
r 

Multicode Comparison of Selected 
Source-Term Computer Codes 

0. W. Hermann 
C. V. Parks 
J. P. Renier 
J. W. Roddy 
R. C. Ashline 
W. B. Wilson 
R. J. LaBauve 



- 

r 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and Techni- 
cal Information, P.O. Box 62, Oak Ridge, TN 37831; prices available from (615) ' 
576-840 1, FTS 626-840 1. 

Available to the public from the National Technical Information Service, U.S. 
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161. 

NTlS price codes-Printed Copy: A09 Microfiche A01 

This report was prepared as an account of work sponsored by an agency of 
the United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the accuracy, corn 
pleteness, or usefulness of any information, apparatus, product, or process dis- 
closed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily consti- 
tute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 

c . f 



r, 

'. 

ORNL/CSD/TM-25 1 
Dist. Category UC-510 

MULTICODE COMPARISON OF SELECI'ED 
SOURCE-TERM COMPUTER CODES 

0. W. Hermann, C. V. Parks, and J. P. Renier 
Computing and Telecommunications Division 

J. W. Roddy and R. C. Ashline 
Chemical Technology Division 

W. B. Wilson and R. J. LaBauve 
Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

'I 
4 

a 

r- 

Date Published: April 1989 

Prepared by the 
COMPUTING AND TELECOMMUNICATIONS DIVISION 

at Oak Ridge National Laboratory 
Post Office Box 2008 

Oak Ridge, Tennessee 37831 

Prepared for the 
U.S. Department of Energy 

Office of Civilian Radioactive Waste Management 

MARTIN MARIETTA ENERGY SYSTEMS, INC., 
operating the 

Oak Ridge Gaseous Diffusion Plant Oak Ridge National Laboratory 
Oak Ridge Y-12 Plant Paducah Gaseous Diffusion Plant 

for the 
U.S. DEPARTMENT OF ENERGY 
under contract DE-AC05-840R2 1400 

3 4456 0299442 8 i I 



b. 

n 



.. 
CONTENTS 

SECTION PAGE 

c 

LIST OF FIGURES . . iv 
LIST OF TABLES . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 
ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 
ABSTRACT . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 

1 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2 . SUMMARY DESCRIPTION OF CODES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

3 . CASE DESCRIPTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
3.1 DESCRIPTION OF THE DECAY-ONLY CASE . . . . . .  7 
3.2 DESCRIPTION OF TYPICAL PWR EXPOSURE CA . . . . . . . . . . . . .  7 
3.3 EXTENDED PWR EXPOSURE CASE . . . . . . . . . . . . .  . . . . . .  7 
3.4 TYPICAL BWR EXPOSURE CASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
3.5 EXTENDED BWR EXPOSURE CAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
3.6, SUMMARY OF FUEL AND BURNUP DATA OF CASES . . . . . . . . . . . . . . . . . . . .  13 

4 . METHOD OF ILLUSTRATING CODE RESULT COMPARISONS . . . . . . . . . . . . . . . . .  14 
4.1 COMPARATIVE RATIO TABLES 14 
4.2 NUCLIDE DISTRIBUTION SUMMARY TABLES . . . . . . . . . . . . . . . . . . . .  15 

. . . . .  

.. 

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

5 . EXAMINATION OF COMPARISONS IN CODE RESULTS . . . . . . . . . . . . . . . . . . . . . . .  16 
5.1 GENERAL COMMENT ON ENTIRE SET OF COMPARISONS . . . . . . . . . . . . . .  16 

. 5.2 THE DECAY-ONLY CASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
5.3 THE TYPICAL PWR EXPOSURE CASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

5.5 THE TYPICAL BWR EXPOSURE CASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
5.6 THE EXTENDED BWR EXPOSURE CASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

5.4 THE EXTENDED PWR EXPOSURE CASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

6 . RECONCILING SIGNIFICANT DIFFERENCES IN RESULTS . . . . . . . . . . . . . . . . . . . .  27 

6.2 VARIATIONS IN EXPOSURE CASES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
6.1 RECONCILING DECAY-ONLY CASE VARIATIONS . . . . . . . . . . . . . . . . . . . . . . .  27 

7 . CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . .  31 
7.1 FISSION PRODUCTS . . . . . . . . . . . . . . . . . .  31 
7.2 ACTINIDES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
7.3 SUMMARY . . . . .  . . . . . .  . . . . . .  36 
7.4 RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

APPENDIX A . SUMMARY DESCRIPTIONS OF ORIGEN2. 0RIGEN.S. 
AND CINDER-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

APPENDIX B . DATA FOR DECAY-ONLY CASE 59 
APPENDIX C . COMPARATIVE RATIO TABLES IN GRAM-ATOMS . . . . . . . . . . . . . . . . .  63 
APPENDIX D . COMPARATIVE RATIO TABLES IN CURIES . . . . . . . . . . . . . . . . . . . . . . . .  89 
APPENDIX E . COMPARATIVE RATIO TABLES IN WATTS . . . . . . . . . . . . . . . . . . . . . . . .  115 
APPENDIX F . COMPARATIVE RATIO TABLES IN TOTAL WATTS 141 
APPENDIX G . NUCLIDE DISTRIBUTION SUMMARY TABLES . . . . . . . . . . . . . . . . . . . .  147 

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

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

iii 



LIST OF FIGURES 

Figure Page 

1. 
2. 
3. 
4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

A. 1 

PWR assembly schematic showing guide tubes or water holes . . . . . . . . . . . . . . . . . . . . . . . . .  9 
BWR assembly schematic, 27.5-GWd/MTU case . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  11 

Decay-only case comparison of the predictions of the codes for 

Comparison of the predic 

Comparison of the predictions of the codes for total decay heat rate 

Comparison of the predictions of the codes for tota 

Comparison of the predictions of the codes for tota 

Measure of agreement among the three codes, tak 

Measure of agreement among the three codes, ta 
predicting the composition of selected actinides 
Measure of agreement among the three codes, ta 
predicting the composition of the plutonium radionuclides . . 
Computation flow path invoked by SAS2 module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 

BWR assembly schematic, 40-GWd/MTU case. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

total decay heat rate . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . .  17 

as generated by fuel from a 33-GWd/MTU PWR . . . . . . . . . . . . . . . .  18 

as generated by fuel from a 50-GWd/MTU PWR 

as generated by fuel from a 27.5-GWd/MTiT PW . . . . . . . . . . . . . . .  20 

as generated by fuel from a 40-GWd/MTU BWR 

predicting the compositidn of selected fission products . . . . . . . . . .  . . . . . . . . . . . . . . . .  32 

es for total 

. . . . . . . . .  

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

Y 

0 

i 

. .  

iv 

c 



LIST OF TABLES 

Table Page 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

B. 1 

Radionuclide listing for multicode comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Neutron energy group structure (MeV) 
PWR assembly description, 33-GWd/MTU case . 
BWR assembly description, 27.5-GWd/ 
Axial water densities of BWR 
Fuel enrichments of BWR assembly for 40-GWd/MTU case . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Fuel exposure and burnup characteristics of cases . . .  
Tabulation of % differences in nuclide gram-atoms, cu 
predictions between codes into a frequency distribution . . . . . . . . .  

Tabulation of % difference frequency distribution if nuclide watts 

Significant radionuclides in the specified categories of a Federal Waste 

Photon energy group structure (MeV) . . . . . . . . . . . . .  5 

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

exceeds 0.01% of total watts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Management System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
Data for decay-only case . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  60 

4 

V 



c 

I 
i 

. 



'- ACKNOWLEDGMENTS 

The comparison of source-term computer codes reported here was supported by the Office of Civi- 
lian Radioactive Waste Management of the U.S. Department of Energy. 

The authors gratefully thank A. G. Croff for his helpful advice and suggestions in both the plan- 
ning and documenting of this research. We are greatly indebted to R. Q. Wright and C. W. Alex- 
ander for their careful review of this report. We wish to acknowledge M. C. Brady for making signifi- 
cant corrections and additions in the final draft of the document. Finally, the authors express special 
thanks to L. F. Norris for typing the many drafts and final manuscript for publication. 

. 

. 

vii 



c 



This report summarizes the results of a study to assess the predictive 'capabilities of three radionu- 
clide inventory/depletion computer codes, ORIGEN2, ORIGEN-S, and CINDER-2. This task was 
accomplished through a series of comparisons of their output for several light-water reactor (LWR) 
models (i.e., verification). Of the five cases chosen, two modeled typical boiling-water reactors (BWR) 
at burnups of 27.5 and 40 GWd/MTU and two represented typical pressurized-water reactors (PWR) 
at burnups of 33 and 50 GWd/MTU. In the fifth case, identical input data were used for each of the 
codes to examine the results of decay only and to show differences in nuclear decay constants and 
decay heat rates. Comparisons were made for several different characteristics (mass, radioactivity, and 
decay heat rate) for 52 radionuclides and for nine decay periods ranging from 30 d to 10,000 years. 
Only fission products and actinides were considered. The results are presented in comparative-ratio 
tables for each of the characteristics, decay periods, and cases. A brief summary description of each of 
the codes has been included. Of the more than 21,000 individual comparisons made for the three 
codes (taken two at a time), nearly half (45%) agreed to within 1%, and an additional 17% fell within 
the range of 1 to 5%. Approximately 8% of the comparison results disagreed by more than 30%. 
However, relatively good agreement was obtained for most of the radionuclides that are expected to 
contribute the greatest impact to'waste disposal. Even though some defects have been noted, each of 
the codes in the comparison appears to produce respectable results. 

" 
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1. INTRODUCI'ION 

. 

The prediction of the radionuclide content and the resulting associated characteristics or properties 
of spent fuel from nuclear power plants and of high-level radioactive wastes (HLW) from fuel repro- 
cessing and other sources is a major concern of the Department of Energy's (DOE) Office of Civilian 
Radioactive Waste Management (OCRWM) because it has been designated to site, design, and con- 
struct transportation, storage, and disposal systems for such materials. These radiological properties, 
which continue to change with the composition and the age of the material, are difficult to quantify. 
The DOE/OCRWM will utilize this information as input data to many of their designers and licensing 
applicants in the areas of performance assessment (source terms), heat transfer (thermal generation 
rates), criticality (radionuclide composition), and shielding (gamma and neutron generation rates). 

Several technical computer codes are available that will permit the calculation of the radiological 
characteristics of interest. The most sophisticated tools for depletion analyses that characterize the 
major radionuclide composition of discharged spent fuel are multidimensional codes that allow full con- 
sideration of the spatial change in the flux spectrum throughout one assembly or an entire reactor core. 
However, most of these codes are expensive to run, difficult to use, and do not predict all of the needed 
characteristics. In addition, many (but not all) of these codes allow only a limited number of radionu- 
clides. Historically, the above disadvantages of the multidimensional depletion analysis tools have been 
circumvented by the development of "point" or "pseudo-point" depletion codes that allow flexibility and 
ease of use. These codes are able to compute an almost unlimited number of radionuclide inventories 
and associated characteristic quantities (decay heat, toxicity, radiation spectra, etc.) in a flexible and 
useful format. One method of testing these codes for computational features, capabilities, and accu- 
racy is through verification and benchmarking. Verification is a process that demonstrates the ability 
of a computer code to perform correctly its stated capabilities. This process is performed primarily 
through a set of test problems designed to show that the stated equations are solved in a satisfactory 
manner, but not necessarily indicating that the model is a valid representation of any particular physi- 
cal system. The objective of validation is to ensure that the model embodied in a computer program is 
a correct representation of the process or system for which it is intended. A benchmark is a standard 
condition that may be used in the verification of computer codes and models. Oak Ridge National 
Laboratory (ORNL) is currently developing guidelines for verifying, validating, and enhancing a 
source-term code that will be used in licensing procedures by DOE/OCRWM. 

This report summarizes the results of a cooperative effort between ORNL and Los Alamos 
National Laboratory (LANL) directed toward comparing the predictions of three radionuclide 
inventory/depletion computer codes, ORIGEN2, ORIGEN-S, and CINDER-2 (Le., verification). The 
work was cooperative in the sense that direct interaction occurred between staff members of ORNL, 
who performed the ORIGEN2 and ORIGEN-S calculations, and LANL, who performed the 
CINDER-2 calculations. Several meetings were held among the participants to develop the following 
five test problems - one examining decay only, two modeling generic BWRs at two burnups, and two 
modeling generic PWRs at two burnups. The methodologies utilized by these codes are discussed in 
Sect. 2. The test problems are described in Sect. 3, and the methods of comparison are given in 
Sect. 4. The results are presented in Sect. 5 ,  reconciliation of major differences are discussed in 
Sect. 6, and recommendations are listed in Sect. 7. This verification effort does not necessarily indi- 
cate which code is "best" or the most accurate. The comparisons may be used to identify where there 
is need for improved models as indicated by significant differences in predictions (e.g., the extended 
burnup BWR model). 
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2. SUMMARY DESCRIPTION OF CODES 

As noted in Sect. 1, the codes used in the present comparative assessment study were ORIGEN2,' 
ORIGEN-S,* and CINDER-2.3 This section will briefly describe these codes. Code abstracts with 
more detail are provided in Appendix A. Each of these codes computes time-dependent concentrations 
and source terms of a large number of nuclides, which are simultaneously generated or depleted 
through neutronic transmutation, fission, radioactive decay, input feed rates, and physical or chemical 
removal rates. The calculations may pertain to fuel irradiation within nuclear reactors, or the storage, 
management, transportation, or subsequent chemical processing of removed fuel elements. 

The original ORIGEN code4 was released in 1973 and has since been updated to produce two 
separate codes-ORIGEN2 and ORIGEN-S. All three of these codes use the same basic matrix 
exponential expansion model and numerical scheme. However, the updated versions have data libraries 
that are significantly improved from those of ORIGEN. The updated versions of ORIGEN also pro- 
vide burnup-dependent cross sections and a number of minor modifications (e.g., calculation of fission 
energy release) that are improvements over the original version. The primary differences between 
ORIGEN-S and ORIGEN2 are in the nuclear data libraries used by the two codes. Both codes use 
virtually identical decay data (half-life, branching ratios, and recoverable energy per decay) and pho- 
ton data (energies and intensities of gamma- and X-ray spectra). There are differences in the cross 
sections and fission product yield data, however. These codes have been distributed worldwide by the 
ORNL Radiation Shielding Information Center. 

' 

The ORIGEN2 code uses specific cross-section and fission-product yield libraries that have been 
developed for a number of reactor models. Here, a reactor model means a combination of a particular 
kind of reactor and a specified fuel cycle, for example, a uranium-fueled PWR using a once-through 
fuel cycle. Several cross-section libraries are available for different reactor models,' and work is 
currently under way at ORNL to update the libraries for the latest light-water reactor (LWR) designs. 
The cross-section libraries for ORIGEN2 were developed by performing spatially detailed multigroup 
reactor physics and depletion calculations for each of the specific reactor models, and collapsing the 
multigroup libraries t o  one group for use by ORIGEN2. Burnup-dependent cross sections for the 
important actinide nuclides are built into ORIGEN2 for each reactor model. For the depletion ana- 
lyses performed in this study, the generic PWR and BWR libraries are described in ref. 6. 

One of the primary objectives in developing ORIGEN-S was that the calculations be able to utilize 
multi-energy-group neutron flux and cross sections in any group structure. Utilization of the multi- 
group data is automated via the COUPLE code, which was developed in conjunction with ORIGEN-S. 
COUPLE uses supplied multigroup data to update (as a function of burnup) nuclide cross sections and 
calculate appropriate ORIGEN-S spectral parameters (THERM, RES, FAST) to be used for nuclides 
where multigroup cross sections are not provided. ORIGEN-S can be run stand-alone using available 
card image data libraries or with one or more time-dependent binary libraries that are created with 
COUPLE. 

ORIGEN-S and COUPLE were developed as modules of the SCALE7 modular code system. 
Within' SCALE, multigroup fluxes and cross sections are provided to COUPLE via the XSDRNPM 
module - a 1-D discrete ordinates transport code. Burnup-dependent libraries are created for 
ORIGEN-S by employing successive passes through XSDR-M-S and COUPLE using the desired 
multigroup cross-section library. Each successive XSDRNPM-S calculation uses irradiation time- 
dependent compositions evaluated by ORIGEN-S and pertinent information on the reactor history 
which affects the lattice cell flux calculation. This procedure is automated in SCALE with the SAS2 
control module.' 

, 
C' 

. 
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The CINDER9 series of codes is the major alternative to the ORIGEN-type codes in the United 
States. Various CINDER versions have been developed and used at LANL. The major differences 
between the versions are the available data libraries and the codes to which they interface to obtain the 
neutronic data. The CINDER-2 version used in this study interfaces with EPRI-CELL" to obtain the 
updated flux spectra and cross sections at four spatial points within a unit cell model (similar to the 
SASZ/ORIGEN-S approach). CINDER-2 performs the depletion analysis in four energy groups using 
the Bateman equation solution of the balance equations for each chain of nuclides coupled through the 
decay or transmutation processes. Various nuclide chains are available in libraries, which are simply 
read from the input data stream. 

As evidenced by the above discussion, one of the major important differences between point deple- 
tion codes is in the way neutronic data (primarily neutron cross sections) are prepared for use in a cal- 
culation. All the codes utilize burnupdependent neutron cross sections for the depletion. However, 
appropriate neutron flux spectra for an assembly are required to generate the effective neutron cross 
sections for the subsequent point depletion calculation. Multidimensional neutronics analyses using 
specific reactor models and power history data have been performed to generate "generic" burnup- 
dependent cross-section libraries for ORIGEN2. The complexity and expense of this approach pre- 
cludes the generation of such libraries for all the various assembly geometries, fissile enrichments, void 
fractions, or reactor power histories. Instead, the user tries to use the available library that best 
matches the application. The CINDER-2 and ORIGEN-S approach is to utilize auxiliary codes that 
incorporate somewhat simpler (typically one-dimensional lattice cell) neutronic analyses to obtain the 
burnupdependent flux spectra. This approach allows burnupdependent cross-section libraries to be 
routinely prepared for the user-specified assembly characteristics and irradiation history using modular 
codes developed for this purpose. Application of the "packaged" libraries beyond their model definition 
and the potential inadequacy of a simpler neutronic analysis are, respectively, the main disadvantages 
of the above methods. This study provides some insight into the effect of these two approaches on data 
preparation for important output variables. 
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3. CASE DESCRIPTIONS 

The cases were chosen in order to achieve two goals: 

1. to permit comparisons dependent on decay characteristics only; and 

2. to permit comparisons dependent on both decay data and cross-section data used during the range 
in exposure to be experienced in commercial reactors. . .  

Results from ORIGEN2, CINDER-2, and ORIGEN-S were to be compared in several different 
units for various nuclides important to reactor waste systems analyses and several global-type units or 
characteristics. The 66 radionuclides requested for the comparison are listed in Table 1. ' Ultimately, 
results for 52 radionuclides were provided by all codes. Activation product radionuclides (i.e., radioac- 
tive nuclides produced by irradiation of stable nuclides in structural materials) were not compared 
because they are not available in the CINDER-2 libraries. 

In this project, the term "burnup" has been defined as the "atomic % fission." Also, the term "expo- 
sure," or "exposure level," was defined to mean the energy produced in units of gigawatt days/metric 
ton initial uranium (GWd/MTU). Each code was to apply equal burnups to each case, or approxi- 
mately equal exposure levels. The purpose of using equal atomic % fissions was to eliminate energy 
per fission data as a cause for variations in results. 

Se-79 

Kr-85 

Sr-89 

Sr-90 

Y-90 

Y-91 

Zr-93 

Zr-95 

Nb-93m' 

Nb-94' 

Nb-95 

Tc-99 

Ru- 106 

Rh-106' 

Pd- 107 

Sb- 125 

Sb-126ma 

Sn- 126 

I- 129 

CS-133 

CS- 134 

CS- 135 

CS- 137 

Ce- 144 

Pr- 1 44' 

Pm- 147 

Sm- 147 

Sm- 148 

Sm- 149 

Sm- 150 

Sm-151 

Sm-152 

Eu-153 

Eu- 154 

Table 1. Radionuclide listing for multicode comparison . 

Eu-155 

Nd- 143 

Nd- 144 

Nd-145 

Nd- 146 

Ra-226' 

Th-230' 

Th-232' 

U-232' 

U-233' 

U-234 

U-235 

U-236 

U-238 

Np-236' 

Np237 

Pu-236' 

Pu-238 

Pu-239 

Pu-240 

Pu-241 

Pu-242 

Am-24 1 

Am-242 

Am-243 

Cm-242 

Cm-243 

Cm-244 

Cm-245 

Cm-246 

Cm-247' 

Cm-248' 5 .. 

~ 

'Not included in CINDER-2 printout. 
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The results given for each nuclide were to be in the following units: 

1. mass, in gram-atoms (moles); 

2. radioactivity, in curies (Ci); and 

3. decay heat rate, in watts (W). 

Aggregate parameters employed were: 

1. actinide, fission product, and total decay heat rate in watts; 

2. photon source spectra in the ORIGEN2 energy group structure; 

3. (a,n), spontaneous fission and total neutron emission rates; and 

4. neutron emission energy spectra. 

While the neutron emission rates computed by all codes could be compared,the neutron energy spectra 
cannot be computed by ORIGEN2 and the comparisons of these spectra were limited to the other two 
code results. The energy group boundaries are given in Tables 2 and 3 for photon and neutron spec- 
tra, respectively. 

Table 2. Photon energy group structure (MeV)' 

Group Lower energy boundary Upper energy boundary 

i 

.= 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

0.000 

0.020 

0.030 

0.045 

0.070 

0.100 

0.150 

0.300 

0.450 

0.700 

1 .ooo 
1 SO0 

2.000 

2.500 

3.000 

4.000 

6.000 

8.000 

0.020 

0.030 

0.045 

0.070 

0.100 

0.150 

0.300 

0.450 

0.700 

1 .ooo 
1.500 

2.000 

2.500 

3.000. 

4.000 

6.000 

8.000 

1 1 .ooo 

'Million electron volts. 
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Table 3. Neutron energy group structure (MeV)' 

Group Lower energy boundary Upper energy boundary 

1 

2 

. .  8 

9 

10 

11 

12 

.13 

14 

15 

16 

17 

18 

19 

20 

0.000 

0.202 

0.408 

0.608 

0.781 

1.003 

1.225 

1.423 

1.532 

1.827 

2.019 

2.466 

3.012 , 

3.579 

4.066 

4.966 

6.065 

8.187 

10.000 

14.918 

0.202 

0.408 

0.608 

0.78 I 

1.003 

1.225 

1.423 

1.572 

1.827 

2.019 

2.466 

3.012 

3.679 

4.066 

4.966 

6.065 

8.187 

10.000 

14.918 

19.640 

'Million electron volts. 

This report summarizes the results for the individual nuclides as well as the actinide, fisson product, 
and total decay heat rates. The aggregate parameters described as items 2-4 of that list will be 
addressed in detail in a forthcoming report. They are mentioned here as a part of the overall project 
definition. 

The results for all cases were to be computed and tabulated at the following decay times, after dis- 
charge: 30 d and 1, 5, 10, 20, 50, 300, 1,000, and 10,000 years. 

There were five different cases from which the results computed by ORIGEN2, EPRI- 
CELL/CINDER-2, and SAS2H/ORIGEN-S codes, or tandem code sets, were to be compared. The 
titles describing the five cases were: . 
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1. The Decay-Only Case 

2. The Typical PWR Exposure Case 

3. The Extended PWR Exposure Case 

4. The Typical BWR Exposure Case 

5. The Extended BWR Exposure Case 

The general criteria used for the reactor model calculations are given in the following: 

1. all sites are to use the most up-to-date data libraries available; 

2. fuel will be uranium dioxide; 

3. fuel impurities will not be considered; 

4. nonfuel components and cladding .will not be compared; 

5. constant power level will be used - 100% capacity factor; 

6. atomic % fission from ORIGEN2 case will be used; 

7. exposure time will be the same as that used by ORIGEN2; 

8. basis of output will be 1 metric ton of initial uranium; 

9. control rods will be withdrawn completely for each reactor or control rod assembly; and 

10. up-to-date reactor model data will be used. 

A description of the details of the five cases is presented in the following section. 

3.1. DESCRIPTION OF THE DECAY-ONLY CASE 

The units and cooling times that were used are specified above. Other specifications for the decay- 
only case are as follows: 

1. information to be given in gram-atoms (moles); 

2. exact ORIGEN2 data appear in Appendix B, g-atoms follows Z number of nuclide; 

3. input basis same as output, metric ton of initial uranium; and 

4. initial inventory used by all codes was that calculated by ORIGEN2 for the discharge of a PWR 
of 33 GWd/MTU with 0.029, 3.2, and 96.771 wt % 234U, 235U, and 238U, respectively, at 37.5 
MW/MTU. 

3.2. DESCRIPTION OF TYPICAL PWR EXPOSURE CASE . 

Data specifying the PWR assembly are listed in Table 4. A general schematic of the assembly is 
shown in Fig. 1. The exposure time is 880 d. The burnup of the case is 3.443 at. % fissions, or about , 
33-GWd/MTU exposure level. 

3.3. EXTENDED PWR EXPOSURE CASE 

The data specifying the PWR assembly are the same as that in Table 4 except: the water density is 
0.73 g - ~ m - ~ ;  the fuel composition is 4.5 wt % 235U, 0.0400 wt % '"U and 95.46 wt % 238U and the 
U02 density is 94% of theoretical. The assembly is shown in Fig. 1. The exposure time is 1333.33 d. 
The burnup is 5.206 at. % burnup, or about 50 GWd/MTU. 
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Table 4. PWR assembly description, 33 GWd/MTU case 
~ 

Assembly general data 

Lattice, designer 
Type Control roda 
Water density, av, g - ~ m - ~  0.7295 
Water temperature, K 570 
Soluble boron (av of cycle), ppm (wt) 550 
Number of water holes 24 
Number of instrument tubes 1 

Fuel rod 

17 x 17, Westinghouse 

Pellet diameter, in. 
Gap (diametrical), in. . 
Rod OD, in. 
Fuel rod pitch, in. 
Pellet stack density, 70 TD 
Clad material 
Active fuel length, in. 
Plenum (fuel rod) length, in. 
234u wt 96 
235u wt 96 
238u wt 96 
Fuel temperature, K 
Clad temperature, K 

Water holes 

Guide tube ID, in. 
Guide tube OD, in. 
Material 

0.3225 
0.0065 
0.374 
0.496 
94.5 
Zircaloy-4 
144 
7 
0.0275 
3.1 
96.8725 
811 
620 

. .  

0.45 
0.482 
Zircaloy-4 

aAs opposed to burnable poison rod assemblies. The control rods were considered 
to be withdrawn leaving only the guide tube and "water hole." 

. 
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. 
c 

. .  
. Fig. 1. PWR assembly schematic showing guide tubes or water holes. 

L 
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3.4. TYPICAL BWR EXPOSURE CASE 

Data specifying the BWR assembly and axial water densities are listed in Tables 5 and 6, respec- 
tively. A general schematic of the assembly is shown in Fig. 2. The exposure time is 1061.777 d. 
The burnup of the case is 2.866 at. 96 fissions, or about 27.5 GWd/MTU. Fuel compositon in place of 
mixed enrichments is 2.64 wt 96 23sU, 0.0234 wt 96 234U, and 97.3366 wt 96 23eU. 

,. - 

Table 5.  BWR assembly description, 27.5 GWd/MTU case 

Assembly general data 

Lattice, designer 
Type 
Water density, vol-av, g - ~ m - ~  
Water temperature, av K 
Number of poison rods 
Number of holes 
Channel material 
Channel water density, av, g - ~ m - ~  

Fuel rod 

Pellet diameter, in. 
Gap (diametrical), in: 
Rod OD, in. 
Fuel rod pitch, in. 
Pellet stack density, 96 TD 
Clad material 
Active fuel length, in. 
Plenum (fuel rod) length, in. 
Fuel temperature, K 
Clad temperature, K 
Type 1: 31 rods, wt 96 235U 
Type 2: 16 rods, wt 96 23sU 
Type 3: 8 rods, wt 96 235U 
Type 4: 4 rods, wt 96 235U 
Type 5: 4 rods, wt 96 23sU 

8 x 8, General Electric 
Burnable poison 
0.392 
558 
4 
1 
Zircaloy-4 
0.743 

0.4 160 
0.0090 
0.493 
0.640 
94 
Zircaloy-2 
148 
10 
840 
620 
2.64a 
2.30 
2.12 
1.65 
2.30, with 2.0 wt 96 Gd2O3 

. 'This enrichment was used for all present analyses since point 
. depletion codes require a single enrichment. 

3.5. EXTENDED BWR EXPOSURE CASE 

Data giving the fuel rod enrichments and Gd2O3 contents of the extended BWR exposure case are 
listed in Table 7. These apply to the BWR schematic in Fig. 3, with all other assembly and fuel rod 
data the same as that of the other BWR case as listed in Tables 5 and 6. The exposure time is 
1544.400 d. The burnup of the case is 4.172 at. 96 fissions, or about 40 GWd/MTU. Fuel composi- 
tion in place of mixed enrichments is 4.15 wt 96 23sU, 0.0368 wt 96 234U, and 95.8132 wt 96 238U. 

. 
5 



Table 6. Axial water densities of BWR 

, .  
Average density Average water 

Top of node Density at Z in node temperature 
(Z, in.) ( g - ~ m - ~ )  ( g - ~ m - ~ )  (K) 

* 
I 

e- 

[ 
/ 
I 
/ 
/ 
/ 
/ 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

/ 
/ 
/ 
/ 
/ 
/ , 
I 
I 
I 

i. 
, 

E 

30.83 

43.17 

55.50 

67.83 

80.17 

98.67 

123.33 

148.00 

0.692 

0.569 

0.472 

0.400 

0.347 

0.293 

0.250 

0.228 

0.743 

0.600 

0.494 

0.417 

0.360 

0.309 

0.264 

0.234 

552 

558 

558 

558 

558 

558 

558 

558 

0RNL.OWG 87y-10265 

- 0.120 in. 

12.000 in. 

Fig. 2. BWR assembly schematic, 27.5-GWd/MTU case. 
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Table 7. Fuel enrichments of BWR assembly 
for 40-GWd/MTU case . . 

Type and number ' Wt 96 235U enrichment 

Type 1: 29 rods 4.1 5a 

Type 2: 16 rods 2.90 

Type 3: 8 rods 2.65 

Type 4: 4 rods 2.00 

Type 5: 2 rods 4.15, 2 wt '35 Gd203 . 

Type 6: 4 rods 2.90, 3 wt '35 Gd2O3 

aThis enrichment was used for all present analyses since point 
depletion codes require, single enrichment. 

. .  - 5.275 In. 

ORNL-OWC 8711.10266 

- 0.120in. 
. .  . 

12.000 in. 

Fig. 3. BWR assembly schematic, 40-GWd/MTU case. 

. 
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3.6. SUMMARY OF FUEL AND BURNUP DATA OF CASES 

A summary of the fuel and burnup data for all reactor cases is shown in Table 8. In this project, 
it was agreed that each code use the same at. % fission and exposure time in a case. Thus, slightly dif- 
ferent values of energy per fission between codes caused small variations from exposures and specific 
powers listed. 

Table 8. Fuel exposure and burnup characteristics of cases 

Data type Exposure cases 

Reactor type 

Exposure, GWd/MTU 

Specific power, MW/MTU 

At. % fission 

Total exposure, d 

Wt 9% 234u 
Wt % 23su 
Wt % 23aU 

Initial 2 3 4 ~ ,  mol 

Initial 2 3 5 ~ ,  mol 

Initial 2 3 8 ~ ,  mol 

PWR 

33 

37.5 

3.443 

880.0 

0.0275 

3.1 

96.8725 

1.175 

131.9 

4070.0 

PWR 

50 

37.5 

5.206 

1333.33 

0.04 

4.5 

95.46 

1.709 

191.5 

401 1.0 

~~ 

BWR 

27.5 

25.9 

2.866 

1061.78 

0.0234 

2.64 

97.3366 

1 .ooo 
112.3 

4090.0 

BWR 

40 

25.9 

4.172 

1544.4 

0.0368 

4.15 

95.8 132 

1.573 

176.6 

4026.0 

. 
I 

c 



4. METHOD OF ILLUSTRATING CODE RESULT COMPARISONS 

The results computed by ORIGEN2, ORIGEN-S, and CINDER-2 were produced both as printout 
and as computer data sets. In order to examine these results in an organized manner, the 
COMPOZSC code was written to automatically read requested results from the data sets produced by 
the three codes and to consolidate and compare the results in a logical tabulation. The tables produced 
by the comparison are presented in Appendices C through G. 

Two types of tables were developed for this analysis: comparative ratio tables and nuclide distribu- 
tion summary tables. The comparative ratio tables contain a more detailed comparison of results. For 
example, all of the requested results (excluding photon and neutron sources) for the 52 nuclides and 
total decay heats are listed. Also, the ratios in code results of all of these calculations are tabulated. 
The nuclide distribution summary tables present an overview type of comparative analyses. The 
nuclides in these tables are separated into a distribution dependent on percentage differences represent- 
ing code-result-ratios minus unity. A more detailed description of both types of tables is presented in 
this section. The comparative ratio tables are given in Appendices C through F, and the nuclide distri- 
bution summary tables are given in Appendix G. Also, two summary tables and five plots are dis- 
cussed in the next section. 

4.1. COMPARATIVE RATIO TABLES 

The complete set of comparative ratio tables are divided into four major sets and 20 subsets. All 
tables within a major set contain results having the same units: nuclide gram-atoms, nuclide curies, 
nuclide watts, or total watts. Within each major set are five subsets of tables corresponding to the five 
cases described in Sect. 3. Finally, within each subset are nine tables having the results for the nine 
spent fuel cooling times of each case. 

The individual tables may contain data for either nuclides or totals. For the first eight cooling 
times there are two time steps given per page. After the list of nuclide names, nine columns are shown 
in each table. The results for the nuclides, as computed by each code, are listed first. The next three 
columns contain the ratios of each code's result to the average of the three (or the average of the 
nonzero values if one is zero). The names ORIGEN2, ORIGEN-S, and CINDER-2 are abbreviated 
to OR2, ORS and CIN, respectively. The last three columns in the table contain the ratios of results 
between each combination of two codes. In the tables having units in total watts, in place of results by 
individual nuclides are results of the total of all fission products, all actinides (heavy metals), and all 
fission products plus actinides. 

In addition to the tabulation described above, summary-type information is printed at the bottom of 
the table. These lines pertain to average percentage deviations from unity of each column of ratios. 
The exact details of computing each of these averages follow. The absolute value of the difference of 
each nonzero ratio and unity is calculated. These values are simply "absolute-deviations." Then, the 
average of the absolute-deviations for all nonzero ratios are computed. Finally, this average is multi- 
plied by 100 to convert the fractional value to the "average-absolute-deviation, as %." This type of aver- 
age is calculated for all of the tabulated columns of comparison ratios. 

There are additional types of averages computed for data tabulated by nuclides. A special method 
is used for excluding either one or two of the largest ratio deviations for each code in calculating the 
averages. First, in this process, the nuclide having the maximum deviation for each code is selected 
from only those nuclides having a deviation for that code which exceeds the deviations for both of the 
other two codes. Then all three of the selected nuclides For the three codes are excluded from the six 
calculated averages and listed as "av-abs-dev excluding largest one, %." Also, the nuclides with the 
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next-to-maximum deviations are excluded following a similar process, and the averages are listed on 
the next line. The final line contains the names of the excluded nuclides, from left to right, for ORI- 
GEN2, ORIGEN-S, and CINDER-2. The names of nuclides exhibiting the maximum deviations are 
to the left of the slash and those for the next-to-maximum deviation are to the right. 

This method used for comparisons of code results should be considered as only one arbitrary 
method and may’not necessarily be the best. For example, there is probably a difference in the impor- 
tance of nuclide results so that some type of weighting could be used in deriving effective averages. 
However, the method displays code results and their ratios, which are usually needed in examining the 
data. The average absolute deviations from unity appeared to be useful quantities to present. Also, it 
was seen that it might be helpful to determine the changes in these averages upon exclusion of the 
largest deviations. While this method could be improved, it certainly had the tendency to indicate both 
the poor and high quality of results from the codes in the variety of cases presented. 

One of the advantages to the comparison method used here is that all data were read from data 
sets and did not have to be transcribed. Thus, once it was coded correctly, human error was avoided. 
One exception, however, was made to this rule of unaltered data: Due to a definition misunderstand- 
ing, there was one case in which data had to be removed. It was intended that the data computed for 
nuclides in watts be only the energy rate produced by the nuclide as it decays to its first daughter 
nuclide. However, when results were not tabulated separately for the daughters in the CINDER-2 
data, the energy rates produced by the daughter were added to that of the parent nuclide. Thus, in 
order to avoid incorrect or misleading comparison ratios, the results for nuclides derived differently by 
CINDER-2 were set to zero and skipped in the analysis. In order to refrain from skipping numerous 
nuclides that would have meaningful comparisons, only nuclides for which the inclusion of daughter 
decay heats increased that of the nuclide by more than 0.1% were included in the group being skipped. 
Note that the above difficulty was not present in the comparisons using gram-atoms, curies, or total 
watts. 

4.2. NUCLIDE DISTRIBUTION SUMMARY TABLES 

The nuclide distribution summary tables display the variations between the results of any set of two 
codes. In this comparison process between any two codes, a percentage variation for each nuclide is 
determined by multiplying 100% by the difference in the ratio of the code results minus one. If the 
larger result is in the numerator, a positive percentage is produced. Or, if the smaller result is in the 
numerator, a negative percentage is computed. The nuclides are finally grouped into percentage differ- 
ence ranges, or deltas, having the following boundaries: 30, 20, 10, 5 ,  1, -1, -5,  -10, -20, and -30%. 

Nuclide distribution tables are grouped into subsets similar to those used for the comparative ratio 
tables. The major division is by the units of gram-atoms, curies, and watts. Then, for tables in gram- 
atoms, tables are given for each of the five cases. However, the tables in curies and watts are limited 
to the decay-only case. Finally, there are tables for each of the nine decay times, with three per page. 
The reason for excluding tables in curies and watts for the reactor exposure cases is that nuclide distri- 
bution variations between tables in gram-atoms and those using the other units is demonstrated for the 
decay-only case, while the major variations in nuclide distributions for the reactor exposure cases 
appear to be illustrated sufficiently in the tables for gram-atoms. 



5. EXAMINATION OF COMPARISONS IN CODE RESULTS 

In comparing the results from the three codes it is not always possible to determine the chief rea- 
sons for differences in nuclide results. The depletion models used by each code in computing cross sec- 
tions treated various aspects of the reactor physics analysis somewhat differently. In the decay-only 
case, where the calculation in all three codes began with the same discharge inventory, any reason for 
differences was limited to the mathematical decay model, decay paths in the library, half lives, and 
nuclide decay heats. Thus, usually the reasons for differences in results in the decay-only case could 
be determined. Also, in assessing the importance of the difference in results for any particular nuclide, 
consideration should be given to the impact the result of that nuclide has on the intended applications 
of the results. 

First, a more general discussion of the comparisons for each case is presented. Then, an endeavor 
to reconcile some of the major differences is given. 

5.1. GENERAL COMMENT ON ENTIRE SET OF COMPARISONS 

Some of the differences between nuclide results computed by the three codes appear to be some- 
what large. However, in relation to similar previous comparisons and the substantial differences in the 
cross-section processing models used by the codes, the nuclide differences are not considered greater 
than expected by most experienced reactor physics analysts. Also, expanding the comparisons to BWR 
cases and extended burnups put a further strain on the effects of some of the approximations in the 
models that may have been somewhat minor in the typical PWR case. Note that for most of the 
nuclides that contribute the greatest consequences there are relatively good agreements. While not 
without defects, each of the codes in the comparison appears to produce respectable results. 

A summary assessment of the code comparisons can be seen in the plots in Figs. 4-8 and the tabu- 
lations in Tables 9 and 10. The plots show the percentage differences in the total decay heat rate 
predictions for each set of two codes. The comparisons in Fig. 4 pertain to the decay-only case. Since 
the input for each code was the same inventory, the decay-only case provides a good method of com- 
paring the decay libraries used by each code. The comparisons in Figs. 5-8 pertain to predictions 
computed in the four reactor exposure cases, as noted in the figure captions. They show significantly 
more percentage differences than that of the decay-only case, particularly after a 50-year decay time. 

Tables 9 and 10 are special types of summaries of the nuclide distribution summary tables 
described in Sect. 4.2 and given in Appendix G, in which the percentage differences between each pair 
of code results are distributed by percentage-difference deltas. There is a large number (i.e., 405) of 
these tables, since they are given for each of the three pairs of codes, the nine decay times, the five 
cases, and the three types of units. In order to summarize the large number of tables, a count (for 
each nuclide) was made of the number of times the percentage difference fell within each percentage- 
difference delta as each of the 405 tables were being determined. The distribution of these total counts 
for each nuclide was tabulated in Table 9. Observations of this table indicates for each nuclide how 
well the three code predictions agree. 

Even though Table 9 is a useful summary, it can be misleading to assess similar distributions for 
two different nuclides in the table as having similar impacts upon intended applications. For example, 
the percentage difference for both 246Cm and 241Am falls within the same -10 to -20% delta for all 
three units at 1000 years for one of the pair of code comparisons. However, has a decay heat 
rate of only 5 x W, while that for 241Am is 25 W and the total decay heat rate at the same 
decay time is 47 W. Thus, it appeared reasonable for identifying nuclides that may require an 
improved computation, from the standpoint of total decay heat rates or photon sources, to determine a 
distribution including only the number of percentage-difference cases where the decay heat rate 
exceeds an appropriate minor fraction of the total decay heat rate. Since almost all of the percentage 
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Fig. 4. Decay-only case comparison of the predictions of the codes for total decay heat rate. 
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Table 9. Tabulation of YO differences in nuclide gram-atoms, curie, and decay 
heat predictions between codes into a frequency distribution 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * o o * * * * * * * * * * * * * * * * * *  

DELTAS. % SE79 KR85 S RE9 SR90 Y90 Y91 dR93 dR95 NE95 TC99 RU106 PD107 S m 6  SB125 I129 CS133 C8134 C8135 

>30 * o  0 0  0 0 0 0 0  0 0 0 0 0 ' 0  0 0 0 0 s  
2 0  TO 30 0 0 0  0 0 0  0 0 0 0 0 0 0  0 0 0 0  0 s  
10 TO 20 * 0 0 ' 0  0 0 0 0 23 23 0 12 54 56 0 0 0 0 108 * 

* 5 TO 10 0 0 0 24 24 0 0 32 30 0 12 54 16 0 54 0 0 27 * 
1 TO 5 0 117 60 192 192 77 27 58 59 162 36 36 0 0 90 36 18 27 ' *  

-1 TO 1 63 264 326 165 165 328 252 283 283 243 243 81 153 189 81 333 225 108 
- 5  TO -1 0 24 19 24 24 0 126 9 10 0 18 0 0 0 117 36 108 50 

* -10 TO -5 * 180 , 0 0  0 0 0  0 0 0 0 72 117 0 0 63 0 54 81 
-20 TO -10 72 '0 0 0 0 0  0 0 0 0 12 63 72 72 0 0 0 O *  
-30 TO - 2 0  * 54 0 0  0 0 0  0 0  o o o o io8 ie 0 0 0  0 .  

<-30 36 0 0 0 0 0 0 0 0 0 0 0 0 1 2 6  0 0 0  0 s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* e 1  Snl52 EU153 gU154 gU(55 U234 U235 

? * 

>30 * o  0 0 0 0 0 9 0 2 3  0 0 0 0 0 0 0 0 0  0 .  
20 TO 30 * 0 0 0 0 0 0 54 169 0 54 0 2 5  0 0 0 0 0  0 .  * 10 TO 2 0  25 0 0 0 0 0 0 2 0 3 6 1 8  0 5 0  0 1 8  0 2 1  0 70 

* 5 TO 10 * 8 8 36 18 0 0 0 13 0 36 18 0 9 54 0 42 12 8 0  * * 1 TO 5 135 74 18 72 45 36 12 42 36 0 36 0 18 18 39 1 39 68 * 
-1 TO 1 * 237 323 306 225 324 342 177 90 153 153 324 97 306 306 177 153 1 1 1  5 5  
-5 TO -1 * 0 0 35 90 36 27 30 48 0 18 27 0 0 9 0 62 75 26 

0 79 0 0 21 28 36 70 -10 TO -5 0 0 1 0  0 0 0 4 2  0 
-20  TO -10 0 0 0 0 0 0  0 0 0 7 2  0 27 45 0 147 42 36 31 

0 21 56 36 5 -30 TO - 2 0  0 0 0 0 0 0  0 0 99 54 0 127 27 
<-30 * o  0 0 0 0 0  0 0 81 0 0 0 0 0  0 0 60 O S  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *ooo** * * * * * * * * *  
* * 

D B m S .  % * U236 U238 NP237 pU23E PU239 gIL24O pU24l PU242 An241 -243 I3242 fW243 Cn245 fM246 
1 '  * * .  

>30 * o  0 0 9 0 0 2 0 0 81 27 66 96 45 135 108 
2 0  TO 30 0 0 0  3 0 0 27 135 9 0 54 0 0 66 27 54 * 10 TO 20 0 0 6 51 81 0 82 81 99 27 137 30 0 24 27 54 
5 T 0  l o . *  0 0 44 21 E 0 23 34 27 0 52 3 0 45 54 54 
1 T O  5 * 3 5  0 13 3 19 0 35 56 27 18 0 6 0 0 2 7  0 

-1 TO 1 273 405 49 81 119 89 EO 46 75 63 99 93 117 113 81 79 0 

0 2  - 5  TO -1  55 0 64 39 16 100 29 44 51 0 9 6  0 40 * 
0 0  -10 TO -5 12 0 25 25 41 43 9 9 12 0 27 12 32 0 
0 50 -20 TO -10 0 0 37 80 40 173 52 0 67 54 0 54 40 21 

-30 TO - 2 0  30 0 55 69 79 0 6 0 8 2 4  0 27 0 21 54 0 * * <-30 * o  0 112 24 2 0 60 0 30 138 0 108 120 30 0 0 

0 0  

* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *o*** * * * * * * * *o*oo**** *  
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Table 10. Tabulation of 96 difference frequency distribution if nuclide 
watts exceeds 0.01% of total watts 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
DBLTAS. 5 * SE79 KR85 m 8 9  SR90 Y90 Y91 GR93 GR95 NB95 TC99 RU106 PD107 SN126 88125 I 1 2 9  CS133 CS134 CS135 * * 

* >30 * O  0 0 0  0 0 0 0 0 0 0 0 0 0  0 0 0  o *  
* 2 0  TO 30 * 0 0 0 0  0 0  0 0 0 0 0 0 0 0 0 0 0  0 .  
* 10 TO 20 0 0 0 0  0 0 0 0  4 0 0 0 0 0 0  o *  0 0  
* 5 TO 10 0 0 0 21 21 0 0 0 0 0  4 0 0 0  0 0 0  o *  * 1 TO 5 0 75 1 8  168 168 21 0 1 4 1 3 3 6 1 6  0 0 0 0 0 1 2  O *  * -1 TO 1 63  264 326 165 165 328 2 5 2  283 283 243 243 81 153 189 81 333 225 108 * 

- 5  TO -1 * 0 1 5  9 21 21 0 0 9 10  0 4 0 0  0 0 0 72 O S  
-10 TO - 5  0 0 0 0 0  0 0 0  0 0 2 8  0 0 0 0 0 3 6  o *  
-20 TO -10 0 0 0 0 0  0 0 0  0 0 0 0 0 48 0 0 0 o *  
-30 TO -20  0 0 0 0 0  0 0 0  0 0 0 0 0 1 2  0 0 0 0 s  

<-30 * o  0 0 0 0  0 0 0  0 0 0 0 0 8 4  0 0 0 0 s  * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

DBLTAS. X * CS137 CB144 ND143 ND144 ND145 ND146 PH147 SH147 SH148 S1149 SH150 SM151 SH152 9- BU154 EU155 U234 U235 * * 
* >30 * o  0 0 0  0 0 60 0 0 0 0 0 0 0 0 0 0 0 s  
* 2 0 T O 3 0 *  0 0 0 0 0 0 36 0 0 0 0 0 0 o o o o o *  

1 0 T O  20 * 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 12  0 0 s  
5 TO 10 * 8 0 0 0 0 0  0 0 0 0 0 0 0 0 0 2 1 1 2  0 .  
1 TO 5 127 1 8  0 0 0 0  8 0 0 0 0 0 0 0 36 0 21 0 .  * -1 TO 1 237 323 306 225 324 342 177 90 153 153 324 97 306 306 177 153 111 5 5  

* -5  TO -1 * 0 0 0 0 0 0 2 0  0 0 0 0 0 0 0 0 33 12  o *  
* -10 TO - 5  * 0 0 0 0 0  0 2 8  0 0 0 0 0 0 0 1 5  15  0 O *  

- 2 0  TO -10 0 0 0 0 0 0  0 0 0 0  0 0 0 0 1 2 3 1 2  6 O *  
-30 TO -20 0 0 0 0 0  0 0 0 0 0  0 0 0 0 1 5 3 2 3 0  O *  

<-30 * o  0 0 0 0  0 0 0 0 0  0 0 0 0 0 0 6 0  0 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* e 2 4 0  pu241 ~ ~ 2 4 2  a 2 4 1  a 2 4 2 3  t - 1 ~ 4 2  rw243 ~ ~ 2 4 4  ~ ~ 2 4 5  a 2 4 6  

* >30 * o  0 0 0 0  0 0 0 0 0 24 48 60 36 30 0 
* 20 TO 30 0 0 0 3 0 0 17  69 6 0 48 0 0 5 4  6 0 * 10  TO 20 0 0 6 48 81 0 6 2  4 5  96 0 122 24 0 18 6 0 
* 5 T O 1 0 *  0 0 1 8  21 8 0 1 3  16  24 0 46 3 0 36 12  0 
* 1 T O  5 0 0 3  3 19 0 27 27 27 0 0 6 0 0  3 0 

-1 TO 1 273 405 49 81 119 8 9  8 0  46 75 63  99 93 117 113 81 79 
* -5 TO -1 27 0 9 39 16 100 23 2 4  51 0 9 6 0 3 4  0 0 * -10 TO -5 12 0 0 25 41 43 7 5 1 2  0 2 4 1 2 2 0  0 0 0 * 
* - 2 0  TO -10 0 0 0 74 40 173 46 0 67 0 0 4 2  25 18 0 0 

-30 TO -20 30 0 0 69 79 0 0 0 8  0 0 24 0 1 8  6 0 * 
<-30 * o  0 9 0  6 2 0 0 0 3 0  0 0 7 5 7 5  0 0 0 * * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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differences in code predictions of total decay heat rates are >O. 196, all nuclide percentage-difference 
cases were excluded from the distribution if the average code results for the nuclide in watts are 
<0.01% of the average total watts and the percentage difference was outside the -1 to 4- 1% delta. The 
frequency distribution determined on this basis is shown in Table 10. Note that the code agreement 
depicted by this table appears to be better than that in Table 9, in particular, for the fission products. 
However, since cases are excluded in Table 10 from the standpoint of decay heat, the table should not 
be used for evaluating comparisons for some of the other purposes, such as sorption predictions during 
long-term disposal or criticality during storage and transportation. 

5.2. THE DECAY-ONLY CASE 

The decay-only case was intended to show differences in nuclide decay constants and decay heat 
rates in addition to total decay heat rates. Within the first 100 years all average deviations were <1%. 
Even at 10,000 years these averages are in the 2 to 6% range or about 1% when excluding the two 
maximum deviations. The agreement between ORIGEN2 and ORIGEN-S was very good, with aver- 
age differences <1% (except at 1,000 years) for all units except nuclide watts, for which the maximum 
average was 2.1%. In the comparisons of total watts of each code to the average, the differences were 
<1.1% throughout all time steps and <0.3% for all cooling times through 1,000 years. 

The major differences in nuclide results start at 100 years, with 237Np computed by CINDER-2 
about 82% of the three-code average. Then, at 300 years the comparisons to the average for 241Pu is 
132% for ORIGEN-S and 50% for CINDER-2. At 1,000 years 240Cm has gross differences, and at 
10,000 years 241Am results are greatly different. However, these discrepancies (except for 240Cm), as 
discussed below, are due to the absence of a decay link between two nuclides of a decay chain in 
CINDER-2 and are not due to errors in decay constants. 

The comparisons to the code average result are within a few percent for all fission products except 
95Zr, 95Nb and 137Cs, which differ <lo% from the averages only after being greatly diminished. 

The differences in results for radioactivity are almost identical to results in gram-atoms. Usually. 
this is also the case, for individual nuclide decay heat. 
I9Se and lo7Pd. 

Two exceptions to this finding are the watts for 

5.3. THE TYPICAL PWR EXPOSURE CASE 

The comparisons of results for the PWR 33-GWd/MTU case are a mixture of good, poor, and fair. 
The 239Pu content compares with the average at 30 d as 95, 106, and 99% for ORIGEN2, ORIGEN-S 
and CINDER-2, respectively. For 240Cm, which is important for its neutron (mainly), photon, and 
decay heat production, the same type of comparisons are 93, 91 and 116% (for the respective codes). 
As for 235U, the comparisons (same order) are 97, 99 and 103%. Most of the important fission pro- 
ducts, 90Sr, 90Y, lMRu, 134Cs, 13'Cs, 14Ce, 154E~,  and "'Eu, were in fair-to-good agreement. Other 
fission products, '"Sb, '*%n, and 14%m, have relatively poor agreement. The agreement for two 
important actinides at long cooling times, 2*u and "'Am, is fair at 30 d, while that for the relatively 
unimportant, 242Am and 243Cm, is poor. The same discrepancies discussed for the decay-only case at 
long times are present in this and all remaining cases. 

The total decay heat does not vary from the average by more than 6.1% (300 years) for all times or 
more than 1.4% for the first 20 years. The fission-product decay heat for the first 50 years varies from 
the average within 0.9% for ORIGEN2 and ORIGEN-S and within 1.5% for CINDER-2. 

9. 
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5.4. THE EXTENDED PWR EXPOSURE CASE 

As expected, there is somewhat less agreement in the extended PWR exposure case than the typical 
burnup case. The comparisons of code results to the average of the major actinides at 30 d, for ORI- 
GEN2, ORIGEN-S and CINDER-2, respectively, are the following: 97, 107, and 96% for 239Pu; 90, 
89, and 121% for 244Cm; and 94, 100, and 106% for 23sU. For the fission products and actinides listed 
in the other PWR case, the agreements were about the same or slightly better. 

c- 

The total decay-heat agreement, also, is about the same as in the other PWR case. The maximum 
variation from the average of total heats was 6.2% (10,000 years), and the agreement for the first 20 
years remained within 2.3%. The maximum difference from the average for fission products during 
the 5- to 100-year period, inclusive, was 1.7%. 

5.5. THE TYPICAL BWR EXPOSURE CASE 

The BWR has more variation in moderation density, both axially and radially, than the PWR. 
Thus, it is difficult to simulate the BWR without using a three-dimensional depletion model. This 
problem was indicated, also, in some of the nuclide content comparisons of the typical BWR exposure 
case. The comparisons of code results to the average of the major actinides at 30 d, for ORIGEN2, 
ORIGEN-S, and CINDER-2, respectively, are the following: 109, 110, and 80% for 239Pu; 115, 88, 
and 97% for 244Cm and 107, 101, and 92% for 23sU. The averages of these comparisons change from 4 
to 13% for 239Pu, 11 to 10% for %m, and 2 to 5% for 23sU between the typical PWR and BWR 
cases, respectively. These comparisons of the average of the results at 30 d are somewhat misleading, 
particularly for 244Cm. They suggest that the differences among the codes in the prediction of 2""Cm 
content for the typical PWR case and that for the BWR are small. The percentages given are average 
changes between the PWR and BWR typical exposure cases in comparison of the individual code 
result to the average result at 30 d. Although this "average" does not change much, the comparison of 
the ORIGEN2 results to the 30-d average increases dramatically (+23%), and the ratio of the 
CINDER-2 results to the same 30-d average decreases almost equally (-17%). Thus, the average of 
these changes appears nearly constant, as does the ratio of the ORIGEN-S results to the average 
(-3%). Similar trends are seen for 239Pu and 23sU, with the individual changes being less dramatic 
than those observed in the case of %m. 

Even though the agreement for most of the more important fission products is not significantly dif- 
ferent than. in the PWR case, the differences in the results for '34Cs, lS4Eu, and lssEu are substantially 
larger. 

The total decay heat does not vary from the average by more than 14% (10,000 years) for all 
times, or more than 2.0% for the first 20 years. The fission- product decay heat for the first 50 years 
varies from the average within 1.5% for ORIGEN2 and ORIGEN-S and within 2.4% for CINDER-2. 

5.6. THE EXTENDED BWR EXPOSURE CASE 

There was somewhat less agreement between results of the three codes for the extended exposure 
case than that of the typical exposure BWR case. The comparisons of code results to the average of 
major actinides at 30 d, for ORIGEN2, ORIGEN-S, and CINDER-2, respectively, are the following: 
99, 118, and 83% for 239Pu; 92, 97, and 111% for 244Cm; and 95, 106, and 99% for 23sU. The averages 
of these comparisons change from 5 to 12% for 2 3 ~ u ,  14 to 7% for *%m, and 3 to 4% for 23sU 
between the extended exposure PWR and BWR cases, respectively. These percentages are based on 
gross averages and as in the typical exposure cases, may cause the results to appear to be in better 
agreement than is evident from the individual comparisons. 
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For most of the important fission products, the agreement was not substantially different than that 
of the typical BWR case. However, there was a marked improvement in the comparisons of results for 
lMRu and '34Cs.' 

The total decay heat does not vary from the average by more than 12% (10,000 years) for all 
times, or more than 1.1% for the first 20 years. The fission-product decay heat for the first 50 years 
varies from the average within 0.5% for ORIGEN2 and within 1.9% for ORIGEN-S and CINDER-2. 



6. RECONCILING SIGNIFICANT DIFFERENCES IN RESULTS 

First, the differences in results of the decay-only case are discussed. Most of these variations can 
be reconciled. All reasons for results to differ in the decay-only case cause similar differences in the 
other cases, also. Because it appears that no benefit is gained from repeating the same reasons, the 
discussion for the four reactor exposure cases will be limited to differences caused by cross sections or 
the depletion models, only. In general, the order in which nuclides are discussed will simply follow 
that of increasing mass number instead of relative significance. 

6.1. RECONCILING DECAFONLY CASE VARIATIONS 

First the nuclide having significant percentage differences (>5% from average at <10,000 years) is 
stated, followed by any reconcilable reason for the large percentage differences in code results. In 
many cases, the nuclide concentration is so extremely small that there probably is a relatively low 
impact from the quantity on most likely applications. A test for fractional content of the nuclide is 
used to help detect such cases. If the percentage of the nuclide decay heat <0.01% of the total decay 
heat at cooling times where a result differs >5% from the average, it is said to fall below the "minor 
content" test. While the values are arbitrarily selected, the test may be helpful when considered as rea- 
sonable. 

79Se: The Q-value used by ORIGEN2 was taken from ENDF/B-IV and that used by the others was 
taken from ENDF/B-V. (However, the quantities are below the minor content test.) 

95Zr: The half-life used by CINDER-2 was taken from ENDF/B-V and that used by the others was 
taken from ENSDF. There is a 0.2% difference in the half-lives. (The quantities are below the minor 
content test.) 

95Nb: The half-life of 95Nb and the branching fractions of "Zr used by CINDER-2 were taken from 
ENDF/B-V and those used by the others were taken from ENSDF. Percentage differences were as 
much as 10% at 20 years. (The quantities are below the minor content test.) 

lo7Pd: The Q-value used by ORIGEN2 was taken from ENDF/B-IV and that used by the others was 
taken from ENDF/B-V. (The quantities are below the minor content test.) 

137Cs: The half-life used by ORIGEN2 was taken from ENSDF and that used by the others was 
taken from ENDF/B-V. (The quantities are below the minor content test.) 

237Np: The a decay of 241Am to 237Np is not present in the CINDER-2 library. While the quantities 
are not large (0.02 W, with a total of 126 W at 300 years), they exceed that of the minor content test. 

241Pu: Two different causes changed these results at various time steps. The reason at 50 to 100 years 
was that ORIGEN2 used a half-life taken from ENSDF and that used by the others was taken from 
ENDF/B-V. Then, at 3300 years the large reductions in CINDER-2 results were due to the omission 
of the 245Cm decay to 241Pu in the library. (The quantities slightly exceed that of the minor content 
test.) 

"'Am: The results through 1000 years were in good agreement, but the fraction of "'Am from 245Cm 
(produced in the 245Cm-24'Pu-241Am chain) was relatively small. Then, at 10,000 years the omission of 
24sCm to 241Pu in the CINDER-2 library becomes significant. The decay heat from 241Am can be a 
significant fraction of the decay heat at long times, such as 100 to 10,000 years. 

27 
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244Cm: The results agreed through 300 years, after which a small amount was computed by ORI- 
GEN2 and the other code results decreased to zero (or below the IBM machine word size) at 10,000 
years. The branching fractions for the a decay plus spontaneous fission of 244Pu are 0.9999 in the 
ORIGEN2 library, and the remaining is treated as /3 decay. This small amount feeding 244Am 
and finally 244Cm incorrectly caused the very small 244Cm content. (The amounts are below the minor 
content test.) 

6.2. VARIATIONS IN EXPOSURE CASES 

The depletion models from which cross sections are derived from the ORIGEN2, ORIGEN-S, and 
CINDER-2 are similar in that they all use a lattice of unit cells in at least part of the calculation. In 
regard to most multidimensional effects within the core, substantial differences in techniques are used 
in their simulation. It may be concluded from the descriptions of each of these models that there are 
good features in the methods used by each code. Since the simulation of all aspects of the depletion 
analysis cannot be perfect, there are also reasons why results from the codes can vary. 

An explanation of why'results from the three codes differ for each particular nuclide computed dur- 
ing depletion requires a careful study of various contributing factors. Also, precisely quantifying the 
effects of the different reasons would require a more complex analysis program than that used for 
these comparisons. A more simplified qualitative analysis is attempted in order to partially reconcile 
the additional nuclide differences in the exposure cases. Most of the significantly different methods 
applied in computing cross sections for the three codes are discussed below (with no meaning attached 
to the order): 

Different cross-section data are used as sources to the computational models of each code. The 
data sources6 for ORIGEN2 were ENDF/B-IV," the Livermore Laboratory LENDL library,I2 
and Savannah River Laboratory data.I3 The data source for CINDER-2 was ENDF/B-V." For 
ORIGEN-S the data source of fission products was ENDF/B-V and that of actinides and light 
elements was ENDF/B-IV. For nuclides of lesser importance the ORIGEN library was a data 
source for ORIGEN2 and ORIGEN-S. Also, the input library, ENDF/B, does not model ther- 
mal reactors well unless an empirical adjustment is made. Savannah River Laboratory has sup 
plied ORNL with such a factor and it is used in ORIGEN2's version of ENDF/B. Such changes 
result in lower values in ORIGEN2's prediction for the plutonium radionuclides. 

The geometry description and material content of the fuel, clad, moderator and structure (spacers) 
were taken from the specific problems described in Sect. 3 for ORIGEN-S and CINDER-2, 
whereas for ORIGEN2 the data for typical PWR and BWR reactors were used in producing the 
PWR and BWR libraries, respectively. 

The EPRI-CELL/CINDER-2 model allows for two fractional contributions of nonuniform lattice 
Dancoff calculations in the resonance self-shielding cross-section calculation. A uniform lattice 
Dancoff factor of the fuel pin geometry was used by ORIGEN-S. A uniform Dancoff factor of 
the fuel pin geometry was used only for the inner rods of the assembly in producing the ORI- 
GEN2 libraries. The space between assemblies was used in computing the Dancoff factors for the 
pins on the edge of the assembly. The additional space between assemblies is significantly large 
for the BWR and small for the PWR. In ORIGEN2, water holes in the guide tubes of PWR con- 
trol rod assemblies were not accounted for in the calculation of Dancoff factors. In analyzing the 
significance of the Dancoff factor by computing PWR cases by SAS2, it was determined that a 
decrease in the Dancoff factor by 20% caused the 239Pu discharged to increase by 3.5%. 
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4. 

5 .  

6. 

7. 

8. 

Flux from adjacent core zones of different 235U enrichment and burnup were accounted for in 
ORIGEN2. In order to produce this effect, the flux was forced to be flat and have the same spec- 
trum over the three or four zones by using the small plate model, which is effectively a zero- 
dimensional model. EPRI-CELL and SASZ(H) do not include this process. It is not easy to 
quantify the effects from this process. 

The EPRI-CELL/CINDER-2 .model used four separate space points radially or regions within the 
fuel of the pin for four separate depletion calculations, followed by the final combination of the 
four compositions. This process was not included in the ORIGEN-S or ORIGEN2 models. 
EPRI-CELL cases, applying both one and four depletion regions, have been computed in order to 
better evaluate the significance of using four separate depletion calculations. Comparisons for the 
PWR were performed at LANL. Cases for comparing the BWR type of fuel pin, using a BWR 
type of unit cell in a uniformly spaced lattice, were computed at ORNL. In both comparisons, the 
comparable differences did not exceed 0.5% for concentrations of 23sU, 236U, 238U Y 239P u, 
2*u, 241Pu, and 242Pu. 

The extra moderator, burnable poison, and structural materials are simulated in the ORIGENZ 
and EPRI-CELL models as an extra region surrounding the unit pin-cell. In 'the SASZ(H) model, 
the extra moderator, guide tubes, and burnable poison rods, if present, are simulated more exactly. 
First, in this process, the infinite lattice of the unit pin-cell is computed (with no extra region) and 
the cell-weighted cross sections are saved. Then, a second transport calculation is performed as an 
infinite lattice of an expanded cell representing the volume in and around each burnable poison 
rod or guide tube and "water hole" in the assembly. For example, in control rod assemblies, the 
water hole and guide tube are placed at the center of the cell, surrounded by a fuel cell region 
having the size which conserves the ratio of fuel cell volume to water hole volume of the assembly. 
The fuel cell region has the cell-averaged densities and cell-weighted cross sections of the unit 
pin-cell. In the BWR, a fuel rod containing gadolinium poison is'at the center, the unit cell 
material is next, and the outer region is composed of the higher-density moderator from the chan- 
nel between assemblies (approximately half the water mass). 

In the BWR cases, no gadolinium was used in the ORIGENZ and EPRI-CELL/CINDER-2 
models. Separate volume-power weighting techniques were used by each of the three models to 
simulate the moderator density of the BWR cases. 

EPRI-CELL applies the GAM and THERMOS codes and Bondarenko factors produced from the 
NJOY code, while the resonance treatment and transport calculations for ORIGENZ and SAS2H 
were performed by the NITAWL and XSDRNPM codes. Even though these codes have similari- 
ties, the differences could affect results. 

The differences in the nuclide contents for 239Pu, z35U, and 244Cm can be caused by the above vari- 
ations in the depletion models of the three codes. There appears to be a marked increase in these 
differences in the BWR cases, which could be due to increased significance of some of the methods and 
assumptions of the three cross-section production procedures. There was an important difference in the 
models used in the BWR cases, which required a calculation of an assembly containing gadolinium poi- 
son. Since gadolinium could not be used by the EPRI-CELL/CINDER-2 calculation, it was omitted. 
The ORIGEN2 library was also produced using a simulation of boron. For the ORIGEN-S case, the 
gadolinium pins were described precisely, using the predetermined Is5Gd and '57Gd letdown curves 
(i.e., the pronounced depletion in their densities during exposure). 

The agreements for 242Am and 243Cm are very poor, due primarily to the difference between the 
ORIGEN-S results and that from the other codes. This situation is due to the fact that the cross sec- 
tions for these nuclides were not updated by SASZ(H) for ORIGEN-S, because the data in 
ENDF/B-IV were incomplete. 
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Fair agreement was reached between the results of most of the other actinides. The larger differ- 
ences starting at 300 years are due to reasons given in the discussion of the decay-only case. 

As noted above, it appears that all of the more important fission products (from the standpoint of 
sources and decay heats) were in good agreement, particularly in the PWR cases, except those differ- 
ences illustrated in the decay-only case. The three fission products with greatest disagreement were 
'"Sb, 12%n, and 148Sm. The main reason the ORIGEN-S result for lzsSb and '48Sm differs is because 
the large 124Sb and 14'Sm cross sections were not updated in the library production process for the 
cases. The reason for the large differences in results (17% from the average) for 12%n was due to sub- 
stantially different fission fraction yields for nuclides in the decay chain producing 12%n. While, in 
general, there is not much difference in the effect of using ENDF/B-IV fission yields in ORIGEN-S, 
this is one case where the difference can be seen. The decay heat from lzaSn contributes a maximum 
of 5% to the fission-product decay heat (at 10,000 years) but <0.01% of the total decay heat at all 
times. 

In the BWR cases, the differences in code results for important fission products were substantially 
larger for 134Cs, lUEu and lSsEu. These nuclides, and several that are considered to be less important 
nuclides, are highly dependent on cross sections that would tend to have increased variations between 
codes for the BWR cases. 

. 



7. CONCLUSIONS AND RECOMMENDATIONS 

The objectives of this study were to assess the predictive capabilities and features of three source- 
term codes that will be of use to DOE/OCRWM. This goal was accomplished through a series of 
comparisons of their output for several LWR reactor models at nine decay times. The benchmark 
computations were designed to test the data-base libraries and methodologies used by each of the codes 
in predicting the radionuclide content and decay heat of generic LWR spent fuel, specifically irradi- 
ated U02. 

This report summarizes the comparisons in results for individual nuclides in various units and the 
actinide, fission product, and total decay heat rates. A supplementary report14 presents comparisons of 
total photon and neutron emission rates, photon and neutron spectra, and photon and neutron dose 
rates from a typical rail shipping cask. 

. The number of radionuclides that DOE/OCRWM needs to have well characterized is a small set of 
those available in the three codes compared in this study. Kelmers et al.” have assessed radionuclide 
generation and depletion codes as to their capabilities in addressing the requirements associated with 
the transportation, storage, and geologic disposal of HLW. In their report, they identified certain 
specific radionuclides that are important in the calculation of gamma dose (shielding), decay heat, cri- 
ticality, and long-term disposal. Of the 36 radionuclides identified in their report and listed in 
Table 11, 24 were examined in this three-code comparison study. Three of the isotopes (14C, 59Ni, 
and %o) are long-lived activation products and were not considered because this examination was lim- 
ited to irradiated UOz containing no impurities. Other radionuclides (IMRh, lUPr, and 230Th) were 
not included in the output from CINDER-2; therefore, they were not included in this report. Most of 
the remaining radionuclides are minor contributors to each of the categories and were deleted from the 
comparison list. Additionally, only one radionuclide of three parent-daughter pairs (IMRu - IMRh, 
1 3 7 ~ ~  - 137mBa, and “%e - lUPr) were included because comparison of one isotope in each pair 
should be sufficient to verify the other member. Note that several of the isotopes appear in more than 
one category. 

7.1. FISSION PRODUCTS 

The major contributors to decay heat and radiation hazards for transportation and storage of spent 
fuel and other HLW are the short-lived fission products. Among the three codes, excellent agreement 
(within 5%)  was obtained for 85Kr, 90Sr, and its daughter 90y. Greater variability was noted among 
the codes when comparing the predictions for the remaining five fission products listed in Table 11 for 
.which comparisons were made. Figure 9 is a set of pie charts illustrating the cumulative percentage 
agreement among the three codes for the computed composition (in gram-atoms) for each of these five 
fission product nuclides. The five values given for each pie chart represent the ratio, expressed as a 
percentage, of the number of comparisons that are within the indicated percentage agreement (as given 
in the legend in Fig. 9 and tabulated in Table 9) to the total number (405) of comparisons for each 
radionuclide. This number was derived from the product of the three-pair comparisons (ORGENZ vs 
ORIGEN-S, ORIGEN2 vs CINDER-2, and ORIGENS vs CINDER-2) times the nine decay periods 
times the five cases times the three types of information (composition, radioactivity, and decay heat). 
For example, 54% of the IS4Eu comparison pairs agree to within 5%, 5% within 5 to lo%, 36% within 
10 to 2096, 5% within 20 to 3095, and there are no pairs with an agreement worse than 30%. The 
ranges are the same as those given in Table 9, except they were converted to absolute values. Nearly 
identical results are obtained if the radioactivity (curies) or decay heat (watts) are substituted for com- 
position (gram-atoms). Of the five radionuclides given in Fig. 9, Iz5Sb, and I4’Pm yield the poorest 
agreement. 
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Fig. 9. Measure of agreement among the three codes, taken two at a time, 
when predicting the composition of selected fission products. 
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Table 1 1. Significant radionuclides* in the specified categories of 
a Federal Waste Management System14 

Decay heat and 
gamma dose Criticality 

Long-term 
disposal 

239pu 
238u 

235u 

*Radionuclides are given in descending order of importance in each category. 
Source: 
A. D. Kelmers, A. G. Croff, L. B. Shappert, J. W. Roddy, 0. W. Her- 
mann, and C. V. Parks, Identification and Evaluation of Preliminary 
Selection or Short-Listing of Radionuclide GenerationlDepletion Codes 
for Enhancement and Utilization in Activities Associated With the Tran- 
sportation, Storage, and Geologic Disposal of High -Level Radioactive 
Wastes, ORNL/TM- 10404, Martin Marietta Energy Systems, Inc., Oak 
Ridge Natl. Lab. (to be published). 

A proper criticality analysis of high-level radioactive wastes such as LWR spent fuel requires 
knowledge of the concentration of the neutron absorbers. Although minor contributors, several fission 
products absorb neutrons. Four of those listed in Table 11 were included in this study. Excellent 
agreement was obtained for '33Cs, moderately good agreement for '43Nd, and fair agreement for '49Sm : 

and I5'Sm. 

7.2. ACTINIDES 

These radionuclides exhibit a significant impact on each of the categories listed in Table 11. The 
pie charts given in Figs. 10 and 11 show that there is a significant disparity in the results predicted by 
the three codes. Two of the actinides, 238Pu and "Cm, contribute a measurable amount to the decay 
heat of spent fuel at 5 years following discharge, and the agreement among the codes for these 
radionuclides, in many of the comparisons, is less satisfactory than the comparative agreement desired. 
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Fig. 1 1 .  Measure of agreement among the. three codes, taken two at a 
time, when predicting the composition of the plutonium radionuclides. 
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Most of the radionuclides important in the assessment of criticality and in the long-term disposal of 
high-level radioactive wastes are actinides. As expected, all three codes agree to within 1% for the 
238U concentration in all cases and decay times. Somewhat greater than half of the comparisons fall 
within the 5% range for 234U, but 15% of the comparisons disagree by more than 30%. The plutonium 
isotopes exhibit a much greater range of variability in their comparison statistics (Fig.. 11). Because 
these radionuclides appear near the top of the list in each category in Table 11, an accurate prediction 
of their concentration is important. 

7.3. SUMMARY 

Benchmarking of computer codes has proven useful in verifying their data bases and methodologies. 
However, the true worth of a .code is not determined until it has been through a complete validation 
effort. This test requires the availability of suitable experimental data for detailed comparisons. 
Specific output quantities of importance are used as indicators for determining whether a code provides 
satisfactory agreement with experimental results. These indicators can serve to measure a code's level 
of validation. 'Although some data are available in the literature, it is insufficient to be used to vali- 
date any of the three codes examined in this study. 

This benchmarking study has demonstrated that the predictions by the three computer codes of the 
radionuclide content and the resulting decay heat of irradiated UOz show a wide disparity in many of 
the radionuclides that are of importance in the Federal Waste Management System (FWMS) for 
D,OE/OCRWM. The differences among the codes are the result of differences in the various data 
base libraries each of the codes are using and not in their methodology. 

7.4. RECOMMENDATIONS 

This comparison study indicates the need to resolve the disparity in radionuclide production 
predicted by ORIGEN2, ORIGEN-S, and CINDER-2. Resolution is obtained only by validation 
against experimental data. The comparison study has also pointed out the different analysis features 
provided by the three codes. Prior to (or in conjunction with) validation, it is recommended that one 
code be enhanced to provide desirable attributes found in the individual codes. This code system 
should have the interfacing capability for performing shielding and criticality analyses for each com- 
ponent of the FWMS and the versatility to be expanded to meet the additional needs of 
DOE/OCRWM. Major features should include the following: 

a. user-friendly, free-form input, requiring both minimal data specifications and convenient choices of 
data defaults; 

b. "execution time" variable dimensioning; 

c. generic reactor cross-section libraries, easily accessible; 

d. alternative-conditions libraries, produced readily either by a single case separately or by a compan- 
ion module during the job execution, for parameters different from that of the generic reactors. 

e. Production of total photon source spectra and neutron source spectra in any energy group struc- 
ture for use in subsequent shielding analysis. As part of the validations of shipping cask analyses, 
it is necessary to compare dose rates computed from one group structure with those computed 
from significantly more groups. At present, there are features in ORIGEN-S (and SAS2) for 
supplying photon or neutron group structures as user input (or from the cross-section library speci- 
fied). For CINDER-2 spectra, the computations are performed by a separate code. The photon 
spectra are computed in a single built-in energy group structure in ORIGEN2. Even though the 
total neutron emission rate for spontaneous fission plus (a,n) reactions are computed by ORI- 
GEN2, there is no feature for calculating neutron spectra. Thus, it is recommended that these 
features should be included in the final source code that is developed. A companion report to 
compare the relative performance of the photon and neutron source spectra predicted by the point 
depletion codes in a typical shipping cask analysis has been p~blished.'~ 
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f. Calculations of (a,n) contributions to neutron spectra for material other than U02, such as boro- 
silicate glass. The borosilicate (a,n) source is much more important than that from U02. (It has 
been computed'6 to be 0.7 times the spontaneous fission source.) Also, (a,n) emission rates and 
spectral data have recently been measured for almost all important light elements. A stopping 
power model has also been developed for computing the (a,n) source of mixtures.2*'6 

Once assembled, the source-term module must be validated against well-characterized extended- 
burnup LWR spent fuel, the material expected to comprise the major inventory of a geologic reposi- 
tory. Each of the outputs, radionuclide composition, decay heat, neutron production, and photon gen- 
eration, must be compared with experimental data. All nonfuel components must also be examined 
and compared. The data-base libraries must be checked and evaluated to use the most acceptable 
decay constants, Q-values, and branching fractions. 

r 
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ORIGENZ 

CODE IDENTIFICATION: 
ORIGEN2, developed by: 

Chemical Technology Division 
Oak Ridge National Laboratory, 
Martin Marietta Energy Systems, Inc., 
Oak Ridge, Tennessee 

SUMMARY: 

Using a point depletion analysis for various (generic) reactor types, the ORIGEN2 code 
calculates time-dependent concentrations of a large number of nuclides and their associated 
photon spectra and total neutron emission rates. The applicable reactor types include the 
PWR, the BWR, the LMFBR, the FFTF, and the CANDU, with specific types of fuel, 
such as typically enriched 235U, plutonium, uranium-plutonium mixtures, 233U enriched tho- 
rium and 235U enriched for extended burnup. Reactor core models, applying transport and 
diffusion neutronics theory, have been used in producing data for the reactor and fuel 
types. 

MAIN PREDICIXD VARIABLES 

Spent fuel concentrations of a large number of nuclides and their associated decay heat 
rates and photon spectra and neutron emission rates at specified irradiation and cooling 
times. 

OTHER PREDICIZD VARIABLES: 

Other concentration units: g-atoms, grams, curies, total watts, toxicity (air and water), 
total gamma emission rates in photons/s or MeV/watt-s, and ( q n )  reaction and spontane- 
ous fission neutron emission rates. Also, continuous feed or removal rates may be used, 
and the amounts following fractional reprocessing separations may be computed. 

EQUATION SOLVED: 

The main equation used in ORIGENZ is the following matrix equation: 

- N(t) = N(o)eA' , 

where 

- N = the vector of Ni atom concentrations, 

A = the transition matrix of rate constants %j for producing Ni from Nj, 

t = time. 

As a supplement, when aijt is excessive, a computation by the Bateman equation is used. 



. 
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FEATURES AND LIMITATIONS 
Photon sources are produced only in the energy group structure of the FCXSEC cross-section 
library. Neutron emission rates are predicted as total neutron sources, but not distributed into a 
source spectrum. 

Nuclides in ORIGEN2 transition libraries: 
700 activation products (clad and light elements) 
132 actinides 
880 fission products 

Nuclides in ORNL Master Photon Data Base (y-line, x-ray, Bremsstrahlung, etc.): 427 

Number of reactor-type/fuel-type libraries: 14 

The code may be compiled for smaller size transition libraries, also. 

Burnupdependent cross sections are included within each reactor and fuel-type ORIGENZ library. 
No provision has been made for reactor problems where either the burnup exceeds the library max- 
imum, or the fuel composition or lattice geometry (e.g., the unit cell) does not correspond to one of 
the specified reactor designs. However, new reactor physics analyses may be performed to produce 
such libraries. 

ANALYTICAL METHOD 

Analytical method common to both ORIGEN-S and ORIGEN2: 
depletion of nuclides is evaluated by solving the nuclide rate of change balance equations, 

The generation and 

. M  

j -1  
N. =I 2 qj Nj , for M nuclides, 

where 
Ni = dNi(t)/dt, the rate of change of Ni , 
aij = the transition rate constant for producing Ni from Nj . 

Or, casting the balance equations in matrix notation, 

N(t) = , 

where 

- N = the vector of elements Ni 

A = the matrix of elements qj. 

The solution to this equation is applied, 

- N(t) = u(o)eAt . 
First, the exponential is expanded into the series notation, 
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Then, after multiplying each term by N(o), it is seen that there is a common recursion 
relation between successive terms. Let the nth term be defined by e, where = H(o). 
Then; each term is computed by: 

The sum of all terms is the final vector bJ(t), 

k 

a-0 
- Nit) = 2 , 

where k is derived internally to limit errors from roundoff to 0.1%. Also, k may be input 
(in ORIGEN-S) for special cases. 

' Excessive word roundoff error on an IBM/360 computer occurs (>0.1%) if qjt > 6.9. 
This situation happens when the half-life is about 10% of the time interval. In such cases, 
the element qj, its row and column, are removed from A, and an adjusted A is applied. 
Then, Ni(t) and the production of other nuclides from the ith nuclide are computed4by the 
widely used Bateman equations. 

In addition to nuclide output in various units, ORIGEN2 computes photon spectra for 
the activation produces the actinides and the fission products using a built-in energy group 
structure. Bremsstrahlung may be included for either a U02 or H 2 0  medium or may be 
excluded from the spectra. Both spontaneous fission and (a,n) reaction neutron intensities 
may be computed for the actinides. 

OTHER APPROPRIATE USES 

1. Predicting nuclide concentrations of discharged fuel for typical reactor designs and 
operating conditions of various current reactor types. 

2. Projecting the composition and characteristics of radioactive waste. 

3. Determining fuel material compositions in reprocessing, separation or waste treatment 
plants. 

4. Predicting decay heat of spent fuel for storage facilities, reprocessing plants, and waste 
repositories. 

5. Calculating the radionuclide source composition terms of a specified process or facility 
for risk assessments, using given released element fractions. 

FUTURE DEVELOPMENT: 

New extended burnup and other (typical) reactor libraries are being p rodud ,  applying 
multidimensional reactor physics analyses (using GPRCY CLE code system at ORNL). 
ORIGEN2 has been implemented on an IBM PC, Documentation and final testing is 
required prior to dissemination through RSIC. 

. 
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Printed output from ORIGEN2, which may be plotted by ORMANG. 
. ,  . .  

. .  . .  
GRAPHIC.0uTPUT: " 

. .  
j Using the ORMANG code (not publicly distributed)', concentrations in 22 different 

units (including 10 fractional units) may be plotted against time (8' different units) for 
principal contributing nuclides or elements. 

COMPUTERS AND OPERATING SYSTEM USED: 

. 

LANGUAGE: 

FORTRAN IV (IBM version distributed by RSIC) . 
FORTRAN 77 (version for VAX) 

INPUT DATA LIBRARIES: 

Reactor (fuel)-type ORIGEN2 libraries 
ORIGEN2 decay library 
ORNL master photon data base 

FORM OF OUTPUT: 

IBM 360/370 
IBM PC 
CDC 7600 
VAX 11/780 
PRIME 400 

CORE AND DISK REQUIREMENTS: 

175 to 576 kilobytes (KB), range of core'size, depending on libraries used. Requires 
unit nos. 7, 12, 13, 15, and 16 when optional output (of various types) is requested. Usu- 
ally these data sets have a small size. 

TYPICAL RUNNING TIME: 

A typical irradiation plus decay case for a total of 22 time steps is about 2.2 CPU min 
on the IBM 3033, or 6 s/step. 

DOCUMENTATION 

M. J. Bell, ORIGEN - The ORNL Isotope Generation and Depletion Code, 
ORNL-4628, Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., 1973. 

A. G. Croff, A User's Manual for the ORIGEN2 Computer Code, ORNLITM-7175, 
Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., 1980. 

A. G. Croff, ORIGEN2 - A Revised and Updated Version of the Oak Ridge Isotope 
Generation and Depletion Code, ORNL-5621, Union Carbide Corp. Nuclear Div., Oak 
Ridge Natl. Lab., 1981. 

A. G. Croff, M. A. Bjerke, G. W. Morrison, and L. M. Petrie, Revised Uranium- 
Plutonium Cycle PWR and BWR Models for the ORIGEN Computer Code, 
ORNL/TM-6051, Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., 1978. 
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A. G. Croff and M. A. Bjerke, Alternative Fuel Cycle PWR Models for the ORIGEN 
Computer Code, ORNL/TM-7005, Union Carbide Corp. Nuclear Div., Oak Ridge 
Natl. Lab., 1980. 

A. G. Croff, R. L. Haese, and N. B. Gove, Updated Decay and Photon Libraries for 
the ORIGEN Code, ORNL/TM-6055, Union Carbide Corp. Nuclear Div., Oak Ridge 
Natl. Lab., 1979. 

A. G. Croff and M. A. Bjerke, CANDU Models for the ORIGEN Computer Code, 
ORNL/TM-7177, Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., 1980. 

A. G. Croff, J. W. McAdoo, and M. A. Bjerke, LMFBR Models for the ORIGEN2 
Computer Code, ORNL/TM-7 176, Union Carbide Corp. Nuclear Div., Oak Ridge 
Natl. Lab., 1981. 

A. G. Croff and M. A. Bjerke, An ORIGEN2 Model and Results for the Clinch River 
Breeder Reactor, NUREG/CR-2762, U.S. Nuclear Regulatory Commission, 1982. 

C. W. Forsberg, C. W. Alexander, G. W. Morrison, and 0. W .  Hermann, Zntegrated 
Data Base Program: An Overview of Data Handling and Projection Modeling, 
ORNL/NFW-83/08, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., 
1983. 

Allen G. Croff, "ORIGEN2: A Versatile Computer Code for Calculating the Nuclide 
Compositions and Characteristics of Nuclear Materials," Nucl. Technol. 62, 335 
(1983). 

W. E. Ford, 111, et al., FCXSEC: Multigroup Cross-Section Libraries for Nuclear 
Fuel Cycle Shielding Calculations, ORNL/TM-7038, Union Carbide Corp. Nuclear 
Div., Oak Ridge Natl. Lab., May 1980. 

PROGRAM AVAILABILITY 

The ORIGEN2 code and associated libraries are packaged by RSIC as CCC-371. 
Requests for the ORIGEN2 code and libraries can be mailed to: 

Radiation Shielding Information Center 
Oak Ridge National Laboratory 
P. 0. Box 2008 
Oak Ridge, TN 37831 

or telephoned to: 

6151574-6176 or to FTS 624-6176. 

. 
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SASZ(H)/ORIGENS 

CODE IDENTIFICATION: 
SASZ(H)/ORICENS, developed by: 

Nuclear Engineering Applications Department 
Computing and Telecommunications Division 
Oak Ridge National Laboratory 
Martin Marietta Energy Systems, Inc. 
Oak Ridge, Tennessee . 

. 

SUMMARY 

ORIGEN-S performs point depletion and decay analyses to obtain isotopic concentra- 
tions, decay heat source terms, and radiation source spectra and strengths for use in subse- 
quent system analyses. ORIGEN-S is an updated version of the original ORIGEN code 
with flexible dimensioning and free-form input processing. The main transition model in 
ORIGEN-S is essentially that developed for the original ORIGEN code. One of the pri- 
mary objectives in developing ORIGEN-S was that the calculations be able to utilize 
multi-energy-group neutron flux and cross sections in any group structure. Utilization of 
the multigroup data is automated via the COUPLE code. 

The ORIGEN-S code computes time-dependent photon and neutron source spectra in 
any requested energy group structure. These spectra are determined from the point deple- 
tion and decay calculation of concentrations of a large number of nuclides and their 
energy-dependent emission rate data for photons and both (a,n) reaction and spontaneous 
fission neutrons. 

ORIGEN-S may be run stand-alone or as one of the six codes applied in the execution 
of the SASZ control module within the SCALE computational system. The SASZ control 
module consists of two analytic sequences called SAS2 and SAS2H which allow different 
models for the assembly lattice. The control module calls SCALE functional modules in 
the proper sequence to: (1) process resonance cross sections (BONAMI-S, NITAWL-S), 
(2) compute the neutron flux spectrum in an infinite lattice representation of a fuel assem- 
bly and collapse a multigroup set of cross sections to three groups (XSDRNPM-S), (3) 
update an ORIGEN-S nuclear data library using the collapsed cross sections and modify 
THERM, RES, and FAST based on the burnup-dependent flux (COUPLE), and (4) per- 
form a depletion calculation using the updated nuclear data (ORIGEN-S). It can repeat 
steps 1 through 4 as many times as requested during simulation of the operating history of 
a fuel assembly. The 
shielding analysis portion of the sequence will not be discussed here. The sequence can be 
easily halted after the depletion analysis is performed and later restarted to perform a 
shielding analysis. 

A flow diagram of the SAS2 sequence is provided in Fig. A.l. 

MAIN PREDICTED VARIABLES 

ORIGEN-S: Spent fuel densities of numerous individual nuclides and their associated 
decay heat rates and photon and neutron source spectra at specified irradiation and cooling 
times. 

i 
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Fig. A. 1. Computation flow path invoked by SAS2 module. 
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OTHER PREDICTED VARIABLES 

J 

SAS2(H): Burnup-dependent values for k,, neutron flux spectra and cross sections. 

ORIGEN-S: For nuclides, elements and/or totals: g-atoms, grams, curies, gamma watts, 
total watts, fractional neutron absorption rates, toxicity (air and water), total gamma emis- 
sion rates in photons/s and MeV/W-s, and ( q n )  reaction and spontaneous fission total 
neutron emission rates. Also, continuous feed and removal rates may be used, and the 
amounts following fractional reprocessing separations may be computed. 

,EQUATION SOLVED: 

SAS2( H): Effective burnup-dependent cross sections of significant nuclides are calculated 
together with the lattice-cell flux spectrum via a one-dimensional solution to the Boltzmann 
transport equation. The Nordheim Integral Treatment and Bondarenko Factor Method are 
available to account' for resonance self-shielding. 

ORIGEN-S: Primarily, the following matrix equation is applied: 

. .  

- N(t) = N(o)eAt , 

where 
- N = the vector of Ni atom concentrations, 
A = the transition matrix of rate constants aij for producing Ni from N,, 
t = time. 

As a supplement, when ai,t is excessive, a computation by the Bateman equations is used. 

FEATURES AND LIMITATIONS: 

The SAS2( H) control module is designed to provide burnup-dependent cross-section 
libraries and flux spectral data based on an infinite lattice-cell model of a fuel assembly. 
However, the nuclear data used by ORIGEN-S are not restricted to that produced and 
updated by SAS2. 

The fission product yield data in the ORIGEN-S libraries are currently ENDF/B-IV. 

The COUPLE program is available to easily update any nuclear data value on an 
ORIGEN-S binary library. 

Depletion energy groups: Flexible dimensioning permits any size to the gamma and 
neutron energy groups of the input libraries. The multigroup neutron libraries, issued 
with SCALE; are easily selected by keywords. 

Nuclides (or elements/mixtures) in cross-section libraries: 249 

687 clad (light element), 101 actinides, 821 fission products 
Nuclides in ORIGEN-S transition libraries: 

Nuclides in ORNL Master Photon Data Base (7-line, x-ray, Bremsstrahlung, etc.): 

Other than computer time and cost, in general there are no other size limitations. 
number of time-dependent (burnup-dependent) libraries should probably be limited to 
18, with 3 to 6 recommended. 

427 

The 
2 to 
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ANALYTICAL METHOD 

SAS2(H): The sets of codes, BONAMI-S, NITAWL-S, and XSDRNPM-S, are repeat- 
edly invoked by the driver at the request of SASZ. These codes produce a one-dimensional, 
discreterordinates solution to the Boltzmann neutron transport equation, -weighting cross 
sections for the fuel region of the unit cell describing the reactor fuel rods. SAS2 uses 
these codes to produce libraries input to ORIGEN-S, which in turn depletes and generates 
isotopes to their densities at the time required in the neutronics calculation producing the 
next library. Once the reactor irradiation period is completed, ORIGEN-S calculates the 
decay of the fuel, clad, and other light elements to a given cooling time and computes the 
gamma-ray and neutron energy spectra. (See this topic under ORIGEN2 for analytical 
method common to ORIGEN-S and ORIGEN2.) 

In addition to nuclide output in various units, ORIGEN-S computes both gamma-ray 
spectra and. neutron spectra produced from spontaneous fission and (a-n) reactions. The 
photon spectra may include the total from all nuclides or may be broken into light ele- 
ments, actinides, and fission products. Either the built-in energy group structure for photon 
spectra may be used or it may be input by the user. The neutron energy group structure 
may be input or taken from a specified SCALE library. The nuclide (a,n) reaction intensi- 
ties and total neutron spectrum may be computed for the U 0 2  medium. The in-house ver- 
sion of ORIGEN-S (not yet publicly distributed) allows the ( q n )  spectrum to be computed 
for borosilicate glass, or for almost any medium. 

OTHER APPROPRIATE USES 

1. Predicting nuclide concentrations of discharged fuel for typical reactor designs and 
operating conditions of various current reactor types. 

2. Predicting nuclide concentrations of discharged fuel, where the design and operating 
conditions are significantly different from that of the generic or typical reactor or 
where a completely new reactor design is being evaluated. 

3. Projecting the composition and characteristics of radioactive wastes. 

4. Determining fuel material compositions in reprocessing, separation, or waste treatment 
plants. 

5.  Predicting and tabulating tables of decay heat of spent fuel for storage facilities, repro- 
cessing plants, and waste repositories. 

6. Computing either instantaneous or time integrals of fission product activity or energy 
per fission of a given fissionable isotope. 

7. Calculating the radionuclide source composition, terms of a specified process, or facil- 
ity for risk assessments, using given released element fractions. 

8. Determining, by SAS2(H), the criticality burnup credit of fuel in terms of both the 
significant nuclide densities and the multiplication constant, k,, as a function of initial 
enrichment, burnup, and cooling time. 
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FUTURE DEVELOPMENT: 

Significant enhancements have recently been made to the SAS2 and ORIGEN-S pro- 
grams available in-house at ORNL. These enhancements are described briefly below. 
Plans call for these developments to be implemented and documented as part of the distri- 
buted code package in the near future. Easy-to-use input specifications also need to be 
formed for SASZH. 

SAS2H Control Module: Even though SAS2 accounts for the basic fuel-rod lattice of the 
reactor fuel element, SAS2H extends the model to include both fuel pins and other types of 
pins or regions within the assembly. .The other types may be burnable poison pins or 
guide-tube-water "holes" contained in control rod assemblies. 

The general procedure applied by SAS2, with one major exception, is used in SAS2H. 
The difference is in the production of the burnup-dependent libraries. There are two parts 
to the cross-section calculation in place of the one done by SAS2. First, the unit cell 
describing the fuel rods, as for SAS2, is used by the neutronics codes. Then, a second 
(larger) unit cell is set up as a guide-tube-water "hole" region surrounded by the fuel region 
in the volumetric fuel-to-hole region ratio equaling the ratio of fuel rods to control rods in 
the assembly. The cell-averaged densities and cell-weighted cross sections of the first com- 
putation are used in the fuel region of the final calculation. Also, the same method is used 
with a corresponding change in the cell description for burnable poison, oriface, or any 
other type of assembly. This method accounts for all of the water moderator and other 
materials that could not be included as properly in the SAS2 method. The remaining 
decay and shielding analysis is identical to that used in SAS2. 

ORIGEN-S: The (a,n) source of neutrons from high-level radioactive waste can signifi- 
cantly increase when the waste contains large quantities of light element target materials 
(besides "0 or "0) for the high-energy alphas. The in-house version of ORIGEN-S at 
ORNL has been updated to compute neutron intensities for ( q n )  reactions on the light ele- 
ments, Li through Si, inclusive. The effect of the weighted stopping powers of alpha parti- 
cles by all elements is computed as a function of nuclide concentrations. This enhancement 
is very important for waste vitrified in mediums such as borosilicate glass. 

HOW PROGRAMS ARE COUPLED 

As a control module in the SCALE system of codes, SAS2(H) invokes the following 
codes: BONAMI-S, NITAWL-S, XSDRNPM-S, COUPLE, ORIGEN-S, and XSDOSE. 

LANGUAGE 

FORTRAN 77 for SASZ/ORIGEN-S (SCALE-4 version) 
FORTRAN IV (SCALE-3 version) 

INPUT DATA LIBRARIES: 

SAS2( H): 
SCALE master cross-section libraries 
ORIGEN-S nuclear data binary libraries 
ORNL master photon data base ' 

ORIGEN-S: 
ORIGEN-S nuclear data card image and binary libraries 
ORNL master photon data base 
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FORM OF OUTPUT: 
Printed output only from these codes. However, output saved in a binary data set may 

be plotted with PLORIGEN. 

GRAPHIC OUTPUT: 

Using the PLORIGEN code, concentrations in 14 different units may be plotted against 
time (6 different units) for selected or principal contributing nuclides or elements. Case 
comparisons may be plotted. Also, the gamma-ray or neutron spectra may be plotted. 

COMPUTERS AND OPERATING SYSTEM USED 

IBM 360/370 

IBM PC/370, ORIGEN-S, only 
FACON (in Japan) 
VAX, ORIGEN-S, only 

CRAY X-MP 

CORE AND DISK REQUIREMENTS: 

Both the core size and number and size of data sets are problem-dependent. The 1/0 
requirements for SASZ may be seen in the document on each code. A summary of the disk 
space required for SASZ is given in the SASZ document. 

SAS2(H): 600 to 1000 KB, range of core size 
ORIGEN-S: 250 to 500 KB; core size dependent on libraries, time steps, etc., used. 
Requires unit Nos. 11 and 13 (small sizes) as scratch units and unit No. 71 (small size) to 
save results. 

TYPICAL RUNNING TIME: 

SAS2/SAS2H (IBM 3033 CPU time): 
Can vary greatly with cases and options such as resonances treated, convergence cri- 

teria, total energy groups, mesh intervals, and number of irradiation cycles. Note that the 
number of irradiation passes through the set of codes in SASZ equals the number of cycles 
plus one. The range of typical CPU times per irradiation pass is 2.5 to 3.5 min. About 
1 min per irradiation pass is added for SAS2H. IBM(3033)/CRAY X-MP time ratio is 
in 2.5 to 3.5 range. 

ORIGEN-S: 
Uses 1.5 to 2 CPU (IBM 3033) seconds/time-step average (dependent on output units 

requested). 

DOCUMENTATION 

0. W. Hermann, "SAS2: A Coupled One-Dimensional Depletion and Shielding 
Analysis Module," as described in Sect. S2 of SCALE: A Modular Code System for 
Performing Standardized Computer Analyses for Licensing Evaluation, Vols. 1-3, 
NUREG/CR-0200, US.  Nuclear Regulatory Commission (originally issued July 1980, 
reissued January 1982, Rev. 1 issued July 1982, Rev. 2 issued June 1983, Rev. 3 issued 
December 1984). 
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0. W. Hermann and R. M. Westfall, "ORIGEN-S: SCALE System Module to Calcu- 
late Fuel Depletion, Actinide Transmutation, Fission Product Buildup and Decay, and 
Associated Radiation Source Terms," as described in Sect. F6 of SCALE: A Modular 
Code System for Performing Standardized Computer Analyses for Licensing Evalua- 
tion, Vols. 1-3, NUREG/CR-0200, U.S. Nuclear Regulatory Commission (originally 
issued July 1980, reissued January 1982, Rev. 1 issued July 1982, Rev. 2 issued June 
1983, Rev. 3 issued December 1984). 

J. C. Ryman, "ORIGEN-S Data Libraries," as described in Sect. M6 of SCALE: A 
Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation, Vols. 1 -3, NUREG/CR-0200, U.S. Nuclear Regulatory Commission (origi- 
nally issued July 1980, reissued January 1982, Rev. 1 issued July 1982, Rev. 2 issued 
June 1983, Rev. 3 issued December 1984). 

C. V. Parks, 0. W. Hermann, and J. R. Knight, Parametric Study of Radiation Dose 
Rates from Rail and Truck Spent Fuel Transport Casks, ORNL/CSD/TM-227, Mar- 
tin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., 1985. 

0. W. Hermann and C. W. Alexander, "Spent Fuel Photon and Neutron Spectra," 
Trans. Am. Nucl. SOC. 44, 474 (1983). 

0. W. Hermann and C. W. Alexander, A Review of Spent Fuel Photon and Neutron 
Source Spectra, ORNL/CSD/TM-205, Martin Marietta Energy Systems, Inc., Oak 
Ridge Natl. Lab., 1986. 
M. J. Bell, ORIGEN - The ORNL Isotope Generation and Depletion Code, 
ORNL-4628, Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., 1973. 

0. W. Hermann, "PLORIGEN: A Plotting Program for ORIGEN-S Output, to be 
published as Sect. F15 of SCALE: A Modular Code System for Performing Standard- 
ized Computer Analyses for Licensing Evaluation, Vols. 1-3, NUREG/CR-0200, U.S. 
Nuclear Regulatory Commission (originally issued July 1980, reissued January 1982, 
Rev. 1 issued July 1982, Rev. 2 issued June 1983, Rev. 3 issued December 1984). 

J. C. Ryman et al., Fuel Inventory and Afterheat Power Studies of Uranium-Fueled 
Pressurized Water Reactor Fuel Assemblies Using the SAS2 and ORIGEN-S Modules 
of SCALE with an ENDFIB-V Updated Cross-section Library, NUREG/CRF-2397 
(ORNL/CSD-90), Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., June 
1982. 

PROGRAM AVAILABILITY: 

Requests for the CCC-466/SCALE-3 code package containing SAS2, ORIGEN-S, and 
needed libraries can be mailed to: 

Radiation Shielding Information Center 
Oak Ridge National Laboratory 
P. 0. Box 2008 
Oak Ridge, TN 37831 

or telephoned to: 

615/574-6176 or to FTS 624-6176. 
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EPRI-CELL/CINDER-2 

CODE IDENTIFICATION 
CINDER-2, developed by: . 

Theoretical Division 
Los Alamos National Laboratory 
University of California 
Los Alamos, New Mexico 

EPRI-CELL, developed by: 
Nuclear Associates International Corp. 
Rockville, Maryland 

Electric Power Research Institute 
Palo Alto, California 

Sponsored by: 

SUMMARY: 

The EPRI-CELL code is a cell-depletion neutron transport code producing the cross 
sections and flux used by CINDER-2. It performs a neutron spectrum calculation using a 
THERMOS code-type space-energy-dependent solution to the integral transport equation 
at thermal energies. In the epithermal range, the integral slowing down theory of the 
GAM-1 code is used, deriving resonance cross sections from tables of groupwise resonance 
shielding factors for each isotope produced by the NJOY code. Depletion is computed with 
a CINDER code-type model using four radial space points within the fuel rod in the 
thermal depletion. 

The CINDER-2 code computes, for any specified initial fuel composition and flux or 
power history and decay time, the fuel and fission product isotopic contents and associated 
properties. CINDER-2, or' associated utility codes, produce results in moles, curies, and 
watts for nuclides, and total material characterized by decay heat in watts, photon source 
spectra, and neutron source spectra. 

The CINDER-2 code is one of the code versions developed, through various stages of 
improvement, from the original CINDER code written by T. R. England while associated 
with Westinghouse Electric Corporation. Other CINDER versions are the EPRI- 
CINDER, CINDER3, CINDER7, and CINDER10 codes. Even though these code ver- 
sions primarily use the same model, their main differences concern: the use of 
ENDF/B-IV or -V cross-section data; energy group structures available to the code and 
cross-section collapsing capabilities; number of nuclides applied; the ENDF source of fis- 
sion product yield data; and procedures or codes with which they are interfaced (e.g., 
DANDE and EPRI-CELL which produce burnup-dependent cross-section libraries). 

, 

PREDICTED VARIABLES 

1. For each nuclide: moles, number densities, activities, ,barns/fission per energy group, 
and macroscopic absorption cross sections per energy group. t 
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2. Totals are predicted for: fission, fissions per nuclide in power, .thermal flux-time pro- 
duct, flux levels per energy group, barns/fission per energy group, macroscopic absorp- 

. tion cross sections per energy group, effective cross section, resonance integral, infinite 
multiplication constant (b), reactivity, beta energy release rate, gamma line energy 
release rate, beta plus gamma line energy release rates, MeV/fission and total radia- 
tion activity. 

EQUATION SOLVED 

The CINDER codes use the Bateman equation solution of the rate of change balance 
equations for each chain of nuclides coupled through the decay or neutron transmutation 
processes. The explicit equations are given in the Analytical Method section. 

FEATURES AND LIMITATIONS 

. 

The primary purpose of EPRI-CELL/CINDER-2 and the other versions of CINDER is 
to perform a cell depletion analysis during the irradiation period of the reactor and extend- 
ing to various cooling times. Spent fuel characteristics as isotopic number densities and 
even activities and energy release rates may be computed by CINDER codes, but the total 
photon and neutron spectra cannot be directly computed. The SPEC5 code or other codes 
may be applied to compute individual nuclide spectra from ENDF/B-V photon energy- 
intensity data (using interval sizes of 0.01 and 0.05 MeV). In order to complete the 
shielding analysis photon spectrum, the user may manually calculate or write coding to 
compute the combination of CINDER nuclide densities and SPEC5 spectra, account for 
significant bremsstrahlung from U02,  and add gamma rays from spontaneous fission or 
( q n )  reactions as needed. The neutron spectrum may also be produced from CINDER 
nuclide densities, neutron emission rate yields and spontaneous fission and ( q n )  reaction 
neutron spectra data available to the user. 

