &II 1111 8S 22 hh hh 

•• aa II& •• 22 hh hh 
ss SB a a 1111 SB 88 22 hh hh 
sssssssssssss II& aa sssssssssssss 2222222222222 hh hh 
sssssssssss aa II& sssssssssss 2222222222222 hh hh 
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0 

1 
0 

1 
o· 
o· 
o· 
0 

0 

0 
0 
0 

nn nn iiiiiiiiiiii ceccccccccc hh hh 00000000000 11 
nnn nn iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 11 
nnnn nn ii cc cc hh hh 00 00 11 
nn nn nn ii cc hh hh 00 00 11 
nn nn nn ii cc hh hh 00 00 11 
nn nn nn ii cc hhhhhhhhhhhhh 00 00 11 
nn nn nn ii cc hhhhhhhhhhhhh 00 00 11 
nn nn IU1 ii cc hh hh 00 00 11 
nn nn nn ii cc hh hh 00 00 11 
nn nnnn ii cc cc hh hh 00 00 11 
nn nnn iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 1111111111111 
nn nn iiiiiiiiiiii ccccccccccc hh hh 00000000000 1111111111111 

0000000 88888888888 II 0000000 88888888888 II 99999999999 
000000000 8888888888888 II 000000000 8888888888888 II 9999999999999 

00 00 88 88 II 00 00 88 88 II 99 99 
00 00 88 88 II 00 00 88 88 II 99 99 
00 00 88 88 II 00 00 88 88 II 99 99 
00 00 88888888888 II 00 00 88888888888 II 9999999999999 
00 00 88888888888 II 00 00 88888888888 II 999999999999 
00 00 88 88 II 00 00 88 88 II 99 
00 00 88 88 II 00 00 88 88 II 99 

00 00 88 88 II 00 00 88 88 II 99 
000000000 8888888888888 II 000000000 8888888888888 II 9999999999999 

0000000 88888888888 II 0000000 88888888888 II 999999999999 

22222222222 0000000 5555555555555 0000000 33333333333 
2222222222222 000000000 5555555555555 000000000 3333333333333 
22 22 00 00 55 00 00 33 33 

22 00 00 55 00 00 33 
22 00 00 55 00 00 33 

22 00 00 555555555555 00 00 333 
22 00 00 5555555555555 . 00 00 333 

22 00 00 ... 55 00 00 33 
22 00 00 55 00 00 33 

22 00 00 55 55 00 00 33 33 
2222222222222 000000000 5555555555555 000000000 3333333333333 
2222222222222 0000000 55555555555 0000000 33333333333 

aaassssssss ceccccccccc aaaaaaaaa 11 eeeeeeeeeeeee 
asssssassssss ccccccccccccc aaaaaaaaaaa 11 eeeeeeeeeeeee 
•• as cc cc aa sa 11 ee 
as cc a a a a 11 ee 
u cc aa a a 11 ee 
8SSSSSSS888S cc aaaaaaaaaaaaa ll eeeeeeeee 

S8888SSS88SS cc aaaaaaaaaaaaa 11 eeeeeeeee 
•• cc a a a a 11 ee 
•• cc aa aa 11 ee 

•• •• cc cc aa aa 11 ee 
sssssssssssss ccccccccccccc aa aa 1111111111111 eeeeeeeeeeeee 

SSSBBSSSSSS CCC'CC'C'CCCCC a a a a 1111111111111 eeeeeeeeeeeee 

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

- - - -

0 16 
total 

u234 
u235 
u236 
u238 

total 

0 16 

................. ............. ........................................... ........... .. ....................................................................................... 
program verification information 

code system: scale version: 4.3 ................................................................................ .................... ....... ......................................................... . 
program: sas2 

creation dateo 03107197 

library: fopt/neut/Scale4.~/bin 

this is not a scale configuration controlled code 

jobname: nichol 

date of execution: 08/08/97 

time of execution: 20:50:33 

.................................................................................... ................................................................................... ................................................................................ 
- - - - - - - - - - - - - - - - - - - -------

nuclide concentrations, grams 

initial 1E-18 d 
baais •single reactor assembly 

1.35!+05 1. 35!+05 
3.90!+05 3.90!+05 

nuclide concentrations, grams 
basis •single reactor assembly 

initial lE-18 d 
2.80!+02 2.80!+02 
3 .13!+04 3 .13!+04 
1. 40!+02 1. 40!+02 
9.68!+05 9. 68!+05 
1. 00!+06 1.00!+06 

basis • 
initial 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 
initial 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

basis • single reactor assembly 
charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

8.41!+03 8.UE+03 8.41!+03 8 .41!+03 8. 41!+03 8. 41!+03 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77 
77 

33333333333 
3333333333333 
33 33 

33 
33 

333 
333 . 

33 
33 

33 33 
3333333333333 

33333333333 
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basis • single react.or assembly 
charge 14.4 d 28.8 d 13.2 d 57.6 d 57.6 d 

basia • single reactor assembly 
charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

l1lO 95 .OOE+OO 1.67!-05 1. 20!-04 3.66!-04 7.848-04 7.84!-04 
baaia • ainqle reactor assembly 

charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 
baaia • single reactor assembly 

charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 
totals 1.14!+04 1.14!+04 1.14!+01 1.14!+04 1.14!+01 1. UB+04 

basis • single reactor assembly 
charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

u233 . OOB+OO 2.54£-07 5.01B-07 7.39!-07 9.68!-07 9.68!-07 
u234 1.20!+00 1.19£+00 1.18!+00 1.17!+00 1.16!+00 1.16!+00 
u235 1.33!+02 1.31!+02 1.28!+02 1.26!+02 1.232+02 1.23!+02 
u236 5. 93!-01 1. 06!+00 1.51!+00 1. 95!+00 2.382+00 2.38!+00 
u238 4. 07!+03 4.07!+03 4.06£+03 4.06£+03 4.06!+03 4.062+03 

np237 . OOB+OO 3.921!-03 1.18!-02 2.15£-02 3.252-02 3.25!-02 
pu236 . OOB+OO 6. 40B-ll 4.251!-10 1.211-09 2.50£-09 2 .50!-09 
pu238 .OOB+OO 1. 05!-05 8. 60!-05 2.641!-04 5.61!-04 5. 61!-04 
pu238 .00!+00 1. 05!-05 8.601!-05 2.64!-04 5.611!-04 5.611!-04 
pu239 .001!+00 8.991!-01 2.01!+00 3.051!+00 4.031!+00 4.031!+00 
pu240 .OOB+OO 1.00!-02 4.38!-02 9. 89!-02 1.72!-01 1. 721!-01" 
pu241 .002+00 2.371!-04 2 .13!-03 7. 28!-03 1. 70!-02 1.701!-02 
puU2 .OOB+OO 8. 82!-07 1. 63!-05 8. 51!-05 2. 68£-04 2.681!-04 

basis • single reactor assembly 
charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

10111241 .OOB+OO 1. 05!-07 1. 92!-06 1. OOE-05 3 .15!-05 3.15!-05 
10111242m .00!+00 1.25!-10 '. 462-09 3.39!-08 1. 38!-07 1.38£-07 
10111243 .00!+00 1. 86£-09 7.012-08 5.60£-07 2.39!-06 2.39!-06 

totals 4.20£+03 4. 20£+03 4 .20!+03 4 .20!+03 4 .19!+03 '.191+03 
decay data, including gamma and total energy, are from endf/b-vi 

1697 total number of nuclides in library 
nuclide concentrations. grams 
basis •single reactor aaaembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
0 16 1. 35!+05 1.351!+05 1.35!+05 1.351+05 1.351+05 1.351+05 1. 35!+05 

0 nuclide concentratio~, grams 
basis •single reactor assembly 

initial "1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
Ill() 95 1.11!+01 1.11!+01 1.11!+01 1.12!+01 1.121+01 1.121!+01 1.12!+01 
tc 99 2.172-05 2.48!-05 2. 49!-05 2. 50!-05 2.51!-05 2.511-05 2.511-05 

0 nuclide concentration5, grams 
basis •single reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
total 3.90!+05 3.90!+05 3.90!+05 3. 90!+05 3.90!+05 3.90!+05 3.90!+05 

nuclide concentrations, grams 
basis asingle reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
u233 1. 72!-03 1. 72!-03 1. 72!-03 1. 72!-03 1. 72!-03 1. 72!-03 1. 72!-03 
u234 1. 85E+02 1. 851!+02 1. 85!+02 1. 85!+02 1. 85!+02 1. 85!+02 1. 85!+02 
u235 1.08!+04 1.08!+04 1. 08!+04 1. 08!+04 1. 08!+04 1. 081!+04 1.081!+04 
u236 3. 641!!+03 3.64!+03 3 .64!+03 3. 641!!+03 3 .641+03 3.641!!+03 3.64!+03 
u238 9. 49!+05 9 .49!+05 9 .49!+05 9. 49!+05 9. 49!+05 9.49!+05 9.49!+05 

