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RSICC COMPUTER CODE CCC-371

1. NAME AND TITLE
ORIGEN2 V2.2:  Isotope Generation and Depletion Code } Matrix Exponential Method. New
ORIGEN users are advised to consider requesting CCC-702/0ORIGEN-ARP.

2. CONTRIBUTOR
Oak Ridge National Laboratory, Oak Ridge, Tennessee.

3. CODING LANGUAGE AND COMPUTER
Fortran; Pentium PC (Windows and Linux), DEC Alpha, Sun (C00371ALLCP03).

4. NATURE OF PROBLEM SOLVED

ORIGEN is a computer code system for calculating the buildup, decay, and processing of
radioactive materials. ORIGEN2 is a revised version of ORIGEN and incorporates updates of the
reactor models, cross sections, fission product yields, decay data, and decay photon data, as well as the
source code. ORIGEN2.1 replaces ORIGEN2 and includes additional libraries for standard and
extended-burnup PWR and BWR calculations, which are documented in ORNL/TM-11018.

ORIGEN2.1 was first released in August 1991 and was replaced with ORIGEN2 Version 2.2 in
June 2002. Version 2.2 was the first update to ORIGEN? in over 10 years and was stimulated by a
user discovering a discrepancy in the mass of fission products calculated using ORIGEN2 V2.1, Code
modifications, as well as reducing the irradiation time step to no more than 100 days/step reduced the
discrepancy from ~10% to 0.16%. The bug does not noticeably affect the fission product mass in
typical ORIGEN?2 calculations involving reactor fuels because essentially all of the fissions come from
actinides that have explicit fission product yield libraries. Thus, most previous ORIGEN2 calculations
that were otherwise set up properly should not be affected.

No new development is planned for ORIGEN2. New ORIGEN users are advised to consider
requesting the CCC-702/ORIGEN-ARP package, which is a PC code system for Windows 95/NT or
later and includes a GUT and a graphics program.

5. METHOD OF SOLUTION

ORIGEN uses a matrix exponential method to solve a large system of coupled, linear, first-order
ordinary differential equations with constant coefficients.

ORIGEN2 has been variably dimensioned to allow the user to tailor the size of the executable
module to the problem size and/or the available computer space. Dimensioned arrays have been set
large enough to handle almost any size problem, using virtual memory capabilities available on most
mainframe and 386/486 based PCS. The user is provided with much of the framework necessary to put
some of the arrays to several different uses, call for the subroutines that perform the desired operations,
and provide a mechanism to execute multiple ORIGEN2 problems with a single job.

6. RESTRICTIONS OR LIMITATIONS
No detailed documentation for gniding a novice user is provided.

7. TYPICAL RUNNING TIME
All five sample problems ran in about 1 minute on a Pentium IV 1.6GHZ.

8 COMPUTER HARDWARE REQUIREMENTS
Version 2.2 runs on Pentium PCs, Sun, and DEC Alpha workstations.



9,

10.

11,

12.

COMPUTER SOFTWARE REQUIREMENTS

Executables are included for Windows and Linux PCs, All other systems require a Fortran
compiler. The Windows executables were created on a Pentium IV in a DOS window of Windows2000
with the Lahey/Fujitsu Fortran 95 Compiler Release 5.50d compiler. They were also tested under
WindowsXP. The code was tested on a Pentium III running RedHat Linux 6.1 with The Portland
Group, Inc. (PGI) F77 compiler 3.1-3 & gee. The PGI executables are included in the Linux distribu-
tion. ORIGEN22 was also tested on DEC 500 AU under Digital Unix 4.0D with the DEC Fortran 5.1-8
compiler and on a Sun SparcStation under SunOS 5.6 using 77 5.0. Unix users may need to modify
date and time subroutine calls.

REFERENCES
a) Included in documentation:
A. G. Croff, "ORIGEN2 Code Package CCC-371," Informal Notes (October 1981).
A. G. Croff, "A User's Manual for the ORIGEN2 Computer Code," ORNL/TM-7175 (July 1980).
A. G. Croff, "ORIGEN2: A Versatile Computer Code for Calculating the Nuclide Compositions and
Characteristics of Nuclear Materials," Nucl. Technol., 62, p 335 (September 1983).
Scott Ludwig, Correction to Nucl. Tecknol. (September 1983) article.
Scott Ludwig, "ORIGEN?2, Version 2.1 (August 1, 1991) Release Notes."(Revised May 1999).
Scott Ludwig, “Revision to ORIGEN2 - Version 2.2,” transmittal memo (May 23, 2002).

b) Background information:
S. B. Ludwig, J. P. Renier, "Standard- and Extended-Burnup PWR and BWR Reactor Models for
the ORIGEN2 Computer Code," ORNL/TM-11018 {(December 1989).

CONTENTS OF CODE PACKAGE

Included are the referenced documents in (10.a) and a CD which contains a self-extracting,
compressed Windows file and a GNU compressed tar file. The distribution files include source code,
executables for Windows and Linux PCs, libraries, batch files, information files, and sample problem
input, plus output from the sample problem.

DATE OF ABSTRACT

February 1982; revised December 1982, January 1985, July 1985, August 1985, January 1986,
January 1987, October 1987, January 1989, September 1989, September 1990, May 1991, August
1991, July 1995, February 1996, August 1996, May 1999, June 2002,

KEYWORDS: ISOTOPE INVENTORY; FISSION PRODUCT INVENTORY;
MICROCOMPUTER; MULTIGROUP; NEUTRON; GAMMA-RAY SOURCE
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INTRA-LABORATORY CORRESPONDENCE

LCAK RIDGE NATIONAL LABORATORY

Dcrober 5, 1981

To: RSIC Codes Coordinator
From: A. G. Croff f}éhi/
Subject: ORIGEN2 Code Package CCC-371 { INFORMAL NOTES)

As a result of user feedback and internal examination of the uses of
ORIGENZ, a number of corrections and minor modifications have been made to

‘ORIGEN2. Attachment 1 to this meme describes the corrections that have been

made to rectify errors discovered in the ORIGEN2 code, its data bases, and the
aeriginal sources of input data. I believe that all of the changes, except thu
second item, can be made by users that already have ORIGENZ operating.

Attachment 2 to this memo lists a series of minor modifications that have
been made to the code to enhance the usefulness of ORIGEN2. Although many of
these changes could be made by an ambiticus user, they are probably best accom-
modated by having the user reacquire the ORIGEN2 code package.

As noted in Artachment 2, the pages of the user's manual affected by the

corrections and modifications have been changed in a corresponding manner. A&
copy of the altered pages has been

included as Attachment 3 to this memo. You
should note that the pages on both sides of a physical sheet in the user's
manual have been included in Attachment J te facilitate two-sided copying even

though only one of the pages actually was changed.

As a result of rthe corrections and changes given in Attachments 1| and 2,
plus the addition of cross section libraries for thorium=cycle LMFBRs, ir was
necessary to recreate the tape containing the ORIGEN2 code package. This has
been completed and the new code package 1is on X20742, which is an 800 BPI
standard label tape. All files have DSN=ORIGEN2. The first 63 files have
DCB=(RECFM=FB,LRECL=80,BLKSIZE=2000) and the last seven files have
DCB=(RECFM~FB,LRECL=]133,BLKSIZE=2660). As noted in Attachment 2, the sample
problem output has been redone to reflect the corrections and modifications
described herein. I have enclosed as Attachment 4 a listing of file | of the
new ORIGEN2 ctape, which is a table of contents for the tape.

Finally, it would aid users significantly if you would include Appendix A -

of the ORIGEN2 user's manual (ORNL/TM-7175), which is the sample problem listing
as corrected by Attachment 3 to this meme, in the decumentarion for CCC-371.

AGC: 11

4 attachments

ce: K. J. Notz
AGC File

Is
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Attachment

CORRECTIONS MADE IN ORIGENZ AS OF SEPTEMBER 1981

An erroneous recoverable heat value (0.2 MeV/disintegration) was
included in the distribuced decay library for Cm-242. The correct

value 1s 6.2158 MeV/disintegration.

Two different types of errors have been discovered in.the bramsstrazh-

lung contribution to the ORIGENZ photon libraries.

The following nuclides had the brewsstrahlung for metastable
As-82, Nb-%8, Rh-110, Cd-120,

aa.
states added to the ground state:
In-122, Sb-128, Sb-132, I-~136, and Np-226.

b. The following nuclides had duplicate bremsstrahlung data included
in the pheton library: Mn-58, Pm~148m, Pm~148, Ir-194, Pb-214,
Bi-214, Th-234, Pa-234w, Pa-234, Np-238, Np-240, U-240, Pu-241,
Pu~243, Sr-90, Y-20, Te-99, Ru-106, and Cs-135.

It should be noted that only the bremsstrahlung data were affected

and thus the gamma-ray data are correct. This problem can only be

corrected by obtajining new libraries from RSIC.

It was discovered that subroutine FUDGE was not assigning the burnup~

dependent cross sections properly in cases where DEC commands were

interspersed in relacively few IRP or IRF commands during and

irradiaction calculation. The following changes in subroutine FUDGE

will correcr this:

a. Insert the following statement as the first executable statement:

KIRR » MIRR + 1 .
b. Change the first sratement following statement label 199 from
IF(MIRR.GT.Q)VECT(MIRR) = VECTOT
to '
VECT{KIRR) = VECTOT .
Change the third-card (second executable statement) after state-

ment label 300 from _
1F(VECT{MIRR).GT.ERR ) XAN=POWER*DELT/(86400.0*VECT(MIRR))

Lo
IF(VECT(KIRR).GT.ERR}XAN=POWER*DELT/(B6400 . O*VECT(KIRR)) .

i1ii
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At the beginning portion of the executable statements in subroutine
KUDAT!, move the statement LPUN=] down so that it follows the card

reading DO | LITYP=2,&4 instead of preceding irt.

It was pointed out that an erroneous water demsity was used in calcu-

lating cthe activation ratios for the endpieces of a BWR (see
ORNL/TM-605353). It is estimated that the ratios should be reduced by

28 factor of three.

In subroutine PHOLIB, the use of 18-energy-group photon libraries
results in ORIGEN2 attempting to write beyond the bottom of a page
vhen the library is being listed. This can be remedied by changing
the card following statement label 103 from

IF(MOD(IP,50).NE.Q)GO TO 106

to
IF(MOD(IP,25).NE.O)GO TO 106 .

The sacple output deck included in the ORICEN2 package and the
listing in the user's manual (ORNL/TM-7175) were inconsistent and

Tequired the following corrections:

a. In both the listing and the sacple deck on the ORIGEN2 tape,
card 239 should read _
PRO 10 4 -2 -2 PUT HMLW IN =2 .

b. In the sample deck card 245 should read
HED 1 * HLW .

In both the listing and sample deck cards 296 cthrough 300 should
be changed so that the library numbers are 204, 205, and 206
instead of 21, 41, and 61, respectively.

d. In both the listing and sample deck cards 303 and 305 should have
the rightaost 0.0 deleted.

e. In both the liscing and sémple deck cards 304 and 306 should have
the nuclide identifier (380900 or 551370} replaced by 0.0.

iv



8.

9.

11.

The switching between output units provided by the OUT command was
found to work incorrectly in the case where photon libraries were not

employed. This can be corrected in subrourine MAIN3 by the following

changes:

a, Alrter the fifth card following statement label 513 from
IF(NSIZE(20).LT.1)G0 T0 Sil

to
IF(NSIZE(20).LT.1)GO TO 515 .,

b. Insert the following new statement immediately following the call
to subroutine GAMMA (i.e., make this the ninth card following
statement label 513):

515 CONTINUE .

Alcthough there are conflicting data, it appears that the decay
branching for Zr-98 is in error in the decay library. The fraction
of 2r-98 decaying to the metastable state of Nb~98 (parameter FEX in
Table 5.1 of .the user'’s manual) should be changed re 0.0 from its

current valuwe of 1.0.

Two users with a penchant for following the details of very complex
subroutines have discovered errors in subroutines DECAY and TERM.

Based on this, the following changes are recommended:

a. The parameter DJ should be changed to DK on cards DECA 750 and
TER 1110. '

b. Card TER 1770 should be changed from
AJ=AJ+AP(N)
to
AJ=aJ+AP(N)*T .,

¢. Card TER 1840 should be changed from
NLARGE = 3.3*%ASUM + 5.0

Lo
NLARGE = 3,5%ASUM + 6.0 .

The nec effect of these changes is to make thess subroutines tech-~
nically correct. However, we have been unable to find any effect of

the changes on ORIGEN2 results.

”r
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13.

4

It was noted that the inicialization of arrays IS and STTFPB in
subroutine MAIN3 could potentially destroy information that should

be retained. This can be corrected by the following:

4. Change the first executable statement in MAIN3 from
IF(NSTP.GT.Q.AND.NSTP.LT.4)G0 TO 11

£o
IF(NREC.GE.0)GO TO 11 .

b. 1Inserting the statement DATA NREG/-1/ in the BLOCK DATA

subroutine.

In subroutine OUT2 statemant label 290, which cufrencly.reads
290 IF(DIS(I).LE.2.1965E-08) |
SXA(M)=XNEW(M,I)*DIS(I)*1,6283E+I3*FFA(I-ILITE)*
should be changed to read

290 IF(DIS(I).LE.2.1965E~08)
SYA(M)=XNEW(M,I)*DIS(I)}*1.6283E+13*FFA(I-ILITE)*XSAV(M) .

The erroneous statement would not have produced the correct values

in the fractional alpha curies table.

vi
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Attachment

MCDIFICATIONS MADE TO ORIGENZ AS OF SEPTEMBER 98]

The following modificatlons were made to facilitacte the further

processing of ORIGEN2 oucput:

a. The title printed at the top of each output pege now begips

with an asterisk.

b. The definition of the ORIGEN2 output table type and units now
begins with an integer corresponding to the appropriate “table

nuamber” in Table 4.3,

The element tables now cutput all elements which have at least
one isotope in a given segment (e.g., activation products,
actinides) instead of only those that have at least one non=-

zero value.

d. The very small, negative values (on the order of -1,0 x 10725)
have been set equal to zero in subroutine EQUIL. These values
result from small, cumulative roundoff errors and are of no

consequence. An error message will be printed if the absolute

magnitude of a negative value exceeds 1018,

The principal ORIGEN2 output unit, which is indicated by a positive
value for parameter NOUT(1) on the OUT command, has been changed

from unit 6 to unitr 8. This change is to permit messages from the

computer (generally errors) to be directed to unit 6 and thus to
hard copy even though the bulk of ORIGEN2 output is being written

on units 8 and/or 1l.

The following modifications have been made to the irradiation com-

mands IRF and IRP:

The IRP option to input specific power and have ORIGENZ nor-
wmalize the concentrations to az metric ton, as indicated by a

negative RIRP(2) on the IRP instruction, has been eliminated

due te a lack of interest. In its place a “referback™ option
identical to that used by the IRF command has been installed

(see item 3.b immediately following for details).

vii
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The referback option for both the IRF and IRP commands has been
changed from that described for IRF in the user's manual.
Previously, the referback specified the fraction the previous

flux vas to be mgulriplied by to get the flux for the current

step. A disadvantage of this was that the referback fractions
were cumulative. This restriction has been alleviated by
modifying ORIGEN2 so that the referbacks (flux or power)

operate on the last set of irradiation commands where RIRF(2}

and/or RIRP(?) were positive.

4. A pew command, GTO, has been installed in ORIGEN2., The command

allows the user to jump to a defined set of instructions in the
ORIGENZ input, execute these instructiomns, and theq return to the
next command following the GTO. This feature eliminates diffi-
culties experienced with heading vectors appropriately when using

the DOL command in certain situations.

The ocutputr unit for error messages generated by ORIGENZ has been

changed from unit 6 to unit 15, Unit 15 has been used previously
for some debugging and other internal information, and chis wodifi-
cation simply consolidates the ORIGENZ-generaced pessges. The
subroutines where changes occurred are FLUXO, NUDAT!, NUDAT2,

NUDAT3, PHOLIB, DECAY, TERM, and EQUIL. _

Subroutine QQREAD, which was left qver from a praliminary version
of NRIGEN2, has been elimjinated since it was not used in the
currenf version,

Array NUCL, containing the list of nuclides being considered in the
calculation, has been passed to subroutines DECAY, TERM, and EQUIL
to facilirate debugging.

Extensive numbers of comment cards have been installed in sub-
routine DECAY to facilitate ‘understanding of this extramely complex
routine. Comment cards have also been inserred in subroutine TERM,

many of which refer to those In the very-similar subroutine DECAY.

viii
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Il.

i2.

k|

The {n,2n) and (n,3n) fission product cross sections'for the LWR wmodels,
which were not included in cthe original l{braries, have now been included.
The cross sections were taken from ENDF/B-IV, and cthere are relatively few
of these. The inclusion of these reactions required the inclusion of”
several more nuclides in the ORIGEN2 decay libraries.

In subroutine SIGRED, the sratement reading
IF{YESNO.LT.1.0)RETURN

has been changed to
IF(YESNO.LT.0.0)RETURN

to make it consistent with the user's manual.

Subroutine MAIN2 was modified to initialize the cutoff values for the
summary tables and parameter ERR without having to use a CUT command.
The previcusly-existing ORICEN2 default values (see Sect. 4.9.E of the

user's manual) are used in this initialization.

The sixteen different MAIN routines, which provide the diffarent

dipensions for ORIGEN2, have been modified In the following manner:

The dimensions have been altered slightly to accommodace the changes

in the decay 1library noted above, errors in the ‘photon library

a.

described in the corrections 1list, and recognition of the necessity
for handling a wider variety of cases. 1In general, the changes are

very small.

b. Arrays A, LOCA, and NFUDFP were moved into COMMON/BIG/ to faeilitace
the use of large-core ﬁemory ont CDC computers. The c¢hange is trans-
parent to othar computers.

Comment cards were installed in the MAINs to facilitate use and

understanding of the routines.

ix
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15.

4

ORIGENZ has been revorked by -a polishing code which has cleaned wp
the code internally, venuzbered all of the statement labels, and

nusbered each card in celuans 73~80. I:f should be notad thac all

statezent and card nuabers herein refer to the previously-existing

nuchers.

The sample problem for the RSIC cape has been redone to reflect both

these changes as well as those in the corrections lisc.

Updated pages for the ORIGENZ user's manual have been included for
disstribution with the new code package.
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A USER'S MANUAL FOR THE ORIGEN2Z COMPUTER CODE

A. . Croff

ABSTRACT

This report describes how to use & Tevised version of
the ORIGEN computer code, desigoated ORIGEN2. Included are
a descriprion of the impur data, imput deck organization,
and sample input and ourpur, ORIGEN2 casn be obtained from
the Radiarion Shielding Informazion Center at ORNL.

