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PURPOSE AND SUMMARY OF RESULTS: 

The objective of this calculation is to establish an isotopic database to represent commercial spent nuclear fuel (CSNF) from 
boiling water reactors (BWRs) in criticality analyses performed for the proposed Monitored Geologic Repository at Yucca 
Mountain, Nevada. Confirmation of the conservatism with respect to criticality in the isotopic concentration values 
represented by this isotopic database is performed as described in Section 3.5.3.1.2 of the Disposal Criticality Analysis 
Methodology Topical Report (Reference 7.1 ). 

Section 2 of this report presents two requirements imposed in the Disposal Criticality Analysis Methodology Topical Report 
(Reference 7.1, pp. 3-38 and 3-39) to ensure that the isotopic concentrations used for bumup credit are conservative with 
respect to criticality. The calculations presented in this calculation demonstrate that the isotopic database presented here 
meets these requirements. However, additional confirmation should be performed using additional assemblies that may be 
bounding, but are not currently included in the CRC database. Also, it would be advisable to investigate the relative affect of 
the bounding model in a waste package, similar to the RCA confirmation calculations. This may be accomplished by 
calculating kerr values for the each assembly listed in Table 10 in a 44 BWR waste package. All 44 locations in the waste 
package could be filled with the same assembly using the best-estimate isotopic concentrations present in the CRC 
calculations. The calculations would then be repeated using the isotopic database isotopic concentrations. These "best­
estimate" ketJ values could be compared to the "Isotopic Database" ketr values to determine the level of relative conservatism. 

THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT: 
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The objective of this calculation is to establish an isotopic database to represent commercial 
spent nuclear fuel (CSNF) from boiling water reactors (BWRs) in criticality analyses performed 
for the proposed Monitored Geologic Repository at Yucca Mountain, Nevada. Confirmation of 
the conservatism with respect to criticality in the isotopic concentration values represented by 
this isotopic database is performed as described in Section 3.5 .3 .1.2 of the Disposal Criticality 
Analysis Methodology Topical Report (Reference 7.1 ). The isotopic database consists of the set 
of 14 actinides and 15 fission products presented in Section 3.5.2.1.1 of Reference 7.1 for use in 
CSNF bumup credit. This set of 29 isotopes is referred to as the principal isotopes and are 
provided in Table I of this document. The oxygen isotope from the U02 fuel is also included in 
the database but is not included in the 29 principal isotopes. 

The isotopic database covers enrichments of 235U ranging from 1.5 to 5.5 weight percent (wt %) 
and burnups ranging from approximately zero (.001) to 75 GWd per metric ton of uranium 
(MTU). The burnup and fuel enrichment range covered by the isotopic database is presented in 
Table 3. The choice of fuel assembly and operating history values that are used in generating the 
isotopic database, are provided in Section 5. The tables of isotopic concentrations for the 29 
principal isotopes (Table I) are provided in Sections 6.1 and 6.2. Results of the confirmation of 
the conservatism with respect to criticality in the isotopic concentration values are provided in 
Section 6.3. 

This report is an engineering calculation supporting the burnup credit methodology of YMP 
(Reference 7.1) and was performed under Framatome ANP Administrative Procedure 0402-01, 
Preparing and Processing FANP Calculations (Reference 7.2) and Framatome Quality 
Management Manual (Reference 7.3). 

2. METHOD 

The burnup credit methodology for CSNF applications requires the use of isotopic 
concentrations that are bounding with respect to criticality. The isotopic concentrations are 
calculated using the SAS2H sequence of SCALE 4.4a with the 44-group, ENDF/B-V cross 
section library (Reference 7.4) and conservative input values for fuel assembly and operating 
history parameters. These concentrations are calculated as a function of initial fuel enrichment 
and fuel assembly burnup. The method to confirm the conservatism in the isotopic 
concentrations consists of using MCNP 4B2 (Reference 7.5) to calculate effective neutron 
multiplication factor <kerr) values based on measured radiochemical assay (RCA), best-estimate, 
and bounding isotopic concentration values. The best-estimate values are from fuel depletion 
calculations for the RCA samples that approximate the physical characteristics and depletion 
history of the sample based on the best information available. 

The following two requirements are imposed in the Disposal Criticality Analysis Methodology 
Topical Report (Reference 7.1, pp 3-38 and 3-39) to ensure that the isotopic concentrations used 
for bum up credit of CSNF are conservative with respect to criticality. 
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A ''Reactor operating histories and conditions must be selected together with bumup profiles 
such that the isotopic concentrations used to represent commercial SNF assemblies in waste 
package design shall produce values in kerr that are conservative in comparison to any other 
expected combination of reactor history, conditions, or profiles." 

B "Bounding reactor parameters will be used to predict isotopic concentrations that, when used 
in criticality evaluations must produce values for kerr that are conservative when compared to 
similar criticality evaluations using either measured radiochemical assay data or best­
estimate isotopic concentrations." 

For the first requirement, bounding operating histories and conditions are identified along with 
bounding bumup profiles from commercial reactor criticals (CRC) (Reference 7.6, 7.7, and 7.8). 
The experiments in Reference 7.6 along with additional PWR CRC experiments are used in 
calculating the lower bound tolerance limit, which may be used in establishing critical limit (CL) 
values for commercial light water reactor (LWR) SNF (Reference 7.9). Each of the assemblies 
chosen for the confirmation of the conservatism in the isotopic database is selected to provide 
stringent tests for requirement A. The first test is based on previous poison material history, 
which tends to maximize the concentrations of fissile isotopes. The second test is based on an 
unusual axial bumup profile indicative of an unusual operating history that could enhance flux 
redistribution, which would accentuate end effects. Each of the chosen assemblies is tested 
individually. The confirmation consists of replacing the best-estimate isotopic concentrations for 
the chosen fuel assembly (from the CRC statepoint calculation) with values obtained from the 
isotopic database while keeping the best-estimate values for the remaining fuel assemblies. This 
process is repeated until all the chosen assemblies are tested. The kerr value must always be 
greater when concentrations from the isotopic database are used for the chosen fuel assembly. 

For requirement B, measured RCA data (isotopic concentrations) from a CSNF sample is used in 
an evaluation of waste package configurations to establish kerr values for the waste package. A 
total of 38 RCA samples were analyzed and the results summarized in Reference 7.10 and 
Reference 7 .11. These samples are re-analyzed in the calculations for this document using data 
from the isotopic database. The kerr values for waste package calculations with concentrations 
from the isotopic database must always be greater than the kerr values obtained when using the 
measured (RCA) isotopic concentration values. The kerr values in waste package calculations 
using concentrations from the isotopic database should always bound the kerr values based on the 
RCA measured data. If the ketr values based on the isotopic database are not bounding, an 
additional bias and uncertainty (.~k1) value will be established to ensure that these concentrations 
will always be bounding relative to the established CL values. 

3. ASSUMPTIONS 

It is assumed that, for the depletion model, the General Electric fuel assembly, GE-2a 7x7 (EIA 
code G2307G2a), is conservative for all BWR spent fuel with respect to retained reactivity. The 
basis for this is as follows: 
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The GE-2a assembly has the largest initial fuel loading (Reference 7.12, p 2A-15, and Reference 
7.13, p 128). From the table, the assemblies with the largest average initial fuel loading weights 
were the 7x7 assemblies with assembly type code GE-2a (G2307G2a) and GE-2b (G2307G2b). 
The assembly initial loading weight for each of these 7x7 assemblies is 196 kgU and 193 kgU 
respectively. A review of the 8x8 assemblies in Reference 7.12, p 2A-21 indicates a maximum 
initial fuel loading weight of 186 kgU per assembly. This fuel loading is applicable to the 
assembly type code GE-4b (G4608G4b). The 7x7, GE-2a, contains the maximum average fuel 
loading of all the indicated BWR assemblies. 

A review of the fuel pellet diameters for the 7x7 and the 8x8 assemblies (Reference 7.12) 
indicates that the fuel pellet associated with the 7x7, GE-2a, assembly has the largest fuel pellet 
diameter of 1.23952 em. This compares to the 7x7, GE-2b, assembly with a fuel pellet diameter 
of 1.23698 em. The 8x8 fuel pellet diameters range between 1.0414 (Reference 7.6, 7.7, 7.8) and 
1.05664 em (Reference 7.12, p 2A-21). In conclusion, the GE-2a assembly contains the fuel 
pellet with the largest pellet diameter. 

A review of the active fuel length for the 7x7 and the 8x8 assemblies (Reference 7.12) indicates 
that the active fuel length of the BWR fuel is between 365.76 and 370.84 em for the 7x7 and 
365.76 and 381.00 em for the 8x8. Assuming a fuel diameter of 1.23952 em, an active fuel 
heipt of 365.76 em and 49 fuel rods for the 7x7 assembly (GE-2a), the fuel volume is 21627 
em . Assuming a fuel diameter of 1.05664 em, an active fuel height of 370.84 em, and 63 fuel 
rods for the 8x8 assembly (GE-4b ), the fuel volume for the assembly is 20487 cm3

• Additional 
information can be found in Section 5.1.1.7. The GE-2a assembly contains the greatest volume 
of fuel per assembly. 
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The SAS2H control module of the baseline SCALE, Version 4.4a, modular code system 
(Reference 7.4) was used to perform the fuel assembly depletion calculations required for 
generating the isotopic database for the PWR application model. The software specifications are 
as follows: 

SAS2H module of SCALE Version 4.4a.1 
- Full Certification in accordance with procedure 0902-06, Software Certification 
(Reference 14) 

4.1.2 MCNP 

The baseline MCNP code (Reference 7 .5) is used to calculate the kerr of the waste packages and 
CRCs for application model confirmation. The software specifications are as follow: 

MCNP Version 4.B2L 
- Full Certification in accordance with procedure 0902-06, Software Certification 
(Reference 14) 

MCNP Version 4.B2L2 
- Full Certification in accordance with procedure 0902-06, Software Certification 
(Reference 14) 
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This section describes the calculations performed to create the isotopic database to represent 
CSNF from BWR assemblies and to confirm the conservatism in the isotopic concentrations for 
use in criticality analyses with bumup credit. The basis for the choice of fuel assembly and 
operating history parameters is that the selected model will produce isotopic concentrations that 
are conservative with respect to criticality. 

5.1 SAS2H 

5.1.1 Fuel Depletion Calculations, Path A and B Model 

The isotopic database consists of a set of 15 fission products and 14 actinides that are known as 
the "Principal Isotopes ... A listing of the principal isotope set is provided in Table 1. 

Table I. Principal Isotopes for Commercial SNF Bumup Credit 

95Mo 145Nd 1s1Eu 236u 241pu 

'*1-c 147sm 153Eu 238u 242pu 

101Ru 149Sm 1ssGd 237Np 241Am 

103Rh 150Sm 233u 238pu 242m Am 

109Ag 1s1Sm 234u 239pu 243Am 

143Nd 152Sm 235u 24oPu 

Source: Reference 7.1, p. 3-30 

Fuel depletion calculations to generate the isotopic database are performed using the SAS2H 
sequence of SCALE 4.4a with the 44-group, ENDF/B-V cross section library (Reference 7.4). 
SAS2H is the control module for the analytical sequence that is used for calculating isotopic 
concentrations of CSNF. The functional modules (or codes) within the sequence are BONAMI, 
NITAWL-11, XSDRNPM, COUPLE, and ORIGEN-S. The isotopic concentrations are obtained 
from the ORIGEN-S SAS2H module. This module performs point depletion calculations for a 
fuel assembly or a section of a fuel assembly. ORIGEN-S uses cell-weighted cross-sections 
obtained from a one-dimensional (1-D) neutron transport calculation performed by the 
XSDRNPM module. The COUPLE module updates cross section constants included on an 
ORIGEN-S working nuclear data library with data from the cell-weighted cross section library 
obtained from the XSDRNPM calculation. The BONAMI and NITA WL-II SAS2H modules 
perform problem-dependent resonance weighting of cross sections. One-dimensional transport 
calculations are performed to obtain energy-dependent spatial neutron flux distributions that are 
used in calculating cell-weighted cross sections for both the SAS2H Path A and Path B models. 

The SAS2H Path A model represents a fuel rod cell from the assembly lattice. The fuel pellet, 
the gap, and the clad may be modeled explicitly. However, for the isotopic database calculations 
the fuel pellet was smeared to the clad inner diameter. The water associated with the fuel rod cell 
is modeled in an annular ring surrounding the cladding. The square lattice of the fuel rod cell is 
represented in the 1-D transport calculation as an equivalent cylinder (i.e., conserving volumes of 
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various materials). Flux-weighted cross sections (by energy group) are obtained for the fuel rod 
cell from the 1-D transport calculation. These cross sections are used in the homogenized fuel 
region of the path B model. 

The SAS2H Path-B model is used for performing best-estimate analyses of the 15 BWR state­
points to establish CL values. These analyses are documented in Reference 7.15. For 
consistency, the application model for the isotopic database uses a 7-region Path-B model similar 
to the one used for the best-estimate analyses (Reference 7.15, page 44). The 7-region, best­
estimate model is presented in Figure 1 where region 1 represents the Gadolinium (Gd) fuel rod 
plus gap. For the isotopic database region 1 is a fuel rod cell (i.e. similar to best-estimate but 
with 0.0 wt% Gd20 3). Region 2 represents the cladding, and region 3 represents the water 
surrounding the Gd fuel rod. Region 4 represents the homogenized fuel region with region 5 
representing the Zirconium channel surrounding the fuel region. Region 6 contains water, and 
region 7 consists of either a water region or a homogenized SS304 control blade containing 18 
B4C rods (natural boron). 

The fuel rod cells in the assembly associated with the central cell are represented in region 4, of 
the Path-B model- the homogenized fuel region. The flux-weighted cross sections from the 
Path-A model calculation are used for region 4 of the Path B model. 

The fuel depletion calculation for the isotopic database is based on conservative input values for 
fuel assembly and operating history parameters. The General Electric GE-2a fuel assembly 
(Reference 7.12) is the representative fuel assembly type chosen for the depletion calculations. 
The various GE-2a parameter values are provided in Table 2. Additional information is provided 
in Sections 5.1.1.1 through 5.1.1.7. The basis for the choice of conservative input values for fuel 
assembly and operating history parameters is also provided in these sections. 

The various radii for the Path B model presented in Figure 1 are provided in equations 1 through 
8. The values for the radii are calculated using the parameter values presented in Table 2. 

Table 2. Parameter Values Used in Calculating Radii for Path B Model 

Parameter Symbol Value 
Rod Pitch (7x7), em, Reference 7.12, p2A-15 P1 1.87452 

Assembly Pitch (7x7), em, Reference 7.16, p 8 PA 15.24 

Channel (can) inner width, em, Reference 7.15, p 45 Ctw 13.2461 

Channel (can) outer width, em, Reference 7.15, p 45 Cow 13.8557 

Channel area, cm2
, (Cow)2

- (Ctw)2 CA 16.5213 

Fuel Rod Clad 10, em, (pellet 00 smeared to the clad I D), Reference 7.12, p 2A-15 Cro7 1.26746 

Fuel Rod Clad 00, em, Reference 7.12, p 2A-15 Coo7 1.44780 

Blade thickness, em, Reference 7 .15, p 45 Br 0.8331 

Single control blade length, em, Reference 7 .15, p 45 BL 10.4825 

Blade support span, em, Reference 7.15, p 45 Sa 3.937 

Blade Area, cm2
, (10.4825 + 3.937/2) x 0.8331 BA 10.3729 

No. of Fuel Rods in 7x7 assembly, Reference 7.12, p 2A-15 (no water rods) NFC7 49 
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R1 t-----+i 

Rz t---+: 

R3 t---+ 

~ t-------.: 
Rsr-------------~ 
~t-----------+! 

R7r---------------~ 

Figure 1. Path B Model with Central Cell Representing a Gadolinium Rod 

Reference: 7 .15, p 44 for BWR Path B model. For isotopic database the central cell is a fuel rod (i.e. 
same as Path A fuel rod - Gd rod contains 0.0 wto/o Gd20 3) 

Central Cell: 
Region 1: 
Region 2: 
Region 3: 
Region 4: 
Region 5: 
Region6: 
Region 7: 

Region 1 through 3 (Gd rod cell) 
Gd fuel rod plus gap 
Gd rod cladding 
Water 
Homogenized Fuel Region 
Channel 
Bypass Region (water with no water rod tube) 
Homogenized Control Blade or Water 
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Determine Rt {Basis: Reference 7.15, p 46): 

OD offuel (ID of clad)= 1.26746 ern, Reference 7.12, p 2A-15 
Rt = Cm1 I 2 = 1.2674612 = 0.63373 em 

Detennine R2 (Basis: Reference 7 .15, p 46): 

OD of fuel Clad= 1.4478 ern, Reference 7.12, p 2A-15 
R2 = Co01 I 2 = 1.447812 = 0.72390 ern 

Determine R3 (Basis: Reference 7.15, p 46): 
P,-Fuel pin pitch= 1.87452 ern, Reference 7.12, p 2A-15 
"RJ = (P7) I [1r] 112 = 1.87452 I [1r] 112 

= 1.05758 em 

Detennine ~(Basis: Reference 7.15, p 47): 
P7 =Fuel pin pitch= 1.87452 ern, Reference 7.12, p 2A-15 
NF7 = 7x7 = 49, Reference 7.16, p 2A-15; N01 = 1 
Itt =P1 [NF7/ (1r* N01)] 112 = 7.40309 ern 

Detennine R5 (Basis: Reference 7.15, p 47): 
CIW =Channel inner width (em)= 13.2461 em, Reference 7.15, p 45 
Cow= Channel outer width (ern)= 13.8557 ern, Reference 7.15, p 45 
NF? = 7x7 = 49, Reference 7.16, p 2A-15; N01 = 1 
P7 =Fuel pin pitch= 1.87452 ern, Reference 7.12, p 2A-15 
Rs = [ {NF7 * (P,i + [(Cowi- (CIWi]} I 1r{N07)]112 = 7.75014 em 

Determine~ (Basis: Reference 7.15, p 48): 
P A = Assembly pitch = 15.24 em, Reference 7 .16, p 8 
BL =Single control blade length= 10.4825 em, Reference 7.15, p 45 
BT =Blade thickness= 0.8331 em, Reference 7.15, p 45 
Sa= Blade support span= 3.937 em, Reference 7.15, p 45 
Rei= {[(P A)2- (BT)*(BL + Sa /2)]hr (Nm)]} 112 = 8.40405 em 

DetermineR, (Basis: Reference 7.15, p 48): 
PA =Assembly pitch= 15.24 em, Reference 7.16, p 8 
R1 = PA I [7r(NG7)] 112 = 8.59825 ern 

Calculation 

Page 14 of 143 

The assembly pitch for the 7x7 assembly (Reference 7 .16, p 8) is the same value as the assembly 
pitch for the 8x8 and 9x9 assemblies (Reference 7 .15, p 45) 
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5.1.1.1 Assembly Type 

Calculation 
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The GE-2a fuel assembly was selected as the representative fuel assembly because of its large 
initial fuel loading of 196 kg/assembly of heavy metal, Reference 7.12, p 2A-15. 

Using Reference 7 .12, the assemblies with the largest average initial fuel loading weights were 
the 7x7 assemblies with assembly type code GE-2a (G2307G2a) and GE-2b (G2307G2b ). The 
assembly initial loading weight for each of these 7x7 assemblies is 196 kgU and 193 kgU 
respectively. A review of the 8x8 assemblies in Reference 7.12, p 2A-21 indicates a maximum 
initial fuel loading weight of 186 kgU per assembly. This fuel loading is applicable to the 
assembly type code GE-4b (G4608G4b). The 7x7, GE-2a, contains the maximum average fuel 
loading of all the indicated BWR assemblies. 

A review of the fuel pellet diameters for the 7x7 and the 8x8 assemblies (Reference 7.12, p 2A-
15) indicates that the fuel pellet associated with the 7x7, GE-2a, assembly has the largest fuel 
pellet diameter of 1.23952 em. This compares to the 7x7, GE-2b, assembly with a fuel pellet 
diameter of 1.23698 em. The 8x8 fuel pellet diameters range between 1.0414 (Reference 7.6, 
7.7, and 7.9) and 1.05664 em (Reference 7.12, p 2A-21). The result is that the GE-2a assembly 
contains the fuel pellet with the largest pellet diameter. 

A review of the active fuel length for the 7x7 and the 8x8 assemblies (Reference 7.12) indicates 
that the active fuel length of the BWR fuel is between 365.76 and 370.84 em for the 7x7 and 
365.76 and 381.00 em for the 8x8. Assuming a fuel diameter of 1.23952 em, an active fuel 
heipt of 365.76 em and 49 fuel rods for the 7x7 assembly (GE-2a), the fuel volume is 21627 
em . Assuming a fuel diameter of 1.05664 em, an active fuel height of 370.84 em, and 63 fuel 
rods for the 8x8 assembly (GE-4b), the fuel volume for the assembly is 20487 cm3

• Additional 
information can be found in Section 5.1.1.7. The GE-2a assembly contains the greatest volume 
of fuel per assembly. 

Fuel volumes are presented in Table 6 of this report for selected fuel assembly types along with 
fuel mass values based on a fuel density corresponding to 98% theoretical density. Also included 
are nominal fuel mass values for these assemblies. The GE-2a assembly contains the greatest 
volume of fuel and mass of fuel per assembly. 

5.1.1.2 Burn up and Fuel Enrichments 

The bumup (.001 -75 GWd/mtU) and fuel enrichment range (1.5- 5.5 235U wt %) covered by the 
isotopic database is presented in Table 3. The bumup values are assembly average values. The 
selected bumup range for the isotopic database bounds the allowable bumup range for the 
commercial nuclear industry today. A representative allowable fuel rod average bumup of 62 
GW d/mtU is provided in Reference 7.17 (p 2 of Enclosure 1 ). The assembly average bum up 
value is less than the rod average value. Thus, considerable margin is provided in the isotopic 
database by including assembly average bumup values up to 75 GWd/mtU. 

The current enrichment limit on commercial fuel plants is 5.0 wt% 23SU. The upper enrichment 
value of 5.5 wt% 235U bounds the current inventory of commercial spent nuclear fuel. 



Engineered Systems Project Calculation 
Title: Isotopic Generation and Confirmation of the BWR Appl. Model 
Document Identifier: 32-5035847-01 Page 16 of 143 

Table 3. Selected Enrichments and Bumups for the BWR Isotopic Database 

Enrichment Bumup 
(ZUU wt~.) (GWdlmtU) 

1.5 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,75 

2.0 0.001' 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 

2.5 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 

3.0 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35,40, 45, 50, 55, 60, 65, 70, 75 

3.5 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40,45, 50, 55, 60, 65, 70,75 

4.0 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,75 

4.5 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40, 45,50, 55, 60, 65, 70,75 

5.0 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,75 

5.5 0.001, 2.5, 5.0, 7.5, 10, 12.5,15, 17.5, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,75 

5.1.1.3 Fuel Temperature 

A fuel temperature of 1200 °K was chosen as a bounding value for the fuel depletion 
calculations. The basis for this choice is the fuel temperature operating history data of the CRC 
data summary reports for Grand Gulf Unit 1 (GG1), LaSalle Unit 1 (LSI), and Quad Cities Unit 
2 (QC2). The largest fuel temperatures observed in these reports are summarized in Table 4. The 
higher temperature values result in more 239pu production and is therefore conservative with 
respect to criticality. The fuel temperatures presented in Table 4 for each fuel assembly are from 
the axial node that has the largest fuel temperature. The remaining fuel temperature values 
indicated are from the same axial node. It is observed that the fuel temperatures that exceed the 
1200 K are for only one burnup step and that for most of the operating history for these fuel 
assemblies the temperature is less than 1200 K. It is also observed that for most fuel assemblies 
in these three reactors the fuel temperature never exceeds 1200K. Therefore, the temperature of 
1200 K is bounding. 

Table 4. Limiting Fuel Temperature Data for Boiling Water Reactors 

Fuel Temperature Bum up 
Reactor AssemblyiD (K) (MWd/mtU) References 

GG1 A9 (DP2) 1361 6.8 7.6, p 4-12 & 4-13 

A9 (BOC3) 1121 12.0 

A9 (BOC4) 1091 27.5 

A9 (EOC4) 692 35.2 

LS1 E1 (DP6) 1072 7.2 7.7, p359 

E1 (SP7) 1277 12.8 

E1 (BOC8) 998 28.8 

QC2 K3 (SP10) 913 0.3 7.8, p 523 & 524 

K3 {SP13) 1212 12.3 

K3 (BOC14) 1056 14.6 

K3 (SP16) 1035 21.7 
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A moderator temperature of 560.7 K (287.7 °C, 549.9 °F) was selected for the fuel depletion 
calculations. The basis for this value was from Reference 7.6, p 2-5, which states that 287.7 oc 
was the core saturation temperature for the GG 1 core. 

The moderator density varies axially along the height of the active fuel. A review of the 
moderator densities for BWR fuel (References 7.6, 7.7, and 7.8) indicates that the moderator 
density varies from a high of approximately 0.74 g/cm3 to a low value of approximately 0.12 
g/cm3. This yields an average value of 0.43 g/cm3

• A moderator density value of 0.3 g/cm3 was 
chosen to be used in the SAS2H calculations for both the in-channel and by-Rass flow moderator 
regions. The lower moderator density (0.3 g/cm3 compared with 0.43 g/cm ) will yield a harder 
neutron spectrum and result in more 239pu production, which is conservative with respect to 
criticality. However, the amount of conservatism is dependent upon the values chosen for other 
parameters (e.g. control blade history). 

5.1.1.5 Control Blades 

The SAS2H depletion model includes control blades inserted for the last 15 GWd/mtU of 
depletion. For example, for a burnup of 15 GWdlmtU the blades are inserted the entire time. For 
a burnup of20 GWdlmtU the blades are inserted from 5 to 20 GWdlmtU. 

The BWR sensitivity analysis (Reference 7 .18, p 1) concluded that control blade insertion has 
the biggest impact on reactivity of any of the depletion parameters analyzed. The largest control 
blade history effect was shown to be at the end of the depletion period. This ensures that the 
calculated discharge fuel has maximum fissile isotope concentrations. Additional depletion 
sensitivity data are presented in Section 5.3 ofthis document. 

By maximizing the fissile isotope concentrations, the ketr of the system is maximized. The value 
of 15 GW dlmtU is selected based on engineering judgment and observation of reactor operating 
data. Any single assembly is unlikely to experience a significant (> 3 nodes) control blade 
insertion over a depletion step. This approach forces a full-length insertion over an 
extraordinarily long depletion period. According to solicited expert opinion, even the lower 
nodes of any assembly are highly unlikely to ever experience control blade insertion for greater 
than 7 GWd/mtU. Control blade insertion data from References 7.6, 7.7, and 7.8 confirms the 
expert opinion. Thus, 15 GWdlmtU is sufficiently conservative to bound all anticipated reactor 
operation scenarios and also negates the need to model burnable absorbers. 

5.1.1.6 Burnable Poison in Fuel Rods 

The SAS2H model used in this analysis does not contain any burnable poison fuel rods (i.e. 
Gd203). To be consistent with the Path B model used for the SAS2H depletions in Reference 
7.15, the center region contains a fuel rod with 0 wt% Gd203. The justification for not including 
burnable absorbers is the use of control blades for spectrum hardening, which overshadows the 
effect of burnable absorbers. Additional depletion sensitivity data for burnable absorbers is 
provided in Section 5.3. 
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5.1.1.7 Parameters for SAS2H Depletion Calculations 

Additional parameter values used for the fuel depletion calculations are presented in Table 5. 
These include fuel pin information needed for the Path A model, as well as fuel assembly and 
power information for the depletion calculations. 

The depletion time steps are divided into 50-day intervals with the final time step adjusted to 
accommodate the desired end-point burnup value. 

Table 5. Parameters Used for Fuel Depletion Calculations 

Parameter S!mbol Parameter 
Value Reference 

Active fuel height (em) GE-2a Hr 365.76 Reference 7.12, p 2A-15 

Fuel pellet diameter (em) dr 1.23952 Reference 7.12, p 2A-15 

Fuel clad inner diameter (em) CID 1.26746 Reference 7.12. p 2A-15 

Fuel clad outer diameter (em) Coo 1.44780 Reference7.12, p 2A-15 

Number of fuel assemblies in core, GG1 Nta 800 Reference 7.6, p 2-5 

Core power (MWt), GG1 Pc 3833 Reference 7.6, p2-5 

u~ fuel density (g/cm3
) PI 10.741 98%, Theoretical Density 

Atomic weight of U I U02 ~~~02 0.8815 Reference 7.19 

Number of fuel cells per 7x7 assembly NFC7 49 Reference7.12, p 2A-15 

The assembly used for the SAS2h model is a 7x7 type GE-2a. The core power of 3833 MWt is 
based on an 800 assembly core. A fuel density value of 10.741 g/cm3 (98% theoretical density) 
is used for these analyses. This fuel density value is chosen to bound all current and anticipated 
fuel density values for light water reactor fuel. Assuming a fuel pellet diameter equal to the fuel 
clad inner diameter provides additional conservatism. 

The model contains no Gadolinium rods (center cell in Path B is a fuel rod with 0.0 wt% of 
Gd203). The Path B model also contains no water rods, which is conservative (Section 5.3). The 
fuel temperature is 1200 'X and the moderator density is 0.3 g/cm3. 

The fuel volume, mass of uranium, and specific power for the bounding assembly are calculated 
based on information provided in Table 5. Assuming that the fuel pellet OD is equal to the clad 
ID (Cm), then the 

Fuel Volume of Assembly, V r 

Mass ofU02 /Assembly, Mu02 

= ('11' I 4) (Cmi \Hr) (NFc7) = ('11' /4)(1.26746)2(365.76)(49) 
= 22.612.61 em 

= (Pr) (Vr) (1 K~ /1000 g) 
= (10.741 g/cm) (22,612.61 cm3) (1 kg/1000g) = 242.88 kg 

Au/Au02 = (238.0289)/[238.0289 + (15.9994) (2.0)] = 0.8815 

U Mass of Assy, Mu = (Mu02) (Au/Au02) = (242.88 kg)(0.8815)(lmt/1000 kg)= 0.2141 mtU 

Specific Power= PsAS2H I Mu = (3833 MWt /800 assemblies)/0.2141 mtU) = 22.38 MW/mtU 
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Sample fuel volumes and masses are presented in Table 6 that illustrate the differences between 
various assemblies (7x7 vs. 8x8). 

Table 6. BWR Fuel Volume and Mass per Assembly 

MassU02 MassU 
Pellet Fuel No. of Assembly at 98% at 98% 

Assembly Rod Diameter Height Fuel Volume TO TO 
Type Array (em) (em) Rods (cm3) .(kg) (kg) 

GE-2a(a) 7x7 1.23952 365.76 49 21627 232.3 204.8 

GE-2b(a) 7x7 1.23698 365.76 49 21538 231.3 203.9 

GE-4b(bl 8x8 1.05664 370.84 63 20487 220.1 194.0 

GG11c> 8x8 1.02997 381.00 62 19681 211.4 186.3 

LS1 1dl 8x8 1.04394 381.00 60 19567 210.2 185.3 
QC2(e) 8x8 1.04140 368.91 60 18854 202.5 178.5 
QC2(e) 8x8 1.04140 368.91 62 19482 209.3 184.5 

Cal Reference 7.12, p 2A-15 for pellet diameter, fuel height, no. of fuel rods, and nominal mass of U 
(b) Reference 7.12, p 2A-21 for pellet diameter, fuel height, no. of fuel rods, and nominal mass of U 
(c) Reference 7.6, p 2-7 pellet diameter & no. fuel rods, p 3-4 fuel height, p 4-420 nominal mass of U 
ldl Reference 7.7, p 5 pellet diameter, fuel height, & no. of fuel rods, p 416 nominal mass of U 
Cel Reference 7.8, p 5 pellet diameter, fuel height, & no. of fuel rods, p 545 nominal mass of U 

MassU 
Nominal 
Value 
(kg) 

196 

193 

186 

177 

180 

172 

175 

As seen from Table 6, the actual nominal mass of the chosen bounding assembly, GE-2a, is 196 
kgU I assembly. Based on the theoretical density of 10.741 g/cm3

, the equivalent fuel loading 
value (204.8 kgU) is over 4% greater than the value for the nominal GE-2a assembly (196 kgU). 
However, the fuel mass for the bounding model is 214.1 kgU or over 9% greater than the 
nominal value. 

The isotopic database is generated for two different cooling times. The decay time following 
each burnup point in Table 3 will be 5 years (1825 days) and 10,000 years (3.65 x 106 days). 

5.1.2 Material Specifications for SAS2H 

5.1.2.1 Uranium Enrichment 

The selected 235U enrichment and burnup value combinations are presented in Table 3. The 
SAS2H input values for isotopes 234U, 23~, and 238U are calculated from the initial 23SU 
enrichment based on the following equations (Reference 7.15, p 60). 

234U wt% = (0.007731) e35U wt%)1.0837 

23~ wt% = (0.0046) e35U wt%) 

23su wt% = 100 _ 234u wt% _ 23su wt% _ 236u wt% 

The clad and channel material are modeled the same as for the Grand Gulf Unit 1 depletion 
calculations and are assumed to have a temperature of588.6 °K (600 °F), Reference 7.15, p 60. 
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5.1.2.2 Region 7, Blade Data 

Calculation 
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The blade data, referred to as Region 7 in SAS2H Path B model, was taken from the GG 1 
depletion analysis, Reference 7.15, p 63. The blade region contains 18 B4C rods within a SS304 
blade. The area inside the blade between the B4C rods and the SS blade contains water. The 
weight fractions, as taken from Reference 7.15, p 63 were; 0.0821 for B4C, 0.0243 for water, and 
0.8936 for SS304. 

The density for Region 7 was 5.20504 g/cm3, Reference 7.15, p 63. Region 7 will be SAS2H 
Material 11. 

Table 8 contains the Region 7 element I isotopic data as a function of wt %. This will be used as 
input to SAS2H. 

The SAS2H calculation will contain a blade (fully inserted) for the last 15 GW d/mtU of 
exposure. For example, for a burnup of 10 GWd/mtU, the blade will be inserted during the 
entire bumup. For a 20 GWdlmtU, the blade will not be inserted for the first 5 GWd/mtU, but 
will be inserted for the last 15 GWdlmtU. 

Table 7 provides a summary of the element/isotope weight percents for Region 7 in the Path B 
model. 

Table 7. Path B, Region 7 wt% 

Element /Isotope SAS2HID Region Wt% (Region 7) 

Boron-10 5010 84C 1.1842 

Boron-11 5011 B4C 5.2410 

Carbon 6012 84C 1.7846 

Hydrogen 1000 Water 0.2724 

Oxygen 8016 Water 2.1618 

Carbon 6012 SS304 0.0715 

Nitrogen 7014 SS304 0.0894 

Silicon 14000 SS304 0.8936 

Phosphorus 15000 SS304 0.0402 

Sulfur 16000 SS304 0.0268 

Chromium 24000 55304 16.9776 

Manganese 25000 5S304 1.7871 

Iron 26000 SS304 61.2043 

Nickel 28000 5S304 8.2655 
Reference 7.15, pp 63 & 64 

5.2 MCNP 

The MCNP code (References 7.5) is a general-purpose Monte Carlo N-Particle code that can be 
used for neutron transport and has the capability to calculate kerr for systems containing 
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fissionable material. The MCNP code is used in criticality calculations to confirm the 
conservatism in the isotopic database. 

To confirm the bounding nature of the isotopic database, isotopic concentrations generated by 
the database are compared to RCA data (Reference 7 .I 0 and 7.11 ), CRC data (Reference 7.6 and 
7.20), and nominal assembly data taken from Reference 7.15. The MCNP calculations 
performed in confirming the conservatism in the isotopic database versus the RCA data and CRC 
data are discussed in the following two sections. Section 6.3.3 discusses the comparison to a 
nominal depletion assembly. 

5.2.1 RCA keff Calculations 

The RCA data (isotopic concentrations) from CSNF samples are used in waste package 
calculations to establish kerr values for the waste package. The RCA data was previously 
evaluated in a 44 BWR waste package (References 7.10 and 7.11). However, these calculations 
included some isotopes that are not part of the Principal Isotope Set (Reference 7.1 }, so the 
RCAs are re-evaluated in this calculation. All of the 30 RCA samples analyzed in Reference 
7.11, and all 8 samples analyzed in Reference 7.10 are analyzed in the calculations for this 
document. The samples analyzed for this document are summarized in Table 8. The table 
includes the samples initial enrichment values and estimated bumup values. 

Reference 7.11 evaluated the RCA data by placing the sample data in all nodes of all assemblies 
within a 44 BWR WP. These evaluations are reported in Section 6.3.1 of this docwnent along 
with the kerr values calculated using the isotopic database. The isotopic database concentrations 
replace the RCA sample data in the fuel material cards in the MCNP input files. Also, the 
material density was increased to 10.741 g/cm3 because this is the density used in the SAS2H 
calculations for the isotopic database. 

Worth noting is that the isotopic database reports concentrations for only the principal isotopes, 
but the RCA samples included some additional isotopes (e.g. 134Cs, 137Cs, 155Eu, and 244Cm), and 
not some of the principal isotopes. To ensure proper comparison, the MCNP cases for the 
measured data were rerun. The only modification to the measured data MCNP inputs was the 
deletion of any isotopes not found in the Principal Isotope set. Because the isotopic database 
reports concentrations for all the principal isotopes, but the RCA samples included only a subset 
of those, the material definition using the isotopic database concentrations included only those 
isotopes that were included in the RCA sample being evaluated. 
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Table 8. RCA Samples Used for Isotopic Database Comparisons 

MCNP Input File Name Initial 
Reactor Sample Name (Sample Identifier) Enrichment 

(wt% 23SU) 
RCA Isotopic 

Measured Database 

D8-3D2B lm LOiid 3.60 

D8-4G3 2m L02id 3.60 

D9-ID2 3m L03id 3.95 

Limerick D9-2D2 4m L04id 3.95 

09-404 5m L05id 3.95 

D9-4GIE1 6m L06id 3.95 

H5-3AIC 7m L07id 3.95 

H5-3AIG 8m L08id 3.95 

Rod add2966, cut-b elm Clid 2.939 

Rod add2966, cut-k c2m C2id 2.939 

Cooper Rod add2966 cut-t c3m C3id 2.939 

Rod add2974, cut-b c4m C4id 2.939 

Rod add2974, cut-j c5m C5id 2.939 

Rod add2974, cut-u c6m C6id 2.939 

assy. b23 rod al, 44cm glm GO lid 2.530 

assy. b23, rod al, 268cm g2m G02id 2.530 

assy. b23, rod b3, 268cm g}m G03id 2.530 

Gundremmingen assy. b23, rod e3, 268cm g4m G04id 2.530 

assy. c16, rod al, 44cm g5m G05id 2.530 

assy. cl6, rod al, 268cm g6m G06id 2.530 

assy. cl6, rod b3, 268cm g7m G07id 2.530 

assy. cl6, rod e5 268cm g8m G08id 2.530 

assy. a-14, rod c-d-3-4 (2) jOlm JOiid 2.596 

assy. a-14, rod c-d-3-4 (9) j02m J02id 2.596 

assy. a-18, rod c-d-3-4 (2} j03m J03id 2.596 

assy. a-18, rod c-d-3-4 (6} j04m J04id 2.596 

assy. a-20, rod a-1 (3) j05m J05id 2.596 

assy. a-20, rod a-1 (10) j06m J06id 2.596 

assy. a-20, rod a-3 (3) j07m J07id 2.596 

JPDR assy. a-20 rod a-6 (9) j08m J08id 2.596 

assy. a-20, rod a-6 (l) j09m J09id 2.596 

assy. a-20, rod c-3 (3) j!Om JlOid 2.596 

assy. a-20, rod c-3 (5) jl1m JI1id 2.596 

assy. a-20, rod a-1 (8)_ j12m J12id 2.596 

assy. a-20, rod c-3 (10) jl3m Jl3id 2.596 

assy. a-20, rod c-3 (12) j14m J14id 2.596 

assy. a-20 rod e-2 (3) jl5m J15id 2.596 

assy. a-20, rod e-2 (10) j16m J16id 2.596 

Calculation 

Page 22 of 143 

Bumup 
(GWdlmtU) 

54.840 

37.020 

62.110 

65.540 

64.950 

56.520 

57.915 

57.810 

18.96 

33.07 

33.94 

17.84 

29.23 

31.04 

25.730 

27.400 

21.240 

23.510 

20.300 

19.850 

14.390 

17.490 

3.3032 

4.0351 

2.7120 

4.2510 

7.0098 

6.1465 

6.9535 

6.5125 

2.6463 

5.0861 

6.0808 

6.0433 

5.0580 

2.1583 

5.6022 

5.3770 
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5.2.2 CRC Calculations 
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For the CRC calculations, the documentation for the BWR CRC state-points presented in 
Reference 7.6 was reviewed to identify the expected limiting (with respect to criticality) 
assemblies for the evaluated state-points. The most limiting assemblies were selected based on 
burnup profiles available in Table 4-2 through Table 4-364 of Reference 7 .6. Enrichment, 
burnup, and assembly design were also taken into consideration. This process identified eleven 
assemblies for consideration in these confirmation calculations. These "most limiting 
assemblies" are listed in Table 9. 

Table 9. Most Limiting Fuel Assemblies for CRC Confirmation 

Assembly Initial Burnup• 
Reactor Assembly Statepoint Enrichment Design 

(wt% 23SU) (GWDIMTU) 

Grand Gulf, Unit 1 A16 6 8x8 2.81 18.776 

Grand Gulf, Unit 1 C06 6 8x8 3.01 11.783 

Grand Gulf, Unit 1 837 13 8x8 3.01 26.485 

Grand Gulf, Unit 1 045 14 8x8 3.37 20.986 

Grand Gulf, Unit 1 832 15 8x8 3.01 31.057 

Grand Gulf, Unit 1 H15 18 9x9 3.38 14.798 

Grand Gulf, Unit 1 F16 18 9x9 3.42 30.138 

Grand Gulf, Unit 1 K06 20 9x9 3.42 6.972 

Grand Gulf, Unit 1 H22 20 9x9 3.38 17.922 

Grand Gulf, Unit 1 J30 20 9x9 2.94 22.894 

Grand Gulf, Unit 1 H06 21 9x9 3.38 25.608 

Notes: 

a Average Bumup 

The reactor-specific data are taken from the applicable reference points as noted in Table 10. 

Table 10. Reactor-specific Data for the Most Limiting Fuel Assemblies 

Loading Pattern 
Axial Burnup 

Statepoint Cycle Assembly Profile 

6 4 p. 3-11 A16 0.4-22 

6 4 p. 3-11 C06 o. 4-111 

13 5 p. 3-12 837 p. 4-102 

14 5 o. 3-12 045 P. 4-203 

15 5 o. 3-12 632 D. 4-94 

18 7 p. 3-14 H15 o. 4-325 

18 7 P. 3-14 F16 p, 4-246 

20 7 P. 3-14 K06 p, 4-371 

20 7 p. 3-14 H22 o. 4·332 

20 7 p. 3-14 J30 P. 4-360 

21 8 D. 3-15 H06 D. 4-316 
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The average bumup values listed in Table 9 were calculated based on the reactor-specific data 
using the following equation: 

L(Node Height) (Node Bumup) 
Average Burnup = " 

L..J (Node Height) 

The relative axial bumup profiles for the eleven assemblies considered here (Table 9) are shown 
in Figures 2, 3, and 4. Figure 2 contains the profiles for the selected assemblies (assembly 
average bumups) in the range ofO GWdlmtU to 15 GWdlmtU. Figure 3 shows the profiles for 
the selected assemblies (assembly average bumups) in the range of 15 GWdlmtU to 25 
GWd/mtU. Figure 4 contains the profiles for the selected assemblies (assembly average 
bumups) in the range of 25 GWdlmtU to 35 GWd/mtU. The figures demonstrate that the 
selected assemblies exhibit extreme "end-effect" bumup profiles (sharp bumup gradients at the 
end of the assemblies), and some non-standard axial profile shapes. 

0 to 15 GWd/mtU 
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E 0.400 
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Figure 2. Axial Bumup Profiles for Assemblies with Average Assembly Burnups 
Between 0 GWd/mtU and 15 GWd/mtU) 
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15 to 25 GWd/mtU 
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Figure 3. Axial Burnup Profiles for Assemblies with Average Assembly Burnups 
Between 15 GWd/mtU and25 GWd/mtU 

25 to 35 GWd/mtU 
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Figure 4. Axial Bumup Profiles for Assemblies with Average Assembly Burnups 
Between 25 GWd/mtU and 35 GWd/mtU 
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5.3 SENSITIVITY STUDY 
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A BWR depletion sensitivity evaluation was performed and reported in Reference 7.18. The 
second paragraph of page one of this reference states the following: 

"Comparing the results presented in the body of this document shows that the decay 
time has very little impact on the sensitivity of the MCNP calculations of kOI> to the 
variation of parameter in question. The .6k!k values change very little as a result of the 
decay time. However, comparing the data in the tables indicates that the control blade 
insertion has the biggest impact on the calculation of k"" At high bum ups, the control 
blade insertion may have as much as a 64% impact on k"" The next most significant 
factor is the impact of the moderator density which demonstrates an impact of 
approximately 12% in~ when the control blades are assumed to be removed. When 
the control blades are assumed to be inserted, the number of gadolinia rods is more 
important (maximum of -11 %)." 

The fuel assembly type used for the depletion sensitivity evaluation in Reference 7.18 was 
the "Type A" fuel assembly from Commercial Reactor Criticality Depletion for Grand Gulf, 
Unit 1 (Reference 7 .15). Additional sensitivity evaluations are performed for this report to 
aid in selecting fuel assembly and operating history parameter values for the BWR isotopic 
database. 

Representative fuel assembly types were selected for this sensitivity study. These include two 
7x7 assembly types and three 8x8 assembly types. Table 11 contains information for the 7x7 and 
8x8 BWR assemblies. 

Table 11. Data for 7x7 and 8x8 Fuel Assembly Arrays Used in Sensitivity Study 

Description 

Assemblv Tvoe Code 

Fuel Pellet Diameter, em 

Fuel Pellet Densitv. a/cm3 

Theoretical Density,% 

Uranium/Assembly, kg 

Fuel Rod Clad Thickness, em 

Fuel Rod Clad I D. em 

Fuel Rod Clad OD, em 

Fuel Rod Clad Material 

Assembly Pitch, em 

Fuel Rod Pitch em 

NumberFueiRod~Assembly 

Number of Water Rods 

Active Fuel Length, em 

a Grand Gulf Unit 1 (GG1) 

b LaSalle Unit 1 (LS1) 

c Quad Cities Unit 2 (QC2) 

Ref7.12 
7x7 (GE-2a) 

G2307G2a 

1.23952 

94-95 

196 

0.09017 

1.26746 

1.4478 

Zr-2 

15.24 

1.8745 

49 

0 

365.76 

Ref7.12 
7x7 (GE-2b) 

G4607G2b 

1.23698 

93-95 

193 

0.08128 

1.26746 

1.4300 

Zr-2 

15.24 

1.8745 

49 
0 

365.76 

Ref7.6 Ref7.7 Ref7.8 
8x8 (GG1 8

) 8x8 (LS1b) 8x8 (QC21) 

G4608A G4608GB G2308G4 

1.02997 1.04394 1.0414 

10.36 10.41 10.30 

94.5 95 94 

177 180 175 
0.0889 0.08127 0.08128 

1.05156 1.06426 1.06426 

1.22936 1.22680 1.22680 

Zr-2 Zr-2 Zr-2 

15.24 15.24 15.24 

1.6154 1.6256 1.6256 

62 60 60 or62 

2 1 (Emual to 4) 1, 2, or4 

381.00 381.00 365.76 
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The 7x7 GE2a fuel assembly had the largest uranium loading of any BWR fuel assembly in 
Reference 7.12. For the three 8x8 fuel assemblies considered, the 8x8 LSI fuel assembly had the 
largest uranium loading. These two assemblies (7x7 GE2a and 8x8 LSI) are used in the 
following SAS2H fuel depletion evaluations. The pellet diameter is set equal to the fuel rod clad 
inner diameter (ID) and the fuel density is set equal to 10.741 g/cm3 (98% theoretical density). 
This results in a larger fuel loading per assembly, which is conservative with respect to 
criticality. Although the LaSalle Unit 1 assembly is chosen for the 8x8 fuel assembly type, the 
control blade and channel data are taken from Grand Gulf Unit 1 (Reference 7.I5). 

The isotopic concentrations for the principal isotopes from the SASH2H depletion calculations 
for the 7x7 and 8x8 fuel assemblies are used in the same MCNP model as was used in Reference 
7.18. The basic MCNP model includes a single 15.24 em x 15.24 em x I5.24 em node of an 8x8 
BWR assembly. The 8x8 geometry is for a Grand Gulf Unit 1 fuel assembly (Reference 7.20). 

Effects ofBurnup 
SAS2H depletion calculations are perfonned for the 7x 7 and 8x8 fuel assemblies for the 
following conditions: 

Wt% 235U = 3.5, Fuel temp= I400 °K, Mod Density= 0.43 g/cm3
, Decay= 1825 d 

7x7 = 49 Fuel Rods, 8x8 = 64 Fuel Rods, No water rods or gadolinia rods 

Isotopic concentrations (principal isotopes) at 10, 30, and 50 GW dlmtU are input to a single fuel 
assembly MCNP calculation and koo values tabulated (Table 12). Both sets of calculations are for 
a full set of fuel rods (49 for the 7x7 and 64 for the 8x8), at 98 %theoretical, and with the fuel 
smeared to the clad inner diameter. The data in Table 12 demonstrates that the kCD values for the 
7x7 fuel assembly are conservative (larger) relative to the 8x8 fuel assembly at each bumup step. 

Table 12. Effects ofBurnup 

FileiD Assembly Bumup Rod k ... 
SAS2H/MCNP Type GWdlmtU Position MCNP 0 

bwrs0013/bwrm0013 7x7 10 out 1.2795 0.0007 
bwrs0014/bwrm0014 7x7 30 out 1.0829 0.0007 
bwrs0012/bwrm0012 7x7 50 out 0.9152 0.0007 
bwrs0017/bwrm0017 8x8 10 out 1.2775 0.0007 
bwrs0018/bwnn0018 8x8 30 out 1.0693 0.0008 
bwrs001 Olbwrm0010 8x8 50 out 0.8872 0.0007 

Effects of Control Blade History 
The effects of control blade insertion history are investigated for the 7x7 and 8x8 fuel 
assemblies, and the results are presented in Table 13. The SAS2H depletion calculations are 
performed for the following conditions: 

Wt% 235U = 3.5, Fuel temp= 1400 °K, Mod Density= 0.43 g/cm3
, Decay= 1825 d 

7x7 = 49 Fuel Rods, 8x8 = 64 Fuel Rods, No water rods or gadolinia rods 
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Table 13. Effect ofBlade Insertion 

FileiD Assembly Bum up Blade 
SAS2H/ MCNP Type GWd/mtU Position 

bwrs0012/bwrm0012 7x7 50 lnOGWd 
bwrs00151bwrm0015 7x7 50 In Oto 10 GWd 
bwrs0016/bwrm0016 7x7 50 In Oto 30 GWd 
bwrs0028/bwrm0028 7x7 50 In 10 to 30 GWd 
bwrs0029/bwrm0029 7x7 50 In 30 to 50 GWd 

bwrs001 O/bwrm001 0 8x8 50 lnOGWd 
bwrs0019/bwrm0019 8x8 50 In Oto 11 GWd 
bwrs0020/bwrm0020 8x8 50 ln0to31 GWd 
bwrs0021/bwrm0021 8x8 50 In 11 to 31 GWd 
bwrs0022/bwrm0022 8x8 50 In 31 to 50 GWd 

bwrs0013/bwrm0013 7x7 10 out 
bwrs0026/bwrm0026 7x7 10 in 

bwrs00171bwrm00 17 8x8 10 out 
bwrs0027/bwrm0027 8x8 10 in 

bwrs0040/bwrm0040 7x7 30 Out 
bwrs0041/bwrm0041 7x7 30 In 

bwrs0042/bwrm0042 8x8 30 Out 
bwrs0043/bwrm0043 8x8 30 In 

Calculation 

Page 28 of 143 

k .. 
MCNP u 
0.9152 0.0007 
0.9638 0.0008 
1.0640 0.0008 
1.0247 0.0008 
1.1143 0.0008 

0.8872 0.0007 
0.9385 0.0008 
1.0446 0.0009 
1.0116 0.0008 
1.1057 0.0009 

1.2795 0.0007 
1.3101 0.0008 

1.2775 0.0007 
1.3099 0.0008 

1.0825 0.0009 
1.2216 0.0009 

1.0692 0.0007 
1.2194 0.0009 

The data in Table 13 illustrates that rod insertion at the end of the depletion time period yields 
the largest koo value (inserted 30 to 50 GWd/mtU) for both the 7x7 and 8x8 fuel assemblies. For 
all cases presented in Table 13, the 7x7 fuel assembly yields the largest koo value. The margin of 
difference between the k.., values for the 7x7 and 8x8 assemblies is greater for the 50 GW d/mtU 
cases, but kao values for the 7x7 assemblies are still greater for the 10 GWdlmtU cases although 
the margin is less. 

