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ABSTRACT

The ORIGEN series of codes are widely used throughout
the world for predicting the characteristics of spent
reactor fuel and high-level waste.  Two independent
development activities at Oak Ridge National Laboratory
have provided significant enhancements to the original
ORIGEN code and yielded the current generation of
codes called ORIGEN2 and ORIGEN-S.  The ORIGEN2
code was designed to operate as a stand-alone
calculational tool with fixed nuclear data libraries.  The
user selects the library having parameters that best match
the specific problem of interest.  The ORIGEN-S code
was designed to function as a module of the SCALE code
system and obtains problem-specific neutronic data
through interaction with other modules of the system.
ORIGEN-S data libraries created by the SCALE analysis
sequence can also be used to run ORIGEN-S in a stand-
alone fashion.  This paper provides a general overview of
the similarities and differences between ORIGEN2 and
ORIGEN-S and discusses their capabilities and
limitations as exhibited in the characterization of light-
water-reactor spent fuel.

INTRODUCTION

     The design and licensing activities associated with
transport, storage, and disposal of spent light-water-
reactor (LWR) fuel are dependent on the analytic
prediction of the isotopic content and associated
characteristics (e.g., decay heat, radiation sources).
Spent fuel characterization for out-of-reactor applications
is routinely obtained with point (i.e., no spatial
dependence) depletion/decay methods that are able to
compute an almost unlimited number of nuclide
inventories and associated characteristic quantities in a
flexible and useful format.  Perhaps the most widely used
point-depletion codes are the ORIGEN series of codes
developed at Oak Ridge National Laboratory (ORNL) to
predict the characteristics of spent reactor fuel and high-
level waste (HLW) for fuel cycle evaluation and out-of-
reactor analysis applications.  

     The original ORIGEN code1 released in 1973 was
intended principally for the generic investigation of fuel
cycle operations over a wide range of fuel design
parameters.  ORIGEN gained popularity because of its
relative simplicity and convenient detailed output.

However, users soon began to apply ORIGEN to
problems that required greater precision and
specificity than had been intended with the original
data libraries (only one library with no burnup
dependence for LWR fuel).  Thus, in 1975, the
Chemical Technology Division at ORNL began a
concerted effort to provide a significant update to
ORIGEN and its associated data base.  The result of
this development was the ORIGEN2 computer
code,2,3 released initially in 1980.  Like the original
ORIGEN code, the ORIGEN2 code was designed to
operate as a stand-alone calculational tool with fixed
cross-section data libraries provided for several
reactor models.  In 1977, the Nuclear Engineering
Applications Department at ORNL began a
development task to update ORIGEN such that it
could function as the depletion/decay module of the
SCALE code system.4  Although released in 1982
with the capability to operate in a stand-alone fashion,
the ORIGEN-S module5 was designed to interface
with the other neutronic modules of SCALE to obtain
and use problem-dependent cross-section libraries for
each analysis.  Efforts to merge the development
programs to create a single, updated ORIGEN code
were thwarted by the specific requirements of the
separate sponsors (the U.S. Department of Energy for
ORIGEN2 and the U.S. Nuclear Regulatory
Commission for ORIGEN-S) and the 2-year "head
start" of the ORIGEN2 development effort.

     The ORNL development of two separate codes
with similar names, analysis techniques, and function
has caused some confusion in the user community.
The purpose of this paper is to review the capabilities
and limitations of ORIGEN2 and ORIGEN-S and
highlight their similarities and differences. 

FUNCTIONAL DESCRIPTION

     The primary function of ORIGEN2 and ORIGEN-
S is to compute time-dependent concentrations and
source terms of a large number of nuclides that are
simultaneously generated or depleted through
neutronic transmutation, fission, radioactive decay,
input feed rates, and physical or chemical removal
rates.  The user has detailed control over intermediate
and final compositions to the extent that they can be
added together, multiplied by a constant, written to an



output device, or "reprocessed" into multiple streams that
can be stored, printed, and/or further manipulated.  The
calculations may pertain to fuel irradiation within a
nuclear reactor, or the storage, management,
transportation, or subsequent chemical processing of
removed fuel elements.  Both codes use the same basic
matrix exponential expansion model and numerical
scheme.  To assure that the solution of the matrix retains
appropriate accuracy, short-lived nuclides are removed
from the matrix and their concentrations obtained
separately using the explicit nuclide chain equations.
The calculational methods employed by ORIGEN2 and
ORIGEN-S are discussed in more detail in refs. 2-3 and
ref. 5.  