Another limitation is that light-element libraries are not available. Thus, potential radi- 
,ation sources arising from activation of light elements (59C0) must be evaluated in some 
alternate fashion. 

Array dimensions in EPRI-CINDER require the following limits: 

525 nuclides total 

450 fission product chains 
40 actinides 

17 nuclides per chain 
75 time steps 

5 yield sets applied to 7 fissionable nuclides 
3 time-dependent g-factors 
4 neutron energy groups 
3 energy groups per decay 
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ANALYTICAL  METHOD^ 

In terms of a few-energy-group structure, the concentration of the i* nuclide in a linear 
chain is determined by the following coupled differential equations: 

i = 1, 2, 3, ... 
where 

y r  

Sk 

Xi 

Af 

u( 

g? 

= yield fraction/fission from fissionable nuclide k, 

= fission rate of kth fissionable nuclide, 

= decay constant, for it' nuclide, 

= 
. .  4 

j-1 
2 gi uii # = neutron absorption rate per unit nuclide density, 

= total absorption cross section of the ith nuclide in the energy group j. 

= shielding factor of the i* nuclide in the energy group j. 

= capture rate, AC = A' - A', where A' is the fission rate analogous 
to A". In lieu of branching fractions, fictitious fission cross sections 
may be specified for the fission products in order to achieve the 
correct activation cross sections leading to more than one daughter 
isomer. 

yi-l = either Xi-l or AfEl depending on coupling from precursor i-1. 
= fraction of specified coupling directly feeding nuclide i (the branching 

fraction in radioactive decay); this is used for Xi-1 and Af-1 but not 
normally for . 

This set of equations can describe equally well the nuclides in the depletion chains (in 
which case y = 0) and in the fission-product chains. 

The general solution of Eq. 1 for the nth nuclide in a chain, assuming constant flux and 
fission rate during time increment At, is 

exp[ - (Aj + Af)]At 

exp[ -(Xj+Af)]At 5 "  
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Here, y,S = average fission yield rate of nuclide m from all fissionable nuclides. 

The CINDER-2 code is based on this general solution that can be written in other 
forms more suitable for computation. N, is actually a partial concentration of the ntb 
nuclide. If any nuclide has more than one source, there will be a concentration resulting 
from each source; these are added by the code, as specified by the user, in all aggregate 
summations. In Eq. 2, if two nuclides happen to have identical removal rates, X + Aa, 
the equation indicates a division by zero. In the actual coding, this presents no problem 
and the same nuclide can, in fact, appear more than once in any chain. 

Equation 2 could be coded for any number of neutron groups. In the present version of 
the code, up to four groups are permitted. Users requiring more groups for any other 
libraries can collapse to a four-group structure and unfold the results using N,. There are 
other equations and methods associated with the above analytical method. Isotopic number 
densities may be converted to energy release rates and activity densities. Also, various 
explicit neutronics variables (e.g., b) and cross sections are computed and may be printed. 
Also, by applying both neutron emission rate values and available spectral data to the 
CINDER actinide densities, the user can then determine neutron spectra. These sources 
may be used in a cask shielding analysis. 

APPROPRIATE USES 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

Predicting isotopic densities of discharged fuel for typical reactor designs (e.g., LWR) 
and operating conditions. 

Determining the composition and characteristics of radioactive wastes. 

Predicting decay heat of spent fuel for storage facilities, reprocessing plants, and waste 
repositories. 

Computing energy per fission of a given fissionable isotope. 

Calculating the radionuclide source composition terms of a specified process or facility 
for risk assessment, before released element fractions applied. 

Determining neutron multiplication constants (k, and, possibly, k~), aggregate cross 
sections, and other neutronics variables. 

Applying fission product decay gamma spectra in calculation of photoneutron spectra 
from D(r,n) reactions in the moderator of PWR fuel. 

HOW PROGRAMS ARE COUPLED 

CINDER-2: 
CINDER-2 can be interfaced with the EPRI-CELL cell-depletion code. The EPRI- 

CELL results provide the neutron flux spectra and actinide cross sections as a function of 
burnup. 

OTHER CINDER VERSIONS: 
The DANDE code system controls three computation modules: the data processing 

module or the TRANSX code; the core neutronics module using the DIF3D, TWODANT, 
and TWOHEX codes; and the depletion module or CINDER3 code. CINDER3 and 
EPRI-CINDER can also be interfaced with EPRI-CELL. 
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LANGUAGE 

FORTRAN IV 

INPUT DATA LIBRARIES 

. Included with CINDER-2 are both an 84-chain library and a 12-chain library. Fission 
product yields are available in either thermal or fast yield sets. 'The libraries are simply 
read from the input data stream. 

FORM OF OUTPUT 

Printed output is the only direct output. 

GRAPHIC OUTPUT 

Results are commonly input for plots with the MAPPER program. 

COMPUTERS USED 
EPRI-CELL/CINDER-2: CRAY, IBM, CDC-6600 
EPRI-CINDER: CDC-6600 
DANDE-CINDER3: CRAY 

TYPICAL RUNNING TIMES 

Using the 84-chain library on a CDC-6600 CINDER-2 requires about 30 CPU s to 
compile code and store input data, approximately 2 s per irradiation time step, and about 1 
s per decay time step. 

DOCUMENTATION 
.. 

T. R. England, W. B. Wilson, and M. G. Stamatelatos, Fission Product Data for Ther- 
mal Reactors, Part 1: A Data Set for EPRI-CINDER Using ENDFIB-IV, EPRI 
NP-356, Part 1 (LA-6745-MS), Electric Power Research Institute, 1976. 

T. R. England, W. B. Wilson, and M. G. Stamatelatos, Fission Product Data for Ther- 
mal Reactors, Part 2: User's Manual for EPRI-CINDER Code and Data, EPRI 
NP-356, Part 2 (LA-6746-MS), Electric Power Research Institute, 1976. 

T. R. England, CINDER - A One-Point Depletion and Fission Product Program, 
WAPD-TM-334, Westinghouse Electric Corp. ( 1962, Rev. 1964). 

W. R. Cobb and W. J. Eich, "A New Cell Depletion Code," Trans. Am. Nucl. Soc. 24, 
442, 1976. 

0. Ozer, R. E. MacFarlane, and M. L. Williams, "Implementation of ENDF/B-IV and 
-V Data in LWR Design Codes: EPRI-CELL and EPRI-CPM," Trans. Am. Nucl. Soc. 
33, 820, 1979. 

W. B. Wilson, T. R. England, and R. J. LaBauve, Extended Burnup Calculations for 
Operating Reactor Reload Reviews, NUREG/CR-3 108 (LA-9563-MS), Nuclear Regu- 
latory Commission, February 1983. 
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W. B. Wilson, T. R. England, and R. J. LaBauve, Formation and Testing of 
ENDFIB- V Based Fission-Product and Actinide Data Libraries for CINDER-2, 
LA-9262-PR:51-57, Los Alamos Natl. Lab., March 1982. 

W. B. Wilson, R. J. LaBauve, and T. R. England, "Calculation of Spent Thermal Reac- 
tor Fuel Nuclide Inventories and Comparison with Measurements," Proceedings of the 
Conference on Thermal Reactor Benchmark Calculations, Techniques, Results, and 
Applications, Brookhaven Natl. Lab., May 17-18, 1982, EPRI NP-2855, Electric Power 
Research Institute, February 1983. 

R. J. LaBauve, T. R. England, D. C. George, R. E. MacFarlane, and W. B. Wilson, 
DANDE - A Linked Code System for Neutronics/Depletion Analysis, LA-10412-MS, 
Los Alamos Natl. Lab., University of California, 1985. 

G. E. Bosler et al., Production of Actinide Isotopes in Simulated PWR Fuel and Their 
Influence on Inherent Neutron Emission, LA-9343, Los Alamos Natl. Lab., University 
of California, July 1982. 

I 





APPENDIX B 

DATA FOR DECAY-ONLY CASE 

The data to be input by all three codes for the decay-only case were produced by ORIGEN2 and 
are shown in Table B.l. The first column is used to show the library type for the nuclide data on the 
same line: a 2 specifies the actinide library, and a 3 indicates a fission product library. This is fol- 
lowed by four pairs of data. The first group of numbers in each pair identifies the radionuclide (first 
one or two columns give the mass number), its mass (next three columns), and its stability (last 
column, .where 0 represents stable). For example, U-235 is denoted by 922350. Its concentration is 
3.3866E+ 1 gram-atoms. 

. 

59 
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Table B. l .  Data for decay-only case 

2 20040 5.65323-02 812070 6.51453-18 812080 9.01213-15 812090 8-31213-20 
2 822060 1.15763-15 822070 3.72933-13 822080 1.89103-09 822090 3.46893-16 
2 822100 1.35243-13 822110 4.94413-17 822120 5.21533-12 822140 1.97403-18 
2 832080 1.23403-18 832090 3.87733-13 832101 6.62193-18 832100 8.36443-17 
2 832110 
2 842100 
2 842140 
2 852170 
2 862220 
2 882230 
2 882280 
2 902260 
2 902300 
2 902340 
2 912341 
2 922310 
2 922350 
2 922390 
2 932361 
2 932390 
2 9 4 2 3 6 0  
2 942400 
2 942440 
2 952400 
2 952430 
2 952460 
2 962440 
2 962480 
2 972500 
2 982510 
2 982550 
2 992550 
3 10030 
3 40100 
3 290670 
3 300691 
3 310710 
3 300720 
3 280730 
3 320730 
3 290740 
3 270750 
3 310750 
3 280760 
3 320760 
3 290770 
3 320771 
3 2 8 0 7 8 0  
3 320780 
3 300790 
3 340790 
3 360790 
3 320800 
3 350801 
3 310810 
3 340811 
3 300820 
3 330821 
3 360820 
3 330830 
3 360830 
3 330840 
3 360840 
3 340851 
3 370850 
3 350860 
3 370861 
3 340870 
3 380870 
3 340880 
3 380880 
3 360890 
3 390891 
3 370900 
3 390901 
3 350910 
3 390910 
3 350920 
3 390920 
3 360930 
3 400930 
3 360940 

2.91723-18 
1.20563-15 
1.47413-24 
9.41643-22 
4.05693-16 
2.25473-14 
2.86603-17 
1.44063-17, 
4.96893-06 
5.86313-08 
2.00573-12 
6.86103-13 

2.76593-03 
6.36473-08 
3.98003-01 
5.03803-06 

9.81 043-05 
3.94283-09 
3.5321 3-01 
3.22653-14 
9.84583-02 
1.81 483-07 
2.43873-12 
1.33483-10 
1.51973-19 
9.22013-17 
1.91433-02 
1.30003-05 
3.24493-18 
1.04573-19 
1.24663-08 
1.09163-06 
9.18063-13 
6.09303-04 
5.49453-12 
9.71693-17 
5.68033-09 
3.90683-14 
6.54763-03 
9.51 343-13 
1.01993-08 
3.96073-16 
2.74833-06 
1 .8523E-11 
7.43103-02 
1.17943-14 
5.05503-08 
8.55713-10 
1.4884E-10 
4.27753-07 
7.07863-14 
1.99593-08 
1.18373-02 
8.65743-08 
4.93343-01 
3.01933-08 

1.35523-07 

8.13433-07 
1.30663-09 
8.46383-08 
3-60543-05 
8.53703-09 

1.28733-05 
8-04773-13 
1.07693-05 
1.85303-08 
3.17523-09 
5.14923-01 
1.86743-10 
1.35673-03 
1.17653-08 

6.68743-10 

3.38663+01 

9.63273+00 

1.34913+00 

1.14473+00 

3.97273+00 

7.72183+00 

8321 20 
8421 10 
8421 50 
8621 80 
87221 0 
882240 
892250 
902270 
90231 0 
912310 
91 2340 
922320 
922360 
922400 
932360 
932401 
942370 
94241 0 
942450 
95241 0 
952441 
96241 0 
962450 
962490 
97251 0 
982520 
992530 
162500 
30060 
601 40 

300670 
31 0690 
270720 
31 0720 
290730 
320731 
300740 
280750 
320750 
290760 
330760 
300770 
330770 
290780 
330780 
31 0790 
340791 
290800 
330800 
360800 
32081 0 
35081 0 
31 0820 
340820 
300830 
340830 
360831 
340840 
320850 
350850 
320860 
350861 
380860 
350870 
380871 
350880 
330890 
370890 
340900 
370901 
400900 
36091 0 
39091 1 
360920 
400920 
370930 
41 0930 
370940 

4.94713-13 
3.57933-23 
4.06243-23 
2.71073-22 
8.39613-18 
4.30573-11 
2.51883-14 
3.79463-14 
6.00423-09 
1.13103-06 
1.07263-11 
1.67963-06 

2.85273-07 
1.75023-06 
2.77453-07 
2.14273-07 

2.44073-09 
1 .18943-01 
1.44003-05 
3.88493-09 
3.51063-03 
2.40863-12 
4.01893-16 
7.46433-11 
8.28023-14 
5.53123-09 
2.90873-05 
1.87743-06 
2.26953-11 
5.09323-16 
1.80063-14 
3.32123-07 
2.85783-11 
6.76353-12 
2.15043-09 
1.01813-13 
2.50773-07 
1.55103-12 
3.00513-07 
1-06093-10 
3.28953-05 
1.38993-13 
2.95233-06 
1.05403-09 
3.00723-07 
3.2614E-15 
4.5543E-08 
2.80533-06 
2.50263-08 
2.67603-01 
1.20883-11 
4.10263-01 
4.10573-15 
5.48203-06 
6.79103-05 
3.32903-06 
2.83833-11 
3.59243-06 
5.94713-1 2 
6.68253-08 
4.38823-03 
1.87983-06 
6.02423-09 
5.73913-07 
9.041 93-13 
6.65653-05 
2.73423-10 
4.40183-06 
2.02373-01 
4.32013-07 
1.66603-04 
4.58493-08 

3.47933-07 
5.15623-07 
8.54923-08 

1.6781 E+01 

5.07353+00 

6.94943+00 

8321 30 
8421 20 
8421 60 
8621 90 
872230 
882250 
892270 
902280 
902320 
91 2320 
912350 
922330 
922370 
92241 0 
932370 
932400 
942380 
942420 
942460 
952421 
952440 
962420 
962460 
962500 
982490 
982530 
992541 

0 
30070 

290660 
300680 
31 0700 
280720 
320720 
300730 
270740 
31 0740 
290750 
320751 
300760 
340760 
31 0770 
340770 
300780 
340780 
320790 
350790 
300800 
340800 
29081 0 
33081 0 
36081 0 
320820 
350820 
31 0830 
340831 
31 0840 
350840 
330850 
360850 
330860 
360860 
320870 
360870 
320880 
360880 
340890 
380890 
350900 
380900 
400901 
37091 0 
40091 0 
370920 
4 10920 
380930 
410931 
380940 

7.98503-17 
2.61733-23 
2.04253-17 
9.03783-20 
4.60213-19 
3.88953-14 
1.75183-11 
8.16263-09 
7.12043-07 
4.68353-09 
3-48543-17 
5.89253-06 
4.68613-02 
8.4805E-17 

9.60653-06 
5.38643-01 

2.01643-11 
2.59453-03 
1.76023-05 
4.96193-02 
4.18253-04 
9.31 053-16 
1.88633-10 
1.20433-13 
5.80293-16 
0.0 
1.44553-06 
2.1 4963-1 5 
3.42883-13 
1.82893-22 
6-80343-12 
2.97113-04 
2.84333-10 
9.86743-16 
1.17833-08 
7.21993-12 
1'. 12653-1 0 
3.73623-1 0 
7.07523-05 
2.44773-09 
1.32193-02 
1.78063-10 
3.10143-02 
4.71 40E-08 
1.05613-06 
1.23013-11 
1.67113-01 
1.97253-16 
1.37493-07 
2.74883-07 
9.74133-09 
6.30883-05 
3.21563-12 
4.18903-07 
2.81933-13 
3.33533-05 
6.09313-09 
2.83483-01 
1.42773-09 

3.95723-13 
1.83253-04 
1.82923-14 
5.74533-04 
6.75663-10 
3-38383-01 
2.41 133-08 

3.791 53-16 
5.17963-06 

3.51553-07 
1.09613-13 
5.49193-05 
4.17073-06 
8.76313-06 

1.82193+00 

1.86973+00 

2.20753+00 

5.95493+00 

5.96593+00 

8321 40 
8421 30 
8421 80 
862200 
882220 
882260 
892280 
902290 
902330 
91 2330 
922300 
922340 
922380 
932350 
932380 
932410 
942390 
942430 
952390 
952420 
952450 
962430 
962470 
972490 
982500 
982540 
992540 

0 
40090 

300660 
300690 
320700 
290720 
270730 
31 0730 
280740 
320740 
300750 
330750 
31 0760 
280770 
320770 
340771 
31 0780 
290790 
330790 
350791 
31 0800 
350800 
30081 0 
34081 0 
36081 1 
330820 
350821 
320830 
350830 
320840 
350841 
340850 
360851 
340860 
370860 
330870 
370870 
330880 
370880 
350890 
390890 
360900 
390900 
34091 0 
38091 0 
340920 
380920 
350930 
390930 
350940 
390940 

1.46583-18 
1.19803-25 
2.24703-19 
7.571 13-15 
2.9431 3-19 
6.1 9363-1 1 
9.99753-15 
1.93603-09 
1.57203-12 
6.08433-08 
1.39183-14 
7.67623-01 

1.92553-08 
5.90643-03 
8.1 4 1 33-14 

5.72983-04 
0.26833-12 
4.0661 3-04 
4.76633-10 
1 .3516E-03 
3.72393-06 
1.67233-09 
3.50823-10 
5.60193-15 
1.26273-14 

2.16363-06 
5.50963-10 
1.07443-19 
1.71093-18 
3.31 983-11 
5.46583-15 
2.24043-07 
9.11473-13 
1.30363-03 
3.71493-10 
2.66713-03 
2.86033-09 
2.54823-15 
3.50393-06 
1.15693-1 1 
1.59103-09 
5.02343-14 
6.93553-07 
8.69333-15 
6.11703-10 
8.53573-11 
5.16343-13 
5.14043-06 
4.51103-14 
7.67903-08 
7.48473-08 
2.87353-09 
8.84943-05 
5.93493-10 
2.48363-07 
3.74183-07 
3.41533-04 
3.07513-07 
2.83873-04 
2.30943-10 

8.52623-12 
6.11173-05 
1.08063-07 

2.15903-06 
1.57453-03 
1.37703-11 
3.29033-03 
1.03913-12 
1.03363-03 
2.18733-11 
4.55923-03 
1.01863-12 
1.46473-04 

3.96693+03 

2.06653+01 

0 . 0  

2.80063+00 

4.78673+00 
. 
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Table B. 1 (continued) 

i 

c 

- . 

3 4 0 0 9 4 0  
3 3 6 0 9 5 0  
3 4 0 0 9 5 0  
3 3 5 0 9 6 0  
3 3 9 0 9 6 0  
3 3 6 0 9 7 0  
3 4 0 0 9 7 0  
3 3 6 0 9 8 0  
3 4 0 0 9 8 0  
3 4 3 0 9 8 0  
3 4 0 0 9 9 0  
3 4 3 0 9 9 0  
3 3 8 1 0 0 0  
3 4 1 1 0 0 1  
3 3 8 1 0 1 0  
3 4 2 1 0 1 0  
3 3 9 1 0 2 0  
3 4 3 1 0 2 0  
3 3 8 1 0 3 0  
3 4 2 1 0 3 0  
3 4 5 1 0 3 1  
3 4 1 1 0 4 0  
3 4 5 1 0 4 0  
3 4 0 1 0 5 0  
3 4 4 1 0 5 0  
3 4 0 1 0 6 0  
3 4 4 1 0 6 0  
3 4 7 1 0 6 0  
3 4 2 1 0 7 0  
3 4 6 1 0 7 0  
3 4 1 1 0 8 0  
3 4 5 1 0 8 0  
3 4 7 1 0 8 1  
3 4 2 1 0 9 0  
3 4 5 1 0 9 1  
3 4 7 1 0 9 1  
3 4 3 1 1 0 0  
3 4 6 1 1 0 0  
3 4 1 1 1 1 0  
3 4 5 1 1 1 0  
3 4 7 1 1 1 1  
3 4 3 1 1 2 0  
3 4 7 1 1 2 0  
3 4 4 1 1 3 0  
3 4 7 1 1 3 1  
3 4 9 1 1 3 1  
3 4 5 1 1 4 0  
3 4 9 1 1 4 0  
3 4 3 1 1 5 0  
3 4 7 1 1 5 0  
3 4 9 1 1 5 0  
3 4 4 1 1 6 0  
3 4 7 1 1 6 1  
3 5 0 1 1 6 0  
3 4 6 1 1 7 0  
3 4 8 1 1 7 1  
3 5 0 1 1 7 1  
3 4 7 1 1 8 0  
3 4 9 1 1 8 1  
3 4 7 1 1 9 0  
3 4 9 1 1 9 1  
3 4 5 1 2 0 0  
3 4 9 1 2 0 0  
3 4 6 1 2 1 0  
3 4 9 1 2 1 1  
3 4 5 1 2 2 0  
3 4 9 1 2 2 0  
3 5 1 1 2 2 1  
3 4 7 1 2 3 0  
3 5 0 1 2 3 0  
3 5 2 1 2 3 1  
3 4 9 1 2 4 0  
3 5 2 1 2 4 0  
3 4 9 1 2 5 1  
3 5 2 1 2 5 0  
3 4 8 1 2 6 0  
3 5 1 1 2 6 1  
3 4 9 1 2 7 1  
3 5 2 1 2 7 0  
3 4 7 1 2 8 0  
3 5 1 1 2 8 0  

7.88203+00 
2 .27613-10 
8 .07833-01 
3 .39613-1  5 
1 .82493-05 
6 .29793-13 
8 .88843-03 
1 . 0 9 3 3 3 - 1 3  
4 .59583-06 
6 .42033-05 
3.52643-07 

9 .00123-10 
2 .06543-07 
3 .06493-11 
1 .33703-04 
4 .60063-10 
7 .75563-07 
5 .26113-14 
8 .60383-06 
4.42873-04 
4.131 73-08 
3 .70073-06 
3 .33223-1  0 
1 .67453-03 
6 .58803-11 

3.. 4 9 3 1  3-1 4 
1 .06623-07 

2 .60023-11 
7 .31273-07 
1 .02883-08 
1 .51203-09 
6 .91413-07 
1 .31153-06 
2 .21813-09 
4 .47243-01 
3 .39573-14 
4 .33013-07 
4 .591  33-07 
9 .96003-11 
4 .13663-05 
3 .10663-09 
1 .91663-08 
2.65433-15 
2 .28863-09 
4 .32773-11 
7 .73253-13 
1 .66033-06 
1 . 9 7 9 3 3 - 0 2  
7 .26783-11 
8 .05873-09 
6 .18233-02 
6 .08473-09 
6 .69263-06 
1.06633-05 
3.72023-09 
1 .75843-1  0 
8 .38213-09 
1 .23623-06 
7 .84923-13 
3 .40103-08 
6.69743-11 
6.23253-,08 
9.727 1 3- 1 5 
1 .52473-08 
4.48723-1 0 
1.84453-10 
3.91803-03 
1 .37713-05 
6 .45903-09 
2 .63543-03 
1 .14543-08 
3 .28573-02 
2 .46313-09 
5 .56953-08 
6 .23673-09 
3 .45363-04 
4.09863-14 
4.626 1 3-05  

7.74353+00 

1 .64053+00 

2 . 0 3 8 1 E+O 0 

41 0 9 4 0  
3 7 0 9 5 0  
4 1  0 9 5 0  
3 6 0 9 6 0  
4 0 0 9 6 0  
3 7 0 9 7 0  
4 1  0 9 7 0  
3 7 0 9 8 0  
4 1  0 9 8 0  
3 7 0 9 9 0  
41 0 9 9 0  
4 3 0 9 9 1  
3 9 1  000 
4 2 1  0 0 0  
3 9 1  0 1  0 
4 3 1 0 1 0  
4 0 1  0 2 0  
4 3 1  0 2 1  
3 9 1  0 3 0  
4 3 1  0 3 0  
3 8 1  0 4 0  
4 2 1  0 4 0  
4 5 1 0 4 1  
4 1  1 0 5 0  
4 5 1  0 5 0  
4 1  1 0 6 0  
4 5 1  0 6 0  
3 9 1  0 7 0  
4 3 1  0 7 0  
4 6 1 0 7 1  
4 2 1  0 8 0  
4 5 1 0 8 1  
4 8 1  0 8 0  
4 3 1 0 9 0  
4 6 1  0 9 0  
4 8 1  0 9 0  
4 4 1  1 0 0  
4 7 1 1 0 0  
4 2 1 1 1 0  
4 6 1 1 1 0  
4 8 1 1 1 0  
4 4 1  1 2 0  
4 8 1  1 2 0  
4 5 1  1 3 0  
4 8 1  1 3 0  
4 2 1  1 4 0  
4 6 1 1 4 0  
4 9 1 1 4 1  
4 4 1 1 5 0  
4 7 1 1 5 1  
4 9 1 1 5 1  
4 5 1 1 6 0  
4 8 1 1 6 0  
4 3 1 1 7 0  
4 7 1 1 7 0  
4 9 1 1 7 0  
4 4 1 1 8 0  
4 7 1 1 8 1  
5 0 1 1 8 0  
4 8 1  1 9 0  
5 0 1 1 9 0  
4 6 1  2 0 0  
4 9 1 2 0 1  
4 7 1 2 1 0  
5 0 1  2 1  0 
4 6 1  2 2 0  
4 9 1 2 2 1  
5 2 1  2 2 0  
4 8 1  2 3 0  
5 0 1 2 3 1  
4 6 1  2 4 0  
5 0 1  2 4 0  
4 7 1  2 5 0  
5 0 1 2 5 0  
5 2 1 2 5 1  
4 9 1  2 6 0  
5 2 1  2 6 0  
5 0 1 2 7 0  
5 2 1 2 7 1  
4 8 1  2 8 0  
5 1  1 2 8 1  

3 5 4 1 2 8 0  2 .29063-02 4 8 1 2 9 0  

7.97733-06 . - - . . - - - - 
5 .65303-09 
4 .48803-01 
3 .07773-11 

1 .5253E-10 
8 .32463+00 

6 - 3 8 0 9 3 - 0 4  
2 . 8  1 4 1  3 -1  1 
4.22793-07 
1 . 5 3 0 6 3 - 1 2  
2 .19243-06.  
3 .05723-03 
1 .57773-08 

6 .61  553-09 
1;29903-04 
1 .40423-06 
4.74283-08 
9 .05803-11 
7 .28683-06 
3.03973-15 
1 .11603-05 
1 .64953-06 

9 .29623+00 

. . . - - . - 
2 .53753-08 
1 .20763-02 
1 .99573-09 
1 .74303-06 
6 .88593-17 
1 .18443-06 
1 . 4 9 7 3 3 - 1 0  
7 .03293-09 
1 .44913-07 
3 .64833-06 
5 .541  33-07 

4 1 0 9 4 1  
3 8 0 9 5 0  
4 1 0 9 5 1  
3 7 0 9 6 0  
4 1  0 9 6 0  
3 8 0 9 7 0  
4 1 0 9 7 1  
3 8 0 9 8 0  
4 1 0 9 8 1  
3 8 0 9 9 0  
41 0 9 9 1  
4 4 0 9 9 0  
4 0 1  000 
4 3 1  000 
4 0 1 0 1 0  
4 4 1 0 1 0  
41 1 0 2 0  
441  0 2 0  
401  0 3 0  
441  0 3 0  
3 9 1  0 4 0  
4 3 1  0 4 0  
4 6 1  0 4 0  
4 2 1  0 5 0  
4 5 1 0 5 1  
4 2 1  0 6 0  
4 5 1 0 6 1  
4 0 1  0 7 0  
4 4 1  0 7 0  
4 7 1  0 7 0  
4 3 1  0 8 0  
4 6 1  0 8 0  
401  0 9 0  
441  0 9 0  

1 .60573-03 4 6 1  
4 .30093-09 411  
1 .85193-07 4 5 1  
3 .64543-07 4 7 1  
2.28133-11 4 3 1  
9 .30763-06 4 6 1  
2.43453-01 481  
1.49053-09 451  
1.46453-01 4 2 1  
2 .13623-09 4 6 1  
1 .30293-03 4 8 1  
2 .47793-14 4 3 1  
2 .80673-07 4 7 1  
9 .86913-07 5 0 1  
1 .69273-10 4 5 1  
9 .06843-09 
2 .81473-05 
3 .96563-10 
7 . 0 2 0 7 3 - 0 2  
1 .23693-15 
5 .55333-08 
2 .45403-06 
3.12273-1 1 
1 .94483-09 
7 .04283-02 
4 .30153-07 
6 .90423-02 
1 .17823-09 
2 .35923-09 
1 .98853-09 
1 .52463-04 
4 .18863-11 
1 .65733-10 
4.41133-03 
1 .12873-08 
3 .56573-06 
7 .81323-13 
1 .0137E-01 
1 .1640E-11 
1 .07273-03 
1 .37333-03 
4 .41113-09 
5 .791  23-03 
4 .95833-05 
1 . 2 8 4 6 3 - 0 2  .~ ~~ 

1 .82723-10 
1 .03203-05 
1 .95663-11 

9 1  
00 
00 
0 1  
1 0  
1 1  
1 1  
2 0  
3 0  
3 0  
3 1  
4 0  
4 0  
4 0  
50  

4 8 1  1 5 0  
5 0 1  1 5 0  
4 6 1 1 6 0  
4 9 1 1 6 0  
4 4 1  1 7 0  
4 7 1  1 7 1  
4 9 1  1 7 1  
4 5 1 1 8 0  
4 8 1 1 8 0  
4 5 1  1 9 0  
4 8 1  1 9 1  
5 0 1  1 9 1  
4 7 1  2 0 0  
5 0 1  2 0 0  
4 8 1 2 1 0  
5 0 1 2 1 1  
4 7 1  2 2 0  
5 0 1  2 2 0  
4 5 1  2 3 0  
4 9 1  2 3 0  
51 1 2 3 0  
4 7 1  2 4 0  
5 1 1 2 4 0  
4 8 1  2 5 0  
5 0 1 2 5 1  
4 6 1  2 6 0  
5 0 1  2 6 0  
4 8 1  2 7 0  
5 0 1 2 7 1  
5 3 1 2 7 0  
4 9 1 2 8 0  
5 2 1 2 8 0  
4 9 1  2 9 0  

4 .20573-11 3 5 0 9 5 0  
2 .80013-06 3 9 0 9 5 0  
3 .30133-04 4 2 0 9 5 0  
9 .61843-10 3 8 0 9 6 0  
2.58793-05 4 2 0 9 6 0  
7 .91683-09 3 9 0 9 7 0  
8 .31393-06 4 2 0 9 7 0  
1.33273-08 3 9 0 9 8 0  
4.92103-06 4 2 0 9 8 0  
2.43913-09 3 9 0 9 9 0  
1 .01153-06 4 2 0 9 9 0  
3.0551 3-05  3 7 1  0 0 0  
9 .59583-07 4 1 1 0 0 0  
6.101 1E-07 4 4 1 0 0 0  
2 .84793-07 4 1 1 0 1 0  

3 .63783-07 4 2 1 0 2 0  

3 .24303-08 4 1 1 0 3 0  
4.95583-01 4 5 1 0 3 0  
3 .26203-12 4 0 1 0 4 0  
1 . 3 5 9 6 3 - 0 4  4 4 1 0 4 0  

4 .49503-06 4 3 1 0 5 0  
1 .32033-06 4 6 1 0 5 0  
4 .07143-07 4 3 1 0 6 0  
2 .58703-05 4 6 1 0 6 0  
7 .56843-13 4 1 1 0 7 0  
1 .56933-05 4 5 1 0 7 0  
1 .96243-07 4 0 1 0 8 0  
1.23203-07 4 4 1 0 8 0  

8.96353-  1 5 4 1 1 0 9 0  
9 .28853-07 4 5 1 0 9 0  
3.91773-06 4 7 1 0 9 0  
3.22273-13 4 2 1 1 0 0  

7.64093+00 3 8 1 0 2 0  

7.54783+00 4 5 1 0 2 0  

2 .09093+00 3 9 1 0 5 0  

1.39003+00 4 7 1 0 8 0  

3 . 6 i 8 6 E - 0 7  451  
8 .39323-03 481  
1 .13183-09 441  
2 .11043-06 471  
8 .04313-09 421  
1 .60493-08 461  
1 .48753-13 431  
2 ,57713-07 471  
2 .30743-03 4 9 1  
2 .86323-12 4 4 1  
8 .93493-09 481  
8 .57383-06 4 2 1  
6 .05493-09 461  

8 .96263-14 
8 .75523-05 

2 .98743-07 
3 .42313-01 
1 .26973-07 

2.43583-08 

3.71833-08 
3 .82873-02 
1 .77923-13 
2.05683-07 
9.50673-01 
9.93993-07 
4.66963-1 2 
9 .76993-05 
1 .00553-05 
1 .33193-06 

1.66163-08 

1.98593-13 
4.94373-05 

2.71323-06 

3 .84533-10 
8 .14943-05 
3 .58263-13 

6 .72073+00 

8.14553+00 

8.41963+00 

4.03993+00 

5.20853+00 

3.55973+00 

1 .76833+00 

i . 1 6 4 2 ~ - 0 5  
2..6705E-11 
6 .49933-12 
2 .4891 3-06  
6 .98113-01 
5 .41  553-10 

0 1  2 .71323-09 
0 0  2 .95803-01 
1 0  7.75493-08 
1 0  4.60293-03 
2 0  7 .31  8 7 3 - 1 2  
2 0  2 .64753-04 
30  3.38493-11 
30  4.92493-05 
30  9.93173-05 
4 0  2 .51793-09 
4 0  1 .94233-01 
5 0  5 .98503-16 
5 0  7 .01193-08 

3 .49333-04 
2 .72683-03 
1 .93993-08 
1 .06453-08 
2 .36623-12 
4 .01973-09 
8 .21543-06 
1 .1688E-10 
4 .61623-06 
1.44563-11 
1 .46433-07 
4.73303-04 
1 .11823-09 
7.031 53-02 
1 .89673-08 
2 .89003-05 
4 .10063-11 
7 .60783-02 
1.05153-15 
7.49603-09 
7.85533-02 
2.62043-11 
6.54283-04 
1 .43423-09 
1 .20883-06 
6 .00323-15 
2 .17393-01 
2 .45593-10 
7 .75873-07 
4 .20653-01 
1 .02183-08 
8 .61  323-01 
1 .85643-09 

4 8 1 1 5 1  6 .66753-04 
4 3 1 1 6 0  2 .28713-14 
4 7 1 1 6 0  1 .24603-07 
4 9 1 1 6 1  2 .66093-06 
4 5 1 1 7 0  2 .77253-10 
4 8 1  1 7 0  9 .41  713-06 
5 0 1 1 7 0  7 .01643-02 
4 6 1 1 8 0  3 .12253-09 
4 9 1 1 8 0  7 .65113-09 
4 6 1 1 9 0  1 .27063-09 
4 9 1 1 9 0  6 .58723-08 
4 4 1 2 0 0  3.11063-15 
4 8 1 2 0 0  7 .62103-08 
4 5 1 2 1 0  1 .68663-13 
4 9 1 2 1 0  3.53383-08 
5 1 1 2 1 0  6 .78363-02 
4 8 1 2 2 0  7 .78043-09 
5 1 1 2 2 0  4 .74263-05 
4 6 1 2 3 0  2 .30933-12 
4 9 1 2 3 1  2 .59233-08 
5 2 1 2 3 0  4 .84483-05 
4 8 1 2 4 0  2 .09993-08 
5 1 1 2 4 1  1.00553-10 
4 9 1 2 5 0  3 .03463-09 
5 1 1 2 5 0  1 .14843-01 
4 7 1 2 6 0  1 . 4 7 3 2 3 - 1 2  
5 1 1 2 6 0  1 .15713-04 
4 9 1 2 7 0  3 .42503-09 
5 1 1 2 7 0  3 .44543-03 
5 4 1 2 7 0  1 .66173-08 
5 0 1 2 8 0  5 .36383-05 
5 3 1  2 8 0  1 .6697E-06 
5 0 1 2 9 0  4 .61303-06 



62 

Table B.l (continued) 

3 5 0 1 2 9 1  1 . 7 0 7 5 3 - 0 6  5 1 1 2 9 0  4 .67233-04  5 2 1 2 9 0  
3 5 3 1 2 9 0  1 .37233+00  5 4 1 2 9 0  1 . 2 3 3 9 3 - 0 4  5 4 1 2 9 1  
3 4 9 1 3 0 0  1 . 2 8 5 8 3 - 0 9  5 0 1 3 0 0  7 .17353-06  5 1 1 3 0 0  
3 5 2 1 3 0 0  2 .72313+00  5 3 1 3 0 0  1 .67203-04  5 3 1 3 0 1  
3 4 8 1 3 1 0  9 . 4 9 9 5 3 - 1 3  4 9 1 3 1 0  2 .63883-10  5 0 1 3 1 0  
3 5 2 1 3 1 0  1 . 1 9 6 8 3 - 0 4  5 2 1 3 1 1  1 .43463-03  5 3 1 3 1 0  
3 5 4 1 3 1 1  1 .04203-03  4 8 1 3 2 0  1 . 0 4 5 7 3 - 1 3  4 9 1 3 2 0  
3 5 1 1 3 2 0  7 .31723-06  5 1 1 3 2 1  7 .28333-06  5 2 1 3 2 0  
3 5 4 1 3 2 0  8 .11093+00  5 5 1 3 2 0  1 . 5 7 2 3 3 - 0 5  5 6 1 3 2 0  
3 5 0 1 3 3 0  6 . 4 0 3 9 3 - 0 9  5 1 1 3 3 0  7 .14113-06  5 2 1 3 3 0  
3 5 3 1 3 3 0  1 . 3 4 8 2 3 - 0 2  5 3 1 3 3 1  5 .21053-08  5 4 1 3 3 0  
3 5 5 1 3 3 0  8 .37263+00  4 9 1 3 4 0  1 . 1 2 6 6 3 - 1 3  5 0 1 3 4 0  
3 5 1 1 3 4 1  8 .45303-08  5 2 1 3 4 0  3 .60463-04  5 3 1 3 4 0  
3 5 4 1 3 4 0  1.0961E+01 5 4 1 3 4 1  4 .17793-10  5 5 1 3 4 0  
3 5 6 1 3 4 0  2 .57483-01  5 0 1 3 5 0  2 .01683-11  5 1 1 3 5 0  - . - - - - . . 
J 531  350 4;Oi 373 -03  5 4 1  3 5 0  I. i 3 5 2 E - 0 3  541 JSi 
3 5 5 1 3 5 1  9 . 8 8 1 2 3 - 0 6  5 6 1 3 5 0  1 .62403-03  5 6 1 3 5 1  
3 5 1 1 3 6 0  2 . 1 0 0 3 3 - 1 0  5 2 1 3 6 0  8 .31263-07  5 3 1 3 6 0  
3 5 4 1 3 6 0  1 .72173+01  5 5 1 3 6 0  4 .91823-03  5 6 1 3 6 0  
3 5 1 1 3 7 0  3 . 8 8 8 1 3 - 1 1  5 2 1 3 7 0  3 .93563-08  5 3 1 3 7 0  
3 5 5 1 3 7 0  8.74753+00 5 6 1 3 7 0  2 .46063-01  5 6 1 3 7 1  
3 5 2 1 3 8 0  4 .56683-09  5 3 1 3 8 0  2 .40763-07  5 4 1 3 8 0  
3 5 5 1 3 8 1  1 . 3 8 4 9 3 - 0 6  56138Q 9;2345E+00 5 7 1 3 8 0  
3 5 2 1 3 9 0  2 . 2 9 9 3 3 - 1 0  5 3 1 3 9 0  3 . 9 7 9 2 3 - 0 8  5 4 1 3 9 0  
3 5 6 1 3 9 0  7 .87793-04  5 7 1 3 9 0  8 .74773+00  5 2 1 4 0 0  
3 5 4 1 4 0 0  9 .86423-07  5 5 1 4 0 0  8 .79773-06  5 6 1 4 0 0  
3 5 8 1 4 0 0  8 .69393+00  
3 5 4 1 4 1 0  4 . 3 7 7 5 3 - 0 8  
3 5 8 1 4 1 0  4 . 1 1 9 6 3 - 0 1  
3 5 4 1 4 2 0  1 . 0 6 4 6 3 - 0 8  

3 5 3 1 4 3 0  2 . 4 5 8 7 3 - 1 2  
3 5 7 1 4 3 0  1 .10323-04  
3 5 3 1 4 4 0  8 .11813-14  
3 5 7 1 4 4 0  4 .61133-06  

3 5 7 1 4 5 0  2 . 4 3 4 7 3 - 0 6  
3 5 4 1 4 6 0  1 .74013-12  
3 5 8 1 4 6 0  6 .20273-05  
3 6 2 1 4 6 0  3 .11973-05  
3 5 7 1 4 7 0  2 . 6 9 7 2 3 - 0 7  
3 6 1 1 4 7 0  9 . 5 6 9 7 3 - 0 1  
3 5 7 1 4 8 0  1 .32393-08  
3 6 1 1 4 8 0  1 .18213-02  
3 5 7 1 4 9 0  7 . 3 2 0 0 3 - 0 9  
3 6 1 1 4 9 0  1 . 0 7 0 4 3 - 0 2  
3 5 7 1 5 0 0  3 . 2 0 0 2 3 - 1 0  
3 6 1 1 5 0 0  7 . 7 1 0 0 3 - 0 6  
3 5 8 1 5 1 0  3 .28023-09  
3 6 2 1 5 1 0  8 . 8 6 9 4 3 - 0 2  
3 5 8 1 5 2 0  1 . 0 1 3 0 3 - 0 8  
3 6 1 1 5 2 1  1 . 1 2 8 5 3 - 0 7  
3 6 4 1 5 2 0  7 .01903-05  
3 6 0 1 5 3 0  5 .18333-07  
3 6 4 1 5 3 0  8 .83153-05  
3 6 0 1 5 4 0  1 . 6 2 4 1 3 - 0 7  
3 6 3 1 5 4 0  2 . 5 4 1 0 3 - 0 1  
3 6 0 1 5 5 0  4 .12663-08  
3 6 4 1 5 5 1  1 .79273-15  
3 6 0 1 5 6 0  3 .37073-08  
3 6 4 1 5 6 0  3 .76273-01  
3 6 1 1 5 7 0  5 . 9 9 8 4 3 - 0 8  
3 5 9 1 5 8 0  4 .61013-14  
3 6 3 1 5 8 0  2 . 5 9 1 3 3 - 0 6  
3 6 1 1 5 9 0  2 . 7 8 4 7 3 - 1 0  
3 6 5 1 5 9 0  1 .61923-02  
3 6 3 1 6 0 0  1 .17453-08  
3 6 0 1 6 1 0  6 .75313-15  
3 6 4 1 6 1 0  2 .57663-08  
3 6 2 1 6 2 0  1 . 0 1 1 1 3 - 1 0  
3 6 5 1 6 2 1  1 . 2 8 4 5 3 - 0 8  
3 6 4 1 6 3 0  1 . 9 4 6 2 3 - 0 9  
3 6 3 1 6 4 0  2 .84223-12  
3 6 2 1 6 5 0  2 .74853-15  
3 6 6 1 6 5 0  4 .43673-07  
3 6 7 1 6 6 0  1 . 4 6 1 5 3 - 0 6  
3 6 8 1 6 7 1  7 .70973-13  
3 6 8 1 7 0 0  7 .00903-11  
3 6 8 1 7 1 0  9 . 8 6 5 7 3 - 1 6  
3 6 9 1 7 2 0  1 . 8 4 0 1 3 - 1 2  

3 5 8 1 4 2 0  7 .92873+00  

3 6 0 1 4 4 0  6 .41253+00  

0 3 .300003+04  

5 9 1 4 0 0  4 .84673-10  5 2 1 4 1 0  
5 5 1 4 1 0  2 .54423-06  5 6 1 4 1 0  

5 5 1 4 2 0  1 . 0 3 6 8 3 - 0 7  5 6 1 4 2 0  
5 9 1 4 2 0  5 .39553-04  5 9 1 4 2 1  
5 4 1 4 3 0  4 .46173-10  5 5 1 4 3 0  
5 8 1 4 3 0  1 .57063-02  5 9 1 4 3 0  
5 4 1 4 4 0  2 .61783-10  5 5 1 4 4 0  

5 4 1 4 5 0  2 .61543-11  5 5 1 4 5 0  
5 8 1 4 5 0  1 . 6 2 9 2 3 - 0 5  5 9 1 4 5 0  
5 5 1 4 6 0  6 .10623-11  5 6 1 4 6 0  
5 9 1 4 6 0  1 .06143-04  6 0 1 4 6 0  
5 4 1 4 7 0  4 .33843-14  5 5 1 4 7 0  
5 8 1 4 7 0  3 . 9 5 6 2 3 - 0 6  5 9 1 4 7 0  
6 2 1 4 7 0  3 .61923-01  5 5 1 4 8 0  
5 8 1 4 8 0  1 .78983-06  5 9 1 4 8 0  
6 1 1 4 8 1  9 .19203-03  6 2 1 4 8 0  
5 8 1 4 9 0  2 .32653-08  5 9 1 4 9 0  
6 2 1 4 9 0  1 . 4 2 7 6 3 - 0 2  5 5 1 5 0 0  
5 8 1 5 0 0  1 . 0 8 9 2 3 - 0 8  5 9 1 5 0 0  

5 9 1 5 1 0  4 .98383-08  6 0 1 5 1 0  
6 3 1 5 1 0  5 .55623-05  5 6 1 5 2 0  
5 9 1 5 2 0  4 .61543-08  6 0 1 5 2 0  
6 2 1 5 2 0  8 .75373-01  6 3 1 5 2 0  
5 7 1 5 3 0  3 .19553-13  5 8 1 5 3 0  
6 1 1 5 3 0  2 . 8 2 9 2 3 - 0 6  6 2 1 5 3 0  
5 7 1 5 4 0  5 .92453-15  5 8 1 5 4 0  
6 1 1 5 4 0  8 .40613-07  6 1 1 5 4 1  
6 4 1 5 4 0  1 . 5 0 1 7 3 - 0 2  5 8 1 5 5 0  
6 1 1 5 5 0  1 .16913-07  6 2 1 5 5 0  
6 4 1 5 5 0  4 .76903-04  5 8 1 5 6 0  
6 1 1 5 6 0  2 .36613-08  6 2 1 5 6 0  
5 8 1 5 7 0  4 .41553-15  5 9 1 5 7 0  
6 2 1 5 7 0  7 .69353-07  6 3 1 5 7 0  
6 0 1  580 1 . 9 4 0 6 3 - 1 0  61 1 5 8 0  
6 4 1 5 8 0  1 .16673-01  5 9 1 5 9 0  
6 2 1 5 9 0  6 .75123-08  6 3 1 5 9 0  
6 0 1 6 0 0  3 . 7 3 1 4 3 - 1 3  6 1 1 6 0 0  
6 4 1 6 0 0  7 .84033-03  6 5 1 6 0 0  
6 1 1 6 1 0  1 . 4 6 8 3 3 - 1 2  6 2 1 6 1 0  
6 5 1 6 1 0  8 .25763-05  6 6 1 6 1 0  
6 3 1 6 2 0  ' 7 .77633-09  6 4 1 6 2 0  
6 6 1 6 2 0  2 .26713-03  6 2 1 6 3 0  
6 5 1 6 3 0  2 .65183-08  6 6 1 6 3 0  
6 4 1 6 4 0  1 . 0 6 9 5 3 - 0 8  6 5 1 6 4 0  
6 3 1 6 5 0  5 .14623-13  6 4 1 6 5 0  
6 6 1 6 5 1  1 .70673-09  6 7 1 6 5 0  
6 7 1 6 6 1  8 .59213-06  6 8 1 6 6 0  
6 8 1 6 8 0  4 .83023-05  6 8 1 6 9 0  
6 9 1 7 0 0  4 .91133-08  6 9 1 7 0 1  
6 9 1 7 1 0  4 .49663-09  7 0 1 7 1 0  
7 0 1 7 2 0  1 .81203-10  0 

5 9 1 4 1 0  7 .49803+00  5 2 1 4 2 0  

5 8 1 4 4 0  2 .74303+00  5 9 1 4 4 0  

6 2 1 5 0 0  2.09683+00 6 3 1 5 0 0  

3 .240893+14  3 .753+01  

1 .23503-04  
4.23923-07 
2 .35923-05  
8 .36933-07  
1 .74343-06 '  
6 . 2 8 1 3 3 - 0 2  
2 . 6 4 0 6 3 - 1 1  
3 .59163-02  
1 .38773-05  
7.90373-05 
8 .161  03-02 
5 .25063-1  0 
6 . 2 1 0 2 3 - 0 4  
8 .98663-01  
7 .79733-09  
3 .32053-05  
8 . 3 8 9 1  3-07 
6 .59833-06  
1 . 2 0 4 7 3 - 0 1  
1 . 8 8 1 9 3 - 0 6  
1 .34153-06  
1 .23593-04  
4.08013-05 
4 .45433-06  
5 . 0 2 0 5 3 - 1 1  
1 .70093-01  
7 .15983-1  3 
1 .57583-04  
1 - 6 1 2 2 3 - 1 3  
8 - 6 9 9 7 3 - 0 5  
1 - 4 6 5 4 3 - 0 6  
4 .99933-08  
1 - 5 2 5 3 3 - 0 1  
8 .87173-09  
1 .16873-04  
1 .22483-09  
1 .94943-03  
3 .72343-08  

2 . 9 6 6  1 3-1 1 
4 .18493-05  
6 .95483-13  
6 - 4 1 0 0 3 - 0 6  

4 .52593-06  
4 .04403-16  
2 . 7 5 8 3 3 - 0 7  
1 .28193-09  
1 .37643-05  
1 .19993-14  
8 . 9 3 3 5 3 - 0 6  

2 .18423-10  
7 - 5 1 6 9 3 - 0 3  
5 .25923-11  
9 .26603-08  
1 . 1 9 2 8 3 - 1 2  
5 . 0 3 1 2 3 - 0 6  
1 .83253-13  
8 .15973-05  
1 . 6 3 9 1 3 - 1 2  
1 . 4 3 2 9 3 - 0 4  
1 . 0 9 7 5 3 - 0 9  
2 .13203-15  
5.47823-07 
1 .06683-11  
5 - 6 0 3 4 3 - 0 4  
5 .27803-10  
2 .49513-03  
3.16493-08 
1 - 4 5 3 5 3 - 1 2  
1 . 7 6 8 5 3 - 0 3  
1 .83903-09  
2 - 7 3 6 8 3 - 1 0  
8 .591  23-04 
2 .70773-04  

4.68893+00 

1.08593+00 

2 .06873-04  

2 .15613-08  
2 .36553-21  
2 - 3 5 2 5 3 - 0 9  
0.0 

5 2 1 2 9 1  
481 300 
51  1 3 0 1  
$ 4 1  300 
5 1 1 3 1 0  
5 4 1 3 1 0  
5 0 1  320 
5 3 1 3 2 0  
491 330 
521 3 3 1  
541 331 
5 1  1 3 4 0  
5 3 1 3 4 1  
5 5 1  341 
5 2 1  350 
551 350 
5 0 1  360 
5 3 1 3 6 1  
5 6 1 3 6 1  
5 4 1  370 
5 1 1 3 8 0  
551 380 
5 1  1 3 9 0  
5 5 1  390 
5 3 1  400  
5 7 1 4 0 0  
5 3 1 4 1 0  
5 7 1 4 1 0  
5 3 1 4 2 0  
5 7 1  420  
6 0 1  420  
5 6 1  430 
6 0 1 4 3 0  
5 6 1  440  
5 9 1 4 4 1  
5 6 1  450  
6 0 1 4 5 0  
5 7 1 4 6 0  
6 1 1 4 6 0  
5 6 1  470  
6 0 1  470  
5 6 1  480  
6 0 1  480 
561 490  
6 0 1  490  
5 6 1  5 0 0  
6 0 1  5 0 0  
5 7 1 5 1 0  
6 1 1 5 1 0  
571 520 
61 1 5 2 0  
6 3 1 5 2 1  
5 9 1 5 3 0  
6 3 1  5 3 0  
591 540 
6 2 1  5 4 0  
5 9 1 5 5 0  
6 3 1  550 
591 560 
6 3 1  560 
6 0 1  5 7 0  
6 4 1 5 7 0  
6 2 1  580 
6 0 1  590 
6 4 1  590 
6 2 1  6 0 0  
6 6 1  6 0 0  
6 3 1 6 1 0  
6 1  1 6 2 0  
6 5 1  6 2 0  
6 3 1  6 3 0  
6 2 1  6 4 0  
6 6 1  6 4 0  
6 5 1  6 5 0  
6 6 1  660 
6 8 1  670 
6 9 1  6 9 0  
701 7 0 0  
6 8 1 7 2 0  

0 

1 .28753-02  
2 .60083-11  
1 .61413-05  
9 .27043-02  
1 . 0 2 8 8 3 - 0 4  

5.82583-07 
1 .07493-03  
2.87443-1 2 
2.11 803-04  
1 .07603-03  
9 .37373-08  
4.52963-06 
5.16523-05 
1 .46443-06  
2 .21693+00  
2 . 5 2 8 6 3 - 1 2  
2 .14793-06  
2 .20533-1  0 
3 .60313-05  
2 .23503-12  
3 .12933-04  
2 .17713-1  3 
8 .64883-05  
3 .95053-09  
2 .31033-02  
3 .04843-10  
2 .04453-03  
2 .20843-11  
7 .72583-04  
1 .79313-01  
1 .60103-06  

9 .65973-07  
5.79583-07 
2 .82113-07  

4.57033-07 
5 .02443-05  
8 .73883-09  
5 .59983-02  
4 .11573-09  

7 .31283-11  
2 .15463-04  
1 .07533-11  
1 .17683+00  
6 .00443-11  
1 .E91 53 -03  
2 .18793-12  
3 .27283-06  
3 .01953-07  
1 .37243-08  
7 .0310E-01  
5 . 6 1  233-10  
2 .42413-01  
1 - 6 1 9 0 3 - 1 0  
9 .03733-02  
8 . 1  8 6  1 3-1 2 
2 .45173-02  
6 .72883-10  
5.30493-04 
2 .31703-06  ' 

3 .36873-12  
4.27583-05 

3.19883+00 

5 .27153+00  

4.63403+00 

2 .49743+00  

5 .25623-08  
1 .15113-03  
4.19253-09 
2 .09913-14  
2 .34123-08  
9 .85173-11  
2 .05383-13  
2.59203-04 
1 .46413-10  
9 .31423-07  
1.81843-05 
3.05103-07 
4 .63423-08  
2 .44583-1  8 
0 .0  
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APPENDIX C 

COMPARATIVE RATIO TABLES IN GRAM-ATOMS 
(See table descriptions in Sect. 4.1) 
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CASE: DECAY ONLY, OP ORIGEN2 DISCHARGE RESULTS FOR PWR, 3.2 WT X 6 33 GWD/MTU G-ATOMS PER' MTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  2n YR . . . . . . . . . . . . . . . . . . . . . .  - __. -- --. 
ORIGBN2 ORIGEN-S CINDER ORIGEN2 ORIGEN-S CINDER = pBz pBz 

AVG AVG AVG ORS CIN CIN AVG AVG AVC ORS CIN CIN 
SE 79 7.4303-02 7.4301-02 7.4301-02 1.000 1.000 1.000 1.00 1.00 1.00 7.4291-02 7.9291-02 7.429E-02 1.000 1.000 1.000 1.00 1.00 1.00 
KR 8 5  1.485E-01 1.4858-01 1.485B-01 1.000 1.000 1,000 1.00 1.00 1-00 7.781E-02 7.780B-02 7.7801-02 1.000 1.000 1.000 1.00 1.00 1.00 
SR 89 5.7071-23 5.694B-23 5.7153-23 1.000 0.998 1.002 1.00 1.00 1.00 0.0 0.0 9.6493-45 0.0 0.0 0.0 0 . 0  0.0 0.0 
SR 90 4.694E+OO 4.693E+00 4.694B+00 1.000 1.000 1.000 1.00 1.00 1.00 3.6991+00 3.699E+00 3.6991+00 1.000 1.000 1.000 1.00 1.00 1.00 
Y 90 1.177E-03 1.177E-03 1.177E-03 1.000 1.000 1.000 1.00 1.00 1-00 9.277E-04 9-2771-04 9.277B-04 1.000 1.000 1.000 1.00 1.00 1.00 
Y 91 8.3541-20 8.348E-20 8.3718-20 1.000 0.999 1.002 1.00 1.00 1.00 1.346E-38 1.344E-38 1.3521-38 0.999 0.998 1.003 1.00 1.00 0.99 

ZR 95 5.279B-18 5.260E-18 5.677B-18 0.977 0.973 1,050 1.00 0.93 0.93 3.4493-35 3-4231-35 3.9903-35 0.953 0.945 1.102 1.01 0 .86  0 . 8 6  
NB 95 6.4393-18 6.416B-18 6.874E-18 0.979 0.976 1.045 1.00 0.94 0.93 9.2073-35 4.175B-35 4.8311-35 0.955 0.948 1.097 1.01 0.87 0.86 
TC 99 7.7851+00 7.785B+00 7.785E+OO 1.000 1.000 1.000 1.00 1.00 1.00 7.7848+00 7.784B+00 7.784E+OO 1.000 1.000 1.000 1.00 1.00 1.00 
RU106 1.693B-03 1.693E-03 1.693E-03 1.000 1.000 1.000 1.00 1.00 1-00 1.7421-06 1.7461-06 1.748B-06 0.998 1.000 1.002 1.00 1.00 1.00 
PD107 2.038E+00 2.038E+00 2.038B+00 1.000 1.000 1.000 1.00 1.00 1.00 2.038E+00 2.038B+00 2.038B+00 1.000 1.000 1.000 1.00 1.00 1.00 
SN126 2.174B-01 2.1743-01 2.174E-01 1.000 1.000 1.000 1.00 1.00 1.00 2.1741-01 2.1741-01 2.174B-01 1.000 1.000 1.000 1.00 1.00 1.00 
58125 9.492E-03 9.4923-03 9.4931-03 1.000 1.000 1.000 1.00 1.00 1-00 7.772B-04 7.7728-04 7.7741-04 1.000 1.000 1.000 1.00 1.00 1.00 
I129 1.386E+00 1.386E+00 1.390E+00 0.999 0.999 1.002 1.00 1.00 1.00 1.386E+00 1.3868+00 1.39OE+OO 0.999 0.999 1.002 1.00 1.00 1.00 

CS133 8.4733+00 8.4721+00 8.4691+00 1.000 1.000 1.000 1.00 1.00 1.00 8.4731+00 8.47233+00 8.469B+00 1.000 1.000 1.000 1.00 1.00 1.00 
CS134 3.1173-02 3.1168-02 3.1161-02 1.000 1.000 1.000 1.00 1.00 1.00 1.081E-03 1.08OE-03 1.081B-03 1.000 0.999 1.000 1.00 1.00 1.00 
CS135 2.2221+00 2.222B+00 2.222E+00 1.000 1.000 1.000 1.00 1.00 1.00 2.222E+00 2.2221+00 2.2223+00 1.000 1.000 1.000 1.00 1.00 1.00 
CS137 6.943E+OO 6.952E+OO 6.952E+00 0.999 1.000 1.000 1.00 1.00 1.00 5.511E+00 5.525Bc00 5.525E+00 0.998 1.001 1.001 1.00 1.00 1.00 
CE144 3.717E-04 3.720E-04 3.7343-04 0.998 0.999 1.003 1.00 1.00 1-00 5.037B-08 5.0461-08 5.082E-08 0.996 0.998 1.005 1.00 0.99 0.99 
ND143 5.442E+00 5.44OE+OO 5.440E+00 1.000 1.000 1.000 1.00 1.00 1.00 5.442B+00 5.440E+00 5.4401+00 1.000 1.000 1.000 1.00 1.00 1.00 
ND144 9.155E+00 9.155E+OO 9.155B+00 1.000 1.000 1.000 1.00 1.00 1.00 9.156E+00 9.156B+00 9.156B+00 1.000 1.000 1.000 1.00 1.00 1.00 
ND145 4.636E+OO 4.6361+00 4.636B+00 1.000 1.000 1.000 1.00 1.00 1.00 4.636B+00 4.6368+00 4.636B+00 1.000 1.000 1.000 1.00 1-00 1.00 
ND146 4.689B+00 4.689E+00 4.6891+00 1.000 1.000 1.000 1.00 1.00 1.00 4.6891+00 4.6891+00 4.6891+00 1.000 1.000 1.000 1.00 1.00 1.00 
PM147 7.2186-02 7.2171-02 7.217E-02 1.000 1.000 1.000 1.00 1.00 1-00 5.1401-03 5.138B-03 5.139E-03 1.000 1.000 1.000 1.00 1.00 1.00 
SI4147 1.303E+00 1.303B+00 1.303E+OO 1.000 1.000 1.000 1.00 1.00 1.00 1.3701+00 1.370E+00 1.370E+00 1.000 1.000 1.000 1.00 1.00 1.00 
Sn148 1.107E+00 1.107E+00 1.107E+00 1.000 1.000 1.000 1.00 1.00 1.00 1.107E+00 1.107B+00 1.107E+00 1.000 1.000 1.000 1.00 1.00 1.00 

SM150 2.0973+00 2.097B+00 2.0971+00 1.000 1.000 1.000 1.00 1.00 1.00 2.097E+00 2.0971+00 2.0971+00 1.000 1.000 1.000 1.00 1.00 1.00 

ZR 93 7.726E+00 7.726E+00 7.726B+00 1.000 1.000 1.000 1.00 1.00 1.00 7.726E+00 7.726B+00 7.726B+00 1.000 1.000 1.000 1.00 1.00 1.00 

SM149 2.520E-02 2.521E-02 2.498E-02 1.003 1.003 0.994 1.00 1.01 1.01 2.520E-02 2.521B-02 2.498B-02 1.003 1.003 0.994 1.00 1.01 1.01 

SM151 8.388E-02 8.388E-02 8.3871-02 1.000 1.000 1.000 1.00 1.00 1.00 7.7661-02 7.766B-02 7.765B-02 1.000 1.000 1.000 1.00 1.00 1.00 
SM152 8.7541-01 8.7543-01 8.754E-01 1.000 1.000 1.000 1.00 1.00 1.00 8.755B-01 8.755B-01 8.7541-01 1.000 1.000 1.000 1.00 1.00 1.00 
EU153 7.107E-01 7.107B-01 7.106E-01 1.000 1.000 1.000 1.00 1.00 1 - 0 0  7.107B-01 7.107E-01 7.106E-01 1.000 1.000 1.000 1.00 1.00 1.00 
EU154 1.135E-01 1.135E-01 1.135E-01 1.000 1.000 1.000 1.00 1-00 1.00 5.0693-02 5.069E-02 5.069B-02 1.000 1.000 1.000 1.00 1.00 1.00 
EU155 2-2343-02 2.234E-02 2.234B-02 1.000 1.000 1.000 1.00 1.00 1.00 5.5213-03 5.523B-03 5.523B-03 1.000 1.000 1.000 1.00 1.00 1.00 
U234 8.125E-01 8.125E-01 8.121E-01 1.000 1.000 1.000 1.00 1.00 1-00 8.5433-01 8.5933-01 8.534B-01 1.000 1.000 0.999 1.00 1.00 1.00 
U235 3.387E+01 3.387E+01 3.387E+01 1.000 1.000 1.000 1.00 1.00 1.00 3.3883+01 3.3881+01 3.387B+01 1.000 1.000 1.000 1.00 1.00 1.00 
U236 1.679B+01 1.679Ec01 1.678E+O1 1.000 1.000 1.000 1.00 1.00 1.00 1.680E+01 1.680E+01 1.6781+01 1.000 1.000 0.999 1.00 1.00 1.00 
U238 3.9671+03 3.9673+03 3.9671+03 1.000 1.000 1.000 1.00 1.00 1.00 3.9671+03 3.967B+03 3.9671+03 1.000 1.000 1.000 1.00 1.00 1.00 

NP237 1.8873+00 1.8873+00 1.8691+00 1.003 1.003 0.994 1.00 1.01 1.01 1.930E+00 1.929B+00 1.869E+00 1.011 1.010 0.979 1.00 1.03 1.03 
PU238 5.497E-01 5.4971-01 5.497E-01 1.000 1.000 1.000 1.00 1.00 1.00 5.0801-01 5.080E-01 5.080E-01 1.000 1.000 1.000 1.00 1.00 1.00 
PU239 2.106E+01 2.106B+01 2.106E+Ol 1.000 1.000 1.000 1.00 1.00 1.00 2.105E+01 2.105E+01 2.105B+01 1.000 1.000 1.000 1.00 1.00 1.00 
PU240 9.6543+00 9.654B+00 9.623E+00 1.001 1.001 0.998 1.00 1.00 1.00 9.6651+00 9.6651+00 9.612B+00 1.002 1.002 0.996 1.00 1.01 1.01 
PU241 3.135E+OO 3.1668+00 3.166E+00 0.993 1.003 1.003 0.99 0.99 1.00 1.9371+00 1.976B+00 1.976B+00 0.987 1.007 1.007 0.98 0.98 1.00 
PU242 1.870E+00 1.870E+00 1.870E+00 1.000 1.000 1.000 1.00 1.00 1.00 1.8701+00 1.870E+00 1.870E+00 1.000 1.000 1.000 1-00 1.00 1.00 
AM241 2.0391+00 2.0083+00 2.008E+OO 1.010 0.995 0.995 1.02 1.02 1.00 3.194B+00 3.156E+00 3.1561+00 1.008 0.996 0.996 1.01 1.01 1.00 
AM242 2.965B-08 2.966E-08 2.979B-08 0.998 0.999 1.003 1.00 1.00 1-00 2.833B-08 2.8343-08 2.8461-08 0.998 0.999 1.003 1.00 1.00 1.00 
AM243 3.535E-01 3.5358-01 3.5358-01 1.000 1.000 1.000 1.00 1.00 1 .00  3.5318-01 3.531E-01 3.531%-01 1.000 1.000 1.000 1.00 1.00 1.00 
CM242 6.007E-06 6.0091-06 6.042E-06 0.998 0.998 1.004 1.00 0.99 0.99 5.7283-06 5.7301-06 5.764E-06 0.998 0.998 1.004 1.00 0.99 0.99 
(31243 1.060E-03 1.060E-03 1.060E-03 1.000 1.000 1.000 1.00 1.00 1.00 8.3101-04 8-3103-04 8.3103-04 1.000 1.000 1.000 1-00 1.00 1.00 
(31244 6.717E-02 6.7168-02 6.717E-02 1.000 1.000 1.000.1.00 1.00 1.00 4.5813-02 4.5801-02 4.5811-02 1.000 1.000 1.000 1.00 1.00 1.00 
CM245 3.5081-03 3.5083-03 3.5081-03 1.000 1.000 1.000 1.00 1.00 1-00 3.505B-03 3.505B-03 3.505E-03 1.000 1.000 1.000 1.00 1.00 1.00 
CM246 4.176E-04 4.1763-04 4.1761-04 1.000 1.000 1.000 1.00 1.00 1.00 4.170B-04 4.170B-04 4.1701-04 1.000 1.000 1.000 1.00 1.00 1.00 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0.15 0.15 0.26 0.1 0.4 0.4 0.28 0.28 0.52 0.1 0.7 0.7 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 0.09 0.09 0.16 0.0 0.2 0.2 0.17 0.17 0.32 0.1 0.5 0.4 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 0.04 0.03 0 . 0 6  0.0 0.1 0.1 0.07 0 . 0 6  0.12 0.0 0.2 0.2 
NUCS EXCLUDED, 1ST/2ND: AM241 SR 89 ZR 95 / PU241 SR 90 NB 95 PU241 CS134 ZR 95 / An241 (31244 NB 95 
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' 4  0 .# 

G-ATOUS PER MTU CASK: PUR, 3.10 WT I U-235, 3.443 AT I BURNUP (33.0 GWD/UTU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 Y R  . . . . . . . . . . . . . . . . . . . . . .  
ORIGBNZ ORIGEN-S CINDER N pBs pBa pBa Pag ORIGENZ ORIGBN-8 CINDBR pBz Pag pB? pB? pB8 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
SK 79 7.9151-02 6.8093-02 6.278E-02 1.085 0.996 0.919 1.09 1.18 1-08 7-4146-02 6.8091-02 6.277B-02 1.085 0.996 0.919 1.09 1.18 1.08 
KR 85 2.7951-01 2.7801-01 2.8011-01 1.001 0.996 1.003 1.01 1-00 0.99 2.0341-01 2.023E-01 2.0381-01 1.001 0.996 1.003 1.01 1.00 0.99 
SR 89 2.2051-01 2.226B-01 2.1781-01 1.001 1.010 0.989 0.99 1.01 1-02 4.3201-12 4.3581-12 4.2721-12 1.001 1.010 0.990 0.99 1.01 1.02 
SR 90 5.8771+00 5.8463+00 5.9771+00 0.996 0.991 1.013 1.01 0.98 0.98 5.2281+00 5.2001+00 5.316B+00 0.996 0.991 1.013 1.01 0.98 0.98 
Y 90 1.4741-03 1.4661-03 1.4991-03 0.996 0.991 1.013 1-01 0.98 0.98 1.3111-03 1.3043-03 1.3331-03 0.996 0.991 1.013 1.01 0.98 0.98 
Y 91 3.5831-01 3.6061-01 3.5791-01 0.998 1.005 0.997 0.99 1-00 1-01 2.0521-10 2.0651-10 2.0531-10 0.998 1.004 0.998 0.99 1.00.1.01 

ZR 93 7.6751+00 7.7481+00 7.5711+00 1.001 1.011 0.988 0.99 1.01 1.02 7.6751+00 7.7481+00 7.5711+00 1.001 1.011 0.988 0.99 1.01 1.02 
ZR 95 5.807B-01 5.8611-01 5.7771-01 0.999 1.008 0.993 0.99 1.01 1.01 2.0541-09 2.0701-09 2.1181-09 0.987 0.995 1.018 0.99 0.97 0.98 
NB 95 4.1281-01 4.1651-01 4-0861-01 1.000 1.009 0.990 0.99 1-01 1-02 2.5063-09 2.5253-09 2.5651-09 0.990 0.997 1.013 0.99 0.98 0.98 
TC 99 7.7671+00 7.9251+00 7.9041+00 0.987 1.008 1.005 0.98 0.98 1.00 7.7671+00 7.9251+00 7.9049+00 0.987 1.008 1.005 0.98 0.98 1.00 
RU106 1.5873+00 1.5031+00 1.617E+00 1.011 0.958 1.031 1.06 0.98 0.93 5.3953-02 5.1081-02 5.4978-03 1.012 0.958 1.031 1.06 0.98 0.93 
PD107 2.0941+00 1.9281+00 2.1473+00 1.018 0.938 1.044 1.09 0.98 0.90 2.0941+00 1.9289+00 2.1471+00 1.018 0.938 1.044 1.09 0.98 0.90 
SN126 2.202E-01 1.5611-01 1-7941-01 1.189 0.843 0.969 1.41 1.23 0.87 2.2023-01 1.5613-01 1.7941-01 1.189 0.843 0.969 1.41 1.23 0.87 
SB125 1.1511-01 7.5611-02 6.296B-02 1.361 0.894 0.745 1.52 1.83 1.20 3.3663-02 2.2113-02 1.8911-02 1.361 0.894 0.745 1.52 1.83 1.20 
I129 1.3883+00 1.443B+00 1.3901+00 0.986 1.026 0.988 0.96 1.00 1.04 1.3951+00 1.4503+00 1.3991+00 0.986 1.025 0.989 0.96 1.00 1.04 

1x133 8.4481+00 8.625B+00 8.4533+00 0.993 1.014 0.993 0.98 1.00 1.02 8.4493+00 8.6271+00 8.4551+00 0.993 1.014 0.993 0.98 1.00 1.02 
CS134 8.8613-01 8.7378-01 8-7691-01 1.008 0.994 0.998 1.01 1.01 1.00 1.6961-01 1.6731-01 1.6791-01 1.008 0.994 0.998 1.01 1.01 1.00 
CS135 2.1961+00 2.4661+00 2.434E+00 0.928 1.043 1.029 0.89 0.90 1.01 2.1961+00 2.4661+00 2.4341+00 0.928 1.043 1.029 0.89 0.90 1.01 
CS137 8.7331+00 8.7431+00 8.9811+00 0.990 0.991 1.018 1.00 0.97 0.97 7.7951+00 7.8091+00 8.0211+00 0.990 0.992 1.019 1.00 0.97 0.97 
C1144 2.5371+00 2.5513+00 2.5461+00 0.997 1.002 1.001 0.99 1.00 1.00 3.1771-02 3.1963-02 3.1961-02 0.996 1.002 1.002 0.99 0.99 1.00 
ND143 5.3508+00 5.6511+00 5.5511+00 0.970 1.024 1.006 0.95 0.96 1.02 5.3871+00 5.6883+00 5.5881+00 0.970 1.024 1.006 0.95 0.96 1.02 
ND144 6.6143+00 6.4461+00 6.4421+00 1.017 0.992 0.991 1.03 1.03 1-00 9.1191+00 8.9651+00 8.9561+00 1.012 0.995 0.994 1.02 1.02 1.00 
ND145 4.6123+00 4.7123+00 4.6171+00 0.992 1.014 0.994 0.98 1.00 1-02 4.6121+00 4.7121+00 4.6171+00 0.992 1.014 0.994 0.98 1.00 1.02 
ND146 4.690B+00 4.6251+00 4.6931+00 1.004 0.991 1.005 1.01 1.00 0.99 4.6901+00 4.6251+00 4.6931+00 1.004 0.991 1.005 1.01 1.00 0.99 
PU147 9.6991-01 1.2921+00 1.2151+00 0.837 1.115 1.048 0.75 0.80 1.06 2.6691-01 3.5481-01 3.3361-01 0.838 1.114 1.048 0.75 0.80 1.06 
81147 3.7723-01 4.119B-01 4.3931-01 0.921 1.006 1.073 0.92 0.86 0.94 1.0891+00 1.3583+00 1.3291+00 0.865 1.079 1.056 0 . 8 0  0.82 1.02 
SRl48 1.1051+00 7.359B-01 8.3181-01 1.240 0 . 8 2 6  0.934 1.50 1.33 0.88 1.1111+00 7.4173-01 8.3951-01 1.238 0.826 0.935 1.50 1.32 0.88 
SR149 2.5093-02 3.1063-02 2.7041-02 0.905 1.120 0.975 0.81 0.93 1.15 2.5101-02 3.1063-02 2.7041-02 0.905 1.120 0.975 0.81 0.93 1.15 
SR150 2.1041+00 2.1511+00 2.1401+00 0.987 1.009 1.004 0.98 0.98 1-01 2.1041+00 2.1511+00 2.1401+00 0.987 1.009 1.004 0.98 0.98 1.01 
SU151 9.0388-02 1.0691-01 8.5201-02 0.960 1.135 0.905 0.85 1.06 1.25 8-7021-02 1.0303-01 8.2033-02 0.960 1.136 0.905 0.84 1.06 1.26 
SU152 8.7758-01 8.8188-01 7.0741-01 1.067 1.072 0 . 8 6 0  1.00 1.24 1.25 8.7751-01 8.8181-01 7.0741-01 1.067 1.072 0.860 1.00 1.24 1.25 
EU153 7.1791-01 7.3321-01 8.0361-01 0.955 0.976 1.069 0.98 0.89 0.91 7.1801-01 7.3323-01 8.0361-01 0.955 0.976 1.069 0.98 0.89 0.91 
EU154 2.5731-01 2.5871-01 2.2751-01 1.038 1.044 0.918 0.99 1.13 1.14 1.7311-01 1.7403-01 1.5301-01 1.038 1.044 0.918 0.99 1.13 1.14 
EU155 9.1141-02 9.7951-02 8.7871-02 0.987 1.061 0.952 0.93 1.04 1.11 4-5841-02 4-9261-02 4.4191-02 0.987 1.061 0.952 0.93 1.04 1.11 
U234 7.2123-01 6.9623-01 6.8261-01 1.030 0.995 0.975 1-04 1.06 1.02 7.4411-01 7.2091-01 6.9051-01 1.036 1.003 0.961 1.03 1.08 1.04 
U235 3.1861+01 3.2581+01 3.3811+01 0.973 0.995 1.032 0.98 0.94 0.96 3.1861+01 3.2591+01 3.3811+01 0.973 0.995 1.032 0.98 0.94 0.96 
U236 1.6371+01 1.6381+01 1.6301+01 1.001 1.002 0.997 1.00 1.00 1.00 1.6371+01 1.6391+01 1.6301+01 1.001 1.002 0.997 1.00 1.00 1.01 
U238 3.9693+03 3.9651+03 3.9661+03 1.001 1.000 1.000 1.00 1.00 1.00 3.9691+03 3.9651+03 3.9661+03 1.001 1.000 1.000 1.00 1.00 1.00 

NP237 1.8633+00 1.9571+00 1.8021+00 0.994 1.044 0.962 0.95 1.03 1.09 1.8711+00 1.9651+00 1.8043+00 0.995 1.045 0.960 0.95 1.04 1.09 
PU238 5.614B-01 6.0971-01 5.0531-01 1.005 1.091 0.904 0.92 1 - 1 1  1.21 5.8431-01 6.3081-01 5.3021-01 1.004 1.084 0.911 0.93 1.10 1.19 
PU239 Z.1111+01 2.3691+01 2.2141+01 0.946 1.062 0.992 0.89 0.95 1.07 2.1111+01 2.3691+01 2.2141+01 0.946 1.062 0.992 0.89 0.95 1.07 
PU240 9.7343+00 8.7171+00 8.6613+00 1.077 0.965 0.958 1.12 1.12 1.01 9.7471+00 8.7301+00 8.6561+00 1.078 0.965 0.957 1.12 1.13 1.01 
PU241 5.1511+00 5.892B+00 5.8771+00 0.913 1.045 1.042 0.87 0.88 1.00 4.065B+00 4.6721+00 4.6613+00 0.910 1.046 1.044 0.87 0.87 1.00 
PU242 1.9541+00 1.993B+00 2.3571+00 0.930 0.948 1.122 0.98 0.83 0.85 1.9541+00 1.9931+00 2.3571+00 0.930 0.948 1.122 0.98 0.83 0.85 
An241 1.4121-01 1.6351-01 1.7643-01 0.880 1.020 1.100 0.86 0.80 0.93 1.2211+00 1.3771+00 1.3831+00 0.920 1.038 1.042 0.89 0.88 1.00 
An242 3.1641-08 5.225B-08 2.5571-08 0.867 1.432 0.701 0.61 1.24 2.04 3.0931-08 5.1091-08 1.5011-08 0.867 1.432 0.701 0.61 1.24 2.04 
An243 3.7781-01 4.1601-01 4.8261-01 0.888 0.978 1.134 0.91 0.78 0.86 3.7761-01 4.1581-01 4.8131-01 0 . 8 8 8  0.978 1-134 0.91 0.78 0 .86  
(321242 4.5731-02 4.5861-02 4.5641-02 1.000 1.003 0.998 1.00 1-00 1.00 2.8481-05 3.2621-05 2.6941-05 0.970 1.112 0.918 0.87 1.06 1.21 
(321243 1.4318-03 3.8361-04 1.2841-03 1.385 0.371 1.243 3.73 1.11 0.30 1.2701-03 3.4031-04 1-1391-03 1.386 0.371 1.243 3.73 1.12 0.30 
CU244 1.0751-01 1.0471-01 1.3351-01 0.933 0.909 1.159 1.03 0.81 0.78 8.908B-02 8-6711-02 1-1061-01 0.933 0.908 1.159 1.03 0.81 0.78 
(321245 3.897E-03 4.1751-03 6.037B-03 0.829 0 . 8 8 8  1.284 0.93 0.65 0.69 3.8961-03 4.1731-03 6.0341-03 0.829 0.888 1.284 0.93 0 . 6 5  0.69 
(31246 4.763B-04 5.0141-04 6.4621-04 0.880 0.926 1.194 0.95 0.74 0.78 4.7603-04 5.0101-04 6.4571-04 0.880 0.926 1.194 0.95 0.74 0.78 

AVERAGE-ABSOLUTE-DEVIATION, AS I 6.01 5.93 5.94 13.3 10.1 10.4 6.14 6.27 5.99 13.7 10.2 10.6 
AV-ABS-DBV EXCLUDING LARGEST ONE, I 4.50 4.57 4.71 6.7 8.3 7.1 4.64 4.93 4.76 7.0 8.4 7.3 
AV-ABS-DEV EXCLUDING LARGKST TWO. I 3.72 3.39 3.80 6.7 7.7 6.6 3.87 3.77 3.86 7.1 7.8 6 . 8  
NUCS KXCLUDKD, 1ST/2ND: SB125 CU243 (321245 / SU148 An242 (33246 SB125 cn243 cu245 SM148 ~ ~ 2 4 2  ~ ( 2 4 6  



CASE: PUR, 3.10 WT I U-235, 3.443 AT I BURNUP 03.0 GWD/UTU, APPROX.) G-ATOM PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  2 0  YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGENZ ORIGEN-S CINDER QR2 W QR2 pBa ORIGENZ ORIGEN-S CINDER ,pB? pBB a pB? pB? 988 

AVG AVG AVG ORS CIN CIN AVO AVG AVG ORB CIN CIU 
SE 79 7-4143-02 6.8093-02 6.2771-02 1.085 0.996 0.919 1.09 1.18 1.08 7.4133-02 6.8081-02 6.2761-02 1.085 0.996 0.919 1.09 1.18 1.08 
KR 85 1.4721-01 1.4643-01 1.4753-01 1.001 0.996 1.003 1.01 1.00 0.99 7.7101-02 7.6693-02 7.7281-02 1.001 0.996 1.003 1.01 1-00 0.99 
SR 89 5.6071-23 5.6523-23 5.5513-23 1.001 1.009 0.991 0.99 1.01 1.02 0.0 0.0 9.3731-45 0.0 0.0 0.0 0 . 0  0.0 0.0 
SR 90 4.6413+00 4.6171+00 4.7203+00 0.996 0.991 1.013 1.01 0.98 0.98 3.6583+00 3.6391+00 3.7203+00 0.996 0.991 1.013 1.01 0.98 0.98 
Y 90 1.1643-03 1.1583-03 1.1843-03 0.996 0.991 1.013 1.01 0.98 0.98 9.1741-04 9.1253-00 9.3293-04 0.996 0.991 1.013 1.01 0.98 0.98 
Y 91 8.2373-20 8.2853-20 8.2501-20 0.998 1.003 0.999 0.99 1.00 1.00 1.3271-38 1.3343-38 1.3331-38 0.997 1.002 1.001 0.99 1.00 1.00 

ZR 95 5.2523-18 5.2813-18 5.6163-18 0.976 0.981 1.043 0.99 0.94 0.94 3.4313-35 3.4371-35 3.9463-35 0.952 0.953 1.095 1.00 0.87 0.87 
NB 95 6.4051-18 6-4413-18 6.8001-18 0.978 0.984 1.038 0.99 0.94 0.95 4.1851-35 4.1923-35 4.7798-35 0.954 0.956 1.090 1.00 0 . 8 8  0 .88  
TC 99 7.7673+00 7.9251+00 7.9043+00 0.987 1.008 1.005 0.98 0.98 1.00 7.7671+00 7.9253+00 7.9031+00 0.988 1.008 1.005 0.98 0.98 1.00 
RU106 1.7333-03 1.6411-03 1.7661-03 1.011 0.958 1.031 1.06 0.98 0.93 1.8593-06 1.6931-06 1.8231-06 1.038 0.945 1.017 1.10 1.02 0.93 

ZR 93 7.6751+00 7.7483+00 7.5711+00 1.001 1.011 0.988 0.99 1.01 1.02 7.6753+00 7.7483+00 7.5713+00 1.001 1.011 0.988 0.99 1.01 1.02 

~ ~ 1 0 7  z.o941+oo i.9283+00 2.147~+00 1.018 0.938 1.044 1.09 0.98 0.90 2.0943+00 1.92ee+oo z.i47~+00 1.018 0.938 1.044 1.09 0.98 0.90 
SN126 2.2021-01 1.5611-01 1.7941-01 1.189 0.843 0.969 1.41 1.23 0.87 2.2021-01 1.5613-01 1.7943-01 1.189 0.843 0.969 1.41 1.23 0.87 
88125 9.6333-03 6.3271-03 5.2681-03 1.361 0.894 0.744 1.52 1.83 1.20 7.8883-04 5.1801-04 4.3141-04 1.361 0.894 0.745 1.52 1.83 1.20 
I129 1.3953+00 1.4503+00 1.3993+00 0.986 1.025 0.989 0.96 1.00 1.04 1.3953+00 1.4501+00 1.3991+00 0.986 1.025 0.989 0.96 1.00 1.04 

CS133 8.4491+00 8.6273+00 8.4551+00 0.993 1.014 0.993 0.98 1.00 1.02 8.4491+00 8.6271+00 8.4553+00 0.993 1.014 0.993 0.98 1.00 1.02 
CS134 3.1593-02 3.1141-02 3.1263-02 1.008 0.994 0.998 1.01 1.01 1.00 1.0461-03 1.0803-03 1-0841-03 1.009 0.994 0.998 1.01.1.01 1.00 
CS135 2.1963+00 2.4663+00 2.4343+00 0.928 1.043 1.029 0.89 0.90 1.01 2.1963+00 2.4668+00 2.4341+00 0.928 1.043 1.029 0.89 0.90 1.01 
CS137 6.9441+00 6.9611+00 7.1511+00 0.989 0.992 1.019 1.00 0.97 0.97 5.5123+00 5.5321+00 5.6831+00 0.989 0.992 1.019 1.00 0.97 0.97 
CB144 3.6991-04 3.7223-04 3.7291-04 0.995 1.001 1.003 0.99 0.99 1.00 5.001-08 5.0481-08 5.0763-08 0.990 1.000 1.006 0.99 0.99 0.99 
ND143 5.3873+00 5.6881+00 5.5883+00 0.970 1.024 1.006 0.95 0.96 1.02 5.3871+00 5.6883+00 5.5881+00 0.970 1.024 1.006 0.95 0.96 1.02 
ND144 9.1513+00 8.9973+00 8.9883+00 1.012 0.995 0.994 1.02 1.02 1.00 9.1513+00 8.9973+00 8.9881+00 1.012 0.995 0.994 1.02 1.02 1.00 
ND145 4.6121+00 4.7121+00 4.6171+00 0.992 1.014 0.994 0.98 1.00 1-02 4.6121+00 4.7121+00 4.6173+00 0.992 1.014 0.994 0.98 1.00 1.02 
ND146 4.6901+00 4.6253+00 4.6931+00 1.004 0.991 1.005 1.01 1.00 0.99 4.6901+00 4.6251+00 4.6931+00 1.004 0.991 1.005 1.01 1.00 0.99 
P1147 7.1218-02 9.4671-02 8.9021-02 0.838 1.114 1.048 0.75 0.80 1.06 5.0711-03 6.7403-03 6.3391-03 0.838 1.114 1.048 0.75 0 . 8 0  1.06 
81147 1.2843+00 1.6183+00 1.5741+00 0.861 1.084 1.055 0.79 0 . 8 2  1.03 1.3511+00 1.7063+00 1.6561+00 0 .860  1.086 1.054 0.79 0.82 1.03 
11108 1.1111+00 7.4173-01 8.3951-01 1.238 0 . 8 2 6  0.935 1.50 1.32 0 . 8 8  1.1111+00 7.4173-01 8.3951-01 1.238 0.826 0.935 1.50 1.32 0 . 8 8  ; 
S1149 2.510B-02 3.1063-02 2.7043-02 0.905 1.120 0.975 0.81 0.93 1.15 2.5101-02 3.1063-02 2.7043-03 0.905 1.120 0.975 0.81 0.93 1.15 
S1150 2.1041+00 2.1511+00 2.1401+00 0.987 1.009 1.004 0.98 0.98 1.01 2.1041+00 2.1513+00 2.1401+00 0.987 1.009 1.004 0.98 0.98 1.01 
61151 8.3733-02 9.9083-02 7.8931-02 0.960 1.136 0.905 0.85 1.06 1.26 7.7531-02 9.1738-02 7.308B-02 0.960 1.136 0.905 0.85  1.06 1.26 
81152 8.7763-01 8.8191-01 7.0743-01 1.067 1.072 0 . 8 6 0  1.00 1.24 1.25 8.7761-01 8.8191-01 7.0701-01 1.067 1.072 0 . 8 6 0  1.00 1.24 1.25 
BU153 7.1808-01 7.3323-01 8.0361-01 0.955 0.976 1.069.0.98 0.89 0.91 7.1801-01 7.3323-01 8-0363-01 0.955 0.976 1.069 0.98 0.89 0.91 
EU154 1.1571-01 1.1631-01 1.0231-01 1.038 1.044 0.918 0.99 1.13 1.14 5.1681-02 5.1953-02 4.5688-02 1.038 1.044 0.918 0.99 1.13 1.14 
BU155 2.2798-02 2.4493-02 2.1971-02 0.987 1.061 0.952 0.93 1.04 1.11 5.6321-03 6.0553-03 5.4321-03 0.987 1.061 0.952 0.93 1.04 1.11 
U234 7.6673-01 7.4531-01 6.9861-01 1.040 1.011 0.948 1.03 1.10 1.07 8.0993-01 7.9101-01 7.1373-01 1.009 1.026 0.925 1.02 1.13 1.11 

U236 1.6381+01 1.6391+01 1.6301+01 1.001 1.002 0.997 1.00 1.00 1.01 1.6393+01 1.6403+01 1.6301+01 1.002 1.002 0.996 1.00 1.01 1.01 
U238 3.9693+03 3.9653+03 3.9663+03 1.001 1.000 1.000 1.00 1.00 1.00 3.9693+03 3.9651+03 3.9661+03 1.001 1.000 1.000 1.00 1.00 1.00 

NP237 1.884E+00 1.9801+00 1.8043+00 0.997 1.048 0.955 0.95 1.04 1.10 1.928B+00 2.0293+00 1.8041+00 1.004 1.057 0.939 0.95 1.07 1.12 
PU238 5.6173-01 6.0651-01 5.0973-01 1.004 1.084 0.911 0.93 1.10 1.19 5.1911-01 5.6061-01 4.7113-01 1.004 1.084 0.911 0.93 1.10 1.19 
PU239 Z.1113+01 2.3693+01 2.2143+01 0.946 1.062 0.992 0.89 0.95 1.07 2.1101+01 2.3683+01 2.2133+01 0.946 1.062 0.992 0.89 0.95 1.07 
PU240 9.7573+00 8.7411+00 8.6523+00 1.078 0.966 0.956 1.12 1.13 1.01 9.7703+00 8.7541+00 8.6431+00 1.079 0.967 0.954 1.12 1.13 1.01 
Pu241 3.1953+00 3.6911+00 3.6821+00 0.907 1.048 1.045 0.87 0.87 1-00 1.9753+00 2.3031+00 2.2983+00 0.901 1.051 1.048 0 . 8 6  0 . 8 6  1.00 
PU242 1.9541+00 1.9933+00 2.3571+00 0.930 0.948 1.122 0.98 0.83 0 .85  1.9543+00 1.9931+00 2.3573+00 0.930 0.998 1.122 0.98 0.83 0 .85  
AI4241 2.0781+00 2.3433+00 2.3441+00 0.922 1.039 1.039 0.89 0.89 1.00 3.2551+00 3.6813+00 3.6753+00 0.920 1.041 1.039 0 . 8 8  0.89 1.00 
AI4242 3.0243-08 4.9948-08 2.4443-08 0.867 1.432 0.701 0.61 1.24 2.04 2.8893-08 4.7713-08 1.3351-08 0.867 1.432 0.701 0.61 1.24 2.04 
An243 3.7748-01 4.1561-01 4.821B-01 0 . 8 8 8  0.978 1.134 0.91 0.78 0 . 8 6  3.7711-01 4.1521-01 4.8171-01 0.888 0.978 1.139 0.91 0.78 0.86 
C1242 6.1261-06 1.0113-05 4.9603-06 0.867 1.431 0.702 0.61 1.24 2.04 5.8411-06 9.6471-06 4,7301-06 0.867 1.431 0,702 0.61 1.23 2.04 
(31243 1.1243-03 3.0143-04 1.0091-03 1.385 0.371 1.243 3.73 1.11 0.30 8.8161-04 3.3631-04 7.9103-04 1.386 0.371 1.243 3.73 1.11 0.30 
C1244 7.3563-02 7.1613-02 9.1323-02 0.933 0.908 1.158 1.03 0.81 0.78 5.0171-02 4.8833-02 6.2281-02 0.933 0.908 1.158 1.03 0.81 0.78 
CX245 3-8941-03 4.1721-03 6.0321-03 0.829 0 . 8 8 8  1.284 0.93 0.65 0.69 3.8911-03 4.1683-03 6.0271-03 0.829 0.888 1.284 0.93 0 . 6 5  0.69 
(33246 4.7561-04 5.0071-04 6.4533-04 0 . 8 8 0  0.926 1.194 0.95 0.74 0.78 4.7493-09 4.9991-04 6.4431-04 0 . 8 8 0  0.926 1.194 0.95 0.74 0.78 

AV3RAGE-ABSOLUTK-DEVIATION, AS I 6.40 6.97 6.53 14.2 10.7 12.4 6.72 7.28 6.91 14.5 11.3 13.1 
AV-ABS-DEV EXCLUDING LARGEST ONE. I 4.92 5.67 5.34 7.6 9.0 9.2 5 . 2 2  5.97 5.71 7.8 9.6 9.8 
AV-ABS-DBV EXCLUDING LARGEST TWO, I 4.18 4.56 4.47 6.9 8.1 6.7 4.48 4.85 4.85 7.2 8.7 7.3 
NUCS EXCLUDED, lST/ZND: SB125 CU243 (31245 / S1148 An242 (31246 SB125 CU243 CU245 / 81148 AM241 a 2 4 6  

U235 3.1873+01 3.2593+01 3.3811+01 0.973 0.995 1.032 0.98 0.94 0.96 3.1871+01 3.2603+01 3.3811+01 0.973 0.995 1.032 0.98 0.94 0.96 
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CASE: PWR, 3.10 WT X U-235, 3.443 AT X BURNUP (33.0 GWD/MTU, APPROX.) G-ATOMS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER ORS OR2 ORIGEN2 ORIGEN-S CINDER pSa pBs a pBa pBz pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SE 79 7.411E-02 6.8063-02 6.274E-02 1.085 0.996 0.919 1.09 1.18 1.08 7.4071-02 6.802;-02 6.271B-02 1.085 0.996 0.919 1.09 1.18 1.08 
KR 8 5  1.108E-02 1.1021-02 1.111E-02 1.001 0.995 1.004 1.01 1.00 0.99 4.3713-04 4.346B-04 4.3801-04 1.001 0.995 1.003 1.01 1.00 0.99 

SR 90 1.791E+00 1.7823+00 1.8211+00 0.996 0.991 1.013 1.01 0.98 0.98 5.449E-01 5.418E-01 5.5401-01 0.996 0.991 1.013 1.01 0.98 0.98 
Y 90 4.4923-04 4.468B-04 4.568E-04 0.996 0.991 1.013 1.01 0.98 0.98 1.366E-04 1.3591-04 1.3891-04 0.996 0.991 1.013 1.01 0.98 0.98 

SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0 -  
ZR 93 7.6743+00 7.748E+00 7.5713+00 1.001 1.011 0.988 0.99 1.01 1.02 7.674E+OO 7.7481+00 7.571E+00 1.001 1.011 0.988 0.99 1.01 1.02 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CE144 
ND143 
ND144 
ND145 
ND146 
PM147 
SM14T 
SMl48 
sn149 
SI150 
SMl51 
SI1 52 
EUl 53 
BUl54 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU2 3 8 
PU239 
PU240 
PU241 
PU242 
AH241 
Am242 
AH243 
cn242 
CM243 
CM244 
CM245 
CM246 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
7.7663+00 7.924B+00 7.9021+00 0.988 1.008 1.005 0.98 0.98 1.00 7.765E+OO 7.923Ec00 7.9011+00 0.988 1.008 1.005 0.98 0.98 1.00 
2.042E-15 1.8581-15 2.0058-15 1.037 0.944 1.019 1.10 1.02 0.93 2.3883-30 2.1723-30 2.3501-30 1.037 0.943 1.020 1.10 1.02 0.92 
2.0943+00 1.928E+00 2.147E+00 1.018 0.938 1.044 1.09 0.98 0.90 2.0943+00 1.928E+OO 2.147B+00 1.018 0.938 1.044 1.09 0.98 0.90 
2.201E-01 1.561E-01 1.793E-01 1.189 0.843 0.968 1.41 1.23 0.87 2.201E-01 1.560E-01 1.793B-01 1.189 0.843 0.968 1.41 1.23 0.87 
4.331B-07 2.8441-07 2.369E-07 1.361 0.894 0.745 1.52 1.83 1.20 1.594B-12 1.046B-12 8.724B-13 1.361 0.893 0.745 1.52 1.83 1.20 
1.3951+00 1.45OE+OO 1.399B+00 0.986 1.025 0.989 0.96 1.00 1.04 1.3953+00 1.450B+00 1.3999+00 0.986 1.025 0.989 0.96 1-00 1.04 
8.449E+00 8.6271+00 8.455E+00 0.993 1.014 0.993 0.98 1.00 1.02 8.4493+00 8.627B+00 8.455B+00 0.993 1.014 0.993 0.98 1-00 1.02 
4.569B-08 4.5018-08 4.521E-08 1.009 0.994 0.998 1.02 1.01 1.00 2.2921-15 2.256E-15 2.268E-15 1.009 0.993 0.998 1.02 1.01 0.99 
2.1963+00 2.466E+OO 2.434B+OO 0.928 1.043 1.029 0.89 0.90 1.01 2.1961+00 2.466B+00 2.4343+00 0.928 1.043 1.029 0.89 0.90 1.01 
2.7563+00 2.777E+00 2.8531+00 0.986 0.993 1.021 0.99 0.97 0.97 8.6803-01 8.8021-01 9.0443-01 0.982 0.995 1.023 0.99 0.96 0.97 
1.2488-19 1.259B-19 1.2803-19 0.989 0.997 1.014 0.99 0.97 0.98 5.7041-39 5.778E-39 5.9808-39 0.980 0.993 1.027 0.99 0.95 0.97 
5.3871+00 5.6883+00 5.588E+OO 0.970 1.024 1.006 0.95 0.96 1.02 5.387B+00 5.6889+00 5.588B+00 0.970 1.024 1.006 0.95 0.96 1.02 
9.151E+OO 8.9973+00 8.9883+00 1.012 0.995 0.994 1.02 1.02 1.00 9.151B+00 8.9978+00 8.988B+00 1.012 0.995 0.994 1.02 1.02 1.00 
4.612E+00 4.7123+00 4.6173+00 0.992 1.014 0.994 0.98 1.00 1.02 4.6121+00 4.712E+OO 4.617B+00 0.992 1.014 0.994 0.98 1.00 1.02 
4.690E+00 4.6258+00 4.6931+00 1.004 0.991 1.005 1.01 1.00 0.99 4.6901+00 4.625E+00 4.693B+00 1.004 0.991 1.005 1.01 1.00 0.99 
1.831E-06 2.432E-06 2.2883-06 0.838 1.114 1.048 0.75 0 . 8 0  1.06 3.3531-12 4.4471-12 4.1873-12 0.839 1.113 1.048 0.75 0 . 8 0  1.06 
1.356E+00 1.713E+00 1.6633+00 0 . 8 6 0  1.086 1.054 0.79 0.82 1.03 1.356B+00 1.713E+OO 1.663B+00 0 . 8 6 0  1.086 1.054 0.79 0.02 1.03 
1.111E+00 7.417B-01 8.395E-01 1.238 0.826 0.935 1.50 1.32 0 . 8 8  1.111E+OO 7.4171-01 8.3953-01 1.238 0.826 0.935 1.50 1.32 0 . 8 8  
2.510E-02 3.1061-02 2.7049-02 0.905 1.120 0.975 0.81 0.93 1.15 2.510E-02 3-1061-02 2.7043-02 0.905 1.120 0.975 0.81 0.93 1.15 
2.104B+00 2.151E+00 2.140E+00 0.987 1.009 1.004 0.98 0.98 1.01 2.104E+00 2.151E+00 2.1401+00 0.987 1.009 1.004 0.98 0.98 1.01 
6.153E-02 7.281E-02 5.80013-02 0.960 1.136 0.905 0.85 1.06 1.26 4.187E-02 4.9543-02 3.9468-02 0.960 1.136 0.905 0.85 1.06 1.26 
8.776E-01 8.81981-01 7.074E-01 1.067 1.072 0 . 8 6 0  1.00 1.24 1.25 8.7771-01 8.8191-01 7.0741-01 1.067 1.072 0 . 8 6 0  1.00 1.24 1.25 
7.180E-01 7.332B-01 8.036E-01 0.955 0.976 1.069 0.98 0.89 0.91 7.180B-01 7.332E-01 8.036B-01 0.955 0.976 1.069 0.98 0.89 0.91 
4.6053-03 4.6281-03 4.070E-03 1.038 1.044 0.918 1.00 1.13 1.14 8.1871-05 8.2243-05 7.2348-05 1.039 1.043 0.918 1.00 1.13 1.14 
8.5073-05 9.1461-05 8.206E-05 0.987 1.061 0.952 0.93 1.04 1.11 7.8471-08 8.4431-08 7.5761-08 0.986 1.061 0.952 0.93 1.04 1.11 
9.189B-01 9.0971-01 7.5251-01 1.068 1.057 0.875 1.01 1.22 1.21 1.053E+00 1.054B+00 7.9991-01 1.087 1.088 0.826 1.00 1.32 1.32 
3.189B+01 3.2621+01 3.381E+01 0.973 0.995 1.032 0.98 0.94 0.96 3.192E+01 3.2653+01 3.381B+Ol 0.973 0.996 1.031 0.98 0.94 0.97 
1.6421+01 1.643E+01 1.630E+01 1.002 1.003 0.995 1.00 1.01 1.01 1.6478+01 1.6481+01 1.630E+01 1.003 1.004 0.993 1.00 1.01 1.01 
3.969E+03 3.965B+03 3.9661+03 1.001 1.000 1.000 1.00 1.00 1.00 3.969E+03 3.9653+03 3.9661+03 1.001 1.000 1.000 1.00 1.00 1.00 
2.125E+00 2.253E+00 1.804E+00 1.031 1.093 0.875 0.94 1.18 1.25 2.499E+00 2.6813+00 1.804E+00 1.073 1.152 0.775 0.93 1.39 1.49 
4.0981-01 4.427E-01 3.7193-01 1.004 1.085 0.911 0.93 1.10 1.19 2.764E-01 2.9873-01 2.508E-01 1.004 1.085 0.911 0.93 1.10 1.19 
2.109E+Ol 2.366E+Ol 2.211E+01 0.946 1.062 0.992 0.89 0.95 1.07 2.106E+01 2.363B+01 2.2081+01 0.946 1.062 0.992 0.89 0.95 1.07 
9.774E+00 8.760E+00 8.6151+00 1.080 0.968 0.952 1.12 1.13 1.02 9.735E+OO 8.7278+00 8.570B+00 1.080 0.969 0.951 1.12 1.14 1.02 
4.6598-01 5.596E-01 5.583E-01 0 . 8 8 2  1.060 1.058 0.83 0.83 1.00 4-1981-02 5.2963-02 5.284E-02 0.852 1.075 1.073 0.79 0.79 1.00 
1.954E+00 1.9931+00 2.357E+00 0.930 0.948 1.122 0.98 0.83 0.85 1.954E+OO 1.9933+00 2.356E+OO 0.930 0.949 1.121 0.98 0.83 0 . 8 5  
4.5671+00 5.201E+00 5.1863+00 0.916 1.043 1.040 0.88 0 . 8 8  1.00 4.616E+00 5.2803+00 5.264E+OO 0.913 1.045 1.042 0.87 0.88 1.00 
2.52OE-08 4.1618-08 2.037E-08 0.867 1.432 0.701 0.61 1.24 2.04 2.006E-08 3,3138-08 1.6211-08 0.867 1.432 0.701 0.61 1.24 2.04 
3.760B-01 4.140E-01 4.803E-01 0 . 8 8 8  0.978 1.134 0.91 0.78 0 . 8 6  3.7431-01 4.121E-01 4.780E-01 0 .888  0.978 1.134 0.91 0.78 0 . 8 6  
5.094E-06 8.4141-06 4.1253-06 0.867 1.432 0.702 0.61 1.23 2.04 4.0561-06 6.698B-06 3.284B-06 0.867 1.431 0.702 0 . 6 1  1.24 2.04 
4.250E-04 1.139E-04 3.813E-04 1.386 0.371 1.243 3.73 l..ll 0.30 1.2601-04 3.3761-05 1.130E-04 1.386 0.371 1.243 3.73 1.12 0.30 
1.591E-02 1.549B-02 1.976E-02 0.933 0.908 1.159 1.03 0.81 0.78 2.3486-03 2.2858-03 2.9141-03 0.933 0.908 1.158 1.03 0.81 0.78 
3.8811-03 4.1581-03 6.012E-03 0.829 0 .888  1.284 0.93 0 . 6 5  0.69 3.866B-03 4.1411-03 5.9881-03 0.829 0 . 8 8 8  1.284 0.93 0.65 0.69 
4.729B-04 4.977B-04 6.415E-04 0 . 8 8 0  0.926 1.194 0.95 0.74 0.78 4.694B-04 9.9411-04 6.368B-04 0.880 0.926 1.194 0.95 0.74 0.78 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.09 7.71 7.24 15.5 12.0 13.9 7.32 7.94 7.63 15.6 12.8 14.6 
AV-ABS-DEV EXCLUDING LARGEST ONE. X 5.53 6.34 5.99 8.4 10.2 10.5 5.77 6.58 6.40 8.5 11.0 11.3 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 4.75 5.17 5.09 7.7 9.3 7.8 5.12 5.25 5 . 4 5  7.9 10.1 8.3 
NUCS EXCLUDED, 1ST/2ND: ,56125 CM243 CM245 / SM148 AM242 CM246 SB125 CM243 CM245 / SM148 AM242 NP237 