Studies indicate that the differences in koo values (even small differences) between comparable 
7x7 and 8x8 cases can be traced to the fissile isotope e35U and 239pu) concentrations. This is 
demonstrated in Figures 5 and 6. Data in Table 13 demonstrates that the blades-in kao at 10 
GWdlmtU and 30 GWd/mtU burnup is larger for both the 7x7 and the 8x8 fuel depletions with 
the 7x7 having the larger koo value for both the blades-in and blades-out condition. Figures 5 and 
6 illustrate that the blades-in 235U and 239pu concentrations values are larger at 10 GWdlmtU for 
both the 7x7 and the 8x8 fuel depletions with the 7x7 having the larger concentration values for 
both the blades-in and blades-out condition. Figures 7 and 8 illustrate that the same conclusion is 
valid for 30 GWd/mtU. 



Engineered Systems Project 
Title: Isotopic Generation and Confirmation of the BWR Appl. Model 
Document Identifier: 32-5035847-01 
Effects of Gadolinia Rods 

Calculation 

Page 29 of 143 

The effects of Gadolinia rods were presented in Reference 7.18, BWR Depletion Parameter 
Sensitivity Evaluation. Additional cases are evaluated in this report to support the data provided 
in Reference 7 .18. The gadolinia cases are for an 8x8 fuel assembly with both blade insertion and 
no blade insertion. Additional blades-in and blades-out cases are evaluated for a 7x7 fuel 
assembly with no gadolinia rods (i.e. same as isotopic database). Results from these cases are 
presented in Table 14 (10 GWdlmtU) and Table 15 (30 GWd/mtU). These cases are run at 
conditions similar to conditions for the isotopic database (fuel temperature, moderator density, 
fuel density). The SAS2H depletion calculations are performed for the following conditions: 

Wt% 235U = 3.0, Burnup = 10 GWdlmtU and 30 GWdlmtU, Mod Density= 0.3 g/cm3
, Fuel 

Temp= 1200 °K, Fuel Density= 10.741 g/cm3
, 8x8 = 62 Fuel rods, 2 waterrods, 7x7 = 49 Fuel 

rods, 0 water rods. 
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U-235 
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Figure 5. Isotopic Data for 23SU for Selected Blades-In and Blades-Out Cases (10 GWd/mtU) 
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Figure 6. Isotopic Data for 239Pu for Selected Blades-In and Blades-Out Cases (30 GWdlmtU) 
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U-235 

9.00E-04 ..---------------------------------, 

--bwrs0040 (7x7, Blade Out) 
B.OOE-04 r=-..-------------------j-a- bwr&0041 (7X7, Blade In) 

-6-bwrs0042 (8X8, Blade Out) 

7.00E-04 t-----""~:::;--------------c-M-~bwrs~~004~3~(~8X~8~, ~Bia~d~e~l~n)LJ--j 

l E &.OOE-04 -1---------"""""~~,..--------------------; 

I ~OOE-04+-----------~~~~~~--------------; 
.!!. 

~c 4.00E-04 

: 3.00E.04 +----------------------=-=~>;n;==:------j 

2.00E-04+------------------------------j 

1.00E-04 +------------------------------; 

o.ooe-oo+----....-------,------.---------..------.-----l 
O.OOE+OO 5.00E.o3 1.00E+04 1.50E+04 2.00E+04 2.50E+04 3.00E+04 3.50E+04 

Bumup (MWdlmtU) 

Figure 7. Isotopic Data for 23-\J for Selected Blades-In and Blades-Out Cases (30 GWd/mtU) 
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Figure 8. Isotopic Data for 239Pu for Selected Blades-In and Blades-Out Cases (30 GWd/rntU) 
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Table 14. Effects ofGadolinia Rods for 10 GWd/mtU Burnup 

FileiD Assembly NumberGd Blade koo 
SAS2H/MCNP Type Rods (5.0 wt %) Position MCNP 

bwrs0030/bwrm0030 8x8 0 In 1.2752 

bwrs0031/bwrm0031 8x8 0 Out 1.2319 

bwrs0032/bwrm0032 8x8 5 In 1.2876 

bwrs0033/bwrm0033 8x8 5 Out 1.2376 

bwrs0034/bwrm0034 8x8 8 In 1.2887 

bwrs0035/bwrm0035 8x8 8 Out 1.2407 

bwrs0036/bwrm0036 BxB 10 In 1.2872 

bwrs0037/bwrm0037 8x8 10 Out 1.2448 

bwrs0038/bwrm0038 7x7 0 In 1.2894 

bwrs0039/bwrm0039 7x7 0 Out 1.2470 

Table 15. Effects ofGadolinia Rods for 30 GWd/mtU Burnup 

FileiD Assembly NumberGd Blade k .. 
SAS2H/ MCNP Type Rods (5.0 wt %) Position MCNP 

bwrs00491bwrm0049 8x8 0 In 1.1906 

bwrs0044/bwrm0044 8x8 0 Out 1.0159 

bwrs0050/bwrm0050 8x8 5 In 1.2114 

bwrs0045/bwrm0045 8x8 5 Out 1.0290 

bwrs00511bwrm0051 8x8 8 In 1.2166 

bwrs0046/bwrm0046 8x8 8 Out 1.0355 

bwrs00521bwrm0052 8x8 10 In 1.2193 

bwrs0047/bwrm0047 8x8 10 Out 1.0394 

bwrs0053/bwrm0053 7x7 0 In 1.2228 

bwrs0048/bwrm0048 7x7 0 Out 1.0929 
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a 

0.0008 

0.0009 

0.0008 

0.0007 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

a 
0.0008 

0.0007 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

Two set of MCNP cases were executed to investigate the Gd rod effect. The first set has a target 
bumup of 10 GW dlmtU while the second set has a target burnup of 30 GW d/mtU. At 10 
GWdlmtU target burnup and the 8x8 fuel assembly cases with blades-out, koo values increase as 
the number of gadolinia rods increases. However, the koo value for the 7x7 fuel assembly with no 
gadolinia rods and blades-out is larger than any of the 8x8 fuel assembly cases. Figures 9, 10, 13, 
and 14 illustrate the reason for this trend in kco for the blades-out cases. Figure 9 illustrates that 
the 235U concentration is largest for the 8x8 assembly with I 0 Gd rods (0.4 % larger than the 7x7 
assembly). Figure 10 illustrates that the 239Pu concentration is largest for the 7x7 assembly (8.4 
%larger than the 8x8 assembly with 10 Gd rods). Figures 13 and 14 illustrate that the 155Gd and 
157Gd concentrations are essentially zero and has negligible effect on ka> Thus, the larger 239Pu 
concentration for the 7x7 assembly is the dominant contributor towards k.,.. The relative values of 
the 235U and 239Pu concentrations for the remaining 8x8, blades-out cases is consistent with the 
relative kco values for these assemblies. 
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For 10 GWd/mtU target burnup and the blades-in cases the koo value for the 7x7 fuel assembly 
with no gadolinia rods is larger than any of the 8x8 fuel assembly cases. The harder neutron 
spectrum associated with a larger number of Gd rods yields the same trend in the concentrations 
of 23SU and 239pu for the blades-in cases (Figures 11 and 12) as is observed for the blades-out 
cases (Figures 9 and 10). Although the trend in the concentrations of 235U and 23'1>u is similar, 
the trend in koo is different. The koo value for the 8 Gd rod case is larger than any of the other 8x8 
blades-in cases. The 23SU and 239pu concentration values for the 10 Gd rod case are 0.2 % and 
2.8% respectively larger than the values for the 8 Gd rod case. However, the 155Gd and 157Gd 
(Figures 15 and 16) concentration values for the 10 Gd rod case are 2.2 % and 13.5 % 
respectively larger than the values for the 8 Gd rod case. This larger absorber isotope 
concentration has a greater negative effect on koo than the positive effect on koo of the larger 
fissile isotope concentration. However, the 235U concentration for the 7x7 blades-in case is 0. 7 % 
and 0.9% respectively lower than the 235U concentration for the 8 Gd rod and 10 Gd rod, 8x8 
blades-in cases. The 239Pu concentration for the 7x7 blades-in case is 5.1 % and 2.7 % 
respectively higher than the 239Pu concentration for the 8 Gd rod and 10 Gd rod, 8x8 blades-in 
cases. The larger 239pu concentration for the 7x7 assembly along with the absence of Gd rods 
results in the larger koo value for the 7x7 assembly. The results of the same cases for a target 
burnup of 30 GW d/mtU show that the same conclusions are valid at that burnuE value. Figures 
17 through 24 show that the behavior of the isotopic concentrations for 23SU, 3~, 155Gd and 
157 Gd do not change. 

The study of effects of Gadolinia rods presented here and in Reference 7.18 supports the decision 
of the choice of the 7x7 GE2a fuel assembly with no Gd rods and 15 GWd/mtU control blade 
insertion at the end of the burnup step. 
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Figure 9. Isotopic Data for 23SU with Varying Number ofGd Rods/Blades-Out (10 GWdlmtU) 
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Figure 10. Isotopic Data for 239Pu with Varying Number of Gd Rods/Blades-Out (1 0 GW dJmtU) 
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Figure 11. Isotopic Data for 23SU with Varying Number of Gd Rods/Blades-In (10 GW d/mtU) 
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Figure 12. Isotopic Data for 23~ with Varying Number ofGd Rods/Blades-In (10 GWd/mtU) 
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Figure 13. Isotopic Data for 155Gd with Varying Number ofGd Rods/Blades-Out (10 GWd/mtU) 
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Figure 14. Isotopic Data for 157Gd with Varying Number ofGd Rods/Blades-Out (10 GWd/mtU) 
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Figure 15. Isotopic Data for 155Gd with Varying Number ofGd Rods/Blades-In (10 GWdlmtU) 
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Figure 16.1sotopic Data for 157Gd with Varying Number ofGd Rods/Blades-In (10 GWdlmtU) 
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Figure 17. Isotopic Data for 23SU with Varying Number of Gd Rods/Blades-Out (30 GW d/mtU) 
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Figure 18. Isotopic Data for 239pu with Varying Number of Gd Rods/Blades-Out (30 GW dlmtU) 
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Figure 19. Isotopic Data for 235U with Varying Number ofGd Rods/Blades-In (30 GWdlmtU) 
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Figure 20. Isotopic Data for 239pu with Varying Number ofGd Rods/Blades-In (30 GWdlmtU) 
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Figure 21. Isotopic Data for 155Gd with Varying Number of Gd Rods/Blades-Out (30 GW dlmtU) 

Gd-157 (Blades Out) 
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Figure 22. Isotopic Data for 157 Gd with Varying Number of Gd Rods/Blades-Out (30 GW d/mtU) 
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Figure 23. Isotopic Data for 155Gd with Varying Number ofGd Rods/Blades-In (30 GWd/mtU) 
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Figure 24. Isotopic Data for 157 Gd with Varying Number of Gd Rods/Blades-In (30 GW d/mtU) 
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Variation of 103Rh, 143Nd and 149Sm for Selected Blades-In and Blades-Out Cases 

The variation of fission product neutron absorbers such as 103Rh, 143Nd, 149Sm is of interest 
because changes in reactivity observed in Table 13 would be affected if the fission product 
absorbers were removed. This is more of interest for 149Sm due to the long half life of this 
isotope compared to the others. Figures 25, 26 and 27 show the change of isotopic concentration 
for selected Blades-In and Blades-Out Cases. The graphs show that for 103Rh and 143Nd there is 
practically no difference in isotopic concentration between the 7x7 and 8x8 assembly. Isotopic 
concentration of 149Sm is higher for the 7x7 assembly with Blades-In. For the 5 year decay cases 
considered here, the depletion is conservative. Despite the high 149Sm concentration, the 7x7 
assembly with the blade inserted results in the highest ketr. If the 149Sm is removed through the 
degradation process the resulting kerr would still be conservative due to the higher worth of 149Sm 
in the calculations. 
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Figure 25. Isotopic Concentrations for 103Rd for Selected Blades-In and Blades-Out Cases 
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Figure 26. Isotopic Concentrations for 14~d for Selected Blades-In and Blades-Out Cases 
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Figure 27. Isotopic Concentrations for 149Sm for Selected Blades-In and Blades-Out Cases 
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Isotopic Concentrations for 103Rh, 143Nd, and 149Sm with Varying Number ofGd Rods/Blades­
Out 

The isotopic concentrations presented in Fi~e 28 and Figure 29 for the Blades-Out cases with 
varying Gd rods show that the variation of 03Rh and 143Nd is negligible. The concentration of 
149Sm, shown in Figure 30, changes with different number ofGd rods. While Gd is present (up to 
approximately 10 GWdlmtU burnup) the 149Sm competes with the Gd isotopes for the thermal 
neutrons present and builds up at a fast rate. After 10 GWd/mtU burnup the 149Sm reaches an 
equilibrium value (production of 149Sm equal to absorption of neutrons by 149Sm) for all 8x8 
assembly cases. The isotopic concentration of 149Sm for the 7x7 no-Gd case is the highest of all 
after 10 GWd/mtU. Since the 7x7 no Gd case has also the highest reactivity, despite the higher 
149Sm concentration, the 7x7 no-Gd case is the conservative model for the isotopic database. 
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Figure 28. Isotopic Concentrations for 103Rh with Varying Number ofGd Rods/Blades-Out 
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Figure 29. Isotopic Concentrations for 143Nd with Varying Number ofGd Rods/Blades-Out 
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Figure 30. Isotopic Concentrations for 149Sm with Varying Number ofGd Rods/Blades-Out 
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Isotopic Concentrations for 103Rh. 143Nd, and 149Sm with Varying Number ofGd Rods/Blades-In 

The isotopic concentrations presented in FiPotre 31 and Figure 32 for the Blades-In cases with 
varying Gd rods show that the variation of 03Rh and 143Nd is negligible. The concentration of 
149Sm, shown in Figure 33, changes with different number ofGd rods. While Gd is present (up to 
approximately 15 GWdlmtU bumup) the 149Sm competes with the Gd isotopes for the thermal 
neutrons present and builds up at a fast rate, but after 15 GW d/mtU burnuf. the 149Sm builds up at 
a slower rate for all 8x8 assembly cases. The isotopic concentration of 14 Sm for the 7x7 no Gd 
case is the highest of all cases after 15 GWd/mtU despite the high 149Sm concentration. This 
supports the selection of 7x7 no-Gd, blades-in configuration as the Isotopic database model . 
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Burnup (MWcllmtU) 

Figure 31. Isotopic Concentrations for 103Rh with Varying Number ofGd Rods/Blades-In 
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Nd-143 (Blades In) 

3.~E~5~--------------------------------------------------------. 

- bwr$0049 (8x8, 0 Gd) 
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3.00E~ -.!r-bwrs0051 (8x8, 8 Gd) 1----------------------------~~---------l 

-}(-- bwrs0052 (8x8, 1 o Gd) 
....._bwrs0053 (7x7, 0 Gd) 

2.50E~ +----------------------------:J~C-------------------i 

I 2.00E~ +---------------------------,~"'-------------------------i 
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c 1 1.~E~5+-------------------~r----------------------------------i 
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u 1.00E~5+----------~~----------------------------------------i 

O.OOE+OO F------,---------.----------r--------.---------.------..---------l 
O.OOE+OO 5.00E+03 1.00E+04 1.50E+04 2.00E+04 2.50E+04 3.00E+04 3.50E+04 

Burnup (MWdhntU) 

Figure 32. Isotopic Concentrations for 14~d with Varying Number ofGd Rods/Blades-In 

Sm-149 (Blades In) 

8.00E~7.-----------------------------------------------------. 

- bwrs0049 (8x8, 0 Gd) 

7.00E~7 --bwrs0050 (8x8, 5 Gd) f------------------------------,,...-011,__ ____ -l 
--6-- bwrs0051 (8x8, 8 Gd) 
-}(-- bwrs0052 (8x8, 10 Gd) 

&.OOE~7 +-.._-liE-..::.:.....::.:bwrs=005=3.>.:.(7X:::o7.!...:, O:...:Gd==<...) -'------------------.,......_ ______________ ---j 

I 6.00E~7 +--------------------:::~:o___----;;:;::=>1!'-*"=--':'::::..,....r.-"=-=--------l 
t 
,~, 

s 3.00E~7 t-----:z~~~,...,::=....-------------=:::::::;::::;:::::o:i'"---1 6 
u 

O.OOE+Oo.-----~------~--------.-------~-----~------~~----~ 

O.OOE+OO 5.00E+03 1.00E+04 1.50E+04 2.00E+04 2.50E+04 3.00E+04 3.50E+04 

Surnup (MWdhntU) 

Figure 33. Isotopic Concentrations for 149Sm with Varying Number ofGd Rods/Blades-In 
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The control blades and channel data for the isotopic database is taken from Grand Gulf Unit 1 
(Reference 7 .6, p 2-5). The Grand Gulf data is for both 8x8 and a 9x9 assembly types. Channel 
data from a 7x7 fuel assembly (Reference 7.16) is evaluated in this section relative to the 8x8 
data. The SAS2H depletion calculations are performed for the following conditions: 

8x8 channel, ID = 13.246 em, OD = 13.856 em, area= 16.53 cm2
, Reference 7.6, p 2-5 

7x7 channel, ID = 13.406 em, OD = 13.812 em, area= 11.05 cm2
, Reference 7.16, p 8 

Results are based on 8x8, wt% 23SU = 3.5, Fuel temp= 1400 °K, Mod Density= 0.431 glcm3
, 

Burnup 50 GWd/mtU, Decay= 1825 d. 

The results of this study are presented in Table 16. 

Table 16. Channel Dimensional Effects 

File ID Channel Cross- GdRods Blade k.,. 
SAS2H/MCNP sectional area (cm2

) Position MCNP q 

bwrs0004/bwrm0004 16.53 10 {6 wt %) Out 0.8723 0.0008 
bwrs0007/bwrm0007 11.05 10 (6 wt %) Out 0.8516 0.0007 

The results indicate that the larger channel cross-sectional area (channel material displacing 
moderator) used for the isotopic database produces a higher koo value and is therefore 
conservative. 

Effects of Water Rods in Assembly 
The SAS2H, Path B model for the isotopic database contained no water rods. Two SAS2H 
depletion calculations were performed to study the effect of water rods. The SAS2H depletion 
calculations are performed for the following conditions: 

8x8 GGl assembly, wt% 235U= 3.5, Fuel temp= 1400 °K, Mod Density= 0.43 glcm3
, Burnup 

50 GWd/mtU, Decay= 1825 d. 

The results of this study are presented in Table 17. 

Table 17. Effects of Water Rods 

FileiD Number of Number of Blade k .. 
SAS2H/MCNP Fuel Rods Water Rods Gd Rods Position MCNP C1 

bwrs0006/bwrm0006 60 1=(4 fuel rod) none Out 0.8466 0.0007 
bwrs00101bwrm0010 64 0 none Out 0.8872 0.0007 

The results indicate that omitting the water rods produces a higher kaa value and is therefore 
conservative. This result is anticipated because the non-water rod case has more fuel, a harder 
neutron spectrum, and a higher fissile isotope content. 
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The resulting isotopics calculated by SAS2H are presented in Tables 18 through 26 (5 year 
decay). Each table is based on a single enrichment and includes all selected burnup steps from 
0.001 to 75 GWd/mtU. The outputs (isotopic concentrations) are reasonable when compared to 
the inputs and outputs and are suitable for the intended use. Confirmation is provided in Section 
6.3 of this report. 

Table 18. BWR lsotopics as a Function of 1.5 wt% 23SU and Burnup, 5 Year Decay 

Isotopic Concentrations 
atoms I (barn -em} 

Burn up Burnup Burn up Burnup Bum up Bum up Bum up 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
180 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.55E-09 3.59E-06 6.96E-06 1.02E-05 1.32E-05 1.62E-05 1.91E-05 

"Tc 430990 1.53E-09 3.76E-06 7.37E-06 1.09E-05 1.42E-05 1.75E-05 2.07E-05 
101Ru 441010 1.34E-09 3.32E-06 6.66E-06 9.96E-06 1.32E-05 1.65E-05 1.97E-05 
to3Rh 451030 9.92E-10 2.68E-06 5.51E-06 8.30E-06 1.10E-05 1.36E-05 1.61E-05 
1o9Ag 471090 2.54E-11 2.42E-07 6.51E-07 1.12E-06 1.62E-06 2.13E-06 2.65E-06 
143Nd 601430 1.40E-09 3.20E-06 6.11E-06 8.86E-06 1.15E-05 1.40E-05 1.65E-05 
tnNd 601450 9.81E-10 2.23E-06 4.28E-06 6.21E-06 8.05E-06 9.82E-06 1.15E-05 
147sm 621470 4.42E-10 9.24E-07 1.65E-06 2.26E-06 2.79E-06 3.25E-06 3.67E-06 
t4•sm 621490 3.02E-10 1.46E-07 2.12E-07 2.71E-07 3.25E-07 3.77E-07 4.25E-07 
150Sm 621500 8.79E-15 6.62E-07 1.51E-06 2.42E-06 3.35E-06 4.28E-06 5.20E-06 
1s1Sm 621510 1.25E-10 2.27E-07 3.94E-07 5.44E-07 6.87E-07 8.27E-07 9.64E-07 
1s2Sm 621520 8.30E-11 3.21E-07 7.03E-07 1.08E-06 1.43E-06 1.76E-06 2.08E-06 
1s1Eu 631510 4.91E-12 9.08E-09 1.60E-08 2.23E-08 2.83E-08 3.42E-08 4.01E-08 
153Eu 631530 5.98E-11 1.89E-07 4.62E-07 7.91E-07 1.15E-06 1.53E-06 1.92E-06 
155Gd 641550 7.85E-12 9.94E-09 1.76E-08 2.69E-08 3.84E-08 5.23E-08 6.83E-08 
233u 922330 5.02E-15 1.11E-11 1.99E-11 2.72E-11 3.32E-11 3.83E-11 4.27E-11 
234u 922340 2.92E-06 2.65E-06 2.43E-06 2.26E-06 2.11E-06 1.98E-06 1.88E-06 
23su 922350 3.64E-04 3.17E-04 2.84E-04 2.57E-04 2.35E-04 2.15E-04 1.98E-04 
2311u 922360 1.67E-06 1.27E-05 2.05E-05 2.67E-05 3.16E-05 3.57E-05 3.91E-05 
238u 922380 2.36E-02 2.35E-02 2.33~·02 2.32E-02 2.31E-02 2.30E-02 2.29E-02 

237Np 932370 2.84E-10 9.24E-07 2.08E-06 3.32E-06 4.59E-06 5.86E-06 7.10E-06 
2311Pu 942380 1.33E-17 4.54E-08 1.99E-07 4.62E-07 8.30E-07 1.30E-06 1.86E-06 
239Pu 942390 4.80E-08 9.35E-05 1.61E-04 2.15E-04 2.62E-04 3.04E-04 3.41E-04 
240pu 942400 6.76E-13 5.14E-06 1.29E-05 2.12E-05 2.96E-05 3.79E-05 4.62E-05 
241pu 942410 8.54E-18 1.16E-06 4.45E-06 8.65E-06 1.32E-05 1.78E-05 2.23E-05 
242pu 942420 9.23E-23 3.66E-08 2.52E-07 6.74E-07 1.27E-06 2.00E-06 2.84E-06 
241Am 952410 2.32E-18 3.23E-07 1.26E-06 2.50E-06 3.89E-06 5.35E-06 6.85E-06 

242m Am 952421 4.19E-29 5.23E-11 6.90E-10 2.65E-09 6.40E-09 1.22E-08 2.00E-08 
243Am 952430 1.02E-27 1.40E-09 1.95E-08 7.74E-08 1.90E-07 3.64E-07 B.OOE-07 
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Table 18. BWR Isotopics as a Function of 1.5 wt% 23SU and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Burn up Burn up Burn up Bum up Burn up Burnup Bumup 
SAS2H GWd/mtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWd/mtu GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
160 80160 4.73E-02 4.72E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

asMo 420950 2.22E-05 2.50E-05 3.05E·05 3.57E-05 4.06E-05 4.52E-05 4.98E-05 

"Tc 430990 2.38E-05 2.68E-05 3.25E-05 3.81E-05 4.33E-05 4.83E-05 5.31E-05 
101Ru 441010 2.28E-Q5 2.58E-05 3.19E·05 3.79E-05 4.38E-05 4.96E-05 5.52E-05 
103Rh 451030 1.81E-Q5 2.00E-05 2.36E-Q5 2.70E-05 3.00E-05 3.27E·05 3.51E.Q5 
101Ag 471090 3.04E-06 3.47E-06 4.40E·06 5.37E-06 6.34E-06 7.30E-06 8.25E-06 
143Nd 601430 1.89E-05 2.12E-05 2.50E-Q5 2.84E-05 3.12E-05 3.38E-05 3.60E-05 
145Nd 601450 1.32E-05 1.49E-05 1.79E-05 2.08E-05 2.34E-05 2.59E-05 2.83E-Q5 
147sm 621470 3.98E-06 4.28E-Q6 4.79E-06 5.23E-06 5.59E·06 5.91E·06 6.18E-Q6 
14Bsm 621490 4.47E-07 4.67E-07 5.01E-07 5.31E-07 5.57E-07 5.81E-07 6.04E-07 
150Sm 621500 6.14E-06 7.06E-Q6 8.80E-Q6 1.05E-05 1.20E-05 1.35E-Q5 1.49E-05 
151Sm 621510 1.06E-06 1.16E-06 1.34E-06 1.52E-06 1.68E-06 1.83E-06 1.98E-06 
152Sm 621520 2.34E-06 2.59E-Q6 3.05E-06 3.49E-06 3.89E-06 4.26E-Q6 4.62E-06 
1s1Eu 631510 4.43E-08 4.84E-08 5.62E-08 6.36E-08 7.06E-08 7.73E-08 8.36E-08 
1s3Eu 631530 2.29E-06 2.67E-06 3.44E-06 4.18E-06 4.88E-06 5.53E-06 6.14E-06 
,,Gd 641550 8.53E-08 1.05E-07 1.48E-07 1.95E-Q7 2.44E-Q7 2.93E-07 3.42E-07 
233u 922330 4.43E-11 4.58E-11 4.82E-j1 5.01E-11 5.16E-11 5.28E-11 5.39E-11 
234u 922340 1.80E-06 1.73E-06 1.61E-06 1.52E-06 1.46E-06 1.42E-06 1.40E-06 
235u 922350 1.68E-04 1.44E-04 1.07E-04 8.03E-05 6.09E-05 4.65E-05 3.58E-05 
2•u 922360 4.13E-05 4.31E-05 4.54E-05 4.66E-05 4.69E-05 4.66E-05 4.59E-05 
231u 922380 2.29E-02 2.28E-02 2.27E-02 2.25E-02 2.24E-02 2.23E-02 2.21E-02 

237Np 932370 8.20E-06 9.18E-06 1.09E-05 1.23E-05 1.35E-05 1.44E-05 1.52E-05 
231pu 942380 2.42E-06 3.02E-06 4.35E-06 5.81E-06 7.35E-06 8.94E-06 1.05E-05 
239pu 942390 3.59E-04 3.73E-04 3.93E-04 4.07E-04 4.18E-04 4.26E-04 4.32E-04 
240pu 942400 5.15E-05 5.65E-05 6.60E-05 7.47E-05 8.25E-05 8.94E-Q5 9.56E-05 
241pu 942410 2.55E-05 2.89E-05 3.53E-D5 4.07E-05 4.51E-05 4.88E-05 5.17E-05 
242pu 942420 3.64E-06 4.68E-06 7.16E-Q6 9.99E-06 1.30E-05 1.62E-05 1.94E-05 
241Am 952410 7.94E-06 9.11E-Q6 1.14E-05 1.34E-05 1.50E-05 1.64E-05 1.76E-05 

242m Am 952421 2.69E-08 3.58E-08 5.57E-08 7.60E-08 9.54E-08 1.13E-07 1.30E-07 
243Am 952430 8.72E-07 1.28E-Q6 2.43E-06 3.92E-06 5.65E-06 7.51E-06 9.42E-06 



Engineered Systems Proiect 
Title: Isotopic Generation and Confirmation of the BWR Appl. Model 
Document Identifier: 32-5035847-01 

Calculation 

Page 51 of 143 

Table 18. BWR Isotopics as a Function of 1.5 wt% 235U and Bumup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn- em) 

SAS2H 
Bumup Bum up Bum up Bum up Bum up Bumup 

GWd/mtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWd/mtU 
Isotope ID 50 55 60 65 70 75 

no 80160 4.61E-02 4.59E-02 4.57E-02 4.55E-02 4.53E-02 4.51E-02 
tsMo 420950 5.41E-05 5.83E-05 6.25E-05 6.65E-05 7.04E-05 7.42E-05 

"Tc 430990 5.78E-05 6.22E-05 6.64E-05 7.05E-05 7.45E-05 7.83E-05 
1o1Ru 441010 6.08E-05 6.63E-05 7.16E-05 7.69E-05 8.21E-05 8.71E-05 
1o3Rh 451030 3.73E-05 3.93E-05 4.11E-05 4.28E-05 4.42E-05 4.56E-05 
101Ag 471090 9.17E-06 1.01E-05 1.09E-05 1.18E-05 1.26E-05 1.34E-05 
143Nd 601430 3.81E-05 3.99E-05 4.16E-05 4.32E-05 4.47E-05 4.61E-05 
145Nd 601450 3.06E-05 3.27E-05 3.48E-05 3.68E-05 3.87E-05 4.05E-05 
147Sm 621470 6.42E-06 6.62E-06 6.81E-06 6.98E-06 7.13E-06 7.26E-06 
,••sm 621490 6.26E-07 6.47E-07 6.67E-07 6.87E-07 7.06E-07 7.25E-07 
1so5m 621500 1.62E-05 1.75E-05 1.87E-05 1.98E-05 2.09E-05 2.20E-05 
1s1Sm 621510 2.12E-06 2.25E-06 2.38E-06 2.50E-06 2.62E-06 2.73E-06 
1szsm 621520 4.95E-06 5.26E-06 5.56E-06 5.84E-06 6.11E-06 6.36E-06 
1s1Eu 631510 8.96E-08 9.53E-08 1.01E-07 1.06E-07 1.11E-07 1.16E-07 
153Eu 631530 6.69E-06 7.21E-06 7.68E-06 8.13E-06 8.53E-06 8.91E-06 
1ssGd 641550 3.89E-07 4.34E-07 4.77E-07 5.18E-07 5.58E-07 5.96E-07 
z33u 922330 5.48E-11 5.57E-11 5.65E-11 5.72E-11 5.79E-11 5.86E-11 
z34u 922340 1.40E-06 1.40E-06 1.42E-06 1.44E-06 1.46E-06 1.49E-06 
z3su 922350 2.77E-05 2.16E-05 1.69E-05 1.34E-05 1.06E-05 8.50E-06 
z3su 922360 4.50E-05 4.38E-05 4.25E-05 4.11E-05 3.97E-05 3.83E-05 
z36u 922380 2.20E-02 2.19E-02 2.17E-02 2.16E-02 2.15E-02 2.13E-02 

n7Np 932370 1.58E-05 1.62E-05 1.65E-05 1.67E-05 1.68E-05 1.68E-05 
236Pu 942380 1.21E-05 1.35E-05 1.49E-05 1.63E-05 1.75E-05 1.86E-05 
zuPu 942390 4.38E-04 4.42E-04 4.45E..o4 4.48E-04 4.51E-04 4.53E-04 
z•opu 942400 1.01E-04 1.06E-04 1.10E-04 1.14E-04 1.18E-04 1.21E-04 
z•,Pu 942410 5.42E-05 5.63E-05 5.80E-05 5.95E-05 6.09E-05 6.20E-05 
242Pu 942420 2.25E-05 2.57E-05 2.88E-05 3.18E-05 3.46E-05 3.74E-05 
z•1Am 952410 1.86E-05 1.95E-05 2.02E-05 2.09E-05 2.15E-05 2.20E-05 

242m Am 952421 1.44E-07 1.58E-07 1.70E-07 1.81E-07 1.91E-07 2.01E-07 
243Am 952430 1.13E-05 1.32E-05 1.50E-05 1.68E-05 1.85E-05 2.00E-05 
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Table 19. BWR Isotopics as a Function of2.0 wt% 235U and Burnup, 5 Year Decay 

Isotopic ConcentraUons 
atoms I (barn -em) 

Burn up Burn up Bumup Bumup Burn up Bum up Bum up 
SAS2H GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
160 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

tsMo 420950 1.57E-09 3.69E-06 7.16E-06 1.05E-05 1.37E-05 1.67E-05 1.97E-05 

"Tc 430990 1.54E-09 3.80E-06 7.46E-06 1.10E-05 1.44E-05 1.77E-05 2.09E-05 
101Ru 441010 1.34E-09 3.32E-06 6.64E-06 9.93E-06 1.32E-05 1.64E-05 1.96E-05 
1o3Rh 451030 9.69E-10 2.56E-06 5.26E-06 7.95E-06 1.06E-05 1.31E-05 1.56E-05 
101Ag 471090 2.34E-11 1.95E-07 5.42E-07 9.56E-07 1.41E-06 1.88E-06 2.36E-06 
1.._,Nd 601430 1.42E-09 3.30E-06 6.33E-06 9.18E-06 1.19E-05 1.45E-05 1.71E-05 
1"'Nd 601450 9.88E-10 2.28E-06 4.40E-06 6.39E-06 8.28E-06 1.01E-05 1.19E-05 
147Sm 621470 4.42E-10 9.45E-07 1.71E-06 2.35E-06 2.90E-06 3.39E-06 3.83E-06 
14'Sm 621490 2.99E-10 1.66E-07 2.32E-07 2.92E-07 3.46E-07 3.98E-07 4.46E-07 
1sosm 621500 8.44E-15 6.29E-07 1.46E-06 2.35E-06 3.26E-06 4.19E-06 5.11E-06 
1s1Sm 621510 1.23E-10 2.32E-07 4.04E-07 5.56E-07 6.98E-07 8.36E-07 9.72E-07 
152Sm 621520 8.15E-11 2.98E-07 6.62E-07 1.03E-06 1.38E-06 1.71E-06 2.03E-06 
1s1Eu 631510 4.82E-12 9.31E-09 1.64E-08 2.28E-08 2.88E-08 3.47E-08 4.06E-08 
153Eu 631530 5.77E-11 1.75E-07 4.25E-07 7.29E-07 1.07E-06 1.43E-06 1.81E-06 
1ssGd 641550 7.43E-12 9.70E-09 1.67E-08 2.51E-08 3.55E-08 4.82E-08 6.30E-08 
233u 922330 5.87E-15 1.33E-11 2.44E-11 3.36E-11 4.13E-11 4.79E-11 5.36E-11 
234u 922340 3.99E-06 3.67E-06 3.39E-06 3.16E-06 2.96E-06 2.79E·06 2.64E-06 
z35u 922350 4.85E-04 4.32E-04 3.92E-04 3.58E-04 3.29E-04 3.04E-04 2.81E-04 
2:ssu 922360 2.23E-06 1.50E-05 2.47E-05 3.26E-05 3.92E-05 4.47E-05 4.94E-05 
2:SS0 922380 2.35E-02 2.34E-02 2.32E-02 2.31E-02 2.30E-02 2.29E-02 2.29E-02 

237Np 932370 2.59E-10 8.85E-07 2.06E·06 3.38E-06 4.77E-06 6.19E-06 7.60E-06 
2~Pu 942380 1.01E-17 3.78E-08 1.74E-07 4.18E-07 7.70E-07 1.23E-06 1.79E-06 
z:ssPu 942390 4.10E-08 8.49E·05 1.49E-04 2.03E-04 2.50E-04 2.91E-04 3.29E-04 
24Dpu 942400 5.02E-13 4.06E-06 1.08E-05 1.82E-05 2.59E-05 3.37E-05 4.16E-05 
Z41pu 942410 5.33E-18 8.32E-07 3.48E-06 7.10E-06 1.12E-05 1.54E-05 1.97E-05 
Z42pu 942420 4.52E-23 2.18E-08 1.69E-07 4.85E-07 9.58E-07 1.56E-06 2.28E-06 
241Am 952410 1.45E-18 2.31E-07 9.84E-07 2.05E-06 3.29E-06 4.63E-06 6.03E-06 

242m Am 952421 2.12E-29 3.25E-11 4.83E-10 1.99E-09 5.04E-09 9.89E-09 1.67E-08 
243Am 952430 4.25E-28 7.25E-10 1.15E-08 4.97E-08 1.30E-07 2.60E-07 4.44E-07 
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Table 19. BWR Isotopics as a Function of2.0 wt% 235U and Bumup, 5 Year Decay {Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Bum up Bum up Bum up Bum up Bum up Bum up 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWd/mtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.72E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

15Mo 420950 2.28E-05 2.58E-05 3.15E-05 3.69E-05 4.19E-05 4.68E-05 5.14E-05 
"Tc 430990 2.41E-05 2.72E-05 3.31E-05 3.87E-05 4.41E-05 4.92E-05 5.41E-05 

101Ru 441010 2.27E-05 2.58E-05 3.19E-05 3.79E-05 4.38E-05 4.96E-05 5.52E-05 
1D3Rh 451030 1.75E-05 1.94E-05 2.30E-05 2.64E-05 2.95E-05 3.23E-05 3.48E-05 
1otAg 471090 2.72E-06 3.12E-06 3.99E-06 4.91E-06 5.85E-06 6.80E-06 7.74E-06 
143Nd 601430 1.97E-05 2.20E-05 2.62E-05 2.98E-05 3.29E-05 3.56E-05 3.80E-05 
1'sNd 601450 1.36E-05 1.53E-05 1.85E-05 2.14E-05 2.42E-05 2.68E-05 2.92E-05 
147Sm 621470 4.17E-06 4.49E-06 5.05E·06 5.51E-06 5.90E-06 6.23E-06 6.50E-06 
1•ssm 621490 4.67E-07 4.86E-07 5.19E-07 5.48E-07 5.73E-07 5.96E-07 6.17E-07 
150Sm 621500 6.04E-06 6.96E-06 8.71E-06 1.04E-05 1.20E-05 1.35E-05 1.49E-05 
1s1Sm 621510 1.07E-06 1.16E-06 1.35E-06 1.52E-06 1.68E-06 1.84E-06 1.99E-06 
152Sm 621520 2.29E-06 2.54E-06 3.02E-06 3.46E-06 3.87E-06 4.25E-06 4.61E-06 
1s1Eu 631510 4.47E-08 4.87E-08 5.64E-08 6.38E-08 7.08E-08 7.75E-08 8.39E-08 
153Eu 631530 2.17E-06 2.54E-06 3.30E-06 4.04E-06 4.74E-06 5.41E-06 6.03E-06 
155Gd 641550 7.86E-08 9.65E-08 1.37E-07 1.83E-07 2.31E-07 2.80E-07 3.30E-07 
233u 922330 5.59E-11 5.79E-11 6.13E-11 6.39E-11 6.60E-11 6.76E-11 6.89E-11 
234u 922340 2.53E-06 2.43E-06 2.26E-06 2.12E-06 2.01E-06 1.93E-06 1.88E-06 
23'u 922350 2.45E-04 2.15E-04 1.67E-04 1.30E-04 1.02E-04 7.95E-05 6.23E-05 
a31u 922360 5.28E-05 5.56E-05 5.97E-05 6.22E-05 6.35E-05 6.39E-05 6.36E-05 
mu 922380 2.28E-02 2.27E-02 2.26E-02 2.25E-02 2.23E-02 2.22E-02 2.21E-02 

237Np 932370 8.83E-06 9.98E-06 1.21E-05 1.39E-05 1.54E-05 1.67E-05 1.78E-05 
231Pu 942380 2.34E-06 2.95E-06 4.33E-06 5.89E-06 7.60E-06 9.39E-06 1.12E-05 
239Pu 942390 3.47E-04 3.62E-04 3.85E-04 4.01E-04 4.13E-04 4.23E-04 4.30E-04 
240Pu 942400 4.66E-05 5.15E-05 6.10E-05 7.00E-05 7.82E-05 8.57E-05 9.23E-05 
241pu 942410 2.27E-05 2.60E-05 3.23E-05 3.79E-05 4.28E-05 4.68E-05 5.02E-05 
242Pu 942420 2.94E-06 3.82E-06 5.97E-06 8.50E-06 1.13E-05 1.42E-05 1.73E-05 
241Am 952410 7.04E-06 8.15E-06 1.04E-05 1.24E-05 1.42E-05 1.58E-05 1.71E-05 

242m Am 952421 2.27E-08 3.07E-08 4.96E-08 6.99E-08 9.02E-08 1.09E-07 1.27E-07 
243Am 952430 6.49E-07 9.63E-07 1.88E-06 3.14E-06 4.65E-06 6.34E-06 8.15E-06 
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Table 19. BWR Isotopics as a Function of2.0 wt% 235U and Bumup, 5 Year Decay(Cont.) 

Isotopic Concentrations 
atoms I (barn - em) 

SAS2H 
Bumup Bumup Burn up Burn up Bum up Bumup 

GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU GWd/mtU 
Isotope ID 50 55 60 65 70 75 

110 80160 4.61E-02 4.59E-02 4.57E-02 4.55E-02 4.53E-02 4.51E-02 
"Mo 420950 5.59E-05 6.02E-05 6.43E-05 6.84E-05 7.23E-05 7.61E-05 

"Tc 430990 5.88E-05 6.32E-05 6.75E-05 7.17E-05 7.56E-05 7.95E-05 
101Ru 441010 6.08E-05 6.63E-05 7.16E-05 7.69E-05 8.21E-05 8.71E-05 
103Rh 451030 3.70E-05 3.91E-05 4.10E-05 4.27E-05 4.42E-05 4.56E-05 
1o11Ag 471090 8.67E-06 9.58E-06 1.05E-05 1.13E-05 1.22E-05 1.30E-05 
,.,Nd 601430 4.01E-05 4.20E-05 4.37E-05 4.53E-05 4.67E-05 4.80E-05 
145Nd 601450 3.15E-05 3.37E-05 3.58E-05 3.77E-05 3.96E-05 4.15E-05 
147Sm 621470 6.73E-06 6.92E-06 7.10E-06 7.25E-06 7.38E-06 7.50E-06 
,"'sm 621490 6.38E-07 6.58E-07 6.77E-07 6.96E-07 7.15E-07 7.34E-07 
1sosm 621500 1.62E-05 1.75E-05 1.87E-05 1.99E-05 2.10E-05 2.21E-05 
1s1Sm 621510 2.13E-06 2.26E-06 2.39E-06 2.51E-06 2.63E-06 2.74E-06 
152Sm 621520 4.95E-06 5.27E-06 5.57E-06 5.85E-06 6.12E-06 6.3SE-06 
1s1Eu 631510 8.99E-08 9.57E-08 1.01E-07 1.06E-07 1.12E-07 1.16E-07 
153Eu 631530 6.61E-06 7.14E-06 7.63E-06 8.09E-06 8.51E-06 8.90E-06 
,"Gd 641550 3.78E-07 4.24E-07 4.69E-07 5.12E-07 5.54E-07 5.93E-07 
z33u 922330 7.01E-11 7.11E-11 7.20E-11 7.29E-11 7.37E-11 7.45E-11 
zMu 922340 1.84E-06 1.82E-06 1.82E-06 1.83E-06 1.84E-06 1.86E-06 
mu 922350 4.90E-05 3.86E-05 3.06E-05 2.43E-05 1.94E-05 1.55E-05 
23su 922360 6.29E-05 6.17E-05 6.03E-05 5.86E-05 5.69E-05 5.51E-05 
z3au 922380 2.20E-02 2.18E-02 2.17E-02 2.16E-02 2.14E-02 2.13E-02 

237Np 932370 1.87E-05 1.94E-05 1.99E-05 2.03E-05 2.05E-05 2.06E-05 
23Bpu 942380 1.31E-05 1.48E-05 1.65E-05 1.81E-05 1.96E-05 2.10E-05 
23'Pu 942390 4.36E-04 4.41E-04 4.45E-04 4.49E-04 4.51E-04 4.53E-04 
z"oPu 942400 9.83E-05 1.04E-04 1.08E-04 1.13E-04 1.17E-04 1.20E-04 
241pu 942410 5.30E-05 5.54E-05 5.74E-05 5.91E-05 6.06E-05 6.19E-05 
z42Pu 942420 2.04E-05 2.35E-05 2.66E-05 2.96E-05 3.25E-05 3.54E-05 
241Am 952410 1.82E-05 1.92E-05 2.00E-05 2.08E-05 2.14E-05 2.20E-05 

242m Am 952421 1.43E-07 1.58E-07 1.71E-07 1.83E-07 1.93E-07 2.03E-07 
243Am 952430 1.00E-05 1.18E-05 1.37E-05 1.54E-05 1.72E-05 1.88E-05 
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Table 20. BWR !so topics as a Function of 2.5 wt% 235U and Burnup, 5 Year Decay 

Isotopic Concentrations 
atoms I (barn -em) 

Bum up Burn up Burn up Burn up Bumup Bum up Burn up 
SAS2H GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
180 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

asMo 420950 1.58E-09 3.76E-06 7.32E-06 1.07E-05 1.40E-05 1.72E-05 2.02E-05 

"Tc 430990 1.55E-09 3.83E-06 7.52E-06 1.11E-05 1.45E-05 1.79E-05 2.12E-05 
101Ru 441010 1.34E-09 3.31E-06 6.62E-06 9.91E-06 1.32E-05 1.64E-05 1.96E-05 
1o'Rh 451030 9.53E-10 2.48E-06 5.08E-06 7.67E-06 1.02E-05 1.27E-05 1.51E-05 
1oaAg 471090 2.21E-11 1.63E-07 4.60E-07 8.26E-07 1.23E-06 1.67E-06 2.12E-06 
143Nd 601430 1.44E-09 3.37E-06 6.49E-06 9.44E-06 1.23E-05 1.50E-05 1.76E-05 
14sNd 601450 9.92E-10 2.32E-06 4.48E-06 6.52E-06 8.47E-06 1.03E-05 1.21E-05 
147Sm 621470 4.42E-10 9.61E-07 1.75E-06 2.42E-06 3.00E-06 3.52E-06 3.98E-06 
14asm 621490 2.97E-10 1.88E-07 2.56E-07 3.16E-07 3.71E-07 4.22E-07 4.70E-07 
1&osm 621500 8.23E-15 5.97E-07 1.41E-06 2.28E-06 3.18E-06 4.10E-06 5.01E-06 
1s1Sm 621510 1.21E-10 2.37E-07 4.14E-07 5.68E-07 7.11E-07 8.48E-07 9.83E-07 
1szsm 621520 8.05E-11 2.81E-07 6.28E-07 9.83E-07 1.33E-06 1.66E-06 1.98E-06 
1s1Eu 631510 4.76E-12 9.50E-09 1.69E-08 2.33E-08 2.94E-08 3.53E-08 4.12E-08 
1~u 631530 5.64E-11 1.65E-07 3.96E-07 6.78E-07 9.98E-07 1.34E-06 1.70E-06 
1ssGd 641550 7.15E-12 9.62E-09 1.62E-08 2.38E-08 3.33E-08 4.49E-08 5.86E-08 
233u 922330 6.67E-15 1.54E-11 2.85E-11 3.95E-11 4.89E-11 5.70E-11 6.39E-11 
234u 922340 5.08E-06 4.71E-06 4.39E-06 4.11E-06 3.87E-06 3.65E-06 3.45E-06 
z'su 922350 6.06E-04 5.49E-04 5.03E-04 4.63E-04 4.28E-04 3.97E-04 3.70E-04 
z3Gu 922360 2.78E-06 1.68E-05 2.81E-05 3.75E-05 4.56E-05 5.25E-05 5.86E-05 
Z3'tJ 922380 2.33E-02 2.32E-02 2.31E-02 2.31E-02 2.30E-02 2.29E-02 2.28E-02 

237Np 932370 2.42E·10 8.50E-07 2.02E-06 3.38E-06 4.84E-06 6.36E-06 7.89E-06 
23Gpu 942380 8.17E-18 3.22E-08 1.53E-07 3.77E-07 7.08E-07 1.15E-06 1.69E-06 
239pu 942390 3.63E-08 7.81E-05 1.40E-04 1.92E-04 2.38E-04 2.80E-04 3.17E-04 
240pu 942400 3.98E-13 3.30E-06 9.12E-06 1.58E-05 2.28E-05 3.01E-05 3.75E-05 
z41pu 942410 3.68E-18 6.15E-07 2.77E-06 5.89E-06 9.52E-06 1.34E-05 1.74E-05 
242pu 942420 2.56E-23 1.37E-08 1.17E-07 3.56E-07 7.32E-07 1.23E-06 1.84E-06 
241Arn 952410 9.99E-19 1.70E-07 7.82E-07 1.70E-06 2.80E-06 4.02E-06 5.32E-06 

242m Am 952421 1.23E-29 2.12E-11 3.47E-10 1.52E-09 4.00E-09 8.10E-09 1.40E-08 
243Am 952430 2.12E-28 4.06E-10 7.12E-09 3.29E-08 9.01E-08 1.88E-07 3.31E-07 
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Table 20. BWR Isotopics as a Function of2.5 wt% 235U and Bumup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam - em) 

Bum up Burn up Bum up Burn up Bum up Bum up Bum up 
SAS2H GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.72E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

15Mo 420950 2.34E-05 2.65E-05 3.24E-05 3.79E-05 4.32E-05 4.82E-05 5.30E-05 
g'Tc 430990 2.44E-05 2.75E-05 3.35E-05 3.93E-05 4.48E-05 S.OOE-05 S.SOE-05 