np237 3. 04E+ll2 3.051!+02 3.06!+02 3.07!+02 3.08!+02 3. 09!+02 3. 091!+02 
pu236 3. 42!-04 3. 43!-04 3 .43!-04 3.12!-04 3. 42!-04 3.42£-04 3. 41!-04 
pu238 9. 07£+01 9 .121!+01 9.16!+01 9 .18!+01 9.20!+01 9.211!!+01 9.221!+01 
pu238 9. 07!+01 9 .12!+01 9.16!+01 9 .18!+01 9.20!+01 9.21!+01 9. 221!+01 
pu239 4 .16!+03 4.19!+03 '. 21!+03 4.22!+03 4.23!+03 '. 24!+03 1.24!+03 
pu240 2. 06!+03 2. 06!+03 2 .06!+03 2.06!+03 2.06!+03 2 .06!+03 2.06!+03 
pu241 1. 03!+03 1. 03!+03 1. 03!+03 1. 031!+03 1. 03!+03 1.03!+03 1. 03!+03 
pu212 3 .47!+02 3 .471!+02 3. 47!+02 3 .47!+02 3 .47!+02 3 .47!+02 3. 47!+02 
10111241 3.68!+01 3.70!+01 3.73!+01 3.75!+01 3. 771!+01 3. 79!+01 3.82!+01 
10111242m 9.28!-01 9.28!-01 9. 281!!-01 9. 28!-01 9.28!-01 9.281!!-01 9.28!-01 
10111243 5.49!+01 5. 50!+01 5. 501!!+01 5. 50!+01 5.50!+01 5. 50!+01 5.50!+01 

total 9. 721!!+05 9.721!!+05 9.721!+05 9. 721!+05 9.72!+05 9. 72!+05 9.721!+05 
0 element concentrations, g-rams 
0 nuclide concentrations, gram.s 

basis •single reactor assembly 
initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 

nuclide conc'entrations, grams 
basis •single reactor assembly 

initial 1.7 d 3.3 d" 5.0 d 6.7 d 8.3 d 10.0 d 
l1lO 95 . 5. 241!+02 5. 26!+02 5.27!+02 5.28!+02 5.29!+02 s. 30!+02 5. 31!+02 
tc 99 6.58!+02 6.59!+02 6. 60!+02 6.61!+02 6. 611!+02 6. 611!!+02 6. 611!!+02 
tc 99m 2. 991!-01 2 .14!-01 1. 40!-01 9. 23!-02 6. 06!-02 3. 981!-02 2. 611!-02 
ru101 6 .211!+02 6.21!+02 6 .21!+02 6. 211!!+02 6.21!+02 6.21!+02 6.21!+02 
rhl03 3. S9E+02 3.60!+02 3 .61!+02 3.621!!+02 3. 64!+02 3. 651!+02 3.66!+02 
rh103m 4. 561!-02 4.43!-02 4.30!-02 4 .17!-02 4. 05!-02 3. 94!-02 3. 82!-02 
ag109 6.82!+01 6. 83!+01 6.83!+01 6.84!+01 6. 84!+01 6.81!+01 6. 841!!+01 

0 nuclide concentrations, grams 
basis •single reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
0 nuclide concentratioru1, grams 

basis •single reactor assembly 
initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

ndl43 6.861!!+02 6. 88!+02 6. 90!+02 6.91!+02 6.93!+02 6.94!+02 6.95!+02 
ndl45 5. 631!!+02 5.63!+02 5.63!+02 5.631!+02 5.63!+02 5.63!+02 5.63!+02 
sml47 8. 63!+01 8.651!!+01 8. 67!+01 8 .69!+01 8.701!+01 8.72!+01 8. 74!+01 

nuclide concentrations, grams 
basis •single reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
sml49 2.25!+00 2.79!+00 3 .12!+00 3.311!+00 3. 421!+00 3 .49!+00 3.53!+00 
sm150 2.28!+02 2.28!+02 2. 28!+02 2.28!+02 2.28!+02 2.281!!+02 2. 28!+02 
sm151 1. 55!+01 1.561!!+01 1. 57!+01 1.571!+01 1. 571!+01 1. 57!+01 1. 571!+01 
eu151 1. 811-02 1. 86!-02 1. 92!-02 1. 98!-02 2.03!-02 2.091!-02 2 .141!-02 
sm152 1. 08!+02 1.08!+02 1. 081!+02 1. 08!+02 1. 08!+02 1. 08!+02 1. 081!+02 
eul53 8. 53!+01 8.57!+01 8.59!+01 8.60!+01 8.60!+01 8. 61!+01 8. 61!+01 
gd155 3 .13!-02 3.35!-02 3 .571!-02 3.80!-02 '. 02!-02 4.24!-02 4. 461!-02 

total 2.73!+04 2. 73!+04 2.73!+04 2.73!+04 2. 731!+04 2.73!+04 2.731!+04 
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obl76g29.sum 
o••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• . 

5~4.3 Bulletin Board 

Welc~ to ~-4.3 . 

....................... ........................................................ . 
primary module accus and input record 1 scale driver - 95/03/29 - 09:06:37 

module sas2h will be called 
~brighiem Otwo) pwr, a&lllll 176, batch 90, 29.52 gwd/mtu 3-cyc June 97 

mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 1 den•10.05 1 840 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 1 0 1-20 840 end 
kr-85 1 0 1-20 840 end 
y-89 1 0 1-20 840 end 
sr-90 1 0 1-20 840 end 
zr-93 1 0 1-20 840 end 
zr-94 1 0 l-20 840 end 
zr-95 1 0 1-20 840 end 
nb-94 1 0 1-20 840 end 
DI0-95 1 0 1-20 840 end 
tc-99 1 0 1-20 840 end 
ru-101 1 0 1-20 840 end 
ru-106 1 0 1-20 840 end· 
rh-103 1 0 1-20 840 end 
rh-105 1 0 1-20 840 end 
pd-105 1 o 1-20 840 end 
pd-108 1 0 1-20 840 end 
ag-109 1 0 1-20 840 end 
sb-124 1 0 1-20 840 end 
xe-131 1 0 1-20 840 end 
xe-132 1 0 1-20 840 end 
xe-135 l 0 l-20 840 end 
xe-136 1 0 1-20 840 end 
cs-134 1 0 1-20 840 end 
cs-135 1 0 1-20 840 end 
cs-137 1 0 1-20 840 end 
ba-136 1 0 1-20 840 end 
la-139 1 0 1-20 840 end 
pr-141 1 0 1-20 840 end 
pr-143 1 0 1-20 840 end 
ce-144 1 0 1-20 840 end 
nd-143 1 0 1-20 840 end 
nd-145 1 0 1-20 840 ·end 
nd-147 1 0 1-20 840 end 
pm-147 1 o 1-20 840 end 
pm-148 1 0 1-20 840 end 
sm-147 1 0 1-20 840 end 
sm-149 1 0 1-20 840 end 
sm-150 1 0 1-20 840 end 
sm-151 1 0 1-20 840 end 
SDI-152 1 0 1-20 840 end 
eu-153 1 0 1-20 840 end 
eu-154 1 0 1-20 840 end 
eu-155 1 0 1-20 840 end 
qd-155 1 0 1-20 840 end 
arbm-zirc4 6. 56 5 0 0 0 8016 0.12 24000 0.10 26000 0. 20 50000 1. 40 

40000 98.18 2 1.0 605 end 
h2o 3 den•0.7283 1 572 end 
arbm-bormod 0. 7283 1 1 0 0 5000 100 3 450. Oe-6 572 end 

450 ppm boron fwt) in moderator 

end comp 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 1.074 0. 930 0 end 

assembly and cycle parameters: 

npin/asam•lBO fuelnght•957.89 ncycles•3 nlib/cyc•S 
printlevel•S lightel•9 inplevel•2 n~totalE5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power•J2 .121 burn•288 down•81 end 
power•36. 801 burn•309. 0 down•396 temkcyc•883 end 
power•35. 875 burn•248. 0 down•10 temkcyc•875 end 

o 135 cr 5.9 mn 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0. 71 an 3. 6 

sssssssssss aaaaaaaaa 
ssssssssssssa aaaaaaaaaaa 
•• •• a a a a 
ss aa aa 
•• aa a a 
ssssssssssss aaaaaaaaaaaaa 
ssssssssssss aa&aaaaaaaaaa 

ss a a aa 
8S a a a a 

ss ss aa aa 
ssassssssssss a a sa 
sssssssssss a a a a 

------ - - - - - - - - -
ssaassssasa 22222222222 

sssssssssssas 2222222222222 
•• •• 22 22 .. 22 
•• 22 
ssssssssssss 22 
ssssssasssss 22 

•• 22 
as 22 

sa as 22 
ssssssssssaaa 2222222222222 

••••••••••• 2222222222222 

-
hh hh 
hh hh 
hh hh 
hh hh 
hh hh 
hhhhhhhhhhhhh 
hhhhhhhhhhhhh 
hh hh 
hh hh 
hh hh 
"bh hh 
bh hh 
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0 

0 

l 
0 

1 
0' 

nn nn 
nnn nn 
nnnn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nnnn 
nn nnn 
nn nn 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000.000000 

0000000 

22222222222 
2222222222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2222222222222 
2222222222222 

iiiiiiiiiiii ecccccccccc hh hh 00000000000 11 
iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 11 

ii "" "" hh hh 00 00 li 
ii "" hh hh 00 00 11 
ii "" hh hh 00 00 11 
ii "" hhhhhhhhhhhhb 00 00 11 
ii "" hhhhhhhhhhhhh 00 00 11 
ii "" hh hh 00 00 11 
ii "" hh hh 00 00 11 
ii "" cc hh hh 00 00 11 

iiiiiiiiiiii ccccccccccccc hh hh 0000000000000 1111111111111 
iiiiiiiiiiii ccecccccccc hh hh 00000000000 1111111111111 

88888888888 II 0000000 88888888888 II 99999999999 
8888888888888 II 000000000 8888888888888 II 9999999999999 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 
88 88 I I 00 00 88 88 If 99 99 

88888888888 II 00 00 88888888888 II 9999999999999 
88888888888 II 00 00 88888888888 II 999999999999 

88 88 II 00 00 88 88 If 99 
88 88 II 00 00 88 88 II ""99 
88 88 II 00 ·oo 88 88 II 99 
8888888888888 II 000000000 8888888888888 II 9999999999999 