     The ORIGEN2 input was designed for maximum
flexibility with respect to simulating the situation being
analyzed, while also being straightforward and simple to
prepare.  Each specific operation (composition input,
reactor depletion step, etc.) of a particular problem is
invoked by a single input card describing the type of
operation and giving various parameters that define the
details of the operation.  Using these operations, one can
essentially define the flow sheet of the case to be
analyzed no matter how complex it becomes.  ORIGEN2
executes these operational commands sequentially as
they are encountered in the input stream.  The simplicity
of the input results from the one-operation-per-card
attribute and the free-format feature.3

     The ORIGEN-S code uses the free-form FIDO-type
input6 developed and used in several of the neutronic
codes developed at ORNL.  The input is divided into six
data blocks, with four of the data blocks initializing
problem parameters and two of the data blocks repeated
for each subcase (i.e., analysis operation).  The input
allows a large amount of flexibility and control but is not
as straightforward or easy to use as the input to
ORIGEN2.  To date, however, the depletion and decay of
LWR fuel by ORIGEN-S has often been performed
within the automated SAS2H analysis sequence7,8 of the
SCALE system.  The free-form input to SAS2H consists
of engineering data and keywords and is simple and
straightforward to use.  Also, to facilitate the use of
ORIGEN-S in a stand-alone fashion, an interactive
menu-driven PC program9 has recently been developed
to enable simple preparation of an ORIGEN-S input file
for mainframe execution of LWR fuel depletion and
decay cases.

     The calculated waste characteristics and output format
are very similar between ORIGEN2 and ORIGEN-S.
Both codes calculate hundreds of nuclide concentrations
in grams or gram-atoms and then, based on these
concentrations, provide measures of radioactivity in
curies, thermal power in watts, toxicity in terms of cubic
meters of air or water required to dilute to acceptable
levels, neutron absorption and fission rates, and photon
and neutron radiation sources.  One of the most obvious
differences between ORIGEN2 and ORIGEN-S is the

calculation (and format) of the radiation source
spectra.  ORIGEN2 generates a photon spectrum in a
fixed 18-energy-group structure but calculates no
neutron spectrum.  ORIGEN-S provides photon and
neutron [spontaneous fission and (α,n)] spectra in any
energy group structure requested by the user.  This
ORIGEN-S feature aids users who need to perform a
shielding analysis using cross sections in a particular
multigroup format.

     Both ORIGEN2 and ORIGEN-S provide output
files that can be used to further manipulate the results
to generate plots and/or interface with other analysis
codes.  Plotting codes for ORIGEN2 and ORIGEN-S
have been developed.  However, only the ORIGEN-S
plotting code (PLORIGEN) has been maintained and
publicly released.4

NUCLEAR DATA

     The nuclear data required by the ORIGEN2 and
ORIGEN-S  codes  can  be  broadly  categorized
intoradioactive decay and photon production data.
(Cross-section and fission-yield data will be discussed
in the following section.)  The data libraries separate
the 1300 unique nuclides into three segments –
actinides, fission products, and activation products
(light elements) – with some nuclides appearing in
multiple segments.  The specific libraries  provided
with  ORIGEN2 and ORIGEN-S have, respectively,
700 and 687 activation products, 132 and 101
actinides, and 880 and 821 fission products.
ORIGEN-S and ORIGEN2 use virtually identical
decay data and photon data.  The decay data consist
of half-lives, branching fractions, and recoverable
energy per decay obtained from several well-
established, but different, sources, principally the
Evaluated Nuclear Structure Data File (ENSDF) and
Versions IV and V of the Evaluated Nuclear Data File
(ENDF/B).  More detailed information on the sources
of decay data can be found in refs. 2-3 and refs. 10-
11.  The master photon data base used for both codes
is documented in ref. 11 and includes energies and
intensities of gamma rays, x-rays, internal conversion
photons, (α,n) gamma rays, prompt and fission-
product gamma rays from spontaneous fission, and
bremsstrahlung.  Prompt gamma rays from fission and
neutron capture are not included.