G-ATOMS PER MTU CASE: PWR, 3.10 UT X U-235, 3.443 AT X BURNUP (33.0 GWD/MTU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  300 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER W psS pBz W ORIGEN2 ORIGEN-S CINDER na? pBs pB? pBz pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR6 CIN CIN 
SE 79 7.3918-02 6.788E-02 6.258E-02 1.085 0.996 0.919 1.09 1.18 1.08 7.336E-02 6.7378-02 6.211E-02 1.085 0.996 0.919 1.09 1.18 1.08 
KR 8 5  1.058E-09 1.051E-09 1.060B-09 1.002 0.995 1.003 1.01 1.00 0.99 2.332B-29 2.3168-29 2.333B-29 1.002 0.995 1.003 1.01 1.00 0.99 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0 -  

Y 91 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0 . 0  0 . 0  

RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

'SB125 0.0 0.0 1.604E-34 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

CS134 0.0 0.0 1.4351-44 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 

SR 90 4.669B-03 4.637E-03 4.7423-03 0.997 0.990 1.013 1.01 0.98 0.98 2-7121-10 2.6913-10 2-7511-10 0.998 0.990 1.012 1.01 0.99 0.98 
Y 90 1.171B-06 1.163E-06 1.1891-06 0.997 0.990 1.012 1.01 0.98 0.98 6.800E-14 6.7481-14 6.9001-14 0.998 0.990 1.012 1.01 0.99 0.98 

ZR 93 7.6743+00 7.747E+OO 7.570E+00 1.001 1.011 0.988 0.99 1.01 1.02 7.6711+00 7.7441+00 7.568B+00 1.001 1.011 0.988 0.99 1.01 1.02 

TC 99 7.7601+00 7.9181+00 7.896E+00 0.988 1.008 1.005 0.98 0.98 1.00 7.742E+00 7.900B+00 7.8788+00 0.988 1.008 1.005 0.98 0.98 1.00 

PD107 2.094B+00 1.928B+00 2.147B+00 1.018 0.938 1.044 1.09 0.98 0.90 2.0931+00 1.9288+00 2.1478+00 1.018 0.938 1.040 1.09 0.97 0.90 
SN126 2.198E-01 1.558E-01 1.7901-01 1.189 0.843 0.968 1.41 1.23 0.87 2.1873-01 1.5518-01 1.7823-01 1.189 0.843 0.968 1.41 1.23 0.87 

I129 1.395E+00 1.450E+00 1.399E+OO 0.986 1.025 0.989 0.96 1.00 1.04 1.3958+00 1.450B+00 1.399B+00 0.986 1.025 0.989 0.96 1.00 1.04 
CS133 8.449E+00 8.627E+00 8.455E+00 0.993 1.014 0.993 0.98 1.00 1.02 8.4491+00 8.6273+00 8.455B+00 0.993 1.014 0.993 0.98 1.00 1.02 

CS135 2.196X+OO 2.4663+00 2.4341+00 0.928 1.043 1.029 0.89 0.90 1.01 2.1951+00 2.4668+00 2.4341+00 0.928 1.043 1.029 0.89 0.90 1.01 
CS137 8.5471-03 8.8881-03 9.136E-03 0.965 1.003 1.031 0.96 0.94 0.97 8.0831-10 9.208E-10 9.465B-10 0.906 1.032 1.061 0.88 0 . 8 5  0.97 

ND143 5.3871+00 5.6881+00 5.588E+00 0.970 1.024 1.006 0.95 0.96 1.02 5.387E+OO 5.6881+00 5.5881+00 0.970 1.024 1.006 0.95 0.96 1.02 
ND144 9.151E+00 8.997E+OO 8.9881+00 1.012 0.995 0.994 1.02 1.02 1.00 9.151E+00 8.9971+00 8.988E+00 1.012 0.995 0.994 1.02 1.02 1.00 
ND145 4.612E+00 4.712E+00 4.6171+00 0.992 1.014 0.994 0.98 1.00 1-02 4.6123+00 4.712E+00 4.617B+00 0.992 1.010 0.994 0.98 1.00 1.02 
ND146 4.6901+00 4.625B+00 4.6931+00 1.004 0.991 1.005 1.01 1.00 0.99 4.690B+00 4.6251+00 4.693B+00 1.004 0.991 1.005 1.01 1.00 0.99 

SM147 1.356E+OO 1.713E+00 1.663E+00 0 . 8 6 0  1.086 1.054 0.79 0.82 1.03 1.356E+00 1.713E+00 1.6638+00 0.860 1.086 1.054 0.79 0.82 1.03 
PM147 0.0 0.0 9.6961-35 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

SM148 1.111B+00 7.417B-01 8-3951-01 1.238 0.826 0.935 1.50 1.32 0 . 8 8  1~111B+00 7.417E-01 8.3958-01 1.238 0.826 0.935 1.50 1.32 0.88 
SI4149 2.510E-02 3-1063-02 2-704B-02 0.905 1.120 0.975 0.81 0.93 1.15 2.51OE-02 3.1069-02 2.7041-02 0.905 1.120 0.975 0.81 0.93 1.15 
SM150 2.104E+00 2.151E+00 2.140E+00 0.987 1.009 1.004 0.98 0.98 1.01 2.104E+00 2.1511+00 2.140E+00 0.987 1.009 1.004 0.98 0.98 1.01 
SM151 8.971E-03 1.061E-02 8-4573-03 0.960 1.135 0.905 0.85 1.06 1.25 4.0821-05 4.8371-05 3.853E-05 0.959 1.136 0.905 0.84 1.06 1.26 
SM152 8.7773-01 8.8191-01 7-0743-01 1.067 1.072 0.860 1.00 1.24 1.25 8.777E-01 8.819B-01 7.0741-01 1.067 1.072 0 . 8 6 0  1.00 1.24 1.25 
XU153 7.180E-01 7.332E-01 8-0363-01 0.955 0.976 1.069 0.98 0.89 0.91 7.180E-01 7.3321-01 8.036B-01 0.955 0.976 1.069 0.98 0.89 0.91 
EU154 8.1763-12 8.203E-12 7.220B-12 1.039 1.043 0.918 1.00 1.13 1.14 0.0 0.0 2.2688-36 0.0 0.0 0.0 0.0 0.0 0.0 
EU155 5.6811-20 6.1323-20 5.5058-20 0.984 1.062 0.954 0.93 1.03 1.11 0.0 0.0 1-7993-62 0 .0  0.0 0.0 0 . 0  0 . 0  0 . 0  
U234 1.272E+00 1.292B+00 8.777E-01 1.109 1.126 0.765 0.98 1.45 1.47 1.32735+00 1.352E+00 8.968E-01 1.113 1.134 0.752 0.98 1.48 1.51 
U235 3.204B+01 3.2793+01 3.381E+01 0.974 0.997 1.028 0.98 0.95 0.97 3.246B+01 3.326B+01 3.3813+01 0.978 1.003 1.019 0.98 0.96 0.98 

U238 3.969E+03 3.965E+03 3.966E+03 1.001 1.000 1.000 1.00 1.00 1.00 3.9698+03 3.9658+03 3.9668+03 1.001 1.000 1.000 1-00 1.00 1.00 
NP237 3.7773+00 4.1458+00 1.804E+00 1.165 1.279 0 . 5 5 6  0.91 2.09 2.30 6.0571+00 6.7553+00 1.804B+00 1.243 1.386 0.370 0.90 3.36 3.74 
PU238 5-7303-02 6.214E-02 5.1968-02 1.003 1.088 0.909 0.92 1-10 1.20 2-5531-04 2.933E-04 2.2911-04 0.985 1.131 0.884 0.87 1.11 1.28 
PU239 2.094E+01 2.3501+01 2.1953+01 0.946 1.062 0.992 0.89 0.95 1.07 2.0551+01 2.3068+01 2.1528+01 0.947 1.062 0.991 0.89 0.95 1.07 
PU240 9.533E+00 8.546E+00 8.3903+00 1.080 0.969 0.951 1.12 1.14 1.02 8.851E+00 7.9348+00 7.7911+00 1.080 0.969 0.951 1.12 1.19 1.02 
PU241 9.220B-06 1.130E-05 4.239E-06 1.117 1.369 0.514 0.82 2.18 2.67 6.0961-06 6.6661-06 1.9601-20 1.433 1.567 0.000 0.91 **** I*** 
PU242 1.953X+OO 1.992E+00 2.356E+00 0.930 0.948 1.122 0.98 0.83 0 . 8 5  1.9518+00 1.9908+00 2.3531+00 0.930 0.949 1.122 0.98 0.83 0 . 8 5  
AM241 3.381B+00 3.871E+00 3.8598+00 0.913 1.045 1.042 0.87 0.88 1.00 1.100B+00 1.260E+00 1.2561+00 0.913 1.045 1.042 0.87 0 . 8 8  1.00 
AM242 8.058E-09 1.331E-08 6.513E-09 0.867 1.432 0.701 0.61 1.24 2.04 3.311B-10 5.4671-10 2.676B-10 0.867 1.432 0.701 0.61 1.24 2.04 
AM243 3.673B-01 4.044E-01 4.692E-01 0.888 0.978 1.134 0.91 0.78 0.86 3.439E-01 3.787B-01 4.393B-01 0.888 0.978 1.134 0.91 0.78 0.86 
(31242 1.629E-06 2-6911-06 1.319B-06 0.867 1.432 0.702 0.61 1.24 2.04 6.695B-08 1.105B-07 5.420B-08 0.867 1.431 0.702 0.61 1.24 2.09 
CM243 9.723E-07 2.604E-07 8.7238-07 1.386 0.371 1.243 3.73 1.11 0.30 3.928B-14 1.0521-14 3.522B-14 1.386 0.371 1.243 3.73 1.12 0.30 
(31244 1.112E-06 1.0821-06 1-381E-06 0.933 0.908 1.159 1.03 0.81 0.78 2.359B-15 2.5038-18 3-193B-18 2.993 0.003 0.004 **** **** 0.78 
CM245 3.803E-03 4.074E-03 5.890B-03 0.829 0.888 1.284 0.93 0 . 6 5  0.69 3.592B-03 3.8488-03 5.563B-03 0.829 0.888 1.283 0.93 0 .65  0.69 
CM246 4.558B-04 4.798E-04 6.184B-04 0.880 0.926 1.194 0.95 0.74 0.78 4.1141-04 4.3301-04 5.5813-04 0.880 0.926 1.194 0.95 0.74 0.78 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.05 9.27 9.34 15.5 16.0 21.6 13.12 12.64 13.43 **** **** *e**  
AV-ABS-DEV EXCLUDING LARGEST ONE, X 5.72 7.03 8 . 0 5  9.1 13.6 16.9 6.76 7.86 8.60 16.7 17.3 22.4 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 4.87 5.26 6.61 8.1 10.7 14.1 5.58 5.70 6.50 9.9 11.6 14.3 
NUCS EXCLUDED, lST/2ND: SM148 CM243 PU241 / SN126 An242 NP237 CM244 (31243 PU241 / SM148 M 2 4 2  NP237 

u236 1.667B+01 1.666E+01 1.63OB+01 1.008 1.007 0.985 1.00 1.02 1.02 1.735E+01 1.727B+01 1.6301+01 1.022 1.017 0.960 1.00 1.06 1.06 

. .' * O b  



9. . . t  

CASE: PWR, 3.10 WT X U-235, 3.443 AT X BURNUP 03.0 GWD/MTU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  ~n KWI . . . . . . . . . . . . . . . . . . . . . .  . - _. - _. 
ORIGEN2 ORIGIN-S CINDER OR2 p52 

AVG AVG AVG ORS CIN CIN 
SE 79 6.664E-02 6.12OE-02 5.6423-02 1.085 0.996 0.919 1.09 1.18 
KR 85 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
Y 90 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 93 7.640B+00 7.7131+00 7.5373+00 1.001 1.011 0.988 0.99 1.01 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
TC 99 7.519E+00 7.672B+00 7.651E+00 0.988 1.008 1.005 0.98 0.98 
RU106 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
PD107 2.091E+00 1.9261+00 2.145B+00 1.018 0.938 1.044 1.09 0.97 
SN126 2.055E-01 1.457E-01 1.6743-01 1.189 0.843 0.968 1.41 1.23 

1.08 
0.0 
0.0 
0.0 
0.0 
0 . 0  
1.02 
0.0 
0.0 
1 .oo 
0.0 
0.90 
0.87 

,58125 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
I129 1.394E+00 1.449E+00 1.398E+00 0.986 1.025 0.989 0.96 1.00 1.04 

CS133 8.449E+00 8.627E+OO 8.4553+00 0.993 1.014 0.993 0.98 1.00 1.02 
cs134 
CSl35 
CSl37 
CE144 
ND143 
ND144 
ND145 
ND146 
PI147 
SMl47 

SHl49 
SMl50 
SM151 
SI152 
EU153 
EUl54 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU239 
PU2 4 0 
PU241 
PU2 4 2 
AM241 
AM242 
AM243 
CM2 4 2 
CM243 
CM244 
(31245 
CM246 

sni 48 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.1891+00 2.4593+00 2.427B+00 0.928 1.043 1.029 0.89 0.90 1.01 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5.387B+00 5.688Et00 5.588E+OO 0.970 1.024 1.006 0.95 0.96 1.02 
9.151E+00 8.9971+00 8.9881+00 1.012 0.995 0.999 1.02 1.02 1.00 
4.6123+00 4.7121+00 4.6173+00 0.992 1.014 0.994 0.98 1.00 1.02 
4.6901+00 4.6251+00 4.693E+OO 1.004 0.991 1.005 1.01 1.00 0.99 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.356B+00 1.7131+00 1.663EcOO 0.860 1.086 1.054 0.79 0.82 1.03 
1.111E+00 7.417E-01 8.395B-01 1.238 0.826 0.935 1.50 1.32 0.88 
2.51OE-02 3.106B-02 2.7041-02 0.905 1.120 0.975 0.81 0.93 1.15 
2.104Et00 2.151E+00 2.140E+00 0.987 1.009 1.004 0.98 0.98 1.01 
3.206E-35 3.81613-35 3.0331-35 0.957 1.139 0.905 0.84 1.06 1.26 
8.7773-01 8.8191-01 7.0743-01 1.067 1.072 0.860 1.00 1.24 1.25 
7.18OE-01 7.3321-01 8.0363-01 0.955 0.976 1.069 0.98 0.89 0.91 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
1.3OOE+OO 1.324B+00 8.7431-01 1.115 1.135 0.750 0.98 1.49 1.51 
3.7181+01 3.8553+01 3.381E+01 1.018 1.056 0.926 0.96 1.10 1.14 
2.2791+01 2.214Et01 1.630E+01 1.117 1.085 0.799 1.03 1.40 1.36 
3.9693+03 3.965EcO3 3.966E+03 1.001 1.000 1.000 1.00 1.00 1.00 
7.1391+00 7.993E+00 1.799E+00 1.265 1.416 0.319 0.89 3.97 4.44 
4.7161-23 7.7691-23 3.802E-23 0.869 1.431 0.700 0.61 1.24 2.04 
1.6033+01 1.7981+01 1.661E+01 0.950 1.066 0.984 0 . 8 9  0.97 1.08 
3.409E+00 3.055E+00 3.006B+00 1.080 0.968 0.952 1.12 1.13 1.02 
2.926E-06 3.2001-06 0.0 0.955 1.045 0.0 0.91 0.0 0.0 
1.920E+00 1.9581+00 2.314E+00 0.930 0.949 1.121 0.98 0.83 0.85 
8.847E-05 9.883E-05 6.7651-07 1.412 1.577 0.011 0.90 *e * *  ****  
4.9771-28 8.198B-28 4.010E-28 0.869 1.431 0.700 0.61 1.24 2.04 
1.4771-01 1.626E-01 1.886B-01 0.888 0.978 1.134 0.91 0.78 0.86 
1.009E-25 1.663B-25 8.122E-26 0.869 1.432 0.699 0.61 1.24 2.05 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.357E-15 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
1.724E-03 1.847E-03 2.6641-03 0.830 0.889 1.282 0.93 0.65 0.69 
1.101E-04 1.158E-04 1.4933-04 0 .880  0.926 1.194 0.95 0.74 0.78 

G-ATOMS PER ITU 

4 
w 

AVERAGE-ABSOLUTE-DEVIATION, AS X 8.75 11.33 13.49 11.4 *I** **** 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 7.13 8.70 10.43 10.3 22.3 30.5 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.85 6.13 7.93 9.3 13.2 20.6 
NUCS EXCLUDED, 1ST/2ND: SM148 (31242 AM241 / SN126 An242 NP237 



P 

9bEW3 2bZW 8hLWS / ShLIiJ EbZYJ SZLES 9hZWJ ZhZW 8hLYS / Sh213 EhZY3 S2LeS :ONZ/SSL 'aB(IlIl3XB SJnN 

1'6 1'6 8'L hS'S 09'5 21's 1'8 6'8 2.L Ob's hl'S h8'b Y 'BNO JS33UV1 3NIanlJXB ABa-SEV-AV 
9-21 L'OL 1'91 56'9 90'L 99'9 2'21 S'OL S'SL 28'9 h9'9 Oh'9 Y SV 'NOIJVIAB(I-BS~lOSEV-33~3AV 

b'8 0'8 O'L 8b'h Sh'b EZ'h 0'8 8'~ h'9 EE'h 96'E h6'E s 'OMS SSB~UVT BNI~I-ITJXB AB~-SEY-AV 
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CASE: PUR, 4.50 WT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWD/HTU, APPROX.) G-ATOMS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER ORS CJN OR2 p52 ORIGEN2 ORIGEN-S CINDER pBs pBz p82 pB8 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 

KR 8 5  2.159E-01 2.146B-01 2.156E-01 1.002 0.996 1.001 1.01 1.00 1.00 1.131E-01 1.124E-01 1.129B-01 1.003 0.996 1.001 1.01 1.00 1.00 
SR e9 5.39m-23 5.511~-23 5.582~-23 0.981 1.003 1.016 0.98 0.97 0.99 0 . 0  0.0 9.424E-45 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  

SE 79 I.IISE-OI i.o32~-oi 9.034~-02 1.082 1.002 0.916 1.08 1.18 1.09 1.11%-01 i.o3i~-oi 9.433~-02 1.083 1.001 0.916 1.08 1.18 1.09 

SR 90 6.985~+00 6.936~+00 ~ . o ~ ~ E + o o  0.998 0.991 1.012 1.01 0.99 0.98 S.SO~E+OO 5.467~+00 5.5e2~+00 0.998 0.991 1.012 1.01 0.99 0.98 

Y 91 7.949~-20 8.io0~-20 8.313~-20 0.979 0.997 1.024 0.98 0.96 0.97 i.281~-38 i.304~-38 1.3431~38 0.978 0.996 1.026 0.98 0.95 0.97 
ZR 93 i.i6i~+oi i.i68~+oi 1.14o~toi 1.004 1.010 0.986 0.99 1.02 1.02 i.i61~+0i i.i68~+oi i.i4o~+oi 1.004 1.010 0.986 0.99 1.02 1.02 
ZR 9s 5.147~-18 5.2173-18 5.7083-18 0.961 0.974 1.065 0.99 0.90 0.91 3.363~-35 3.3953-3s ~ . O I I E - ~ S  0.937 0.946 1.117 0.99 0.84 0.85 
NB 95 6.27e~-i8 6.36413-18 6.9113-18 0.963 0.976 1.060 0.99 0.91 0.92 4.102~-35 4.142~-35 4.857~-35 0.939 0.948 1.112 0.99 0.84 0.85 
TC 99 I.IIQE+OI I . I ~ S B + O I  i.137~t01 0.984 1.011 1.004 0.97 0.98 1.01 i.ii4~+0i i.ios~+oi i.i37~+oi 0.984 1.011 1.004 0.97 0.98 1.01 

~ ~ 1 0 7  ~ . o ~ ~ E + o o  2.824~+00 ~ . I ~ O E + O O  1.021 0.931 1.048 1.10 0.97 0.89 ~ . o ~ ~ E + o o  2.824~+00 ~ . I ~ O B + O O  1.021 0.931 1.048 1.10 0.97 0.89 
~ ~ 1 2 6  3.190~-01 2.332~-01 2.6353-01 1.173 0.858 0.969 1-37 1.21 0.89 3.190~-01 2.3323-01 2.635~-01 1.173 0.858 0.969 1.37 1.21 0.89 

Y 90 1.752E-03 1.739E-03 1.776E-03 0.998 0.991 1.012 1.01 0.99 0.98 1.381E-03 1.371E-03 1.4008-03 0.998 0.991 1.012 1.01 0.99 0.98 

RU106 2.076E-03 1.932B-03 2.147E-03 1.012 0.942 1.046 1.07 0.97 0.90 2.2113-06 1.9931-06 2.2161-06 1.033 0.931 1.036 1.11 1.00 0.90 

SB125 1.222E-02 8.523E-03 6.945E-03 1.324 0.923 0.752 1.43 1.76 1.23 1.001E-03 6.9783-04 5.6873-04 1.324 0.923 0.752 1.43 1.76 1.23 
I129 2.041E+00 2.1751+00 2.065Et00 0.975 1.039 0.986 0.94 0.99 1.05 2.041E+00 2.175E+00 2.0658+00 0.975 1.039 0.986 0.94 0.99 1.05 

CS133 1.196E+01 1.2393+01 1.204Et01 0.986 1.021 0.993 0.97 0.99 1.03 1.196E+01 1.239E+01 1.204E+01 0.986 1.021 0.993 0.97 0.99 1.03 

CS135 4.197B+00 4.6351+00 4.5343+00 0.942 1.040 1.018 0.91 0.93 1.02 4.197E+00 4.635B+00 4.5341+00 0.942 1.040 1.018 G.91 0.93 1.02 
CS137 1.036E+01 1.0373+01 1.066Et01 0.990 0.991 1.019 1.00 0.97 0.97 8.221E+00 8.243B+00 8.473B+00 0.989 0.992 1.019 1.00 0.97 0.97 

ND143 7.5021+00 8.0813+00 7.9503+00 0.956 1.030 1.013 0.93 0.94 1.02 7.5021+00 8.081B+00 7.950B+00 0.956 1.030 1.013 0.93 0.94 1.02 
ND144 1.455B+01 1.415E+01 1.414E+01 1.019 0.991 0.990 1.03 1.03 1.00 1.455E+01 1.415E+01 1.414E+01 1.019 0.991 0.990 1.03 1.03 1.00 
ND145 6.7311+00 6.9181+00 6.716Et00 0.992 1.019 0.989 0.97 1.00 1.03 6.731E+00 6.9181+00 6.716E+00 0.992 1.019 0.989 0.97 1.00 1.03 
ND146 7.3973+00 7.2161+00 7.403E+00 1.008 0.983 1.009 1.03 1.00 0.97 7.3971+00 7.216B+00 7.4031+00 1.008 0.983 1.009 1.03 1.00 0.97 

csi34 5.786~-02 5.444~-02 5.698~-02 1.025 0.965 1.010 1.06 1.02 0.96 2.00613-03 i.eee~-o3 i.976~-03 1.025 0.965 1.010 1.06 1.02 0.96 

cEi44 3.970~-04 3.9813-04 4.111~-04 0.987 0.990 1.022 1.00 0.97 0.97 5.38o~-oe 5.399~-08 5.595~-oe 0.986 0.989 1.025 1.00 0.96 0.96 

~ ~ 1 4 7  7.4393-02 i. o e g ~ - o i  9.926~-02 0.790 1.156 1.054 0.68 0.75 1.10 5.298~-03 7.753~-03 7.067~-03 0.790 1.156 1.054 0.68 0.75 1 - 1 0  
~ ~ 1 4 7  I . ~ ~ O E + O O  ~ . O ~ I E + O O  i.972~+00 0 . ~ 4 2  1.100 1.058 0.77 0.80 1.04 i.639~+00 2.152~+00 ~ . o ~ ~ E + o o  0.840 1.102 1.058 0.76 0.79 1.04 

sMi49 2.858~-02 3.6973-02 3.195~-02 0.879 1.138 0.983 0.77 0.89 1.16 2.8583-02 3.697~-02 3.195~-02 0.879 1.138 0.983 0.77 0.89 1.16 

sni5i i.i68~-oi I . ~ S I E - O I  I . O ~ ~ E - O I  0.951 1.182 0.867 0.80 1.10 1.36 i . o ~ i ~ - o i  i.343~-01 g.ese~-02 0.951 1.182 0.867 0.80 1.10 1.36 

~ ~ 1 5 3  i.i42~+00 i.i24~+00 I . ~ O ~ E + O O  0.988 0.972 1.040 1.02 0.95 0.93 i.i42~+00 i.i24~+00 I . ~ O ~ E + O O  0.988 0.972 1.040 1.02 0.95 0.93 
Euis4 2.023~-01 2.059~-01 i.eiie-01 1.030 1.048 0.922 0.98 1.12 1.14 9.035~-02 9.198~-02 e.oee~-o2 1.030 1.048 0.922 0.98 1.12 1.14 

u234 9.5oi~-oi 9.726~-01 8.732~-01 1.019 1.044 0.937 0.98 1.09 1.11 i.o43~+00 i.o76~+00 9.02e~-oi 1.035 1.068 0.896 0.97 1.16 1.19 
u235 3 . 4 ~ 4 ~ + 0 1  3.670~+01 3.904~+01 0.938 0.999 1.063 0.94 0.88 0.94 3.4451+01 3.671~+01 ~ . ~ O O E + O I  0.938 0.999 1.063 0.94 0.88 0.94 
u236 2.553~+01 2.558~+01 2.53e~+oi 1.001 1.003 0.995 1.00 1.01 1.01 2.5543+01 2.559~+01 2.53e~+oi 1.001 1.003 0.995 1.00 1.01 1.01 

51148 2.0818+00 1.4413+00 1.610E+00 1.216 0.842 0.941 1.44 1.29 0.90 2.081B+00 1.441B+00 1.610B+00 1.216 0.842 0.941 1.44 1.29 0.90 

SM150 3.0731+00 3.238K+OO 3.261EtOO 0.963 1.015 1.022 0.95 0.94 0.99 3.073E+OO 3.238B+00 3.2613+00 0.963 1.015 1.022 0.95 0.94 0.99 

51152 1.120E+00 1.23OE+OO 8.79OE-01 1.041 1.143 0.817 0.91 1.27 1.40 1.120E+00 1.230E+00 8.7903-01 1.041 1.143 0.817 0.91 1.27 1.40 

EU155 4.122E-02 4.43OE-02 4.049E-02 0.981 1.055 0.964 0.93 1.02 1.09 1.019E-02 1.0951-02 1.001E-02 0.981 1.055 0.964 0.93 1.02 1.09 

U238 3.8731+03 3.8673+03 3.8693+03 1.001 0.999 1.000 1.00 1.00 1.00 3.873B+03 3.867B+03 3.8698+03 1.001 0.999 1.000 1.00 1.00 1.00 
NP237 3.270E+00 3.4323+00 3.244EtOO 0.986 1.035 0.978 0.95 1.01 1.06 3.330B+00 3.497B+00 3.244B+00 0.992 1.042 0.966 0.95 1.03 1.08 
PU238 1.229E+00 1.3643+00 1.172Et00 0.979 1.087 0.934 0.90 1.05 1.16 1.135E+00 1.260E+00 1.083E+00 0.979 1.087 0.934 0.90 1.05 1.16 
PU239 2.440E+01 2.6873+01 2.4211+01 0.970 1.068 0.962 0.91 1.01 1.11 2.4401+01 2.686E+01 2.420B+01 0.970 1.068 0.962 0.91 1.01 1.11 
PU240 1.120E+01 1.081E+01 9.852E+OO 1.055 1.018 0.928 1.04 1.14 1.10 1.125E+01 1.086E+01 9.842B+00 1.056 1.020 0.924 1.04 1.14 1.10 

PU242 3.226E+00 3.101E+OO 3.74713+00 0.961 0.923 1.116 1.04 0.86 0.83 3.2261+00 3.1018+00 3.747E+OO 0.961 0.923 1.116 1.04 0 . 8 6  0.83 
AH241 2.869B+00 3.093B+00 3.181B+OO 0.941 1.015 1.044 0.93 0.90 0.97 4.455E+OO 4.826E+OO 4.948B+00 0.939 1.017 1.043 0.92 0.90 0.90 

~ ~ 2 4 1  ~ . ~ o ~ E + o o  4.780~too ~ . ~ ~ o E + o o  0.924 1.026 1.050 0.90 0.88 0.98 2.6611+00 2.983~+00 ~ . o ~ ~ E + o o  0.918 1.029 1.053 0.89 0.87 0.98 

~ ~ 2 4 2  S . ~ I ~ E - O E I  9.672~-08 4.633~-08 0.856 1.449 0.694 0.59 1.23 2.09 5.458~-08 ~ . ~ ~ O B - O I I  4.426~-oe 0.856 1.449 0.694 0.59 1.23 2.09 
~ ~ 2 4 3  ~ . S ~ S E - O I  8 . ~ 9 ~ ~ 0 1  I . O O ~ E + O O  0.873 0.968 1.159 0.90 0.75 0.89 7.588~-01 8.421~-01 i.ooe~+oo 0.873 0.968 1.159 0.90 0.75 0 . 8 9  
~ ~ 2 4 2  i.i57~-05 I.~SFJE-OS 9.401~-06 0.856 1.449 0.695 0.59 1.23 2.08 i.i04~-05 i.868~-05 8.965~-06 0.856 1.409 0.695 0.59 1.23 2.08 

cn2us i.399~-02 i.499~-02 2.4411z-02 0.786 0.842 1.372 0.93 0.57 0.61 i.398~-02 i.4981z-02 2.439~-02 0.786 0.842 1.372 0.93 0.57 0.61 
~ ~ 2 4 6  2.062~-03 2.344~-03 3.320~-03 0.801 0.910 1.289 0.88 0.62 0.71 2.058~-03 2.341~-03 3.3161-03 0.800 0.910 1.289 0.88 0.62 0.71 

(31243 2.771E-03 5.9008-04 2.5013-03 1.418 0.302 1.280 4.70 1.11 0.24 2.173B-03 4.626E-04 1.9613-03 1.418 0.302 1.280 4.70 1.11 0.24 
CH244 2.045E-01 2.0233-01 2.749E-01 0.900 0.890 1.210 1.01 0.74 0.74 1.394E-01 1.3803-01 1.875E-01 0.900 0.891 1.210 1.01 0.70 0.74 

AVERAGE-ABSOLUTE-DEVIATION, AS X 6.91 7.80 7.57 16.6 11.4 14.5 7.20 8.16 7.99 17.0 12.0 15.3 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 5.39 6.38 6.20 8.4 9.8 11.2 5.66 6.73 6.62 8 . 6  10.4 11.9 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 4.52 5.28 5.18 6.9 8.4 8 . 5  4.79 5.63 5.61 7.1 9.0 9.2 
NUCS EXCLUDED, 1ST/2ND: SB125 Cn243 CH245 / SM148 AM242 CM246 SB125 CM243 CM245 / SH148 AH242 CM246 



CASE: PWR, 4 . 5 0  WT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWD/MTU, APPROX.) G-ATOMS PER MTU 

SE 79 
KR 8 5  
SR 89 
SR 90 

Y 90 
Y 91 

ER 93 
ER 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
cs135 
cs137 
CE144 
ND143 
ND144 
ND145 
ND146 
PMl47 
SMl47 
SMl48 
SI4149 
SMl50 
SMl51 
SM152 
EU153 
EU1 54 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU239 
PU240 
PU241 
PU242 
AM241 
AM242 
AM243 
CM242 
CM2 4 3 
(311244 
CM245 
CM2 4 6 

8888888888888888888888 8 8 8 8 8 + t L 8 + 8 8 8 8 8 8 8 8 8 * 8 8  100 YR . . . . . . . . . . . . . . . . . . . . . .  
pEs a m m ORIGEN2 ORIGEN-S CINDER PBfi C U  pB? pB? QEE 
AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
1.001 0.916 1.08 1.18 1.09 1.114E-01 1.031E-01 9.4253-02 1.082 1.002 0.916 1.08 1.18 1.09 
0.996 1.001 1.01 1.00 1.00 6.4113-09 6.3698-04 6.402B-04 1.003 0.996 1.001 1.01 1.00 0.99 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
0.991 1.011 1.01 0.99 0.98 8.200E-01 8.141E-01 8.314E-01 0.998 0.991 1.012 1.01 0.99 0.98 
0.991 1.012 1.01 0.99 0.98 2.056E-04 2.0421-04 2.085B-04 0.998 0.991 1.012 1.01 0.99 0.98 
0.0 0.0 0.0 0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
1.010 0.986 0.99 1.02 1.02 1.161E+01 1.168E+01 1.140E+01 1.004 1.010 0.986 0.99 1.02 1.02 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

. . . . . . . . . . . . . . . . . . . . . .  5 0  YR 
ORIGEN2 ORIGEN-S CINDER QB2 

AVG 
1.115E-01 1.031E-01 9.43OE-02 1.083 
1.6251-02 1.6153-02 1.6231-02 1.002 
0.0 0.0 0.0 0.0 
2.696E+00 2.6771+00 2.733E+00 0.998 
6.760E-04 6.7123-09 6.8558;-04 0.998 
0.0 0.0 0.0 0.0 
1.161E+01 1.168E+O1 1.140E+01 1.004 
0.0 0.0 0.0 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.114E+01 1.145E+01 1.1371+01 0.984 1.011 1.004 0.97 0.98 1.01 l.l13E+01 1.145E+01 1.136B+01 0.984 1.012 1.004 0.97 0.98 1.01 
2.428E-15 2.1886-15 2.4381-15 1.033 0.931 1.037 1.11 1.00 0.90 2.840B-30 2.5573-30 2.8563-30 1.032 0.929 1.038 1.11 0.99 0.90 
3.099E+00 2.824B+00 3.179E+OO 1.021 0.931 1.048 1.10 0.97 0.89 3.099B+00 2.8241+00 3.179B+00 1.021 0.931 1.048 1.10 0.97 0.89 
3.189E-01 2.331B-01 2.634E-01 1.173 0.858 0.969 1.37 1.21 0.88 3.1881-01 2.3303-01 2.633E-01 1.173 0.858 0.969 1.37 1.21 0.88 
5.494B-07 3.831E-07 3.123E-07 1.324 0.923 0.753 1.43 1.76 1.23 2.0223-12 1.410B-12 1.150B-12 1.324 0.923 0.753 1.43 1.76 1.23 
2.041E+OO 2.175E+00 2.065E+00 0.975 1.039 0.986 0.94 0.99 1.05 2.041E+00 2.175E+00 2.065B+00 0.975 1.039 0.986 0.94 0.99 1.05 
1.196E+Ol 1.2391+01 1.204E+01 0.986 1.021 0.993 0.97 0.99 1.03 1.196E+01 1.239E+01 1.204B+01 0.986 1.021 0.993 0.97 0.99 1.03 
8.36813-08 7.869B-08 8.242B-08 1.026 0.964 1.010 1.06 1.02 0.95 4.197E-15 3.944E-15 4.134B-15 1.026 0.964 1.010 1.06 1.02 0.95 
4,1971+00 4.635E+00 4.534B+00 0.942 1.040 1.018 0.91 0.93 1.02 4.197B+OO 4.6351+00 4.534B+00 0.942 1.040 1.018 0.91 0.93 1.02 
4.11OE+OO 4.1371+00 4.2538+00 0.986 0.993 1.021 0.99 0.97 0.97 1.2951+00 1.312E+00 1.348B+00 0.982 0.995 1.023 0.99 0.96 0.97 
1.3393-19 1.347E-19 1.411E-19 0.980 0.986 1.033 0.99 0.95 0.95 6.1221-39 6.1791-39 6.5928-39 0.972 0.981 1.047 0.99 0.93 0.94 
7.5023+00 8.081E+00 7.9508+00 0.956 1.030 1.013 0.93 0.94 1.02 7.5029+00 8.081E+00 7.9508+00 0.956 1.030 1.013 0.93 0.94 1.02 
1.455E+Ol 1.415E+01 1.414E+01 1.019 0.991 0.990 1.03 1.03 1.00 1.4551+01 1.415E+01 1.414B+01 1.019 0.991 0.490 1.03 1.03 1.00 
6.731E+OO 6.9183+00 6.7168+00 0.992 1.019 0.989 0.97 1.00 1.03 6.731B+00 6.9181+00 6.716B+00 0.992 1.019 0.989 0.97 1.00 1.03 
7.397E+OO 7.216E+00 7.4031+00 1.008 0.983 1.009 1.03 1.00 0.97 7.397E+OO 7.2163+00 7.403B+00 1.008 0.983 1.009 1.03 1.00 0.97 
1.9136-06 2.7983-06 2.551E-06 0.790 1.156 1.054 0 . 6 8  0.75 1.10 3.503B-12 5.1161-12 4.668B-12 0.791 1.155 1.054 0.68 0.75 1.10 
1.644B+00 2.160E+00 2.072E+00 0.839 1.103 1.058 0.76 0.79 1.04 1.6441+00 2.1601+00 2.072B+00 0.839 1.103 1.058 0.76 0.79 1.04 
2.081E+00 1.441E+00 1.610E+00 1.216 0.842 0.941 1.44 1.29 0.90 2.081B+00 1.441E+OO 1.61OE+OO 1.216 0.842 0.941 1.44 1.29 0.90 
2.8583-02 3.6971-02 3.195E-02 0.879 1.138 0.983 0.77 0.89 1.16 2.8581-02 3.697B-02 3.195B-02 0.879 1.138 0.983 0.77 0.89 1.16 
3.0733+00 3.2383+00 3.261E+OO 0.963 1.015 1.022 0.95 0.94 0.99 3.073E+00 3.2386+00 3.261E+00 0.963 1.015 1.022 0.95 0.94 0.99 
8.5823-02 1.066E-01 7.824B-02 0.951 1.182 0.867 0.81 1.10 1.36 5.8391-02 7.254B-02 5.324B-02 0.951 1.182 0.867 0.80 1.10 1.36 
1.12OE+OO 1.230E+00 8.7903-01 1.041 1.143 0.817 0.91 1.27 1.40 1.120E+00 1.23OE+00 8.790B-01 1.041 1.143 0.817 0.91 1.27 1.40 
1.142E+00 1.124E+00 1.203E+00 0.988 0.972 1.040 1.02 0.95 0.93 1.142E+00 1.124B+00 1.203B+00 0.988 0.972 1.040 1.02 0.95 0.93 
8.051E-03 8.1953-03 7.2061-03 1.030 1.048 0.922 0.98 1.12 1.14 1.4321-04 1.4563-04 1.2811-04 1.030 1.048 0.922 0.98 1.12 1.19 
1.539E-04 1.6543-04 1.5123-04 0.981 1.055 0.964 0.93 1.02 1.09 1.419E-07 1.5278-07 1.396B-07 0.980 1.055 0.965 0.93 1.02 1.09 
1.283B+00 1.3423+00 9.7883-01 1.068 1.117 0.815 0.96 1.31 1.37 1.5751+00 1.667E+00 1.072E+00 1.095 1.159 0.745 0.94 1.47 1 . 5 6  
3.447B+01 3.673B+01 3.904E+01 0.938 1.000 1.062 0.94 0.88 0.94 3.4511+01 3.677B+01 3.904B+01 0.938 1.000 1.062 0.94 0.88 0.94 
2.5573+01 2.563B+01 2.538E+01 1.002 1.004 0.994 1.00 1.01 1.01 2.563B+01 2.568B+01 2.538B+01 1.003 1.005 0.993 1.00 1.01 1.01 
3.8733+03 3.8673+03 3.869E+03 1.001 0.999 1.000 1.00 1.00 1.00 3.8738+03 3.867B+03 3.869B+03 1.001 0.999 1.000 1.00 1.00 1.00 
3.5981+00 3.7893+00 3.2443+00 1.015 1.069 0.915 0.95 1.11 1.17 4.1088+00 4.347B+00 3.2441+00 1.053 1.115 0.832 0.95 1.27 1.34 
8.963B-01 9.951B-01 8.5473-01 0.979 1.087 0.934 0.90 1.05 1.16 6.0443-01 6.713B-01 5.763B-01 0.979 1.087 0.934 0.90 1.05 1.16 
2.4383+01 2.6848+01 2.4183+01 0.970 1.068 0.962 0.91 1.01 1.11 2.4353+01 2.680B+01 2.4141+01 0.970 1.068 0.962 0.91 1.01 1.11 
1.131E+01 1.092B+01 9.810E+00 1.059 1.022 0.919 1.04 1.15 1.11 1.129E+01 1.090B+01 9.7591+00 1.060 1.024 0.916 1.04 1.16 1.12 
6.2783-01 7.249E-01 7.4163-01 0.899 1.038 1.062 0.87 0.85 0.98 5.659B-02 6.861B-02 7.0191-02 0.869 1.053 1.078 0.82 0.81 0.98 
3.2261+00 3.101E+00 3.746E+00 0.961 0.924 1.116 1.04 0 . 8 6  0.83 3.2269+00 3.101B+00 3.7469+00 0.961 0.924 1.116 1.04 0.86 0.83 
6.219E+00 6.7923+00 6.9531+00 0.935 1.021 1.045 0.92 0.89 0.98 6.281B+00 6.8901+00 7.0521+00 0.932 1.022 1.046 0.91 0.89 0.98 
4.760E-08 8.0593-08 3.86OE-08 0.856 1.450 0.694 0.59 1.23 2.09 3.790B-08 6.416B-08 3.0731-08 0 .856  1.450 0.694 0.59 1.23 2.09 
7.567E-01 8.398B-01 l.O05E+OO 0.873 0.968 1.159 0.90 0.75 0.84 7.5311-01 8.3581-01 l.OOOE+OO 0.873 0.969 1.159 0.90 0.75 0.84 
9.6251-06 1.629E-05 7.8191-06 0.856 1.449 0.695 0.59 1.23 2.08 7.6631-06 1.2971-05 6.2253-06 0.856 1.449 0.695 0.59 1.23 2.08 
1.0483-03 2.230B-04 9.454E-04 1.419 0.302 1.280 4.70 1.11 0.24 3.105B-04 6.6091-05 2.8023-04 1.418 0.302 1.280 4.70 1.11 0.24 
4.423B-02 4.377B-02 5.9471-02 0.900 0.890 1.210 1.01 0.74 0.74 6.5251-03 6.456B-03 8.773E-03 0.900 0.890 1.210 1.01 0.74 0.74 
1.3943-02 1.4993-02 2.4331-02 0.786 0.842 1.372 0.93 0.57 0.61 1.389E-02 1.488E-02 2-4233-02 0.786 0.842 1.372 0.93 0.57 0.61 
2.0491-03 2.331E-03 3.301E-03 0.800 0.910 1.289 0.88 0.62 0.71 2.0351-03 2.3143-03 3.277E-03 0.801 0.910 1.289 0.88 0.62 0.71 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.50 8.64 8.30 18.1 12.6 16.1 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 5 . 8 8  7.15 6 .85  9.2 11.0 12.6 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 4.96 6 . 0 0  5.78 7.7 9.5 9.7 
NUCS EXCLUDED, lST/2ND: SB125 (31243 (31245 / SMl48 AM242 CM246 

7.79 8 . 8 7  8.69 18.2 13.4 16.9 
6.13 7.39 7.27 9.4 11.8 13.4 
5.23 6.26 6.23 7.9 10.3 10.3 

SB125 CM243 121245 / SM148 AM242 a 2 4 6  



LE2dN 2bZn 8blWS / LbEnd EbZU> bb2W3 511213 2bZW 92lNS / LbZnd EbZWJ 8blWS :aNZ/&Sl 'a3aCll3X3 S3nN 
2'11 6'21 L'OL O8'L bL'9 b0'9 S'bl 8'11 1'8 t6.L 05'9 b2'S I 'OM ZS33UV1 DNIOnl3XB A3t3-SEV-hV 
b'E2 O'LL 6'61 09'6 19'8 Ll'L L'81 L'bl 8'6 11'6 88'L 81'9 I '3NO ZS33UVT 3NIan13XB AXI-SEV-AV 
e*** **e* ***e Sb'bl SS'EL ES'EL O'OE S'ZZ 2-81 L6'01 6E.01 98'1 I SV 'NOIZQIA3(I-3Z~lOSE\-3DVX3AV 

LL'O 29'0 88'0 682'1 016'0 008'0 EO-32L8'2 EO-382O'Z EO-BE8L'l LL-0 29'0 88'0 682'1 016'0 108'0 EO-3281'E EO-3LhZ'Z EO-39L6.1 9bZW3 
19'0 15.0 E6'0 LLF'L Eb8'0 98L'O 20-31S2'2 20-3E8C'l 20-3062'1 19'0 LS'O E6'0 LLE'L Eb8'0 98L'O 20-3E8E'Z ZO-Bt9b'L 20-399E'l SbCY3 
bL'O ***a ***e SOO'O bOO'O 166'2 81-3E19.6 81-3bLO'L SL-BEBb'S bL'O bL'0 10'1 012'1 068'0 006'0 90-39Sl.b 90-BLSO'E 90-3160'E bbZW3 
b2'O 11'1 OL'b BLZ'L LOE'O Blb'l bl-BLEL'8 bl-36SO.Z bl-3589'6 bZ'O 11'1 OL'b 082'1 EOE'O 8lb'L 90-3E91'2 LO-8660'5 90-3L6E.Z EbZY3 
80'2 EL'L 65'0 569'0 666'1 9S8'0 LO-BLLO'L LO-3Lbl'Z LO-3S92-1 80'2 E2'1 65'0 569'0 6bb'l 9S8'0 90-BLOS'Z 90-BLLZ'S 90-38LO'E ZbZW3 
b8'0 SL'O 06'0 6SL'l 896'0 EL8'O 10-3261'6 10-3189'L 10-3126'9 b8'0 SL'O 06'0 6Sl'l 896'0 EL8'0 10-8918'6 lO-BEOZ'8 10-316E'L EbZW 
60'2 EZ'L 65'0 b69'0 6bb'L 958'0 01-32LO'S 60-3650.1 01-39S2.9 60'Z EL'L 65'0 b69'0 OSb'l 9S8'0 80-3bEZ'l 80-BLLS'Z 80-BZZS'L ZbZW 
86'0 68'0 16'0 9bO'l ZZO'L LE6.0 00+3289'1 00+3bb9'1 00+3866'1 86'0 68'0 16'0 9bO'l 220'1 lE6'0 00+3691'S OO+BLSO'S 00+3009'b 1bZW 
E8'0 98'0 bO'1 911'1 b26'0 196'0 OO+BObL'E 00+3L60'E OO+3122'E E8'0 98'0 b0'1 911'1 b26'0 196'0 OO+BSbL'E OO+3LOL'E O0+3SZE'E CbZnd 
*e** *e** 16'0 000'0 L9S'L EEb'l 02-3b09.2 SO-396E.Z SO-3061'2 8b'S 8f'b L8'0 992'0 09t.l ELZ'L 90-80E9.S SO-3L80.E 50-3169'2 LbZnd 
21'1 91'1 bO'1 916'0 b2O'l 090'1 00+32L8'8 00+3b16'6 10+3LZO'L 21'1 91'1 b0'1 916'0 $120'1 090'1 00+8bSS'6 10+3890'1 10+3901'1 Ob2nd 
11'1 10'1 16'0 096'0 690'1 lL6'0 LO+BESE'E 10+3819'2 10+36LE'Z 11'1 10'1 16'0 196'0 890'1 OL6'0 lO+BOOb'Z 10+3L99'2 10+322b'2 6EZnd 
SZ'L 90'1 S8'0 906'0 621'1 S96'0 bo-3891's bo-36Eb.9 bo-3OOS'S Ll'l SO'L 06'0 ZE6'0 060'1 8L6'0 10-3E61'1 10-3S6t'L LO-32SZ'l 8EZnd 
86'2 9L'Z E6'0 Sbb'O 92E'l 822'1 OO+BEbZ'E 00+3E99'6 00+36b6'8 E6'1 08'1 E6'0 bE9'0 EZZ'L Ebl'l OO+BbbZ'E 00+3LS2'9 OO+3Lb8'S LEZdN 
00'1 00'1 00'1 000'1 666'0 100'1 E0+3698'E EO+BL98'E EO+BELB'E 00'1 00'1 00'1 000'1 666'0 100'1 EO+3698'E EO+BL98'E EO+3EL8'E 8EZn 
SO'L SO'L 00'1 196'0 LLO'L 910'1 10+38ES'2 10+3899'2 10+3999'2 20'1 20'1 00'1 L86'0 LOO'L 900'1 10+38ES'Z 10+816E'Z LO+SL8S'Z 9EZn 
96'0 06'0 b6'0 6bO'l LOO'L bb6'0 lO+Bb06'E 10+39bL'E lO+8ELS'E 56'0 68'0 b6'0 650'1 200'1 Ob6'0 10+3bO6'E LO+BE69'E 10+3S9h'E SEZn 
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CASE: PWR, 4.50 UT X U-235, 5.206 AT X BURNUP (50.0 GWD/MTU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  10 KYR . . . . . . . . . . . . . . . . . . . . . .  
G-ATOMS PER MTU 

ORIGEN2 ORIGEN-S CINDER & QRS C U  QR2 
AVG AVG AVG ORS CIN CIN 

SE 79 1.003E-01 9.272E-02 8.4801-02 1.083 1.001 0.916 1.08 1.18 1.09 
KR 85 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
SR 89 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 

Y 90 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ZR 93 1.155E+01 1.1631+01 1.135E+01 1.003 1.010 0.986 0.99 1.02 1.02 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
TC 99 1.078E+01 1.109E+01 1.100E+01 0.984 1.012 1.004 0.97 0.98 1.01 
RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PD107 3.095B+00 2.821E+00 3.176E+00 1.021 0.931 1.098 1.10 0.97 0.89 
SN126 2.9773-01 2.176E-01 2.459B-01 1.173 0.858 0.969 1.37 1.21 0.88 
SB125 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I129 2.04OE+OO 2.174E+OO 2.0643+00 0.975 1.039 0.986 0.94 0.99 1.05 

CS133 1.196B+01 1.239E+01 1.204E+01 0.986 1.021 0.993 0.97 0.99 1.03 
CS134 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS135 4.185E+00 4.621E+00 4.521B+00 0.942 1.040 1.018 0.91 0.93 1.02 
CS137 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CE144 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND143 7.502E+OO 8.081E+00 7.950B+00 0.956 1.030 1.013 0.93 0.94 1.02 
ND144 1.455E+O1 1.415E+01 1.414E+01 1.019 0.991 0.990 1.03 1.03 1.00 
ND145 6.731E+OO 6.9188+00 6.7161+00 0.992 1.019 0.989 0.97 1.00 1.03 
ND146 7.3971+00 7.216B+00 7.403E+00 1.008 0.983 1.009 1.03 1.00 0.97 
PM147 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SM147 1.6443+00 2.160E+00 2.072B+00 0.839 1.103 1.058 0.76 0.79 1.04 
SM148 2.081E+OO 1.441E+00 1.610E+00 1.216 0.842 0.941 1.44 1.29 0.90 
SM149 2.858E-02 3.697E-02 3.1953-02 0.879 1.138 0.983 0.77 0.89 1.16 
SM150 3.073E+00 3.238B+00 2.261E+00 0.963 1.015 1.022 0.95 0.94 0.99 
SMl51 4.473E-35 5.589E-35 4.0921-35 0.948 1.185 0.867 0 . 8 0  1.09 1.37 
SM152 1.120E+00 1.230E+00 8.790B-01 1.041 1.143 0.817 0.91 1.27 1.40 
EU153 1.142E+00 1.124B+00 1.203E+OO 0.988 0.972 1.040 1.02 0.95 0.93 
BU154 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU155 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
U234 2.1281+00 2.2849+00 1.231B+00 1.131 1.214 0.654 0.93 1.73 1.86 
U235 4.062E+01 4.350E+Ol 3.904E+Ol 0.989 1.060 0.951 0.93 1.09 1.11 
U236 3.297E+01 3.276E+01 2.5383+01 1.086 1.079 0.836 1.01 1.30 1.29 
U238 3.873B+03 3.8673+03 3.869B+03 1.001 0.999 1.000 1.00 1.00 1.00 

NP237 1.042B+01 1.128E+01 3.2341+00 1.254 1.357 0.389 0.92 3.22 3.49 
PU238 8.911E-23 1.505B-22 7.2061-23 0.858 1.449 0.694 0.59 1.24 2.09 
PU239 1.870E+01 2.058E+01 1.816E+01 0.977 1.075 0.948 0.91 1.03 1.13 
PU240 3.955E+OO 3.818E+00 3.4231+00 1.060 1.023 0.917 1.04 1.16 1.12 
PU241 1.051E-05 1.150B-05 0.0 0.955 1.005 0.0 0.91 0.0 0.0 
PU242 3.171E+00 3.0481+00 3.679E+00 0.961 0.929 1.115 1.04 0 . 8 6  0.83 
AM241 3.165E-04 3.5371-04 9.0623-07 1.415 1.581 0.004 0.89 8 8 8 .  8888 
AM242 9.403E-28 1.5881-27 7.6OOE-28 0.858 1.449 0.693 0.59 1.24 2.09 
AM243 2.9721-01 3.298E-01 3.947E-01 0.873 0.968 1.159 0.90 0.75 0.84 
a 2 4 2  1.907E-25 3.220E-25 1.5391-25 0.858 1.449 0.693 0.59 1.24 2.09 
a 2 4 3  0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CM244 5.475E-15 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
CM245 6.193E-03 6.6398-03 1.078E-02 0.787 0.844 1.370 0.93 0.57 0.62 
CM246 4.7703-04 5.423E-04 7.680B-04 0.801 0.910 1.289 0 . 8 8  0.62 0.71 

AVERAGE-ABSOLUTE-DEVIATION, AS X 8.98 12.33 14.49 12.2 **** **** 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 7.40 9.77 11.50 11.3 21.3 30.8 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 6.21 7.51 9.35 10.5 14.5 20.9 
NUCS EXCLUDED, 1ST/2ND: SMl48 CM242 AM241 / SN126 AH242 NP237 

, .* * a \  
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CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/UTU, APPROX.) G-ATOUS PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGBN2 ORIGEN-S CINDER QRS Q&2 QES ORIGEN2 ORIGEN-S CINDER pBa QRS pBz pBz 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORs CIN CIN 
SE 79 6.124E-02 5.695E-02 5.266E-02 1.075 1.000 0.925 1.08 1.16 1.08 6.123B-02 5-6941-02 5-2661-02 1.075 1.000 0.925 1.08 1.16 1.08 * 
RR 85 2.2738-01 2.3013-01 2.3623-01 0.983 0.995 1.022 0.99 0.96 0.97 1.654E-01 1.6741-01 1.719E-01 0.983 0.995 1.022 0.99 0.96 0.97 
SR 89 1.506E-01 1.560E-01 1.5443-01 0.980 1.015 1.005 0.97 0.98 1.01 2.9991-12 3.054B-12 3.028B-12 0.980 1.015 1.006 0.97 0.97 1.01 
SR 90 4.8321+00 4.901E+OO 5.113E+00 0.976 0.990 1.033 0.99 0.95 0.96 4.2981+00 4.359B+00 4.5483+00 0.976 0.990 1.033 0.99 0.95 0.96 
Y 90 1.212E-03 1.229E-03 1.282E-03 0.977 0.990 1.033 0.99 0.95 0.96 1.078B-03 1.093B-03 1.141E-03 0.976 0.990 1.034 0.99 0.94 0.96 
Y 91 2.4451-01 2.5186-01 2.521B-01 0.980 1.009 1.011 0.97 0.97 1.00 1.401E-10 1.4421-10 1-4451-10 0.980 1.009 1.011 0.97 0.97 1.00 

ZR 93 6.377B+00 6.5191+00 6.4311+00 0.990 1.012 0.998 0.98 0.99 1.01 6.3771+00 6.519B+00 6.431B+00 0.990 1.012 0.998 0.98 0.99 1.01 
ZR 95 3.994B-01 4.063E-01 4.017E-01 0.992 1.010 0.998 0.98 0.99 1.01 1.413B-09 1-4351-09 1.473E-09 0.981 0.996 1.023 0.98 0.96 0.97 
NB 95 2.836B-01 2.886E-01 2.839E-01 0.994 1.011 0.995 0.98 1.00 1.02 1.724B-09 1.750B-09 1.783E-09 0.984 0.999 1.018 0.99 0.97 0.98 
TC 99 6.618B+00 6.7153+00 6.7223+00 0.990 1.004 1.006 0.99 0.98 1.00 6.6181+00 6.715B+00 6.722B+00 0.990 1.004 1.006 0.99 0.98 1.00 
RU106 1.214E+00 1.1043+00 1.145E+00 1.052 0.956 0.992 1.10 1.06 0.96 4.1251-02 3.7513-02 3.893B-02 1.051 0.956 0.992 1.10 1.06 0.96 
PD107 1.781E+OO 1.5661+00 1.661E+00 1.067 0.938 0.995 1.14 1.07 0.94 1.781B+00 1.5663+00 1.66lE+OO 1.067 0.938 0.995 1.14 1.07 0.94 
SN126 1.776E-01 1.2821-01 1.440E-01 1.185 0.855 0.960 1.39 1.23 0.89 1.7761-01 1.2821-01 1.4401-01 1.185 0.855 0.960 1.39 1.23 0.89 
SB125 8.713B-02 5.8638-02 4.818E-02 1.348 0.907 0.745 1.49 1.81 1.22 2.547E-02 1.714B-02 1.409E-02 1.348 0.907 0.746 1.49 1.81 1.22 
I129 1.166E+OO 1.19OE+OO 1.1341+00 1.002 1.023 0.975 0.98 1.03 1.05 1.171E+OO 1.195E+OO 1.140B+00 1.002 1.023 0.975 0.98 1.03 1.05 

CS133 7.163Ec00 7.3163+00 7.2131+00 0.991 1.012 0.998 0.98 0.99 1.01 7.164E+00 7.317B+00 7.2151+00 0.991 1.012 0.998 0.98 0.99 1.01 
CS134 6.452B-01 6.1213-01 5.881E-01 1.049 0.995 0.956 1.05 1-10 1.04 1.235E-01 1.172E-01 1.126B-01 1.049 0.995 0.956 1.05 1.10 1.04 
cs135 2.276E+00 2.2653+00 2.057E+00 1.035 1.030 0.935 1.00 1.11 1.10 2.2768+00 2.2658+00 2.0573+00 1.035 1.030 0.935 1.00 1.11 1.10 
CS137 7.2463+00 7.243E+00 7.422E+00 0.992 0.992 1.016 1.00 0.98 0.98 6.468E+00 6.469E+00 6.629B+00 0.992 0.992 1.016 1.00 0.98 0.98 
CE144 1.822Bc00 1.8463+00 1.85OE+OO 0.991 1.004 1.006 0.99 0.98 1.00 2.2821-02 2.313B-02 2.3221-02 0.990 1.003 1.007 0.99 0.98 1.00 
ND143 4.663ECOO 4.710E+00 4.464E+00 1.011 1.021 0.968 0.99 1.04 1.06 4.688ECOO 4.735Ec00 4.490B+00 1.011 1.021 0.968 0.99 1.04 1.05 
NDlU4 5.583B+00 5.7073+00 5.933E+00 0.972 0.994 1.033 0.98 0.94 0.96 7.383B+00 7.5301+00 7.759E+00 0.977 0.996 1.027 0.98 0.95 0.97 
ND145 3.8843+00 3.9863+00 3.924E+00 0.988 1.014 0.998 0.97 0.99 1.02 3.8841+00 3.986B+00 3.9241+00 0.988 1.014 0.998 0.97 0.99 1.02 
ND146 3.841E+00 3.8233+00 3.8621+00 1.000 0.995 1.005 1.00 0.99 0.99 3.8411+00 3.823E+OO 3.8623+00 1.000 0.995 1.005 1.00 0.99 0.99 
PU147 8.3831-01 1.103E+00 1.0609+00 0.838 1.103 1.060 0.76 0.79 1.04 2.302B-01 3.025B-01 2.907B-01 0.839 1.102 1.059 0.76 0.79 1.04 
SUlP7 3.960B-01 4.3863-01 4.775E-01 0.905 1.003 1.092 0.90 0.83 0.92 1.010E+00 1.246B+00 1.253B+00 0.863 1.065 1.071 0.81 0.81 0.99 
SUlU8 9.184E-01 6.298E-01 6.442E-01 1.257 0.862 0.882 1.46 1.43 0.98 9.2338-01 6.342E-01 6.487B-01 1.256 0.861 0.882 1.46 1.42 0.98 
SU149 1.997B-02 2.140E-02 1.6851-02 1.029 1.103 0.868 0.93 1.19 1.27 1.997E-02 2.1408-02 1.6861-02 1.029 1.103 0.869 0.93 1.18 1.27 
SI4150 1.685B+00 1.6961+00 1.66OE+OO 1.003 1.009 0.988 0.99 1.02 1.02 1.685E+OO 1.696E+00 1.660E+00 1.003 1.009 0.988 0.99 1.02 1.02 
SU151 8.1311-02 7.4251-02 5.8103-02 1.142 1.043 0.816 1.10 1.40 1.28 7.829E-02 7.1491-02 5.5941-02 1.142 1.043 0.816 1.10 1.40 1.28 
SU152 7.524E-01 7.6841-01 6.5683-01 1.037 1.059 0.905 0.98 1.15 1.17 7.525B-01 7.684B-01 6.568B-01 1.037 1.059 0.905 0.98 1.15 1.17 
EU153 5.825E-01 5.8493-01 6.368B-01 0.969 0.973 1.059 1.00 0.91 0.92 5.825E-01 5.849B-01 6.3683-01 0.969 0.973 1.059 1.00 0.91 0.92 
EU154 2.005B-01 1.902H-01 1.5918-01 1.094 1.038 0.868 1.05 1.26 1.20 1.349E-01 1.279B-01 1.0703-01 1.094 1.038 0.868 1.05 1.26 1.20 
EU155 7.2293-02 6.9851-02 5.4153-02 1.105 1.068 0.828 1.03 1.33 1.29 3.636E-02 3.5133-02 2.7243-02 1.105 1.067 0.828 1.04 1.33 1.29 
U234 6.2983-01 6.255B-01 6.29513-01 1.002 0.996 1.002 1.01 1.00 0.99 6.4693-01 6.423B-01 6-3501-01 1.009 1.001 0.990 1.01 1.02 1.01 
u235 2.9723+01 2.7963+01 2.5531+01 1.072 1.008 0.920 1.06 1.16 1.10 2.972B+01 2.796B+01 2.5531+01 1.072 1.008 0.920 1.06 1.16 1.10 
u236 1.360E+01 1.3743+01 1.3901+01 0.989 1.000 1.011 0.99 0.98 0.99 1.361B+01 1.3748+01 1.39OE+Ol 0.990 0.999 1.011 0.99 0.98 0.99 
u238 4.001E+03 4.0033+03 4.013E+O3 0.999 0.999 1.002 1.00 1-00 1.00 4.0013+03 4.003B+03 4.0131+03 0.999 0.999 1.002 1.00 1.00 1.00 

NP237 1.449E+00 1.427E+00 1.117E+00 1.089 1.072 0.839 1.02 1.30 1.28 1.456B+00 1.433E+OO 1.118E+00 1.090 1.073 0.837 1.02 1.30 1.28 
PU238 4.1501-01 4.106E-01 3.077B-01 1.099 1.087 0.815 1.01 1.35 1.33 4.388E-01 9.2921-01 3.296B-01 1.099 1.075 0.826 1.02 1.33 1.30 
PU239 2.028E+01 2.044E+Ol 1.488E+01 1.094 1.103 0.803 0.99 1.36 1.37 2.0271+01 2.044B+01 1.488B+01 1.094 1.103 0.803 0.99 1.36 1.37 
PU2UO 8.85OE+OO 7.73OE+OO 7.7263+00 1.092 0.954 0.954 1.14 1.15 1.00 8.859B+00 7.7351+00 7.722B+00 1.093 0.954 0.953 1.15 1.15 1.00 
PU241 4.651Ec00 4.4581+00 3.8093+00 1.080 1.035 0.885 1.04 1.22 1.17 3.670B+00 3.535E+OO 3.020B+00 1.077 1.037 0.886 1.04 1.22 1.17 
PU242 1.632E+00 1.5233+00 1.8683+00 0.975 0.910 1.116 1.07 0.87 0.82 1.632E+00 1.523B+00 1.8688+00 0.975 0.910 1.116 1.07 0.87 0.82 
An241 1.618E-01 1.5213-01 1.2683-01 1.101 1.035 0.863 1.06 1.28 1.20 1.137E+00 1.070E+00 9.093E-01 1.095 1.030 0.875 1.06 1.25 1.18 
An242 3.574E-08 4.2613-08 1.7493-08 1.119 1.334 0.547 0.84 2.04 2.44 3.495E-08 4.167E-08 1.710E-08 1.119 1.334 0.547 0.84 2.09 2.44 
An243 2.909B-01 2.6293-01 2.8823-01 1.036 0.937 1.027 1.11 1.01 0.91 2.908E-01 2.628E-01 2.88OE-01 1.037 0.937 1.027 1.11 1.01 0.91 
CU242 4.096B-02 3.5343-02 3.4683-02 1.107 0.955 0.937 1.16 1.18 1.02 2.6983-05 2.560E-05 2.009E-05 1.114 1.057 0.829 1.05 1.39 1.27 
CU243 1.198B-03 3.3063-04 8.2233-04 1.529 0.422 1.049 3.62 1.46 0.40 1.063E-03 2.933E-04 7.2961-04 1.529 0.422 1.049 3.62 1.46 0.40 
CU244 7.390E-02 5.6573-02 6.2023-02 1.152 0.882 0.967 1.31 1.19 0.91 6.1221-02 4.6873-02 5.1381-02 1.152 0.882 0.967 1.31 1.19 0.91 
CM245 2.529E-03 1.872E-03 1.919E-03 1.200 0.889 0.911 1.35 1.32 0.98 2.528E-03 1.8723-03 1.9188-03 1.200 0.889 0.911 1.35 1.32 0.98 
(31246 2.719E-04 2.2691-04 2.40713-04 1.103 0.920 0.976 1.20 1.13 0.94 2.7173-04 2.267E-04 2.405E-04 1.103 0.920 0.976 1.20 1.13 0.94 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.49 5.69 6.88 13.4 16.3 12.4 7.61 5.76 7.07 13.3 16.8 12.6 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 5.92 3.99 5 . 7 6  8.3 14;O 8.8 6.04 4.06 5.96 8.3 14.4 9.1 
AV-ABS-DBV EXCLUDING LARGEST TWO. X 5.46 3.58 5.39 7.5 12.6 8 . 5  5 . 6 0  3.66 5.61 7.5 13.1 9.8 
NUCS EXCLUDED, 1ST/2ND: SB125 (31243 M 2 4 2  / SU148 An243 PU239 SB125 cW243 M 2 4 2  / SU148 AU243 PU239 



CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/MTU, APPROX.) G-ATOHS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORB CIN CIN 

SE 79 6.123E-02 5.694E-02 5.2661-02 1.075 1.000 0.925 1.08 1.16 1.08 6.1223-02 5.693B-02 5.2651-02 1.075 1.000 0.925 1.08 1.16 1.08 
KR 8 5  1.1973-01 1.212E-01 1.244E-01 0.983 0.995 1.022 0.99 0.96 0.97 6.271E-02 6.3461-02 6.5163-02 0.983 0.995 1.022 0.99 0.96 0.97 
SR 89 3.8271-23 3.961B-23 3.9343-23 0.979 1.014 1.007 0.97 0.97 1.01 0.0 0.0 6.6431-45 0.0 0.0 0.0 0.0 0.0 0.0 
SR 90 3.816E+00 3.87OE+OO 4.038B+00 0.976 0.990 1.033 0.99 0.95 0.96 3.008E+OO 3.050E+00 3.183E+OO 0.977 0.990 1.033 0.99 0.95 0.96 

ORIGEN2 ORIGBN-S CINDER ORIGEN2 ORIGBN-S CINDER m pBs pBa 

Y 90 9.5703-04 9.7061-04 1.013E-03 0.976 0.990 1.033 0.99 0.94 0.96 7.543E-04 7.650B-04 7.982B-04 0.976 0.990 1.033 0.99 0.95 0.96 
Y 91 5.6231-20 5.785B-20 5.8091-20 0.980 1.008 1.012 0.97 0.97 1.00 9.059B-39 9.313B-39 9.3841-39 0.979 1.007 1.014 0.97 0.97 0.99 

ZR 93 6.3773+00 6.5191+00 6.431EtOO 0.990 1.012 0.998 0.98 0.99 1.01 6.3773+00 6.519B+00 6.431E+00 0.990 1.012 0.998 0.98 0.99 1.01 
ZR 95 3.6128-18 3.661B-18 3.904E-18 0.969 0.983 1.098 0.99 0.93 0.99 2.360E-35 2.3838-35 2.74UE-35 0.946 0.955 1.100 0.99 0.86 0.87 
NB 9 5  4.4061-18 4.4653-18 4.728E-18 0.972 0.985 1.043 0.99 0.93 0.94 2.8788-35 2.906B-35 3.3223-35 0.948 0.957 1.094 0.99 0.87 0.87 
TC 99 6.6188+00 6.7143+00 6.722E+00 0.990 1.004 1.006 0.99 0.98 1.00 6.6179+00 6.714B+00 6.722E+00 0.990 1.004 1.006 0.99 0.98 1.00 
RU106 1.3251-03 1.2051-03 1.251E-03 1.051 0.956 0.993 1.10 1.06 0.96 1.396B-06 1.243B-06 1.291B-06 1.066 0.949 0.985 1.12 1.08 0.96 
PD107 1.781E+OO 1.5663+00 1.661E+00 1.067 0.938 0.995 1.14 1.07 0.94 1.781E+00 1.566B+00 1.6618+00 1.067 0.938 0.995 1.14 1.07 0.94 
SN126 1.776E-01 1.282E-01 1.4408-01 1.185 0.855 0.960 1.39 1.23 0.89 1.776E-01 1.282B-01 1.4391-01 1.185 0 .855  0.960 1.39 1.23 0.89 
SB125 7.2891-03 4.906B-03 4.031E-03 1.348 0.907 0.745 1.49 1.81 1.22 5.9693-09 4.0178-04 3.3011-09 1.348 0.907 0.745 1.49 1.81 1.22 
1129 1.171E+00 1.195E+00 1.140B+00 1.002 1.023 0.975 0.98 1.03 1.05 1.171E+OO 1.195E+00 1.140E+00 1.002 1.023 0.975 0.98 1.03 1.05 

CS133 7.16413+00 7.317B+00 7.2158+00 0.991 1.012 0.998 0.98 0.99 1.01 7.164B+00 7.317B+00 7.2151+00 0.991 1.012 0.998 0.98 0.99 1.01 
CS134 2.300E-02 2.182B-02 2.097E-02 1.049 0.995 0.956 1.05 1.10 1.04 7.9771-04 7.5653-04 7.2713-04 1.049 0.995 0.956 1.05 1.10 1.04 
CS135 2.276E+00 2.2653+00 2.0571+00 1.035 1.030 0.935 1.00 1.11 1.10 2.2769+00 2.2659+00 2.057E+00 1.035 1.030 0.935 1.00 1.11 1.10 
CS137 5.762B+00 5.7671+00 5.9103+00 0.991 0.992 1.017 1.00 0.97 0.98 4.5738+00 4.583B+00 4.697B+00 0.990 0.992 1.017 1.00 0.97 0.98 
CE144 2.6581-04 2.693E-04 2.7093-04 0.989 1.002 1,008 0.99 0.98 0.99 3.6023-08 3.6531-08 3.6873-08 0.988 1.002 1.011 0.99 0.98 0.99 
ND143 4.688E+OO 4.7351+00 4.4901+00 1.011 1.021 0.968 0.99 1.04 1.05 4.688B+00 4.735B+00 4.490E+00 1.011 1.021 0.968 0.99 1.04 1.05 
ND144 7.405B+00 7.5531+00 7.7821+00 0.977 0.996 1.027 0.98 0.95 0.97 7.405B+00 7.5531+00 7.783B+00 0.977 0.996 1.027 0.98 0.95 0.97 
ND145 3.8841+00 3.986E+00 3.9243+00 0.988 1.014 0.998 0.97 0.99 1.02 3.8843+00 3.9863+00 3.424E+OO 0.988 1.014 0.998 0.97 0.99 1.02 
ND146 3.841E+00 3.8231+00 3.862B+00 1.000 0.995 1.005 1.00 0.99 0.99 3.841E+00 3.8231+00 3.862E+00 1.000 0.995 1.005 1.00 0.99 0.99 
PH147 6.144E-02 8.072E-02 7.7561-02 0.839 1.102 1.059 0.76 0.79 1.04 4.375B-03 5.7471-03 5.522B-03 0.839 1.102 1.059 0.76 0.79 1.04 
SM147 1.179B+00 1.467B+00 1.4663+00 0.860 1.070 1.070 0.80 0.80 1.00 1.236B+00 1.5421+00 1.5383+00 0.859 1.072 1.069 0.80 0.80 1.00 
81148 9.2338-01 6.342B-01 6.487B-01 1.256 0.862 0.882 1.46 1.42 0.98 9.233B-01 6.342B-01 6.4871-01 1.256 0.862 0.882 1.46 1.42 0.98 
SI4149 1.997E-02 2.140B-02 1.686B-02 1.029 1.103 0.869 0.93 1.18 1.27 1.9973-02 2.140B-02 1.686B-02 1.029 1.103 0.869 0.93 1.18 1.27 
SM150 1.685E+OO 1.6963+00 1.6603+00 1.003 1.009 0.988 0.99 1.02 1.02 1.6851+00 1.696E+OO 1.660E+00 1.003 1.009 0.988 0.99 1.02 1.02 
51151 7.533E-02 6.8791-02 5.3831-02 1.142 1.043 0.816 1.10 1.40 1.28 6.9753-02 6.369B-02 4.984E-02 1.142 1.043 0.816 1.10 1.40 1.28 
61152 7.5251-01 7.6843-01 6.5688-01 1.037 1.059 0.905 0.98 1.15 1.17 7.5261-01 7.6898-01 6.5688-01 1.037 1.058 0.905 0.98 1.15 1.17 
EU153 5.8253-01 5.849E-01 6.3681-01 0.969 0.973 1.059 1.00 0.91 0.92 5.825B-01 5.849E-01 6.368E-01 0.969 0.973 1.059 1.00 0.91 0.92 
EU154 9.0173-02 8.55OE-02 7.1538-02 1.094 1.038 0.868 1-05 1.26 1.20 4.027B-02 3.819B-02 3.195B-02 1.094 1.038 0.868 1.05 1.26 1.20 
EU155 1.807E-02 1.747E-02 1.3543-02 1.105 1.068 0.828 1.03 1.33 1.29 4.467B-03 4.3183-03 3.34813-03 1.105 1.068 0.828 1.03 1.33 1.29 
U234 6.6391-01 6.589E-01 6.9061-01 1.014 1.007 0.979 1.01 1.09 1.03 6.9601-01 6.9031-01 6.5118-01 1.025 1.016 0.959 1.01 1.07 1.06 
U235 2.972E+Ol 2.796E+01 2.5531+01 1.072 1.008 0.920 1.06 1.16 1.10 2.973E+01 2.797B+01 2.5533+01 1.072 1.008 0.920 1.06 1.16 1.10 
U236 1.361B+01 1.3741+01 1.3901+01 0.990 0.999 1.011 0.99 0.98 0.99 1.3621+01 1.3751+01 1.390E+Ol 0.990 1.000 1.010 0.99 0.98 0.99 
u238 4.0011+03 4.003EtO3 4.013E+O3 0.999 0.999 1.002 1.00 1.00 1.00 4.001B+03 4.003B+03 4.013B+03 0.999 0.999 1.002 1.00 1.00 1.00 

NP237 1.468E+00 1.444E+00 l.l18E+00 1.093 1.075 0.832 1.02 1.31 1.29 1.508E+OO 1.482E+00 1.118B+00 1.101 1.082 0.816 1.02 1.35 1.33 
PU238 4.219B-01 4.126E-01 3.1681-01 1.099 1.075 0.826 1.02 1.33 1.30 3.8991-01 3.814E-01 2.928E-01 1.099 1.075 0.825 1.02 1.33 1.30 
PU239 2.027Bt01 2.0438+01 1.4883+01 1.094 1.103 0.803 0.99 1.36 1.37 2.027B+01 2.0438+01 1.4871+01 1.094 1.103 0.803 0.99 1.36 1.37 
~ ~ 2 4 0  8.864E+00 7.739E+OO 7.7183+00 1.093 0.955 0.952 1.15 1.15 1.00 8.8711+00 7.7441+00 7.710B+00 1.094 0.955 0.951 1.15 1.15 1.00 
PU241 2.885E+OO 2.793E+00 2.3868+00 1.073 1.039 0.888 1.03 1.21 1.17 1.783E+00 1.743B+00 1.489B+00 1.067 1.043 0.891 1.02 1.20 1.17 
PU242 1.632E+00 1.523E+00 1.8681+00 0.975 0.910 1.116 1.07 0.87 0.82 1.6321+00 1.523B+00 1.8683+00 0.975 0.910 1.116 1.07 0.87 0.82 
AM241 1.91OE+OO 1.801E+00 1.533B+00 1.093 1.030 0.877 1.06 1.25 1.17 2.972B+00 2.813Et00 2.3961+00 1.090 1.032 0.879 1.06 1.24 1.17 
AM242 3.416B-08 4.073E-08 1.672B-08 1.119 1.334 0.548 0.84 2.04 2-40 3.264E-08 3.891B-08 1-5971-08 1.119 1.334 0.547 0.84 2.09 2.44 
AM243 2.907B-01 2.6263-01 2.879B-01 1.037 0.937 1.027 1.11 1.01 0.91 2-9043-01 2.6291-01 2.876B-01 1.037 0.937 1.027 1.11 1.01 0.91 
(31242 6.919E-06 8.246E-06 3.3948-06 1.118 1.333 0.549 0.84 2.04 2.43 6.5991-06 7.868B-06 3.2361-06 1.118 1.333 0.548 0.84 2.04 2.43 
CM243 9.416E-04 2.597E-04 6.4613-04 1.529 0.422 1.049 3.63 1.46 0.40 7.3831-04 2.036B-04 5.0661-04 1.529 0.422 1.049 3.63 1.46 0.40 
CM244 5.055B-02 3.870E-02 4.243B-02 1.152 0.882 0.967 1.31 1.19 0.91 3.4081-02 2.639B-02 2.893B-02 1.152 0.882 0.966 1.31 1.19 0.91 
CM245 2.527B-03 1.87lE-03 1.917E-03 1.200 0.889 0.911 1.35 1.32 0.98 2.525E-03 1.8698-03.1.9161-03 1.200 0:889 0.911 1.35 1.32 0.98 
(31246 2.7151-04 2.2663-04 2.4031-04 1.103 0.921 0.976 1.20 1.13 0.94 2.711B-04 2.2621-04 2.4OOE-04 1.103 0.920 0.977 1.20 1.13 0.94 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.68 6.36 7.74 13.5 18.3 15.1 . L -  7.94 6.63 8..17 13.8 19.0 15.8 
6.36 4.95 7.10 8 . 6  16.7 12.3 AV-ABS-DBV EXCLUDING LARGEST ONE, X 6.12 4.70 6.67 8 . 5  16.0-11.6 . .  

AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.62 3.85 5.81 7.5 12.8 8 . 6  5.87 4.09 6.25 7.6 13.5 9.3 
NUCS EXCLUDED. 1ST/2ND: SB125 CM243 AM242 I SH148. AM243 ~ (31242 ‘ : SB125 -243 AM242 / S1148 AM243 (31292 

00 
0 
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CASE: BWR, 2.64 WP X U-235, 2.866 AT X BURNUP (27.5 GWD/MTU. APPROX.) , G-ATOUS PER UTU . .  
. . . . . . . . . . . . . . . . . . . . . .  50  YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YP . . . . . . . . . . . . . . . . . . . . . .  _ _  _. -_. 
ORIGEN2 ORIGEN-S CINDER a & ORIGEN2 ORIGEN-S CINDER G U  Qaiimm 

AVG AVG AVG ORS CIN CIN % AVG ORS CIN CIN 
SE 79 6.1211-02 5.692B-02 5.263E-02 1.075 1.000 0.925 1.08 1.16 1.08 6.1173-02 5.689B-02 5.261E-02 1.075 1.000 0.925 1.08 1.16 1.08 
KR 8 5  9.0141-03 9.120B-03 9.366E-03 0.983 0.995 1.022 0.99 0.96 0.97 3.555E-04 3.596B-04 3.694E-04 0.983 0.995 1.022'0.99 0.96 0.97 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 1.4733+00 1.493E+00 1.558E+OO 0.977 0.990 1.033 0.99 0.95 0.96 4.48OE-01 4.542E-01 4.74OE-01 0.977 0.990 1.033 0.99 0.95 0.96 

Y 90 3.693E-04 3.7451-04 3,9088-04 0.976 0.990 1.033 0.99 0.94 0.96 1.1231-04 1.139E-04 1.1891-04 0.976 0.990 1.034 0.99 0.94 0.96 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

ZR 93 6.3763+00 6.519E+OO 6.431B+00 0.990 1.012 0.998 0.98 0.99 1.01 6.376B+00 6.5191+00 6.431B+00 0.990 1.012 0.998 0.98 0.99 1.01 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  
TC 99 6.617E+00 6.714E+00 6.7213+00 0.990 1.004 1.006 0.99 0.98 1.00 6.616E+00 6.712B+00 6.720B+00 0.990 1.004 1.006 0.99 0.98 1.00 
RU106 1.534E-15 1.3653-15 1.4203-15 1.066 0.948 0.986 1.12 1.08 0.96 1-7938-30 1.595E-30 1.6641-30 1.065 0.947 0.988 1.12 1.08 0.96 
PD107 1.781E+00 1.5663+00 1.661E+00 1.067 0.938 0.995 1.14 1.07 0.94 1.781E+00 1.566E+OO 1.661E+00 1.067 0.938 0.995 1.14  1.07 0.94 
SN126 1.7751-01 1.282E-01 1.439E-01 1.184 0 . 8 5 5  0.960 1.38 1.23 0.89 1.7751-01 1.281E-01 1.439B-01 1.185 0.855 0.960 1.39 1.23 0.89 
SB125 3.277B-07 2.2053-07 1.813E-07 1.348 0.907 0.746 1.49 1.81 1.22 1.206B-12 8-1141-13 6.6763-13 1.347 0.907 0.746 1.49 1.81 1.22 
I129 1.171~+00 1.1958+00 1.140E+00 1.002 1.023 0.975 0.98 1.03 1.05 1.171E+OO 1.1951+00 1.140B+00 1.002 1.023 0.975 0.98 1.03 1.05 

cS133 7.1641+00 7.3171+00 7.2151+00 0.991 1.012 0.998 0.98 0.99 1.01 7.164B+00 7.3171+00 7.2158+00 0.991 1.012 0.998 0.98 0.99 1.01 
CS134 3.327E-08 3.154B-08 3.0321-08 1.049 0.995 0.956 1.05 1.10 1.04 1.6691-15 1.58OE-15 1.521E-15 1.050 0.994 0.957 1.06 1.10 1.04 
cS135 2.276E+00 2.2658+00 2.0571+00 1.035 1.030 0.935 1.00 1.11 1.10 2.276E+OO 2.2659+00 2.057E+OO 1.035 1.030 0.935 1.00 1.11 1.10 
CS137 2.2871+00 2.300E+00 2.3571+00 0.988 0.994 1.018 0.99 0.97 0.98 7.2021-01 7.292B-01 7.4791-01 0.984 0.996 1.021 0.99 0.96 0.98 
CB144 8.965E-20 9.111B-20 9.2971-20 0.983 0.999 1.019 0.98 0.96 0.98 4-0983-39 4.18lK-39 4.344E-39 0.974 0.994 1.032 0.98 0.94 0.96 
ND143 4.688E+OO 4.735B+00 4.49OE+OO 1.011 1.021 0.968 0.99 1.04 1.05 4.6883+00 4.735B+00 4.4901+00 1.011 1.021 0.968 0.99 1.09 1.05 
ND144 7.4051+00 7.553E+00 7.7831+00 0.977 0.996 1.027 0.98 0.95 0.97 7.4051+00 7.553E+00 7.783B+00 0.977 0.996 1.027 0.98 0.95 0.97 
~ D 1 4 5  3.884E+00 3.9863+00 3.924E+OO 0.988 1.014 0.998 0.97 0.99 1.02 3.8841+00 3.986E+OO 3.9243+00 0.988 1.019 0.998 0.97 0.99 1.02 
ND146 3.841E+00 3.823E+00 3.8621+00 1.000 0.995 1.005 1.00 0.99 0.99 3.841E+OO 3.8233+00 3.8621+00 1.000 0.995 1.005 1.00 0.99 0.99 
PU147 1.5801-06 2.073B-06 1.99313-06 0.840 1.101 1.059 0.76 0.79 1.04 2.893E-12 3.7923-12 3.6483-12 0.840 1.101 1.059 0.76 0.79 1.04 
SU147 1.240B+00 1.5488+00 1.5431+00 0.859 1.072 1.069 0 . 8 0  0.80 1.00 1.240Et00 1.5483+00 1.5433+00 0.859 1.072 1.069 0.80 0 . 8 0  1.00 
SM148 9.233E-01 6.3428-01 6.9873-01 1.256 0.862 0.882 1.46 1.42 0.98 9.233E-01 6.3421-01 6.4878-01 1.256 0.862 0.882 1.46 1.42 0.98 
SUl49 1.9971-02 2.140E-02 1.686E-02 1.029 1.103 0.869 0.93 1.18 1.27 1.997E-02 2.14OE-02 1.6861-02 1.029 1.103 0.869 0.93 1.18 1.27 
Snl50 1.6853+00 1.6961+00 1.660B+00 1.003 1.009 0.988 0.99 1.02 1.02 1.685B+00 1.6961+00 1.66OE+OO 1.003 1.009 0.988 0.99 1.02 1.02 
SI151 5.536B-02 5.055E-02 3.9563-02 1.142 1.042 0.816 1.10 1.40 1.28 3.766B-02 3.439B-02 2.6911-02 1.142 1.043 0.816 1.10 1.90 1.28 
SU152 7.5263-01 7.685B-01 6.5688-01 1.037 1.059 0.905 0.98 1.15 1.17 7.5263-01 7.685E-01 6.5688-01 1.037 1.059 0.905 0.98 1.15 1.17 
EU153 5.8253-01 5.849E-01 6.368E-01 0.969 0.973 1.059 1.00 0.91 0.92 5.8258-01 5.8498-01 6.368B-01 0.969 0.973 1.059 1.00 0.91 0.92 
EU154 3.589E-03 3.402E-03 2.846E-03 1.095 1.038 0.868 1.05 1.26 1.20 6.38OE-05 6.0463-05 5.0591-05 1.095 1.037 0 . 8 6 8  1.06 1 .26  1.20 
EU155 6.7461-05 6.522E-05 5.057E-05 1.104 1.068 0.828 1.03 1.33 1.29 6.2223-08 6.0218-08 4.669B-08 1.104 1.068 0.828 1.03 1.33 1.29 
U234 7.7821-01 7.7083-01 6.780E-01 1.048 1.038 0.913 1.01 1.15 1.14 8.7878-01 8.6911-01 7.110E-01 1.072 1.060 0.867 1.01 1.24 1.22 
U235 2.9751+01 2.799E+01 2.553E+01 1.072 1.008 0.920 1.06 1.17 1.10 2.978E+Ol 2.802E+Ol 2.5538+01 1.072 1.009 0.919 1.06 1.17 1.10 
U236 1.365E+01 1.3783+01 1.390E+Ol 0.991 1.000 1.009 0.99 0.98 0.99 1.3708+01 1.382E+01 1.390B+01 0.992 1.001 1.007 0.99 0.99 0.99 
U238 4.0011+03 4.003E+03 4.013E+O3 0.999 0.999 1.002 1.00 1.00 1.00 4.0018+03 4.0031+03 4.013B+O3 0.999 0.999 1.002 1.00 1.00 1.00 

NP237 1.687E+00 1.653E+00 1.118E+00 1.135 1.112 0.752 1.02 1.51 1.48 2.0281+00 1.978E+00 1.118E+00 1.187 1.158 0.655 1.03 1.81 1.77 
PO238 3.0791-01 3.0128-01 2.3121-01 1.099 1.075 0.825 1.02 1.33 1.30 2.078B-01 2.0333-01 1.5593-01 1.099 1.076 0.825 1.02 1.33 1.30 
PU239 2.0251+01 2.041E+01 1.486E+01 1.099 1.103 0.803 0.99 1.36 1.37 2.022K+01 2.0381+01 1.4841+01 1.099 1.103 0.803 0.99 1.36 1.37 
PU240 8.866E+00 7.7378+00 7.6863+00 1.095 0.956 0.949 1.15 1.15 1.01 8.829E+00 7.7031+00 7.6451+00 1.096 0.956 0.949 1.15 1.15 1.01 

PU242 1.632E+00 1.5238+00 1.868E+00 0.975 0.910 1.116 1.07 0.87 0.82 1.6328+00 1.523E+00 1.867E+OO 0.975 0.910 1.115 1.07 0.87 0.82 
AU241 4.1553+00 3.9628+00 3.375E+00 1.085 1.030 0.881 1.05 1.23 1.17 4.1971+00 4.019B+00 3.4251+00 1.082 1.036 0.883 1.04 1.23 1.17 

PU241 4.2071-01 4.2341-01 3.619B-01 1.047 1.053 0.900 0.99 1.16 1.17 3.7901-02 4.007B-02 3.4251-02 1.013 1.071 0.916 0.95 1.11 1.17 

AU242 2.846E-08 3.3948-08 1.393E-08 1.119 1.334 0.547 0.84 2.04 2.44 2-2661-08 2.7021-08 1.109B-08 1.119 1.334 0.547 0.84 2.04 2.94 
An243 2.8963-01 2.617B-01 2.868E-01 1.037 0.937 1.027 1 . 1 1  1.01 0.91 2.882E-01 2.604E-01 2.8551-01 1.037 0.937 1.027 1.11 1.01 0.91 
CU242 5.755E-06 6.8628-06 2.822E-06 1.118 1.333 0.548 0.84 2.04 2.43 4.5821-06 5.463B-06 2.2471-06 1.118 1.333 0.548 0.84 2.04 2.43 
CU243 3.5593-04 9.8178-05 2.442E-04 1.529 0.422 1.049 3.63 1.46 0 . 4 0  1-0551-04 2.9093-05 7.238B-05 1.529 0.422 1.099 3.63 1.46 0.90 
CU244 1.0943-02 8.371E-03 9.1788-03 1.152 0.881 0.966 1.31 1.19 0.91 1.6133-03 1.235B-03 1.3591-03 1.152 0 .882  0.967 1.31 1.19 0.91 
CU245 2.5193-03 1.865E-03 1.911E-03 1.200 0.889 0.911 1.35 1.32 0.98 2-5081-03 1.857E-03 1.9031-03 1.200 0.889 0.911 1.35 1.32 0.98 
CU246 2.6993-04 2.2521-04 2.389E-04 1.103 0.920 0.976 1.20 1.13 0.94 2.6791-04 2.236E-04 2.372B-04 1.103 0.921 0.977 1.20 1.13 0.94 

AVERAGE-ABSOLUTE-DEVIATION, AS X 8.25 6.98 8.46 14.5 20.0 16.7 8.36 7.17 8.75 14.6 20.7 17.5 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.59 5.21 7.35 9.1 17.6 13.0 6.70 5.41 7.66 9.2 18.4 13.9 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 6 . 0 8  4.31 6.45 8 . 0  14.2 9.8 6.20 4.53 6.78 8.1 15.0 10.7 
NUCS EXCLUDED, lST/2ND: SB125 (31243 An242 / 51148 An243 (31242 SB125 CU243 An242 / SU148 AH243 a 2 4 2  



G-ATOMS PER ITU CASE: BWR, 2.64 WT X U-235, 2.866 AT I BURNUP (27.5 GWD/MTU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  300 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . . . .  . --_-. 
ORIGENZ ORIGEN-S CINDER pB2 pB2 ORIGEN2 ORIGBN-S CINDER pB2 pB2 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SE 79 6.1041-02 5.6761-02 5.249E-02 1.075 1.000 0.925 1.08 1.16 1-08 6.0598-02 5.6341-02 5.2101-02 1.075 1.000 0.925 1.08 1.16 1.08 
RR 8 5  8.6031-10 8.6941-10 8.9351-10 0.984 0.994 1.022 0.99 0.96 0.97 1.8971-29 1.9161-29 1.9671-29 0.985 0.994 1.021 0.99 0.96 0.97 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 

Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0 . 0  0 . 0  0.0 0.0 0.0 

RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PD107 1.7811+00 1.5661+00 1.6611+00 1.067 0.938 0.995 1.14 1.07 0.94 1.7811+00 1.5661+00 1.6611+00 1.067 0.938 0.995 1.14 1.07 0.94 

SB125 0.0 0.0 1.2281-34 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

cs134 0.0 0.0 9.6261-45 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

SR 90 3.8361-03 3.8871-03 4.0571-03 0.977 0.990 1.033 0.99 0.95 0.96 2.2281-10 2.2561-10 2.3541-10 0.977 0.990 1.033 0.99 0.95 0.96 
Y 90 9.6201-07 9.7481-07 1.0171-06 0.977 0.990 1.033 0.99 0.95 0.96 5.5871-14 5.6571-14 5.9031-14 0,977 0.990 1.033 0.99 0.95 0.96 

6.3741+00 6.5161+0,0 6.4286+00 0.990 1.012 0.998 0.98 0.99 1.01 

TC 99 6.6111+00 6.7081+00 6.7151+00 0.990 1.004 1.006 0.99 0.98 1.00 6.5961+00 6.6931+00 6.700E+00 0.990 1.005 1.006 0.99 0.98 1.00 

ZR 93 6.3761+00 6.5181+00 6.4301+00 0.990 1.012 0.998 0.98 0.99 1.01 

SN126 1.7721-01 1-2801-01 1.4371-01 1.184 0.855 0.960 1.38 1.23 0.89 1.7698-01 1.2731-01 1.4301-01 1.185 0 . 8 5 5  0.960 1.39 1.23 0.89 

I129 1.1711+00 1.1951+00 1.1401+00 1.002 1.023 0.975 0.98 1.03 1.05 1.1711+00 1.1951+00 1.1401+00 1.002 1.023 0.975 0.98 1.03 1.05 
CS133 7.1641+00 7.3171+00 7.2151+00 0.991 1.012 0.998 0.98 0.99 1-01 7.1641+00 7.3171+00 7.2151+00 0.991 1.012 0.998 0.98 0.99 1.01 

CS135 2.2761+00 2.2651+00 2.0571+00 1.035 1.030 0.935 1.00 1.11 1.10 2.2761+00 2.2641+00 2.0561+00 1.035 1.030 0.935 1.01 1.11 1.10 
CS137 7.0911-03 7.3641-03 7.5501-03 0.967 1.004 1.029 0.96 0.94 0.98 6.7061-10 7.6291-10 7.8221-10 0.908 1.033 1.059 0 . 8 8  0 . 8 6  0.98 

ND143 4.6881+00 4.7351+00 4.4901tOO 1.011 1.021 0.968 0.99 1.04 1.05 4.6881+00 4.7351+00 4.4903+00 1.011 1.021 0.968 0.99 1.04 1.05 
ND144 7.4058+00 7.5533+00 7.7831+00 0.977 0.996 1.027 0.98 0.95 0.97 7.4051+00 7.5531+00 7.7831+00 0.977 0.996 1.027 0.98 0.95 0.97 
ND145 3.8841+00 3.9861+00 3.9241+00 0.988 1.019 0.998 0.97 0.99 1.02 3.8841+00 3.9861+00 3.9241+00 0.988 1.014 0.998 0.97 0.99 1.02 
ND146 3.8411+00 3.8231+00 3.8621+00 1.000 0.995 1.005 1.00 0.99 0.99 3.8411+00 3.8231+00 3.8621+00 1.000 0.995 1.005 1.00 0.99 0.99 

SM147 1.2401+00 1.5481+00 1.5431+00 0.859 1.072 1.069 0 . 8 0  0 . 8 0  1.00 1.2408+00 1.548E+00 1.5431+00 0.859 1.072 1.069 0 . 8 0  0.80 1.00 
SM148 9.2331-01 6-3421-01 6.4871-01 1.256 0.862 0.882 1.46 1.42 0.98 9.2331-01 6.3428-01 6.4871-01 1.256 0.862 0.882 1.46 1.42 0.98 
SM149 1.9971-02 2.1401-02 1.6863-02 1.029 1.103 0.869 0.93 1.18 1.27 1.9971-02 2.1401-02 1.6861-02 1.029 1.103 0.869 0.93 1.18 1.27 

SMl.51 8.0711-03 7.3701-03 5.7683-03 1.142 1.042 0.816 1.10 1.40 1.28 3.6711-05 3.3581-05 2.6281-05 1.140 1.043 0.816 1.09 1.40 1.28 
SI152 7.5261-01 7.6851-01 6.5681-01 1.037 1.059 0.905 0.98 1.15 1.17 7.5261-01 7.6851-01 6.5681-01 1.037 1.059 0.905 0.98 1.15 1.17 
EU153 5.8251-01 5.8493-01 6.3681-01 0.969 0.973 1.059 1.00 0.91 0.92 5.8251-01 5.8493-01 6.3681-01 0.969 0.973 1.059 1.00 0.91 0.92 
EUl54 6.3721-12 6.0301-12 5.0501-12 1.095 1.037 0 . 8 6 8  1.06 1.26 1.19 0.0 0.0 1.5861-36 0.0 0.0 0.0 0.0 0.0 0.0 
EU155 4.5051-20 4.3738-20 3-3921-20 1.101 1.069 0.829 1.03 1.33 1.29 0.0 0.0 1.1091-62 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  

PI147 0.0 0.0 4.0911-35 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

SI150 1.6851+00 1.6961+00 1.6601+00 1.003 1.009 0.988 0.99 1.02 1.02 1.6851+00 1.6961+00 1.6601+00 1.003 1.009 0.988 0.99 1.02 1.02 

U234 1.0441+00 1.0318+00 7.6501-01 1.103 1.089 0 .808  1.01 1.36 1.35 1.0861+00 1.0721+00 7.7791-01 1.110 1.095 0.795 1.01 1.40 1.38 

U236 1.388E+Ol 1.3981+01 1.3901+01 0.997 1.004 0.999 0.99 1.00 1.01 1.4501+01 1.4521+01 1.3901+01 1.014 1.015 0.972 1.00 1.04 1.04 
U238 4.0011+03 4.0031+03 4.0131+03 0.999 0.999 1.002 1.00 1.00 1.00 4.0018+03 4.0031+03 4.0131+03 0.999 0.999 1.002 1.00 1.00 1.00 

NP237 3.1901+00 3.0921+00 1.1181+00 1.293 1.254 0.453 1.03 2.85 2.77 5.2631+00 5.0791+00 l.l181+00 1.378 1.330 0.293 1.04 4.71 4.54 
PU238 4.3221-02 4.2381-02 3.2321-02 1.100 1.078 0.822 1.02 1.34 1.31 2.0261-04 2.0631-04 1.4391-04 1.099 1.120 0.781 0.98 1.41 1.43 
PU239 2.0111+01 2.0273+01 1.4751+01 1.094 1.103 0.803 0.99 1.36 1.37 1.9731+01 1.988E+01 1.4461+01 1.095 1.103 0.802 0.99 1.36 1.37 
PU240 8.6451+00 7.5433+00 7.4851+00 1.096 0.956 0.949 1.15 1.15 1.01 8.0271+00 7.0031+00 6.9511+00 1.096 0.956 0.949 1.15 1.15 1.01 
PU241 6.6853-06 6-3771-06 2.7471-06 1.269 1.210 0.521 1.05 2.43 2.32 3.9561-06 2.9901-06 1.2701-20 1.709 1.291 0.000 1.32 ***I 8.88 
PU242 1.6321+00 1.5221+00 1.8671+00 0.975 0.909 1.116 1.07 0.87 0.82 1.6301+00 1.5211+00 1.8651+00 0.975 0.910 1.115 1.07 0.87 0.82 
AM241 3.0748+00 2.9471+00 2.5111+00 1.081 1.036 0.883 1.09 1.22 1.17 1.0011+00 9.5891-01 8.1701-01 1.081 1.036 0.883 1.04 1.23 1.17 
AM242 9.1031-09 1.085E-08 4.4551-09 1.119 1.334 0.548 0.84 2.04 2.44 3-7411-10 4.4591-10 1.8301-10 1.119 1.334 0.547 0.84 2.04 2.44 
AM243 2.8291-01 2.5561-01 2.8023-01 1.037 0.937 1.027 1.11 1.01 0.91 2.6491-01 2.3931-01 2-6231-01 1.037 0.937 1.027 1.11 1.01 0.91 
CM242 1.8413-06 2.1948-06 9.0243-07 1.119 1.333 0.548 0.84 2.04 2.43 7.5641-08 9.0151-08 3.7073-08 1.119 1.333 0.548 0.84 2.04 2.43 
CM243 8-1511-07 2-2451-07 5-5861-07 1.530 0.421 1.049 3.63 1.46 0.40 3.2931-14 9.0651-15 2.2551-14 1.531 0.421 1.048 3.63 1.46 0.40 
(31244 7.6421-07 5.847E-07 6.4141-07 1.152 0.881 0.967 1.31 1.19 0.91 1-4341-15 1.3531-18 1.4841-18 2.994 0.003 0.003 **** **** 0.91 
(31245 2.4681-03 1-8271-03 1.8721-03 1.201 0.889 0.911 1.35 1.32 0.98 2.3318-03 1.7261-03 1.7681-03 1.201 0.889 0.911 1.35 1.32 0.98 
CM246 2.6021-04 2.1711-04 2.3031-04 1.103 0.920 0.976 1.20 1.13 0.94 2.3481-04 1.9601-04 2.0791-04 1.103 0.921 0.977 1.20 1.13 0.99 

AV1RAG1-ABSOLUT1-D1VIATION, AS X 8.76 8.03 10.38 14.2 26.1 24.0 14.67 10.92 14.45 *e**  **** ***I 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.72 6.21 9.37 8.4 21.7 19.4 7.32 6.87 10.20 14.8 28.4 26.7 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.90 5 . 6 8  8.52 7.3 15.8 13.6 6.04 5.94 8.65  8.3 18.7 16.9 
NUCS EXCLUDED, 1ST/2ND: SI148 (31243 NP237 / CM245 AM243 PU241 CM244 CM243 PU241 / SI148 An243 NP237 

U235 2.9891+01 2.8131+01 2.5531+01 1.073 1.010 0.917 1.06 1.17 1.10 3.0301+01 2.8541+01 2.5531+01 1.077 1.015 0.908 1.06 1.19 1.12 

r .  3 4 J a  
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SE 79 
KR 8 5  
SR 89 
SR 90 
Y 90 
Y 91 

ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PDlO7 
SN126 
SB125 
I129 

CS133 

CASE: BWR, 2.64 WT X U-235, 2 . 8 6 6  AT X BURNUP (27.5 GWD/MTU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  10 KYR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN 

5.504E-02 5.118E-02 4.733E-02 1.075 1.000 0.925 1.08 1.16 1.08 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
6.348E+OO 6.490E+00 6.402E+00 0.990 1.012 0.998 0.98 0.99 1.01 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 
6.406E+00 6.500E+00 6.5071+00 0.990 1.004 1.006 0.99 0.98 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.779E+00 1.564E+00 1.6593+00 1.067 0.938 0.995 1.14 1.07 0.94 
1.6573-01 1.1961-01 1.34313-01 1.185 0 . 8 5 5  0.960 1.39 1.23 0.89 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.170E+00 1.194B+00 1.14OE+OO 1.002 1.022 0.976 0.98 1.03 1.05 
7.164E+00 7.3173+00 7.215E+00 0.991 1.012 0.998 0.98 0.99 1.01 

ORIGBN2 ORIGEN-S CINDER m, a 

CS134 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS135 2.270B+00 2.2589+00 2.051E+00 1.035 1.030 0.935 1.01 1.11 1.10 
CS137 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND143 4.688E+00 4.735E+00 4.490E+00 1.011 1.021 0.968 0.99 1.04 1.05 
ND144 7.405E+00 7.553E+00 7.783Ec00 0.977 0.996 1.027 0.98 0.95 0.97 
ND145 3.884E+OO 3.9861+00 3.9243+00 0.988 1.014 0.998 0.97 0.99 1.02 
ND146 3.841E+OO 3.823B+00 3.8623+00 1.000 0.995 1.005 1.00 0.99 0.99 
PMl 47 
SM147 
snr 48 
SEI149 
SI1 50 
sn151 
SI1 52 
EU153 
EU154 
BU155 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU239 
PU240 
PU241 
PU242 
AM241 
AM242 
AM243 
cn242 
CM243 
cn244 
cn2 4 5 
CM2 4 6 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.240E+00 1.548B+00 1.543B+00 0.859 1.072 1.069 0.80 0.80 1-00 
9.2333-01 6.342B-01 6.487E-01 1.256 0.862 0.882 1.46 1.42 0.98 
1.997E-02 2.140E-02 1.6861-02 1.029 1.103 0.869 0.93 1.18 1.27 
1.6851+00 1.696B+00 1.660E+00 1.003 1.009 0.988 0.99 1.02 1.02 
2.8833-35 2.6503-35 2.0691-35 1-138 1.046 0.816 1.09 1.39 1.28 
7.5263-01 7.685B-01 6.568E-01 1.037 1.059 0.905 0.98 1.15 1.17 
5.825E-01 5.849B-01 6.3683-01 0.969 0.973 1.059 1.00 0.91 0.92 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.064E+00 1.051E+00 7.5841-01 1.111 1.097 0.792 1.01 1.40 1.39 
3.482B+Ol 3.3108+01 2.5538+01 1.118 1.063 0.820 1.05 1.36 1.30 
1.943E+01 1.8821+01 1.3903+01 1.118 1.083 0.800 1.03 1.40 1.35 
4.001E+O3 4.003B+03 4.013B+03 0.999 0.999 1.002 1.00 1.00 1.00 
6.2461+00 6.022B+00 1.115E+00 1.400 1.350 0.250 1.04 5 . 6 0  5 . 9 0  
5.3273-23 6.3363-23 2.601E-23 1.120 1.333 0.547 0.84 2.05 2.44 
1.5353+01 1.5463+01 1.116B+01 1.097 1.105 0.798 0.99 1.38 1.39 
3.091E+00 2.6973+00 2.682E+OO 1.095 0.955 0.950 1.15 1.15 1.01 
1.899E-06 1.4351-06 0.0 1.139 0.861 0.0 1.32 0.0 0.0 
1.604B+00 1.496B+00 1.834E+00 0.975 0.910 1.115 1.07 0.87 0.82 
5.756B-05 4.453E-05 4.402E-07 1.684 1.303 0.013 1.29 e*** **** 
5.621E-28 6.686B-28 2.743B-28 1.120 1.333 0.547 0.84 2.05 2.44 
1.137E-01 1.028E-01 1.127E-01 1.036 0.937 1.027 1.11 1.01 0.91 
1.1901-25 1.356B-25 5.5561-26 1.121 1.333 0 . 5 4 6  0.84 2.05 2.44 
0.0 0.0 0.0 0 . 0  - 0 . 0  0 . 0  0.0 0.0 0.0 
1.432E-15 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
1.119E-03 8.2841-04 8.469E-04 1.201 0.889 0.909 1.35 1.32 0.98 
6.2823-05 5.241B-05 5.559E-05 1.103 0.920 0.976 1.20 1.13 0.94 