1. INTRODUCTION

ORIGEN is a widely used computer code for calculating the buildup,
decay, and proczsﬁing of radioactive marerials. During the past few
years, a sustained effort was undertaken by OBNL to update the originsl
ORIGEN codel and its associated datz bases. The results of this effort
were updates of the reactor models, cross sections, fission product -
yields, decay data, decay photon data, sud the ORICEN computer code it~
self, "5 The objest of interest in this report is the revised version
of the ORIGEN computer code, which is called ORIGEN2. Specifically,
this report constitutes a detalled user's msnual for ORIGENZ.

Section 2 of this report describes several general consideriacions
that differentiate ORIGEN2Z from the original version of ORIGEN. These
general considerations are very important since (1) their effect is to
give ORIGEN2 an outward ipptnrance vhich is radically different from
the original version, and (2) they must be fully understood if the
user is to comprehend the rest of the user's manual.

Section 3 describes the nature of several :ypés of daca that are
inicizlized before any irradiation or decay calculations are performed.
The mechods for altering these dats are alse described in this section.

Secrion 4, which is the heart of the user's manual, describes the
instructions whereby the user directs ORIGEXZ to perform the calcula-
tions required to achieve the desired results. It is at this point,
that the increased flexib{liry and the more voluminous input require-
ments of CRIGEN2 become most evident.
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~ Sectict 5 describes the corntents and formats of the decay, cross
seczion/fission product yield, and photom libraries used by ORIGEN2.
For most users, the required libraries have been.supplied along with
ORIGEN2, and Sect. 5 will be of little concern. However, these
descriptions are vital for those users who create their own libraries
ot wish to override certain values in the existing libraries.

Section 6, which is relevant to all users, describes bow the initial
material compositions used in ORIGEN2 are specified. The format of these

" data is somewhat, although not radically, differest from that of the
“original ORIGEN.

Section 7 describes the organizatiom of ORIGENZ input decks for two
cases: one with the data libraries on cards, and the other with the data
libraries on tape or a direct-access device. This section is izmportant
because of the large nmumber of different types of input data required by
ORICENZ and bdecause of the variabiliry of the input that is required,
depending on the options the user elects to invoke.

Finally, Section B describes s sample ORIGENZ input deck (listed in
Appendix A), generic ORIGEN2 outpur, and sample ORIGEN2 output (listed
in Appendix B). This type of description is mecessary because of the
large nuzber of isotopes and tabie types that can be outpuz by ORICENZ.

A code package containing ORIGEN? and its data libraries can be
cbtained at the following address:

Codeg Cocrdinator

Radiaticn Shielding Information Center
P.0. Box X ‘ ‘

Dak Ridge National Laboratory

Oak Ridge, Tennesaee 37830

(€135) 374-6176
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2. GENERAL CONSIDERATIONS
2.1 ORIGEN2 MAIN

The MAIN routine of ORIGENZ pérfoms four major fumetions:

1. provides a mechapism to variably dimension ORIGERZ to accommodate

different problem sizes,
2. provides mich of the framework necessary to put some of the arrays
to several different uses, : Rt =
3. talls for the subroutines that perform the desired operationsg, and
4. provides a mechanism to exacute multiple ORIGENZ problems with a

gingle job.

The third function is handled automstically and will not be discussed.
The fourth function is discussed in Sect. 4.29.

ORIGENZ bas been variably dimensioned to allow the user to tailor
the size of the executable module to the problem size and/or the availasble
computer space. The size of the ORIGENZ executable module ranges from
about 175K (1K = 1024 byres = 256 single precision words) to about 600K,
.principally depending om the numbar of nnclides being considered.

Pigure 2.1 gives a listing of ORIGEN2 MAIN with alphabetic character
strings (e.g., CCCC) substituted for numerical array dimensions. A
description of each of these array dimensicns is given in Table 2.1.

The required size of these dimensions principally depends on the number
ef nuclides being considered in a given case. These nuclides are grouped
dinto thres seguents as follows:

1., Activation products, which comsist of nearly all nsturally cccurring
nuclides, their neutron absorpzion products, and the decay daughters
of these products. This segment is principally used to handle
strucrtoral materials (e.g., Zircaloy) and fuel impurities.

2. Actinides which contain the isotopes of the elements thorimm (atomic
number 90) through einsteinimm (atomic number 99) that appear in
significant smounts in discharged reactor fuels plus their decay

dsughters. *
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IRTIGEPE: LOCL, D080, KD,i0C, ST, NCE, WGL, RYTZLD, IOEP, B, BEAT KA.
S1O0CE,FYUD?Y
BOUSLY PRESISTION CISN,0STR
SINENSION INEY(AAMA,2PED} ,COXPY{COTC, BEAN LAPROD[COTC,BOBE),
SERAI [BERP) ,KAR (BDED)
DIFFESIOY STIPPR (JIJJ, VY, ISTOTE (J33Y,03), 15 (JI3T) , ESTOTT (2333} -
PIBEESION A(DDDD) ,1LCA (DDODY , FTUDYP {YTTY 00001
PIREASION DE{EEEN) , PR {NDUR: . PY (3DDN)
DIZEZESION TIILD(BERI),NYIELD(PPPP) , RUCLY (WEWE,D)
DIRERSTICN ALPUE (CECH) ,WOCAR (GSGE) , NOUTSPO (C5aE) , I (CEAE) , TY [CEAR) ,
SYPS? (GGGE) . PPL(GGGG)
CORROE /IUNK/E2N.IDRE{1),ILITE, TACT,IPP,IT0T, ILNALI,IANLL, IPNLT,
SITRAI, 2IWAZ.AXE, QYD FIVUY, POUEL, TODET, TYRFELY{A) , IPBRLS
COMOE /BITRO3/ESTP AVSCL ANELR,AlNLY, ICESLZ,2apH12,I7TRLX
1766 WOLDS ANE ERLEASANY TN SNUDSCA/ BRGINEING ¥R S
sUCOSCR, 1S OSED fox wOITIFLE POXPOSES.
COSHOF /EODSTE/DORY (COCC, BEBRI , DURD (BRER , 2BRR) . 5(2) ,C20R {000 ,
$ CLAIR{EERE) ., MONP (ADEN) . DQ (DADR] , IF (BBED} ,IRAR (DRBN) ,ITERF(BBEB) .
$ DIEYBE) AP (TIIT) LCCP(IIII) . LONG({DDEM
COBNON /BIC/WOCL (3D2R],Q (BBEE), TG (DOGR) , TOCAP (ADEW ,CEPNEDT {GEEE) .
SALPEAY (EGCQ) , SPORL (GG6G) , STUU (GGGE) , PISS (GES5) , FOCIN (200D ,
SAMPC {BEBE} ,DOPC (B D) ,ZSTORE (JI3J, ROAM , DIT{30EB) B (REEN).,
SANGPD(RERE) , BORC (SDED) , KD (BROR} , LOC(PDODD) . BCT (B0DD) 8GR (BREE),
$EGE (LLIL) ,GRR (LLLL)
PRE.EN, LED T1 PROYIDZ i COWFEREIZYT BECHANISE YOI INITIALIZIING YALILISLE
SOLTIFLIZY JREAT ESOLY.
EQUIYALEINCT (DR (1) ,DROLY(%,1]), (ER(T) , BEOULY(1,2)).,
S{PR(M L RBOLY (1, D)
EQOITALYINGE (3021(1,1),COEPF(1,1}), (DUKZ (1,1) ,2PR0D{1, 0},
S (OCHP (), ANRE (Y} ), {BAF (1), 20091}, (IPEW {1, 1], DORT {1, 1))
tqun:na (IPEY) L AZPN (I}, (ALPEE(CGGE) , rocar {131, (¥OCLE meea »
SHOCSPO {1 ), (NOCSTY (SGGSE) , HT {111, (WY (6660, YT (1)) . (TT(GECE) ,
CSTYTSF {1}, (TPEPLCGEG), ITELD (N ) . {TIRLD {22FZ) , BITZLD(1)}
CALL QVOST 6
LTTTIALTIIE Pagy COOETER
22AGT=IPAGE (0)
1Is 2333
IIs ARdd
1Ce gUlT
IL0LT= BRIN
T1813% LGS
Ir9als TYPY
TTALT= 09%
IZRaI= BDOD
IPREAR=LLIL
IAPHAT=ITIL
IPTEAYPFREY
BARSANwERER
pet THR LI 0-0)
ITI= FY?Y
Literwin

FEUTROES PP SENTRON=-INCUCED FISSION: OwfRZARLL SPECTRUR: 1=PFLST SPECIROR

FYIFe?

FITF=g
€A1 STRFOTTINE TO IXAD TAND IFPUT FROE O¥TYT S, PLIFT IT OF UNI? &, ANE
¥R2TE 17 OF ONIT 30. OXIT 50 IS TEES MIZVOUNE AND ORICZE) RIADS TAL DATL
rsos oEIT S0,

CILL LIFTIY(5,.6.30)

Iz Se

€ SAIEY BANDITS PHT EISCEILAFZODS ITITIALIIATION DATA

1 CAIL BAINY(NTTY,STR0,ALPRE,SUCAS,INCIPY, l‘l.!!.lllﬂl,llm
EaIT3 RELDS THY DNIGIAI COBEANDS
¢ CALL BAIN2 (RSTH)

€ WAIFI ITECTIES IRt ORIGTNZ CONNANRE

3 call eATedt
§ 108G, S5TTYF, ISTOTI IS, a870T2, 11X, 61X, 1C.IPD
SB0CANR, BORO, KL, 106, 16T, 061, ul.ﬂnn.louoﬂomcr.ll“.m.
. SLOCA.FYODYY, eI, c300,
1¥0CL,0,.P6 . TOCIY, nlm-&&'lll.s’o.’."“.?ns.llno'lngmltt
SUI8,0,.66R,TI21D, 2 «I7,IFAL. :ﬂ':;g l:;ﬁgr{;:’non. s,
u:m.mn.Imr!.ﬂ'.!‘!,!!!!.r!hl Te -
<grs %go TC® FROVIDES TEE AZCRASISA POR EIECUTING ATULIIRLE PROTLEES YITNIS
4 SIBGLY JOB. .
90 T0 (1,2.3,8),097F
8 COPTIFUL
AL 05T (6}
TEP 100
b1} ]

Fig. 2.1. Ceneric ORIGENZ MATN subprogram.
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Table 2.1. Description of alphabetic array dimensions

in Fig. 2.1
Alphabetic
character string
in Fig. 2.1 Description
AAAA Number of ourput vectors, .i.e., MN in XNEW
(MX, ITMAX)
BERB | Maximm number of nuclides = ITMAX
ccce . Maximum number of non-zero cross-section and
decay teactions per nuclide = LC in COEFF(LC, ITMAZ)
DDDD Total pumber of non-zero matrix elements
(Arzay 4)
EEEE Number of non-zero fission preduct yields
FITF Maximm number of fissiom products = IFMAX
GGGG Maximm aumber of actinides <+ ] = TAMAX
HEHH ' 13 = 1C (See C above)
IIII | Msximum number of non-zerc elements for long-lived
nuclides (Array AP)
JI33 ' Number of storage vectors = LMX in XSTORE (MX, ITMAX)
) 5:9:9:4 Number of nom-zerc natural abundances
1L ) Nunber of non-zere photon yields
R Maxizum oumber of light nuwclides = IILMAX
NNKN Maximm aumber of variable multipliers in RMULV
0000 Number of actinides with both direct fission

product yields and a variable fission cross section
(usually 3; can be 4 for plutoniumeenriched thorium

fuels)




3. Fission products,vwhiech comsist of nuclides produced by actinide
fission plus their deczy and capture products.

The mearing of the word "wectors" in Table 2.1 is discussed in Sect. 2.4.

OEIGEN2 keeps track of and prints the minimm :equiraﬁ size of wost
of the variably dimensioned arrays (see Sect. £.2.2). A summary of the
recommended dimensions for several problem sizes is 5iv£n in Table 2.2.
The magnitude of the dimensions is dependent on the mumber of sctinide
nuclides having direct fissiom pr&duct yields, wvhich can range from
zero to eight (see Sect. 4.18). Dipensions zre given in Table 2.2 for
cases with 0, 4, 6, and & actinides having direct fissien preoduct yields.

The varisble NYIF in MAIN (see Fig. 2.l1) isdicaces whether thermal
Teactor (NYIF & 0) or fast reactor (NYIF = 1) pneutron yields per neutron~
induced fission are to be used (see also Sect. 3.l).

The variables EMOULV, DE, ER, FR, and LAM are related to a multiplier
used by the MOV (Sect. 4.12) and ADD (Sect. 4.13) commands. 1AM is the
number of possible multipliers (presently four) in & given se: of multi-
pliers.. These are specified by initializing variables DR (first set),

ER (second set), and FR (third sec) using DATA statements in MATN,
Variables DR, ER, and FR are equivalenced to the appropriate portion
of RMULY. The variable LAM is passed in subroutine pavameter lists for
variable dimensioning purposes. -

2.2 ORIGENZ Free-Format Input

With few exceptions, all of the input data to ORIGENZ? can be .
specified in free format. The free-format read routines are zodifications
of those writzem by L. M. Perrie.® The restrictions om free-format input

are a8 follows:

1. All dats must appesr in the correct order.
2. All dsta must be of the correct type (e.g., integer or real) and
way be in I, F, E, or D format. .
3. Each datum must be separated from the next by a comma and/or at Jeast -

one space.
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Table 2.2 Dimensions for various ORIGEN2? case sizes '

Cone

- Paramtret 1 ¥ J t 3 i 7 § ¥ [ T T ) 1] il 13
Saguente eoneldared”  arokare ARV ARSANIP  ANFE  ASFE ANFS ABIA A AP ATSAIFP A . AP, re AUFR . ATIAITE  APeAWPS
or AIAT
Type of l.lﬂllltlon‘ Any Any Any Any Any Angp Aay Any Any Decay  Decay Negny  Deeay Any Any Auy
Waber of actiniden with 'Y ] 4 ) [ ] 0 o o [} (1] [} 0 [} (X A
dleect Henion produce
yielde
Alphsbettie arrsy dtaensions®
ARAA " 1 13 1) 1 1) N} ) 1" 1) ) 19 12 12 'y "
1] (T3] 18]} (T iooo  toon  J0BO am 13 oo t616 i ya0 800 1.0 SN TY]? 1w
ccee ’ ? ? ? 1] H 1 ' ! ? ? ? ? ? ? o
_ oo c4no 7900 %600 oN0  46N0 BN 1no0 400 1300 1700 1m0 sno 1000 000 8000 1%
o teeed 1300 3000 5400 100 3000 800 4 I & % 4 A 4 In  snon 6600
o rreed 00 sno (11 ss0  0oC @00 . % 4 aon . s A 000 000 nnn "0
P cceed n 12 n 132 1 In 19 1 4 51 172 4 A 132 132 m
o e I : ' . ‘ s s . s & ' 5 ‘ . : . 1 5
- 1ad.e 300 40 3000 2300 300 00 ifo0 300 LoD 500 500 10 230 DOO 4300 4300
N M 1 0 1] 19 0 10 10 0 10 10 10 10 10 o 10 1]
ood 430 A0 . .30 e 188 16D me 12 00 30 n 00 180 0 80 %10
unt 8000 gooo = 8ON0 AJ00 &J00 A100  A700 1300 )00 go00 1300 100 300 AT00 8000 Anno
woerd 700 100 100 A (] [ 100 4 100 8 Y00 s 700 0 100
mm: X s A % ) ' TR | ) [} 4 [} ] ' . ¢
0000 ) . A 4 . s y ) ) 3 b ) 3 5
Approninsts amount of core 3té no b1} e AIm AR NX 1ex Mox L} L] 1nx mix . Inx s Lo s
toquired for esecutlon ‘ )
(bytes)l
. o - - -

%23 = activetien producte; A = sctinides snd dsughters; FP = fission producte.

'uy » otther frradistion (1.¢., IRP or IRF commands) or decay {1.¢., DEC command) can be used. Decay = no irrsdiation} decay only.
€300 Tabla 1.1 and Fig. 2.1 for detaila sh the description and use of these disensions,

‘ll'up dlwanaics should Be avanly diviaible by & to ensure vord boundery aligneene,

'utlo‘t disenslons nay be required feor emall irvadiation or decsy time step, in the limit of sere time, TIIT = DDDD.

'uualn on rasctor belng conalderad; eee Tabie 1.1, ften 000O.

Scon vary, depanding on the nusber of taput/output units and boffer sizes.



4, 2erTo lazta vzlues zust éppear explicitly {(d.e., & blank is not
ecuivelent to 3 zero).

5. In general, dzta mzy be cootinued onto pulriple records when desired.
Cerrzin datz =ust appezr as the first datum on 2 pev record. . These
instznces zre described later. | | '

7. The mexizuz record 1=ngt5 is 80 bytes. ‘

8. If an end of file is read, control is returned to the calling

subroutine,

_Thus, in general, the cata being Tead must be in the correct order, must

" begin on 2 nev card when required, end must be separated by a comma er
Plank. Other than this, the data msy 2ppear anyplace on e&m input Tecord,
In the specizl czse of nusbers in E or D format (e.g., 3.8F 01), the space
2fter the £ is zcceptzble and is ot considered 25 the ead of the sucber.

2.3 The ORIGEW2 "Commond" Concept

Tne use of “"ccmm2nds” is one of the principal differences between -
ORIGEN2 2=d previous versions of ORIGEN. An ORIGENZ commznd directs
the co=puter code to execute a single function, such &s 2 single irradia-
ziea step. & series of interrelated commands is generally required to
obtain & zeaningful resuvlt. The series of commzands typically ranges
from 25 to 200 in nuzber 2nd is similar ia logic to a progrex written
ip e cozputer languzge such as TORTRAN. Thus, the series of commands
very much Tresesbles & program which Is read 2nd executed by ORIGENZ.
The implezentation of the cormand concept io ORIGEN2 is advantageous in
ther it 2llows & user to sizulate a wide variecty of nuclezr fuel eycle
scenzrics in det2il, including recycle calculations. The sccompanying
diszdventage is that the required input is more detailed znd more
specific then in previous versions of dRIGEN. The currently available

ORIGEN2 cor=2mnds 2re defined end discussed in Secr.. 4.
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2.4 The Concept of an ORIGENZ "Vector"

Before attempting to describe the operational details of ORIGENZ,
it is importgnt that the user understand the cmei:: of an _oﬁ:czuz
"oecror.® An ORIGENZ vector is a one—dimensional array that specifies
the amount of each auclide being considered in an ORIGEN2 case; it is
printed as a single column of numbers in ORIGIN2 output. For exawple,
in Case 1 in Tsble 2.2, which includes actinide, activation product, and
fisasion produce nuf::lides, a vector might specify the smounts of all
these nuclides i{n a spent PWR fuel assembly after 150 days post-irradia-
tion decay time. In this case, the amounts of about 1676 nuclides
(dimension BEBE in Tables 2.1 and 2.2) corresponding to these conditions
wonld be specified in the vector. A schemacic disgrsm of the conceptual
vector organization in ORIGEN2 is shown in Fig. 2.2. Iwo basic types of
vectors are accessible to the user: output vectors, and storcage vec-.
tors.