101Ru 441010 2.27E-05 2.58E-05 3.19E-05 3.79E-05 4.38E-05 4.96E-05 5.53E-05 
103Rh 451030 1.70E-05 1.89E-05 2.25E-05 2.59E-05 2.90E-05 3.19E-05 3.45E-05 
1o1Ag 471090 2.45E-06 2.82E-06 3.63E-06 4.50E-06 5.41E-06 6.33E-06 7.26E-06 
143Nd 601430 2.03E-05 2.27E-05 2.72E-05 3.10E-05 3.44E-05 3.74E-05 3.99E-05 
145Nd 601450 1.40E-05 1.57E-05 1.90E-05 2.21E-05 2.49E-05 2.76E-05 3.01E-05 
1•1sm 621470 4.36E-06 4.70E-06 5.31E-06 5.82E-06 6.23E-06 6.57E-06 6.85E-06 
,"'sm 621490 4.91E-07 5.10E-07 5.42E-07 5.69E-07 5.93E-07 6.14E-07 6.34E-07 
1SOSm 621500 5.94E-06 6.85E-06 8.61E-06 1.03E-05 1.19E-05 1.34E-05 1.49E-05 
1s1Sm 621510 1.08E-06 1.17E-06 1.35E-06 1.52E-06 1.69E-06 1.84E-06 1.99E-06 
1sz5m 621520 2.25E-06 2.51E-06 2.99E-06 3.44E-06 3.86E-06 4.25E-06 4.61E-06 
1s1Eu 631510 4.53E-08 4.93E-08 5.69E-08 6.42E-08 7.12E-08 7.79E-08 8.43E-08 
1s3Eu 631530 2.05E-06 2.42E-06 3.16E-06 3.90E-06 4.61E-06 5.29E-06 5.93E-06 
1ssGd 641550 7.30E-08 8.96E-08 1.28E-07 1.72E-07 2.19E-07 2.68E-07 3.17E-07 
z33u 922330 6.69E-11 6.96E-11 7.40E-11 7.75E-11 8.02E-11 8.23E-11 8.41E-11 
zs.u 922340 3.32E-06 3.19E-06 2.96E-06 2.77E-06 2.62E-06 2.49E-06 2.40E-06 
235u 922350 3.30E-04 2.95E-04 2.36E-04 1.90E-04 1.52E-04 1.22E-04 9.72E-05 
z•u 922360 6.31E-05 6.69E-05 7.29E-05 7.70E-05 7.96E-05 8.10E-05 8.15E-05 
23su 922380 2.27E-02 2.27E-02 2.25E-02 2.24E-02 2.23E-02 2.22E-02 2.20E-02 

zs1Np 932370 9.22E-06 1.05E-05 1.28E-05 1.50E-05 1.69E-05 1.85E-05 2.00E-05 
zuPu 942380 2.22E-06 2.82E-06 4.20E-06 5.80E-06 7.60E-06 9.54E-06 1.16E-05 
239pu 942390 3.36E-04 3.52E-04 3.76E-04 3.94E-04 4.08E-04 4.19E-04 4.28E-04 
240pu 942400 4.23E-05 4.70E-05 5.63E-05 6.54E-05 7.39E-05 8.17E-05 8.89E-05 
241pu 942410 2.02E-05 2.33E-05 2.95E-05 3.53E-05 4.03E-05 4.47E-05 4.85E-05 
z42pu 942420 2.39E-06 3.13E-06 S.OOE-06 7.26E-06 9.80E-06 1.25E-05 1.54E-05 
241Am 952410 6.25E-06 7.30E-06 9.48E-06 1.16E-05 1.35E-05 1.51E-05 1.66E-05 

242m Am 952421 1.92E-08 2.64E-08 4.42E-08 6.43E-08 8.50E-08 1.05E-07 1.24E-07 
243Am 952430 4.88E-07 7.32E-07 1.47E-06 2.52E-06 3.83E-06 5.35E-06 7.02E-06 
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Table 20. BWR Isotopics as a Function of2.5 wt% 235U and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn - em) 

SAS2H 
Burnup Bum up Burn up Burn up Bum up Bum up 

GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

110 80160 4.61E-02 4.59E-02 4.57E-02 4.55E-02 4.53E-02 4.51E-02 
95Mo 420950 5.76E-05 6.20E-05 6.62E-05 7.03E-05 7.43E-05 7.81E-05 
'!lye 430990 5.98E-05 6.43E-05 6.87E-05 7.29E-05 7.69E-05 8.08E-05 

101Ru 441010 6.09E-05 6.63E-05 7.17E-05 7.70E-05 8.22E-05 8.72E-05 
1o3Rh 451030 3.68E-05 3.89E-05 4.09E-05 4.26E-05 4.42E-05 4.56E-05 
1osAg 471090 8.19E-06 9.10E-06 1.00E-05 1.09E-05 1.17E-05 1.26E-05 
14:sNd 601430 4.22E-05 4.42E-05 4.59E-05 4.75E-05 4.89E-05 5.02E-05 
145Nd 601450 3.24E-05 3.47E-05 3.68E-05 3.88E-05 4.07E-05 4.25E-05 
147Sm 621470 7.08E-06 7.27E-06 7.43E-06 7.57E-06 7.68E-06 7.78E-06 
1••sm 621490 6.53E-07 6.72E-07 6.90E-07 7.09E-07 7.27E-07 7.45E-07 
1so5 m 621500 1.62E-05 1.75E-05 1.88E-05 2.00E-05 2.11E-05 2.22E-05 
151Sm 621510 2.14E-06 2.27E-06 2.40E-06 2.52E-06 2.64E-06 2.75E-06 
1sz5m 621520 4.96E-06 5.28E-06 5.58E-06 5.87E-06 6.14E-06 6.40E-06 
1s1Eu 631510 9.04E-08 9.62E-08 1.02E-07 1.07E-07 1.12E-07 1.17E-07 
1~u 631530 6.52E-06 7.07E-06 7.58E-06 8.05E-06 8.48E-06 8.89E-06 
155Gd 641550 3.66E-07 4.14E-07 4.61E-07 5.05E-07 5.48E-07 5.89E-07 
233u 922330 8.55E·11 8.67E-11 8.78E-11 8.88E-11 8.98E-11 9.06E-11 
zMu 922340 2.33E-06 2.28E-06 2.26E-06 2.24E-06 2.24E-06 2.25E-06 
z:ssu 922350 7.77E-05 6.22E-05 4.98E-05 3.99E-05 3.21E-05 2.58E-05 
z:s•u 922360 8.12E-05 8.03E-05 7.90E-05 7.73E-05 7.54E-05 7.34E-05 
z38u 922380 2.19E-02 2.18E-02 2.16E-02 2.15E-02 2.14E-02 2.13E-02 

2:s1Np 932370 2.12E-05 2.21E-05 2.29E-05 2.35E-05 2.39E-05 2.42E-05 
238Pu 942380 1.36E-05 1.57E-05 1.77E-05 1.96E-05 2.14E-05 2.30E-05 
23Bpu 942390 4.35E-04 4.40E-04 4.45E-04 4.49E-04 4.52E-04 4.54E-04 
240pu 942400 9.53E-05 1.01E-04 1.06E-04 1.11E-04 1.15E-04 1.19E-04 
241pu 942410 5.16E-05 5.43E-05 5.66E-05 5.85E-05 6.02E-05 6.16E-05 
242pu 942420 1.84E-05 2.14E-05 2.45E-05 2.75E-05 3.04E-05 3.33E-05 
241Am 952410 1.78E-05 1.89E-05 1.98E-05 2.06E-05 2.13E-05 2.19E-05 

242m Am 952421 1.42E-07 1.57E-07 1.72E-07 1.84E-07 1.96E-07 2.06E-07 
243Am 952430 8.77E-06 1.06E-05 1.24E-05 1.41E-05 1.59E-05 1.75E-05 
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Table 21. BWR Isotopics as a Function of3.0 wt% 235U and Bumup, 5 Year Decay 

Isotopic Concentrations 
atoms I (barn -em) 

Bum up Bumup Bum up Burn up Burnup Burn up Bumup 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWd/mtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
180 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.59E-09 3.81E-06 7.44E-06 1.09E-05 1.43E-05 1.75E-05 2.06E-05 

"Tc 430990 1.55E-09 3.85E-06 7.57E-06 1.12E-05 1.47E-05 1.81E-05 2.14E-05 
101Ru 441010 1.34E-09 3.31E-06 6.61 E-06 9.90E-06 1.32E-05 1.64E-05 1.96E-05 
103Rh 451030 9.41E-10 2.42E-06 4.94E-06 7.45E-06 9.93E-06 1.24E-05 1.47E-05 
1oaAg 471090 2.11E-11 1.39E-07 3.98E-07 7.23E-07 1.09E-06 1.49E-06 1.91E-06 
143Nd 601430 1.45E-09 3.42E-06 6.62E-06 9.65E-06 1.26E-05 1.53E-05 1.80E-05 
145Nd 601450 9.96E-10 2.35E-06 4.55E-06 6.64E-06 8.63E-06 1.05E-05 1.24E-05 
147Sm 621470 4.42E-10 9.73E-07 1.79E-06 2.49E-06 3.10E-06 3.64E-06 4.12E-06 
14•sm 621490 2.96E-10 2.12E-07 2.82E-07 3.43E-07 3.98E-07 4.50E-07 4.98E-07 
150Sm 621500 8.09E-15 5.64E-07 1.36E-06 2.22E-06 3.10E-06 4.01E-06 4.91E-06 
1s1Sm 621510 1.20E-10 2.41E-07 4.23E-07 5.80E-07 7.25E-07 8.62E-07 9.96E-07 
152Sm 621520 7.97E-11 2.68E-07 S.OOE-07 9.45E-07 1.29E-06 1.62E-06 1.94E-06 
1s1Eu 631510 4.71E-12 9.66E-09 1.73E-08 2.39E·08 3.01E-08 3.60E·08 4.19E-08 
1s3Eu 631530 5.54E-11 1.58E-07 3.74E-07 6.38E-07 9.39E-07 1.27E-06 1.61E-06 
,"Gd 641550 6.94E-12 9.62E-09 1.59E-08 2.30E-08 3.17E-08 4.23E-08 5.50E-08 
233u 922330 7.44E-15 1.74E-11 3.23E-11 4.51E-11 5.62E-11 6.57E-11 7.39E-11 
234u 922340 6.20E-06 5.79E-06 5.43E-06 5.10E-06 4.82E-06 4.56E-06 4.32E-06 
z3su 922350 7.28E-04 6.67E-04 6.16E-04 5.71E-04 5.32E-04 4.96E-04 4.63E-04 
zlsu 922360 3.34E-06 1.84E-05 3.09E-05 4.17E-05 5.11E-05 5.94E-05 6.66E-05 
z38u 922380 2.32E-02 2.31E-02 2.30E-02 2.30E-02 2.29E-02 2.2BE·02 2.27E-02 

237Np 932370 2.31E-10 8.19E-07 1.98E·06 3.34E-06 4.84E-06 6.42E-06 8.04E-06 
238pu 942380 6.89E-18 2.80E-08 1.36E-07 3.40E-07 6.48E-07 1.06E-06 1.58E-06 
239Pu 942390 3.28E-08 7.24E-05 1.32E-04 1.83E-04 2.28E-04 2.69E-04 3.06E-04 
24oPu 942400 3.30E-13 2.74E-06 7.82E-06 1.38E-05 2.02E-05 2.70E-05 3.39E-05 
241pu 942410 2.70E-18 4.68E-07 2.23E-06 4.92E-06 8.16E-06 1.17E-05 1.54E-05 
242pu 942420 1.59E-23 9.08E-09 8.31E-08 2.65E-07 5.66E-07 9.79E-07 1.49E-06 
241Am 952410 7.35E-19 1.30E-07 6.30E-07 1.42E-06 2.40E-06 3.51E-06 4.70E-06 

242m Am 952421 7.85E-30 1.44E-11 2.54E-10 1.17E-09 3.20E-09 6.66E-09 1.18E-08 
243Am 952430 1.19E-28 2.42E-10 4.58E-09 2.23E-08 6.37E-08 1.37E-07 2.49E-07 
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Table 21. BWR Isotopics as a Function of3.0 wt% 235U and Bumup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I {barn - em) 

Bum up Bum up Bum up Burn up Burn up Bum up Bum up 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

15Mo 420950 2.39E-05 2.71E-05 3.32E-05 3.89E-05 4.43E-05 4.95E-05 5.44E-05 

"Tc 430990 2.46E-05 2.78E-05 3.40E-05 3.98E-05 4.54E-05 5.08E-05 5.59E-05 
101Ru 441010 2.27E-05 2.57E-05 3.19E-05 3.79E-05 4.38E-05 4.96E-05 5.53E-05 
103Rh 451030 1.66E-05 1.85E-05 2.21E-05 2.55E-05 2.87E-05 3.15E-05 3.42E-05 
101Ag 471090 2.21E-06 2.56E-06 3.31E-06 4.14E-06 5.01E-06 5.90E-06 6.81E-06 
t.uNd 601430 2.08E-05 2.34E-05 2.81E-05 3.22E-05 3.58E-05 3.90E-05 4.18E-05 
145Nd 601450 1.43E-05 1.61E-05 1.95E-05 2.26E-05 2.56E-05 2.83E-05 3.09E-05 
147Sm 621470 4.53E-06 4.91E-06 5.57E-06 6.12E-06 6.57E-06 6.93E-06 7.23E-06 
14•sm 621490 5.18E-07 5.37E-07 5.68E-07 5.94E-07 6.17E-Q7 6.37E-07 6.55E-07 
150Sm 621500 5.84E-06 6.74E-06 8.50E-06 1.02E-05 1.18E-05 1.33E-05 1.48E-05 
151Sm 621510 1.09E-06 1.19E-06 1.36E-06 1.53E-06 1.70E-06 1.85E-06 2.00E-06 
152sm 621520 2.21E-06 2.47E-06 2.96E-06 3.42E-06 3.85E-06 4.25E-06 4.62E-06 
151Eu 631510 4.60E-08 S.OOE-08 5.76E-08 6.48E-08 7.18E-08 7.85E-08 8.49E-08 
153Eu 631530 1.95E-06 2.31E-Q6 3.04E-06 3.77E-06 4.48E-06 5.17E-06 5.82E-06 
155Gd 641550 6.82E-08 8.36E-08 1.20E-07 1.61E-07 2.07E-07 2.55E-07 3.04E-07 
mu 922330 7.75E-11 8.08E-11 8.64E-11 9.08E-11 9.43E-11 9.70E-11 9.92E-11 
z:wu 922340 4.16E-06 4.01E-06 3.72E-06 3.48E-06 3.27E-06 3.10E-06 2.97E-06 
z35u 922350 4.19E-04 3.80E-04 3.13E-04 2.57E-04 2.11E-04 1.72E-04 1.40E-04 
23•u 922360 7.22E-05 7.70E-05 8.49E-05 9.08E-05 9.49E-05 9.76E-05 9.91E-05 
231u 922380 2.26E-02 2.26E-02 2.25E-b2 2.23E-02 2.22E-02 2.21E-02 2.20E-02 

237Np 932370 9.43E-06 1.08E-05 1.33E-05 1.57E-05 1.79E-05 1.99E-05 2.17E-05 
231pu 942380 2.09E-06 2.67E-06 4.01E-06 5.62E-06 7.45E-06 9.47E-06 1.16E-05 
239Pu 942390 3.25E-04 3.42E-04 3.68E-04 3.87E-04 4.03E-04 4.15E-04 4.25E-04 
240Pu 942400 3.84E-05 4.30E-05 5.21E-05 6.10E-05 6.96E-05 7.77E-05 8.52E·05 
241pu 942410 1.80E-05 2.09E-05 2.69E-05 3.27E-05 3.79E-05. 4.25E-05 4.66E-05 
242Pu 942420 1.96E-06 2.59E-06 4.21E-06 6.22E-06 8.53E-06 1.11E·05 1.38E-05 
241Am 952410 5.57E-06 6.56E-06 8.66E-06 1.07E-05 1.27E-05 1.44E-05 1.60E-05 

242m Am 952421 1.64E-08 2.28E-08 3.94E-08 5.90E-08 S.OOE-08 1.01E-07 1.21E-07 
243Am 952430 3.71E-07 5.62E-07 1.16E-06 2.04E-06 3.17E-06 4.52E-06 6.04E-06 
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Table 21. BWR Isotopics as a Function of3.0 wt% 235U and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn - em} 

SAS2H 
Bum up Bum up Bum up Bum up Burnup Burn up 

GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

1110 80160 4.61E-02 4.59E-02 4.57E-02 4.55E-02 4.53E-02 4.51E-02 
vsMo 420950 5.91E-05 6.37E-05 6.80E-05 7.22E-05 7.62E-05 8.01E-05 
s'Tc 430990 6.08E-05 6.54E-05 6.99E-05 7.41E-05 7.82E-05 8.21E-05 
101Ru 441010 6.09E-05 6.64E-05 7.18E-05 7.71E-05 8.23E-05 8.74E-05 
103Rh 451030 3.66E-05 3.88E-05 4.08E-05 4.26E-05 4.42E-05 4.57E-05 
101Ag 471090 7.72E-06 8.63E-06 9.53E-06 1.04E-05 1.13E-05 1.21E-05 
143Nd 601430 4.42E-05 4.64E-05 4.82E-05 4.99E-05 5.13E-05 5.26E-05 
14sNd 601450 3.34E-05 3.56E-05 3.78E-05 3.98E-05 4.17E-05 4.36E-05 
147Sm 621470 7.46E-06 7.65E-06 7.81E-06 7.93E-06 8.03E-06 8.12E-06 
14'Sm 621490 6.73E-07 6.90E-07 7.07E-07 7.24E-07 7.41E-07 7.58E-07 
1so5 m 621500 1.62E-05 1.75E-05 1.88E-05 2.00E-05 2.12E-05 2.23E-05 
1s1Sm 621510 2.15E-06 2.28E-06 2.41E-06 2.54E-06 2.65E-06 2.77E-06 
152Sm 621520 4.97E-06 5.30E-06 5.60E-06 5.90E-06 6.17E-06 6.44E-06 
1s1Eu 631510 9.10E-08 9.68E-08 1.02E-07 1.08E-07 1.13E-07 1.18E-07 
153Eu 631530 6.42E-06 6.99E-06 7.51E-06 B.OOE-06 8.45E-06 8.87E-06 
15sGd 641550 3.54E-07 4.03E-07 4.51E-07 4.97E-07 5.42E-07 5.85E-07 
z33u 922330 1.01E-10 1.03E-10 1.04E-10 1.05E-10 1.06E-10 1.07E-10 
z34u 922340 2.86E-06 2.78E-06 2.73E-06 2.69E-06 2.67E-06 2.66E-06 
z3su 922350 1.14E-04 9.27E-05 7.52E-05 6.09E-05 4.94E-05 4.01E-05 
z36u 922360 9.95E-05 9.92E-05 9.83E-05 9.68E-05 9.50E-05 9.28E-05 
z:sau 922380 2.19E-02 2.11E-02 2.16E-02 2.15E-02 2.14E-02 2.12E-02 

237Np 932370 2.32E-05 2.45E-05 2.55E-05 2.64E-05 2.70E-05 2.75E-05 
z:saPu 942380 1.39E-05 1.61E-05 1.84E-05 2.05E-05 2.26E-05 2.46E-05 
zssPu 942390 4.32E-04 4.39E-04 4.44E-04 4.48E-04 4.52E-04 4.55E-04 
240pu 942400 9.21E-05 9.83E-05 1.04E-04 1.09E-04 1.14E-04 1.18E-04 
z41Pu 942410 S.OOE-05 5.30E-05 5.56E-05 5.77E-05 5.96E·05 6.12E·05 
242Pu 942420 1.66E-05 1.95E-05 2.25E-05 2.54E·05 2.84E-05 3.12E-05 
241Am 952410 1.73E-05 1.85E-05 1.96E-05 2.05E-05 2.12E-05 2.19E-05 

242m Am 952421 1.40E-07 1.57E-07 1.73E-07 1.86E-07 1.99E-07 2.10E-07 
243Am 952430 7.67E-06 9.38E-06 1.11E-05 1.29E-05 1.46E-05 1.63E-05 
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Table 22. BWR Isotopics as a Function of3.5 wt% 235U and Bumup, 5 Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Burnup Bum up Burnup Burn up Bum up Bum up 
SAS2H GWd/mtU GWdlmtU GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
1&0 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

asMo 420950 1.60E-09 3.85E-06 7.53E-06 1.11E-05 1.45E-05 1.78E-05 2.10E-05 

"Tc 430990 1.56E-09 3.87E-06 7.61E-06 1.12E-05 1.48E-05 1.82E-05 2.16E-05 
101Ru 441010 1.34E-09 3.31E-06 6.61E-06 9.89E-06 1.31E-05 1.64E-05 1.96E-05 
1o3Rh 451030 9.32E-10 2.37E-06 4.83E-06 7.28E-06 9.71E-06 1.21E-05 1.44E-05 
1D9Ag 471090 2.03E-11 1.22E-07 3.49E-07 6.39E-07 9.73E-07 1.34E-06 1.73E-06 
143Nd 601430 1.45E-09 3.46E-06 6.72E-06 9.82E-06 1.28E-05 1.57E-05 1.84E-05 
14sNd 601450 9.98E-10 2.37E-06 4.60E-06 6.73E-06 8.77E-06 1.07E-05 1.26E-05 
147sm 621470 4.42E-10 9.83E-07 1.82E-06 2.54E-06 3.18E-06 3.75E-06 4.26E-06 
149Sm 621490 2.95E-10 2.38E-07 3.10E-07 3.73E-07 4.29E-07 4.80E-07 5.28E-07 
1SOSm 621500 7.99E-15 5.33E-07 1.31E-06 2.15E-06 3.03E-06 3.92E-06 4.82E-06 
1s1Sm 621510 1.19E-10 2.44E-07 4.32E-07 5.92E-07 7.39E-07 8.77E-07 1.01E-06 
152Sm 621520 7.91E-11 2.57E-07 5.76E-07 9.12E-07 1.25E-06 1.58E-06 1.90E-06 
tstEu 631510 4.68E-12 9.80E-09 1.76E-08 2.45E-08 3.08E-08 3.68E-08 4.26E-08 
t"Eu 631530 5.46E-11 1.53E-07 3.56E-07 6.04E-07 8.89E-07 1.20E-06 1.53E-06 
tssGd 641550 6.78E-12 9.68E-09 1.57E-08 2.24E-08 3.04E-08 4.03E-08 5.20E-08 
zssu 922330 8.18E-15 1.92E-11 3.60E-11 5.05E-11 6.31E-11 7.40E-11 8.35E-11 
234u 922340 7.32E-06 6.88E-06 6.48E-06 6.13E-06 5.80E-06 5.50E-06 5.23E-06 
23su 922350 8.49E-04 7.86E-04 7.31E-04 6.82E-04 6.38E-04 5.98E-04 5.61E-04 
23•u 922360 3.90E-06 1.98E-05 3.34E-05 4.53E-05 5.59E-05 6.53E-05 7.37E-05 
2~ 922380 2.31E-02 2.30E-02 2.29E-02 2.28E-02 2.28E-02 2.27E-02 2.26E-02 

zs1Np 932370 2.23E-10 7.92E-07 1.93E-06 3.29E-06 4.81E-06 6.42E-06 8.10E-06 
zsaPu 942380 5.97E-18 2.47E-08 1.22E-07 3.08E-07 5.93E-07 9.82E-07 1.48E-06 
2311pu 942390 3.01E-08 6.77E-05 1.24E-04 1.74E-04 2.18E-04 2.59E-04 2.96E-04 
z4upu 942400 2.82E-13 2.32E-06 6.78E-06 1.21E-05 1.80E-05 2.43E-05 3.06E-05 
241pu 942410 2.08E-18 3.65E-07 1.82E-06 4.15E-06 7.03E-06 1.02E-05 1.37E-05 
242pu 942420 1.06E-23 6.23E-09 6.05E-08 2.01E-07 4.42E-07 7.83E-07 1.22E-06 
241Am 952410 5.65E-19 1.01E-07 5.15E-07 1.20E-06 2.07E-06 3.07E-06 4.17E-06 

242m Am 952421 5.33E-30 1.02E-11 1.90E-10 9.15E-10 2.58E-09 5.51E-09 9.92E-09 
243Am 952430 7.21E-29 1.51E-10 3.04E-09 1.55E-08 4.58E-08 1.02E-07 1.89E-07 
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Table 22. BWR !so topics as a Function of 3.5 wt% 23Su and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I {barn -em) 

Bum up Bum up Burnup Bum up Bum up Bum up Bum up 
SAS2H GWd/mtU GWd/mtU GWdlmtU GWdlmtU GWd/mtU GWd/mtu GWd/mtU 

Isotope ID 17.5 20 25 30 35 40 45 
160 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

85Mo 420950 2.44E-05 2.76E-05 3.38E-05 3.97E-05 4.53E-05 5.07E-05 5.58E-05 

"Tc 430990 2.49E-05 2.81E-05 3.44E-05 4.03E-05 4.61E-05 5.15E-05 5.67E-05 
101Ru 441010 2.27E-05 2.57E-05 3.19E-05 3.79E-05 4.38E-05 4.97E-05 5.54E-05 
103Rh 451030 1.63E-05 1.82E-05 2.18E-05 2.52E-05 2.83E-05 3.13E-05 3.40E-05 
1o9Ag 471090 2.01E-06 2.33E-06 3.04E-06 3.82E-06 4.64E-06 5.50E-06 6.38E-06 
143Nd 601430 2.13E-05 2.39E-05 2.88E-05 3.32E-05 3.71E-05 4.05E-05 4.35E-05 
145Nd 601450 1.45E-05 1.64E-05 1.99E-05 2.31E-05 2.62E-05 2.90E-05 3.17E-05 
147Sm 621470 4.70E-06 5.11E-06 5.82E-06 6.42E-06 6.91E-06 7.30E-06 7.62E-06 
149Sm 621490 5.49E-07 5.68E-07 5.99E-07 6.24E-07 6.45E-07 6.63E-07 6.80E-07 
150Sm 621500 5.73E-06 6.63E-06 8.39E-06 1.01E-05 1.17E-05 1.33E-05 1.48E-05 
1s1Sm 621510 1.11E-06 1.20E-06 1.38E-06 1.55E-06 1.71E-06 1.86E-06 2.01E-06 
152Sm 621520 2.17E-06 2.44E-06 2.94E-b6 3.40E-06 3.84E·06 4.25E-06 4.63E-06 
1s1Eu 631510 4.69E-08 5.08E-08 5.84E-08 6.56E-08 7.25E-08 7.92E-08 8.56E-08 
1s3Eu 631530 1.86E-06 2.21E-06 2.92E-06 3.64E-06 4.36E-06 5.05E-06 5.70E-06 
155Gd 641550 6.42E-08 7.65E-08 1.12E-07 1.52E-07 1.96E-07 2.43E-07 2.92E-07 
233u 922330 8.78E-11 9.18E·11 9.85E-11 1.04E·10 1.08E-10 1.12E-10 1.14E-10 
234u 922340 5.05E-06 4.86E-06 4.53E-06 4.24E-06 3.98E-06 3.76E-06 3.58E-06 
235u 922350 5.14E-04 4.71E-04 3.96E-04 3.32E-04 2.77E-04 2.30E-04 1.91E-04 
238u 922360 8.02E-05 8.61E-05 9.59E-05 1.03E-04 1.09E-04 1.13E-04 1.16E-04 
z3au 922380 2.25E-02 2.25E-02 2.24E-02 2.23E-02 2.22E-02 2.20E-02 2.19E-02 

237Np 932370 9.52E-06 1.09E-05 1.37E-05 1.63E-05 1.87E-05 2.09E-05 2.30E-05 
238pu 942380 1.96E-06 2.50E-06 3.80E-06 5.38E-06 7.21E-06 9.26E-06 1.15E-05 
2uPu 942390 3.15E-04 3.32E-04 3.59E-04 3.80E-04 3.97E-04 4.10E-04 4.21E-04 
240pu 942400 3.51E-05 3.94E-05 4.82E-05 5.70E-05 6.56E-05 7.38E-05 8.15E-05 
241pu 942410 1.61E-05 1.88E-05 2.46E-05 3.03E-05 3.56E-05 4.03E-05 4.46E-05 
242pu 942420 1.61E-06 2.15E-06 3.56E-06 5.35E-06 7.44E-06 9.77E-06 1.23E-05 
241Am 952410 4.97E-06 5.90E-06 7.91E-06 9.95E-06 1.19E-05 1.37E-05 1.54E-05 

242m Am 952421 1.40E-08 1.98E-08 3.52E-08 5.42E·08 7.50E-08 9.66E-08 1.18E-07 
243Am 952430 2.84E-07 4.36E-07 9.19E-07 1.65E-06 2.63E-06 3.82E-06 5.19E-06 
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Table 22. BWR Isotopics as a Function of 3.5 wt% 23SU and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam - em) 

SAS2H 
Bumup Bumup Bum up Bum up Bumup Bum up 

GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

110 80160 4.61E-02 4.59E-02 4.57E-02 4.55E-02 4.53E-02 4.51E-02 
tsMo 420950 6.06E-05 6.53E-05 6.97E-05 7.40E-05 7.81E-05 8.21E-05 

99-rc 430990 6.17E-05 6.65E-05 7.10E-05 7.53E-05 7.95E-05 8.35E-05 
101Ru 441010 6.10E-05 6.65E-05 7.19E-05 7.72E-05 8.24E-05 8.75E-05 
103Rh 451030 3.64E-05 3.87E-05 4.07E-05 4.26E-05 4.43E-05 4.58E-05 
101Ag 471090 7.28E-06 8.17E-06 9.07E-06 9.95E-06 1.08E-05 1.17E-05 
143Nd 601430 4.62E-05 4.85E-05 5.05E-05 5.23E-05 5.38E-05 5.52E-05 
145Nd 601450 3.42E-05 3.66E-05 3.88E-05 4.09E-05 4.28E-05 4.47E-05 
147Sm 621470 7.87E-06 8.06E-06 8.22E-06 8.33E-06 8.42E-06 8.49E-06 
149Sm 621490 6.96E-07 7.11E-07 7.27E-07 7.42E-07 7.58E-07 7.74E-07 
1sosm 621500 1.62E-05 1.75E-05 1.88E-05 2.01E-05 2.12E-05 2.24E-05 
1s1Sm 621510 2.16E-06 2.29E-06 2.43E-06 2.55E-06 2.67E-06 2.78E-06 
1szsm 621520 4.98E-06 5.32E-06 5.63E-06 5.93E-06 6.21E-06 6.47E-06 
1s1Eu 631510 9.17E-08 9.76E-08 1.03E-07 1.09E-07 1.14E-07 1.19E-Q7 
153Eu 631530 6.32E-06 6.90E-06 7.45E-06 7.95E-06 8.41E-06 8.84E-06 
1ssGd 641550 3.42E-07 3.92E-07 4.41E-07 4.88E-07 5.35E-07 5.79E-07 
z33u 922330 1.17E-10 1.19E-10 1.20E-10 1.21E-10 1.23E-10 1.24E-10 
z34u 922340 3.44E-06 3.32E-06 3.24E-06 3.17E-06 3.13E-06 3.10E-06 
z35u 922350 1.58E-04 1.30E-04 1.07E-04 8.78E-05 7.20E-05 5.89E-05 
236u 922360 1.18E·04 1.18E-04 1.18E·04 1.17E-04 1.15E-04 1.13E-04 
z38u 922380 2.18E-02 2.17E-02 2.16E-02 2.14E-02 2.13E-02 2.12E-02 

237Np 932370 2.48E-05 2.64E-05 2.77E-05 2.89E-05 2.98E-05 3.05E-05 
z:saPu 942380 1.38E-05 1.63E-05 1.87E-05 2.11E-05 2.35E-05 2.57E-05 
z3spu 942390 4.30E-04 4.37E-04 4.43E-04 4.48E-04 4.52E-04 4.55E-04 
z4opu 942400 8.87E-05 9.53E-05 1.01E-04 1.07E-04 1.12E-04 1.16E-04 
z41pu 942410 4.83E-05 5.16E-05 5.44E-05 5.68E-05 5.89E-05 6.07E-05 
z42pu 942420 1.50E-05 1.77E-05 2.06E-05 2.35E-05 2.64E-05 2.92E-05 
241Am 952410 1.68E-05 1.81E-05 1.92E-05 2.02E-05 2.11E-05 2.18E-05 

242m Am 952421 1.38E-07 1.56E-07 1.73E-07 1.88E-07 2.02E-07 2.14E-07 
243Am 952430 6.70E-06 8.30E-06 9.97E-06 1.17E-05 1.34E-05 1.50E-05 
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Table 23. BWR lsotopics as a Function of 4.0 wt% 235U and Burnup, 5 Year Decay 

Isotopic Concentrations 
atoms I (bam -em} 

Bum up Bum up Bum up Bum up Bum up Bum up Bum up 
SAS2H GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU 

Isotope 10 0.001 2.5 5.0 7.5 10 12.5 15 
110 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.61E-09 3.88E-06 7.61E-06 1.12E-05 1.47E-05 1.81E-05 2.13E-05 
a~c 430990 1.56E-09 3.88E-06 7.65E-06 1.13E-05 1.49E-05 1.83E-05 2.17E-05 
101Ru 441010 1.34E-09 3.31E-06 6.60E-06 9.88E-06 1.31E-05 1.63E-05 1.95E-05 
1o3Rh 451030 9.24E-10 2.33E-06 4.74E-06 7.14E-06 9.52E-06 1.19E-05 1.42E-05 
1oeAg 471090 1.97E-11 1.09E-07 3.10E-07 5.71E-07 8.75E-07 1.21E-06 1.57E-06 
143Nd 601430 1.46E-09 3.49E-06 6.80E-06 9.97E-06 1.30E-05 1.59E·05 1.88E-05 
145Nd 601450 1.00E-09 2.38E-06 4.64E-06 6.81E-06 8.88E-06 1.09E-05 1.28E-05 
147Sm 621470 4.42E-10 9.92E-07 1.85E-06 2.59E-06 3.26E-06 3.85E-06 4.39E-06 
1••sm 621490 2.94E-10 2.63E-07 3.41E-07 4.05E-07 4.61E-07 5.14E-07 5.62E-07 
150Sm 621500 7.92E-15 5.01E-07 1.27E-06 2.09E-06 2.95E-06 3.84E-06 4.73E-06 
1s1Sm 621510 1.18E-10 2.46E-07 4.39E-07 6.04E-07 7.53E-07 8.92E-07 1.03E-06 
1s2Sm 621520 7.86E-11 2.49E-07 5.56E-07 8.83E-07 1.21E-06 1.54E-06 1.86E-06 
1s1Eu 631510 4.65E-12 9.91E-09 1.80E-08 2.50E-08 3.14E-08 3.75E-08 4.34E-08 
153Eu 631530 5.39E-11 1.48E-07 3.42E-07 5.77E-07 8.47E-07 1.14E-06 1.46E-06 
1ssGd 641550 6.64E-12 9.77E-09 1.57E-08 2.20E-08 2.95E-08 3.87E-08 4.96E-08 
233u 922330 8.90E-15 2.10E-11 3.95E-11 5.56E-11 6.97E-11 8.20E-11 9.28E-11 
2l4u 922340 8.46E-06 7.99E-06 7.57E-06 7.17E-06 6.82E-06 6.49E-06 6.18E-06 
z3su 922350 9.70E-04 9.05E-04 8.47E-04 7.95E-04 7.47E-04 7.03E-04 6.62E-04 
ntu 922360 4.45E-06 2.10E-05 3.55E-05 4.84E-05 6.01E-05 7.06E-05 8.01E-05 

ntu 922380 2.30E-02 2.29E-02 2.28E-02 2.27E-02 2.27E-02 2.26E-02 2.25E-02 
n1Np 932370 2.16E-10 7.68E-07 1.88E-06 3.23E-06 4.75E-06 6.38E-06 8.09E-06 
ntpu 942380 5.28E-18 2.20E-08 1.10E-07 2.80E-07 5.44E-07 9.07E-07 1.37E-06 
231pu 942390 2.79E-08 6.37E-05 1.18E-04 1.66E-04 2.10E-04 2.49E-04 2.86E-04 
z4opu 942400 2.45E-13 1.98E-06 5.94E-06 1.08E-05 1.62E-05 2.20E-05 2.81E-05 
241pu 942410 1.65E-18 2.89E-07 1.51E-06 3.52E-06 6.09E-06 9.01E-06 1.22E-05 
242Pu 942420 7.41E-24 4.41E-09 4.49E-08 1.55E-07 3.49E-07 6.32E-07 1.00E·06 
241Am 952410 4.49E-19 8.01E-08 4.25E-07 1.01E-06 1.79E-06 2.70E-06 3.71E-06 

242m Am 952421 3.79E-30 7.36E-12 1.45E-10 7.23E-10 2.10E-09 4.58E-09 8.40E-09 
243Am 952430 4.64E-29 9.87E-11 2.08E..09 1.10E-08 3.35E-08 7.62E-08 1.45E-07 
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Table 23. BWR Isotopics as a Function of 4.0 wt% 235U and Bum up, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn -em) 

Bum up Burn up Burnup Burn up Bum up Burnup Bum up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
180 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

95Mo 420950 2.48E-05 2.81E-05 3.44E-05 4.05E-05 4.62E-05 5.17E-05 5.70E-05 

"Tc 430990 2.51E-05 2.84E-05 3.47E-05 4.08E-05 4.66E-05 5.22E-05 5.75E-05 
101Ru 441010 2.26E-05 2.57E-05 3.19E-05 3.79E-05 4.39E-05 4.97E-05 5.55E-05 
103Rh 451030 1.60E-05 1.79E-05 2.15E-05 2.49E-05 2.81E-05 3.10E-05 3.38E-05 
1o'Ag 471090 1.83E-06 2.13E-06 2.79E-06 3.53E-06 4.31E-06 5.14E-06 5.99E-06 
143Nd 601430 2.17E-05 2.44E-05 2.95E-05 3.41E-05 3.82E-05 4.19E-05 4.51E-05 
145Nd 601450 1.48E-05 1.66E-05 2.02E-05 2.36E-05 2.67E-05 2.97E-05 3.25E-05 
147Sm 621470 4.86E-06 5.29E-06 6.06E-06 6.71E-06 7.24E-06 7.67E-06 8.02E-06 
149Sm 621490 5.83E-07 6.01E-07 6.32E-07 6.56E-07 6.76E-07 6.93E-07 7.08E-07 
1sosm 621500 5.63E-06 6.53E-06 8.27E-06 9.97E-06 1.16E-05 1.32E-05 1.47E-05 
1s1Sm 621510 1.13E-06 1.22E-06 1.40E-06 1.56E-06 1.72E-06 1.88E-06 2.03E-06 
152Sm 621520 2.14E-06 2.41E-06 2.91E-06 3.39E-06 3.83E-06 4.25E-06 4.64E-06 
1s1Eu 631510 4.78E-08 5.18E-08 5.93E-98 6.65E-08 7.34E-08 8.01E-08 8.64E-08 
1s:sEu 631530 1.78E-06 2.11E-06 2.81E-06 3.53E-06 4.24E-06 4.93E-06 5.59E-06 
155Gd 641550 6.09E-08 7.41E-08 1.06E-07 1.43E-07 1.86E-07 2.31E-07 2.80E-07 
n:su 922330 9.78E-11 1.02E-10 1.10E-10 1.17E-10 1.22E-10 1.26E-10 1.30E-10 
~ 922340 5.97E-06 5.76E-06 5.38E-06 5.04E-06 4.73E-06 4.47E-06 4.25E-06 
2:JSu 922350 6.12E-04 5.66E-04 4.84E-04 4.12E-04 3.50E-04 2.96E-04 2.49E-04 
231u 922360 8.74E-05 9.42E-05 1.06E-04 1.15E-04 1.22E-04 1.28E-04 1.32E-04 
~ 922380 2.25E-02 2.24E-02 2.23E-02 2.22E-02 2.21E-02 2.20E-02 2.19E-02 

237Np 932370 9.54E-06 1.10E-05 1.38E-05 1.66E-05 1.92E-05 2.17E-05 2.40E-05 
:wPu 942380 1.82E-06 2.34E-06 3.58E-06 5.11E-06 6.91E-06 8.96E-06 1.12E-05 
nePu 942390 3.05E-04 3.22E-04 3.51E-04 3.73E-04 3.91E-04 4.05E-04 4.17E-04 
240Pu 942400 3.21E-05 3.62E-05 4.46E-05 5.32E-05 6.17E-05 7.00E-05 7.78E-05 
241pu 942410 1.44E-05 1.70E-05 2.25E-05 2.80E-05 3.33E-05 3.82E-05 4.26E-05 
242pu 942420 1.33E-06 1.79E-06 3.03E-06 4.62E-06 6.51E-06 8.64E-06 1.10E-05 
241Am 952410 4.45E-06 5.31E-06 7.23E-06 9.22E-06 1.12E-05 1.30E-05 1.47E-05 

242m Am 952421 1.20E-08 1.72E-08 3.15E-08 4.96E-08 7.03E-08 9.21E-08 1.14E-07 
243Am 952430 2.20E-07 3.41E-07 7.35E-07 1.35E-06 2.19E-06 3.24E-06 4.46E-06 
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Table 23. BWR Isotopics as a Function of 4.0 wt% 235U and Bumup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

SAS2H 
Bum up Bum up Bum up Bumup Burnup Bumup 

GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

180 80160 4.61E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
95Mo 420950 6.20E-05 6.68E-05 7.14E-05 7.57E-05 B.OOE-05 8.40E-05 

"Tc 430990 6.26E-05 6.75E-05 7.21E-05 7.66E-05 8.08E-05 8.48E-05 
101Ru 441010 6.11E-05 6.67E-05 7.21E-05 7.74E-05 8.26E-05 8.77E-05 
103Rh 451030 3.63E-05 3.86E-05 4.07E-05 4.26E-05 4.44E-05 4.60E-05 
1D9Ag 471090 6.86E-06 7.74E-06 8.62E-06 9.50E-06 1.04E-05 1.12E-05 
143Nd 601430 4.80E-05 5.05E-05 5.27E-05 5.46E-05 5.63E-05 5.77E-05 
145Nd 601450 3.50E-05 3.75E-05 3.97E-05 4.19E-05 4.39E-05 4.58E-05 
147Sm 621470 8.29E-06 8.49E-06 8.65E-06 8.76E-06 8.84E-06 8.90E-06 
148Sm 621490 7.22E-07 7.36E-07 7.50E-07 7.64E-07 7.78E-07 7.92E-07 
1so8 m 621500 1.61E-05 1.75E-05 1.88E-05 2.01E-05 2.13E-05 2.24E-05 
1s1Sm 621510 2.17E-06 2.31E-06 2.44E-06 2.57E-06 2.69E-06 2.80E-06 
152Sm 621520 5.00E-06 5.34E-06 5.66E-06 5.96E-06 6.25E-06 6.51E-06 
1s1Eu 631510 9.25E-08 9.84E-08 1.04E-07 1.09E-07 1.15E-07 1.20E-07 
153Eu 631530 6.22E-06 6.82E-06 7.37E-06 7.89E-06 8.37E-06 8.81E-06 
1ssGd 641550 3.29E-07 3.80E-07 4.30E-07 4.79E-07 5.26E-07 5.72E-07 
233u 922330 1.32E-10 1.35E-10 1.36E-10 1.38E-10 1.39E-10 1.41E-10 
z34u 922340 4.06E-06 3.91E-06 3.78E-06 3.69E-06 3.62E-06 3.57E-06 
z35u 922350 2.09E-04 1.75E-04 1.45E-04 1.21E-04 1.00E-04 8.27E-05 
238u 922360 1.35E-04 1.36E-04 1.37E-04 1.36E-04 1.35E-04 1.34E-04 
238u 922380 2.17E-02 2.16E-02 2.15E-02 2.14E-02 2.13E-02 2.11E-02 

237Np 932370 2.60E-05 2.79E-05 2.95E-05 3.10E-05 3.21E-05 3.31E-05 
238pu 942380 1.36E-05 1.62E-05 1.88E-05 2.14E-05 2.40E-05 2.65E-05 
naPu 942390 4.27E-04 4.35E-04 4.41E-04 4.47E-04 4.51E-04 4.55E-04 
24oPu 942400 8.52E-05 9.21E-05 9.85E-05 1.04E-04 1.10E-04 1.14E-04 
241Pu 942410 4.65E-05 S.OOE-05 5.31E-05 5.57E-05 5.80E-05 6.01E-05 
242pu 942420 1.35E-05 1.61E-05 1.88E-05 2.16E-05 2.45E-05 2.73E-05 
241Am 952410 1.63E-05 1.76E..Q5 1.89E-05 2.00E-05 2.09E-05 2.17E-05 

242m Am 952421 1.35E-07 1.55E..Q7 1.73E-07 1.90E-07 2.04E-07 2.17E-07 
243Am 952430 5.84E-06 7.34E-06 8.92E-06 1.05E-05 1.22E-05 1.39E-05 
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Table 24. BWR Isotopics as a Function of 4.5 wt% 235U and Burnup, 5 Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Burnup Burn up Bum up Bum up Bumup Burn up Bumup 
SAS2H GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
160 80160 4.79E-02 4.79E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.61E-09 3.90E-06 7.67E-06 1.13E-05 1.49E-05 1.83E-05 2.16E-05 

"Tc 430990 1.56E-09 3.89E-06 7.68E-06 1.14E-05 1.49E-05 1.84E-05 2.19E-05 
101Ru 441010 1.34E-09 3.31E-06 6.60E-06 9.87E-06 1.31E-05 1.63E-05 1.95E-05 
tD3Rh 451030 9.18E-10 2.31E-06 4.67E-06 7.03E-06 9.36E-06 1.17E-05 1.39E-05 
1D8Ag 471090 1.91E-11 9.82E-08 2.79E-07 5.15E-07 7.92E-07 1.10E-06 1.44E-06 
t43Nd 601430 1.46E-09 3.52E-06 6.87E-06 1.01E-05 1.32E-05 1.62E-05 1.91E-05 
t45Nd 601450 1.00E-09 2.40E-06 4.68E-06 6.87E-06 8.98E-06 1.10E-05 1.30E-05 
t47Sm 621470 4.42E-10 9.99E-07 1.87E-06 2.64E-06 3.33E-06 3.94E-06 4.50E-06 
t4tsm 621490 2.94E-10 2.89E-07 3.74E-07 4.39E-07 4.97E-07 5.49E-07 5.98E-07 
tsosm 621500 7.86E-15 4.71E-07 1.22E-06 2.03E-06 2.88E-06 3.75E-06 4.64E-06 
1s1Sm 621510 1.18E-10 2.49E-07 4.45E-07 6.14E-07 7.66E-07 9.08E-07 1.04E-06 
152Sm 621520 7.82E-11 2.42E-07 5.39E-07 8.58E-07 1.18E-06 1.50E-06 1.82E-06 
1s1Eu 631510 4.62E-12 1.00E-08 1.82E-08 2.55E-08 3.21E-08 3.83E-08 4.43E-08 
t"Eu 631530 5.34E-11 1.45E-07 3.30E-07 5.54E-07 8.11E-07 1.09E-06 1.40E-06 
t55Gd 641550 6.54E-12 9.88E-09 1.58E-08 2.18E-08 2.89E-08 3.74E-08 4.76E-08 
233u 922330 9.60E-15 2.27E-11 4.28E-11 6.06E-11 7.62E-11 8.98E-11 1.02E-10 
zuu 922340 9.61E-06 9.12E-06 8.67E-06 8.25E-06 7.86E-06 7.50E-06 7.16E-06 
235u 922350 1.09E-03 1.02E-03 9.64E-04 9.09E-04 8.58E-04 8.10E-04 7.66E-04 
236u 922360 5.01E-06 2.21E-05 3.74E-05 5.12E-05 6.38E-05 7.52E-05 8.57E-05 
238u 922380 2.29E-02 2.28E-02 2.27E-02 2.26E-02 2.26E-02 2.25E-02 2.24E-02 

237Np 932370 2.11E-10 7.47E-07 1.83E-06 3.16E-06 4.67E-06 6.31E-06 8.03E-06 
238pu 942380 4.74E-18 1.98E-08 9.97E-08 2.56E-07 5.00E-07 8.38E-07 1.27E-06 
23tpu 942390 2.60E-08 6.02E-05 1.12E-04 1.59E-04 2.02E-04 2.41E-04 2.77E-04 
24Dpu 942400 2.17E-13 1.72E-06 5.24E-06 9.64E-06 1.46E-05 2.00E-05 2.56E-05 
241pu 942410 1.34E-18 2.33E-07 1.26E-06 3.01E-06 5.30E-06 7.95E-06 1.08E-05 
242pu 942420 5.38E-24 3.21E-09 3.40E-08 1.21E-07 2.79E-07 5.14E-07 8.26E-07 
241Am 952410 3.66E-19 6.46E-08 3.55E-07 8.67E-07 1.55E-06 2.38E-06 3.30E-06 

242m Am 952421 2.79E-30 5.46E-12 1.12E-10 5.76E-10 1.72E-09 3.82E-09 7.13E-09 
243Am 952430 3.13E-29 6.66E-11 1.46E-09 7.95E-09 2.49E-08 5.78E-08 1.12E-07 
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Table 24. BWR Isotopics as a Function of 4.5 wt% 235U and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Bumup Bum up Burn up Bum up Bum up Bumup Bum up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

95Mo 420950 2.51E-05 2.85E-05 3.49E-05 4.11E-05 4.70E-05 5.27E-05 5.81E-05 
~~c 430990 2.53E-05 2.86E-05 3.50E-05 4.12E-05 4.72E-05 5.29E-05 5.83E-05 
101Ru 441010 2.26E-05 2.58E-05 3.19E-05 3.80E-05 4.39E-05 4.98E-05 5.56E-05 
1o3Rh 451030 1.58E-05 1.77E-05 2.12E-05 2.46E-05 2.78E-05 3.08E-05 3.36E-05 
109Ag 471090 1.68E-06 1.95E-06 2.58E-06 3.27E-06 4.02E-06 4.81E-06 5.63E-06 
143Nd 601430 2.21E-05 2.49E-05 3.01E-05 3.49E-05 3.92E-05 4.31E-05 4.66E-05 
145Nd 601450 1.50E-05 1.69E-05 2.06E-05 2.40E-05 2.72E-05 3.03E-05 3.31E-05 
1'*Tsm 621470 S.OOE-06 5.47E-06 6.29E-06 6.99E·06 7.57E-06 6.04E-06 8.42E-06 
141Sm 621490 6.19E-07 6.38E-07 6.68E-07 6.92E-07 7.11E-07 7.26E-07 7.40E-07 
150Sm 621500 5.53E-06 6.42E-06 8.16E-06 9.85E-06 1.15E-05 1.31E-05 1.46E-05 
1s1Sm 621510 1.14E-06 1.24E-06 1.41E-06 1.58E-06 1.74E-06 1.90E-06 2.04E-06 
1szsm 621520 2.10E-06 2.38E-06 2.69E-06 3.36E-06 3.83E-06 4.25E-06 4.65E-06 
151Eu 631510 4.87E-08 5.28E-08 6.04E-08 6.76E-08 7.44E-08 8.10E-08 8.74E-08 
153Eu 631530 1.71E-06 2.03E-06 2.71E-06 3.42E-06 4.12E-06 4.81E-06 5.4BE-06 
155Gd 641550 5.81E-08 7.04E-08 1.00E-07 1.36E-07 1.76E-07 2.21E-07 2.68E-07 
z33u 922330 1.08E-10 1.13E-10 1.22E-10 1.30E-10 1.36E-10 1.41E-10 1.45E-10 
z;Mu 922340 6.93E-06 6.70E-06 6.27E-06 5.88E-06 5.53E-06 5.22E-06 4.95E-06 
zuu 922350 7.13E-04 6.64E-04 5.76E-04 4.97E-04 4.28E-04 3.67E-04 3.13E-04 
z38u 922360 9.39E-05 1.01E-04 1.15E-04 1.26E-04 1.35E-04 1.42E-04 1.47E-04 
z38u 922380 2.24E-02 2.23E-02 2.22E-02 2.21E-02 2.20E-02 2.19E-02 2.18E-02 