G-ATOMS PER MTU 

m 
w 

AVERAGE-ABSOLUTE-DEVIATION, AS X 10.18 9.46 15.14 10.5 **** **** 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 8.09 8.77 12.96 8.9 36.9 37.1 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 6.62 7.82 10.95 8.1 23.2 24.5 
NUCS EXCLUDED, 1ST/2ND: SMl48 AM243 AM241 / (31245 NP237 



CASE: BWR, 4.15 WT X U-235. 4.172 AT X BURNUP (40.0 GWDlMTU, APPROX.) G-ATOMS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER QR2 QRS -m ORIGBN2 ORIGEN-S CINDER pBB 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
SE 79 8.958E-02 8.34OE-02 7.671E-02 1.076 1.002 0.922 1.07 1.17 1.09 8.958E-02 8.340B-02 7.670B-02 1.076 1.002 0.922 1.07 1.17 1.09 
KR 85 3.352E-01 3.310E-01 3.391B-01 1.000 0.988 1.012 1.01 0.99 0.98 2.4391-01 2.408B-01 2.468B-01 1.000 0.988 1.012 1.01 0.99 0.98 

SR 90 7.409E+OO 7.27OE+OO 7.589E.1.00 0.998 0.979 1.022 1.02 0.98 0.96 6.590B+00 6.467B+00 6.750B+00 0.998 0.980 1.022 1.02 0.98 0.96 
Y 90 1.859E-03 1.823E-03 1.903E-03 0.999 0.979 1.022 1.02 0.98 0.96 1.653E-03 1.622E-03 1.693B-03 0.998 0.979 1.022 1.02 0.98 0.96 
Y 91 2.535B-01 2.598E-01 2.611E-01 0.982 1.006 1.011 0.98 0.97 1.00 1.4521-10 1.488B-10 1.497B-10 0.982 1.006 1.012 0.98 0.97 0.99 

ER 93 9.625B+00 9.6223+00 9.51OE+OO 1.004 1.004 0.992 1.00 1.01 1.01 9.625B+00 9.622B+00 9.510E+00 1.009 1.004 0.992 1.00 1.01 1.01 
ER 95 4.025E-01 4.098E-01 4.05813-01 0.991 1.009 0.999$0.98 0.99 1'.01 1.424B-09 1.447B-09 1.4881-09 0.980 0.996 1.024 0.98 0.96 0.97 
NB 95 2.8633-01 2.9081-01 2.864E-01 0.995 1.010 0.995 0.98 1.00 1.02 1.737B-09 1.7651-09 1.802B-09 0.982 0.998 1.019 0.98 0.96 0.98 
TC 99 9.447E+00 9.496E+OO 9.4913+00 0.997 1.002 1.001 0.99 1.00 1.00 9.447E+00 9.495E+OO 9.4913+00 0.997 1.002 1.001 0.99 1.00 1.00 
XU106 1.233!8+00 1.169E+OO 1.2178+00 1.022 0.969 1.009 1.05 1.01 0.96 4.190B-02 3.973B-02 4.1381-02 1.022 0.969 1.009 1.05 1.01 0.96 

SR 89 i.572~-01 i.623~-01 i.614~-01 0.981 1.012 1.007 0.97 0.97 1.01 3.0791s-12 3.178~-12 3.166~-12 0.980 1.012 1.008 0.97 0.97 1.00 

PD107 2.1673+00 2.0571+00 2.170E+00 1.017 0.965 1.018 1.05 1.00 0.95 2.167B+00 2.057B+00 2.1701+00 1.017 0.965 1.018 1.05 1.00 0.95 
~ ~ 1 2 6  2.308~-01 i.773~-01 I . ~ ~ O E - O I  1.148 0.882 0.970 1.30 1.18 0.91 2.308~-01 1.7721-01 I . ~ S O B - O I  1.148 0.882 0.970 1.30 1.18 0.91 
SB125 9.7941-02 7.216B-02 5.8081-02 1.288 0.949 0.764 1.36 1.69 1.24 2.863B-02 2.1lOE-02 1.698E-02 1.288 0.949 0.764 1.36 1.69 1.24 
I129 1.5781+00 1.6751+00 1.598E+00 0.976 1.036 0.988 0.94 0.99 1-05 1.582E+00 1.680E+00 1.604E+00 0.975 1.036 0.989 0.94 0.99 1.05 

CS133 1.013E+01 1.031E+01 1.012B+01 0.994 1.012 0.993 0.98 1.00 1.02 1.013B+01 1.0311+01 1.013E+O1 0.994 1.012 0.994 0.98 1.00 1.02 
CS134 9.938E-01 9.728E-01 9.699E-01 1.015 0.994 0.991 1.02 1.02 1.00 1.903E-01 1.862B-01 1.857B-01 1.015 0.994 0.991 1.02 1.02 1.00 
CS135 3.920E+00 4.3753+00 4.008E+00 0.956 1.067 0.977 0.90 0.98 1-09 3.92OE+OO 4.375Bt00 4.0088+00 0.956 1.067 0.977 0.90 0.98 1.09 
CS137 1.036E+01 1.036E+01 1.061E+01 0.992 0.992 1.016 1.00 0.98 0.98 9.250E+00 9.2551+00 9.478Et00 0.992 0.992 1.016 1.00 0.98 0.98 
CE144 1.951E+00 1.956E+00 1.963[3+00 0.997 1.000 1.003 1.00 0.99 1.00 2.4443-02 2.4503-02 2.464B-02 0.996 0.999 1.005 1.00 0.99 0.99 
ND143 6.528B+00 6.878B+00 6.533E+OO 0.982 1.035 0.983 0.95 1.00 1.05 6.553E+OO 6.9043+00 6.5599+00 0.982 1.035 0.983 0.95 1.00 1.05 
ND144 9.579E+00 9.2303+00 9.574E+O0 1.012 0.976 1.012 1.09 1.00 0.96 1.1511+01 1.116E+01 1.1518+01 1.010 0.980 1.010 1.03 1.00 0.97 
ND145 5.6463+00 5.756E+00 5.6453+00 0.994 1.013 0.993 0.98 1.00 1.02 5.646B+00 5.756B+00 5.6451+00 0.994 1.013 0.993 0.98 1.00 1.02 
ND146 5.778E+00 5.699E+00 5.798E+OO 1.003 0.990 1.007 1.01 1.00 0.98 5.778B+00 5.699B+00 5.798B+00 1.003 0.990 1.007 1.01 1.00 0.98 
PM147 9.595E-01 1.294B+00 1.211B+00 0.831 1.121 1.049 0.74 0.79 1.07 2.6338-01 3.5463-01 3.319E-01 0.832 1.120 1.048 0.74 0.79 1.07 
5x147 7.059B-01 7.145B-01 7.9813-01 0.955 0.966 1.079 0.99 0 .88  0.90 1.408E+00 1.660E+00 1.683E+OO 0.889 1.048 1.063 0.85 0.89 0.99 
SM148 1.5483+00 1.146E+00 1.182E+00 1.198 0.887 0.915 1.35 1.31 0.97 1.5541+00 1.151B+00 1.188B+00 1.198 0.887 0.915 1.35 1.31 0.97 
SM149 2.1313-02 2.7671-02 2.071E-02 0.917 1.191 0.892 0.77 1.03 1.34 2.1313-02 2.767B-02 2.07lB-02 0.917 1.191 0.892 0.77 1.03 1.34 
SM150 2.345B+00 2.423E+OO 2.397E+00 0.982 1.015 1.004 0.97 0.98 1.01 2.345B+00 2.4238+00 2.3978+00 0.982 1.015 1.004 0.97 0.98 1.01 
SM151 9.942E-02 1.145E-01 8.155E-02 1.009 1.163 0.828 0.87 1.22 1-40 9.5731-02 1.103E-01 7.852E-02 1.009 1.163 0 . 8 2 8  0.87 1.22 1.40 
SI4152 9.774B-01 1.016E+00 7.9791-01 1.050 1.092 0 . 8 5 8  0.96 1.22 1.27 9.775E-01 1.016E+00 7.9791-01 1.051 1.092 0.858 0.96 1.23 1.27 
EU153 8.140E-01 8.513E-01 9.210E-01 0.944 0.987 1.068 0.96 0 . 8 8  0.92 8.142B-01 8.5143-01 9.21OE-01 0.944 0.987 1.068 0.96 0 . 8 8  0.92 
EU154 3.047E-01 3.083B-01 2.63lB-01 1.043 1.056 0.901 0.99 1.16 1.17 2.05OE-01 2.074B-01 1.7703-01 1.043 1.056 0.901 0.99 1.16 1.17 
EU155 1.056E-01 1.165E-01 9.2953-02 1.006 1.109 0 . 8 8 5  0.91 1.14 1.25 5.3091-02 5.861B-02 4.6751-02 1.005 1.110 0 . 8 8 5  0.91 1.14 1.25 
U23U 9.2823-01 8.9811-01 9.114E-01 1.017 0.989 0.999 1.03 1.02 0.99 9.599B-01 9.333B-01 9.213B-01 1.023 0.995 0.982 1.03 1.04 1.01 
U235 3.8348+01 4.2931+01 3.9971+01 0.949 1.062 0.989 0.89 0.96 1.07 3.8341+01 4.293B+01 3.9973+01 0.949 1.062 0.989 0.89 0.96 1.07 
U236 2.233E+Ol 2.252E+01 2.2543+01 0.994 1.003 1.003 0.99 0.99 1.00 2.2341+01 2.252B+01 2.254E+01 0.994 1.002 1.003 0.99 0.99 1.00 
U238 3.926E+03 3.9161+03 3.9283+03 1.001 0.998 1.001 1.00 1.00 1.00 3.9261+03 3.9161+03 3.928B+03 1.001 0.998 1.001 1.00 1.00 1.00 

NP237 2.5051+00 2.45OE+OO 2.033E+00 1.075 1.052 0.873 1.02 1.23 1.21 2.513B+00 2.458B+00 2.034B+00 1.076 1.053 0.871 1.02 1.24 1.21 
PU238 7.843E-01 8.700E-01 6.5021-01 1.021 1.133 0.846 0.90 1.21 1.34 8.072E-01 8.9528-01 6.7948-01 1.017 1.128 0.856 0.90 1.19 1.32 

PU240 9.737E+00 8.8711+00 8.788B+00 1.066 0.971 0.962 1.10 1 . 1 1  1.01 9.7521+00 8.8871+00 8.783E+00 1.067 0.972 0.961 1.10 1.11 1.01 
PU241 5.218E+00 5.894E+00 4.992B+00 0.972 1.098 0.930 0.89 1.05 1.18 4.118E+00 4.674B+00 3.959E+00 0.969 1.100 0.931 0.88 1.00 1.18 
PU242 1.995E+00 2.048E+OO 2.479E+00 0.918 0.942 1.140 0.97 0 . 8 0  0.83 1.9958+00 2.048B+00 2.0791+00 0.918 0.942 1.140 0.97 0 .80  0.83 
AM241 2.140E-01 2.658E-01 2.2741-01 0.908 1.128 0.965 0.81 0.94 1.17 1.308E+OO 1.4791+00 1.253Bt00 0.971 1.098 0.930 0 . 8 8  1.04 1.18 
AM242 4.9053-08 9.013E-08 3.435E-08 0.848 1.558 0.594 0.54 1.43 2.62 4.796B-08 8.813B-08 3.358B-08 0.848 1.558 0.594 0 . 5 4  1.43 2.62 
AM243 3.9773-01 4.466E-01 4.912E-01 0.893 1.003 1.103 0.89 0.81 0.91 3.9753-01 4.4643-01 4.910B-01 0.893 1.003 1.103 0.89 0.81 0.91 

(3x243 1.826B-03 5.154E-04 1.647E-03 1.373 0.388 1.239 3.54 1.11 0.31 1.6218-03 4.5731-04 1.461E-03 1.374 0.388 1.238 3.54 1.11 0.31 
(3x244 1.1498-01 1.215B-01 1.398B-01 0.916 0.969 1.115 0.95 0.82 0.87 9.519B-02 1.007E-01 1.158E-01 0.916 0.969 1.115 0.95 0.82 0.87 
CM245 4.2771-03 5.190B-03 5.9143-03 0.834 1.012 1.154 0 . 8 2  0.72 0 . 8 8  4.275E-03 5.188B-03 5.9128-03 0.834 1.012 1.154 0.82 0.72 0.88 
CM246 5.426E-04 6.778B-04 7.798B-04 0.814 1.017 1.170 0.80 0.70 0.87 5.4221-04 6.773E-04 7.7931-04 0.814 1.017 1.170 0 . 8 0  0.70 0.87 

AVERAGE-ABSOLUTE-DEVIATION, AS X 5.76 6.74 '6.63 13.5 10.4 13.8 5 . 8 8  6.94 6.98 13.9 10.8 14.2 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 4.74 5.46 5.71 7.5 8 . 6  -9.4 4.87 5.67 6.09 7.9 8.9 9.9 

NUCS EXCLUDED, 1ST/2ND: 58125 CM243 SM151 / 13148 AM242 PU238 SB125 -243 81151 / SM148 AM242 311238 

~ ~ 2 3 9  2.037~+01 2.439~+01 i.721~+01 0.986 1.181 0.833 0.84 1.18 1.02 2.0371+01 2.439~+01 i.721~+01 0.986 1.181 0.833 0.84 1.18 1.42 

CMZW 5.453~-02 6.021~-02 5.591~-02 0.959 1.058 0.983 0.91 0.98 1-08 3.620~-05 u . ~ o ~ E - o ~  3.3603-05 0.929 1.209 0.861 0.77 1.08 1.40 

AV-ABS-DBV EXCLUDING LARGEST TWO. X 4.25 4.07 4.68 7.5 8.6 9.4 9-39 4.31 5.11 7.9 8.9 9.9 
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CASE: BWR, 4.15 WT X U-235, 4.172 AT X BURNUP (40.0 GWD/MTU, APPROX.) G-ATOMS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 

SE 79 8.9533-02 8.3363-02 7.667E-02 1.076 1.002 0.922 1.07 1.17 1.09 8.9491-02 8.3311-02 7.663E-02 1.076 1.002 0.922 1.07 1.17 1.09 
KR 8 5  1.329E-02 1.312E-02 1.345E-02 1.000 0.987 1.012 1.01 0.99 0.98 5.2431-04 5.174B-04 5.303E-04 1.001 0.987 1.012 1.01 0.99 0.98 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 
SR 90 2.2583+00 2.2151+00 2.313B+00 0.998 0.979 1.023 1.02 0.98 0.96 6.869B-01 6.738B-01 7.0353-01 0.998 0.979 1.022 1.02 0.98 0.96 

Y 90 5.6628-04 5.556E-04 5.800E-04 0.998 0.979 1.022 1.02 0.98 0.96 1.722B-04 1.690B-04 1.76431-04 0.998 0.980 1.022 1.02 0.98 0.96 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 93 9.625B+00 9.622B+00 9.510E+00 1.004 1.004 0.992 1.00 1.01 1.01 9.6253+00 9.6223+00 9.510B+00 1.004 1.004 0.992 1.00 1.01 1.01 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  
TC 99 9.446E+00 9.494B+00 9.4903+00 0.997 1.002 1.001 0.99 1.00 1.00 9.4443+00 9.4931+00 9.4881+00 0.997 1.002 1.001 0.99 1.00 1.00 
RU106 1.558E-15 1.4953-15 1.5093-15 1.036 0.961 1.003 1.08 1.03 0.96 1.8211-30 1.6891-30 1.769B-30 1.035 0.960 1.005 1.08 1.03 0.95 
PD107 2.1663+00 2.057E+00 2.170E+00 1.016 0.965 1.018 1.05 1.00 0.95 2.1663+00 2.057B+00 2.170B+00 1.016 0.965 1.018 1.05 1.00 0.95 
SN126 2.307E-01 1.772E-01 1.9493-01 1.148 0.882 0.970 1.30 1.18 0.91 2.3071-01 1.771E-01 1.948E-01 1.149 0.882 0.970 1.30 1.18 0.91 
SB125 3.683E-07 2.7131-07 2.185B-07 1.288 0.948 0.764 1.36 1.69 1.24 1.356E-12 9.984B-13 8.045B-13 1.288 0.948 0.764 1.36 1.69 1.24 

ORIGEN2 ORIGEN-S CINDER ORZ a pBa ORIGEN2 ORIGEN-S CINDER pBa Q&Z 

I129 1.582E+00 1.680E+00 1.604E+00 0.975 1.036 0.989 0.94 0.99 1.05 1.582E+00 1.680E+00 1.604B+00 0.975 1.036 0.989 0.94 0.99 1.05 
CS133 1.013E+01 1.031E+Ol 1.013E+01 0.994 1.012 0.994 0.98 1.00 1.02 1.013B+01 1.031B+01 1.013B+01 0.994 1.012 0.994 0.98 1.00 1.02 
CS134 5.124E-08 5.012E-08 5.001E-08 1.016 0.993 0.991 1.02 1.02 1.00 2.5701-15 2.5123-15 2.5088-15 1.016 0.993 0.991 1.02 1.02 1.00 
CS135 3.9201+00 4.375E+00 4.008E+00 0.956 1.067 0.977 0.90 0.98 1.09 3.920E+00 4.3749+00 4.008E+00 0.956 1,.067 0.977 0.90 0.98 1.09 
CS137 3.270E+00 3.2911+00 3.3711+00 0.988 0.994 1.018 0.99 0.97 0.98 l.O3OE+OO 1.0431+00 1.069E+00 0.983 0.996 1.021 0.99 0.96 0.98 
CE144 9.599E-20 9.6551-20 9.866E-20 0.989 0.995 1.016 0.99 0.97 0.98 4.388E-39 4.4301-39 4.609E-39 0.980 0.990 1.030 0.99 0.95 0.96 
ND143 6.553E+OO 6.904E+00 6.559E+00 0.982 1.035 0.983 0.95 1.00 1.05 6.553B+00 6.9041+00 6.5591+00 0.982 1.035 0.983 0.95 1.00 1.05 
ND144 1.153E+Ol 1.119E+01 1.154E+01 1.010 0.980 1.011 1.03 1.00 0.97 1.153E+01 1.119E+01 1.154E+01 1.010 0.980 1.011 1.03 1.00 0.97 
ND145 5.646E+OO 5.756E+00 5.6451+00 0.994 1.013 0.993 0.98 1.00 1.02 5.6461+00 5.756B+00 5.6453+00 0.994 1.013 0.993 0.98 1.00 1.02 
ND146 5.7783+00 5.699E+00 5.7983+00 1.003 0.990 1.007 1.01 1.00 0.98 5.7781+00 5.6991+00 5.7983+00 1.003 0.990 1.007 1.01 1.00 0.98 
PH147 1.807E-06 2.430B-06 2.276E-06 0.832 1.119 1.048 0.74 0.79 1.07 3.308E-12 4.443E-12 4.165B-12 0.833 1.119 1.049 0.74 0.79 1.07 
SH147 1.671E+00 2.015E+OO 2.015E+OO 0.879 1.060 1.060 0.83 0.83 1-00 1.671E+OO 2.015E+00 2.015B+00 0.879 1.060 1.060 0.83 0.83 1.00 
SH148 1.554E+00 1.151E+00 1.188E+00 1.198 0.887 0.915 1.35 1.31 0.97 1.554E+OO 1.151B+00 1.188E+00 1.198 0.887 0.915 1.35 1.31 0.97 
SM149 2.131E-02 2.7673-02 2.071B-02 0.917 1.191 0.892 0.77 1.03 1.34 2.131B-02 2.7673-02 2.0713-02 0.917 1.191 0.892 0.77 1.03 1.34 
SM150 2.3453+00 2.423E+00 2.397B+00 0.982 1.015 1.004 0.97 0.98 1.01 2.345B+00 2.423B+00 2.3978+00 0.983 1.015 1.004 0.97 0.98 1.01 
SI4151 6.7693-02 7.7981-02 5.552E-02 1.009 1.163 0.828 0.87 1.22 1.40 4.6051-02 5.3051-02 3.77BB-02 1.009 1.163 0.028 0.87 1.22 1.40 
811152 9.777E-01 1.016E+00 7.979B-01 1.051 1.092 0.857 0.96 1.23 1.27 9.777B-01 1.016E+00 7.9791-01 1.051 1.092 0.857 0.96 1.23 1.27 
EU153 8.142E-01 8.5141-01 9.210E-01 0.944 0.987 1.068 0.96 0 . 8 8  0.92 8.142E-01 8.5141-01 9.2108-01 0.944 0.987 1.068 0.96 0.88 0.92 
EU154 5.452E-03 5.515E-03 4.7081-03 1.043 1.056 0.901 0.99 1.16 1.17 9.693E-05 9.8008-05 8.368B-05 1.044 1.055 0.901 0.99 1.16 1.17 
EU155 9.852E-05 1.0886-04 8.6813-05 1.005 1.110 0 . 8 8 5  0.91 1.13 1.25 9.0883-08 1.005E-07 8.014B-08 1.004 1.110 0.885 0.90 1.13 1-15 
U234 1.2018+00 1.201E+00 3.9833-01 1.060 1.060 0.881 1.00 1.20 1.20 1.386E+00 1.406E+00 l.O57E+OO 1.080 1.096 0.824 0.99 1.31 1.33 
u235 3.8373+01 4.2963+01 3.9973+01 0.949 1.062 0.989 0.89 0.96 1.07 3.839E+01 4.300B+Ol 3.997B+01 0.949 1.063 0.988 0.89 0.96 1.08 
u236 2.239E+Ol 2.2573+01 2.2543+01 0.995 1.003 1.002 0.99 0.99 1.00 2.244B+01 2.2611+01 2.254E+01 0.996 1.004 1.000 0.99 1.00 1.00 
U238 3.926E+03 3.9163+03 3.9283+03 1.001 0.998 1.001 1.00 1.00 1.00 3.9261+03 3.9161+03 3.9281+03 1.001 0.998 1.001 1.00 1.00 1.00 

NP237 2.775B+00 2.7531+00 2.0341+00 1.101 1.092 0.807 1.01 1.36 1.35 3.160B+00 3.188E+00 2.034B+00 1.131 1.141 0.728 0.99 1.55 1.57 
PU238 5.6621-01 6.283B-01 4.766B-01 1.016 1.128 0 . 8 5 6  0.90 1.19 1.32 3.8191-01 4.241B-01 3.2148-01 1.016 1.129 0.855 0.90 1.19 1.32 
PU239 2.035E+01 2.436B+01 1.719E+01 0.986 1.181 0.833 0.84 1.18 1.42 2.032E+01 2.432E+O1 1.7168+01 0.986 1.181 0.833 0.84 1.18 1.42 
PU240 9.783E+OO 8.928B+00 8.7411+00 1.069 0.976 0.955 1.10 1.12 1.02 9.746E+00 8.896E+00 8.6958+00 1.070 0.976 0.954 1.10 1.12 1.02 
PU241 4.7203-01 5.5981-01 4.743E-01 0.940 1.115 0.945 0.84 1.00 1.18 4.253E-02 5.298E-02 9.4891-02 0.909 1.132 0.959 0 . 8 0  0.95 1.18 
PU242 1.995E+00 2.0483+00 2.479B+00 0.918 0.942 1.140 0.97 0 . 8 0  0.83 1.995E+00 2.0481+00 2.479E+OO 0.918 0.942 1.140 0.97 0.80 0.83 
AM241 4.6921+00 5.2973+00 4.4821+00 0.973 1.098 0.929 0.89 1.05 1.18 4.737E+00 5.369B+00 4.543B+OO 0.970 1.100 0.930 0.88 1.04 1.18 
AM242 3.9071-08 7.178E-OB 2.7351-08 0.848 1.558 0.594 0.54 1.43 2.62 3.11OE-08 5.7151-08 2.178B-08 0.848 1.558 0.594 0 . 5 4  1.43 2.62 
AM243 3.9591-01 4.445E-01 4.889B-01 0.893 1.003 1.103 0.89 0.81 0.91 3.940E-01 4.4241-01 4.8661-01 0.893 1.003 1.103 0.89 0.81 0.91 
(31242 7.899B-06 1.45lE-05 5.540B-06 0.848 1.557 0.595 0.54 1.43 2.62 6.289B-06 1.155E-05 4.4113-06 0.848 1.557 0.595 0 . 5 4  1.43 2.62 
CM243 5.424E-04 1.531E-04 4.891B-04 1.374 0.388 1.239 3.54 1.11 0.31 1.6081-04 4.536E-05 1-4508-04 1.374 0.388 1.239 3.54 1.11 0.31 
CH244 1.701E-02 1.7983-02 2.068B-02 0.917 0.969 1.114 0.95 0.82 0.87 2.5091-03 2.6533-03 3.051E-03 0.916 0.969 1.114 0.95 0.83 0.87 
CH245 4.260E-03 5.1691-03 5.890E-03 0.834 1.012 1.153 0.82 0.72 0 .88  4.242B-03 5.1483-03 5.8663-03 0.834 1.012 1.154 0.82 0.72 0.88 
CM246 5.387E-04 6.7291-04 7.741E-04 0.814 1.017 1.170 0 . 8 0  0.70 0.87 5.347K-04 6.680E-04 7.6858-04 0.814 1.017 1.170 0 . 8 0  0.70 0.87 

AVERAGE-ABSOLUTE-DEVIATION, AS X 6.63 8.46 8.33 15.4 12.8 18.6 6.83 8.69 8.62 15.5 13.5 19.3 

AV-ABS-DEV EXCLUDING LARGEST TWO. X 4.91 5 . 8 8  6.35 8.1 10.2 10.8 4.90 6.18 6.48 8.4 10.0 10.6 
NUCS EXCLUDED. 1ST/2ND: SB125 CH243 NP237 / Snl48 AM242 SI4151 SB125 (31243 NP237 / 81148 AM242 U234 

AV-ABS-DEV EXCLUDING LARGEST ONE. X 5.38 7.34 7.40 8.9 10.9 14.1 5.53 7.48 7.53 9.1 11.7 15.0 

1 . .  ., . .‘ . . ,. * 
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LEZdN ZbZWV 96213 / lb2WV ZbZW3 8blWS :ClNZ/&Sl '03a1ll3XB S3lM 
L'LL  EL L-01 zz.8 8h.i 611's s 'on& asamvi E)NI~~TJXB AB~-SEV-AV 
L'if z'fz 9.11 Sb'll 61'6 16'9 s 'XNO ZS33Wl f)NIani3xx Aaa-sev-Av 
8888 8888 6'Zl 18'b1,81'21 E2'8 Y SV 'NOI&YIA3Q-3J~lOSEV-3~Vti3AV 

L8'O 01'0 08-0 691'1 110'1 h18'0 hO-3108'1 bo-399S'l bo-3bSZ'l 9hZW3 
88'0 21'0 28'0 ZSL'L ElO'1 SEB'O EO-3019'Z EO-3962'2 EO-3Z68'1 ShZW3 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 Sl-31166'1 bbZW3 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 ECZW3 

E9'2 bb'l SS'O 265'0 LSS'L OS8'0 S2-3160'1 SZ-3898'2 SZ-399S'l ZbZWJ 
16'0 18'0 68'0 EOl'l EOO'L h68'0 10-3026'1 LO-39bL'l LO-3SSS'l EbZWV 
E9'Z Eb'l 55'0 E6S.0 LSS'L OS8'0 8Z-3S8E.S 12-Bblb'l 82-32Zl'l 2bZWV 
8.88 8.88 61'0 800'0 119'1 LZE'L LO-31EE'S bo-BLZZ'L SO-3501'6 LbZWV 
E8'O 18'0 L6'0 Obl'l 2116'0 816-0 OO+BSEh'Z 00+3210'2 00+8196'1 ZbZnd 

ZO'1 21'1 01'1 556'0 916'0 690'1 00+30SO'E OO+BSll'E OO+BZlb'E ObZnd 
Eb'l 02'1 b8'0 928.0 b81-1 066'0 10+316Z'l 10+3ZS8'1 10+38bS'L 6EZnd 
29'2 Eb'l SS'O E6S.0 LSS'L 058'0 EZ-3901's 22-3ObE~l EZ-BILE'L 8EZnd 
b2'b 06'E Z6'0 82E'O 06E'l Z8Z'l 00+3820'2 00+368S'8 00+3816'1 LEZdN 

92'1 82'1 10'1 8h8.O 690'1 E8O.l LO+BESZ'Z 10+36E8'2 lO+BL18'2 9EZn 
E2'1 60'1 68'0 506'0 111'1 b86'0 10+3166'E 10+3106'b lO+BlbE'b SEZn 

0-0 0.0 18.0 0.0 LOL-L ~68-o 0.0 ~o-x~L~-E ~O-BLLZ-C ihzna 

00.i 00.1 00.t LOO*L 866.0 ioo-i EO+BEZ~-E EO+X~L~*E EO+~~Z~-E 8czn 

95.1 os-L 96.0 8Ei-o isi-i tii'i oo+a8bt-i OO+XO~L-L OO+ZUZL*L wzn 
0.0 ssina 
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APPENDIX D 

COMPARATIVE RATIO TABLES IN CURIES 
(See table descriptions in Sect. 4.1) 

89 



CASE: DECAY ONLY, OF ORIGENZ DISCHARGE RESULTS FOR PWR, 3.2 WT X 6 33 GWD/UTU CURIES PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YI I  . . . . . . . . . . . . . . . . . . . . . .  -. ~~ ~ - .. 
ORIGENZ ORIGEN-S CINDER QB2 a ORIGENZ ORIGEN-S CINDER pBa pBs p82 p82 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SB 79 4.091E-01 4.091B-01 4.0898-01 1.000 1.000 1.000 1.00 1.00 1.00 4.091E-01 4.091E-01 4.089E-01 1.000 1.000 1.000 1.00 1.00 1.00 
RR 85 9.4101+03 9.41OE+O3 9.4061+03 1.000 1.000 1.000 1.00 1.00 1.00 6.847B+03 6.8471+03 6.8441+03 1.000 1.000 1.000 1.00 1.00 1.00 
SR 89 5.8003+05 5.800B+05 5.7971+05 1.000 1.000 1.000 1.00 1.00 1.00 1.1371-05 1.136E-05 1.1371-05 1.000 0.999 1.000 1.00 1.00 1.00 
SR 90 7.299E+04 7.2991+04 7.296E+04 1.000 1.000 1.000 1.00 1.00 1.00 6.493B+04 6.493E+04 6.4908+04 1.000 1.000 1.000 1.00 1.00 1.00 
Y 90 7.304E+04 7.301E+04 7.298B+04 1.000 1.000 1.000 1.00 1.00 1.00 6.494E+04 6.4951+04 6.492B+04 1.000 1.000 1.000 1.00 1.00 1.00 
Y 91 8.112B+05 8.112E+05 8.106B+05 1.000 1.000 1.000 1.00 1.00 1.00 4.647E-04 4.6451-04 4.648E-04 1.000 1.000 1.000 1.00 1.00 1.00 

ER 93 1.806E+00 1.806B+00 1.805B+00 1.000 1.000 1.000 1.00 1.00 1.00 1.806E+00 1.806E+00 1.805E+00 1.000 1.000 1.000 1.00 1.00 1.00 
ER 95 1.192E+06 1.192B+06 1.190E+06 1.001 1.001 0.999 1.00 1.00 1.00 4-2163-03 4.210B-03 4.362B-03 0.989 0.988 1.023 1.00 0.97 0.97 
NB 95 1.5421+06 1.542B+06 1.541B+06 1.000 1.000 1.000 1.00 1.00 1.00 9.3611-03 9.3461-03 9.647B-03 0.990 0.989 1.021 1.00 0.97 0.97 
TC 99 1.307B+01 1.307B+01 1.307B+01 1.000 1.000 1.000 1.00 1.00 1.00 1.307E+01 1.307E+01 1.307K+01 1.000 1.000 1.000 1.00 1.00 1.00 
RU106 5.5018+05 5.501E+05 5.4981+05 1.000 1.000 1.000 1.00 1.00 1.00 1.870E+04 1.870B+04 1.869B+04 1.000 1.000 1.000 1.00 1.00 1.00 
PD107 1.122E-01 1.122E-01 1.121E-01 1.000 1.000 0.999 1.00 1.00 1.00 1.122E-01 1.121B-01 1.121B-01 1.001 1.000 1.000 1.00 1.00 1.00 
SN126 7.774E-01 7.775E-01 7.7723-01 1.000 1.000 1.000 1.00 1.00 1.00 7.77CB-01 7.775E-01 7.771B-01 1.000 1.000 1.000 1.00 1.00 1.00 
SB125 1.465E+O4 1.4653+04 1.4641+04 1.000 1.000 1.000 1.00 1.00 1.00 4.2831+03 4.283E+03 4.2811+03 1.000 1.000 1.000 1.00 1.00 1.00 
I129 3.141E-02 3.1411-02 3.144B-02 1.000 1.000 1.001 1.00 1-00 1.00 3.1571-02 3.157E-02 3.166E-02 0.999 0.999 1.002 1.00 1.00 1.00 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 1.5161+05 1.516E+O5 1.516B+05 1.000 1.000 1.000 1.00 1.00 1.00 2.903E+04 2.9033+04 2.901E+04 1.000 1.000 1.000 1.00 1.00 1.00 
CS135 3.4551-01 3.455E-01 3.4548-01 1.000 1.000 1.000 1.00 1.00 1.00 3.455B-01 3.4553-01 3.454E-01 1.000 1.000 1.000 1-00 1.00 1.00 
CS137 1.041E+05 1.0351+05 1.0353+05 1.004 0.998 0.998 1.01 1.01 1.00 9.291B+04 9.2453+04 9.240B+04 1.003 0.999 0.998 1.00 1.01 1.00 
CE144 1.1721+06 1.171E+06 1.17lE+06 1.001 1.000 1.000 1-00 1.00 1.00 1.467B+04 1.4683+04 1.4691+04 0.999 1.000 1.001 1.00 1.00 1.00 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 
ND144 1.126E-09 1.130E-09 1.1291-09 0.998 1.001 1.001 1.00 1.00 1.00 1.5551-09 1.5601-09 1.559B-09 0.998 1.001 1.001 1.00 1.00 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PI4147 1.340E+05 1.340E+05 1.340B+05 1.000 1.000 1.000 1.00 1.00 1.00 3.6888+04 3.687E+04 3.686B+04 1.000 1.000 1.000 1.00 1.00 1.00 
SU147 1.28OE-06 l.3lOB-06 1.310B-06 0.985 1.008 1.008 0.98 0.98 1.00 3.691E-06 3.778B-06 3.776B-06 0.985 1.008 1.007 0.98 0.98 1.00 
11148 4.922E511 4.9711-11 4.9698-11 0.994 1.003 1.003 0.99 0.99 1.00 4.9483-11 4.9973-11 4.995E-11 0.994 1.003 1.003 0.99 0.99 1.00 
1149 9.0173-13 9.0211-13 8.9368-13 1.003 1.003 0.994 1.00 1.01 1.01 9.018E-13 9.0223-13 8.9361-13 1.003 1.003 0.994 1.00 1.01 1.01 
I4150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

511151 3.598E+02 3.5983+02 3.5963+02 1.000 1.000 1.000 1.00 1.00 1.00 3.4601+02 3.464E+02 3.4621+02 1.000 1.000 1.000 1.00 1.00 1.00 
SH152 0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
BU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
BU154 1.050E+04 1.050B+04 l.O49E+O4 1.000 1.000 0.999 1.00 1.00 1.00 7.0623+03 7.0621+03 7.059B+03 1.000 1.000 1.000 1.00 1.00 1.00 
EU155 6.444E+03 6.442E+03 6.439B+03 1.000 1.000 1.000 1.00 1.00 1.00 3.240E+03 3.290B+03 3.2398+03 1.000 1.000 1.000 1.00 1.00 1.00 
U234 1.123E+OO 1.123B+00 1.122E+OO 1.000 1.000 0.999 1.00 1.00 1.00 1.156E+00 1.156B+00 1.155E+00 1.000 1.000 0.999 1.00 1.00 1.00 
U235 1.721E-02 1.721B-02 1.720B-02 1.000 1.000 1.000 1.00 1.00 1.00'1.721B-02 1.721B-02 1.7203-02 1.000 1.000 1.000 1.00 1.00 1.00 
U236 2.5631-01 2.5631-01 2.562B-01 1.000 1.000 1.000 1-00 1.00 1.00 2.56CB-01 2.5643-01 2.562B-01 1.000 1.000 0.999 1.00 1.00 1.00 
U238 3.1751-01 3.1751-01 3.1741-01 1.000 1.000 1.000 1.00 1.00 1.00 3.175E-01 3.175B-01 3.174E-01 1.000 1.000 1.000 1.00 1.00 1.00 

NP237 3.120E-01 3.120E-01 3.118E-01 1.000 1.000 1.000 1.00 1.00 1.00 3.1331-01 3.1323-01 3.122B-01 1.001 1.001 0.998 1.00 1.00 1.00 
PU238 2.2438+03 2.2428+03 2.241B+03 1 .000  1.000 1.000 1.00 1.00 1.00 2.3301+03 2.3303+03 2.329K+03 1.000 1.000 1.000 1.00 1.00 1.00 
Pu239 3.1313+02 3.131E+02 3.1243+02 1.001 1.001 0.999 1.00 1.00 1.00 3.1303+02 3.1301+02 3.1231+02 1.001 1.001 0.999 1.00 1.00 1.00 
PU240 5.2703+02 5.270E+02 5.2573+02 1.001 1.001 0.998 1.00 1.00 1.00 5.277E+02 5.277B+02 5.2551+02 1.001 1.001 0.997 1.00 1.00 1.00 
Pu241 1.2553+05 1.2303+05 1.2291+05 1.014 0.994 0.993 1.02 1.02 1.00 9.9061+04 9.751E+O4 9.747B+04 1.011 0.995 0.994 1.02 1.02 1.00 
PU242 1.7283+00 1.780E+00 1.776B+00 0.981 1.011 1.008 0.97 0.97 1.00 1.7283+00 1.7808+00 1.776B+00 0.981 1.011 1.008 0.97 0.97 1.00 
An241 1.150E+02 1.146E+O2 1.1461+02 1.002 0.999 0.999 1.00 1.00 1.00 9.919E+02 9.7583+02 9.753B+02 1.011 0.995 0.994 1.02 1.02 1.00 
An242 6.072E+00 6.0731+00 6.1001+00 0.998 0.999 1.003 1-00 1.00 1.00 5.937B+00 5.938E+00 5.9651+00 0.998 0.999 1.003 1.00 1.00 1.00 
An243 1.714E+Ol 1.714E+Ol 1.714B+01 1.000 1.000 1.000 1-00 1.00 1.00 1.714Et01 1.7143+01 1.713B+01 1.000 1.000 1.000 1.00 1.00 1.00 
CU242 3.520B+04 3.5211+04 3.524B+04 1.000 1.000 1.001 1.00 1.00 1.00 2.2021+01 2.2021+01 2.1841+01 1.003 1.003 0.995 1.00 1.01 1.01 
cu243 1.693E+01 1.693B+01 1.6921+01 1.000 1.000 1.000 1.00 1.00 1.00 1.5021+01 1.502E+01 l.SOlE+Ol 1.000 1.000 1.000 1.00 1.00 1.00 
CU244 1.93913+03 1.939B+03 1.938E+03 1.000 1.000 1.000 1.00 1.00 1-00 1.6061+03 1.606E+03 1.606E+03 1.000 1.000 1.000 1.00 1.00 1.00 
(3111245 1.4773-01 1.4778-01 1.481E-01 0.999 0.999 1.002 1.00 1.00 1.00 1.4773-01 1.4773-01 1.4808-01 0.999 0.999 1.001 1.00 1.00 1.00 
CI4246 3.1623-02 3.1623-02 3.1613-02 1.000 1.000 1.000 1.00 1.00 1.00 3.1591-02 3.160B-02 3.159B-02 1.000 1.000 1.000 1.00 1.00 1.00 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0.17 0.10 0.13 0.2 0.3 0.1 0.24 0.17 0.24 0.2 0.5 0.3 

AV-ABS-DEV EXCLUDING LARGEST TWO, X 0.09 0.05 0 . 0 8  0.1 0 . 2  0.1 0.13 0.08 0.13 0.1 0.2 0.1 
NUCS EXCLUDED, 1ST/2ND: PU242 su149 / su147 An242 PU242 SR 89 ZR 95 / SU147 Y 91 NB 95 

AV-ABS-DBV EXCLUDING LARGEST ONE, X 0.13 0.07 0.10 0 . 2  0 .2  0.1 0.18 0.12 0.19 0.2 0.9 0.2 

..' I . i 



CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PWR, 3.2 WT X C 33 GWD/MTU CURIES PER MTU 

SE 79 
KR 8 5  
SR 89 
SR 90 
Y 90 
Y 91 

ER 93 
ZR 95 
NB 95 
TC 99 
RUlO6 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CE144 
ND143 
ND144 
ND145 
ND146 
PMl 47 
SMl47 
SMl48 
SMl49 
SI1 5 0  
SMl5 1 
SMl52 
EU153 
EU154 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU2 3 8 
PU239 
PU240 
PU241 
PU242 
AM24 1 
AM242 
AM243 
(311242 
CM243 
CM244 
CM245 
CM246 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR ...................... 
ORIGEN2 ORIGEN-S CINDER OR2 ORIGEN2 ORIGEN-S CINDER pB? PB?, pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
4.091E-01 4.091E-01 4.089B-01 1.000 1,000 1.000 1.00 1.00 1.00 4.090B-01 4.090E-01 4.0891-01 1.000 1.000 1.000 1.00 1.00 1.00 
4.9551+03 4.955E+O3 4.9531+03 1.000 1.000 1.000 1.00 1.00 1.00 2.596E+03 2.596B+03 2.595B+03 1.000 1.000 1.000 1.00 1.00 1.00 
1.4763-16 1.473E-16 1.478B-16 1.000 0.998 1.002 1.00 1.00 1.00 0.0 0.0 2.4951-38 0.0 0 . 0  0 . 0  0.0 0 . 0  0.0 
5.764E+04 5.764E+04 5.762E+04 1.000 1,000 1.000 1.00 1.00 1.00 4.543E+O4 4.5438+04 4.5418+04 1.000 1.000 1.000 1.00 1.00 1.00 
5.7663+04 5.766E+04 5.763E+04 1.000 1.000 1.000 1.00 1.00 1.00 4.5441+04 4.5443+04 4.5431+04 1.000 1.000 1.000 1.00 1.00 1.00 

1.806E+00 1.806E+00 1.8053+00 1.000 1.000 1.000 1.00 1.00 1.00 1.8061+00 1.806E+00 1.8053+00 1.000 1.000 1.000 1.00 1.00 1.00 

1.307E+01 1.307E+01 1.307B+01 1.000 1.000 1.000 1.00 1.00 1.00 1.307E+01 1.307E+01 1.307B+01 1.000 1.000 1.000 1.00 1.00 1.00 

1.865E-13 1.864E-13 1.868E-13 1.000 0.999 1.001 1.00 1.00 1.00 3.005E-32 0.0 3-0181-32 0.998 0.0 1.002 0.0 1-00 0.0 

1.078E-11 1.074E-11 1.156E-11 0.978 0.974 1.048 1.00 0.93 0.93 7.042B-29 0.0 8.1278-29 0.928 0.0 1.072 0.0 0.87 0.0 
2.393E-11 2.3841-11 2.557E-11 0.979 0.975 1.046 1.00 0.99 0.93 1.563B-28 0.0 1.7971-28 0.930 0.0 1.070 0.0 0.87 0.0 

6.0053+02 6.0051+02 6.0053+02 1.000 1.000 1.000 1.00 1.00 1.00 6.18OB-01 6.1951-01 6.199E-01 0.998 1.001 1.001 1.00 1.00 1.00 
1.1221-01 1,121B-01 1.121E-01 1.001 1.000 1.000 1.00 1.00 1.00 1.122E-01 1.1213-01 1.121B-01 1.001 1.000 1.000 1.00 1.00 1.00 
7.774E-01 7.774B-01 7.771E-01 1.000 1.000 1.000 1.00 1.00 1.00 7.773B-01 7.770B-01 7.7701-01 1.000 1.000 1.000 1.00 1.00 1.00 
1.2261+03 1.226E+03 1.2251+03 1.000 1.000 0.999 1.00 1.00 1.00 1.004E+02 1.003B+02 1.003B+02 1.001 1.000 1.000 1.00 1.00 1.00 
3.157E-02 3.1573-02 3.166E-02 0.999 0.999 1.002 1.00 1.00 1.00 3.157B-02 3.1573-02 3.166B-02 0.999 0.999 1.002 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5.406E+03 5.405Et03 5.403E+03 1.000 1.000 1.000 1.00 1.00 1-00 1.8751+02 1.8741+02 1.8741+02 1.000 1.000 1.000 1-00 1.00 1.00 
3.455E-01 3.4551-01 3.4541-01 1.000 1.000 1.000 1.00 1.00 1-00 3-455B-01 3.4551-01 3.454B-01 1.000 1.000 1.000 1.00 1-00 1.00 
8.2773+04 8.2418+04 8.238E+04 1.003 0.999 0.998 1.00 1.00 1.00 6.5708+04 6.5491+04 6.5478+04 1.002 0.999 0.999 1.00 1.00 1.00 
1.708E+02 1.709E+02 1.714B+02 0.999 0.999 1.002 1.00 1.00 1.00 2.3153-02 2.318E-02 2.3333-02 0.997 0.998 1.005 1.00 0.99 0.99 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.560B-09 1.566E-09 1.5651-09 0.998 1.001 1.001.1.00 1.00 1.00 1.560E-09 1.566B-09 1.5653-09 0.998 1.001 1.001 1.00 1.00 1.00 
0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
9.841E+O3 9.8383+03 9.835E+O3 1.000 1.000 1.000 1.00 1.00 1.00 7.0086+02 7.0048+02 7.003B+02 1.000 1.000 1.000 1.00 1.00 1.00 
4.354E-06 4.4561-06 4.450B-06 0.985 1.008 1.007 0.98 0.98 1.00 0.5781-06 4.6851-06 4.6831-06 0.985 1.008 1.007 0.98 0.98 1.00 
4.9483-11 0.997E-11 4.9953-11 0.994 1.003 1.003 0.99 0.99 1.00 4.9981-11 4.9971-11 4.9951-11 0.994 1.003 1.003 0.99 0.99 1.00 
9.0183-13 9.022E-13 8.9363-13 1.003 1.003 0.994 1.00 1.01 1.01 9.018B-13 9.022B-13 8.936B-13 1.003 1.003 0.994 1.00 1.01 1.01 
0 . 0  0.0 0.0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
3.334E+02 3.333Et02 3.332B+02 1.000 1.000 1.000 1.00 1.00 1.00 3.0861+02 3.0863+02 3.0851+02 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 . 
4.720B+03 4.7201+03 4.718B+03 1.000 1.000 1.000 
1.611E+03 1.6111+03 1.610B+03 1.000 1.000 1.000 
1.189E+OO 1.189E+00 1.187E+00 1.001 1.001 0.999 
1.72lE-02 1.7211-02 1.720B-02 1.000 1.000 1.000 
2.565E-01 2.565E-01 2.562B-01 1.000 1.000 0.999 
3.1753-01 3.175B-01 3.1741-01 1.000 1.000 1.000 
3.154E-01 3.154B-01 3.1223-01 1.003 1.003 0.993 
2..240E+03 2.240B+03 2.2399+03 1.000 1.000 1.000 
3.130E+02 3.13OB+02 3.123B+02 1.001 1.001 0.999 
5.282E+02 5.282E+02 5.2521+02 1..002 1.002 0.996 
7.7871+04 7.7033+04 7.700E+04 1.007 0.997 0.996 
1.7281+00 1.779B+00 1.7761+00 0.981 
1.6873+03 1.662E+03 1.6611+03 1.010 

1.7133+01 1.713EtOl 1.712B+01 1,000 
4.809E+00 4.81OE+OO 4.8433+00 0.998 
1.330E+01 1.330E+01 1.3298+01 1.000 
1.327E+03 1.3261+03 1.326B+03 1.001 
1.4761-01 1.476B-01 1.480E-01 0.999 

S . ~ O ~ E + O O  ~ . B O ~ E + O O  ~ . B ~ O E + O O  0.998 

3.157~-02 3.1583-02 3.1571-02 1.000 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0.29 
L.. I_.? n-.. -",-I..%..-..,- - ln , - -C -  ,...e I n - 4  

.o .  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

.o  0 .0  0 . 0  0 . 0  0.0  0.0 0.0 

.OO 1.00 1.00 2.108E+O3 2.108B+03 2.107B+03 1.000 

.OO 1.00 1.00 3.982E+02 3.982B+02 3.981B+02 1.000 

.OO 1.00 1.00 1.250E+00 1.2508+00 1.247B+00 1.001 

.OO 1.00 1.00 1.722E-02 1.722E-02 1.7208-02 1.000 

.OO 1.00 1.00 2.566B-01 2.5663-01 2.5621-01 1.001 

.OO 1.00 1.00 3.1751-01 3.175B-01 3.174B-01 1.000 

.OO 1.01 1-01 3.226B-01 3.224B-01 3.1223-01 1.011 

.OO 1.00 1-00 2.071!3+03 2.0718+03 2.0708+03 1.000 

.OO 1.00 1-00 3.1298+02 3.1293+02 3.1221+02 1.001 

.OO 1.01 1.01 5.2881+02 5.2889+02 5.246B+02 1.003 

.01 1.01 1.00 4.812E+04 4.8071+04 4.805B+04 1.001 
1.010 1.009 0.97 0.97 1.00 1.7288+00 1.779B+00 
0.995 0.995 1.02 1.02 1.00 2.6431+03 2.6121+03 
0.999 1.003 1.00 1.00 1.00 5.5453+00 5.546B+00 
1.000 1.000 1.00 1.00 1.00 1.711B+01 1.711E+01 
0.998 1.005 1.00 0.99.0.99 4.5858+00 4.586ECOO 
1.000 0.999 1.00 1.00 1.00 1.0431+01 1.043E+01 
1.000 1.000 1.00 1.00 1.00 9.047B+02 9.0451+02 
0.999 1.002 1.00 1.00 1.00 1.475E-01 1.475B-01 
1.000 1.000 1.00 1.00 1.00 3.153B-02 3.153B-02 

0.24 0.37 0.2 0 . 6  0 . 5  
n , c  n . , c  n . l  n C  n . )  

1.7768+00 0.981 
2.6113+03 1.008 
~ . ~ ~ o E + o o  0.998 
1.7118+01 1.000 
4.6208+00 0.997 
1.002E+01 1.000 
9.0431+02 1.000 
1.4781-01 0.999 
3.1528-02 1 . O O O  

0.52 
n I n  

0 . 0  0.0 
0.0 0.0 
1.000 1.000 
1.000 1.000 

1.000 0.999 
1.001 0.999 
1.000 1.000 
1.010 0.978 
1.000 1.000 
1.001 0.999 
1.003 0.995 
1.000 0.999 

1.001 0.998 

0 . 0  0 . 0  0 . 0  
0.0 0.0 0.0 
1.00 1 .oo 1-00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.03 1.03 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.01 1.01 
1.00 1.00 1.00 

1.010 1.009 0.97 0.97 1.00 
0.996 0.996 1.01 1.01 1.00 
0.999 1.003 1.00 1.00 1.00 
1.000 1.000 1.00 1.00 1.00 
0.998 1.005 1.00 0.99 0.99 
1.000 0.999 1.00 1.00 1.00 
1.000 1.000 1.00 1.00 1.00 
0.999 1.001 1.00 1.00 1.00 
1.000 1.000 1.00 1.00 1.00 

0.14 0.52 0.2 1.0 0.2 
n n n  A " ,  n . ,  n c  n .  n.-a=o-Y-. n n L . Y V Y I R "  YM"DLI1 "nn, m V . 4 ,  V . 8 0  U . L Q  V . 6  V . 3  V . >  

AV-ABS-DEV EXCLUDING LARGEST TWO, I 0.13 0.09 0.14 0.1 0.3 0.2 
NUCS EXCLUDED, lST/2ND: PU242 SR 89 ER 95 / SM147 NB 95 PU242 

U . * W  V . U J  V.., V . 6  ".e " . I  

0.46 0.07 0.46 0.1 0.2 0.1 
~ ~ 2 3 7  ~ ~ 1 4 7  81149 



CASE: DECAY ONLY, OF ORIGBN2 DISCHARGE RESULTS FOR PWR, 3.2 WT,X C 33 GWD/MTU CURIES PER HTU 

. . . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YP . . . . . . . . . . . . . . . . . . . . . .  _ _  _ _  
ORIGEN2 ORIGEN-S CINDER pBa QRS ORS ORIGEN2 ORIGEN-S CINDER pBs pB? pB? pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SB 79 4.0891-01 4.089E-01 4.087E-01 1.000 1.000 1.000 1.00 1.00 1.00 4.0873-01 4.087E-01 4.0851-01 1.000 1.000 1.000 1.00 1.00 1.00 
RR 85 3.7311+02 3.7303+02 3.7298+02 1.000 1.000 1.000 1.00 1.00 1.00 1.472B+01 1.471E+01 1.471E+01 1.000 1.000 1.000 1.00 1.00 1.00 

Y 90 
Y 91 

ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

2.225E+04 2.2253+04 2.224E+04 1.000 1.000 1.000 
0.0 0.0 0.0 0.0 0.0 0.0 
1.80613+00 1.806E+00 1.805E+00 1.000 1.000 1.000 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.307E+01 1.3073+01 1.306E+Ol 1.000 1.000 0.999 
6.7881-10 6.802B-10 6.817B-10 0.998 1.000 1.002 
1.122E-01 1.121E-01 1.121E-01 1.001 1.000 1.000 
7.772E-01 7.7723-01 7.7691-01 1.000 1.000 1.000 
5.510E-02 5.508B-02 5.509E-02 1.000 1.000 1.000 
3.157E-02 3.1573-02 3.166E-02 0.999 0.999 1.002 

SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0.0 0.0 
SR 90 2.225E+04 2.224E+04 2.2243+04 1.000 1.000 1.000 1.00 1.00 1.00 6.7671+03 6.766B+03 6.7641+03 1.000 1.000 1.000 1.00 1.00 1.00 

1.00 1.00 1.00 6.769B+03 6.7673+03 6.7658+03 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.00 1.00 1.00 1.806E+00 1.806B+00 1.8051+00 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  
1.00 1.00 1.00 1.307E+01 1.307E+01 1.306B+01 1.000 1.000 0.999 1.00 1.00 1.00 
1.00 1.00 1.00 7.938B-25 7.949B-25 7.9891-25 0.997 0.999 1.004 1.00 0.99 0.99 
1.00 1.00 1.00 1.122E-01 1.121E-01 1.1211-01 1.001 1.000 1.000 1.00 1.00 1.00 
1.00 1.00 1.00 7.7691-01 7.7693-01 7.7661-01 1.000 1.000 1.000 1.00 1.00 1.00 
1.00 1.00 1.00 2.028B-07 2.027E-07 2.0291-07 1.000 1.000 1.000 1.00 1.00 1.00 
1.00 1.00 1.00 3.1578-02 3.157B-02 3.166E-02 0.999 0.999 1.002 1.00 1.00 1.00 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
CS134 7.819E-03 7.812B-03 7.815B-03 1.000 1.000 1.000 1.00 1.00 1.00 3.922B-10 3.9153-10 3.9201-10 1.001 0.999 1.000 1.00 1.00 1.00 
CS135 3.455E-01 3.455E-01 3.4541-01 1.000 1.000 1.000 1.00 1.00 1.00 3.455B-01 3.4553-01 3.454E-01 1.000 1.000 1.000 1.00 1.00 1.00 
CS137 3.285E+04 3.287E+04 3.2861+04 1.000 1.000 1.000 1.00 1.00 1.00 1.0358+04 1.042B+04 1.0421+04 0.996 1.002 1.002 0.99 0.99 1.00 
CE144 5.7621-14 5.7833-14 5.884B-14 0.992 0.995 1.013 1.00 0.98 0.98 2.6348-33 0.0 2.7496-33 0.979 0.0 1.021 0.0 0.96 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 1.5608-09 1.566B-09 1.5651-09 0.998 1.001 1.001 1.00 1.00 1.00 1.5603-09 1.566B-09 1.5651-09 0.998 1.001 1.001 1.00 1.00 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
P1147 2.5308-01 2.5273-01 2.528B-01 1.001 0.999 1.000 1.00 1.00 1.00 4.634E-07 4.621E-07 4.626E-07 1.002 0.999 1.000 1.00 1.00 1.00 
S1147 4.595E-06 4.703B-06 4.700B-06 0.985 1.008 1.007 0.98 0.98 1.00 4.595B-06 4.703B-06 4.700B-06 0.985 1.008 1.007 0.98 0.98 1.00 
81148 4.9481-11 4.997E-11 9.9951-11 0.994 1.003 1.003 0.99 0.99 1.00 4.948B-11 4.997B-11 4.995B-11 0.994 1.003 1.003 0.99 0.99 1.00 
81149 9.018E-13 9.0223-13 8.9361-13 1.003 1.003 0.994 1.00 1.01 1.01 9-0183-13 9.022B-13 8.9361-13 1.003 1.003 0.994 1.00 1.01 1.01 
SFl150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
S1151 2.450E+02 2.4503+02 2.448B+02 1.000 1.000 0.999 1.00 1.00 1.00 1.667E+02 1.667B+02 1.666B+02 1.000 1.000 1.000 1.00 1.00 1.00 
S1152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 1.8793+02 1.878E+02 1.877B+02 1.001 1.000 0.999 1.00 1.00 1-00 3.3401+00 3.337X+OO 3.3371+00 1.001 1.000 1.000 1.00 1.00 1.00 
EU155 6.013E+00 6.016B+00 6.014E+00 1.000 1.000 1.000 1.00 1.00 1-00 5.547B-03 5.5538-03 5.552E-03 0.999 1.000 1.000 1.00 1.00 1.00 
U234 1.406E+00 1.406E+00 1.402E+00 1.001 1.001 0.998 1.00 1.00 1.00 1.5981+00 1.5983+00 1.592E+OO 1.001 1.001 0.997 1.00 1.00 1.00 
U235 1.7223-02 1.723E-02 1.7201-02 1.000 1.001 0.999 1.00 1.00 1.00 1.7241-02 1.724B-02 1.7201-02 1.001 1.001 0.998 1.00 1.00 1.00 
U236 2.571E-01 2.5711-01 2.562E-01 1.001 1.001 0.998 1.00 1.00 1.00 2.579B-01 2.579B-01 2.562B-01 1.002 1.002 0.996 1.00 1.01 1.01 
U238 3.175E-01 3.175E-01 3.174E-01 1.000 1.000 1.000 1.00 1.00 1.00 3.175E-01 3.175E-01 3.174E-01 1.000 1.000 1.000 1.00 1.00 1.00 

NP237 3.5491-01 3.545E-01 3.122B-01 1.042 1.041 0.917 1.00 1.14 1.14 4-1633-01 4.158E-01 3.122E-01 1.091 1.090 0.818 1.00 1.33 1.33 
PU238 1.6351+03 1.635E+03 1.634E+03 1.000 1.000 1.000 1.00 1.00 1.00 1.102B+03 l.l02E+03 l.l02E+03 1.000 1.000 1.000 1.00 1.00 1.00 
PU239 3.1271+02 3.127E+02 3.119E+02 1.001 1.001 0.998 1.00 1.00 1.00 3.123E+02 3.1221+02 3.1153+02 1.001 1.001 0.998 1.00 1.00 1.00 
PU240 5.2883+02 5.288E+02 5.2303+02 1.004 1.004 0.993 1.00 1.01 1.01 5.2673+02 5.2671+02 5.2023+02 1.004 1.004 0.992 1.00 1.01 1.01 
PU241 1.135E+04 1.1683+04 1.168B+04 0.981 1.010 .1.010 0.97 0.97 1.00 1.023B+03 1.105E+03 1.105E+03 0.949 1.025 1.025 0.93 0.93 1.00 
PU242 1.728E+00 1.779E+00 1.7763+00 0.981 1.010 1.009 0.97 0.97 1.00 1.7283+00 1.779B+00 1.776B+00 0.981 1.010 1.009 0.97 0.97 1.00 
AM241 3.708E+03 3.691E+03 3.6893+03 1.003 0.999 0.998 1.00 1.01 1.00 3.7483+03 3.747E+03 3.745B+03 1.000 1.000 1.000 1.00 1.00 1.00 
AM242 4.836E+00 4.837B+00 4.8583+00 0.998 0.999 1.003 1.00 1.00 1.00 3.850E+00 3.8511+00 3.868E+00 0.998 0.999 1.003 1.00 1.00 1.00 
AM243 1.706E+01 1.7069+01 1.706E+01 1.000 1.000 1.000 1.00 1.00 1.00 1.698B+01 1.6981+01 1.698B+01 1.000 1.000 1.000 1.00 1.00 1.00 
C1242 3.999B+00 4.000E+00 4.0293+00 0.997 0.998 1.005 1.00 0.99 0.99 3.1843+00 3.184B+00 3.208B+OO 0.997 0.997 1.005 1.00 0.99 0.99 
(31243 5.027E+OO 5.027E+00 5.0253+00 1.000 1.000 1,000 1.00 1.00 1.00 1.490B+00 1.490E+00 1.4893+00 1.000 1.000 1.000 1.00 1.00 1.00 
(31244 2.870B+02 2.869E+02 2.868E+02 1.000 1.000 1.000 1.00 1.00 1.00 4.233B+01 4.232B+01 4.231E+01 1.000 1.000 1.000 1.00 1.00 1.00 
(31245 1.471B-01 1.471E-01 1.4753-01 0.999 0.999 1.002 1.00 1.00 1.00 1.465B-01 1.4651-01 1.469B-01 0.999 0.999 1.002 1.00 1.00 1.00 
C1246 3.139E-02 3.1398-02 3.1383-02 1.000 1.000 1.000 1.00 1.00 1.00 3.116E-02 3.116B-02 3.1153-02 l'.OOO 1.000 1.000 1.00 1.00 1.00 

AVERAGE-ABSOLUTE-DEVIATION. AS X 0.34 0.24 0.41 0.3 0.8 0.5 0.58 0.41 0.72 0.4 1.4 1.0 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 0.20 0.13 0.19 0.2 0.4 0.2 0.25 0.13 0.24 0.2 0.5 0.2 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 0.14 0.09 0.14 0.1 0.3 0.2 0.20 0.10 0.20 0.2 0.4 0.2 
NUCS EXCLUDED, lST/2ND: PU241 NP237 / PU242 CE144 PU241 CS134 NP237 / PU242 PU2QO 

. .' .& ' .  , .. . ' I' . ' . I  
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CASE: DECAY ONLY, OF ORIGBN2 DISCHARGE RESULTS FOR PUR. 3.2 UT I L 33 GUD/MTU CURIES PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  300 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 KYR ****.*....***....***** 
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 

SE 79 4.078B-01 4.078E-01 4.076E-01 1.000 1.000 1.000 1.00 1.00 1-00 4-0481-01 4.048B-01 4.046B-01 1.000 1.000 1.000 1.00 1.00 1.00 
KR 85 3.561E-05 3.556E-05 3.558E-05 1.001 0.999 1.000 1.00 1.00 1.00 7.8521-25 7.838B-25 7.833B-25 1.001 1.000 0.999 1.00 1.00 1.00 
SR 89 0.0 -0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 5.794E+Ol 5.789B+01 5.789E+Ol 1.001 1.000 1.000 1.00 1.00 1.00 3.365E-06 3-3601-06 3.359B-06 1.001 1.000 0.999 1.00 1.00 1.00 
Y 90 5.796B+01 5.7913+01 5.791Et01 1.001 1.000 1.000 1.00 1.00 1.00 3.366E-06 3-3611-06 3.360B-06 1.001 1.000 0.999 1.00 1.00 1.00 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ER 93 1.806E+00 1.806E+00 1.805E+00 1.000 1.000 1.000 1.00 1.00 1.00 1.8053+00 1.805E+00 1.805B+00 1.000 1.000 1.000 1.00 1.00 1.00 
ER 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NE 95 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
TC 99 1.306E+01 1.306E+01 1.305E+01 1.000 1.000 0.999 1.00 1.00 1.00 1.303B+01 1.303E+01 1.302E+01 1.000 1.000 0.999 1.00 1.00 1.00 
RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PD107 1.122E-01 1.121E-01 1.121E-01 1.001 1.000 1.000 1.00 1.00 1.00 1.1228-01 1.121B-01 1.121E-01 1.001 1.000 1.000 1.00 1.00 1.00 
SN126 7.758E-01 7.7591-01 7.7551-01 1.000 1.000 1.000 1.00 1.00 1.00 7.721E-01 7.721B-01 7.7188-01 1.000 1.000 1.000 1.00 1.00 1.00 
SB125 0.0 0.0 3.731E-29 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 
I129 3.1571-02 3.1571-02 3.1661-02 0.999 0.999 1.002 1.00 1.00 1.00 3.1571-02 3.157B-02 3.1661-02 0.999 0.999 1.002 1.00 1.00 1.00 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 0.0 0.0 2.4811-39 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS135 3.455E-01 3.455E-01 3.4541-01 1.000 1.000 1.000 1.00 1.00 1.00 3.4541-01 3.454E-01 3.4531-01 1.000 1.000 1.000 1.00 1.00 1.00 
CS137 1.019E+02 1.052B+02 l.O52E+O2 0.979 1.011 1.011 0.97 0.97 1.00 9.638E-06 1.090E-05 1.090B-05 0.920 1.040 1.040 0.88 0.88 1.00 
CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 1.56OB-09 1.566E-09 1.5651-09 0.998 1.001 1.001 1.00 1.00 1-00 1.560B-09 1-5661-09 1.565B-09 0.998 1.001 1.001 1.00 1.00 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PM147 0.0 0.0 5.187E-30 0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  
SI4147 4.595B-06 4.703E-06 4.700E-06 0.985 1.008 1.007 0.98 0.98 1.00 4.595B-06 4.7033-06 4.700B-06 0.985 1.008 1.007 0.98 0.98 1.00 
SM148 4.948B-11 4.997E-11 4.995B-11 0.994 1.003 1.003 0.99 0.99 1.00 4.9483-11 4.9973-11 4.995B-11 0.994 1.003 1.003 0.99 0.99 1.00 
SM149 9.0186-13 9.022B-13 8.936B-13 1.003 1.003 0.994 1.00 1.01 1.01 9.018E-13 9-0223-13 8.9361-13 1.003 1.003 0.994 1.00 1.01 1.01 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SM151 3.572E+01 3.5713+01 3.5703+01 1.000 1.000 1.000 1.00 1.00 1-00 1-6271-01 1.627E-01 1.6261-01 1.000 1.000 1.000 1.00 1.00 1.00 
SM152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
BU154 3.335E-07 3.3291-07 3.331E-07 1.001 0.999 1.000 1.00 1.00 1.00 0.0 0.0 1.046B-31 0.0 0.0 0.0 0.0 0.0 0.0 
EU155 4.016E-15 4.0331-15 4.034E-15 0.997 1.001 1.002 1.00 1.00 1-00 0.0 0.0 1.319E-57 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  

ORIGEN2 ORIGEN-S CINDER m Q.R2 pBa QBS ORIGEN2 ORIGEN-S CINDER QR2 QBS pBz pIIl 

U234 1.912E+00 1.912E+00 1.902E+00 1.002 1.002 0.997 1.00 1.01 1.01 1.991E+00 1.991B+00 1.98OE+OO 1.002 1.002 0.996 1.00 1.01 1.01 
U235 1.73OE-02 1.7301-02 1.7201-02 1.002 1.002 0.996 1.00 1.01 1.01 1.75lE-02 1.7511-02 1.7203-02 1.006 1.006 0.988 1.00 1.02 1.02 
U236 2.610E-01 2.610E-01 2.5621-01 1.006 1.006 0.988 1.00 1.02 1.02 2.713E-01 2.7131-01 2.562E-01 1.019 1.019 0.962 1.00 1.06 1.06 
U238 3.1753-01 3.175B-01 3.1741-01 1.000 1.000 1.000 1.00 1.00 1.00 3.175B-01 3.175B-01 3.174E-01 1.000 1.000 1.000 1.00 1.00 1.00 

NP237 6.259E-01 6.256B-01 3.122E-01 1.201 1.200 0.599 1.00 2.00 2.00 9.9978-01 9.996B-01 3.121E-01 1.298 1.297 0.405 1.00 3.20 3.20 
PU238 2.286E+02 2.2861+02 2.2851+02 1.000 1.000 1.000 1.00 1.00 1.00 1.021E+00 l.O2OE+00 1.021B+00 1.000 0.999 1.000 1.00 1.00 1.00 
Pu239 3.106E+02 3.105E+02 3.0971+02 1.001 1.001 0.998 1.00 1.00 1.00 3.047E+02 3.047B+02 3.035B+02 1.001 1.001 0.997 1.00 1.00 1.00 
Pu240 5.157E+02 5.158E+02 5.0931+02 1.004 1.004 0.992 1.00 1.01 1.01 4.788B+02 4.789B+02 4.7293+02 1.004 1.004 0.992 1.00 1.01 1.01 

Pu242 1.7288+00 1.779E+OO 1.776E+OO 0.981 1.010 1.009 0.97 0.97 1.00 1.726B+00 1.777E+00 1.774B+00 0.981 1.010 1.009 0.97 0.97 1.00 
An241 2.745B+03 2.7471+03 2.7461+03 1.000 1.000 1.000 1.00 1.00 1.00 8.9353+02 8.940E+02 8.9358+02 1.000 1.000 1.000 1.00 1.00 1.00 

An243 1.667E+01 1.667E+O1 1.666Ec01 1.000 1.000 1.000 1.00 1.00 1.00 1.561E+01 1.561E+01 1.5608+01 1.000 1.000 1.000 1.00 1.00 1.00 

PU241 2.118E-01 2.33OE-01 8.8651-02 1.191 1.310 0.499 0.91 2.39 2.63 1.364B-01 1.364B-01 4.0993-16 1.500 1.500 0.000 1.00 **** **** 

An242 1.547E+00 1.547E+00 1.554E+OO 0.998 0.998 1.003 1.00 1.00 1.00 6.355B-02 6.355B-02 6.3831-02 0.999 0.999 1.003 1.00 1.00 1.00 

(3x242 1.279E+00 1.2791+00 1.289E+OO 0.997 0.997 1.005 1.00 0.99 .0.99 5.2563-02 5-2553-02 5.2998-02 0.998 0.997 1.005 1.00 0.99 0.99 
CM243 1.150E-02 1.149B-02 1.149B-02 1.001 1.000 1.000 1.00 1.00 1.00 4.647E-10 4.6428-10 4.640E-10 1.001 1.000 0.999 1.00 1.00 1.00 
CM244 2.005E-02 2.0041-02 2.0041-02 1.000 1.000 1.000 1.00 1.00 1.00 4.2553-11 4.636B-14 4.637E-14 2.993 0.003 0.003 **I* ***e  1.00 
CM245 1.442B-01 1.441E-01 1.4451-01 1.000 0.999 1.002 1.00 1.00 1.00 1.3621-01 1.361B-01 1.3658-01 1.000 0.999 1.002 1.00 1.00 1.00 
CM246 3.0263-02 3.026E-02 3.0251-02 1.000 1.000 1.000 1.00 1.00 1.00 2.731E-02 2-7313-02 2.7308-02 1.000 1.000 1.000 1.00 1.00 1.00 

AVERAGE-ABSOLUTE-DEVIATION, AS X 1.36 1.60 2.74 0.6 7.2 7.5 8.71 5 . 6 0  8.06 ***e **e* **+* 
AV-ABS-DEV EXCLUDING LARGEST ONE, I 0.81 0.75 1.40 0.3 3.4 3.1 1.51 1.31 2.40 0.6 7.9 7.3 
AV-ABS-DEV EXCLUDING LARGEST TWO, I 0.18 0.14 0.20 0.2 0.5 0.2 0.31 0.24 0.37 0.3 0.7 0 . 5  
NUCS EXCLUDED, 1ST/2ND: CS137 PU241 / PU242 NP237 CM244 PU238 PU241 / CS137 NP237 



CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PWR, 3.2 WT X C 33 GWD/MTU CURIES PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  10. KYR . . . . . . . . . . . . . . . . . . . . . .  

SE 79 
KR 8 5  
SR 89 
SR 90 

Y 90 
Y 91 

ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CSl37 
CE144 
ND143 
NDl44 
ND145 
ND146 
PMl47 
SM147 
snr 48 
SMl 49 
SMl50 
SM151 
SM152 
EUl53 
EUl54 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU2 3 8 
PU2 3 9 
PU240 
PU241 
PU242 
AM241 
AM242 
AM243 
a 2 4 2  
CM243 
CM244 
CM245 
CM2 4 6 

AVERAG 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 2.07 2.12 4.16 0.3 13.2 13.6 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 0.80 0.83 1.62 0.2 2.6 2.6 
NUCS EXCLUDED, 1ST/2ND: PU242 CPl242 An241 / SM147 An242 NP237 

. ..... 
ORIGEN2 ORIGBN-S CINDER pBa 

AVG AVG AVG ORS CIN CIN 
3.677E-01 3.677B-01 3.676B-01 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 '0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.7981+00 1.7981+00 1.7976+00 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.265B+01 1.2651+01 1.265B+01 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.121E-01 1.12OE-01 1.1208-01 1.001 1.000 1.000 1.00 1.00 1.00 
7.2541-01 7.254E-01 7.251E-01 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.156E-02 3.1551-02 3.16413-02 0.999 0.999 1.002 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0.0 0.0 0.0 
3.4451-01 3.445E-01 3.4438-01 1.000 1.000 1.000 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.5601-09 1.5661-09 1.5653-09 0.998 1.001 1.001 1.00 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
4.595E-06 4.703E-06 4.7001-06 0.985 1.008 1.007 0.98 0.98 1.00 
4.948E-11 4.997B-11 4.995E-11 0.994 1.003 .1.003 0.99 0.99 1.00 
9.018E-13 9.022E-13 8.936E-13 1.003 1.003 0.994 1.00 1.01 1.01 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.278B-31 0.0 1.280E-31 0.999 0.0 1.001 0.0 1.00 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.9493+00 1.9493+00 1.93OE+OO 1.003 1.003 0.993 1.00 1.01 1.01 
1.9913-02 1.9913-02 1.720E-02 1.048 1.048 0.905 1.00 1.16 1.16 
3.5341-01 3.5343-01 2.5611-01 1.101 1.101 0.798 1.00 1.38 1.38 
3.1753-01 3.175B-01 3.174E-01 1.000 1.000 1.000 1.00 1.00 1.00 
1.177E+00 1.177E+00 3.112E-01 1.325 1.325 0.350 1.00 3.78 3.78 
1.884E-19 1.881E-19 1.8988-19 0.998 0.996 1.005 1.00 0.99 0.99 
2.3751+02 2.3753+02 2.3431+02 1.005 1.005 0.991 1.00 1.01 1.01 
1.8441+02 1.844E+02 1.8251+02 1.003 1.003 0.993 1.00 1.01 1.01 
6.5461-02 6.5471-02 0.0 1.000 1.000 0.0 1.00 0.0 0 . 0  
1.6981+00 1.7483+00 1.7441+00 0.982 1.010 1.008 0.97 0.97 1.00 
6.598E-02 6.8783-02 4.814E-04 1.464 1.526 0.011 0.96 **** **** 
9.5471-20 9.529B-20 9.564E-20 1.000 0.998 1.002 1.00 1.00 1.00 
6.702E+00 6.7033+00 6.699E+OO 1.000 1.000 1.000 1.00 1.00 1.00 
7-9193-20 7.9041-20 7.9331-20 1.000 0.998 1.002 1.00 1-00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
4.250E-11 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
6.535E-02 6.5353-02 6.5361-02 1.000 1.000 1.000 1.00 1.00 1.00 
7.305B-03 7.3051-03 7.3011-03 1.000 1.000 1.000 1.00 1.00 1.00 

;E-ABSOLUTE-DEVIATION. AS X 3.57 3.88 7.40 0.4 ***I ***I 



' .. .t ,. . I  I , 'i 

CASE: PUR, 3.10 UT X U-235, 3.443 AT X BURNUP (33.0 GWD/MTU, APPROX.) CURIES PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  3 0  DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  

SB 79 
KR 85 
SR 89 
SR 90 
Y 90 
Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CEl44 
ND143 
ND144 
ND145 
NDl46 
PI1 47 
SMl47 
SMl48 
SI1 49 
SMl50 
SM15 1 
SMl52 

EU154 1.070E+04 1.076B+04 9.456B+03 1.038 1.044 0.918 0.99 1.13 1.14 7.199B+03 7.2381+03 6.361B+03 1.038 1.044 0.918 0.99 1.13 1.14 
EU155 6.573E+03 7.063E+03 6.334E+03 0.987 1.061 0.952 0.93 1.04 1.12 3.3068+03 3.552B+03 3.1853+03 0.988 1.061 0.951 0.93 1.04 1.12 
U234 l.O55E+OO 1.018E+00 9.9763-01 1.031 0.995 0.975 1.04 1.06 1.02 1.088E+00 1.055E+00 1.009B+00 1.036 1.004 0.960 1.03 1.08 1.05 
U235 1.6191-02 1.6561-02 1.7173-02 0.973 0.995 1.032 0.98 0.94 0.96 1.619B-02 1.6563-02 1.717B-02 0.973 0.995 1.032 0.98 0.99 0.96 
U236 2.500E-01 2.5031-01 2.4893-01 1.001 1.002 0.997 1.00 1-00 1.01 2-5011-01 2.5033-01 2.4893-01 1.001 1.002 0.997 1.00 1.00 1.01 
U238 3.1773-01 3.1741-01 3.173E-01 1.001 1.000 0.999 1.00 1-00 1.00 3-177E-01 3.170E-01 3.1738-01 1.001 1.000 0.999 1.00 1.00 1.00 

NP237 3.114E-01 3.270E-01 3.0118-01 0.994 1.044 0.961 0.95 1.03 1.09 3.127E-01 3.284E-01 3.014E-01 0.995 1.045 0.959 0.95 1.04 1.09 

EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  

Pu238 2.288B+03 2.485E+03 2.059B+03 1.005 1.091 0.904 0.92 1.11 1.21 2.381E+03 2.5711+03 2.160B+03 1.009 1.085 0.911 0.93 1.10 1.19 
Pu239 3.1386+02 3.521E+02 3.2833+02 0.947 1.062 0.991 0.89 0.96 1-07 3.138E+02 3.5211+02 3.283B+02 0.947 1.062 0.991 0.89 0.96 1.07 
Pu240 5.3251+02 4.769E+02 4.727B+02 1.078 0.965 0.957 1.12 1.13 1.01 5.332B+02 4.777E+02 4.725B+02 1.078 0.966 0.956 1.12 1.13 1.01 
PU241 1.2791+05 1.433E+05 1.429B+05 0.927 1.038 1.035 0.89 0.90 1.00 1.010B+05 1.1373+05 1.133E+O5 0.920 1.090 1.036 0.89 0.89 1.00 
PU242 1.806E+00 1.897B+00 2.2393+00 0.912 0.958 1.130 0.95 0.81 0 . 8 5  1.806E+00 1.8973+00 2.239B+00 0.912 0.958 1.130 0.95 0.81 0.85 
AI3241 1.168E+02 1.3531+02 1.4593+02 0.880 1.020 1.100 0 . 8 6  0 . 8 0  0.93 1.011E+03 1.1391+03 1.144B+03 0.921 1.037 1.042 0.89 0.88 1.00 
AM242 6.191E+00 1.023E+01 5.0061+00 0.867 1.432 0.701 0.61 1.24 2.04 6.054E+OO 9.9991+00 4.8951+00 0.867 1.432 0.701 0.61 1.24 2.04 
AI3243 1.831E+01 2.016E+01 2.3381+01 0.888 0.978 1.134 0.91 0.78 0.86 1.83OE+O1 2.015E+Ol 2.3368+01 0.888 0.978 1.134 0.91 0.78 0 . 8 6  
a 2 4 2  3.661E+04 3.671B+04 3.6581+04 0.999 1.002 0.999 1.00 1.00 1.00 2.2801+01 2.611E+01 2.160E+01 0.970 1. 1 1 1  0.919 0.87 1.06 1.21 
(31243 1.7961+01 4.814E+OO 1.611E+01 1.386 0.371 1.243 3.73 1.11 0.30 1.5931+01 4.271B+00 1.4291+01 1.386 0.371 1.243 3.73 1.11 0.30 
CM244 2.1241+03 2.0673+03 2.635B+03 0.933 0.908 1.158 1.03 0.81 0.78 1.759E+03 1.7123+03 2.1831+03 0.933 0.908 1.158 1.03 0.81 0.78 
(31245 1.64OE-01 1.757B-01 2.546E-01 0.828 0.887 1.285 0.93 0.64 0.69 1-6391-01 1.7563-01 2-5451-01 0.828 0.887 1.285 0.93 0.64 0.69 
(31246 1.194 0.95 0.74 0.78 3.601E-02 3.7913-02 9.8841-02 0.880 0.926 1.194 0.95 0.74 0.78 3.598B-02 3.788E-02 4.8811-02 0.880 0.926 

AVERAGE-ABSOLUTE-DEVIATION, AS X 6.57 6.46 6.35 15.0 10.7 11.1 6.72 6 . 8 5  6.41 15.5 10.9 11.4 
AV-ABS-DBV EXCLUDING LARGEST ONE, X 4.85 4.91 4.94 7.4 8.7 7.3 5.01 5.33 5 . 0 0  7.9 8 .8  7.6 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 3.98 3.55 3.90 7.5 8 . 0  6.7 4.15 4.00 3.96 7.9 8.2 7.0 
NUCS EXCLUDED, 1ST/2ND: SB125 (31243 CM245 / SM148 APl242 CM246 SB125 CM243 (31245 / SM148 AM242 CM246 

_ _  - -_. 
ORIGEN2 ORIGEN-S CINDER w QRS m ORIGEN2 ORIGBN-S CINDER m a w pBz pBB 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
4.0821-01 3.7491-01 3.4551-01 1.085 0.997 0.918 1.09 1.18 1.09 4.082E-01 3.7491-01 3.4541-01 1.085 0.997 0.918 1.09 1.18 1.09 
9.324~+03 9.2761+03 9,3423+03 1.001 0.996 1.003 1.01 1.00 0.99 6.7891+03 6.7498+03 6.798E+03 1.001 0.996 1.003 1.01 1.00 0.99 
5.7053+05 5.757E+05 5.632B+05 1.001 1.010 0.988 0.99 1.01 1-02 1.117E-05 1.1271-05 1.105B-05 1.001 1.010 0.990 0.99 1.01 1.02 
7.2183+04 7.180B+04 7.337B+04 0.996 0.991 1.013 1.01 0.98 0.98 6.4203+04 6.3873+04 6.5273+04 0.996 0.991 1.013 1.01 0.98 0.98 
7.223E+04 7.1823+04 7.3393+04 0.997 0.991 1.013 1.01 0.98 0.98 6.4223+04 6.3883+04 6.5281+04 0.996 0.991 1.013 1.01 0.98 0.98 
8.000E+05 8.051E+05 7.9886+05 0.998 1.005 0.997 0.99 1.00 1.01 4.582B-04 4.6101-04 9.5811-04 0.998 1.004 0.998 0.99 1.00 1.01 
1.794B+00 1.811E+00 1.7691+00 1.001 1.011 0.988 0.99 1.01 1.02 1.794B+00 1.811E+00 1.769B+00 1.001 1.011 0.988 0.99 1.01 1.02 
1.186E+06 1.197B+06 1.1771+06 0.999 1.009 0.992 0.99 1-01 1.02 4.195B-03 4.226E-03 4.315B-03 0.988 0.995 1.016 0.99 0.97 0.98 
1.534E+06 1.5483+06 1.5201+06 1.000 1.009 0.991 0.99 1.01 1.02 9-3128-03 9.383E-03 9.543B-03 0.989 0.997 1.014 0.99 0.98 0.98 
1.304E+01 1.331B+01 1.327B+01 0.987 1.008 1.005 0.98 0.98 1-00 1.304E+01 1.3313+01 1.3271+01 0.987 1.008 1.005 0.98 0.98 1.00 
5.632E+05 5.332E+05 5.7353+05 1.012 0.958 1.030 1.06 0.98 0.93 1.914E+04 1.8121+04 1.950B+04 1.012 0.958 1.031 1.06 0.98 0.93 
1.1531-01 1.061E-01 1.181E-01 1.019 0.938 1.044 1.09 0.98 0.90 1.153K-01 1.061E-01 1.181B-01 1.019 0.938 1.044 1.09 0.98 0.90 
7.8751-01 5.5841-01 6.413E-01 1.189 0.843 0.968 1.41 1.23 0.87 7.875E-01 5.584E-01 6.408-01 1.189 0.843 0.968 1.41 1.23 0.87 
1.487E+04 9.762B+03 8.125B+03 1.362 0.894 0.744 1.52 1.83 1.20 4.347B+03 2.855E+03 2.3768+03 1.362 0.894 0.744 1.52 1.83 1.20 
3.1623-02 3.286E-02 3.1663-02 0.987 1.025 0.988 0.96 1.00 1.04 3-1783-02 3.303E-02 3-1851-02 0.986 1.025 0.989 0.96 1.00 1.04 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.5373+05 1.5158+05 1.5201+05 1.009 0.994 0.997 1.01 1.01 1.00 2.9423+04 2.9011+04 2.9101+04 1.008 0.994 0.997 1.01 1.01 1.00 
3.415E-01 3.835B-01 3.7841-01 0.928 1.043 1.029 0.89 0.90 1-01 3.4151-01 3.835E-01 3.784E-01 0-928 1.043 1.029 0.89 0.90 1.01 
1.041E+05 1.0361+05 1.064E+05 0.994 0.989 1.016 1.00 0.98 0.97 9.293B+04 9.257E+04 9.50513+04 0.994 0.990 1.016 1.00 0.98 0.97 
1.1663+06 1.172E+O6 1.1693+06 0.997 1.003 1.000 0.99 1.00 1.00 1.460B+04 1.4693+04 1.4678+04 0.996 1.003 1.001 0.99 1.00 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.127B-09 1.102B-09 1.1013-09 1.015 0.993 0.992 1.02 1.02 1-00 1.5543-09 1.5333-09 1.5311-09 1.010 0.996 0.995 1.01 1.02 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.322B+05 1.7623+05 1.6551+05 0.837 1.115 1.048 0.75 0 . 8 0  1.06 3.638B+04 4.837B+04 4.546E+04 0 .838  1.114 1.047 0.75 0 . 8 0  1.06 
1.2613-06 1.409B-06 1.5021-06 0.907 1.013 1.080 0.89 0.84 0.94 3-6391-06 4.6453-06 4.5441-06 0.851 1.086 1.063 0.78 0.80 1.02 
4.9383-11 3.322E-11 3.7541-11 1.233 0.830 0.937 1.49 1.32 0.88 4-9643-11 3.3493-11 3.788E-11 1.231 0 . 8 3 0  0.939 1.48 1.31 0.88 
8.980E-13 1.112E-12 9.6721-13 0.905 1.121 0.975 0.81 0.93 1.15 8.9803-13 l.ll2E-12 9.6721-13 0.905 1.121 0.975 0.81 0.93 1.15 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.592E+02 4.250E+02 3.3843+02 0.960 1.136 0.909 0 . 8 5  1.06 1.26 3.458E+02 4.092B+02 3.258E+02 0.960 1.136 0.904 0.85  1.06 1.26 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  



CASE: PWR, 3.10 WT X U-235, 3.443 AT X EURNUP 03.0 GWD/HTU, APPROX.) CURIES PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER OR2 ORIGEN2 ORIGEN-S CINDER p82 pBs a QEZ pB1 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
SE 79 4.082E-01 3.7491-01 3.4543-01 1.085 0.997 0.918 1.09 1.18 1.09 4.081E-01 3.748E-01 3.454B-01 1.085 0.997 0.918 1.09 1.18 1.09 
KR 85 4.9101+03 4.885B+03 4.9201+03 1.001 0.996 1.003 1.01 1.00 0.99 2.5721+03 2.5598+03 2.5771+03 1.001 0.996 1.003 1.01 1.00 0.99 
SR 89 1.450E-16 1.462E-16 1.435B-16 1.001 1.009 0.990 0.99 1.01 1.02 0.0 0.0 2.423E-38 0.0 0.0 0 . 0  0 . 0  0.0 0.0 
SR 90 5.700E+04 5.6703+04 5.794E+04 0.996 0.991 1.013 1.01 0.98 0.98 4.493E+O4 4.4691+04 4.567B+04 0.996 0.991 1.013 1.01 0.98 0.98 

Y 90 5.7013+04 5.672B+04 5.796E+04 0.996 0.991 1.013 1.01 0.98 0.9E 4.494B+04 4.4708+04 4.568B+04 0.996 0.991 1.013 1.01 0.98 0.98 
Y 91 1.839E-13 1.850E-13 1.8413-13 0.998 1.004 0.999 0.99 1.00 1.00 2.9638-32 0.0 2.9748-32 0.998 0.0 1.002 0.0 1.00 0 . 0  

ZR 93 1.794E+00 1.811E+00 1.769B+00 1.001 1.011 0.988 0.99 1.01 1.02 1.7948+00 1.811E+00 1.769B+00 1.001 1.011 0.988 0.99 1.01 1.02 
ZR 95 1.072E-11 1.078E-11 1.144B-11 0.976 0.982 1.042 0.99 0.94 0.94 7.005B-29 0.0 8.0391-29 0.931 0.0 1.069 0.0 0.87 0.0 
NE 95 2.3801-11 2.394B-11 2.530B-11 0.978 0.983 1.039 0.99 0.94 0.95 1.555B-28 0.0 1.7783-28 0.933 0.0 1.067 0.0 0.87 0.0 
TC 99 1.304B+01 1.331E+01 1.327B+01 0.987 1.008 1.005 0.98 0.98 1.00 1.304E+01 1.331E+01 1.3263+01 0.988 1.008 1.004 0.98 0.98 1.00 
RU106 6.149E+02 5.8213+02 6.263Ec02 1.012 0.958 1.030 1.06 0.98 0.93 6.596B-01 6.005B-01 6.4658-01 1.038 0.945 1.017 1.10 1.02 0.93 
PD107 1.153E-01 1.061E-01 1.181E-01 1.019 0.938 1.044 1.09 0.98 0.90 1.153E-01 1.061B-01 1.181B-01 1.019 0.938 1.044 1.09 0.98 0.90 
SN126 7.8751-01 5.5841-01 6.413E-01 1.189 0.843 0.968 1.41 1.23 0.87 7.8741-01 5.584B-01 6.413B-01 1.189 0.843 0.968 1.41 1.23 0.87 
SE125 1.2441+03 8.169E+O2 6.7998+02 1.362 0.894 0.744 1.52 1.83 1.20 1.018E+02 6.689B+01 5.5681+01 1.361 0.894 0.744 1.52 1.83 1.20 
I129 3.178E-02 3.303B-02 3.185E-02 0.986 1.025 0.989 0.96 1.00 1.04 3.1781-02 3.3039-02 3.185B-02 0.986 1.025 0.989 0.96 1.00 1-04 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 5.4793+03 5.402E+03 5.4201+03 1.008 0.994 0.997 1.01 1.01 1.00 1.900E+02 1.87313+02 1.88OE+O2 1.008 0.994 0.998 1.01 1.01 1.00 
CS135 3.415E-01 3.835E-01 3.784B-01 0.928 1.043 1.029 0.89 0.90 1.01 3.415B-01 3.835B-01 3.7843-01 0.928 1.043 1.029 0.89 0.90 1-01 
CS137 8.279E+04 8.2521+04 8.473E+04 0.993 0.990 1.017 1.00 0.98 0.97 6.5713+04 6.558E+04 6.734B+04 0.992 0.990 1.017 1.00 0.98 0.97 
CE144 1.700E+02 1.710E+02 1.712E+02 0.996 1.002 1.003 0.99 0.99 1.00 2.3043-02 2.3193-02 2.3301-02 0.999 1.001 1.005 0.99 0.99 1.00 
ND143 0 . 0 -  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 1.5591-09 1.5393-09 1.5361-09 1.009 0.996 0.994 1.01 1.01 1.00 1.559B-09 1.5398-09 1.536B-09 1.009 0.996 0.994 1-01 1.01 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 
P1147 9.7089+03 1.2913+04 1.2133+04 0.838 1.115 1.047 0.75 0.80 1.06 6.913E+02 9.1881+02 8.6381+02 0.838 1.114 1.047 0.75 0.80 1.06 
51147 4.293E-06 5.535E-06 5.3803-06 0.847 1,092 1.061 0.78 0.80 1.03 4.5143-06 5.8361-06 5.663B-06 0.846 1.093 1.061 0.77 0.80 1.03 
SH148 4.964E-11 3.349B-11 3.7883-11 1.231 0,830 0.939 1.48 1.31 0.88 4.9643-11 3.349B-11 3.78EB-11 1.231 0.830 0.939 1.48 1.31 0.88 
SI4149 8.980B-13 1.112E-12 9.672E-13 0.905 1.121 0.975 0.81 0.93 1.15 8.9801-13 1.112B-12 9.672E-13 0.905 1.121 0.975 0.81 0.93 1.15 
S1150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SI4151 3.328B+02 3.9378+02 3.135B+02 0.960 1.136 0.904 0.85 1.06 1.26 3.0811+02 3.645Et02 2.903E+02 0.960 1.136 0.904 0.85 1.06 1.26 
S1152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 4.8121+03 4.837B+03 4.251B+03 1.039 1.044 0.917 0.99 1.13 1.14 2.149B+03 2.160E+O3 1.8993+03 1.038 1.049 0.918 0.99 1.13 1.14 
EU155 1.6431+03 1.766B+03 1.5841+03 0.987 1.061 0.952 0.93 1.04 1.11 4.062E+02 4.366B+02 3.9158+02 0.987 1.061 0.952 0.93 1.04 1.12 
U234 1.122E+00 1.090E+00 1.021E+00 1.041 1.011 0.947 1.03 1.10 1.07 1.184B+00 1.1588+00 1.043B+00 1.049 1.026 0.924 1.02 1.14 1.11 
U235 1.619B-02 1.656B-02 1.717E-02 0.973 0.995 1.032 0.98 0.94 0.96 1.6208-02 1.6578-02 1.717B-02 0.973 0.995 1.031 0.98 0.94 0.97 
U236 2.501E-01 2.5041-01 2.489B-01 1.001 1.002 0.996 1.00 1.00 1.01 2.503B-01 2.505B-01 2.489E-01 1.002 1.002 0.996 1.00 1.01 1.01 
U238 3.1771-01 3.174E-01 3.1731-01 1.001 1.000 0.999 1.00 1.00 1.00 3.1773-01 3.174B-01 3.173E-01 1.001 1.000 0.999 1.00 1.00 1.00 

NP237 3.1491-01 3.310E-01 3.014E-01 0.997 1.048 0.955 0.95 1.04 1.10 3.2223-01 3.3921-01 3.014B-01 1.004 1.057 0.939 0.95 1.07 1.13 
Pu23B 2.289E+03 2.472E+03 2.0771+03 1.004 1.085 0.911 0.93 1.10 1.19 2.116B+03 2.2851+03 1.9191+03 1.004 1.085 0.911 0.93 1.10 1.19 
PU239 3.1373+02 3.520E+02 3.282E+02 0.947 1,062 0.991 0.89 0.96 1.07 3.13613+02 3.5198+02 3.2811+02 0.947 1.062 0.991 0.89 0.96 1.07 
PU240 5.338E+02 4.7821+02 4.722E+02 1.079 0.967 0.954 1.12 1.13 1.01 5.345E+02 4.7901+02 4.717B+02 1.080 0.968 0.953 1.12 1.13 1.02 
Pu241 7.9371+04 8.9801+04 8.9548+04 0.920 1.041 1.038 0.88 0.89 1.00 4.9041+04 5.6041+04 5.587B+04 0.914 1.045 1.041 0.88 0.88 1.00 
Pu242 1.806B+00 1.897E+00 2.239E+00 0.912 0.958 1.130 0.95 0.81 0.85 1.806E+00 1.8971+00 2.239B+OO 0.912 0.958 1.130 0.95 0.81 0.85 
An241 1.7199+03 1.9393+03 1.9391+03 0.921 1.039 1.039 0.89 0.89 1.00 2.693E+03 3.0461+03 3.0403+03 0.920 1.041 1.039 0.88 0.89 1.00 
An242 5.918B+00 9.7743+00 4.784E+00 0.867 1.432 0.701 0.61 1.24 2.04 5.654B+00 9.3381+00 4.571B+00 0.867 1.932 0.703 0.61 1.24 2.04 
An243 1.8293+01 2.014E+01 2.335B+01 0.888 0.978 1.134 0.91 0.78 0.86 1.8271+01 2.012B+01 2.333B+01 0.888 0.978 1.134 0.91 0.78 0.86 
C1242 4.904E+00 8.0941+00 3.9763+00 0.867 1.431 0.703 0.61 1.23 2.04 4.6761+00 7.7223+00 3.791B+00 0.867 1.431 0.703 0.61 1.23 2.04 
(31243 1.411E+01 3.7821+00 1.2653+01 1.386 0.371 1.243 3.73 1.12 0.30 1.106E+01 2.965B+00 9.923B+00 1.386 0.371 1.243 3.73 1.11 0.30 
(31244 1.453E+03 1.414E+03 1.8033+03 0.933 0.908 1.158 1.03 0.81 0.78 9.908Bt02 9.644E+02 1.229B+03 0.933 0.909 1.158 1.03 0.81 0.78 
CU245 1.639E-01 1.755B-01 2.544E-01 0.828 0.887 1.285 0.93 0.64 0.69 1.637E-01 1.754E-01 2.542E-01 0.828 0.887 1.285 0.93 0.64 0.69 
CU246 3.5963-02 3.786E-02 4.877E-02 0.880 0.927 1.193 0.95 0.74 0.78 3.590B-02 3.78OE-02 4.870B-02 0 . 8 8 0  0.926 1.194 0.95 0.74 0.78 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.03 7.66 7.04 16.1 11.5 13.5 7.49 8.39 7.37 17.7 12.2 14.6 
AV-ABS-DSV EXCLUDING LARGEST ONE, % 5.34 6.19 5.67 8.5 9.5 9.8 5.80 6.82 6.00 9.5 10.2 10.7 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 4.51 4.93 4.69 7.8 8.5 6.9 4.99 5.48 5.02  8.7 9.2 7.5 
NUCS EXCLUDED, 1ST/2ND: SE125 (31243 (31245 / SI4148 An242 (31246 SE125 CU243 C1245 / 81148 An242 C1246 
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SB 79 
KR 85 
SR 89 
SR 90 

Y 90 
.Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CEl44 
ND143 
ND144 
ND145 

_ _  .. _ _  _ _  
CINDBR = M OR2 pB2 ORIGIN2 ORIGEN-S CINDER pBa pBs pB? pB? pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
3.453E-01 1.085 0.997 0.918 1.09 1.18 1-09 4.0781-01 3.7453-01 3-4511-01 1.085 0.997 0.918 1.09 1.18 1.09 
3.7041+02 1.001 0.996 1.003 1.01 1.00 0.99 1.4581+01 1.450E+01 1.4611+01 1.001 0.996 1.003 1.01 1.00 0.99 

CASE: PWR, 3.10 WT X U-235, 3.443 AT X BURNUP (33.0 GWD/UTU, APPROX.) CURIES PBR UTU 

. . . . . . . . . . . . . . . . . . . . . .  5 0  YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S 

4.080E-01 3.7471-01 
3.697E+02 3.6771+02 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.200E+04 2.1889+04 2.236E+04 0.996 0.991 1.013 1.01 0.98 0.98 6.6928+03 6.6551+03 6.8028+03 0.996 0.991 1.013 1.01 0.98 0.98 
2.2001+04 2.189E+04 2.2371t04 0.996 0.991'1.013 1.01 0.98 0.98 6.6933+03 6.657B+03 6.803E+03 Oc.996 0.991 1.013 1.01 0.98 0.98 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.794E+00 1.811E+OO 1.7691+00 1.001 1.011 0.988 0.99 1.01 1.02 1.7941+00 1.8111+00 1.7691+00 1.001 1.011 0.988 0.99 1.01 1.02 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
1.3041+01 1.331~+01 1.3261+01 0.988 1.008 1.004 0.98 0.98 1-00 1.3041+01 1.3301+01 1.3268+01 0.988 1.008 1.005 0.98 0.98 1.00 
7.2463-10 6.594E-10 7.1111-10 1.038 0.944 1.018 1.10 1.02 0.93 8.472B-25 7.7063-25 8.332B-25 1.037 0.943 1.020 1.10 1.02 0.92 
1.153E-01 1.061E-01 1.1811-01 1.019 0.938 1.044 1.09 0.98 0.90 1.153B-01 1.0611-01 1.1818-01 1.019 0.938 1.044 1.09 0.98 0.90 
7.8721-01 5.5823-01 6.411E-01 1.189 0.843 0.968 1.41 1.23 0.87 7-8701-01 5.581E-01 6.4091-01 1.189 0.843.0.968 1.41 1.23 0.87 
5.5928-02 3.6721-02 3.0581-02 1.361 0.894 0.745 1.52 1.83 1.20 2.058B-07 1-3511-07 1.126E-07 1.361 0.894 0.745 1.52 1.83 1.20 
3.1781-02 3.3031-02 3.185E-02 0.986 1.025 0.989 0.96 1.00 1.04 3.1781-02 3.3031-02 3.1851-02 0.986 1.025 0.989 0.96 1.00 1.04 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
7.925E-03 7.8083-03 7.8391-03 1.009 0.994 0.998 1.01 1.01 1.00 3.9758-10 3.901-10 3.9321-10 1.009 0.993 0.998 1.02 1.01 1.00 
3.4151-01 3.8351-01 3.784E-01 0.928 1.043 1.029 0.89 0.90 1.01 3.4153-01 3.8351-01 3.7841-01 0.928 1.043 1.029 0.89 0.90 1.01 
3.2858+04 3.2923t04 3.380E+04 0.990 0.992 1.018 1.00 0.97 0.97 1.035B+04 1.0431+04 1.0721+04 0.986 0.993 1.021 0.99 0.97 0.97 
5.734E-14 5.786E-14 5.876E-14 0.989 0.998 1.013 0.99 0.98 0.98 2.621B-33 0.0 2.745B-33 0.977 0.0 1.023 0.0 0.95 0.0 
0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 
1.5593-09 1.539E-09 1.5361-09 1,009 0.996 0.994 1.01 1.01 1.00 1.5591-09 1.5391-09 1.5361-09 1.009 0.996 0.994 1.01 1.01 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 . o . o  0.0 
PU147 2.4963-01 3.315E-01 3.118E-01 0.839 1.114 1.048 0.75 0 . 8 0  1.06 4.5711-07 6.0621-07 5.7061-07 0.839 1.113 1.048 0.75 0 . 8 0  1.06 
SU147 4.5311-06 5.8591-06 5.6843-06 0.846 1.094 1.061 0.77 0.80 1.03 4.5318-06 5.8591-06 5.6841-06 0.846 1.094 1.061 0.77 0 . 8 0  1.03 
511148 4.9641-11 3.3491-11 3.7883-11 1.231 0.830 0.939 1.48 1.31 0 . 8 8  4.964B-11 3.3491-11 3.7881-11 1.231 0.830 0.939 1.48 1.31 0.88 
SM149 8.98OE-13 1.112E-12 9.672E-13 0.905 1.121 0.975 0.81 0.93 1.15 8.9808-13 1.1121-12 9.6728-13 0.905 1.121 0.975 0.81 0.93 1.15 
SI4150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
sU151 2.4451+02 2.8931+02 2.304E+02 0.960 1.136 0.909 0.85 1.06 1.26 1.6641+02 1.9681+02 1.568B+02 0.960 1.135 0.905 0.85 1.06 1.26 
SU152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 1.9151+02 1.9251+02 1.6921+02 1.039 1.044 0.918 0.99 1.13 1.14 3.4051+00 3.420E+00 3.0071+00 1.039 1.044 0.918 1.00 1.13 1.14 
EU155 6.135E+OO 6.595E+OO 5.9151+00 0.987 1.061 0.952 0.93 1.09 1.11 5.6591-03 6.0881-03 5.4611-03 0.987 1.061 0.952 0.93 1.04 1.11 
U234 1.3448+00 1.331E+00 1.1001+00 1.068 1.058 0.874 1.01 1.22 1.21 1.5401+00 1.5428+00 1.169E+00 1.087 1.088 0.825 1.00 1.32 1.32 
U235 1.62lE-02 1.658E-02 1.717E-02 0.973 0.996 1.031 0.98 0.94 0.97 1.6228-02 1.659'8-02 1.7178-02 0.974 0.996 1.031 0.98 0.94 0.97 
U236 2.5081-01 2.510E-01 2.489E-01 1.002 1.003 0.995 1.00 1.01 1.01 2.5161-01 2.5173-01 2.4893-01 1.003 1.004 0.993 1.00 1.01 1.01 
U238 3.1771-01 3.1741-01 3.1731-01 1.001 1.000 0.999 1.00 1.00 1.00 3.1771-01 3.1791-01 3.1731-01 1.001 1.000 0.999 1.00 1.00 1.00. 