88888888888 II 0000000 88888888888 II 999999999999 

11 33333333333 5555555555555 11 
111 3333333333333 5555555555555 111 

1111 33 33 55 1111 
11 33 55 11 
11 33 55 11 
11 333 555555555555 11 
11 333 5555555555555 11 
11 33 55 11 
11 JJ 55 11 
11 33 33 55 55 11 

11111111 3333333333333 5555555555555 11111111 
11111111 33333333333 55555555555 11111111 

SSSSSBBSSSS ccccccccccc aaaaaaaaa 11 eeeeeeeeeeeee 
ssssssssssaaa ecccccccccccc aaaaaaaaaaa 11 eeeeeeeeeeeee 
as •• "" "" a a aa 11 ee 
as "" a a aa 11 ee 
.as c:c aa a a 11 ee 
ssssssssss-ss "" aaaaaaaaaaaaa 11 eeeeeeeee 

SBSSSSSSSSSS cc aaaaaaaaaaaaa 11 eeeeeeeee 
ss cc a a a a 11 ee 
ss cc a a a a ll ee 

•• ss cc cc aa a a 11 ee 
sssssssssssss ccecccecccccc aa a a 1111111111111 eeeeeeeeeeeee 

SSSSBSSSSSS ccccccccccc aa a a 1111111111111 eeeeeeeeeeeee 

................................................................................. ................. ............................. ..... ...... .. .. ................ .......... ... . ........................................................................................... 
program verification information 

code system: scale version: 4.3 ................................................................................. 
• • • • • .. ... • ... * •• * * * * * * •••••• * ••• * ••••••••••••••••••••••••••••••••• * •••• * * ••••••••• 

program: sas2 

creation date' 03107197 

library: /opt/neut/Scale4.3/bin 

this is not a scale configuration controlled code 

jobname, nichol 

date of execution, 08108197 

time of execution: 21:35:18 

................................................................................ 
•• .. .. .. .. • • ••• • • *. * •• * * *. * * •••••••• * •••••••••••••••••••••••••••••••••••••••• * * * •••• ................................................................................ 

o· - - - - - - - - - - - - - - - - - - - - - - - - -o· 
0 nuclide concentrations, grams 

initial 
0 16 1. 352+05 

total 3.902+05 
0 

initial 
u234 2.802+02 
u235 3.131!!+04 
u236 1.40E+02 
u238 9.68E+OS 

total l.OOE+06 
0 
0 
0 
0 

initial 

lE-18 d 
1. 351!!+05 
3.901!!+05 

1E-18 d 
2.802+02 
3 .131!!+04 
1.40E+02 
9.68E+05 
1. 00E+06 

initial 
initial 

1. 7 d 

14.4 d 
14.4 d 

3.3 d 

basis •single reactor assembly 

nuclide concentrations, grams 
basis •aingle reactor assembly 

basis • 
28.8 d 
28.8 d 

43.2 d 
43.2 d 

nuclide concentrations. qrams 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

57.6 d 
57.6 d 

57.6 d 
57.6 d 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77. 
77 

88888888888 
8888888888888 
88 88 
88 88 
88 88 

88888888888 
88888888888' 

88 88 
88 88 
88 88 
8888888888888 

88888888888 
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0 16 l. 351!+05 1.351!+05 1.351!+05 1.351!+05 l. 351+05 1.351!+05 l. 351!+05 
0 nuclide concentration., gr.,.. 

basis •single reactor assembly 
initial 1.7d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

Jl\0 95 l. 271!+01 1.271!+01 1.281!+01 1.281!+01 1.281!+01 1.291!+01 1.291!+01 
tc 99 3. 571!-05 3. 591!-05 3.601!-05 3.611!-05 3. 621!-05 3.621!-05 3. 621!-05 

0 nuclide concentration., grams 
basis •single reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
total 3.901!+05 3.901!+05 3. 901!+05 3.901!+05 3.901!+05 3.901!+05 3.901!+05 

0 nuclide concentrations, grlllllll 
basis •single reactor assembly 

initial l.7d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
u233 1. 781!-03 l. 78£-03 1.791!-03 1. 791!-03 1. 791!-03 1. 791!-03 1. 791!-03 
u234 1,761!+02 1.761!+02 1. 761!+02 1.761!+02 1. 761!+02 1. 761!+02 1. 761!+02 
u235 9. 481!+03 9 .481!+03 9.481!+03 9 .481!+03 9.481!+03 9. 481!+03 9 .481!+03 
u236 3. 831!+03 3. 831!+03 3. 83!+03 3.831!+03 3. 831!+03 3. 831!+03 3. 831!+03 
u238 9. 471!+05 9. 471!+05 9.47!+05 9.471!+05 9. 471!+05 9. 471!+05 9. 471!+05 

np237 3 .481!+02 3. 491!+02 3.511!+02 3.521!+02 3.521!+02 3. 531!+02 3. 541!+02 
pu236 4. 451!-04 4. 461!-04 4.461!-04 4. 461!-04 4 .461!-04 4.451!-04 4. 451!-04 
pu238 1.171!+02 1.171!+02 1.181!+02 1.181!+02 1.181!+02 1.191!+02 1.191!+02 
pu238 1.171!+02 1.171!+02 1.181!+02 1.181!+02 1.181!+02 1.191!+02 1.191!+02 
pu239 4 .131!+03 4 .161!+03 4 .191!+03 4.201!+03 4.211!+03 4. 211!+03 4 .211!+03 
pu240 2. 251!+03 2.251!+03 2. 251!+03 2. 251!+03 2.251!+03 2.251!+03 2. 251!+03 
pu241 1.151!+03 1.151!+03 1.151!+03 1.151!+03 1.151!+03 1.151!+03 1.151!+03 
pu242 4.611!+02 4.611!+02 4 .611!+02 4. 611!+02 4.611!+02 4.611!+02 4. 611!+02 
am24l 4 .211!+01 4.231!+01 4.261!+01 4.281!+01 4.311!+01 4.331!+01 4.361!+01 
am242m 1. 071!+00 1.071!+00 1.071!+00 1.071!+00 1.071!+00 1. 071!+00 1. 071!+00 
am243 8 .231!+01 8.251!+01 8.251!+01 8.251!+01 8.251!+01 8. 251!+01 8.251!+01 

total 9.691!+05 9. 691!+05 9.691!+05 9.691!+05 9. 691!+05 9.691!+05 9. 691!+05 
0 element concentrations, grama 
0 nuclide concentrations, grams 

basis •single reactor assembly 
initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

nuclide concentrations, gr1111111 
basia •single- reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
mo 95 5. 841!+02 5.861!+02 5. 871!+02 5. 881!+02 5. 891!+02 5.901!+02 5.91£+02 
tc 99 7.221!+02 7.241!+02 '7.251!+02 7.251!+02 7. 261!+02 7.261!+02 7.261!+02 
tc 99m 3.021!-01 2.161!-01 1.421!-01 9 .331!-02 6 .131!-02 4.031!-02 2.641!-02 
ru101 6. 891!+02 6. 891!+02 6.891!+02 6.891!+02 6 .891!+02 6. 891!+02 6. 891!+02 
rh103 3.951!+02 3. 971!+02 3.981!+02 3.991!+02 4.011!+02 4. 021!+02 4. 031!+02 
rh103m 4. 711!-02 4. 581!-02 4. 441!-02 4. 311!-02 4.191!-02 4. 071!-02 3.951!-02 
ag109 7. 941!+01 7.961!+01 7.961!+01 7. 961!+01 7.961!+01 7. 961!+01 7.961!+01 

0 nuclide concentrations, graJIIB 
basis •single reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
nuclide concentrations, grams 
basis •ainqle reactor assembly 

initial l. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
ndl43 7.351!+02 7. 37E+02 7.391!+02 7.411!+02 7. 421!+02 7. 431!+02 7. 45!+02 
ndl45 6 .141!+02 6 .141!+02 6 .141!+02 6.141!+02 6.141!+02 6 .141!+02 6 .141!+02 
sml47 9. 051!+01 9. 071!+01 9. 091!+01 9.111!!+01 9.131!+01 9 .151!+01 9.16!+01 

nuclide concentrations, grams 
basis •single reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
sml49 2.241!!+00 2 .821!+00 3 .161!+00 3.361!+00 3.481!+00 3.551!+00 3.591!+00 
sm150 2.60E+02 2 . 601!+02 2. 601!+02 2.601!!+02 2.601!+02 2.601!+02 2. 601!+02 
sml51 1. 62E+01 1.641!+01 1. 65E+01 1.651!+01 1. 651!!+01 1.651!!+01 l. 651!+01 
eul51 1.811!-02 1.861!-02 1. 92E-02 1.982-02 2. 041!!-02 2 .101!-02 2 .151!-02 
sm152 1. 202+02 1. 201!+02 1.201!+02 1.201!+02 1. 202+02 1. 20E+02 1. 201!+02 
eu153 9.941!+01 9. 982+01 1.001!+02 1. 001!+02 1. 001!+02 1.00E+02 l. OOE+02 
gd155 3. 601!-02 3. 86E-02 4.121!-02 4.381!-02 4. 641!-02 4. 902-02 5 .16E-02 

total 3. 031!+04 3. 032+04 3.031!+04 3.031!+04 3. 031!+04 3.031!+04 3.031!+04 
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ob176g27.sum 
o••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• . 

SCALE4.3 Bulletin Board 

Welcocne to SCALI!-4. 3 . 