Twvelve ouzpur vectors are conl:;ined in 63151:!42. These vectors
are written when ORICEN2 output is produced. Each of the vectors is
designated by using positive integers corresponding zo the relative
- location of the vector, with the leftmost vector on the output page
being veetor 1 and the rightmost vector 12. The information in the
ocutput vectors is rertained under all conditions except one. This
exceprion occurs vhen a new set of ORICENZ commands is read during a
single run using the STP command (Seet. 4.29) and the nevw set of commands
includes a LIE commgnd (Sect. 4.18), vhich reads new ORIGEN2 decay and
crose-section datz libraries. In this case, the array con.:iin.‘.ng the
output vectors iz used as scratch spac.e. to read the new libraries and
the puclide mass daca are lest. '

- There are a variable number (LX) of storage vectors in ORIGENZ,
depending on the varisble dimensions employed (see variable JIJJ iz
Tabie 2.1). These vecrors are usad o store incermediate ORIGER2
results and cannot be output. The vectors are designated by using
negative integers from -1 to -LI; The informarion in the storage
vectors is retained under all circumstances, including those vhere the
ourput vectors are overvritzen.
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Fig. 2.2. Organization of ORIGENZ vectors.
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2.5 Description of ORIGEN2 Inpug/Output Units

ORIGEXZ uses several ipput and output units to facilitate orderly
and flexible code operation. These units and their functions are given
in Table 2.3. For a basic ORIGENZ calculation, wnits 5, 6, 12, and 50
would be necessary, and the rest of the units could be dummied or omitted.
The units not used in the basic calcularion are required to execute certain
ORIGENZ commands or to provide useful auxdiliary informacion.

. mmem s w

2.6 Card Input Echo

ORIGENZ bhas included in it a SUBROUTINE LISTIT, which has the funczion
of providing a card input echo. The cards are read om unit 5, printed eon
unit 6, and written to unit 50, which is g temporary f£ile. Cards that
have a dollar sign ($§) in the first columm of the card are printed (om
wnir 6) but not written (on unit 50), thus ailowing for the inclusion of
comments in the input stream that will not interfere with the operatiocn
of ORIGEN2. Upit 50 iz then rewound, and the rest of ORIGER2 reads this
information from umit 50. The units S, 6, and 50 appear explicitly in the
‘eall to LISTIT, whick occurs in MAIK. Thus, if the upnit numbers given in
Table 2.3 are altered, the unit definitions in the LISTIT parameter lisz
in MAIN must also be changed correspondingly.

2.7 ORIGCEN2 Nuclide Idenzifier

The ORIGENZ nuclide identifier iz & six~digit integer that
uniquely defines a particular nuclide. This identifiar, which 1s
ddentical with thar in the original ORJGEN, is defined as follows:

ECCLID = 10000%Z + 10%A 4 IS,

wvhere |
NDCLID = gix~digit nuslide identifier
Z = atomic pumber of nuclide

00016
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Table 2,3, Description of ORIGEN2 input/output units -

Unit ‘
. _nhunbar Description Remarks N
K Bubutitute data for decay and cross- Specified by LIB command, Sect. 4.18
section libraries
& Altarnate unlt;for reading material See Sect. 4.6
compositions |
S Card reader Speciffed in MAIN in call to LISTIT
6 Principsl output unit) usually Specifled in BLOCK DATA, variablea = 10UT, JOUT,
directed to lina printer KOUT; see Sect. 4.6
7 tUnit to write an outpﬁt vector Used by PCH command, Sect. 4.15
9 Decay and cross-section library Bpecified by LIB command, Sect. 4.18
o ,
o 10 Photony Libraxy Specified by PHO comwand, Sect., 4.19
e
| ST} | Alternate output unit; usuvally See Sect. 4.5
“J' directed to line printer
12 Table of contents for unit 6 shoveg Specifled in BLOCK DATA, variable = NTOCA
" usually directed to the line printer
13 Table of contents for unit 11; uvsually Spacified in BLOCK DATA, vattuﬁle = NTOCB
directed to line printer '
15 ' Print debugging inforwmation
16 Print variable cross-section information
50 Dats set used to temporarily store Specified in BLOCK DATA, varilasble = IUNIT

input read on unit 5

(M
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A = zromic mass of nuclide

IS = isoperic state indieazror
0 = grognd state
1l s excited state
4 or greater npot permitted

Thus, the nuclide identifier for *37Cs (Z = 55, A = 137) would be 551370.

The trailing zero (or one) is always required. A leading zero, such as
for tritium (NUCLID = 010030), is not Tequired. The six-digit idemntifier
for an element is given by

ELEMID = 10000*Z,
Hhere ELEMID is the elemen: :Lde.:\:iﬁ.er and Z is defined as sbove. Thus,
:he ELEMID for cesium would be 550000.

2.8 Machine Compatibility Comsiderationsy

ORIGENZ has been designed zo de as mechine-compatible as is possible
by using only the FORTRAN computer language, using only standard FORTRAN
functions (e.g., SQRT, ete.), using E format specifications for literal
data in FORMAT and DATA statements, and minimizing the nusber of partial-

"word (i.e., ocpme-byte and two-byte word) arrays. However, in the interest
of minimizing space and coding complexity, some fzatuzes were used that
may not be acceptable on non-IEM computers. Specifically, some partial-
wurd arrays sTe used. |

- Aspects of ORIGEN2 that are likely ro require modificacion before
inplenmentarion on other machines are as follows:

1. A1l partial-length word specifications musz be removed for these
¢computers wiere they are not petfni::cd. These specifications
are given by cards at the beginning of each subprogram, and the
first characters sre INTEGER*2. :

2. For those computers with a word length ar lesst twice that of
the IEM computers (32 bits), the DOUBLE PRECISION declarations
become oprional.

00C1s
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In two places {subroutines LISTIT and QQREAD), ORIGENZ is
designed to Tead until an end-of-file is encountered and then
branch to another operation. Accommodation of this branch is
accomplished differently on different computers,and the user
should check this to ensure compatibility.

INTEGER FUNCTION QQPACK reads input data, chatacter by character,
and constructs words from the characters. As a result of the
widely varying word structure on various computers, this routine
must be totally changed for each differemt cype of computer.
Versions of this subroutine sre currently available for IBM

and CDC computers.

Many non=-IBM computers have relatively small core regionﬁ for
the executing program and a large, directly associated memory
for storing the large arrays as opposed to the IEM procedure

of placing the entire executing job in core. Thus, for these
compucers, cards that aesign the desired arrays tu the directly
sccessed memory must be included. At the time this report is
being issued, this has been accomplishea for a CDC 7600

computer.
For computers where the use of uninitialized "garbage" in

assignment statements will result in errors, the core should

be preset to zero.

00019
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3. MISCELLANEOUS INITIALIZATION DATA

Because the data discussed in this section Are widely varied and are
only related by their invariance from case to case, they are categorized
as "miscellanecus initializarion daza." The types of data falling into
this category, and the séction in which each is discussed, tan be gummar-

ized ag follows:

Section Data descriptien

3.1 Fission peutron yields per neutron-induced
fission T

3.2 (a,n) neutron producticn rates

3.3 Neutron yield per spontaneous fissian

3.4 Fracticnal reptocessing recoveries for
individual alements

3.3 Fractional reproceséing recoveries for
element groups

3.6 Assignment of individual elements to

. fracticnsl reprocessing recovery groups
3.7 Elemental chemical toxicities

All of these data are initialized in a BLOCEK DATA statement using the
types of information described in the appropriate subsectiom below.

3.1 Fission Neutron Yield per Neutron-Induced Fissicn

The BLOCK DATA statement supplims spectrum—weighted single-group
fission neutron yields per neutron-induced fission for a thermal reactor
(PWR-U) and a fast reactor (advanced-oxide LMFBR). These data are used
in calculating the infinite neutron multiplication factor for a mixture

of puclides. These data cannot be altered except by changing the values

'in the BLOCK DATA routine and recompiling it.

00C<0
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3.2 ({(@,n) Neutron Production Rate

The BLOCK DATA routine supplies measured (&,n) neutron production
rates (units = neutrons g ! sec” ') for nuclides in oxide fuels which
override vglues calculated with an empirical equation in ORIGEN2. The
(2,n) neutron production rates for those nuclides not listed explicitly
are calculated from an empirical equation. The paramerers in the
equation and the explicit values cannot be altered except by changing
the values in the BLOCK DATA subroutine and recompiling it.

3.3 TFission Neutron Yield per Spentaneous Fission

The BLOCK DATA routine supplies measured neutron yields per spon-
taneoug fission which override values caleulated with an empirical
equation in ORIGEN2. These neutron yields, denoted as ST yilelds, are
used to calculate the decay neutron activity of nuclide mixtures. The
SF peutron yields for those nuclides not given explicitly are calculated
from an empirical equation., These ini:ializ;:ibn data cannot be altered
except by changing the values in the BLOCK DATA routine and recompiling
it.

3.4 TFractional Reprocessing Recoveries for Individual Elements

3.4.1 Initialization values

The BLOCK DATA subroutine supplies reprocessing fractional recoveries
(FRs) for eath ‘individual element. The FRs are used to separate & specified
elemental composition into two separate streams. The individual element
FRs initially present in ORIGEN2 are given in Table 3.1. A single FR set
specifies an FR for each of 99 elements. There are ten sets of individual

FRs in ORIGEN2. :
The individugl FR sets also serve another purpose under certain

circumstances. If one or more WAC commands (see Sect. 4.17) are used,
then at least one individual-element or element-group (see Sect. 3.5)
FR set must conzain continuous Temoval Tates for the elements in units

00021
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ORIGEN2 default individual-element fractional recoveries

Table 3.1,

Fractional recoveries

Set Set Set Set Set
10

6

Set

Set

Set

Set

Set
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of sec™t.

The ¢ontinuous removal rates specified in the FR set are those
appropriaze for a reactor with continuous fuel reprocessing {(e.g., an MSBR).
The specified continuous removal rates are used by the WAC command to
generate equivalent continuous feed rates of waste during waste decay.

In either of the above cases, the initial data can be altered by
using the methods deseribed below.

3.4.2 Overriding inirial values

The default FRs for ipdividual elements can be overriden by using the
fellowing procedure:

A. TFunction: Overrides individual-element FR supplied in the BLOCK DATA
subroutine.

E. Datz sequence:

NE(1) NS{1) FR(1)

NE (MMAX) RS (MMAX) FR(MMAX)

vhere e e e s ) .

HE(M) = one- or twe-digit element atomic aumber (1-99) for the
fractionsl recovery on the Mth card

KS(M) = set number (1-10) for the individual fractional recovery
on the Mth card

FR(M) = fractional recovery replacing the inirial value for
element KE(N) in set NS(N)

MMAY = number of individusl-element fractional recoveries being
overriden (can be zers)

00023
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C. Number of cards: MMAX+1

D. Terminate reading these data: NE(MMAX+1).LT.D

E. Skip reading these data: One card with NE(1).LT.O
F. Remarks:

1. The FR(M) values also serve to define continuous removal rates
for the WAC command (see Sects. 3.4.1 and 4.17). Initial
continuous removal rares can be overriden in the same manner

as the fractional recoveries.

. - -
P

3.5 Fractional Reprocessing Recoveries for Element Groups

3.5.1 Initializarion wvalues

The BLOCK DATA subroutine supplies FR values for a group of elements.
These group FRs can be employed in essentizlly the same manner as the FRs
for individual elements (discussed in Sect. 3.4). That is, the group
values can be used to separate a single, specified elemental compositien
into two different streams or to designate continucus removal rates for
the WAC command. The FR values for the groups initially present in
ORIGEN? are given in Table 3.2. ORIGEN2 can contain up to 20 groups of
elements. There are ten sets of group FR in ORIGEN2, each specifying
the FR for all groups.

The initial-element group FR can be altered by using the procedure
described in the subsections that follow.

3.5.2 Overridipg inirial values
The default—element group FR can be overriden by using the procedure
described below.

A. Punction: Override element group FR supplied by the BLOCK DATA
subroutine.

00024
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c=000

Table 3.2. ORIGEN2 default element-group fractfonal recoveries

Fractional recoveries

Set Set Set Set Set Set Set Set Set Set

Group 1 2 3 4 5 6 7 ] 9 10
1 0.0 1.0 0.0005 0.0 1.0 1.0 1.0 0.0 0.0 0.0

2 0.0 1.0 | 0.0005 0.0 1.0 1.0 0.0 0.0 0.0 0.0

3 0.0 1.0 0.0005 0.0 1.0 1.0 0.0 0.0 0.0 0.0

A 0.995 1.0 0,0005  0.999 1.0 0.2 0.6 1.0 0.0 0.0

s 0.0 1.0 0.0005 0.0 0.05 0.05 0.0 00 0.0 0.0

6 0,995 1.0 0.0005  0.9999 1.0 0.02 0.0 00 0.0 0.0

7 0.0 1.0 0.0005 0.0 0.000 000l 0.0 0.0 0.0 0.0

a 0.0 1.0 0.0005 0.0 0.000 0001 ©0 0.0 0.0 0.0

9 0.0 1.0 0.0005 0.0 0.0001 0001 00 0.0 0.0 0.0

10 0.0 1.0 0.0005 0.0 0.000 0008 0.0 0.0 0.0 0.0
11 0.0 1.0 0.0005 0.0 0.00L 0000 0.0 0.0 0.0 0.0
12 0.0 0.001  0.0005 0.0 1.0 1.0 1.0 0.0 0.0 0.0
13 0.0 0.0 - 0.0005 0.0 1.0 1.0 6.0 0.0 0.0 0.0
14 0.0 0.0 0.0005 0.0 1.0 1.0 0.0 0.0 0.9 0.0
15-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

02
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B. Data sequence: (
NG(1) . NS(1) FR(1)
NG(L) NS (L) FR(L)
FG (LMAX) NS (LMAX) FR(LMAX) T :
-1
where
NG(L) = cne~ or twoe-digit element group muxber (1-20) for the
fractional recovery on card L
NS(L) = set number (1~10) for the element-group fractionmal
recoveries on the card L
FR(L) = fractional recovery replacing the initial value for
group NG{L) in set NS(L)
IMAX = number of group fractional recoveries being overridden
(can be zers)
C. Number of cards: LMAX+1
D. Terminate reading these data: NG(LMAX+1).LT.O
E. Skip reading these data: Ope card with NG(1).LT.O0
F. Remarks:

1. The FR(L) also serve to define comztinucus removal rates for
the WAC command (see Sects. 3.4.1, 3.5.1, and 4.27). Initial
conrinuous temoval Tares can be overridden in the same manner

as the group fractional recoveries.

Ay
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3.6 Assignment of Llemenzs to Fracticmal Recovery Groups

3.6.1 1Initdializacion values

The BLOCK DATA subroutine alsc assigns each of the 99 elements to
one of the 20-element groups discussed in Sect, 3.5. Any number of

elements may be assigned tc a given group, but an individual element
can be a member of only one group. The initial membership of the

ORIGEN2 element group is given im Table 3.3.
The assignment of elements to FR groups cen be altered by using the

procedure degcribed below,

3.6.2 Overriding initdial values

The membership of the default element group can be overriden by
using the procedure described below.
A. TFunetion: Override element-group membership assignments supplied
by the BLOCE DATA subroutine.

B. Data sequence:

NE(1) NG (1)

KE(I) §G(1)

' o s
L]

NE (DMAX) NG (IMAX)

‘-1

 where

NE(I) = one= or two-digit element atomic number (1-99) om Card 1

NG(I) = cpme- or two—digit element group number (1-20) where element

NE(I) is to be assiguned

TMAY = pumber of element sssigoments bedng overridden (can be zero)

00027
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Table 3.3. Membership of ORIGEN2
defaulr element group

Group Elements in group
1 All elemmsnts except those
in groups 2-14
2 " Th ‘
3 Pa
4 v - - -
5 Np
é Pu
7 Am
8 Ca
5§ Bk
10 1+ .
1 Es
12 F, C1, Bz, I
13 He, C, N, Ne, Ar, Er, Xe, Bn
14 E
15-20 ‘None

00625
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C. Number of cards: IMAX+1
D. Terminste reading these data: NE{IMAX+1).LT.0

E. Skip resding these data: Ome card with NG(1).LT.O

3.7 Elemental Chemical Toxicities

The BLOCK DATA subroutine supplies maximum permissible concentrations
(MPCs) for each of the chemical elements in water. The MPC is used to

calculate the volume of water required to dilute a given amount of an

element o & concentration corresponding to its MPC. The volume of water

required for each element in a mixture is assumed to yield the total vol-
une of dilution water required and thus a measure of the chemical toxiciry

of the elemental mixture. These data cannot be altered except by changing

the values in the BLOCK DATA subrourine and recompiling it.

000629
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4. ORIGENZ COMMANDS

The instructions defined in this section, called ORIGENZ cozmands,
enable the user to precisely define the order in which anf or all of the
ORIGEN2 program functions are executed. This procedure is analogous to
wvriting a FORTRAN program in that the commands dgfine a series of opera-
tions which will be performed sequentially, with the sequence being
variable at the user's option. Tﬁe use of the commands to define the
ORIGENZ problem flowsheet allows the use of a "DO loop" command, which
executes a set of instructions within the range of the locp a prescribed
number of times. Coupled with other options, this gives the user the
capability for easily investigating fuel recycle (e.g., plutonium) and
nuclear fuel cycle waste production rates as a function of time.