     As with the development of ORIGEN2 and
ORIGEN-S, the maintenance activities have, to a
large extent, been performed independently; thus,
there are some minor differences in the decay and
photon data.  Preliminary work has been done to
determine discrepancies in the data and evaluate the
need to update the libraries of both codes to have a
common source of data.  Work to update the decay
data of both codes to the latest ENDF/B-VI and/or
ENSDF evaluations will hopefully be completed in
1992.



CROSS-SECTION LIBRARIES

     The function of the cross-section data libraries is to
supply ORIGEN2 and ORIGEN-S with cross sections
and fission-product yields.  The types of cross sections
typically included are (n,γ) to ground and excited states,
(n,2n) to ground and excited states, (n,3n) and (n,fission)
for the actinides, and (n,p) and (n,α) for the activation
products and fission products.  In addition, a separate
mechanism has been incorporated to accommodate any
other flux-dependent reaction that is not included in this
list.   The LWR libraries of  ORIGEN2 include ENDF/B-
IV fission-product yields for 233,235,238U, 239,241Pu, and 232Th
fissions.  The ORIGEN-S data have recently been
updated to include fission-product yields from ENDF/B-
V for fissions in 233,235,238U and 239,241Pu.

    Obtaining appropriate neutronic data (in the form of
cross sections and spectral parameters) is very important
to the proper use of point-depletion codes.  For
commercial reactor operation, utilities and vendors
typically predict spent fuel isotopics (and thus neutronic
performance) via multidimensional codes that allow full
consideration of the spatial change in the flux spectrum
throughout one assembly or an entire reactor core.  These
codes require a large amount of reactor-specific
information and can be difficult and expensive to use.
However, the major restriction of the reactor codes for
spent fuel characterization is that only a limited set of
individual nuclides (those 20 to 40 important to the
reactor keff value) are considered in the analysis.  Point-
depletion codes like ORIGEN2 and ORIGEN-S solve for
the concentration of hundreds of nuclides using cross-
section data and spectral parameters averaged over the
spatial region of interest (i.e., an assembly, reactor core,
etc.).  Thus, all the spatial influences (assembly design,
reactor moderator density, enrichment variation, etc.) that
ultimately affect the prediction of the nuclide isotopics
must be incorporated into the averaged cross-section and
spectral data applied to the codes as a function of burnup.
The different methods used to develop and supply the
burnup-dependent cross-section libraries to ORIGEN2
and ORIGEN-S represent the primary difference between
the codes.

     The ORIGEN2 code uses cross-section and fission-
product yield libraries that have been developed for a
number of specific reactor models.3  Here, a reactor
model means a combination of a particular kind of
reactor and a specified fuel cycle, for example, a
uranium-fueled pressurized-water reactor (PWR) using
a once-through fuel cycle.  The original LWR libraries
prepared for ORIGEN2 contained cross sections
corresponding to the  reactor characteristics shown in
Table 1.12,13  The one-group cross sections in these
libraries were obtained using simplified, one-dimensional
(1-D), multi-energy-group reactor physics calculational
techniques.  These LWR libraries have recently been
updated14 to provide data for standard- and extended-
burnup PWR and boiling-water-reactor (BWR) models

based, respectively, on specific Westinghouse and
General Electric assembly designs and the reactor
characteristics shown in Table 1.  These new cross-
section libraries for ORIGEN2 were developed using
spatially dependent multigroup reactor physics and
depletion calculations for each of the specific reactor
models.  Specific cross sections for ORIGEN2 were
obtained by maintaining whole core reaction rates and
collapsing the multigroup libraries to one group.  The
use of multidimensional computations allows
important variations within the reactor core to be
modeled explicitly in the neutronic analysis.  These
variations include (1) axial variation of the moderator
density within the BWR core, (2) pin-to-pin
enrichment variations of the BWR assemblies, and (3)
variation of the moderator boron concentration level
to ensure the PWR core remains critical with all
control rods removed throughout each power cycle.
The multigroup cross sections used in the
development of the ORIGEN2 libraries are a mixture
of primarily ENDF/B-IV and ENDF/B-V data.12-14