......................... ,. .................................................... . 
primary module acceaa and input record ( acale driver - 95/03/29 - 09:06:37 

D>Odu1e sas2h · will be called 
obrighiem (kwo I pwr, assm 176, batch 91, 27.99 gwd/mtu 3-cyc June 97 
' .... used 180 fuel rode, 16 guide tube• .... 

mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 1 den=10.05 1 825 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 1 0 1-20 825 end 
kr-85 1 0 1-20 825 end 
y-89 . 1 0 1-20 825 end 
sr-90 1 0 1-20 825 end 
zr-93 1 0 1-20 825 end 
zr-94 1 0 1-20 825 end 
zr-95 1 0 1-20 825 end 
nb-94 1 0 1-20 825 end 
mo-95 1 o 1-20 825 and 
tc-99 1 0 1-20 825 end 
ru-101 1 0 1-20 825 end 
ru-106 1 0 1-20 825 end 
rh-103 1 0 1-20 825 end 
rh-105 1 0 1-20 825 end 
pd-105 1 0 1-20 825 end 
pd-108 1 0 1-20 825 end 
ag-109 1 0 1-20 825 end 
sb-124 1 0 1-20 825 end 
xe-131 1 0 1-20 825 end 
xe-132 1 0 1-20 825 end 
xe-135 1 0 1-20 825 end 
xe-136 1 0 1-20 825 end 
cs-134 1 0 1-20 825 end 
cs-135 1 0 1-20 825 end 
cs-137 1 0 1-20 825 end 
ba-136 1 0 1-20 825 erid 
1a-139 1 0 1-20 825 end 
pr-141 1 0 1-20 825 end 
pr-143 1 0 1-20 825 end 
ce-144 1 0 1-20 825 end 
nd-143 1 0 1-20 825 end 
nd-145 1 0 1-20 825 end 
nd-147 1 0 1-20 825 end 
pm-147 1 0 1-20 825 end 
pm-148 1 0 1-20 825 end 
sm-147 1 0 1-20 825 end 
sm-149 1 0 1-20 825 end 
sm-150 1 0 1-20 825 end 
sm-151 1 0 1-20 825 end 
sm-152 1 0 1-20 825 end 
eu-153 1 0 1-20 825 end 
eu-154 1 0 1-20 825 end 
eu-155 1 0 1-20 825 end 
gd-155 1 0 1-20 825 end 
arbm-zirc4 6. 56 5 0 0 0 8016 0.12 24000 0.10 26000 0. 20 50000 1. 40 

40000 98.18 2 1. 0 605 end 
h2o 3 den=0.7283 1 572 end 
arbm-bormod 0. 7283 1 1 0 0 5000 100 450. Oe-6 572 end 

450 ppm boron (wt) in moderator 

end comp 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 1. 074 0. 930 end 

assembly and cycle parameters: 

npin/assm•180 fuelnght•957.89 ncycles•3 nlib/cyc•5 
printlevel•S liqhtel•9 inplevel•2 numztotal•5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power•30. 457 burn•288 down•Bl end 
power•34.894 burn•309.0 down•396 temkcyc•865 end 
power•34.016 burn•248.0 down•10 temkcyc•855 end 

o 135 cr 5.9 1m 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 •n 3.6 

sssssssssss aaaaaaaaa 
ssssssssssssa aaaaaaaaaaa 
ss ss a a a a 
ss aa a a 
ss a a a a 
ssssssssssss aaaasaaaaaaaa 
ssssssssssss aaaaaaaaaaaaa 

as a a aa 
ss a a a a 

8S as •• a a 
!ISSSSSSSSSSSS aa a a 
ssssssssass a a a a 

------ - - - - - - - - -
sssssssssss 22222222222 

SSSS!I!ISSSSSSS 2222222222222 
as a a 22 22 
ss 22 .. 22 
ssssssssssss 22 
ssssssssssss 22 

ss 22 
ss 22 .. •• 22 

sssssssssssss 2222222222222 
assssssssaa 2222222222222 

-
hh hh 
hh hh 
hh hh 
hh hh 
hh hh 
hhhhhhhhhhhhh 
hhhhhhhhhhhhh 
hh hh 
hh hh 
hh hh 
hh hh 
hh hh 
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nn nn 
nnn nn 
nnnn nn 
nn nn rm 
nn nn nn 
rm nn nn 
nn nn nn 
rm nn nn 
rm nn nn 
nn nnnn 
nn nnn 
nn nn 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 

22222222222 
2222222222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2222222222222 
2222222222222 

1 

iiiiiiiiiiii ccccccccccc hh hh ooooooooooo 11 
iiiiiiiiiiii cececeecccccc hh hh 0000000000000 11 

ii cc cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hhbhhhhhhhhhh 00 00 ll 
ii cc hhbhhhhhhhhhh 00 00 ll 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 ll 
ii cc cc hh hh 00 00 11 

iiiiiiiiiiii cecceeccecccc hh hh 0000000000000 1111111111111 
iiiiiiiiiiii ccccccecccc hh hh 00000000000 1111111111111 

88888888888 II 0000000 88888888888 II 99999999999 
8888888888888 II 000000000 8888888888888 II 9999999999999 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 

88888888888 II 00 00 88888888888 II 9999999999999 
88888888888 If 00 00. 88888888888 If 999999999999 

88 88 II 00 00 88 88 II 99 
88 88 If 00 00 88 88 II 99 
88 88 II 00 00 88 88 II 99 
8888888888888 II 000000000 8888888888888 II 9999999999999 

88888888888 II 0000000 88888888888 II 999999999999 

11 11 22222222222 5555555555555 
111 111 2222222222222 5555555555555 

1111 1111 22 22 55 
11 11 22 55 
11 11 22 55 
11 11 22 555555555555 
11 11 22 5555555555555 
11 ... 11 22 55 
11 11 22 55 
11 11 22 55 55 

11111111 11111111 2222222222222 5555555555555 
11111111 11111111 2222222222222 55555555555 

ssassssssss ccccccccccc aaaaaaaaa 11 eeeeeeeeeeeee 
.BSSSSSSSSISSS ccccececeeeee aaaaaaaaaaa 11 eeeeeeeeeeeee 
ss .. cc cc aa aa 11 ee 
as cc a a a a 11 ee 
•• cc aa a a 11 ee 
ssssssssssss cc aaaaaaaaaaaaa 11 eeeeeeeee 
ssssssssssss cc aaaaaaaaaaaaa 11 eeeeeeeee 

ss cc a a aa 11 ee 
as cc aa aa 11 ee .. •• cc cc a a aa 11 ee 

ssssssssssssa ccecceeeeecee a a aa 1111111111111 eeeeeeeeeeeee 
sssssssssss cceeececccc a a a a 1111111111111 eeeeeeeeeeeee 

................................................................................. ................................................................................ .. ....................................................................... ......... .. 
program verification information 

code system: scale version: 4.3 

......................................... ················ .............................. . ........... .. ............ ................. .. .. . .................... ................ ...... . 
program.: sas2 

creation date: 03/07/97 

library: /opt/neut/Scale4 .3/bin 

this is not a seale configuration controlled code 

jobname: nichol 

date of execution: 08/08/97 

time of execution: 21:12:55 

.................................................................................. ..................................................................................... ....................................... ... ........................................ . 
0' .... used 180 fuel rode, 16 guide tubes .... 
0' 
0' - - - - - - - - - - - - - - - - - - - -
0' 
0 nuclide concentrations, grams 

basis •single reactor assembly 
initial 

0 16 1. 352+05 
total 3.902+05 

0 

initial 
u234 2.802+02 
u235 3 .132+04 
u236 1. 402+02 
u23B 9.682+05 

total 1.002+06 
0 
0 
0 

charge 

lE-18 d 
1. 352+05 
3. 902+05 

1B-18 d 
2. 802+02 
3 .132+04 
1.402+02 
9.682+05 
1. 002+06 

initial 
initial 

14.4 d 

14.4 
14.4 

28.8 d 

nuclide concentrations, qrams 
basia •single reactor assembly 

basis • 
d 28.8 d 43.2 d 
d 28.8 d 43.2 d 

basis • single reactor assembly 
43.2 d 57. 6 d 57. 6 d 

57.6 d 
57.6 d 

57.6 d 
57.6 d 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

71 
77 

77 
77 
77 

5555555555555 
5555555555555 
55 
55 
55 
555555555555 
5555555555555' 

55 
55 

55 55 
5555555555555 

55555555555 
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0 16 8. 411!+03 8. 411!+03 8 .411!+03 8 .411!+03 8. 411!+03 8. 411!+03 
basis • sin.gle reactor assemblY 

charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 
baaia • single reactor assembly 

charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 
""' 95 .001!+00 1.451!-05 1.051!-04 3 .191!-04 6. 841!-04 6. 841!-04 

~i•. single reactor aaseD'lblY 
charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

basis • single reactor assembly 
charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

totals 1.141!+04 1.141!+04 1.14!+04 1.141!+04 1.141!+04 1.141!+04 
basis • single reactor assembly 

charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 
u233 . 001!+00 2. 221!-07 4. 381!-07 6. 471!-07 8.501!-07 8.501!-07 
u234 1. 201!+00 1.191!+00 1.18!+00 1.171!!+00 1.171!+00 1.171!+00 
u235 1. 331!+02 1.311!+02 1.291!!+02 1.271!+02 1.241+02 1.241!+02 
u236 5.931!-01 9. 981!-01 1.401!+00 1.791!+00 2 .171!+00 2.171!+00 
u238 4.071!+03 4.071!+03 4. 071!+03 4. 06E+03 4. 061!+03 (. 061!+03 

np237 .001!+00 3. 391!-03 1. 021!-02 1. 841!-02 2.?6B-02 2. 76!-02 
pu236 .001!+00 4. 841!-11 3.201!-10 9.101!-10 1. 861!-09 1. 86!-09 
pu238 .001!+00 8. 001!-06 6. 50!-05 1. 99£-04 4. 21B-04 4.211!-04 
pu238 .001!+00 8. OOB-06 6.501!-05 1.99!-04 4. 211!-04 4 .211!-04 
pu239 .001!+00 7. 861!-01 1 :761!+00 2. 691!+00 3.561!+00 3.561!+00 
pu240 .001!+00 7.661!-03 3.381!-02 7.661!-02 1. 341!-01 1. 341!-01 
pu241 .001!+00 1.591!-04 1.431!-03 4. 931!-03 1.161!-02 1.161!-02 
pu242 . 001!+00 5 .171!-07 9.571!-06 5.041!-05 1.601!-04 1.60!-04 

basis • single reactor assembly 
charge 14.4 d 28.8 d 43.2 d 57.6 d 57.6 d 

am241 . 001!+00 7.061!-08 1. 301!-06 6.801!-06 2.151!-05 2 .151!-05 
am242m .001!+00 7. 381!-11 2. 651!-09 2.041!-08 8. 351!-08 8.351!-08 
am243 .001!+00 9. 541!-10 3.601!-08 2. 891!-07 1.241!-06 1. 241!-06 

totals 4.201!+03 4. 201!+03 4.201!+03 4.201!+03 4 .191!+03 4 .191!+03 
decay data, inc 1 udinq gmnna and total energy, are from endt/b-vi 