237Np 932370 9.49E-06 1.10E-05 1.39E-05 1.67E-05 1.95E-05 2.22E-05 2.47E-05 
Z38pu 942380 1.70E-06 2.18E-06 3.37E-06 4.84E-06 6.59E-06 8.61E-06 1.09E-05 
z:wPu 942390 2.96E-04 3.14E-04 3.43E-94 3.66E-04 3.84E-04 4.00E-04 4.13E-04 
z4opu 942400 2.94E-05 3.33E-05 4.14E-05 4.97E-05 5.81E-05 6.63E-05 7.42E-05 
241pu 942410 1.29E-05 1.53E-05 2.06E-05 2.59E-05 3.11E-05 3.60E-05 4.05E-05 
z4zpu 942420 1.11E-06 1.51E-06 2.58E-06 4.00E-06 5.70E-06 7.66E-06 9.82E·06 
241Am 952410 3.99E-06 4.80E-06 6.62E-06 8.55E·06 1.05E-05 1.23E-05 1.41E-05 

242m Am 952421 1.03E-08 1.50E-08 2.82E-08 4.55E-08 6.56E-08 8.75E-08 1.10E-07 
243Am 952430 1.71E-07 2.69E-07 5.92E-07 1.11E-06 1.83E-06 2.75E-06 3.84E-06 
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Table 24. BWR Isotopics as a Function of 4.5 wt% 23SU and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

SAS2H 
Bumup Bum up Burnup Bum up Bum up Bum up 

GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

180 80160 4.62E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
·~o 420950 6.32E-05 6.82E-05 7.29E-05 7.74E-05 8.17E-05 8.59E-05 
l!lyc 430990 6.35E-05 6.85E-05 7.32E-05 7.77E-05 8.21E-05 8.62E-05 
101Ru 441010 6.13E-05 6.68E-05 7.23E-05 7.76E-05 8.28E-05 8.80E-05 
103Rh 451030 3.62E-05 3.85E-05 4.07E-05 4.27E-05 4.45E-05 4.61E-05 
101Ag 471090 6.47E-06 7.33E-06 8.19E-06 9.06E-06 9.93E-06 1.08E-05 
143Nd 601430 4.97E-05 5.24E-05 5.48E-05 5.69E-05 5.87E-05 6.03E-05 
145Nd 601450 3.58E-05 3.83E-05 4.07E-05 4.29E-05 4.50E-05 4.69E-05 
147Sm 621470 8.71E-06 8.94E-06 9.10E-06 9.22E-06 9.30E-06 9.35E-06 
14tsm 621490 7.52E-07 7.65E-07 7.76E-07 7.89E-07 8.01E-07 8.14E-07 
1sosm 621500 1.61E-05 1.75E-05 1.88E-05 2.01E-05 2.13E-05 2.25E-05 
1s1Sm 621510 2.19E-06 2.32E-06 2.46E-06 2.58E-06 2.70E-06 2.82E-06 
1s2Sm 621520 5.02E-06 5.37E-06 5.69E-06 6.00E-06 6.29E-06 6.56E-06 
1s1Eu 631510 9.35E-08 9.94E-08 1.05E-07 1.10E-07 1.16E-07 1.21E-07 
153Eu 631530 6.12E-06 6.72E-06 7.29E-06 7.82E-06 8.32E-06 8.78E-06 
1ssGd 641550 3.17E-07 3.68E-07 4.18E-07 4.68E-07 5.17E-07 5.65E-07 
233u 922330 1.48E-10 1.51E-10 1.53E-10 1.55E-10 1.56E-10 1.58E-10 
z34u 922340 4.72E-06 4.53E-06 4.37E-06 4.24E-06 4.14E·06 4.06E-06 
z35u 922350 2.66E-04 2.25E-04 1.90E-04 1.60E-04 1.34E-04 1.12E-04 
231u 922360 1.51E-04 1.54E-04 1.56E-04 1.56E-04 1.55E-04 1.54E-04 
z3au 922380 2.17E-02 2.16E-02 2.14E-02 2.13E-02 2.12E-02 2.11E-02 

237Np 932370 2.70E-05 2.91E-05 3.10E-05 3.27E-05 3.42E-05 3.54E-05 
238pu 942380 1.33E-05 1.59E-05 1.86E-05 2.14E-05 2.42E-05 2.69E-05 
z3•pu 942390 4.23E-04 4.32E-04 4.39E-04 4.46E-04 4.51E-04 4.55E-04 
24Dpu 942400 8.18E-05 8.89E-05 9.55E-05 1.02E-04 1.07E-04 1.12E-04 
241pu 942410 4.46E-05 4.83E-05 5.16E-05 5.45E-05 5.70E-05 5.92E-05 
242pu 942420 1.22E-05 1.46E-05 1.72E-05 1.99E-05 2.27E-05 2.54E-05 
241Am 952410 1.57E-05 1.71E-05 1.85E-05 1.96E-05 2.07E-05 2.16E-05 

242m Am 952421 1.32E-07 1.53E-07 1.73E-07 1.91E-07 2.07E-07 2.21E-07 
243Am 952430 5.10E-06 6.48E-06 7.96E-06 9.51E-06 1.11E-05 1.27E-05 
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Table 25. BWR Isotopics as a Function of 5.0 wt% 235U and Bumup, 5 Year Decay 

Isotopic Concentrations 
atoms I (bam - em) 

Burn up Burn up Bumup Burn up Bumup Bumup Burn up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
180 80160 4.79E-02 4.79E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

15Mo 420950 1.61E-09 3.92E-06 7.73E-06 1.14E-05 1.50E-05 1.85E-05 2.19E-05 
e'Tc 430990 1.56E-09 3.90E-06 7.70E-06 1.14E-05 1.50E-05 1.85E-05 2.20E-05 
1o1Ru 441010 1.34E-09 3.31E-06 6.60E-06 9.87E-06 1.31E-05 1.63E-05 1.95E-05 
103Rh 451030 9.12E-10 2.28E-06 4.61E-06 6.93E-06 9.23E-06 1.15E-05 1.37E-05 
1o1Ag 471090 1.87E-11 8.98E-08 2.53E-07 4.68E-07 7.22E-07 1.01E-06 1.32E-06 
143Nd 601430 1.47E-09 3.54E-06 6.93E-06 1.02E-05 1.33E-05 1.64E-05 1.93E-05 
145Nd 601450 1.00E-09 2.41E-06 4.71E-06 6.93E-06 9.06E-06 1.11E-05 1.31E-05 
147Sm 621470 4.42E-10 1.00E-06 1.89E-06 2.68E-06 3.39E-06 4.03E-06 4.61E-06 
14tsm 621490 2.93E-10 3.14E-07 4.08E-07 4.75E-07 5.34E-07 5.88E-07 6.37E-07 
1sosm 621500 7.82E-15 4.42E-07 1.17E-06 1.97E-06 2.81E-06 3.67E-Q6 4.55E-06 
151Sm 621510 1.17E-10 2.50E-07 4.51E-07 6.24E-07 7.79E-07 9.22E-Q7 1.06E-06 
152Sm 621520 7.79E-11 2.36E-07 5.25E-07 8.36E-07 1.15E-06 1.47E-06 1.79E-06 
1s1Eu 631510 4.60E-12 1.01E-08 1.85E-08 2.59E-08 3.27E-08 3.90E-08 4.51E-08 
153Eu 631530 5.30E-11 1.42E-07 3.20E-07 5.34E-07 7.80E-07 1.05E-06 1.35E-06 
155Gd 641550 6.44E-12 1.00E-08 1.59E-08 2.17E-08 2.84E-08 3.64E-08 4.60E-08 
233u 922330 1.03E-14 2.44E-11 4.61E-11 6.54E-11 8.24E-11 9.75E-11 1.11E-10 
2S4u 922340 1.08E-05 1.03E-05 9.78E-06 9.34E-06 8.92E-06 8.54E-06 8.17E-06 
235u 922350 1.21E-03 1.14E-03 1.08E-03 1.02E-03 9.70E-04 9.19E-04 8.72E-04 
23•u 922360 5.56E-06 2.32E-05 3.91E-05 5.37E-05 6.70E-05 7.93E-05 9.07E-05 
238u 922380 2.27E-02 2.27E-02 2.26E-02 2.25E-Q2 2.25E-02 2.24E-Q2 2.23E-02 

237Np 932370 2.06E-10 7.28E-07 1.79E-06 3.10E-06 4.59E-06 6.22E-06 7.95E-06 
238pu 942380 4.30E-18 1.80E-08 9.10E-08 2.35E-07 4.60E-07 7.75E-07 1.18E-06 
239pu 942390 2.45E-08 5.71E-05 1.07E-04 1.53E-04 1.94E-04 2.32E-04 2.68E-04 
240pu 942400 1.95E-13 1.50E-Q6 4.67E-06 8.67E-06 1.32E-05 1.82E-05 2.35E-05 
241pu 942410 1.12E-18 1.91E-07 1.06E-06 2.59E-06 4.63E-06 7.03E-Q6 9.69E-06 
z4zpu 942420 4.02E-24 2.39E-09 2.61E-08 9.51E-08 2.24E-Q7 4.21E-Q7 6.86E-Q7 
241Am 952410 3.03E-19 5.29E-08 2.99E-07 7.46E-07 1.36E-06 2.10E-06 2.95E-Q6 

242m Am 952421 2.11E-30 4.13E-12 8.76E-11 4.64E-10 1.41E-09 3.21E-09 6.08E-09 
243Arn 952430 2.18E-29 4.62E-11 1.04E-09 5.84E-09 1.87E-08 4.43E-08 8.72E-08 
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Table 25. BWR Isotopics as a Function of 5.0 wt% 235U and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn -em) 

Burn up Bumup Bum up Bumup Burn up Burn up Bum up 
SAS2H GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
"o 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 
9~0 420950 2.54E-05 2.88E-05 3.54E-05 4.17E-05 4.78E-05 5.36E-05 5.91E-05 
aa,-c 430990 2.54E-05 2.88E-05 3.53E-05 4.16E-05 4.76E-05 5.34E-05 5.90E-05 
101Ru 441010 2.26E-05 2.58E-05 3.19E-05 3.80E-05 4.40E-05 4.99E-05 5.57E-05 
103Rh 451030 1.56E-05 1.75E-05 2.10E-05 2.44E-05 2.76E-05 3.07E-05 3.35E-05 
toaAg 471090 1.55E-06 1.80E-06 2.38E-06 3.04E-06 3.75E-06 4.50E-06 5.29E-06 
t43Nd 601430 2.24E-05 2.53E-05 3.07E-05 3.56E-05 4.02E-05 4.43E-05 4.80E-05 
145Nd 601450 1.51E-05 1.71E-05 2.08E-05 2.44E-05 2.77E-05 3.08E-05 3.38E-05 
t47Sm 621470 5.14E-06 5.63E·06 6.51E-06 7.26E-06 7.88E-06 8.39E-06 8.81E-06 
149Sm 621490 6.58E-07 6.77E-07 7.08E-07 7.31E-07 7.49E-07 7.63E-07 7.75E-07 
t50sm 621500 5.43E-06 6.31E-06 8.05E-06 9.74E-06 1.14E-05 1.30E-05 1.45E-05 
1s1Sm 621510 1.16E-06 1.26E-06 1.43E-06 1.60E-06 1.76E-06 1.91E·06 2.06E-06 
tszsm 621520 2.07E-06 2.35E-06 2.87E-06 3.36E·06 3.82E-06 4.26E-06 4.66E-06 
1s1Eu 631510 4.97E-08 5.39E-08 6.15E-08 6.87E-08 7.56E-08 8.22E-08 8.85E-08 
153Eu 631530 1.64E-06 1.95E-06 2.62E-06 3.31E-06 4.01E-06 4.70E-06 5.37E-06 
1ssGd 641550 5.58E-08 6.73E-08 9.52E-08 1.29E-07 1.68E-07 2.11E-07 2.57E-07 
233u 922330 1.17E-10 1.23E-10 1.34E-10 1.42E-10 1.49E-10 1.55E-10 1.60E-10 
234u 922340 7.92E-06 7.67E-06 7.19E-06 6.76E-06 6.36E-06 6.01E-06 5.70E-06 
23'tJ 922350 8.17E-04 7.66E-04 6.71E-04 5.87E-04 5.11E-04 4.43E-04 3.83E-04 
23eu 922360 9.96E-05 1.08E-04 1.23E-04 1.35E-04 1.46E-04 1.55E-04 1.62E-04 
238u 922380 2.23E-02 2.22E-02 2.21E-02 2.20E-02 2.19E-02 2.18E-02 2.17E-02 

237Np 932370 9.41E-06 1.09E-05 1.39E-05 1.68E-05 1.97E-05 2.25E-05 2.52E-05 
238pu 942380 1.58E-06 2.04E-06 3.16E-06 4.57E-06 6.26E-06 8.23E-06 1.05E-05 
2'"Pu 942390 2.88E-04 3.05E-04 3.35E-04 3.59E-04 3.78E-04 3.95E-04 4.08E-04 
z4opu 942400 2.71E-05 3.08E-05 3.85E-05 4.65E·05 5.47E-05 6.28E-05 7.07E-05 
241pu 942410 1.16E-05 1.39E-05 1.89E-05 2.40E-05 2.91E-05 3.40E-05 3.86E·05 
242pu 942420 9.29E-07 1.27E-06 2.22E-06 3.47E-06 5.01E-06 6.80E-06 8.79E·06 
241Am 952410 3.59E-06 4.34E-06 6.07E-06 7.93E-06 9.82E·06 1.17E-05 1.34E-05 

242m Am 952421 8.87E-09 1.31E-08 2.52E-08 4.16E-08 6.12E-08 8.29E-08 1.06E-07 
243Am 952430 1.35E-07 2.13E-07 4.80E-07 9.15E-07 1.53E-06 2.34E-06 3.31E-06 
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Table 25. BWR Isotopics as a Function of5.0 wt% 235U and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn -em) 

Isotope SAS2H 
Burn up Bum up Bum up Bumup Bumup Bum up 

GWdlmtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU 
ID 50 55 60 65 70 75 

110 80160 4.62E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
tsMo 420950 6.44E-05 6.95E-05 7.43E-05 7.90E-05 8.34E-05 a.nE-05 

"Tc 430990 6.43E-05 6.94E-05 7.42E-05 7.89E-05 8.33E-05 8.75E-05 
101Ru 441010 6.14E-05 6.70E-05 7.24E-05 7.78E-05 8.31E-05 8.82E-05 
1o3Rh 451030 3.61E-05 3.85E-05 4.07E-05 4.27E-05 4.46E-05 4.63E-05 
1oaAg 471090 6.10E-06 6.94E-06 7.79E-06 8.64E-06 9.50E-06 1.04E-05 
143Nd 601430 5.13E-05 5.42E-05 5.68E-05 5.91E-05 6.11E-05 6.28E-05 
145Nd 601450 3.65E-05 3.91E-05 4.16E-05 4.38E-05 4.60E-05 4.80E-05 
147sm 621470 9.13E-06 9.38E-06 9.56E-06 9.69E-06 9.ne-os 9.82E-06 
149Sm 621490 7.86E-07 7.96E-07 8.06E-07 8.16E-07 8.27E-07 8.38E-07 
150Sm 621500 1.60E-05 1.74E-05 1.88E-05 2.01E-05 2.14E-05 2.26E-05 
1s1Sm 621510 2.20E-06 2.34E-06 2.47E-06 2.60E-06 2.72E-06 2.84E-06 
152Sm 621520 5.04E-06 5.39E-06 5.73E-06 6.04E-06 6.33E-06 6.61E-06 
15'Eu 631510 9.46E-08 1.00E-07 1.06E-07 1.12E-07 1.17E-07 1.22E-07 
153Eu 631530 6.01E-06 6.63E-06 7.21E-06 7.75E-06 8.26E-06 8.74E-06 
155Gd 641550 3.06E-07 3.56E-07 4.06E-07 4.57E-07 5.07E-07 5.56E-07 
233u 922330 1.64E-10 1.67E-10 1.70E-10 1.72E-10 1.74E-10 1.75E-10 
234u 922340 5.43E-06 5.19E-06 4.99E-06 4.83E-06 4.70E-06 4.59E-06 
235u 922350 3.29E-04 2.82E-04 2.41E-04 2.05E-04 1.73E-04 1.46E-04 
23&u 922360 1.67E-04 1.71E-04 1.74E-04 1.75E-04 1.75E-04 1.75E-04 
mu 922380 2.16E-02 2.15E-02 2.14E-02 2.13E-02 2.12E-02 2.10E-02 

237Np 932370 2.ne-os 3.o1E-05 3.22E-05 3.42E-05 3.59E-05 3.74E-05 
231pu 942380 1.29E-05 1.55E-05 1.83E-05 2.12E-05 2.41E-05 2.70E-05 
239pu 942390 4.20E-04 4.29E-04 4.37E-04 4.44E-04 4.50E-04 4.54E-04 
24uPu 942400 7.84E-05 8.56E-05 9.25E-05 9.88E-05 1.05E-04 1.10E-04 
241pu 942410 4.27E-05 4.66E-05 S.OOE-05 5.31E-05 5.58E-05 5.83E-05 
242pu 942420 1.10E-05 1.33E-05 1.58E-05 1.83E-05 2.10E-05 2.37E-05 
2"Am 952410 1.51E-05 1.66E-05 1.80E-05 1.93E-05 2.04E-05 2.14E-05 

242m Am 952421 1.28E-07 1.51E-07 1.71E-07 1.91E-07 2.08E-07 2.24E-07 
243Am 952430 4.45E-06 5.72E-06 7.10E-06 8.56E-06 1.01E-05 1.17E-05 
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Table 26. BWR Isotopics as a Function of 5.5 wt% 235U and Burnup, 5 Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Bum up Bum up Bum up Burn up Burn up Bum up 
SAS2H GWd/mtU GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU 

Isotope 10 0.001 2.5 5.0 7.5 10 12.5 15 
no 80160 4.79E-02 4.79E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.62E-09 3.94E-06 7.77E-06 1.15E-05 1.51E-05 1.86E-05 2.21E-05 
91Tc 430990 1.57E-09 3.91E-06 7.73E-06 1.14E-05 1.51E-05 1.86E-05 2.21E-05 

101Ru 441010 1.34E-09 3.31E-06 6.60E-06 9.86E-06 1.31E-05 1.63E-05 1.95E-05 
103Rh 451030 9.08E-10 2.26E-06 4.56E-06 6.85E-06 9.12E-06 1.14E-05 1.36E-05 
101Ag 471090 1.83E-11 8.30E-08 2.32E-07 4.28E-07 6.62E-07 9.25E-07 1.21E-06 
143Nd 601430 1.47E-09 3.56E-06 6.98E-06 1.03E-05 1.35E-05 1.66E-05 1.96E-05 
145Nd 601450 1.00E-09 2.42E-06 4.74E-06 6.97E-06 9.14E-06 1.12E-05 1.33E-05 
1"1Sm 621470 4.42E-10 1.01E-06 1.91E-06 2.71E-06 3.44E-06 4.11E-06 4.71E-06 
149Sm 621490 2.93E·10 3.38E-07 4.43E-07 5.14E-07 5.74E-07 6.29E-07 6.78E-07 
'sosm 621500 7.79E-15 4.15E·07 1.13E-06 1.92E-06 2.74E-06 3.59E-06 4.46E-06 
1s1Sm 621510 1.17E-10 2.52E-07 4.56E-07 6.33E-07 7.91E-07 9.37E-07 1.07E-06 
152Sm 621520 7.76E-11 2.31E-07 5.12E-07 8.16E-07 1.13E-06 1.44E-06 1.75E-06 
1s1Eu 631510 4.59E-12 1.01E-08 1.87E-08 2.63E-08 3.33E-08 3.98E-08 4.59E-08 
153Eu 631530 5.26E-11 1.39E-07 3.12E-07 5.17E-07 7.53E-07 1.01E-06 1.30E-06 
155Gd 641550 6.36E-12 1.01E-08 1.61E-08 2.17E-08 2.81E-08 3.57E-08 4.48E-08 
z»u 922330 1.10E-14 2.60E-11 4.93E-11 7.01E-11 8.86E-11 1.05E-10 1.19E-10 
zMu 922340 1.19E-05 1.14E-05 1.09E-05 1.04E-05 1.00E-05 9.60E-06 9.21E-06 
mu 922350 1.33E-03 1.26E-03 1.20E-03 1.14E-03 1.08E-03 1.03E-03 9.80E-04 
23eu 922360 6.12E-06 2.42E-05 4.07E-05 5.59E-05 7.00E-05 8.31E-05 9.52E-05 
z31u 922380 2.26E-02 2.25E-02 2.25E-02 2.24E-02 2.23E-02 2.23E-02 2.22E-02 

237Np 932370 2.02E-10 7.10E-07 1.75E-06 3.03E-06 4.50E-06 6.12E-06 7.84E-06 
Zllpu 942380 3.94E-18 1.65E-08 8.35E-08 2.16E-07 4.25E-07 7.19E-07 1.10E·06 
239Pu 942390 2.32E-08 5.43E-05 1.03E·04 1.47E·04 1.87E-04 2.25E-04 2.60E-04 
z40Pu 942400 1.76E-13 1.33E-06 4.18E-06 7.84E-06 1.20E-05 1.67E-05 2.16E·05 
241pu 942410 9.40E-19 1.58E-07 8.99E-07 2.24E-06 4.07E-06 6.25E-06 8.69E-06 
zo&zpu 942420 3.07E-24 1.81E-09 2.03E-08 7.58E-08 1.62E-07 3.47E-07 5.73E-07 
241Am 952410 2.55E-19 4.38E-08 2.53E-07 6.45E-07 1.19E-06 1.87E-06 2.64E-06 

242m Am 952421 1.63E-30 3.17E-12 6.93E-11 3.77E-10 1.17E-09 2.70E-09 5.19E-09 
243Am 952430 1.57E-29 3.28E-11 7.61E-10 4.36E-09 1.42E-08 3.43E-08 6.85E-08 



Engineered Systems Project 
Title: Isotopic Generation and Confirmation of the BWR Appl. Model 
Document Identifier: 32-5035847-01 

Calculation 

Page 74 of 143 

Table 26. BWR Isotopics as a Function of 5.5 wt% 235U and Bumup. 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Bumup Burn up Bum up Burn up Bum up Burn up Bum up 
SAS2H GWdlmtU GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
1110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.64E-02 

95Mo 420950 2.56E-05 2.91E-05 3.58E-05 4.22E-05 4.84E-05 5.43E-05 6.00E-05 
'lye 430990 2.56E-05 2.90E-05 3.56E-05 4.20E-05 4.81E-05 5.40E-05 5.96E-05 

101Ru 441010 2.27E-05 2.58E-05 3.19E-05 3.80E-05 4.41E-05 S.OOE-05 5.58E-05 
1osRh 451030 1.54E-05 1.73E-05 2.09E-05 2.43E-05 2.75E-05 3.05E-05 3.34E-05 
,"Ag 471090 1.43E-06 1.67E-06 2.22E-06 2.83E-06 3.51E-06 4.23E-06 4.98E-06 
143Nd 601430 2.27E-05 2.56E-05 3.12E-05 3.63E-05 4.10E-05 4.53E-05 4.92E-05 
1•sNd 601450 1.53E-05 1.73E-05 2.11E-05 2.47E·05 2.81E-05 3.13E-05 3.44E-05 
147Sm 621470 5.26E-06 5.78E·06 6.71E-06 7.51E·06 8.18E-06 8.74E-06 9.19E-06 
1411Sm 621490 7.00E-07 7.19E-07 7.50E-07 7.73E-07 7.89E-07 8.03E-07 8.13E-07 
150Sm 621500 5.34E-06 6.21E-06 7.93E-06 9.62E-06 1.13E-05 1.29E-05 1.44E-05 
151Sm 621510 1.18E-06 1.28E-06 1.46E-06 1.62E-06 1.78E-06 1.93E-06 2.08E-06 
1s2Sm 621520 2.04E-06 2.32E-06 2.85E-06 3.35E-06 3.82E-06 4.26E-06 4.67E-06 
1s1Eu 631510 5.07E-08 5.50E-08 6.28E-08 7.00E-08 7.68E-08 8.34E-08 8.97E-08 
153Eu 631530 1.58E-06 1.89E-06 2.53E-06 3.21E-06 3.90E-06 4.59E-06 5.26E-06 
1ssGd 641550 5.39E-08 6.47E-08 9.09E-08 1.23E-07 1.60E-07 2.02E-07 2.47E-07 
233u 922330 1.27E-10 1.33E-10 1.45E-W 1.55E-10 1.63E-10 1.70E-10 1.75E-10 
z34u 922340 8.93E-06 8.66E-06 8.15E-06 7.67E-06 7.23E-06 6.84E-06 6.48E-06 
Z35U 922350 9.23E-04 8.69E-04 7.70E-04 6.80E-04 5.98E-04 5.25E·04 4.58E·04 
z3•u 922360 1.05E-04 1.14E-04 1.30E-04 1.44E-04 1.56E-04 1.67E-04 1.75E·04 
23'tJ 922380 2.22E-02 2.21E-02 2.20E-02 2.19E-02 2.18E-02 2.17E-02 2.16E-02 

2s1Np 932370 9.30E·06 1.08E-05 1.38E-05 1.68E-05 1.98E-05 2.27E-05 2.56E·05 
zsaPu 942380 1.47E-06 1.91E-06 2.97E-06 4.31E·06 5.94E·06 7.85E-06 1.00E-05 
2SIIpU 942390 2.79E-04 2.97E-04 3.27E-04 3.52E-04 3.72E-04 3.89E·04 4.04E-04 
240pu 942400 2.50E-05 2.85E-05 3.59E-05 4.36E-05 5.16E-05 5.95E-05 6.74E-05 
241pu 942410 1.05E-05 1.26E-05 1.73E-05 2.23E-05 2.72E-05 3.21E-05 3.66E-05 
z•zpu 942420 7.82E-07 1.08E-06 1.91E-06 3.03E-06 4.42E-06 6.04E-06 7.89E-06 
241Am 952410 3.23E-06 3.94E-06 5.57E-06 7.36E-06 9.20E-06 1.10E-05 1.28E-05 

242m Am 952421 7.67E-09 1.14E-08 2.26E-08 3.80E-08 5.70E-08 7.84E-08 1.01E-07 
243Am 952430 1.07E-07 1.71E-07 3.91E-07 7.59E-07 1.29E-06 1.99E-06 2.86E-06 
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Table 26. BWR Isotopics as a Function of 5.5 wt% 235U and Burnup, 5 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn- em) 

Isotope SAS2H 
Burn up Bum up Bum up Burnup Burn up Bumup 

GWdlmtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU 
10 50 55 60 65 70 75 

1$0 60160 4.62E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
15Mo 420950 6.55E-05 7.07E-05 7.57E-05 8.04E-05 8.50E-05 8.94E-05 

~c 430990 6.51E-05 7.03E-05 7.52E-05 S.OOE-05 8.45E-05 8.88E-05 
101Ru 441010 6.15E-05 6.71E-05 7.26E-05 7.80E-05 8.33E-05 8.85E-05 
103Rh 451030 3.60E-05 3.84E-05 4.07E-05 4.28E-05 4.47E-05 4.65E-05 
1otAg 471090 5.77E-06 6.57E-06 7.40E-06 8.24E-06 9.08E-06 9.93E-06 
143Nd 601430 5.27E-05 5.59E-05 5.87E-05 6.11E-05 6.33E-05 6.52E-05 
148Nd 601450 3.72E-05 3.99E-05 4.24E-05 4.48E-05 4.70E-05 4.90E-05 
147Sm 621470 9.55E-06 9.83E-06 1.00E-05 1.02E-05 1.03E-05 1.03E-05 
149Sm 621490 8.23E-07 8.31E-07 8.39E-07 8.48E-07 8.56E-07 8.66E-07 
1soSm 621500 1.59E-05 1.74E-05 1.88E-05 2.01E-05 2.14E-05 2.26E-05 
1s1Sm 621510 2.22E-06 2.36E-06 2.49E-06 2.62E-06 2.74E-06 2.86E-06 
152Sm 621520 5.06E-06 5.42E·06 5.76E-06 6.08E-06 6.38E·06 6.66E-06 
1s1Eu 631510 9.58E-08 1.02E-07 1.07E-07 1.13E-07 1.18E-07 1.23E-07 
153Eu 631530 5.91E-06 6.53E-06 7.12E-06 7.68E-06 8.20E·06 8.69E-06 
155Gd 641550 2.94E-07 3.44E-07 3.95E-07 4.46E-07 4.97E-07 5.46E-07 
z33u 922330 1.80E-10 1.83E-10 1.86E-10 1.89E-10 1.91E-10 1.93E-10 
234u 922340 6.17E-06 5.89E-06 5.66E-06 5.45E-06 5.29E-06 5.15E-06 
235u 922350 3.98E-04 3.45E-04 2.97E-04 2.55E-04 2.18E-04 1.86E-04 
z311u 922360 1.82E-04 1.87E-04 1.91E-04 1.93E-04 1.95E-04 1.95E-04 
z311u 922380 2.15E-02 2.14E-02 2.13E-02 2.12E-02 2.11E-02 2.10E-02 

mNp 932370 2.83E-05 3.08E-05 3.32E-05 3.53E-05 3.73E-05 3.90E-05 
Z311pu 942380 1.24E-05 1.51E-05 1.79E-05 2.08E-05 2.38E-05 2.69E-05 
Z3'Pu 942390 4.16E-04 4.26E-04 4.35E-04 4.42E-04 4.48E-04 4.53E-04 
Z4oPu 942400 7.50E-05 8.24E-05 8.94E-05 9.60E-05 1.02E-04 1.08E-04 
241pu 942410 4.09E-05 4.48E-05 4.84E-05 5.16E-05 5.46E-05 5.72E-05 
z•zpu 942420 9.91E-06 1.21E-05 1.44E-05 1.69E-05 1.94E-05 2.20E-05 
241Am 952410 1.45E-05 1.61E-05 1.75E-05 1.88E-05 2.00E-05 2.11E-05 

242m Am 952421 1.25E-07 1.48E-07 1.70E-07 1.90E-07 2.09E-07 2.26E-07 
243Am 952430 3.88E-06 5.05E-06 6.32E-06 7.70E-06 9.15E-06 1.06E-05 
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The resulting isotopics calculated by SAS2H are presented in Tables 27 through 35 (10,000 year 
decay). Each table is based on a single enrichment and includes all selected burnup steps from 
0.001 to 75 GWdlmtU. The outputs (isotopic concentrations) are reasonable when compared to 
the inputs and outputs and are suitable for the intended use. Confirmation is provided in Section 
6.3 of this report. 

Table 27. BWR Isotopics as a Function of 1.5 wt% 23SU and Bum up, 1 OK Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bumup Bum up Bum up Bum up Bumup Bum up Bum up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU 

Isotope 10 0.001 2.5 5.0 7.5 10 12.5 15 
110 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

"Mo 420950 1.55E-09 3.59E-06 6.96E-06 1.02E-05 1.32E-05 1.62E-05 1.91E-05 
"Tc 430990 1.48E-09 3.64E-06 7.14E-06 1.05E-05 1.38E-05 1.69E-05 2.00E-05 
t01Ru 441010 1.34E-09 3.32E-06 6.66E·06 9.96E-06 1.32E-05 1.65E-05 1.97E-05 
to3Rh 451030 9.92E-10 2.68E-06 5.51E-06 8.30E-06 1.10E-05 1.36E-05 1.61E-05 
totAg 471090 2.54E-11 2.42E-07 6.51E-07 1.12E-06 1.62E-06 2.13E-06 2.65E-06 
,.,Nd 601430 1.40E-09 3.20E-06 6.11E-06 8.86E-06 1.15E-05 1.40E-05 1.65E-05 
t45Nd 601450 9.81E-10 2.23E-06 4.28E-06 6.21E·06 B.OSE-06 9.82E-06 1.15E-05 
t47Sm 621470 5.96E-10 1.25E-06 2.20E·06 2.98E·06 3.63E-06 4.19E-06 4.69E-06 
t48Sm 621490 3.02E-10 1.46E-07 2.12E-07 2.71E-07 3.25E-07 3.77E-07 4.25E-07 
1sosm 621500 8.79E-15 6.62E-07 1.51E-06 2.42E-06 3.35E-06 4.28E-06 5.20E-06 
1stsm 621510 1.83E-39 3.31E-36 5.75E-36 7.94E-36 1.00E-35 1.21E-35 1.41E-35 
152Sm 621520 8.30E-11 3.21E-07 7.03E-07 1.08E-06 1.43E-06 1.76E-06 2.08E-06 
1s1Eu 631510 1.30E-10 2.36E-07 4.10E-07 5.67E-07 7.16E-07 8.61E-07 1.00E-06 
tuEu 631530 5.98E-11 1.89E-07 4.62E-07 7.91E-07 1.15E-06 1.53E-06 1.92E-06 
teGd 641550 1.50E-11 1.88E-08 3.31E-08 5.04E-08 7.17E-08 9.71E-08 1.26E-07 
z33u 922330 9.02E-13 7.50E-09 2.41E-08 4.47E-08 6.69E-08 8.95E-08 1.12E-07 
zuu 922340 2.88E-06 2.66E-06 2.60E-06 2.68E-06 2.90E-06 3.23E-06 3.68E-06 
mu 922350 3.64E-04 3.41E-04 3.24E-04 3.11E-04 3.00E-04 2.91E·04 2.84E-04 
zuu 922360 1.67E-06 1.60E-05 2.90E-05 4.05E-05 5.09E-05 6.04E-05 6.93E-05 
zuu 922380 2.36E-02 2.35E-02 2.33E-02 2.32E-02 2.31E-02 2.30E-02 2.29E-02 

237Np 932370 2.83E-10 2.45E-06 7.96E-06 1.48E-05 2.22E-05 2.97E-05 3.71E-05 
238Pu 942380 1.40E-45 1.28E-27 4.49E-31 1.72E-30 4.16E-30 7.91E-30 1.30E-29 
239pu 942390 3.60E-08 7.02E-05 1.21E-04 1.62E-04 1.97E-04 2.28E-04 2.56E-04 
z-eoPu 942400 2.35E-13 1.79E-06 4.50E-06 7.38E-06 1.03E-05 1.32E-05 1.61E-05 
z .. ,Pu 942410 O.OOE+OO 4.29E-16 2.28E-14 1.92E-13 7.92E-13 2.24E-12 5.03E-12 
242Pu 942420 9.06E-23 3.59E-08 2.47E-07 6.62E-07 1.25E-06 1.97E-06 2.79E·06 
241Am 952410 1.25E-24 1.84E-13 1.37E-12 7.32E-12 2.69E-11 7.31E-11 1.62E-10 

242m Am 952421 1.40E-45 9.34E-28 3.28E·31 1.26E-30 3.05E-30 5.79E-30 9.51E-30 
243Am 952430 3.99E-28 5.47E-10 4.78E-02 3.02E-08 7.43E-08 1.42E-07 2.35E-07 
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Table 27. BWR Isotopics as a Function of 1.5 wt% 23SU and Burnup, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Burnup Bumup Bum up Bum up Bum up Bum up Bumup 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWd/mtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

15Mo 420950 2.22E-05 2.50E-05 3.05E·05 3.57E-05 4.06E-05 4.52E-05 4.98E-05 
"Tc 430990 2.30E-05 2.59E-05 3.15E-05 3.68E-05 4.19E-05 4.68E-05 5.14E-05 

101Ru 441010 2.28E-05 2.58E-05 3.19E-05 3.79E-05 4.38E-05 4.96E-05 5.52E-05 
103Rh 451030 1.81E-05 2.00E-05 2.36E-05 2.70E-05 3.00E-05 3.27E-05 3.51E-05 
1HAg 471090 3.04E-06 3.47E-06 4.40E-06 5.37E-06 6.34E-06 7.30E-06 8.25E-06 
143Nd 601430 1.89E-05 2.12E-05 2.50E-05 2.84E-05 3.12E-05 3.38E-05 3.60E-05 
14sNd 601450 1.32E-05 1.49E-05 1.79E-05 2.08E-05 2.34E-05 2.59E-05 2.83E-05 
147Sm 621470 5.05E-06 5.38E-06 5.96E-06 6.43E-06 6.82E-06 7.15E-06 7.44E-06 
1••sm 621490 4.47E-07 4.67E-07 5.01E-07 5.31E-07 5.57E-07 5.81E-07 6.04E-07 
1SOSm 621500 6.14E-06 7.06E-06 8.80E-06 1.05E-05 1.20E-05 1.35E-05 1.49E-05 
1s1Sm 621510 1.55E-35 1.69E·35 1.96E·35 2.21E-35 2.45E-35 2.68E·35 2.89E-35 
1S:Zsm 621520 2.34E-06 2.59E-06 3.05E·06 3.49E-06 3.89E-06 4.27E-06 4.62E-06 
1s1Eu 631510 1.11E-06 1.21E-06 1.40E-06 1.58E-06 1.75E-06 1.91E-06 2.07E-06 
153Eu 631530 2.29E-06 2.67E-06 3.44E-06 4.18E-06 4.88E-06 5.53E-06 6.14E-06 
155Gd 641550 1.57E-07 1.93E-07 2.71E-07 3.56E-07 4.43E-07 5.30E-07 6.15E-07 
2»tJ 922330 1.29E-07 1.46E-07 1.78E-07 2.05E-07 2.27E-07 2.46E-07 2.61E-07 
234u 922340 4.16E-06 4.68E-06 5.87E-06 7.22E-06 8.68E-06 1.02E-05 1.17E-05 
~ 922350 2.58E-04 2.37E-04 2.05E-04 1.82E-04 1.66E-04 1.54E-04 1.45E-04 
231u 922360 7.50E-05 8.01E-05 8.90E-05 9.63E-05 1.02E-04 1.08E-04 1.12E-04 
mu 922380 2.29E-02 2.28E-02 2.27E-02 2.25E-02 2.24E-02 2.23E-02 2.21E-02 

zuNp 932370 4.27E-05 4.84E-05 5.90E-05 6.80E-05 7.55E-05 8.17E-05 8.69E-05 
231pu 942380 1.75E-29 2.33E-29 3.62E-29 4.94E-29 6.20E-29 7.36E-29 8.42E-29 
zuPu 942390 2.70E-04 2.81E-04 2.96E-04 3.08E-04 3.17E-04 3.24E-04 3.29E-04 
240pu 942400 1.80E-05 1.98E-05 2.33E-05 2.66E-05 2.97E·05 3.26E-05 3.53E·05 
241Pu 942410 9.70E-12 1.92E-11 5.65E-11 1.23E-10 2.19E-10 3.43E-10 4.93E-10 
z•zPu 942420 3.58E-06 4.60E-06 7.05E-06 9.83E-06 1.28E-05 1.59E-05 1.91E-05 
241Am 952410 3.09E-10 6.07E-10 1.78E-09 3.86E-09 6.87E-09 1.08E-08 1.55E-08 

242m Am 952421 1.28E-29 1.70E-29 2.65E·29 3.62E-29 4.54E-29 5.39E-29 6.16E-29 
243Am 952430 3.41E-07 5.01E-07 9.50E-07 1.53E-06 2.21E-06 2.93E-06 3.68E·06 



i 
I 

I. 
i 

Engineered Systems Project 
Title: Isotopic Generation and Confirmation of the BWR Appl. Model 
Document Identifier: 32-5035847-01 

Calculation 

Page 78 of 143 

Table 27. BWR Isotopics as a Function of 1.5 wt% 235U and Burnup, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn - em) 

SAS2H 
Bum up Bumup Bumup Bumup Bum up Bumup 

GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWdlrntU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

160 80160 4.61E-02 4.59E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
15Mo 420950 5.41E-05 5.83E-05 6.25E-05 6.65E-05 7.04E-05 7.42E-05 
"Tc 430990 5.59E-05 6.02E-05 6.43E-05 6.83E-05 7.21E-05 7.58E-05 

101Ru 441010 6.08E-05 6.63E-05 7.16E-05 7.69E-05 8.21E-05 8.71E-05 
103Rh 451030 3.73E-05 3.93E-05 4.11E-05 4.28E-05 4.42E-05 4.56E-05 
1otAg 471090 9.17E-06 1.01E-05 1.09E-05 1.18E-05 1.26E-05 1.34E-05 
143Nd 601430 3.81E-05 3.99E-05 4.16E-05 4.32E-05 4.47E-05 4.61E-05 
1"'Nd 601450 3.06E-05 3.27E-05 3.48E-05 3.68E-05 3.87E-05 4.05E-05 
1"rsm 621470 7.69E-06 7.90E-06 8.10E-06 8.27E-06 8.43E-06 8.58E-06 
1"'Sm 621490 6.26E-07 6.47E-07 6.67E-07 6.87E-07 7.06E-07 7.25E-07 
150Sm 621500 1.62E-05 1.75E-05 1.87E-05 1.98E-05 2.09E-05 2.20E-05 
151Sm 621510 3.10E-35 3.29E-35 3.47E-35 3.65E-35 3.82E-35 3.98E-35 
152Sm 621520 4.95E-06 5.26E-06 5.56E-06 5.84E-06 6.11E-06 6.37E-06 
1s1Eu 631510 2.21E-06 2.35E-06 2.48E-06 2.61E-06 2.73E-06 2.84E-06 
153Eu 631530 6.69E-06 7.21E-06 7.68E-06 8.13E-06 8.53E-06 8.91E-06 
1ssGd 641550 6.97E-07 7.76E-07 8.50E-07 9.21E-07 9.88E-07 1.05E-06 
233u 922330 2.74E-07 2.84E-07 2.93E-07 3.01E-07 3.07E-07 3.13E-07 
2:Mu 922340 1.32E-05 1.47E-05 1.61E-05 1.74E-05 1.86E-05 1.97E-05 
2:ssu 922350 1.38E-04 1.33E-04 1.29E-04 1.27E-04 1.25E-04 1.23E-04 
23$u 922360 1.16E-04 1.19E-04 1.22E-04 1.24E-04 1.27E-04 1.29E-04 
mu 922380 2.20E-02 2.19E-02 2.17E-02 2.16E-02 2.15E-02 2.13E-02 
n7Np 932370 9.11E-05 9.47E-05 9.77E-05 1.00E-04 1.02E-04 1.04E-04 
231pu 942380 9.38E-29 1.03E-28 1.10E-28 1.18E-28 1.24E-28 1.31E-28 
2»pu 942390 3.34E-04 3.38E-04 3.42E-04 3.45E-04 3.48E-04 3.50E-04 
uopu 942400 3.78E-05 4.01E-05 4.24E-05 4.45E-05 4.65E-05 4.85E-05 
2"1Pu 942410 6.63E-10 8.50E-10 1.05E-09 1.26E-09 1.47E-09 1.68E-09 
242pu 942420 2.23E-05 2.54E-05 2.85E-05 3.15E-05 3.45E-05 3.73E-05 
241Am 952410 2.09E-08 2.67E-08 3.30E-08 3.95E-08 4.62E-08 5.29E-08 

242m Am 952421 6.87E-29 7.50E-29 8.08E-29 8.62E-29 9.11E-29 9.56E-29 
243Am 952430 4.43E-06 5.17E-06 5.88E-06 6.56E-06 7.21E-06 7.83E-06 
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Table 28. BWR Isotopics as a Function of2.0 wt% 235U and Bum up, 1 OK Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Bum up Bum up Bumup Bum up Bum up Bum up 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
110 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

ssMo 420950 1.57E-09 3.69E-06 7.16E-06 1.05E-05 1.37E-05 1.67E-05 1.97E-05 

"rc 430990 1.49E-09 3.68E-06 7.21E-06 1.06E-05 1.39E-05 1.71E-05 2.03E-05 
101Ru 441010 1.34E-09 3.32E-06 6.64E-06 9.93E-06 1.32E-05 1.64E-05 1.96E-05 
1osRh 451030 9.69E-10 2.56E-06 5.26E-06 7.95E-06 1.06E-05 1.31E-05 1.56E-05 
1osAg 471090 2.34E-11 1.95E-07 5.42E-07 9.56E-07 1.41E-06 1.88E-06 2.36E-06 
143Nd 601430 1.42E-09 3.30E-06 6.33E-06 9.18E-06 1.19E-05 1.45E-05 1.71E-05 
145Nd 601450 9.88E-10 2.28E-06 4.40E-06 6.39E-06 8.28E-06 1.01E-05 1.19E-05 
••rsm 621470 5.97E-10 1.27E-06 2.27E-06 3.09E-06 3.78E-06 4.37E-06 4.89E-06 
'"'sm 621490 2.99E-10 1.66E-07 2.32E-07 2.92E-07 3.46E-07 3.98E-07 4.46E-07 
150Sm 621500 8.44E-15 6.29E-07 1.46E-06 2.35E-06 3.26E-06 4.19E-06 5.11E-06 
1s1Sm 621510 1.79E-39 3.39E-36 5.90E-36 8.11E-36 1.02E-35 1.22E-35 1.42E-35 
152Sm 621520 8.15E-11 2.98E-07 6.62E-07 1.03E-06 1.38E-06 1.71E-06 2.03E-06 
1s1Eu 631510 1.28E-10 2.41E-07 4.21E-07 5.78E-07 7.27E-07 8.71E-07 1.01E-06 
1ssEu 631530 5.77E-11 1.75E-07 4.25E-07 7.29E-07 1.07E-06 1.43E-06 1.81E-06 
155Gd 641550 1.42E-11 1.83E-08 3.14E-08 4.69E-08 6.62E-08 8.94E-08 1.16E-07 
z:uu 922330 8.23E-13 6.07E-09 2.02E-08 3.88E-08 5.95E-08 8.11E-08 1.03E-07 
2S4u 922340 3.92E-06 3.64E-06 3.50E-06 3.52E-06 3.67E-06 3.95E-06 4.35E-06 
zssu 922350 4.85E-04 4.53E-04 4.29E-04 4.09E-04 3.91E-04 3.76E-04 3.63E-04 
zHu 922360 2.23E-06 1.76E-05 3.17E-05 4.44E-05 5.60E-05 6.67E-05 7.66E-05 
238u 922380 2.35E-02 2.34E-02 2.32E-02 2.31E-02 2.30E-02 2.29E-02 2.29E-02 

237Np 932370 2.58E-10 1.98E-06 6.65E-06 1.28E-05 1.97E-05 2.68E-05 3.41E-05 
238Pu 942380 O.OOE+OO 7.92E-28 3.14E-31 1.29E-30 3.27E-30 6.43E-30 1.08E-29 
23'Pu 942390 3.08E-08 6.37E-05 1.12E-04 1.52E-04 1.88E-04 2.19E-04 2.47E-04 
240pu 942400 1.75E-13 1.42E-06 3.75E-06 6.33E-06 9.02E-06 1.18E-05 1.45E-05 
241pu 942410 O.OOE+OO 1.71E-16 1.07E-14 9.97E-14 4.44E-13 1.33E-12 3.14E-12 
z•zpu 942420 4.43E-23 2.14E-08 1.66E-07 4.76E-07 9.42E-07 1.54E-06 2.24E-06 
241Am 952410 7.78E-25 1.27E-13 8.48E-13 4.18E-12 1.56E-11 4.42E-11 1.02E-10 

242m Am 952421 O.OOE+OO 5.80E-28 2.30E-31 9.47E-31 2.40E-30 4.71E-30 7.94E-30 
243Am 952430 1.66E-28 2.83E-10 4.50E-09 1.94E-08 5.07E-08 1.02E-07 1.74E-07 
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Table 28. BWR Isotopics as a Function of2.0 wt% 235U and Burnup, lOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Bumup Bum up Bum up Bum up Bumup Bum up Bum up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
180 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

95Mo 420950 2.28E-05 2.58E-05 3.15E-05 3.69E-05 4.19E-05 4.68E-05 5.14E-05 
"Tc 430990 2.33E-05 2.63E-05 3.20E-05 3.74E-05 4.26E-05 4.76E-05 5.23E-05 

101Ru 441010 2.27E-05 2.58E-05 3.19E-05 3.79E-05 4.38E-05 4.96E-05 5.52E-05 
1o3Rh 451030 1.75E-05 1.94E-05 2.30E-05 2.64E-05 2.95E-05 3.23E-05 3.48E-05 
10sAg 471090 2.72E-06 3.12E-06 3.99E-06 4.91E-06 5.85E-06 6.80E-06 7.74E-06 
143Nd 601430 1.97E-05 2.20E-05 2.62E-05 2.98E-05 3.29E-05 3.56E-05 3.80E-05 
145Nd 601450 1.36E-05 1.53E-05 1.85E-05 2.14E-05 2.42E-05 2.68E-05 2.92E-05 
147Sm 621470 5.29E-06 5.65E-06 6.27E-06 6.77E-06 7.18E-06 7.52E-06 7.80E-06 
149Sm 621490 4.67E-07 4.86E-07 5.19E-07 5.48E-07 5.73E-07 5.96E-07 6.17E-07 
150Sm 621500 6.04E-06 6.96E-06 8.71E·06 1.04E-05 1.20E-05 1.35E-05 1.49E-05 
1s1Sm 621510 1.56E-35 1.70E-35 1.96E-35 2.21E-35 2.45E-35 2.68E-35 2.90E-35 
152Sm 621520 2.29E-06 2.54E-06 3.02E-06 3.46E-06 3.87E-06 4.26E-06 4.61E-06 
1s1Eu 631510 1.11E-06 1.21E-06 1.40E-06 1.58E-06 1.75E-06 1.92E-06 2.07E-06 
153Eu 631530 2.17E-06 2.54E-06 3.30E-06 4.04E-06 4.74E-06 5.41E-06 6.03E-06 
1ssGd 641550 1.45E-07 1.77E-07 2.51E-07 3.33E-07 4.19E-07 5.07E-07 5.93E-07 
z33u 922330 1.19E-07 1.36E-07 1.69E-07 1.99E-07 2.24E-07 2.45E-07 2.63E-07 
z34u 922340 4.79E-06 5.29E-06 6.48E-06 7.88E-06 9.45E-06 1.11E-05 1.29E-05 
235u 922350 3.32E-04 3.06E-04 2.63E-04 2.31E-04 2.05E-04 1.86E-04 1.71E-04 
z31u 922360 8.33E-05 8.93E-05 9.98E-05 1.09E-04 1.16E-04 1.22E-04 1.27E-04 
z31u 922380 2.28E-02 2.27E-02 2.26E-02 2.25E-02 2.23E-02 2.22E-02 2.21E-02 

237Np 932370 3.94E-05 4.51E-05 5.60E-05 6.58E-05 7.42E-05 8.13E-05 8.73E-05 
zsaPu 942380 1.48E-29 1.99E-29 3.22E-29 4.55E-29 5.86E-29 7.11E-29 8.26E-29 
239Pu 942390 2.61E-04 2.72E-04 2.90E-04 3.03E-04 3.13E-04 3.21E-04 3.27E-04 
Z40pu 942400 1.63E-05 1.80E-05 2.15E-05 2.48E-05 2.80E-05 3.09E-05 3.37E-05 
241pu 942410 6.04E-12 1.20E-11 3.71E-11 8.47E-11 1.58E-10 2.59E-10 3.86E-10 
24Zpu 942420 2.89E-06 3.75E-06 5.87E-06 8.37E-06 1.11E-05 1.40E-05 1.71E-05 
241Am 952410 1.93E-10 3.82E-10 1.17E·09 2.67E-09 4.99E-09 8.16E-09 1.22E-08 