The general format of the ORIGENZ commands is
COM  PARM(1), PARM(2), . . . PARM(I) ,

where COM isg a.keyword defining the instruction type and the PARM(I) are
parzmeters supplying various data necessary for the execution of_rhe

. operationzl commands. Details on the data format are given in

Sect. 2.2. A list of the ORIGEN2 commands and a brief description

of their functions are given in Table 4.1. :

Before attempting to use ORIGENZ, it should be noted that there are
certain restrictions on the order in which the commands must occur., The
primary restriction is that the LIB command (Sect. 4.18), which reads
the decay and cross-section libraries, must precede most other commands
since it defines the list of nuclides being considered. Other restric-

tions will be noted when the individual commands are discussed.

Each ORIGEN2 command can be present in a single input stream &
meximum number of rimes; the limit depends on the specific command.
This limic is giveh in the section (below)‘:hat describes each indi-
vidual command. The limits can be changed by varying the dimensions
of the appropriate array(s) within the ORIGIN2 source deck. The lizit
on the total number of ORIGENZ commands that may be used is 300, é
nunter which can also be changed by varying arrey dimensions within

the source deck. 00030



Table 4.1. List of ORIGEN2 commands

Command - - :
keyword Description Section Page
ADD Add two vectors 4,13 40
BAS Case basis 4.3 28
BUP Burnup caleculation 4. 14 42
CON Continuation 4, 28 60
CUT Cutoff fractions for summary tables 4.9 34
DEC Decay 4,23 54
DoL DO loop 4.11 38
END Terminate execution 4.30 61
FAC Caleulate a multiplication factor 4.4 2
HED Vector headings 4.7 33
INP Read input compositiom, cootinuous removal 4.6 3l

rate, and continucus feed rate :
IRF Flux irradiation 4, 21 50
IRP Specific power irradiatioen 4, 22 52
KEQ Match infinite multiplication factors 4.10 - 36
LIB Library print control 4,18 45
LIP Library print control 4.16 43
LPU Data library replacement cards 4. 20 49
MOV Move nuclide composition from vector to vector 4.12 38
OPTA Specify actinide nuclide output table options 4. 26 58
OPTF Specify fission product nuclide output table 4o 27 59
optiocns
OFTL Specify acrivatioen product output table options 4. 25 56
ouT Print calculated results o5 b
PCH Punch an output vector 4.15 62
PHO Read photon libraries 4.19 47
PRO Reprocess fuel _ 4o 26 55
RDA Read comments regarding case being input 4.1 27
REC loop counter 4.8 34
TIT Case title 4o 2 27
WaC Nuclide accumulation 4.17 4
GTO GO TO 4.31 6la

00031
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4,1 RDA = Read Comments ﬁegarding Case Being Input

A, TFunction: Prints zlphanumeric comments among the listing of the
cperational commands being input.

B. Data sequence:
RDA COMMENT(S)
where

RDA = command keyword ]
COMMENT(S) = alphaoumeric message

€. Allowable number of KDA commands: Maximm total avmber of commands.
D. Propagation: Nome.

E. Remarks: These comments gre printed in the listing created when
ORIGEN2 is interpreting the commands, which is separate
from the card input echo described in Sect. 2.6.

4.2 TIT — Case Title

A. Fu:ncti;n: Supplies case title printed in ORIGEN2 output.
B. Data sequence:

TIT A(9), - - « A(80)}
wvhere

TIT = comnand keyword
A(I) = alphanumeric characters in columms 9-80 only

€. Allowable pumber of TIT commands: 20
D. !;ropaga:ion: Until changed.
E. Remarks: Nome.

00G32
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4.3 BAS — Case Basgis

A. Function: Supplies case basis printed in ORIGENZ output.
3. Data sequence:
BAS A(9), . . . ALBD)
vhere
BAS = command keyword
A(l) = glphapumeric characters is columms 95-80 only

€. Allowable number of BAS commands: 10

D. Propagation: Until changed.

E. BRemarks: The BAS command only supplies an alphanumeric messsage.
The user is responsible for the consistency of the basis,
the inpur material masses, specific power, ete.

4.4 FAC — Calculare a Multiplication Factor
Based on Total Vector Masses

AT Fupction: Caleulates a multiplication factor, FACTOR[NFAC(1)],
based on the total actinide plus fission product masses
in one or two vectors for use in MOV (see Sect. 4.12) or
ADD (see Sect. 4.13) ccumsnds.

B. Data sequence! |

_FAC  NFAC(1), . . . NFAC(4), RFAC(1)
wherse

FAC = command keyword :
HFAC(lj = pumber of factor calculated by this command {must
be greater than zero and less than or equal to the
waximm ouxber of FAC commands)
NFAC{2)} = vector number

00033
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- NFAC(3) =
NFAC(4) =

RFAC(l) =

29

vecter number

method for calculating FACTOR[NFAC(1)]:

1 FACTOR[NFAC(1)] = T[NFAC(2)}]+T[NFAC(3)]

2 FACTOR[NFAC{1)] = T[NFAC(2)}=T{NFAC(3)]

3 FACTOR[NFAC({1)] = T{NFAC(2)]*T{KFAC(3)]

4 FACTOR{NFAC(1)] = T[NFAC(2)1/T{NFAC(3)]

S FACTOR[NFAC(1)] = T[NFAC(2)]

6 FACTOR[NFAC(1}] = T[NFAC(3)]}

7 FACTOR[NFAC(1)] = 1.0/T[NFAC(2)]

8 FACTOR[NFAC(1)] = 1.0/T[NFAC(3)] --- - '~

vhere the T[NFAC(I)] are the totsl fission product
plus actinide masses for the indicated vectors,
expressed in kilograzs.

constant value to be used in place of the T[NFAC(I)]:
GT7.0 = substiture BRFAC{l) for TINFAC(2)] when
caleulating FACTOR[NFAC(l)]
+EQ.0 = yse the T[NFAC(I)] as defined
.LT.0 = substitute {-RFAC{I)] for T[NFAC{3)] when
caleulating FACTOR[NFAC(1)]
The units of RFAC(l) are kilogrsms.

Alloved number of FAC commands: 20

Propagation: Until another FAC command with the same value of

Remarks:

NFAC(l) is executed.

Some cha:ac:eris:ic tesults from this command are

prinoted on umit 15.

Function: Calls for the caleulated Tesults in some or all of the

4.5 OUT — Print Calculatad Results

output vectors to be printed,

00Cc34
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B. Daca sequence:
OUT NOUT(I)’ - . . HDUT(&)

where

OUT = command keyword :
NOUT (1) = number of vectors to be printed beginning with the
first vector:
.GT.0 = output on units IO0UT, JOUT, and XOUT (Unit 6)
.LT.0 = output omn unit 11
frequency of print if instructiom is in a loop
(Seet. 4.11) [print occurs first cime through loop
and every ROUT(2)th recycle thereafter) ‘
NOUT{3) = print number of present ‘recyele:
.GT.0 = yes
.1E.0 = no
NOUT(4) = parameter controlling rype of summary table printed:
.1T.0 = g1l vecters tested for imclusionm in
suzmary table except vector -NOUT(4)
EQ.0 = 2l vectors tested for inclusion in
. summary table :
.GI.0 = only vector KOUT(4) tested to see if a
nuclide is included in the summary table

NOUT(2)

C. Allowable mmber of OUT commands: 2D
D. Propagation: Neme. |
E. - Remarks:. - -.— - -
1. If NOUT(2).NE.l, a REC command must be employed (Sect. 4.8).
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4.6 1INP — Read Input Composition, Continuous Removal Rate,
. and Continuous Feed Rate

A, Function: Calls for nuclide composition, continvous muclide feed rate,

or continuous elemental rgmoval rate to be rqu. oo
B. Data sequence:
INP NINP(l), . « . NINP(6)
where

INF = command keyword
NINP(l) = number of vector in which initial compositions sre to
be stored
NINP(2) = read nuclide composition:
.EQ.0 = no
.EQ.1 = yes; units are g/basis unit {read on unit 5)
.EQ.2 = yes; units are g-atoms/basis unit (read on
unit 5)
.EQ.=] = yes; units are g/basis unit {(read on unit &)
«EQ.-2 = ves; wits are g-atoms/basis unit (read oo _
unlt 4)
read continuous nuclide feed rate:
.LE.0 = no
+EQ.1 = yes; units are g/(time){basis unit)

NINP(3)

.EQ.2 = yes; units are g-atoms/{time)(basis unit)
See NINP(S5) for specification of time units.

RINP(4) = tead element removal rate per unit time:

«LT.0 = no read; no propagation
+EQ.0 = no read, but propagate previously read values
.GT.0 = read NINP(4) data pairs (see Sect. 6.3}
_ See NINP(6) for specification of time units.
NIXP(S)

L]

time units of continuous nuclide feed rate data

{see Table 4.2)

time units of continuous elemental removal rate data
(see Table &£.2)

NIKP(6)
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Time unit designation

W g i B

seconds
minutes

hours

days

years

stable

10° years (kY)
10°% years (MY)
10° years (GY)

\.“\l\-ﬁ
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C. Allowsble number of INP commands: 15

I, Propagation: KHone.

E. Remarks: User is responsible for the consistency of the
caleulational basis with the inpur masses.

4.7 EED — Vector Headings

A. Function: Allows alphanumeric vector headings to be specified.

B. Data sequence:
HED RHZD A(l), . . . AQ20)
where

HED = command keyword

NHED = numher of wector which is %o be given heading

A(I) = gen-character alphanumeric heading anyplace on the
card to the Tight of NHED

C. Allowable number of HED commands: 50
D. Propagation: Until the vector is overwritten.

E. ERemarks:

1. The heading is moved with the vector when the MOV (Sect. 14.12)
and ADD (Sect. 14,13) commands are used.

2. If o EED command is to be used to label either a vectsr of
input concentrations [vector NINF(l), Sect. 4.6] or the
vectors resulting from a PRO command [vectors NPRO(2) and
NPRO(3), Sect. 4.24], the HED command wust follow the INP

. or PRO command. _

3. 1f A(1) is an spostrophe or asterisk (*), the tem characters
immediately following A(1) are ctaken as the vector heading.
This allows for the inclusion of leading blanks.

0038

(2



34

4.8 REC — Loop Counter

A. Function: Counts the number of times that a loop (DOL command,
Sect. 14.11) has been executed.

B. Data seguence:
REC
where
REC » command keyword
C. Allowable number of REC coumands: 1
D. Propagation: None.
E. Remarks:

1. This counter is output as the "Recycle #" in ORIGENZ output.
4.9 CUT — Cutoff Fractions for Summary Tables

‘A. Function: Override default cutoff fractions for summary output
tablesg,

B. Data sequence:
CUT[NCUT(1), RCUT(L)1, . . . [NCUT(NT), RCUT(NT)], -1
vhere

CUT = operational command
NCUT(I) = number of the output table to vhich cutoff fractionm .
i 7 RCUT(I) 1s to apply (see Table 4.3 for table nusbers
and descriptions) |
RCUT(I) = new cutoff fraction for table number NCUT(I)
KT = total number of default cutoff values which are
being overridden with this CUT command

C. Allowable pusber of CUT conmands: 3

D. Propagation: Unzil changed.

00039

)



Teble 4.3, Description of ORIGEN2 output tadle

Table
cumber

Description of table

imics

W 0 ~ O i B~ W N

(W]
o

- 1
ac\A_—_’ ( 12
13

14

15

16

17

18

- 19

20

21

22

23

24

25

26
27
28

Isotopic compesition of each element

Isotopic composition of each element

Composition
Composition
Compositiqu
Compesition
Radicactivity (cotal)
Radicactiviry (total)

‘*Thermal power

Thermzl power

Radioactivity (total)
Radioactivity (total)
Radiocactive inhalation hazard
Radicactive inhalation hazard
Radiocactive ingestion hazard
Radicactive ingestion hazard
Chemical ingestion hazard
Chemical ingestion ha;ard

- Neutren absorptiom rtate

- Neutron absorption rate

Neutron~{nduced fission rate
Neutron-induced fission rate
Radiosctivity (alpha)
Radicactivicy (alphsa)
(2lpha,n) meurrom producticn

Spontanecus fission neutren production

Photon emisgion rate

Set test parameter ERR

a2zem fragtion
weight fraction
gran-atoms

atom fracticn
grame _
wéight f:a:ﬁion
cL

fractiopal
watts

fractional

Bg }
fractional G add
m' alr '
fractiomal

ﬂ’ wvater

fractional
3

- WM. water

.fractional

seutrons/sec
fracticmal
fissions/sec
fractional
o4 §
fracticnal
neutrons/sec
neutrons/sec

photons/sec

0L<040
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in

Remsrks:

1. If an output value for a perticular nuclide is less than the
cutoff fraction multiplied by the total tabie value for all
vectors being tested (see Sect. 4.5 for additional details om
which vectors are tested), then that particular nuclide is
not printed. '

2. Table number 28 can be used to cverride the default value for
ERR, presently set at 1.0E-25. ERR is used in logical IF
statements instead of 0.0.

3. An integer -1 must follow RCUT(NT) unless all 28 cutoff
fractions are specified.

4. The default cutoff fracticns for the first 26 tables (see
Table 4.3) are 0.001; for Table 27 the cuteff is 0.01.

5. The [NCUT(I),RCUT(I)] may continue onto subsequent cards.

No operational command is used on the additional cards.

6. The application of the cutoff value to photon tables is

somevhat different; it 1s discussed in Sect. 8.2.2.

4,10 EKEQ — Match Infinite Multiplication Factors

A. FPunction: 3Blend materials in two vectors so that the resulting
infinite multiplication factor (IMF) matches that of
another vector or an isput value.

B. Data seguence:

KEQ  NKEQ(1), NKEQ(2), NKEQ(3), NKEQ(4), NKEQ(S), REEQ(L) .

vhere

KEQ = command keyword ‘
NEEQ(l) = vector whose IMF is to be matched by vector NKEQ(4)
NREQ(2) = vector whose material is to be wholly included in the

£insl blended materisl in vector HKEQ(4)
NREQ(3) = vector vhose material is to be apportioned to obtain
the proper IMF for vector KKEQ(4)
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vector containing all material im vector NKEQ(2) plus
part of the material inm NKEQ(3) and having the same IMF
as either vector NREQ(l) or REEQ(l); thar is,

NKEQ(4) = NKEQ(2) + £ * NKEQ(3)

vhere £ is the factor by which NKEQ(3) must be mulriplied
to obtain the correct IMF for NREQ{4).

vector centaining the portion of NREQ(3) not blended

into NKEQ(4); thatr is,

NKEQ(S) = (1-£) * NKEQ(3)

If (1-f) is less than zero, then NREQ(5) is set to zero.

RKEQ(1) =

desired final IMF for vector NREQ(4) if RREQ(1).6T.0.0.
1f RKEQ(1l).LT.0.0, the IMF of vector NKEQ(4) is matched

to that of vector NKEQ(l). If RKEQ(1).EQ.0.0, the DT

is equal to RMULV{NREC,1l). The RMULV values are specified
in a data statemenr in MAIN (see Sect. 2.1); the NREC.
parameter is described in Sect. 4.8.

Allewable number of KEQ commands: 3

Propagation: Kone.

Remarks:

1. The equation used to calculate the parameter £, by which

vector

NKFKEQ(3) is multiplied before being combined with

material ip vector NKEQ(2) and being placed in vector NKEQ(4)

is given by

vhere

kq
k3
k3
D2

Dy

£ e (ka - k;)*D2/(ky = k;3)*Ds

= IMF o be matched from vector NREQ(l) or RKEQ(1)
= IMF of material in vector NKEQ(2)
= IMF of material in vector NREQ(3)

neutron absorption rate of marerial in vector
1

NEEQ(2), neutToms sec

neurron absorption rate of marerial ia vector
1

NEEQ(3), neutTons sec
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2. Some characteristic results from this command are princted

on wmit 15.
4.11 DOL = DO Loop

A, Tunction: A "DO loop" which executes the commands within its
tange & prescribed number of times.

B. Dats sequence:
DOL NDOL(1), NDOL(2)
where

DOL = command keyword
NDOL{1l) = nuymber of the CON commané (Sect. &4.28) vwhich defines
the range of this DOL. Each DOL must have a unique
COX associated with it.
NDOL(2) = the total mumber of times the instructions within the
loop are to be executed

C. Allowsble number of DOL commands: 2
D. Propagatiom: Nooe.

E. Remarks: Neme.
4,12 MOV ~ Move Ruclide Composition from Vector to VecteT

A. Function: Moves (i.e., copies) the nuclide copcentration data in
- ~ pne vettor to another wector, nuclide by nuclide.

B. Data sequence:
MOV NMOV(1), RMDV(2), NMOV(3), RMOV(1)
where

MOV = ecommand keyword -
NMOV(1) = number of the vector where the concentratioms to be
moved are presently stored
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MMOV(2) = number of the vector where the concentrations in
' vector NMOV(l) are to be moved. Mzy be the same
as NMOV(l).
RMOV(3) = source of additional multiplier
.GI.0 = pumber of variable multiplier vector that
contains the additional facters by which
vector NMOV(1l) is to be multiplied before
being moved to vector NMOV(2). The variable
wultipliers are in array RMILV and are initial-
i1zed with a DATA statemest In MATN. The
particular element of RMULV used is

FMULV[NREC, RMDV(3)]

wvhere MREC is the recycle mumber (Sect. 4.8).
The total multiplier, RMULT, is given by
EMULT = EMULV[NREC,NMOV(3) ]*RMOV{1l).

EREC must be defined to use the variable

multiplier option.
.2Q0.0 = no additional multiplier is used; that 1is,

EMULYT = BMOV(1).

.17.0 = The additicosl multiplier to be used was
previcusly calculated by an FAC command
{pee Secr. 4.4) and designated as
FACTOR[NFAC(1)] &t that time. To use this
factor, set NMOV(3) = -NFAC(l); the gotal
myltiplier is then given by

RMULT = FACTOR[-RMDV(3) J*EMOV(1).

EMOV(l) = factor by which vector MMOV(l) is to be multiplied
before being stored in vector NMOV(2).

C. Allowable number of MOV commands: 99

D. Propagation: Nome.
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E. Remarks:

1. Vector NMOV(2) can be z2eroed by moving another wvector to
MOV(2) with RMOV(1l) = 0.0,

2. The informatien in vector NMOV{l) is not destroyed by the
MOV command. .

3. Vector NMMOV(2) will have the same heading as vector NMOV(1)
after the MOV command has been executed. '

4.13 ADD — Add Two Vectors

A. TFunction: Adds the nuclide concentration dats in coe wector to

that in another vector,nuclide by nuclide.
B. Data sequenca:
ADD NADD(1), NADD(2), NADD(3), RADD(1)
vhere

ADD = operational command
NADD(1l) = number of the vector where the concentrations to

_ be added are presemtly stored

NADD(2) = number of the vector to which the comceatrations in
vector NADD(1l) are to be added

NADD(3) = source of additional multiplier

' .GT.0 = if NADD(3).GT.0, it is the number of the

variahle multiplier vector which contains

the factors by which vector NADD(1l) is ta

be multiplied before being added to vector

NADD(2). The variable mulcipliers are in

artay RMOLV and are initialized with a DATA

statements im MAIN. The particular element

of EMULV used is

RMULV[NREC, NADD(3)]

wvhere NREC 1s the recycle aumber (see Sect.
4.8), The toral multiplier, RMULT, is given by
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RMULT = RMULV[NREC,NADD(3)]*RADD(1)

NREC must be defined to use this option (see
Sece. 4.8).
.EQ.0 = no additional multiplier used; that is,

RMULT = RADD(1).