0 1697 total number of nuclides in library 
0 nuclide concentrations, IJUIIIS 

basis •ainQle reactor assembly 
initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

0 16 1.351!+05 1.351!+05 1.351!+05 1.351!+05 1.351!+05 1. 35!+05 1. 35!+05 
0 nuclide concentrationa, grams 

basis •single reactor assembly 
initial 1.7d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

mo 95 1. 201!+01 1. 201!+01 1.201!+01 1. 211!+01 1. 211!+01 1. 211!+01 1.211!+01 
tc 99 2. 971!-05 2. 991!-05 3.001!-05 3.011!-05 3.021!-05 3.021!-05 3. 02B-05 

0 nuclide concentrations, ~~rams 

basis •single reactor assembly 
initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

total 3.90E+05 3.90!+05 3. 90E+05 3.90E+05 3.901!+05 3.901+05 3.901!+05 
0 nuclide concentrations, llriiJIIII 

basis •sinqle reactor assembly 
initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

u233 1. 75!-03 1. 761-03 1.761!-03 1.761!-03 1.761!-03 l. 761!-03 1. 761-03 
u234 1. 818+02 l. 818+02 1. 811!+02 1.818+02 1.811!+02 1. 81E+02 1.818+02 
u235 1. 01!+04 1. 01E+04 1.011!+04 1. 011!+04 1.011!+04 1. 011!+04 l. 01!+04 
u236 3. 741!+03 3. 741!+03 3.74!+03 3. 741!+03 3. 741!+03 3. 741!+03 3. 741+03 
u238 9. 481!+05 9. 481!+05 9.48E+05 9.481!+05 9.481!+05 9.481!+05 9.481!+05 

np237 3.26!+02 3. 271!+02 3. 28E+02 3.291!+02 3.301!+02 3 .31!+02 3. 311!+02 
pu236 3.88E-04 3.89£-04 3.89E-04 3.88!-04 3. 881!-04 3. 881!-04 3. 871!-04 
pu238 1. 031!+02 1. 031!+02 1. 041!+02 1. 041!+02 1.04!+02 1.041!+02 1. 058+02 
pu238 1. 031!+02 1. 031!+02 1. 041!+02 1. 04E+02 l. 04!+02 1. 041!+02 l. 058+02 
pu239 4 .15E+03 4 .181!+03 4.201!+03 4.211!+03 4. 221!+03 4.231!+03 4 .231!+03 
pu240 2 .148+03 2 .141!+03 2 .141!+03 2 .141!+03 2. 141!+03 2 .141!+03 2.141!+03 
pu241 1. 081!+03 1. 081!+03 1. 08!+03 1. 08!+03 1. 08!+03 l. 081!+03 1.081!+03 
pu242 4. 051!+02 4.051!+02 4. 05!+02 4. 058+02 4. 05E+02 4. 051!+02 4.051!+02 
am241 4 .121!+01 4.151!+01 4.171!+01 4.191!+01 4.221!+01 4.248+01 •. 271!+01 
am242m 1. 03E+OO l. 03!+00 1. 031!+00 l. 031!+00 1.031!+00 1. 03E+OO 1. 03E+OO 
am243 6. 86E+01 6.871!+01 6.87E+01 6.871!+01 6. 871!+01 6. 871!+01 6. 871!+01 

total 9. 711!+05 9. 711!+05 9.711!+05 9. 711!+05 9. 71!+05 9. 711!+05 9. 711!+05 
0 element concentrations. 11rams 
0 nuclide concentrations, qrams 

basis •single reactor assesnbly 
initial 1. 7 d 3.3 d 5.0 d 6:7 d 8.3 d 10.0 d 

nuclide concentrations, qrams 
basis •single reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
""' 95 5.581!+02 5. 591!+02 5.611!+02 5. 62!+02 5.63E+02 5.641!+02 5. 651!+02 
tc 99 6. 891!+02 6. 911!+02 6. 92E+02 6. 92!+02 6.92!+02 6.931!+02 6.931!+02 
tc 99m 2.871!-01 2.051!-01 1.358-01 a-. 868-02 5. 821!-02 3.82E-02 2.511!-02 
ru101 6.541!+02 6. 541!+02 6. 541!+02 6. 548+02 6. 54E+02 6.541!+02 6.54E+02 
rh103 3.791!+02 3. 801!+02 3. 811!+02 3 . 821!+02 3 . 841!+02 3 .85!+02 3.861+02 
rhlOJm 4.421-02 4. 291!-02 4.171!-02 4.051!-02 3. 931!-02 3.821!-02 3. 701!-02 
a9109 7.361!+01 7. 381!+01 7.381!+01 7.381!+01 7.38!+01 7.381+01 7.381+01 

nuclide concentrations. grams 
basis •sinqle reactor assembly 

initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
nuclide concentrations, ~~rams 

basis •single reactor assembly 
initial l.7d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

nd143 7 .111!+02 7 .13!+02 7 .151+02 7.161!+02 7 .181!+02 7.191!+02 7. 20E+02 
ndl45 5. 881!+02 5. 881+02 5.881!+02 5.881!+02 5. 88E+02 5. 88!+02 5. 881!+02 
sml47 8.~61!+01 8. 881!+01 8.90!+01 8.911!+01 8. 931!+01 8. 951!+01 8. 97!+01 

0 nuclide concentration8, IJriUIIS 
basis •single reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
Bml.49 2.211!+00 2. 741!+00 3.06E+00 3.25£+00 3.36!+00 3.42!+00 3.46!+00 
Bml.50 2.441!+02 2. 441!+02 2. 44!+02 2. U£+02 2. 441!+02 2 .44!+02 2.44E+02 
Bm151 1.571!+01 1.581!+01 1. 591!+01 l. 591!+01 1. 591!+01 1. 59E+01 1. 591!+01 
eul51 1.88E-02 1. 948-02 1. 991!-02 2.051!-02 2.101!-02 2.168-02 2.228-02 
sllll52 1.141!+02 1.141!+02 1.141!+02 1.141!+02 1.141!+02 1.14£+02 1.14£+02 
eu153 9. 22E+01 9.261!+01 9.281!+01 9. 291!+01 9.301!+01 9.301!+01 9.301!+01 
'Jd155 3. UE-02 3. 691!-02 3. 931!-02 4.171!-02 •. 421!-02 •. 661!-02 4. 901!-02 

total 2.87E+04 2.871!+04 2.871!+04 2. 871!+04 2. 871!+04 2. 871!+04 2. 871!+04 
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SCALB4. 3 Bulletin Board 

Welcoooe to SCALB-4 . 3 . 

············•··•·•···········•······•·········•···············•················ 
primary IIIOdule access and input record ( scale driver - 95/03/29 - 09:06:37 

module sas2h will be called 
obrig-hiem (latol pwr, &aBIII 170, batch 94, 25.93 gwd/atu 3-eyc June97 
· .... u•ed 180 fuel rode, 16 guide tubes .... 

.Ixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 1 den•10.05 1 743 

92234 0. 028 92235 3.13 92236 0. OH 92238 96.828 end 
kr-83 1 0 1-20 743 end 
kr-85 1 0 1-20 743 end 
y-89 1 0 1-20 743 end 
ar-90 1 0 1-20 743 end 
zr-93 1 0 1-20 743 end 
zr-94 1 0 1-20 743 end 
zr-95 1 0 1-20 743 end 
nb-94 1 0 1-20 743 end 
ao-95 1 0 1-20 743 end 
tc-99 1 0 1-20 743 end 
ru-101 1 0 1-20 743 end 
ru-106 1 0 1-20 743 end · 
rh-103 1 0 1-20 743 end 
rh-105 1 0 1-20 743 end 
pd-105 1 0 1-20 743 end 
pd-108 1 0 1-20 743 end 
ag--109 1 0 1-20 743 and 
sb-124 1 0 1-20 743 end 
xe-131 1 0 1-20 743 end 
xe-132 1 0 1-20 743 and 
xe-135 1 0 1-20 743 end 
xe-136 1 0 1-20 743 end 
cs-134 1 0 1-20 743 end 
cs-135 1 0 1-20 743 end 
cs-137 1 0 1-20 743 end 
ba-136 1 0 1-20 743 end 
1a-139 1 0 1-20 743 end 
pr-141 1 0 1-20 743 end 
pr-143 1 0 1-20 743 end 
ce-144 1 0 1-20 743 end 
nd-143 1 0 1-20 743 end 
nd-145 1 0 1-20 743 "end 
nd-147 1 0 1-20 743 end 
pm-147 1 0 1-20 743 end 
prn-148 1 0 1-20 743 end 
sm-147 1 0 1-20 743 end 
sm-149 1 0 1-20 743 end 
sm-150 1 0 1-20 743 end 
sm-151 1 0 1-20 743 end 
sm-152 1 0 1-20 743 end 
eu-153 1 0 1-20 743 end 
eu-154 1 0 1-20 743 end 
eu-155 1 0 1-20 743 end 
g-d-155 1 0 1-20 743 end 
arl:m-zirc4 6. 56 5 0 0 0 8016 0.12 24000 0.10 26000 0. 20 50000 1. 40 