NP237 3.5511-01 3.7651-01 3.0141-01 1.031 1.093 0.875 0.94 1.18 1.25 4.1771-01 9.4801-01 3.014E-01 1.070 1.152 0.775 0.93 1.39 1.49 
PU238 1.6701+03 1.8041+03 1.5153+03 1.004 1.085 0.911 0.93 1.10 1.19 1.1271+03 1.2171+03 1.0221+03 1.004 1.085 0.911 0.93 1.10 1.19 
PU239 3.134E+02 3.5163+02 3.2791+02 0.947 1.062 0.991 0.89 0.96 1.07 3.1301+02 3.5121+02 3.2741+02 0.947 1.063 0.991 0.89 0.96 1.07 
PU240 5.3471+02 4.7931+02 4.7021+02 1.081 0.969 0.950 1.12 1.14 1.02 5.3263+02 4.7751+02 4.6771+02 1.081 0.969 0.949 1.12 1.14 1.02 
PU241 1.1571+04 1.3623+04 1.3583+04 0.895 1.054 1.051 0.85 0.85 1.00 1.043E+O3 1.289E+03 1.2851+03 0.865 1.069 1.066 0.81 0.81 1.00 
PU242 1.8061+00 1.897E+OO 2.239E+OO 0.912 0.958 1.130 0.95 0.81 0 .85  1.806!3+00 1.897E+OO 2.239B+00 0.912 0.958 1.130 0.95 0.81 0.85 
An241 3.7791+03 4.3048+03 4.2903+03 0.916 1.044 1.040 0 . 8 8  0 . 8 8  1.00 3.8201+03 4.3701+03 4.3541+03 0.919 1.045 1.041 0.87 0.88 1.00 
AU242 4.9311+00 8.144B+00 3.987E+OO 0.867 1.432 0.701 0.61 1.24 2.04 3.9263+00 6.4831+00 3.1741+00 0.867 1.432 0.701 0.61 1.24 2.04 
An243 1.8221+01 2.0061+01 2.3273+01 0.888 0.978 1.134 0.91 0.78 0.86 1.814B+Ol 1.9971+01 2.316E+01 0.888 0.978 1.134 0.91 0.78 0.86 
CU242 4.0781+00 6.7353+00 3.3073+00 0 . 8 6 6  1.431 0.703 0.61 1.23 2.04 3.247E+OO 5.3621+00 2.6321+00 0.867 1.431 0.702 0.61 1.23 2.04 
CU243 5.3331+00 1.4293+00 4.784E+OO 1.386 0.371 1.243 3.73 1.11 0.30 1.581B+OO 4.2361-01 1.418E+00 1.386 0.371 1.243 3.73 1.11 0.30 
(311244 3.1431+02 3.0593+02 3.9003+02 0.933 0.908 1.158 1.03 0.81 0.78 4.6363+01 4.5121+01 5.7531+01 0.933 0.908 1.158 1.03 0.81 0.78 
(31245 1.6331-01 1.750E-01 2.5363-01 0.828 0.887 1.285 0.93 0.64'0.69 1.627E-01 1.7921-01 2.5261-01 0.828 0.887 1.285 0.93 0.64 0.69 
CU246 3.5751-02 3.7631-02 4.849E-02 0 . 8 8 0  0.926 1.194 0.95 0.74 0.78 3.5488-02 3.7361-02 4.8131-02 0.880 0.927 1.194 0.95 0.79 0.78 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.90 8.59 7.91 17.8 13.1 15.2 8.17 9.06 8.36 18.3 14.0 16.5 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.10 7.04 6.48 9.6 11.0 11.3 6.39 7.50 6.96 9.9 12.0 12.5 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.24 5.71 5.45 8 . 8  10.0 8.2 5.69 5.95 5.88 9.2 10.9 8.9 
NUCS EXCLUDED, 1ST/2ND: S8125 CU243 CU245 / SI4148 An242 CU246 SB125 CU243 I34245 / SUl48 AU242 NP237 
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KR 85 
SR 89 
SR 90 
Y 90 
Y 91 

ER 93 
ZR 95 
NB 95 
TC 99 
RUlO6 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CE144 
ND143 
ND144 
ND145 
NDl46 
PMl47 
SMl47 
SMl48 
sn149 
SM150 
SM151 
SMl52 
EUl53 
EU154 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU2 3 8 
PU239 
PU240 
PU24 1 
PU242 
AM241 
An242 
An243 
CM242 
CM243 
(31244 
(31245 
CM246 

CASE: PWR, 3.10 WT X U-235, 3.443 AT I BURNUP (33.0 GWD/MTU, APPROX.) CURIES PER MTU 

*..+*++*.++**+++++*++* 300 YR *++.+t+****++++++****+ +.+**++++++..*++*...++ 1 KYR +++..+++..++.++.+++I*+ 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
4.069E-01 3.7373-01 3.444E-01 1.085 0.997 0.918 1.09 1.18 1.09 4.039E-01 3.709E-01 3.4181-01 1.085 0.997 0.918 1.09 1.18 1.09 
3.5293-05 3.5053-05 3.534E-05 1.002 0.995 1.003 1.01 1.00 0.99 7.780E-25 7.7261-25 7.780B-25 1.002 0.995 1.002 1.01 1.00 0.99 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5.7341+01 5.6951+01 5.822B+01 0.997 0.990 1.012 1.01 0.98 0.98 3.3301-06 3.3051-06 3.3781-06 0.998 0.990 1.012 1.01 0.99 0.98 
5.7351+01 5.696E+01 5.823E+01 0.997 0.990 1.012 1.01 0.98 0.98 3.3311-06 3.3061-06 3.3791-06 0.998 0.990 1.012 1.01 0.99 0 . 9 8  
0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.794E+00 1.811B+00 1.7691+00 1.001 1.011 0.988 0.99 1.01 1.02 1.793i+OO 1.810E+00 1.7681+00 1.001 1.011 0.988 0.99 1.01 1.02 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.3031+01 1.329B+01 1.325E+Ol 0.988 1.008 1.005 0.98 0.98 1.00 1.300E+01 1.3261+01 1.322E+01 0.988 1.008 1.005 0.98 0.98 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.153E-01 1.0611-01 1.181E-01 1.019 0.938 1.044 1.09 0.98 0.90 1.153B-01 1.0611-01 1.181B-01 1.019 0.938 1.044 1.09 0.98 0.90 
7.859E-01 5.5733-01 6.400B-01 1.189 0.843 0.968 1.41 1.23 0.87 7.821B-01 5.5468-01 6.3691-01 1.189 0.843 0.968 1.41 1.23 0.87 
0.0 0.0 2.0711-29 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 0.0 
3.178E-02 3.3038-02 3.1851-02 0.986 1.025 0.989 0.96 1.00 1.04 3.178E-02 3.303E-02 3.1851-02 0.986 1.025 0.989 0.96 1.00 1.04 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 
0.0 0.0 2.4891-39 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
3.414E-01 3.8351-01 3.7831-01 0.928 1.043 1.029 0.89 0.90 1.01 3.414E-01 3.834E-01 3.7821-01 0.929 1.043 1.029 0.89 0.90 1.01 
1.019E+02 1.0541+02 1.083E+02,0.969 1.002 1.029 0.97 0.94 0.97 9.6371-06 1.092E-05 1.122E-05 0.910 1.031 1.059 0.88 0 . 8 6  0.97 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.559B-09 1.5391-09 1.536E-09 1.009 0.996 0.994 1.01 1.01 1.00 1.559B-09 1.5398-09 1.536E-09 1.009 0.996 0.994 1.01 1.01 1.00 
0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 
0.0 0.0 6.3993-30 0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
4.531E-06 5.859E-06 5.684B-06 0.846 1.094 1.061 0.77 0.80 1.03 4.531B-06 5.859B-06 5.6891-06 0.846 1.094 1.061 0.77 0 .80  1.03 
4.964E-11 3.3491-11 3.788E-11 1.231 0.830 0.939 1.48 1.31 0 . 8 8  4.9641-11 3.3448-11 3.788E-11 1.231 0.830 0.939 1.48 1.31 0.88 
8.980B-13 1.112B-12 9.6721-13 0.905 1.121 0.975 0.81 0.93 1.15 8.9801-13 1.1121-12 9.672B-13 0.905 1.121 0.975 0.81 0.93 1.15 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0 . 0  0.0 0.0 0.0 0.0 
3.565E+01 4.2186+01 3.3591+01 0.960 1.136 0.904 0 . 8 5  1.06 1.26 1.6221-01 1.9223-01 1.531B-01 0.959 1.136 0.905 0.84 1.06 1.26 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0  0 . 0  0 . 0  0.0 0.0 0.0 
3.4003-07 3.411E-07 3.0011-07 1.040 1.043 0.918 1.00 1.13 1.14 0.0 0.0 9.4281-32 0.0 0.0 0.0 0.0 0.0 0.0 
4.0971-15 4.4211-15 3.9671-15 0.984 1.062 0.953 0.93 1.03 1.11 0.0 0.0 1.2971-57 0.0 0.0 0.0 0.0 0.0 0.0 
1.860B+00 1.8893+00 1.2831+00 1.109 1.126 0.765 0.98 1.45 1.47 1.9421+00 1.978B+00 1.311E+00 1.114 1.134 0.752 0.98 1.48 1.51 
1-6281-02 1.666B-02 1.7171-02 0.975 0.997 1.028 0.98 0.95 0.97 1.6498-02 1.690B-02 1.717E-02 0.978 1.003 1.019 0.98 0.96 0.98 
2.5473-01 2.5451-01 2.4891-01 1.008 1.007 0.985 1.00 1.02 1.02 2.6511-01 2.6381-01 2.489B-01 1.022 1.017 0.960 1.00 1.07 1.06 
3.1771-01 3.1741-01 3.173E-01 1.001 1.000 0.999 1.00 1.00 1.00 3.177B-01 3.1741-01 3.173B-01 1.001 1.000 0.999 1.00 1.00 1.00 
6.313E-01 6.927B-01 3.014B-01 1.165 1.279 0 . 5 5 6  0.91 2.09 2.30 1.012B+00 1.1291+00 3.013E-01 1.243 1.387 0.370 0.90 3.36 3.75 
2.3361+02 2.5331+02 2.1171+02 1.003 1.088 0.909 0.92 1.10 1.20 1.041E+OO 1.1951+00 9.333E-01 0.985 1.131 0.883 0.87 1.12 1.28 
3.1131+02 3.4931+02 3.255B+02 0.947 1.063 0.990 0.89 0.96 1.07 3.054B+02 3.4273+02 3.1901+02 0.947 1.063 0.990 0.89 0.96 1.07 
5.2163+02 4.676B+02 4.579B+02 1.081 0.969 0.949 1.12 1.14 1.02 4.843B+02 4.341E+02 4.2521+02 1.081 0.969 0.949 1.12 1.14 1.02 

1.8051+00 1.896E+00 2.2386+00 0.912 0.958 1.130 0.95 0.81 0 . 8 5  1.803B+00 1.894E+00 2.2351+00 0.912 0.958 1.130 0.95 0.81 0.85 
2.798B+03 3.203B+03 3.1923+03 0.913 1.045 1.042 0.87 0.88 1.00 9.106E+02 1.043B+03 1.0391+03 0.913 1.046 1.042 0.87 0.88 1.00 

ORIGENZ ORIGBN-S CINDER pE;2 OR2 ORIGEN2 ORIGEN-S CINDER pB? pIIl 

2.2903-01 2.7501-01 1.031E-01 1.132 1.359 0.509 0.83 2.22 2.67 1.514B-01 1.6221-01 4.7673-16 1.448 1.552 0.000 0.93 +++I **++ 

1.5771+00 2.6041+00 1.2753+00 0.867 1.432 0.701 0.61 1.24 2.04 6.4801-02 1.0701-01 5.2381-02 0.867 1.432 0.701 0.61 1.24 1.04 
1.780E+01 1.960E+01 2.2731+01 0 . 8 8 8  0.978 1.134 0.91 0.78 0 . 8 6  1.6671+01 1.8351+01 2.128E+01 0 . 8 8 8  0.978 1.134 0.91 0.78 0 .86  
1.304E+OO 2.154E+00 1.057E+OO 0 . 8 6 6  1.431 0.702 0.61 1.23 2.04 5-3593-02 8.8491-02 4.3441-02 0.867 1.431 0.702 0.61 1.23 2.04 
1.220E-02 3.268B-03 1.094B-02 1.386 0.371 1.243 3.73 1.12 0.30 4.9293-10 1.320E-10 4.417B-10 1.386 0.371 1.242 3.73 1.12 0.30 
2.1963-02 2.1361-02 2.7251-02 0.934 0.908 1.158 1.03 0.81 0.78 4.659E-11 4-9443-14 6.3041-14 2.993 0.003 0.004 **** ++** 0.78 
1.6001-01 1.7141-01 2.485B-01 0.828 0.887 1.286 0.93 0.64 0.69 1-5121-01 1.619B-01 2.347E-01 0.828 0.887 1.285 0.93 0.64 0.69 
3.446E-02 3.6283-02 4.6743-02 0 . 8 8 0  0.926 1.194 0.95 0.74 0.78 3.11OE-02 3.274B-02 4.2188-02 0 . 8 8 0  0.926 1.194 0.95 0.74 0.78 

AV1RAGE-ABSOLUTE-DEVIATION, AS X 8.03 10.55 10.55 18.0 18.2 24.7 15.42 14.68 15.54 +*I* ++** +++I 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.49 8.00 9.10 10.6 15.3 19.2 7.79 9.08 9.82 19.9 19.9 26.1 
AV-ABS-DEV EXCLUDING LARGEST TWO. X 5.52 5.91 7.43 9.4 11.9 15.9 6.46 6.52 7.34 11.8 13.0 16.3 
NUCS EXCLUDED. lST/IND: SM148 CM243 PU241 I SN126 An242 NP237 CM244 (31243 PU241 / SM148 An242 NP237 
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CASE: PWR, 4.50 WT x u-235, 5.206 AT x BURNUP (50.0 GWD/MTU, APPROX.) CURIES PER ISTU 

tt+++++++tt++++++++*+$ ' 50 YR ***+++.+++.+*.*+**+++. *.. +*I..++++++*+...+++ 100 YR I.....*.++++++++++++++ 
ORIGEN2 ORIGBN-S CINDER ~ & = pE2 

AVG AVG AVG ORS. CIN CIN 
6.139E-01 5.677B-01 5.189E-01 1.083 1.002 0.915 1.08 1.18 1.09 

... 
CINDER QR2 PBS C U  PBa pB2 QM 

AVG AVG AVG OR8 CIN CIN 
5.1863-01 1.083 1.002 0.915 1.08 1.18 1.09 
2.1353+01 1.003 0.996 1.001 1.01 1.00 1.00 

0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.6651+00 1.004 1.010 0.986 0.99 1.02 1.02 
0.0 0.0 0.0 0 . 0  0 . 0  0.0 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.907E+01 0.984 1.012 1.004 0.97 0.98 1.01 
1.013B-24 1.033 0.929 1.038 1.11 1.00 0.90 
1.749E-01 1.022 0.931 1.048 1.10 0.98 0.89 
9.4141-01 1.173 0 . 8 5 8  0.969 1.37 1.21 0.89 
1.4841-07 1.324 0.923 0.753 1.43 1.76 1.23 
4.702B-02 0.975 1.039 0.986 0.94 0.99 1.05 

ORIGBN2 ORIGEN-S 

SE 79 6.13513-01 5.674B-01 
KR 85 5.423E+02 5.3893+02 5.4131+02 1.003 0.996 1.001 1.01 1.00 1.00 2.139B+01 2.125E+01 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 3.311E+04 3.2873+04 3.3561+04 0.998 0.991 1.011 1.01 0.99 0.98 1.007E+04 9.998B+03 1.021E+04 0.998 0.991 1.012 1.01 0.99 0.98 
Y 90 3.312B+04 3.288E+04 3.3568+04 0.998 0.991 1.011 1.01 0.99 0.98 1.0071+04 1.000E+04 1.021E+04 0.998 0.991 1.012 1.01 0.99 0.98 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 93 2.713E+00 2.7309+00 2.665B+00 1.004 1.010 0.986 0.99 1.02 1.02 2.7131+00 2.7301+00 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
TC 99 1.870E+01 1.923E+01 1.908B+01 0.984 1.012 1.004 0.97 0.98 1.01 1.8691+01 1.922B+01 
RU106 8.616E-10 7.7638-10 8.6441-10 1.033 0.931 1.036 1.11 1.00 0.90 1.008B-24 9.072E-25 
PD107 1.706E-01 1.5541-01 1.749B-01 1.022 0.931 1.098 1.10 0.98 0.89 1.706E-01 1.554E-01 
SN126 1.141E+OO 8.33713-01 9.9181-01 1.174 0.858 0.969 1.37 1.21 0.89 1.140E+00 8.334B-01 
SB125 7.094E-02 4.946E-02 4.031E-02 1.324 0.923 0.752 1.43 1.76 1.23 2.6113-07 1.82OE-07 
I129 4.65OE-02 4.9558-02 4.702E-02 0.975 1.039 0.986 0.94 0.99 1.05 4.6501-02 4.955B-02 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 1.4523-02 1.365E-02 1.429E-02 1.026 0.964 1.010 1.06 1.02 0.96 7.2803-10 6.8408-10 7.167B-10 1.026 0.964 1.010 1.06 1.02 0.95 
CS135 6.5271-01 7.2071-01 7.048E-01 0.942 1.040 1.017 0.91 0.93 1.02 6.5273-01 7.2078-01 7.047B-01 0.947 1.040 1.017 0.91 0.93 1.02 
CS137 4.9003+04 4.9051+04 5.040B+04 0.990 0.991 1.019 1.00 0.97 0.97 1.5431+04 1.555B+04 1.5981+04 0.986 0.993 1.021 0.99 0.97 0.97 
CE144 6.1543-14 6.1886-14 6.478E-14 0.981 0.986 1.033 0.99 0.95 0.96 2.8133-33 0.0 3.0261-33 0.964 0.0 1.036 0.0 0.93 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 2.48OE-09 2.420B-09 2.417B-09 1.017 0.992 0.991 1.02 1.03 1.00 2.480B-09 2.4203-09 2.417B-09 1.017 0.992 0.991 1.02 1.03 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
P1147 2.608E-01 3.8141-01 3.476B-01 0.790 1.156 1.054 0.68 0.75 1.10 4.7753-07 6.974B-07 6.362B-07 0.791 1.155 1.054 0.68 0.75 1.10 
S1147 5.495B-06 7.3881-06 7.082B-06 0.826 1.110 1.064 0.74 0.78 1.04 5.495E-06 7.3888-06 7.082B-06 0.826 1.110 1.064 0.74 0.78 1.04 
S1148 9.303B-11 6.5061-11 7.265E-11 1.210 0.846 0.945 1.43 1.28 0.90 9.3033-11 6.5063-11 7.2658-11 1.210 0.846 0.905 1.43 1.28 0.90 
SEI149 1.023E-12 1.323E-12 1.143B-12 0.880 1.138 0.983 0.77 0.90 1.16 1.023E-12 1.323E-12 1.143B-12 0 . 8 8 0  1.138 0.983 0.77 0.90 1.16 
S1150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
81151 3.4111+02 4.237B+02 3.108B+02 0.951 1.182 0.867 0.81 1.10 1.36 2.3218+02 2.8833+02 2.1153+02 0.951 1.182 0.867 0.81 1.10 1.36 
51152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
EU153 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  0.0 
EU154 3.348E+02 3.408E+02 2.9963+02 1.030 1.048 0.922 0.98 1.12 1.14 5.953B+00 6.056B+00 5.3243+00 1.030 1.048 0.921 0.98 1.12 1.14 
EU155 l.llOE+Ol 1.193E+01 1.090E+01 0.981 1.055 0.964 0.93 1.02 1.09 1.024B-02 1.1011-02 1.006E-02 0.981 1.055 0.964 0.93 1.02 1.09 

U235 1.7521-02 1.867E-02 1.983E-02 0.938 1.000 1.062 0.94 0.88 0.94 1.754B-02 1.8691-02 1.9831-02 0.939 1.000 1.061 0.94 0.88 0.94 
U236 3.9061-01 3.914E-01 3.875B-01 1.002 1.004 0.994 1.00 1.01 1-01 3.916E-01 3.9231-01 3.8751-01 1.003 1.005 0.992 1.00 1.01 1.01 
U238 3.100B-01 3.095B-01 3.0953-01 1.001 0.999 0.999 1.00 1.00 1-00 3.100E-01 3.0951-01 3.0951-01 1.001 0.999 0.999 1.00 1.00 1.00 

NP237 6.014E-01 6.333B-01 5.420E-01 1.015 1.069 0.915 0.95 1.11 1.17 6.8658-01 7-2651-01 5.4198-01 1.054 1.115 0.832 0.94 1.27 1.39 
PU238 3.653E+03 4.0563+03 3.4823+03 0.979 1.087 0.933 0.90 1.05 1.16 2.463B+03 2.7361+03 2.3481+03 0.979 1.088 0.933 0.90 1.05 1.17 
PU239 3.623E+02 3.9893+02 3.5851+02 0.971 1.069 0.961 0.91 1.01 1.11 3.619E+02 3.9841+02 3.580B+02 0.971 1.069 0.960 0.91 1.01 1.11 
PU240 6.1903+02 5.975E+02 5.354E+02 1.060 1.023 0.917 1.04 1.16 1.12 6.178B+02 5.964[3+02 5.326B+02 1.061 1.024 0.915 1.00 1.16 1.12 
PU241 1.5593+04 1.764E+04 1.8041+04 0.912 1.032 1.056 0.88 0.86 0.98 1.405B+03 1.669B+03 1.707B+03 0.882 1.097 1.071 0.84 0.82 0.98 
PU242 2.982E+00 2.951E+OO 3.559E+OO 0.942 0.933 1.125 1.01 0.84 0.83 2.982E+00 2.9511+00 3.5591+00 0.942 0.933 1.125 1.01 0.84 0.83 

U234 1.877E+OO 1.9633+00 1.431E+00 1.068 1.117 0.814 0.96 1.31 1.37 2.304B+00 2.438B+00 1.5661+00 1.096 1.159 0.745 0.95 1.47 1.56 

AM241 5.1463+03 5.620E+03 5.7511+03 0.935 1.021 1.045 0.92 0.89 0.98 5.197B+03 5.701B+03 5.8331+03 0.932 1.022 1.046 0.91 0.89 0.98 
AM242 9.316E+00 1.577E+01 7.556E+OO 0.856 1.449 0.694 0.59 1.23 2.09 7.417B+00 1.2561+01 6.015E+00 0.856 1.450 0.694 0.59 1.23 2.09 
AM243 3.6671+01 4.070E+01 4.8681+01 0.873 0.969 1.159 0.90 0.75 0.84 3.6501+01 4.050E+01 4.8451+01 0.873 0.969 1.159 0.90 0.75 0.84 
(31242 7.705E+OO 1.304E+Ol 6.2671+00 0 . 8 5 6  1.448 0.696 0.59 1.23 2.08 6.134B+00 1.038B+01 4.9891+00 0.856 1.448 0.696 0.59 1.23 2.08 
(31243 1.315E+01 2.7981+00 1.186E+01 1.419 0.302 1.279 4.70 1.11 0.24 3.8971+00 8.2931-01 3.515E+00 1.419 0.302 1.280 4.70 1.11 0.24 
CIS244 8.735B+02 8.644E+02 1.174E+O3 0.900 0.891 1.210 1-01 0.74 0.74 1.2891+02 1.2751+02 1.7321+02 0.900 0.890 1.209 1.01 0.74 0.74 
C1245 5.867B-01 6.288E-01 1.0261+00 0.785 0.842 1.373 0.93 0.57 0.61 5.843B-01 6.263E-01 1.022E+00 0.785 0.842 1.373 0.93 0.57 0.61 
CIS246 1.5491-01 1.7623-01 2.4951-01 0.800 0.910 1.289 0.88 0.62 0.71 1.538B-01 1.7491-01 2.477B-01 0.800 0.910 1.289 0.88 0.62 0.71 

AVERAGE-ABSOLUTE-DEVIATION, AS X 8.40 9.43 9.03 20.3 13.6 17.5 8.70 9.90 9.47 21.0 14.6 18.7 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6 . 5 5  7.72 7.37 9.9 11.8 13.4 6.87 8.18 7.85 10.4 12.9 14.6 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.53 6.40 6.14 9.2 10.7 10.1 5.88 6 .86  6.66 9.6 11.6 10.8 
NUCS EXCLUDED, lST/2ND: SB125 a 2 4 3  C1245 / S1148 AM242 -246 SB125 C1243 (31245 / 51148 M 2 4 2  CIS246 
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CASE: PWR, 4.50 WT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWD/MTU, APPROX.) CURIES PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  300 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 KYR ...***** *..***.******* 
ORIGEN2 ORIGEN-S CINDER m w pEa ORIGEN2 ORIGIN-S CINDER pBs m pBz pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SE 79 6.122E-01 5.6621-01 5.1751-01 1.083 1.002 0.915 1.08 1.18 1.09 6.077B-01 5-6201-01 5.1373-01 1.083 1.002 0.915 1.08 1.18 1.09 
RR 8 5  5.176B-05 5.1371-05 5.1641-05 1.003 0.996 1.001 1.01 1.00 0.99 1.141B-24 1.132E-24 1.1371-24 1.004 0.996 1.000 1.01 1.00 1.00 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 
SR 90 8.624E+Ol 8.556E+Ol 8.7361+01 0.998 0.990 1.011 1.01 0.99 0.98 5.009B-06 4.965E-06 5.069E-06 0.999 0.990 1.011 1.01 0.99 0.98 
Y 90 8.626E+01 8.558E+Ol 8.7383+01 0.998 0.990 1.011 1.01 0.99 0.98 5.010E-06 4.967E-06 5.070B-06 0.999 0.990 1.011 1.01 0.99 0.98 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

ER 93 2.713E+00 2.7303+00 2.6643+00 1.004 1.010 0.986 0.99 1.02 1.02 2.7121+00 2.7291+00 2.663B+00 1.004 1.010 0.986 0.99 1.02 1.02 
ER 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
TC 99 1.868E+01 1.921E+01 1.9068+01 0.984 1.012 1.004 0.97 0.98 1.01 1.8641+01 1.917B+01 1.9021+01 0.984 1.012 1.004 0.97 0.98 1.01 
RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  
PD107 1.706E-01 1.554E-01 1.749B-01 1.022 0.931 1.048 1.10 0.98 0.89 1.7063-01 1.554B-01 1.7491-01 1.022 0.931 1.048 1.10 0.98 0.89 
SN126 1.139E+OO 8.323E-01 9.401E-01 1.174 0 . 8 5 8  0.969 1.37 1.21 0.89 1.1331+00 8.283B-01 9.356B-01 1.173 0 . 8 5 8  0.969 1.37 1.21 0.89 
SB125 0.0 0.0 2.730B-29 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  
I129 4.650B-02 4.955E-02 4.702B-02 0.975 1.039 0.986 0.94 0.99 1.05 4.649B-02 4.954E-02 4.1021-02 0.975 1.039 0.986 0.94 0.99 1.05 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 
cs134 0.0 0.0 4.536B-39 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  0.0 0.0 0.0 
CS135 6.527E-01 7.207E-01 7.047B-01 0.942 1.040 1.017 0.91 0.93 1.02 6.525B-01 7.2051-01 7.0468-01 0.942 1.090 1.017 0.91 0.93 1.02 
CS137 1.5198+02 1.5701+02 1.6141+02 0.969 1.001 1.030 0.97 0.94 0.97 1.4361-05 1.627B-05 1.672B-05 0.910 1.031 1.059 0 .88  0 .86  0.97 
CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 .o 0 . 0  0 . 0  0 .0  0.0 0.0 0.0 0.0 
ND144 2.480B-09 2.420E-09 2.4171-09 1.017 0.992 0.991 1.02 1.03 1.00 2.480B-09 2.4203-09 2.417B-09 1.017 0.992 0.991 1.02 1.03 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 
PM147 0.0 0.0 7.1343-30 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 
SM147 5.495E-06 7.388E-06 7.0823-06 0.826 1.110 1.064 0.74 0.78 1-04 5-4951-06 7.388E-06 7-0821-06 0.826 1.110 1.064 0.74 0.78 1.04 
SM148 9.303E-11 6.5063-11 7.2651-11 1.210 0.846 0.945 1.43 1.28 0.90 9.303E-11 6.506B-11 7-2658-11 1.210 0.846 0.945 1.93 1.28 0.90 
SM149 1.0238-12 1.3231-12 1.143B-12 0 .880  1.138 0.983 0.77 0.90 1.16 1.023E-12 1.3233-12 1.143B-12 0.880 1.138 0.983 0.77 0.90 1.16 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SM151 4.9731+01 6.1778+01 4.532E+01 0.951 1.182 0.867 0.81 1.10 1.36 2.263B-01 2.815B-01 2.065E-01 0.950 1.182 0.867 0.80 1.10 1.36 
SM152 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0 0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  0.0 0.0 0.0 
EU154 5.946E-07 6.04OE-07 5.314B-07 1.031 1.047 0.922 0.98 1.12 1.14 0.0 0.0 1.6698-31 0.0 0.0 0.0 0.0 0.0 0.0 
EU155 7.4111-15 7.998E-15 7.3101-15 0.979 1.056 0.965 0.93 1-01 1.09 0.0 0.0 2-3901-57 0 . 0  0.0 0.0 0 . 0  0.0 0 .0  
U234 3.0061+00 3.219E+00 1.790B+00 1.125 1.205 0.670 0.93 1.68 1.80 3.184B+00 3.4181+00 1.846B+00 1.131 1.214 0.656 0.93 1.72 1.85 
U235 1.7611-02 1.876E-02 1.9833-02 0.940 1.001 1.059 0.94 0.89 0.95 1.785B-02 1.9043-02 1.983B-02 0.944 1.007 1.099 0.94 0.90 0.96 
U236 3.952B-01 3.958B-01 3.8758-01 1.006 1.008 0.986 1.00 1.02 1.02 4.0731-01 4.075B-01 3.8753-01 1.016 1.017 0.967 1.00 1.05 1.05 
U238 3.100E-01 3.095E-01 3.095B-01 1.001 0.999 0.999 1.00 1.00 1-00 3.100E-01 3.095E-01 3.095B-01 1.001 0.999 0.999 1.00 1.00 1.00 

NP237 9.7726-01 1.046E+00 5.4198-01 1.143 1.223 0.634 0.93 1.80 1.93 1.496E+00 1.615E+00 5.418B-01 1.229 1.326 0.945 0.93 2.76 2.98 
PU238 5.103E+02 5.6853+02 4.860E+02 0.978 1.090 0.932 0.90 1.05 1.17 2.2423+00 2.6241+00 2.105E+00 0.965 1.129 0.906 0 . 8 5  1.07 1.25 
PU239 3.6008+02 3.963B+02 3.559B+02 0.971 1.069 0.960 0.91 1.01 1.11 3.535B+02 3.892E+02 3.488E+02 0.972 1.070 0.959 0.91 1.01 1.12 
PU240 6.0518+02 5.842E+02 5.215B+02 1.061 1.024 0.914 1.09 1.16 1.12 5.6191+02 5.4241+02 4.842E+O2 1.061 1.024 0.914 1.04 1.16 1.12 
PU241 6.6843-01 7.510E-01 1.3691-01 1.288 1.448 0.264 0.89 9.88 5.49 5.4393-01 5.830B-01 6.332B-16 1.448 1.552 0.000 0.93 **** **I* 
PU242 2.9813+00 2.951E+00 3.5581+00 0.942 0.933 1.125 1.01 0.84 0.83 2.9783+00 2.948E+00 3.553B+00 0.943 0.933 1.124 1.01 0.84 0.83 
AH241 3.8068+03 4.18OB+03 4.276B+03 0.931 1.023 1.046 0.91 0.89 0.98 1.239B+03 1.3603+03 1.391B+03 0.932 1.023 1.046 0.91 0.89 0.98 
AH242 2.9803+00 5.043E+OO 2.4161+00 0 . 8 5 6  1.449 0.694 0.59 1.23 2.09 1.224E-01 2-0723-01 9-9271-02 0.856 1.449 0.694 0.59 1.23 2.09 
AH243 3.5828+01 3.975E+01 4.755B+01 0.873 0.969 1.159 0.90 0.75 0.89 3.354E+01 3.722E+01 4.453B+01 0.873 0.969 1.159 0.90 0.75 0.84 
CM242 2.4643+00 4.171B+00 2.0041+00 0 . 8 5 6  1.448 0.696 0.59 1.23 2.08 1.013E-01 1.714B-01 8.2343-02 0.856 1.448 0.696 0.59 1.23 2.08 
(33243 3.0083-02 6.398B-03 2.713E-02 1.419 0.302 1.280 4.70 1.11 0.24 1.215B-09 2.584B-10 1.0953-09 1.419 0.303 1.279 4.70 1.11 0.29 
(33244 6.1043-02 6.037E-02 8.2031-02 0.900 0.890 1.210 1.01 0.74 0.74 1.083B-10 1.397E-13 1.8983-13 2.991 0.004 0.005 **** *I** 0.74 
CM205 5.7498-01 6.161B-01 1.005E+00 0.785 0.842 1.373 0.93 0.57 0.61 5.43OB-01 5.819E-01 9.494B-01 0.785 0.842 1.373 0.93 0.57 0.61 
CM246 1.494E-01 1.699B-01 2.405E-01 0.801 0.911 1.289 0 .88  0 . 6 2  0.71 1.348B-01 1.5338-01 2.171E-01 0.800 0.910 1.289 0.88 0.62 0.71 

AVERAGE-ABSOLUTE-DEVIATION, AS X 9.03 11.61 12.35 20.7 26.0 34.3 15.94 15.48 16.62 ***I **** 8.00 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 7.07 8.72 10.23 10.8 15.8 2 0 . 8  8.26 9.73 10.89 23.1 19.4 26.7 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 6 . 0 0  7.20 8.78 8.9 13.1 16.0 7.06 7.45 8.79 12.1 14.5 19.3 
NUCS EXCLUDED, lST/?ND: SM148 CX243 PU241 / SM147 AH242 CM245 (31249 a 2 4 3  PU241 / 81148 AH242 NP237 
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SE 79 
KR 8 5  
SR 89 
SR 90 
Y 90 
Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CE144 
ND143 
ND144 
ND145 
ND146 
PI1 47 
SI147 
SI148 
sur 49 
SI150 
SHl51 
SI152 
EU153 
EU154 
EU155 
U234 
U235 
U236 
U238 

NP237 
PW238 
PU2 3 9 
PU240 
PU241 
PU242 
AM241 
AM242 
AM243 
CU242 
a 2 4 3  
CH244 
CH2 4 5 
(31246 

CASE: BUR, 2.64 UT X U-235, 2.866 AT X BURNUP (27.5 GUD/HTU, APPROX.) CURIES PER ITU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER Q.RS QR.2 CBS ORIGEN2 ORIGEN-S CINDER pBa pBsl pBz pB? pBs % AVG AVG ORS CIN CIN AVG AVG AVG ORB CIN CIN 

3.372E-01 3.135E-01 2.898E-01 1.076 1.000 0.924 1.08 1.16 1.08 3.371E-01 3.1351-01 2.8983-01 1.075 1.000 -0.925 1.08 1.16 1.00 
7.584E+03 7.6763+03 7.878E+03 0.983 0.995 1.021 0.99 0.96 0.97 5.518Bc03 5.5858+03 5.7328+03 0.983 0.995 1.021 0.99 0.96 0.97 
3.895E+05 4.034E+05 3.991E+05 0.980 1.015 1.004 0.97 0.98 1.01 7.627E-06 7.9001-06 7.8291-06 0.980 1.015 1.006 0.97 0.97 1.01 
5.934E+04 6.0191+04 6.277E+04 0.977 0.991 1.033 0.99 0.95 0.96 5.2793+04 5.3541+04 5.5841+04 0.977 0.990 1.033 0.99 0.95 0.96 
5.939B+04 6.0211+04 6.279B+04 0.977 0.990 1.033 0.99 0.95 0.96 5.280E+04 5.3551+04 5.585E+04 0.977 0.990 1.033 0.99 0.95 0.96 
5.4586+05 5.6221+05 5.625B+05 0.980 1.010 1.010 0.97 0.97 1.00 3.127E-04 3.219B-04 3.225B-04 0.980 1.009 1.011 0.97 0.97 1.00 
1.491E+00 1.5241+00 1.503E+00 0.990 1.012 0.998 0.98 0.99 1.01 1.491B+00 1.524B+00 1.5031+00 0.990 1.012 0.998 0.98 0.99 1.01 
8.154E+05 8.2953+05 8.1823+05 0.993 1.010 0.997 0.98 1.00 1.01 2.8853-03 2.9301-03 3.OOOE-03 0.982 0.997 1.021 0.98 0.96 0.98 
1.054E+06 1.0733+06 1.0563+06 0.993 1.011 0.995 0.98 1.00 1.02 6-4053-03 6.5051-03 6.6341-03 0.983 0.999 1.018 0.98 0.97 0.98 
1.111E+01 1.127E+01 1.128E+Ol 0.990 1.004 1.005 0.99 0.98 1.00 1.111E+O1 1.127B+01 1.1288+01 0.990 1.004 1.005 0.99 0.98 1.00 
4.306E+05 3.916E+05 4.061Ec05 1.052 0.956 0.992 1.10 1.06 0.96 1.463B+04 1.331B+04 1.3813+04 1.051 0.956 0.992 1.10 1.06 0.96 
9.805E-02 8.615E-02 9.135B-02 1.068 0.938 0.995 1.14 1.07 0.94 9.8053-02 8.6151-02 9.1351-02 1.068 0.938 0.995 1.14 1.07 0.94 
6.351E-01 4.5863-01 5.147E-01 1.185 0.855 0.960 1.38 1.23 0.89 6.350B-01 4-5861-01 5.1461-01 1.185 0.855 0.960 1.38 1.23 0.89 
1.125E+04 7.5703+03 6.2181+03 1.348 0.907 0.745 1.99 1.81 1.22 3.2893+03 2.214B+03 1.818E+O3 1.348 0.907 0.745 1.49 1.81 1.22 
2.656E-02 2.7103-02 2.5833-02 1.002 1.023 0.975 0.98 1.03 1.05 2.6679-02 2.7211-02 2.5968-02 1.002 1.022 0.975 0.98 1.03 1.05 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.119E+05 1.0621+05 1.0203+05 1.049 0.995 0.956 1.05 1.10 1.04 2.1421+04 2.0321+04 1.952B+04 1.049 0.995 0.956 1.05 1.10 1.09 
3.54OE-01 3.5221-01 3.1971-01 1.035 1.030 0.935 1.01 1.11 1.10 3.540E-01 3.522E-01 3.197B-01 1.035 1.030 0.935 1.01 1.11 1.10 
8.639B+04 8.586E+04 8.795B+04 0.996 0.990 1.014 1.01 0.98 0.98 7.711B+04 7.669B+04 7.8553+04 0.996 0.990 1.014 1.01 0.98 0.98 
8.373B+05 8.480E+05 8.092B+O5 0.991 1.004 1.005 0.99 0.99 1.00 1.049B+04 1.063B+04 1.066E+04 0.990 1.003 1.006 0.99 0.98 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
9.515E-10 9.7603-10 1.014E-09 0.970 0.995 1.034 0.97 0.94 0.96 1.258B-09 1.288E-09 1.3261-09 0.975 0.998 1.027 0.98 0.95 0.97 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.143E+05 1.5041+05 1.444E+05 0.838 1.103 1.059 0.76 0.79 1.04 3.139B+04 4.125B+04 3.9613+04 0.839 1.102 1.059 0.76 0.79 1.09 
1.323B-06 1.500E-06 1.632E-06 0.891 1.010 1,099 0.88 0.81 0.92 3.375B-06 4.260B-06 4.2823-06 0.850 1.072 1.078 0.79 0.79 0.99 
4.105B-11 2.8431-11 2.907B-11 1.250 0 . 8 6 5  0.885 1.44 1.41 0.98 9.1271-11 2-8633-11 2.9181-11 1.248 0 .866  0.886 1.44 1.41 0.98 
7.1451-13 7.6593-13 6.03OE-13 1.029 1.103 0.868 0.93 1.18 1.27 7.1451-13 7.660B-13 6-0301-13 1.029 1.103 0.868 0.93 1.18 1.27 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.231B+02 2.9511+02 2.308B+02 1.142 1.043 0.816 1.09 1.40 1.28 3.111E+02 2.8418+02 2.2223+02 1.142 1.043 0.816 1.10 1.40 1.28 
0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
8.340E+03 7.909E+03 6.613E+03 1.094 1.038 0.868 1.05 1.26 1.20 5.611B+03 5.3208+03 4.4493+03 1.094 1.038 0 . 8 6 8  1.05 1.26 1.20 
5.2141+03 5.0363+03 3.9031+03 1.105 1.067 0.827 1.04 1.34 1.29 2.622B+03 2.5331+03 1.963E+O3 1.105 1.068 0.827 1.04 1.34 1.29 
9.212E-01 9-1503-01 9.201E-01 1.003 0.996 1.001 1.01 1.00 0.99 9.463B-01 9.396B-01 9.28lB-01 1.009 1.002 0.989 1.01 1.02 1.01 
1.510B-02 1.4213-02 1.2971-02 1.071 1.008 0.920 1.06 1.16 1-10 1.510B-02 1.421B-02 1.2973-02 1.071 1.008 0.920 1.06 1.16 1.10 
2.078E-01 2.0983-01 2.1221-01 0.990 0.999 1.011 0.99 0.98 0.99 2.0798-01 2.099E-01 2.1221-01 0.990 1.000 1.010 0.99 0.98 0.99 
3.203B-01 3.204B-01 3.210E-01 0.999 0.999 1.001 1.00 1.00 1.00 3.203E-01 3.204E-01 3.2lOE-01 0.999 0.999 1.001 1.00 1.00 1.00 
2.422B-01 2.384E-01 1.8663-01 1.089 1.072 0.839 1.02 1.30 1.28 2.433B-01 2-39581-01 1.8681-01 1.090 1.073 0.837 1.02 1.30 1.28 
1.691E+03 1.6743+03 1.2541+03 1.098 1.087 0.814 1.01 1.35 1.33 1.789B+03 1.7491+03 1.343B+03 1.100 1.075 0.825 1.02 1.33 1.30 
3.014E+02 3.0383+02 2.2071+02 1.095 1.104 0.802 0.99 1.37 1.38 3.013B+02 3.037E+02 2.206E+02 1.095 1.104 0.802 0.99 1.37 1.38 
4.842E+02 4.2291+02 4.217B+02 1.093 0.955 0.952 1.14 1.15 1-00 4.846E+02 4.232E+02 4.2151+02 1.094 0.955 0.951 1.15 1.15 1.00 
1.155E+05 1.0853+05 9.2631+04 1.094 1.028 0.878 1.06 1.25 1.17 9.1178+04 8.6013+04 7.3461+04 1.091 1.029 0.879 1.06 1.24 1.17 
1.509E+00 1.4491+00 1.7741+00 0.957 0.919 1.125 1.00 0 . 8 5  0.82 1.509E+00 1.449B+00 1.774B+00 0.957 0.919 1.125 1.04 0.85 0.81 
1.3381+02 1.259E+O2 l.O49E+O2 1.101 1.036 0.863 1.06 1.28 1.20 9.4071+02 8.8531+02 7.521E+02 1.095 1.030 0.875 1.06 1.25 1.18 
6.995E+OO 8.340B+00 3.4241+00 1.119 1.334 0.548 0.84 2.04 2.44 6.839B+00 8.1551+00 3.3488+00 1.119 1.334 0.598 0.84 2.04 2.44 
1.410E+01 1.274E+Ol 1.3961+01 1.037 0.937 1.026 1.11 1.01 0.91 1.409E+01 1.273E+01 1.395E+Ol 1.037 0.937 1.026 ,1.11 1.01 0.91 
3.2793+04 2.829E+04 2.7791+04 1.107 0.955 0.938 1.16 1.18 1.02 2.160E+01 2.0491+01 1.610E+01 1.114 1.056 0.830 1.05 1.34 1.27 
1.504E+01 4.148B+00 1.031B+01 1.530 0.922 1.049 3.63 1.46 0.40 1.334E+Ol 3.6811+00 9.152B+00 1.529 0.422 1.049 3.62 1.46 0.90 
1.4598+03 1.117E+O3 1.224B+03 1.152 0.882 0.966 1.31 1.19 0.91 1.209E+O3 9.2551+02 1.014E+O3 1.152 0.882 0.966 1.31 1.19 0.91 
1.064E-01 7.8781-02 8.0941-02 1.199 0 . 8 8 8  0.912 1.35 1.31 0.97 1.064E-01 7.875E-02 8.091E-02 1.200 0.888 0.912 1.35 1.32 0.97 
2.055E-02 1.7161-02 1.8191-02 1.103 0.921 0.976 1.20 1.13 0.94 2.0541-02 1.7141-02 1.8181-02 1.103 0.921 0.976 1.20 1.13 0.94 

c 

8 

AVERAGE-ABSOLUTE-DEVIATION, AS X 8.51 6.22 7.53 15.3 18.3 13.5 8.65 6.30 7.75 15.2 18.8 13.8 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.74 4.27 6.27 9.5 15.7 9.4 6.90 4.35 6 . 5 0  9.5 16.2 9.7 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 6.28 3.83 5.88 8 . 6  14.1 9.1 6 . 4 5  3.92 6.13 8.5 14.6 9.4 
NUCS EXCLUDED, 1ST/2ND: SB125 CI243 AM242 / SH148 AM243 PU239 SB125 CM243 AM242 / SM148 AM243 PU239 



CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/MTU, APPROX.) CURIES PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGBN2 ORIGBN-S CINDER pEa GIN pEa OR2 ORIGEN2 ORIGEN-S CINDER pB1 pBs pB? pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORB CIN CIN 
3.371B-01 3.135E-01 2.8986-01 1.075 1,000 0.925 1.08 1.16 1.08 3.371B-01 3.135B-01 2.897E-01 1.076 1.000 0.924 1.08 1.16 1.08 
3.994E+03 4.042E+03 4.148Ec03 0.983 0.995 1.021 0.99 0.96 0.97 2.092B+03 2.117B+03 2.173E+03 0.983 0.995 1.021 0.99 0.96 0.97 
9.9OOB-17 1.025B-16 1.017E-16 0.980 1.014 1.006 0.97 0.97 1.01 0.0 0.0 1.718B-38 0.0 0.0 0.0 0.0 0.0 0.0 
4.687B+04 4.753B+04 4.9573+04 0.977 0.990 1.033 0.99 0.95 0.96 3.6941+04 3.746B+04 3.9071+04 0.977 0.990 1.033 0.99 0.95 0.96 
4.688E+04 4.754B+04 4.958E+04 0.977 0.990 1.033 0.99 0.95 0.96 3.6953+04 3..7471+04 3.9083+04 0.977 0.990 1.033 0.99 0.95 0.96 

1.491E+OO 1.5241+00 1.503E+00 0.990 1.012 0.998 0.98 0.99 1.01 1.491E+00 1.524B+00 1.503E+00 0.990 1.012 0.998 0.98 0.99 1.01 
1.255B-13 1.292E-13 1.296E-13 0.980 1.009 1.012 0.97 0.97 1.00 2.023E-32 0.0 2.0941-32 0.983 0.0 1.017 0.0 0.97 0.0 

7.375B-12 7.475B-12 7.953E-12 0.970 0.983 1.046 0.99 0.93 0.94 4.818B-29 0.0 5.589B-29 0.926 0.0 1.074 0.0 0.86 0.0 
1.6371-11 1.66OE-11 1.759B-11 0.971 0.985 1.044 0.99 0.93 0.94 1.070E-28 0.0 1.236B-28 0.928 0.0 1.072 0.0 0.87 0.0 
l.lllE+Ol 1.127E+01 1.128E+Ol 0.990 1.004 1.005 0.99 0.98 1.00 l.lllB+Ol 1.127E+01 1.128E+01 0.990 1.009 1.005 0.99 0.98 1.00 
4.7019+02 4.2753+02 4.4363+02 1.052 0.956 0.992 1.10 1.06 0.96 4.954E-01 4.410B-01 4.578B-01 1.066 0.949 0.985 1.12 1.08 0.96 
9.805B-02 8.615E-02 9.135E-02 1.068 0.938 0.995 1.14 1.07 0.94 9.8053-02 8.615B-02 9.1351-02 1.068 0.938 0.995 1.14 1.07 0.94 
6.35OB-01 4.585B-01 5.1461-01 1.185 0 . 8 5 5  0.960 1.38 1.23 0.89 6.350E-01 4.585B-01 5.146B-01 1.185 0 . 8 5 5  0.960 1.38 1.23 0.89 
9.412E+02 6.334B+02 5.203E+02 1.348 0.907 0.745 1.49 1.81 1.22 7.707E+01 5.186E+01 4.261B+01 1.348 0.907 0.745 1.49 1.81 1.22 
2.6673-02 2.721E-02 2.596B-02 1.002 1.022 0.975 0.98 1.03 1.05 2.6671-02 2.721E-02 2.596B-02 1.002 1.022 0.975 0.98 1.03 1.05 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.990E+03 3.7843+03 3.6353+03 1.049 0.995 0.956 1.09 1.10 1.04 1.3841+02 1.3121+02 1.2613+02 1.049 0.995 0.956 1.05 1.10 1.09 
3.540B-01 3.522E-01 3.1978-01 1.035 1.030 0.935 1.01 1.11 1.10 3.540E-01 3.522E-01 3.197B-01 1.035 1.030 0.935 1.01 1.11 1.10 
6.870B+04 6.837B+04 7.0033+04 0.995 0.990 1.014 1.00 0.98 0.98 5.4523+04 5.433B+O4 5.5651+04 0.994 0.991 1.015 1.00 0.98 0.98 
1.221B+02 1.2371+02 1.244E+02 0.989 1.002 1.008 0.99 0.98 0.99 1.6553-02 1.678E-02 1.693B-02 0.988 1.002 1.011 0.99 0.98 0.99 
0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.262E-09 1.292B-09 1.330B-09 0.975 0.998 1.027 0.98 0.95 0.97 1.262B-09 1.2923-09 1.33OE-09 0.975 0.998 1.027 0.98 0.95 0.97 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 
8.3758+03 1.100E+04 1.057E+04 0.839 1.102 1.059 0.76 0.79 1.04 5.9641+02 7.834B+02 7.5258+02 0.839 1.102 1.059 0.76 0.79 1.09 
3.939E-06 5.0198-06 5.0118-06 0.846 1.078 1.076 0.78 0.79 1.00 4.130B-06 5.275B-06 5.257B-06 0 . 8 4 5  1.079 1.076 0.78 0.79 1.00 
4.1271-11 2.8631-11 2.9281-11 1.248 0 . 8 6 6  0.886 1.44 1.41 0.98 4.1273-11 2.863B-11 2.9281-11 1.248 0 .866  0 . 8 8 6  1.44 1.41 0.98 
7.1451-13 7.6601-13 6.030B-13 1.029 1.103 0 . 8 6 8  0.93 1.18 1.27 7.145B-13 7.6601-13 6.03OB-13 1.029 1.103 0 . 8 6 8  0.93 1.18 1.27 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
2.994E+02 2.734B+02 2.1381+02 1.142 1.043 0.815 1.10 1.40 1.28 2.772B+02 2.5313+02 1.9803+02 1.142 1.043 0.816 1.10 1.40 1.28 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.750B+03 3.5563+03 2.973E+03 1.094 1.038 0 . 8 6 8  1.05 1.26 1.20 1.6753+03 1.5886+03 1.3281+03 1.095 1.038 0 . 8 6 8  1.05 1.26 1.20 
1.303Bc03 1.259Bc03 9.7608+02 1.105 1.068 0.828 1.03 1.34 1.29 3.2223+02 3.113B+02 2.413B+02 1.105 1.068 0.828 1.04 1.34 1.29 
9.7123-01 9.639E-01 9.363B-01 1.015 1.007 0.978 1.01 1.04 1.03 1.018E+OO l.OlOB+OO 9.5163-01 1.025 1.017 0.958 1.01 1.07 1.06 
1.511E-02 1.4211-02 1.297E-02 1.072 1.008 0.920 1.06 1.16 1.10 1.511B-02 1.421B-02 1.297B-02 1.072 1.008 0.920 1.06 1.16 1.10 
2.079E-01 2.099E-01 2.1223-01 0.990 1.000 1.010 0.99 0.98 0.99 2.081B-01 2.1013-01 2.1223-01 0.990 1.000 1.010 0.99 0.98 0.99 
3.2031-01 3.204B-01 3.210E-01 0.999 0.999 1.001 1.00 1.00 1.00 3.203B-01 3.204B-01 3.210E-01 0.999 0.999 1.001 1.00 1.00 1.00 
2.454E-01 2.414E-01 1.8681-01 1.093 1.075 0.832 1.02 1.31 1.29 2.520E-01 2.477B-01 1-8681-01 1.101 1.082 0.816 1.02 1.35 1.33 
1.720E+03 1.6821+03 1.291B+O3 1.100 1.075 0.825 1.02 1.33 1.30 1.5893+03 1.555B+03 1.1931+03 1.099 1.076 0.825 1.02 1.33 1.30 
3.013E+02 3.037E+02 2.206E+02 1.095 1.104 0.802 0.99 1.37 1.38 3.0123+02 3.036B+02 2.2051+02 1.095 1.104 0.802 0.99 1.37 1.38 
4.85012+02 4.234B+02 4.2133+02 1.094 0.955 0.951 1.15 1.15 1.00 4.8538+02 4.237E+02 4.208B+02 1.095 0.956 0.949 1.15 1.15 1.01 
7.1661+04 6.794E+04 5.8033+04 1.088 1.031 0.881 1.05 1.23 1.17 4.428B+04 4.2403+04 3.621B+04 1.081 1.035 0.889 1.09 1.22 1.17 
1.509E+00 1.4491+00 1.7741+00 0.957 0.919 1.125 1.04 0 .85  0.82 1.509B+00 1.4491+00 1.7743+00 0.957 0.919 1.125 1.00 0 .85  0.82 
1.5803+03 1.490E+03 1.268B+03 1.093 1.030 0.877 1.06 1.25 1.18 2.459B+03 2.3281+03 1.9821+03 1.090 1.032 0.878 1.06 1.24 1.17 
6.6853+00 7.971E+00 3.273B+OO 1.119 1.334 0.548 0.84 2.04 2.44 6.387B+00 7.6151+00 3.1271+00 1.119 1.334 0 . 5 4 8  0.84 2.04 2.44 
1.409E+01 1.273B+Ol 1.3953+01 1.037 0.937 1.026 1.11 1.01 0.91 1.4071+01 1.272B+01 1.3931+01 1.037 0.937 1.026 1.11 1.01 0.91 
5.5386+00 6.601B+00 2.7203+00 1.118 1.333 0.549 0.84 2.04 2.43 5.2823+00 6.298B+00 2.593B+00 1.118 1.333 0.549 0.84 2.04 2.43 
1.182E+01 3.259E+OO 8.104E+00 1.530 0.422 1.049 3.63 1.46 0.40 9.265B+00 2.555B+00 6.3543+00 1.529 0.422 1.049 3.63 1.46 0.40 
9.984E+02 7.643B+02 8.375B+02 1.152 0.882 0.966 1.31 1.19 0.91 6.809B+02 5.212B+02 5.712B+02 1.152 0.882 0.966 1.31 1.19 0.91 
1.063E-01 7.8721-02 8.088B-02 1.199 0.888 0.913 1.35 1.31 0.97 1.062B-01 7.8653-02 8.081B-02 1.199 0 . 8 8 8  0.913 1.35 1.31 0.97 
2.0523-02 1.713B-02 1.816B-02 1.103 0.921 0.976 1.20 1.13 0.94 2.049B-02 1.711B-02 1.8141-02 1.103 0.921 0.976 1.20 1.13 0.94 

SB 79 
KR 8 5  
SR 89 
SR 90 

Y 90 
Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CSl35 
CS137 
CE144 
ND143 
ND144 
ND145 
ND146 
PMl 47 
SM147 
SMl48 

SM150 
SM151 
SM152 
EU153 
EU154 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU239 
PU240 
PU24 1 
PU242 
AM241 
AM242 
AM243 
CM242 
(38243 
CM244 

(31246 

sni 49 

cn245 

AVERAGE-ABSOLUTE-DEVIATION, AS X 8.73 7.00 8.52 15.5 20.5 16.6 9.14 7.62 8.93 16.8 21.4 18.1 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.98 5.11 7.33 9.7 18.0 12.6 7.38 5 . 5 8  7.74 10.5 18.9 13.8 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 6.49 4.14 6.38 8 . 6  14.4 9.2 6.90 4.54 6.80 9.3 15.2 10.1 
NUCS EXCLUDED, 1ST/2ND: SB125 (31243 AM242 / 51148 AM243 (31242 ~ ~ 1 2 5  cn243 ~ ~ 2 4 2  81148 ~ ~ 2 4 3  cn242 
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CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/HTU, APPROX.) CURIES PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  3 0 0  YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 RYR . . . . . . . . . . . . . . . . . . . . . .  ... 
ORIGEN2 ORIGEN-S CINDER Q.R2 ORIGBN2 ORIGEN-S CINDER QE2 pB1 pB1 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SB 79 3.361E-01 3.125E-01 2.889B-01 1.076 1.000 0.924 1.08 1.16 1.08 3.336B-01 3.1021-01 2.867B-01 1.076 1.000 0.924 1.08 1.16 1.08 
KR 85 2.8703-05 2.901B-05 2.980B-05 0.984 0.995 1.022 0.99 0.96 0.97 6.328B-25 6.393B-25 6.560B-25 0.985 0.995 1.021 0.99 0.96 0.97 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 
SR 90 4.711B+01 4.774E+Ol 4.981E+O1 0.977 0.990 1.033 0.99 0.95 0.96 2.736B-06 2.771B-06 2.890B-06 0.977 0.990 1.033 0.99 0.95 0.96 

Y 90 4.712B+Ol 4.7751+01 4.982B+01 0.977 0.990 1.033 0.99 0.95 0.96 2.737B-06 2.771B-06 2.8901-06 0.978 0.990 1.032 0.99 0.95 0.96 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0.0 0.0 

ZR 93 1.490E+00 1.5241+00 1.503B+00 0.990 1.012 0.998 0.98 0.99 1.01 1.490B+OO 1.5231+00 1.5021+00 0.990 1.012 0.998 0.98 0.99 1.01 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
TC 99 1.1108+01 1.126E+01 1.127B+01 0.990 1.004 1.005 0.99 0.98 1.00 1.1081+01 1.124B+01 1.125B+Ol 0.990 1.004 1.005 0.99 0.98 1.00 
RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PD107 9.804E-02 8.615B-02 9.135B-02 1.067 0.938 0.995 1.14 1.07 0.94 9.8041-02 8.614E-02 9.134B-02 1.068 0.938 0.995 1.14 1.07 0.94 
SN126 6.337E-01 4.576E-01 5.136E-01 1.185 0.855 0.960 1.38 1.23 0.89 6.307B-01 4.5541-01 5.111B-01 1.185 0 . 8 5 5  0.960 1.38 1.23 0.89 
SB125 0.0 0.0 1.585E-29 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  
1129 2.6671-02 2.721B-02 2.596B-02 1.002 1.022 0.975 0.98 1.03 1.05 2.667B-02 2.7211-02 2.5968-02 1.002 1.022 0.975 0.98 1.03 1.05 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 0.0 0.0 1.6691-39 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 
CS135 3.540B-01 3.522B-01 3.197B-01 1.035 1.030 0.935 1.01 1.11 1.10 3.5391-01 3.5218-01 3.196B-01 1.035 1.030 0.935 1.01 1.11 1-10 
CS137 8.454B+01 8.729E+01 8.946E+Ol 0.971 1.002 1.027 0.97 0.95 0.98 7.9951-06 9.0433-06 9.268B-06 0.912 1.031 1.057 0.88 0 . 8 6  0.98 
CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 . 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
ND144 1.2621-09 1.2921-09 1.330E-09 0.975 0.998 1.027 0.98 0.95 0.97 1.262B-09 1.292B-09 1.330B-09 0.975 0.998 1.027 0.98 0.95 0.97 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PPI147 0.0 0.0 5.5751-30 0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SU147 4.145B-06 5.295E-06 5.2761-06 0 . 8 4 5  1.079 1.076 0.78 0.79 1.00 4.1453-06 5.2951-06 5.276B-06 0.845 1.079 1.076 0.78 0.79 1.00 
SH148 4.127B-11 2.863E-11 2.9283-11 1.248 0 . 8 6 6  0 . 8 8 6  1.44 1.41 0.98 4.127E-11 2.863B-11 2.928B-11 1.248 0.866 0.886 1.44 1.41 0.98 
SH149 7.145B-13 7.660E-13 6.03OE-13 1.029 1.103 0 . 8 6 8  0.93 1.18 1.27 7.1451-13 7.6601-13 6.030B-13 1.029 1.103 0 . 8 6 8  0.93 1.18 1.27 
SH150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SM151 3.208B+01 2.9291+01 2.291B+01 1.142 1.043 0.815 1.10 1.40 1.28 1.459B-01 1.3353-01 1.0441-01 1.140 1.044 0.816 1-09 1.40 1.28 
SI4152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
BU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
BU154 2.6501-07 2.508E-07 2.0991-07 1.095 1.037 0 . 8 6 8  1.06 1.26 1.19 0.0 0.0 6.593B-32 0.0 0.0 0.0 0.0 0.0 0.0 
BU155 3.2491-15 3.153B-15 2.4451-15 1.102 1.069 0.829 1.03 1.33 1.29 0.0 0.0 7.9923-58 0.0 0.0 0.0 0.0 0 . 0  0 . 0  
U234 1.527E+OO 1.508E+00 1.118B+OO 1.103 1.089 0 . 8 0 8  1.01 1.37 1.35 1.5883+00 1.568B+OO 1.1373+00 1.110 1.096 0.795 1.01 1 . 4 0  1.38 
U235 1.519B-02 1.430B-02 1.297B-02 1.073 1.010 0.916 1.06 1.17 1.10 1.54013-02 1.4501-02 1.297B-02 1.078 1.015 0.908 1.06 1.19 1.12 
U236 2.120E-01 2.135B-01 2.122E-01 0.997 1.004 0.998 0.99 1.00 1.01 2.215B-01 2.218B-01 2.122B-01 1.014 1.015 0.971 1.00 1.04 1.05 
U238 3.2033-01 3.204E-01 3.210E-01 0.999 0.999 1.001 1.00 1.00 1.00 3.203B-01 3.204B-01 3.210B-01 0.999 0.999 1.001 1.00 1.00 1.00 

NP237 5.332B-01 5.168B-01 1.868B-01 1.293 1.254 0.453 1.03 2.85 2.77 8.796B-01 8.489B-01 1.8688-01 1.378 1.330 0.293 1.04 4.71 4.54 
PU238 1.762B+02 1.727E+02 1.317E+02 1.100 1.078 0.822 1.02 1.34 1.31 8.259B-01 8.407B-01 5.8638-01 1.100 1.119 0.781 0.98 1.41 1.43 
PU239 2.989B+02 3.013E+02 2.188E+02 1.095 1.104 0.801 0.99 1.37 1.38 2.932B+02 2.955B+02 2.1441+02 1.095 1.104 0.801 0.99 1.37 1.38 
PU240 4.730E+02 4.127B+02 4.085B+02 1.096 0.957 0.997 1.15 1.16 1.01 4.391B+02 3.832B+02 3.7341+02 1.096 0.957 0.947 1.15 1.16 1.01 
PU241 1.660B-01 1.552B-01 6.681B-02 1.283 1.200 0.517 1.07 2.48 2.32 9.8258-02 7.274B-02 3.090B-16 1.724 1.276 0.000 1.35 **** **** 
PU242 1.508E+00 1.449E+00 1.7741+00 0.956 0.919 1.125 1.04 0.85 0.82 1.507B+00 1.447B+OO 1.7713+00 0.957 0.919 1.124 1.09 0 . 8 5  0.82 
AH241 2.544B+03 2.438E+03 2.077B+03 1,081 1.036 0.883 1.04 1.22 1.17 8.279E+02 7.9351+02 6.7581+02 1.081 1.036 0.883 1.09 1.23 1.17 
AH242 1.782E+00 2.124E+00 8.721B-01 1.119 1.334 0.548 0.84 2.04 2.44 7.321B-02 8.7261-02 3.583B-02 1.119 1.334 0 . 5 4 8  0.84 2.04 2.44 
AH243 1.371B+01 1.239B+01 1.3571+01 1.037 0.937 1.026 1.11 1.01 0.91 1.284E+01 1.160B+01 1.2711+01 1.037 0.937 1.026 1.11 1.01 0.91 
cH242 1.4731+00 1.756E+00 7.233B-01 1.118 1.333 0.549 0.84 2.04 2.43 6.0541-02 7.216E-02 2.9721-02 1.118 1.333 0.549 0.84 2.04 2.43 
(311243 1.023B-02 2-8178-03 7.007E-03 1.530 0.421 1.048 3.63 1.46 0.40 4.132B-10 1.138B-10 2.829B-10 1.531 0.422 1.048 3.63 1.46 0.40 
(3244 1.509B-02 1.155B-02 1.266E-02 1.152 0.882 0.966 1.31 1.19 0.91 2.832B-11 2.6721-14 3.9291-14 2.994 0.003 0.003 **** **** 0.91 
CH245 1.039B-01 7.6883-02 7.898B-02 1.200 0.888 0.912 1.35 1.32 0.97 9.809B-02 7.2616-02 7.0591-02 1.200 0.888 0.912 1.35 1.32 0.97 
a 2 4 6  1.9673-02 1.6423-02 1.7413-02 1.103 0.921 0.976 1.20 1.13 0.94 1.7751-02 1.9821-02 1.5713-02 1.103 0.921 0.976 1-20 1.13 0.94 

AVERAGE-ABSOLUTE-DEVIATION, AS X 10.29 9.13 11.87 16.7 30.5 27.7 17.50 12.67 16.85 **** **** **** 
AV-ABS-DBV EXCLUDING LARGEST ONE, X 7.98 7.04 10.80 9.9 25.5 22.3 8.72 7.92 11.88 17.6 33.8 31.4 
AV-ABS-DBV EXCLUDING LARGEST TWO, X 7.04 6.49 9.89 8.7 18.5 15.5 7.29 6.89 10.13 9.9 22.1 19.7 
NUCS EXCLUDED, 1ST/2ND: SM148 CH243 NP237 / (31245 AH243 PU241 (31244 CH243 PU241 / SPIl48 M 2 4 3  NP237 



CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/ITU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  10 KYR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER GIN QR2 pBs 

AVG AVG AVG ORS CIN CIN 
SE 79 3.030E-01 2.8181-01 2.605E-01 1.075 1.000 0.925 1.08 1.16 1.08 
RR 85 0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0.0 0.0 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
Y 90 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 93 1.484E+00 1.517B+00 1.496B+00 0.990 1.012 0.998 0.98 0.99 1.01 
ZR 95 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
TC 99 1.076E+01 1.09lE+01 1.092E+01 0.990 1.004 1.005 0.99 0.99 1.00 
RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PD107 9.794E-02 8.606B-02 9.1251-02 1.067 0.938 0.995 1.14 1.07 0.94 
SN126 5.925E-01 4.279B-01 4.802E-01 1.185 0.855 0.960 1.38 1.23 0.89 
58125 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I129 2.666E-02 2.720B-02 2.595E-02 1.002 1.022 0.975 0.98 1.03 1.05 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS135 3.5291-01 3.512B-01 3.1881-01 1.035 1.030 0.935 1-00 1.11 1.10 
CS137 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
ND144 1.262E-09 1.292B-09 1.33OE-09 0.975 0.998 1.027 0.98 0.95 0.97 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
~ 1 1 4 7  0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
S1147 4.1453-06 5.2953-06 5.276E-06 0 . 8 4 5  1.079 1.076 0.78 0.79 1.00 
S1148 4.127E-11 2.8633-11 2.928E-11 1.248 0.866 0.886 1.44 1.41 0.9B 
S1149 7.1453-13 7.660E-13 6.0301-13 1.029 1.103 0.868 0.93 1.18 1.27 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
snisi i.i46~-3i 0 . 0  8.217B-32 1.165 0.0 0.835 0.0 1.39 0.0 
~ 1 1 5 2  0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU155 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
U234 1.5561+00 1.5373+00 1.108E+00 1.111 1.098 0.791 1.01 1.40 1.39 
U235 1.7691-02 1.6823-02 1.2971-02 1.118 1.063 0.820 1.05 1'.36 1.30 
U236 2.9681-01 2.8751-01 2.122E-01 1.118 1.083 0.799 1.03 1.90 1.35 
U238 3.203E-01 3.2041-01 3.210E-01 0.999 0.999 1.001 1.00 1.00 1.00 

NP237 1.044E+00 1.006E+00 1.862B-01 1.401 1.350 0.250 1.04 5.61 5 . 4 0  
PU238 2.171E-19 2.583E-19 1.059B-19 1.120 1.333 0.547 0.84 2.05 2.44 
PU239 2.282E+02 2.298E+02 1.655B+02 1.098 1.106 0.796 0.99 1.38 1.39 
PU240 1.691E+02 1.4753+02 1.964E+02 1.096 0.956 0.949 1.15 1.16 1.01 
PU241 4.7161-02 3.492E-02 0.0 1.149 0.851 0.0 1.35 0.0 0.0 
PU242 1.4831+00 1.4231+00 1.742E+00 0.957 0.918 1.124 1.04 0.85 0.82 
AM241 4.763E-02 3.6858-02 3.641B-04 1.684 1.303 0.013 1.29 8.88 88.8 
AM242 l.1OOE-19 1.3081-19 5.3693-20 1.121 1.332 0.547 0.84 2.05 2.44 
AM243 5.512E+OO 4.9811+00 5.457E+00 1.037 0.937 1.026 1.11 1.01 0.91 
a 2 4 2  9.1243-20 1.0851-19 4.453E-20 1.121 1.333 0.547 0.84 2.05 2.44 
cn243 0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
a 2 4 9  2.8293-11 0.0 0.0 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  

OI246 4.7491-03 3.9631-03 4.2011-03 1.103 0.921 0.976 1.20 1.13 0.94 

AVERAGE-ABSOLUTE-DEVIATION, AS X 12.59 11.57 18.29 13.0 8 8 8 8  8.88 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 10.23 10.93 15.88 11.1 46.1 46.7 
AV-ABS-DEV EXCLUDING LARGEST TWO. X 8.50 9.83 13.51 10.2 29.1 30.5 
NUCS EXCLUDED, 1ST/2ND: ,51148 AM243 AH241 / CM245 NP237 

~ 1 2 4 5  4.7083-02 3.485~-02 3.57313-02 1.200 0.889 0.911 1.35 1.32 0.98 

CURIES PER MTU 



CASE: BUR, 4.15 WT X U-235, 4.172 AT X BURNUP (40.0 GWD/MTU, APPROX.) CURIES PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  3 0  DAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I: V I  ...................... 
SE 79 
KR 85 
SR 89 
SR 90 

Y 90 
Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
cs134 
CS135 
CSl37 
CE144 
ND143 
ND144 
ND145 
ND146 
Ptl147 
sn147 
SUl48 
SUl49 
SU150 
sn15 1 
SI1 52 
EU153 
EU154 
EUl55 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU239 
PU240 
PU241 
PU242 
AU241 
AU242 
AU243 
(31242 
(31243 
cu244 
Cn245 
(31246 

- _ _  ... _ _  - . 
ORIGEN2 ORIGEN-S CINDER pBa ORIGEN2 ORIGBN-S CINDER pBs pB? pBz 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
4.9321-01 4.592E-01 4.2211-01 1.076 1.002 0.921 1.07 1.17 1.09 4.9323-01 4.5911-01 4.221E-01 1.077 1.002 0.921 1.07 1.17 1.09 
l.l18E+04 1.1048+04 1.131E+04 1.000 0.988 1.012 1.01 0.99 0.98 8.138E+03 8.035E+03 8.229B+03 1.000 0.988 1.012 1.01 0.99 0.98 
4.068E+05 4.199E+05 4.174E+O5 0.981 1.013 1.007 0.97 0.97 1.01 7.9641-06 8.2221-06 8.186B-06 0.980 1.012 1.008 0.97 0.97 1.00 
9.0991+04 8.9283+04 9.316E+04 0.998 0.980 1.022 1.02 0.98 0.96 8.0941+04 7.942B+04 8.2878+04 0.998 0.980 1.022 1.02 0.98 0.96 
9.105E+04 8.9311+04 9.319E+04 0.999 0.979 1.022 1.02 0.98 0.96 8.096E+04 7.9443+04 8.2898+04 0.998 0.980 1.022 1.02 0.98 0.96 
5.660E+05 5.801E+05 5.827E+05 0.982 1.007 1.011 0.98 0.97 1.00 3.241B-04 3.322B-04 3.342B-04 0.982 1.006 1.012 0.98 0.97 0.99 
2.250E+00 2.2493+00 2.2223+00 1.004 1.004 0.992 1.00 1.01 1.01 2.250B+00 2.2493+00 2.222B+OO 1.004 1.009 0.992 1.00 1.01 1.01 
8.217E+05 8.3673+05 8.266E+05 0.992 1.010 0.998 0.98 0.99 1.01 2.9073-03 2.9558-03 3-0311-03 0.981 0.997 1.022 0.98 0.96 0.97 
1.0643+06 1.0818+06 1.066Ec06 0.994 1.010 0.996 0.98 1.00 1-01 6.454E-03 6.561E-03 6.703B-03 0.982 0.998 1.020 0.98 0.96 0.98 
1.586B+01 1.594E+01 1.593E+01 0.997 1.002 1.001 0.99 1.00 1.00 1.5863+01 1.5941+01 1.593B+01 0.997 1.002 1.001 0.99 1.00 1.00 
4.3743+05 4.147E+05 4.3178+05 1.022 0.969 1.009 1.05 1.01 0.96 1.4873+04 1.409B+04 1.4671+04 1.022 0.969 1.009 1.06 1.01 0.96 
1.193E-01 1.132B-01 1.193E-01 1.017 0.965 1.017 1.05 1.00 0.95 1.193E-01 1.132E-01 1.193B-01 1.017 0.965 1.017 1.05 1.00 0.95 
8.255E-01 6.339E-01 6.9701-01 1.148 0 . 8 8 2  0.970 1.30 1.18 0.91 8.2551-01 6.3391-01 6.969E-01 1.148 0.882 0.970 1.30 1.18 0.91 

3.594B-02 3.817E-02 3.6398-02 0.976 1.036 0.988 0.94 0.99 1.05 3.605E-02 3.828E-02 3.651E-02 0.976 1.036 0.988 0.94 0.99 1.05 

1.724E+05 1.6871+05 1.6813+05 1.016 0.994 0.990 1.02 1.03 1.00 3.300E+04 3.230E+04 3.2191+04 1.015 0.994 0.991 1.02 1.03 1.00 
6.097E-01 6.8031-01 6.2293-01 0.956 1.067 0.977 0.90 0.98 1.09 6.097B-01 6.803B-01 6-2298-01 0.956 1.067 0.977 0.90 0.98 1.09 
1.236E+05 1.228E+05 1.257B+05 0.997 0.990 1.013 1.01 0.98 0.98 l.l03E+05 1.0978+05 1.123E+05 0.996 0.990 1.014 1.01 0.98 0.98 
8.9686+05 8.986B+05 9.0121+05 0.998 1.000 1.003 1.00 1.00 1.00 1.1231+04 1.1261+04 1.131E+04 0.997 0.999 1.004 1.00 0.99 1.00 

1.6321-09 1.578E-09 1.636B-09 1.010 0.977 1.013 1-03 1.00 0.96 1.961B-09 1.9091-09 1.968B-09 1.008 0.981 1.011 1.03 1.00 0.97 

1.2653+04 9.318B+03 7.495B+03 1.288 0.949 0.763 1.36 1.69 1.24 3.6971+03 2.7243+03 2.191E+03 1.288 0.949 0.763 1.36 1.69 1.24 

0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 

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

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  
1.308E+05 1.7643+05 1.6503+05 0.831 1.121 1.098 0.74 0.79 1.07 3.5898+04 4.834B+04 4.523E+04 0.832 1.120 1.098 0.74 0.79 1.07 
2.359B-06 2.444E-06 2.7281-06 0.940 0.974 1.087 0.97 0 . 8 6  0.90 4.706E-06 5.678B-06 5.754B-06 0.875 1.056 1.070 0.83 0.82 0.99 
6.921B-11 5.174B-11 5.3348-11 1.191 0.891 0.918 1.34 1.30 0.97 6.9451-11 5.1986-11 5.3623-11 1.190 0.891 0.919 1.34 1.30 0.97 
7.626E-13 9.901B-13 7.4101-13 0.917 1.191 0.891 0.77 1.03 1.34 7.6261-13 9.902B-13 7.410E-13 0.917 1.191 0.891 0.77 1.03 1.34 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3.951E+02 4.5511+02 3.239E+02 1.010 1.163 0.828 0.87 1.22 1.41 3.804E+02 4.382E+02 3.119E+02 1.009 1.163 0.828 0.87 1.22 1.40 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  
1.267E+04 1.282E+04 1.094E+04 1.043 1.056 0.901 0.99 1.16 1.17 8.524E+03 8.6241+03 7.3591+03 1.043 1.056 0.901 0.99 1.16 1.17 
7.613B+03 8.403E+03 6.700B+03 1.005 1.110 0.885 0.91 1.14 1.25 3.829B+O3 4.2261+03 3.370B+03 1.005 1.110 0.885 0.91 1.14 1.25 
1.358E+00 1.314E+00 1.3323+00 1.017 0.985 0.998 1.03 1.02 0.99 1.404E+00 1.3651+00 1.3471+00 1.023 0.995 0.982 1.03 1.04 1.01 
1.948B-02 2.1821-02 2.03OE-02 0.949 1.063 0.989 0.89 0.96 1.07 1.948B-02 2.1821-02 2.03OB-02 0.949 1.063 0.989 0.89 0.96 1.07 
3.411B-01 3.4401-01 3.441E-01 0.994 1.003 1.003 0.99 0.99 1.00 3.412E-01 3.440B-01 3.441E-01 0.994 1.003 1.003 0.99 0.99 1.00 
3.142E-01 3.134B-01 3.143E-01 1.001 0.998 1.001 1.00 1.00 1.00 3.142E-01 3.134B-01 3.143B-01 1.001 0.998 1.001 1.00 1.00 1.00 
4.18713-01 4.094B-01 3.3961-01 1.076 1.052 0.872 1.02 1.23 1.21 4.201E-01 4.108B-01 3-3991-01 1.076 1.053 0.871 1.02 1.24 1.21 
3.197E+03 3.546B+03 2.649E+03 1.021 1.133 0.846 0.90 1.21 1.34 3.290B+03 3.648B+03 2.768B+03 1.017 1.128 0.856 0.90 1.19 1.32 
3.028E+02 3.6253+02 2.5521+02 0.987 1.181 0.832 0.84 1.19 1.42 3.0281+02 3.624B+02 2.552B+02 0.987 1.181 0.832 0.84 1.19 1.42 
5.327B+02 4.8543+02 4.796E+02 1.067 0.972 0.961 1-10 1.11 1.01 5.3358+02 4.862B+02 4.7948+02 1.068 0.973 0.959 1.10 1.11 1.01 
1.2963+05 1.4343+05 1.2141+05 0.986 1.091 0.923 0.90 1.07 1.18 1.0238+05 1.137B+05 9.6288+04 0.983 1.092 0.925 0.90 1.06 1.18 
1.8443+00 1.949E+OO 2.355E+OO 0.900 0.951 1.149 0.95 0.78 0.83 1.844B+00 1.949B+00 2.3558+00 0.900 0.951 1.149 0.95 0.78 0.83 
1.7701+02 2.199E+02 1.8813+02 0.908 1.128 0.965 0 . 8 0  0.94 1.17 1.082B+O3 1.2243+03 1.03681+03 0.971 1.099 0.930 0 . 8 8  1.00 1.18 
9.6OOE+OO 1.764B+01 6.723E+00 0.848 1.558 0.594 0.54 1.43 2.62 9.387B+00 1.725E+01 6.5741+00 0.848 1.558 0.594 0.54 1.43 2.62 
1.9271+01 2.164E+Ol 2.3791+01 0.894 1.003 1.103 0.89 0.81 0.91 1.926B+01 2.1631+01 2.378B+01 0.893 1.003 1.103 0.89 0.81 0.91 
4.365E+04 4.820B+04 4.4811+04 0.958 1.058 0.984 0.91 0.97 1.08 2.8983+01 3.770B+01 2.6931+01 0.929 1.208 0.863 0.77 1.08 1.40 
2.2921+01 6.468E+00 2.0661+01 1.374 0.388 1.238 3.54 1.11 0.31 2.034E+01 5.7391+00 1.833B+01 1.374 0.388 1.238 3.54 1.11 0.31 
2.269E+03 2.400B+03 2.759E+03 0.916 0.969 1.114 0.95 0.82 0.87 1.8803+03 1.988E+03 2.2861+03 0.916 0.969 1.114 0.95 0.82 0.87 
1.800E-01 2.1843-01 2.495E-01 0.833 1.011 1.155 0 . 8 2  0.72 0 . 8 8  1.799E-01 2.1831-01 2.0941-01 0.833 1.011 1.155 0.82 0.72 0.88 
4-1028-02 5.125E-02 5.8941-02 0.814 1.017 1.169 0 .80  0.70 0.87 4.099E-02 5.1211-02 5.8901-02 0.814 1.017 1.169 0.80 0.70 0.87 

AVERAGE-ABSOLUTE-DEVIATION, AS X 6.32 7.31 7.15 15.2 11.4 14.9 
AV-ABS-DEV EXCLUDING LARGEST ONE, X Si17 5.86 6.12 8.3 9.3 9.9 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 4.64 4.26 4.94 8.3 9.3 9.'9 
NUCS EXCLUDED. 1ST/2ND: SB125 (31243 SM151 / SU148 An242 PU238 

6.45 7.56 7.56 15.6 11.7 15.4 
5.32 6.14 6.96 8.7 9.7 10.5 
4.59 4.77 5.43 8.7 9.7 10.5 

68125 a 2 4 3  SU151 snioa m 2 4 2  ~ ~ 2 4 2  

e 
e 
0 



CASE: BWR, 4-15 UT X U-235. 4.172 AT X BURNUP (40.0 GWD/MTU, APPROX.) CURIES PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  2 0  YP . . . . . . . . . . . . . . . . . . . . . .  - .. 
ORIGEN2 ORIGEN-S CINDER = pBs 

AVG AVG 
4.9321-01 4.591E-01 4.2211-01 1.077 1.002 
5.890E+03 5.8153+03 5.956B+03 1.001 0.988 1.012 1-01 0.99 0.98 3.085i+03 
1.034E-16 1.066E-16 1.0643-16 0.980 1.011 1.009 0.97 0.97 1.00 0.0 0.0 1.796E-38 0 . 0  0.0 0.0 0.0 0.0 0.0 
7.1853+04 7.0511+04 7.357B+04 0.998 0 . 9 8 0  1.022 1.02 0.98 0.96 5.664B+04 5.5573+04 5.799B+04 0.998 0.979 1.022 1.02 0.98 0.96 
7.1873+04 7.053E+04 7.359E+04 0.998 0.980 1.022 1.02 0.98 0.96 5.6653+04 5.55981+04 5.8001+04 0.998 0.980 1.022 1.02 0.98 0.96 

2.2501+00 2.249E+00 2.222B+00 1.004 1.004 0.992 1.00 1.01 1.01 2.250B+00 2.2491+00 2.2223+00 1.000 1.004 0.992 1.00 1.01 1.01 

1.586E+01 1.5943+01 1.5933+01 0.997 1.002 1.001 0.99 1.00 1.00 1.586B+01 1.5941+01 1.593E+01 0.997 1.002 1.001 0.99 1.00 1.00 

1.301B-13 1.333E-13 1.343E-13 0.981 1.006 1.013 0.98 0.97 0.99 2.096B-32 0.0 2.169B-32 0.983 0.0 1.017 0.0 0.97 0.0 

7.431E-12 7.539E-12 8.035E-12 0.969 0.983 1.048 0.99 0.92 0.94 4.855B-29 0.0 5.647E-29 0.925 0.0 1.075 0.0 0 . 8 6  0.0 
1.650E-11 1.674E-11 1.777E-11 0.970 0.985 1.045 0.99 0.93 0.94 1.078E-28 0.0 1.249E-28 0.927 0.0 1.073 0.0 0 . 8 6  0.0 

4.7753+02 4.5271+02 4.715E+02 1.022 0.969 1.009 1.05 1.01 0.96 5.031E-01 4.670B-01 4-8661-01 1.036 0.962 1.002 1.08 1.03 0.96 
1.193E-01 1.132E-01 1.193E-01 1.017 0.965 1.017 1.05 1.00 0.95 1.193E-01 1.1321-01 1.193E-01 1.017 0.965 1.017 1.05 1.00 0.95 
8.2541-01 6.3391-01 6.9691-01 1.148 0.882 0.970 1.30 1.18 0.91 8.2541-01 6.338B-01 6.9693-01 1.148 0.882 0.970 1.30 1.18 0.91 
1.058E+03 7.794B+02 6.270E+02 1.288 0.949 0.763 1.36 1.69 1.24 8.662B+01 6.382Bc01 5.134E+Ol 1.288 0.949 0.763 1.36 1.69 1.20 
3.605E-02 3.828E-02 3.651E-02 0.976 1.036 0 .988  0.94 0.99 1.05 3.605B-02 3-828B-02 3.6511-02 0.976 1.036 0.988 0.94 0.99 1.05 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
6.145B+03 6.015E+O3 5.994Et03 1.015 0.994 0.991 1.02 1.03 1.00 2.1311+02 2.085B+02 2.0798+02 1.016 0.994 0.991 1.02 1.03 1.00 

9.825E+04 9.781E+04 1.001Et05 0.995 0.991 1.014 1.00 0.98 0.98 7.798E+O4 7.773E+04 7.9578+04 0.990 0.991 1.015 1.00 0 .98  0.98 
6.0973-01 6.803E-01 6.2293-01 0.956 1.067 0.977 0.90 0.98 1.09 6.0971-01 6.803E-01 6.229E-01 0.956 1.067 0.977 0.90 0.98 1.09 

1.308E+02 1.311E+02 1.320E+02 0.996 0.998 1.005 1.00 0.99 0.99 1.7721-02 1.778B-02 1.796B-02 0.994 0.998 1.008 1.00 0.99 0.99 

-_ ... 
OR2 ORIGEN2 ORIGIN-S CINDER p B ? p B z p B B  

AVG ORS CIN CIN % % %! OR8 CIN CIN 
0.921 1.07 1.17 1.09 4.931E-01 4.5911-01 4.22OB-01 1.076 1.002 0.921 1.07 1.17 1.09 

3.046E+03 3.120B+03 1.000 0.988 1.012 1.01 0.99 0.98 
SE 79 
KR 8 5  
SR 89 
SR 90 

Y 90 
Y 91 

ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CE144 

ND144 1.9653-09 1.913E-09 1.972B-09 1.008 0.981 1.011 1.03 1.00 0.97 1.965B-09 1.9131-09 1.972E-09 1.008 0.981 1.011 1.03 1.00 0.97 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0 -  

ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PM147 9.577B+03 1.29OE+O4 1.207Et04 0.832 1.120 1.048 0.74 0.79 1.07 6.8201+02 9.182B+02 8.593E+02 0.832 1.120 1.048 0.74 0.79 1.07 
SM147 5.351B-06 6.567E-06 6.5863-06 0.868 1.065 1.068 0.81 0.81 1.00 5.569E-06 6.8683-06 6-8671-06 0.865 1.067 1.067 0.81 0.81 1.00 
snl48 6.945B-11 5.1983-11 5.362E-11 1.190 0.891 0.919 1.34 1.30 0.97 6.945E-11 5.1981-11 5.362E-11 1.190 0.891 0.919 1.34 1.30 0.97 
SM149 7.6263-13 9.902B-13 7.4101-13 0.917 1.191 0.891 0.77 1.03 1.34 7.626B-13 9.902E-13 7.410B-13 0.917 1.191 0.891 0.77 1.03 1.34 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SMl5l 3.661E+02 4.217E+02 3.001E+02 1.010 1.163 0.828 0.87 1.22 1.41 3.389E+02 3.9043+02 2.779B+02 1.009 1.163 0.828 0.87 1.22 1.90 
sni52 0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 5.6971+03 5.7643+03 4.9181+03 1.043 1.056 0.901 0.99 1.16 1.17 2.5441+03 2.5743+03 2.1963+03 1.043 1.056 0.901 0.99 1.16 1.17 
BU155 1.903E+O3 2.101E+03 1.675E+03 1.005 1.110 0 . 8 8 5  0.91 1.14 1.25 4.7051+02 5.194E+02 4.1428+02 1.005 1.110 0.885 0.91 1.14 1.15 
U234 1.450B+00 1.416E+00 1.3611+00 1.029 1.005 0.966 1.02 1.07 1.04 1.5361+00 1.511E+00 1.3891+00 1.039 1.022 0.939 1.02 1.11 1.09 
U235 1.948B-02 2.182B-02 2.030B-02 0.949 1.063 0.989 0.89 0.96 1.07 1.949B-02 2.182B-02 2.0301-02 0.949 1.062 0.988 0.89 0.96 1.07 
U236 3.413E-01 3.441B-01 3.441E-01 0.995 1.003 1.003 0.99 0.99 1-00 3.415E-01 3.443E-01 3.441B-01 0.995 1.003 1.002 0.99 0.99 1.00 
U238 3.142E-01 3.1341-01 3.1433-01 1.001 0.998 1.001 1.00 1.00 1.00 3.142E-01 3.1341-01 3.1433-01 1.001 0.998 1.001 1.00 1.00 1.00 

NP237 4.2243-01 4.135B-01 3.399E-01 1.078 1.055 0.867 1.02 1.24 1.22 4.300E-01 4.220B-01 3.3993-01 1.082 1.062 0.856 1.02 1.27 1.24 
PU238 3.163E+03 3.508B+03 2.6611+03 1.017 1.128 0 . 8 5 5  0,.90 1.19 1.32 2.9233+03 3.242B+03 2.459B+03 1.017 1.128 0 . 8 5 5  0.90 1.19 1.32 
PU239 3.0271+02 3.624E+02 2.5511+02 0.987 1.181 0.832 0.84 1.19 1.42 3.026B+02 3.6231+02 2.551B+02 0.987 1.181 0.832 0.84 1.19 1.42 
PU240 5.341E+02 4.870B+02 4.791B+02 1.068 0.970 0.958 1.10 1 . 1 1  1.02 5.349B+02 4.8798+02 4.7861+02 1.069 0.975 0.956 1.10 1.12 1.02 
PU241 8.040E+04 8.983B+04 7.6063+04 0.979 1.094 0.926 0.90 1.06 1.18 4.968E+04 5.605B+04 4.7461+04 0.973 1.098 0.929 0.89 1.05 1.18 
PU242 1.844E+00 1.949E+OO 2.355E+00 0 . 9 0 0  0.951 1.149 0.95 0.78 0.83 1.8443+00 1.9491+00 2.355B+00 0.900 0.951 1.149 0.95  0.78 0.83 
AH241 1.799B+03 2.023E+03 1.712B+03 0.975 1.097 0.928 0.89 1.05 1.18 2.785B+03 3.129E+03 2.647B+03 0.976 1.096 0.928 0 .89  1.05 1.18 
AH242 9.175B+00 1.6861+01 6.4251+00 0.848 1.558 0.594 0.54 1.43 2.62 8.766B+00 1.611E+01 6.1391tOO 0.848 1.558 0.594 0 . 5 4  1.43 2.62 
AH243 1.926E+01 2.1621+01 2.377E+01 0.894 1.003 1.103 0.89 0.81 0.91 1.924B+01 2.160E+01 2.3751+01 0.894 1.003 1.103 0.89 0.81 0.91 
CM242 7.600E+00 1.3961+01 5.3393+00 0.848 1.557 0.595 0.54 1.42 2.61 7.250B+00 1.332E+01 5.092B+00 0.848 1.557 0.595 0.54 1.42 2.62 
(33243 1.801E+01 5.0821+00 1.6238+01 1.374 0.388 1.238 3.54 1.11 0.31 1.412E+01 3.9851+00 1.273B+01 1.374 0.388 1.239 3.54 1.11 0.31 
(311244 1.552B+03 1.642B+03 1.887E+03 0.916 0.969 1.114 0.95 0.82 0.87 1.0593+03 1.1201+03 1.287E+03 0.917 0.969 1.114 0.95 0.81 0.81 
(311245 1.7981-01 2.1823-01 2.4931-01 0.833 1.011 1.155 0.82 0.72 0 . 8 8  1.7971-01 2.180B-01 2.491E-01 0.833 1.011 1.155 0.82 0.72 0.88 
(31246 4.096B-02 5.1183-02 5.8851-02 0.814 1.017 1.169 0 . 8 0  0.70 0.87 4.0901-02 5.110E-02 5.877E-02 0.814 1.017 1.169 0.80 0.70 0.87 

AVERAGE-ABSOLUTE-DEVIATION, AS X 6.72 8.42 8.32 16.1 12.8 18.4 7.11 9.21 8.70 17.5 13.5 20.0 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 5 . 6 0  7.05 7.37 9.2 10.7 13.6 5.99 7.76 7.75 10.0 11.5 14.9 
AV-ABS-DEV EXCLUDING LARGEST TWO, I 9 . 9 0  5.76 6.30 8.3 10.0 10.0 5.30 6.38 6.69 9.1 10.7 10.9 
NUCS EXCLUDED, 1ST/2ND: SB125 cn243 Sn151 / SM148 AH242 PU242 SB125 CM243 SM151 / S1148 AM242 PU242 



CASE: BWR, 4.15 WT X U-235, 4.172 AT X BURNUP (40.0 GWD/PITU, APPROX.) CURIES PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER CIN m m ORIGEN2 ORIGBN-S CINDER pBa pBs pB2 pB2 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
4.9291-01 4.5893-01 4.2191-01 1.076 1.002 0.921 1.07 1.17 1.09 4.9271-01 4.5871-01 4.2171-01 1.076 1.002 0.921 1.07 1.17 1.09 
4.4353+02 4.3781+02 4.4843+02 1.001 0.988 1.012 1.01 0.99 0.98 1.7491+01 1.7261+01 1.7681+01 1.001 0.988 1.012 1.01 0.99 0.98 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 

2.7741+04 2.722B+04 2.8401+04 0.998 0.980 1.022 1.02 0.98 0.96 8.4383+03 8.2771+03 8.6381+03 0.998 0.979 1.022 1.02 0.98 0.96 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

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

2.7733+04 2.721E+04 2.8391+04 0.998 0.980 1.022 1.02 0.98 0.96 8.436B+03 8.275B+03 8.6361+03 0.998 0.979 1.022 1.02 0.98 0.96 

2.2503+00 2.2493+00 2.2221+00 1.004 1.004 0.992 1.00 1.01 1-01 2.2501+00 2.2491+00 2.2221+00 1.004 1.004 0.992 1.00 1.01 1.01 

1.586E+01 1.5941+01 1.5931+01 0.997 1.002 1.001 0.99 1.00 1.00 1.5861+01 1.5941+01 1.5931+01 0.997 1.002 1.001 0.99 1.00 1.00 
5.5261-10 5.1281-10 5.3521-10 1.036 0.961 1.003 1.08 1.03 0.96 6.4621-25 5.9921-25 6.2721-25 1.035 0.960 1.005 1.08 1.03 0.96 
1.193E-01 1.1321-01 1.193E-01 1.017 0.965 1.017 1.05 1.00 0.95 1.1931-01 1.1321-01 1.1931-01 1.017 0.965 1.017 1.05 1.00 0.95 
8.2521-01 6.3371-01 6.9671-01 1.148 0.882 0.970 1.30 1.18 0.91 8-2491-01 6-3353-01 6.9651-01 1.148 0.882 0.970 1.30 1.18 0.91 
4.7561-02 3.5031-02 2.8203-02 1.288 0.949 0.764 1.36 1.69 1.24 1.7501-07 1.2891-07 1.0381-07 1.288 0.948 0.764 1.36 1.69 1.24 
3.605E-02 3.8281-02 3.651E-02 0.976 1.036 0.988 0.94 0.99 1.05 3.605B-02 3.8281-02 3.6511-02 0.976 1.036 0.988 0.94 0.99 1.05 

8.8881-03 8.6931-03 8.6701-03 1.016 0.993 0.991 1.02 1.03 1.00 4.458B-10 4.3571-10 4.3493-10 1.016 0.993 0.991 1.02 1.03 1.00 
6.0961-01 6.8021-01 6.2291-01 0.956 1.067 0.977 0.90 0.98 1.09 6.096B-01 6.8021-01 6.2291-01 0.956 1.067 0.977 0.90 0.98 1.09 
3.8991+04 3.901E+04 3.9941+04 0.992 0.992 1.016 1.00 0.98 0.98 1.2281+04 1.2371+04 1.2661+04 0.987 0.995 1.018 0.99 0.97 0.98 
4.4111-14 4.436E-14 4.5301-14 0.989 0.995 1.016 0.99 0.97 0.98 2.0171-33 0.0 2.1161-33 0.976 0.0 1.020 0.0 0.95 0.0 

1.9651-09 1.9133-09 1.9721-09 1.008 0.981 1.011 1.03 1.00 0.97 1.965B-09 1.9131-09 1.9721-09 1.008 0.981 1.011 1.03 1.00 0.97 

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

0 . 0  - 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.4631-01 3.31313-01 3.1021-01 0.832 1.120 1.048 0.74 0.79 1.07 4.5103-07 6.0583-07 5.6761-07 0.833 1.119 1.048 0.74 0.79 1.07 
5.586B-06 6.8911-06 6.889B-06 0.865 1.067 1.067 0.81 0.81 1.00 5-5861-06 6.8913-06 6.8893-06 0.865 1.067 1.067 0.81 0.81 1.00 
6.9451-11 5.1981-11 5.3621-11 1.190 0.891 0.919 1.34 1.30 0.97 6.9451-11 5.198B-11 5.3621-11 1.190 0.891 0.919 1.34 1.30 0.97 
7.626B-13 9.9021-13 7.4101-13 0.917 1.191 0.891 0.77 1.03 1.34 7.6261-13 9.9021-13 7.4101-13 0.917 1.191 0.891 0.77 1.03 1.34 

SE 79 
KR 8 5  
SR 89 
'SR 90 
Y 90 
Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS134 
CS135 
CS137 
CE144 
ND143 
N D  1 4 4 
ND145 
ND146 
P1147 
,51147 
S1148 

S1150 
S115 1 
S1152 
EU153 
EU154 
EU155 
U234 
U235 
U236 
U238 

NP237 
. PU238 
PU239 
PU240 
PU241 
PU242 
An24 1 
An242 
An243 
(31242 
(31243 

cs 1 3.3 

sq149 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  

2.6901+02 3.0991+02 2.205B+02 1.010 1.163 0.827 0.87 1.22 1.41 1.8301+02 2.1081+02 1.5011+02 1.009 1.163 0.828 0.81 1.22 1.40 

2.2671+02 2.293E+02 1.9571+02 1.044 1.056 0.901 0.99 1.16 1.17 4.0311+00 4.0761+00 3.4791+00 1.044 1.055 0.901 0.99 1.16 1.17 
7.105E+OO 7.8471+00 6.2573+00 1.005 1.110 0.885 0.91 1.14 1.25 6.5541-03 7.2441-03 5.7771-03 1.004 1.110 0.885 0.90 1.13 1.25 
1.7571+00 1.7573+00 1.459E+OO 1.060 1.060 0 .880  1.00 1.20 1.20 2.0281+00 2.0571+00 1.5451+00 1.081 1.096 0.823 0.99 1.31 1.33 
1.9503-02 2.183E-02 2.0301-02 0.949 1.063 0.988 0.89 0.96 1.08 1.9511-02 2.1851-02 2.0301-02 0.949 1.063 0.988 0.89 0.96 1.08 
3.419E-01 3.447E-01 3.4411-01 0.995 1.003 1.002 0.99 0.99 1.00 3.4271-01 3.4541-01 3.4411-01 0.996 1.004 1.000 0.99 1.00 1.00 
3.142B-01 3.1341-01 3.1431-01 1.001 0.998 1.001 1.00 1.00 1.00 3.1421-01 3.1341-01 3.143B-01 1.001 0.998 1.001 1.00 1.00 1.00 
4.6391-01 4.6021-01 3.3991-01 1.101 1.092 0.807 1.01 1.36 1.35 5.2811-01 5.3291-01 3.3998-01 1.131 1.141 0.728 0.99 1.55 1.57 
2.3081+03 2.5611+03 1.9421+03 1.017 1.128 0 .855  0.90 1.19 1.32 1.5571+03 1.7291+03 1.3091+03 1.017 1.129 0.855 0.90 1.19 1.32 
3.0241+02 3.6201+02 2.548E+02 0.987 1.181 0.832 0.84 1.19 1.42 3.0201+02 3.6151+02 2.5451+02 0.987 1.181 0.832 0.89 1.19 1.42 
5.352B+02 4.8841+02 4.7713+02 1.070 0.976 0.954 1.10 1.12 1.02 5.3321+02 4.8671+02 4.7461+02 1.070 0.977 0.953 1.10 1.12 1.03 
1.172B+04 1.362E+04 1.153E+04 0.954 1.108 0.938 0 . 8 6  1.02 1.18 1.0561+03 1.2891+03 1.0921+03 0.922 1.125 0.953 0.81 0.97 1.18 
1.8441+00 1.944E+OO 2.355E+OO 0.900 0.951 1.149 0.95 0.78 0.83 1.844B+00 1.9493+00 2.3551+00 0.900 0.951 1.149 0.95 0.78 0.83 
3.882E+03 4.3843+03 3.7071+03 0.973 1.098 0.929 0.89 1.05 1.18 3.9201+03 4.4431+03 3.7581+03 0.970 1.100 0.930 0.88 1.04 1.18 
7.6461+00 1.4051+01 5.3541+00 0.848 1.558 0.594 0.54 1.43 2.62 6.087E+00 1.118E+Ol 4.2621+00 0.898 1.558 0.594 0.54  1.43 2.62 
1.9181+01 2.1541+01 2.3681+01 0.893 1.003 1.103 0.89 0.81 0.91 1.909B+01 2.1441+01 2.357E+Ol 0.893 1.003 1.103 0.89 0.81 0.91 
6.3231+00 1.162E+01 4.4411+00 0.847 1.557 0.595 0.54 1.42 2.62 5.0343+00 9.2491+00 3.5353+00 0.848 1.557 0.595 0 . 5 4  1.42 2.62 
6.8071+00 1.9211+00 6.1351+00 1-374 0.388 1.238 3.54 1.11 0.31 2.0181+00 5.6931-01 1.8181+00 1.374 0.388 1.238 3.54 1.11 0.31 

969 1.114 0.95 0.82 0.87 4.9541+01 5.2391+01 6.0241+01 0.916 0.969 1.119 0.95 0.82 0.87 (31244 3.3583+02 3.5518+02 4.083E+02 0.91.6 0. 
C1245 1.793B-01 2.1751-01 2.4853-01 0.834 1 
C1246 4.0723-02 5.0881-02 5.8511-02 0.814 1 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.40 9 
AV-ABS-DEV EXCLUDING LARGEST ONE. X ,5.97 8 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.48 6 
NUCS EXCLUDED, 1ST/2ND: SB125 C1243 NP2 

011 1.155 0.82 0.72 0 . 8 8  1.7858-01 2.1661-01 2.4741-01 0.833 1.011 1.155 0.82 0.72 0 . 8 8  
017 1.169 0 . 8 0  0.70 0.87 4.0428-02 5.0501-02 5.808B-02 0.814 1.017 1.169 0.80 0.70 0.87 

41 9.20 17.5 14.1 20.6 7.64 9.90 9.51 18.1 14.9 22.0 
17 8.16 10.1 12.0 15.5 6.16 8.52  8.30 10.5 12.9 16.8 
5 0  6.98 9.1 11.2 11.6 5 . 4 8  7.03 7.12 9.8 10.9 11.6 
7 / S1148 An242 51151 SB125 C1243 NP237 '/ S1148 AM242 U234 

' .  . . A  * ' ' 1 ' .  ' # .  