242m Am 952421 1.08E-29 1.46E-29 2.36E-29 3.33E-29 4.29E-29 5.20E-29 6.04E-29 
243Am 952430 2.54E-07 3.76E-07 7.35E-07 1.23E-06 1.82E-06 2.48E-06 3.18E-06 
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Table 28. BWR Isotopics as a Function of2.0 wt% 2350 and Bumup, IOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn -em) 

SAS2H 
Bum up Bum up Bum up Bum up Bum up Burn up 

GWd/mtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

180 80160 4.61E-02 4.59E-02 4.58E-02 4.56E-Q2 4.54E-02 4.52E-02 
15Mo 420950 5.59E-05 6.02E-05 6.43E-05 6.84E-05 7.23E-05 7.61E-05 
''Tc 430990 5.69E-05 6.12E-05 6.54E-05 6.94E-05 7.32E-05 7.69E-05 

101Ru 441010 6.08E-05 6.63E-05 7.16E-05 7.69E-05 8.21E-05 8.71E-05 
1o3Rh 451030 3.70E-05 3.91E-05 4.10E-05 4.27E-05 4.42E-05 4.56E-05 
10tAg 471090 8.67E-06 9.58E-06 1.05E-05 1.13E-05 1.22E-05 1.30E-05 
143Nd 601430 4.01E-05 4.20E-05 4.37E-05 4.53E-05 4.67E-05 4.80E-05 
14SNd 601450 3.15E-05 3.37E-05 3.58E-05 3.77E-05 3.96E-05 4.15E-05 
1•1sm 621470 8.03E-06 8.24E-06 8.41E-06 8.57E-06 8.71E-06 8.84E-06 
14'Sm 621490 6.38E-07 6.58E-07 6.77E-07 6.96E-07 7.15E-07 7.34E-07 
1sosm 621500 1.62E-05 1.75E-05 1.87E-05 1.99E-05 2.10E-05 2.21E-05 
1s1Sm 621510 3.10E-35 3.30E-35 3.49E·35 3.66E-35 3.83E-35 4.00E·35 
152sm 621520 4.95E-06 5.27E-06 5.57E-06 5.85E-06 6.12E-o6 6.38E-06 
1s1Eu 631510 2.22E-06 2.36E-06 2.49E-o6 2.62E-06 2.74E-06 2.86E-06 
153Eu 631530 6.61E-06 7.14E-06 7.63E-06 8.09E-06 8.51E-06 8.90E-06 
155Gd 641550 6.78E-07 7.59E-07 8.36E-07 9.10E-07 9.80E-07 1.05E-06 
zuu 922330 2.78E-07 2.91E-07 3.01E-07 3.10E-07 3.18E-07 3.24E-07 
z34u 922340 1.46E-05 1.64E-05 1.80E-05 1.96E-Q5 2.11E-05 2.25E-05 
nsu 922350 1.59E-04 1.50E·04 1.43E-04 1.38E-04 1.34E-04 1.30E-04 
z38u 922360 1.31E-04 1.34E-04 1.37E-04 1.40E-04 1.42E-04 1.44E-04 
z38u 922380 2.20E-02 2.18E-02 2.17E-02 2.16E-Q2 2.14E-02 2.13E-02 

237Np 932370 9.24E-05 9.66E-05 1.00E-04 1.03E-04 1.06E-04 1.08E-04 
238pu 942380 9.30E-29 1.02E-28 1.11E-28 1.19E-28 1.26E-28 1.32E-28 
23'Pu 942390 3.33E-04 3.37E-04 3.41E-04 3.45E-04 3.48E-04 3.50E-04 
240pu 942400 3.64E-05 3.88E-05 4.12E-05 4.34E-05 4.55E-05 4.75E..05 
241Pu 942410 5.36E-10 7.06E-10 8.91E-10 1.09E-09 1.29E-09 1.50E-09 
z•zPu 942420 2.01E-05 2.32E·05 2.63E-05 2.93E-05 3.23E-05 3.52E-05 
241Am 952410 1.69E-08 2.22E..Q8 2.80E-08 3.42E-08 4.06E-08 4.72E-08 

242m Am 952421 6.80E-29 7.49E-29 8.12E-29 8.68E-29 9.20E-29 9.67E-29 
243Am 952430 3.91E-06 4.63E-06 5.35E-06 6.04E-06 6.71E-06 7.35E-06 
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Table 29. BWR Isotopics as a Function of2.5 wt% 23Su and Burnup, 10K Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bumup Bum up Bum up Bumup Bumup Bum up Bum up 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
110 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

esMo 420950 1.58E-09 3.76E-06 7.32E-06 1.07E-05 1.40E-05 1.72E-05 2.02E-05 
"Tc 430990 1.50E-09 3.71E-06 7.28E-06 1.07E-05 1.41E-05 1.73E-05 2.05E-05 
101Ru 441010 1.34E-09 3.31E-06 6.62E-06 9.91E-06 1.32E-05 1.64E-05 1.96E-05 
1osRh 451030 9.53E-10 2.48E-06 5.08E-06 7.67E-06 1.02E-05 1.27E-05 1.51E-05 
101Ag 471090 2.21E·11 1.63E-07 4.60E-07 8.26E-07 1.23E-06 1.67E-06 2.12E-06 
1oi3Nd 601430 1.44E-09 3.37E-06 6.49E-06 9.44E-06 1.23E-05 1.50E-05 1.76E-05 
145Nd 601450 9.92E-10 2.32E-06 4.48E-06 6.52E-06 8.47E-06 1.03E-05 1.21E-05 
147sm 621470 5.97E-10 1.29E-06 2.33E-06 3.19E-06 3.91E-06 4.53E-06 5.08E-06 
141Sm 621490 2.97E-10 1.88E-07 2.56E-07 3.16E-07 3.71E-07 4.22E-07 4.70E-07 
1SOSm 621500 8.23E-15 5.97E-07 1.41E-06 2.28E-06 3.18E-06 4.10E-06 5.01E-06 
,,,sm 621510 1.77E-39 3.46E-36 6.04E-36 8.29E-36 1.04E-35 1.24E-35 1.43E-35 
152Sm 621520 8.05E-11 2.81E-07 6.28E-07 9.83E-07 1.33E-06 1.66E-06 1.98E-06 
1s1Eu 631510 1.26E-10 2.46E-07 4.31E-07 5.91E-07 7.40E-07 8.84E-07 1.02E-06 
153Eu 631530 5.64E-11 1.65E-07 3.96E-07 6.78E-07 9.98E-07 1.34E-06 1.70E-06 
155Gd 641550 1.37E-11 1.81E-08 3.03E-08 4.45E-08 6.20E-08 8.31E-08 1.08E-07 
2s:su 922330 7.73E-13 5.11E-09 1.73E-08 3.40E-08 5.31E-08 7.36E-08 9.47E-08 
234u 922340 4.98E-06 4.65E-06 4.46E-06 4.40E-06 4.49E-06 4.70E-06 5.05E-06 
2ssu 922350 6.06E-04 5.69E-04 5.38E-04 5.11E-04 4.88E-04 4.67E-04 4.49E-04 
238u 922360 2.78E-06 1.89E-05 3.40E-05 4.78E-05 6.04E-05 7.22E-05 8.30E-05 
2sau 922380 2.33E-02 2.32E-02 2.31E-02 2.31E-02 2.30E-02 2.29E-02 2.28E-02 

237Np 932370 2.42E-10 1.66E-06 5.67E-06 1.12E-05 1.75E-05 2.43E-05 3.13E-05 
mPu 942380 O.OOE+OO 5.18E-28 2.25E-31 9.86E-31 2.60E-30 5.26E-30 9.09E-30 
2s•Pu 942390 2.72E-08 5.86E-05 1.05E-o4 1.44E-04 1.79E-04 2.10E-04 2.38E-04 
24Dpu 942400 1.39E-13 1.15E-06 3.18E-06 5.49E-06 7.94E-06 1.05E-05 1.31E-05 
241Pu 942410 O.OOE+OO 7.61E-17 5.35E-15 5.43E-14 2.57E-13 8.11E-13 1.99E-12 
242pu 942420 2.51E-23 1.35E-08 1.15E-07 3.49E-07 7.19E-07 1.21E·06 1.81E-06 
241Am 952410 5.37E-25 9.26E-14 5.75E-13 2.58E-12 9.49E-12 2.75E-11 6.53E-11 

242m Am 952421 O.OOE+OO 3.79E-28 1.65E-31 7.22E-31 1.90E-30 3.85E-30 6.65E-30 
243Am 952430 8.29E-29 1.59E-10 2.78E-09 1.28E-08 3.52E-08 7.34E-08 1.29E-07 
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Table 29. BWR Isotopics as a Function of2.5 wt% 235U and Bumup, lOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms /{bam -em) 

Bum up Bum up Bum up Bum up Bumup Bum up Bum up 
SAS2H GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU GWdlmW GWd/mtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

95Mo 420950 2.34E-05 2.65E-05 3.24E-05 3.79E-05 4.32E-05 4.82E-05 5.30E-05 
11Tc 430990 2.36E-05 2.66E-05 3.25E-05 3.80E-05 4.33E-05 4.84E-05 5.32E-05 
101Ru 441010 2.27E-05 2.58E-05 3.19E-05 3.79E-05 4.38E-05 4.96E-05 5.53E-05 
1o3Rh 451030 1.70E-05 1.89E-05 2.25E-05 2.59E-05 2.90E-05 3.19E-05 3.45E-05 
109Ag 471090 2.45E-06 2.82E-06 3.63E-06 4.50E-06 5.41E-06 6.33E-06 7.26E-06 
143Nd 601430 2.03E-05 2.27E-05 2.72E-05 3.10E-05 3.44E-05 3.74E-05 3.99E-05 
145Nd 601450 1.40E-05 1.57E-05 1.90E-05 2.21E-05 2.49E-05 2.76E-05 3.01E-05 
1•1sm 621470 5.52E-06 5.91E-06 6.59E-06 7.13E-06 7.56E-06 7.91E-06 8.20E-06 
,"'sm 621490 4.91E-07 5.10E-07 5.42E-07 5.69E-07 5.93E-07 6.14E-07 6.34E-07 
150sm 621500 5.94E-06 6.85E-06 8.61E-06 1.03E-05 1.19E-Q5 1.34E-05 1.49E-05 
151Sm 621510 1.58E-35 1.71E-35 1.97E-35 2.22E-35 2.46E-35 2.69E-35 2.91E-35 
152Sm 621520 2.25E-06 2.51E-Q6 2.99E-06 3.44E-06 3.86E-06 4.25E-06 4.62E-06 
,,,Eu 631510 1.12E-06 1.22E-06 1.41E-06 1.59E-06 1.76E-06 1.92E-06 2.08E-06 
153Eu 631530 2.05E-06 2.42E-06 3.16E-06 3.90E-06 4.61E-06 5.29E-06 5.93E-06 
155Gd 641550 1.34E-Q7 1.64E-07 2.34E-07 3.12E-07 3.96E-07 4.83E-07 5.70E-07 
233u 922330 1.10E-07 1.27E-07 1.60E-07 1.91E-07 2.18E-07 2.42E-07 2.63E-07 
234u 922340 5.44E-06 5.90E-06 7.03E-06 8.43E-06 1.00E-05 1.18E-05 1.37E-05 
z35u 922350 4.14E-04 3.83E-04 3.30E-04 2.88E-04 2.54E-04 2.27E-04 2.05E-04 
z31u 922360 9.06E-05 9.76E-05 1.10E-04 1.20E-04 1.29E-04 1.36E-04 1.42E-04 
z38u 922380 2.27E-02 2.27E-02 2.25E-02 2.24E-02 2.23E-02 2.22E-02 2.20E-02 

n1Np 932370 3.64E-05 4.20E-05 5.30E-Q5 6.32E-05 7.23E-05 8.02E-05 8.71E-05 
238pu 942380 1.25E-29 1.72E-29 2.87E-29 4.18E-29 5.53E-29 6.84E-29 8.08E-29 
z3•Pu 942390 2.52E-04 2.64E-04 2.83E-04 2.97E-04 3.08E-04 3.17E-04 3.25E-04 
24Dpu 942400 1.48E-05 1.64E-05 1.98E-05 2.31E-05 2.63E-05 2.93E-Q5 3.22E-Q5 
241pu 942410 3.85E-12 7.75E-12 2.48E-11 5.91E-11 1.15E-10 1.96E-10 3.01E-10 
242pu 942420 2.35E-06 3.08E-06 4.92E..06 7.14E-06 9.65E-06 1.24E-05 1.52E-05 
241Am 952410 1.24E-10 2.47E-10 7.84E-10 1.86E-09 3.63E-09 6.16E-09 9.47E-09 

242m Am 952421 9.15E-30 1.26E-29 2.10E-29 3.06E-29 4.05E-29 5.01E-29 5.91E-29 
243Am 952430 1.91E-07 2.86E-07 5.74E-Q7 9.85E-07 1.50E-06 2.09E-06 2.74E-06 
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Table 29. BWR Isotopics as a Function of2.5 wt% 235U and Burnup, IOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn - em) 

SAS2H 
Burn up Burnup Burn up Bum up Bumup Bum up 

GWd/mtU GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU 
Isotope ID 50 55 60 65 70 75 

110 80160 4.61E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
15Mo 420950 5.76E-05 6.20E-05 6.62E-05 7.03E-05 7.43E-05 7.81E-05 
~c 430990 5.78E-05 6.22E-o5 6.65E-05 7.05E-05 7.44E-05 7.82E-05 

101Ru 441010 6.09E-05 6.63E-o5 7.17E-05 7.70E-05 8.22E-05 8.72E-05 
103Rh 451030 3.68E-05 3.89E-05 4.09E-05 4.26E-05 4.42E-05 4.56E-05 
1o1Ag 471090 8.19E-06 9.10E-06 1.00E-05 1.09E-05 1.17E-05 1.26E-05 
143Nd 601430 4.22E-05 4.42E-05 4.59E-05 4.75E-05 4.89E-05 5.02E-05 
14sNd 601450 3.24E-05 3.47E-05 3.68E-05 3.88E-05 4.07E-05 4.25E-05 
147Sm 621470 8.43E-06 8.62E-06 8.79E-06 8.92E-06 9.04E-06 9.15E-06 
,"'sm 621490 6.53E-07 6.72E-07 6.90E-07 7.09E-07 7.27E-07 7.45E-07 
,sosm 621500 1.62E-05 1.75E-05 1.88E-05 2.00E-05 2.11E-05 2.22E-05 
1s1Sm 621510 3.12E-35 3.31E-35 3.50E-35 3.68E-35 3.85E-35 4.02E-35 
152Sm 621520 4.96E-06 5.28E-06 5.59E-06 5.87E-06 6.15E-06 6.41E-06 
1s1Eu 631510 2.23E-06 2.37E-06 2.50E-06 2.63E-06 2.75E-06 2.87E-06 
153Eu 631530 6.52E-06 7.07E-06 7.58E-06 8.05E-06 8.48E-06 8.89E-06 
155Gd 641550 6.56E-07 7.40E-07 8.20E-07 8.97E-07 9.70E-07 1.04E-06 
z33u 922330 2.80E-07 2.95E-07 3.08E-07 3.18E-07 3.27E-07 3.34E-07 
z34u 922340 1.57E-05 1.76E-05 1.95E-05 2.14E-05 2.31E-05 2.48E-05 
usu 922350 1.87E-04 1.73E-04 1.62E-04 1.53E-04 1.46E-04 1.41E-04 
mu 922360 1.47E-04 1.50E-04 1.54E-04 1.56E-04 1.58E-04 1.60E-04 
238u 922380 2.19E-02 2.18E-02 2.16E-02 2.15E-02 2.14E-02 2.13E-02 

:n1Np 932370 9.29E-05 9.78E-05 1.02E-04 1.06E-04 1.09E-04 1.11E-04 
238pu 942380 9.21E-29 1.02E-28 1.12E-28 1.20E-28 1.27E-28 1.34E-28 
n•pu 942390 3.31E-04 3.36E-04 3.40E-04 3.44E-04 3.47E-04 3.50E-04 
z4oPu 942400 3.49E-o5 3.75E-05 3.99E-05 4.22E-05 4.44E-05 4.64E-05 
Z41pu 942410 4.30E-10 5.81E-10 7.49E-10 9.32E-10 1.13E-09 1.33E-09 
242pu 942420 1.82E-05 2.12E-05 2.42E-05 2.72E-05 3.02E-05 3.31E-05 
241Am 952410 1.35E-08 1.83E-08 2.36E-08 2.93E-08 3.54E-08 4.17E-08 

242m Am 952421 6.74E-29 7.49E-29 8.16E-29 8.77E-29 9.32E-29 9.82E-29 
243Am 952430 3.43E-06 4.13E-06 4.83E-06 5.52E-06 6.20E-06 6.85E-06 
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Table 30. BWR Isotopics as a Function of3.0 wt% 235U and Burnup, IOK Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Bum up Bumup Bum up Burn up Bum up Bumup 
SAS2H GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
160 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

asMo 420950 1.59E-09 3.B1E-06 7.44E-06 1.09E-05 1.43E-05 1.75E-05 2.06E-05 
''Tc 430990 1.50E-09 3.73E-06 7.33E-06 1.08E-05 1.42E-05 1.75E-05 2.07E-05 

1o1Ru 441010 1.34E-09 3.31E-06 6.61E-06 9.90E-06 1.32E-05 1.64E-05 1.96E-05 
1osRh 451030 9.41E-10 2.42E-06 4.94E-06 7.45E-06 9.93E-06 1.24E-05 1.47E-05 
101Ag 471090 2.11E-11 1.39E-07 3.98E-07 7.23E-07 1.09E-06 1.49E-06 1.91E-06 
143Nd 601430 1.45E-09 3.42E-06 6.62E-06 9.65E-06 1.26E-05 1.53E-05 1.80E-05 
1UNd 601450 9.96E-10 2.35E-06 4.55E-06 6.64E-06 8.63E-06 1.05E-05 1.24E-05 
147Sm 621470 5.97E-10 1.31E-06 2.38E-06 3.27E-06 4.03E-06 4.69E-06 5.27E-06 
1411Sm 621490 2.96E-10 2.12E-07 2.82E-07 3.43E-07 3.98E-07 4.50E-07 4.98E-07 
1sosm 621500 8.09E-15 5.64E-07 1.36E-06 2.22E-06 3.10E-06 4.01E-06 4.91E-06 
1s'sm 621510 1.75E-39 3.51E-36 6.18E-36 8.47E-36 1.06E-35 1.26E-35 1.45E-35 
1s2Sm 621520 7.97E-11 2.68E-07 6.00E-07 9.45E-07 1.29E-06 1.62E-06 1.94E-06 
1s1Eu 631510 1.25E-10 2.50E-07 4.40E-07 6.04E-07 7.55E-07 8.98E-07 1.04E-06 
153Eu 631530 5.54E-11 1.58E-07 3.74E-07 6.38E-07 9.39E-07 1.27E-06 1.61E-06 
155Gd 641550 1.33E-11 1.81E-08 2.97E-08 4.27E-08 5.87E-08 7.82E-08 1.01E-07 
233u 922330 7.37E-13 4.44E-09 1.51E-08 3.01E-08 4.78E-08 6.70E-08 8.71E-08 
234u 922340 6.06E-06 5.69E-06 5.44E-06 5.33E-06 5.35E-06 5.50E-06 5.79E-06 
235u 922350 7.28E-04 6.85E-04 6.49E-04 6.17E-04 5.89E-04 5.63E-04 5.40E-04 
23'u 922360 3.34E-06 2.02E-05 3.60E-05 5.07E-05 6.43E-05 7.69E-05 8.88E-05 
238u 922380 2.32E-02 2.31E-02 2.30E-02 2.30E-02 2.29E-02 2.28E-02 2.27E-02 

237Np 932370 2.30E-10 1.43E-06 4.92E-06 9.87E-06 1.57E-05 2.21E-05 2.87E-05 
2saPu 942380 O.OOE+OO 3.52E-28 1.65E-31 7.61E-31 2.08E-30 4.33E-30 7.64E-30 
239Pu 942390 2.46E-08 5.44E-05 9.88E-05 1.37E-04 1.71E-04 2.02E-04 2.30E-04 
240Pu 942400 1.15E-13 9.55E-07 2.72E-06 4.80E-06 7.04E-06 9.40E-06 1.18E-05 
241pu 942410 O.OOE+OO 3.72E-17 2.85E-15 3.08E-14 1.54E-13 5.06E-13 1.29E-12 
242Pu 942420 1.56E-23 8.92E-09 8.16E-08 2.61E-07 5.56E-07 9.62E-07 1.47E-06 
241Am 952410 3.95E-25 6.98E-14 4.18E-13 1.70E-12 6.04E-12 1.76E-11 4.28E-11 

242m Am 952421 O.OOE+OO 2.58E-28 1.21E-31 5.57E-31 1.52E-30 3.17E-30 5.59E-30 
243Am 952430 4.64E-29 9.45E-11 1.79E-09 8.72E-09 2.49E-08 5.37E-08 9.74E-08 
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Table 30. BWR Isotopics as a Function of3.0 wt% 235U and Burnup, 10K Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Burnup Bumup Bum up Bum up Bum up Bum up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWd/mtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

95Mo 420950 2.39E-05 2.71E-05 3.32E-05 3.89E-05 4.43E-05 4.95E-05 5.44E-05 
"Tc 430990 2.38E-05 2.69E-Q5 3.29E-05 3.86E-05 4.40E-05 4.91E-05 5.41E-05 

101Ru 441010 2.27E-05 2.57E-05 3.19E-05 3.79E-05 4.38E-05 4.96E-05 5.53E-05 
1113Rh 451030 1.66E-05 1.85E-05 2.21E-05 2.55E-05 2.87E-05 3.15E-05 3.42E-05 
'"Ag 471090 2.21E-06 2.56E-06 3.31E-06 4.14E-06 5.01E-06 5.90E-06 6.81E-06 
143Nd 601430 2.08E-05 2.34E-05 2.81E-05 3.22E-05 3.58E-05 3.90E-05 4.18E-05 
145Nd 601450 1.43E-05 1.61E-05 1.95E-05 2.26E-05 2.56E-05 2.83E-05 3.09E-05 
147Sm 621470 5.74E-06 6.17E-06 6.90E-OO 7.49E-06 7.96E-06 8.33E-06 8.63E-06 
'"!Ism 621490 5.18E-07 5.37E-07 5.68E-07 5.94E-07 6.17E-07 6.37E-07 6.55E-07 
1511Sm 621500 5.84E-06 6.74E-06 8.50E-06 1.02E-05 1.18E-05 1.33E-05 1.48E-05 
1s1Sm 621510 1.60E-35 1.73E-35 1.99E-35 2.24E-35 2.48E-35 2.70E-35 2.92E-35 
152Sm 621520 2.21E-06 2.47E-06 2.96E-06 3.42E-06 3.85E-06 4.25E-06 4.62E-06 
1s1Eu 631510 1.14E-06 1.24E-06 1.42E-06 1.60E-06 1.ne-00 1.93E-06 2.09E-06 
153Eu 631530 1.95E-06 2.31E-06 3.04E-06 3.ne-os 4.48E-06 5.17E-06 5.82E-06 
1ssGd 641550 1.25E-07 1.53E-07 2.18E-07 2.93E-07 3.74E-07 4.59E-07 5.47E-07 
23~ 922330 1.02E-07 1.18E-07 1.51E-07 1.83E-07 2.12E-07 2.38E-07 2.61E-07 zuu 922340 6.13E-06 6.54E-06 7.59E-06 8.93E-06 1.05E-05 1.23E-05 1.43E-05 
235u 922350 5.01E-04 4.66E-04 4.05E-04 3.54E-04 3.11E-04 2.76E-04 2.47E-04 
z31u 922360 9.72E-05 1.05E-04 1.19E-04 1.31E-04 1.41E-04 1.50E-04 1.56E-04 
2~ 922380 2.26E-02 2.26E-02 2.25E-02 2.23E-02 2.22E-02 2.21E-02 2.20E-02 

z37Np 932370 3.37E-05 3.91E-05 S.OOE-05 6.04E-05 7.00E-05 7.86E-05 8.61E-05 
mPu 942380 1.06E-29 1.48E-29 2.56E-29 3.84E-29 520E-29 6.56E-29 7.87E-29 
mPu 942390 2.44E-04 2.57E-04 2.76E-04 2.92E-04 3.04E-04 3.14E-04 3.22E-04 
2411pu 942400 1.34E-05 1.50E-05 1.82E-05 2.15E-05 2.47E-05 2.77E-05 3.07E-05 
241pu 942410 2.51E-12 5.11E-12 1.69E-11 4.17E-11 8.42E-11 1.48E-10 2.34E-10 
:uzPu 942420 1.92E-06 2.54E-06 4.14E-06 6.12E-06 8.40E-06 1.09E-05 1.36E-05 
241Am 952410 8.15E-11 1.64E-10 5.35E-10 1.32E-09 2.65E-09 4.65E-09 7.36E-09 

242m Am 952421 7.79E-30 1.09E-29 1.87E-29 2.81E-29 3.81E-29 4.80E-29 5.76E-29 
243Am 952430 1.45E-07 2.20E-07 4.53E-07 7.95E-07 1.24E-06 1.77E-06 2.36E-06 
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Table 30. BWR Isotopics as a Function of3.0 wt% 235U and Burnup, IOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

SAS2H 
Bum up Bum up Burnup Bum up Bum up Bumup 

GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

110 80160 4.61E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
ssMo 420950 5.91E-05 6.37E-05 6.80E-05 7.22E-05 7.62E-05 8.01E-05 
''Tc 430990 5.88E-05 6.33E-05 6.76E-05 7.17E-05 7.57E-05 7.95E-05 

101Ru 441010 6.09E-05 6.64E-05 7.18E-05 7.71E-05 8.23E-05 8.74E-05 
103Rh 451030 3.66E-05 3.88E-05 4.08E-05 4.26E-05 4.42E-05 4.57E-05 
101Ag 471090 7.72E-06 8.63E-06 9.53E-06 1.04E-05 1.13E-05 1.21E-05 
143Nd 601430 4.42E-05 4.64E-05 4.82E-05 4.99E-05 5.13E-05 5.26E-05 
145Nd 601450 3.34E-05 3.56E-05 3.78E-05 3.98E-05 4.17E-05 4.36E-05 
147Sm 621470 8.87E-06 9.05E-06 9.20E-06 9.33E-06 9.43E-06 9.51E-06 
149Sm 621490 6.73E-07 6.90E-07 7.07E-07 7.24E-07 7.41E-07 7.58E-07 
150Sm 621500 1.62E-05 1.75E-05 1.88E-05 2.00E-05 2.12E-05 2.23E-05 
1s1Sm 621510 3.13E-35 3.33E-35 3.52E-35 3.70E-35 3.87E-35 4.04E-35 
152Sm 621520 4.97E-06 5.30E-06 5.61E-06 5.90E-06 6.18E-06 6.44E-06 
1s1Eu 631510 2.24E-06 2.38E-06 2.51E-06 2.64E·06 2.ne-os 2.89E-06 
153Eu 631530 6.42E-06 6.99E·06 7.51E-06 S.OOE-06 8.45E-06 8.87E-06 
155Gd 641550 6.34E-07 7.20E-07 8.03E-07 8.82E-07 9.58E-07 1.03E-06 
z:uu 922330 2.80E-07 2.97E-07 3.12E-07 3.24E-07 3.34E-07 3.43E-07 
234u 922340 1.64E-05 1.85E-05 2.07E-05 2.28E-05 2.48E-05 2.67E-05 
mu 922350 2.23E-04 2.03E-04 1.87E-04 1.74E-04 1.64E-04 1.55E-04 
23'tJ 922360 1.62E-04 1.67E-04 1.71E-04 1.74E-04 1.76E-04 1.78E-04 
238u 922380 2.19E-02 2.17E-02 2.16E-02 2.15E-02 2.14E-02 2.12E-02 

mNp 932370 9.27E-05 9.84E-05 1.03E-04 1.07E-04 1.11E-04 1.14E-04 
238pu 942380 9.10E-29 1.02E-28 1.12E-28 1.21E-28 1.29E-28 1.36E-28 
239pu 942390 3.28E-04 3.34E-04 3.39E-04 3.43E-04 3.47E-04 3.50E-04 
Z40pu 942400 3.35E-05 3.61E-05 3.86E-05 4.10E-05 4.33E-05 4.54E-05 
Z41pu 942410 3.43E-10 4.75E-10 6.26E-10 7.94E-10 9.75E-10 1.17E-09 
z•zPu 942420 1.64E-05 1.93E-05 2.22E-05 2.51E-05 2.81E-05 3.10E-05 
241Am 952410 1.08E-08 1.49E-08 1.97E-08 2.49E-08 3.06E-08 3.67E-OB 

242m Am 952421 6.66E-29 7.47E-29 8.21E-29 8.87E-29 9.46E-29 9.99E-29 
243Am 952430 3.00E-06 3.67E-06 4.35E-06 5.03E-06 5.70E-06 6.36E-06 
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Table 31. BWR Isotopics as a Function of3.5 wt% 23SU and Bumup, lOK Year Decay 

Isotopic Concentrations 
atoms I (barn -em} 

Burn up Burnup Bumup Bum up Burn up Bum up Bum up 
SAS2H GWd/mtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWd/mtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
"o 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.60E-09 3.85E-06 7.53E-06 1.11E-05 1.45E-05 1.7BE-05 2.10E-05 
-rc 430990 1.51E-09 3.74E-06 7.37E-06 1.09E-05 1.43E-05 1.76E-05 2.09E-05 

101Ru 441010 1.34E-09 3.31E-06 6.61E-06 9.89E-06 1.31E-05 1.64E-05 1.96E-05 
1o3Rh 451030 9.32E-10 2.37E-06 4.83E-06 7.28E-06 9.71E-06 1.21E-05 1.44E-05 
1oaAg 471090 2.03E-11 1.22E-07 3.49E-07 6.39E-07 9.73E-07 1.34E-06 1.73E-06 
143Nd 601430 1.45E-09 3.46E-06 6.72E-06 9.82E-06 1.28E-05 1.57E-05 1.84E-05 
145Nd 601450 9.98E-10 2.37E-06 4.60E-06 6.73E-06 8.77E-06 1.07E-05 1.26E-05 
147Sm 621470 5.97E-10 1.33E-06 2.42E-06 3.35E-06 4.14E-06 4.83E-06 5.44E-06 
, .. ,Sm 621490 2.95E-10 2.38E-07 3.10E-07 3.73E-07 4.29E-o7 4.80E-07 5.28E-07 
150Sm 621500 7.99E-15 5.33E-07 1.31E-06 2.15E-06 3.03E-06 3.92E-06 4.82E-06 
1s1Sm 621510 1.74E-39 3.56E-36 6.30E-36 8.64E-36 1.08E-35 1.28E-35 1.47E-35 
152Sm 621520 7.91E-11 2.57E-07 5.76E-07 9.13E-07 1.25E-06 1.58E-06 1.90E-06 
1111Eu 631510 1.24E-10 2.54E-07 4.49E-07 6.17E-07 7.70E-07 9.14E-07 1.05E-06 
153Eu 631530 5.46E-11 1.53E-07 3.56E-07 6.04E-07 8.89E-07 1.20E-06 1.53E-06 
155Gd 641550 1.30E-11 1.82E-08 2.94E-08 4.15E-08 5.63E-08 7.42E-08 9.55E-08 
wu 922330 7.11E-13 3.95E-09 1.33E-08 2.69E-08 4.32E-08 6.12E-08 8.04E-08 
234u 922340 7.15E-06 6.75E-06 6.46E-06 6.29E-06 6.25E-06 6.34E-06 6.57E-06 
2~ 922350 8.49E-04 8.03E-04 7.62E-04 7.26E-04 6.93E-04 6.62E-04 6.35E-04 
231u 922360 3.90E-06 2.13E-05 3.78E-05 5.32E-05 6.76E-05 8.11E-05 9.38E-05 
238u 922380 2.31E-02 2.30E-02 2.29E-02 2.28E-02 2.28E-02 2.27E-02 2.26E-02 

237Np 932370 2.22E-10 1.27E-06 4.33E-06 8.79E-06 1.42E-05 2.01E-05 2.64E-05 
238pu 942380 O.OOE+OO 2.48E-28 1.24E-31 5.95E-31 1.68E-30 3.58E-30 6.45E-30 
z3'Pu 942390 2.26E-08 5.08E-05 9.34E-05 1.31E-04 1.64E-04 1.94E-04 2.22E-04 
24Dpu 942400 9.81E-14 8.06E-07 2.36E-06 4.23E-06 6.28E-06 8.46E-06 1.07E-05 
241pu 942410 O.OOE+OO 1.95E-17 1.60E-15 1.82E-14 9.46E-14 3.22E-13 B.46E-13 
242pu 942420 1.04E-23 6.12E-09 5.94E-08 1.98E-07 4.34E-07 7.70E-07 1.20E-06 
241Am 952410 3.04E-25 5.41E-14 3.19E-13 1.19E-12 4.02E-12 1.17E-11 2.87E-11 

242m Am 952421 O.OOE+OO 1.82E-28 3.40E-27 4.35E-31 1.23E-30 2.62E-30 4.72E-30 
243Am 952430 2.82E-29 5.92E-11 1.19E-09 6.06E-09 1.79E-08 3.98E-08 7.39E-08 
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Table 31. BWR Isotopics as a Function of3.5 wt% 235U and Burnup, IOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam - em) 

Bum up Bum up Bum up Bum up Bum up Bum up Bum up 
SAS2H GWcllmtU GWd/mtU GWcllmtU GWd/mtU GWcllmtU GWd/rntU GWd/mtU 

Isotope ID 17.5 20 25 30 35 40 45 
180 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

ssMo 420950 2.44E-05 2.76E-05 3.38E-05 3.97E-05 4.53E-05 5.07E-05 5.58E-05 
"Tc 430990 2.41E-05 2.72E-05 3.32E·05 3.90E-05 4.46E-05 4.99E-05 5.49E-05 
101Ru 441010 2.27E-05 2.57E-05 3.19E-05 3.79E-05 4.38E-05 4.97E-05 5.54E-05 
103Rh 451030 1.63E-05 1.82E-05 2.18E-05 2.52E-05 2.83E-05 3.13E-05 3.40E-05 
1o'Ag 471090 2.01E-06 2.33E-06 3.04E-06 3.82E-06 4.64E-06 5.50E-06 6.38E-06 
143Nd 601430 2.13E-05 2.39E-05 2.88E-05 3.32E-05 3.71E-05 4.05E-05 4.35E-05 
145Nd 601450 1.45E-05 1.64E-05 1.99E-05 2.31E-05 2.62E-05 2.90E·05 3.17E-05 
147sm 621470 5.95E-06 6.41E-06 7.20E-06 7.85E·06 8.36E-06 8.76E-06 9.08E·06 
149Sm 621490 5.49E·07 5.68E-07 5.99E-07 6.24E-07 6.45E-07 6.63E-07 6.80E-07 
150Sm 621500 5.73E-06 6.63E-06 8.39E-06 1.01E-05 1.17E-05 1.33E-05 1.48E-05 
1s15m 621510 1.62E-35 1.75E-35 2.01E-35 2.26E-35 2.49E-35 2.72E-35 2.94E-35 
152sm 621520 2.17E-06 2.44E-06 2.94E-06 3.41E-06 3.84E-06 4.25E-06 4.63E-06 
1s1Eu 631510 1.16E-06 1.25E-06 1.44E-06 1.61E-06 1.78E-06 1.94E-06 2.10E-06 
1sseu 631530 1.86E-06 2.21E-06 2.92E·06 3.64E-06 4.36E-06 5.05E-06 5.70E·06 
155Gd 641550 1.18E-07 1.43E-07 2.04E·07 2.75E-07 3.53E-07 4.37E-07 5.24E-07 
233u 922330 9.48E-08 1.10E-07 1.43E-07 1.75E-07 2.05E-07 2.32E-07 2.57E-07 
234u 922340 6.85E-06 7.21E-06 8.17E-06 9.43E-06 1.10E-05 1.28E-05 1.48E-05 
235u 922350 5.93E-04 5.54E-04 4.85E-04 4.27E-04 3.76E-04 3.33E-04 2.97E-04 
mu 922360 1.03E-04 1.12E-04 1.27E-04 1.41E-04 1.53E-04 1.62E-04 1 .71E-04 
238u 922380 2.25E-02 2.25E-02 2.24E-02 2.23E-02 2.22E-02 2.20E-02 2.19E-02 

:zuNp 932370 3.12E-05 3.64E-05 4.71E-05 5.76E-05 6.75E-05 7.66E-05 8.47E-05 
238Pu 942380 9.09E-30 1.29E-29 2.29E·29 3.52E-29 4.88E-29 6.28E-29 7.65E-29 
23'Pu 942390 2.37E-04 2.49E-04 2.70E-04 2.86E-04 2.99E-04 3.10E-04 3.19E-04 
240Pu 942400 1.22E-Q5 1.37E-05 1.68E-05 2.00E-05 2.32E-05 2.62E-05 2.92E-05 
241Pu 942410 1.66E-12 3.43E-12 1.17E-11 2.98E-11 6.19E·11 1.12E-10 1.82E-10 
242Pu 942420 1.58E-06 2.11E-06 3.51E-06 5.27E·06 7.32E-06 9.62E-06 1.21E-05 
241Am 952410 5.47E-11 1.11E-10 3.71E-10 9.40E-10 1.95E-09 3.52E-09 5.72E-09 

242m Am 952421 6.65E-30 9.41E·30 1.67E-29 2.58E-29 3.57E-29 4.59E·29 5.60E-29 
243Am 952430 1.11E-07 1.70E-07 3.59E-07 6.46E-07 1.03E-06 1.49E-06 2.03E-06 
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Table 31. BWR Isotopics as a Function of 3.5 wt% 235U and Bum up, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam - em) 

SAS2H 
Bumup Burn up Bum up Burn up Burn up Burn up 

GWd/mtU GWd/mtU GWdlmtU GWdlmtU GWdlmtU GWd/mtU 
lsotopa ID 50 55 60 65 70 75 

110 80160 4.61E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
95Mo 420950 6.06E-05 6.53E-05 6.97E-05 7.40E-05 7.81E-05 8.21E-05 
g"Tc 430990 5.97E-05 6.43E-05 6.87E-05 7.29E-05 7.69E-05 B.OBE-05 
101Ru 441010 6.10E-05 6.65E-05 7.19E-05 7.72E-05 8.24E-05 8.75E-05 
103Rh 451030 3.64E-05 3.87E-05 4.07E-05 4.26E-05 4.43E-05 4.58E-05 
101Ag 471090 7.28E-06 8.17E-06 9.07E-06 9.95E-06 1.08E-05 1.17E-05 
143Nd 601430 4.62E-05 4.85E-05 S.OSE-05 5.23E-05 5.38E-05 5.52E-05 
14SNd 601450 3.42E-05 3.66E-05 3.88E-05 4.09E-05 4.28E-05 4.47E-05 
147Sm 621470 9.33E-06 9.52E-06 9.66E-06 9.77E-06 9.85E-06 9.92E-06 
1"•sm 621490 6.96E-07 7.11E-07 7.27E-07 7.42E-07 7.58E-07 7.74E-07 
1SOSm 621500 1.62E-05 1.75E-05 1.88E-05 2.01E-05 2.12E-05 2.24E-05 
1s1Sm 621510 3.15E-35 3.35E-35 3.54E-35 3.72E-35 3.90E-35 4.06E-35 
1szsm 621520 4.99E-06 5.32E-06 5.63E-06 5.93E-06 6.21E-06 6.48E-06 
1s1Eu 631510 2.25E-06 2.39E-06 2.53E-06 2.66E-06 2.78E-06 2.90E-06 
163Eu 631530 6.32E-06 6.90E-06 7.45E·06 7.95E·06 8.41E·06 8.84E-06 
1ssGd 641550 6.11E-07 6.98E-07 7.83E-07 8.65E-07 9.44E-07 1.02E-06 
233u 922330 2.78E-07 2.97E-07 3.14E-07 3.28E-07 3.40E-07 3.51E-07 
z34u 922340 1.69E-05 1.92E-05 2.15E-05 2.38E-05 2.61E-05 2.83E-05 
z3Su 922350 2.66E-04 2.40E-04 2.18E·04 2.01E-04 1.86E-04 1.74E-04 
z3su 922360 1.77E-04 1.83E-04 1.88E-04 1.91E·04 1.94E-04 1.96E-04 
mu 922380 2.18E-02 2.17E-02 2.16E-02 2.14E-02 2.13E-02 2.12E-02 

237Np 932370 9.19E-05 9.83E-05 1.04E-04 1.09E-04 1.13E-04 1.16E-04 
231Pu 942380 8.95E-29 1.02E-28 1.13E-28 1.22E-28 1.31E-28 1.39E-28 
23'Pu 942390 3.26E-04 3.32E-04 3.38E-04 3.42E-04 3.46E-04 3.49E-04 
240pu 942400 3.21E-05 3.4BE-05 3.73E-05 3.98E-05 4.21E-05 4.43E-05 
241pu 942410 2.73E-10 3.86E-10 5.20E-10 6.71E-10 8.38E-10 1.02E-09 
242pu 942420 1.47E-05 1.75E-05 2.03E-05 2.32E-05 2.61E-05 2.90E-05 
241Arn 952410 8.60E-09 1.22E-08 1.63E-08 2.11E-08 2.63E-08 3.20E-08 

242m Am 952421 6.55E-29 7.43E-29 8.23E-29 8.95E-29 9.59E-29 1.02E-28 
243Am 952430 2.62E-06 3.25E-06 3.90E-06 4.56E-06 5.23E-06 5.88E-06 
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Table 32. BWR Isotopics as a Function of 4.0 wt% 235U and Burnup, 1 OK Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Burn up Bum up Burnup Burn up Bum up Bum up Bum up 
SAS2H GWd/mtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
1110 80160 4.79E-02 4.78E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

IISMo 420950 1.61E-09 3.88E-06 7.61E-06 1.12E-05 1.47E-05 1.81E-05 2.13E-05 
"Tc 430990 1.51E-09 3.76E-06 7.40E-06 1.09E-05 1.44E-05 1.77E-05 2.10E-05 
101Ru 441010 1.34E-09 3.31E-06 6.60E-06 9.88E-06 1.31E-05 1.63E·05 1.95E-05 
103Rh 451030 9.24E-10 2.33E-06 4.74E-06 7.14E-06 9.52E-06 1.19E-05 1.42E-05 
1011Ag 471090 1.97E-11 1.09E-07 3.10E-07 5.71E-07 8.75E-07 1.21E-06 1.57E-06 
14SNd 601430 1.46E-09 3.49E-06 6.80E-06 9.97E-06 1.30E-05 1.59E-05 1.88E-05 
145Nd 601450 1.00E-09 2.38E-06 4.64E-06 6.81E-06 8.88E-06 1.09E-05 1.28E-05 
1•1sm 621470 5.96E-10 1.34E-06 2.46E-06 3.41E·06 4.24E-06 4.96E-06 5.60E-06 
1••sm 621490 2.94E-10 2.63E-07 3.41E-07 4.05E-07 4.61E-07 5.14E-07 5.62E-07 
150Sm 621500 7.92E-15 5.01E-07 1.27E-06 2.09E-06 2.95E-06 3.84E-06 4.73E-06 
1s1Sm 621510 1.73E-39 3.59E-36 6.40E-36 8.81E-36 1.10E-35 1.30E-35 1.50E-35 
1szsm 621520 7.86E-11 2.49E-07 5.56E-07 8.84E-07 1.21E-06 1.54E-06 1.86E-06 
1s1Eu 631510 1.23E-10 . 2.56E-07 4.57E-07 6.29E-07 7.84E-07 9.30E-07 1.07E-06 
153Eu 631530 5.39E-11 1.48E-07 3.42E-07 5.77E-07 8.47E-07 1.14E-06 1.46E-06 
1ssGd 641550 1.27E-11 1.84E-08 2.93E-08 4.07E-08 5.44E-08 7.10E-08 9.08E-08 
zssu 922330 6.91E-13 3.58E-09 1.19E-08 2.42E-08 3.92E-08 5.61E-08 7.43E-08 
z34u 922340 8.26E-06 7.83E-06 7.50E-06 7.28E-06 7.19E-06 7.23E-06 7.39E-06 
mu 922350 9.70E-04 9.21E-04 8.77E-04 8.36E-04 7.99E-04 7.65E-04 7.33E-04 
23eu 922360 4.45E-06 2.23E-05 3.94E-05 5.55E-05 7.06E-05 8.49E-05 9.83E-05 
zseu 922380 2.30E-02 2.29E-02 2.28E-02 2.27E-02 2.27E-02 2.26E-02 2.25E-02 

237Np 932370 2.15E-10 1.15E-06 3.87E-06 7.90E-06 1.28E-05 1.84E-05 2.44E-05 
z3•pu 942380 O.OOE+OO 1.80E-28 3.54E-27 4.70E-31 1.36E-30 2.98E-30 5.46E-30 
znpu 942390 2.09E-08 4.78E-05 8.86E-05 1.25E-04 1.57E-04 1.87E-04 2.15E-04 
z<~opu 942400 8.55E-14 6.91E-07 2.07E-06 3.76E-06 5.64E-06 7.66E-06 9.78E-06 
241pu 942410 O.OOE+OO 1.08E-17 9.33E-16 1.11E-14 5.98E-14 2.10E-13 5.66E-13 
z42Pu 942420 7.28E-24 4.33E-09 4.41E-08 1.52E-07 3.43E-07 6.21E-07 9.83E-07 
241Am 952410 2.41E-25 4.28E-14 2.51E-13 8.70E-13 2.78E-12 7.94E-12 1.96E-11 

242m Am 952421 O.OOE+OO 1.32E-28 2.59E-27 3.44E-31 9.98E-31 2.18E-30 3.99E-30 
243Am 952430 1.82E-29 3.86E-11 8.13E-10 4.30E-09 1.31E-08 2.98E-08 5.66E-08 
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Table 32. BWR Isotopics as a Function of 4.0 wt% 235U and Burnup, IOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam - em) 

Bum up Bum up Bumup Burn up Bum up Bum up Bum up 
SAS2H GWd/rntU GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWdlrntU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

85Mo 420950 2.48E-05 2.81E-05 3.44E-05 4.05E-05 4.62E-05 5.17E-05 5.70E-05 
s~c 430990 2.43E-05 2.74E-05 3.36E-05 3.95E-05 4.51E-05 5.05E-05 5.57E-05 
1o1Ru 441010 2.26E-05 2.57E-05 3.19E-05 3.79E-05 4.39E-05 4.97E-05 5.55E-05 
1D3Rh 451030 1.60E-05 1.79E-05 2.15E-05 2.49E-05 2.81E-05 3.10E-05 3.38E-05 
1D9Ag 471090 1.83E-06 2.13E..06 2.79E-06 3.53E-06 4.31E..06 5.14E-06 5.99E-06 
143Nd 601430 2.17E-05 2.44E..05 2.95E-05 3.41E-05 3.82E..05 4.19E-05 4.51E-05 
145Nd 601450 1.48E-05 1.66E-05 2.02E-05 2.36E-05 2.67E-05 2.97E-05 3.25E-05 
,usm 621470 6.14E-06 6.64E-06 7.50E-06 8.19E-06 8.75E-06 9.20E-06 9.54E-06 
14!1Sm 621490 5.83E-07 6.01E-07 6.32E..07 6.56E-07 6.76E-07 6.93E..07 7.08E..Q7 
150Sm 621500 5.63E-06 6.53E-06 8.27E-06 9.97E..06 1.16E-05 1.32E-05 1.47E..05 
1s1Sm 621510 1.64E-35 1.78E-35 2.04E-35 2.28E-35 2.52E-35 2.74E-35 2.96E-35 
152Sm 621520 2.14E-06 2.41E-06 2.92E..06 3.39E-06 3.84E..06 4.25E-06 4.64E-06 
1s1Eu 631510 1.17E-06 1.27E..06 1.45E-06 1.63E-06 1.80E..06 1.96E-06 2.11E-06 
153Eu 631530 1.78E-06 2.11E-06 2.81E-06 3.53E-06 4.24E..06 4.93E-06 5.59E-06 
1ssGd 641550 1.11E-07 1.35E..Q7 1.92E-07 2.59E-07 3.34E-07 4.16E-07 5.01E-07 
233u 922330 8.81E-08 1.03E-07 1.35E-07 1.67E-07 1.97E-07 2.26E-07 2.52E-07 
234u 922340 7.62E-06 7.93E-06 8.78E-06 9.94E-06 1.14E-05 1.32E-05 1.52E-05 
23su 922350 6.88E-04 6.47E-04 5.71E-04 5.05E-04 4.47E-04 3.97E-04 3.53E-04 
23'u 922360 1.08E-04 1.18E-04 1.35E-04 1.50E-04 1.63E-04 1.74E-04 1.84E-04 
238u 922380 2.25E-02 2.24E-02 2.23E..02 2.22E-02 2.21E-02 2.20E-02 2.19E-02 

2s1Np 932370 2.89E-05 3.39E-05 4.44E..05 5.49E-05 6.49E-05 7.43E-05 8.29E-05 
238pu 942380 7.79E-30 1.12E-29 2.05E-29 3.23E-29 4.57E-29 5.99E-29 7.41E-29 
239pu 942390 2.29E-04 2.42E-04 2.64E-04 2.80E-04 2.94E-04 3.06E-04 3.15E-04 
24Dpu 942400 1.12E-05 1.26E-05 1.56E-05 1.87E-05 2.17E-05 2.48E-05 2.78E-05 
241pu 942410 1.12E-12 2.35E-12 8.21E-12 2.15E-11 4.59E-11 8.49E-11 1.41E-10 
242pu 942420 1.31E-06 1.76E-06 2.98E-06 4.54E..06 6.40E-06 8.51E-06 1.08E-05 
241Am 952410 3.75E-11 7.63E-11 2.61E-10 6.80E-10 1.45E·09 2.67E..09 4.45E-09 

242m Am 952421 5.70E-30 8.18E-30 1.50E-29 2.36E-29 3.34E-29 4.38E-29 5.42E-29 
243Am 952430 8.59E-08 1.33E-07 2.87E-07 5.28E-07 8.56E-07 1.26E-06 1.75E-06 



Engineered Systems Project 
Title: Isotopic Generation and Confirmation of the BWR Appl. Model 
Document Identifier: 32-5035847-01 

Calculation 

Page 93 of 143 

Table 32. BWR Isotopics as a Function of 4.0 wt% 23SU and Bumup, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn -em) 

SAS2H 
Bum up Burn up Bum up Bumup Bumup Bum up 

GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU 
Isotope ID 50 55 60 65 70 75 

180 80160 4.62E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
15Mo 420950 6.20E-05 6.68E-05 7.14E-05 7.57E-05 B.OOE-05 8.40E-05 