40000 98.18 2 1. 0 605 end 
h2o 3 den•0.7283 1 572 end 
arl:m-bormod 0. 7283 1 1 0 0 5000 100 3 550. Oe-6 572 end 

550 ppm boron {wt 1 in moderator 

end coq> 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 1.074 0.930 0 end 

assembly and cycle parameters: 

npin/assa•180 fuelng-ht•957.89 ncyc1es•3 n1ib/cyc•5 
printlevelaS lightel•9 inplevel•2 numztotal•S end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power•20.929 burn•288 down•81 end 
power•37. 468 burn•309 .0 down•396 temkcyc•896 end 
power=33.564 burn•248.0 down=lO temkcyc•851 end 

o 135 cr 5.9 ""' 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 an 3.6 

------- - - - - - - - - -
SI!IISSSSSIIIISS aaaaaaaaa ••••••••••• 22222222222 hh 

SSIIBSSSSSSSSS aaaaaaaaaaa saasaasssaaas 2222222222222 hh 
ss 8S aa a a as •• 22 22 hh 
as a a aa sa 22 hh 
li8 a a aa •• 22 hh 

hh 
hh 
hh 
hh 
hh 

SSSBBSSSSSSS aaaaaaaaaaaaa ssssssssssss 22 hhhhhhhhhhhhh 
ssssssssssss aaaaaaaaa8aaa ssssssssssss 22 hhhhhhhhhhhhh 

as a a aa •• 22 hh hh 
sa aa •• as 22 hh hh 

as ss aa •• •• •• 22 hh hh 
ssssssssssssa a a a a asssssasssass 2222222222222 "hh hh 

SSI!ISSSSSSSS aa a a sasssssssss 2222222222222 hh hh 
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nn nn 
nnn nn 
nnnn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nnnn 
nn nnn 
nn nn 

0 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 

22222222222 
2222222222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2222222222222 
2222222222222 

1 
0 

1 

iiiiiiiiiiii cccccccCccc hh hh 00000000000 11 
iiiiiiiiiiii ccccccccececc hh hh ooooooooooooo 11 

ii ee ee hh hh 00 00 11 
ii ee hh hh 00 00 11 
ii ee hh hh 00 00 11 
ii ec hhhhhhhhhhhhh 00 00 11 
ii ec hhhhhhhhhhhhh 00 00 11 
ii ee hh hh 00 00 11 
ii ee hh hh 00 00 11 
ii cc cc hh hh 00 00 11 

iiiiiiiiiiii ccccccccccecc hh hh 0000000000000 1111111111111 
iiiiiiiiiiii ccccccccccc hh hh 00000000000 1111111111111 

88888888888 II 0000000 88888888888 II 99999999999 
8888888888888 II 000000000 8888888888888 II 9999999999999 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88- 88 II 99 99 

88888888888 II 00 00 88888888888 II 9999999999999 
88888888888 II 00 00 88888888888 II 999999999999 

88 88 II 00 00 88 88 II 99 
88 88 II 00 00 88 88 II " 88 88 II 00 00 88 88 II 99 
8888888888888 II 000000000 8888888888888 II 9999999999999 

88888888888 II 0000000 88888888888 II 999999999999 

11 5555555555555 7777777777777 " 111 5555555555555 777777777777 444 
1111 ... 55· 77 77 ::: uu 

11 55 77 ... uu 
11 55 77 ... u 44 
11 555555555555 77 " " 11 5555555555555 77 " " 11 55 77 ... UUUU4U4 
11 55 77 ... 4444UU4UU 
11 ... 55 55 77 " 11111111 5555555555555 77 " 11111111 55555555555 77 " 

sssssssssss ccceccccccc aaaaaaaaa 11 eeeeeeeeeeeee 
SBSSSSSSSSSSS ecccccccccccc aaaaaaaaaaa 11 eeeeeeeeeeeee 
ss ss cc ee a a a a 11 ee 
sa cc a a aa 11 ee 
ss cc a a aa 11 ee 
ssssssssssss cc aaaaaaaaaaaaa 11 eeeeeeeee 
ssssssssssss cc aaaaaaaaaaaaa 11 eeeeeeeee 

ss cc a a a a 11 ee 
811 cc a a •• 11 ee 

•• •• cc cc a a a a 11 ee 
sssssssssssss ccccecccccccc a a a a 1111111111111 eeeeeeeeeeeee 
sssssssssss ccceccccccc aa aa 1111111111111 eeeeeeeeeeeee 

......... * * *. * ••• * * ••••••• * ............................................ * ....... * * ** ................ .. 
• • • • .. • • .. * .... * * *. * * * * * ........ * * * *** ............................................ * •• * .. * * * ** ............ .. 
.. ... .. .. .. .. • • .. • • • • * * •• * ••• * .... * * * .. * * * ................................................ * ••••• * * * * ........ .. 

program verification information 

code system: scale version: '. 3 ....................................................................................... .................................................................................. 
proqram: sas2 

creation date: 03/07/97 

library: /opt/neut/Scale4.3/bin 

this is not a scale confiquration controlled code 

j obname : nichol 

date of execution: 08/08/97 

time of execution: 21:57:43 

................................................................................. ............................... ,. .................... ,. ........................... . ........................................................................ ........... . 
o· .... used 180 fuel rode. 16 guide tubes .... 
o· - - - - - - - - - - - - - - - - - -
o· 
0 nuclide concentrations, grams 

basis •single reactor assembly 
initial 

0 16 1.35!+05 
total 3.90!+05 

initial 
u234 2. 80!+02 
u235 3.13!+04 
u236 l. 40!+02 
u238 9 .68!+05 

total l. 00!+06 
0 
0 
0 
0 

initial 

1!-18 d 
1. 35!+05 
3.90!+05 

1E-18 d 
2.80!+02 
3.13!+04 
l. 40!+02 
9. 68E+05 
1. 00E+06 

initial 
initial 

1.7 d 

14.4 d 
14.4 d 

3.3 d 

nuclide concentrations, grams 
basis •single reactor assembly 

basis • 
28.8 d 
28.8 d 

43.2 d 
43.2 d 

nuclide concentrations, grams 
baaia •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

57.6 d 
57.6 d 

57.6 d 
57.6 d 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77 
77 

33333333333 
3333333333333 
33 33 

33 
33 

333 
333. 

33 
33 

33 33 
3333333333333 

33333333333 
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0 16 1.351!+05 1. 351!+05 1. 351!+05 1.351!+05 1.351!+05 1. 351!+05 1.351!+05 
0 nuclide concentratioru~, grams 

initial 1. 7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

mo 95 1.091!+01 1.101!+01 1.101!+01 1.101!+01 1.101!+01 1.111!+01 1.111!+01 
tc 99 2.351!-05 2 .371!-05 2. 381!-05 2. 381!-05 2.391!-05 2. 391!-05 2.391!-05 

0 nuclide concentrations, grams 

initial 1.7 d 3.3 d 
baaia •single reactor assembly 
5 . 0 d 6. 7 d 8. 3 d 10. 0 d 

total 3. 901!+05 3.901!+05 3.90!+05 3.90!+05 3.901!+05 3.90!+05 3.9011+05 
nuclide concentrations, grams 

initial 1.7d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

u233 1. 731!-03 1. 731!-03 1. 731!-03 1. 73!-03 1. 73!-03 1. 73!-03 1.73!-03 
u234 1. 871!+02 1. 871!+02 1. 871!+02 1. 871!+02 1. 871!+02 1. 871!+02 1. 871!+02 
u235 1.121!+04 1.121!+04 1.121!+04 1.121!+04 1.121!+04 1.121!+04 1.121!+04 
u236 3.60!+03 3. 601!+03 3.601!+03 3. 601!+03 3.601!+03 3. 601!+03 3.601!+03 
u238 9. 501!+05 9. 501!+05 9. 501!+05 9.501!+05 9.501!+05 9.501!+05 9. 501!+05 

np237 2 .972+02 2. 981!+02 2. 991!+02 3. 001!:+02 3.0111+02 3.02!+02 3.021!+02 
pu236 3.281!-04 3. 291!-04 3.291!-04 3.281!-04 3 .281!-04 3.281!-04 3.271!-04 
pu238 8. 661!+01 8. 701!+01 8. 731!+01 8. 761!+01 8. 771!+01 8.791!+01 8.801!+01 
pu238 8.661!+01 8. 70!+01 8.731!+01 8.761!+01 8. 771!+01 8.791!+01 8.8011+01 
pu239 4 .131!+03 4 .171!+03 4 .181!+03 4. 201!+03 4.201!+03 4. 211!+03 4. 2111+03 
pu240 2.001!+03 2.001!+03 2. 001!+03 2. 001!+03 2.001!+03 2. 001h03 2.0011+03 
pu241 1. 021!+03 1.021!+03 1. 02E+03 1. 021!+03 1. 011!+03 1. 011!+03 1. 011!+03 
pu242 3. 471!+02 3 .471!+02 3.471!+02 3 .471!+02 3. 471!+02 3. 471!+02 3 .471!+02 
am241 3.731!+01 3.75!+01 3.771!+01 3.791!+01 3. 82!+01 3. 841!+01 3.8611+01 
am242m 9.201!-01 9. 20!-01 9.20!-01 9.20!-01 9.20!-01 9.201!-01 9. 201-01 
am243 5. 54!+01 5. 551!+01 5.55!+01 5.55!+01 5.551!+01 5.55!+01 5. 551!+01 