.LT.0 = the addirional multiplier to be used was
previcusly calculated by a FAC command (see
Sect. 4.4) and designated as FACTOR(NFAC(1)].
To use this factor, set NADD(3) = -NFAC(l);
the total multiplier is then given by

RMULT = FACTOR{-NADD(3) ]J*RADD(1)

RADD(1) = factor by which vector NADD(l) is to be
multiplied before being added to vector
RADD(2) or as specified under NADD(3) above.

- Allowable myumber of ADD commands: 30

Propagation: Xone.
Remarks:

1. Vector RADD(1) may be subtracted from vector NADD(2) by setting
RADD(1l) = ~1.0., (CAUTION: Negative nuclide concentrations can
result in fatal errors.) :

2. The information in vector RADD(1) {s nor altered by the ADD
command .

3. Vector NADD(2) will have the same headings as vector KADD(1)
after the ADD command bas been executed.
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4,14 BUP — Burnup Calcularion

A, Function: Defines the basis and calculates the average burnup,

flux, and specific power for an irradiation.
B. Data sequence:;

BUP
itradiation
BUP

vhere

BUP = command keyword ‘
Irradiation = the operational commands {generally several IRPs or
IRFs) that describe the fuel irradiation upen which

the burnup calculation is to be based.

C. Aallowable pumber of BUP commands: 20 (ten pair).
D. Propagation: Until superseded by other BUP commands.
E. Reparks:

- 1. A BU? command must appear both before and after the statenents
constituting the fuel {rradiation upon vhich the burnup calcu~
lation is to be based. Other commands may be present between
the BUP statements.

4.15 PCE -Pﬁnch an Dutput Vector

- e —

A. Function: Punch a designated output vector in ORIGEN2-readable
format or write it to a disk file.

B. Data sequence:
PCH NPCH{1), NPCH(2), NPCH(3)
where

PCE = command keyword
NPCE(1l) = conrrol cheracter for light nuclide and structuzal
material punch
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NPCH(2) = coatrol character for actinide nuclide punch
NPCH(3) = control character for fission product nuclide punch
If NPCH(I) .EQ.O0 = no punch
-GT.0 - number of output vecter to be punched

+1T7.0 - number of storage vector to be-punched

€. Allowable number of PCH commands: 54
D. Propagation: None.
E. Remarks:

1. TFormat of punched output is [2X,I12,4(1X,16,2X,1PE10.4)];
see Sect. 6.1 for details.

2. Upnits of punched ocutput are g-atoms.

3. The last record (card) written by each PCH command is
0 BURNUP FLUX SPECIFIC POWER.
The burnup, fluz,'ahd specific power are average values produced by
the BUP command (Sect. 4.14) and must be present for a file read on
unit 4 [NINP(2).1T.0; see Sect. 4.6). These parameters are not
necessary for input material compositions read with NINP(2).GT.O.

4.16 LIP . Library Print Control
A. Function: Controls the printing of the input data libraries.

E. Data sequence:
LIP NLIP(1), NLIP(Z), NLIP(3)

where )
LIP = command keyword 7
WLIP(1l) = control character for dec#y library print
NLIP(2) = control character for cross-sectiop libdrary print
NLIP(3) = control cha:ac:er for photon 1ibrary print

1f NLIP(I) £Q.0 - no print
+GT.0 -~ print library
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C. Allowable number of LIFP coomands: 5
D. Propagation: Until superseded,

E. Remarks: None.

4.17 WAC — Nuclide Ac;umulatiou

"A. TFunction: Multiplies a concentration vector by a fractional
recovery vector and stores the result in vector B,

which contzins ceontinuous feed rates.
E. Data sequence:
WAC NWAC(1), NWAC(2)
vhere

WAC = command kKeyword
KWAC(1l) = number of fractional recovery vector (Sects. 3.4 and 3.5) |
which 1s to multiply concentration vector NWAC(2).

Fractional recovery NWAC(l) should contain the removal

rate of each element from the system in units of sec ®
(equivalent to the feed rate to the next system being
analyzed).

NWAC(2) = number of concentration vector which is to be nultiplied

by fractional recovery vector NWAC(1l)
€. Maximum allowable number of WAC commands: 2
D. Propagationt None.
E. Remarks:

1. This command will enable the continuous actumulation of waste
from & reacter with continuous reprocessing (e.g., an MSBR) to
be czlculzted, The steady-state fuel composition in vector
NWAC(2) is muleriplied by the appropriate continuous removal

Tates stored in fractionzl recovery Vector NWAC(l); the result
is subsequently stored in vector B. Then the waste is decayed,
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vith vector B representing the continuous feed of waste to
the waste decay step from the continuously reprocessed

steady-state Teactor.

4.18 LIB — Read Decay and Cross-Section Libraries

A. Tunction: Read decay and cross-section libraries; substitute
decay and cross-section cards ;nd cards with non~

standard reactions.
B. Data sequence:!
LIB NLIB(1), . . . NLIB(1l1)
vhere

LIBE = command keyword

KLIB(l) = control character for printing matrix of non-zero
regction rates (array A) for the libraries read (see-
Sect. 8.2.1). ' -
If NLIB(1).G6T.0 - print -
.LE.0 - no print
NLIB{2} = identification number of light nuclide decay library
to be read; see Table 4.4
NLIB(3) = identification number of actinide nuclide decay library
to be read; see Table 4.4
KLIB(4) = jdentification number of fission product nuclide decay
library to be read; see Table 4.4 _
NLIB(5) = identification number of light nuclide cross-section
) library to be read; see Table 4.4
NL1E(6) = identification number of actinide nuclide cross-section
library to be read; see Table 4.4
NLIB(7) = identification number of fission product nuclide yield

end cross-section library to be read; see Table 4.4
1f NL1B(2-7).EQ.0 - no read
.GT.0 - normzl resd on unit NLIB(E)
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Table 4. 4.

“é

Nupbers of CRIGEN2 dats libraries

Category of isctope

Activation product

Actinide

Fission preduet

Type of Ubrary [NLIB(2 or 5))* [RLIE(Y or €))% [NLIB(é or T))* KLIB(12)%
Decay 1 b4 3
Pheton 101 102 - 103
Cross—section libraries
PER:  235U-enriched DOy: 24 05 204 3
33,000 Heid/merric tom
PWR: 2330epuriched DO; in a 207 8 29 2
self=—generared Pu Tecyele
Teactor
PWR: Pu=enriched U0z in a A0 al a2 3
self~penerared Pu recycle
Teaclo?
PuR: 2¥50egnriched W03 251 %2 23 4
BR: 235Ucenriched fuel 1n s B4 85 56 L]
self-generated Pu Tecycle
teaclo?
BWR: M=enriched fuel 1n » =7 88 59 &
self=generazed Fu recycle .
Teactor
P¥R: ThOg~enriched with 213 24 25 ?
denatured 333y
PWR: Pu-eariched ThOy 26 az 218 8
PWR: 2350wenriched UO,; as 20 221 $
50,000 Mdd/perrie tonm
PUR: ThOz—enTiched with makeup, 222 223 224 18
denstured 435U
MPWR: ThOz enriched with 215 2% w7 11

.3ecyeled, denstured Ny
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Table &.4 {continued)

Category of isctope

Atzivation product

Acrinidé

Fission product

Type of library [FLIB(2 or $))* [NLIB(3 or 6))* [NLIB(4 or 7))% NLIB(12)*
LF3R: Iarly oxide, LER-Pu/U/U/U
Core X1 2 303 18
Axial blanket 24 s 318 19
Radial blanket o7 308 0% x
LMFER:  Advanced cxide, L¥R-Pu/T/U/V
Core aun nz k)G | 12
Axial blanket N4 ns e 13
Radial blanket nz s 19 14
LMFER:  Advanced oxide, recyele~Pu/U/U/D
Core n 322 32 35
Axial tlanker axn 35 3x 16
Radial blsnker _ Az k¥ k¥, 17
LMFBR: Advanced oxide, LMR=Pu/U/U/Th :
Core 33 332 333 az
Axial blanket M 3% 1% p k)
Radial blanker 337 33 ki) k.
IMFBR:  Advanced oxide, LWR=Pu/Th/Th/Tn :
Cere k73] k%] k%] b.]
Axinl blanket k1) S e 0
) _ Radial blanket M7 B 1) a
LMFRR: Advanced oxide, recyele
233p/™/Mh/Th
Cote k1 52 353 a5
Axial blanket 354 k) 3% ¥
Radial blanket 57 58 59 n
LMFRR: Advanced exide
14% denstured 5“wmm\irh
Core %] %2 2 23
Axial blanket ¥4 x5 k2 4
Radial blanket x»%? »e &9 FLi
LMFER: Advanced oxide
442 denatured 2233U/Th/Tn/Tn
Core 37 72 7} %
Axial blanket 374 s e p ¥
Radial blanker an k¥ 37 2
LMFBR:  FFIF Pu/U a} a2 383 ]
Therzal: 0.023eV cross sections 21 o2 23 o

Refer te Sect. L 1B for the use of these pr-nﬁets.
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c.

E.

A.

&7

,LT.0 -~ normal read on unit NLIB(8) and
substitute card read om unit
KLIB(9)
NLIB(8) = number of ipput unit for normal reading of the bulk
of the libraries _
NLIB(S) » number of input unit for reading substitute cards
NLIR(10) = number of noc-standard resctions to be read
If NLIB(10).EQ.0 ~ no read
.GT.0 - pon-standard reactions read om
vait NLIB(8) T
.LT.0 - pon-standard reactions read on
unit NLIB(9) '
HLIB(1l) = control character identifying the set of actinides with
direct fission product yields; see Table 4.5
control character identifying the ser of variable
actinide cross sections to be used; see Table 4.4

-

KLIB(12)

Allowable number of LIB commands: 5
Propagation: Until another set of decay libraries is read.

Remarks:

1. If substitute cards are to be read, the LPU command(s)
(Sect. 4.20) musc precede the LIB command in which the cards
are to be read.

2. See Secr. 5 for library furma:'dgtgils.

4.19 PHO — Read Photon Libraries

Punction: Read the photoz production Tate per disintegration in
18 energy groups.
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Table 4.5. Actinide sets with direct fission product yields

~LIB(LL] Actinides with direct fission product yields
1 2355238y 239224lp,
2 232qy  233»235; 239,
3 232y 23312355236;  2391241p,
4 232qp 23352345238y  239:24lp,  2uSp,  2520f

Qus3 -

P
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B. Data ssquence:
PHO NPHO(1), . . . NPHO(4)
where

PHGC = command keyﬁurd
NPHO(1l) = identification nmumber of activarion product photon

library to be read; ses Iable 4.4
NPHO(2) = idewntification mumber of actinide nuclide photonm
library to be read; see Table 4.4

NPHO(3) = identification pumber of fission pf&éhzi-nﬁclide phozou
library to be read; see Table 4.4
If XPEO(1-3).lE.0 = no Tead
.61.0 - read
NPEO(4) = number of input unit on which the photon libraries are

te be read
C. Allcwable number of PED commands: 5
D. Propagation: Untcil ano:hi: set of photon libraries is read.

E. Remarks: See Sect. 5.5 for library format details.
4.20 L1PU — Data library Replacement Cards

A. Function: Read nuclide identifiers for replacement decay and /or
cross~section data cards to be read by LIB command
(Sect. 4.18).

B. Data sequence:!
LPY NLPU(1), . . . NLPU(MAX), =1
vhere

LPU » command kzywﬁrd
NLFU(1~MAX) ®= nuclide identifiers for replacement data cards
in the order in which they occur in the original
data library
MAX = pumber of puclide identifiers to be read for a given

1PV commend; must be .LE.100
voCs4.
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C. Allowable number of LPU cards: §
D. Propagation: Until another LIB command is executed.
E. Remnrks:
1. 1If less than 100 nuclide identifiers are specified, g ~1
(integer) must appear after the last identifier.
2. As many cards may be used as are required.
3. The LPU command(s) must precede the LIR command in which the
replacement data cards will be read.
4. The first LPU command is associated with the first negative
control variable in the NLIB(2-7) set of control variables
(Sect. 4.18). The second LPU command is associated with the
second negative control variable in the NLIB(2-7) set of
control variables, etc.
5. See Sects. 5.1 and 5.2 for library format details.
4.21 TIRF ~ Flux Irradiation
A. Function: Irradiation for a single interval with the neutrom fiux
’ specified.
B. Datsa sequence:
IRF  RIRF(1), RIRF(2), NIRF(1). . . . NIRF(4)
vhere

IRF = command keyword

~ RIRF(1) = time at which this irradiascion interval ends

RIRF(2) = if RIRF(2).GT.0.0, this is the neutron flux during

this irradiscion interval in neutrons cz™: sec .

If RIFR(2).LT.0.0, the meutren flux is given by: .

NEWFLUX = OLDFLUX*[-RIRF(2)]
wvhere
NEWFLUX = flux to be used during this interval,
2 -1
c

peutTons cm - se
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OLDFLUX = flux for the same time period fromw the

previous irradiation, neutrons co~ 2 sec”’.

See remark 2 below.

nunber of the vector where the material composition at

KIRF(1l) =
the beginning-of this irradiation interval is stored
NIRF(2) = punber of the vector where the material composition at
the end of this irradiation interval is to be stored
NIRF(3) = time units of RIRF(1l); see Table 4.2

NIRF(4) = specification of time at which this irradiation interval
begins:

0 = starting time is the end of the previous IRF, IRP,
or DEC interval., All reactivity and burnup informa-
tion is retainéd,and MIRR is not altered. Used for
continuing irradiation/decay on the same output page.

1l = starting time is set to zero. All reactivity and
burnup informatién is retained, and MIRR is set to
zero. Used for beginning 2 new irradiation en the.
same output page. .

2 = starting time is set to zero, Al)l reactivity and
burnup Information and MIRR are set to zero. Used
to begid @ new irradiation/decay ocn 2 nev output page.

3 = same as NIRF(4) = 0 except that the first seven lines
of the irradiation information are set to zeroc.

Used for continuing irradiation to a new output
page. .

4 = game ps NIRF(4) = 1 except that the first seven lines
of the reactivity and burnup information are set to
zero. Used to begin thé:decay following irradistion
on a new output page while retaining the average

‘drradiation parameters.
€. Allowable number of IRF commands: See remark 1 below.

D. Propagation: None.
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E. Remarks )

1. The total number of IRF + IRP + DEC commands must be .LE.150.

2. TFor this option to be used, the time steps for the current
irradiation and decay sequence must correspond axactly to those
in the previous sequence. The fluxes from the previous irradiation
are not altered if [-RIF¥(2)] is less than zero.

3. The "reactivity and burnup information™ referred te in NIRF(4)
consists of seven lines of data characteristic of am individual
vector (e.g., time, infinite pultiplication factor, neutron flux)
and three lines containing irradiation parameters (e.g., bﬁrnup)
averaged over the range of the BUP commands (Sect. 4.14). Also,
see Sect. 8.2. 2 . _

4. Internal ORIGEN2 parameters related to the flux/specific power
calculations are printed on unit 15 (see Sect. 8.2.1).

4,22 IRP _ Specific Power Irradiation

A. Function: Irradiation for a single interval with the specific power
specified. -
B. Data sequence: |
IRP RIRP(1), RIRP(2), NIRP(1), . . . NIRP(4)

where
IRP = command keyword
RIRP(]l) = time at which thig irradistion interval ends
RIRP(2) = power level during this irradiation interval
«GT.0 = ¥W(t) per unit of fuel input
+LT.0 = the power is given By:
NEWPOWER = OLDPOWER*[-RIRP(2)]

where .
NEWPOWER = power to be used during this interval, MW(+).

See remark 2 below.
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NIRP(]) = number of the vector where the material composition at
the beginning of this irradiation interval is stored
NIRP(2) = number of the vector where the material dbmposition.at
_ the end of thi§ irradiation interval is to be stored
NIRP(3) = time units of ‘RIRP{l1); see Table 4.2

NIRP(4) = specification of the time at which this irradiation
interval beéins: ‘

0 = starting time is the end of the pfevious IRF, IRP,
or DEC interval. All reactivity and burnup information
is retained, and MIRR {s not altered. Used for con-
tinuing irradiation/decay on the same output page.

1 = starting time is set to zero. All reactivity and
burnup information is retained, and MIRR is set td
zero. Used for beginning a new irradiation on the
same output page. .

2 = starting time is set to zero. All reactivity and
burnup information and MIRR are set to zerc. Used
to begin a new irradiation/decay on & new page.

3 = same as NIRP(4) = 0 except that the first seven lines
of the irradiation information are set to zerc. Used
for continuing irradiation to a new output page.

4L = same as NIRP(4) = ] except that the first seven lines
of the reactivity and burnup information are set to
zero., Used to begin the decay following irradiation
on a new output page while retaining the average
irradiation parameters.

Allowable number of IRP commands: See remark l.pelow.

Propagation: None.

Remarks: ‘

1. The total number of IRF + IRP + DEC commands must be .LE.150.

2. For this option to be used, the time steps for the current
irradiation and decay sequence must correspond exactly to these
in the previous sequence. The powers from the previous irradiation

are not altered if [-RIRP(2)] is less than zero.
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3, The “"reactivity and burnup informatiocn” referred to in NIRP(4)

consists of seven lines of data characteristic of an individual
vector (e.g., tizme, infinite multiplication factor, neutrom flux)

and three lines containing irradiation parameters (e.g., burnup)

averaged over the range of the BUP commands (Sect. 4.14). .
4. Internal ORIGENZ parameters related te the flux/specific power
calculations are printed on unit 15 (see Sect. B.ZL1).

A. Function:

4,23 DEC — Decay

Decay for a single interval.