     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 multigroup
data is automated via the COUPLE code,4 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 flux parameters
THERM, RES, and FAST.  These parameters are used
to weight the thermal cross sections, resonance
integrals, and threshold cross sections, respectively,
for nuclides that are not considered in the explicit
neutronic analysis.  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 SCALE4 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.  The
SAS2H control module7,8 of SCALE can be used to
generate burnup-dependent data libraries and predict
the spent fuel characteristics based on the input LWR
assembly design and pertinent reactor history
information (e.g., moderator density and boron
content).  At each time step, the SAS2H sequence
performs a radiation transport analysis (via
XSDRNPM-S) to obtain appropriate cross sections
and spectral parameters for an ORIGEN-S point-
depletion analysis.  Each ORIGEN-S case produces
the burnup-dependent fuel composition to be used in
the next spectral calculation.  A final ORIGEN-S case
is used to perform the complete depletion/decay
analysis using the burnup-dependent cross sections. 



     The neutronics portion of the SAS2H analysis
sequence is performed at requested intervals in the
depletion cycle and consists of two separate 1-D
cylindrical models.  The first model is a pin-cell model
representative of an infinite lattice of fuel pins with fuel
rod dimensions and pitch characteristic of the LWR
assembly considered in the problem.  The cell-weighted
fuel cross sections produced by this initial model are
used in the fuel region of the second model which is a
larger unit cell model that represents an assembly (PWR
or BWR) within an infinite lattice.  Use of a 1-D
assembly model allows the effect of different types of
rods or water "holes" within the actual assembly to be
considered in an approximate manner. The assembly
model is used by SAS2H to generate collapsed fuel cross
sections for ORIGEN-S and to calculate the neutron flux
for an "assembly-averaged" fuel region that is used to
update the ORIGEN-S spectral parameters.  Variations in
axial moderator density and boron concentration over the
cycle can be modeled only approximately with the
approach used by SAS2H.

     The above discussion emphasizes that there is a
difference in the manner employed by ORIGEN2 and
ORIGEN-S to handle the burnup dependence of the cross
sections caused by changes in the nuclide concentrations
and/or the neutron energy spectrum.  The cross-section
variations are most pronounced for the major actinide
nuclides, and, as a result, these burnup-dependent cross
sections are built into ORIGEN2 as FORTRAN data
statements for each reactor model.  At the beginning of
each time step, ORIGEN2 estimates the average nuclear
material burnup for the time step, obtains the appropriate
actinide cross sections by interpolation, and then
substitutes these into the transition matrix.  Cross
sections that are assumed not to vary with burnup are
read as card-image data libraries.  Also, the spectral
parameters are not updated as a function of burnup in an
ORIGEN2 analysis.  

     Contrary to the ORIGEN2 approach, ORIGEN-S uses
a set of binary cross-section libraries to provide burnup-
dependent cross sections and spectral parameters.  Each
SAS2H analysis creates a problem-dependent set of
binary libraries (number of libraries over the burnup
range is set by the input).  The actinides, fission products,
and light elements (e.g., Co-59) that have burnup-
dependent cross sections (i.e., vary between libraries)
consist of a default set automatically required by SAS2H
plus any other nuclides specified by the user in the
SAS2H input.  Sophisticated users can also generate
ORIGEN-S binary libraries via COUPLE with user-
supplied neutronic data as input (i.e., the neutronic data
developed in ref. 14 could be input to COUPLE to
generate problem-dependent sets of ORIGEN-S binary
libraries).

     In summary, both ORIGEN2 and ORIGEN-S utilize
burnup-dependent neutron cross sections for the

depletion analysis.  Multidimensional neutronics
analyses using specific reactor models and power
history data have been performed to produce
"generic" burnup-dependent (major actinides only)
cross-section libraries for ORIGEN2.  The complexity
and expense of this approach precludes 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 SAS2H/ORIGEN-S approach is to utilize
auxiliary codes that incorporate somewhat simpler
(typically 1-D assembly models) neutronic analyses
to obtain the burnup-dependent flux spectra.  This
approach allows burnup-dependent cross-section
libraries to be prepared routinely for the user-
specified assembly characteristics and irradiation
history using modular codes developed for this
purpose.