total 9.731!+05 9. 731!+05 9.73!+Q5 9.73!+05 9.731!+05 9. 73!+05 9.731!+05 
0 ele~Mnt concentrations, grams 
0 nuclide concentrations, grams 

initial 1. 7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

0 nuclide concentrations, grams 

initial 1.7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6. 7 d 8.3 d 10.0 d 

me 95 5 .15!+02 5.161!+02 5.18!+02 5 .191!+02 5.201!+02 5.21"1!+02 5.2211+02 
tc 99 6. 44!+02 6.45!+02 6. 461!+02 6 .46!+02 6. 471!+02 6. 471!+02 6.471+02 
tc 99m 2.841!-01 2. 031!-01 1.331!-01 8. 761!-02 5.751!:-02 3.781!-02 2 .UE-02 
ru101 6. 061!+02 6.061!+02 6.061!+02 6.061!+02 6.061!+02 6. 06!+02 6.061!+02 
rh103 3. 541!+02 3.551!+02 3.56!+02 3.58!+02 3. 59!+02 3.601!+02 3.611!+02 
rh103m 4. 291!-02 4 .171!-02 4.041!-02 3. 931!-02 3 .BlE-02 3.701!-02 3. 601!-02 
ag109 6. 661!+01 6. 671!+01 6.671!+01 6.671!+01 6. 671!+01 6. 671!+01 6. 671!+01 

0 nuclide concentrations, grams 

initial 1. 7 d 3. 3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 
nuclide concentrations, grams 

initial 1.7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6.7 d 8.3 d 10.0 d 

nd143 6. 771!+02 6.79E+02 6. 801!+02 6. 821!+02 6.831!+02 6.85E+02 6.86!+02 
nd145 5. 51E+02 5. 51E+02 5. 511!+02 5.511!+02 5. 51E+02 5. 51E+02 5. 511!+02 
sml47 8.12£+01 8 .l4E+01 8.161!+01 8.181!+01 8. 20E+01 8. 211!+01 8.231!+01 

nuclide concentrations, grams 

initial 1.7 d 3.3 d 
basis •single reactor assembly 
5.0 d 6. 7 d 8.3 d 10.0 d 

sml49 2. 231!+00 2. 75E+OO 3.05E+OO 3.241!+00 3. 341!+00 3.41E+OO 3. 45E+OO 
sm150 2. 25!+02 2. 25E+02 2.251!+02 2.25£+02 2.2~1!+02 2. 251!+02 2. 251!+02 
sml51 1. 531!+01 1. 54E+01 1.55E+01 1. 551!+01 1. 551!+01 1. 551!+01 1.55E+01 
eul51 1.93£-02 1.981!-02 2. 03!-02 2. 09E-02 2 .141!-02 2. 20£-02 2 .25E-02 
sm152 1. 071!+02 1. 07E+02 1. 07£+02 1. 071!+02 1.071!+02 1. 07!+02 1. 07!+02 
eul53 8 .281!+01 8.321!+01 B. 34E+01 8. 35E+01 8.351!+01 8.361!+01 8.361!+01 
gd155 3. 09E-02 3. 301!-02 3. 521!-02 3. 741!-02 3. 95E-02 4.171!-02 '. 381!-02 

total 2.66!+04 2. 661!+04 2. 661!+04 2. 661!+04 2.66£+04 2.66E+OC 2. 661!+04 
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ob176g29plus100boron.sum 
o••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••••• . 

SCALE4.3 Bulletin Board 

Welcome to SCALE-4.3, 

. ··················· ··························································· primary module access and input record ( scale driver - 95/03/29 - 09,06,)7 
module saa2h will be called 

obrighiem lkwol pwr, assm 176, batch 90, 29.52 qwd/mtu 3-cyc June 97 

mixtures of fuel-pin-unit-cell: 

44group latticecell 
uo2 1 den•l0.05 1 840 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
kr-83 1 0 1-20 840 end 
kr-85 1 0 1-20 840 end 
y-89 1 0 1-20 840 end 
sr-90 l 0 1-20 840 end 
zr-93 1 0 1-20 840 end 
zr-94 l 0 l-20 840 end 
zr-95 1 0 1-20 840 end 
nb-94 1 0 1-20 840 end 
mo-95 1 0 1-20 840 end 
tc-99 1 0 1-20 840 end 
ru-101 l 0 1-20 840 end 
ru-106 l 0 l-20 840 end 
rh-103 1 0 1-20 840 end 
rh-105 l 0 1-20 840 end 
pd-105 1 0 1-20 840 end 
pd-108 1 0 l-20 840 end 
ag-109 1 0 1-20 840 end 
sb-124 1 0 1-20 840 end 
xe-131 1 0 1-20 840 end 
xe-132 1 0 1-20 840 end 
xe-135 1 0 1-20 840 end 
xe-13 6 1 0 1-20 840 end 
cs-134 1 0 l-20 840 end 
cs-135 1 0 l-20 840 end 
cs-137 1 0 1-20 840 end 
ba-136 1 0 1-20 840 end 
la-139 1 0 l-20 840 end 
pr-141 l 0 1-20 840 end 
pr-143 l 0 l-20 840 end 
ce-144 1 0 l-20 840 end 
nd-143 1 0 1-20 840 end 
nd-145 1 0 1-20 840 end 
nd-147 1 0 1-20 840 end 
pm-147 1 o 1-20 840 end 
pm-148 1 0 1-20 840 end 
sm-147 1 0 1-20 840 end 
sm-149 1 0 1-20 840 end 
sm-150 1 0 1-20 840 end 
sm-151 1 0 1-20 840 end 
sm-152 1 0 1-20 840 end 
eu-153 1 0 1-20 840 end 
eu-154 1 0 1-20 840 end 
eu-155 1 0 1-20 840 end 
gd-155 1 0 l-20 840 end 
arl:<n-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40 

40000 98.18 2 1.0 605 end 
h2o 3 den•0.7283 1 572 end 
arl:<n-bormod 0. 7283 1 1 0 0 5000 100 3 550. Oe-6 572 end 

550 ppm boron (wt) in moderator 

end ccm;> 

fuel-pin-cell geometry: 

squarepitch 1.43 0.913 1.074 0. 930 end 

assembly and cycle parameters: 

npin/assm•180 fuelnght•957.89 ncyc1es•3 nlib/cyc•5 
printlevel•S liqhtel•9 inplevel•2 numztotal•5 end 
3 0.6413 2 0.6845 3 0.8068 500 2.8238 3 2.8379 
power=32 .121 burn•288 down•81 end 
power•36.80l burn•309.0 down•396 temkcyc=883 end 
power•35. 875 burn•248. 0 down=lO temkcyc•875 end 

o 135 cr 5.9 Jm 0.33 
fe 13 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

- - - - -
sssssssssss aaaaaaaaa 

sssssssssssss aaaaaaaaaaa 
ss ss a a a a 
ss a a a a 
ss a a a a 
ssssssssssss aaaaaaaaaaaaa 
ssssssssssss aaaaaaaaaaaaa 

8B aa a a 
ss as a a 

ss ss aa a a 
ssssssssssssa a a a a 

SSBBBBSSS.I!IS a a aa 

------- - - - - - - - ... 

sssssssssss 22222222222 
sssssssssssss 2222222222222 
sa 88 22 22 
58 22 
as 22 
ssssssssssas 22 
ssssssssssss 22 

ss 22 
ss 22 

ss ss 22 
sssssssssssss 2222222222222 
assssssssss 2222222222222 

-
hh hh 
hh hh 
hh hh 
hh hh 
hh hh 
hhhhhhhhhhhhh 
hhhhhhhhhhhhh 
hh hh 
hh hh 
hh hh 
hh hh 
hh hh 
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0 

1 
0' 

nn nn 
nnn nn 
nnnn nn 
nn nn nn 
nn nn nn 
nn nn nn 
nn nn nn 
rm nn nn 
nn nn nn 
nn nnnn 
nn nnn 
nn nn 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 

22222222222 
2222222222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2222222222222 
2222222222222 

iiiiiiiiiiii ccc:cccccccc hh hh 00000000000 11 
iiiiiiiiiiii ceccccccccccc hh hh 0000000000000 11 

ii cc cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc bhhhhhhhhhhhh 00 00 11 
ii cc hhhhhhhhhhhhh 00 00 11 
ii cc hh hh 00 00 11 
ii cc hh hh 00 00 11 
ii cc cc hh hh 00 00 11 

iiiiiiiiiiii cccccccccccce hh hh 0000000000000 1111111111111 
iiiiiiiiiiii cccccccccec hh hh 00000000000 1111111111111 

88888888888 II 0000000 88888888888 II 99999999999 
8888888888888 II 000000000 8888888888888 If 9999999999999 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 II 99 99 
88 88 II 00 00 88 88 If 99 99 

88888888888 II 00 00 88888888888 If 9999999999999 
88888888888 II 00 00 88888888888 II 999999999999 

88 88 If 00 00 88 88 II 99 
88 88 II 00 00 88 88 II 99 
88 88 If 00 00 88 88 II 99 
8888888888888 II 000000000 8888888888888 II 9999999999999 

88888888888 II 0000000 88888888888 II 999999999999 

22222222222 22222222222 0000000 0000000 
2222222222222 2222222222222 000000000 000000000 
22 22 22 22 00 00 00 00 