B. Data sequence:

DEC

vhere
DEC
DEC(1)
NDEC(1)

NDEC( 2)

NDEC(.3)
NDEC(4)

DEC(1), NDEC(1), « « « NDEC(4)

operational command

time at which rhis decay interval ends

nuzber of the vector vhere the material composition at
the beginning of this decay interval 1s stored

nusber of the vector where the material composition at

the end of this decay interval is stored -

tize units of DEC(l); see Table 4.2

specification of the time at which this decay interval

begins:

0 = starting time is the end of the previous IRF, IRP,
or DEC interval. All reactivity and burnup informa-
tion is retained, and MIRR is not altered. Used for
continuing irradiation/decay on the same output page.

1 = starting time is set to zero. All rezetivity and

. burnup information is retained, snd MIRR is set to
. zero. Used for beginning a new irradiation on the
same outpuf page. '

2 = starting time is set to zero. All reactivity and
burnup information and MIRR are set to zero. Used to

begin 2 new irradiation/decay on a nev output page.
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3 » same as NDEC(4) = O except that the first seven lines
of the resctivity eand burnup information are set o
zero. Used for continuing irvadiation to a nevw
output page.

4 = game ag NDEC(4) = 1 except that the first weven lines
of the reactivity and bursup information sre set to
zero. Used to begin the decay following irradiztion
on & nev cutput page vhile retaining the average
frradiation parameters. ce -

Allovable number of DEC commsnds: See below.

C.
D. Propagatiom: HNone.
E. Pemarks:

I. The total number of IRF + IRP + DEC commands must be .LE.150.

2. The "reactivity and burnup information™ referred o in NDEC(4)
consists of seven lines of data characteristic of an individual
vector (e.g. time, infinite multiplication factor, meutromn flux)
and three lines containing irradiation parameters (e.g., burnup)
averaged over the range of the BUP commands (Sect. &4.14).

4.24 PRD — Reprocess Fuel
4. Punction: BReprocess fuel inmto two product compositions.
B. Data sequence:
rm m(l)l « = » m(&)
vhers

NPRO(1) = number of the vector vhere the material composition that
is to be reprocessed is stored _

RPRO(2) = pumber of the vector where the material that is recovered
i3 to be stored. The amount of an isotope of element NE
recovered is given byﬁ

[Mass of imotope NE][£(NFRO(4)].

00060

%



56

The fraction FINPRO(4)] is the fractional recovery
of element NE specified by variable NRFO(4) below.
See also Sects. 3.4 gnd 3.5,

NPRO(3) = number of the vector where the material not recovered
is to be stored. The amount of an isotope of element
KE not recovered is given by:

[Mass of isotope NE][1.0 - £(NPRO(4))].

NPRO(4) = number of the set of fractional recoveries which is to
' be used in this reprocessing bperation. If KPRO(4) is
greater than zero, individual fracticnal recoveries
(Sect. 3.4) gre to be used. If NPRO(4) is less than
zero, group fractional recoveries are to be used (Sect.
i.5).

€. Allowable number of PRDO commgnds: 20
D. Propagation: None.

E. ERemarks: Kone.

4,25 OPTL — Specify Activation Product Output Options

A. TFunction: Specifies which outpuc table types (nuclide, element, or
summary) are to be printed for the activation products.

B. Data sequence:

OPTL NOPTL(1), . . . NOPTL(24)

- - o= .

whara

OPTL = command keyword
RDPTi(I) = contrel charscter indicating which output table types
are to be printed for the activation products; see
Table 4.6
I » tsble number; see Table 4.3 for output table description

C. Allowable number of OPTL commands: 20

D. Propagation: Unzil changed.
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Table 4.6, Specification of ocutput table types to be pristed

BOPTL (1) Table type printed

BOPTA(L)

BOPTF(I) Nuclide Element Sutmmary
1l Yes Tes Yes
2 Yes : Tes . _.. . W
3 Yes Ko Yes
4 No | Yes ' ' Yes
- Yes Ko Ko
6 Bo Yes Hﬁ
7 Ro Ko Yes
8 No Ro Ke
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E. HRemarks:

1. The NOPTL(I) must all be on a sicgle card.

2. If NOPTL(l) is less than 1, only a summary grams table is
printed for all nuclides (including actinides and fissiocm
products) until new commands (after an STP, Sect. 4.25)
are read.

3. Only the first 24 tables in Table 4.3 are controlled by. the
OPTL command, ‘

4.26 OPTA — Specify Options for Actinide Nuclide Output Table

A. Function: Specifies which output table types (nuclidc, elepent, or
sumnary) are to be printed for the actinide nuclides.

B. Data sequence:
OPTA NOPTA(l), . . . NOPTA(24)
vhere

OPTA = command keyword
NOPTA(I) = conmtrol character indicating which output table types
are to be printed for the actinide nuclides; see Table 4.6
I = table number; see Table 4.3 for output table descripticn

C. Allewable number of OPTA commmnds: 20
D. Propagation: Unzil changed.

E._Remarks:

1. The NOPTA(I) must all be on a single card.

2. 1I1f BOPTA(l) 4s less than 1, only a summary grams :sbie is
princed for all nuclides (including activation and fission
products) until new commands (after am STP, Sect. 4.29)
are read.

3. Only the f£irst 24 tables in Table 4.3 are controlled by the
OPTA command.
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4.27 OPIF — Specify Options for Fission Product
Nuclide Outputr Table

A. Function: Specifies which types of output tables (nuclide, element,
or summary) are to be printed for fission product nuclide
BE. Data sequence:
OPIF NOPTF{l), . . . NOPTF(24)
where
OPIF = command keyword
NOPIF(I) = centrol character indicating which output table types
are to be printed for the fission product nuclides;
see Table 4.6 '
I = table nucber; see Table 4.3 for output table description
C. Allowable number of OPTF commands: 20
D. Propagation: Until changed.
E. Remarks:

The NOPTF(I) must all appear on & single card.

2. If NOPIF(l) is less than 1, only a summary grams table is
printed for 211 nuclides (including activation products
and actinides) until newv commands (after an STP, Sect.
4.29) are read.

3. Only the first 24 tables in Table 4.3 are cohtrolled by the
OPTF cormand.
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4,28 CON — Continuation

A. Tunction: Defimes the ranges of the DOL command (Sect. 4.11)
or GIO command (Sect..4.31).
B. Iata sequencé: - ’
CON NCON

vhere
CON = command kzywbrd :
NCON = pumber of this CON command; must be Qqual to NDOL(1) for
the DOL command vhich is to be associatéd with this CON
command
C. Allowable oumber of CON commands: 2
D. Propagation: None.
E. Remarks:
1. There must be cne, and only one, CON command for each DOL command.
2, 1If the DOL command is removed, the corresponding CON command

t 4

nust also be Temoved.

4,29 STP — Execute Previous Commands and Branch

~ A. Function: Execute the set of commands preceding the STP command.
Then read and execute more commands. |
B. Data sequence:.
STP RSTP

where
STP = command keyword _
NSTP = branching contrel character:
1 = read new miscellaneous initialization data (Sect. 3) and
a nevw set of .commands (Sect. &), and execute them.

2 = vead a nev set of commands (Sect. 4) and execute them,
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3 = execure the preceding set of com=ands zgain.
4écitionzl input data (libreries znd initial nuclide
concentrations) will be required.

4 = terminate execution (szme as EXD). .
C. Allowvzble number of STP commands: Unlimited.
D. Prcpzgation: None.

E. Remzrks: None.
4.30 END — Terminate Execution

A. Tunction: Terminate éxecution.
E. Data sequence:!
END
vhere
EXD = command keyword
C. Allowable nusber of END commands: 1 | : o
-D. Propegation: None.

£. Rermzrks: Neone.
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4,31 CTO — Go To a Croup of Instructions and Execute

A. Functien: Indicates a range of instructions that should be executed and
a2 flux/pover multiplier for this range

B. Data Sequeance: |
GIO NGTO(1) NGTO( 2) RGTO

where
GIQ0 = cormand keyvork
NGIO(I)‘- pumber of CON command (Sect. &.28) that immediately precedes
the group of inmstructions to be executed (1f GT.0) or that
this command is the last to be executed (if LT.O)

NGTO(2) = number of CON command that immediately follows the group of

instructions to be executed

RGTO = parameter by which any fluxes or povers in the group of
{nstructions to be executed will be wultiplied; RGTO does not
altér the vailue of fluxes/powers stored for future use

€. Allowable mumber of GIO commands: 10 ' -
D. ?ropagation: None. -

E. Reparks:
1. Folloving the execution of the group of instructions defined by
the GI0 instructies, coﬁtrol is returned to the instruction
immediately following the GIO.
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5. DATA LIBRARIES

There are three separate and distinct nuclide lists in ORIGENZ for
which nuclear data may be réquired: the activation pfoducts, the acti~
nides, and the fission products. The activation products include the
low-2 imppurities and structural materials. The actinides include all of
the heavy isotopes (2.GT.90) plus all of their decay daughters, including
the final stable nuclides. The fission products include 4ll nuclides
vhich have & significant fission product yield (either binary or ternary)
plus some nuclides resulting from meutron captures of the fission products.
For each of these three segments, there are three different libraries that
may be read: a decay data library (Sect. S.1), a cross-section and fis-
sien product yield data library {(Sect. 5.2), and a photon-yield library
(Sect. 5.5). The decay data library gives nuclide half-lives, decay
modes, recoverable heat energy, natural abundances, and toxicities. -

The cross-section and fission product yileld library gives the cross
sections for (a,Y), (n,2n), (n,3n), (a,3), (n.p),'and (n,fission) as -
effective, one-group reaction rates in barns and the fission produet
yields from 232, z"U, 2"U. z"U, 23%py, 3'1Pu, 243cm, and 252¢¢,
The photon data library gives the phbtons per disintegration in twelve
energy groups for the activation products and fission products and in
eighteen energy groups for the actinides.

In addirion to these normal data library input facilities in
ORIGENZ, two additicnal ocptions may be used to extend, update, or
correct these libra:ies.' The first of these'options (Sect. 5.3) allows
the user to input substitute decay data cards and substitute cross-
section and fission product yield data cards vhich override the
corresponding data cards present in the main libraries. This option
is particularly useful as an alternative to rebuilding entire data
libraries simply to chanéi one or two items. The second optien
(Sect. 5.4) allows the user to input any flux-dependent reaction rate
between any two nuclides. While the user can duplicate the reaction
types available in ORIGEN2 [i.e., (n,Y), (n,2n), (n,3n), (u,%), (n,p),
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(n,fission)), the option is prinecipally intended to 2llew for the
fiaclusion of non-stzndard reactiom types such zs (n,d), (n,t), end
(n,np). ‘

5.1 Decay Data'Library

The first card of each of the three 2llowzble decay datz library
segments (activation product, actinide, and fission product) is a title
~card containing the punber of the decay library segoent and the alpha-
pumeric title of the segment. Following the tiile tard are the decay
data for the nuclides in a particular library segment. The decay data
for each nuclide are specified on two sequential cards. A description of
the decay litrary conventions is given in Tzble 5.1.

The deczy data library serves ofher vitally important functions in
the ORIGEKR2 code in addition to supplying decay data. The nuelide
icentifiers supplied by the decay libraries define the total list of
a1l nuclides that vill be considered in subsequeat ORIGENZ calculations.
Thus, if a nuclide is to be used in z calculation, it pust be present inm
the decay library, even if only':he cross-section of photon inforoaticn
is required. The decay library alsc defines the nuclide pecbership of
each of the three library segments (activation preduct, fissien product,
and acrinice) considered by the ORIGEN2 code. TFinally, the deczy library
defines the order in vhich the nuclides will be printed within each
library segzent during the normal cutput. 4s 2 result of these considera~
tions, the decay library must be input before the photon librzries (FHO,
Sect. 4.15) or before the initial compositions (INP, Sect. 4.6). The
decay library is automatically read before the cross-section library vhen
wvhen the LIB coxzand (Sect. 4.18) is invoked.

5.2 Cross-Section and Fission Product Yield Data Library

The first card of each of the three 2lloveble cross-section and
figsion product yield deta libraries (aetivaticn preduct, zciinide, and

fissien product) is a title cazrd conrzining the puzher znd 2lphanumeric
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Tzble 5.1. Desecription of decay library

A, Dete sequence;

i-st caré of ezch library Segment:

 FLB TITLE : . R

Tirst czré for ezch nueclide:

NLB XUCLID IU TEALF ¥BX FPEC FPECX FA FIT

Second czrd for ezch nuclide:

NLB TSF TN QREC ABUKD ARCG WRCG

where

 NLB
TITLE

KUCLID
IV

TEALY

3X

FA

FIT

FSF

TN !

the nuzber of this decay library segment -

2 72-chzrzcter alphanumeric segment title heginnlng in
colum 9 ‘

2 six-cdigit nuclide identifier corresponding to the
infor=zztion on these two decay cards (see Sect. 2.7)

tize vnit designation of the half-life of NUCLID (see
Tzble 4.2 for specification)

the hzli-life of nuclide in units given by IU

the fraction of negatron beta decay transitions that -
resultsin the daughter nuclide being in a relatively
long=-lived excited state

the frzction of all decay events which take place by
positron emission or electron capture

the fraction of positren and/or electron capture decay
events that cause the davghter nuclide to be in a
relatively long~lived excited state

the fraction of all decay events which tzke place by
2lpha decay

the fraction of all the decay events of an excited nuclear

"state which result in the production of the ground state of

the szpe nuclide

the fracticn of all decay events wh:ch take place by
Sponteneous.fission

the irzetion of 211 decay events that zre (beta + neutren)
ceceys (e.g., '¥Br decays to #8%r + beta + neurron)

the sverage, total recoverable energy (i.e., coes not
include neutrinos) relezsed by each decay event,in VeV
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Table 5.1 (continued)

ABUND = the naturally occurring isotopic abundance of NUCLID in
atom percest

ARCG = the radicactivity concentration guide (RCG) for comtinuocus
inhalation of nuclide NUCLID in umrestricted areas as given
in Table II, Column I, of Part 10 of Title 20 of the Code
of Federal Regulations (the lower of the soluble or
insoluble values is used)

WRCG = the radiocsctivirty concentration guide (RCG) for comtinucus
ingestion of puclide KUCLID in unrestricted areas as given
in Table II, Columm II of Part 10 of Title 20 of the Code
of Federal Regulacions (the lower of the scluble or
insoluble values is used)

Number of cayds per nuclide: 2
Terminate card scan for muclide NUCLID: Automatic.
Terminste reading this decay library segment: NL3.LT.D, one card.

Skip reading a decay library segment: Centrolled by LIE commend
(sec:n ‘.18).

Remarks:

1. The fraction of all decay events which take place by negatren
beta decay to the ground state of the daughter nuclide is given
by (1.0 - F3X - FPEC - FA - FIT - FSF = FN) and is calculated
internally im ORIGER2.
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title of the librarz segment., Following the tizle card are the cross-
section and fission product yield data for the nuclides in a particular
library segment. The cTross-section information for a nuclide is
specified on a single card which, if required, ig followed by a caxd
containing the fission product yield data. A description of the cross-
section and fission product yield data library conventions is given in
Table 5.2. The cross sections used by ORIGENZ are effective ocne-group
eross sactions which, when multiplied by the flux calculated by or input
to ORIGEN2, result in the correct reaction vate. The fifth and sixth
parameters on the cross—section card have & dual mesning, depending om
which library segment is being read. If the actinide segment is being
read, then the fifth and sixth parameters are the (n,3n) and (n,fission)
cross sections respectively. If either the sctivation product or fission
product segments are being Ttead, then the fifth and sixth parameters are
the (n,2) and (n,p) cross sections respectively. The fission product
yield card, which is present only in the fissicn product cross-section
segnent, specifies the yield of each nuclide per fission from each of
eight fissioning species: 232Tn, 3%y, 238y, g, 33p,, 3lpy, M Sem,
and #52CE£. The yields are genmerally from binary fissicn, although
ternary fission yields have been included for certain important low=Z
nuclides.

5.3 Subetitute Decay, Cross Section, and
Fission Product Yield Data

Substitute decay, cross-section, and fission product yield data
can be raad by invoking the LPU command (Sect. 4.20). This procedurs
is an alternative to rebuilding an entirs data library just to change
& fev parampeters. It may also be used for parametric studies of cutput
sensitivity to input data changes. The rules regarding the order and
format of the substitute data cards are given in Table 5.3. This optiom
is intended for use when the data libraries are on s direct-access device
or on tape. Substitute data can also be used if the libraries are on
cards, providing th:: two different card input units are defined.
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Teble 5.2, Description of cross-section and
fission product yield cata library

A. Derz secuencer

"'First cerd of each library segment:
NLB TITLE '

First card for each muclide: ,
KLB NUCLID SNG SR2N SN3R or SNA SWF or SNP SRNGX SH2NX YYN

Secend czrd for each nuclide (fission product segment onlv):
NLB Y(1), . . . Y(B)

wvhere

KLB = the nuzber of this cross-section a2nd fission product
vield library segment

TITLE = 2 72-character alphenuweric cross-section and fission
product yield library segment title beginning in Columm 11

NUCLID = ¢ six~digit nuclide identifier corresponding to the d:ata
on these one or two cards (see Sect, 2.7)

SNG = the effective, one-group (n,Y) cross secticn of nuclide
KUCLID leading to & ground state

SN2N = the effective, one-group (n,2n) cross section of ruclide
KUCLID leading to & ground state

SX3N = the effective, one-group (n,3n) cross section of nuclide
NUCLID leading to & ground state; ectinide segment ooly

SNA = the effective, one~group (n,0) cross section of nuclide
NUCLID leading to a ground state; activation product &nd
fission product segments only

SNT = the eifective, one-group (n,fission) cross sectien of
nuclide NUCLID; actinide segoent only

SNP = the effective, one-group (n,p) cross section of nuclide
NUCLID leading to 2 ground state; activation product and
fission product segments only

SNGX = the effective, one-group (n,Yy) cross section of suclide
NUCLID leading to zn excited state of the daughter

SK2KX = the e¥fective, one-group (n,2n) cross section of nuclide
NUCLID leading to #n excited state of the daughter

YYN = 2 control character indicating wvhether or not a fission
vield card follows:

TYN.GT.0.0 = fission vield card follows
YYN.LT.0.0 = no fission vield cerd feocllows
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Table 5.2 (continued)

T(I) = fiesion yield of nuclide NUCLID from various fissile
species, in percent

I Fissile species
1 Th-232

2 U-233 -

3 U-235

4 U-238

5 Pu-239

& Pu-241

7 Co=245

] Cf-249

Rusber of cards per nuclide: -2
Terminate cz2rd scan for nuclide NUCLID: Automatic.