VERIFICATION AND VALIDATION

     An assortment of verification and validation efforts
have been performed for ORIGEN2 and
SAS2H/ORIGEN-S over the past 10 years.  The
efforts consist of comparison with independent
methods,8,15-17 comparison with decay heat
standards,3,18 and comparison with measured data on
LWR spent fuel decay heat and nuclide
concentrations.3,8,19-22  The results of the verification
studies substantiate the accuracy of the calculational
methods used by  ORIGEN2 and ORIGEN-S.  The
validation studies generally show agreement within
3% for measured decay heat data and results are
usually within 10% for measured fuel actinide and
fission-product (limited) data.  Some minor, higher-
order actinides (242Cm and 244Cm) have predicted
results that differ by approximately 15 to 25% with
measured results.  Production of these nuclides
requires several neutron absorptions.  Thus, their
calculated concentrations are more sensitive to the
neutronic model limitations and errors in neutron
absorption cross sections.  These findings support the
logical assumption that integral quantities like decay
heat will show better agreement between predicted
and measured data than that found with individual
nuclides.

     The availability of measured nuclide data for LWR
fuel is limited and covers a fairly narrow range of
enrichment, burnup, decay time, and LWR fuel type.
However, the validation work to date indicates that,
when properly applied, point-depletion methods with
their simplified neutronics treatment can provide
reasonable accuracy for the vast majority of nuclides.
Work is proceeding to understand and resolve the
potentially unacceptable calculated predictions for
particular nuclides of importance to long-term storage
(14C, 79Se, 126Sn) and transport (60Co, 244Cm).



SUMMARY DISCUSSION

     As discussed in the Introduction, point-depletion
codes like ORIGEN are needed to calculate the large
isotopic inventory and associated characteristics of spent
LWR fuel at reactor discharge and after extended cooling
time.  The penalty for explicitly considering over 1000
nuclides is that it becomes necessary (for practical
reasons) to simplify the associated neutronics calculation
from that available in current reactor analysis codes.  The
major differences between ORIGEN2 and ORIGEN-S
are (1) the methodology used to prepare and provide the
neutronic data for the codes, (2) the public availability of
ORIGEN2 as a stand-alone package, while ORIGEN-S
is available only as part of the SCALE system, and (3)
the input format.

     The differences in methodology used to prepare and
provide the neutronic data have been explained above.
The casual user might think the validation studies
support the claim that the differences have only a minor
effect on actual results.  Unfortunately, this assumption
can be particularly faulty for actinide concentrations
(nuclides most dependent on the neutronics).  Work has
been done to show that the limited set of LWR models
used for the ORIGEN2 libraries does not adequately span
the full range of fuel and reactor parameters (particularly
enrichment) and that this limitation can have a significant
effect on spent fuel characterization.23-24  Unavailability
of the appropriate library or a poor selection process
(e.g., based on total burnup rather than initial
enrichment) can lead to isotopic results that are far less
accurate than indicated by the available validation data.
The advantage provided by ORIGEN-S is that the
SCALE system provides an easy-to-use scheme for the
user to create ORIGEN-S libraries from problem-specific
neutronic calculations based on the characteristics of the
fuel design and power history.  Unfortunately, the
advantage that ORIGEN-S has from using problem-
specific libraries created via the SAS2H sequence of
SCALE becomes a disadvantage to the user who does not
want to implement a large code system like SCALE.  The
stand-alone packaging of ORIGEN2 (available for
mainframe and personal computers) with readily
available libraries and simple, straightforward input25 is
attractive to the user seeking a smaller, more easily
managed analysis package.

     Recently, ORNL staff have again discussed a merger
of the two codes to create a new analysis system that
incorporates the desirable features of both ORIGEN2 and
ORIGEN-S and generates improved calculational results.
Work is proceeding to update the decay and fission yield
data of both codes to the latest version of ENDF/B-VI or
ENSDF.  Although a merger of the codes appears
improbable, staff responsible for the separate codes
appear to be making an effort to assimilate the missing
features offered by the other code version.  As noted
earlier, the ORIGEN-S staff has developed an interactive,
full-screen input processor to simplify preparation of

input files for stand-alone operation of ORIGEN-S.
In conjunction with this effort, version 4.1 of the
SCALE release provides 36 sets of ORIGEN-S
libraries (144 individual libraries) spanning the range
of  LWR reactor  characteristics shown in Table 2.
The ORIGEN2 staff is working to reduce the
cumbersome effort required to process one-group
cross sections into the format required by ORIGEN2.
This effort will facilitate the creation of an expanded
set of ORIGEN2 libraries designed to cover a broader
range of fuel and reactor characteristics.