). ' .' . . 0 .  . I ' *  

CASE: BWR, 4.15 WT X U-235, 4.172 AT X BURNUP (40.0 GWD/HTU. APPROX.) CURIES PER HTU 

. . . . . . . . . . . . . . . . . . . . . .  300 YR . . . . . . . . . . . . . . . . . . . . . .  .....***** ******..*.** 1 KYR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER m m m ORIGBN2 ORIGBN-S CINDER pBa pBs a pBa pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
SE 79 4.916E-01 4.5773-01 4.2081-01 1.076 1.002 0,921 1.07 1.17 1.09 4.8801-01 4.5931-01 4.1771-01 1.076 1.002 0.921 1.07 1.17 1.09 
KR 8 5  4.2331-05 4.173E-05 4.2781-05 1.001 0.987 1.012 1.01 0.99 0.98 9.3326-25 9.1981-25 9.418E-25 1.002 0.987 1.011 1.01 0.99 0.98 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 7.2271+01 7.0813+01 7.3921+01 0.999 0.979 1,022 1.02 0.98 0.96 4.1971-06 4.1101-06 4.2893-06 1.000 0.979 1.022 1.02 0.98 0.96 

Y 90 7.2283+01 7.083E+01 7.3943+01 0.999 0.979 1.022 1.02 0,98 0.96 4.1981-06 4.111E-06 4.2903-06 1.000 0.979 1.022 1.02 0.98 0.96 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 93 2.2503+00 2.2491+00 2.222E+OO 1.004 1.004 0.992 1.00 1.'01 1.01 2.249E+00 2.248B+00 2.2211+00 1.004 1.004 0.992 1.00 1.01 1.01 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
TC 99 1.5858+01 1.5931+01 1.5919+01 0.997 1.002 1.001 0.99 1.00 1.00 1.5813+01 1.5893+01 1.5881+01 0.997 1.002 1.001 0.99 1.00 1.00 
RU106 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PD107 1.1931-01 1.132E-01 1.193E-01 1.017 0.965 1.017 1.05 1.00 0.95 1.193E-01 1.1321-01 1.1931-01 1.017 0.965 1.017 1.05 1.00 0.95 
SN126 8.2381-01 6.326E-01 6.9553-01 1.148 0.882 0.970 1.30 1.18 0.91 8.198E-01 6-2961-01 6.9213-01 1.148 0.882 0.970 1.30 1.18 0.91 
SB125 0.0 0.0 1.9103-29 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
I129 3.605E-02 3.8283-02 3.6513-02 0.976 1.036 0.988 0.94 0.99 1.05 3.605E-02 3-8283-02 3.6513-02 0.976 1.036 0.988 0.94 0.99 1.05 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 0.0 0.0 2.7523-39 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS135 6.096E-01 6.8028-01 6.2293-01 0.956 1.067 0.977 0.90 0.98 1.09 6.0953-01 6.8011-01 6.2271-01 0.956 1.067 0.977 0.90 0.98 1.09 
CS137 1.208E+02 1.2493+02 1.279E+02 0.970 1.003 1.027 0.97 0.94 0.98 1.1423-05 1.294B-05 1.3258-05 0.911 1.032 1.057 0 .88  0 . 8 6  0.98 
CE144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 1.9653-09 1.9131-09 1.9723-09 1.008 0.981 1.011 1.03 1.00 0.97 1.9653-09 1.9133-09 1.9721-09 1.008 0.981 1.011 1.03 1.00 0.97 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PI4147 0.0 0.0 6.3658-30 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
811147 5.5868-06 6.8911-06 6.8891-06 0.865 1.067 1.067 0.81 0.81 1.00 5.5868-06 6.891E-06 6.8893-06 0.865 1.067 1.067 0.81 0.81 1.00 
SH148 6.9451-11 5.1981-11 5.362B-11 1.190 0.891 0.919 1.34 1.30 0.97 6.9451-11 5-1981-11 5.3623-11 1.190 0.891 0.919 1.34 1.30 0.97 
SH149 7.6261-13 9.9021-13 7.4101-13 0.917 1.191 0.891 0.77 1.03 1.34 7.626E-13 9.9021-13 7.4103-13 0.917 1.191 0.891 0.77 1.03 1.34 
SHl50 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SH151 3.922E+Ol 4.5183+01 3.2169+01 1.009 1.163 0.828 0.87 1.22 1.40 1.7851-01 2.0593-01 1.4651-01 1.009 1.163 0.828 0.87 1.22 1.41 
SH152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 1 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
EU154 4.026E-07 4.0651-07 3.4723-07 1.045 1.055 0.901 0.99 1.16 1.17 0.0 0.0 1.0911-31 0.0 0.0 0.0 0.0 0.0 0.0 
1U155 4.7456-15 5.2603-15 4.1973-15 1.002 1 . 1 1 1  0,887 0.90 1.13 1.25 0.0 0.0 1.3721-57 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  
U234 2.471B+00 2.5503+00 1.6873+00 1.105 1.140 0.754 0.97 1.46 1.51 2.5833+00 2.6773+00 1.7216+00 1.110 1.150 0.740 0.96 1.50 1.56 
U235 1.9573-02 2.192E-02 2.0303-02 0.950 1.064 0.986 0.89 0.96 1.08 1.9788-02 2.2171-02 2.0301-02 0.953 1.068 0.978 0.89 0.97 1.09 
U236 3.4583-01 3.483E-01 3.4413-01 0.999 1.006 0.994 0.99 1.00 1.01 3.5633-01 3.5783-01 3.4411-01 1.010 1.014 0.976 1.00 1.04 1.04 
U238 3.142E-01 3.1343-01 3.1433-01 1.001 0.998 1.001 1.00 1.00 1.00 3.1423-01 3.1343-01 3.143E-01 1.001 0.998 1.001 1.00 1.00 1.00 

NP237 7.4733-01 7.8163-01 3.3983-01 1.200 1.255 0.546 0.96 2.20 2.30 1.1383+00 1.2253+00 3.3983-01 1.263 1.360 0.377 0.93 3.35 3.61 
Pu238 3.2303+02 3.604E+02 2.7143+02 1.015 1.132 0.853 0.90 1.19 1.33 1.460E+00 1.7583+00 1.2023+00 0.991 1.193 0.816 0.83 1.21 1.46 
Pu239 3.004E+02 3.5963+02 2.5308+02 0.987 1.182 0.831 0.84 1.19 1.42 2.947E+02 3.5281(+02 2.4803+02 0.987 1.182 0.831 0.84 1.19 1.42 
Pu240 5.221E+02 4.7663+02 4.6463+02 1.070 0.977 0.953 1.10 1.12.1.03 4.848E+02 4.4251+02 4.3151+02 1.070 0.977 0.953 1.10 1.12 1.03 

PU242 1.844E+00 1.9493+00 2.3548+00 0.900 0.951 1.149 0.95 0.78 0.83 1.842E+OO 1.9471+00 2.3521+00 0.900 0.951 1.149 0.95 0.78 0.83 
AH241 2.8713+03 3.2573+03 2.7543+03 0.970 1.100 0.930 0 . 8 8  1.04 1.18 9.3433+02 1.0601+03 8.9636+02 0.970 1.100 0.930 0.88 1.04 1.18 

AH243 1.874E+01 2.1048+01 2.313E+01 0.894 1.003 1.103 0.89 0.81 0.91 1.7551+01 1.9706+01 2.166E+Ol 0.894 1.003 1.103 0.89 0.81 0.91 

PU241 2.455E-01 3.1683-01 8.7573-02 1.133 1.462 0.404 0.77 2.80 3.62 1.6621-01 2.0161-01 4.0491-16 1.356 1.644 0.000 0.82 **** **** 

AH242 2.4453+00 4.492B+00 1.712E+00 0.848 1.558 0.594 0 . 5 4  1.43 2.62 1.0051-01 1-8461-01 7.0341-02 0.848 1.558 0.594 0.54 1.43 2.62 

CH242 2.0223+00 3.7151+00 1.420Et00 0.848 1.557 0.595 0.54 1.42 2.62 8-3091-02 1.5261-01 5.8356-02 0.848 1.557 0.595 0 . 5 4  1.42 2.62 
CH243 1.5573-02 4.3921-03 1.4031-02 1.374 0.388 1.238 3.55 1.11 0.31 6.289B-10 1.7741-10 5.6661-10 1.374 0.388 1.238 3.55 1.11 0.31 
CH244 2.347E-02 2.48OE-02 2.8533-02 0.917 0.969 1.114 0.95 0.82 0.87 3.9431-11 5-7401-14 6.6001-14 2.991 0.004 0.005 ***I S O * *  0.87 
CH245 1.756B-01 2.1311-01 2.434E-01 0.833 1.011 1.155 0.82 0.72 0.88 1.6591-01 2.0131-01 2.2991-01 0.834 1.011 1.155 0.82 0.72 0 . 8 8  
CH246 3-9268-02 4.9051-02 5.6411-02 0.814 1.017 1.169 0 . 8 0  0.70 0.87 3.5431-02 4-4261-02 5.0918-02 0.814 1.017 1.169 0 . 8 0  0.70 0.E7 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.67 11.79 12.21 18.5 21.4 32.8 14.62 16.00 16.89 **I* so++ **++ 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.25 9.27 10.55 11.4 17.1 25.0 7.26 10.29 11.32 20.2 21.1 31.7 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.08 7.43 8.17 9.5 12.1 12.8 5.87 7.72 8.57 12.8 14.3 22.9 
NUCS EXCLUDED, 1ST/2ND: SH148 CH243 PU241 / (313246 AH242 NP237 -244 (31243 PU241 / SH148 AH242 NP237 
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CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PUR, 3.2 UT X C 33 GUD/HTU WATTS PER HTU 

**++*++++*+*+*.**..**+ 30 DAY *+++* ++***...**+*tt*++ **+..**.+++++++*..**++ 5 YR .+*+++. +.++....+*+*++. 
ORIGEN2 ORIGEN-S CINDER- &2 pBs pBa ORIGEN2 ORIGBN-S CINDER -na? = p82 PBS 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SE 79 1.019B-04 7.7851-05 7.787B-05 1.187 0.907 0.907 1.31 1.31 1.00 1.0198-04 7.7843-05 7.7871-05 1.187 0.907 0.907 1.31 1.31 1-00 
KR 8 5  1.410E+01 1.410B+01 1.410E+01 1.000 1.000 1.000 1.00 1.00 1.00 1.026E+01 1.026E+01 1.0263+01 1.000 1.000 1.000 1.00 1.00 1.00 
SR 89 2.0053+03 2.005B+03 2.0053+03 1.000 1.000 1.000 1.00 1.00 1.00 3.9321-08 3.9261-08 3.9343-08 1.000 0.999 1.001 1.00 1-00 1.00 
SR 90 8.4721+01 8.472B+01 8.4683+01 1.000 1.000 1.000 1.00 1.00 1.00 7.536B+01 7.5361+01 7.533B+01 1.000 1.000 1.000 1.00 1.00 1.00 
Y 90 4.0481+02 4.0471+02 4.0531+02 1.000 0.999 1.001 1.00 1.00 1.00 3.5991+02 3.600E+02 3.60581+02 0.999 1.000 1.001 1.00 1.00 1.00 
Y 91 2.9143+03 2.9143+03 2.9111+03 1.000 1.000 0.999 1.00 1.00 1.00 1.6698-06 1.6681-06 1.669E-06 1.000 1.000 1.000 1-00 1-00 1-00 

ER 93 2.0991-04 2.0983-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 2.099B-04 2.0981-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 
ER 95 6.0371+03 6,0371+03 5.998E+03 1.002 1.002 0.996 1.00 1.01 1-01 2.1363-05 2.1321-05 2.1991-05 0.991 0.989 1.020 1-00 0.97 0.97 
NB 95 7.398B+03 7.398E+03 7.3929+03 1.000 1.000 0.999 1.00 1.00 1-00 4.490B-05 4.483B-05 4.626B-05 0.991 0.989 1.020 1-00 0.97 0.97 
TC 99 6.5551-03 6.5551-03 6.560E-03 1.000 1.000 1.001 1.00 1.00 1.00 6.5551-03 6.555B-03 6 . 5 6 0 1 - 0 3  1.000 1.000 1.001 1-00 1-00 1.00 

PD107 6.652E-06 6.1161-06 6.113E-06 1.057 0.972 0.971 1.09 1.09 1.00 6.6521-06 6.1163-06 6.1131-06 1.057 0.972 0.971 1.09 1.09 1.00 
RU106 3.271Ec01 3.261B+Ol 0.0 1.002 0.998 0.0 1.00 0.0 0.0 1.112B+00 l.lOBE+OO 0.0 1.002 0.998 0.0 1.00 0.0 0.0 , 

SN126 9.696B-04 9.697B-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 9.6961-04 9.696E-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 
SB125 4.5793+01 4.579E+01 4.6041+01 0.998 0.998 1.004 1.00 0.99 0.99 1.3391+01 1.339B+01 1.3461+01 0.998 0.998 1.004 1.00 0.99 0.99 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 1.543E+O3 1.543E+03 1.5413+03 1.000 1.000 0.999 1.00 1.00 1.00 2.9543+02 2.9548+02 2.9501+02 1.000 1.000 0.999 1.00 1.00 1.00 

CS137 1.151E+02 1.145B+02 0.0 1.003 0.997 0.0 1.01 0.0 0.0 1.0281+02 l.O23E+O2 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
CE144 7.771B+02 7.7701+02 0.0 1.000 1.000 0.0 1.00 0.0 0.0 9.7331+00 9.736B+00 0.0 1.000 1.000 0.0 1.00 0.0 0.0 
NU143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 0.0 1.2793-11 1.279B-11 0.0 1.000 1.000 0.0 0.0 1.00 0.0 1.7663-11 1.7661-11 0.0 1.000 1.000 0.0 0.0 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NU146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 .  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PH147 4.808E+01 4.807E+01 4.9161+01 0.993 0.992 1.015 1.00 0.98 0.98 1.323B+01 1.3221+01 1.3523+01 0.993 0.992 1.015 1.00 0.98 0.98 
SH147 1.7533-08 1.795E-08 1.7941-08 0.984 1.008 1.007 0.98 0.98 1.00 5.054B-08 5.1751-08 5.171E-08 0.985 1.008 1.007 0.98 0.98 1.00 
SH148 5.8763-13 5.852B-13 0.0 1.002 0.998 0.0 1.00 0.0 0.0 5.9073-13 5.883B-13 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
st1149 0 . 0  1.020E-14 1.010E-14 0.0 1.005 0.995 0.0 0.0 1.01 0.0 1.0201-14 1.0101-14 0.0 1.005 0.995 0 . 0  0 . 0  1.01 
SH150 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
51151 4.2191-02 4.2231-02 4.2193-02 1.000 1.001 1.000 1.00 1.00 1-00 4.0621-02 4.0663-02 4.062E-02 1.000 1.001 1.000 1.00 1.00 1.00 
SH152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
BU154 9.390B+01 9.390E+Ol 9.3801+01 1.000 1.000 0.999 1.00 1.00 1.00 6.317E+01 6.3178+01 6.310B+01 1.000 1.000 0.999 1.00 1.00 1.00 
Eu155 4.687B+00 4.686B+00 4.7101+00 0.998 0.998 1.003 1.00 1.00 0.99 2.3573+00 2.357E+OO 2.3691+00 0.998 0.998 1.003 1.00 0.99 0.99 

I129 1.453E-05 1.452B-05 1.4111-05 1.010 1.009 0.981 1.00 1.03 1-03 1.46OE-05 1.460E-05 1.421E-05 1.009 1.009 0.982 1-00 1-03 1.03 

CS135 1.1531-04 1.1533-04 1.153E-04 1.000 1.000 1.000 1.00 1.00 1.00 1.1533-04 1.153E-04 1.153B-04 1.000 1.000 1.000 1.00 1-00 1.00 

U234 3.2363-02 3.236B-02 3.239E-02 1.000 1.000 1.001 1.00 1.00 1.00 3.330B-02 3.3301-02 3.3331-02 1.000 1.000 1.001 1.00 1.00 1.00 
U235 1.5073-04 4.507B-04 4.7571-04 0.982 0.982 1.036 1.00 0.95 0.95 4.507B-04 4.5071-04 4.7571-09 0.982 0.982 1.036 1.00 0.95 0.95 
U236 6.944B-03 6.9443-03 6.9571-03 0.999 0.999 1.001 1.00 1.00 1.00 6.9463-03 6.946B-03 6.9571-03 0.999 0.999 1.001 1.00 1.00 1.00 
U238 8.054E-03 8.054E-03 8.043E-03 1.000 1.000 0.999 1-00 1-00 1.00 8.054B-03 8.054B-03 8.0431-03 1.000 1.000 0.999 1.00 1.00 1-00 

NP237 9.535B-03 9.5351-03 9.1443-03 1.014 1.014 0.972 1.00 1.04 1 . 0 4  9.5741-03 9.573E-03 9.1551-03 1.015 1.015 0.970 1-00 1.05 1.05 
Pu238 7.432B+01 7.4311+01 7.423B+01 1.000 1.000 0.999 1.00 1.00 1.00 7.723B+01 7.723B+01 7.7141+01 1.000 1.000 0.999 1.00 1.00 1.00 
Pu239 9.649E+00 9.65OE+OO 9.701E+00 0.998 0.998 1.004 1.00 0.99 0.99 9.6471+00 9.6493+00 9.700B+00 0.998 0.998 1.004 1.00 0.99 0.99 
Pu240 1.641E+01 1.6413+01 1.6378+01 1.001 1.001 0.998 1.00 1.00 1.00 1.6431+01 1.643E+01 1.6363+01 1.001 1.001 0.997 1.00 1.00 1.00 
Pu241 3.891E+OO 3.9368+00 3.9071+00 0.995 1.006 0.999 0.99 1.00 1.01 3.071E+00 3.121E+00 3.0983+00 0.992 1.008 1.000 0.98 0.99 1.01 
PU242 5.104E-02 5.2551-02 5.245E-02 0.981 1.010 1.008 0.97 0.97 1.00 5.1048-02 5-2551-02 5.2453-02 0.981 1.010 1.008 0.97 0.97 1.00 
AH241 3.819B+00 3.8088+00 3.8131+00 1.002 0.999 1.000 1.00 1.00 1.00 3.2953+01 3.242B+01 3.295B+01 1.011 0.990 0.995 1.02 1.02 1.00 
AH242 6.892B-03 6.8948-03 7.0291-03 0.993 0.994 1.013 1.00 0.98 0.98 6.7393-03 6-7411-03 6.874E-03 0.993 0.999 1.013 1.00 0.98 0.98 
AH243 5.511E-01 5.511E-01 5.508B-01 1.000 1.000 1.000 1.00 1.00 1.00 5.509E-01 5.5091-01 5.5061-01 1.000 1.000 1.000 1.00 1.00 1.00 
(31242 1.297B+03 1.297B+03 1.2991+03 1.000 1.000 1.001 1.00 1.00 1.00 8.113E-01 8.113B-01 8.0491-01 1.003 1.003 0.995 1.00 1.01 1.01 
Cn243 6.21OE-01 6.210E-01 6.1783-01 1.002 1.002 0.997 1.00 1.01 1.01 5.5101-01 5.5lOE-01 5.4821-01 1.002 1.002 0.997 1.00 1.01 1.01 
Cn244 6.7823+01 6.781EcOl 6.7791+01 1.000 1.000 1.000 1.00 1.00 1.00 5.6191+01 5.618E+Ol 5.6161+01 1.000 1.000 1.000 1.00 1.00 1.00 
CM245 4.902E-03 4.902B-03 4.9058-03 1.000 1.000 1.000 1.00 1.00 1.00 4.9001-03 4.9001-03 4.9031-03 1.000 1.000 1.000 1.00 1.00 1.00 
(31246 1.035E-03 1.035E-03 1.0251-03 1.003 1.003 0.994 1.00 1.01 1.01 1.0341-03 1.0351-03 1.025B-03 1.003 1.004 0.994 1-00 1.01 1.01 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0 . 8 5  0.52 0.75 1.1 1.8 0 . 6  0.92 0.59 0.87 1.2 2.0 0.8 

AV-ABS-DEV EXCLUDING LARGEST TWO, X 0.22 0.18 0.31 0.2 0 . 6  0 . 4  0.31 0.27 0.43 0.3 0.8 0 . 6  
NUCS EXCLUDED, lST/2ND: SE 79 PU241 U235 / PD107 NP237 SB 79 U235 / PD107 NP137 

AV-ABS-DEV EXCLUDING LARGEST ONE, X 0.39 0.28 0 . 4 5  0.4 0.9 0.5  0.47 0.35 0.57 0 . 5  1.1 0.7 
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CASE: DECAY ONLY, OF ORIGIN2 DISCHARGE RESULTS FOR PWR, 3.2 WT X C 33 GWD/UTU WATTS PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  5 0  YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER QB2 a QB2 ORIGBN2 ORIGEN-8 CINDER Qa& m p B ; L p B ; L Q a &  

AVG AVG AVG ORS CIN CIN % AVG AVG OR8 CIN CIN 
SE 79 1.0181-04 7.7811-05 7.783E-05 1.186 0.907 0.907 1.31 1.31 1.00 1.0171-04 7.7761-05 7.7791-05 1.186 0.907 0.907 1.31 1.31 1-00 
KR 8 5  5.5891-01 5.5881-01 5.5891-01 1.000 1.000 1.000 1.00 1.00 1.00 2.2043-02 2.2031-02 2.2041-02 1.000 1.000 1.000 1.00 1-00 1.00 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 2.5823+01 2.5821+01 2.5811+01 1.000 1.000 1.000 1.00 1.00 1.00 7.8541+00 7.8521+00 7.8501+00 1.000 1.000 1.000 1.00 1.00 1.00 
‘ Y 90 1.2331+02 1.2331+02 1.2353+02 0.999 0.999 1.001 1.00 1.00 1.00 3.7521+01 3.7511+01 3.7578+01 1.000 0.999 1.001 1.00 1.00 1.00 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ER 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
TC 99 6.554E-03 6.5541-03 6.559E-03 1.000 1.000 1.001 1.00 1.00 1.00 6.5531-03 6.5531-03 6.5581-03 1.000 1.000 1.001 1.00 1.00 1.00 
RUlO6 0.0361-14 4.032E-14 0.0 1.000 1.000 0.0 1.00 0.0 0.0 4.719B-29 9.7121-29 0.0 1.001 0.999 0.0 1.00 0.0 0.0 
PD107 6.6521-06 6.1161-06 6.1131-06 1.057 0.972 0.971 1-09 1.09 1-00 6.652B-06 6.1161-06 6.1131-06 1.057 0.972 0.971 1-09 1.09 1.00 
SN126 9.6931-04 9.6931-00 0.0 1.000 1.000 0.0 1.00 0.0 0.0 9.6891-04 9.6901-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 
SB125 1.7221-04 1.7221-04 1.733B-04 0.998 0.998 1.004 1.00 0.99 0.99 6.3401-10 6.337B-10 6.3801-10 0.998 0.998 1.004 1-00 0.99 0.99 
I129 1.4601-05 1.4603-05 1.4211-05 1.009 1.009 0.982 1.00 1.03 1.03 1.4601-05 1.4601-05 1.4211-05 1.009 1.009 0.982 1.00 1.03 1.03 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 7.9581-05 7.9511-05 7.945E-05 1.001 1.000 0.999 1.00 1.00 1.00 3.9911-12 3.9851-12 3.9851-12 1.001 0.999 1.000 1.00 1.00 1.00 
CS135 1.1533-04 1.1531-04 1.1531-04 1.000 1.000 1.000 1.00 1.00 1.00 1.1531-04 1.1531-04 1.1531-04 1.000 1.000 1.000 1.00 1.00 1.00 
CS137 3.6331+01 3.6361+01 0.0 1.000 1.000 0.0 1.00 0.0 0.0 1.1441+01 1.1531+01 0.0 0.996 1.004 0.0 0.99 0.0 0.0 
CE144 3.8221-17 3.8361-17 0.0 0.998 1.002 0.0 1.00 0.0 0.0 1.7471-36 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 0.0 1.773B-11 1.7721-11 0.0 1.000 1.000 0.0 0.0 1.00 0.0 1.7731-11 1.7721-11 0.0 1.000 1.000 0.0 0.0 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
P1147 9-0761-05 9.0631-05 9.2751-05 0.993 0.992 1.015 1.00 0.98 0.98 1.6623-10 1-6571-10 1.6971-10 0.994 0.991 1.015 1-00 0.98 0.98 
61147 6.2921-08 6.4421-08 6.4371-08 0.985 1.008 1.007 0.98 0.98 1.00 6.2921-08 6.442B-08 6.4371-08 0.985 1.008 1.007 0.98 0.98 1-00 
S1148 5.9071-13 5.8831-13 0.0 1.002 0.998 0.0 1.00 0.0 0.0 5.9071-13 5.8831-13 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
s1149 0.0 1.020E-14 1.0101-14 0.0 1.005 0.995 0.0 0.0 1.01 0.0 1.0201-14 1.010B-14 0.0 1.005 0.995 0.0 0.0 1.01 
S1150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SM151 2.8721-02 2.8751-02 2.8731-02 1.000 1.001 1.000 1.00 1.00 1.00 1.9543-02 1.9561-02 1.9591-02 1.000 1.001 1.000 1.00 1.00 1.00 
SI4152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
BU154 1.6801+00 1.6801+00 1.6781+00 1.000 1.000 0.999 1.00 1.00 1.00 2.9871-02 2.9851-02 2.9831-02 1.001 1.000 0.999 1.00 1.00 1.00 
EU155 4.374B-03 4.375B-03 4.3991-03 0.998 0.998 1.004 1.00 0.99 0.99 4.0341-06 9.0391-06 4.0618-06 0.997 0.999 1.004 1.00 0.99 0.99 
U234 4.051B-02 4.0511-02 4,0471-02 1.000 1.000 0.999 1.00 1.00 1.00 4.6021-02 4.6021-02 4.5933-02 1.001 1.001 0.999 1.00 1.00 1.00 
U235 4.5111-04 4.5111-04 4.7571-04 0.982 0.982 1.036 1.00 0.95 0.95 4.515B-04 4.5151-04 4.7571-04 0.982 0.982 1.035 1.00 0.95 0.95 
U236 6.9651-03 6.9651-03 6.9571-03 1.000 1.000 0.999 1.00 1.00 1.00 6.9861-03 6.9861-03 6.9571-03 1.001 1.001 0.997 1.00 1.00 1.00 
U238 8.0541-03 8.0541-03 8.0431-03 1.000 1.000 0.999 1.00 1.00 1.00 8.0541-03 8.0548-03 8.0431-03 1.000 1.000 0.999 1.00 1.00 1.00 

NP237 1.0851-02 1.0833-02 9.1558-03 1.056 1.054 0.891 1.00 1.19 1.18 1.2721-02 1.2713-02 9.1553-03 1.103 1.103 0.799 1.00 1.39 1.39 
PU238 5.4171+01 5.4173+01 5.4111+01 1.000 1.000 0.999 1.00 1.00 1.00 3.6541+01 3.6531+01 3.6491+01 1.001 1.000 0.999 1.00 1.00 1.00 
PU239 9.6361+00 9.6381+00 9.6871+00 0.998 0.998 1.003 1.00 0.99 0.99 9.6231+00 9.6251+00 9.6741+00 0.998 0.998 1.003 1.00 0.99 0.99 
Pu240 1.6471+01 1.647E+01 1.6281+01 1.004 1.004 0.992 1.00 1-01 1.01 1.6401+01 1.6401+01 1.6201+01 1.004 1.009 0.992 1.00 1.01 1.01 
PU241 3.520B-01 3.7393-01 3.7121-01 0.963 1.022 1.015 0.94 0.95 1.01 3.1711-02 3.5381-02 3.5131-02 0.931 1.038 1.031 0.90 0.90 1.01 
PU242 5.104B-02 5.2551-02 5.2451-02 0.981 1.010 1.008 0.97 0.97 1.00 5.1041-02 5.2551-02 5.2451-02 0.981 1.010 1.008 0.97 0.97 1.00 
AM241 1.2321+02 1.2261+02 1.2271+02 1.003 0.998 0.999 1.00 1.00 1.00 1.2451+02 1.2451+02 1.2461+02 1.000 1.000 1.001 1.00 1.00 1.00 
AM242 5.4893-03 5.4901-03 5.5981-03 0.993 0.994 1.013 1.00 0.98 0.98 4.3701-03 4.3711-03 4.4571-03 0.993 0.994 1.013 1.00 0.98 0.98 
AM243 5.4851-01 5.485E-01 5.9831-01 1.000 1.000 1.000 1.00 1.00 1.00 5.4601-01 5.4601-01 5.457B-01 1.000 1.000 1.000 1.00 1.00 1.00 
C1242 1.4741-01 1.4743-01 1.4851-01 0.998 0.998 1.005 1.00 0.99 0.99 1.1731-01 1.1731-01 1.1821-01 0.997 0.997 1.005 1.00 0.99 0.99 
C1243 1.8441-01 1.8443-01 1.8351-01 1.002 1.002 0.997 1.00 1.01 1.01 5.4671-02 5.4661-02 5.4383-02 1.002 1.002 0.997 1.00 1.01 1.01 
C1244 1.0041+01 1.0031+01 1.003E+01 1.001 1.000 1.000 1.00 1.00 1.00 1.4811+00 1.48OB+OO 1.4801+00 1.000 1.000 1.000 1.00 1.00 1.00 
(31245 4.8821-03 4.882E-03 4.8851-03 1.000 1.000 1.000 1.00 1.00 1.00 4.8621-03 4.863E-03 4.8651-03 1.000 1.000 1.000 1-00 1.00 1.00 
(31246 1.0281-03 1.0283-03 1.0181-03 1.003 1.003 0.993 1.00 1.01 1.01 1.0201-03 1.0201-03 1.0101-03 1.003 1.003 0.994 1.00 1.01 1.01 

AVBRAGB-ABSOLUTE-D1VIATION, AS X 1.13 0.71 1.12 1.4 2.6 1.1 1.37 0.89 1.45 1.5 3.4 1.7 
AV-ABS-DBV EXCLUDING LARGEST ONE, X 0.55 0.38 0.59 0.6 1.2 0.6 0.64 0.93 0.63 0.7 1.4 0.6 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 0.36 0.27 0.41 0.4 0 . 8  0.5 0.43 0.29 0.46 0.5 1.0 0.5 
NUCS EXCLUDED, lST/2ND: SE 79 S1151 NP237 / PD107 U235 SE 79 NP237 / PU241 U235 

ZR 93 2.0981-04 2.098E-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 2.0981-04 2.0983-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 

i f ,  , ., . ’ e * .  ’ 1 .  
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WATTS PER HTU CASE: PUR, 3.10 UT X U-235, 3.443 AT X BURNUP (33.0 GWD/MTU, APPROX.) 

.....*....*.****.**..* 30 DAY 0. ...*..*.*....***.... **..... ...*..........* 5 YR o.......... ........... 
ORIGIN2 ORIGEN-S CINDER W pEa ORIGENZ ORIGIN-S CINDER pBa pBz 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
1.0161-04 7.1331-05 6.578E-05 1.277 0.896 0.827 1.42 1.54 1.08 1.016B-04 7.1333-05 6.5781-05 1.277 0.896 0.827 1.92 1.54 1.08 
1.3971+01 1.390B+01 1.400E+01 1.001 0.996 1.003 1.01 1.00 0.99 l.O16E+.Ol l.OllE+Ol 1.019E+01 1.001 0.996 1.003 1.00 1-00 0.99 
1.9721+03 1.990E+O3 1.948E+03 1.001 1.010 0.989 0.99 1.01 1.02 3.863B-08 3.8978-08 3.8218-08 1.001 1.009 0.990 0.99 1.01 1.02 
8.3771+01 8.333E+O1 8.5161+01 0.996 0.991 1.013 1.01 0.98 0.98 7.452E+Ol 7.413B+01 7.575B+01 0.996 0.991 1.013 1.01 0.98 0.98 
4.003E+02 3.981E+02 4.0761+02 0.996 0.990 1.014 1.01 0.98 0.98 3.559B+02 3.541B+02 3.6253+02 0.995 0.990 1.014 1.01 0.98 0.98 

2.084E-04 2.1041-04 0.0 0.995 1.005 0.0 0.99 0.0 0.0 2.0841-04 2.104B-04 0.0 0.995 1.005 0.0 0.99 0.0 0.0 
2.8739+03 2.8921+03 2.869B+03 0.998 1.005 0.997 0.99 1-00 1.01 1.646B-06 1.656B-06 1.645B-06 0.998 1.004 0.998 0.99 1.00 1.01 

6.0053+03 6.061E+03 5.933B+03 1.001 1.010 0.989 0.99 1.01 1.02 2.1251-05 2.141E-05 2.1763-05 0.990 0.997 1.013 0.99 0.98 0.98 
7.3599+03 7.425E+03 7.289B+03 1.000 1.009 0.991 0.99 1-01 1.02 4.4671-05 4.501E-05 4.576B-05 0.989 0.997 1.014 0.99 0.98 0.98 
6.5403-03 6.6738-03 6.6601-03 0.987 1.007 1.005 0.98 0.98 1.00 6.540B-03 6.673E-03 6.6603-03 0.987 1.007 1.005 0.98 0.98 1.00 

6.833E-06 5.7858-06 6.441E-06 1.076 0.911 1.014 1.18 1.06 0.90 6.833E-06 5.7858-06 6.4413-06 1.076 0.911 1.014 1.18 1.06 0.90 
3.3483+01 3.1611+01 0.0 1.029 0.971 0.0 1.06 0.0 0.0 1.138E+00 1.074B+00 0.0 1.029 0.971 0.0 1.06 0.0 0.0 

9.8223-04 6.9658-04 0.0 1.170 0.830 0.0 1.41 0.0 0.0 9.8211-04 6.964B-04 0.0 1.170 0.830 0.0 1.41 0.0 0.0 
4.6473+01 3.052B+01 2.5551+01 1.360 0.893 0.748 1.52 1.82 1.19 1.359E+01 8.9258+00 7.472E+00 1.360 0.893 0.747 1.52 1.82 1.19 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 
1.5648+03 1.542B+03 1.5461+03 1.009 0.994 0.997 1.01 1.01 1.00 2.995E+02 2.9531+02 2.9598+02 1.009 0.995 0.997 1.01 1.01 1.00 
1.140E-04 1.280B-04 1.263E-04 0.929 1.043 1.029 0.89 0.90 1.01 1.140E-04 1.2803-04 1.263B-04 0.929 1.043 1.029 0.89 0.90 1.01 
1.152E+02 1.146E+02 0.0 1.003 0.997 0.0 1.01 0.0 0.0 1.0281+02 1.0243+02 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
7.7333+02 7.774E+02 0.0 0.997 1.003 0.0 0.99 0.0 0.0 9.685B+00 9.7413+00 0.0 0.997 1.003 0.0 0.99 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 .0 0 .0  0.0 0.0 0.0 
0.0 1.248E-11 1.2473-11 0.0 1.000 1.000 0.0 0.0 1.00 0.0 1.7363-11 1.734B-11 0.0 1.001 0.999 0.0 0.0 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0 . 0  

1.4633-05 1.519B-05 1.421E-05 0.997 1.035 0.968 0.96 1-03 1.07 1.470B-05 1.5273-05 1.429B-05 0.996 1.035 0.969 0.96 1.03 1.07 

SE 79 
KR 8 5  
SR 89 
SR 90 
Y 90 
Y 91 

ER 93 
ER 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
cs134 
CS135 
cs137 
CEl44 
ND143 
ND144 
NDl45 

PM147 4.7438+01 6.317E+Ol 6.0753+01 0.830 1.106 1.064 0.75 0.78 1.04 1.305E+01 1.735E+01 1.6681+01 0.832 1.105 1.063 0.75 0.78 1.09 
SH147 1.726B-08 1.9301-08 2.0573-08 0.906 1.013 1.080 0.89 0.84 0.94 4.9838-08 6.364E-08 6.3231-08 0.851 1.087 1.063 0.78 0.80 1.02 
SH148 5.895B-13 3.9111-13 0.0 1.202 0.798 0.0 1.51 0.0 0.0 5.926B-13 3.942B-13 0.0 1.201 0.799 0.0 1.50 0.0 0.0 
SMl49 0.0 1.257E-14 1.0943-14 0.0 1.069 0.931 0.0 0.0 1.15 0.0 1.257E-14 1.0948-14 0.0 1.069 0.931 0.0 0.0 1.15 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0 .0  0 . 0  
SM151 4.211E-02 4.9883-02 3.9711-02 0.959 1-136 0.905 0.84 1.06 1.26 4.055E-02 4.802B-02 3.823E-02 0.959 1.136 0.905 0.84 1.06 1.26 
SM152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 .0  0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 0 . 0  0 . 0  
EU154 9.572B+01 9.6233+01 8.453E+Ol 1.039 1.044 0.917 0.99 1.13 1.14 6.4408+01 6.4743+01 5.686B+01 1.039 1.044 0.917 0.99 1.13 1.14 
EU155 4.781B+00 5.1371+00 4.633E+00 0.986 1.059 0.955 0.93 1.03 1.11 2.404B+00 2.583B+00 2.3303+00 0.986 1.059 0.955 0.93 1.03 1.11 

ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 

U234 3.038E-02 2.933E-02 2.879B-02 1.030 0.994 0.976 1.04 1.06 1.02 3.135E-02 3-0373-02 2.913B-02 1.035 1.003 0.962 1.03 1.08 1.04 
U235 4.240E-04 4.3363-04 4.7491-04 0.955 0.976 1.069 0.98 0.89 0.91 4.240E-04 4.3371-04 4.7493-04 0.955 0.976 1.069 0.98 0.89 0.91 
U236 6.7723-03 6.7803-03 6.7588-03 1.000 1.001 0.998 1.00 1.00 1.00 6.774E-03 6.7811-03 6.7583-03 1.000 1.001 0.998 1.00 1.00 1.00 
U238 8.058E-03 8.0503-03 8.041B-03 1.001 1.000 0.999 1.00 1.00 1.00 8.058E-03 8.0503-03 8.0413-03 1.001 1.000 0.999 1.00 1.00 1.00 

NP237 9.517B-03 9.9953-03 8.8298-03 1.007 1.058 0.935 0.95 1.08 1.13 9.5563-03 1.004E-02 8.8393-03 1.008 1.059 0.933 0.95 1.08 1.14 
PU238 7.5843+01 8.236B+01 6.8183+01 1.005 1.091 0.904 0.92 1.11 1.21 7.8923+01 8.521E+01 7.1543+01 1.005 1.085 0.911 0.93 1.10 1.19 
PU239 9.671E+00 1.085E+01 1.020B+01 0.944 1.060 0.996 0.89 0.95 1.06 9.669B+00 1.085E+01 1.0203+01 0.944 1.060 0.996 0.89 0.95 1.06 
Pu240 1.6588+01 1.4853+01 1.4721+01 1.078 0.965 0.957 1.12 1.13 1.01 1.660E+01 1.487B+01 1.4713+01 1.078 0.966 0.956 1.12 1.13 1.01 
Pu241 3.9663+00 4.5883+00 4.543E+00 0.908 1.051 1.041 0 . 8 6  0.87 1.01 3.130E+00 3.639B+00 3.603E+00 0.905 1.053 1.042 0 .86  0.87 1.01 
PU242 5.334E-02 5.6013-02 6.611B-02 0.912 0.958 1.130 0.95 0.81 0.85 5-3341-02 5.601B-02 6.611B-02 0.912 0.958 1.130 0.95 0.81 0.85 
AM241 3.881E+00 4.4933+00 4.8541+00 0 .880  1.019 1.101 0 . 8 6  0.80 0.93 3.3578+01 3.7843+01 3.806B+01 0.920 1.037 1.043 0.89 0.88 0.99 
AM242 7.0283-03 1.161E-02 5.7683-03 0.864 1.427 0.709 0.61 1.22 2.01 6.8721-03 1.135E-02 5.640E-03 0.869 1.427 0.709 0.61 1.22 2.01 
AM243 5.885B-01 6.4803-01 7.513E-01 0.888 0.978 1.134 0.91 0.78 0.86 5.882E-01 6.4778-01 7.5108-01 0 . 8 8 8  0.978 1.04 0.91 0.78 0.86 
(311242 1.349B+03 1.3533+03 1.3483+03 0.999 1.002 0.999 1.00 1.00 1.00 8.400B-01 9.622B-01 7-9593-01 0.970 1.111 0.919 0.87 1.06 1.21 
CM243 6.588E-01 1.7661-01 5.8813-01 1.388 0.372 1.239 3.73 1.12 0.30 5.845B-01 1.567E-01 5.2183-01 1.388 0.372 1.239 3.73 1.12 0.30 
CH244 7.428E+01 7.2313+01 9.2171+01 0.933 0.909 1.158 1.03 0.81 0.78 6.153E+01 5.990E+01 7.6363+01 0.933 0.909 1.158 1.03 0.81 0.78 
CH245 5.442E-03 5.8301-03 8.4351-03 0.828 0 . 8 8 8  1.284 0.93 0.65 0.69 5.4401-03 5.8281-03 8-4323-03 0.828 0.888 1.284 0.93 0.65 0.69 
CM246 1.179B-03 1.2411-03 1.584E-03 0.883 0.930 1.187 0.95 0.74 0.78 1.178E-03 1.2401-03 1.5833-03 0.883 0.930 1.187 0.95 0.74 0.78 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.21 6.73 7.39 16.4 12.6 12.0 7.38 7.12 7.44 16.8 12.8 12.3 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 5.46 5.19 5.85 8.5 10.3 7.8 5.64 5.61 5.91 9.0 10.5 8 . 0  
AV-ABS-DEV EXCLUDING LARGEST TWO, I 4.47 4.05 4.41 7.6 9.0 7.7 4.66 4-50 4.47 8.1 9.2 8 . 0  
NUCS EXCLUDED, lST/2ND: SB125 (31243 (31245 / SE 79 AM242 (31246 68125 -243 CM245 / SE 79 An242 Cn246 



SE 79 
KR 8 5  
SR 89 
SR 90 
Y 90 
Y 91 

ER 93 
ER 95 
NB 95 
TC 99 
RUlO6 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CE144 
ND143 
NDl44 
NDl45 
ND146 
PMl 47 

snr 48 
SMl49 
SMl50 
SM151 
SM152 
EU153 
EU154 
EU155 
U234 
U235 
U236 
U238 

NP2.37 
PU238 
PU239 
PU240 
PU241 
PU242 
AM241 
AM242 
AM243 
CM242 
CM243 
(33244 
-245 
CM246 

sni 47 

CASE: PUR, 3.10 WT X U-235, 3.443 AT X BURNUP (33.0 GUD/ITU, APPROX.) UATTS PER ITU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER = m ORIGEN2 ORIGEN-S CINDER m 982 pBz pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
1.016E-04 7.133E-05 6.5783-05 1.277 0.896 0.827 1.42 1.54 1.08 1.0161-04 7.132B-05 6.577B-05 1.277 0.896 0.827 1.42 1.54 1.08 
7.355E+00 7.3171+00 7.3738+00 1.001 0.996 1.003 1.01 1.00 0.99 3.8531+00 3..8331+00 3.862B+00 1.001 0.996 1.003 1.01 1.00 0.99 
5.014E-19 5.0541-19 4.9653-19 1.001 1.009 0.991 0.99 1.01 1.02 0.0 0.0 8.383E-41 0.0 0.0 0.0 0 .0  0.0 0.0 
6.616B+01 6.581E+01 6.725E+Ol 0.996 0.991 1.013 1.01 0.98 0.98 5.214E+Ol 5.1871+01 5.301E+01 0.996 0.991 1.013 1.01 0.98 0.98 
3.160B+02 3.143E+02 3.2198+02 0.996 0.990 1.014 1.01 0.98 0.98 2.491E+02 2.4771+02 2.537B+02 0.996 0.990 1.014 1.01 0.98 0.98 
6.605B-16 6.6443-16 6.6121-16 0.998 1.004 0.999 0.99 1.00 1.00 1.064B-34 0.0 1.0683-34 0.998 0.0 1.002 0 . 0  1.00 0.0 
2.084E-04 2.104E-04 0.0 0.995 1.005 0.0 0.99 0.0 0.0 2.0841-04 2.1041-04 0.0 0.995 1.005 0.0 0.99 0.0 0.0 
5.4313-14 5.4613-14 5.767E-14 0.978 0.983 1.039 0.99 0.94 0.95 3.5481-31 0.0 4.0531-31 0.934 0.0 1.066 0.0 0 . 8 8  0.0 
1.142E-13 1.148E-13 1.213E-13 0.978 0.983 1.039 0.99 0.94 0.95 7.4603-31 0.0 8.5258-31 0.933 0.0 1.067 0.0 0 . 8 8  0.0 
6.540E-03 6.6731-03 6.66OE-03 0.987 1.007 1.005 0.98 0.98 1.00 6.54OE-03 6-6733-03 6.6601-03 0.987 1.007 1.005 0.98 0.98 1.00 
3.6561-02 3.0513-02 0.0 1.029 0.971 0.0 1.06 0.0 0.0 3.922B-05 3.5603-05 0.0 1.048 0.952 0.0 1.10 0.0 0.0 
6.833E-06 5.7853-06 6.441B-06 1.076 0.911 1.014 1.18 1.06 0.90 6.833E-06 5.785B-06 6.4411-06 1.076 0.911 1.014 1.18 1.06 0.90 
9.821E-04 6.964E-04 0.0 1.170 0.830 0.0 1.41 0.0 0.0 9.820B-04 6.9641-04 0.0 1.170 0.830 0.0 1.41 0.0 0.0 
3.8891+00 2.554E+00 2.1381+00 1.360 0.893 0.747 1.52 1.82 1.19 3.184B-01 2.091B-01 1.7511-01 1.360 0.893 0.748 1.52 1.82 1.19 
1.4701-05 1.527E-05 1.429E-05 0.996 1.035 0.969 0.96 1.03 1.07 1.4708-05 1.5273-05 1.4291-05 0.996 1.035 0.969 0.96 1-03 1.07 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5.5773+01 5.498E+01 5.511E+Ol 1.009 0.994 0.997 1.01 1.01 1.00 1.9341+00 1.906E+00 1.9111+00 1.009 0.994 0.997 1.01 1.01 1.00 
1.140E-04 1.280B-04 1.2631-04 0.929 1.043 1.029 0.89 0.90 1.01 1.1401-04 1.2801-04 1.263E-04 0.929 1.043 1.029 0.89 0.90 1.01 
9.1571+01 9.128B+01 0.0 1.002 0.998 0.0 1.00 0.0 0.0 7.2681+01 7.2543+01 0.0 1.001 0.999 0.0 1.00 0.0 0.0 
1.128E-01 1.134E-01 0.0 0.997 1.003 0.0 0.99 0.0 0.0 1.5281-05 1.538B-05 0.0 0.997 1.003 0.0 0.99 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
0.0 1.742E-11 1.740E-11 0.0 1.001 0.999 0.0 0.0 1.00 0.0 1.742B-11 1.740E-11 0.0 1.001 0.999 0.0 0.0 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.4821+00 4.6291+00 4.4521+00 0.832 1.105 1.063 0.75 0.78 1.09 2.4803-01 3.2951-01 3.1701-01 0.832 1.105 1.063 0.75 0.78 1.04 
5-8781-08 7.5821-08 7.3683-08 0.847 1.092 1.061 0.78 0 . 8 0  1.03 6.181B-08 7.9941-08 7.755B-08 0.846 1.094 1.061 0.77 0 . 8 0  1.03 
5.9261-13 3.9021-13 0.0 1.201 0.799 0.0 1-50 0.0 0.0 5.926E-13 3.9421-13 0.0 1.201 0.799 0.0 1.50 0.0 0.0 
0.0 1.2571-14 1.0943-14 0.0 1.069 0.931 0.0 0.0 1.15 0.0 1.2571-14 1.0943-14 0.0 1.069 0.931 0.0 0.0 1.15 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.9021-02 4.621E-02 3.6793-02 0.959 1.136 0.904 0.84 1.06 1.26 3.612B-02 4.2781-02 3.4061-02 0.959 1.136 0.905 0.84 1.06 1.26 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
4.304E+01 4.327E+01 3.800E+01 1.039 1.044 0.917 0.99 1.13 1.14 1.922B+01 1.9321+01 1.6971+01 1.039 1.044 0.917 0.99 1.13 1.14 
1.1951+00 1.284E+00 1.158E+00 0.986 1.059 0.955 0.93 1.03 1.11 2.9543-01 3.1751-01 2.864B-01 0.985 1.059 0.955 0.93 1.03 1.11 
3.230E-02 3.140E-02 2.9461-02 1.040 1.011 0.949 1.03 1.10 1.07 3.4101-02 3.3341-02 3.0101-02 1.049 1.025 0.926 1.02 1.13 1.11 
4.241B-04 4.337E-04 4.749B-04 0.955 0.976 1.069 0.98 0.89 0.91 4.242B-04 4.3383-09 4-7491-04 0.955 0.976 1.069 0.98 0.89 0.91 
6.7761-03 6.783E-03 6.7581-03 1.001 1.002 0.998 1.00 1.00 1.00 6.780B-03 6.787B-03 6.7581-03 1.001 1.002 0.997 1.00 1.00 1.00 
8.0581-03 8.050E-03 8.0411-03 1.001 1.000 0.999 1.00 1.00 1.00 8.058B-03 8.0503-03 8-0411-03 1.001 1.000 0.999 1.00 1.00 1.00 
9.6251-03 1.011E-02 8.8391-03 1.011 1.061 0.928 0.95 1.09 1.14 9.8471-03 1.037B-02 8.8391-03 1.017 1.071 0.913 0.95 1.11 1.17 
7.588B+01 8.193E+O1 6.878E+01 1.005 1.085 0.911 0.93 1.10 1.19 7.0139+01 7.5721+01 6.3561+01 1.005 1.085 0.911 0.93 1.10 1.19 
9.6681(+00 1.085E+01 1.019E+Ol 0.944 1.060 0.996 0.89 0.95 1.06 9.6661+00 1.085E+01 1.0191+01 0.944 1.060 0.996 0.89 0.95 1.06 
1.6623+01 1.4893+01 1.470B+01 1.079 0.967 0.954 1.12 1.13 1.01 1.6641+01 1.4913+01 1.4691+01 1.080 0.967 0.953 1.12 1.13 1.02 
2.461B+00 2.8743+00 2.846E+OO 0.902 1.054 1.044 0 . 8 6  0 .86  1.01 1.520E+00 1.7943+00 1.7761+00 0.896 1.057 1.047 0.85 0 .86  1.01 
5.333E-02 5.601B-02 6.611E-02 0.912 0.958 1.130 0.95 0.81 0.85 5.3331-02 5.6011-02 6.6111-02 0.912 0.958 1.130 0.95 0.81 0 . 8 5  
5.711E+01 6.44OE+Ol 6.4513+01 0.921 1.039 1.040 0.89 0.89 1.00 8.9471+01 1.0123+02 1.0111+02 0.920 1.040 1.040 0 . 8 8  0 . 8 8  1.00 
6.7171-03 1.109E-02 5.5133-03 0.864 1.427 0.709 0.61 1.22 2.01 6.4181-03 1.060E-02 5-2681-03 0.864 1.427 0.709 0.61 1.22 2.01 
5.8801-01 6.474E-01 7.5061-01 0 . 8 8 8  0.978 1.134 0.91 0.78 0 . 8 6  5.8741-01 6.4681-01 7.4991-01 0.888 0.978 1.134 0.91 0.78 0 .86  
1.807E-01 2.982B-01 1.4653-01 0.867 1.430 0.703 0.61 1.23 2.04 1.7231-01 2.845B-01 1.397B-01 0.867 1.431 0.703 0.61 1.23 2.09 
5.176B-01 1.387B-01 4.6211-01 1.388 0.372 1.239 3.73 1.12 0.30 4.0591-01 1.0881-01 3.623B-01 1.388 0.372 1.239 3.73 1.12 0.30 

5.4381-03 5.8261-03 8-4281-03 0.828 0 . 8 8 8  1.284 0.93 0 . 6 5  0.69 5.433E-03 5.8211-03 8.4211-03 0.828 0.888 1.284 0.93 0.65 0.69 
1-1771-03 1.2391-03 1.5821-03 0.883 0.930 1.187 0.95 0.74 0.78 1.175E-03 1-2381-03 1.5791-03 0.883 0.930 1.187 0.95 0.74 0.78 

5.082E+01 4.9471+01 6.3061+01 0.933 0.909 1.158 1.03 0.81 0.78 3.466B+01 3.373E+01 4.3001+01 0.933 0.908 1.158 1.03 0.81 0.78 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.71 7.93 8.16 17.5 13.5 14.7 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 5.99 6.48 ' 6.69 9.6 11.3 10.6 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5 . 0 5  5.42 5.30 8 . 0  9.'6 8 . 0  
NUCS EXCLUDED, 1ST/2ND: SB125 (31243 .CM245 / SE 79 -242 . CM246 

, 

8.21 8.71 8.61 19.3 14.5 16.2 
6.48 7.17 7.13 10.8 12.2 11.7 
5 . 5 6  6 . 0 6  5.75 9.0 10.6 8.8 

sei25 cn243 cn245 SE 79 cn242 a 2 4 6  

, +  



CASE: PWR, 3.10 WT X U-235. 3.443 AT X BURNUP (33.0 GWD/MTU. APPROX.) WATTS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 

SB 79 1.0161-04 7.1301-05 6.5751-05 1.277 0.896 0.827 1.42 1.55 1.08 1.0151-04 7.1261-05 6.571B-05 1.277 0.896 0.827 1.42 1.54 1.08 
KR 8 5  5.5381-01 5.5081-01 5.5511-01 1.001 0.996 1.003 1.01 1.00 0.99 2.1841-02 2.1721-02 2.1891-02 1.001 0.996 1.003 1.01 1.00 0.99 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 2.5531tOl 2.5401+01 2.5951tOl 0.996 0.991 1.013 1.01 0.98 0.98 7.7671tOO 7.7241+00 7.8943+00 0.996 0.991 1.013 1.01 0.98 0.98 

Y 90 1.2201t02 1.2131+02 1.242Et02 0.996 0.990 1.014 1.01 0.98 0.98 3.710E+01 3.689Bt01 3.7781+01 0.996 0.990 1.014 1.01 0.98 0.98 

ORIGEN2 ORIGEN-S CINDER pBa ORIGEN2 ORIGEN-S CINDER pB2 pBs pBa pBz 

Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
ZR 93 2.0841-04 2.104E-04 0.0 0.995 1.005 0.0 0.99 0.0 0.0 2.0848-04 2.1041-04 0.0 0.995 1.005 0.0 0.99 0.0 0.0 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CSl33 
CS134 
CS135 
CS137 
CE144 
ND143 
ND144 
ND145 
ND146 
PMl47 
snr 47 
SMl48 
snr 49 
S1150 
S1151 
SM152 
EU153 
BU154 
EU155 
U234 

U236 
U238 

NP237 
PU238 
PU239 
PU240 
PU241 
PU2 4 2 
An241 
An242 
An243 
c12 4 2 
C1243 
121244 
(31245 
(31246 

. u235 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
6.5391-03 6.6721-03 6.659E-03 0.987 1.007 1.005 0.98 0.98 1.00 6.5381-03 6.6713-03 6.6581-03 0.987 1.007 1.005 0.98 0.98 1.00 
4.3081-14 3.9091-14 0.0 1.049 0.951 0.0 1.10 0.0 0.0 5.0371-29 4.5681-29 0.0 1.049 0.951 0.0 1.10 0.0 0.0 
6.8331-06 5.7853-06 6.4411-06 1.076 0.911 1.014 1.18 1.06 0.90 6.8331-06 5.785s-06 6.4411-06 1.076 0.911 1.014 1.18 1.06 0.90 
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ND144 
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81150 
51151 
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C1243 
C12 4 4 
CM245 
CU246 

CASE: PWR, 4.50 UT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWD/ITU, APPROX.) WATTS PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGENZ ORIGEN-S CINDER OR2 p82 ORIGEN2 ORIGEN-S CINDER PBS pBz pBz p88 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORs CIN CIN 
1.529E-04 1.081E-04 9.887B-05 1.275 0.901 0.824 1.41 1.55 1.09 1.5291-04 1.081B-04 9.886B-05 1.275 0.901 0.824 1.41 1.55 1-09 
2.0491+01 2.036E+01 2.0461+01 1.003 0.996 1.001 1.01 1.00 1.00 1.491B+01 1.482E+Ol 1.489B+01 1.003 0.996 1.001 1.01 1.00 1.00 
1.896E+03 1.941B+03 1.959B+03 0.981 1.005 1.014 0.98 0.97 0.99 3.7151-08 3.8OOB-08 3.842B-08 0.981 1.004 1-015 0.98 0.97 0.99 
1.2611+02 1.252E+02 1.2786+02 0.998 0.991 1.011 1.01 0.99 0.98 1.121B+02 1.1141+02 1.137B+02 0.997 0.991 1.011 1.01 0.99 0.98 
6.025B+02 5.980B+02 6.116B+02 0.997 0.990 1.013 1.01 0.99 0.98 5.357B+02 5.3201+02 5.440B+02 0.997 0.990 1.013 1.01 0.98 0.98 
2.773B+03 2.827B+03 2.8911+03 0.980 0.999 1.021 0.98 0.96 0.98 1.588B-06 1.619B-06 1.6588-06 0.979 0.998 1.022 0.98 0.96 0.98 
3.1521-04 3.172E-04 0.0 0.997 1.003 0.0 0.99 0.0 0 . 0  3.152B-04 3.172B-04 0.0 0.997 1.003 0.0 0.99 0.0 0.0 
5.886E+03 5.988E+03 6.0303+03 0.986 1.003 1.010 0.98 0.98 0.99 2.082E-05 2.115B-05 2.211B-05 0.975 0.990 1.035 0.98 0.94 0.96 
7.217E+03 7.3263+03 7.3971+03 0.987 1.002 1.011 0.99 0.98 0.99 4.378B-05 4.447B-05 4.6511-05 0.975 0.990 1.035 0.98 0.94 0.96 
9.378E-03 9.6433-03 9.5803-03 0.984 1.011 1.005 0.97 0.98 1.01 9.378B-03 9.643B-03 9.5801-03 0.984 1.011 1.005 0.97 0.98 1.01 
4.012B+01 3.721E+01 0.0 1.038 0.962 0.0 1.08 0.0 0.0 1.364B+00 1.2659+00 0.0 1.038 0.962 0 . 0  1.08 0.0 0.0 
1.011E-05 8.474E-06 9.5361-06 1.079 0.904 1.017 1.19 1.06 0.89 1.011B-05 8.4741-06 9.5361-06 1.079 0.904 1.017 1.19 1.06 0.89 
1.423B-03 1.040E-03 0.0 1.156 0.844 0.0 1.37 0.0 0.0 1.4231-03 1.0401-03 0.0 1.156 0.844 0.0 1.37 0.0 0.0 
5.897B+01 4.112E+01 3.369E+01 1.322 0.922 0.756 1.43 1.75 1.22 1.724B+01 1.2021+01 9.849B+00 1.322 0.922 0.756 1.43 1.75 1.22 

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

1.7186+02 1.708E+02 0.0 1.003 0.997 0.0 1.01 0.0 0.0 1.533E+02 1.5261+02 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
8.2991+02 8.3143+02 0.0 0.999 1.001 0.0 1.00 0.0 0.0 1.0393+01 1.042B+01 0.0 0.999 1.001 0.0 1.00 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

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

2.144E-05 2.283B-05 2.101B-05 0.985 1.049 0.966 0.94 1.02 1.09 2.151B-05 2.291E-05 2.11OE-05 0.985 1.049 0.966 0.94 1.02 1.09 

2.8651+03 2.696E+03 2.817B+03 1.026 0.965 1.009 1.06 1.02 0.96 5.485B+02 5.1611+02 5.394B+02 1.026 0.965 1.009 1.06 1.02 0.96 
2.178E-04 2.4051-04 2.352E-04 0.942 1.040 1.017 0.91 0.93 1.02 2.178B-04 2.4051-04 2.3523-04 0.942 1.040 1.017 0.91 0.93 1.02 

0.0 2.212B-11 2.1941-11 0.0 1.004 0.996 0.0 0.0 1.01 0.0 2.733B-11 2.731B-11 0.0 1.000 1.000 0 . 0  0.0 1.00 

4.957B+01 7.273E+01 6.7761+01 0.782 1.148 1.070 0 . 6 8  0.73 1.07 1.3631+01 1.9963+01 1.8601+01 0.783 1.147 1.069 0 . 6 8  0.73 1.07 
2.8463-08 3.1071-08 3.313B-08 0.921 1.006 1.073 0.92 0 . 8 6  0.94 6.2481-08 8.208B-08 7.9581-08 0.836 1.099 1.065 0.76 0.79 1.03 
1.107E-12 7.623E-13 0.0 1.184 0.816 0.0 1.45 0.0 0 . 0  1.111B-12 7.6591-13 0.0 1.184 0.816 0.0 1.45 0.0 0.0 
0.0 1.496E-14 1.2921-14 0.0 1.073 0.927 0.0 0.0 1.16 0.0 1.496E-14 1.2921-14 0.0 1.073 0.927 0 . 0  0.0 1.16 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5.874B-02 7.304E-02 5.3571-02 0.951 1.182 0.867 0 . 8 0  1.10 1.36 5-6563-02 7.033B-02 5.157B-02 0.951 1.182 0.867 0.80 1.10 1.36 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.6743+02 1.7043+02 1.497B+02 1.030 1.049 0.921 0.98 1.12 1.14 1.1263+02 1.146K+O2 1.0071+02 1.030 1.049 0.921 0.98 1.12 1.14 
8.648E+OO 9.2923+00 8.536E+00 0.980 1.053 0.967 0.93 1.01 1.09 4.349B+00 4.673B+00 4.2931+00 0.980 1.053 0.967 0.93 1.01 1.09 
3.5833-02 3.6311-02 3.5511-02 0.999 1.012 0.990 0.99 1.01 1.02 3.7953-02 3.8663-02 3.617B-02 1.010 1.028 0.962 0.98 1.05 1.07 
4.5831-04 4.8831-04 5.484E-04 0.920 0.980 1.100 0.94 0.84 0.89 4.5831-04 4.884B-04 5.484B-04 0.920 0.980 1.100 0.94 0.84 0.89 
1.056B-02 1.0581-02 1.0521-02 1.001 1.002 0.997 1.00 1-00 1.01 1.05613-02 1.058B-02 1.052E-02 1.001 1.002 0.997 1.00 1-00 1.01 
7.864E-03 7.851B-03 7.8441-03 1.001 1.000 0.999 1.00 1-00 1-00 7.8641-03 7.851B-03 7.8441-03 1.001 1.000 0.999 1.00 1.00 1.00 
1.655B-02 1.737E-02 1.5881-02 0.997 1.046 0.957 0.95 1-04 1.09 1.6611-02 1.743E-02 1.5891-02 0.998 1.047 0.955 0.95 1.05 1.10 
1.6848+02 1.875E+02 1.592E+02 0.981 1.092 0.927 0.90 1-06 1-18 1.7261+02 1.9168+02 1.6451+02 0.979 1.087 0.933 0.90 1.05 1.17 
1.118E+01 1.231E+01 1.115B+Ol 0.968 1.066 0.966 0.91 1.00 1.10 1.118B+01 1.2318+01 1.115B+01 0.968 1.066 0.966 0.91 1.00 1.10 
1.8949+01 1.827E+01 1.6763+01 1.053 1.016 0.932 1.04 1.13 1.09 1.902B+01 1.835B+01 1.6751+01 1.054 1.017 0.929 1.04 1.14 1.10 
5.345B+OO 5.9439+00 6.0341+00 0.926 1.029 1.045 0.90 0.89 0.98 4.2183+00 4.713B+00 4.785E+00 0.923 1.031 1.047 0.89 0 . 8 8  0.98 
8.806E-02 8.7161-02 1.051E-01 0.942 0.933 1.125 1.01 0.84 0.83 8.8063-02 8.716B-02 1.0511-01 0.942 0.933 1.125 1.01 0.84 0.83 
7.17OB+OO 7.456E+00 8.311E+00 0.938 0.975 1.087 0.96 0 . 8 6  0.90 4.7171+01 5.0641+01 5.242B+01 0.942 1.011 1.047 0.93 0.90 0.97 
1.328E-02 2.248B-02 1.0931-02 0.853 1.444 0.702 0.59 1.21 2.06 1.2983-02 2.198B-02 1.069B-02 0.853 1.444 0.703 0.59 1.21 2.06 

2.414E+03 2.5293+03 2.552B+03 0.966 1.012 1.021 0.95 0.95 0.99 1.523E+OO 1.8191+00 1.507B+00 0.942 1.125 0.932 0.84 1.01 1.21 
1.624E+00 3.457E-01 1.458B+00 1.421 0.303 1.276 4.70 1.11 0.24 1.441E+00 3.067E-01 1.294B+00 1.421 0.303 1.276 4.70 1.11 0.24 
2.065B+02 2.043E+02 2.775E+02 0.900 0.891 1.209 1.01 0.74 0.74 1.710E+02 1.6933+02 2.2998+02 0.900 0.891 1.209 1.01 0 . 7 4  0.74 
1.955B-02 2.0961-02 3.4133-02 0.786 0.842 1.372 0.93 0.57 0.61 1-9541-02 2-0953-02 3-4128-02 0.786 0.842 1.372 0.93 0.57 0.61 
5.109B-03 5.8121-03 8.151E-03 0.804 0.914 1.282 0 . 8 8  0.63 0.71 5.1061-03 5.8083-03 8.145B-03 0.804 0.914 1.282 0.88 0.63 0.71 

1.184E+00 1.314B+OO 1.5721+00 0.873 0.969 1.159 0.90 0.75 0.84 1.184E+00 1.314B+00 1.571B+00 0.873 0.969 1.158 0.90 0.75 0.84 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.60 7.24 8.35 18.5 12.9 13.8 
AV-ABS-DBV EXCLUDING LARGEST ONE, X 5.77 5.53 6.57 8 . 5  10.9 9.3 
AV-ABS-DEV EXCLUDING LARGEST TWO. X 4.57 4.34 4.88 6.7 9.6 9.3 
NlJCS EXCLUDED, 1ST/2ND: SB125 (31243 (31245 / SB 79 An242 (31246 

7.93 7.72 8.54 19.2 13.2 14.4 
6.13 6 . 0 5  6.77 9.2 11.2 9.9 
4.96 4.90 5.10 7.5 9.9 9.9 

SB125 (31243 CM245 / SB 79 AM242 a 2 4 6  



CASE: PUR, 4.50 UT % U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWDlUTU, APPROX.) WATTS PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YP . . . . . . . . . . . . . . . . . . . . . .  
m m  
0.9ai 0.824 
AVG AVG 

e e a O R 2 Q m  
ORS CIN CIN 
1.41 1.55 1.09 

0.996 1.001 
1.003 1.016 
0.991 1.011 
0.990 1.013 
0.998 1.023 
1.003 0.0 
0.976 1.061 
0.976 1.061 
1.011 1.005 
0.962 0.0 
0.’904 1.017 
0.844 0.0 
0.922 0.756 
1.049 0.966 

ORIGEN2 ORIGIN-S CINDER & ORIGEN2 ORIGEN-S 

1.5293-04 1.081E-04 9.886E-05 1.275 1.529E-04 1.08lE-04 
1.0791+01 1.072E+01 1.077E+01 1.003 1.01 1.00 0.99 5.6513+00 5.6171+00 
4.8221-19 4.9291-19 4.9923-19 0.981 0.98 0.97 0.99 0.0 0.0 8.4298-41 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 
9.957E+01 9.8871+01 1.009E+02 0.998 1.01 0.99 0.98 7.8481+01 7.7931+01 7.9543+01 0.998 0.991 1.011 1.01 0.99 0.98 
4.756E+02 4.7231+02 4.8301+02 0.997 1.01 0.98 0.98 3.748B+02 3.7221+02 3.8078+02 0.997 0.990 1.013 1.01 0.98 0.98 
6.3753-16 6.4953-16 6.663E-16 0.979 0.98 0.96 0.97 1.0273-34 0.0 1.076E-34 0.977 0 . 0  1-02) 0 . 0  0.95 0.0 
3.152E-04 3.172B-04 0.0 0.997 0.99 0.0 0.0 3.1.521-04 3.1721-04 0.0 0.997 1.003 0.0 0.99 0.0 0.0 
5.323E-14 5.3963-14 5.861B-14 0.963 0.99 0.91 0.92 3.4781-31 0.0 4.119E-31 0.916 0.0 1.084 0 . 0  0.84 0.0 
1.119E-13 1.134.E-13 1.2333-13 0.963 0.99 0.91 0.92 7.3128-31 0.0 8.6641-31 0.915 0.0 1.085 0.0 0.84 0.0 
9.3786-03 9.643B-03 9.5801-03 0.984 0.97 0.98 1.01 9.3771-03 9.642B-03 9.5791-03 0.984 1.011 1.005 0.97 0.98 1.01 
4.3801-02 4.062B-02 0.0 1.038 1-08 0.0 0.0 4.664B-05 4.1918-05 0.0 1.053 0.997 0.0 1.11 0.0 0.0 
1.0111-05 8.474E-06 9.5361-06 1.079 1.19 1.06 0.89 1.011E-05 8.4741-06 9.536E-06 1.079 0.909 1.017 1.19 1.06 0.89 
1.4231-03 1.040E-03 0.0 1.156 1.37 0.0 0.0 1.4238-03 1.0401-03 0.0 1.156 0.844 0.0 1.37 0.0 0.0 
4.933E+00 3.44OE+OO 2.819E+00 1.322 1.43 1.75 1.22 4.040E-01 2.8171-01 2.3081-01 1.322 0.922 0.756 1.43 1.75 1.22 
2.151E-05 2.291E-05 2.110E-05 0.985 0.94 1.02 1.09 2.1511-05 2.2913-05 2.1108-05 0.985 1.049 0.966 0.94 1.02 1.09 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.021E+02 9.6108+01 t.O04E+02 1.026 0.965 1.009 1.06 1.02 0.96 3.5428+00 3.3321+00 3.4831+00 1.026 0.965 1.009 1.06 1.02 0.96 
2.178E-04 2.4051-04 2.3521-04 0.942 1.040 1.017 0.91 0.93 1.02 2.1783-04 2.4051-04 2-3523-04 0.942 1.040 1.017 0.91 0.93 1.02 
1.366E+02 1.3601+02 0.0 1.002 0.998 0.0 1.00 0.0 0.0 1.084%+02 1.0811+02 0.0 1.001 0.999 0.0 1.00 0.0 0.0 
1.210s-01 1.213E-01 0.0 0.999 1.001 0.0 1.00 0.0 0.0 1.6403-05 1.6451-05 0.0 0.998 1.002 0.0 1.00 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
0.0 2.740E-11 2.7373-11 0.0 1.000 1.000 0.0 0.0 1.00 0.0 2.7901-11 2.7371-11 0 . 0  1.000 1.000 0.0 0.0 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  

AVG 

_. ... 
CINDER PBZ QBS .GX.ti QM QM QEE 

AVG AVG AVG OR8 CIN CIN 
9.885E-05 1.275 0.901 0.824 1.41 1.55 1.09 
5.6441+00 1.002 0.996 1.001 1.01 1.00 1.00 

SE 79 
KR 85 
SR 89 
SR 90 
Y 90 
Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RU106 
PD107 
SNl26 
SB125 
I129 

CSl33 
cs134 
CS135 
CS137 
CE144 
ND143 
NDl44 
ND145 

PU147 3.638B+00 5.325E+OO 4.963E+00 0.784 1.147 1.069 0 . 6 8  0.73 1.07 2.590E-01 3.7911-01 3.534E-01 0.784 1.147 1.069 0.68 0.73 1.07 
SU147 7.1833-08 9.610E-08 9.2358-08 0.828 1.108 1.064 0.75 0.78 1.04 7.4993-08 1-0081-07 9.6661-08 0.826 1.110 1.064 0.74 0.78 1.04 
SU148 1.111E-12 7.659E-13 0.0 1.184 0.816 0.0 1.45 0.0 0.0 1.111B-12 7.659E-13 0.0 1.184 0.816 0.0 1.45 0.0 0.0 
SU149 0.0 1.496E-14 1.2921-14 0.0 1.073 0.927 0.0 0.0 1.16 0.0 1.4961-14 1.2921-14 0.0 1.073 0.927 0.0 0.0 1.16 
SUlSO 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 0.0 
SU151 5.442E-02 6.7671-02 4.963B-02 0.951 1.182 0.867 0 .80  1.10 1.36 5.0393-02 6.2551-02 4.5953-02 0.951 1.182 0.867 0.80 1.10 1.36 
SU152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
KU154 7.5258+01 7.661E+01 6.7291+01 1.030 1.049 0.921 0.98 1.12 1.14 3.361E+01 3.4221+01 3.005E+01 1.030 1.049 0.921 0.98 1.12 1.14 
EU155 2.1621+00 2.323E+00 2.1351+00 0.980 1.053 0.967 0.93 1.01 1.09 5.3441-01 5.7441-01 5.2771-01 0.980 1.053 0.967 0.93 1.01 1.09 
U234 4.003E-02 4.0981-02 3.6831-02 1.019 1.043 0.938 0.98 1.09 1.11 4.3961-02 4.5341-02 3.8081-02 1.035 1.068 0.897 0.97 1.15 1.19 
U235 4.5841-04 4.8843-04 5.4843-04 0.920 0.980 1.100 0.94 0.84 0.89 4.585B-04 4.885B-04 5.4848-04 0.920 0.980 1.100 0.94 0.84 0.89 
U236 1.056E-02 1.0583-02 1.0523-02 1.001 1.002 0.997 1.00 1.00 1.01 1.0573-02 1.0591-02 1.0521-02 1.001 1.003 0.996 1.00 1.00 1.01 
U238 7.8641-03 7.8513-03 7.844E-03 1.001 1.000 0.999 1.00 1.00 1.00 7.8641-03 7.8511-03 7.8441-03 1.001 1.000 0.999 1-00 1-00 1.00 

NP237 1.6701-02 1.7531-02 1.589E-02 1.000 1.099 0.951 0.95 1.05 1.10 1.7011-02 1.786B-02 1.5893-02 1.005 1.056 0.939 0.95 1.07 1.12 
PU238 1.6601+02 1.842B+O2 1.5811+02 0.980 1.087 0.933 0.90 1.05 1.17 1.5341+02 1.702E+02 1.4611+02 0.980 1.087 0.933 0.90 1.05 1.16 
PU239 1.118B+01 1.231E+01 1.1158+01 0.968 1.066 0.965 0.91 1.00 1.10 1.1171+01 1.230E+01 1.1141+01 0.968 1.066 0.966 0.91 1.00 1.10 
PU240 1.9081+01 1.8411+01 1.674E+O1 1.055 1.018 0.926 1.04 1.14 1.10 1.9171+01 1.850E+01 1.6731+01 1.057 1.020 0.922 1.04 1.15 1.11 
PU241 3.3161+00 3.723E+00 3.7808+00 0.919 1.032 1.048 0.89 0.88 0.98 2.049E+00 2.3233+00 2.3591+00 0.913 1.035 1.051 0.88 0.87 0.98 
PU242 8.8061-02 8.7161-02 1.051E-01 0.942 0.933 1.125 1.01 0.84 0.83 8.806B-02 8.7163-02 1.0511-01 0.942 0.933 1.125 1.01 0.84 0.83 
M 2 4 1  7.8871+01 8.5033+01 8.754E+Ol 0.941 1.014 1.094 0.93 0.90 0.97 1.224E+02 1.327B+02 1.3621+02 0.938 1.017 1.044 0.92 0.90 0.97 
M 2 4 2  1.2691-02 2.1491-02 1.045E-02 0.853 1.445 0.702 0.59 1.21 2.06 1.2131-02 2.0531-02 9.9841-03 0.853 1.444 0.702 0.59 1.21 2.06 
M 2 4 3  1.183E+OO 1.3131+00 1.571E+00 0.873 0.969 1.159 0.90 0.75 0.84 1.182E+00 1.3121+00 1.5691+00 0.873 0.969 1.159 0.90 0.75 0.84 
CU242 3.413B-01 5.7753-01 2.777B-01 0.856 1.448 0.696 0.59 1.23 2.08 3.2551-01 5.5101-01 2.6481-01 0 .856  1.498 0.696 0.59 1.23 2 .08  
CU243 1.276E+00 2,7163-01 1.146E+00 1.421 0.303 1.276 4.70 1.11 0.24 1.0001+00 2.1301-01 8.9821-01 1.421 0.303 1.276 4.69 1.11 0.24 
(31244 1.4121+02 1.398B+02 1.8983+02 0.900 0.891 1.210 1.01 0.74 0.74 9.6331+01 9.533B+01 1.2951+02 0.900 0.891 1.209 1.01 0.74 0.74 
(31245 1.953E-02 2.0948-02 3.410E-02 0.786 0.842 1.372 0.93 0.57 0.61 1.952B-02 2.0923-02 3.407B-02 0.786 0.842 1.372 0.93 0.57 0.61 
CU246 5.102E-03 5.8031-03 8.1391-03 0.804 0.914 1.282 0.88 0.63 0.71 5.0951-03 5.7951-03 8.1271-03 0.804 0.914 1.282 0 . 8 8  0.63 0.71 

AVERAGE-ABSOLUTE-DEVIATION, AS I 8.23 8.57 9.35 19.8 14.2 16.9 8.73 9.41 9.84 21.8 15.1 18.6 
AV-ABS-DKV EXCLUDING LARGEST ONE, % 6.46 6.96 7.66 9.9 12.2 12.6 6.95 7.70 8.14 11.0 13.2 13.9 
AV-ABS-DEV EXCLUDING LARGEST TWO. % 5.32 5.87 6.04 7.3 10.6 10.0 5.82 6 . 5 5  6 . 5 2  8.1 11.6 11.0 
NUCS EXCLUDED, 1ST/2ND: SB125 CU243 (31245 / SE 79 CU242 -246 SB125 CI4243 -245 / SE 79 -242 (31246 

ND146 0.0 . 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0 . 0  o..o 0 . 0  



CASB: PUR, 4 . 5 0  UT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWD/HTU, APPROX.) WATTS PER ITU 

. . . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN AVG AVG AVG OR6 CIN CIN 

SE 79 1.5281-04 1.080B-04 9.881B-05 1.275 0.901 0.824 1.41 1.55 1.09 1.5271-04 1.0801-04 9.8761-05 1.274 0.901 0.824 1.41 1.55 1.09 
RR 8 5  8.1231-01 8.0723-01 8.1121-01 1.003 0.996 1.001 1.01 1.00 1.00 3.2041-02 3.1831-02 3.1991-02 1.003 0.996 1.001 1.01 1.00 0.99 
SR 89 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 90 3.8431+01 3.815B+01 3.8951+01 0.998 0.991 1.011 1.01 0.99 0.98 1.1691+01 1.1601+01 1.1851+01 0.998 0.990 1.011 1.01 0.99 0.98 

Y 90 1.8358+02 1.8221+02 1.8641+02 0.997 0.990 1.013 1.01 0.98 0.98 5.5831+01 5.5431+01 5.6691+01 0.997 0.990 1.013 1.01 0.98 0.98 
Y 91 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 

ZR 93 3.1521-04 3.172B-04 0.0 0.997 1.003 0.0 0.99 0.0 0.0 3.1521-04 3.1721-04 0.0 0.997 1.003 0.0 0.99 0.0 0.0 
ZR 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0.0 0.0 0.0 
NB 95 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
TC 99 9.3771-03 9.6411-03 9.5781-03 0.984 1.011 1.005 0.97 0.98 1.01 9.3751-03 9.6401-03 9.5771-03 0.984 1.011 1.005 0.97 0.98 1.01 
RU106 5.1231-14 4.6023-14 0.0 1.054 0.946 0.0 1.11 0.0 0.0 5.9901-29 5.3781-29 0.0 1.054 0.946 0.0 1.11 0.0 0.0 
PD107 1.0111-05 8.4743-06 9.5361-06 1.079 0.904 1.017 1.19 1.06 0.89 1.0111-05 8.4791-06 9.5361-06 1.079 0.904 1.017 1.19 1.06 0.89 
SN126 1.4231-03 1.040B-03 0.0 1.156 0.849 0.0 1.37 0.0 0.0 1.4221-03 1.0391-03 0.0 1.156 0.844 0.0 1.37 0.0 0.0 
SB125 2.2181-04 1.5463-04 1.2683-04 1.322 0.922 0.756 1.43 1.75 1.22 8.1631-10 5.6901-10 4.6683-10 1.322 0.922 0.756 1.43 1.75 1.22 
I129 2.1511-05 2.2911-05 2.1101-05 0.985 1.049 0.966 0.94 1.02 1.09 2.151B-05 2.291B-05 2.1lOB-05 0.985 1.049 0.966 0.94 1.02 1.09 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 1.4771-04 1.3891-04 1.4531-04 1.026 0.965 1.009 1.06 1.02 0.96 7.410B-12 6.9621-12 7.2873-12 1.026 0.964 1.009 1.06 1.02 0.96 
CS135 2.1781-04 2.4053-04 2.352B-04 0.942 1.040 1.017 0.91 0.93 1.02 2.178B-04 2.4051-04 2.352B-04 0.942 1.040 1.017 0.91 0.93 1.02 
CS137 5.4201+01 5.4251+01 0.0 1.000 1.000 0.0 1.00 0.0 0.0 1.7071+01 1.720B+01 0.0 0.996 1.004 0.0 0.99 0.0 0.0 
CB144 4.0821-17 4.1053-17 0.0 0.997 1.003 0.0 0.99 0.0 0.0 1.866B-36 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 0.0 2.7401-11 2.7373-11 0.0 1.000 1.000 0.0 0.0 1.00 0.0 2.7401-11 2.737B-11 0.0 1.000 1.000 0.0 0.0 1.00 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0.0 0.0 0.0 
P1147 9.3541-05 1.3683-04 1.2768-04 0.784 1.147 1.069 0.68 0.73 1.07 1.7131-10 2.5011-10 2.3341-10 0.785 1.146 1.069 0.68 0.73 1.07 
513147 7.5241-08 1.012B-07 9.7001-08 0.825 1.110 1.064 0.74 0.78 1.04 7.5243-08 1.012B-07 9.7001-08 0 . 8 2 5  1.110 1.064 0.74 0.78 1'.04 
513148 1.1111-12 7.659B-13 0.0 1.184 0.816 0.0 1.45 0.0 0.0 1.1111-12 7.6591-13 0.0 1.184 0.816 0.0 1.45 0.0 0.0 
813149 0.0 1.496B-14 1.2923-14 0.0 1.073 0.927 0.0 0.0 1.16 0.0 1.4961-14 1.2921-14 0.0 1.073 0.927 0.0 0.0 1.16 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
51151 3.9991-02.4.9731-02 3.647B-02 0.951 1.182 0.867 0 . 8 0  1.10 1.36 2.7211-02 3.3831-02 2.4811-02 0.951 1.182 0.867 0.80 1.10 1.36 
sni52 0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ELI153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 2.9951+00 3.0483+00 2.6789+00 1,030 1.049 0.921 0.98 1.12 1.14 5.3253-02 5.4171-02 4.7591-02 1.031 1.048 0.921 0.98 1.12 1.14 
EU155 8.0721-03 8.6771-03 7.9721-03 0.980 1.053 0.967 0.93 1.01 1.09 7.4453-06 8.0101-06 7.3601-06 0.979 1.053 0.968 0.93 1.01 1.09 
U234 5.4051-02 5.6543-02 4.1291-02 1.068 1.117 0.816 0.96 1.31 1.37 6.637B-02 7.0221-02 4.5201-02 1.095 1.159 0.746 0.95 1.47 1.55 
U235 4.5881-04 4.8888-04 5.4841-04 0.920 0.980 1.100 0.94 0.84 0.89 4.5921-04 4.8991-04 5.4841-04 0.920 0.981 1.099 0.99 0.84 0.89 
U236 1.058B-02 1.0601-02 1.0521-02 1.001 1.003 0.996 1.00 1.01 1.01 1.0611-02 1.0631-02 1.0523-02 1.002 1.004 0.994 1.00 1.01 1.01 
U238 7.8643-03 7.851E-03 7.8441-03 1.001 1.000 0.999 1.00 1.00 1.00 7.8641-03 7.8511-03 7.844B-03 1.001 1.000 0.999 1.00 1.00 1-00 

NP237 1.838B-02 1.935B-02 1.589B-02 1.028 1.083 0.889 0.95 1.16 1.22 2.0981-02 2.2211-02 1.5891-02 1.065 1.128 0.807 0.94 1.32 1.40 
PU238 1.211B+02 1.3441+02 1.1531+02 0.980 1.087 0.933 0.90 1.05 1.17 8.1643+01 9.068B+01 7.7761+01 0.979 1.088 0.933 0.90 1.05 1.17 
PU239 1.1173+01 1.2291+01 1.1131+01 0.969 1.066 0.966 0.91 1-00 1.10 1.115B+01 1.228B+01 1.1123+01 0.968 1.066 0.965 0.91 1.00 1.10 
PU240 1.927B+01 1.8611+01 1.6671+01 1.060 1.023 0.917 1-04 1.16 1.12 1.924B+01 1.8571+01 1.6581+01 1.061 1.020 0.915 1.04 1.16 1.12 
PU241 4-8351-01 5-6451-01 5.7331-01 0.895 1.045 1.061 0 . 8 6  0.84 0.98 4.357B-02 5.3431-02 5.4261-02 0.864 1.060 1.076 0.82 0 . 8 0  0.98 
PU242 8.8061-02 8.7161-02 1.0511-01 0.942 0.933 1.125 1.01 0.84 0.83 8.8051-02 8.7161-02 1.0511-01 0.942 0.933 1.125 1.01 0.84 0.83 
An241 1.7091+02 1.8671+02 1.9141+02 0.934 1.020 1.046 0.92 0.89 0.98 1.726B+02 1.8941+02 1.9411+02 0.931 1.022 1.047 0.91 0.89 0.98 
An242 1.0581-02 1.7901-02 8.707B-03 0.854 1.444 0.702 0.59 1.22 2.06 8.4191-03 1.4251-02 6.932B-03 0.853 1.444 0.703 0.59 1.21 2.06 

(31242 2.8391-01 4.8061-01 2.3101-01 0 . 8 5 6  1.448 0.696 0.59 1.23 2.08 2.2601-01 3.826B-01 1.839B-01 0 .856  1.498 0.696 0.59 1.23 2.08 
C1243 4.8233-01 1.0271-01 4.3301-01 1.421 0.303 1.276 4.70 1.11 0.24 1.4301-01 3.0431-02 1.2831-01 1.422 0.303 1.276 4.70 1.11 0.24 
C1244 3.055B+01 3.023B+O1 4.1061+01 0.900 0.890 1.210 1.01 0.74 0.74 4.508B+OO 4.4601+00 6.0581+00 0.900 0.890 1.209 1.01 0.74 0.74 
(31245 1.9471-02 2.0871-02 3.3991-02 0.786 0.842 1.372 0.93 0.57 0.61 1.9391-02 2.0791-02 3.3851-02 0.786 0.842 1.372 0.93 0.57 0.61 
-246 5.0721-03 5.7701-03 8.092B-03 0.804 0.914 1.282 0.88 0.63 0.71 5.0351-03 5.7271-03 8.0331-03 0.804 0.914 1.282 0 . 8 8  0.63 0.71 

AV1RAG1-ABSOLUT1-D1VIATION, AS X 9.12 9.64 10.56 21.9 16.3 19.4 9.63 10.14 11.05 22.7 17.4 20.5  
AV-ABS-DEV EXCLUDING LARGEST ONE, X 7.22 7.94 8.76 11.1 14.3 14.8 7.72 8.44 9.30 11.6 15.5 15.9 
AV-ABS-DBV EXCLUDING LARGEST TWO, X 6.01 6.81 7.04 8.3 12.6 11.9 6 . 5 2  7.33 7.63 8.7 13.9 13.2 

ORIGEN2 ORIGIN-S CINDER m a m m ORIGBN2 ORIGEN-S CINDER pBa pBs QEZ pB? 

An243 1.1791+00 1.308B+00 1.5651+00 0.873 0.968 1.159 0.90 0.75 0.84 1.173B+00 1.3021+00 1.5571+00 0.873 0.969 1.159 0.90 0.75 0.84 

NUCS EXCLUDED, lST/ZND: SB125 C1243 (31245 / SB 79 C1242 (31246 sBizs cn203 c m 4 s  SE 79 c m 4 2  c m 4 6  
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CASE: PWR, 4.50 WT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWD/MTU, 

. . . . . . . . . . . . . . . . . . . . . .  10 KYR . . . . . . . . . . . . . . . . . . . . . .  
. AVG AVG AVG ORS CIN CIN 

1.374E-04 9.714B-05 8.8861-05 1.275 0.901 0.824 1.41 1.55 1.09 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.1381-04 3.1581-04 0.0 0.997 1.003 0.0 0.99 0.0 0.0 . 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ORIGEN2 ORIGEN-S CINDER Q.&2 m pE2 

APPROX. 1 WATTS , PER MTU 

SE 79 
KR 85 
SR 89 
SR 90 
Y 90 
Y 91 

ER 93 
ER 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CSl34 
CS135 
CS137 
CB144 
ND143 
ND144 
ND145 
ND146 
PMl47 
SM147 
SMl48 
sn149 
SM150 
SM151 
SM152 
EU1 53 
EU154 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU239 
PU2 4 0 
PU241 
PU242 
An241 
An242 
An243 
CM242 
(31243 
CM244 
CM245 
CM246 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
9.078E-03 9.3341-03 9.2731-03 0.984 1.011 1.005 0.97 0.98 1-01 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1.0lO.E-05 8.4651-06 
1.328E-03 9.7051-04 
0.0 0.0 
2.150E-05 2.2901-05 
0.0 0.0 
0.0 0.0 
2.172E-04 2.3981-04 
0.0 0.0 
0.0 0 . 0  
0 . 0 .  0.0 ' 

0.0 2.7401-1 1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
7.5243-08 1.01 21-07 
1.111E-12 7.659E-13 
0.0 1.4961-14 
0.0 0.0 
2.084B-35 0.0 
0.0 0.0 
0 . 0  0 . 0  
0 . 0  0.0 
0.0 0.0 
8.9661-02 9.622E-02 
5.4051-09 5.789E-04 
1.3641-02 1.3561-02 
7.864E-03 7.851E-03 
5.324E-02 5.7623-02 
1.204E-20 2.0323-20 

6.7373+00 6.5041+00 
8.563E+OO 9.4303+00 

8.093B-06 8.957B-06 
8.6563-02 8.5663-02 
8.6988-03 9.7221-03 
2.0893-22 3.527E-22 
4.6301-01 5.138E-01 
5.6243-21 9.4963-21 
0.0 0.0 
3.782E-12 0.0 
8.6481-03 9.271B-03 
1.181E-03 1.3421-03 

9.5263-06 1.079 0.904 1.017 
0.0 1.156 0.844 0.0 
0.0 0.0 0.0 0.0 
2.1091-05 0.985 1.049 0.966 
0.0 0.0 0.0 0 . 0  
0 . 0  0.0 0.0 0.0 
2.3451-04 0.942 1.040 1.017 
0.0 0.0 0.0 0 . 0  
0 . 0  . 0 . 0  0 . 0  0 . 0  
0 . 0  0.0 0.0 0.0 
2.7373-11 0.0 1.000 1.000 
0.0 0.0 0.0 0 . 0  
0 . 0  - 0 . 0  0 . 0  0 . 0  
0 . 0  0.0 0.0 0.0 
9.700E-08 0.825 1.110 1.064 
0.0 1.184 0.816 0.0 
1.2923-14 0.0 1.073 0.927 
0.0 0.0 0.0 0.0 
1.907B-35 1.044 0.0 0.956 
0.0 0.0 0.0 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0.0 
0.0 0.0 
5.193E-02 1.131 
5.484B-04 0.972 
1.0521-02 1.085 
7.8441-03 1.001 
1.5841-02 1.261 
9.7221-21 0.858 
8.364B+00 0.975 
5.8171+00 1.060 
0 . 0  0.949 
1.032E-01 0.943 

. o  0.0 

.214 0 . 6 5 5  

.041 0.986 

.078 0.837 

. o o o  0.999 

.364 0.375 

.449 0.693 

.073 0.952 

.024 0.916 

.os1 0.0 

.933 1.124 
'2.4941-05 1.415 1.581 0.000 
1.7141-22 0.855 1.443 0.702 
6.146E-01 0.873 0.969 1.159 
4.5471-21 0.858 1.449 0.690 
0.0 0.0 0.0 0 . 0  
0 . 0  0.0 0.0 0.0 
1.506E-02 0.787 0.843 1.370 
1.8831-03 0.804 0.914 1.282 

1.19 1.06 0.89 
1.37 0.0 0.0 
0.0 0.0 0.0 
0.94 1.02 1.09 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.91 0.93 1.02 
0.0 0.0 0.0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0.0 
0.0 0.0 1.00 
0.0 0.0 0.0 
0 . 0  0 . 0  0 . 0  
0.0 0.0 0.0 
0.74 0.78 1.04 
1.45 0.0 0.0 
0.0 0.0 1.16 
0.0 0.0 0 . 0  
0.0 1.09 0.0 
0.0 0.0 0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0.0 0.0 0.0 
0.93 1.73 1.85 
0.93 0.99 1-06 
1.01 .1.30 1.29 
1.00 1.00 1.00 
0.92 3.36 3.64 
0.59 1.24 2.09 
0.91 1.02 1.13 
1.04 1.16 1.12 
0.90 0.0 0.0 
1.01 0.84 0.83 
0.89 **** **** 
0.59 1.22 2.06 
0.90 0.75 0.84 
0.59 1.24 2.09 
0.0 0.0 0.0 
0.0 0.0 0 . 0  
0.93 0.57 0.62 
0.88 0.63 0.71 

AVERAGE-ABSOLUTE-DEVIATION, AS X 11.86 14.56 18.97 15.8 **** **** 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 9.79 11.68 14.64 14.7 31.1 4 0 . 2  
AV-ABS-DEV EXCLUDING LARGEST TWO, X 8.37 8.95 11.55 13.8 19.0 30.6 
NUCS EXCLUDED, 1ST/2ND: SE 79 PU238 An241 / SM147 (31242 NP237 

1 

w 
0 

' ... ' I .  



, ... , "  

CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/MTU, APPROX.) WATTS PEP UTU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGBN2 ORIGIN-S CINDER = = ORIGBN2 ORIGIN-S CINDER pBa pBs pBa pBa pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
SE 79 8.3941-05 5.966s-05 5.5183-05 1.267 0.900 0.833 1.41 1.52 1.08 8.3938-05 5.9653-05 5.5183-05 1.267 0.900 0.833 1.41 1.52 1.08 
KR 85 1.1361+01 1.150E+01 1.1811+01 0.983 0.995 1.022 0.99 0.96 0.97 8.2669+00 8.3663+00 8.5901+00 0.983 0.995 1.022 0.99 0.96 0.97 
SR 89 1.3463+03 1.3951+03 1.3811+03 0.980 1.015 1.005 0.96 0.97 1.01 2.6371-08 2.7311-08 2.7081-08 0.980 1.014 1.006 0.97 0.97 1.01 
SR 90 6.8881+01 6.9861+01 7.2861+01 0.977 0.990 1.033 0.99 0.95 0.96 6.1271+01 6.2141+01 6.481E+01 0.977 0.990 1.033 0.99 0.95 0.96 

Y 90 3.2911+02 3.337S+02 3.4871+02 0.976 0.990 1.034 0.99 0.94 0.96 2.9271+02 2.9681+02 3.1021+02 0.976 0.990 1.034 0.99 0.94 0.96 
Y 91 1.9601+03 2.0191+03 2.0203+03 0.980 1.010 1.010 0.97 0.97 1.00 1.1231-06 1.1563-06 1.1581-06 0.980 1.009 1.011 0.97 0.97 1.00 

ZR 93 1.732s-04 1-7711-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 1.7321-04 1.7711-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 
ZR 95 4.130E+03 4.2021+03 4.1251+03 0.995 1.012 0.993 0.98 1.00 1.02 1.9611-05 1.9841-05 1.5121-05 0.983 0.999 1.018 0.98 0.97 0.98 
NB 95 5.0553+03 5.1441+03 5.0651+03 0.994 1.011 0.995 0.98 1.00 1-02 3.0721-05 3.1203-05 3.1811-05 0.983 0.999 1.018 0.98 0.97 0.98 
TC 99 5.5721-03 5.6541-03 5.6641-03 0.990 1.004 1.006 0.99 0.98 1-00 5.5721-03 5.6541-03 5.6641-03 0.990 1.004 1.006 0.99 0.98 1.00 
RU106 2.5601+01 2.3211+01 0.0 1.049 0.951 0.0 1.10 0.0 0.0 8.7011-01 7.8891-01 0.0 1.049 0.951 0.0 1.10 0.0 0.0 
PD107 5.8123-06 4.6986-06 4.9821-06 1.126 0.910 0.965 1.24 1.17 0.94 5.8121-06 4-6981-06 4.9821-06 1.126 0.910 0.965 1.24 1.17 0.94 
SN126 7.9203-04 5.7191-04 0.0 1.161 0.839 0.0 1.38 0.0 0.0 7.9201-04 5.7191-04 0.0 1.161 0.839 0.0 1.38 0.0 0.0 
sE125 3.5171+01 2.3671+01 1.9551+01 1.346 0.906 0.748 1.49 1.80 1.21 1.0281+01 6.9201+00 5.7171+00 1.346 0.906 0.798 1.49 1.80 1.21 
I129 1.2291-05 1.2531-05 1.159s-05 1.013 1.032 0.955 0.98 1.06 1-08 1.2391-05 1.2581-05 1.1651-05 1.012 1.032 0.956 0.98 1.06 1.08 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 .0  0.0 0.0 0.0 
CS134 1.1391+03 1.0811+03 1.0371+03 1.049 0.996 0.955 1.05 1-10 1.04 2.1811+02 2.0681+02 1.9841+02 1.050 0.995 0.955 1.05 1.10 1.09 
CS135 1.1811-04 1.1751-04 1.0671-04 1.035 1.030 0.935 1.01 1.11 1.10 1.1811-04 1.1751-04 1.0671-04 1.035 1.030 0.935 1.01 1.11 1.10 
CS137 9.5553+01 9.4971+01 0.0 1.003 0.997 0.0 1.01 0.0 0.0 8.5291+01 8.4831~01 0.0 1.003 0.997 0.0 1.01 0.0 0.0 
CE144 5.5543+02 5.6251+02 0.0 0.994 1.006 0.0 0.99 0.0 0.0 6.9561+00 7.0481+00 0.0 0.993 1.007 0.0 0.99 0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
ND144 0.0 1.1051-11 1.1481-11 0.0 0.981 1.019 0.0 0.0 0.96 0.0 1.4581-11 1.5021-11 0.0 0.985 1.015 0.0 0.0 0.97 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0 .0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
PU147 4.0991+01 5.394E+01 5.3001+01 0.831 1.094 1.075 0.76 0.77 1.02 1.1261+01 1.4793+01 1.4533+01 0.832 1.093 1.074 0.76 0.77 1.02 
8111147 1.8123-08 2.0551-08 2.2361-08 0.891 1.010 1.099 0 . 8 8  0.81 0.92 4.6221-08 5.8361-08 5.8651-08 0.849 1.073 1.078 0.79 0.79 1.00 - 
SUl48 4.9013-13 3.3471-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 4.9271-13 3.3701-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 
sa149 0.0 8.6631-15 6.8181-15 0.0 1.119 0.881 0 .0  0.0 1.27 0.0 8.6631-15 6.8183-15 0.0 1.119 0.881 0.0 0.0 1.27 
SU150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 0.0 
SU151 3.7893-02 3.4631-02 2.7081-02 1.141 1.043 0.816 1.09 1.40 1.28 3.6481-02 3.3341-02 2.6071-02 1.141 1.043 0.816 1.09 1.40 1.28 
SU152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0.0 0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0.0 
1U153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
BU154 7.460B+01 7.0741+01 5.9111+01 1.095 1.038 0.867 1.05 1.26 1.20 5.0191+01 4.7591+01 3.9773+01 1.095 1.038 0.867 1.05 1.26 1.20 
EU155 3.7921+00 3.6631+00 2.8551+00 1.103 1.066 0.831 1.04 1.33 1.28 1.907S+00 1.8421+00 1.4361+00 1.103 1.066 0.831 1.04 1.33 1.18 
U234 2-6531-02 2.6353-02 2.6551-02 1.002 0.995 1.003 1-01 1.00 0.99 2.7263-02 2.7061-02 2.6781-02 1.008 1.001 0.991 1.01 1.02 1.01 
U235 3.9551-04 3.7211-04 3.5863-04 1.054 0.991 0.955 1.06 1-10 1.04 3.9551-04 3.7211-04 3.5861-04 1.054 0.991 0.955 1.06 1.10 1.04 
U236 5.6291-03 5.6831-03 5.7631-03 0.989 0.998 1.013 0.99 0.98 0.99 5.6311-03 5.6851-03 5.7631-03 0.989 0.999 1.012 0.99 0.98 0.99 
U238 8.1241-03 8.1273-03 8.1361-03 0.999 1.000 1.001 1.00 1.00 1.00 8.1241-03 8.1271-03 8.1361-03 0.999 1.000 1.001 1.00 1.00 1.00 

NP237 7.4021-03 7.2871-03 5.4731-03 1.101 1.084 0.814 1.02 1.35 1-33 7.4361-03 7.3191-03 5.478B-03 1.103 1.085 0.812 1.02 1.36 1.34 

w - 

PU238 5.6061+01 5.5461+01 4.1521+01 1.099 1.087 0.814 1.01 1.35 1.34 5.9273+01 5.7971+01 4.4471+01 1.100 1.075 0.825 1.02 1.33 1.30 
PU239 9.287S+00 9.3641+00 6.8541+00 1.092 1.101 0 . 8 0 6  0.99 1.36 1.37 9.2861+00 9.3621+00 6.8531+00 1.092 1.101 0.806 0.99 1.36 1.37 
PU240 1.508S+01 1.3173+01 1.3131+01 1.093 0.955 0.952 1.15 1.15 1.00 1.5091+01 1.3181+01 1.3121+01 1.094 0.955 0.951 1.14 1.15 1.00 
PU241 3.581S+00 3.4723+00 2.9441+00 1.075 1.042 0.884 1.03 1.22 1.18 2.8261+00 2.7531+00 2.3353+00 1.071 1.044 0.885 1.03 1.21 1.18 

An241 4.4463+00 4.1821+00 3.4891+00 1.101 1.035 0.864 1.06 1.27 1.20 3.1253+01 2.9411+01 2.5021+01 1.094 1.030 0.876 1.06 1.25 1.18 
PU242 4.9561-02 4.2808-02 5.2391-02 0.957 0.919 1.125 1.04 0 . 8 5  0-82 4.4561-02 4.2801-02 5.3391-02 0.957 0.919 1.125 1.04 0.85 0.82 

AM242 7.9401-03 9.4671-03 3.9461-03 1.116 1.330 0 . 5 5 4  0.84 2.01 2.40 7.7641-03 9.2573-03 3.8581-03 1.116 1.330 0 . 5 5 4  0.84 2.01 2.40 
M 2 4 3  4.532E-01 4.0951-01 4.087s-01 1.037 0.937 1.026 1.11 1.01 0.91 4.5308-01 4.0938-01 4.485B-01 1.037 0.937 1.026 1.11 1.01 0.91 
(38242 1.2083+03 1.0421+03 1.0241+03 1.107 0.955 0.938 1.16 1.18 1.02 7.9581-01 7.5521-01 5.9391-01 1.113 1.057 0.830 1.05 1.34 1.27 
CU243 5.5173-01 1.5223-01 3.7661-01 1.532 0.423 1.046 3.62 1.46 0.40 4.8951-01 1.3501-01 3.3421-01 1.532 0.422 1.046 3.63 1.46 0.40 
CU244 5.1051+01 3.9083t01 4.2821+01 1.152 0.882 0.966 1.31 1.19 0.91 4.2291+01 3.237S+Ol 3.547S+Ol 1.152 0.882 0.966 1.31 1.19 0.91 
CU245 3.5311-03 2.6151-03 2.6811-03 1.200 0.889 0.911 1.35 1.32 0.98 3.5301-03 2.6143-03 2.6801-03 1.200 0.889 0.911 1.35 1.32 0.98 
(31246 6.7291-04 5.6171-04 5.899s-04 1.106 0.924 0.970 1.20 1.14 0.95 6.7241-04 5-6131-04 5.8951-04 1.106 0.924 0.970 1.20 1.14 0.95 

AVERAG3-ABSOLUTE-D3VIATION, AS X 9.11 6.78 8.49 16.7 20.7 14.9 9.27 6.84 8.73 16.7 21.3 15.2 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 7.32 4.88 7.14 10.8 17.7 10.3 7.48 4.94 7.39 10.7 18.3 10.7 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 6.84 4.57 6.61 9.8 15.9 10.0 7.02 4.64 6.89 9.8 16.5 10.4 
NUCS EXCLUDED, 1ST/2ND: SB125 CM243 An242 / SE 79 AM243 PU239 58125 CU243 An242 / SB 79 M 2 4 3  PU239 



SE 79 
KR 85 
SR 89 
SR 90 

Y 90 
Y 91 
ZR 93 
ZR 95 
NB 95 
TC 99 
RUlO6 
PDlO7 
SN126 
SB125 
I129 

CS133 
cs134 
CS135 
CS137 
CEl44 
ND143 
ND144 
ND145 
ND146 
PMl47 ' 
SI1 47 
SI1 48 
SI1 49 
sn150 
sn151 
snr 5 2  
EU153 
EUl54 
EU155 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU2 3 9 
PU240 
PU241 
PU242 
An241 
An242 
An243 
cn242 
CU243 
(38244 
(31245 
(33246 

CASE: BWR, 2.64 UT X U-235, 2.866 AT X BURNUP (27.5 GWD/MTU, APPROX.) WATTS PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 

8.393E-05 5.965E-05 5.5181-05 1.267 0.900 0.833 1.41 1.52 1.08 8.3921-05 5.9641-05 5.517E-05 1.267 0.900 0.833 1.41 1-57 1.08 
5.982Ec00 6.055E+00 6.217E+OO 0.983 0.995 1.022 0.99 0.96 0.97 3.1341+00 3.171E+00 3.2561+00 0.983 0.995 1.022 0.99 0.96 0.97 
3.422E-19 3.542E-19 3.5191-19 0.979 1.019 1.007 0.97 0.97 1.01 0.0 0.0 5.942E-41 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  
5.439E+01 5.5173+01 5.754E+Ol 0.977 0.991 1.033 0.99 0.95 0.96 4.2873+01 4.3481+01 4.535E+01 0.977 0.990 1.033 0.99 0.95 0.96 
2.5986+02 2.635E+02 2.7541+02 0.976 0.990 1.034 0.99 0.94 0.96 2.0483+02 2.0771+02 2.1701+02 0.976 0.990 1.034 0.99 0.94 0.96 
4.509E-16 4.639E-16 4.6561-16 0.980 1.008 1.012 0.97 0.97 1.00 7.265E-35 0.0 7.521E-35 0.983 0.0 1.017 0.0 0.97 0.0 

3.735E-14 3.7863-14 4.010E-14 0.972 0.985 1.043 0.99 0.93 0.94 2.441E-31 0.0 2.818E-31 0.928 0.0 1.072 0.0 0.87 0.0 
7.853E-14 7.960E-14 8.4331-14 0.972 0.985 1.043 0.99 0.93 0.94 5.13lB-31 0.0 5.9273-31 0.928 0 . 0  1.072 0.0 0.87 0.0 
5.5728-03 5.6543-03 5.6643-03 0.990 1.004 1.006 0.99 0.98 1.00 5.572E-03 5.6543-03 5.664B-03 0.990 1.004 1.006 0.99 0.98 1.00 
2.795E-02 2,5343-02 0.0 1.049 0.951 0.0 1.10 0.0 0.0 2.946E-05 2.614E-05 0.0 1.060 0.940 0.0 1.13 0.0 0.0 
5.812E-06 4.6981-06 4.9823-06 1.126 0.910 0.965 1.24 1.17 0.94 5.812B-06 4.698B-06 4.982B-06 1.126 0.910 0.965 1.24 1.17 0.94 
7.9203-04 5.719E-04 0.0 1.161 0.839 0.0 1.38 0 . 0  0.0 7-9191-04 5.719E-04 0 . 0  1.161 0.839 0.0 1.38 0.0 0.0 
2.943E+OO 1.98OE+OO 1.636E+00 1.346 0.906 0.748 1.49 1.80 1.21 2.409E-01 1.621B-01 1.340E-01 1.346 0.906 0.749 1.49 1.80 1.21 
1.234E-05 1.2586-05 1.165E-05 1.012 1.032 0.956 0.98 1.06 1.08 1.234B-05 1.2583-05 1.1658-05 1.012 1.032 0.956 0.98 1.06 1.08 

4.061E+01 3.852E+Ol 3.696E+01 1.049 0.995 0.955 1.05 1.10 1.04 1.408E+00 1.3353+00 1.2821+00 1.050 0.995 0.955 1.05 1.10 1.04 
1.181E-04 1.175E-04 1.067E-04 1.035 1.030 0.935 1.01 1.11 1.10 1.181E-04 1.1751-04 1.0671-04 1.035 1.030 0.935 1.01 1.11 1.10 

ORIGENZ ORIGEN-S CINDER = OR2 = M ORIGENZ ORIGBN-S CINDER pBs GXN pB? 