"Tc 430990 6.06E-05 6.53E-05 6.98E-05 7.41E-05 7.82E-05 8.21E-05 
1o1Ru 441010 6.11E-05 6.67E-05 7.21E-05 7.74E-05 8.26E-05 8.77E-05 
1o3Rh 451030 3.63E-05 3.86E-05 4.07E-05 4.26E-05 4.44E-05 4.60E-05 
101Ag 471090 6.86E-06 7.74E-06 8.62E-06 9.50E-06 1.04E-05 1.12E-05 
143Nd 601430 4.80E-05 5.05E-05 5.27E-05 5.46E-05 5.63E-05 5.77E-05 
14sNd 601450 3.50E-05 3.75E-05 3.97E-05 4.19E-05 4.39E-05 4.58E-05 
147Sm 621470 9.80E-06 1.00E-05 1.01E-05 1.03E-05 1.03E-05 1.04E-05 
, .. ,5m 621490 7.22E-07 7.36E-07 7.50E-07 7.64E-07 7.78E-07 7.92E-07 
1sosm 621500 1.61E-05 1.75E-05 1.88E-05 2.01E-05 2.13E-05 2.24E-05 
1s1Sm 621510 3.17E-35 3.37E-35 3.56E-35 3.74E-35 3.92E-35 4.09E-35 
152Sm 621520 5.00E-06 5.34E-06 5.66E-06 5.97E-06 6.25E-06 6.52E-06 
1s1Eu 631510 2.26E-06 2.41E-06 2.54E-06 2.68E-06 2.80E-06 2.92E-06 
153Eu 631530 6.22E-06 6.82E-06 7.37E-06 7.89E-06 8.37E-06 8.81E-06 
1ssGd 641550 5.88E-07 6.76E-07 7.62E-07 8.47E-07 9.28E-07 1.01E-06 
z~u 922330 2.75E-07 2.96E-07 3.14E-07 3.31E-07 3.44E-07 3.56E-07 
z34u 922340 1.74E-05 1.97E-05 2.21E-05 2.46E-05 2.70E-05 2.94E-05 
z3su 922350 3.16E-04 2.84E-04 2.56E-04 2.33E-04 2.14E-04 1.98E-04 
z38u 922360 1.92E-04 1.99E-04 2.04E-04 2.09E-04 2.12E-04 2.14E-04 
z38u 922380 2.17E-02 2.16E-02 2.15E-02 2.14E-02 2.13E-02 2.11E-02 

237Np 932370 9.07E-05 9.77E-05 1.04E-04 1.09E-04 1.14E-04 1.18E-04 
231pu 942380 8.78E-29 1.01E-28 1.13E-28 1.23E-28 1.33E-28 1.41E-28 
23'Pu 942390 3.23E-04 3.30E-04 3.36E-04 3.41E-04 3.45E-04 3.49E-04 
240Pu 942400 3.06E-05 3.34E-05 3.60E-05 3.86E-05 4.09E-05 4.32E-05 
241pu 942410 2.17E-10 3.13E-10 4.30E-10 5.64E·10 7.16E-10 8.82E-10 
Z4Zpu 942420 1.33E-05 1.59E-05 1.86E-05 2.14E-05 2.42E-05 2.70E-05 
Z41Am 952410 6.84E-09 9.86E-09 1.35E-08 1.77E-08 2.25E-08 2.77E-08 

242m Am 952421 6.43E-29 7.37E-29 8.24E-29 9.02E-29 9.72E-29 1.03E-28 
243Am 952430 2.28E-06 2.87E-06 3.49E-06 4.12E-06 4.77E-06 5.42E-06 
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Table 33. BWR Isotopics as a Function of 4.5 wt% 235U and Bumup, lOK Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bumup Bum up Bumup Burn up Bum up Bum up Bum up 
SAS2H GWdlmtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU GWdlmW GWdlmtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
110 80160 4.79E-02 4.79E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

tsMO 420950 1.61E-09 3.90E-06 7.67E-06 1.13E-05 1.49E-05 1.83E-05 2.16E-05 
·~c 430990 1.51E-09 3.77E-06 7.43E-06 1.10E-05 1.45E-05 1.78E-05 2.12E-05 
101Ru 441010 1.34E-09 3.31E-06 6.60E-06 9.87E-06 1.31E-05 1.63E-05 1.95E-05 
1o3Rh 451030 9.18E-10 2.31E-06 4.67E-06 7.03E-06 9.36E-06 1.17E-05 1.39E-05 
101Ag 471090 1.91E-11 9.82E-08 2.79E-07 5.15E-07 7.92E-07 1.10E-06 1.44E-06 
143Nd 601430 1.46E-09 3.52E-06 6.87E-06 1.01E-05 1.32E-05 1.62E-05 1.91E-05 
14sNd 601450 1.00E-09 2.40E-06 4.68E-06 6.87E-06 8.98E-06 1.10E-05 1.30E-05 
147Sm 621470 5.96E-10 1.35E-06 2.49E-06 3.47E-06 4.33E-06 5.08E-06 5.75E-06 
14'Sm 621490 2.94E-10 2.89E-07 3.74E-07 4.39E·07 4.97E-07 5.49E-07 5.98E-07 
1SOSm 621500 7.86E-15 4.71E-07 1.22E-06 2.03E-06 2.88E-06 3.75E-06 4.64E-06 
1s1Sm 621510 1.72E-39 3.63E-36 6.50E-36 8.96E-36 1.12E-35 1.32E-35 1.52E-35 
152Sm 621520 7.82E-11 2.42E-07 5.39E-07 8.58E-07 1.18E-06 1.51E-06 1.82E-06 
1s1Eu 631510 1.22E-10 2.59E-07 4.64E-07 6.40E-07 7.98E-07 9.46E-07 1.09E-06 
153Eu 631530 5.34E-11 1.45E-07 3.30E-07 5.54E-07 8.11E-07 1.09E-06 1.40E-06 
1s'Gd 641550 1.25E-11 1.86E-08 2.94E-08 4.02E-08 5.31E-08 6.85E-08 8.70E-08 
mu 922330 6.75E-13 3.30E-09 1.08E-08 2.20E-08 3.59E-08 5.17E-08 6.89E-08 
z34u 922340 9.38E-06 8.92E-06 8.56E-06 8.30E-06 8.16E-06 8.14E-06 8.25E-06 
235u 922350 1.09E-03 1.04E-03 9.92E-04 9.48E-04 9.08E-04 8.70E-04 8.35E-04 
z38u 922360 5.01E-06 2.32E-05 4.08E-05 5.75E-05 7.33E-05 8.82E-05 1.02E-04 
z38u 922380 2.29E-02 2.28E-02 2.27E·02 2.26E-02 2.26E-02 2.25E-02 2.24E-02 

237Np 932370 2.10E-10 1.05E-06 3.49E-06 7.16E-06 1.17E-05 1.69E-05 2.26E-05 
zllpu 942380 O.OOE+OO 1.33E-28 2.73E-27 3.75E-31 1.12E-30 2.49E·30 4.64E-30 
239Pu 942390 1.95E-08 4.51E·05 8.44E-05 1.19E-04 1.51E-04 1.81E-04 2.08E-04 
240pu 942400 7.57E-14 5.99E-07 1.83E-06 3.36E·06 5.08E-06 6.95E-06 8.94E-06 
241pu 942410 O.OOE+OO 6.32E-18 5.66E-16 6.97E-15 3.87E-14 1.39E-13 3.84E-13 
z4zPu 942420 5.28E-24 3.15E-09 3.34E·08 1.19E-07 2.74E-07 5.05E-07 6.12E-07 
241Am 952410 1.96E-25 3.44E-14 2.03E-13 6.65E-13 2.00E-12 5.57E-12 1.37E-11 

242m Am 952421 O.OOE+OO 9.75E-29 2.00E-27 2.74E-31 8.17E-31 1.82E-30 3.39E-30 
243Am 952430 1.22E-29 2.60E-11 5.70E-10 3.11E-09 9.72E-09 2.26E-08 4.37E-08 
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Table 33. BWR Isotopics as a Function of 4.5 wt% 235U and Burnup, 10 Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Bum up Bum up Burn up Bumup Bum up Bum up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.63E-02 

esMo 420950 2.51E-05 2.85E-05 3.49E-05 4.11E-05 4.70E-05 5.27E-05 5.81E-05 

"Tc 430990 2.45E-05 2.77E-05 3.39E-05 3.99E-05 4.56E-05 5.11E-05 5.64E-05 
totRU 441010 2.26E-05 2.58E-05 3.19E-05 3.80E-05 4.39E-05 4.98E-05 5.56E-05 
t03Rh 451030 1.58E-05 1.77E-05 2.12E-05 2.46E-05 2.78E-05 3.08E-05 3.36E-05 
111eAg 471090 1.68E-06 1.95E-06 2.58E-06 3.27E-06 4.02E-06 4.81E-06 5.63E-06 
t43Nd 601430 2.21E-05 2.49E-05 3.01E-05 3.49E-05 3.92E-05 4.31E-05 4.66E-05 
t45Nd 601450 1.50E-05 1.69E-05 2.06E-05 2.40E-05 2.72E-05 3.03E-05 3.31E-05 
147Sm 621470 6.33E-06 6.86E-06 7.78E-06 8.53E-06 9.14E-06 9.62E-06 1.00E-05 
141Sm 621490 6.19E-07 6.38E-07 6.68E-07 6.92E-07 7.11E-07 7.26E-07 7.40E-07 
1sosm 621500 5.53E-06 6.42E-06 8.16E-06 9.85E-06 1.15E-05 1.31E-05 1.46E-05 
tstsm 621510 1.67E-35 1.81E-35 2.06E-35 2.31E-35 2.54E-35 2.77E-35 2.98E-35 
tszsm 621520 2.10E-06 2.38E-06 2.89E-06 3.38E-06 3.83E-06 4.25E-06 4.65E-06 
1s1Eu 631510 1.19E-06 1.29E-06 1.47E-06 1.65E-06 1.82E-06 1.98E-06 2.13E-06 
153Eu 631530 1.71E-06 2.03E-06 2.71E-06 3.42E-06 4.12E-06 4.81E-06 5.48E-06 
tssGd 641550 1.06E-07 1.28E-07 1.81E-07 2.45E-07 3.17E-07 3.96E-07 4.79E-07 
znu ' 922330 8.20E-08 9.65E-08 1.27E-07 1.59E-07 1.90E-07 2.19E-07 2.46E-07 
mu 922340 8.43E-06 8.68E-06 9.43E-06 1.05E-05 1.19E-05 1.36E-05 1.55E-05 
z3su 922350 7.87E-04 7.43E-04 6.61E-04 5.89E-04 5.24E-04 4.67E-04 4.16E-04 
236u 922360 1.13E-04 1.23E·04 1.42E-04 1.58E-04 1.73E-04 1.86E-04 1.97E-04 
23au 922380 2.24E-02 2.23E-02 2.22E-02 2.21E-02 2.20E-02 2.19E-02 2.18E-02 

237Np 932370 2.69E-05 3.17E-05 4.18E-05 5.22E-05 6.23E-05 7.20E-05 8.09E-05 
236pu 942380 6.69E-30 9.73E-30 1.83E-29 2.95E-29 4.27E-29 5.69E-29 7.15E-29 
239pu 942390 2.22E-04 2.35E-04 2.57E-04 2.75E-04 2.89E-04 3.02E-04 3.12E·04 
24Dpu 942400 1.03E-05 1.16E-05 1.45E-05 1.74E-05 2.04E-05 2.34E-05 2.64E-05 
z"'Pu 942410 7.71E-13 1.63E-12 5.85E-12 1.57E-11 3.43E-11 6.48E-11 1.10E-10 
242pu 942420 1.09E-06 1.48E-06 2.54E-06 3.93E-06 5.61E-06 7.54E-06 9.67E-06 
241Am 952410 2.62E-11 5.35E-11 1.87E-10 4.97E-10 1.08E-09 2.04E-09 3.47E-09 

242m Am 952421 4.90E-30 7.12E-30 1.34E-29 2.16E-29 3.12E-29 4.16E-29 5.23E-29 
243Am 952430 6.70E-08 1.05E-07 2.31E-07 4.33E-07 7.15E-07 1.07E-06 1.50E-06 
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Table 33. BWR Isotopics as a Function of 4.5 wt% 235U and Burnup, lOK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn - em) 

SAS2H 
Bumup Bumup Bum up Bum up Bumup Bumup 

GWdlmtU GWd/mtU GWd/mtU GWdlmtU GWdlmtU GWd/mtU 
Isotope ID 50 55 60 65 70 75 

180 80160 4.62E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
•'Mo 420950 6.32E-05 6.82E-05 7.29E-05 7.74E-05 8.17E-05 8.59E-05 

"Tc 430990 6.14E-05 6.63E-05 7.08E-05 7.52E-05 7.94E-05 8.34E-05 
101Ru 441010 6.13E-05 6.68E-05 7.23E-05 7.76E-05 8.28E-05 8.80E-05 
103Rh 451030 3.62E-05 3.85E-05 4.07E-05 4.27E-05 4.45E-05 4.61E-05 
101Ag 471090 6.47E-06 7.33E-06 8.19E-06 9.06E-06 9.93E-06 1.08E-05 
1.uNd 601430 4.97E-05 5.24E-05 5.48E-05 5.69E-05 5.87E-05 6.03E-05 
1"'Nd 601450 3.58E-05 3.83E-05 4.07E-05 4.29E-05 4.50E-05 4.69E-05 
147Sm 621470 1.03E-05 1.05E-05 1.07E-05 1.08E-05 1.08E-05 1.09E·05 
149Sm 621490 7.52E·07 7.65E-07 7.76E-07 7.89E-07 8.01E-07 8.14E-07 
1sosm 621500 1.61E-05 1.75E-05 1.88E-05 2.01E-05 2.13E-05 2.25E-05 
1s1Sm 621510 3.19E-35 3.39E-35 3.58E·35 3.77E-35 3.95E-35 4.12E-35 
152Sm 621520 5.02E-06 5.37E-06 5.70E-06 6.00E-06 6.29E-06 6.57E-06 
1s1Eu 631510 2.28E-06 2.42E-06 2.56E·06 2.69E-06 2.82E-06 2.94E-06 
153Eu 631530 6.12E-06 6.72E-06 7.29E-06 7.82E-06 8.32E-06 8.78E-06 
15SGd 641550 5.65E-07 6.53E-07 7.40E-07 8.27E-07 9.10E-07 9.91E-07 
233u 922330 2.71E-07 2.93E-07 3.13E-07 3.31E-07 3.47E-07 3.60E-07 
z34u 922340 1.77E-05 2.00E-05 2.25E-05 2.51E-05 2.77E-05 3.03E-05 
z3su 922350 3.72E-04 3.34E-04 3.00E-04 2.72E-04 2.47E-04 2.27E-04 
z38u 922360 2.06E-04 2.14E-04 2.20E-04 2.26E-04 2.30E-04 2.33E-04 
z311u 922380 2.17E-02 2.16E-02 2.14E-02 2.13E-02 2.12E-02 2.11E-02 

u1Np 932370 8.91E-05 9.66E-05 1.03E-04 1.09E-04 1.14E-04 1.19E-04 
2311Pu 942380 8.58E-29 9.95E-29 1.12E-28 1.24E-28 1.34E-28 1.44E-28 
z3epu 942390 3.20E-04 3.28E-04 3.34E-04 3.39E-04 3.44E-04 3.48E-04 
z40Pu 942400 2.93E-05 3.21E-05 3.47E-05 3.73E-05 3.98E-05 4.21E-05 
z41Pu 942410 1.73E-10 2.54E-10 3.54E-10 4.73E-10 6.09E-10 7.61E-10 
242Pu 942420 1.20E-05 1.44E-05 1.70E-05 1.97E-05 2.24E-05 2.52E-05 
241Am 952410 5.44E-09 7.99E-09 1.11E-08 1.49E-08 1.92E-08 2.39E-08 

Z4ZmAm 952421 6.28E-29 7.28E-29 8.21E-29 9.06E-29 9.83E-29 1.05E-28 
243Am 952430 1.99E-06 2.53E-06 3.11E-06 3.72E-06 4.34E-06 4.97E-06 
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Table 34. BWR Isotopics as a Function of 5.0 wt% 23SU and Burnup, 1 OK Year Decay 

Isotopic Concentrations 
atoms fibam -em_}_ 

Bum up Burn up Bum up Bum up Bum up Bumup Bum up 
SAS2H GWdlmtU GWd/mtU GWdlrntU GWdlrntU GWdlmtU GWdlmtU GWd/mtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
160 80160 4.79E-02 4.79E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.61E-09 3.92E-06 7.73E-06 1.14E-05 1.50E-05 1.85E-05 2.19E-05 
a,-c 430990 1.51E-09 3.78E-06 7.46E-06 1.10E-05 1.45E-05 1.79E-05 2.13E-05 
101Ru 441010 1.34E-09 3.31E-06 6.60E-06 9.87E-06 1.31E-05 1.63E-05 1.95E-05 
103Rh 451030 9.12E-10 2.28E-06 4.61E-06 6.93E-06 9.23E-06 1.15E-05 1.37E-05 
1o9Ag 471090 1.87E-11 8.98E-08 2.53E-07 4.68E-07 7.22E-07 1.01E-06 1.32E-06 
143Nd 601430 1.47E-09 3.54E-06 6.93E-06 1.02E-05 1.33E-05 1.64E-05 1.93E-05 
1otsNd 601450 1.00E-09 2.41E-06 4.71E-06 6.93E-06 9.06E-06 1.11E-05 1.31E-05 
msm 621470 5.96E-10 1.35E-06 2.51E-06 3.52E-06 4.41E-06 5.19E-06 5.88E-06 
149Sm 621490 2.93E-10 3.14E-07 4.08E-07 4.75E-07 5.34E-07 5.88E-07 6.37E-07 
150Sm 621500 7.82E-15 4.42E-07 1.17E-06 1.97E-06 2.81E-06 3.67E-06 4.55E-06 
1s1Sm 621510 1.71E-39 3.65E-36 6.58E-36 9.10E-36 1.14E-35 1.35E-35 1.54E-35 
152Sm 621520 7.79E-11 2.36E-07 5.25E-07 8.36E-07 1.15E-06 1.47E-06 1.79E-06 
151Eu 631510 1.22E-10 2.60E-07 4.70E-07 6.50E-07 8.11E-07 9.61E-07 1.10E-06 
153Eu 631530 5.30E-11 1.42E-07 3.20E-07 5.34E-07 7.80E-07 1.05E-06 1.35E-06 
155Gd 641550 1.23E-11 1.88E-08 2.96E-08 4.00E-08 5.21E-08 6.66E-08 8.38E-08 
233u 922330 6.61E-13 3.07E-09 9.87E-09 2.01E-08 3.30E-08 4.78E-08 6.40E-08 
234u 922340 1.05E-05 1.00E-05 9.63E-06 9.34E-06 9.16E-06 9.09E-06 9.14E-06 
mu 922350 1.21E-03 1.16E-03 1.11E-03 1.06E-03 1.02E-03 9.77E-04 9.39E-04 
23•u 922360 5.56E-06 2.42E-05 4.21E-05 5.93E-05 7.56E-05 9.12E-05 1.06E-04 
23au 922380 2.27E-02 2.27E-02 2.26E-02 2.25E-02 2.25E-02 2.24E-02 2.23E-02 

237Np 932370 2.05E-10 9.77E-07 3.1ae-oo 6.53E-06 1.07E-05 1.56E-05 2.09E-05 
mPu 942380 O.OOE+OO 1.01E-28 2.14E-27 3.02E-31 9.19E-31 2.09E-30 3.95E-30 
239pu 942390 1.84E-08 4.28E-05 8.06E-05 1.15E-04 1.46E-04 1.74E-04 2.01E-04 
2coPu 942400 6.78E-14 5.24E-07 1.62E-06 3.02E-06 4.61E-06 6.34E-06 8.19E-06 
2ot1Pu 942410 O.OOE+OO 3.83E-18 3.55E-16 4.50E-15 2.56E-14 9.42E-14 2.65E-13 
2c2Pu 942420 3.94E-24 2.34E-09 2.56E-08 9.34E-08 2.20E-07 4.14E-07 6.74E-07 
2ot1Am 952410 1.63E-25 2.81E-14 1.67E-13 5.25E-13 1.49E-12 4.01E-12 9.78E-12 

242m Am 952421 O.OOE+OO 7.37E-29 1.56E-27 2.21E-31 6.72E-31 1.53E-30 2.89E-30 
243Am 952430 8.54E-30 1.81E-11 4.08E-10 2.28E-09 7.31E-09 1.73E-08 3.41E-08 
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Table 34. BWR lsotopics as a Function of 5.0 wt% 23SU and Burnup, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I {bam -em) 

Bumup Burn up Bum up Burn up Bum up Bum up Burn up 
SAS2H GWdlmtU GWd/mtU GWdlmtU GWdlmtU GWd/mtU GWdlmtU GWdlmtU 

Isotope ID 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.64E-02 

esMo 420950 2.54E-05 2.88E-05 3.54E-05 4.17E-05 4.78E-05 5.36E-05 5.91E-05 
"Tc 430990 2.46E-05 2.79E-05 3.42E-05 4.03E-05 4.61E-05 5.17E-05 5.71E-05 

101Ru 441010 2.26E-05 2.58E-05 3.19E-05 3.80E-05 4.40E-05 4.99E-05 5.57E-05 
1o3Rh 451030 1.56E-05 1.75E-05 2.10E-05 2.44E-05 2.76E-05 3.07E-05 3.35E-05 
1o1Ag 471090 1.55E-06 1.80E-06 2.38E-06 3.04E-06 3.75E-06 4.50E-06 5.29E-06 
143Nd 601430 2.24E-05 2.53E-05 3.07E-05 3.56E-05 4.02E-05 4.43E-05 4.80E-05 
145Nd 601450 1.51E-05 1.71E-05 2.08E-05 2.44E-05 2.77E-05 3.08E-05 3.38E-05 
147Sm 621470 6.50E-06 7.06E-06 8.04E-06 8.85E-06 9.51E-06 1.00E-05 1.05E-05 
148Sm 621490 6.58E-07 6.77E-07 7.08E-07 7.31E-07 7.49E-07 7.63E-07 7.75E-07 
150Sm 621500 5.43E-06 6.31E-06 8.05E-06 9.74E-06 1.14E-05 1.30E-05 1.45E-05 
1s1Sm 621510 1.70E-35 1.84E-35 2.09E-35 2.34E-35 2.57E-35 2.79E-35 3.01E-35 
152Sm 621520 2.07E-06 2.35E-06 2.87E-06 3.37E-06 3.83E-06 4.26E-06 4.66E-06 
1s1Eu 631510 1.21E-06 1.31E-06 1.50E-06 1.67E-06 1.84E-06 2.00E-06 2.15E-06 
,"eu 631530 1.64E-06 1.95E-06 2.62E-06 3.31E-06 4.01E-06 4.70E-06 5.37E-06 
155Gd 641550 1.01E-07 1.22E-07 1.72E-07 2.32E-07 3.01E-07 3.77E-07 4.58E-07 
233u 922330 7.65E-08 9.04E-08 1.20E-07 1.51E-07 1.82E-07 2.11E-07 2.39E-07 
z34u 922340 9.27E-06 9.48E-06 1.01E-05 1.11E-05 1.24E-05 1.39E-05 1.58E-05 
235u 922350 8.89E-04 8.42E-04 7.55E-04 6.76E-04 6.06E-04 5.42E-04 4.85E-04 
z:tau 922360 1.17E-04 1.28E-04 1.48E-04 1.66E-04 1.82E-04 1.96E-04 2.09E-04 
2Hu 922380 2.23E-02 2.22E-02 2.21E-02 2.20E-02 2.19E-02 2.18E-02 2.17E-02 

237Np 932370 2.51E-05 2.96E-05 3.95E-b5 4.97E-05 5.98E-05 6.95E-05 7.87E-05 
Z38pu 942380 5.77E-30 B.SOE-30 1.64E-29 2.70E-29 3.98E-29 5.39E-29 6.87E-29 
z3•pu 942390 2.16E-04 2.29E-04 2.51E-04 2.70E-04 2.85E-04 2.97E-04 3.08E-04 
Z40pu 942400 9.43E-06 1.07E-05 1.34E-05 1.63E-05 1.92E-05 2.21E-05 2.51E-05 
241pu 942410 5.37E-13 1.15E-12 4.22E-12 1.16E-11 2.58E-11 4.98E-11 8.62E-11 
Z4Zpu 942420 9.14E-07 1.25E-06 2.18E-06 3.42E-06 4.93E-06 6.69E-06 8.66E-06 
241Am 952410 1.86E-11 3.82E-11 1.35E-10 3.67E-10 8.16E-10 1.57E-09 2.72E-09 

242m Am 952421 4.22E-30 6.22E-30 1.20E-29 1.98E-29 2.91E-29 3.94E-29 5.03E-29 
243Am 952430 5.27E-08 8.34E-08 1.88E-07 3.58E-07 5.99E-07 9.13E-07 1.30E-06 
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Table 34. BWR Isotopics as a Function of 5.0 wt% 235U and Bum up, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (bam -em} 

SAS2H 
Bum up Bum up Bum up Bum up Bumup Bum up 

Isotope GWdlmtU GWd/mtU GWd/mtU GWd/mtU GWd/mtU GWd/mtU 
ID 50 55 60 65 70 75 

180 80160 4.62E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
15Mo 420950 6.44E-05 6.95E-05 7.43E-05 7.90E-05 8.34E-05 8.77E-05 
II'Tc 430990 6.22E-05 6.71E-05 7.18E-05 7.63E-05 8.06E-05 8.47E-05 
101Ru 441010 6.14E-05 6.70E-05 7.24E-05 7.78E-05 8.31E-05 8.82E-05 
1D3Rh 451030 3.61E-05 3.85E-05 4.07E-05 4.27E-05 4.46E-05 4.63E-05 
1DIAg 471090 6.10E-06 6.94E-06 7.79E-06 8.64E-06 9.50E-06 1.04E-05 
143Nd 601430 5.13E-05 5.42E-05 5.68E-05 5.91E-05 6.11E-05 6.28E-05 
145Nd 601450 3.65E-05 3.91E-05 4.16E-05 4.38E-05 4.60E-05 4.80E-05 
147Sm 621470 1.08E-05 1.10E-05 1.12E-05 1.13E-05 1.14E-05 1.14E-05 
14'sm 621490 7.86E-07 7.96E-07 8.06E-07 8.16E-07 8.27E-07 8.38E-07 
150Sm 621500 1.60E-05 1.74E-05 1.88E-05 2.01E-05 2.14E-05 2.26E-05 
1s1Sm 621510 3.22E-35 3.42E-35 3.61E-35 3.80E-35 3.97E-35 4.14E-35 
1s25m 621520 5.04E-06 5.40E-06 5.73E-06 6.04E-06 6.34E-06 6.62E-06 
1s1Eu 631510 2.30E-06 2.44E-06 2.58E-06 2.71E-06 2.84E-06 2.96E-06 
153Eu 631530 6.01E-06 6.63E-06 7.21E-06 7.75E-06 8.26E-06 8.74E-06 
1ssGd 641550 5.43E-07 6.30E-07 7.18E-07 8.06E-07 8.91E-07 9.74E-07 
z33u 922330 2.65E-07 2.89E-07 3.11E-07 3.30E-07 3.48E-07 3.63E-07 
z34u 922340 1.80E-05 2.03E-05 2.28E-05 2.55E-05 2.82E-05 3.10E-05 
z35u 922350 4.35E-04 3.90E-04 3.51E-04 3.16E-04 2.86E-04 2.61E-04 
z31u 922360 2.19E-04 2.28E-04 2.36E-04 2.42E-04 2.47E-04 2.51E-04 
z31u 922380 2.16E-02 2.15E-02 2.14E-02 2.13E-02 2.12E-02 2.10E-02 

237Np 932370 8.73E-05 9.52E-05 1.02E-04 1.09E-04 1.15E-04 1.20E-04 
Z31pu 942380 8.35E-29 9.79E-29 1.11E-28 1.24E-28 1.35E-28 1.46E-28 
231pu 942390 3.17E-04 3.25E-04 3.32E-04 3.38E-04 3.43E-04 3.47E-04 
24Dpu 942400 2.79E-05 3.07E-05 3.34E-05 3.60E-05 3.86E-05 4.09E-05 
241pu 942410 1.38E-10 2.06E-10 2.92E-10 3.95E-10 5.17E-10 6.54E-10 
z4zpu 942420 1.08E-05 1.31E-05 1.56E-05 1.81E-05 2.07E-05 2.34E-05 
241Am 952410 4.33E-09 6.47E-09 9.17E-09 1.24E-08 1.62E-08 2.06E-08 

242m Am 952421 6.11E·29 7.16E-29 8.16E·29 9.07E-29 9.91E·29 1.06E-28 
243Am 952430 1.74E-06 2.24E-06 2.77E-06 3.35E-06 3.94E-06 4.56E-06 
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Table 35. BWR Isotopics as a Function of5.5 wt% 235U and Burnup, IOK Year Decay 

Isotopic Concentrations 
atoms I (bam -em) 

Bum up Bum up Bumup Burn up Bumup Bum up Bum up 
SAS2H GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWdlmtU GWd/mtU GWd/mtU 

Isotope ID 0.001 2.5 5.0 7.5 10 12.5 15 
160 80160 4.79E-02 4.79E-02 4.78E-02 4.77E-02 4.76E-02 4.75E-02 4.74E-02 

95Mo 420950 1.62E-09 3.94E-06 7.77E-06 1.15E-05 1.51E-05 1.86E-05 2.21E-05 
ea,-c 430990 1.51E-09 3.79E-06 7.48E-06 1.11E-05 1.46E-05 1.80E-05 2.14E-05 
totRu 441010 1.34E-09 3.31E-06 6.60E-06 9.86E-06 1.31E-05 1.63E-05 1.95E-05 
to3Rh 451030 9.08E-10 2.26E-06 4.56E-06 6.85E-06 9.12E-06 1.14E-05 1.36E-05 
tDIAg 471090 1.83E-11 8.30E-08 2.32E-07 4.28E-07 6.62E-07 9.25E-07 1.21E-06 
tuNd 601430 1.47E-09 3.56E-06 6.98E-06 1.03E-05 1.35E-05 1.66E-05 1.96E-05 
145Nd 601450 1.00E-09 2.42E-06 4.74E-06 6.97E-06 9.14E-06 1.12E-05 1.33E-05 
t47Sm 621470 5.96E-10 1.36E-06 2.54E-06 3.57E-06 4.48E-06 5.29E-06 6.01E-06 
t•'sm 621490 2.93E-10 3.38E-07 4.43E-07 5.14E-07 5.74E-07 6.29E-07 6.78E-07 
1so5m 621500 7.79E-15 4.15E-07 1.13E-06 1.92E-06 2.74E-06 3.59E-06 4.46E-06 
1s1Sm 621510 1.71E-39 3.68E-36 6.66E-36 9.23E-36 1.15E-35 1.37E-35 1.57E-35 
152Sm 621520 7.76E-11 2.31E-07 5.12E-07 8.16E-07 1.13E-06 1.44E-06 1.76E-06 
1s1Eu 631510 1.21E-10 2.62E-07 4.75E-07 6.59E-07 8.24E-07 9.76E-07 1.12E-06 
t53Eu 631530 5.26E-11 1.39E-07 3.12E-07 5.17E-07 7.53E-07 1.01E-06 1.30E-06 
1ssGd 641550 1.22E-11 1.90E-08 2.99E-08 4.00E-08 5.15E-08 6.51E-08 8.13E-08 
23~ 922330 6.50E-13 2.89E-09 9.11E-09 1.85E-08 3.05E-08 4.43E-08 5.97E-08 
mu 922340 1.17E-05 1.11E-05 1.07E-05 1.04E-05 1.02E-05 1.01E-05 1.01E-05 
23su 922350 1.33E-03 1.28E-03 1.23E-03 1.18E-03 1.13E-03 1.09E-Q3 1.04E-03 
2•u 922360 6.12E-06 2.50E-05 4.34E-Q5 6.10E-05 7.78E-05 9.39E-05 1.09E-04 
238u 922380 2.26E-02 2.25E-Q2 2.25E-02 2.24E-02 2.23E-02 2.23E-02 2.22E-02 

zs1Np 932370 2.02E-10 9.16E·07 2.93E-06 6.00E-06 9.91E-06 1.45E-05 1.95E-05 
2•pu 942380 O.OOE+OO 7.74E-29 1.69E-27 2.45E-31 7.61E-31 1.76E-30 3.38E-30 
239pu 942390 1.74E-08 4.08E-05 7.71E-05 1.10E-04 1.41E-04 1.69E-04 1.95E-04 
240pu 942400 6.14E-14 4.62E-07 1.45E-06 2.73E-06 4.19E-06 5.80E-06 7.53E-06 
241pu 942410 O.OOE+OO 2.40E-18 2.28E-16 2.97E-15 1.72E-14 6.48E-14 1.85E-13 
242pu 942420 3.02E-24 1.78E-09 2.00E-08 7.45E-08 1.79E-Q7 3.41E-07 5.63E-07 
241Am 952410 1.37E-25 2.33E-14 1.40E-13 4.25E-13 1.15E-12 2.97E-12 7.13E-12 

242m Am 952421 O.OOE+OO 5.67E-29 1.24E-27 1.79E-31 5.57E-31 1.29E-30 2.47E-30 
243Am 952430 6.14E-30 1.28E-11 2.97E-10 1.70E-09 5.56E-09 1.34E-08 2.68E-08 
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Table 35. BWR Isotopics as a Function of 5.5 wt% 235U and Bumup, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn -em) 

Bum up Burn up Bum up Bum up Bum up Bum up Bum up 
SAS2H GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU GWd/mtU GWdlmtU 

Isotope 10 17.5 20 25 30 35 40 45 
110 80160 4.73E-02 4.73E-02 4.71E-02 4.69E-02 4.67E-02 4.65E-02 4.64E-02 

15Mo 420950 2.56E-05 2.91E-05 3.58E-05 4.22E-05 4.84E-05 5.43E-05 6.00E-05 

''rc 430990 2.48E-05 2.81E-05 3.44E·05 4.06E-05 4.65E-05 5.22E-05 5.77E-05 
101Ru 441010 2.27E-05 2.58E-05 3.19E-05 3.80E-05 4.41E-05 S.OOE-05 5.58E-05 
103Rh 451030 1.54E-05 1.73E-05 2.09E-05 2.43E-05 2.75E-05 3.05E-05 3.34E-05 
mAg 471090 1.43E-06 1.67E-06 2.22E-06 2.83E-06 3.51E-06 4.23E-06 4.98E-06 
143Nd 601430 2.27E-05 2.56E-05 3.12E-05 3.63E-05 4.10E-05 4.53E-05 4.92E-05 
145Nd 601450 1.53E-05 1.73E-05 2.11E-05 2.47E-05 · 2.81E-05 3.13E-05 3.44E-05 
147Sm 621470 6.66E-06 7.25E-06 8.29E-06 9.16E-06 9.87E-06 1.04E-05 1.09E-05 
1••sm 621490 7.00E-07 7.19E-07 7.50E-07 7.73E-07 7.89E-07 8.03E-07 8.13E-07 
1sosm 621500 5.34E-06 6.21E-06 7.93E-06 9.62E-06 1.13E-05 1.29E-05 1.44E-05 
151Sm 621510 1.72E-35 1.87E-35 2.13E-35 2.37E-35 2.60E-35 2.82E-35 3.04E-35 
152Sm 621520 2.04E-06 2.32E-06 2.85E-06 3.35E-06 3.82E-06 4.26E-06 4.68E-06 
1s1Eu 631510 1.23E-06 1.33E-06 1.52E-06 1.69E-06 1.86E-06 2.02E-06 2.17E-06 
153Eu 631530 1.58E-06 1.89E-06 2.53E-06 3.21E-06 3.90E-06 4.59E-06 5.26E-06 
1ssGd 641550 9.77E-08 1.17E-07 1.64E-07 2.21E-07 2.86E-07 3.60E-07 4.39E-07 
zuu 922330 7.16E-08 8.49E-08 1.14E-07 1.44E-07 1.74E-07 2.04E-07 2.33E-07 
zMu 922340 1.02E-05 1.03E-05 1.09E-05 1.17E-05 1.29E-05 1.44E-05 1.62E-05 
23su 922350 9.93E-04 9.44E-04 8.52E-04 7.68E-04 6.91E-04 6.22E-04 5.59E-04 
23Bu 922360 1.21E-04 1.32E-04 1.54E-04 1.73E-04 1.90E-04 2.06E-04 2.20E-04 
z38u 922380 2.22E-02 2.21E-02 2.20E-02 2.19E-02 2.18E-02 2.17E-02 2.16E-02 

237Np 932370 2.34E-05 2.78E-05 3.73E-05 4.73E-05 5.73E-05 6.70E-05 7.64E-05 
23Bpu 942380 4.98E-30 7.43E-30 1.47E-29 2.47E-29 3.70E-29 5.10E-29 6.58E-29 
239pu 942390 2.10E-04 2.23E-04 2.46E-04 2.64E-04 2.80E-04 2.93E-04 3.04E-04 
240Pu 942400 8.70E-06 9.93E-06 1.25E-05 1.53E-05 1.81E-05 2.10E-05 2.38E-05 
z•,Pu 942410 3.80E-13 8.20E-13 3.08E-12 8.62E-12 1.96E-11 3.85E-11 6.77E-11 
z42Pu 942420 7.69E-07 1.06E-06 1.88E-06 2.98E-06 4.35E-06 5.95E-06 7.76E-06 
241Am 952410 1.35E-11 2.77E-11 9.95E-11 2.74E-10 6.20E-10 1.21E-09 2.13E-09 

242m Am 952421 3.65E-30 5.44E-30 1.07E-29 1.81E-29 2.71E-29 3.73E-29 4.82E-29 
243Am 952430 4.18E-08 6.68E-08 1.53E-07 2.97E-07 5.04E-07 7.79E-07 1.12E-06 
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Table 35. BWR !so topics as a Function of 5.5 wt% 235U and Burnup, 1 OK Year Decay (Cont.) 

Isotopic Concentrations 
atoms I (barn - em) 

Isotope SAS2H 
Bum up Bum up Bum up Burn up Bumup Bumup 

GWd/mtU GWd/mtU GWd/mtU GWdlmtU GWd/mtU GWd/mtU 
ID 50 55 60 65 70 75 

110 80160 4.62E-02 4.60E-02 4.58E-02 4.56E-02 4.54E-02 4.52E-02 
95Mo 420950 6.55E-05 7.07E-05 7.57E-05 8.04E-05 8.50E-05 8.94E-05 
&'"fc 430990 6.30E-05 6.80E-05 7.28E-05 7.74E-05 8.18E-05 8.60E-05 
101Ru 441010 6.15E-05 6.71E-05 7.26E-05 7.80E-05 8.33E-05 8.85E-05 
103Rh 451030 3.60E-05 3.84E-05 4.07E-05 4.28E-05 4.47E-05 4.65E-05 
101Ag 471090 5.77E-06 6.57E-06 7.40E-06 8.24E-06 9.08E-06 9.93E-06 
14'Nd 601430 5.27E-05 5.59E-05 5.87E-05 6.11E-05 6.33E-05 6.52E-05 
14'Nd 601450 3.72E-05 3.99E-05 4.24E-05 4.48E-05 4.70E-05 4.90E-05 
147Sm 621470 1.13E-05 1.15E-05 1.17E-05 1.18E-05 1.19E-05 1.19E-05 
14•sm 621490 8.23E-07 8.31E-07 8.39E-07 8.48E-07 8.56E-07 8.66E-07 
1sosm 621500 1.59E-05 1.74E-05 1.88E-05 2.01E-05 2.14E-05 2.26E-05 
151Sm 621510 3.25E-35 3.45E-35 3.64E-35 3.82E-35 4.00E-35 4.17E-35 
1s2Sm 621520 5.06E-06 5.43E-06 5.77E-06 6.09E-06 6.39E-06 6.67E-06 
1s1Eu 631510 2.32E-06 2.46E-06 2.60E-06 2.73E-06 2.86E-06 2.98E-06 
153Eu 631530 5.91E-06 6.53E-06 7.12E-06 7.68E-06 8.20E-06 8.69E-06 
1ssGd 641550 5.22E-07 6.08E-07 6.96E-07 7.84E-07 8.71E-07 9.56E-07 
z33u 922330 2.59E-07 2.84E-07 3.07E-07 3.28E-07 3.47E-07 3.84E-07 
z34u 922340 1.82E-05 2.05E-05 2.31E-05 2.57E-05 2.85E-05 3.14E-05 
235u 922350 5.02E-04 4.52E-04 4.06E-04 3.66E-04 3.31E-04 3.00E-04 
mu 922360 2.32E·04 2.42E-04 2.51E-04 2.58E-04 2.64E-04 2.69E-04 
mu 922380 2.15E-02 2.14E-02 2.13E-02 2.12E-02 2.11E-02 2.10E-02 

237Np 932370 8.52E-05 9.35E-05 1.01E-04 1.08E-04 1.14E-04 1.20E-04 
z:ssPu 942380 8.10E-29 9.59E-29 1.10E-28 1.24E-28 1.36E-28 1.47E-28 
239pu 942390 3.14E-04 3.22E-04 3.29E-04 3.36E-04 3.41E-04 3.46E-04 
240pu 942400 2.67E-05 2.95E-05 3.22E-05 3.48E-05 3.73E-05 3.98E-05 
241pu 942410 1.10E-10 1.67E-10 2.40E-10 3.30E-10 4.37E-10 5.60E-10 
242pu 942420 9.76E-06 1.19E-05 1.42E-05 1.66E-05 1.91E-05 2.17E-05 
241Am 952410 3.46E-09 5.25E-09 7.54E-09 1.04E-08 1.37E-08 1.76E-08 

242m Am 952421 5.93E-29 7.02E-29 8.07E-29 9.05E-29 9.95E-29 1.08E-28 
243Am 952430 1.52E-06 1.97E-06 2.47E-06 3.01E-06 3.58E-06 4.16E-06 
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6.3.1 Confirmation of Isotopic Database Using RCA Data 
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The results presented in References 7.10 and 7.11 evaluated the RCA data by placing the sample 
data in all nodes of all assemblies within a 44 BWR waste package. These cases were rerun as 
described in Section 5.2.1 above. The resulting kerr values are recorded in Table 36 along with 
the kerr values calculated using isotopic database concentration values. For all of the samples 
using the isotopic database, the material density was increased to 10.741 g/cm3

• This density 
change is consistent with the density used in the bounding isotopic concentration calculations. 

Section 2 of this report presents two requirements imposed in the Disposal Criticality Analysis 
Methodology Topical Report (Reference 7.1, pp. 3-38 and 3-39) to ensure that the isotopic 
concentrations used for burnup credit are conservative with respect to criticality. For the second 
requirement the keff values for waste package calculations with concentrations from the isotopic 
database must always be greater than the kerr values obtained when using the measured (RCA) 
isotopic concentration values. The last column of Table 36 presents Akerr I kerr values for waste 
package calculations with concentrations from the isotopic database compared with WP 
calculations with measured isotopic concentrations. A positive value indicates a ''bounded 
sample". That is to say that the keff value for the 44 BWR WP containing the material 
concentrations from the isotopic database exceeds the kerr value for the 44 BWR WP containing 
the material concentrations based on the RCA values. In all cases, the isotopic database 
materials were bounding when compared to the RCAs. 
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Table 36. RCA Sample Comparison to Isotopic Database Concentration in a 44 BWR Waste 
Package 

Sample 
Isotopic Database (10) RCA [Ak/k)a 

Name kerr (J keff (J {%) 

08-3028 0.76073 0.00072 0.56062 0.00044 35.69% 

08-4G3 0.80084 0.00058 0.63548 0.00057 26.02% 

09-102 0.75160 0.00055 0.46859 0.00039 60.40% 

09-202 0.74515 0.00056 0.50906 0.00042 46.38% 

09-404 0.74679 0.00059 0.53387 0.00051 39.88% 

D9-4G1E1 0.76307 0.00063 0.56883 0.00049 34.15% 

H5-3A1C 0.76020 0.00062 0.59039 0.00052 28.76% 

H5-3A1G 0.75909 0.00064 0.59217 0.00058 28.19% 

Rod add2966, cut-b 0.88817 0.00074 0.74136 0.00065 19.80% 

Rod add2966 cut-k 0.86304 0.00063 0.64206 0.00052 34.42% 

Rod add2966 cut-t 0.86200 0.00061 0.60751 0.00046 41.89% 

Rod add2974, cut-b 0.89008 0.00064 0.76164 0.00059 16.86% 

Rod add2974, cut-j 0.86940 0.00068 0.69331 0.00056 25.40% 

Rod add2974 cut-u 0.86695 0.00061 0.64811 0.00053 33.77% 

assy. b23, rod a1, 44cm 0.73073 0.00067 0.54400 0.00055 34.33% 

assy. b23, rod a1, 268cm 0.72980 0.00067 0.57765 0.00057 26.34% 

assv. b23 rod b3, 268cm 0.73435 0.00069 0.61827 0.00062 18.77% 

assy. b23, rod e3, 268cm 0.73265 0.00068 0.59666 0.00054 22.79% 

assv. c16, rod a1 44cm 0.73495 0.00069 0.56778 0.00058 29.44% 

assv. c16, rod a1, 268cm 0.73487 0.00070 0.60154 0.00056 22.16% 

assy. c16, rod b3 268cm 0.74020 0.00059 0.63653 0.00064 16.29% 

assy. c16, rod e5, 268cm 0.73713 0.00066 0.59853 0.00050 23.16% 

assv. a-14 rod c-d-3-4 (2) 0.78744 0.00063 0.74262 0.00066 6.04% 

assv. a--14, rod c-d-3-4(9) 0.78946 0.00062 0.73526 0.00064 7.37% 

assy. a-18 rod c-d-3-4 (2) 0.78426 0.00066 0.74296 0.00072 5.56% 

assv. a-18, rod c-d-3-4 (6) 0.79064 0.00068 0.73467 0.00062 7.62% 

assy. a-20, rod a-1 (3) 0.79684 0.00072 0.71585 0.00060 11.31% 

assy. a-20 rod a-1 (10) 0.79588 0.00066 0.71048 0.00053 12.02% 
assy. a-20, rod a-3 (3) 0.79930 0.00065 0.71494 0.00063 11.80% 

assy. a-20, rod a-6 (9) 0.79757 0.00074 0.71572 0.00063 11.44% 
assy. a-20, rod a-6 (1) 0.78378 0.00058 0.74448 0.00058 5.28% 

assv. a-20, rod c-3 (3) 0.79354 0.00076 0.73457 0.00066 8.03% 

assv. a-20, rod c-3 (5}_ 0.79556 0.00064 0.72902 0.00065 9.13% 

assy. a-20, rod a-1 (8) 0.79680 0.00065 0.72427 0.00064 10.01% 

assv. a-20, rod c-3 (10) 0.79367 0.00068 0.72774 0.00060 9.06% 

assy. a-20, rod c-3 (12) 0.77975 0.00067 0.74484 0.00065 4.69% 

assy. a-20, rod e-2 (3) 0.79471 0.00070 0.73042 0.00063 8.80% 

assy. a-20, rod e-2 (10) 0.79367 0.00071 0.72369 0.00066 9.67% 

Notes: 
a. h.klk (%)=[ken (Isotopic Database)- keff(RCA)] x 100 I keff(RCA) 
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The CRCs have been previously evaluated using MCNP. The calculated kerr values for the CRCs 
are documented in Reference 7.20 and are not re-evaluated in this calculation. The comparison 
of CRC data is based on the kerr results calculated using the best-estimate isotopic data set. The 
applicable kerr values are listed in Table 37, along with the new values calculated using the 
isotopic database material compositions. For each cycle reported, the first kerr and cr values are 
the original best-estimate CRC kerr values taken from Reference 7.20. Using the best-estimate 
CRC kerr values identifies the full range of conservatism built into the isotopic database, 
including the conservatism resulting from the use of the principal isotopes instead of the entire 
best-estimate material description. 

The revised MCNP input files are based on the actual MCNP input files taken from the CRC 
reactivity calculation report (Reference 7.20). For each evaluated assembly, the isotopic 
database concentrations replaced the CRC material data in the MCNP fuel material cards for all 
fuel nodes of the affected assembly. Also, the material density for each axial fuel node was 
changed to 10.741 g/cm3

• This density change is consistent with the density used in the 
bounding isotopic concentration calculations. Only one set of assembly fuel data was modified 
in each of the MCNP calculations reported in Table 37. The total number of affected assemblies 
in the entire core is listed in Table 37. 

The data reported in Table 37 demonstrates that the isotopic database provides bounding material 
definitions for all tested assemblies. Because these assemblies are expected to be the most 
difficult to bound in the available BWR CRC database, this demonstrates that the isotopic 
database approach will bound the current CRC database. Thus, requirement A discussed in 
Section 2 of this document and in Reference 7.1, Section 3.5.3.1.2 is satisfied. 

However, additional confirmation should be performed using additional assemblies that may be 
bounding, but are not currently included in the CRC database. Also, it would be advisable to 
investigate the relative affect of the bounding model in a waste package, similar to the RCA 
confirmation calculations documented above. This may be accomplished by calculating kerr 
values for the each assembly listed in Table 10 in a 44 BWR waste package. All 44 locations in 
the waste package could be filled with the same assembly using the best-estimate isotopic 
concentrations present in the CRC calculations. The calculations would then be repeated using 
the isotopic database isotopic concentrations. These "best-estimate" kerr values could be 
compared to the "Isotopic Database" kerr values to determine the level of relative conservatism. 
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Table 37. Comparison ofCRCs to Isotopic Database Concentrations 

Number of 
State-point Assembly Effected 

Assemblies 

6 Baseb 

A16 8 

C06 8 

13 Baseb 

B37 8 

14 Baseb 

D45 8 

15 Baseb 

B32 8 

18 Baseb 

H15 8 

Fl6 4 

20 Baseb 

K06 8 

H22 8 
130 8 

21 Baseb 

H06 8 
Notes: 
a ~klk (%) = [ke!r (Isotopic Database)- ken{Base)) x 100 I ken{Base) 

b Base is based on best-estimate Isotopic data (Reference 7 .20) 

kerr (J 

0.99324 0.0001 

1.00238 0.00012 

0.99401 0.00010 

0.98551 0.0001 

0.99057 0.00010 

0.98295 0.0001 

0.98310 0.00010 

0.98309 0.0001 

0.98373 0.00010 

0.98993 0.0001 

0.99044 0.00010 

0.99006 0.00010 

0.96644 0.0001 

0.96661 0.00010 

0.96714 0.00010 

0.96916 0.00011 

0.99211 0.0001 

1.00096 0.00011 

6.3.3 Confirmation of Isotopic Database Using Nominal Depletion Data 

[L\klkt 
(%) 

0.92% 

0.08% 

0.51% 

0.02% 

0.07% 

0.05% 

0.01% 

0.02% 

0.07% 

0.28% 

0.89% 

For comparison to the conservative isotopic database depletion, a nominal depletion was defmed 
based on information from the Commercial Reactor Criticality Depletion for Grand Gulf, Unit 1 
(Reference 7.15). For this calculation, the base depletion is taken from the Assembly Cl6, node 
3 depletion calculation for state-point 15 recorded in Reference 7.15. This SAS2H input file was 
selected for the following reasons: 

• C16 is an 8x8 assembly 
• Contains 6 Gadolinia rods ( 4wt% Gd203) 

• Burnup of 43.63 GWd/mtU (maximum node burnup available for the state-points 
recorded in Reference 7.15 of any 8x8 assembly) 

• Significant control rod history compared to other 8x8 assemblies depleted in Reference 
7.15 
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The C16, node 3 depletion input file was modified to reflect nominal values for various 
parameters. The following parameters are considered nominal for BWR fuel assemblies. 

• Fuel temperature, 1000 K (consistent with Cl6 node 3, ranges from 1122 K to 865 K) 
• Moderator Density, 0.43 gjcm3 (consistent with node 4 values for Cl6, intended to match 

node 4 moderator density with node 3 control rod history) 

These provide the nominal parameter set used as the baseline for comparison for the 
determination of the conservatism of the isotopic database. 

For comparison to the isotopic database, convenient enrichment burnup pairs were selected. The 
nominal depletion SAS2H inputs were modified to reflect the enrichment in the U02 rods only. 
The Gadolinia rod uranium enrichment remained consistent with the C16, node 3 value. To 
facilitate the uranium enrichment changes, only 23SU" and 238U were included in the fuel 
description. 234U and 236o" were added to list of ''tracked" isotopes. The bumup step lengths 
were modified to provide steps that ended on the selected burnup values. For the 50 GWdlmtU 
cases, depletion steps, consistent with the last step recorded in the C 16, node 3 depletion input, 
were added to the end of the depletion. Finally, the final decay time was extended to 5 years for 
comparison with the 5 year decayed isotopic database values. 