CONCLUSIONS

     Point-depletion codes such as ORIGEN2 and
ORIGEN-S are valuable analysis tools for predicting
spent fuel isotopics and associated characteristic data.
Verification and validation activities indicate the
methodology and data used by the codes is reliable
and sufficiently accurate for most out-of-reactor spent
fuel characterizations.  However, users of ORIGEN2
and ORIGEN-S need to understand that the accuracy
of these codes is no better than the available decay,
photon production, fission yield, and cross-section
data.  As LWR fuel designs become more complex
(e.g., axial enrichment loading), the challenge in
preparing adequate cross-section data will increase.
However, the staff responsible for the ORIGEN2 and
ORIGEN-S codes recognize their value to the nuclear
community and will continue their efforts to maintain
and update these codes and their associated data as
needed.

ACKNOWLEDGMENTS

     The development, maintenance, and verification/
validation activities associated with ORIGEN2 and
ORIGEN-S have relied on the technical and
managerial capabilities of many individuals.  This
author is  particularly grateful to A. G. Croff, O. W.
Hermann, J.-P. Renier, and J. C. Ryman for his
understanding of the methods and data that are
employed by these codes.

REFERENCES

 1. M. J. Bell, ORIGEN – The ORNL Isotope
Generation and Depletion Code, ORNL-4628,
Union Carbide Corp., Oak Ridge Natl. Lab.
(May 1973).

 2. A. G. Croff, ORIGEN2 – A Revised and
Updated Version of the Oak Ridge Isotope
Generation and Depletion Code, ORNL-5621,
Union Carbide Corp., Nucl. Div., Oak Ridge
Natl. Lab. (July 1980).



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

 4. SCALE:  A Modular Code System for Performing
Standardized Computer Analyses for Licensing
Evaluation, NUREG/CR-0200, Rev. 4
(ORNL/NUREG/CSD-2/R4), Vols. I, II, and III
(draft February 1990).  Available from Radiation
Shielding Information Center as CCC-545.

 5. O. W. Hermann and R. M. Westfall, "ORIGEN-
S:  SCALE System Module to Calculate Fuel
Depletion, Actinide Transmutation, Fission
Product Buildup and Decay, and Associated
Radiation Source Terms," as described in Sect.
F7 of ref. 4.

 
 6. L. M. Petrie, "FIDO Input System," Sect. M10 of

ref. 4.

 7. O. W. Hermann, "SAS2:  A Coupled One-
Dimensional Depletion and Shielding Analysis
Module," as described in Sect. S2 of ref. 4.

 8. C. V. Parks, O. W. Hermann, and B. L.
Broadhead, "The SCALE Analysis Sequence for
LWR Fuel Depletion," Proc. of ANS/ENS
International Topical Meeting, Pittsburgh, Pa.,
April 28-May 1, 1991, Vol. 2, 10.2 3-1 (1991).

 9. S. M. Bowman, "ORIGNATE:  PC Input
Processor for ORIGEN-S," to be presented at
1992 International High-Level Radioactive
Waste Management Conference, Las Vegas,
Nev., April 12-16, 1992.

10. J. C. Ryman, "ORIGEN-S Data Libraries," Sect.
M6 of ref. 4.

11. 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., Nucl. Div., Oak Ridge Natl. Lab. (1979).

12. 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., Nucl. Div., Oak Ridge Natl. Lab.
(1978).

13. A. G. Croff and M. A. Bjerke, Alternative Fuel
Cycle PWR Models for the ORIGEN Computer

Code, ORNL/TM-7005, Union Carbide Corp.,
Nucl. Div., Oak Ridge Natl. Lab. (1980).

14. S. B. Ludwig and J. P. Renier, Standard- and
Extended-Burnup PWR and BWR Reactor
Models for the ORIGEN2 Computer Code,
ORNL/TM-11018, Martin Marietta Energy
Systems, Inc., Oak Ridge Natl. Lab.
(December 1989).

15. O. W. Hermann et al., Multicode Comparison
of Selected Source-Term Computer Codes,
ORNL/CSD/TM-251, Martin Marietta Energy
Systems, Inc., Oak Ridge Natl. Lab. (April
1989).

16. M. C. Brady, O. W. Hermann, and W. B.
Wilson, Comparison of Radiation Spectra
From Selected Source-Term Computer Codes,
ORNL/CSD/TM-259, Martin Marietta Energy
Systems, Inc., Oak Ridge Natl. Lab. (April
1989).