1.732E-04 1.771E-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 1.732E-04 1.771E-04 0 . 0  0.989 1.011 0.0 0.98 0.0 0.0 

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

7.598E+01 7.562E+Ol 0.0 1.002 0.998 0.0 1.00 0.0 0.0 6.031E+01 6.01OE+Ol 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
8.101E-02 8.208E-02 0.0 0.993 1.007 0.0 0.99 0.0 0.0 1.098B-05 1.1131-05 0 . 0  0.993 1.007 0.0 0.99 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
0.0 1.462E-11 1.506E-11 0.0 0.985 1.015 0.0 0.0 0.97 0.0 1.4628-11 1.506E-11 0 . 0  0.985 1.015 0 . 0  0 . 0  0.97 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.004E+00 3.9471+00 3.8789+00 0.832 1.093 1.074 0.76 0.77 1.02 2.139E-01 2.810E-01 2.761B-01 0.832 1.093 1.074 0.76 0.77 1.02 
5.394E-08 6.875E-08 6.8633-08 0.846 1.078 1.076 0.78 0.79 1.00 5.6551-08 7.2263-08 7.200B-08 0 . 8 4 5  1.080 1.076 0.78 0.79 1.00 
4.927E-13 3.3708-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 4.9271-13 3.9703-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 
0.0 8.663E-15 6.818E-15 0.0 1.119 0.881 0.0 0.0 1.27 0.0 8.6633-15 6.818B-15 0.0 1.119 0.881 0.0 0.0 1.27 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.510E-02 3.208E-02 2.509E-02 1.141 1.043 0.816 1.09 1.40 1.28 3.250E-02 2.9713-02 2.3231-02 1.141 1.043 0.816 1.09 1.90 1-18 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3.354E+01 3.180E+01 2.658E+01 1.095 1.038 0.867 1.05 1.26 1.20 1.498B+01 1.4201+01 1.187E+01 1.095 1.038 0.868 1.05 1.26 1.20 
9.4803-01 9.160E-01 7.1391-01 1.103 1.066 0.831 1.03 1.33 1.28 2.343B-01 2.264E-01 1.7651-01 1.103 1.066 0.831 1.03 1.33 1.28 
2.797B-02 2.776B-02 2.702E-02 1.014 1.006 0.980 1.01 1.04 1.03 2.932B-02 2.9088-02 2.7463-02 1.024 1.016 0.960 1.01 1.07 1.06 
3.956E-04 3.7223-04 3.586B-04 1.054 0.991 0.955 1.06 1.10 1.04 3.9573-04 3.7228-04 3.5868-04 1.050 0.991 0.955 1.06 1.10 1.04 
5.6331-03 5.687E-03 5.763E-03 0.989 0.999 1.012 0.99 0.98 0.99 5.6363-03 5.690E-03 5.7638-03 0.989 0.999 1.012 0.99 0.98 0.99 
8.124E-03 8.127E-03 8.1361-03 0.999 1.000 1.001 1.00 1.00 1.00 8.124B-03 8.1278-03 8.136E-03 0.999 1.000 1.001 1-00 1-00 1.00 
7.499E-03 7.378B-03 5.478E-03 1.105 1.087 0.807 1.02 1.37 1.35 7.7031-03 7.571E-03 5.4798-03 1.114 1.094 0.792 1.02 1.41 1.38 
5.699E+01 5.574E+01 4.275E+O1 1.100 1.076 0.825 1.02 1.33 1.30 5.2671+01 5.1523+01 3.951B+01 1.100 1.076 0 .825  1.02 1.33 1.30 
9.285E+OO 9.361B+00 6.8528+00 1.092 1.101 0 . 8 0 6  0.99 1.36 1.37 9.2821+00 9.3583+00 6.850B+00 1.092 1.101 0.806 0.99 1.36 1.37 
1.510E+01 1.319B+01 1.312E+O1 1.094 0.956 0.950 1.14 1.15 1.01 1.511E+01 1.319E+01 1.3101+01 1.095 0.956 0.949 1.15 1.15 1.01 
2.2223+00 2.1753+00 1.845E+00 1.068 1.045 0.887 1.02 1.20 1.18 1.373E+00 1.357B+00 1.151E+00 1.061 1.049 0.890 1.01 1.19 1.18 
4.45613-02 4.2803-02 5.2391-02 0.957 0.919 1.125 1.04 0 .85  0 . 8 2  4.456E-02 4.2803-02 5.239B-02 0.957 0.919 1.125 1.04 0.85 0.82 
5.249E+01 4.9503+01 4.2181+01 1.092 1.030 0.878 1.06 1.24 1.17 8.169E+O1 7.733E+Ol 6.5931+01 1.089 1.031 0.879 1.06 1.24 1.17 
7.5891-03 9.048E-03 3.7711-03 1.116 1.330 0.554 0.84 2.01 2.90 7.2518-03 8.6451-03 3.6031-03 1.116 1.330 0.559 0.84 2.01 2.40 
4.528E-01 4.091E-01 4.483E-01 1.037 0.937 1.026 1.11 1.01 0.91 4.524E-01 4.0881-01 4.4781-01 1.037 0.937 1.026 1.11 1.01 0.91 
2.041E-01 2.432B-01 1.002E-01 1.118 1.333 0.509 0.84 2.04 2.43 1.9463-01 2.3211-01 9.5573-02 1.118 1.333 0.549 0.84 2.04 2.43 
4.335E-01 1.1961-01 2.9593-01 1.532 0.423 1.046 3.62 1.46 0.40 3.399B-01 9.375B-02 2.3208-01 1.532 0.423 1.046 3.63 1.46 0.40 
3.492E+01 2.674B+01 2.930E+Ol 1.152 0 . 8 8 2  0.966 1.31 1.19 0.91 2.382B+01 1.8231+01 1.9988+01 1.152 0.882 0.966 1.31 1.19 0.91 
3.5291-03 2.6131-03 2.6793-03 1.200 0.889 0.911 1.35 1.32 0.98 3.526E-03 2.610E-03 2.677E-03 1.200 0 . 8 8 8  0.911 1.35 1.32 0.98 
6.7191-04 5.6091-04 5.8913-04 1.106 0.924 0.970 1.20 1.14 0.95 6.7101-04 5.600E-04 5.882E-04 1.107 0.923 0.970 1.20 1.14 0.95 

AVERAGE-ABSOLUTE-DEVIATION, AS X 9.35 7.54 9.62 16.9 2 3 . 5  18.4 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 7.56 5.69 8.34 11.0 20.5  14.0 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 7.04 4.86 7.16 9.9 16.3 10.2 
NUCS EXCLUDED, lST/2ND: SB125 CU243 CU242 / SE 79 An243 An242 

9.78 8.23 10.10 18.5 24.6 20.4 
7.97 6.24 8 . 8 2  12.0 21.6 15.5 
7.48 5.37 7.65 10.8 17.3 11.3 

68125 CU243 I211242 / SE 79 An243 An242 
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% % % !%%E QB2 pBh ORIGBN2 ORIGIN-S CINDER 

5-515E-05 1.267 0.900 0.833 1.41 1.52 1.08 8.385B-05 5.959B-05 5.513B-05 1.267 0.900 0.833 1.41 1.52 1.08 
4.6803-01 0.983 0.995 1.022 0.99 0.96 0.97 1.777B-02 1.797B-02 1.8463-02 0.980 0.995 1.022 0.99 0.96 0.97 

% ORS CIN CIN 
CINDER 

SE 79 
KR 8 5  
SR 89 
SR 90 

Y 90 
Y 91 

ZR 93 
GR 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CSl34 
cs135 
CS137 
CB144 
ND143 
NDl44 
ND145 
ND146 
PI41 47 
sn147 
SU148 
sn149 
SUl50 
811151 
SU152 
EU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 1.335E+00 1.26613+00 1.0588+00 1.095 1.038 0.867 1.05 1.26 1.20 2.373E-02 2.249B-02 1.880B-02 1.095 1.038 0.867 1.06 1.26 1.20 
EU155 3.538B-03 3.4218-03 2.666B-03 1.103 1.066 0.831 1.03 1.33 1.28 3-2641-06 3.158B-06 2.4623-06 1.102 1.066 0.831 1.03 1.33 1.28 
U234 3.2798-02 3.247B-02 2.860E-02 1.098 1.038 0.919 1-01 1.15 1.14 3.702B-02 3.6613-02 2.9991-02 1.072 1.060 0.868 1.01 1.23 1.22 
U235 3.95981-04 3.725B-04 3.5861-04 1.054 0.992 0.955 1.06 1.10 1.04 3.963B-04 3.729B-04 3.5861-04 1.054 0.992 0.950 1.06 1.11 1.04 
U236 5.6481-03 5.7001-03 5.7633-03 0.990 0.999 1.010 0.99 0.98 0.99 5.668B-03 5.7178-03 5.7631-03 0.992 1.000 1.008 0.99 0.98 0.99 
U238 8.1241-03 8.1273-03 8.1363-03 0.999 1.000 1.001 1.00 1.00 1.00 8.124B-03 8.127E-03 8.136E-03 0.999 1.000 1.001 1.00 1-00 1.00 

NP237 8.619E-03 6.441B-03 5.4798-03 1.147 1.124 0.729 1-02 1.57 1.54 1.036E-02 1.010B-02 5.4793-03 1.198 1.168 0.634 1.03 1.89 1.84 
PU238 4.159B+Ol 4.069B+01 3.119B+01 1.100 1.076 0.825 1.02 1.33 1.30 2.8071+01 2.747B+01 2.1031+01 1.100 1.076 0.824 1.02 1.33 1.31 
PU239 9.2758+00 9.351E+00 6.844B+OO 1.092 1.101 0 . 8 0 6  0.99 1.36 1.37 9.2623+00 9.338B+00 6.8341+00 1.092 1.101 0 . 8 0 6  0.99 1.36 1.37 
PU240 1.5108+01 1.318S+Ol 1.306E+01 1.096 0.956 0.948 1.15 1.16 1.01 1.504E+01 1.3123+01 1.2991+01 1.096 0.956 0.947 1.15 1.16 1.01 
PU241 3.239E-01 3.2983-01 2.797E-01 1.041 1.060 0.699 0.98 1.16 1.18 2-9198-02 3.121B-02 2.647B-02 1.008 1.078 0.914 0.94 1.10 1.18 
PU242 4.456E-02 4.2801-02 5.239E-02 0.957 0.919 1.125 1.04 0.85 0.82 4.455B-02 4.2791-02 5.2383-02 0.957 0.919 1.125 1.04 0.85 0.81 
A11241 1.142B+02 1.0891+02 9.2891+01 1.084 1.034 0.882 1.05 1.23 1.17 1.154B+O2 1.105B+02 9.4261+01 1.081 1.035 0.883 1.04 1.22 1.17 
A11242 6.324E-03 7.539B-03 3.1421-03 1.116 1.330 0.554 0.84 2.01 2.40 5.0343-03 6.002E-03 2-5021-03 1.116 1.330 0.554 0.84 2.01 2.40 
A11243 4.511E-01 4.076B-01 4.4663-01 1.037 0.937 1.026 1.11 1.01 0.91 4.49OB-01 4.0578-01 4.445B-01 1.037 0.937 1.026 1.11 1.01 0.91 
CH242 1,6971-01 2.024B-01 8.3353-02 1.118 1.333 0.549 0.84 2.04 2.43 1-3518-01 1.6111-01 6.636E-02 1.118 1.333 0.549 0.84 2.04 2.43 
CU243 1.6391-01 4.519E-02 1.119E-01 1.532 0.422 1.046 3.63 1.47 0.40 4.857B-02 1.3391-02 3.315B-02 1.532 0.422 1.046 3.63 1.47 0 .40  
CM244 7.5553+00 5.7831+00 6.337B+00 1.152 0.882 0.966 1.31 1.19 0.91 1.1151+00 8.530B-01 9.349B-01 1.152 0.881 0.966 1.31 1.19 0.91 
CM245 3.5173-03 2.604B-03 2.67OB-03 1.200 0.889 0.911 1.35 1.32 0.98 3.503B-03 2.593B-03 2.6591-03 1.200-0.888 0.911 1.35 1.32 0.98 
(313246 6.6801-04 5.576B-04 5.856B-04 1.106 0.924 0.970 1.20 1.14 0.95 6.631E-04 5.5358-09 5-8141-04 1.106 0.924 0.970 1.20 1.14 0.95 

AVERAGE-ABSOLUTE-DEVIATION, AS I 10.19 8.39 10.78 18.5 26.5 21.1 10.55 8 . 8 0  11.13 19.1 27.5 22.2 
AV-ABS-DBV BXCLUDING LARGEST ONE, X 8.28 6.41 9.45 12.0 23.4 16.2 8.61 6 . 8 0  9.84 12.4 24.5 17.4 
AV-ABS-DBV EXCLUDING LARGEST TWO. I 7.76 5 . 5 5  8.23 10.8 18.7 12.1 8.11 5.95 8.65 11.2 19.9 13.3 
NUCS EXCLUDED, 1ST/2ND: SB125 CM243 (33242 / SE 79 An243 A11242 SB125 (31243 CU242 / SB 79 A11243 M 2 4 2  

CASE: BUR, 2.64 UT X U-235, 2.866 AT X BURNUP (27.5 GWD/HTU, APPROX.) WATTS PER UTU .......*.*..++.....*.* 5 0  YR .....++. ...+.........* 0. ..**+..*+..........* i n n  YP ..+....... I.........++ 
ORIGBN2- ORIGEN-S 

8.389E-05 5.9628-05 
4.5041-01 4.558B-01 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.0991+01 2.129B+01 2.2201tOl 0.977 0.990 1.033 0.99 0.95 0.96 6.386B+00 6.475B+00 6.7541+00 0.977 0.990 1.033 0.99 0.95 0.96 
1.0031+02 1.017E+02 1.063B+02 0.976 0.990 1.034 0.99 0.94 0.96 3.050E+01 3.093E+01 3.232E+Ol 0.976 0.990 1.039 0.99 0.94 0.96 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5-5711-03 5.6533-03 5-6633-03 0.990 1.004 1.006 0.99 0.98 1.00 5.570B-03 5.6521-03 5.663B-03 0.990 1.004 1.006 0.99 0.98 1.00 
3.235B-14 2.870E-14 0.0 1.060 0.940 0 . 0  1.13 0.0 0.0 3.783B-29 3.3543-29 0.0 1.060 0.900 0 . 0  1.13 0 . 0  0 . 0  
5.8123-06 4.698B-06 4.9821-06 1.126 0.910 0.965 1.24 1.17 0.94 5.812E-06 9.6983-06 4.982B-06 1.126 0.910 0.965 1.24 1.17 0.94 
7.918B-04 5.717B-04 0.0 1.161 0.839 0 . 0  1.38 0.0 0.0 7.9151-04 5.7158-04 0.0 1.161 0.839 0.0 1.38 0.0 0.0 
1.323E-04 8.900B-05 7.3583-05 1.346 0.905 0.749 1.49 1.80 1.21 4.869E-10 3.275B-10 2.709B-10 1.346 0.905 0.749 1.49 1.80 1.21 
1.234B-05 1.2583-05 1.1653-05 1.012 1.032 0.956 0.98 1.06 1.08 1.2341-05 1.2581-05 1.1658-05 1.012 1.032 0.956 0.98 1.06 1.08 

1.7323-04 1.771B-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 1.7323-04 1.770E-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5-8731-05 5.567B-05 5.345B-05 1.050 0.995 0.955 1.05 1.10 1.04 2.946B-12 2.7908-12 2.681B-12 1.050 0.999 0.956 1.06 1.10 1.04 
1.1813-04 1.175B-04 1.067B-04 1.035 1.030 0.935 1.01 1.11 1.10 1.181E-04 1.175B-04 1.067B-04 1.035 1.030 0.935 1.01 1.11 1.10 
3.015B+01 3.016E+01 0.0 1.000 1.000 0.0 1.00 0.0 0.0 9.4973+00 9.5621+00 0.0 0.997 1.003 0.0 0.99 0.0 0.0 
2.7331-17 2.777E-17 0.0 0.992 1.008 0.0 0.98 0.0 0.0 1.2493-36 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
0.0 1.4621-11 1.506B-11 0.0 0.985 1.015 0.0 0.0 0.97 0.0 1.4628-11 1.506E-11 0.0 0.985 1.015 0.0 0.0 0.97 
0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
7.7258-05 1.0148-04 9.968B-05 0.833 1.093 1.074 0.76 0.78 1.02 1.415E-10 1.8541-10 1.8241-10 0.833 1.092 1.074 0.76 0.78 1.02 
5.6753-08 7.2531-08 7.226B-08 0 . 8 4 5  1.080 1.076 0.78 0.79 1.00 5.675B-08 7.253E-08 7.226E-08 0.845 1.080 1.076 0.78 0.79 1.00 
4.9273-13 3.3701-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 4.9278-13 3.3708-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 
0.0 8.6631-15 6.818B-15 0.0 1.119 0.881 0 . 0  0.0 1.27 0.0 8.663E-15 6.8181-15 0.0 1.119 0.881 0.0 0.0 1.27 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.579E-02 2.3583-02 1.844E-02 1.141 1.043 0.816 1.09 1.40 1.28 1.7551-02 1.6043-02 1.254B-02 1.141 1.043 0.816 1.09 1.40 1.28 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

L 

w w 



CASE: BWR, 2.64 WT X U-235. 2 . 8 6 6  AT X BURNUP (27.5 GWD/MTU, 

. . . . . . . . . . . . . . . . . . . . . .  300 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN 

8.367E-05 5.9471-05 5.5018-05 1.267 0.900 0.833 1.41 1.52 1.08 
4.2993-08 4.3451-08 4.465B-08 0.984 0.994 1.022 0.99 0.96 0.97 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 , o . o  
5.468B-02 5.5411-02 5.7813-02 0.977 0.990' 1.033 0.99 0.95 0.96 
2.6121-01 2.646E-01 2.7673-01 0.976 0.989 1.034 0.99 0.94 0.96 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.7321-04 1.7708-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ORIGENZ ORIGEN-S CINDER Q8.2 a 

APPROX. 1 WATTS PKR MTU 

. . . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . . . .  
ORIGBN2 ORIGBN-8 CINDER pBa m m 

AVG AVG AVG ORS CIN CIN 
8.3051-05 5.9021-05 5.4601-05 1.267 0.900 0.833 1.41 1.52 1.08 
9.9791-28 9.577B-28 9.8311-28 0.984 0.995 1.021 0.99 0.96 0.97 
0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.1761-09 3.216E-09 3.354B-09 0.978 0.990 1.032 0.99 0.95 0.96 
1.517B-08 1.536B-08 1.605B-08 0.977 0.989 1.034 0.99 0.95 0.96 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.731E-04 1.770B-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

SE 79 
KR 85 
SR 89 
SR 90 
Y 90 
Y 91 

ZR 93 
ZR 95 
NB 95 
TC 99 
RUlO6 
PD107 
SN126 
SB125 
1129 

CS133 
CS134 
CS135 
CS137 
CRl44 
ND143 
ND144 
ND145 
NDl46 
PMl47 
SM147 
SMl48 
SM149 
5111 50 
SM151 
SM152 
EU153. 
BU154 
BU155 
U234 
U235 
U236 
U238 

NP237 
PU238 
PU239 
311240 
PU241 
PU242 
AM241 
AM242 
AM243 
CM242 
(31243 
CM244 
CM245 
CM246 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
5.567B-03 5.648E-03 5.6598-03 0.990 1.004 1.006 0.99 0.98 1.00 5.554B-03 5.636E-03 5.6468-03 0.990 1.004 1.006 0.99 0.98 1.00 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 
5.8121-06 4.6981-06 4.982B-06 1.126 0.910 0.965 1.24 1.17 0.94 5.8111-06 4.6981-06 4.9811-06 1.125 0.910 0.965 1.24 1.17 0.94 
7.9041-04 5.707E-04 0.0 1.161 0.839 0.0 1.38 0.0 0.0 7.8663-04 5.6801-04 0.0 1.161 0.839 0.0 1.38 0.0 0.0 
0.0 0.0 4.9838-32 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
1.234B-05 1.258B-05 1.165B-05 1.012 1.032 0.956 0.98 1.06 1.08 1.2348-05 1.2588-05 1.1658-05 1.012 1.032 0.956 0.98 1.06 1.08 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0.0 0.0 1.6971-41 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
1.1818-04 1.175B-04 1.0671-04 1.035 1.030 0.935 1.01 1.11 1.10 1.1811-04 1.1751-04 1.0671-00 1.035 1.030 0.935 1.01 1.11 1.10 
9.3511-02 9.656B-02 0 . 0  0.984 1.016 0.0 0.97 0.0 0.0 8.843E-09 1.000B-08 0.0 0.939 1.061 0.0 0.88 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 
0.0 1.4621-11 1.506B-11 0.0 0.985 1.015 0.0 0.0 0.97 0.0 1-4621-11 1-5061-11 0.0 0.985 1.015 0 . 0  0.0 0.97 
0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 
0.0 0.0 2.0468-33 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5.6751-08 7.2531-08 7.2261-08 0.845 1.080 1.076 0.78 0.79 1.00 5.6753-08 7.2531-08 7.2261-08 0 .845  1.080 1.076 0.78 0.79 1.00 
4.9271-13 3.3701-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 4.927B-13 3.370B-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 
0.0 8.6631-15 6.8181-15 0.0 1.119 0.881 0.0 0.0 1.27 0.0 8.6631-15 6.8181-15 0.0 1.119 0.881 0.0 0.0 1.27 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.7611-03 3.437E-03 2.688B-03 1.141 1.043 0.816 1.09 1.40 1.28 1-7lOB-05 1-5661-05 1-2251-05 1.140 1.044 0.816 1-09 1.40 1.28 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.3708-09 2.243E-09 1.8761-09 1.096 1.037 0.867 1.06 1.26 1.10 0.0 0.0 5.894B-34 0.0 0.0 0.0 0.0 0.0 0.0 
2.363E-18 2.293E-18 1.7881-18 1.100 1.067 0.833 1.03 1.32 1.28 0.0 0.0 5.846B-61 0.0 0.0 0.0 0.0 0 .0  0.0 
4.397E-02 4,3431-02 3.227B-02 1.102 1.089 0.809 1.01 1.36 1.35 4.5748-02 4.5161-02 3.281B-02 1.109 1.095 0.796 1.01 1.39 1.38 
3.978B-04 3.744E-04 3.586E-04 1.055 0.993 0.951 1.06 1.11 1.04 4.0321-04 3.7981-04 3.586B-04 1.060 0.998 0.942 1.06 1.12 1.06 
5.7491-03 5.784E-03 5.763E-03 0.997 1.004 1.000 0.99 1.00 1.00 6.000B-03 6.007B-03 5.7631-03 1.013 1.014 0.973 1.00 1.04 1.04 
8.1241-03 8.1278-03 8.136B-03 0.999 1.000 1.001 1.00 1.00 1.00 8-1248-03 8.1271-03 8.1361-09 0.999 1.000 1.001 1.00 1.00 1.00 
1.6291-02 1.5801-02 5.4781-03 1.301 1.262 0.437 1.03 2.97 2.88 2.688E-02 2.5941-02 5.4771-03 1.383 1.335 0.282 1.04 4.91 9.74 
5.8381+00 5.725E+00 4.3611+00 1.100 1.079 0.822 1.02 1.34 1.31 2.7371-02 2.7861-02 1.9421-02 1.100 1.120 0.780 0.98 1.41 1.43 
9.2111+00 9.2861+00 6.7951+00 1.093 1.101 0.806 0.99 1.36 1.37 9.0361+00 9.1081+00 6.660B+00 1.093 1.102 0 . 8 0 5  0.99 1.36 1.37 
1.4731+01 1.2851+01 1.272B+01 1.097 0.957 0.947 1.15 1.16 1.01 1.367B+01 1.1933+01 l.lBlB+Ol 1.096 0.957 0.947 1.15 1.16 1.01 
5.1483-06 4.9671-06 2.1241-06 1.262 1.218 0.521 1.04 2.42 2.34 3.0461-06 2.3288-06 9.8211-21 1.700 1.300 0.000 1.31 **** **I* 
4.4548-02 4-2793-02 5.2371-02 0.956 0.919 1.125 1.04 0.85 0.82 4.4498-02 4.274B-02 5.2301-02 0.957 0.919 1.125 1.04 0.85 0.82 
8.4501+01 8.100E+01 6.9101+01 1.081 1.036 0.884 1.04 1.22 1.17 2.7501+01 2.6361+01 2.2491+01 1.081 1.036 0.884 1.04 1.22 1.17 
2.022B-03 2.411B-03 1.005E-03 1.115 1.330 0.554 0.84 2.01 2.40 8.3101-05 9.9053-05 4.129B-05 1.116 1.330 0.554 0.84 2.01 2.40 
9.4063-01 3.9821-01 4.3621-01 1.037 0.937 1.026 1 . 1 1  1.01 0.91 4-126B-01 3.728B-01 4.0851-01 1.037 0.937 1.026 1.11 1.01 0.91 
5.4291-02 6.4723-02 2.6663-02 1.118 1.333 0.549 0.84 2.04 2.43 2-2313-03 2.6591-03 1.095B-03 1.118 1.333 0.549 0.84 2.04 2.43 
3.7531-04 1.033E-04 2.5581-04 1.533 0.922 1.045 3.63 1.47 0.40 1.516B-11 4.173B-12 1.0338-11 1.533 0.422 1.045 3.63 1.47 0.40 
5.2791-04 4.0391-04 4.4291-04 1.152 0.881 0.966 1.31 1.19 0.91 9.907E-13 9.346B-16 1.0241-15 2.994 0.003 0.003 *I** ***I 0.91 
3-4468-03 2.5511-03 2.6161-03 1.200 0.889 0.911 1.35 1.32 0.98 3.255B-03 2.4103-03 2.4713-03 1.200 0.889 0.911 1.35 1.32 0.98 
6.9401-04 5.3751-04 5-6461-04 1.106 0.923 0.970 1.20 1.14 0.95 5.812B-04 4.8511-04 5.0951-04 1.106 0.924 0.970 1.20 1.14 0.95 

AVERAGE-ABSOLUTE-D1VIATION, AS X 11.12 9.86 13.03 18.7 35.0 30.7 18.79 13.46 18.66 e***  a * * *  *I** 
AV-ABS-DBV EXCLUDING LARGEST ONE, X '  8.64 7.91 11.71 11.5 28.7 24.5 9.60 8.72 13.17 20.0 39.9 35.6 
AV-ABS-DBV KXCLUDING LARGEST TWO. X 7.79 7.39 10.77 10.4 21.5 16.4 8.07 7.88 11.02 11.9 25.0 21.7 
NUCS EXCLUDED, lST/ZND: SB 79 CM243 NP237 / CM245 AM243 PU241 , (31244 CM243 PU241 / SB 79 AM243 NP237 



, CASE: BUR, 2.64 UT X U-235. 2 . 8 6 6  AT X BURNUP (27.5 GWD/MTU, APPROX.) 

. . . . . . . . . . . . . . . . . . . . . .  i n  KYR . . . . . . . . . . . . . . . . . . . . . .  - _._. 
ORIGBN2 ORIGBN-S CINDBR p61l OR2 Q&$ 

AVG AVG AVG ORS CIN CIN 
SB 79 7.5443-05 5.362B-05 4.960E-05 1.267 0.900 0.833 1.41 1.52 1.08 
ICR 8 5  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
SR 89 0.0 , 

SR 90. 0.0 . 
Y 90 0.0 
Y 91- 0.0 

ZR 93 1.724B-04 
ZR 95 0.0 
NB 95 0.0 
TC 99 5.394B-03 

0 . 0  '0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.763E-04 0.0 0.989 1.011 0.0 0.98 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
5.473B-03 5.483B-03 0.990 1.004 1.006 0.99 0.98 1.00. 

0 . 0  
5.806B-06 

0.0 . 
1.2333-05 
0.0 

7.390344 

0.0 
1.178B-04 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0.0  

0.0 . 0 . 0  
.4.6931-06 4.9761-06 
5.336B-04 0.0 
0.0 0.0 
1.258E-05 1.164B-05 
0.0 0.0 
0.0 0.0 
1.1721-09 1.064B-04 
0.0 . 0.0 
0 . 0  0.0 
0.0 0.0 
1.4628-11 1.506B-11 
0.0 0.0 
0.0 0.0 

0.0 . o . o  
1..17 0.94 
0.0 0.0 
0.0 0.0 
1.06 1.08 
0.0 0.0 
0.0 0.0 
1.11 1.10 
0.0 0.0 
0.0 0 . 0  
0.0 0.0 
0.0 0.97 
0.0 0.0 
0.0 0.0 

0 . 0  0.0 0.0 0.0 
1.126 0.910 0.965 1.24 
1.161 0.839 0.0 1.38 
0.0 0.0 0.0 0.0 
1.012 1.032 0.956 0.98 
0.0 0.0 0.0 0 . 0  
0 . 0  0.0 0.0 0.0 
1.035 1.030 0.935 1.01 
0.0 0.0 0.0 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0.0 0.0 
0.0 0.985 1.015.0.0 
0.0 0.0 0.0 0 . 0  
0.0  0.0 0 . 0  0 . 0  

RUlO6 
PD107 
SNl26 
SBl 25 
11 29 

CS133 
cs134 
CS135 
CS137 
CB144 
ND143 
ND144 
ND145 
ND146 
PH147 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
SH147 5.675B-08 7.253B-08 7.2263-08 0 . 8 4 5  1.080 1.076 0.78 0.79 1.00 
SH148 4.9271-13 3.37OB-13 0.0 1.188 0.812 0.0 1.46 0.0 0.0 
SI8149 0.0 8.6631-15 6.8181-15 0.0 1.119 0.881 0.0 0.0 1.27 
SH150 0.0 0.0 0.0 0 . 0  0 . 0  0 .0  0.0 0.0 0.0 
51151 1.343B-35 0.0 9.642B-36 1.164 0.0 0.836 0.0 1.39 0.0 
51152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
BU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 
BU154 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU155 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
uz34 4.483~-02 4.427~-02 3.199~-02 1.111 1.097 0.793 1.01 1.40 1-38 
U235 4.6343-04 4.405B-04 3.586B-04 1.101 1.047 0 .852  1.05 1.29 1.23 
U236 8.0403-03 7.787B-03 5.762B-03 1.117 1.082 0.801 1.03 1.40 1.35 
U238 8.1241-03 8.128B-03 8.136B-03 0.999 1.000 1.001 1.00 1.00 1.00 

NP237 3.1911-02 3.0761-02 5.9613-03 1.405 1.354 0.240 1.04 5.84 5.63 
PU238 7.196B-21 8.559B-21 3.5093-21 1.121 1.333 0.546 0.84 2 .05  2.44 
PU239 7.032B+00 7.083B+00 5.141E+00 1.096 1.103 0.801 0.99 1.37 1.38 
PU240 5.266B+00 4.594B+00 4.5571+00 1.096 0.956 0.948 1.15 1.16 1.01 
PU241 1.462B-06 l.ll8B-06 0.0 1.133 0.867 0.0 1.31 0.0 0.0 
PU242 4.379B-02 4.20481-02 5.144B-02 0.957 0.919 1.124 1.04 0.85  0 . 8 2  
AH241 1.5823-03 1.224B-03 1.2116-05 1.684 1.303 0.013 1.29 **** ****  
AH242 1.2493-22 1.485B-22 6.1878-23 1.118 1.329 0.554 0.84 2 . 0 2  2.40 
AH243 1.7728-01 1.601B-01 1.754B-01 1.037 0.937 1.026 1.11 1.01 0.91 
CH242 3.3621-21 3.9991-21 1.6413-21 1.120 1.333 0.547 0.84 2 .05  2.44 
CH243 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
a 2 4 4  9.8941-13 0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
CH245 1.562B-03 1.1571-03 1.1831-03 1.201 0.889 0.910 1.35 1.32 0.98 
(31246 1-5551-04 1-2978-04 1.363B-04 1.107 0.923 0.970 1.20 1.14 0.95 

AVERAGE-ABSOLUTE-DEVIATION, AS X 13.92 12.30 20.29 15.3 8.88 8 8 8 8  
AV-ABS-DEV EXCLUDING LARGEST ONE, X 11.44 11.90 17.56 13.4 5 5 . 6  51.0 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 9.65 10.86 14.94 12.5 33.2 32.6 
NUCS BXCLUDBD, ISTfZND: SB 79 AH243 AH241 / CH245 NP237 

WATTS PER HTU 



CASE: BWR, 4.15 WT I U-235, 4.172 AT X BURNUP (40.0 GWD/MTU, APPROX.) WATTS PER MTU . 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  _ _  - . 
ORIGEN2 ORIGEN-S CINDER m 

AVG 
SB 79 1.228B-04 8.737E-05 8.038E-05 1.268 
KR 8 5  1.675B+01 1.654E+01 1.695E+01 1.000 
SR 89 1.4063+03 1.4511+03 1.444E+03 0.981 
SR 90 1.056E+02 1.036E+02 1.081E+02 0.998 

Y 90 5.046E+02 4.950B+02 5.175B+02 0.998 
Y 91 2.033E+03 2.083E+O3 2.093E+03 0.982 
ZR 93 2.614E-04 2.6131-04 0.0 1 . o o o  
ZR 95 4.162B+03 4.238E+03 4.1673+03 0.994 
NB 95 5.1043+03 5.184E+03 5.110E+03 0.994 
TC 99 7.9553-03 7.996E-03 7.9983-03 0.996 
RU106 2.600E+01 2.458B+01 0.0 1.028 
PD107 7.0703-06 6.172E-06 6.5073-06 1.074 
SN126 1.030E-03 7.9061-04 0.0 1.131 
SB125 3.9543+01 2.913E+01 2.3571+01 1.286 
I129 1.6633-05 1.7651-05 1.6333-05 0.986 

CS133 0.0 0.0 0.0 0.0 
CS134 1.7543+03 1.717E+O3 1.710E+O3 1.016 
CS135 2.035E-04 2.270B-04 2.0793-04 0.956 
CS137 1.3673+02 1.359E+O2 0.0 1.003 
CE144 5.9483+02 5.960E+02 0.0 0.999 
ND143 0.0 0.0 0.0 0.0 
ND144 0.0 1.7878-11 1.853E-11 0.0 
ND145 0.0 0.0 0.0 0.0 
NDl46 0.0 0.0 0.0 0.0 
PM147 4.692E+01 6.326E+01 6.0563+01 0.824 
SM147 3.231B-08 3.3471-08 3.7373-08 0.940 
SM148 8.262B-13 6.0913-13 0.0 1.151 
SM149 0.0 1.120E-14 8.379B-15 0.0 
SM150 0.0 0.0 0.0 0.0 
SM151 4.633B-02 5.3423-02 3.8011-02 1.009 
SM152 0.0 0.0 0.0 0.0 
EU153 0.0 0.0 0.0 0.0 
EU154 1.133B+02 1.1473+02 9.777B+01 1.043 
BU155 5.537B+00 6.112E+00 4.901E+00 1.004 
U234 3.911B-02 3.7841-02 3.844E-02 1.017 
U235 5.102E-04 5.713E-04 5.6153-04 0.932 
U236 9.241B-03 9.3181-03 9.343E-03 0.999 
U238 7.970E-03 7.950E-03 7.965B-03 1.001 

NP237 1.2803-02 1.251E-02 9.959B-03 1.089 
PU238 1.060E+02 1.175B+02 8.7723+01 1.022 
PU239 9.3311+00 1.117E+01 7.926E+00 0.985 
Pu240 1.659E+01 1.511E+O1 1.493E+01 1.067 
PU241 4.018E+00 4.590B+00 3.8591+00 0.967 
PU242 5.4461-02 5.755E-02 6.9551-02 0.900 
AH241 5.8811+00 7.306E+00 6.2588+00 0.907 
AH242 1.090E-02 2.002E-02 7.7471-03 0.846 
AH243 6.1961-01 6.957B-01 7.6481-01 0.894 
CM242 1.6081+03 1.7761+03 1.651B+O3 0.958 
(31243 8.4086-01 2.373B-01 7.543E-01 1.377 
CM244 7.938E+01 8.395E+Ol 9.6511+01 0.917 
CM245 5.973E-03 7.2481-03 8.264E-03 0.834 
CM246 1-3431-03 1.6781-03 1.912B-03 0.817 

AVERAGE-ABSOLUTE-DEVIATION, AS I 6.95 
AV-ABS-DEV EXCLUDING LARGEST ONE, I 5.79 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5 . 0 6  
NUCS EXCLUDED. 1ST/2ND: SB125 (31243 S 

M m m M ORIGEN2 ORIGEN-S 
AVG AVG ORS CIN CIN 
0.902 0.830 1.41 1.53 1.09 1.2283-04 8.736B-05 
0.988 1.012 1.01 0.99 0.98 1.219E+01 1.204B+01 

CINDER QU PBS €€.N QRZ PBa PBS 
AVG AVG AVG ORS CIN CIN 

8.038E-05 1.268 0.902 0.830 1.41 1.53 1.09 
1.2331+01 1.000 0.988 1.012 1-01 0.99 0.98 

1.012 1.007 0.97 0.97 1.01 2.753E-08 2.842B-08 2.832B-08 0.980 1.012 1.008 0.97 0.97 1.00 
0.979 1.022 1.02 0.98 0.96 9.394E+Ol 9.2181+01 9.6181+01 0.998 0.980 1.022 1.02 0.98 0.96 
0.979 1.023 1.02 0.98 0.96 4.4873+02 4.4031+02 4.603E+02 0.998 0.979 1.023 1.02 0.97 0.96 
1.006 1.011 0.98 0.97 1.00 1.1641-06 1.193B-06 1.2001-06 0.982 1.006 1.012 0.98 0.97 0.99 
1.000 0.0 1.00 0.0 0.0 2.6141-04 2.6131-04 0.0 1.000 1.000 0.0 1.00 0 . 0  0.0 
1.012 0.995 0.98 1.00 1.02 1.4733-05 1.4971-05 1.528B-05 0.982 0.998 1.019 0.98 0.96 0.98 
1.010 0.996 0.98 1.00 1.01 3.0963-05 3.147B-05 3.214E-05 0.982 0.998 1.020 0.98 0.96 0.98 
1.002 1.002 0.99 0.99 1.00 7.9543-03 7.995E-03 7.998B-03 0.996 1.002 1.002 0.99 0.99 1.00 
0.972 0.0 1.06 0.0 0.0 8.8383-01 8.354B-01 0.0 1.028 0.972 0.0 1.06 0.0 0.0 
0.938 0.988 1.15 1.09 0.95 7.0701-06 6.172B-06 6.507E-06 1.074 0.938 0.988 1.15 1.09 0.95 
0.869 0.0 1.30 0.0 0.0 1.029E-03 7.9061-04 0.0 1.131 0.869 0.0 1.30 0.0 0.0 
0.947 0.767 1.36 1.68 1.24 1.156E+01 8.516B+00 6.890B+00 1.286 0.947 0.767 1.36 1.68 1.24 
1.046 0.968 0.94 1.02 1.08 1.6683-05 1.770B-05 1.638B-05 0.986 1.046 0.968 0.94 1.02 1.08 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
0.994 0.990 1.02 1.03 1.00 3.3593+02 3.287B+02 3.273B+02 1.016 0.994 0.990 1.02 1.03 1.00 
1.067 0.977 0.90 0.98 1.09 2.0353-04 2.270B-04 2.079B-04 0.956 1.067 0.977 0.90 0.98 1.09 
0.997 0.0 1.01 0.0 0.0 1.2203+02 1.214B+02 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
1.001 0.0 1.00 0.0 0.0 7.4503+00 7.4681+00 0.0 0.999 1.001 0.0 1.00 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
0.982 1.018 0.0 0.0 0.96 0.0 2.161E-11 2.228B-11 0.0 0.985 1.015 0.0 0 . 0  0.97 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.112 1.064 0.74 0.77 1.04 1.2873+01 1.733E+01 1.6601+01 0.825 1 . 1 1 1  1.064 0.74 0.78 1.04 
0.973 1.087 0.97 0 . 8 6  0.90 6.444B-08 7.7781-08 7.881B-08 0.875 1.056 1.070 0.83 0.82 0.99 
0.849 0.0 1.36 0.0 0.0 8.291B-13 6.1201-13 0.0 1.151 0.899 0.0 1.35 0.0 0.0 
1.144 0 . 8 5 6  0.0 0.0 1.34 0.0 1.120E-14 8.379B-15 0.0 1.144 0.856 0.0 0.0 1.34 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 
1.163 0.828 0.87 1.22 1.41 4.461B-02 5.143B-02 3.660B-02 1.009 1.163 0.818 0.87 1.22 1.41 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
1.056'0.900 0.99 1.16 1.17 7.624E+01 7.714B+01 6.578B+01 1.044 1.056 0.900 0.99 1.16 1.17 
1.108 0 . 8 8 8  0.91 1.13 1.25 2.785E+OO 3.074E+00 2.465B+00 1.004 1.108 0 . 8 8 8  0.91 1.13 1.25 
0.989 0.999 1.03 1.02 0.98 4.044E-02 3.9321-02 3.8861-02 1.023 0.994 0.983 1.03 1.04 1.01 
1.043 1.025 0.89 0.91 1.02 5.102B-04 5.7141-04 5.615B-04 0.932 1.043 1.025 0.89 0.91 1.02 
1.002 1.005 0.99 0.99 1.00 9.2431-03 9.3201-03 9.343B-03 0.999 1.002 1.004 0.99 0.99 1.00 
0.999 1.000 1.00 1.00 1.00 7.9701-03 7.9501-03 7.965B-03 1.001 0.999 1.000 1.00 1.00 1.00 
1.064 0.847 1.02 1.29 1.26 1.284B-02 1.256B-02 9.966B-03 1.089 1.065 0.845 1.02 1.29 1.26 
1.133 0.846 0.90 1.21 1.34 1.090E+O2 1.209B+02 9.168B+01 1.017 1.128 0.855 0.90 1.19 1.32 
1.179 0.836 0.84 1.18 1.41 9.33OE+OO 1.1171+01 7.9251+00 0.985 1.179 0.836 0.84 1.18 1.41 
0.972 0.961 1.10 1.11 1.01 1.661E+O1 1.514E+01 1.493B+01 1.068 0.973 0.959 1.10 1.11 1.01 
1.105 0.929 0.88 1.04 1.19 3.171E+00 3.640E+00 3.0601+00 0.964 1.106 0.930 0.87 1.04 1.19 
0.951 1.149 0.95 0.78 0.83 5.446B-02 5-7551-02 6.9551-02 0.900 0.951 1.149 0.95 0.78 0.83 
1.127 0.966 0 . 8 0  0.94 1.17 3.594B+01 4.0648+01 3.4481+01 0.971 1.098 0.931 0.88 1.04 1.18 
1.553 0.601 0.54 1.41 2.58 1.066E-02 1.9581-02 7.575B-03 0.846 1.553 0.601 0.54 1.41 2.58 
1.003 1.103 0.89 0.81 0.91 6.1931-01 6.953B-01 7.644E-01 0.894 1.003 1.103 0.89 0.81 0.91 
1.058 0.984 0.91 0.97 1.08 l.O68E+OO 1.3891+00 9.926B-01 0.929 1.208 0.863 0.77 1.08 1-40 
0.389 1.235 3.54 1.11 0.31 7.4611-01 2.105E-01 6.6938-01 1.377 0.388 1.235 3.50 1.11 0.31 
0.969 1.114 0.95 0.82 0.87 6.576B+01 6.9541+01 7.9951+01 0.917 0.969 1.114 0.95 0.82 0.87 
1.012 1.154 0.82 0.72 0.88 5.9701-03 7.2451-03 8.2603-03 0.834 1.012 1.154 0.82 0.72 0 . 8 8  
1.021 1.163 0.80 0.70 0.88 1.342E-03 1-6773-03 1.910B-03 0.817 1.021 1.163 0.80 0.70 0.88 

7.57 8.32 16.4 13.7 16.5 7.09 7.82 8.76 16.8 14.1 17.1 
6.14 7.23 9.2 11.3 10.9 5.94 6.41 7.71 9.7 11.8 11.6 
4.60 5.70 8.4 10.1 11.0 5.04 5 . 0 6  6.22 8.9 10.6 11.7 

M151 / SE 79 AH242 PU238 SB125 CM243 SI4151 / 81 79 AH242 NP237 

. e  , *b  



CASE: BUR, 4.15 UT X U-235, 4.172 AT I BURNUP (40.0 GWD/MTU, APPROX.) WATTS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 

S3 79 1.2288-04 8.7363-05 8.0373-05 1.268 0.902 0.830 1.41 1.53 1.09 1.2281-09 8.7351-05 8.0373-05 1.268 0.902 0.830 1.41 1.53 1.09 
RR 85 8.8221+00 8.7111+00 8.9251+00 1.000 0.988 1.012 1.01 0.99 0.98 4.6211+00 4.5631+00 4.6751+00 1.000 0.988 1.012 1.01 0.99 0.98 
SR 89 3.5743-19 3.6863-19 3.6801-19 0.980 1.011 1.009 0.97 0.97 1.00 0.0 0.0 6.2133-41 0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 
SR 90 8.3408+01 B.1831+01 8.539E+O1 0.998 0.980 1.022 1.02 0.98 0.96 6.5731+01 6.4508+01 6.7303+01 0.998 0.980 1.022 1.02 0.98 0.96 
Y 90 3.9831+02 3.9093+02 4.0873+02 0.998 0.979 1.023 1.02 0.97 0.96 3.1401+02 3.0813+02 3.2213+02 0.998 0.979 1.023 1.02 0.97 0.96 
Y 91 4.6733-16 4.7873-16 4.8231-16 0.981 1.005 1.013 0.98 0.97 0.99 7.5291-35 0.0 7.792B-35 0.983 0.0 1.017 0.0 0.97 0.0 

ER 93 2.6143-04 2.6133-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 2.6141-04 2.6133-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 
ER 95 3.7641-14 3.8191-14 4.0511-14 0.971 0.985 1.045 0.99 0.93 0.94 2.459E-31 0.0 2.8473-31 0.927 0.0 1.073 0.0 0 . 8 6  0.0 
NB 95 7.9143-14 8.0298-14 8.5201-14 0.971 0.985 1.045 0.99 0.93 0.94 5.1711-31 0.0 5.988B-31 0.927 0.0 1.073 0.0 0.86 0.0 
TC 99 7.9543-03 7.9953-03 7.9983-03 0.996 1.002 1.002 0.99 0.99 1.00 7.954B-03 7.9951-03 7.9981-03 0.996 1.002 1.002 0.99 0.99 1.00 

PD107 7.0703-06 6.1721-06 6.5073-06 1.074 0.938 0.988 1.15 1-09 0.95 7.0701-06 6.1721-06 6.507B-06 1.074 0.938 0.988 1.15 1.09 0.95 

88125 3.3071+00 2.4371+00 1.9721+00 1.286 0.948 0.767 1.36 1.68 1.24 2.7081-01 1.9951-01 1.6151-01 1.286 01947 0.767 1.36 1.68 1.24 
I129 1.6681-05 1.7701-05 1.6381-05 0.986 1.046 0.968 0.94 1-02 1.08 1.6681-05 1.7701-05 1.6381-05 0.986 1.046 0.968 0.94 1.02 1.08 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 6.2553+01 6.1211+01 6.0958+01 1.016 0.994 0.990 1.02 1.03 1.00 2.169B+00 2.1231+00 2.1148+00 1.016 0.994 0.990 1.02 1.03 1.00 
CS135 2.0351-09 2.2701-04 2.0791-04 0.956 1.067 0.977 0.90 0.98 1.09 2.0358-04 2.270B-04 2.0793-04 0.956 1.067 0.977 0.90 0.98 1.09 
CS137 1.0873+02 1.0821+02 0.0 1.002 0.998 0.0 1.00 0.0 0.0 8.6258+01 8.5988+01 0.0 1.002 0.998 0.0 1.00 0.0 0.0 
CE144 8.6791-02 8.6973-02 0.0 0.999 1.001 0.0 1.00 0.0 0.0 1.1768-05 1.1803-05 0.0 0.998 1.002 0.0 1.00 0.0 0.0 
ND143 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND144 0.0 2.1663-11 2.2331-11 0.0 0.985 1.015 0.0 0.0 0.97 0.0 2.1663-11 2.2331-11 0 . 0  0.985 1.015 0.0 0.0 0.97 
ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND146 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
PM147 3.4351+00 4.6253+00 4.4281+00 0.825 1 . 1 1 1  1.064 0.74 0.78 1.04 2.4461-01 3.2931-01 3.1531-01 0.825 1.111 1.064 0.74 0.78 1.04 
SM147 7.3271-08 8.9961-08 9,0203-08 0.867 1.065 1.068 0.81 0.81 1-00 7.6251-08 9.4081-08 9-4051-08 0 . 8 6 5  1.068 1.067 0.81 0.81 1.00 
SM148 8.2911-13 6.1201-13 0.0 1.151 0.849 0.0 1.35 0.0 0.0 8.2913-13 6.1201-13 0.0 1.151 0.849 0.0 1.35 0.0 0.0 
SM149 0.0 1.1208-14 8.379B-15 0.0 1.144 0.856 0.0 0.0 1.34 0.0 1.1208-14 8.3791-15 0 . 0  1.144 0.856 0.0 0.0 1.34 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
81151 4.2921-02 4.9493-02 3.5213-02 1.009 1.163 0.828 0.87 1.22 1.41 3.9743-02 4.5823-02 3-2601-02 1.009 1.163 0.828 0.87 1.22 1.41 
81152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
BU153 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 5.0961+01 5.1553+01 4.3963+01 1.044 1.056 0.900 0.99 1.16 1.17 2.2763+01 2.3031+01 1.9633+01 1.044 1.056 0.900 0.99 1.16 1.17 
EU155 1.3848+00 1.5283+00 1.2251+00 1.004 1.108 0.889 0.91 1.13 1.25 3.4221-01 3.7783-01 3.0291-01 1.004 1.108 0 . 8 8 8  0.91 1.13 1.25 
U234 4.1761-02 4.0783-02 3.9281-02 1.028 1.004 0.967 1.02 1.06 1.04 4.4243-02 4.3531-02 4.0071-02 1.038 1.021 0.940 1.02 1.10 1.09 
U235 5.1038-04 5.7141-04 5.6153-04 0.932 1.043 1.025 0.89 0.91 1.02 5.1031-04 5.7151-04 5.6153-04 0.932 1.043 1.025 0.89 0.91 1.02 
U236 4.2453-03 9.3221-03 9.3431-03 0.994 1.002 1.004 0.99 0.99 1.00 9.2501-03 9.3268-03 9.3433-03 0.994 1.002 1.004 0.99 0.99 1.00 
U238 7.9703-03 7.9501-03 7.9651-03 1.001 0.999 1.000 1.00 1.00 1.00 7.9701-03 7.9503-03 7.9653-03 1.001 0.999 1.000 1.00 1.00 1.00 

NP237 1.2911-02 1.2641-02 9.9661-03 1.090 1.068 0.842 1.02 1.30 1.27 1.3141-02 1.2903-02 9.9663-03 1.095 1.075 0.830 1.02 1.32 1.29 

ORIGBN2 ORIGEN-S CINDER w CIN p82 ORIGKN2 ORICEN-S CINDER pBa pBs pBz pBz 

RU106 2.8391-02 2.6831-02 0.0 1.028 0.972 0.0 1.06 0.0 0.0 2.9913-05 2.7681-05 0.0 1.039 0.961 0.0 1.08 0.0 0.0 

SN126 1.0291-03 7.9063-04 0 . 0  1.131 0.869 0.0 1.30 0 . 0  0.0 1.0291-03 7.9051-04 0.0 1.131 0.869 0.0 1.30 0.0 0.0 

Pu238 1.048B+02 1.1633+02 8.8141+01 1.017 1.128 0.855 0.90 1.19 1.32 9.6898+01 1.0751+02 8.1451+01 1.017 1.128 0.855 0.90 1.19 1.32 
Pu239 9.3298+00 1.1173+01 7.9241+00 0.985 1.179 0.836 0.84 1.18 1.41 9.3278+00 1.1171+01 7.9223+00 0.985 1.179 0.836 0.84 1.18 1.41 
PU240 1.6631+01 1.5163+01 1.4921+01 1.068 0.974 0.958 1.10 1.11 1.02 1.6661+01 1.5191+01 1.4903+01 1.069 0.975 0.956 1.10 1.12 1.02 
PU241 2.4931+00 2.8753+00 2.4181+00 0.961 1.108 0.932 0.87 1.03 1.19 1.5401+00 1.7941+00 1.5091+00 0.954 1 . 1 1 1  0.935 0.86 1.02 1.19 
PU242 5.4461-02 5.755E-02 6.9551-02 0.900 0.951 1.149 0.95 0.78 0.83 5.4468-02 5.7551-02 6.9551-02 0.900 0.951 1.149 0.95 0.78 0.83 
AM241 5.9778+01 6.7193+01 5.6961+01 0.975 1.096 0.929 0.89 1.05 1.18 9.2521+01 1.0401+02 8.8081+01 0.975 1.096 0.928 0.89 1.05 1.18 
AM242 1.0428-02 1.9143-02 7.4051-03 0.846 1.553 0.601 0.54 1.41 2.58 9.9511-03 1.8281-02 7.0751-03 0.846 1.553 0.601 0.54 1.41 2.58 
An243 6.1901-01 6.9501-01 7.6418-01 0.894 1.003 1.103 0.89 0.81 0.91 6.184B-01 6.9441-01 7.6331-01 0.894 1.003 1.103 0.89 0.81 0.91 
(31242 2.8001-01 5.143B-01 1.9671-01 0.848 1.557 0.596 0.54 1.42 2.61 2.6713-01 4.9081-01 1.8761-01 0.847 1.557 0.595 0.54 1.92 2.62 
(31243 6.6063-01 1.8643-01 5.9271-01 1.377 0.388 1.235 3.54 1.11 0.31 5.1803-01 1.4621-01 4.6471-01 1.377 0.389 1.235 3.54 1.11 0.31 

(31245 5.9683-03 7.2421-03 8.2571-03 0.834 1.012 1.154 0.82 0.72 0 . 8 8  5.9633-03 7.2371-03 8.2501-03 0.834 1.012 1.154 0.82 0.72 0 . 8 8  
(31246 1.341B-03 1.6753-03 1.9091-03 0.817 1.020 1.163 0 . 8 0  0.70 0.88 1.3391-03 1.6731103 1.9061-03 0.817 1.021 1.163 0 . 8 0  0.70 0.88 

AVERAGE-ABSOLUTE-DEVIATION, AS X 7.36 8.67 9.63 17.3 15.3 iO.5 7.78 9.51 10.12 18.9 16.2 22.7 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.24 7.32 8.66 10.2 13.1 15.1 6.65 8.08 9.16 11.2 14.0 16.9 
AV-ABS-DBV EXCLUDING LARGEST TWO, X 5.36 6.03 7.22 8.5 11.0 1 1 . 1  5.78 6.69 7.69 9.3 11.9 12.4 
NUCS EXCLUDED, lST/ZND: SB125 (31243 SM151 / SE 79 CM242 NP237 58125 CM243 SM151 / SB 79 CM242 NP237 

(31244 5.4301+01 5.7433+01 6.6021+01 0.916 0.969 1.114 0.95 0.82 0.87 3.7031+01 3.9171+01 4.5033+01 0.916 0.969 1.114 0.95 0.82 0.87 



CASE: BUR, 4.15 WT X U-235, 4.172 AT X BURNUP (40.0 GWD/MTU, APPROX.) WATTS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  5 0  Y R  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 

1.227E-04 
6.6433-01 
0.0 
3.21 91+01 
1.5371+02 
0.0 
2.61 41-00 
0.0 
0.0 
7.953E-03 
3.2861-14 
7.070E-06 
1 .029E-03 
1.4871-04 
1.6681-05 
0.0 
9.0461-05 
2.0351-04 
4.31 3B+01 

_ _  __. .. .. 
ORIGEN-S CINDER QRS ORIGEN2 ORIGEN-S CINDER pBs C U  pBz p82 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
8.732E-05 8.0343-05 1.268 0.902 0.830 1.41 1.53 1.09 1.2273-04 8.7283-05 8.030B-05 1.268 0.902 0.830 1.01 1.53 1.09 
6.557E-01 6.7191-01 1.000 0.988 1.012 1.01 0.99 0.98 2.6201-02 2.586E-02 2.6501-02 1.001 0.988 1.012 1.01 0.99 0.98 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
3.158E+01 3.295E+01 0.998 0.979 1.022 1.02 0.98 0.96 9.791E+00 9.6051+00 1.0021+01 0.998.0.979 1.022 1.02 0.98 0.96 
1.5081+02 1.577E+02 0.998 0.979 1.024 1.02 0.97 0.96 4.6771+01 4.5881+01 4.797B+01 0.998 0.979 1.023 1.02 0.97 0.96 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.613E-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 2.6143-04 2.613E-04 0 . 0  1.000 1.000 0.0 1.00 0.0 0.0 
0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
7.9943-03 7.9971-03 0.996 1.002 1.002 0.99 0.99 1.00 7.9523-03 7.993E-03 7.996E-03 0.996 1.002 1.002 0.99 0.99 1.00 
3.0403-14 0.0 1.039 0.961 0.0 1.08 0.0 0.0 3.8421-29 3.5521-29 0.0 1.039 0.961 0.0 1.08 0.0 0.0 
6.1721-06 6.5071-06 1.074 0.938 0.988 1.15 1.09 0.95 7.0703-06 6.1721-06 6.507B-06 1.074 0.938 0.988 1-15 1.09 0.95 
7.9043-04 0.0 1.131 0.869 0.0 1.30 0.0 0.0 1.0293-03 7.9013-04 0 . 0  1.131 0.869 0.0 1.30 0.0 0.0 
1.0953-04 8.866E-05 1.286 0.947 0.767 1.36 1.68 1.24 5.4721-10 4.030E-10 3.265E-10 1.286 0.947 0.767 1.36 1.68 1.23 
1.770E-05 1.6386-05 0.986 1.046 0.968 0.94 1.02 1.08 1.6683-05 1.7703-05 1.638E-05 0.986 1.046 0.968 0.90 1.02 1.08 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
8.8483-05 8.815E-05 1.016 0.994 0.990 1.02 1.03 1.00 4.5378-12 4.4341-12 4.421B-12 1.016 0.993 0.990 1.02 1.03 1.00 
2.2703-04 2.0798-04 0.956 1.067 0.977 0.90 0.98 1.09 2.0353-04 2.270E-04 2.079E-04 0.956 1.067 0.977 0.90 0.98 1-09 
4.3151+01 0.0 1.000 1.000 0.0 1.00 0.0 0.0 1.358E+01 1.368E+01 0.0 0.996 1.000 0.0 0.99 0.0 0.0 

SE 79 
KR 85 
SR 89 
SR 90 

Y 90 
Y 91 

ER 93 
ER 95 
NB 95 
TC 99 
RU106 
PD107 
SN126 
SB125 
I129 

CS133 
CS134 
CS135 
CS137 
CE144 2.926B-17 2.942E-17 0.0 0.997 1.003 0.0 0.99 0.0 0.0 1-3383-36 0 . 0  0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
NDl44 
NDl45 
'ND106 
PMl47 
SMl47 
SMl48 
SI1 49 
SMl50 
SI151 
SMl52 
EU153 
EU154 
EU155 . 
U234 
U235 
U236 
U238 

NP237 
PU2 3 8 
PU239 
PU240 
PU241 
PU242 
AM241 
AM242 
AM243 
(31242 
CM2 4 3 
CM2 4 4 
CM2 4 5 
(31246 

0.0 2.166B-11 2.233B-11 0.0 0.985 1.015 0.0 0.0 0.97 0.0 2.1661-11 2.2331-11 0.0 0.985 1.015 0.0 0 . 0  0.97 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0.0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
8.8341-05 1.1881-04 1.1381-04 0.826 1.110 1.064 0.74 0.78 1.04 1.618E-10 2.1721-10 2.083E-10 0.827 1.110 1.064 0.74 0.78 1.04 
7.648E-08 9.439E-08 9.4351-08 0 . 8 6 5  1.068 1.067 0.81 0.81 1.00 7.648B-08 9.439B-08 9.4353-08 0.865 1.068 1.067 0.81 0.81 1.00 
8.2911-13 6.1208-13 0.0 1.151 0.849 0.0 1.35 0.0 0.0 8.291B-13 6.120B-13 0.0 1.151.0.849 0.0 1.35 0.0 0.0 
0.0 1.1208-14 8.3791-15 0.0 1.144 0 .856  0.0 0.0 1.34 0.0 1.120E-14 8.3793-15 0.0 1.144 0.856 0 . 0  0 . 0  1.34 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 
3.154E-02 3.637E-02 2.588E-02 1.009 1.163 0.828 0.87 1.22 1.41 2.1461-02 2.474B-02 1.76lE-02 1.009 1.163 0.828 0.87 1.22 1.41 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 
2.028E+OO 2.051E+00 1.7491+00 1.044 1.056 0.900 0.99 1.16 1.17 3.6061-02 3.645B-02 3.109B-02 1.094 1.055 0.900 0.99 1.16 1.17 
5.168E-03 5.707B-03 0.5771-03 1.003 1.108 0.889 0.91 1.13 1.25 0.7671-06 5.2681-06 4.2253-06 1.003 1.108 0.889 0.90 1.13 1.25 
5.0611-02 5.061E-02 4.2111-02 1.059 1.059 0.881 1.00 1.20 1.20 5.8401-02 5.9251-02 4.459E-02 1.080 1.096 0.825 0.99 1.31 1.33 
5.1061-04 5.7181-04 5.615E-04 0.932 1.044 1.025 0.89 0.91 1.02 5.110E-04 5.7221-04 5.6151-04 0.932 1.044 1.024 0.89 0.91 1.02 
9.2631-03 9.3371-03 9.343E-03 0.994 1.002 1.003 0.99 0.99 1.00 9.2801-03 9.3571-03 9.303B-03 0.995 1.003 1.002 0.99 0.99 1-00 
7.9701-03 7.9501-03 7.9651-03 1.001 0.999 1.000 1.00 1.00 1-00 7.970E-03 7.95OE-03 7.965B-03 1.001 0.999 1.000 1.00 1.00 1.00 
1.4188-02 1.4061-02 9.966E-03 1.113 1.104 0.783 1.01 1.42 1.41 1.6141-02 1.629E-02 9.966B-03 1.142 1.153 0.705 0.99 1.62 1.63 
7.649EcOl 8.487E+O1 6.4301+01 1.017 1.128 0.855 0.90 1.19 1.32 5.1591+01 5.7298+01 4.336B+01 1.017 1.129 0 . 8 5 0  0.90 1.19 1.32 
9.3191+00 1.1161+01 7.9151+00 0.985 1.179 0.836 0.84 1.18 1.41 9.3071+00 1.114E+01 7.904B+00 0.985 1.179 0.836 0.84 1.18 1.41 
1.6671+01 1.521E+01 1.4861+01 1.070 0.976 0.954 1.10 1.12 1.02 1.660E+01 1.515E+01 1.478E+Ol 1.070 0.977 0.953 1.10 1.12 1.03 
3.634E-01 4.3601-01 3.666E-01 0.935 1.122 0.943 0.83 0.99 1.19 3.2751-02 4.126E-02 3.9701-02 0.904 1.139 0.958 0.79 0.94 1.19 
5.446B-02 5.755E-02 6.954B-02 0.900 0.951 1.149 0.95 0.78 0.83 5.4461-02 5.755E-02 6.954B-02 0.900 0.951 1.149 0.95 0.78 0.83 
1.290B+02 1.456E+02 1.2343+02 0.972 1.098 0.930 0.89 1.05 1.18 1.3021+02 1.476E+02 1.250B+02 0.970 1.099 0.931 0 . 8 8  1.04 1.18 
8.679B-03 1.595B-02 6.170E-03 0 . 8 4 5  1.554 0.601 0.54 1.41 2.59 6.9098-03.1.270B-02 4.9121-03 0 . 8 4 5  1.554 0.601 0.50 1.41 2.59 
6.167B-01 6.9241-01 7.6121-01 0.894 1.003 1.103 0.89 0.81 0.91 6.1388-01 6.892B-01 7.5761-01 0.894 1.003 1.103 0.89 0.81 0.,91 
2.3301-01 4.2811-01 1.6371-01 0.848 1.557 0.595 0.54 1.42 2.62 1.8558-01 3.0081-01 1.3031-01 0.848 1.557 0.595 0.54 1.42 2.62 
2.4971-01 7.047E-02 2.2903-01 1.377 0.388 1.235 3.54 1.11 0.31 7.402B-02 2.088B-02 6.6401-02 1.377 0.388 1.235 3.55 1.11 0.31 
1.175E+01 1.242B+01 1.4283+01 0.917 0.969 1.114 0.95 0 . 8 2  0.87 1.7331+00 1.832E+00 2.107E+OO 0.917 0.969 1.110 0.95 0.82 0.87 
5.9481-03 7.219E-03 8.23OE-03 0.834 1.012 1.154 0.82 0.72 0 . 8 8  5.9248-03 7.1908-03 8.1961-03 0.834 1.012 1.154 0.82 0.72 0.88 
1.333B-03 1.6661-03 1.8981-03 0.817 1.021 1.163 0 . 8 0  0.70 0.88 1.323E-03 1.653B-03 1.8841-03 0.817 1.020 1.163 0 . 8 0  0.70 0 . 8 8  

AVERAGE-ABSOLUTE-DEVIATION, AS X 8.11 9.70 10.80 19.0 17.3 23.4 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.63 8.44 9.67 11.2 15.0 17.6 . 
AV-ABS-DEV EXCLUDING LARGEST TWO, X 5.94 6.83 8.10 9.3 12.7 13.2 
NUCS EXCLUDED, 1ST/2ND: ,58125 CM243 NP237 / SE 79 (38242 81151 

8.54 10.20 11.14 19.6 18.4 24.0 
6.98 8.82 9.80 11.7 16.1 18.7 
6.07 7.39 8.22 11.0 13.6 12.6 

88125 CM243 NP237 / SE 79 a 2 4 2  U234 



WATTS PER MTU CASE: EWR, 4.15 WT X U-235, 4.172 AT X BURNUP ( 4 0 . 0  GWD/MTU, APPROX.) 

*.*+*****.++++*+++++.* 300 YR *+*.*+++***++*+.*+++~+ *+..+*++..++.++++.+++* 1 KYR .+*++.+.+++.+++++..+~+ 
ORIGEN2 ORIGEN-S CINDER G W .  CU QE2 U ORIGEN2 ORIGEN-S CINDER pBa pBs pBa pBs % AVG AVG ORS CIN CIN AVG AVG AVG ORB CIN CIN 
1.224E-04 8.709E-05 8.013E-05 1.268 0.902 0.830 1.41 1-53 1.09 1.2151-04 8.6441-05 7.9538-05 1.268 0.902 0.830 1-41 1.53 1.09 
6.3411-08 6.2518-08 6.410B-08 1.001 0.987 1.012 1.01 0.99 0.98 1.398B-27 1.378E-27 1-4116-27 1.002 0.987 1.011 1.01 0.99 0.98 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
8.387E-02 8.2191-02 8.580E-02 0.999 0.979 1.022 1.02 0.98 0.96 4.8721-09 4.7701-09 4.9788-09 1.000 0.979 1.021 1.02 0.98 0.96 
4.006E-01 3.9261-01 4.106E-01 0.998 0.978 1.023 1.02 0.98 0.96 2.327E-08 2.2781-08 2.3821-08 0.999 0.978 1.023 1-02 0.98 0.96 
0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
2.6141-09 2.6138-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 2.6131-04 2.6123-04 0.0 1.000 1.000 0.0 1.00 0.0 0.0 
0.0 0 . 0  0 . 0  . 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
7.9473-03 7.9888-03 7.9901-03 0.996 1.002 1.002 0.99 0.99 1.00 7-9291-03 7.9701-03 7.9728-03 0.996 1.002 1.002 0.99 0.99 1.00 
0.0 0 , o  0 . 0  . o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
7.0701-06 6.172E-06 6.507E-06 1.074 0.938 0.988 1.15 1.09 0.95 7.0708-06 6.1718-06 6-5071-06 1.074 0.937 0.988 1.15 1.09 0.95 
1.027E-03 7.8901-04 0.0 1.131 0.869 0.0 1.30 0.0 0.0 1.0221-03 7.8528-04 0.0 1.131 0.869 0.0 1.30 0.0 0.0 

SE 79 
KR 8 5  
SR 89 
SR.90 
Y 90 
Y 91 
ZR 93 
ZR 95 
NE 95 
TC 99 
RU106 
PD107 
SN126 
SBl25 0.0 0.0 6.0053-32 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 

CS133 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS134 0 . 0  0.0 2.7981-41 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
CS135' 2.0341-04 2.2701-04 2.0791-04 0.956 1.067 0.977 0.90 0.98 1.09 2-0341-04 2.2701-04 2.0788-04 0.956 1.067 0.977 0.90 0.98 1.09 
CS137 1.3361-01 1.3811-01 0.0 0.983 1.017 0.0 0.97 0.0 0.0 1.2638-08 1.4311-08 0.0 0.938 1.062 0.0 0.88 0.0 0.0 
CB144 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ND143 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ND145 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
ID146 0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  c PM147 0.0 0.0 2.3363-33 0.0 0.0 0.0 0 . 0  0.0 0.0 0.0 
SM147 7.6483-08 9.4391-08 9.435E-08 0.865 1.068 1.067 0.81 0.81 1.00 7-6481-08 9.4391-08 9.4358-08 0.865 1.068 1.067 0.81 0.81 1.00 W 
SM148 8.291E-13 6.120E-13 0.0 1.151 0.849 0.0 1.35 0.0 0.0 8.291B-13 6.1201-13 0.0 1.151 0.849 0.0 1.35 0.0 0.0 
SM149 0.0 1.120E-14 8.3791-15 0.0 1.144 0 . 8 5 6  0.0 0.0 1.34 0.0 1-1201-14 8.3791-15 0 . 0  1.144 0.856 0.0 0.0 1.34 
SM150 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
SI4151 4.5981-03 5.3023-03 3.7731-03 1.009 1.163 0 .828  0.87 1.22 1.41 2-0931-05 2.4161-05 1.7198-05 1.008 1.164 0.828 0.87 1.22 1.41 
81152 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU153 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
EU154 3.601E-09 3.6368-09 3.103E-09 1.045 1.055 0.900 0.99 1.16 1.17 0.0 0.0 9.7488-34 0 . 0  0.0 0.0 0.0 0.0 0.0 
EU155 3.4518-18 3.826E-18 3.0708-18 1.001 1.109 0.890 0.90 1.12 1.25 0.0 0.0 1.0038-60 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

I129 1.668E-05 1.7701-05 1.638E-05 0.986 1.046 0.968 0.94 1.02 1.08 1.668B-05 1.7701-05 1.6383-05 0.986 1.046 0.968 0.94 1.02 1.08 

ND144 0.0 2.1661-11 2.2331-11 0.0 0.985 1.015 0.0 0.0 0.97 0.0 2.1668-11 2.2338-11 0.0 0.985 1.015 0.0 0.0 0.97 

\o 

U234 7.117E-02 7.3461-02 4.8681-01 1.105 1.140 0.755 0.97 1.46 1.51 7.4401-02 7.7091-02 4.968B-02 1.110 1.150 0.741 0.97 1.50 1.55 
U235 5.125E-04 5.7411-04 5.6151-04 0.933 1-045 1.022 0.89 0.91 1.02 5.1791-09 5.8051-09 5.6158-04 0.936 1.049 1.015 0.89 0.92 1.03 
U236 9.3693-03 9.4341-03 9.3438-03 0.999 1.006 0.996 0.99 1.00 1.01 9.6511-03 9.6928-03 9.3438-03 1.009 1.014 0.977 1.00 1.03 1.04 
U238 7.970E-03 7.950B-03 7.965E-03 1.001 0.999 1.000 1.00 1.00 1-00 7.9701-03 7.9501-03 7.9651-03 1.001 0.999 1.000 1.00 1.00 1.00 

NP237 2.2841-02 2.3891-02 9.9663-03 1.209 1.264 0.527 0.96 2.29 2.40 3.479B-02 3.7441-02 9.9638-03 1.270 1.367 0.364 0.93 3.49 3.76 
PU238 1.071E+01 1.194E+Ol 8.9871+00 1.016 1.132 0.852 0.90 1.19 1.33 4-8391-02 5.8273-02 3.9811-02 0.991 1.193 0.815 0.83 1.22 1.46 
PU239 9.2571+00 1.108E+01 7.8581+00 0.985 1.179 0.836 0.84 1.18 1.41 9.083E+00 1.087E+01 7.7023+00 0.985 1.179 0.835 0.84 1.18 1.41 
PU240 1.6263+01 1.4841+01 1.4471+01 1.071 0.977 0.952 1.10 1.12 1.03 1.5101+01 1.3783+01 1.3431+01 1.071 0.977 0.952 1.10 1.12 1.03 
PU241 7.612E-06 1.014E-05 2.7841-06 1.112 1.481 0.407 0.75 2.73 3.64 5.1521-06 6.4541-06 1.2871-20 1.332 1.668 0 . 0 0 0  0.80 * S O +  **+* 
PU242 5.4451-02 5.7551-02 6.952B-02 0.900 0.951 1.149 0.95 0.78 0.83 5.4381-02 5.7481-02 6-9431-02 0.900 0.951 1.149 0.95 0.78 0.83 
AM241 9.5351+01 1.0823+02 9.1641+01 0.969 1.100 0.931 0.88 1.04 1.18 3.1043+01 3.521E+01 2.982E+01 0.969 1.099 0.931 0.88 1.04 1.18 
AM242 2.7761-03 5.0991-03 1.973B-03 0.846 1.553 0.601 0 .54  1.41 2.58 1.141E-04 2.0951-04 8.106E-05 0.846 1.553 0.601 0.54 1.41 2.58 
AM243 6.024E-01 6.7633-01 7.435B-01 0.894 1.003 1.103 0.89 0.81 0.91 5.6401-01 6.333B-01 6.9628-01 0.894 1.003 1.103 0.89 0.81 0.91 
CM242 7.4518-02 1.3691-01 5.2341-02 0.848 1.557 0.595 0 . 5 4  1.42 2.62 3.062E-03 5.6248-03 2.1508-03 0.848 1.557 0.595 0.54 1.42 2.62 
CM243 5.711E-04 1.6111-04 5.124B-04 1.377 0.388 1.235 3.55 1.11 0.31 2-3078-11 6.5078-12 2.0698-11 1.377 0.388 1.235 3.55 1.12 0.31 
CM244 8.2098-04 8.676E-04 9.981E-04 0.917 0.969 1.115 0.95 0.82 0.87 1.379E-12 2.008B-15 2.309E-15 2.991 0.000 0 . 0 0 5  *+++ +*** 0.87 
(31245 5.8281-03 7.073E-03 8.063E-03 0.834 1.012 1.154 0.82 0.72 0.88 5.5053-03 6.681E-03 7.6158-03 0.834 1.012 1.154 0.82 0.72 0.88 
(31246 1.2851-03 1.6063-03 1.8291-03 0.817 1.021 1.163 0.80 0.70 0.88 1.1601-03 1.449E-03 1.6511-03 0.817 1.020 1.163 0.80 0.70 0.88 

15.73 16.51 18.98 +I+* *+++ ++++ AVERAGE-ABSOLUTE-DEVIATION, AS I 8.37 12.20 13.72 20.2 2 5 . 4  36.4 
AV-ABS-DEV EXCLUDING LARGEST ONE, X 6.73 9.70 11.70 12.7 20.6 27.8 8.05  10.76 12.83 22.1 25.8 35.9 
AV-ABS-DBV EXCLUDING LARGEST TWO, X 5.51 7.87 9.05 11.9 15.6 19.0 6.32 8.27 9.38 14.4 11.1 25.4 
NUCS EXCLUDED, lST/2ND: SE 79 (31243 PU241 / CM246 CM242 NP237 cn244 ~ ~ 2 4 3  ~ ~ 2 4 1  SB 79 cnzu ~ ~ 2 3 7  



0 
9 

LE2dN . 2bZW3 962Y3 / LCZW 8EZnd 6L 3S :LINZ/LSL '(IBail13X3 S3nN 
E'ZZ 0'02 2'Sl Lb'Ol 22'6 L6'L Y 'OM& ZSBBUV? 3NIall13XB ABQ-SEQ-AV 
Z'bb S'SE 2'91 b6'bl 21'21 29'6 U 'BNO ZS83UVl 3NIlln13XB ABa-SEY-AV 
8888 8.88 SOL1 29'61 89'Sl 9E'Ll Y SV 'NOILVIA3a-3~~lOSEV-33VU3AV 

88'0 OL'O 08'0 291'1 120'1 Ll8'O bO-BSLb'b bo-39L8.E bO-BEOl'E 
88'0 ZL'O 28.0 ZSL'L ELO'L SE8'0 EO-3Lb9.E EO-3LOZ.E EO-32b9.2 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 21-BLLE'L 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0-0 0'0 

E9'2 EC'L SS'O E6S.0 LSS'L OSB'O 12-3222'E 12-38St1'8 12-3819'1, 

65'2 Lb'l SS'O 009'0 ZSS'L Lb8'O 22-3SlZ'l 22-32bl'E 22-3SlL.l 
8.88 8.88 6L'O 800'0 LL9'L LZE'L SO-3L09.1 EO-BELE'E EO-3899'2 

0'0 0'0 08'0 0'0 ZlL'L 888'0 0'0 90-3860'E 90-BELb.2 
20'1 21'1 01'1 hS6'0 9L6'0 OLO'L 00+3E8L'S 00+390E'S 00+3EL8'S 
Eb'l 61'1 b8-0 628'0 E8L'L 686'0 00+39b6'S 00+3E8b'8 00+3160'L 
E9'2 Eb'l 55'0 E6S'O LSS'L 058'0 12-8688'9 02-3018'1 12-3S88.6 
Zb'b LO'C 26'0 9lE'O 96E'L L82'L EO-BtE6'6 20-3L8E.b 20-BSbO'b 
00'1 00'1 00'1 000'1 866'0 100'1 EO-3S96.L EO-30S6.L EO-3lL6.L 
92.1 LZ'L 10'1 6b8'O 890'1 280'1 EO-BlhE'6 20-3SLl'l 20-8061'1 
91'1 EO'L 68'0 6E6'0 E60'L 896'0 bO-BS19'S bo-3lES.9 bo-BS8L'S 
9S'l OS'L L6'0 6EL'O LSL'L OLL'L ZO-BEh8'b 20-3ObS'L,ZO-3LLZ'L 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0-0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0-0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 12'1 0'0 E06'0 0'0 L60'1 SE-BESE'L 0'0 SE-3bb9'1 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 

bE'L 0'0 0'0 9S8'0 bbl'l 0'0 SL-36LE'8 bL-3021'1 0'0 

00'1 18'0 18'0 L90'1 890'1 S98'0 80-3SEb.6 80-36Eb.6 80-38b9.L 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0-0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 

16.0 18-o 68.0 EOL*L COO-L 068-0 io-8066-2 LO-BOZL*Z io-aztfi-z 

r8.o ~L*O 56.0 6bi.i 1~6.0 006.0 zo-a628*9 20-sssg-s 20-BZSE-S 

0'0 0'0 SE'L 0'0 6b8'0 1Sl'l 0-0 ci-zozL*g EI-BL~Z*B 

L6'0 0'0 0'0 SLO'L 586'0 0'0 11-BEEL'Z 11-8991'2. 0'0 

grzn3 
5bzy3 
b b 2Y3 
E bZU3 

Eb2W 
ZbZW 
1 b2W 
2bZnd 
1 b2nd 
ObZnd 

8EZnd 
LECdN 

z zn3 

~~2nd 

8czn 
gczn 
sEzn 
ss in3 
bs in3 
csina 
zs ins 

bE2n 

1s1kls- 
os LYS 
6 b LWS 
8b LWS 
L b LYS 
L b LYd 
9b LaN 
SblaN 
bhlaN 
EbLaN 
bb133 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 LELS3 
60'1 86'0 06'0 116.0 L9O'L 956'0 bo-BELO'Z bo-3E92-2 bo-3820'2 SElS3 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 bElS3 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 EELS3 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 SLLES 
0'0 0'0 OE'L 0'0 698'0 LEL'L 0'0 CO-BLLE'L bo-3909'6 92lNS 

56'0 60'1 SL'L 886'0 LE6'0 hLO.1 90-30OS'9 90-8591'9 90-3E90.L LOlad 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 

00'1 66'0 66'0 200'1 200'1 966'0 EO-3ZbL.L EO-3ObL'L EO-300L'L 66 3L 
0'0 56 EN 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 56 U2 
0'0 0'0 00'1 0'0 000'1 000'1 0'0 bo-3109'2 bo-3209'2 E6 U2 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 16 A 

80'1 20'1 b6'0 896'0 9bO'L 986'0 S0-38E9'1 SO-869L-1 SO-3L99.1 6211 

0.0 9om 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 06 A 
0'0 06 US 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 68 US 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 S8 UX 
60-1 ES'L lb'l OE8-0 206'0 892'1 SO-BSZZ'L SO-3ES8.L bO-3hOL'l 6L 3s 
NI3 N13 SUO 3AV 3AV 3AV 

...................... UAX 01 ...................... 

. 0'0 0'0 0'0 0'0 0'0 . 0'0 0'0 0'0 

ZE5 Zmr NT3 SF5 . l?iCJ UB~NI~ S-N~~IUO ZNBBIUO 

nLY U3d sakvn ' ('XOUddV 'flZW/OM3 O'Ob) dmnE Y LV 2Ll'b 'SEZ-ll I &I4 Sl'b '8HE :BSQJ 
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CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PWR, 3.2 WT X C 33 GUD/UTU WATTS PER ITU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGSN2 ORIGEN-S CINDER QE2 = a w m ORIGEN2 ORIGEN-S CINDSR QM = C U  pB? pB? pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
F. P. 5.063E+04 5.063E+04 5.076E+04 0.999 0.999 1.002 1.00 1.00 1.00 1.5819+03 1.578E+03 1.5781+03 1.001 0.999 0.999 1-00 1.00 1.00 
ACT. 1.5611+03 1.5611+03 1.5613+03 1.000 1.000 1.000 1.00 1.00 1.00 1.9763+02 1.971S+02 1.9701+02 1.002 0.999 0.999 1.00 1.00 1.00 
TOTAL 5.219E+04 5.2191+04 5.232S+04 0.999 0.999 1.002 1.00 1.00 1.00 1.7783+03 1.7751+03 1.775S+03 1.001 0.999 0.999 1.00 1.00 1.00 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0..06 0.06 0.12 0.0 0.2 0.2 0.15 0.06 0.09 0 .2  0 .2  0.0 

CASE: DECAY ONLY, OF ORIGEN2 DISCHARGS RSSULTS FOR PWR, 3.2 WT X C 33 GWD/UTU WATTS PSR UTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YP . . . . . . . . . . . . . . . . . . . . . .  . -  -.. _. 
ORIGEN2 ORIGEN-S CINDER pB2 m pBa M ORIGSN2 ORIGIN-S CINDER pBa pBs GIN pBz pB? = 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
F. P. 9.0623+02 9.0451+02 9.0441+02 1.001 0.999 0.999 1.00 1.00 1.00 6.4693+02 6.4601+02 6.4603+02 1.001 1.000 1.000 1.00 1.00 1.00 
ACT. 2.0663+02 2.058E+02 2.0571+02 1.003 0.999 0.998 1.00 1.00 1.00 2.1693+02 2.1601+02 2.158E+02 1.003 0.999 0.998 1.00 1.00 1.00 
TOTAL 1.113E+O3 1.110E+03 1.11OE+O3 1.002 0.999 0.999 1.00 1.00 1.00 8.639E+02 8.620E+02 8.618E+02 1.002 0.999 0.999 1.00 1.00 1.00 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0.19 0.08 0.11 0.3 0.3 , O , . O  0.18 0.08 0.11 0.3 0.3 0.0 

CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PWR, 3.2 UT X C 33 GWD/ITU UATTS PSR UTU 

. . . . . . . . . . . . . . . . . . . . . .  5 0  YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  _ _  . ._ 
ORIGEN2 ORIGEN-S CINDER w m QM pBs ORIGENZ ORIGIN-S CINDSR pBa = pB? pB? pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
F. P. 3.0983+02 3.0993+02 3.100E+02 1.000 1.000 1.000 1.00 1.00 1.00 9.534S+01 9.5681+01 9.571E+01 0.998 1.001 1.001 1.00 1.00 1.00 
ACT. 2.149E+02 2.143E+02 2.1421+02 1.002 0.999 0.999 1.00 1-00 1.00 1.8953+02 1.8941+02 1.8943+02 1.000 1.000 1.000 1.00 1.00 1.00 
TOTAL 5.247E+02 5.242E+02 5.242E+02 1.001 1.000 1.000 1.00 1.00 1.00 2.848E+02 2.8511+02 2.851E+02 0.999 1.000 1.000 1.00 1.00 1.00 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0.10 0.04 0.06 0.1 0.2 0.0 ' 0.12 0 . 0 5  0.07 0 . 2  0.2 0.0 

CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RKSULTS FOR PWR, 3.2 WT X C 33 GWD/UTU WATTS PSR UTU 

. . . . . . . . . . . . . . . . . . . . . .  300 YP . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 KYP . . . . . . . . . . . . . . . . . . . . . .  _ _ _  ... 
ORIGEN2 ORIGEN-S CINDER pBa a OR2 m ORIGSN2 ORIGSN-S CINDER 

AVG AVG AVG ORS CIN CIN 
F. P. 9.041E-01 9.197E-01 9.2031-01 0.988 1.005 1.006 0.98 0.98 1-00 2.011s-02 2-0091-02 2.019s-02 
ACT. 1.252B+02 1.252E+02 1.251E+O2 1.000 1.000 1.000 1.00 1.00 1.00 5.4723+01 5.4741+01 5.456E+01 
TOTAL 1.261E+02 1.261E+02 1.2611+02 1.000 1.000 1.000 1.00 1.00 1.00 5.4743+01 5.4761+01 5.458E+01 

AVERAGE-ABSOLUTE-DEVIATION, AS %,  0.40 0.20 0.23 0 . 6 ,  0.6 0.1 

CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RSSULTS FOR PWR, 3.2 WT X C 33 GWD/UTU WATTS 

. . . . . . . . . . . . . . . . . . . . . .  10 KYR 
ORIGIN2 ORIGEN-S CINDER p52 

AVG 
F. P. 1.910E-02 1.9081-02 1.919E-02 0.999 
ACT. 1.350S+01 1.3501+01 1.331E+Ol 1.005 
TOTAL 1.352E+01 1.352E+Ol 1.333E+01 1.005 

'AVERAGE-ABSOLUTS-DSVIA@ION. AS x 0.36 

. . . . . . . . . . . . . . . . . . . . . .  
M a pBamQRs 
AVG AVG ORS CIN CIN 
0.998 1.003 1.00 1.00 0.99 
1.005 0.990 1.00 1.01 1.01 
1.005 0.990 1.00 1.01 1.01 

0.39 0.75 0.0 1.1 1.1 

n a a . n a a  !3ti mpBzpBs 
AVG AVG AVG ORB CIN CIN 
0.999 0.998 1.003 1.00 1.00 1.00 
1.001 1.001 0.998 1.00 1.00 1.00 
1.001 1.001 0.998 1.00 1.00 1.00 

0.09 0.14 0.23 0.1 0.3 0 . 9  

PSR UTU 

.P v . 4  ' 1 %  ' I .  



CASE: PWR, 3.10 WT X U-235, 3.443 AT X BURNUP 03.0 GWD/UTU, APPROX.) WATTS PER UTU ...................... 30 DAY ............................................ 5 YR ...................... 
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 

P. P. 5.062E+04 5.0761+04 5.0971+04 0.997 1.000 1.004 1.00 0.99 1.00 1.5858+03 1.5678+03 1.592E+03 1.002 0.991 1.007 1.01 1.00 0.98 
ACT. 1.621E+O3 1.63OE+O3 1.620E+03 0.998 1.004 0.398 0.99 1.00 1.01 2.0568+02 2.143E+02 2.1671+02 0.969 1.010 1.021 0.96 0.95 0.99 
TOTAL 5.224E+04 5.2391+04 5.2591+04 0.997 1.000 1.003 1.00 0.99 1.00 1.7901+03 1.781B+03 1.809E+O3 0.998 0.993 1.009 1.00 0.99 0.98 

AVERAGE-ABSOLUTE-DEVIATION, AS X 0.27 0.15 0.31 0.4 0.5 0.5 1.17 0.86 1.22 1.9 2.2 1.4 

ORIGEN2 ORIGEN-S CINDER = = pE2 = ORIGBN2 ORIGEN-S CINDER pBa pBs a pB1 pB1 

CASE: PWR, 3.10 WT X U-235, 3,.443 AT X BURNUP (33.0 GWD/UTU, APPROX.) WATTS PER UTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR ............................................ ao YR ...................... 
ORIGEN2 ORIGEN-S CINDER = Q&S m pe2 = = ORIGEN2 ORIGEN-S CINDER pB1 pBs a pB1 pB1 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR6 CIN CIN 

ACT. 2.140E+02 2.257B+02 2.2561+02 0.965 1.018 1.017 0.95 0.95 1-00 2.2348+02 2.3941+02 2.3588+02 0.959 1.028 1.012 0.93 0.95 1.02 
TOTAL 1.118E+03 1.125E+03 1.139B+03 0.992 0.998 1.010 0.99 0.98 0.99 8.674E+02 8.8121+02 8.9058+02 0.986 1.002 1.012 0.98 0.97 0.99 

AVERAGE-ABSOLUTE-DEVIATION, AS I 1.50 0.89 1.21 2.1 2.7 0.9 1.97 1.25 1.23 2.9 3.2 1.5 

P. P. 9.0373+02 8.9921+02 9.132E+O2 0.998 0.993 1.009 1.01 0.99 0.98 6.4401+02 6.4181+02 6.5481+02 0.996 0.992 1.012 1.00 0.98 0.98 

CASE: PWR, 3.10 WT X U-235, 3.443 AT X BURNUP 03.0 GWD/UTU, APPROX.) WATTS PER UTU ...................... 50 YR ............................................ 100 YR ...................... 
ORIGEN2 ORIGEN-S CINDER = = m = = ORIGEN2 ORIGEN-S CINDER pB1 m a pB1 pB1 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG O R s  CIN CIN 
P. P. 3.082E+02 3.0773+02 3.1529+02 0.993 0.991 1.015 1.00 0.98 0.98 9.4843+01 9.5011+01 9.7408+01 0.991 0.992 1.017 1.00 0.97 0.98 
ACT. 2.197B+02 2.408Ec02 2.330E+02 0.950 1.042 1.008 0.91 0.94 1.03 1.931B+02 2.1398+02 2.0658+02 0.944 1.046 1.010 0.90 0.94 1.04 
TOTAL 5.2791+02 5.485E+02 5.4811+02 0.975 1.013 1.012 0.96 0.96 1.00 2.8791+02 3.089B+02 3.039B+02 0.959 1.029 1.012 0.93 0.95 1.02 

AVERAGE-ABSOLUTE-DEVIATION, AS X 2.72 2.10 1.19 4.2 3.9 1.9 3.55 2.75 1.31 5.6 4.8 2.6 

CASE: PWR, 3.10 WT X U-235, 3.443 AT X BURNUP (33.0 GWD/UTU, APPROX.) WATTS PER ITU ...................... 300 YR ............................................ 1 KYR +..*+++++++*08.+***.++ 

ORIGEN2 ORIGEN-S CINDER = = m pe2 = ORIGEN2 ORIGEN-8 CINDER pBa m pB1 pB1 pBB 
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORB CIN CIN 

P. P. 9.001E-01 9.113E-01 9.3468-01 0.983 0.996 1.021 0.99 0.96 0.98 2.0268-02 1.6611-02 1.8028-02 1.107 0.908 0.985 1.22 1.12 0.92 - 
ACT. 1.273E+O2 1.411E+02 1.3859+02 0.939 1.040 1.021 0.90 0.92 1.02 5.5528+01 5.9563+01 5.8568+01 0.959 1.029 1.012 0.93 0.95 1.02 
TOTAL 1.2828+02 1.420E+02 1.394B+02 0.939 1.040 1.021 0.90 0.92 1.02 5.5541+01 5.9588+01 5.8581+01 0.959 1.029 1.012 0.93 0.95 1.02 

AVERAGE-ABSOLUTE-DEVIATION, AS X 4.64 2.82 2.11 6.9 6.6 2.1 6.29 5.01 1.29 11.8 7.6 3.7 

CASE: PWR, 3.10 WT I U-235, 3.443 AT X BURNUP (33.0 GWD/MTU, APPROX.) WATTS PER UTU ...................... 10 KYR ...................... 
ORIGEN2 ORIGEN-S CINDER QR2 PES rJcl QB2 = PES 

AVG AVG AVG ORS CIN CIN 
P. P. 1.924B-02 1.5828-02 1.716E-02 1.105 0.909 0.986 1.22 1.12 0.92 
ACT. 1.360E+01 1.393B+01 1.3188+01 1.002 1.026 0.971 0.98 1.03 1.06 
TOTAL 1.362B+01 1.395E+O1 1.320B+01 1.002 1.026 0.971 0.98 1.03 1.06 

AVERAGE-ABSOLUTE-DEVIATION, AS x 3.66 @ . i o  2.38 8 . 8  6.2 6.4 



CASE: PUR, 4.50 WT X U-235, 5.206 AT X BURNUP 1 5 0 . 0  GWD/UTU, APPROX.) WATTS PER m u  ...................... 30 DAY ............................................ 5 YR ...................... 
ORIGENZ ORIGEN-S CINDER QR2 pBs = pEz pEz w ORIGEN2 ORIGEN-S CINDER QB2 U pB? pB? pBB 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
P. P. 5.414E+04 5.4303+04 5.6093+04 0.987 0.990 1.023 1.00 0.97 0.97 2.376B+03 2.324E+03 2.388E+03 1.006 0.984 1.011 1.02 0.99 0.97 
ACT. 2.941E+O3 3.077E+03 3.134E+03 0.964 1.009 1.027 0.96 0.94 0.98 4.2971+02 4.506B+02 4.840E+02 0.945 0.991 1.064 0.95 0.89 0.93 
TOTAL 5.7093+04 5.738E+04 5.923E+04 0.986 0.991 1.023 0.99 0.96 0.97 2.806E+03 2.775E+03 2.8721+03 0.996 0.985 1.019 1.01 0.98 0.97 

AVERAGE-ABSOLUTE-DEVIATION, AS X 2.09 0.92 2.44 1.7 4.4 2.1 2.16 1.36 3.15 2.7 4.7 4.3 

CASE: PwR, 4.50 WT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GUD/PlTU, APPROX.) WATTS PER UTU ...................... 10 YR ............................................ 20 YR ...................... 
ORIGBNZ ORIGBN-S CINDER GIN pEz pEz ORIGENZ ORIGEN-S CINDER pBa pBs m pBt pB? w 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
P. P. 1.378E+03 1.367E+O3 1.390E+03 1.000 0.992 1.009 1.01 0.99 0.98 9.7001+02 9.6583+02 9.844E+02 0.996 0.992 1.011 1.00 0.99 0.98 
ACT. 4.228E+02 4.459E+02 4.704E+02 0.947 0.999 1.054 0.95 0.90 0.95 4.074B+02 4.3383+02.4.449E+02 0.950 1.012 1.038 0.94 0.92 0.97 
TOTAL 1.801B+03 1.8133+03 1.861E+03 0.987 0.993 1.020 0.99 0.97 0.97 1.377B+03 1.400E+03 1.4291+03 0.982 0.998 1.020 0.98 0.96 0.98 

AVERAGE-ABSOLUTE-DEVIATION, AS X 2.20 0.53 2.73 2.2 4.7 3.1 2.37 0.71 2.29 2.7 4.5 2.2 

CASE: PWR, 4.50 UT X U-235, 5.206 AT X BURNUP 1 5 0 . 0  GUD/IJTU. APPROX.) WATTS PER m u  ...................... 5 0  YR ............................................ 100 YR ...................... 
AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 

P. P. 4.6213+02 4.6086+02 4.718E+02 0.999 0.991 1.015 1.00 0.98 0.98 1.421E+O2 1.421E+02 1.457E+02 0.992 0.992 1.017 1.00 0.98 0.98 
ACT. 3.558E+02 3.8503+02 3.786E+02 0.954 1.032 1.015 0.92 0.94 1.02 2.911E+02 3.1751+02 3.0781+02 0.953 1.039 1.008 0.92 0.95 1.03 
TOTAL 8.179E+02 8.4581+02 8.504E+02 0.976 1.009 1.015 0.97 0.96 0.99 4.332B+02 4.596E+02 4.5348+02 0.965 1.024 1.010 0.94 0.96 1.01 

ORIGENZ ORIGEN-S CINDER QR2 m QB2 pEz ORIGENZ ORIGEN-S CINDER pB? w pB? pBz 

AVERAGE-ABSOLUTE-DEVIATION, AS X 2.55 1.66 1.47 3.7 4.0 1.5 3.00 2.40 1.15 4.7 4.1 2.3 

CASE: PWR.'4.50 UT X U-235. 5.206 AT X BURNUP ( 5 0 . 0  GWD/UTU, APPROX.) WATTS PER m u  
. . . . . . . . . . . . . . . . . . . . . .  300 YR ............................................ 1 KYR ...................... 
ORIGEN2 ORIGEN-S CINDER QR2 GIN pBa pBa pEs ORIGENZ ORIGEN-S CINDER p82 m pB? pB? pBB 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
P. P. 1.346E+00 1.362E+00 1.3968+00 0.984 0.996 1.021 0.99 0.96 0.98 2.936B-02 2.954B-02 2.6341-02 1.098 0.918 0.985 1.20 1.11 0.93 
ACT. 1.749E+02 1.8993+02 1.875E+02 0.950 1.032 1.018 0.92 0.93 1.01 7.106E+01 7.575E+01 7.394E+Ol 0.966 1.029 1.005 0.94 0.96 1.02 
TOTAL 1.7628+02 1.913E+02 1.889E+O2 0.950 1.031 1.019 0.92 0.93 1.01 7.109B+01 7.5771+01 7.397E+01 0.966 1.029 1.005 0.94 0.96 1.02 

AVERAGE-ABSOLUTE-DEVIATION, AS X 3.87 2.24 1.92 5 . 6  5.7 1.7 5 . 5 4  4.71 0.83 10.7 6.4 3.9 

CASE: PWR, 4.50 WT X U-235, 5.206 AT X BURNUP 1 5 0 . 0  GWD/IITU, APPROX.) WATTS PER UTU ...................... 10 KYR ...................... 
04IGEN2 ORIGEN-S CINDER QB2 m pEz pe2 m 

AVG AVG AVG ORS CIN CIN 
P. P. 2.787E-02 2.3371-02 2.508E-02 1.096 0.919 0.986 1.19 1.11 0.93 
ACT. 1.613E+01 1.683E+O1 1.500B+01 1.009 1.053 0.938 0.96 1.08 1.12 
TOTAL 1.616E+01 1.685E+01 1.503E+Ol 1.009 1.052 0.938 0.96 1.08 1.12 

AVERAGE-ABSOLUTE-DEVIATION, AS X 3.79 6.22 4 . 5 8  9.2 8.7 10.4 

L 

P 
P 



,. *I ' 

CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/HTU, APPROX.) WATTS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  30 DAY . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER m m CUl QE-2 pBa ORIGEN2 ORIGEN-S CINDER m pBs pB1 pB1 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
P. P. 3.577B+04 3.579E+04 3.579E+OO 1.000 1.000 1.000 1.00 1.00 1.00 1.2521+03 1.229E+03 1.2411+03 1.009 0.991 1.000 1.02 1.01 0.99 
ACT. 1.403E+03 1.219B+03 1.177B+03 1.108 0.963 0.930 1.15 1.19 1.04 1.619B+02 1.465B+02 1.288B+02 1 . 1 1 1  1.005 0.884 1.11 1.26 1.14 
TOTAL 3.717B+04 3.7011+04 3.697E+04 1.003 0.999 0.998 1.00 1.01 1.00 1.4141+03 1.3761+03 1.3701+03 1.020 0.992 0.988 1.03 1.03 1.00 

AVERAGE-ABSOLUTE-DEVIATION, AS Z 3.71 1.29 2.42 5.2 6.6 1.2 4.66 0.76 4.29 5.1 9.9 5.1 

CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/ITU, APPROX.) WATTS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  10 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  20 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER pEs pBk pBa ORIGENZ ORIGBN-S CINDER QE2 a pB;L pB1 pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG ORS CIN CIN 
P. P. 7.382B+02 7.368E+02 7.517ECO2 0.995 0.993 1.013 1.00 0.98 0.98 5.308B+02 5.3251+02 5.4769+02 0.989 0.992 1.020 1.00 0.97 0.97 
ACT. 1.723E+02 1.576B+02 1.37OE+O2 1.107 1.013 0 . 8 8 0  1.09 1.26 1.15 1.851E+02 1.719B+02 1.4743+02 1.101 1.022 0.877 1.08 1.26 1.17 
TOTAL 9.105B+02 8.9441+02 8.887E+02 1.014 0.996 0.990 1.02 1.02 1.01 7.159E+02 7.040B+02 6.9501+02 1.015 0.999 0.986 1.02 1.03 1.01 

AVERAGE-ABSOLUTE-DEVIATION, AS X 4.22 0.79 4.76 3.8 10.0 5.9 4.26 1.06 5.25 3.2 10.5 6.9 

CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/MTU, APPROX.) WATTS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
E% E2 E! %%E m Q&2 Q&S ORIGEN2 ORIGEN-S CINDER % %! ORS CIN CIN 

ORIGEN2 ORIGBN-S CINDER 

P. P. 2.5453+02 2.5621+02 2.6463+02 0.985 0.991 1.024 0.99 0.96 0.97 7.8361+01 7.9141+01 8.1828+01 0.982 0.992 1.026 0.99 0.96 0.97 
ACT. 1.89OE+O2 1.790E+02 1.514B+02 1.092 1.034 0.874 1.06 1.25 1.18 1.697E+02 1.6201+02 1.367B+02 1.087 1.038 0.876 1.05 1.24 1.18 
TOTAL 4.4351+02 4.3521+02 4.160B+02 1.028 1.008 0.964 1.02 1.07 1.05 2.480B+02 2.411E+02 2.185B+02 1.051 1.022 0.926 1.03 1.13 1.10 

AVERAGE-ABSOLUTE-DEVIATION, AS X 4.49 1.70 6.19 2.7 11.8 8.7 5.19 2.26 7.45 2.9 13.9 10.7 

CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/ITU, APPROX.) WATTS PER MTU 

. . . . . . . . . . . . . . . . . . . . . .  300 YR . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 KYR ****..**..***.*****L.* 
ORIGEN2 ORIGBN-S CINDER = QRE €.U Q& pBa W ORIGEN2 ORIGEN-S CINDER 

AVG AVG AVG ORB CIN CIN 
QE2 QM rn P B a Q a Z Q M  
AVG AVG AVG OR8 CIN CIN 

P. P. 7.0391-01 7.582B-01 7.831h-01 0.977 0.995 1.028 0.98 0.95 0.97 1.668E-02 1.383B-02 1.481E-02 
ACT. 1.149E+02 1.095B+02 9.3551+01 1.084 1.033 0.883 1.05 1.23 1.17 5.0821+01 4.797B+01 4.149E+Ol 
TOTAL 1.1578+02 1.103E+O2 9.433B+01 1.084 1.033 0.884 1.05 1.23 1.17 5.084B+01 4.7981+01 4.151B+01 

AVERAGE-ABSOLUTE-DEVIATION, AS X 6.38 2.35 8.73 3.9 16.8 12.9 

CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/MTU, APPROX.) WATTS 

. . . . . . . . . . . . . . . . . . . . . .  10  KYR . . . . . . . . . . . . . . . . . . . . . .  . . .. . -. 
ORIGEN2 ORIGEN-S CINDER = m m 

AVG AVG AVG ORS CIN CIN 
P. P. 1.5841-02 1.318B-02 1.4118-02 1.102 0.917 0.982 1.20 1.12 0.93 
ACT. 1.266E+01 1.202E+01 9.978E+00 1.096 1.040 0.864 1.05 1.27 1.20 

1.109 0.915 0.980 1.21 1.13 0.93 
1.087'1.026 0.887 1.06 1.22 1.16 
1.087 1.026 0.887 1.06 1.22 1.16 

9.26 4.54 8.16 10.8 19.2 12.6 

PER MTU 

TOTAL 1.268E+01 1.203B+01 9.992B+00 1.096 1.040 0 . 8 6 4  1.05 1.27 1.20 

AVERAGE-ABSOLUTE-DEVIATION, AS 'I 9.79 5.46 9.70 10.3 22.0 15.8 



CASB: BWR, 4.15 WT I U-235, 4.172 AT X BURNUP (40.0 GWD/ITU, APPROX.) WATTS PER ITU 

.+*+++++*+++++**++++++ 30 DAY + + + t Z t + t + + + . l t . t . t . + + +  t++*.+++++..++++t++++t 5 YR .I........++.+++++++++ 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
P. P. 3.763E+04 3.790E+04 3.795B+04 0.995 1.002 1.003 0.99 0.99 1.00 1.761B+03 1.736B+03 1.762B+03 1.005 0.990 1.005 1.01 1.00 0.99 
ACT. 1.9053+03 2.0821+03 1.923B+03 0.967 1.057 0.976 0.91 0.99 1.08 2.425B+02 2.6361+02 2.3461+02 0.982 1.068 0.950 0.92 1.03 1.12 
TOTAL 3.953E+04 3.9981+04 3.9871+04 0.993 1.005 1.002 0.99 0.99 1.00 2.003B+03 2.000E+03 1.9971+03 1.002 1.000 0.998 1.00 1-00 1.00 

ORIGBN2 ORIGEN-S CINDER m = w m m ORIGBN2 ORIGEN-S CINDER pB2 pBs = pB2 pB1 

AVERAGE-ABSOLUTE-DEVIATION, AS X 1.50 2.’12 0.96 3.4 0.9 2.9 0 . 8 0  2.58 1.88 3.2 1.2 4.7 

CASB: BWR, 4.15 WT X U,235, 4.172’AT I BURNUP (40.0 GWD/ITU, APPROX.) WATTS PER ITU 

++*+*+++*++*..+..++... 10 YR .....++*. +++++*+++++++ ++*+++++++ ++++++++*... 20 YR . . . . . . . . . . . . . . . . . . . . . .  
AVG AVG AVG ORS CIN CIN AVG AVG AVG ORs CIN CIN 

P. P. 1.092E+03 1.0801+03 1.104E+03 1.000 0.989 1.011 1.01 0.99 0.98 7.8621+02 7.7808+02 8.001B+02 0.998 0.987 1.015 1.01 0.98 0.97 
ACT. 2.4913+02 2.7171+02 2.3813+02 0.985 1.074 0.941 0.92 1.05 1.14 2.5563+02 2.803E+02 2.4058+02 0.988 1.083 0.929 0.91 1.06 1.17 
TOTAL 1.341B+O3 1.352B+O3 1.3429+03 0.997 1.005 0.998 0.99 1.00 1.01 1.0423+03 1.0583+03 1.041B+O3 0.995 1.011 0.994 0.98 1.00 1.02 

AVBRAGB-ABSOLUTE-DEVIATION, AS X 0.61 3.00 2.40 3.4 1.9 5.7 0.65 3.56 3.07 3.8 2.7 7.0 

ORIGEN2 ORIGBN-S CINDER m m a m pE2 ORIGEN2 ORIGBN-S CINDBR pBa w - pBz pB1 

CASE: BWR, 4.15 WT X U-235, 4.172 AT I BURNUP (40.0 GWD/ITU, APPROX.) WATTS PER UTU 

++*+++*+*+++++**+*++++ 5 0  YR ....+..+..*. ++.++++++* . . . . . . . . . . . . . . . . . . . . . .  100 YR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER ps2 m m m m m ORIGBNZ ORIGEN-S CINDBR pBa w = pBa pBz pBB 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
P. P. 3.766B+02 3.7331+02 3.856E+02 0.995 0.986 1.019 1.01 0.98 0.97 1.1593+02 1.152B+02 1.1911+02 0.993 0.987 1.020 1.01 0.97 0.97 
ACT. 2.4493+02 2.7111+02 2.264E+02 0.990 1.096 0.915 0.90 1.08 1.20 2.106B+02 2.343B+02 1.9438+02 0.988 1.100 0.912 0.90 1.08 1.21 
TOTAL 6.2153+02 6.444E+02 6.1203+02 0.993 1.029 0.978 0.96 1.02 1.05 3.2643+02 3.4953+02 3.1348+02 0.990 1.060 0.950 0.93 1.04 1.12 

AVERAGE-ABSOLUTE-DEVIATION, AS I 0.75 4.62 4.21 4.7 4.0 9.4 0.97 5.75 5.26 5 . 8  5.1 11.8 

CASE: BWR, 4.15 WT I U-235, 4.172 AT i BURNUP (40.0 GWD/tlTU, APPROX.) WATT8 PER ITU 

.I*....+++++++++++++++ 300 YR ++++......*..++.*++.I+ +.+..+.++........+***+ 1 KYR . . . . . . . . . . . . . . . . . . . . . .  
ORIGEN2 ORIGEN-S CINDER PBZ, m m pB2 ORIGEN2 ORIGBN-S CINDER pB1 pBs pBz pBz pBs 

AVG AVG AVG ORS CIN CIN AVG AVG AVG OR8 CIN CIN 
P. P. 1.094E+00 l.lOZE+OO 1.137E+00 0.985 0.992 1.023 0.99 0.96 0.97 2.254B-02 1.941B-02 2.051B-02 1.083 0.932 0.985 1.16 1.10 0.95 
ACT. 1.325B+02 1.4713+02 1.239E+02 0.985 1.094 0.921 0.90 1.07 1.19 5.6073+01 6.0811+01 5.1858+01 0.997 1.081 0.922 0.92 1.08 1.17 
TOTAL 1.3361+02 1.4823+02 1.250B+02 0.985 1.093 0.922 0.90 1.07 1.19 5.609B+01 6.0831+01 5.1871+01 0.997 1.081 0.922 0.92 1.08 1.17 

AVBRAGE-ABSOLUTE-DEVIATION, AS X 1.50 6.49 6.00 6 . 8  5.9 13.4 2.96 7.67 5.70 10.6 8.7 13.3 

CASB: BWR, 4.15 WT I U-235, 4.172 AT I BURNUP (40.0 GWD/ITU, APPROX.) WATTS PER ITU 

++*++++**++.+.*.++++++ 10 KYR ++++tt*++++tt+tt+l+lI+ 

ORIGBN2 ORIGEN-S CINDER m m pE2 pBa pBs 
AVG AVG AVG ORS CIN CIN 

P. P. 2.144E-02 1.851E-02 1.955B-02 1.081 0.933 0.986 1.16 1.10 0.95 
ACT. 1.341B+01 1.4341+01 1.1581+01 1.023 1.094 0.883 0.94 1.16 1.24 
TOTAL 1.343E+Ol 1.4363+01 1.160B+01 1.023 1.094 0.883 0.94 1.16 1.24 

AVBRAGE-ABSOLUTE-DEVIATION, AS I 4.23 8.48 8.26 9.6 13.8 17.7 

e 
P of 
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CASE: DECAY ONLY, OF ORIGENZ DISCHARGE RESULTS FOR PWR, 3.2 WT X C 33 GWD/UTU G-ATOUS PER UTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS UINUS UNITY 

** DELTAS, X ************ 30 DAY . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . .  10 YR ********** 
* * * 

ORS/ORZ-I CIN/OR2-1 m / O R S  - 1 n - 1  w O R 2 - 1  W O R S  -1 m O R 2 - 1  W O R Z - 1  - 1  

* 
* 5 TO 10 LR95 tW.5 ZR95 NB95 * 

1 T O  5 ZR95 NB95 ZR95 NB95 

-1 TO 1 * S1149 CE144 An242 1129 An242 I129 PU241 CS137 PU241 An242 An242 1129 PU241 CS137 PU241 CU242 C U 2 ~ 2  An242 
M 2 4 2  PU241 ZR95 CE144 Y90 ZR95 CE144 S1149 1129 CE144 SR89 CE144 CE144 81149 An242 CBl44 CE144 SR89 

* C1242 ND146 PU241 ND144 C12U4 CU245 EU155 C1242 Y91 CS137 Y91 RU106 * An242 CU242 I129 Y91 I129 Y91 * C1246 (31245 CM246 (31245 C1243 ND144 * CU246 (31245 SR89 RU106 CU244 C1246 ND146 13246 SR89 CS137 SR90 CU244 
PU242 (31243 (31244 CM243 CUZ46 An241 * ND146 C1243 (31246 C1243 CU243 PU242 PU242 CU243 68125 CU243 SB125 CU243 * 

* * PU240 M 2 4 3  PU240 PU242 PU241 PU240 * PU240 PU242 PU238 CIS245 PU238 (31245 PU240 M 2 4 3  CU246 CW245 C1246 CU245 
* PU238 CS137 PU238 CS137 PU238 NP237 * PU238 NP237 PU242 C1244 U238 PU241 PU238 -245 CU244 RU106 PUZO2 RU106 

U238 U236 U238 U236 U238 U236 * U238 U236 U235 81150 U235 S1150 U238 U236 U235 PU242 U235 U238 * * U235 U234 U235 U234 U235 U234 * U235 U234 M 2 4 3  SN126 An243 SNl26 U235 U234 An243 SN126 An243 81126 
* EU155 NP237 An243 NP237 M 2 4 3  EU154 * An243 EU154 U238 81152 An241 81152 BU155 NP237 U238 61152 An241 81152 

EU153 S1152 EU153 S1152 EU153 PU242 EU153 SI4152 SR90 ND145 SR90 ND145 EU153 61152 SR90 81150 PU241 SU150 * S1151 S1150 SR90 SH150 SR90 51150 S1151 81150 KR85 61148 K R 8 5  SI4148 S1151 81150 KR85 SI4148 KR85 SUI48 
* PU239 51148 PU239 SH148 PU239 SM148 PU239 51148 S1147 P1147 S1147 PPI147 PU239 S1148 61147 PD107 81147 P1147 * SEI147 PH147 S1147 PDlC7 SEI147 PD107 S1147 PM147 ND146 CS134 ND146 CS134 51147 PD107 ND146 ND145 ND146 NDl45 

EU155 TC99 ND143 RU106 NDl45 NDl44 EU155 ND144 ND143 
ND144 ZR95 SR89 CS135 SR89 ND143 * ND144 I129 EU154 ER93 EU154 CS137 ND144 I129 EU154 IR93 EU154 CS137 
EU154 Y91 EU154 SN126 CE144 CS137 * M 2 4 2  Y91 CS135 Y90 CS135 Y90 EU154 IN126 128135 Y90 CS135 CS134 

* CS135 CS134 CS134 TC99 CS135 CS134 * PD107 CS134 SE79 PU239 ZR93 PU239 CS135 Y90 TC99 PU239 TC99 PU239 
* SR89 I129 SB125 ZR93 TC99 SB125 TC99 SB125 58125 PD107 SB125 SE79 TC99 88125 PU238 8879 PU238 IR93 

SB125 SN126 RU106 SE79 SN126 RU106 SN126 Y90 ND144 EU153 PD107 ND144 ZR93 KR85 81151 P1147 PO107 Y90 
PD107 KR85 Y90 P1147 ZR93 SEI152 SR90 KR85 S1151 U234 BU153 EU155 6879 CS133 EU153 CS134 6679 EU155 
TC99 NB95 S1151 EU155 SE79 P1147 ZR93 SE79 ND143 CS133 11151 U234 P1147 CU244 ND143 CS133 81151 EU153 * ZR93 SR90 (31242 Y91 S1151 EU155 CS133 RU106 U236 PU240 CS133 U236 SR90 CS134 U234 U236 CS133 U234 
SE79 (31244 KR85 ND143 C1242 Y91 CU244 ND143 NP237 SI4149 PU240 NP237 ND143 Y91 PUZOO 81149 U236 PU240 
CS133 ND143 CS133 NB95 CS133 KR85 * SR89 ZR95 CU2U2 S1149 (31242 SR89 NB95 NP237 S1149 NP237 
y90 An241 M 2 4 1  S1149 NB95 S1149 * NB95 * ZR95 

~ 

* RU106 ND145 ND146 ND145 ND146 NDl45 CS135 NDl45 TC99 

* * 
* -5 TO -1 * M 2 4 1  An241 An241 An241 * 

.P 



,. * 4 , t '  . ' .  