Terminate reading this cross-section z2nd fission product yield

1idbrzry segment: NKLB.LT.0, one card.

€kip reazding this crost-section and fission product yield library
segment: Controlled by LIB command (Sect. 4.18).

RemaTks: Bone.
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Description of substitute decay, erossesection,

and fission product yield data

Data sequence

1.
2.
3.
4,
S.
6.

Format

Substitute
Substitute
Substitute
Substirtute
Substitute

Substitute .

activation product decay data

actinide decay dats '

fission product decay data

activation product cross-section data

gctinide cross-section data

fission product cross-section and yield data -

The substitute data cards are free forma:,anﬁ the order of the
data is as deseribed in Tables 5.1 and 5.2.

Remarks

1.

The LPU command (Sect. 4.20) used to identify the nuclides
for which substitute data are to be read musc appear before
the LIB command (Sect, 4.18) in which the bulk of the library

is read.

The nuclides in each of substitute card groups 1 chrough 6

above Dusc

be present in the input stream in the same order

i{n which they are encountered while reading the original
decay libraries.

A fission product yield card can never appesr alone and must
always follow a cross—section card for the same nuclide.
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5.4 Specification of Non~Standard, Flux-Dependent Reactions

This option allows the user to specify fluz-dependent (i.e., cross-
section) Teactions that cannot be accounted for by using one of the standaxd
ORIGENZ reaction types [viz., (a,Y), (,p), (m,a), {(m,2n), (n,3n),
(n,fission)]. The format of these mon-standard, flux-dependent reacticans
is described in Table 5.4. The mmber of nop-standard, flux-dependeat
reactions to be read and the input unit number on which they are to be
read are defined by the LIB command in Sect. 4.18.

5.5 Photon Data Libraries

The first card of each of the three possible photon library
segments is a title card containing the pumber and alphanumeric title
of the photon library segment. Following the title card are cards
containing the photon production rates per disintegration in a pre-
determined energy group structure for each nuclide. A descriptiom of
the photon library format is given in Table 5.5. The predetermined
energy group structure is given in Table 5.6. The Input of the photon
14ibraries is coptrolled by the PHO cperational command (Sect. 4.19).
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. Table 5.4. Description of non-standard,
flux-dependent reaction data

Data seguence .
NPAR NDAUG RATE

vhere
NPAR = the six~digit nuclide identifier (see Sect. 2.7) of the
parent or precurser nuclide

NDAUG = the six~digit puclide ideptifier (see Sect. 2.7) of the
daughter puclide

RATE = the cross section for the formation of nucldie NDAUG from
nuclide NPAR in units of barns

Formats
One reaction per card.

Remarks

1. The number of pon-standard, flux-dependent reaction cards to

be input and the unit number upon which the
are specified using the LIB command (Sect. 4.18).

are to be rTead
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Table 5.5. Description of photon library

A.

Data sequence:

First card of each library segment:
NLB TITLE

First czrd for each puclide:
NLB NUCLID NGP(1), RPE(1), . « . NGP(I), RPR(I)

Subsequent card(s) for each nuelide:

NGP(I+1), RPH(I+1), « « . NGP(IMAX), RPH(IMAX), -l

where

NLB = the number of this photon library segment

TITLE = a 72-character alphanumeric photon library segment title
beginning in Column 9

NUCLID = & six-digit nuclide identifier for the photon informatioem -
on the following card(s) (see Sect. 2.7)

NGP(1) = the number of a photon epergy group. Eighteen groups are-
alloved for all segments. The energy group structure is
given in Table 5.6.

RPH(I) = photon intensity for energy group NGP(I) in photons per
disintegration

IMAX = the number of NGP(1)/RPH(I) pairs specified must be
.LE.18

Number of cards per nuclide: One "first card” plus as many
“subsequent card{s)" as required for those nuclides with non-
zero NGP(I)/RPH{1) data.

Terminate card scan for nuelide NUCLID: NGP(IMAX+1).LT.0 if IMAX
is less than 18; automatic otherwise,

Terminate reading this photon library segment: NLB.LT.O.

Skip reading this photon library segment: Controlled by FHO
command {Sect. 4.l9).

Remarks:

1. Only those NGP(I1)/RPH(I) paire for which RPR(I) is non-zeto
need be spacified.

(w".;':,";"?
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Photon energy group structures for activation
products, actinides, and fission products

Group energy (MeV)

Group Lower boundary Upper boundary Average
1 t.0 - 2.0000P-02 1.0000E=02
2 <.00C0E-02 3.0000®-02 2.30008-02
3 3.0000E~02 4.,5000E-02 3.7500E-02
& 4.50C0E-02 7.0000E-02 5.7500E-02
S 7.00C08-02 1.00007~-01 © 8.5000B~-02
& 1.0000E-0C1 1.5000E=-01 1.2500E-01
7 1.50C0E-01 3.0000E-01 2.2500E-01
S 2.0000E-01 8,5000E-01 3.7500E-01
9 6,.5000E-01 7.0000E-01 5.7500E-01
10 7.00C0E~Q1 1.0000E 00 8.5000E-01
1 1.0000F Q0 1.5000E 00. 1.2500E 920
12 1.2000E Q0 2.0000E 00 1.7500E 00
12 2.0000F 00 2.5000F o 2.25008 00
18 2.5000F 00 3.0000% 0O 2.7500% 00
12 2.0000F 00 4.00002 00 2.5000E 900
16 a,0000F QO 6.000CE 00 5.0000E 00
17 €.0000® €O 8.0000F 00 7.0000E 00
18 €.00C0F 00 1. 1000 01 9.5000E 00
00078
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§€. SPECIFICATION OF INITIAL MATERIAL COMPOSITIONS, CONTINUCUS
NUCLIDE FEED RATES, AND CONTINUCUS ELEMENT REMOVAL RATES

This saction describes the optiems available to the user relative
-te the specification of the inirizl materizl compositions, the continucus
nuclide feed rates, and the continuous element removal {reprocessing)
rates. The most often used option by far is the specification of the
initial composition of some msterial (Sect, 6.1). The initial composi-
tion can be specified on either a puclide-by-nuclide basis or as the
amount of a naturally occurring element which is present. The amount of
a naturally occurring element is comverted to a nuclide-by-nuclide basis
intercally using the natural isctopic abundances imput with the decay
library (Seect. 5.1). The amounts of individual nuclides or naturally
occeurring elemenrs may be specified 2s g-atoms or g, depending on the
control characters of the INP command (Sect. &4.6).

The continuous puclide feed rate optiom (Sect. 6.2) allows the
user zo specify the continucus feed Tate of individual puclides or
naturally occurring elements in units of g/(ctime unic)(basis unit)
or g~atoms/(time unit) (basis unit). Both the mass units and the time
units are specified by using the INP command (Secz. 4.6). This opticn
is useful in simulating the continuous feed of nuclides to & f£luid-fuel
reacter (e.g., a MSBR) or to a radiosctive waste tank.

The continuous element removal option (Sect. 6.3) allows the user
to specify the contipuous removal rates of elements during irradiation
in units of fraction/time unit. The time units are specified using the
INP compand (Sect. 4.6). This oprion is most useful when simulating che
continuous reprocessing which weuld be expected to occur during the
operation of a fluid-fuel reactor such as an MSBR. If this opticm is to
be used to ea'lculate continucus element removal in a situation where
{rradiation is not taking place, then & very small peutren flux must
still be specified to allow the continuous element removal option to be
used,

00073
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6.1 Specification of Initial Material Compesition

Function: Specify initial amousts of individual nmuclides or

naturally ocecurring elements.

Data saquence:

NEXT, NUCLID(1), RCOMP(1), . . . NUCLID(IMAX), RCOMP(IMAX)

wvhere

c.
D.
E.

NEXT = a control character indicating for vhich segment the
information is intepded and the type of information:
(1.e., nuclides or elements)
1 » individual activation product nuclides
2 » individual actinide nuclides
= individual fission product nuclides
» naturally occurring activation product elements
= paturally ocourTing actinide elements
+» paturally occurring fission product elements
NUCLID(I) @ the siz~digit identifier for nuclide or element I
(see Sect. 2.7)
RCOMP(I) = amount of nuelide or element NUCLID(I) initially present.
The units of RCOMP(1) are specified with ‘the INP opera-
tional comugnd (Sect. 4.6).
TMAY = maximum number of NULCID(I)/BCOMP{I) pairs specified on
each card must be .LE.4

o W W

Termipate card scan: NUCLID(IMAX + 1) = 0 1f IMAX.LI.&°
Terminate Teading initial composition: Card with NEXT = 0

Skip reading initial composition: Alter coptrol characters of
pertinent INP command or a card with NEXT = 0.

Remarks:

1. If a given nuclide is specified more than once for a single wvalue
of NEXT, all of the RCOMP(I) walues for that suclide on cards
having that next value are added together to form the initial
smount of that nuclide in 8 particular segment.

00080
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2. Initial composition cards with different NEXT values may
occur inm any order as leng 2s the NUCLID(I) and RCOMP(I)
values on any given card correspond to the NEXT value on
that card.

6.2 Specification ¢f Continuous Feed Ratés

A, Functiom: BRead feed rates of individual nuclides or naturally

occurring elements.
B. Data sequence:
NEXT, NUCLID(I), RRATE(1), . '. . NUCLID(IMAX), RRATE(IMAX)
vhere

NEXT = 2 control character indicating for which segment the
information is inteaded and the type of information:
1l = individual activation product nuclides
2 = individual actinide nuclides
individual fission product nuclides
= ngturally occurring sctivation product elements
= naturally occurring actinide elements
= nagrurally occurring fission product elements
NUCLID(I) = the six-—digit nuclide identifier for nuclide or
element I (see Sect. 2.7)
RRATE(I) = the feed rate of nuclide or element NUCLID(I). The
units of RRATE(I) are specified with the INP command
- - ..{Sect. &.6).
TMAX = maximum number of NUCLID(I)/RRATE(I) pairs specified |
on each card; IMAX must be .LE.&

L ST S

C. Terminate card scan: NUCLID(IMAY + 1) = 0 if IMAX.LT.4
D. Terminate reading continucus feed rates: Card with NEXT = 0

E. Skip reading continucus feed rates: Alter control characters of
pertinent INP command or a card with KEXT = C.
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F. Remarks:

1. If the feed rate of a given nuclide is specified more than once
for a single value of REXT, all of the RRATE(I) values for that
nuclide on cards having thar particular NEXT value are added
ioge:her to form the total feed rate for ﬁuclide RUCLID(I).

2. Continuous feed tate cards with different NEXT values may occur
in any order as long as the NUCLID(I) and RRATE(I) values on
any given card correspend te the NEXT value on that card.

. mma A e A

6.3 Specification of Continuous Reprocessing Rates

A. Function: Read continuous element removal rates during Irradiacion.
B. Data sequence:

Group 1 (ome card set)

RREM(1), NPROS(1), . . . RREM(M), NPROS(M), . . .
EREM(MMAX), NPROS (MMAX)

Group 2 [MMAY card sets (M = 1 to MMAX)]
NZ(M,1), « . » N2(M,N), . . . NZ[M.NPROS(M))

wvhere

RREM(M) = the firsteorder removal rate of elements NZ(M,l) through
NZ[M,NPROS(M)]. The unizs of RREM(M) are specified with
the INP command (Sect. 4.6)-
¥PROS(M) = the number of elements in card set M of Group 2; that is,
the number of elements which have a continuous removal
tate equal to RREM(M). '
MMAY = the numbar of continuous reprocessing rates to be resad,
Also, the pumber of card sets 1a Group 2. MMAX is
specified as NINP(4) using the INP command (Sect. 4.6).
NZ(M,N) = the two-digit (e.g., He = 02) atomic number of an
element with removal rate RREM(M).

0082
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Terminate card scan: Impliciz im input information.

Terminate reading continuous reprocessing rates: Implicit in imput
informarion.

Skip reading continuous reprocessing rates: Alter control character
of pertinent INP command.
Remarks:

1. Continuous element Temoval will occur only during irradiation.
1f continuous removal is desired in s situstion where no neutron
flux is presemt, use the IRF command (Sect. 4.21) with a very
small flux.

00083
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7. ORIGEN2 INPUT DECK ORGANIZATION

Sections 7.1 through 7.3 describe the order in which the data
discussed in Sects. 2 through 6 are organized in the card input deck.
Section 7.1 describes the organizatiom of the source and object card
decks that comprise the ORIGEN2 code. Section 7.2 describes the
organization of the ORIGEN2 card data inmput ‘deck',A agsuming that the
nuclide data libraries (Sects. 5.1 through 5.3) are on cards. Sectiom 7.3
is similar to Sect. 7.2, except that the nuclide data )ibraries are.
assumed to be on tape or direct-access-device files.

7.1 Source and Object Deck Organizariem

This section describes the organizarion of the ORIGENZ source and .
object card decks. The general form of the ORIGENZ code card deck is
given in Takle 7.1. | | B .

The recommended mode of operation, which is reflected inm Table 7.1,
is to place cbject decks of all ORIGEN2 subroutines, except MAIN, om
either a tape or a direct-sccess device, During normal operatiom of
ORIGEN2, MAIN would be recompiled each time the code is used and would
be the only [FORTRAN subroutines] present in the Table 7.1 iaput deck
scheme. MAIN is recompiled to facilitare use of the variable dimensioning
option. Ko {object deck(s)] would normally be preseat, and only the
INCLUDE EEX card and the overlay cards would be used. The [OVERLAY
statements] are oot required. They do, however, considerably reduce
the size of the final executsble module.

A somavhat less common situstion occurs when the user wishes to make
changes in selected object subroutines that have previously been stored
on tape or a direct-access device. In this case, the revised FORTRAN
and/or object subroutines are also included in the card deck in the
approprizte place, as indicsted in Table 7.1. The subroutines on cards
will automatically be substituted for those on the tape or direct-access

_deﬁce. 00084
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Table 7.1. Source and object deck organization

Input deck

Comments

Section
where
described

//FORT.SYSIN DD #
(FORTRAN Subroutine(s))

I

//LKED,NEX DD DSN=ORIGEN2.OBJECT,DISP=SHR

//1LKED SYSIN DD *
[0OBJECT Deck(s))

INCLUDE HEX

{OVERLAY Statemente)

FE

FORTRAN step

MAIN plus FORTRAN subroutine(n)
to be subatituted for similarly

named subroutines in a previously

compiled version of ORIGEN2 that
is stored on a direct-access
device or tape.

Link-~edit step

JCL to call previously compiled
version of ORIGEN2? from direct-
access device or tape; not used
1€ the entire ORIGEN2 code is
present on cards.

Read OBJECT aubroutine(s) to be
substituted for those in the
previously compiled version of
ORIGEN2; substitute FORTRAN
subroutines compiled above and
OBJECT subroutines for those in
object deck on direct-access
device or tape; read OVERLAY

statements to arrange subroutines

in a space-minimizing order.

1f the entfre ORIGEN2 code 1is
present on cards, the INCLUDE NEX
card is omitted.

2.1

NHone

None
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In the hopefully uncommon situation where the entire ORIGIN2 code
is on cards, the //LKED.HEX . . . and INCLUDE KEX cards zre omitted.

7.2 ORIGELZ Input Deck Organizetion-— Kuclide Data
Libraries on Cards

The organization of the ORIGEN2 input deck, assuming that the decay,
cross-section, fission-product yield and photon data libraries are on
cards, is given in Tsble 7.2. A summary of the input deck order is 2s

folliows:

control cards defining input/output units;
niscellaneous initialization data changes;
ORIGENZ commands; -

deczy data library;

cross-section/fission yield data library;
photon data library;

initial nuclide compositions and continuous feed and
. reprocessing rates;

substitute decay, cross-section, end fission-product -
yield data;

nen-standard, flux-dependent reactioms.

It is important to mote that all of the nuclide data libraries read with
the LIB commsnd (Sect. &4.1B) must be read on the same lnput unit. A
similar statement can be made about the data libraries read with the PHO
cormaznd (Sect. 4.19), although the units defined by the LIB and PHO
commands msy be different. The substitute data and non-standard reaction

data can be read on a unit different from that used by the LIB data

libraries.

Nenss
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Table 7.2. ORIGENZ2 input organization when the libraries are on cards

——

—mp— oy

Section(s)
where
Input deck Comments described
Qutput unit specification Table 2.3

//G0.FTOAFOOL1 0D DUMMY
//GO.FTO6F001 ND SYSOUT=A
//G0.FT07F001 DD DUMMY
//G0.FTO8F001 DO SYSOUT=A
//G0.FTO9F001 DD DUMMY
//GO.FTIOFO01 DD DUMNY

//GO.FT11F001 DD DUMMY
//GO.FT12F001 DD SYSOUT=A

//GO.FT1IFO01 DD DUMMY

J/GO.FT1SF001 DD DUMMY
//GO.FT16F001 DD DUMMY
//GO.FTS0F00L DD DSN=TEMP,

SPACE=(3200, (50,50), RLSE),
D1ISP=(NEW, PAS?) DCB*{RECFM=FB

LRECL=80,BLKSIZE=3200)

Input compositions on disk or tape
{Sect. 4.5)

Print unit for input listing,
bibliography, and errors

Write a material composition
(Sect. 4.15)

Princtpal print unit
Decaylcrbss-section library input
from disk or tape; not used in
this case

Photon Vibrary input from disk or
tape; not used in this case

Alternate print unit

Print unit for unit 8 tahle of
contents

Print unit fér unit 11 table of
contents

Debugging information
Variable cross-section information

' Temporary. space for input read on
unit 5

2g



131

83000

Table 7.2 {(continued)

Input deck

Comments

Section(n)
where
described

[Override default individual
element fractional recoveries])

-1
[Override default element group
fractional recoveries])
-1
{Override default element group
membership)

[ORIGEN2 coanqnds]

[Activation product decsy data
library]
-1

[Actinide decay data library}
-1

[Fisslon product data library)
-1

Miscellaneous initialization data

Data need not be present; -1 required
Data need not be present; -1 required

Data need not be present; -1 required

ORIGEN2 commanda

Only commande up to and including
the first STP command {(Sect. 4.29)
or the end command are present: here.

Decay data library

Some of these libraries (including
their associated -1) may not be
present, depending on the parameters
of the LIR command (Sect. 4.18).