17. M. C. Brady et al., "Decay Heat Rates
Calculated Using ORIGEN-S and CINDER10
with Common Data Libraries," Proc. of the
International Topical Meeting on Advances in
Mathematics, Computations, and Reactor
Physics, April 28-May 2, 1991, Pittsburgh,
Pa., Vol. 4 19.1 4-1. (1991).

18. J. C. Ryman, O. W. Hermann, C. C. Webster,
and C. V. Parks, 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 ENDF/B-V Updated Cross
Section Library ,  NUREG/CR-2397
(ORNL/CSD-90), U.S. Nuclear Regulatory
Commission, Washington, D.C. (1982).

19. C. V. Parks, Summary Description of the
SCALE Modular Code System, NUREG/CR-
5033 (ORNL/CSD/TM-252), U.S. Nuclear
Regulatory Commission, Washington, D.C.
(December 1987).

20. D. E. Blahnik, U. P. Jenquin, and R. J.
Guenther, "LWR Spent Fuel Radiochemical
Measurements and Comparison with
ORIGEN2 Predictions," Trans. Am. Nucl. Soc.
57, 44 (1988).



21. C. M. Heeb, M. A. McKinnon, and J. M. Creer,
"ORIGEN2 Predictions of Spent Fuel Decay
Heat Rates and Isotopic Content Compared with
Calorimeter and Key Actinide Measurements,"
Proc. Spectrum '90, Nuclear and Hazardous
Waste Management International Topical
Meeting, September 30-October 4, 1990,
Knoxville, Tenn., p. 116 (1990).

22. O. W. Hermann, M. C. Brady, and C. V. Parks,
"Validation of Spent Fuel Isotopics Predicted by
the SCALE-4 Depletion Sequence," Trans. Am.
Nucl. Soc. 64, 147 (1991).

23. T. D. Welch, K. J. Notz, and R. J. Andermann,
Jr., "Important Parameters in ORIGEN2
Calculations of Spent Fuel Compositions," Proc.
Spectrum '90, Nuclear and Hazardous Waste
Management International Topical Meeting,
September 30-October 4, 1990, Knoxville, Tenn.,
p. 133 (1990).

24. U. P. Jenquin and R. J. Guenther, "Evaluation of
ORIGEN2 Models Against Spent Fuel
Radiochemical Measurements," Trans. Am. Nucl.
Soc. 61, 76 (1990).

25. A. G. Croff, Nuclear Fuel and Waste Programs,
ORNL/TM-7175, Union Carbide Corp., Nucl.
Div., Oak Ridge Natl. Lab. (July 1980).



Table 1.  Reactor characteristics for original and 
updated ORIGEN2 cross-section libraries

Reactor
 type

Initial 235U
enrichment,
    wt %

Number of
  cycles

  Burnup,
(MWd/kgU)

Original
ORIGEN2
Libraries

BWR
PWR
PWR

2.75
3.2
4.15

4
3
5

27.5
33
50

New
ORIGEN2
Libraries

BWR
BWR
PWR
PWR

3.0
3.4
3.2
4.2

4
4
3
3

27.5
40
33
50

Table 2.  Reactor characteristics for ORIGEN-S libraries provided with SCALE 4.1

Pressurized-water reactor (PWR)a

Initial 235U
enrichment,

wt % 
Maximum burnup

(MWd/MTU)
Number of cyclesb Burnup per cycle

(MWd/MTU)
2.4
2.8
3.2
3.6
3.9
4.2

25,000
30,000
35,000
40,000
45,000
50,000

3
3
4
4
5
5

8,333
10,000
8,750

10,000
9,000

10,000

Boiling-water reactor (BWR)c

1.9
2.3
2.7
3.1
3.4
3.8

20,000
25,000
30,000
35,000
40,000
45,000

3
3
4
4
5
5

6,667
8,333
7,500
8,750
8,000
9,000

aFor each enrichment, separate libraries are provided for specific powers of 
    18, 28, and 40 MW/MTU.

bOne cross-section library generated for each cycle at the midcycle burnup.
cFor each enrichment, separate libraries are provided for specific powers of 

    12, 20, and 30 MW/MTU.

                                                   