CASE: DECAY ONLY, OF ORIGENZ DISCAARGE RESULTS FOR PUR, 3.2 WT % C 33 GWD/HTU G-ATOM PER UTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS HINUS UNITY 

** DELTAS, % * * l * * L * * * * * *  20 YR . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . .  100 YR ********** 
ORS/OR 2-1 W / O R 2 - 1  -/ORB - 1 8 m O R 2 - 1  m / O R 2 - 1  CXN/ORS -1 _PBB/ORZ-1 m O R 2 - 1  -ORs -1 8 

8 

* 8 * 8 8 * * 
* * * 8 

8 5 TO 10 * I pu241 PU241 
* 8 * * 1 TO 5 * PU241 PU24 1 CE144 CEl44 CS137 CE144 CS137 CE144 
* * 
* -1 TO 1 * CS137 RU106 CE144 (31242 CB144 Y91 CS137 CE144 CS137 CH242 CH242 AH242 CE144 BY155 RU106 CHZ4Z CHZO2 RU106 * 
8 * ~ ~ 1 4 4  ~ ~ 1 4 9  ~ ~ 2 4 2  ~ 9 1  ~ ~ 2 4 2  * R U I O ~  ~ ~ 1 5 5  R U I O ~  An242 1129 R U I O ~  * R U I O ~  -242 AH242 1129 Anzaz 1119 

BU155 AH242 RU106 I129 I129 RU106 * SH149 CH242 I129 EU155 SB125 CS134 * SHl49 CH242 EU155 SB125 CS134 88125 * CH242 CH246 CS137 EU155 CS134 S8125 * (31243 CU245 SB125 CU243 PH147 PU241 * CM243 CH246 -243 CH245 PU147 Y90 * CH243 PU242 SB125 CH243 CH244 PH147 * CH246 SN126 (31245 CH244 EU155 CH243 * -245 ND106 CU244 TC99 CH244 BV154 
8 PU238 CH245 CU245 CH244 CH246 PU242 * (31244 U235 TC99 PU242 PU242 CH244 U235 PU242 PU242 CH246 CS137 KR85 .* 
* U238 ND146 TC99 PU242 CH243 TC99 * PU242 PU238 (31246 SN126 U238 CH246 PU238 SN126 SN17.6 U238 PUZ41 EU155 * 
8 U235 U234 CH246 SN126 U238 AH243 * ZR93 U238 U238 CS135 SN126 AH241 U238 SH152 Y90 CS134 -243 88126 * 

AH243 SN126 U238 Y90 SN126 AH241 * SH152 SH151 SR90 SH150 Y90 TC99 11151 PU240 SH150 PU239 PU242 TC99 
EU153 SH152 SR90 SI4150 Y90 SR90 * PU240 PU239 KR85 SH148 SH150 KR85 * PU239 SM148 SH148 811147 SH150 CH246 * SH151 PU240 PU239 SH148 SI4150 KR85 * SH148 SH147 SH147 PD107 SH148 SH147 SH147 PD107 PDlO7 ND146 SHl48 U238 

8 * PU239 SH148 SH147 PD107 SI4148 SHl47 PD107 ND146 ND146 ND145 CM245 ND146 U236 ND145 ND145 NDl44 CH245 ND146 * SH147 PD107 ND146 ND145 (311245 ND146 ND145 ND144 ND144 AH243 ND145 ND144 ND144 AH243 AH243 ZR93 NDl45 ND144 * U236 ND145 ND144 AH243 ND145 ND144 AH243 AH242 ZR93 SE79 AH243 EU154 * ZR93 EU153 SE79 CS135 AH243 SU147 
8 ND144 I129 EU154 ZR93 ND143 EU154 EU153 CS135 PU239 PU238 CS137 CS135 * CS135 8179 PU238 SH152 M 2 4 1  CS135 
8 EU154 ZR93 CS135 CS134 CS137 CS135 * SR90 SH150 SH152 EU153 SR90 ZR93 * SHl5O I129 BU153 SR90 SR90 ZR93 

CS135 SR90 SB79 PU238 PU241 dR93 I129 SE79 SH151 Y90 PU239 PU238 TC99 U234 M 2 4 1  KR85 PU239 PU238 
8 SH150 58125 SH152 KR85 PU239 PU238 * TC99 U234 EU154 CS134 SB79 PD107 CS133 SR90 81151 ND143 SB79 PD107 5 * SE79 Y90 SH151 BU153 SE79 PD107 * U236 KR85 ND143 CS133 ND143 SH152 M 2 4 1  ND143 EU154 CS133 ND143 81152 

TC99 CS133 PH147 U235 EU155 SH152 * CS133 Y90 PH147 U235 BU153 511151 KR85 CH244 PH147 U235 BU153 81151 
KR85 a 2 4 4  ND143 CS133 8H151 EU153 * BU154 88125 U234 U236 CS133 U235 * SB125 Y90 U234 U236 CS133 U235 * 

8 ND143 PH147 U234 U236 U235 CS133 * ND143 CS134 AH241 PU240 U234 U236 * BU154 NP237 81149 PU240 U234 U236 
* NP237 CS134 PU240 ,51149 U234 U236 * NP237 PH147 SH149 PU240 SH149 * CS134 PHI47 6111149 PU240 

8 * Y91 ZR95 PU240 SH149 * AH241 8 * 
NB95 * * 8 

8 8 8 

I -5 TO -1 M 2 4  1 237 
8 * -20 TO -10 * 8 NP237 NP237 * * %  * 

I -30 TO -20 8 * m a 7  NP237 

10 TO 20 ER95 NB95 ER95 NB95 pu241 PU241 



CASE: DECAY ONLY, OF ORIGENZ DISCHARGE RESULTS FOR PWR, 3.2 UT S C 33 GWD/HTU G-ATOMS PER ITU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS MINUS UNITY 

DELTAS, n +++*+*t++t++ 300 YR ************ ******** 1 KYR **** **************** 10 KYR ********** 
* ORS/OR2 -1 D / O R 2 - 1  m O R S  -1 0 _PBS/OR2-1 CXN/ORZ-1 -ORs - 1  m O R 2 - 1  m O R 2 - 1  =ORB -1 
* 

* * 
* * * * 
0 10 TO 20 pU241 0 CS137 CS137 * 
* * 

* 1 TO 5 CS137 CS137 pu241 AM241 PU2Q1 

* -1 TO 1 EUISS ~11241 cn242 EUISS cn242 A11242 sniu SH151 C1242 AM242 C1242 AM242 SUI51 sniog PU238 1129 PU238 1ia9 
81149 AM242 AM242 I129 I129 EU154 ND145 ND146 I129 ND145 I129 PU238 * NP237 U238 SI4151 M 2 4 2  M 2 4 2  CnZ02 * PU242 ND145 AM241 PU238 KR85 Y90 PU242 Cl4246 ND146 TC99 CS137 C1244 * U235 ND144 Cl4242 TC99 PU242 TC99 
(31242 (31246 ND145 PU242 EU155 CS137 * SN126 U238 C1246 SN126 C1243 CX246 * 61148 SN126 CS135 SN126 S1147 SN126 * SN126 U238 C1246 TC99 a 2 4 3  SR90 * S1152 U235 PU242 CS135 TC99 PU242 CS135 ND146 U238 PDlO7 U238 PDlO7 

* * C1244 U235 U238 C1244 PU238 cW244 * ND144 PU239 SI4151 SEI150 Y90 SR90 S1150 81147 ND146 81150 ND146 81150 * * PU240 PU239 S1151 SH150 PU242 TC99 S1148 S1147 ND144 SI4148 611150 KR85 * An243 SE79 S1147 AM243 ND144 M 2 4 3  
* S1148 S1147 KR85 SN126 81150 cW246 * -245 U236 U238 PD107 SN126 U238 * Cl4245 81152 81148 SB79 S1148 ER93 
* SEI152 ND146 S1147 Y90 SN126 U238 * PU240 U234 AM243 S1147 PD107 ND146 * ND145 U234 ND145 ND144 CS135 ND145 

TC99 ND144 ND146 ZR93 Cn245 ND146 * AM243 A11242 AM241 PU238 ND145 ND144 * PU239 I129 61152 ER93 SE79 ND143 
* * A11243 ZR93 ND144 A11243 ND145 ND144 * AM241 CS135 ER93 SB79 A11243 S1147 TC99 PD107 EU153 ND143 W 2 4 6  61152 * c m 4 5  CS135 511148 c m 4 5  A11243 S1147 * ~ ~ 9 9  S1150 511152 EU153 An241 CS135 U236 EU153 c m 4 6  CS133 EU153 CS133 * 

81151 81150 CS135 SE79 A11241 CS135 * I129 SE79 C1245 ND143 S1148 ER93 CS133 ER93 PU242 Cl4245 S1151 Cl4245 
I129 PU238 PD107 SI4152 811151 ER93 * ER93 PD107 CS133 I3243 ND143 SE79 PU240 a 2 4 6  U234 PU240 PU240 U234 
SE79 PD107 EU153 SR90 PD107 S1148 * EU153 CS133 Y90 SR90 SEI152 EU153 ND143 PU242 S1149 811 49 

* U236 U234 C1243 ND143 SE79 ND143 -242 NP237 PU239 KR85 SUI51 C1245 AM242 CX242 * * EU153 1x133 csi33 ~1.1239 sni52 ~ ~ 1 5 3  ~ ~ 1 4 3  cn243 u234 ~11149 1x133 ~ ~ 2 3 9  PU238 
* ND143 NP237 EU154 U234 CS133 PU239 PU238 Y90 PU240 U234 SI4149 

SR90 (31243 U235 S1149 U234 U235 SR90 KR85 PU240 
Y90 KR85 sni 49 
EU15Q * 

-5  TO -1 * PU240 U236 PU240 U236 U235 U235 PU239 PU239 * 
-10 TO -5 * * U236 U236 0 .  * * 

* * 
-20 TO -10 U235 U235 

- 3 0  TO -20 U236 U236 

<-30 NP237 PU241 NP237 PU241 C1244 NP237 CU244 NP237 PU241 NP237 AM241 NP237 M 2 4 1  
PU24 1 0 

' I r  * I .  



, .. . 4 '  . 

G-ATOMS PER UTU CASE: PUR, 3.10 UT X U-235, 3.443 AT X BURNUP (33.0 GUD/UTU, APPROX.) 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DBLTAS REPRESENTING CODE-RESULT-RATIOS MINUS UNITY 

10 YR ********** ** DELTAS, 5 ********+*** 30 DAY . . . . . . . . . . . . . . . . . . . .  * 
* ORs/- m O R 2 - 1  -/ORs -1 _PBS/OR2-1 W O R 2 - 1  -ORs -1 _QBS/OR2-1 CTN/ORZ-1 -ORs -1 * * 

>30 * AM242 P1147 CM245 CM246 (11243 CM245 * An242 PI4147 CU245 CM246 CU243 CM245 An292 CU242 Ckl245 CU246 CU243 CU245 * * pIq1q7 * 
* 

* 20 TO 30 * SM149 AM243 PU147 CM246 CU244 * SU147 SX149 AM243 PM147 (31246 Cn244 SM147 81149 AM243 PU147 CU246 CU244 * * 
PU242 PU242 PU242 

* * 
* 10 TO 20  81151 AM241 SM147 PU241 PU242 AM243 SM151 PU241 PU241 AM241 PU242 AM243 SM151 PU241 PU241 AM241 PU242 An243 * PU241 CS135 EU153 CS135 SN126 SEI148 CUZ42 AM241 BU153 CS135 SN126 SM148 AM241 CS135 EU153 CS135 SN126 811148 * 

I ~ 2 4 3  * 
* 5 TO 10 * SM147 PU238 SM149 U235 EU153 AM241 * PU238 BU155 11149 U235 EU153 RU106 * PU238 EU155 811149 ZR95 EU153 RU106 * * * EU155 CM245 RU106 SM147 * Of245 ND143 a 2 4 5  ND143 NB95 U235 ZR95 NB95 

-246 NP237 ND143 (31246 * CU246 NP237 
Np237 * 

* 
1 TO 5 * I129 U235 PU239 ND143 U235 CS137 1129 U235 PU239 ND143 U235 CS137 * I129 U235 PU239 ND143 U235 CS137 * * SU150 ND145 CS137 PD107 Y90 SR90 SM150 NDl45 GR95 CS137 GR95 SR90 * SI4150 ND145 CS137 PD107 Y90 SR90 * * BU153 CS133 RU106 TC99 ND146 * XU153 CS133 PD107 NB95 Y90 NB95 BU153 CS133 RU106 TC99 ND146 

* TC99 PU242 SM150 SR90 * TC99 PU242 RU106 TC99 ND146 TC99 PU242 Y90 S1150 
* * * * Y90 
* * * * 
* -1 TO 1 SR89 GR93 CE144 KR85 KR85 CS134 * ER93 6389 CE144 I129 KR85 AM241 * ER93 SR89 CE144 I129 KR85 CS134 * * ER95 NB95 I129 ND145 U238 ND144 ZR95 NB95 KR85 ND145 CS134 U238 CE140 Y91 KR85 Y91 CBl44 An241 
* * Y91 CE144 ND146 CS133 CE144 PU241 * Y91 CE144 CS133 ND106 CE144 ND144 NB95 ZR95 ND145 CS133 U238 ND144 * 
* * EU154 SM152 U238 Y91 TC99 Ckl242 * BU154 SM152 Y91 U238 PU241 TC99 EU154 81152 ND146 U238 PU241 TC99 

CU242 CS137 C1242 U236 U236 SM150 * CS137 U236 U236 81150 U236 CS137 U236 U236 SR89 Y91 S1150 
Y91 PU240 U238 Y90 U236 U236 U238 ZR95 PU240 Y91 * U238 Y90 

SR90 KR85 SR90 KR85 * SR90 KR85 * Y90 * * * * * 
- 5  TO -1 ND146 CS134 NB95 CS134 CS135 ZR95 CS134 ND146 CS134 SR89 CS135 ND143 * ND146 CS134 CS134 LR93 PU240 CS135 

ND144 CM244 SR89 CR93 ND143 NB95 ND144 CU244 ER93 ND144 SR89 CS133 ND144 CU244 ND144 EU155 ND143 SR89 
U234 ND144 NP237 U234 CS133 * U234 NP237 EU155 ND145 SI4147 U234 NP237 CS133 ND145 * * ER93 I129 ~ ~ 9 3  sniq7 * 3 I129 * u230 I1 29 

8 NP237 
* * 

. . . . . . . . . . . . . . . . . . . .  5 YR 

AM241 W 2 4 4  (31244 SM147 W 2 4 4  81147 

* PU239 AM243 PD107 CS135 PU239 PD107 PU239 An243 PD107 

* 

Y90 61150 SR90 SR90 

* * 

EU155 ND145 SR89 * 

-10 TO -5  * RU106 PD107 U234 SM151 PM147 PU239 RU106 PD107 (31242 S1151 PM147 PU239 * RU106 PDlO7 S1151 U234 PU147 U234 
U234 PU238 SE79 NP237 * SE79 PUZ 3 8 PU239 SB79 SB79 PU238 SE79 NP237 SE79 

* -20  TO -10 * PUZUO (311243 PU240 EU155 EU154 PU240 C1243 PU240 EU155 EU154 * PU240 CU243 PU200 EU155 EU154 * EU154 SE79 SU149 58125 EU154 SE79 31149 PU238 * EUl54 SE79 S1149 PU238 * 
* SN126 AM242 PU238 SI4152 * SN126 AM242 SB125 CUZOZ 813126 a 2 4 2  88125 Sa152 * * SUl52 SMl52 SMl52 * * 

-30 TO -20 ~ ~ 1 2 6  SMl48 SM151 0 SN(26 SH148 * * * 
AM242 * SM148 SB125 SB125 c1242 An202 * <-30 * SI4148 SB125 SB125 AM242 sniae ~ ~ 1 2 5  ~ ~ 1 2 5  * cn243 CM243 I ~ 1 2 4 3  

A M 2 ~ 1 5 2  

811 48 sa1 5 1 61151 0 SN126 

c 
111 
c 



CASE: PWR, 3.10 UT X U-235, 3.443 AT % BURNUP (33.0 GWD/UTU, APPROX.) G-ATOUS PER UTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS UINUS UNITY 

** DELTAS, % ************ 20 YR . . . . . . . . . . . . . . . . . . . .  5 0  YR . . . . . . . . . . . . . . . . . . . .  100 YR ********** * * * ORS/ORZ - 1 CIN/ORZ-1 W O R S  - 1 -/OR2 -1 =OR2 -1 -ORs - 1 _PBS/OR2-1 W O R Z - I  =ORs -1 * 
* >30 (313242 An242 C1245 CU246 (31293 (31245 CU242 An242 CUI245 C1246 C1243 C1245 An242 C1242 CU245 CU246 C1243 CU245 

P1147 pH147 pH147 

CU244 S1147 * PU241 c1244 s1147 sniu PI4147 c1244 
PU242 PU242 SII147 PU242 

* 
* 10 TO 2 0  * 51151 PU241 PU241 ZR95 PU242 An243 S1151 An241 PU241 An241 PU242 An243 * SPl151 An241 An241 EU153 PU242 An243 * An241 CS135 NB95 An241 63126 ZR95 * CS135 PU239 EU153 CS135 SN126 61148 CS135 PU239 CS135 SN126 SU148 * * PU239 An243 EU153 CS135 NB95 S1148 AM243 PD107 An243 PDlO7 * 

20 TO 30 sui47 sui49 ~ ~ 2 4 3  ~ 1 1 4 7  (31246 c m o 4  51147 sui49 M 2 4 3  ~ ~ 1 4 7  1~2.46 ~ ~ 2 4 4  sni47 puz4i An243 P u m i  CU246 cnz44 

*- 

*- 

* 

*- 

* * 
* 

5 TO 10 PU238 EU155 SI4149 U235 EU153 RU106 PU238 BU155'S1149 U235 EU153 kU106 PU238 EU155 SW149 U235 EU153 RU106 
C1245 ND143 (31245 NP237 NP237 CU245 
C1246 NP237 NU143 (31246 246 

1 TO 5 * I129 -U235 PU239 ND143 U235 CS137 I129 U235 PU239 ND143 U235 CS137 I129 U235 PU239 CR144 U235 CBl44 * 51150 ND145 CS137 PD107 Y90 SR90 S1150 ND145 CS137 CE144 Y90 SR90 S1150 NDl45 CS137 ND143 CS137 'SR90 
* EU153 CS133 TC99 81150 ND146 BU153 CS133 PD107 TC99 CE144 ND146 * BU153 CS133 PD107 TC99 ,Y90 ND146 * TC99 PU242 SR90 Y90 TC99 PU242 S1150 Y90 TC99 PU242 88150 Y90 

CE144 SR90 CS137 CE144 SR90 * * 
-1 TO 1 ZR93 CE144 Y91 I129 KR85 CB144 ZR93 CB144 1129 KR85 RR85 CSl34 ZR93 SUl52 I129 KR85 -85 CS134 

Y91 EU154 KR85 NDl45 CS134 U238 CS137 EU154 ND145 CS133 U238 ND144 BU154 U234 ND145 CS133 U238 ND144 
S1152 CS137 CS133 ND146 Y91 ND144 * S1152 U236 ND146 U238 PU241 TC99 U236 U238 ND146 U238 PU241 TC99 

An241 81150 Y90 SR90 An241 81150 ZR95 NB95 U238 U236 An241 PU241 * U238 SR90 U236 
* U236 U238 TC99 511150 * Y90 RR85 U236 KR85 * SR90 KR85 U236 * * 

-5  TO -1 ND146 CS134 CS134 ZR93 PU240 CS135 U234 ND146 CS134 ZR93 CS135 PU240 ND146 CS139 U236 CS134 U236 CS135 * ND144 U234 ND144 RU106 ND143 CSl33 CS134 ND144 ND144 RU106 ND143 CS133 * ND140 CU244 ZR93 RU106 ND143 PU240 
* c1244 EU155 ND145 ZR93 (31244 EU155 ND145 ZR93 ND144 BU155 CS133 ND145 
* * .  SU147 I129 sn147 I129 * ZR93 81147 

* * * 
-10 TO -5  * PD107 SE79 S1151 NP237 P1147 PU239 PD107 8379 S1151 PU238 PI4147 PU239 PD107 SB79 81151 PU23S Pn197 PU239 

Rut06 PU238 SE79 U234 * RU106 SR79 nu106 8379 * * * 
* - 2 0  TO -10 PU240 C1243 PU240 EU155 NP237 * PU240 C1243 BU154 ELI155 BU154 * PU240 a 2 4 3  BU154 EU155 BU154 * 

EU154 U234 EU154 51149 * Puzoo ~ ~ 2 3 7  51149 PUZM PU240 SB79 81149 PU238 
* SE79 SN126 PU238 68125 SB79 U234 SB125 U234 SN126 CU242 SB125 81152 * (31242 An242 S1152 SN126 CU242 S1152 NP237 ~ n 2 4 2  61153 * * sni 52 M U 1  52 

* 
-30 TO - 2 0  SN126 S1148 S1151 SNlZ6 sni 48 sni 51 SN126 U234 81148 61151 U234 .* * * m 3 7  * 

NP237 CU242, * * <-30 S1148 SB125 SB125 CU242 An242 S1148 SB125 SB125 CU242 An242 51148 SB125 58125 
C1243 ~ 8 2 4 3  (31243 An242 



,,. 4 * , I ,. I .I 

G-ATOMS PER HTU CASE: PWR, 3.10 WT X U-235, 3.443 AT X BURNUP (33.0 GWD/MTU, APPROX.) 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS HINUS UNITY 

DELTAS, % *+*+*****++* 300 YR . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . .  10 KYR ********** * * * * m , / O R 2  -1 CIN/OP2-1 W O R S  - 1 m o a 2  -1 m O R 2 - 1  - W O R 2 - 1  - *  * 
>30 * (31242 An242 01245 (31246 a 2 4 3  C1245 * An242 a 2 4 2  a 2 4 5  CI4246 CM243 Of245 * a 2 9 2  PU238 -295 CM246 C1245 * * * An242 * * 

* 20 TO 30 S1147 S1149 AM243 C1244 a 2 4 6  CM244 * S1147 S1149 An243 SI4147 C1246 CU244 S1147 S1149 An243 SI4147 CU246 
~ ~ 2 4 1  sni47 PUZUZ PU242 PU242 

* 
10 TO 2 0  * 81151 An241 AM241 EU153 PU242 AM243 81151 PU238 CS137 AM241 PU242 An243 * S1151 CS135 EU153 CS135 PU242 An243 * CS135 PU239 CS135 SN126 S1148 An241 CS137 EU153 CS135 SN126 S1148 PU239 NP237 SN126 SU148 * An243 PD107 PD107 An241 An243 PD107 * I NP237 An243 * 

* * 
5 TO 10 NP237 PU238 SHlU9 CS137 EU153 * PU241 -245 S1149 EU153 PU241 CH245 S1149 EU153 

ND143 C1246 * * 
1 TO 5 CS137 I129 PU239 ND143 U235 CS137 1129 U235 PU239 U235 CS137 Y90 I129 U235 ND143 PU239 ND146 * U235 S1150 PD107 TC99 SR90 Y90 S1150 ND145 ND143 PD107 SR90 U235 51150 ND145 PO107 TC99 

* ND145 EU153 S1150 SR90 ND146 EU153 CS133 TC99 SI4150 ND146 EU153 CS133 SI4150 * * CS133 TC99 Y90 TC99 PU242 Y90 SR90 * TC99 PU242 
* * PU242 U234 U234 u234 * 
* * 
* -1 TO 1 * ER93 S1152 I129 KR85 KR85 U238 ER93 S1152 I129 ND145 KR85 U238 ER93 61152 I129 ND145 U238 NO144 

* EU154 U236 ND145 CS133 ND144 TC99 U238 U236 CS133 ND146 ND144 TC99 U238 CS133 ND146 TC99 81150 * * * U238 KR85 ND146 U238 An241 81150 KR85 Y90 KR85 U238 An241 SI4150 U7.38 * 
* Y90 SR90 SR90 

* 
-5 TO -1 ND146 ND144 ER93 ND144 CS135 ND143 * ND146 ND144 ZR93 ND144 CS135 ND143 ND146 ND144 ER93 ND194 CS135 PUZOO * ND143 CS133 * CI4244 U236 EU155 PU240 CS133 * PU240 CS133 U236 

ND145 U236 * ND145 ER93 ND145 ER93 
ER93 S1147 * S1147 I129 81147 I129 
1129 * * 

-10 TO -5 PD107 SB79 51151 PU238 PU239 SE79 * PD107 SE79 SI4151 U236 U236 PU239 PD107 8879 81151 U235 PU239 8179 

CS135 PU239 

* EU155 C1245 U235 * ND143 a 2 4 6  ND1U3 CI4246 

* 
- 2 0  TO -10 PU240 C1243 ELI154 EU155 EU154 PU240 PU238 ‘21243 SI4149 S1152 PU240 PU240 SE79 U235 81149 * * PU240 SE79 S1149 PU238 PU240 SE79 813126 PU238 81152 * SN126 a 2 4 2  S1152 * 811126 CM242 81152 An242 * AnZPa_errl52 An242 SBXa * a 1 4 2  

* * 
* * 

U234 NP237 U234 PU238 <-30 * 61148 C1243 U234 NP237 U234 (31242 51148 a 2 4 3  U234 NP237 U 2 3 4  CM242 * SHl48 * PU241 AM242 NP237 CX244  C1244 PU241 An242 NP237 An24 1 An242 u¶242  * * PU241 PU24 1 NP23-241 

-30 TO - 2 0  * SN126 Stl148 SI4151 0 SN126 SHl48 S1151 PU238 SN126 SI4148 U236 81151 U 2 3 e *  



CASE: PWR, 4.50 WT x u-235, 5.206 AT x BURNUP (50.0 GWDIHTU, APPROX.) G-ATOMS PER HTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS HINUS UNITY 

** DELTAS, X ************ 30 DAY . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . .  10 YR ********** 
ORS/ORZ-l D / O R 2 - 1  =ORs - 1 -OR2 -1 CIN/OR2-1 =ORs - 1 ORS/ORZ-1 -0R2-1 W O R S  -1 

>30 ~ ~ 2 4 2  pni47 ~ ~ 2 4 5  ~ ~ 2 4 6  C H N ~  a 2 4 5  * ~ 2 4 2  ~ ~ 1 4 7  CHZM CHZU 01243 ~ ~ 2 4 5  ~ 2 4 2  1x242 1x245 1 x 2 4 6  ~ ~ 2 4 3  1x245 
cn244 PH147 a 2 4 6  cn244 PH147 sui47 1 x 2 4 4  PH147 ~ ~ 2 4 6 ~ 1 x 2 4 4  

* 
* 

* 
* ' *  

~ ~ 2 4 4  ~ ~ 1 4 7  cn246 (31244 * AH243 An243 M 2 4 3  * 
20 TO 30 SH149 81151 PU242 * sn149 SH147 SH147 PU242 SH149 SH151 SM147 PU242 

10 TO 

5 TO * 
* 

* * 
20  * CH246 PO238 PU242 AM241 AH243 SN126 * CH242 (31246 PU242 U235 AM243 SN126 * -246 PU241 PU242 PUZ41 M 2 4 3  SN126 * * AM243 CS135 SH147 U235 PD107 SEX148 * AM243 PU238 PU241 SI4149 PD107 SH148 PU238 AH243 U235 SH149 PD107 81148 * PU239 PU241 SH149 AH241 RU106 PU241 CS135 AM241 RU106 CS135 PU239 LR95 M 2 4 1  RU106. 0 

pU239 NB95 * 
10 PU241 SH152 CS135 SH150 EU153 SH147 S1152 ND143 CS135 ZR95 EU153 U235 * SH152 AM241 CS135 81150 ZR95 NE95 

ND143 EU155 ND143 -242 U235 EU155 AM241 NB95 81150 ZR95 * ND143 EU155 ND143 EU153 KU153 U235 
* (31245 SH147 EU153 (31245 I129 ND143 EU153 CH245 1129 
* I129 U235 11235 sni50 U235 SH150 

* * 
1 TO 5 NP237 (31242 Y91 RU106 CS134 CE144 NP237 CS133 Y91 SR89 CS134 NE95 NP237 CS133 Y91 CB144 CS134 CE144 * AH241 CS133 SR89 ZR95 CS137 ND146 TC99 ND145 RU106 CE144 -241 CE144 TC99 ND145 SR89 RU106 An241 CS137 * * TC99 ND145 CE144 CS137 Y91 PU241 SR89 Y91 CS137 PD107 CS137 ND146 * U234 SR89 CS137 PD107 Y91 ND146 

* * SRB9 Y91 PD107 NE95 SR90 Y90 U234 EU154 TC99 Y90 Y91 PU241 * Y91 BU154 TC99 SR90 PU241 Y90 
EU154 ZR95 TC99 SR90 ZR95 NE95 ZR95 SR90 I129 Y90 SR90 NB95 ZR95 Y90 I129 SR90 SR89 
*I* * * * 

-1 TO 1 ZR93 U236 CS133 ND146 SR89 NB95 ZR93 CE144 CS133 ND146 SH150 KR85 ZR93 CE144 CS133 ND146 81150 KR85 
CE144 CS137 NP237 U238 CH242 SHl5O * U236 CS137 U238 KR85 U238 ND144 U236 CS137 U238 KRS5 U238 ND144 

* U238 KR85 KR85 ND145 KR85 U238 U238 KR85 NP237 ND145 TC99 U236 U238 RR85 ND145 U236 TC99 U236 
* SR90 Y90 U236 PU239 TC99 ND144 * SR90 Y90 U236 PU239 SR90 Y90 PU239 NP237 

* U236 * * 
-5 TO -1 (31244 EU153 U234 CS134 ND143 CS135 CH244 EU153 (31242 CS134 ND143 CS135 I x 2 4 4  EU153 CS134 EU155 ND143 CS135 

ND146 ND144 ZR93 EU155 U234 ZR93 ND146 ND144 EU155 ZR93 ZR93 CS133 ND146 ND144 ZR93 833144 ZR93 CS133 * 
PU240 PU242 ND144 CS133 ND145 PU240 PU242 ND144 PU238 ND145 SH147 PU240 PU242 PU238 ND145 SH147 *e* 

-10 TO -5 CS134 RU106 PU238 SH151 I129 PU240 * CS134 RU106 SH151 CH243 I129 U234 CS134 RU106 U239 SH151 I129 13237 
SE79 PD107 (31243 SE79 EU155 * SE79 PD107 PU240 SE79 SE79 PD107 CH243 SE79 KU155 

* PH147 PU239 EU155 PH147 PH147 PU240 
* * PU239 PU239 

-20  TO -10 EU154 PU240 EU154 SH149 * EU154 PU240 EU154 SH149 EU154 913240 U234 1U154 
SE79 SN126 PU238 SB125 ,5879 SN126 PU238 a 2 4 2  SE79 SN126 SH149 PU238 

* AH242 An242 SB125 * CHZ-42 88125 

* * 

* * 

* * * 
-30 TO -20 * SN126 SH152 SH148 SH151 SH152 * SN126 sni52 sui48 SH151 5~x152 81126 sui- ~ ~ 1 5 1  s n i x s  * * 

(-30 68125 SH148 SB125 An242 SB125 SH148 SB125 AH242 58125 SH148 88125 -242 An292 
(31243 (3~243 ~ 3 2 4 3  

e 
cn 
P 



CASE: PWR. 4.50 WT X U-235, 5.206 AT X BURNUP ( 5 0 . 0  GWD/HTU, APPROX.) G-ATOHS PER HTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS HINUS UNITY 

+* DELTAS, *****++***** 20 YR . . . . . . . . . . . . . . . . . . . .  5 0  YR **************** **** 100 YR ********** 
* -s/o R2-1 w O R 2 - 1  CIN/ORS -1 ORS/OR2-1 w O R 2 - 1  -/ORs -1 w O R 2 - 1  D O R 2 - 1  -ORE -1 * 

>30 * An242 -242 CH245 CH246 CH243 CH245 * An242 CH242 CU245 CU246 CH243 CU245 An242 CU242 CH245 CU246 Cn243 CU245 * * PH147 SH147 CH244 PU147 CH246 (31244 * PH147 SU147 -244 PU147 CH246 CH240 PH147 SH147 CU244 PH147 Cn246 CH244 * AM243 An243 * An243 
* * 

20 TO 30 SH149 SH151 SH147 PU242 SH149 111151 SH147 PU242 sui49 sui51 sni07 ~ ~ 2 4 1  PUZU 

* * 
*- * * 
* 

*- 

* * 

~ * * 
10 TO 2 0  * CH246 PU241 ZR95 NB95 An243 ZR95 PU241 (31246 PU241 PU242 An243 SN126 CH246 PU238 PU242 U235 An243 SN126 

* PU238 An243 PU242 PU241 NB95 SN126 PU238 An243 U235 An241 PD107 SH148 * An243 CS135 An201 SHl49 PD107 81148 
* CS135 PU239 U235 SU149 PO107 SH148 CS135 PU239 SH149 RU106 * PU239 RU106 * * An241 RUlO6 * * * * 

5 TO 10 SH152 An241 CS135 SU150 BU153 U235 * 611152 An241 CS135 SH150 EU153 U235 * SH152 An241 CS135 CBl44 EU153 CE144 
ND143 EU155 ND143 EU153 ND143 EU155 ND143 CE144 * ND143 EU155 611150 ND143 U235 
(31245 I129 -245 I129 EU153 (31245 1129 EU153 * 
U235 SH150 U235 SH150 * U235 U234 

* 
1 TO 5 CS133 U234 Y91 CB144 CS134 CE144 U234 CS133 CS137 PD107 CE144 CS134 CS133 TC99 CS137 PD107 CS134 CS137 

TC99 ND145 CS137 PD107 Y91 CS137 TC99 ND145 TC99 Y90 CS137 No146 ND145 EU154 TC99 Y90 ID146 An241 
EU154 Y91 TC99 SR90 ND146 AM241 EU154 SR90 I129 An241 PU241 CS137 SR90 I129 PU241 SR90 

Y90 Y90 I129 PU241 Y90 Y90 SR90 
SR90 * 

-1 TO 1 NB95 ZR95 CS133 RU106 SH150 KR85 * CS137 ZR93 CS133 RU106 SH150 KR85 CB144 ZR93 CS133 RU106 81150 KR85 * ZR93 CE144 ND146 U238 U238 ND144 * CE144 U236 ND146 U238 U238 ND144 U236 U238 ND146 U238 U238 NDl44 * * CS137 U236 KR85 ND145 TC99 U236 * U238 KR85 KR85 ND145 TC99 U236 * KR85 Y90 KR85 ND145 TC99 
* U238 KR85 U236 PU239 * SR90 Y90 U236 PU239 SR90 PU239 U236 * SR90 Y90 * * * * 

-5 TO -1 CH244 EU153 CS134 EU155 ND143 CS135 * -244 EU153 CS134 EU155 ND143 CS135 CU244 XU153 CSl34 EU155 U236 ND143 * ND146 ND144 ZR93 NP237 ZR93 CS133 * ND146 ND144 ZR93 ND144 ZR93 CS133 ND146 ND144 LR93 NDl44 CS135 IR93 * 
* PU240 PU242 ND144 PU238 ND145 SH147 * PU240 PU242 PU238 ND145 SH147 PU240 PU242 PU238 CS133 ND145 * * SH147 * 
* * 
* -10 TO -5 CS134 SE79 SU151 -243 I129 NP237 CS134 SE79 SH151 -243 I129 6379 CS134 6179 81151 CH243 I129 EU155 * PD107 RU106 SE79 EU155 PD107 RU106 NP237 EU155 PH147 PD107 RU106 8879 PUl47 
* PH147 PU240 PU239 PV239 

PU2 3 9 * 
-20 TO -10 EU154 PU240 EU154 SH149 BU154 PU240 PU240 EU154 EUl54 PU240 PU240 EU154 * U234 SB79 PU238 U234 * SE79 SN126 SHl49 PU238 8879 EN126 SHl49 PU238 * * SN126 CH242 SB125 CH242 An242 NP237 88125 * CU242 An242 SB125 * 

* * An242 * * * * * 
-30 TO - 2 0  SN126 SH152 SU148 SHl5l SH152 * SN126 SH152 SH148 SH151 U234 SN126 NP237 81152 NP237 SH151 * U234 SHl52 * SH1 48 8111 52 * * 

(-30 SB125 811148 SB125 CH242 An242 * SB125 SH148 SB125 (31242 An242 SB125 81148 U234 88125 U234 CU242 
cu243 * cu2q3 (31243 An242 



CASE: PUR, 4 . 5 0  UT X U-235, 5 . 2 0 6  AT X BURNUP ( 5 0 . 0  GWD/ITU, APPROX.) G-ATOUS PER HTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESBNTING CODE-RESULT-RATIOS UINUS UNITY 

** DELTAS, I ************ 300 YR . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . .  10 KYR ********** 
* ORS/ORZ-l W O R 2 - 1  CIN/ORS - 1 -0RZ-l m O R 2 - 1  - m O R 2 - I  CJN/ORZ-I -OR8 -1 * 

* 51147 cn244 an243 c n 2 ~  cnz40 sui47 An243 CUZM cnz44 m 2 4 2 5 1 1 4 7  An243 

* 

* >30 A n 2 4 2  (31242 (31245 CM246 CU243 (31245 An242 CU242 (31245 CU246 (33243 (31245 PU238 An242 C1245 CU246 CU245 C1246 

* 
2 0  TO 30 51149 SM151 SU147 PU242 SUI49 S m l  SUl47 PU242 I SUI49 S u 5 1  81147 PU242 

* * 
* 10 TO 20 PU241 CU246 PU242 U235 An243 SN126 PU238 CS137 CS137 PU242 An243 SN126 * C1246 An241 PU242 S1149 M 2 4 3  SN116 * PU238 An243 An241 51149 PD107 S1148 CU246 An243 An241 SU149 PD107 S1148 * An243 CS135 PD107 81148 * * CS135 pU239 CS135 PU2;LIu35 * PU239 * 

5 TO 10 SU152 An241 CS135 CS137 BU153 U235 51152 A11241 CS135 SUlSO EU153 SU152 PU241 CS135 SU150 BU153 
EU155 ND143 S1150 ND143 * PU241 NP237 ND143 EU153 NP237 ND143 ND143 EU153 * U234 (31245 

U235 I129 
CU245 U234 EU153 ND143 U234 
NP237 U235 CU245 U235 
I129 SU150 1129 sui50 sui50 

1 TO 5 CS137 CSl33 PD107 TC99 CS137 ND146 * CS133 TC99 PD107 TC99 U235 CS137 CS133 TC99 PD107 TC99 NDl46 * TC99 ND145 Y90 SR90 An241 Y90 * ND145 SR90 I129 ND146 An241 ND145 I129 * * EU154 X129 SR90 * Y90 SR90 Y90 * * * 
-1 TO 1 * ZR93 U236 CS133 ND146 SH150 KR85 ZR93 U236 CS133 ND146 SU150 RR85 ZR93 U238 CS133 ND146 SU150 U238 * U238 KR85 U238 KR85 U238 ND144 U238 KR85 U238 ND145 U238 ND144 * U236 U238 ND145 ND144 TC99 

Y90 SR90 ND145 PU239 TC99 SR90 Y90 KR85 TC99 
* * 
* - 5  TO -1 CU244 EU153 EUl55 ZR93 ND143 U236 EU153 ND146 PU239 ZR93 ND143 CSl35 * EU153 ND146 ER93 ND144 ND143 CS135 * ND146 ND144 U236 ND144 CS135 ZR93 ND144 PU240 ND144 U236 ZR93 CS133 ND144 PU240 PU239 U235 ZR93 CS133 
* PU240 PU242 PU238 CS133 ND145 PU242 ND145 S1147 * PU242 ND145 81147 * SNl47 * U236 

* * 
-io TO - 5  ~ ~ 7 9  ~ ~ 1 0 7  sui51 cn243 1129 ~ ~ 7 9  * ~ 3 7 9  PD107 PU238 SU151 1129 s379 s ~ 7 9  ~ ~ 1 0 7  ~ ~ 1 5 1  1129 8079 

EU155 * CX243 
* * 

- 2 0  TO -10 BU154 PU240 PU239 PU240 PU240 SE79 PU239 PU240 PU240 8379 U235 PO240 * SE79 SN126 EU154 SU149 SN126 CU242 81149 PU238 * SN126 PU238 PU239 81109 * 
* CU242 An242 PU238 An242 ~ ~ 2 4 2  ~ ~ 2 4 2  

* -30 TO -20 * SN126 S1152 SM148 St1151 Sui52 SN126 SU152 SU148 S1151 SU152 SN126 S1152 SI4148 U236 81151 
* * 

* * * ’  

(-30 * 51148 CU243 U234 NP237 U234 NP237 SU148 CU243 U234 NP237 U234 CU242 SI4148 U234 NP237 U234 PU238 
PU241 cn202 ~11242 * ~ ~ 1 2 4 4  (31244 PU241 An242 NP237 An241 An242 CU242 

PU24 1 * PU241 N E W 7  An241 * 



i). .!*I' 

CASE: BWR, 2.64 UT X U-235, 2 . 8 6 6  AT X BURNUP (27.5 GWD/HTU, APPROX.) G-ATOMS PER UTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS HINUS UNITY 

** DELTAS, % *****l*****+ 30 DAY . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . .  10 YR ********** * * * * 
_pgs/o R2-1 m / O R Z - l  CIN/ORS -1 _pBSLpRZ-l w - 1  -ORs -1 -0RZ-l S O R 2 - 1  -ORs -1 * * 

>30 1 pH147 C1243 pn1q7 Cr1243 ~ 1 1 4 7  CH243 * * * * 
2 0  TO 30 * P1147 $1147 PU242 ~ ~ 1 4 7  PPI147 51147 PU242 51147 P1147 81147 PUZOZ * * * 

* 10 TO 2 0  * An292 S1147 PU242 SNl26 M 2 4 2  PU242 SN126 -2- pu2q2 SN126 * 
5 TO 10 * SPY149 EU153 ND144 (31244 An243 51149 EU153 Y90 C3244 An243 91149 EU153 ZR95, CU244 An243 * * SR90 Y90 EU153 SEI147 SR90 ND144 BU153 C1246 NB95 Y90 EU153 ZR95 

* (31246 PD107 PD107 SR90 ND144 PD107 C1246 * * NB95 * 
1 TO 5 * SR89 Y91 RR85 Y91 SR90 Y90 * SR89 Y91 ZR95 KR85 Y90 SR90 * IRE9 Y91 KR85 Y91 Y90 8R90 * ND145 ZR93 SR89 CS137 ND144 RU106 * ND145 ZR93 NB95 Y91 RU106 NDl44 ND145 ER93 SR89 CS137 RU106 ND140 * ND144 CS133 U236 TC99 RR85 C1245 * CS133 SEI152 8389 CS137 KR85 ZR95 CS133 81152 U236 CBl44 KR85 CS137 

* SUl52 I129 CE144 ND145 CS137 S1148 I129 ND144 U236 CE144 CS137 CU245 * I129 ND144 TC99 ND145 CU245 81148 * NB95 ZR95 U236 ND146 * ZR95 NB95 TC99 ND145 81148 NB95 * TC99 Y90 U236 ND146 
* * TC99 SR90 * TC99 SR90 U236 NDl46 SR90 LR95 
* * Y90 CE144 * Y90 CE144 NB95 CE144 * KR85 U236 * KR8S ND143 KR85 ND143 * 
* * 

* 
*- * * 
* 
* 
* 

-1 TO 1 PU239 S1150 ZR93 CS133 U234 U238 * U236 PU239 ER93 CS133 S1147 CE140 * U236 PU239 ER93 CS133 CE144 Y91 
EU153 U238 ZR95 ND146 CE144 Y91 * 81150 EU153 ND146 U238 U238 Y91 * S1150 EU153 833146 U238 U238 TC99 

SH147 PU240 CS137 ND146 U238 NE95 TC99 PU240 * U238 CS137 An243 TC99 PU240 CS137 U238 An243 
CS135 U234 U234 AH243 ND146 CS135 8389 NDl46 CS135 SR89 

U234 u234 * 
* 

-5  TO -1 PU238 NP237 S1150 I129 SR89 ZR95 * NP237 PU238 S1150 U234 U234 ZR93 NP237 PU238 81150 I129 IR93 CS133 * 
EU155 PU241 ND143 ZR93 CS133 * BU155 PU241 I129 ND143 CS133 ND145 PU241 EU155 U7.34 ND143 ID145 81150 

ND145 NB95 81150 P1147 U234 CS134 
P1147 I129 

PX147 CS134 * * * C1242 S1150 - CS134 I129 

~ ~ ~~ * 
-10 TO -5 * CS134 EU154 RU106 PD107 ND143 SE79 * CS134 CU242 RU106 PD107 NDl43 SE79 128134 EU154 RU106 PD107 ND143 SE79 * U235 An241 CS134 CS135 U235 CS135 * BU154 M 2 4 1  CS134 CS135 U235 CS135 * M 2 4 1  U235 CS134 CS135 U235 128135 

* PU242 SB79 U235 PU242 * PU242 SB79 
* S1151 RUl06 * SE79 S1151 61151 RU106 * * An243 * RU106 An243 ~ 2 4 3  * * * 

* - 2 0  TO -10 PD107 PU240 (31246 PU240 S1152 PU241 * PD107 PU290 CU246 S1152 SUl52 PU241 PD107 PU240 C1246 81152 81152 PU241 
(31242 (31246 63152 SE79 EU154 An241 * (31246 PU240 SE79 M 2 4 1  EU154 CU246 PU240 SB79 An241 BUl59 

U235 C1242 SB125 * U235 61149 SB125 U235 81149 88125 
81149 (31244 * (111244 PU241 Cn244 PU291 
PU241 SN126 * SN126 SNl25JBl241 * * 

-30 TO - 2 0  C1244 a 2 4 5  EU154 An241 81149 NP237 CU244 CU245 An241 EU154 SI8149 C1242 C1244 (31245 BU154 NP237 81149 81151 
* SN126 NP237 (31245 81151 EU155 SN126 NP237 CU245 S3151 NP237 51126 C1245 PU238 EU155 NP237 

EU155 PU238 PU238 PU239 PU238 EU155 BU155 PU238 * BU155 PU239 PU238 PU239 * * PU239 51151 . (31242 PU239 PU239 * 61151 81148 * SHl48 S1151 S1148 * * * 
<-30 * S1148 SB125 (31243 SB125 An242 61148 SB125 (31243 68125 M 2 4 2  '31148 SB125 CU243 SB125 CH242 An242 

cM243 An242 c1243 An242 ~ ~ 2 4 3  cn-2 4 2 

* 



CASE: BWR, 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWD/ITU, APPROX.) G-ATOIS PER MTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS UINUS UNITY 

** DELTAS, n ************ 20 YR . . . . . . . . . . . . . . . . . . . .  5 0  Y d  . . . . . . . . . . . . . . . . . . . .  100 YR ***.****** * 
m O R 2 - 1  CXN/OR 2- 1 -0RS - 1 ORS/OR2 -1 CIN/OR2-1 -U]LVORS -1 m O R 2 - 1  m O R Z - 1  =ORs -1 * . 

>30 PM147 cn243 pH147 CM243 ~ ~ 1 4 7  ru243 
* . 

20 TO 30 sni47 P1147 S1147 ~ ~ 2 4 2  sn147 ~ 1 1 4 7  sni47 PUZU I 61147 PM147 SMl-42 
* 

* 10 TO 20 CM242 AM242 ZR95 NB95 ZR95 NE95 An242 CM242 PU242 SN126 * An242 cn242 PU242 SN126 . * PU242 SN126 * * 
* 5 TO 10 * SM149 EU153 Y ~ O  cn240 An243 * snio9 EU153 Y90 (31244 An243 S1149 PU241 BU153 CB144 An243 CU244 * SR90 ND144 EU153 C1246 * SR90 ND144 EU153 CU246 Y90 SR90 EU153 CU246 * PD107 PD107 * ND144 PD107 . 

* * . 
1 TO 5 * Y91 ND145 KR85 Y91 SR90 Y90 ND145 ZR93 KR85 CE144 SR90 Y90 * ND145 ZR93 KR85 128137 Y90 SR90 * ZR93 CS133 CS137 CE144 RU106 ND144 CS133 SM152 CS137 U236 RU106 ND144 CS133 51152 TC99 U236 RU106 CE144 

* SM152 I129 U236 TC99 KR85 (31245 I129 ND144 TC99 ND145 KRBS CS137 I129 CE144 ND145 ND144 KR85 * ND144 TC99 ND145 CS137 S1148 CE144 TC99 CM245 S1148 ND144 TC99 CS137 CM245 
* SM148 ND196 Y90 CE144 U236 ND146 Y90 SR90 CB144 ND146 * Y90 SR90 

SR90 KR85 KR85 ND143 * CS137 KR85 
ND143 * m 1 q 3  

* 
* -1 TO 1 ZR95 NB95 ZR93 CS133 CE144 Y91 U236 PU239 ZR93 CS133 U236 U238 U236 PU239 ZR93 CS133 U236 U238 

U236 PU239 ND146 U238 U238 TC99 SM150 PU291 ND146 U238 TC99 51197 SM150 EU153 ND146 U238 TC99 81107 
* SM150 EU153 An243 81147 P U Z ~ O  csi37 ~ ~ 1 5 3  ~ ~ 2 4 3  PU240 U238 ND146 An243 PU240 
* CS137 U238 * U238 ND146 CS135 * ND146 CS135 * CS135 U234 . * 

U234 * * * . * 
* - 5  TO -1 NP237 PU238 S1150 I129 ZR93 CS133 NP237 PU238 SM150 I129 ZR93 CS133 * U234 PU238 SMl50 I129 IR93 CS133 * ND145 SllSO 

CS134 PM147 P1147 CS134 An241 C8134 PM147 
PU241 EU155 ND143 ND145 S1150 EU155 An241 ND143 ND145 S1150 NP237 BU155 ND143 

* * . 
-10 TO -5 CS134 EU154 U234 PD107 ND143 U234 * CSl34 EU154 PD107 RU106 ND143 SB79 EUl54 CS134 PD107 RU106 ND143 SB79 . An241 U235 RU106 CS134 SE79 U235 U235 PU242 CS134 CS135 U235 CS135 U235 PU242 CS134 CS135 U235 CS135 

* PU242 SE79 CS135 CS135 s ~ 7 9  sni5i 8179 61151 PU201 
SM151 AM243 An243 * ~ 2 4 3  . 

- 2 0  TO -10 RU106 PD107 CM246 SEI152 S1152 PU241 RU106 PD107 C1246 S1152 U234 PU241 RU106 PD107 C1246 81152 PU241 81152 * 
PU240 (31246 PU240 SB79 AM241 EU154 PU240 CU246 U234 PU240 S1152 An241 PU240 C1246 PU240 8179 An241 BUl59 * 

* U235 SM149 SB125 PU241 SE79 BU154 SBl25 U235 81149 88125 U234 * C1244 PU241 U235 51149 CU244 An241 * * SN126 AM241 * cn204 ~ 2 4 1  613126 U234 
* SN126 * 

-30 TO -20 * c n m 4  c m 4 5  ~ ~ 1 5 4  CM245 sui49 m i 5 1  ~ ~ 2 4 4  ~ ~ 2 4 5  ~ ~ 1 5 4  c m 4 5  sui49 S1151 1x244 cnms Buis4 ~ 1 2 4 5  sui49 suisi 
* SN126 PU238 EU155 EU155 PU238 * 61126 PU238 EU155 EU155 PU238 SN126 EU155 PU238 EU155 PU238 * 

NP237 PU239 NP237 PU239 * PU239 S1151 PU239 PU239 81151 PU239 
SM151 51148 SM148 . 

* <-30 ~ 1 1 4 8  SB125 c m u 3  SB125 cnz42 ~ ~ 2 4 2  sni48 SB125 CM243 ~ P 2 3 7  NP237 cn242 m i 4 8  ~ 8 1 2 5  a 2 4 3  88125 NP237 C1242 * * cn243 CM242 AM242 CU243 SB125 cnz42 ~ 2 4 2  CU243 NP237 CU242 An242 
* AM242 An242 

611 48 

> Y , .,, 



CASE: BWR. 2.64 WT X U-235, 2.866 AT X BURNUP (27.5 GWDIUTU, APPROX.) G-ATOMS PER ITU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS HINUS UNITY 

*+ DELTAS, % ************ 300 YR . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . .  10 KYR ********** * * * 
* ORS/ORZ -1 m / O R 2 - 1  CIN/ORS - 1  =OR2 -1 w O R 2 - 1  W O R S  -1 m Q R 2 - 1  w o R 2 - 1  W Q R s  -1 
* .  * 

>30 CU243 * CU243 
* 

20 TO 30 sni47 s1147 PU242 51147 SI1 47 PU242 sn1q7 81147 PU242 
* 

10 TO 20 * An242 CH242 PU242 SN126 An242 (31242 CS137 PU242 SN126 CH242 An202 PU242 SNl26 * CS137 * PU238 * * * 
* 5 TO 10 51149 EU153 CS137 CU244 An243 51149 EU153 Y90 a 2 4 4  An243 81149 EU153 ND194 A11243 EU153 * SR90 Y90 EU153 CM246 SR90 ND144 BU153 C1246 * PD107 -246 * ND144 PD107 * PD107 * * * 
* 1  * 

*- 
* -1 
* 
* 
* 

TO 5 * CS137 ND145 KR85 TC99 SR90 Y90 ND145 ZR93 KR85 TC99 Y90 SR90 ND145 LR93 TC99 ND145 NDl44 81148 
ZR93 CS133 ND145 ND144 KR85 CS133 SM152 ND145 ND144 KR85 CS133 61152 CH245 NDl46 
SM152 I129 CS137 CH245 * 1129 ND144 CS137 c11245 I129 ND144 
ND144 TC99 S1148 ND146 PU238 TC99 81148 NDl46 * TC99 ND143 
Y90 SR90 SR90 Y90 * 
KR85 ND1 43 ND143 8885 * * 

TO 1 PU239 U236 &R93 CS133 U238 TC99 PU239 S1150 ZR93 CS133 U238 TC99 PU239 S1150 ZR93 CS133 U238 TC99 
S1150 EU153 ND146 U238 S1147 U236 EU153 U236 ND146 U238 81147 PU240 BU153 U238 ND146 U238 81197 PU240 
U238 ND146 U236 An243 PU240 U238 ND146 An243 * ND146 CS135 A11243 

* 
-5 TO -1 * U234 PU238 SU150 I129 ZR93 CS133 * U234 NP237 S1150 I129 ZR93 CS133 * U234 U236 61150 I129 CR93 CS133 

ND145 81150 
~ 2 4 1  pu24 1 I129 * * * 

-10 TO -5 * EU154 U235 PD107 CS135 ND143 SET9 U235 PU242 PD107 CS135 ND143 SE79 PU242 SE79 PD107 CS135 ND143 8179 
C8135 CS135 U235 SE79 SU151 cs135 * S1151 An243 * PU242 SE79 

sui51 ~ 2 4 3  ~ 2 4 3  * * * 
* -20 TO -10 PD107 PU240 CM246 SM152 SM152 AH241 PD107 PU240 -246 SM152 U235 SU152 * PD107 PU240 a 2 4 6  81152 81152 

C1246 PU200 SE79 
* 81149 SN126 * CU244 AH291 * AH241 SN126 

EU155 NP237 ND143 ND145 SU150 * An241 U236 ND143 ND145 S1150 NP237 U235 ND193 
U236 I129 I129 

-246 PU240 SE79 EU154 a 2 4 6  PU240 SE79 An241 * U235 81149 SU149 U235 

* * 
* -30 TO -20 * a 2 4 4  CU245 EU154 a 2 4 5  SU149 SUl5l PU241 C1245 a 2 4 5  PU239 SM149 81151 An241 PU241 a 2 4 5  U235 S1149 81151 * 

* SN126 EU155 PU238 EU155 PU238 SN126 U234 11151 PU239 U234 a 2 4 5  SN126 PU239 81151 U235 U236 * * PU239 U234 U234 PU239 PU238 SU148 U236 U234 PU239 U234 * 
* SMl5l SU148 811 48 * 
* * 

* <-30 SM148 CU243 CU243 '3242 PU241 C1242 SU148 Cn243 Of243 a 2 4 2  PU238 C1242 S1148 PU238 An242 PU238 A11242 
An242 PU241 An242 NP237 Cn244 AH242 NP237 An292 NP237 a 2 4 2  NP237 c11242 IP237 * * * NP237 CU244 PU241 PU241 An24 1 A11241 

* 



CASE: BWR, 4.15 WT X U-235, 4.172 AT X BURNUP (40.0 GWD/MTU, APPROX.) G-ATOUS PER UTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS UINUS UNITY 

I* DELTAS, ***l****t*t*  30 DAY . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . .  10 YR ******.*** 
W O R Z - 1  CIN/OR2-1 CIN/ORS - 1 W O R Z - 1  m O R Z - 1  -/ORs -1 -0RZ-1 w O R 2 - 1  =ORs -1 

* >30 * An242 PU147 -246 CU245 CU243 * M 2 4 2  PU147 CU246 CM245 CU243 M 2 4 2  CU242 a 2 4 6  CU245 a 2 4 3  * ~ ~ 2 4 2  P1147 

* * * 
* * * * * 

* ' *  
20 TO 30 SU149 a 2 4 6  PI4147 PU242 PU242 SEI149 (31246 PU147 PU242 PU242 sni.49 a 2 4 6  pula7 PU242 P u z u  

An241 -245 An243 CU244 (31245 An243 (31244 cn245 M 2 4 3  a244 * * SM147 * 
* 10 TO 20 PU239 SMlSl EU153 SI9147 C1244 (31246 PU239 S1147 SU147 EU153 CU246 CM244 SUi47 PU239 EU153 CU246 a 2 4 4  * PU241 An243 (31245 S1147 * SU151 PU241 CU245 SN126 * 51151 PU241 a 2 4 5  * 

U235 CS135 M 2 4 1  AM243 * An241 An243 
PU238 -242 U235 CS135 * U235 CS135 * * EU155 pU238 EU155 PU238 EU155 

* * 
* 5 TO 10 * I129 CU244 An241 An243 SN126 * I129 CU244 M 2 4 3  BU153 I129 CU244 ZR95 NB95 M 2 4 3  SN126 * * ND143 EU153 PD107 * ND143 PD107 ND143 EU153 ZR95 

* * * 

* * 
* 

*- * * 
* 

* 

* * 
1 TO 5 * EU153 SU152 U235 Y91 Y90 SR90 * EU153 SU152 ZR95 U235 Y90 SR90 EU153 SU152 U235 Y91 SR90 Y90 

* SUlSO SR89 SR89 CU242 RU106 ND144 S1150 SR89 NB95 Y91 RU106 SU148 SU150 SR89 8389 C8137 RU106 ND144 * 
* PU242 Y91 SR90 CS137 SI4148 KR85 PU242 Y91 SR89 CS137 ND144 ZR95 PU242 Y91 Y90 SR90 81148 KR85 * 

ND145 ZR95 Y90 CS135 CS137 ND146 ND145 CS133 SR90 Y90 KR85 CS137 * ND145 CS133 CS135 SU150 CS137 ND146 * 
CS133 N895 SU150 I129 U234 * ER95 NB95 CS135 SIX150 N895 ND146 N895 ER95 I129 -85 
SUI47 gU154 KR85 EU154 1129 KR85 S1147 * But54 

* * 
-1 TO 1 * U236 TC99 U236 ZR95 Y91 CB144 U236 TC99 U236 CE144 Y91 CE144 U236 TC99 CE144 U236 Y91 CBl44 

CE144 CS137 CE144 TC99 U238 U236 CE144 CS137 TC99 ND146 U238 U236 CB144 CS137 TC99 ND146 81147 U238 * 
ZR93 U238 ND146 PD107 TC99 CS134 ZR93 U238 PD107 ND143 TC99 CS134 ZR93 U238 PD107 ND143 U236 TC99 

ND143 U238 SR89 PU240 U238 ND144 SR89 * ND144 U238 SR89 CS134 * NB95 ND145 ZR95 * CS133 ND145 CS133 ND145 

e 
o\ 
0 

* .  
-5  TO -1 KR85 ND146 ZR93 RU106 SU150 ZR93 KR85 ND106 ZR93 RU106 SI4150 ZR93 KR85 ND146 ZR93 RU106 SU150 ZR93 * SR90 Y90 U234 CS134 NB95 CS133 * SR90 Y90 CS134 SU149 PU240 U234 * Y90 SR90 CSl34 SU149 PU240 CS133 

* CS134 NP237 SEI149 PU241 ND145 I129 * CS134 NP237 PU241 U234 CS133 ND145 NP237 CS134 PU241 M 2 4 1  ND145 V234 * * U234 ND144 1.1234 m1qq ~ 2 4 1  I129 ND143 * U234 ND144 I129 ND143 
* * 
* -10 TO - 5  PD107 RU106 PU240 CU243 ND143 P1147 PD107 RU106 CU242 CU243 PU147 U235 * PD107 RU106 U234 a 2 4 3  PU147 U235 * * SE79 PU240 U235 (31242 * SE79 PU240 PU240 SB79 CS135 SB79 PU240 8379 CS135 * 

* -20 TO -10 

* 
* * 
* -30 TO -20 

* * 
EU155 EU154 An241 EU154 EU155 EU154 EU154 An241 PU240 EU155 BUl54 M 2 4 1  
SE79 SN126 PU241 NP237 * 6379 61126 PU241 NP237 * EU154 8879 PU241 NP237 
PU239 PU238 SB125 PU239 PU238 SB125 PU239 SN126 88125 
sn151 81152 51151 81152 * PU238 SU151 
NP237 37 

* * 
SN126 S1148 SU148 M 2 4 2  EU155 SU152 SN126 SUl48 81148 M 2 4 2  EU155 SU152 SN126 SU148 SU148 CU242 EU155 81152 * 

PO238 SU199 58125 51149 PU238 * SB125 - PU238 SU149 58125 M 2 4 2  
SU151 PU239 * a 2 4 2  sn151 s1151 PU239 

* * 
(-30 (31243 S8125 M 2 4 2  C1243 68125 M 2 4 2  CU243 SB125 C M Z B *  



G-ATOMS PER ITU CASE: BWR, 4.15 UT X U-235, 4.172 AT X BURNUP (40.0 GWD/MTU, APPROX.) 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS MINUS UNITY 

DELTAS, ************ 20 YR . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . .  100 YR ********** * 
w O R 2 - 1  m O R 2 - 1  -ORs - 1 w O R 2 - 1  CIN/ORZ-l CIN/ORS - 1 m O R Z - 1  D O R 2 - 1  =ORs -1 

>30 AM242 C1242 C1246 13245 C1243 * AM242 a 2 4 2  (31246 C1245 C1243 * AM242 CH242 CH246 Cn245 a 2 4 3  
pH147 pp1147 pH147 * 

* 2 0  TO 30 * S1149 CM246 PI8147 PU242 PU242 * 81149 (31246 P1147 PU242 PU242 * 11149 CU246 PU147 PU242 PU242 
C1245 231147 AM243 a 2 4 4  * a 2 4 5  S1147 AM243 (31244 PU241 a 2 4 5  AM243 CU244 * SH147 * SMl47 SUI47 6U147 

* * * * 
* 10 TO 20 PU239 PU241 ZR95 NB95 ZR95 C1246 * PU239 PU241 EU153 a 2 4 6  a 2 4 4  * pU239 sa151 ~ ~ 1 5 3  a 2 4 6  C1244 * 81151 AM241 EU153 a 2 4 4  NE95 * S1151 AM241 C1245 AM241 AH243 a 2 4 5  

AM243 U235 C1245 AM243 AM243 U235 * U235 CS135 
CS135 PU238 CS135 PU238 * PU238 EU155 
EU155 EU155 

5 TO 10 I129 C1244 SN126 EU153 I129 C1244 AM243 SN126 * I129 U 2 4 4  PU241 CE144 81126 AH243 
ND143 PD107 ND143 BU153 PDl07 * ND143 EU153 PD107 

* 
1 TO 5 KU153 SM152 U235 Y91 Y90 6R90 EU153 81152 U235 CS137 RU106 SR90 * EU153 S1152 U235 CS137 RU106 8R90 * * SI4150 PU242 CS137 Y90 RU106 S1148 * S1150 PU242 CE144 Y90 Y90 S1148 S1150 PU242 Y90 SR90 Y90 CE144 

* * Y91 ND145 SR90 CS135 ND144 KR85 ND145 CS133 SR90 CS135 ND144 KR85 ND145 CS133 CS135 SU150 81148 ND144 
* * CS133 EU154 S1150 CE144 CS137 ND146 * EU154 S1150 I129 CS137 CE144 U234 CS137 I129 KR85 -85 C8137 * * I* 

* CE144 CS137 ND146 PD107 U236 TC99 CB144 TC99 TC99 ND146 TC99 U236 U236 TC99 ND146 PD107 TC99 C8134 
* ER93 U238 ND143 ND144 CS134 * U234 ZR93 PD107 ND143 CS134 ER93 U238 ND143 ND144 U236 * U238 CS133 * U238 NP237 ND144 U238 U238 CS133 
* * ND145 * CS133 ND145 ND145 * * 
* -5 TO -1 KR85 ND146 ER93 PU241 S1150 ZR93 KR85 ND146 ZR93 CS134 SI4150 ER93 * KR85 ND146 ER93 CS139 81150 61193 * U234 Y90 CS134 S1149 PU240 CS133 Y90 SR90 S1149 RU106 CS133 ND145 Y90 SR90 61149 RU106 CS133 ND195 

SR90 NP237 RU106 AM241 ND145 I129 CS134 ND144 AM241 PU240 I129 * CS134 NDl44 AM241 PU240 1129 
CS134 ND144 ND143 ND143 ND143 * 

-10 TO -5 PD107 SET9 U234 (3x243 PI4147 U235 * PD107 SET9 CIS243 P1147 U235 * PD107 SB79 a 2 4 3  P1147 U235 
RU106 PU240 SE79 U234 * RU106 PU240 SE79 CS135 RU106 PU240 8879 C8135 * 

* 
* -1 TO 1 U236 TC99 U236 TC99 U238 S1147 * U236 CS137 U236 PU241 U238 88147 CB144 NP237 TC99 U236 U238 81147 

* -20 TO -10 PU240 EU155 EU154 PU241 * PU240 EU155 EU154 PU241 PU240 EU155 EU154 PU241 * 
EU154 SE79 AM241 NP237 EU154 8179 AM241 U234 EU154 SET9 AH241 SB125 * * PU239 SN126 SB125 613126 PU239 68125 PU239 81126 
PU238 SI4151 PU238 U234 PU238 S1151 

* S1152 SXlSl SU152 611 52 * * 
-30 TO -20 * SN126 S1148 NP237 61148 EU155 S1152 SN126 S1148 S1148 NP237 EUl55 88152 SN126 S1148 61198 U234 BU155 61152 

* SB125 CM242 AM242 PU238 SM149 SB125 1 x 2 4 2  AM242 PU238 68149 88125 CU242 AM242 PU238 U234 
sni5i ~ ~ 2 3 9  NP237 61151 81149 81151 

PU239 PU239 * * 
NP237 88125 NP237 a 2 4 2  * <-30 C1243 SB125 (31242 AM242 (31243 SB125 

AM242 

* 

* * * 

CU242 .AM242 * a 2 4 3  



CASE: BUR, 4.15 UT % U-235, 4.172 AT X BURNUP (40.0 GUD/HTU, APPROX.) G-ATOUS PER UTU 

NUCLIDE DISTRIBUTIONS BY PBRCENTAGE DELTAS REPRBSENTTNG CODE-RESULT-RATIOS MINUS UNITY 

** DELTAS, % ************ 300 YR . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . .  10 KYR ********** * * ' *  * W O R 2 - 1  C I N / m - 1  W O R S  -1 w O R 2 - 1  w O R 2 - 1  -/ORs -1 _pas/ORZ-l m O R 2 - 1  =ORs -1 * * 
>30 An242 C1242 (31246 (31245 CH243 CU242 AH242 (31246 CU245 C1243 (31242 An242 CU246 CU245 * ~ ~ 2 4 1  pU238 

* 20 TO 30 51149 (31246 PU242 An243 PU242 S1149 C1246 PU242 An243 PU242 SEI149 An241 PU242 An243 PU242 * (31245 SI3147 (31244 SH147 PU241 CU245 S1147 ~ 1 2 4 6  PU241 sn147 * 51147 PU238  CH245 S1147 * 
10 TO 20 * PU239 S1151 EU153 C1244 (31246 * PU239 SH151 CS137 EU153 CH244 (31246 PU239 61151 EU153 C1246 CU245 * An241 An243 (33245 SN126 * CS137 An241 CU245 An243 U235 An243 * U235 CS135 An243 U235 CS135 

* 
5 TO 10 I129 (21244 CS137 AU243 EU153 13237 I129 SN126 EU153 NP237 I129 88126 M 2 4 3  

ND143 PDlO7 ND143 PD107 ND143 EU153 PD107 * 
1 TO 5 NP237 EU153 U235 SR90 Y90. SR90 EU153 S1152 U235 CS135 Y90 SR90 111153 S1152 CS135 81150 81148 ND144 * * CS137 S1152 Y90 CS135 81148 ND144 U234 SI4150 S1150 Y90 51148 ND144 U234 SI4150 I129 NDl46 * S1150 U234 S1150 I129 KR85 CS137 PU242 ND145 SR90 I129 CS137 KR85 PU242 No145 

* PU242 ND145 KR85 ND146 CS133 ND146 CS133 * CS133 * 
* - 1  TO 1 * EU154 U236 TC99 ND146 U238 SH147 * TC99 U236 KR85 TC99 U238 51147 * TC99 ZR93 TC99 No146 U238 61147 * TC99 ZR93 PD107 ND143 TC99 ZR93 U238 ND146 PD107 TC99 * U238 PD107 No143 TC99 
* * U238 ND144 U238 ND143 ND144 * No144 U238 * CS133 ND145 * U238 CS133 CS133 No145 

U236 ND145 * * 
-5 TO -1 ND146 KR85 ZR93 81149 S1150 U236 ND146 KR85 ZR93 SB149 S1150 ZR93 U236 ND146 ZR93 81149 S1150 IR93 

SR90 Y90 An241 ZR93 CS133 Y90 SR90 U236 An241 CS133 ND145 ND144 CS133 ND145 * 
* PU240 1129 * ND144 ND145 PU240 * ND144 PU240 U236 * I129 ND143 143 I129 ND143 * * * * 

-10 TO -5 PD107 SE79 (31243 U235 SE79 PD107 SE79 C1243 SE79 U235 * PD107 SE79 U235 8879 CS135 
~ ~ 2 4 0  CS135 pu240 cs135 pu240 

-20 TO -10 PU240 EU155 EU154 An241 PU240 SE79 An241 PU240 8179 U235 
EU154 SE79 SN126 PU239 SN126 PU239 
SN126 PU239 PU238 S1151 * 81151 81152 * PU238 813151 S1152 * * SXl52 * 

-30 TO -20 SN126 S1148 S1148 C1242 EU155 81152 * SN126 S1148 61148 CU242 S1152 81149 SN126 S1148 U236 61108 U236 S1152 
An242 PU238 S1149 * An242 S1151 PU239 * 81149 81151 

* 

* * 1 
<-30 * C1243 U234 NP237 U234. NP237 * CU243 CU244 U234 NP237 PU238 U234 PU238 An242 PU239 U234 * PU24 1 C1242 An242 * (31244 PU241 O f 2 4 2  An242 C1242 U234 PU238 An242 

PU24 1 NP237 PU241 * NP237 An241 CU242 NP237 
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CURIES PER MTU CASE: DECAY ONLY, OF ORIGENZ DISCHARGE RESULTS FOR PWR, 3.2 WT X L 33 GWDIHTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS m N u s  UNITY 

** DELTAS, S ************ 30 DAY . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . .  10 YR ********** * * 
-0R2-1 w O R 2 - 1  -ORs - 1 _PBS/OR2-1 CIW/OR3-I -/ORs - 1 * _PB6/OR2-1 w O R 7 - 1  -1 * * * * * 

5 TO 10 * ER95 NB95 ER95 NB95 * * 
* 1 TO 5 PU242 811147 P u m z  snio7 * PU242 SEI147 ER95 NB95 ER95 NB95 PU242 SH147 PU242 8x147 

PU242 SKl47 * * 
* -1 TO 1 SK148 ND144 sni48 An242 An242  c n w 5  SIJ148 ND144 sni48 An242 An242 1129 * sni48 N D i m  sui48 cnzo2 at242 ~ 2 4 2  * * snim c m 4 2  c n m 5  ND144 1129 c n 2 4 2  ~ ~ 1 4 4  sni49 1129 ND144 cn245 sR89 * CE144 sui49 ~ 2 4 2  CEIQQ spa9 c E i w  

* An242 SN126 Cn242 1129 51147 CS134 * CK246 An242 -245 CB144 CBl44 Y91 An242 a 2 4 6  ND144 I129 I129 CU245 
(31245 CS134 TC99 CS134 An243 CE144 * Y90 SN126 Y91 TC99 at244 TC99 -242 SR90 Of245 Y91 Y91 RU106 
U235 ER95 An243 PI4147 CS137 TC99 CS134 EU155 cp1244 C1246 PD107 Pl4147 U235 EU155 SR89 TC99 TC99 CU244 

* EU154 U238 SN126 CS135 PM147 An241 CM245 U238 SR89 CS135 CS135 EU155 at245 U238 a 2 4 6  RU106 PD107 CS135 
U236 Sn151 u238 cn246 cs135 u238 u236 U235 Y ~ O  EU155 u238 Cn246 U236 ~ ~ 1 0 6  CS135 U238 sni5i pni47 * Y91 PU239 U236 SR90 CM246 SN126 U234 PU239 U238 83126 SEI148 PU241 NP237 PU239 SR90 SN126 U238 a246 1 
SB125 (31246 KR85 SE79 U236 61148 PU238 EU154 EU154 PU238 EU154 PU238 PU238 EU154 KR85 EU154 SR90 CS137 

* PH147 (31244 cM244 SR89 Y90 SR90 ER93 SM151 KR85 SR90 KR85 Y90 * SNl26 CS135 PU238 SET9 CS134 81126 
C1243 U234 RU106 SR93 KR85 PU238 a 2 4 3  a 2 4 2  SB125 SB79 SR90 88125 * CU243 U234 Y90 ER93 PU201 81148 

* AH243 ER93 snl51 U235 EU155 SE79 An243 SB125 RU106 Pn147 SE79 An241 An243 88125 CS134 U235 KR85 EU154 
~ ~ 2 3 7  csi35 c n m 3  ~ ~ 2 3 7  (31244 snag SE79 at244 1393 SU151 SN126 61147 ~ ~ 9 3  1129 An243 snisi ~ ~ 2 3 8  sni47 * SR90 PU240 NB95 SB125 RU106 ER93 SR90 PU240 U235 An243 RU106 CS137 Y90 PU240 ?Ell47 EU155 SE79 Y90 * * * I129 SE79 Y91 EU155 SM151 U235 * I129 KR85 a 2 4 3  CS134 SR93 Sn151 KR85 SB79 CU243 at244 ER93 U235 * * * TC99 PD107 Y90 CE144 a 2 4 3  NP237 * TC99 RU106 U236 U234 U235 An243 * TC99 CS134 88125 PD107 An243 An241 

* RU106 NB95 U 2 3 4  PD107 NB95 SB125 * CS135 PU147 PD107 PU239 ND144 C1243 SH151 Pn147 U236 U234 EU155 NDl44 * KR85 SR89 PU238 EU154 Y91 PU241 * NP237 Y91 NP237 PU240 CS134 U236 Y91 Cn244 PU239 CS137 CU243 88125 
* * EU155 Y90 ER95 PU239 ND144 U234 * SRB9 PD107 CS137 CH242 U234 PU239 PD107 SR89 PU240 611149 U236 U234 
* * PU238 CE144 PU240 An241 PD107 EU154 * ER95 NB95 Sn149 PU242 NP237 ER95 NB95 PU292 PU239 * An241 CS137 CS137 Sn149 ER95 PU239 * CS137 PU240 CH242 * CS137 PU240 81149 * 
* PU242 PU240 * sni 49 * 

sni 49 * 
* * * * 
* -5 TO -1 * PU241 PU241 PU241 An241 PU241 An241 * 911241 An241 NP237 PU241 NP237 

An241 



CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PUR, 3.2 UT X C 33 GWD/MTU CURIES PER MTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS MINUS UNITY 

0 0  DELTAS, % +t*l******** 20 YR . . . . . . . . . . . . . . . . . . . .  50 YR ******* ************* 100 YR ** ******.* 
* ORS/OR2-1 m R 2 - 1  CIN/ORS -1 m O R 2 - 1  CIN/O R2-1 ~ m O R S  -1 _paS/OR2-1 m O R 2 - 1  -/ORs -1 

* * * 
* * 

* 
10 TO 2 0  0 ER95 NE95 * * * * 
5 TO 10 * pu241 PU24 1 * * 
1 TO 5 PU242 SM147 PU242 SUl47 PU242 PU241 PU241 PU242 CE144 PU242 SM147 CE144 PU242 

SM147 sni47 ~ ~ 1 4 4  * 81147 * * 
-1 TO 1 * SU148 ND144 SM148 CE144 CM242 CE144 SM148 ND144 SM148 CM242 (31242 AM242 * SM148 CS137 SM148 -242 CM242 RU106 

RU106 CE144 (311242 AM242 AM242 I129 CE144 RU106 AM242 RU106 I129 CM245 ND140 RU106 CS137 RU106 AM242 I129 
* SUl49 CM242 Y91 ND144 CM245 RU106 CS137 U235 ND144 I129 RU106 PM147 EU155 SM149 AM242 ND144 CM245 CS134 * 
* AM242 SN126 RU106 I129 CS134 TC99 * EU155 51149 13245 CS137 CS134 SB125 AM242 U235 I129 -245 PM147 88125 * * U235 CU245 CM245 TC99 SB125 AM243 * CM242 AM242 KU155 AM243 SR90 AM243 CM245 SM151 EU155 68125 PU241 PU238 
* * SR90 U238 AM243 Y90 PD107 PM147 * CM245 SU151 SB125 CS135 PD107 PU241 U238 SN126 PU238 AM203 PD107 AM243 * * PU238 (31246 SE79 EU155 Y90 CM244 * U238 SN126 U238 CU246 KR85 CS135 CM246 U236 CS135 U238 KR85 EU154 
* SI5151 U236 CS135 U238 SE79 EU155 * CM246 U236 SN126 CM243 CS137 U238 CM293 I129 CM246 SN126 126137 EU155 
* (31243 ZR93 (31246 SM151 CS135 CS137 * CM243 PU238 SR90 Y90 (31296 EU155 PU238 ZR93 SR90 13244 121244 CS135 

AM243 BU154 KR85 SN126 U238 CM246 * ZR93 PU239 SE79 CS134 CM244 SN126 CM242 CS135 8379 CS134 Y90 SR90 
PU239 CS135 SR90 (31244 SM151 AM241 CS135 Y90 KR85 ZR93 CM243 SM148 SE79 TC99 ZR93 Y90 U238 a 2 4 6  

* Y90 TC99 EU154 PU238 KR85 SMl48 TC99 I129 PU238 (31244 Y90 SE79 * U234 AM243 61151 a 2 4 3  81126 81148 * * I129 SE79 CS134 ZR93 PU241 81147 SE79 U234 TC99 PM147 EU154 AM241 PU240 SR90 KR85 TC99 BE79 AM241 
* * U234 EU155 PM147 PD107 SR90 EU154 AM243 PU240 SMl51 PD107 dR93 PU238 a 2 4 4  AM241 AM241 PD107 ZR93 83151 
* PU240 KR85 CM243 SB125 PU238 SN126 U KR85 CU244 EU154 U235 SM147 ND144 Y90 PU239 EU154 PM147 S1197 ND144 

CM244 CS134 U235 PU241 ZR93 ND144 * SB125 SR90 PU239 U234 TC99 SM151 SB125 KR85 U235 PU239 a 2 4 3  TC99 
PM147 NP237 U236 PU239 CM243 U235 EU154 PD107 U236 AM241 PU242 U235 PD107 EU154 U234 U236 PU242 PU239 * 

* PD107 SB125 U234 CS137 U236 PU242 CS134 NP237 SM149 PU239 U234 NP237 CS134 SM149 U235 U234 * 
PU241 CS137 PU240 SM149 PU239 U234 PM147 AM241 U236 SM149 PMl47 U236 81149 

-5 TO -1 ~ 2 4 1  AM241 NP237 NP237 PU240 PU240 PU240 PU240 * 
-20 TO -10 NP237 NP237 * 
-30 TO -20 w 7  NP237 

. . .  

-\. w - J H  



CASE: DBCAY ONLY. OF ORIGENZ DISCHARGE RBSULTS FOR PWR, 3.2 W T  X 5 33 GWD/ITU CURI8S P8R UTU 

NUCLIDE DISTRIBUTIONS BY PSRCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS MINUS UNITY 

** DELTAS, % ************ 300 YR . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . .  10 KYR ********** * * 
-0RZ-1 CIN/OR2-1 CIN/ORS 1 - -0R2-1 D O R 2 - 1  CIN/ORS - 1 8 _QBs(Om-l _ULVOR2-1 - *  * * 

10 TO 2 0  PU241 CS137 cs137 * * * * 
1 TO 5 * CS137 PU242 CS137 PU242 P u z m  sui07 puzoz snio7 Anzoi P u z u  P U Z ~ ~  61147 

sn147 sn147 sn147 * * * * 
-1 TO 1 * S1148 EU155 S1148 (31242 I3242 M 2 4 2  SU148 ND144 SUI48 CU242 CU242 An292 SUl48 833144 81148 PU238 PU238 M 2 4 2  * NU144 An241 At4242 EUlSS I129 CU245 M 2 4 1  81149 M 2 4 2  ND144 a 2 4 5  I129 SU149 PU7.41 ND144 I129 CU242 I129 

8 SI4149 PU240 ND144 I129 8U154 KR85 PU240 U238 I129 CU245 PU238 CU244 M 2 4 3  U238 M 2 4 2  CU242 CU245 TC99 
SN126 U238 CU245 M 2 4 1  8U155 CU243 CU246 U235 M 2 4 1  PU238 PD107 CS137 CU246 U235 SH151 CU245 PO107 S879 * 
C1246 TC99 CS135 U238 SR90 Y90 * TC99 PU239 ZR93 CS135 ZR93 CS135 CU245 NP237 TC99 8179 U238 81148 

* 1129 U235 CH246 SN126 CU244 PD107 * MI151 M 2 4 2  U238 (31246 SR90 Y90 ZR93 SN126 U238 83126 SN126 CU246 8 
An242 S879 PU238 S879 CS137 SU151 * ZR93 U236 SN126 S879 U238 C1246 * PU239 U236 M 2 4 3  CU246 ZR93 CS135 * 

* u236 PUZN c m 4 4  ~ ~ 9 3  CS135 U238 * p u n 1  u230 snisi M 2 4 3  SN126 snim u234 puz4o 61193 csi35 ~ 2 4 3  st1147 
8 C1242 ZR93 SU151 M 2 4 3  cn246 AM241 * SN126 SE79 TC99 PD107 CU243 S879 * 8879 TC99 PD107 83149 NDl49 PU242 

M 2 4 3  CS135 TC99 KR85 SUI48 PU238 * CS135 An243 Of243 Y90 M 2 4 1  SU151 CS135 I129 U234 sniu uz34 
8 U234 S1151 Y90 SR90 S879 SN126 * I129 NP237 SR90 KR85 81147 KR85 * PD107 PU238 
8 PU239 NP237 C1243 PD107 ZR93 An243 * CU242 13245 PU239 U234 NDl44 M 2 4 3  M 2 4 2  CU242 

C1244 CU245 8U154 PU239 S1147 ND144 PD107 911238 SU149 TC99 PU242 
Y90 SR90 U234 U235 TC99 PU242 CU243 Y90 PU239 U234 
c u m 3  PD107 sniw PU239 U234 SR90 KR85 sn149 
KR85 EU154 U235 SU149 * 

* 

-10 TO - 5  U236 U236 * 8 

* 
-30 TO -20 * * U236 U236 * * * * 

<-30 NP237 PU241 NP237 PU241 CU244 NP237 CU244 NP237 P U N 1  NP237 M 2 4 1  NP237 M 2 4 1  * * PU241 8 

* 

* -5  TO -1 PU240 W 6  PU240 U236 * PU240 U235 PU240 U235 PU240 P-* 

-20 TO -10 11235 U235 



CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PWR, 3.2 WT X I 33 GWD/UTU WATTS PER UTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS UINUS UNITY 

**  DELTAS, % ***+t+t+++++ 30 DAY . . . . . . . . . . . . . . . . . . . .  5 YR . . . . . . . . . . . . . . . . . . . .  10 YR ***** ***** * * 
0 ORS/ORZ - 1 CIN/ORZ-1 -/ORs - 1 -0R2-1 D O R Z - 1  -ORs - 1 n - 1  CXN/OR1-1 =ORs -1 * * 
* 

5 TO 10 * U235 U235 U235 U235 NB95 ZR95 NB95 ZR95 * * U235 U235 
* * 
* 1 TO 5 * PU242 SH147 PU242 SH147 PHI47 An242 * PU242 SU147 NB95 ER95 NB95 ER95 * PU242 SU147 PUZOZ SH147 PUl47 An292 * PU241 PU147 An242 PU241 PU242 SU147 PU147 An242 PU241 PUl47 An242 

~ * * 
* - 1  TO 1 SUlSl An242 88125 PU239 SB125 PU239 * SU151 121246 PU241 PU239 68125 PU239 * CB144 SU151 CU242 PU239 CU242 88125 * * PU239 SN126 EU155 PU241 BU155 U236 CB144 An242 88125 EU155 EU155 SR89 An242 PU239 88125 EU155 PU239 BUl55 * CH245 U238 U236 (31242 Y90 CH242 Y90 PU239 Y90 U236 U236 Y90 SN126 U238 Y91 Y90 SR89 Y91 * 
* * SB125 EU154 Y90 U234 An241 U234 U238 PU238 U234 TC99 An241 U234 PU238 CU2.245 SR89 U236 Y90 U236 

* Y91 U236 TC99 CH245 TC99 CU245 SN126 U236 CU245 SR89 Y91 TC99 CU246 U236 TC99 CU245 An241 TC99 * * * U235 U234 SR89 51151 SE79 SR89 * CU245 U234 Y91 SEI151 CU245 6379 U235 U234 U234 SU151 CU245 U234 
* ZR95 An243 CS135 KR85 (31244 ND144 * EU155 SB125 CS135 KR85 ND144 CS135 BU155 An243 KR85 128135 8179 KR85 * CU246 NP237 (311244 SR90 CS135 KR85 EU154 (31242 SR90 (31244 CU244 KR85 BU154 CU242 SR90 CU244 -244 CS135 

CS135 CU243 An243 NB95 SR90 An243 U235 CU243 An243 EU154 SR90 PD107 * CS135 CU243 An243 PU238 SR90 YDlO7 
* (313242 KR85 Y91 BU154 PD107 SU147 PU240 An243 PU238 U238 An243 SU147 *.PU240 I129 BU154 U238 An243 ND144 * CS134 PU240 PU238 U238 NB95 SUl51 KR85 TC99 CS134 PU240 SHlSl EU154 KR85 TC99 CS134 CU243 SU147 61151 
* NB95 TC99 CS134 An291 Y91 PU238 I129 CS134 CU243 CU242 PU238 U238 SR90 Y90 PU240 a246 PU238 EU154 * * SR89 SR90 PU240 CU243 EU154 U238 SR90 CS135 CH246 CS134 PU242 CS134 NP237 U238 CS134 * * CE144 PU238 ZR95 CU246 CS134 PU242 NP237 CU244 PU240 CU243 CU244 SB125 PU242 CU243 

(31244 PU147 PU240 CU243 ZR93 Y91 PU241 CU242 * ZR93 PH147 PU240 PU241 
* EU155 Y90 ER95 PU241 * PU147 SR89 sur 49 * Y91 SR89 SUl49 .CU246 * ZR93 I129 SU149 CU.246 * NB95 ZR95 * RU106 LR95 
* An241 RU106 * RU106 SU148 * NB95 SU148 

Sn148 CS137 * cs137 CS137 * 
-5 TO -1 * I129 NP237 I129 NP237 An241 An241 I129 a246 I129 * An241 An241 1129 1129 

NP237 NP237 

* * * ** -1 - 0  1 

-30 TO -20 0 SB79 SE79 0 SB79 SB79 8379 8379 



CASE: DECAY ONLY, OF ORIGBNZ DISCHARGE RESULTS FOR PWR, 3.2 WT I 6 33 GWD/UTU WATTS PER UTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS UINUS UNITY 

** DELTAS, I ***********+ 20 YR . . . . . . . . . . . . . . . . . . . .  50 YR . . . . . . . . . . . . . . . . . . . .  100 YR ********** 
* ORS/O RZ-1 CIN/O RZ-1 W O R S  -1 m O R Z - 1  CIN/OR2-1 -/ORs -1 -2-1 w O R 2 - 1  -/ORs -L 
* * * 
* * * * * * * 10 TO 20  NB95 ER95 * pu241 PU241 * * * * * 5 TO 10 * U235 U235 I pU2Q1 U235 U235 U235 PU241 U235 * 

1 TO 5 * PU241 PU242 PU242 PU241 PI4147 An242 * PU242 SU147 PU242 81147 PU147 An242 * PU242 SU147 PU242 SU147 PU147 An242 * sni47 51147 PU147 * PU147 AM242 PU147 An242 
An242  * * 

* -1 TO 1 CE144 SEI151 CU242 SB125 CU242 SB125 CE144 SU151 -242 SB125 138242 S8125 * CS137 EU155 CU242 EU155 -242 8B125 
PU240 An242 EU155 PU239 EU155 PU239 * CS137 BU155 EU155 PU239 EU155 PU239 SU151 M 2 4 2  68125 PU239 EU155 PU239 
TC99 PU239 Y91 Y90 Y90 An241 PU239 AM242 Y90 TC99 Y90 An241 * PU239 CU245 Y90 M 2 4 1  Y90 -241 

* CM245 U238 TC99 U236 U236 TC99 * (31245 U235 CU245 SI151 TC99 CU245 SN126 U238 TC99 CU245 TC99 -245 * U236 SN126 (31245 U234 CU245 SE79 * U238 81126 KR85 CS135 (31244 SE79 U235 CU246 SU151 KR85 KR85 SB79 
* CU246 PU238 SI4151 KR85 U234 KR85 (31246 U236 M 2 4 3  SR90 KR85 CS135 U236 CS135 CS135 SR90 CU244 CS134 
* (31244 (31243 (38244 CS135 CU244 CS135 * CS135 CU243 CU244 U234 An243 SR90 TC99 CU242 M 2 4 3  CU244 SR90 CS135 

(31242 SB125 SR90 AU2P3 SR90 PD107 * PU238 SB125 EU154 PU238 PD107 ND144 I129 ZR93 PU238 U238 PO107 ND144 
ER93 U235 PU238 EU154 ND144 An243 * BU154 ER93 U236 U238 CS134 SU147 An241 An243 EU154 CS134 M 2 4 3  BU154 * CS135 SR90 U238 CS134 SU147 SU151 * I129 SR90 CS134 An241 SU151 U234 U234 PUZ40 U234 U236 SU147 SU151 
An243 EU155 CU243 PU240 EU154 CS134 CU242 U234 CU243 CU246 EU154 PU238 CU243 SR90 CU243 a 2 4 6  PU238 U238 
1129 Y ~ O  c n 2 ~  PU238 U238 * An243 TC99 U236 U238 Y90 PU238 U234 PU242 * 
U234 KR85 PU242 CU243 PU240 Y90 PU242 CU243 * KR85 88125 U236 -243 * 
NP237 CS134 PU241 PU240 * KR85 CS134 PU241 SU149 * EU154 CU244 PU241 81149 

a246 EU154 RU106 sui49 ~11246 * ~ ~ 1 0 6  cuzw CU246 * NP237 RU106 * * PU147 CS137 PPI147 NP237 CS134 PU147 
* 81148 ' ~ ~ 1 4 8  ~ 2 4 1  sui48 * * * * * 

-5 TO -1 ~ 2 4 1  An241 I129 I129 PU240 I129 PU240 1129 PU240 1129 PU240 * * 
* -  2* * * 

-20 TO -10 NP237 NP237 * * * 
-30 TO -20 s ~ 7  gg79 SE79 SE79 



CASE: DECAY ONLY, OF ORIGEN2 DISCHARGE RESULTS FOR PWR, 3.2 WT X C 33 GWD/ITU WATTS PER MTU 

NUCLIDE DISTRIBUTIONS BY PERCENTAGE DELTAS REPRESENTING CODE-RESULT-RATIOS MINUS UNITY 

** DELTAS, 5 ************ 300 YR . . . . . . . . . . . . . . . . . . . .  1 KYR . . . . . . . . . . . . . . . . . . . .  10 KYR ********** 
* ORS/ORZ-1 CIN/OR2-1 W O R S  - 1 D - 1  CIN/ORZ-1 - -2-1 m O R 2 - 1  C I N / O R S  -1 * 

* * 
* * 

* * 
* 10 T O  20 * PU241 CS137 * * 
* 1 TO 5 * CS137 PU242 U235 PU242 U235 AM242 * PU241 PU242 U235 PU242 U235 AM242 * AM241 PU241 PU242 81147 AM242 * * sn147 ,51147 AM242 * 51147 61147 AM242 * PU242 81147 AM242 
* * * * * 
* -1 TO 1 EU155 S1151 CM242 PU239 C1242 EU155 81151 AM241 CM242 PU239 CM242 PU239 PU239 U238 PU238 81151 PU238 CM242 

AM241 C1246 AM241 Y90 PU239 Y90 C1245 (31246 AM241 TC99 Y90 AM241 * SN126 GR93 C1242 TC99 TC99 SE79 
TC99 PU239 TC99 (31245 AM241 KR85 PO239 SN126 CM245 Y90 TC99 PU238 U235 CM245 CS135 AM243 PD107 ND144 
U238 ZR93 SI4151 CS135 TC99 C1245 U235 I129 S1151 AM243 SE79 CM245 NP237 AM243 U238 (31245 CS135 81147 * * SN126 PU238 C1244 AM243 (31244 SE79 AM243 U238 CS135 PU238 CM244 KR85 U234 PU240 PU239 U234 AM243 U238 

* AM242 (31245 KR85 SR90 EU154 SR90 * CS135 TC99 U238 KR85 SR90 PD107 U236 TC99 -245 PU242 
* CS135 U235 PU238 U238 CS135 AM243 * C1242 U234 SR90 U234 AM243 ND144 CS135 CM246 PU239 U234 

C1242 I129 EU154 U234 ND144 PD107 PU240 U236 CM243 (31246 CS135 S1147 I129 AM242 81149 CM246 
AM243 U234 C1243 CM246 81147 S1151 AM242 NP237 S1151 U238 PU238 CM242 * * PU240 U236 PU238 U238 IR93 Y90 PU242 U234 * 81148 

* * NP237 C1243 PU242 U234 CM243 PU238 CM243 51149 * 
SR90 (33244 (31243 51149 * SR90 KR85 (31246 
Y90 KR85 (31246 S1148 
But54 811148 * 

* -5 TO -1 * PU240 U236 PU240 U236 * PU240 I129 PU240 I129 * - CM246 PU240 PU240 I129 * 1129 I129 * I1 29 

-10 TO - 5  ~ ~ 1 0 7  PD107 PD107 U236 PD107 U236 ~ ~ 1 0 7  PD107 U235 U235 

* 

* 
* * 

* -30 TO -20 SE79 SE79 SE79 SE79 8379 SE79 U236 U236 

<-30 * NP237 PU241 NP237 PU241 (31244 NP237 CM244 NP237 PU241 NP237 AM241 NP237 AM241 * * PU241 
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