The isotopic concentrations generated by SAS2H were placed in a 7x7 assembly in a 44 BWR 
Waste Package. The base model is the Cooper 7x7 (sample elm, Table 8) used in the Cooper 
RCA calculations reported above. The calculated kerr values for the nominal depletion assembly 
in a 44 BWR Waste Package are listed in Table 38, along with the values calculated using the 
isotopic database material compositions. The calculated Mcerrvalues are shown in Figure 34. 
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Table 38. Comparison of Nominal Depletion Assemblies to Isotopic Database Concentrations 

MCNP Enrichment Burn up 
Nominal Depletion Isotopic Database 

FHe (wt% l3SU) (GWd/mt 
Assembly 

Name U) kerr a kerr a a~cett• 

bwr310 3.0 10.0 0.77892 0.00062 0.85388 0.00074 0.07496 

bwr320 3.0 20.0 0.73099 0.00061 0.83141 0.00069 0.10042 

bwr330 3.0 30.0 0.67143 0.00055 0.80003 0.00065 0.12860 

bwr340 3.0 40.0 0.58425 0.00052 0.77664 0.00064 0.19239 

bwr350 3.0 50.0 0.52599 0.00049 0.75485 0.00071 0.22886 

bwr410 4.0 10.0 0.84828 0.00061 0.88921 0.00059 0.04093 

bwr420 4.0 20.0 0.79600 0.00067 0.85702 0.00068 0.06102 

bwr430 4.0 30.0 0.73984 0.00063 0.82657 0.00066 0.08673 

bwr440 4.0 40.0 0.65649 0.00058 0.79615 0.00065 0.13966 

bwr450 4.0 50.0 0.58881 0.00051 0.77134 0.00057 0.18253 

bwr510 5.0 10.0 0.89856 0.00071 0.91902 0.00069 0.02046 

bwr520 5.0 20.0 0.84699 0.00061 0.88542 0.00058 0.03843 

bwr530 5.0 30.0 0.79648 0.00063 0.85147 0.00067 0.05499 

bwr540 5.0 40.0 0.72449 0.00055 0.81982 0.00064 0.09533 

bwr550 5.0 50.0 0.65625 0.00055 0.79027 0.00056 0.13402 

Notes: 
a 6kelr =kerr (Isotopic Database)- ken(Nominal) 

The MCNP input files are based on the 44 BWR Waste Package input files containing 7x7 
assemblies. For each evaluated assembly, the isotopic database concentrations replaced the 
nominal depletion assembly material data in the MCNP fuel material cards. Also, the fuel 
material density was set to 10.741 g/cm3

• This density is consistent with the density used in the 
bounding isotopic concentration calculations. The fuel material definitions for all forty-four 
assemblies in the 44 BWR Waste Package were modified in the MCNP calculations reported in 
Table 38. 

Figure 34 shows the calculated Aketr relative to the absolute value of the calculated bias plus 
uncertainty for the CRCs, 1-0.0003*(System Average Burnup}+0.9829, Reference 7.9, Table 6, 
and the absolute value of the lower limit and uncertainty for the RCAs, -4.813e-4*(System 
Average Burnup)-0.0366, Reference 7.11 Table 6-1). Figure 34 indicates that the isotopic 
database bounding depletion model is conservative with respect to the nominal depletion model 
for all three enrichments presented over most of the range of burnups presented. For 3.0 wt%, 
the isotopic database bounding depletion model is always conservative over the presented range 
of burnups. However, for 4.0 wt%, the isotopic database bounding depletion model is only 
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conservative, versus the RCAs for bumups greater than 10.3 GWd/mtU. Also, for the 5.0 wt% 
cases, the isotopic database bounding depletion model is only conservative versus the CRCs for 
bumups greater than 9.7 GWdlmtU and versus the RCAs for bumups greater than 26.6 
GWdlmtU. Above these burnup values, the calculated ketT value meets the criteria for 
conservatism presented in Reference 7 .1. 
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Figure 34. Comparison of .dketT for Isotopic Database versus Nominal Depletion 
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8. COMPUTER OUTPUT 

Table 39 lists the SAS2H Tape 72/output files for the sensitivity study. 

Table 40 lists the MCNP output files for the sensitivity study. 
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Table 41 lists the SAS2H Tape 72/output files for the isotopic database generation, 5 year decay. 

Table 42 lists the SAS2H Tape 72/output files for the isotopic database generation, 10,000 year 
decay. 

Table 43 lists the SAS2H Tape 72/output files for the nominal depletion cases used for 
confirmation of the isotopic database. 

Table 44 lists the MCNP output files for confirmation of the isotopic database. 

Table 39. Sensitivity Study SAS2H Tape 72/0utput Files 

File Name File Size Date of Last Update Time 
(bytes) 

bwrs0001.ft72 1908764 17-Feb-2004 13:55 
bwrs0001.out 46016102 17-Feb-2004 13:56 
bwrs0002.ft72 1908764 17-Feb-2004 14:03 
bwrs0002.out 46403470 17-Feb-2004 14:03 
bwrs0003.ft72 1908764 17-Feb-2004 14:07 
bwrs0003.out 47535974 17-Feb-2004 14:07 
bwrs0004.ft72 1908764 16-Feb-2004 13:09 
bwrs0004.out 46017095 16-Feb-2004 13:09 
bwrs0005.ft72 1908764 16-Feb-2004 13:09 
bwrs0005.out 46366836 16-Feb-2004 13:09 
bwrs0006.ft72 1908764 16-Feb-2004 13:18 
bwrs0006.out 47498234 16-F eb-2004 13:18 
bwrs0007 .ft72 1908764 17-Feb-2004 13:56 
bwrs0007.out 46012735 17-Feb-2004 13:56 
bwrs0008.ft72 1908764 16-Feb-2004 13:19 
bwrs0008.out 46017095 16-Feb-2004 13:19 
bwrs0009.ft72 2030600 17-Feb-2004 10:44 
bwrs0009.out 47695831 17-Feb-2004 10:44 
bwrs0010.ft72 2030600 17-Feb-2004 11:06 
bwrsOO 1 0 .out 49148978 17-Feb-2004 11:06 
bwrs0011.ft72 1908764 16-Feb-2004 14:10 
bwrs0011.out 46332830 16-Feb-2004 14:10 
bwrs0012.ft72 1908764 16-Feb-2004 14:27 
bwrs0012.out 46259969 16-Feb-2004 14:27 
bwrs0013.ft72 446732 16-Feb-2004 15:51 
bwrs0013.out 10070487 16-Feb-2004 15:51 
bwrs0014.ft72 1177748 16-Feb-2004 15:54 
bwrs0014.out 28147892 16-Feb-2004 15:54 
bwrs0015.ft72 1949376 16-Feb-2004 15:58 
bwrs0015.out 47490875 16-Feb-2004 15:58 
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Table 39. Sensitivity Study SAS2H Tape 72/0utput Files (Cont'd) 

File Name File Size Date of last Update Time 
(bytes) 

Bwrs0016.ft72 1949376 16-Fetr2004 17:08 
Bwrs0016.out 47840515 16-Fetr2004 17:08 
BwrsOO 17 .ft72 487344 17-Fetr2004 11:03 
Bwrs0017.out 11038729 17-Fetr2004 11:03 
bwrs0018.ft72 1258972 17 -Fetr2004 11:09 
bwrs0018.out 30075306 17-Fetr2004 11:09 
bwrs0019.ft72 2071212 17-Fetr2004 11:35 
bwrs0019.out 50406433 17-Feb-2004 11:35 
bwrs0020.ft72 2071212 17-Fetr2004 11:35 
bwrs0020.out 50775197 17-Fetr2004 11:35 
bwrs0021.ft72 2111824 17-Fetr2004 11:43 
bwrs0021.out 51551245 17-Fetr2004 11:43 
bwrs0022.ft72 2071212 17-Fetr2004 13:01 
bwrs0022.out 50536482 17-Feb-2004 13:01 
bwrs0023.ft72 1908764 17-Feb-2004 14:21 
bwrs0023.out 47072831 17-Fetr2004 14:21 
bwrs0024.ft72 1908764 17-Fetr2004 14:21 
bwrs0024.out 47426361 17-Fetr2004 14:21 
bwrs0025.ft72 1908764 17-Fetr2004 14:26 
bwrs0025.out 48492378 17-Fetr2004 14:27 
bwrs0026.ft72 446732 17-Feb-2004 14:17 
bwrs0026.out 10283019 17-Feb-2004 14:17 
bwrs0027 .ft72 487344 17-Feb-2004 13:35 
bwrs0027 .out 11280604 17-Feb-2004 13:35 
bwrs0028.ft72 1989988 16-Feb-2004 16:40 
bwrs0028.out 48619538 16-Feb-2004 16:40 
bwrs0029.ft72 1949376 16-Fetr2004 16:38 
bwrs0029.out 47633241 16-Fetr2004 16:38 
bwrs0030.ft72 487344 17 -Feb-2004 14:47 
bwrs0030.out 11547124 17-Feb-2004 14:47 
bwrs0031.ft72 487344 17-Feb-2004 15:02 
bwrs0031.out 11288778 17-Feb-2004 15:02 
bwrs0032.ft72 487344 17-Feb-2004 15:02 
bwrs0032.out 11331515 17-Feb-2004 15:02 
bwrs0033. ft72 487344 17-Feb-2004 15:02 
bwrs0033.out 11062044 17-Feb-2004 15:02 
bwrs0034. ft72 487344 17-Feb-2004 15:02 
bwrs0034.out 11246608 17-Feb-2004 15:02 
bwrs0035.ft72 487344 17-Feb-2004 15:00 
bwrs0035.out 10978429 17-Feb-2004 15:00 
bwrs0036.ft72 487344 17-Feb-2004 15:00 
bwrs0036.out 11193969 17-Feb-2004 15:00 
bwrs0037 .ft72 487344 17 -Feb-2004 15:01 
bwrs0037.out 10928304 17-Feb-2004 15:01 
bwrs0038.ft72 446732 16-Feb-2004 16:43 
bwrs0038.out 10227538 16-Feb-2004 16:43 
bwrs0039.ft72 446732 16-Feb-2004 16:44 
bwrs0039.out 10008696 16-Feb-2004 16:44 
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Table 39. Sensitivity Study SAS2H Tape 72/0utput Files (Cont'd) 

File Name File Size Date of Last Update Time 
(bytes) 

bwrs0040.out 28147884 24-May-2004 13:14 
bwrs0040.ft72 1177748 24-May-2004 13:13 
bwrs0041.out 28724349 24-May-2004 13:16 
bwrs0041. ft72 1177748 24-May-2004 13:16 
bwrs0042.out 30075306 24-May-2004 13:16 
bwrs0042. ft72 1258972 24-May-2004 13:16 
bwrs0043.out 30700297 24-May-2004 13:16 
bwrs0043. ft72 1258972 24-May-2004 13:16 
bwrs0044.out 30769273 24-May-2004 14:32 
bwrs0044. ft72 1258972 24-May-2004 14:32 
bwrs0045.out 30181919 24-May-2004 15:48 
bwrs0045. ft72 1258972 24-May-2004 15:48 
bwrs0046.out 29950715 24-Mav-2004 15:48 
bwrs0046.ft72 1258972 24-May-2004 15:48 
bwrs0047.out 29813944 24-May-2004 15:48 
bwrs0047.ft72 1258972 24-May-2004 15:48 
bwrs0048.out 27977193 24-May-2004 15:49 
bwrs0048.ft72 1177748 24-May-2004 15:49 
bwrs0049.out 31438209 24-May-2004 15:52 
bwrs0049.ft72 1258972 24-May-2004 15:52 
bwrs0050.out 30874636 24-May-2004 16:21 
bwrs0050.ft72 1258972 24-May-2004 16:21 
bwrs0051.out 30643665 24-Mav-2004 15:55 
bwrs0051.ft72 1258972 24-May-2004 15:55 
bwrs0052.out 30501931 24-May-2004 15:54 
bwrs0052.ft72 1258972 24-May-2004 15:54 
bwrs0053.out 28556033 24-May-2004 16:23 
bwrs0053.ft72 1177748 24-May-2004 16:23 

Table 40. Sensitivity Study MCNP Output Files 

File Name File Size Date of Last Update Time 
(bytes) 

bwrm0001.out 271953 17-Feb-2004 15:39 

bwrm0002.out 270849 17-Feb-2004 15:40 

bwrm0003.out 271953 17-Feb-2004 15:53 

bwrm0004.out 271953 17-Feb-2004 15:39 

bwrmOOOS.out 271953 17 -F eb-2004 15:39 

bwrm0006.out 271953 17-Feb-2004 15:53 

bwrm0007.out 267562 17-Feb-2004 17:06 

bwrm0008.out 271953 17-Feb-2004 15:52 

bwrm0009.out 270837 17-Feb-2004 15:52 

bwrm0010.out 270837 17-Feb-2004 15:53 

bwrm0011.out 271346 17-Feb-2004 15:58 

bwrm0012.out 259370 17-Feb-2004 16:05 

bwrm0013.out 271952 17-Feb-2004 16:05 
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Table 40. Sensitivity Study MCNP Output Files (Cont'd) 

bwrm0014.out 271944 17 -Feb-2004 16:02 

bwnn0015.out 267559 17-Feb-2004 16:10 

bwnn0016.out 271944 17-Feb-2004 16:04 

bwnn0017.out 271944 17-Feb-2004 16:07 

bwnn0018.out 270848 17 -Feb-2004 16:11 

bwrm0019.out 271952 17-Feb-2004 16:15 

bwrm0020.out 271944 17-Feb-2004 16:17 

bwrm0021.out 271944 17-Feb-2004 16:18 

bwrm0022.out 271014 17-Feb-2004 16:14 

bwrm0023.out 271022 17 -Feb-2004 16:19 
bwrm0024.out 270848 17-Feb-2004 16:22 

bwrm0025.out 271944 17 -Feb-2004 16:19 

bwnn0026.out 270241 17-Feb-2004 16:31 

bwnn0027.out 271344 17 -Feb-2004 16:31 

bwrm0028.out 270836 17-Feb-2004 16:30 

bwrm0029.out 267562 17-Feb-2004 16:30 

bwrm0030.out 271944 17-Feb-2004 16:29 

bwnn0031.out 271944 17-Feb-2004 16:32 

bwnn0032.out 271024 17-Feb-2004 16:34 

bwnn0033.out 271946 17-Feb-2004 16:48 

bwnn0034.out 271953 17-Feb-2004 16:48 
bwnn0035.out 271953 17-Feb-2004 16:49 

bwnn0036.out 271032 17 -Feb-2004 16:43 
bwnn0037 .out 271006 17-Feb-2004 16:44 

bwnn0038.out 271344 17-Feb-2004 16:48 

bwnn0039.out 271944 17-Feb-2004 16:47 

bwrm0040.out 271945 24-May-2004 17:14 

bwnn0041.out 270829 24-May-2004 17:13 

bwnn0042.out 271953 24-May-2004 17:14 

bwnn0043.out 271025 24-May-2004 17:13 

bwrm0044.out 271937 24-May-2004 17:15 
bwnn0045.out 271945 24-May-2004 17:15 

bwnn0046.out 271945 24-May-2004 17:15 
bwnn0047 .out 271033 24-May-2004 17:15 

bwnn0048.out 270829 24-May-2004 17:14 
bwnn0049.out 271953 24-May-2004 17:13 

bwnn0050.out 271032 24-May-2004 17:24 

bwnn0051.out 271952 24-May-2004 17:24 
bwnn0052.out 271947 24-May-2004 17:28 

bwnn0053.out 271944 24-May-2004 17:26 
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Table 41. BWR Isotopic Database SAS2H Tape 72/0utput Files, 5 Year Decay 

File Name File Size (bytes) Date of Last Update Time 

bse1.5b0.001 y5.ft72 121836 29-Jan-2004 10:12 

bse1.5b0.001y5.out 2099603 28-Jan-2004 16:30 

bse1.5b2.5y5.ft72 203060 29-Jan-2004 10:12 

bse1.5b2.5y5.out 4148362 28-Jan-2004 16:30 

bse1.5b5.0y5.ft72 284284 29-Jan-2004 10:12 

bse1.5b5.0y5.out 6176175 28-Jan-2004 16:31 

bse1.5b7.5y5.ft72 365508 29-Jan-2004 10:12 

bse1.5b7.5y5.out 8209217 28-Jan-2004 16:31 

bse1.5b10.0y5.ft72 446732 29-Jan-2004 10:12 

bse1.5b10.0y5.out 10243883 28-Jan-2004 16:31 

bse1.5b12.5y5.ft72 568568 29-Jan-2004 10:12 

bse1.5b 12.5y5.out 13297030 28-Jan-2004 16:32 

bse1.5b15.0y5.ft72 649792 29-Jan-2004 10:12 

bse1.5b15.0y5.out 15333961 28-Jan-2004 16:32 

bse1.5b17 .5y5.ft72 771628 29-Jan-2004 10:12 

bse1.5b17.5y5.out 18289014 28-Jan-2004 16:34 

bse1.5b20.0y5.ft72 852852 29-Jan-2004 10:12 

bse1.5b20.0y5.out 20286085 28-Jan-2004 16:34 

bse1.5b25.0y5.ft72 1015300 29-Jan-2004 10:12 

bse1.5b25.0y5.out 24279650 28-Jan-2004 16:36 

bse1.5b30.0y5.ft72 1218360 29-Jan-2004 10:12 

bse1.5b30.0y5.out 29291106 28-Jan-2004 16:39 

bse1.5b35.0y5.ft72 1380808 29-Jan-2004 10:12 

bse1.5b35.0y5.out 33312694 28-Jan-2004 16:40 

bse1.5b40.0y5.ft72 1583868 29-Jan-2004 10:12 

bse1.5b40.0y5.out 38326392 28-Jan-2004 16:41 

bse1.5b45.0y5.ft72 1746316 29-Jan-2004 10:12 

bse1.5b45.0y5.out 42323782 28-Jan-2004 16:40 

bse1.5b50.0y5.ft72 1949376 29-Jan-2004 10:12 

bse1.5b50.0y5.out 47339234 28-Jan-2004 16:47 

bse1.5b55.0y5.ft72 2111824 29-Jan-2004 10:12 

bse1.5b55.0y5.out 51362488 28-Jan-2004 16:42 

bse1.5b60.0y5.ft72 2314884 29-Jan-2004 10:12 

bse1.5b60.0y5.out 56391312 28-Jan-2004 16:43 

bse1.5b65.0y5.ft72 2477332 29-Jan-2004 10:12 

bse1.5b65.0y5.out 60413419 28-Jan-2004 16:44 

bse1.5b70.0y5.ft72 2680392 29-Jan-2004 10:12 

bse1.5b70.0y5.out 65440543 28-Jan-2004 16:51 

bse1.5b75.0y5.ft72 2842840 29-Jan-2004 10:12 

bse1.5b75.0y5.out 69437051 28-Jan-2004 16:50 
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Table 41. BWR Isotopic Database SAS2H Tape 72/0utput Files, 5 Year Decay (Cont.) 

File Name File Size (bytes) Date of Last Update Time 

bse2.0b0.001y5.ft72 121836 29-Jan -2004 10:12 

bse2.0b0.001y5.out 2099603 28-Jan -2004 16:41 

bse2.0b2.5y5.ft72 203060 29-Jan -2004 10:12 

bse2.0b2.5y5.out 4147116 28-Jan -2004 16:41 

bse2.0b5.0y5.ft72 284284 29-Jan -2004 10:12 

bse2.0b5.0y5.out 6170792 28-Jan -2004 16:42 

bse2.0b 7 .5y5.ft72 365508 29-Jan -2004 10:12 

bse2.0b7.5y5.out 8203113 28-Jan -2004 16:43 

bse2.0b1 O.Oy5.ft72 446732 29-Jan -2004 10:12 

bse2.0b1 O.Oy5.out 10237533 28-Jan -2004 16:43 

bse2.0b12.5y5.ft72 568568 29-Jan -2004 10:12 
bse2.0b12.5y5.out 13290422 28-Jan -2004 16:45 

bse2.0b15.0y5.ft72 649792 29-Jan -2004 10:12 

bse2.0b15.0y5.out 15327682 28-Jan -2004 16:46 

bse2.0b17.5y5.ft72 771628 29-Jan -2004 10:12 

bse2.0b17.5y5.out 18281794 28-Jan -2004 16:47 

bse2.0b20.0y5.ft72 852852 29-Jan -2004 10:12 

bse2.0b20.0y5.out 20279984 28-Jan -2004 16:46 

bse2.0b25.0y5.ft72 1015300 29-Jan -2004 10:12 
bse2.0b25.0y5.out 24269695 28-Jan -2004 16:48 

bse2.0b30.0y5.ft72 1218360 29-Jan -2004 10:12 

bse2.0b30.0y5.out 29261420 28-Jan -2004 16:50 

bse2.0b35.0y5.ft72 1380808 29-Jan -2004 10:12 
bse2.0b35.0y5.out 33259953 28-Jan -2004 16:50 
bse2.0b40.0y5.ft72 1583868 29-Jan -2004 10:12 

bse2.0b40.0y5.out 38256656 28-Jan -2004 16:54 
bse2.0b45.0y5.ft72 1746316 29-Jan -2004 10:12 

bse2.0b45.0y5.out 42254334 28-Jan -2004 16:55 

bse2.0b50.0y5.ft72 1949376 29-Jan -2004 10:12 
bse2.0b50.0y5.out 47251325 28-Jan -2004 16:56 

bse2.0b55.0y5.ft72 2111824 29-Jan -2004 10:12 

bse2.0b55.0y5.out 51249858 28-Jan -2004 17:03 

bse2.0b60.0y5.ft72 2314884 29-Jan -2004 10:12 

bse2.0b60.0y5.out 56247932 28-Jan -2004 17:08 
bse2.0b65.0y5.ft72 2477332 29-Jan -2004 10:12 
bse2.0b65.0y5.out 60245827 28-Jan -2004 17:09 

bse2.0b70.0y5.ft72 2680392 29-Jan -2004 10:12 

bse2.0b70.0y5.out 65242754 28-Jan -2004 17:10 
bse2.0b75.0y5.ft72 2842840 29-Jan -2004 10:12 
bse2.0b75.0y5.out 69239600 28-Jan -2004 17:03 
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Table 41. BWR Isotopic Database SAS2H Tape 72/0utput Files, 5 Year Decay (Cont.) 

File Name File Size (bytes) Date of Last Update Time 

bse2.5b0.001y5.ft72 121836 29-Jan-2004 10:12 

bse2.5b0.001 y5.out 2099771 28-Jan-2004 16:54 

bse2.5b2.5y5.ft72 203060 29-Jan-2004 10:12 

bse2.5b2.5y5.out 4146404 28-Jan-2004 16:55 

bse2.5b5.0y5.ft72 284284 29-Jan-2004 10:12 

bse2.5b5.0y5.out 6167722 28-Jan-2004 16:56 

bse2.5b 7 .5y5.ft72 365508 29-Jan-2004 10:12 

bse2.5b7.5y5.out 8199441 28-Jan-2004 16:56 

bse2.5b1 O.Oy5.ft72 446732 29-Jan-2004 10:12 

bse2.5b1 O.Oy5.out 10233837 28-Jan-2004 16:57 

bse2.5b12.5y5.ft72 568568 29-Jan-2004 10:12 

bse2.5b12.5y5.out 13286320 28-Jan-2004 16:58 

bse2.5b15.0y5.ft72 649792 29-Jan-2004 10:12 

bse2.5b15.0y5.out 15323051 28-Jan-2004 16:58 

bse2.5b17 .5y5.ft72 771628 29-Jan-2004 10:12 

bse2.5b17 .5y5.out 18277573 28-Jan-2004 17:00 

bse2.5b20.0y5.ft72 852852 29-Jan-2004 10:12 

bse2.5b20.0y5.out 20273521 28-Jan-2004 17:01 

bse2.5b25.0y5.ft72 1015300 29-Jan-2004 10:12 

bse2.5b25.0y5.out 24264392 28-Jan-2004 17:05 

bse2.5b30.0y5.ft72 1218360 29-Jan-2004 10:12 

bse2.5b30.0y5.out 29256778 28-Jan-2004 17:04 

bse2.5b35.0y5.ft72 1380808 29-Jan-2004 10:12 

bse2.5b35.0y5.out 33253850 28-Jan-2004 17:05 

bse2.5b40.0y5.ft72 1583868 29-Jan-2004 10:12 

bse2.5b40.0y5.out 38251758 28-Jan-2004 17:08 
bse2.5b45.0y5.ft72 1746316 29-Jan-2004 10:12 

bse2.5b45.0y5.out 42249973 28-Jan-2004 17:11 

bse2.5b50.0y5.ft72 1949376 29-Jan-2004 10:12 

bse2.5b50.0y5.out 47246865 28-Jan-2004 17:12 

bse2.5b55.0y5.ft72 2111824 29-Jan-2004 10:12 
bse2.5b55.0y5.out 51244873 28-Jan-2004 17:14 

bse2.5b60.0y5.ft72 2314884 29-Jan-2004 10:12 

bse2.5b60.0y5.out 56242888 28-Jan-2004 17:13 

bse2.5b65.0y5.ft72 2477332 29-Jan-2004 10:12 

bse2.5b65.0y5.out 60242127 28-Jan-2004 17:21 

bse2.5b70.0y5.ft72 2680392 29-Jan-2004 10:12 

bse2.5b70.0y5.out 65239557 28-Jan-2004 17:22 

bse2.5b75.0y5.ft72 2842840 29-Jan-2004 10:12 
bse2.5b75.0y5.out 69237703 28-Jan-2004 17:23 
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Table 41. BWR Isotopic Database SAS2H Tape 72/0utput Files, 5 Year Decay (Cont.) 

File Name File Size (bytes) Date of Last Update Time 
bse3.0b0.001 y5.ft72 121836 29-Jan-2004 10:12 

bse3.0b0.001y5.out 2099813 28-Jan-2004 17:11 

bse3.0b2.5y5.ft72 203060 29-Jan-2004 10:12 

bse3.0b2.5y5.out 4146022 28-Jan-2004 17:11 

bse3.0b5.0y5.ft72 284284 29-Jan-2004 10:12 

bse3.0b5.0y5.out 6166353 28-Jan-2004 17:12 

bse3.0b7.5y5.ft72 365508 29-Jan-2004 10:12 
bse3.0b7.5y5.out 8194872 28-Jan-2004 17:13 

bse3.0b10.0y5.ft72 446732 29-Jan-2004 10:12 
bse3.0b10.0y5.out 10227535 28-Jan-2004 17:14 

bse3.0b12.5y5.ft72 568568 29-Jan-2004 10:12 
bse3.0b12.5y5.out 13279719 28-Jan-2004 17:15 
bse3.0b15.0y5.ft72 649792 29-Jan-2004 10:12 

bse3.0b15.0y5.out 15315475 28-Jan-2004 17:16 

bse3.0b17.5y5.ft72 771628 29-Jan-2004 10:12 

bse3.0b17 .5y5.out 18273977 28-Jan-2004 17:17 

bse3.0b20.0y5.ft72 852852 29-Jan-2004 10:12 

bse3.0b20.0y5.out 20270072 28-Jan-2004 17:16 

bse3.0b25.0y5.ft72 1015300 29-Jan-2004 10:12 

bse3.0b25.0y5.out 24261012 28-Jan-2004 17:17 

bse3.0b30.0y5.ft72 1218360 29-Jan-2004 10:12 
bse3.0b30.0y5.out 29251400 28-Jan-2004 17:23 

bse3.0b35.0y5.ft72 1380808 29-Jan-2004 10:12 

bse3.0b35.0y5.out 33247498 28-Jan-2004 17:22 
bse3.0b40.0y5.ft72 1583868 29-Jan-2004 10:12 

bse3.0b40.0y5.out 38244518 28-Jan-2004 17:26 
bse3.0b45.0y5.ft72 1746316 29-Jan-2004 10:12 

bse3.0b45.0y5.out 42244206 28-Jan-2004 17:27 
bse3.0b50.0y5.ft72 1949376 29-Jan-2004 10:12 
bse3.0b50.0y5.out 47241364 28-Jan-2004 17:28 

bse3.0b55.0y5.ft72 2111824 29-Jan-2004 10:12 

bse3.0b55.0y5.out 51239728 28-Jan-2004 17:30 

bse3.0b60.0y5.ft72 2314884 29-Jan-2004 10:12 

bse3.0b60.0y5.out 56237545 28-Jan-2004 17:33 

bse3.0b65.0y5.ft72 2477332 29-Jan-2004 10:12 

bse3.0b65.0y5.out 60236564 28-Jan-2004 17:34 
bse3.0b70.0y5.ft72 2680392 29-Jan-2004 10:12 

bse3.0b70.0y5.out 65235024 28-Jan-2004 17:36 
bse3.0b75.0y5.ft72 2842840 29-Jan-2004 10:12 

bse3.0b75.0y5.out 69232847 28-Jan-2004 17:36 
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Table 41. BWR Isotopic Database SAS2H Tape 72/0utput Files, 5 Year Decay (Cont.) 

File Name File Size (bytes) Date of Last Update Time 

bse3.5b0.001y5.ft72 121836 29-Jan-2004 10:12 

bse3.5b0.001y5.out 2099810 28-Jan-2004 17:26 

bse3.5b2.5y5.ft72 203060 29-Jan-2004 10:12 

bse3.5b2.5y5.out 4143477 28-Jan-2004 17:27 

bse3.5b5.0y5.ft72 284284 29-Jan-2004 10:12 

bse3.5b5.0y5.out 6163432 28-Jan-2004 17:28 

bse3.5b7.5y5.ft72 365508 29-Jan-2004 10:12 

bse3.5b7.5y5.out 8191861 28-Jan-2004 17:29 

bse3.5b1 O.Oy5.ft72 446732 29-Jan-2004 10:12 

bse3.5b1 O.Oy5.out 10223189 28-Jan-2004 17:31 

bse3.5b12.5y5.ft72 568568 29-Jan-2004 10:12 

bse3.5b12.5y5.out 13275119 28-Jan-2004 17:32 

bse3.5b15.0y5.ft72 649792 29-Jan-2004 10:12 

bse3.5b15.0y5.out 15310765 28-Jan-2004 17:32 

bse3.5b17 .5y5.ft72 771628 29-Jan-2004 10:12 

bse3.5b17 .5y5.out 18268548 28-Jan-2004 17:34 

bse3.5b20.0y5.ft72 852852 29-Jan-2004 10:12 

bse3.5b20.0y5.out 20266523 28-Jan-2004 17:34 

bse3.5b25.0y5.ft72 1015300 29-Jan-2004 10:12 

bse3.5b25.0y5.out 24255792 28-Jan-2004 17:35 

bse3.5b30.0y5.ft72 1218360 29-Jan-2004 10:12 

bse3.5b30.0y5.out 29247233 28-Jan-2004 17:38 

bse3.5b35.0y5.ft72 1380808 29-Jan-2004 10:12 

bse3.5b35.0y5.out 33243432 28-Jan-2004 17:40 

bse3.5b40.0y5.ft72 1583868 29-Jan-2004 10:12 

bse3.5b40.0y5.out 38239114 28-Jan-2004 17:43 

bse3.5b45.0y5.ft72 1746316 29-Jan-2004 10:12 

bse3.5b45.0y5.out 42238363 28-Jan-2004 17:44 

bse3.5b50.0y5.ft72 1949376 29-Jan-2004 10:12 

bse3.5b50.0y5.out 47236358 28-Jan-2004 17:45 

bse3.5b55.0y5.ft72 2111824 29-Jan-2004 10:12 

bse3.5b55.0y5.out 51235417 28-Jan-2004 17:49 

bse3.5b60.0y5. ft72 2314884 29-Jan-2004 10:12 

bse3.5b60.0y5.out 56233814 28-Jan-2004 17:44 

bse3.5b65.0y5.ft72 2477332 29-Jan-2004 10:12 

bse3.5b65.0y5.out 60232180 28-Jan-2004 17:45 

bse3.5b70.0y5.ft72 2680392 29-Jan-2004 10:12 

bse3.5b70.0y5.out 65230044 28-Jan-2004 17:49 

bse3.5b75.0y5.ft72 2842840 29-Jan-2004 10:12 

bse3.5b75.0y5.out 69228863 28-Jan-2004 17:48 
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bse4.0b0.001 y5.ft72 121836 29-Jan-2004 10:12 

bse4.0b0.001 y5.out 2099797 28-Jan-2004 17:44 

bse4.0b2.5y5.ft72 203060 29-Jan-2004 10:12 

bse4.0b2.5y5.out 4143383 28-Jan-2004 17:44 

bse4.0b5.0y5.ft72 284284 29-Jan-2004 10:12 

bse4.0b5.0y5.out 6165632 28-Jan-2004 17:45 

bse4.0b7.5y5.ft72 365508 29-Jan-2004 10:12 

bse4.0b7 .5y5.out 8191654 28-Jan-2004 17:46 

bse4.0b1 O.Oy5.ft72 446732 29-Jan-2004 10:12 

bse4.0b1 O.Oy5.out 10221789 28-Jan-2004 17:46 

bse4.0b12.5y5.ft72 568568 29-Jan-2004 10:12 

bse4.0b12.5y5.out 13273600 28-Jan-2004 17:48 

bse4.0b15.0y5.ft72 649792 29-Jan-2004 10:12 

bse4.0b15.0y5.out 15308858 28-Jan-2004 17:49 

bse4.0b17.5y5.ft72 771628 29-Jan-2004 10:12 

bse4.0b17.5y5.out 18262083 28-Jan-2004 17:50 

bse4.0b20.0y5.ft72 852852 29-Jan-2004 10:12 

bse4.0b20.0y5.out 20258636 28-Jan-2004 17:49 

bse4.0b25.0y5.ft72 1015300 29-Jan-2004 10:12 

bse4.0b25.0y5.out 24250677 28-Jan-2004 17:49 

bse4.0b30.0y5.ft72 1218360 29-Jan-2004 10:12 

bse4.0b30.0y5.out 29242097 28-Jan-2004 17:54 

bse4.0b35.0y5.ft72 1380808 29-Jan-2004 10:12 

bse4.0b35.0y5.out 33237749 28-Jan-2004 17:54 

bse4.0b40.0y5.ft72 1583868 29-Jan-2004 10:12 

bse4.0b40.0y5.out 38233264 28-Jan-2004 17:57 

bse4.0b45.0y5.ft72 1746316 29-Jan-2004 10:12 

bse4.0b45.0y5.out 42232313 28-Jan-2004 17:58 

bse4.0b50.0y5.ft72 1949376 29-Jan-2004 10:12 

bse4.0b50.0y5.out 47230391 28-Jan-2004 17:58 

bse4.0b55.0y5.ft72 2111824 29-Jan-2004 10:12 

bse4.0b55.0y5.out 51229961 28-Jan-2004 18:03 

bse4.0b60.0y5.ft72 2314884 29-Jan-2004 10:12 

bse4.0b60.0y5.out 56228039 28-Jan-2004 18:04 

bse4.0b65.0y5.ft72 2477332 29-Jan-2004 10:12 

bse4.0b65.0y5.out 60226361 28-Jan-2004 18:05 

bse4.0b70.0y5.ft72 2680392 29-Jan-2004 10:12 

bse4.0b70.0y5.out 65223952 28-Jan-2004 18:05 

bse4.0b75.0y5.ft72 2842840 29-Jan-2004 10:12 

bse4.0b75.0y5.out 69222667 28-Jan-2004 18:06 
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bse4.5b0.001y5.ft72 121836 29-Jan-2004 10:12 

bse4.5b0.001y5.out 2099999 28-Jan-2004 17:58 

bse4.5b2.5y5.ft72 203060 29-Jan-2004 10:12 

bse4.5b2.5y5.out 4143767 28-Jan-2004 17:58 

bse4.5b5.0y5.ft72 284284 29-Jan-2004 10:12 

bse4.5b5.0y5.out 6162808 28-Jan-2004 17:59 

bse4.5b7.5y5.ft72 365508 29-Jan-2004 10:12 

bse4.5b7.5y5.out 8190341 28-Jan-2004 17:59 
bse4.5b10.0y5.ft72 446732 29-Jan-2004 10:12 
bse4.5b10.0y5.out 10219536 28-Jan-2004 18:00 
bse4.5b12.5y5.ft72 568568 29-Jan-2004 10:12 
bse4.5b12.5y5.out 13269955 28-Jan-2004 18:02 
bse4.5b15.0y5.ft72 649792 29-Jan-2004 10:12 

bse4.5b15.0y5.out 15304965 28-Jan-2004 18:02 
bse4.5b17.5y5.ft72 771628 29-Jan-2004 10:12 

bse4.5b 17 .5y5.out 18259259 28-Jan-2004 18:03 
bse4.5b20.0y5.ft72 852852 29-Jan-2004 10:12 
bse4.5b20.0y5.out 20254033 28-Jan-2004 18:05 

bse4.5b25.0y5.ft72 1015300 29-Jan-2004 10:12 
bse4.5b25.0y5.out 24245834 28-Jan-2004 18:06 
bse4.5b30.0y5.ft72 1218360 29-Jan-2004 10:12 
bse4.5b30.0y5.out 29237862 28-Jan-2004 18:08 
bse4.5b35.0y5.ft72 1380808 29-Jan-2004 10:12 

bse4.5b35.0y5.out 33233594 28-Jan-2004 18:09 
bse4.5b40.0y5.ft72 1583868 29-Jan-2004 10:12 
bse4.5b40.0y5.out 38228075 28-Jan-2004 18:14 
bse4.5b45.0y5.ft72 1746316 29-Jan-2004 10:12 
bse4.5b45.0y5.out 42226857 28-Jan-2004 18:10 
bse4.5b50.0y5.ft72 1949376 29-Jan-2004 10:12 
bse4.5b50.0y5.out 47224433 28-Jan-2004 18:11 
bse4.5b55.0y5.ft72 2111824 29-Jan-2004 10:12 
bse4.5b55.0y5.out 51223326 28-Jan-2004 18:16 
bse4.5b60.0y5.ft72 2314884 29-Jan-2004 10:12 
bse4.5b60.0y5.out 56222029 28-Jan-2004 18:17 
bse4.5b65.0y5.ft72 2477332 29-Jan-2004 10:12 
bse4.5b65.0y5.out 60220507 28-Jan-2004 18:14 

bse4.5b70.0y5.ft72 2680392 29-Jan-2004 10:13 
bse4.5b70.0y5.out 65218237 28-Jan-2004 18:20 
bse4.5b75.0y5.ft72 2842840 29-Jan-2004 10:13 
bse4.5b75.0y5.out 69216682 28-Jan-2004 18:21 
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bse5.0b0.001y5.ft72 121836 29-Jan-2004 10:13 

bse5.0b0.001y5.out 2099996 28-Jan-2004 18:11 

bse5.0b2.5y5.ft72 203060 29-Jan-2004 10:13 

bse5.0b2.5y5.out 4143255 28-Jan-2004 18:12 

bse5.0b5.0y5.ft72 284284 29-Jan-2004 10:13 

bse5.0b5.0y5.out 6161630 28-Jan-2004 18:13 

bse5.0b 7 .5y5.ft72 365508 29-Jan-2004 10:13 

bse5.0b7.5y5.out 8187694 28-Jan-2004 18:14 

bse5.0b10.0y5.ft72 446732 29-Jan-2004 10:13 

bse5.0b10.0y5.out 10217154 28-Jan-2004 18:14 

bse5.0b12.5y5.ft72 568568 29-Jan-2004 10:13 

bse5.0b12.5y5.out 13266824 28-Jan-2004 18:16 

bse5.0b15.0y5.ft72 649792 29-Jan-2004 10:13 

bse5.0b15.0y5.out 15301274 28-Jan-2004 18:16 

bse5.0b17 .5y5.ft72 771628 29-Jan-2004 10:13 

bse5.0b17.5y5.out 18256191 28-Jan-2004 18:17 

bse5.0b20.0y5.ft72 852852 29-Jan-2004 10:13 

bse5.0b20.0y5.out 20250523 28-Jan-2004 18:18 

bse5.0b25.0y5.ft72 1015300 29-Jan-2004 10:13 

bse5.0b25.0y5.out 24243168 28-Jan-2004 18:20 

bse5.0b30.0y5.ft72 1218360 29-Jan-2004 10:13 

bse5.0b30.0y5.out 29235013 28-Jan-2004 18:22 

bse5.0b35.0y5.ft72 1380808 29-Jan-2004 10:13 

bse5.0b35.0y5.out 33230124 28-Jan-2004 18:22 

bse5.0b40.0y5.ft72 1583868 29-Jan-2004 10:13 

bse5.0b40.0y5.out 38225204 28-Jan-2004 18:25 

bse5.0b45.0y5.ft72 1746316 29-Jan-2004 10:13 

bse5.0b45.0y5.out 42223355 28-Jan-2004 18:25 

bse5.0b50.0y5.ft72 1949376 29-Jan-2004 10:13 

bse5.0b50.0y5.out 47220208 28-Jan-2004 18:27 

bse5.0b55.0y5.ft72 2111824 29-Jan-2004 10:13 

bse5.0b55.0y5.out 51218713 28-Jan-2004 18:33 

bse5.0b60.0y5.ft72 2314884 29-Jan-2004 10:13 

bse5.0b60.0y5.out 56215866 28-Jan-2004 18:37 

bse5.0b65.0y5.ft72 2477332 29-Jan-2004 10:13 

bse5.0b65.0y5.out 60214542 28-Jan-2004 18:39 

bse5.0b70.0y5.ft72 2680392 29-Jan-2004 10:13 

bse5.0b70.0y5.out 65212081 28-Jan-2004 18:40 

bse5.0b75.0y5.ft72 2842840 29-Jan-2004 10:13 

bse5.0b75.0y5.out 69210964 28-Jan-2004 18:34 
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File Name File Size (bytes} Date of Last Update Time 

bse5.5b0.001 y5.ft72 121836 29-Jan-2004 10:13 

bse5.5b0.001 y5.out 2099935 28-Jan-2004 18:25 

bse5.5b2.5y5.ft72 203060 29-Jan-2004 10:13 

bse5.5b2.5y5.out 4142599 28-Jan-2004 18:26 

bse5.5b5.0y5.ft72 284284 29-Jan-2004 10:13 

bse5.5b5.0y5.out 6160011 28-Jan-2004 18:26 

bse5.5b 7 .5y5.ft72 365508 29-Jan-2004 10:13 
bse5.5b7.5y5.out 8184268 28-Jan-2004 18:27 
bse5.5b1 O.Oy5.ft72 446732 29-Jan-2004 10:13 
bse5.5b1 O.Oy5.out 10214111 28-Jan-2004 18:28 
bse5.5b12.5y5.ft72 568568 29-Jan-2004 10:13 

bse5.5b12.5y5.out 13262668 28-Jan-2004 18:29 
bse5.5b15.0y5.ft72 649792 29-Jan-2004 10:13 

bse5.5b15.0y5.out 15297371 28-Jan-2004 18:29 
bse5.5b17 .5y5.ft72 771628 29-Jan-2004 10:13 

bse5.5b17 .5y5.out 18253591 28-Jan-2004 18:31 
bse5.5b20.0y5.ft72 852852 29-Jan-2004 10:13 
bse5.5b20.0y5.out 20247441 28-Jan-2004 18:31 

bse5.5b25.0y5.ft72 1015300 29-Jan-2004 10:13 
bse5.5b25.0y5.out 24240811 28-Jan-2004 18:33 
bse5.5b30.0y5.ft72 1218360 29-Jan-2004 10:13 
bse5.5b30.0y5.out 29233226 28-Jan-2004 18:35 

bse5.5b35.0y5.ft72 1380808 29-Jan-2004 10:13 
bse5.5b35.0y5.out 33228006 28-Jan-2004 18:35 
bse5.5b40.0y5.ft72 1583868 29-Jan-2004 10:13 
bse5.5b40.0y5.out 38223307 28-Jan-2004 18:39 
bse5.5b45.0y5.ft72 1746316 29-Jan-2004 10:13. 