22 22 00 00 00 00 
22 22 00 00 00 00 

22 22 00 00 00 00 
22 22 00 00 00 00 

22 22 00 00 00 00 
22 22 00 00 00 00 

22 22 00 00 00 00 
2222222222222 2222222222222 000000000 000000000 
2222222222222 2222222222222 0000000 0000000 

ssssssssass ccccccccccc aaaaaaaaa 11 eeeeeeeeeeeee 
sssssssssssss cccceeceeccce aaaaaaaaaaa 11 eeeeeeeeeeeee 
sa •• cc cc a a a a 11 ee 
as cc a a a a 11 ee 
ss cc a a a a 11 ee 
SSSSI!ISSSSSSI cc aaaaaaaaaaaaa 11 eeeeeeeee 
ssssssssssss cc aaaaaaaaaaaaa ll eeeeeeeee 

ss cc a a a a 11 ee 
•• cc aa a a 11 ee 

sa •• cc cc a& a a 11 ee 
sssssssssssss ccccccccccccc aa aa 1111111111111 eeeeeeeeeeeee 
sssssssssss ceececccecc a a a a 1111111111111 eeeeeeeeeeeee 

...... * * .. * * * *. *. * * * ........ * .. * •• *. * •••••••• * * *. * •••••• * ............. * * ...... * * * * *. * * ....... * .. * 

............ * * * * * * ft ft ft * * * * * * ft ft ft * * * * * * * * ft ft ........................................ **** .................. .. ...................................................................................... 
program verification information 

code system: scale version: 4.3 ................................................................................................. ........... ......................................................... ......................... . 
program: sas2 

creation date: 03107/97 

library: loptlneut/Scale4.3/bin 

this is not a scale configuration controlled code 

jobname: nichol 

date of execution: 08/08/97 

time of execution: 22:20:03 

............................................................................................. .......................................................................................... ......................................................................................................... 
0' - - - - - - - - - - - - - - - - - - - - - - - - - - -
0' 
0 nuclide concentrations, grams 

0 
0 
0 
0 

0 16 
total 

u234 
u235 
u236 
u238 

total 

initial 
1.351!+05 
3.901!+05 

initial 
2.801!+02 
3.13£+04 
1. 40E+02 
9.681!+05 
l. 00!+06 

initial 

1£-18 d 
1. 35£+05 
J. 90£+05 

11!-18 d 
2.801!+02 
3 .131!+04 
1. 401!+02 
9. 681!+05 
1. 001!+06 

initial 
initial 

1.7 d 

basis •single reactor assembly 

nuclide concentrations, grams 
basis •single reactor assembly 

basis • 
14. 4 d 28. 8 d 43.2 d 57.6 d 
14.4 d 28.8 d 43.2 d 57.6 d 

nuclide concentrations, grams 
basis •single reactor assembly 

3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 

57.6 d 
57.6 d 

7777777777777 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77 
77 

33333333333 
3333333333333 
33 33 

33 
33 

333 
333 . 

33 
33 

33 33 
3333333333333 

33333333333 
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0 16 1. 351!!+05 1. 351!!+05 1.35£+05 1.351!!+05 1. 35!+05 1. 351!!+05 1.351!!+05 
0 nuclide concentrations, grams 

baais •single reactor assembly 
initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 

mo 95 1.281!!+01 1.281!!+01 1. 281!!+01 1.291!!+01 1.291!!+01 1. 291!!+01 1. 301!!+01 
tc 99 3. 64!-05 3.66!-05 3.681!!-05 3. 69!-05 3.691!!-05 3. 701!!-05 3. 701!!-05 

0 nuclide concentratio~. grams 
baais •single reactor assembly 

initial 1.7d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
total 3.901!!+05 3.901!!+05 3.901!!+05 3.901!!+05 3.901!!+05 3. 901!!+05 3.901!!+05 

0 nuclide concentrationa, grams 
basis •aingle reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
u233 1. 801!!-03 1.801!!-03 1.801!!-03 1. 801!!-03 1. 801!!-03 1. 80!-03 1.80!-03 
u234 1. 761!!+02 1.761!!+02 1. 761!!+02 1. 761!!+02 1. 761!!+02 1. 761!!+02 1.761!!+02 
u235 9. 541!!+03. 9. 541!!+03 9.541!!+03 9. 541!!+03 9. 541!!+03 9. 541!!+03 9. 541!+03 
u236 3. 831!!+03 3. 831!+03 3.831!+03 3 .831!!+03 3. 831!+03 3.83£+03 3. 831!!+03 
u238 9. 471!!+05 9.471!!+05 9.471!!+05 9.471!!+05 9 .471!!+05 9. 471!!+05 9.471!!+05 

np237 3. 501!!+02 3.521!+02 3. 531!!+02 3.541!!+02 3.551!!+02 3.551!!+02 3. 561!!+02 
pu236 4. 52£-04 4.531!!-04 4 .531!!-04 4. 53!-04 4.52!-04 4.52!-04 4. 51!-04 
pu238 1.18£+02 1.181!!+02 1.19£+02 1.191!!+02 1.191!!+02 1.201!!+02 1.20£+02 
pu238 1.181!!+02 1. 181!!+02 1.19!+02 1.191!!+02 1.19£+02 1.201!!+02 1.201!!+02 
pu239 4.171!!+03 4. 211!!+03 4.23!+03 4.24£+03 4.251!!+03 4.251!+03 4. 26!+03 
pu240 2. 25!+03 2.251!!+03 2. 251!!+03 2.25£+03 2.251!!+03 2. 251!!+03 2. 251!!+03 
pu241 1.161!!+03 1.16!+03 1.161!!+03 1.16£+03 1.16£+03 1.16£+03 1.16!+03 
pu242 4.61£+02 4.61£+02 4.611!!+02 4 .61£+02 4. 611!!+02 4. 611!!+02 4.61!+02 
azn241 4.261!!+01 4.291!!+01 4 .311!!+01 4.34£+01 4. 361!!+01 4.391!!+01 4. UE+01 
azn242m 1.08£+00 1. 081!!+00 1. 081!!+00 1. 081!!+00 1. 08!+00 1.081!+00 1. 08!+00 
azn243 8.281!!+01 8. 301!!+01 8. 301!!+01 8.301!!+01 8.301!!+01 8. 301!!+01 8. 301!!+01 

total 9. 691!!+05 9. 69!+05 9.691!!+05 9.691!!+05 9 .691!!+05 9.69£+05 9. 691!!+05 
0 eleznent concentrations, grams 
0 nuclide concentrations, grams 

basis •single reactor assembly 
initial 1.7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 

nuclide concentrations, grams 
basis •sinole reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
mo 95 5.841!!+02 5.851!!+02 5. 861!!+02 5.871!!+02 5. 891!+02 5. 901!!+02 5. 911!+02 
tc 99 7.221!!+02 7 .23£+02 7.241!!+02 7.251!+02 7.251!+02 7.251!+02 7.261!!+02 
tc 99m 3.021!-01 2:161!!-01 1.421!!-01 9.331!-02 6 .131!!-02 4. 031!-02 2. 641!-02 
rul01 6. 891!!+02 6. 891!+02 6.891!!+02 6.891!!+02 6.891!!+02 6. 891!!+02 6. 891!!+02 
rh103 3.961!!+02 3. 971!!+02 3. 981!!+02 4.001!!+02 4.011!!+02 4.021!!+02 4.031!!+02 
rh103m 4.721!!-02 4. 581!!-02 4. 45£-02 4.32£-02 4 .191!!-02 4.07£-02 3.95£-02 
ag109 7.96£+01 7.98£+01 7. 981!!+01 7.98£+01 7.981!!+01 7.981!!+01 7.981!!+01 

0 nuclide concentrations, grams 
basis •sinqle reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
nuclide concentrations, grams 
basis •single reactor assembly 

initial 1. 7 d 3.3 d 5.0 d 6.7 d 8.3 d 10.0 d 
ndl43 7.36E•02 7. 381!!+02 7.40£+02 7.42£+02 7.43£+02 7. 441!!+02 7. 461!!+02 
ndl45 6 .14E+02 6.141!!+02 6 .14£+02 6 .14£+02 6.141!!+02 6 .14£+02 6 .141!!+02 
sml47 9.03£+01 9.051!!+01 9. 071!!+01 9. 09E+01 9.111!!+01 9.12£•01 9.141!!+01 

nuclide concen~rations, grams 
basis •single reac~or assembly 

initial 1. 7 d 3.3 d 5.0 d 6. 7 d 8.3 d 10.0 d 
sml49 2.261!!+00 2.84E+OO 3.181!!+00 3.381!!+00 3.501!!•00 3. 571!!+00 3.611!!+00 
sm150 2.601!!+02 2.601!!+02 2. 601!!+02 2.601!!+02 2. 601!!+02 2. 601!!+02 2. 601!!+02 
sml51 1. 64E+01 1. 65!+01 1.661!!+01 1.66E+01 1.661!!•01 1.661!!+01 1. 661!!•01 
eu151 1. 841!!-02 1. 90!-02 1.951!!-02 2.01£-02 2.071!!-02 2 .13£-02 2 .191!!-02 
sm152 1.19£+02 1.19!+02 1.191!!+02 1.19£+02 1.19£+02 1.191!!•02 1.191!!+02 
eul5J 9.95E+01 9. 99£•01 1. 001!!+02 1. 001!!+02 1.001!!+02 1. 001!!+02 1. 001!!+02 
gd155 3. 661!!-02 3. 92£-02 4.181!!-02 4.44£-02 4.701!!-02 4.96£-02 5.221!!-02 

total 3.031!!+04 3.031!!•04 3.03£+04 3. 03£+04 3.03E+04 3 .031!!+04 3.031!!+04 
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