bse5.5b45.0y5.out 42220938 28-Jan-2004 18:39 
bse5.5b50.0y5.ft72 1949376 29-Jan-2004 10:13 
bse5.5b50.0y5.out 47217681 28-Jan-2004 18:42 
bse5.5b55.0y5.ft72 2111824 29-Jan-2004 10:13 
bse5.5b55.0y5.out 51216133 28-Jan-2004 18:43 
bse5.5b60.0y5.ft72 2314884 29-Jan-2004 10:13 
bse5.5b60.0y5.out 56212898 28-Jan-2004 18:45 
bse5.5b65.0y5.ft72 2477332 29-Jan-2004 10:13 
bse5.5b65.0y5.out 60210528 28-Jan-2004 18:48 
bse5.5b70.0y5.ft72 2680392 29-Jan-2004 10:13 
bse5.5b70.0y5.out 65207736 28-Jan-2004 18:50 
bse5.5b75.0y5.ft72 2842840 29-Jan-2004 10:13 
bse5.5b75.0y5.out 69206200 28-Jan-2004 18:51 
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File Name File Size (bytes) Date of Last Update Time 

bse1.5b0.001y10k.ft72 121836 2-Feb-2004 10:19 

bse1.5b0.001y1 Ok.out 2095177 2-Feb-2004 10:19 

bse1.5b2.5y1 Ok. ft72 203060 2-Feb-2004 10:19 

bse1.5b2.5y10k.out 4135090 2-Feb-2004 10:19 

bse1.5b5.0y1 Ok.ft72 284284 2-Feb-2004 10:20 

bse1.5b5.0y1 Ok.out 6161919 2-Feb-2004 10:20 

bse1.5b7.5y10k.ft72 365508 2-Feb-2004 10:20 

bse1.5b7.5y10k.out 8194715 2-Feb-2004 10:20 

bse1.5b10.0y10k.ft72 446732 2-Feb-2004 10:21 

bse 1.5b1 O.Oy1 Ok.out 10228569 2-Feb-2004 10:21 

bse 1.5b12.5y1 Ok. ft72 568568 2-Feb-2004 10:21 

bse1.5b12.5y1 Ok.out 13281544 2-Feb-2004 10:21 

bse 1.5b15.0y1 Ok. ft72 649792 2-Feb-2004 10:22 

bse1.5b15.0y10k.out 15318484 2-Feb-2004 10:22 

bse1.5b17 .5y1 Ok.ft72 771628 2-Feb-2004 10:22 

bse1.5b17 .5y1 Ok.out 18273200 2-Feb-2004 10:22 

bse1.5b20.0y1 Ok.ft72 852852 2-Feb-2004 10:23 

bse1.5b20.0y1 Ok.out 20270189 2-Feb-2004 10:23 

bse1.5b25.0y1 Ok.ft72 1015300 2-Feb-2004 10:23 

bse1.5b25.0y1 Ok.out 24263590 2-Feb-2004 10:23 

bse1.5b30.0y1 Ok.ft72 1218360 2-Feb-2004 10:27 

bse1.5b30.0y1 Ok.out 29274874 2-Feb-2004 10:27 
bse1.5b35.0y1 Ok.ft72 1380808 2-Feb-2004 10:29 

bse1.5b35.0y1 Ok.out 33296052 2-Feb-2004 10:29 
bse1.5b40.0y1 Ok.ft72 1583868 2-Feb-2004 10:30 

bse1.5b40.0y1 Ok.out 38309832 2-Feb-2004 10:30 

bse1.5b45.0y1 Ok.ft72 1746316 2-Feb-2004 10:31 

bse1.5b45.0y1 Ok.out 42307304 2-Feb-2004 10:31 

bse1.5b50.0y1 Ok.ft72 1949376 2-Feb-2004 10:30 
bse1.5b50.0y1 Ok.out 47322523 2-Feb-2004 10:30 
bse1.5b55.0y10k.ft72 2111824 2-Feb-2004 10:31 

bse1.5b55.0y10k.out 51345608 2-Feb-2004 10:31 

bse 1.5b60.0y1 Ok. ft72 2314884 2-Feb-2004 10:31 

bse1.5b60.0y1 Ok.out 56374104 2-Feb-2004 10:31 

bse1.5b65.0y1 Ok.ft72 2477332 2-Feb-2004 10:32 

bse1.5b65.0y1 Ok.out 60396211 2-Feb-2004 10:32 
bse1.5b70.0y1 Ok.ft72 2680392 2-Feb-2004 10:40 

bse1.5b70.0y1 Ok.out 65423343 2-Feb-2004 10:40 
bse1.5b75.0y1 Ok.ft72 2842840 2-Feb-2004 10:42 

bse1.5b 75.0y1 Ok.out 69419851 2-Feb-2004 10:42 
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File Name File Size (bytes) Date of Last Update Time 

bse2.0b0.001y1 Ok.fl72 121836 2-Feb-2004 10:30 

bse2.0b0.001 y1 Ok.out 2095349 2-Feb-2004 10:30 
bse2.0b2.5y1 Ok.fl72 203060 2-Feb-2004 10:31 

bse2.0b2.5y1 Ok.out 4133762 2-Feb-2004 10:31 
bse2.0b5.0y1 Ok.fl72 284284 2-Feb-2004 10:31 
bse2.0b5.0y1 Ok.out 6156536 2-Feb-2004 10:31 
bse2.0b 7 .5y1 Ok.ft72 365508 2-Feb-2004 10:32 

bse2.0b7.5y10k.out 8188611 2-Feb-2004 10:32 
bse2.0b10.0y10k.ft72 446732 2-Feb-2004 10:33 
bse2.0b10.0y10k.out 10222302 2-Feb-2004 10:33 
bse2.0b12.5y10k.fl72 568568 2-Feb-2004 10:34 
bse2.0b12.5y10k.out 13275264 2-Feb-2004 10:34 
bse2.0b15.0y1 Ok.ft72 649792 2-Feb-2004 10:34 
bse2.0b15.0y1 Ok.out 15312188 2-Feb-2004 10:34 
bse2.0b17.5y10k.ft72 771628 2-Feb-2004 10:35 
bse2.0b17 .5y1 Ok.out 18266464 2-Feb-2004 10:35 
bse2.0b20.0y1 Ok.ft72 852852 2-Feb-2004 10:36 
bse2.0b20.0y1 Ok.out 20264088 2-Feb-2004 10:36 
bse2.0b25.0y1 Ok.ft72 1015300 2-Feb-2004 10:37 
bse2.0b25.0y1 Ok.out 24254037 2-Feb-2004 10:37 
bse2.0b30.0y10k.ft72 1218360 2-Feb-2004 10:38 
bse2.0b30.0y1 Ok.out 29245516 2-Feb-2004 10:38 
bse2.0b35.0y1 Ok.fl72 1380808 2-Feb-2004 10:38 

bse2.0b35.0y1 Ok.out 33243483 2-Feb-2004 10:38 
bse2.0b40.0y10k.ft72 1583868 2-Feb-2004 10:43 
bse2.0b40.0y1 Ok.out 38239948 2-Feb-2004 10:43 
bse2.0b45.0y10k.ft72 1746316 2-Feb-2004 10:45 
bse2.0b45.0y1 Ok.out 42237790 2-Feb-2004 10:45 

bse2.0b50.0y1 Ok.ft72 1949376 2-Feb-2004 10:47 

bse2.0b50.0y1 Ok.out 47234371 2-Feb-2004 10:47 
bse2.0b55.0y1 Ok.fl72 2111824 2-Feb-2004 10:46 
bse2.0b55.0y1 Ok.out 51233052 2-Feb-2004 10:46 
bse2.0b60.0y1 Ok.fl72 2314884 2-Feb-2004 10:48 
bse2.0b60.0y1 Ok.out 56231124 2-Feb-2004 10:48 
bse2.0b65.0y1 Ok.fl72 2477332 2-Feb-2004 10:49 
bse2.0b65.0y1 Ok.out 60228609 2-Feb-2004 10:49 
bse2.0b 70 .Oy1 Ok.ft72 2680392 2-Feb-2004 10:48 
bse2.0b 70.0y10k.out 65225454 2-Feb-2004 10:48 
bse2.0b75.0y1 Ok.fl72 2842840 2-Feb-2004 10:56 
bse2.0b 75.0y1 Ok.out 69222302 2-Feb-2004 10:56 
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bse2.5b0.00 1 y1 Ok. ft72 121836 2-Feb-2004 10:44 

bse2.5b0.001 y1 Ok.out 2095596 2-Feb-2004 10:44 

bse2.5b2.5y10k.ft72 203060 2-Feb-2004 10:44 

bse2.5b2.5y1 Ok.out 4133222 2-Feb-2004 10:45 

bse2.5b5.0y1 Ok.ft72 284284 2-Feb-2004 10:46 

bse2.5b5.0y1 Ok.out 6154131 2-Feb-2004 10:46 

bse2.5b 7 .5y1 Ok.ft72 365508 2-Feb-2004 10:46 

bse2.5b7.5y1 Ok.out 8185030 2-Feb-2004 10:46 

bse2.5b1 O.Oy1 Ok.ft72 446732 2-Feb-2004 10:50 

bse2.5b1 O.Oy1 Ok.out 10218683 2-Feb-2004 10:51 

bse2.5b12.5y1 Ok.ft72 568568 2-Feb-2004 10:48 
bse2.5b12.5y1 Ok.out 13270744 2-Feb-2004 10:48 
bse2.5b15.0y1 Ok.ft72 649792 2-Feb-2004 10:51 

bse2.5b15.0y1 Ok.out 1saona8 2-Feb-2004 10:51 

bse2.5b17 .5y1 Ok.ft72 771628 2-Feb-2004 10:51 
bse2.5b17 .5y1 Ok.out 18262259 2-Feb-2004 10:51 
bse2.5b20 .Oy1 Ok. ft72 852852 2-Feb-2004 10:52 
bse2.5b20.0y10k.out 2o25n91 2-Feb-2004 10:52 

bse2.5b25.0y1 Ok. ft72 1015300 2-Feb-2004 10:53 
bse2.5b25.0y1 Ok.out 24248739 2-Feb-2004 10:53 
bse2.5b30.0y1 Ok.ft72 1218360 2-Feb-2004 10:54 
bse2.5b30.0y1 Ok.out 29240800 2-Feb-2004 10:54 

bse2.5b35.0y1 Ok.ft72 1380808 2-Feb-2004 10:55 
bse2.5b35.0y1 Ok.out 33237544 2-Feb-2004 10:55 
bse2.5b40.0y1 Ok.ft72 1583868 2-Feb-2004 10:58 
bse2 .5b40 .Oy1 Ok.out 38235124 2-Feb-2004 10:58 
bse2.5b45.0y1 Ok.ft72 1746316 2-Feb-2004 10:59 
bse2.5b45.0y1 Ok.out 42233175 2-Feb-2004 10:59 
bse2.5b50.0y1 Ok.ft72 1949376 2-Feb-2004 11:00 
bse2.5b50.0y1 Ok.out 47230059 2-Feb-2004 11:00 
bse2.5b55.0y1 Ok. ft72 2111824 2-Feb-2004 11:03 
bse2.5b55.0y1 Ok.out 51227911 2-Feb-2004 11:04 
bse2.5b60.0y1 Ok.ft72 2314884 2-Feb-2004 11:07 
bse2.5b60.0y1 Ok.out 56226017 2-Feb-2004 11:07 
bse2 .5b65.0y1 Ok.ft72 24naa2 2-Feb-2004 11:09 

bse2.5b65.0y1 Ok.out 60225174 2-Feb-2004 11:09 
bse2.5b70.0y1 Ok.ft72 2680392 2-Feb-2004 11:08 
bse2.5b70.0y10k.out 65222357 2-Feb-2004 11:09 
bse2.5b75.0y1 Ok.ft72 2842840 2-Feb-2004 11:12 
bse2.5b75.0y1 Ok.out 69220421 2-Feb-2004 11:12 
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bse3.0b0.001y10k.ft72 121836 2-Feb-2004 10:58 

bse3.0b0.001y1 Ok.out 2095630 2-Feb-2004 10:58 

bse3.0b1 O.Oy1 Ok.ft72 446732 2-Feb-2004 11:02 

bse3.0b1 O.Oy1 Ok.out 10212869 2-Feb-2004 11:02 

bse3.0b12.5y1 Ok.ft72 568568 2-Feb-2004 11:03 

bse3.0b12.5y1 Ok.out 13264552 2-Feb-2004 11:03 

bse3.0b15.0y1 Ok.ft72 649792 2-Feb-2004 11:03 

bse3.0b15.0y1 Ok.out 15300308 2-Feb-2004 11:03 

bse3.0b17 .5y1 Ok.ft72 771628 2-Feb-2004 11:05 

bse3.0b17 .5y1 Ok.out 18258646 2-Feb-2004 11:05 

bse3.0b2.5y10k.ft72 203060 2-Feb-2004 10:59 

bse3.0b2.5y1 Ok.out 4133234 2-Feb-2004 10:59 

bse3.0b20.0y1 Ok.ft72 852852 2-Feb-2004 11:06 

bse3.0b20.0y1 Ok.out 20254668 2-Feb-2004 11:06 
bse3.0b25.0y1 Ok.ft72 1015300 2-Feb-2004 11:08 

bse3.0b25.0y1 Ok.out 24245116 2-Feb-2004 11:08 

bse3.0b30.0y10k.ft72 1218360 2-Feb-2004 11:09 

bse3.0b30.0y1 Ok.out 29235665 2-Feb-2004 11:09 

bse3.0b35.0y1 Ok.ft72 1380808 2-Feb-2004 11:10 

bse3.0b35.0y1 Ok.out 33231274 2-Feb-2004 11:10 

bse3.0b40.0y1 Ok.ft72 1583868 2-Feb-2004 11:12 
bse3.0b40.0y1 Ok.out 38228122 2-Feb-2004 11:12 

bse3.0b45.0y10k.ft72 1746316 2-Feb-2004 11:13 

bse3.0b45.0y1 Ok.out 42227318 2-Feb-2004 11:13 

bse3.0b5.0y1 Ok. ft72 284284 2-Feb-2004 11:00 

bse3.0b5.0y1 Ok.out 6153155 2-Feb-2004 11:00 
bse3.0b50.0y1 Ok.ft72 1949376 2-Feb-2004 11:16 

bse3.0b50.0y1 Ok.out 47224476 2-Feb-2004 11:16 

bse3.0b55.0y1 Ok.ft72 2111824 2-Feb-2004 11:22 

bse3.0b55.0y1 Ok.out 51222848 2-Feb-2004 11:22 
bse3.0b60.0y1 Ok.ft72 2314884 2-Feb-2004 11:23 

bse3.0b60.0y1 Ok.out 56220592 2-Feb-2004 11:23 

bse3.0b65.0y1 Ok.ft72 2477332 2-Feb-2004 11:24 

bse3.0b65.0y1 Ok.out 60219692 2-Feb-2004 11:24 
bse3.0b7.5y10k.ft72 365508 2-Feb-2004 11:01 

bse3.0b7.5y1 Ok.out 8180534 2-Feb-2004 11:01 

bse3.0b70.0y10k.ft72 2680392 2-Feb-2004 11:20 

bse3.0b70.0y1 Ok.out 65217808 2-Feb-2004 11:20 

bse3.0b75.0y1 Ok.tt72 2842840 2-Feb-2004 11:22 

bse3.0b75.0y1 Ok.out 69215557 2-Feb-2004 11:22 
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bse3.5b0.001 y1 Ok.ft72 121836 2-Feb-2004 11:13 

bse3.5b0.001y1 Ok.out 2095630 2-Feb-2004 11:13 

bse3.5b2.5y1 Ok. ft72 203060 2-Feb-2004 11:13 

bse3.5b2.5y1 Ok.out 4131304 2-Feb-2004 11:13 
bse3.5b5.0y1 Ok. ft72 284284 2-Feb-2004 11:14 

bse3.5b5.0y1 Ok.out 6150332 2-Feb-2004 11:14 
bse3.5b 7 .5y1 Ok. ft72 365508 2-Feb-2004 11:15 

bse3.5b7.5y10k.out 8177440 2-Feb-2004 11:15 
bse3.5b10.0y1 Ok.ft72 446732 2-Feb-2004 11:16 
bse3.5b10.0y10k.out 10208518 2-Feb-2004 11:16 

bse3.5b12.5y10k.ft72 568568 2-Feb-2004 11:17 

bse3.5b12.5y1 Ok.out 13260121 2-Feb-2004 11:17 
bse3.5b15.0y10k.ft72 649792 2-Feb-2004 11:19 

bse3.5b15.0y1 Ok.out 15295525 2-Feb-2004 11:19 

bse3.5b17 .5y1 Ok.ft72 771628 2-Feb-2004 11:20 

bse3.5b17 .5y1 Ok.out 18253308 2-Feb-2004 11:20 

bse3.5b20.0y1 Ok.ft72 852852 2-Feb-2004 11:21 

bse3.5b20.0y1 Ok.out 20250963 2-Feb-2004 11:21 

bse3.5b25.0y1 Ok.ft72 1015300 2-Feb-2004 11:24 
bse3.5b25.0y1 Ok.out 24239896 2-Feb-2004 11:24 

bse3.5b30.0y1 Ok.ft72 1218360 2-Feb-2004 11:26 

bse3.5b30.0y1 Ok.out 29231493 2-Feb-2004 11:26 

bse3.5b35.0y1 Ok.ft72 1380808 2-Feb-2004 11:26 

bse3.5b35.0y1 Ok.out 33227118 2-Feb-2004 11:26 
bse3.5b40.0y1 Ok.ft72 1583868 2-Feb-2004 11:26 

bse3.5b40.0y1 Ok.out 38222554 2-Feb-2004 11:26 
bse3.5b45.0y1 Ok.fl72 1746316 2-Feb-2004 11:29 

bse3.5b45.0y1 Ok.out 42221401 2-Feb-2004 11:29 
bse3.5b50.0y1 Ok.ft72 1949376 2-Feb-2004 11:30 
bse3.5b50.0y1 Ok.out 47219314 2-Feb-2004 11:30 
bse3.5b55.0y1 Ok.ft72 2111824 2-Feb-2004 11:30 
bse3.5b55.0y1 Ok.out 51218698 2-Feb-2004 11:30 

bse3.5b60.0y1 Ok.ft72 2314884 2-Feb-2004 11:34 

bse3.5b60.0y1 Ok.out 56216779 2-Feb-2004 11:34 
bse3.5b65.0y1 Ok.ft72 2477332 2-Feb-2004 11:35 

bse3.5b65.0y1 Ok.out 60215227 2-Feb-2004 11:35 
bse3.5b70.0y10k.ft72 2680392 2-Feb-2004 11:38 

bse3.5b70.0y1 Ok.out 65213082 2-Feb-2004 11:38 
bse3.5b75.0y1 Ok.ft72 2842840 2-Feb-2004 11:39 
bse3.5b75.0y10k.out 69211492 2-Feb-2004 11:39 
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bse4.0b0.001 y1 Ok.ft72 121836 2-Feb-2004 11:27 

bse4.0b0.001 y1 Ok.out 2095617 2-Feb-2004 11:27 

bse4.0b2.5y1 Ok.fl72 203060 2-Feb-2004 11:27 

bse4.0b2.5y1 Ok.out 4131358 2-Feb-2004 11:27 

bse4.0b5.0y1 Ok.ft72 284284 2-Feb-2004 11:29 

bse4 .Ob5.0y1 Ok.out 6152106 2-Feb-2004 11:29 

bse4.0b7.5y10k.ft72 365508 2-Feb-2004 11:30 

bse4.0b7.5y10k.out 8177144 2-Feb-2004 11:30 

bse4.0b1 O.Oy1 Ok.fl72 446732 2-Feb-2004 11:31 

bse4.0b1 O.Oy1 Ok.out 10207041 2-Feb-2004 11:31 

bse4.0b12.5y1 Ok.fl72 568568 2-Feb-2004 11:31 

bse4.0b12.5y10k.out 13258924 2-Feb-2004 11:31 

bse4.0b15.0y10k.ft72 649792 2-Feb-2004 11:35 

bse4.0b15.0y1 Ok.out 15293691 2-Feb-2004 11:35 

bse4 .Ob17 .5y1 Ok.ft72 771628 2-Feb-2004 11:35 

bse4.0b17 .5y1 Ok.out 18246834 2-Feb-2004 11:35 

bse4.0b20.0y1 Ok.fl72 852852 2-Feb-2004 11:34 

bse4.0b20.0y1 Ok.out 20243150 2-Feb-2004 11:34 

bse4.0b25.0y1 Ok.ft72 1015300 2-Feb-2004 11:34 

bse4.0b25.0y10k.out 24234699 2-Feb-2004 11:34 

bse4.0b30 .Oy1 Ok. ft72 1218360 2-Feb-2004 11:41 
bse4.0b30.0y1 Ok.out 29226037 2-Feb-2004 11:41 

bse4.0b35.0y1 Ok.ft72 1380808 2-Feb-2004 11:38 

bse4.0b35.0y1 Ok.out 33221525 2-Feb-2004 11:38 
bse4.0b40.0y1 Ok.fl72 1583868 2-Feb-2004 11:41 

bse4.0b40.0y1 Ok.out 38216884 2-Feb-2004 11:41 

bse4.0b45.0y1 Ok. ft72 1746316 2-Feb-2004 11:44 

bse4.0b45.0y10k.out 42215605 2-Feb-2004 11:44 

bse4.0b50.0y1 Ok.ft72 1949376 2-Feb-2004 11:45 

bse4.0b50.0y1 Ok.out 47213437 2-Feb-2004 11:45 

bse4.0b55.0y1 Ok.ft72 2111824 2-Feb-2004 11:44 

bse4.0b55.0y1 Ok.out 51212999 2-Feb-2004 11:45 

bse4.0b60.0y1 Ok.ft72 2314884 2-Feb-2004 11:48 
bse4.0b60.0y10k.out 56211233 2-Feb-2004 11:48 
bse4.0b65.0y1 Ok.ft72 2477332 2-Feb-2004 11:46 

bse4.0b65.0y1 Ok.out 60209390 2-Feb-2004 11:46 
bse4.0b70.0y1 Ok.ft72 2680392 2-Feb-2004 11:48 
bse4.0b70.0y10k.out 65206982 2-Feb-2004 11:48 

bse4.0b75.0y1 Ok.ft72 2842840 2-Feb-2004 11:52 

bse4.0b75.0y10k.out 69205697 2-Feb-2004 11:52 
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bse4.5b0.001y10k.ft72 121836 2-Feb-2004 11:42 

bse4.5b0.001 y1 Ok.out 2095734 2-Feb-2004 11:42 

bse4.5b2.5y1 Ok.ft72 203060 2-Feb-2004 11:42 

bse4.5b2.5y1 Ok.out 4131914 2-Feb-2004 11:42 

bse4.5b5.0y1 Ok.ft72 284284 2-Feb-2004 11:43 

bse4.5b5.0y1 Ok.out 6149609 2-Feb-2004 11:43 

bse4.5b7.5y10k.ft72 365508 2-Feb-2004 11:44 

bse4.5b7.5y10k.out 8176003 2-Feb-2004 11:44 

bse4.5b10.0y10k.ft72 446732 2-Feb-2004 11:47 

bse4.5b1 O.Oy1 Ok.out 10204953 2-Feb-2004 11:47 

bse4.5b12.5y10k.ft72 568568 2-Feb-2004 11:48 

bse4.5b12.5y1 Ok.out 13255289 2-Feb-2004 11:48 

bse4.5b15.0y1 Ok.ft72 649792 2-Feb-2004 11:48 

bse4.5b15.0y10k.out 15289971 2-Feb-2004 11:48 

bse4.5b17 .5y1 Ok.ft72 771628 2-Feb-2004 11:49 

bse4.5b17 .5y1 Ok.out 18244028 2-Feb-2004 11:49 

bse4.5b20.0y1 Ok.ft72 852852 2-Feb-2004 11:50 

bse4.5b20.0y1 Ok.out 20238637 2-Feb-2004 11:50 

bse4.5b25.0y1 Ok.ft72 1015300 2-Feb-2004 11:51 

bse4.5b25.0y1 Ok.out 24230028 2-Feb-2004 11:51 

bse4.5b30.0y1 Ok.ft72 1218360 2-Feb-2004 11:55 

bse4.5b30.0y1 Ok.out 29221728 2-Feb-2004 11:55 

bse4.5b35.0y1 Ok.ft72 1380808 2-Feb-2004 11:56 

bse4.5b35.0y1 Ok.out 33217542 2-Feb-2004 11:56 

bse4.5b40.0y10k.ft72 1583868 2-Feb-2004 11:57 

bse4.5b40.0y10k.out 38211774 2-Feb-2004 11:57 

bse4.5b45.0y1 Ok.ft72 1746316 2-Feb-2004 11:54 

bse4.5b45.0y1 Ok.out 42210141 2-Feb-2004 11:54 

bse4.5b50.0y1 Ok.ft72 1949376 2-Feb-2004 11:56 

bse4.5b50.0y1 Ok.out 47207471 2-Feb-2004 11:56 

bse4.5b55.0y1 Ok.ft72 2111824 2-Feb-2004 12:05 

bse4.5b55.0y1 Ok.out 51206360 2-Feb-2004 12:05 

bse4.5b60.0y10k.ft72 2314884 2-Feb-2004 11:58 

bse4.5b60.0y10k.out 56205222 2-Feb-2004 11:58 

bse4.5b65.0y1 Ok.ft72 2477332 2-Feb-2004 12:02 

bse4.5b65.0y1 Ok.out 60203718 2-Feb-2004 12:02 

bse4.5b70.0y10k.ft72 2680392 2-Feb-2004 12:06 

bse4.5b70.0y10k.out 65201349 2-Feb-2004 12:06 

bse4.5b 75.0y1 Ok.ft72 2842840 2-Feb-2004 12:07 

bse4.5b75.0y1 Ok.out 69199884 2-Feb-2004 12:08 
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File Name File Size (bytes) Date of Last Update nme 
bse5.0b0.00 1 y1 Ok.ft72 121836 2-Feb-2004 11:56 

bse5.0b0.001 y1 Ok.out 2095734 2-Feb·2004 11:56 

bse5.0b2.5y1 Ok. ft72 203060 2-Feb-2004 11:57 

bse5.0b2.5y1 Ok.out 4131566 2-Feb-2004 11:57 

bse5.0b5.0y1 Ok.ft72 284284 2-Feb-2004 11:57 

bse5.0b5.0y1 Ok.out 6148514 2-Feb-2004 11:57 

bse5.0b7 .5y1 Ok.ft72 365508 2-Feb-2004 11:58 

bse5.0b7 .5y1 Ok.out 8173515 2-Feb-2004 11:58 

bse5.0b10.0y10k.ft72 446732 2-Feb-2004 11:59 

bse5.0b1 O.Oy1 Ok.out 10202488 2-Feb-2004 11:59 

bse5.0b12.5y10k.ft72 568568 2-Feb-2004 11:59 

bse5.0b12.5y10k.out 13252158 2-Feb-2004 11:59 

bse5.0b 15.0y1 Ok.ft72 649792 2-Feb-2004 12:00 

bse5.0b 15.0y1 Ok.out 15286444 2-Feb-2004 12:00 

bse5.0b17 .5y1 Ok.ft72 771628 2-Feb-2004 12:01 

bse5.0b17.5y1 Ok.out 18241114 2-Feb-2004 12:01 

bse5.0b20.0y1 Ok.ft72 852852 2-Feb-2004 12:02 

bse5.0b20.0y1 Ok.out 20235127 2-Feb-2004 12:02 

bse5.0b25.0y1 Ok.ft72 1015300 2-Feb-2004 12:04 

bse5.0b25.0y1 Ok.out 24227526 2-Feb-2004 12:04 

bse5.0b30.0y1 Ok.ft72 1218360 2-Feb-2004 12:04 

bse5.0b30.0y1 Ok.out 29218953 2-Feb-2004 12:04 

bse5.0b35.0y1 Ok.ft72 1380808 2-Feb-2004 12:06 

bse5.0b35.0y1 Ok.out 33214146 2-Feb-2004 12:06 

bse5.0b40.0y1 Ok.ft72 1583868 2-Feb-2004 12:08 
bse5.0b40.0y1 Ok.out 38209062 2-Feb-2004 12:08 

bse5.0b45.0y1 Ok.ft72 1746316 2-Feb-2004 12:08 
bse5.0b45.0y1 Ok.out 42206803 2-Feb-2004 12:08 

bse5.0b50.0y1 Ok.ft72 1949376 2-Feb-2004 12:11 

bse5.0b50.0y1 Ok.out 47203410 2-Feb-2004 12:11 

bse5.0b55.0y1 Ok.ft72 2111824 2-Feb-2004 12:16 

bse5.0b55.0y1 Ok.out 51201756 2-Feb-2004 12:16 

bse5.0b60.0y1 Ok.ft72 2314884 2-Feb-2004 12:18 

bse5.0b60.0y1 Ok.out 56198903 2-Feb-2004 12:18 

bse5.0b65.0y1 Ok.ft72 2477332 2-Feb-2004 12:14 

bse5.0b65.0y1 Ok.out 60197652 2-Feb-2004 12:14 

bse5.0b70.0y10k.ft72 2680392 2-Feb-2004 12:20 

bse5.0b70.0y10k.out 65195118 2-Feb-2004 12:21 

bse5.0b75.0y1 Ok.ft72 2842840 2-Feb-2004 12:22 

bse5.0b75.0y1 Ok.out 69194002 2-Feb-2004 12:22 
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bse5.5b0.001 y1 Ok.ft72 121836 2-Feb-2004 12:09 

bse5.5b0.001 y1 Ok.out 2095517 2-Feb-2004 12:09 

bse5.5b2.5y1 Ok.ft72 203060 2-Feb-2004 12:10 

bse5.5b2.5y1 Ok.out 4130836 2-Feb-2004 12:10 

bse5.5b5.0y1 Ok.ft72 284284 2-Feb-2004 12:10 

bse5.5b5.0y1 Ok.out 6146993 2-Feb-2004 12:10 

bse5.5b 7 .5y1 Ok.ft72 365508 2-Feb-2004 12:11 

bse5.5b 7 .5y1 Ok.out 8170422 2-Feb-2004 12:11 

bse5.5b1 O.Oy1 Ok.ft72 446732 2-Feb-2004 12:12 

bse5.5b1 O.Oy1 Ok.out 10199518 2-Feb-2004 12:12 

bse5.5b12.5y1 Ok.ft72 568568 2-Feb-2004 12:13 

bse5.5b12.5y1 Ok.out 13247929 2-Feb-2004 12:13 

bse5.5b15.0y1 Ok.ft72 649792 2-Feb-2004 12:14 

bse5.5b 15.0y1 Ok.out 15282788 2-Feb-2004 12:14 

bse5.5b17.5y10k.ft72 771628 2-Feb-2004 12:14 

bse5.5b17.5y10k.out 18238433 2-Feb-2004 12:14 

bse5.5b20.0y1 Ok.ft72 852852 2-Feb-2004 12:16 

bse5.5b20.0y1 Ok.out 20231873 2-Feb-2004 12:16 

bse5.5b25.0y1 Ok.ft72 1015300 2-Feb-2004 12:17 

bse5.5b25.0y1 Ok.out 24225161 2-Feb-2004 12:17 

bse5.5b30.0y1 Ok.ft72 1218360 2-Feb-2004 12:21 

bse5.5b30.0y1 Ok.out 29217092 2-Feb-2004 12:22 

bse5.5b35.0y1 Ok.ft72 1380808 2-Feb-2004 12:22 

bse5.5b35.0y1 Ok.out 33211954 2-Feb-2004 12:22 

bse5.5b40 .Oy1 Ok.ft72 1583868 2-Feb-2004 12:22 

bse5.5b40.0y1 Ok.out 38207247 2-Feb-2004 12:22 

bse5.5b45.0y1 Ok.ft72 1746316 2-Feb-2004 12:22 

bse5.5b45.0y1 Ok.out 42204550 2-Feb-2004 12:22 

bse5.5b50.0y1 Ok.ft72 1949376 2-Feb-2004 12:24 

bse5.5b50.0y10k.out 47201039 2-Feb-2004 12:24 

bse5.5b55.0y1 Ok.ft72 2111824 2-Feb-2004 12:26 

bse5.5b55.0y1 Ok.out 51199163 2-Feb-2004 12:26 

bse5.5b60.0y1 Ok.ft72 2314884 2-Feb-2004 12:35 

bse5.5b60.0y1 Ok.out 56195945 2-Feb-2004 12:35 

bse5.5b65.0y1 Ok.ft72 2477332 2-Feb-2004 12:36 

bse5.5b65.0y1 Ok.out 60193739 2-Feb-2004 12:37 

bse5.5b70.0y1 Ok.ft72 2680392 2-Feb-2004 12:41 

bse5.5b 70 .Oy1 Ok.out 65190942 2-Feb-2004 12:41 

bse5.5b 75.0y1 Ok.ft72 2842840 2-Feb-2004 12:35 

bse5.5b75.0y1 Ok.out 69189156 2-Feb-2004 12:35 
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Table 43. BWR Isotopic Database SAS2H Tape 72/0utput Files, For Nominal 
Depletion/Confrrmation 

FileName Size Date Time Description 

SAS2H tape 72 file for a nominal depletion using Grand 
N310.ft72 243672 4/8/2004 16:04:03 GulfUnit 1 Assembly C16 base depletion but a 3wt% 

enrichment and a I 0 GW d/mtU burnup 

SAS2H output file for a nominal depletion using Grand 
N310.out 5082377 3/5/2004 10:10:08 Gulf Unit 1 Assembly CI6 base depletion but a 3wt«>/o 

enrichment and a I 0 GW d/mtU burnup 

SAS2H tape 72 file for a nominal depletion using Grand 
N320.ft72 446732 4/8/2004 16:04:03 Gulf Unit I Assembly C16 base depletion but a 3wt% 

enrichment and a 20 GWd/mtU bumup 

SAS2H output file for a nominal depletion using Grand 
N320.out I0137376 3/5/2004 10:10:55 Gulf Unit 1 Assembly Cl6 base depletion but a 3wt«>!t> 

enrichment and a 20 GW d/mtU bumup 

SAS2H tape 72 file for a nominal depletion using Grand 
N330.ft72 649792 4/8/2004 16:04:03 GulfUnit 1 Assembly C16 base depletion but a 3wt% 

enrichment and a 30 GW d/mtU burnup 

SAS2H output file for a nominal depletion using Grand 
N330.out 15191320 3/5/2004 10:11:34 Gulf Unit 1 Assembly C16 base depletion but a 3wt% 

enrichment and a 30 GW d/mtU bumup 

SAS2H tape 72 file for a nominal depletion using Grand 
N340.ft72 934076 4/8/2004 16:04:03 Gulf Unit 1 Assembly C16 base depletion but a 3wt% 

enrichment and a 40 GWd/mtU bumup 

SAS2H output flle for a nominal depletion using Grand 
N340.out 22249144 3/5/2004 10:11:40 Gulf Unit 1 Assembly Cl6 base depletion but a 3wt% 

enrichment and a 40 GW d/mtU burnup 

SAS2H tape 72 file for a nominal depletion using Grand 
N350.ft72 1096524 4/8/2004 16:04:03 Gulf Unit 1 Assembly C16 base depletion but a 3wt«>/o 

enrichment and a 50 GWd/mtU bumup 

SAS2H output file for a nominal depletion using Grand 
N350.out 26284986 3/5/2004 9:46:35 GulfUnit 1 Assembly C16 base depletion but a 3wt% 

enrichment and a 50 GWd/mtU bumup 

SAS2H tape 72 file for a nominal depletion using Grand 
N410.ft72 243672 4/8/2004 16:04:03 Gulf Unit 1 Assembly C16 base depletion but a 4wt«>!t> 

enrichment and a 10 GWd/mtU bumup 

SAS2H output file for a nominal depletion using Grand 
N410.out 5079874 3/5/2004 10:29:55 Gulf Unit 1 Assembly C16 base depletion but a 4wt% 

enrichment and a 10 GW d/mtU burnup 

SAS2H tape 72 file for a nominal depletion using Grand 
N420.ft72 446732 4/8/2004 16:04:03 Gulf Unit 1 Assembly Cl6 base depletion but a 4wt% 

enrichment and a 20 GWd/mtU bumup 

SAS2H output file for a nominal depletion using Grand 
N420.out 10128642 3/5/2004 10:31:22 Gulf Unit 1 Assembly Cl6 base depletion but a 4wt% 

enrichment and a 20 GWd/mtU bumup 

SAS2H tape 72 file for a nominal depletion using Grand 
N430.ft72 649792 4/8/2004 16:04:03 Gulf Unit 1 Assembly C16 base depletion but a 4wt% 

enrichment and a 30 GWd/mtU bumup 
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Table 43. BWR Isotopic Database SAS2H Tape 72/0utput Files, For Nominal 
D I . n/C nfi . ( ) epletio 0 1rmat10n cont. 

File Name Size Date Time Description 

SAS2H output flle for a nominal depletion using Grand 
N430.out 15177020 3/5/2004 10:31:49 GulfUnit 1 Assembly C16 base depletion but a 4wtl'/o 

enrichment and a 30 GWdlmtU burnup 

SAS2H tape 72 file for a nominal depletion using Grand 
N440.ft72 934076 4/8/2004 16:04:03 GulfUnit 1 Assembly C16 base depletion but a 4wt% 

enrichment and a 40 GWdlmtU burnup 

SAS2H output file for a nominal depletion using Grand 
N440.out 22229789 3/5/2004 10:32:58 GulfUnit 1 Assembly C16 base depletion but a 4wti'/o 

enrichment and a 40 GW dlmtU burnup 

SAS2H tape 72 file for a nominal depletion using Grand 
N450.ft72 1096524 4/8/2004 16:04:04 Gulf Unit 1 Assembly C16 base depletion but a 4wti'/o 

enrichment and a 50 GW dlmtU burnup 

SAS2H output file for a nominal depletion using Grand 
N450.out 26265478 3/5/2004 10:35:35 GulfUnit 1 Assembly C16 base depletion but a 4wt% 

enrichment and a 50 GWdlmtU burnup 

SAS2H tape 72 flle for a nominal depletion using Grand 
N510.ft72 243672 4/8/2004 16:04:04 Gulf Unit 1 Assembly C16 base depletion but a Swti'/o 

enrichment and a 10 GWdlmtU burnup 

SAS2H output file for a nominal depletion using Grand 
N510.out 5078680 3/5/2004 10:31:09 Gulf Unit 1 Assembly C16 base depletion but a 5wti'/o 

enrichment and a 10 GW dlmtU burnup 

SAS2H tape 72 flle for a nominal depletion using Grand 
N520.ft72 446732 4/8/2004 16:04:04 Gulf Unit 1 Assembly C16 base depletion but a 5wt% 

enrichment and a 20 GWdlmtU burnup 

SAS2H output file for a nominal depletion using Grand 
N520.out 10126138 3/5/2004 10:31:50 Gulf Unit 1 Assembly C16 base depletion but a Swt% 

enrichment and a 20 GW dlmtU burnup 

SAS2H tape 72 file for a nominal depletion using Grand 
N530.ft72 649792 4/8/2004 16:04:04 Gulf Unit 1 Assembly Cl6 base depletion but a 5wti'/o 

enrichment and a 30 GWdlmtU burnup 

SAS2H output flle for a nominal depletion using Grand 
N530.out 15169384 3/5/2004 10:31:31 GulfUnit 1 Assembly Cl6 base depletion but a 5wti'/o 

enrichment and a 30 GWdlmtU bumup 

SAS2H tape 72 file for a nominal depletion using Grand 
N540.ft72 934076 4/8/2004 16:04:04 GulfUnit 1 Assembly C16 base depletion but a Swt% 

enrichment and a 40 GWdlmtU bumup 

SAS2H output file for a nominal depletion using Grand 
N540.out 22216417 3/5/2004 10:35:03 GulfUnit 1 Assembly C16 base depletion but a Swti'~ 

enrichment and a 40 GWdlmtU burnup 

SAS2H tape 72 file for a nominal depletion using Grand 
NSSO.ft72 1096524 4/8/2004 16:04:04 GulfUnit 1 Assembly C16 base depletion but a Swti'/o 

enrichment and a SO GWd/mtU bumup 

SAS2H output file for a nominal depletion using Grand 
NSSO.out 26249260 3/5/2004 10:35:39 GulfUnit 1 Assembly C16 base depletion but a 5wt% 

enrichment and a 50 GWdlmtU bumup 
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Table 44. BWR Isotopic Database MCNP Output Files Confirmation 

FileName Size Date Time Description 

1ma.out 406716 4/6/2004 12:08:07 
MCNP output for Limerick sample 1 using the RCA 
measured data. 

2m. out 404799 2/20/2004 10:45:49 
MCNP output for Limerick sample 2 using the RCA 
measured data. 

3m. out 406263 2/20/2004 10:49:13 
MCNP output for Limerick sample 3 using the RCA 
measured data. 

4m.out 404703 2/20/2004 10:49:38 
MCNP output for Limerick sample 4 using the RCA 
measured data. 

Sm. out 406263 2/20/2004 10:59:06 
MCNP output for Limerick sample 5 using the RCA 
measured data. 

6m.out 406167 2/20/2004 11:14:30 MCNP output for Limerick sample 6 using the RCA 
measured data. 

7m.out 406264 2/23/2004 8:52:17 
MCNP output for Limerick sample 7 using the RCA 
measured data. 

8m.out 398522 2/23/2004 8:52:36 
MCNP output for Limerick sample 8 using the RCA 
measured data. 

LOlida.out 406570 4/6/2004 13:18:44 
MCNP output for Limerick sample 1 using the isotopic 
concentrations generated using the Isotopic Database. 

L02id.out 406266 2/20/2004 11:21:34 
MCNP output for Limerick sample 2 using the isotopic 
concentrations generated using the Isotopic Database. 

L03id.out 404706 2/20/2004 11:47:00 
MCNP output for Limerick sample 3 using the isotopic 
concentrations generated using the Isotopic Database. 

L04id.out 406170 2/20/2004 11:51:45 
MCNP output for Limerick sample 4 using the isotopic 
concentrations generated using the Isotopic Database. 

L05id.out 404802 2/20/2004 11:56:15 
MCNP output for Limerick sample 5 using the isotopic 
concentrations generated using the Isotopic Database. 

L06idout 404998 2/20/2004 11:56:17 
MCNP output for Limerick sample 6 using the isotopic 
concentrations generated using the Isotopic Database. 

L07idout 406171 2/23/2004 8:50:45 
MCNP output for Limerick sample 7 using the isotopic 
concentrations generated using the Isotopic Database. 

L08id.out 405391 2/23/2004 8:50:30 
MCNP output for Limerick sample 8 using the isotopic 
concentrations generated using the Isotopic Database. 

c1m.out 398360 2/19/2004 11:48:49 
MCNP output for Cooper sample 1 using the RCA 
measured data. 

c2mout 398365 2/19/2004 11:47:59 
MCNP output for Cooper sample 2 using the RCA 
measured data. 

c3m.out 398365 2/19/2004 11:37:13 
MCNP output for Cooper sample 3 using the RCA 
measured data. 

c4m.out 396900 2/19/2004 11:32:54 
MCNP output for Cooper sample 4 using the RCA 
measured data. 
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Table 44. BWR Isotopic Database MCNP Output Files Confirmation (cont.) 

FileName Size Date Time Description 

c5mout 398360 2/19/2004 11:30:15 
MCNP output for Cooper sample 5 using the RCA 
measured data. 

c6mout 398360 2/19/2004 11:30:46 
MCNP output for Cooper sample 6 using the RCA 
measured data. 

C1id.out 398359 2/19/2004 10:50:26 
MCNP output for Cooper sample 1 using the isotopic 
concentrations generated using the Isotopic Database. 

C2id.out 396976 2/19/2004 10:48:25 
MCNP output for Cooper sample 2 using the isotopic 
concentrations generated using the Isotopic Database. 

C3id.out 398359 2/19/2004 11:04:44 
MCNP output for Cooper sample 3 using the isotopic 
concentrations generated using the Isotopic Database. 

C4id.out 397852 2/19/2004 11:04:46 
MCNP output for Cooper sample 4 using the isotopic 
concentrations generated using the Isotopic Database. 

C5id.out 398359 2/19/2004 11:19:18 
MCNP output for Cooper sample 5 using the isotopic 
concentrations generated using the Isotopic Database. 

C6id.out 397852 2/19/2004 11:17:11 
MCNP output for Cooper sample 6 using the isotopic 
concentrations generated using the Isotopic Database. 

g1mout 392312 2/19/2004 12:26:39 
MCNP output for Gundremingen sample 1 using the RCA 
measured data. 

g2mout 391800 2/19/2004 12:30:54 MCNP output for Gundremingen sample 2 using the RCA 
measured data. 

g3mout 390432 2/19/2004 12:38:14 
MCNP output for Gundremingen sample 3 using the RCA 
measured data. 

g4mout 386222 2/19/2004 12:41:23 MCNP output for Gundremingen sample 4 using the RCA 
measured data. 

g5ma.out 392814 4/6/2004 13:11:18 
MCNP output for Gundremingen sample 5 using the RCA 
measured data. 

g6mout 392307 2/19/2004 12:52:44 
MCNP output for Gundremingen sample 6 using the RCA 
measured data. 

g7mout 391799 2/19/2004 12:52:45 MCNP output for Gundremingen sample 7 using the RCA 
measured data. 

g8mout 391799 2/19/2004 12:56:21 
MCNP output for Gundremingen sample 8 using the RCA 
pteasured data. 
MCNP output for Gundremingen sample 1 using the 

GOlid.out 391796 2/19/2004 11:53:38 isotopic concentrations generated using the Isotopic 
Database. 
MCNP output for Gundremingen sample 2 using the 

G02id.out 391892 2/19/2004 11:57:54 ~otopic concentrations generated using the Isotopic 
Database. 
MCNP output for Gundremingen sample 3 using the 

G03id.out 386230 2/19/2004 12:02:47 isotopic concentrations generated using the Isotopic 
Database. 
MCNP output for Gundremingen sample 4 using the 

G04id.out 391898 2/19/2004 12:07:01 isotopic concentrations generated using the Isotopic 
Database. 
MCNP output for Gundremingen sample 5 using the 

G05id.out 391023 2/19/2004 12:11:19 isotopic concentrations generated using the Isotopic 
Database. 
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Table 44. BWR Isotopic Database MCNP Output Files Confirmation (cont.) 
FileName Size Date Time Deseription 

MCNP output for Gundremingen sample 6 using the 
G06ida.out 391331 4/6/2004 12:03:56 isotopic concentrations generated using the Isotopic 

Database. 

G07ida.out 391331 4/6/2004 11:50:55 
~~ output for ~undremingen sample 7 using the 
ISotopic concentrations generated using the Isotopic 
Database. 

G08id.out 391016 2/19/2004 12:24:52 
~~ output for Gundremingen sample 8 using the 
ISotopic concentrations generated using the Isotopic 
Database. 

jOlm.out 394690 2/20/2004 8:10:43 
fv~CNP output for JPDR sample 1 using the RCA 
measured data. 

j02m.out 393274 2/20/2004 8:35:27 
MCNP output for JPDR sample 2 using the RCA 
measured data. 

j03m.out 393862 2/20/2004 8:37:04 
MCNP output for JPDR sample 3 using the RCA 
measured data. 

j04m.out 394642 2/20/2004 8:38:55 
~CNP output for JPDR sample 4 using the RCA 
measured data. 

j05m.out 395906 2/20/2004 8:39:23 
MCNP output for JPDR sample 5 using the RCA 
measured data. 

j06m.out 396467 2/20/2004 9:08:08 
MCNP output for JPDR sample 6 using the RCA 
measured data. 

j07m.out 394982 2/20/2004 9:07:33 
MCNP output for JPDR sample 7 using the RCA 
measured data. 

j08m.out 395495 2/20/2004 9:10:02 
MCNP output for JPDR sample 8 using the RCA 
ineasured data. 

j09m.out 394394 2/20/2004 9:09:29 
MCNP output for JPDR sample 9 using the RCA 
measured data. 

jlOm.out 394982 2/20/2004 9:35:05 
MCNP output for JPDR sample 10 using the RCA 
measured data. 

jllm.out 395954 2/20/2004 9:37:29 
MCNP output for JPDR sample 11 using the RCA 
measured data. 

j12m.out 395858 2/20/2004 9:40:13 
MCNP output for JPDR sample 12 using the RCA 
measured data. 

j13m.out 394982 2/20/2004 9:40:00 
MCNP output for JPDR sample 13 using the RCA 
measured data. 

jl4m.out 395954 2/20/2004 10:07:23 
MCNP output for JPDR sample 14 using the RCA 
measured data. 

j15m.out 353467 2120/2004 10:08:45 
MCNP output for JPDR sample 15 using the RCA 
~easured data. 

j16m.out 396467 2/20/2004 10:09:41 
MCNP output for JPDR sample 16 using the RCA 
measured data. 

JOlida.out 395043 4/6/2004 13:22:18 
MCNP output for JPDR sample 1 using the isotopic 
concentrations generated using the Isotopic Database. 

J02id.out 394733 2/19/2004 14:10:15 
MCNP output for JPDR sample 2 using the isotopic 
concentrations generated using the Isotopic Database. 

J03id.out 393519 2/20/2004 8:06:07 MCNP ou~ut for JPDR sample 3 using the isotopic 
concentrations generated using the Isotopic Database. 
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Table 44. BWR Isotopic Database M~ Output Files Confirmation (cont.) 

FileName Size Date Time Description 

J04id.out 394733 2/19/2004 14:10:09 
MCNP output for JPDR sample 4 using the isotopic 
concentrations generated using the Isotopic Database. 

JOSid.out 393615 2/20/2004 8:07:12 
MCNP output for JPDR sample 5 using the isotopic 
concentrations generated using the Isotopic Database. 

J06id.out 394485 2/19/2004 14:24:15 
MCNP output for JPDR sample 6 using the isotopic 
concentrations generated using the Isotopic Database. 

J07id.out 394729 2119/2004 16:14:45 
MCNP output for JPDR sample 7 using the isotopic 
concentrations generated using the Isotopic Database. 

J08id.out 395853 2119/2004 16:28:42 MCNP output for JPDR sample 8 using the isotopic 
concentrations generated using the Isotopic Database. 

J09id.out 395853 2/19/2004 16:43:02 
MCNP output for JPDR sample 9 using the isotopic 
concentrations generated using the Isotopic Database. 

JlOid.out 395949 2/19/2004 16:57:11 
MCNP output for JPDR sample 10 using the isotopic 
concentrations generated using the Isotopic Database. 

J11id.out 395219 2/19/2004 17:11:11 
MCNP output for JPDR sample 11 using the isotopic 
concentrations generated using the Isotopic Database. 

J12id.out 395853 2/19/2004 17:25:13 MCNP output for JPDR sample 12 using the isotopic 
concentrations generated using the Isotopic Database. 

Jl3id.out 395126 2/19/2004 17:39:20 
MCNP output for JPDR sample 13 using the isotopic 
concentrations generated using the Isotopic Database. 

J14id.out 390326 2/19/2004 17:53:42 
MCNP output for JPDR sample 14 using the isotopic 
concentrations generated using the Isotopic Database. 

J15id.out 395853 2/19/2004 18:07:45 
MCNP output for JPDR sample 15 using the isotopic 
concentrations generated using the Isotopic Database. 

J16id.out 395073 2/19/2004 18:21:40 
MCNP output for JPDR sample 16 using the isotopic 
concentrations generated using the Isotopic Database. 

MCNP output for Grand Gulf Unit 1, Statepoint 6 using 
A16_06.out 529030829 2120/2004 16:56:44 the isotopic concentrations generated using the Isotopic 

Database in Assembly A 16. 

MCNP output for Grand Gulf Unit 1, Statepoint 15 using 
B32_15.out 552448164 2/23/2004 2:39:33 the isotopic concentrations generated using the Isotopic 

Database in Assembly B32. 

MCNP output for Grand Gulf Unit 1, Statepoint 13 using 
B37_13.out 550585651 2/8/2004 16:45:36 the isotopic concentrations generated using the Isotopic 

Database in Assembly B37. 

MCNP output for Grand Gulf Unit 1, Statepoint 6 using 
C06_06.out 529030709 2/8/2004 19:12:23 the isotopic concentrations generated using the Isotopic 

Database in Assembly C06. 

MCNP output for Grand Gulf Unit 1, Statepoint 14 using 
D45_14.out 551027044 2/10/2004 12:15:48 the isotopic concentrations generated using the Isotopic 

Database in Assembly 045. 

MCNP output for Grand GulfUnit 1, Statepoint 18 using 
F16_18.out 561159987 2/12/2004 0:51:04 the isotopic concentrations generated using the Isotopic 

Database in Assembly F16. 
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Table 44. BWR Isotopic Database MCNP Output Files Confinnation (cont.) 

FileName Size Date Time Description 

MCNP output for Grand Gulf Unit 1, Statepoint 21 using 
H06_21.out 561617301 2/14/2004 23:27:19 the isotopic concentrations generated using the Isotopic 

Database in Assembly 806. 

MCNP output for Grand GulfUnit 1, Statepoint 18 using 
HIS 18.out 560758531 2/12/2004 0:48:08 the isotopic concentrations generated using the Isotopic 

Database in Assembly HIS. 

MCNP output for Grand Gulf Unit I, Statepoint 20 using 
H22_20.out 579548454 2/15/2004 5:26:26 the isotopic concentrations generated using the Isotopic 

Database in Assembly H22. 

MCNP output for Grand Gulf Unit 1, Statepoint 20 using 
J30 20.out 579512230 2114/2004 23:19:47 the isotopic concentrations generated using the Isotopic 

Database in Assembly J30. 

MCNP output for Grand Gulf Unit 1, Statepoint 20 using 
K06 20.out 579548453 2/20/2004 23:09:05 the isotopic concentrations generated using the Isotopic 

Database in Assembly K06. 

MCNP output for a nominal depletion using Grand Gulf 
n310m.out 407313 4/8/2004 11:30:14 ~nit 1 Assembly C16 base depletion but a 3wt<'lo 

enriclunent and a 10 GWd/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n320m.out 407313 4/8/2004 12:36:53 Unit I Assembly C16 base depletion but a 3wt% 

enriclunent and a 20 GWd/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n330m.out 407313 4/8/2004 12:35:41 Unit l Assembly C16 base depletion but a 3wt<'lo 

enriclunent and a 30 GW d/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n340m.out 407313 4/8/2004 12:38:52 Unit 1 Assembly C16 base depletion but a 3wt<'/o 

enriclunent and a 40 GWd/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n350m.out 407313 4/8/2004 12:48:31 Unit 1 Assembly C16 base depletion but a 3wt<'lo 

enriclunent and a 50 GWd/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n410m.out 407313 4/8/2004 14:32:58 Unit 1 Assembly Cl6 base depletion but a 4wt% 

enriclunent and a 10 GW d/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n420m.out 407313 4/8/2004 14:27:33 Unit 1 Assembly C16 base depletion but a 4wt<'/o 

enriclunent and a 20 GWd/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n430m.out 407449 4/8/2004 13:23:49 Unit 1 Assembly Cl6 base depletion but a 4wt% 

enrichment and a 30 GWd/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n440m.out 407313 4/8/2004 13:39:36 Unit 1 Assembly Cl6 base depletion but a 4wt% 

enrichment and a 40 GWd/mtU burnup 

MCNP output for a nominal depletion using Grand Gulf 
n450m.out 407313 4/8/2004 13:46:27 Unit 1 Assembly C 16 base depletion but a 4wt% 

emichment and a 50 GWd/mtU bumup 
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Table 44. BWR Isotopic Database MCNP Output Files Confirmation (cont.) 

FileName Size Date Time Description 

MCNP output for a nominal depletion using Grand Gulf 
n510m.out 405849 4/8/2004 14:48:51 Unit 1 Assembly C16 base depletion but a 5wt«'lo 

enrichment and a 10 GW d/mtU bumup 

MCNP output for a nominal depletion using Grand Gulf 
n520m.out 407313 4/8/2004 14:50:51 Unit 1 Assembly C16 base depletion but a Swt% 

enrichment and a 20 GWd/mtU bumup 

MCNP output for a nominal depletion using Grand Gulf 
n530m.out 405849 4/8/2004 15:41:33 Unit 1 Assembly C16 base depletion but a 5wt«'lo 

enrichment and a 30 GWd/mtU bumup 

MCNP output for a nominal depletion using Grand Gulf 
n540m.out 407366 4/8/2004 15:40:39 Unit 1 Assembly C16 base depletion but a Swt«'/o 

enrichment and a 40 OW d/mtU bumup 

MCNP output for a nominal depletion using Grand Gulf 
n550m.out 407313 4/8/2004 15:52:46 Unit 1 Assembly C16 base depletion but a 5wt«'lo 

~chment and a 50 GWd/mtU bumup 

MCNP output for a 3wt% emichment and a 10 GWd/mtU 
bwr310.out 404819 2/25/2004 9:28:30 pumup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 3wt«'AI enrichment and a 20 GWd/mtU 
bwr320.out 406915 2/25/2004 9:28:17 bumup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 3wt"/o enrichment and a 30 GWd/mtU 
bwr330.out 405513 2/25/2004 9:28:14 bumup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 3wt<'/o enrichment and a 40 GWd/mtU 
bwr340a.out 407315 4/8/2004 9:09:45 bumup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 3wt% enrichment and a 50 GWd/mtU 
bwr350.out 404628 2/25/2004 10:00:36 burnup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 4wt«'/o enrichment and a 10 GWd/mtU 
bwr410.out 406977 2/25/2004 10:02:28 bumup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 4wt"lo emichment and a 20 GWd/mtU 
bwr420.out 406968 2/25/2004 10:02:34 burnup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 4wt<'A, enrichment and a 30 GWd/mtU 
bwr430.out 394429 2/25/2004 10:02:52 bumup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 4wt% emichment and a 40 GWd/mtU 
bwr440.out 406185 2/25/2004 10:34:42 burnup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 4wt<'A, emichment and a 50 GWd/mtU 
bwr450.out 406915 2/25/2004 10:36:44 burnup using the isotopic concentrations generated using 

the Isotopic Database. 
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Table 44. BWR Isotopic Database MCNP Output Files Confirmation (cont.) 

File Name Size Date Time Description 

MCNP output for a 5wfl/o enrichment and a 10 GWdlmtU 
bwr510.out 405451 2/25/2004 10:36:57 burnup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 5wfl/o enrichment and a 20 GWdlmtU 
bwr520.out 406039 2/25/2004 10:36:39 burnup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 5wfl/o emichment and a 30 GWdlmtU 
bwr530.out 406039 2/25/2004 11:02:01 burnup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 5wfl/o enrichment and a 40 GWd/mtU 
bwr540.out 406038 2/25/2004 10:55:31 burnup using the isotopic concentrations generated using 

the Isotopic Database. 

MCNP output for a 5wfl/o emichment and a 50 GWdlmtU 
bwr550.out 406915 2/25/2004 11:03:47 bumup using the isotopic concentrations generated using 

the Isotopic Database. 
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