3.4

3.5

3.6

4,18, 5.1
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Table 7.2 (continued)

Section(s)
where
Input deck Comments described
} Cross-section data libraries 4.18, 5.2
[Activetion producé crosa—gpection Some of these libraries (including
data library] their associated -1) may not be
-1 present, depending on the parsmeters
[Actinide cross-section data of the LIB command (Sect. 4.18),
1ibrary]
-1 .
[fimsion product cross-section
data library)
-1
Photon data libraries 4.19, 5.5

[Activation product photon data
1ibrary]

{Actinida photon data Library]
-1

{Fiassion product photon data
1ibrary]
-1

Some or all of these libraries may

not be present, depending on the
paramaters of the PHO command ]
(Sect. 4.19) and whether it ie present,

¥8
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Table 7.2 (continued)

FE

Section(a)
where
Input deck Comments described
Conmposition, feed rates,
and removal rates

{Infitial nuclide or element masn) 4,6, 6.1
0 :
[Continuous nuclide or element 4.6, 6.2
feed rates)
0
{Continuous element removal rates) 4.6, 6.3

[Begin input with miscellaneous
data above])

lnégin input with ORIGEN2
commands above)

{Begin input with decay data
librariaa}

{/GO.FTO3F00L DD *

Branch or stop

If (NSTP.EQ.1), read new miscellan-
eous input data, read new ORIGEN2
commands, and execute new commanda.

If (NSTP.EQ.2), read new ORIGEN2.

comnnnda and execute,

If (NSTP.EQ.3), execute existlng}

ORIGEN2 commande again.

If (NSTP.EQ.4) or no STP commnnd.in

used, terminate execution.
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Table 7.2 (continued)

Input deck

Comments

Section(s)
where
described

FL
1

i
{Activation product deﬁuy data)
[Actinide decay dsts]
(Flesion product decay data]

{Activation product cross-section
data]

[Actinide crosa-section dntai

{Fission product cross-section
data)

{Non-standard, flux-dependent
reactions] '

Sulistitute data

Some or sll of these data may not
be present, depanding on the
parameters of the LIB command
(Sect. 4.18), 1f the libraries
are on cearda, these subatitutes
can be wanually placed in the
appropriate library, eliminating
the need for this aectlon.

Hon-standard reactions

May not be prement, depending on
parancters of the LIB command
{Sect. 4.18)

4.18, 4.20

4.18, 5.4
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7.3 ORIGIKZ Input Deck Organization — Kuclide Data Libraries
on Tape oT & Direct-Access Device

The organizztion of the ORIGENZ input deck,_ zssunming tyat the decay,
cross-section, fission product yield, and photcn libraries are on tape
or a direct-access device, is given in Tazble 7.3. A summary of the
input deck order is as follows:

control cards defining input/output units znd data

library files; o
miscellaneous initialization data;

ORIGENZ operational commands;

initial nuelide compositions and continuous feed
and reprocessing rates;

sﬁbs:itu:e decay, cross—-section, and fission product
yield data;

non-stzndard, flux-dependent reactions.

As in Sect. 7.2, it is important to note that 21l of the nuclide data
lidraries read with the LIB-comm=nd (Sect. 4.18) must be read on the

same input unit. A similar statement can be made about the data libraries

rez8 with the PHO command, although the units defined by the LIER and FHO
commznds (Sect. 4.19) may be different. The substitute data cards must
be read on & different unit from that used by the LIB data libraries.

00032
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Table 7.3. ORIGEN2 input orqanfzation when the ljhrarfes are on a direct-access device

Section(s}
where
Input deck Comments described
Output unit specification Table 2.3
//G0.FT0AFOG1 DD DUMMY Input compositions on disk or tape
(Sect. 4.5)
//G0.FTO6FO001 DD SYSOUT=A Print unit for input Hsting,
bibliography, and errors
[ /GO.RTQ7F001 ND OUMMY Write a matertal composition
(Sect. 4.15)
//60.FTOSF001 DO SYSOUT=A Principal print unit
J/G0.FT11F001 DD DUMMY Alternate print unit
//GO.FT12F001 DD SYSOUT=A Print unit for unit 8 table of
contents
//GO.FT13F001 DD DUMMY Print unit for unit 11 table of
contents
//60.FT15F001 DD DUMMY Debuqging informattion
//G0.FTIGFO01 DD DUMMY Variable cross-section information .
//GO.FTSOF00L DD DSN=TEMP, Temporary space for input read on
SPACE=(3200, (50,50) ,RLSE), unit 5
D1SP=(NEW,PASS) ,DCB=(RECFM=FO, |
LRECL=80,ALKS | ZE=3200) .
Decay data library
//G0.FTO9FODL DN DSN=ORIGEN2.DECAY, 'Activation product, actinide 4,18, 5.1

DI5SP=5SHR

and fission product decay
1ibraries In one file
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Table 7.3 (continued)

Section{a)
_ where
Input deck Commentsa described
Crosa-sect fon data 1library
// DD DSN=ORIGEN2.XSEC,D1SP=5HR Activation product, actinide, and 4.18, 5.2
fise jon product cross-section
1ibraries in one file
Photon data libracy 4.19, 5.5
//GO.FT10F001 DD DSH=ORIGEN2,PHOTON, Activation product, actih!de, and
DISP=5HR : fiee fon product photon data in
one [fle
//GO.FTOSFOOL DD %
Miscellaneous initfalization data
[Override defsult individual Data need not be present; -1 1.4
fract onal recoveries} required , '
-1 ‘ )
{Ooverride default element group Data need not be present; -1 ! 1.5
fract ional recoveries] required '
=1 . )
[Override default element group Data need not be present; -1 3.6
menbership] required

-3
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Table 7.3 (continued)

Section(s)
where
Taput deck Comments deacrihed
: ORIGEN2 commands
i .
[ORIGEN2 commands) Only commands up to and including 4.0
' the first STP command (Sect. 4.29)
or the end command are present here.
Composition, feed rates,
and removal rates
{Initial nuclide or element mans] 4.6, 6,1
0
{Continuous nuclide or element feed 4.6, 6.2
rates] .
0
[Continuous element removal rates) 4.6, 6.3
Branch or stop 4.29

. [Begin input vith miscellaneous

input data above]

{Begin input with ORIGEN2 commands
sbove]

iBegin input with decay data
1ibracies)

I
//CO.FTO3F00L DD *

IF (NsTP.EQ.l). read new Inial:el;
laneous input data, new ORIGEN2
comnands, and execute new commands.

1€ (MNSTP.EQ.2), read new ORIGEN2
commands and execute.

If (NSTP.EQ.]3), execute existing
ORIGEN2 commands again.

It {RSTP.EQ.4) ox wo STP command {a
used, terminate execution.

o1 7
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Table 7.3 (continued)
Sect fon{a)
where
Input deck Comments deacribed
Subastitute data 4.18, 4,20
[Activation product decay data) Some or all of these data may. not
: be present, depending on the
[A;tinlde deca? data) .parameters of the LIB command
[Fisaion product decay data]) (Sect. 4.18).
{Activation product cross-section
data]
"[Actinide croasa-section data)
[Fiesion product crose-section
data)
Non~standard reactions
{Non-atandard, flux-dependent -May not be preaent, depending on 4.18, 5.4

I*
1

react iona]

parameters of the LIB command.
(Sect. 4.18) :
!

T6



8. DESCRIPTION OF ORIGEN2 INPUT AND OUTPUT

This section presents and describes a specific ORIGEN2 calculation.
The example calculationally irradjates fresh 3.2%-enriched uranium oxide
fuel and the cladding associated with the fuel, reprocesses the fuel,
and then decays the high-level and cladding wastes. Other instructions
that do not meaningfully contribute to the calculation have been included
- for demonstration purposes,

Section 8.1 describes the ORIGENZ input deck that is listed in
Appendix A. Section §.2 contains a generic descriptiom of ORIGEN2 output,
which is necessary because of the apparent difficulty many users experience
when trying to read ORIGEN2 printout. Section 8.3 describes representative
portions of the outpur (listed in Appendixes B-F) resulting from executiem
of the input deck described inm Sect. 8.1. '

8.1 Description of Sample ORIGEN2 Inpuﬁ

The sample ORIGEN? input deck described here is listed in.Table Al
of Appendix A. Except for the first few cards (which are dictated by
local computer conventions), all of the cards necessary to perform the
specified calculations are present, assuming that ORIGEN2 exists as an
object deck on a direct-access device or tape. In the discussion to
follow, specific cards in the input deck will be referred to by the
card number given in the left-haﬁd c¢column in Table A.].

Cards 1 through 5 call for the cataloged procedure in which 2
FORTRAN program is compiled (optimizing compiler), link-edited, and
executed, Cards 6 through 8% constitute "MAIN" (see Sect. 2.1); they
are the only parts of ORIGEN2 that are present in the FORTRAN language.
These cards are a specific case of the general version of MAIN shown in

Fig. 2.1 and correspond to case 1 in Table 2.2. The most significant
aspects of MAIN are described on the comment cards contained in the

listing in Table A.l.
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Following MAIN on cards 90 through 105 is a series of job control
cards for ORIGEN2. Cards 91 and 92 point to the compiled subroutines of
QRIGENZ (i.e., the object module), which reside on a direct-access device
in this example. Card 23 points to the OVERLAY‘sta:emencs, which are uvsed
to arrange the ORIGEN2 subroutines in a space-minimizing configurarien.
The OVERLAY statements are alsc stored cm a diréct-access device and are
listed in Table A.2 of Appendix A. Cards 95 and 96 point to the decay
and cross-section/fission product yield libraries that ave stored on a
direct-access device. The data sets are concatenated to prevent ORIGEN2
from encountering an end-of-file when it begins to read the cross-section

data. ORIGEN2 will continue if the cross-section data set is not concat-

enated (i.e., the cross-section data set is givem as GO.FTQ9F002 DD, etc.).

However, in this case, an error message will be printed. Card 97 points -
to the photon library, which is stored on a direct-access device, Cards
98 through 102 and 105 point several ORIGEN2 output units to the line
printer (see Sect. 2.5). Unit 6 is automatically pointed to the line
printer by the ORNL operating system and must be included explicitly on
systems where this is not dome. - Card 94, which is the output unit for the
PCH command, is pointed to the card punch. Cards 103 and 104 define the
scratch data set to which SUBROUTINE LISTIT (see Sect. 2.6) writes the
inpuc data read on unit S while they are 2lso being listed on umit 6.
Cards 106 through 290 constitute the input to ORIGEN2 that is read
on unit 5. Only the highlights of the input on unit 5 will be discussed
since wany of these cards result from straightforward application of

the commands in Sect. 4. Cards 107 through 113 override various of

the fractional reprocessing recoveries, as described in Sects. 3.4 through
3.6. Cards 125 through 128 are the LPU commands that indicate the
nuclides for which substitute data are to be provided. The firsc LPU
command is assoclated with the first negative library identifier on the
LIB command [(card 129), i.e., the fission preoduct decay library (library
identifier = -3)]. The second LPU command is associated with the second
negative library identifier (viz., -21), and so forth. The substitute
data cards are to be read on unit 3, as indicated on the LIB card.
Additionally, the LIB command calls for two non-standard reactions to

be read on unit 3. Cards 134 through 142 read various input material

compositions and store them in storage vectors. Cards 143 through 158
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constitute the irradiation of the oxide fuel material, with sﬁecific

power being specified:. Two aspects of this section should be noted:

(1) the use of the BUP commands (cards 146 and 158) to define the steps in
which the characteristic burnup is to be determined; and (2) the use of
the right portion of the IRP commands for comments, which is permitted

cn all cards after the last required character. Cards 159 through 162
output the results of the fuel irradiation. The OPTn commands result in
only the gram summary tables for all three output segments (activation
products, acﬁinides, and fission products) being printed along with all
nuclide aggregations for the activation product curies table (see

Sect. 8.2 for a more detailed discussion). Cards 166 and 167 are
superfluous for the purposes of this calculation. They have only been
included for the purpose of describing the output they produce on unit 15,
and will be discussed further in Sect. 8.3.4. Cards 168 through 186
irradiate the fuel cladding material by specifying the flux level;
however, since the flux is given as =1.0, the flux actually used is

taken from the appropriate step of the fuel irradiation above. Cards

191 through 194 write several vectors in a format suitable for input te
ORIGEN2 at a later date. Card 195 temporarily halts the reading of the
ORIGEN2 commands and begins execution of those already read. The "2"

in the STP command indicates that when execution of the preceding
commands is complete, new commands, but not new miscellaneous initiali-
zation data, are to be read. (ards 196 through 226 define the imput
material compositions read by the INP commands on cards 134 through

142. Note the use of comments on the right portion of the cards and

the zerces (first character on card) that terminate the execution of
each INP command. Card 227 begins the new set of commands required by
the previous STP command. Cards 230 through 232 again read decay, cross-
section/fission product yield, and photon libraries. No additional job
control cards are required because the units are rewound after the
libraries have been read. Cards 234 through 240 reprocess the fuel

to generate the high-level waste (HLW) composition as well as the
composition of the fuel residual in the cladding. Cards 243 through

265 and 266 through 288 constitute the decay and output of the high-level
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waste and c¢ladding waste. Note that this information is being output
on both units 6 and 11 by the use of two OUT commands for each waste.
Card 289 indicates that, afrer execution of the previous commands, the
Job is completed,

Cards 291 through 306 contain the unit 3 input to ORIGEN2. Cards

292 through 300 contain the information to override data in the libraries

being read from a direct-access device on unit 9 (see Sect. 5.3}, and
their presence is required by cards 125 through 128. Cards 301 and 302
contain the two non-standard reactions (see Sect. 5.4) required by the
first LIB command (card 129). Cards 303 through 306 con:ain the substi-
tute.data for the second set of LPU/LIB ccommands (cards 230 and 231).
Note that only the decay inforﬁation is required since only the decay

libraries are being read.

8.2 Generic Description of ORIGEN2 Output

Previous experience has shown that many people have difficulty in
reading ORIGEN output and, because of the greater number of output
units and table types, even greater difficulty with ORIGEN2 output.

The principal problem appears to be in finding the correct table in

the generally massive amount of output produced by ORIGEN2. This
section Tepresents an attempt to alleviate the problem by giving a
generic description of the organization of ORIGENZ2 output. Section 8.3
will describe in detail the sample ocutput in Appendix B. .

ORIGEN2 output is arranged in a hierarchical form containing four
levels. Thus, the first objective is to establish cthe overall (first-
level) organization of the output. This is done in Sect. 8.2.1. Next,
in Sect. 8.2,2, the principal component of the first-level organizatien,
- which is called an "output grouping,” is dissected. Finally, in
Sect. 8.2.3 a singie ORIGENZ ourput page is analyzed.
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8.2.1 Overall organization of ORIGEN2 output

The overall organization of a typical ORIGENZ output is summarized
in Table 8.1. The overall organizatiom contains the first level of
the output hierarchy and, in some cases, the second level. Most of the
output in the first level is relatively short, with the exception of the
"Oﬁtput N," which will be discussed later. |

The card input echo is simply a listing of the input read on the
card reader. This function 1s controlled from MAIN (see Sect. 2.6), and
the unit numbers can be changed readily by changiag the éalliug arguments
to SUBROUTINE LISTIT.

The listing of the miscellaneous input data, the ORIGEN2 commands,
and the data libraries is to ensure that the information read by ORIGEN2
was received properly. The listing of the most voluminous of these three
items, the data libraries, can be controlled by the LIP {Sect. 4.16)
command. The details of these data are contained in the sections
indicated in Table 8.1 and will not be disbussed further here.

The output tables, which generally comprise the largest fraction of
the ORIGEN2 output by far, will be discussed in detail in Sect. 8.2.2.

All of the information printed on unit 6 is numbered sequentially
by page. The table of contents printed on unit 12 lists the various
types of information printed in the ORIGENZ output and the page where
each begins. It is hoped that this device will minimize the amount of
searching required to find a particular piece of information in a large
volume of cutput.

The variable cross-section information printed on unit 16 gives the
values of each of the cross sections that vary with burnup for each irra-
diation step. Several types of data are given, including (1) the list of
isotopes and cross sections (i.e., capture or fission) that are varying,
(2) the previous and current cross-section values, (3) the location of
the values being varied in the ORIGEN2 arrays, (4) the leocation of the
fission product yields that must be altered when fission cross sections
are changed, (5) an indication of the buinup anticipated for the current

irradiation step (this is what the variable cross sections depend omn),
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Table 8.1. Overall organization of ORIGEN2 output

Section where

Description of output tnit® described
Card input echo 6 8.2
Miscellaneoys input _ [ 3

Fisaion neutron yield per neutroa-induced
fiagsion

(alpha,n) neutron production rate

Fission neutron yield per spontaneous
fisgion

Individual-elenent fractional reprocessing
recoveries .

Elemenc-group fractionmal reprocessing
recoveries

Assignment of elements to fractional
TeCOVETyY Eroups

Elemental chemical toxicities

Listing of ORIGEN? commands
Data libraries

Decay
Activation product segment
Actinide segment
Fission product segment

Cross section
Activation product segoment
Actinide segment
Fission product segment

Photon
Actfvation product segment
Actinide segment
Fission product segment

outpuz 1° 6 8.2.1
outpue 2° . 6 8.2.1
Qutput Nb 6 8.2.1
Table of contents ) 12 8.2
Variable cross-section information ' 16 8.2
. Debugging and other intarnal information 15 8.2

4sssuming that the unit assignments given in Table 2.3 are used.
bSee Table 8.2 for a description of the organization of esch output
grouping.

Note: 1f an STP command (see Sect. 4.24) is used, the output after
"Output K" in the above table will begin with miscellsneous imput

(NSTP=1), ORIGEN imstruction listing (NSTP=2), or Curput N+l
(NSTP=3).
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and (6) an indication of which actinide isotope with direct fission
product yields is being used to account for those actinides (i.e., 237NP,
240py, etc.) that do not have a direct fission product yield.

The debugging and cther internal information.;hat is printed on
unit 15 is generally most useful in monitoring the progress of the calcu-
lation. The execution of each command begins with the printing of a
one~line message that indicates the number and type of command being

executed. Other information that is printed here includes:

1, parameters related to the caleulation of the flux by an IRP
command (Sect. 4.22),
2. the average recoverable energy per fission for each irradiation
step, ' o
3. 'parameters calculated during the execution of a FAC command
(Sect. 4.4), and |
4. parameters calculated during the executibn of a KEQ command
(Sect. 4.10). ' _
The information discussed above generally constitutes the output in
a typical ORIGEN2 czlculation. However, under céﬁdicions where an
extremely large amount of output is desired, it may prove useful to
direct & limited amount of the output to unit 6 and the majority of
the output to unit 1l1. Unit 11 could be a direcf-access device, tape,
or microfiche writer. In any case, the output directed to unit 11 will
be the Output N information, and unit 13 will be the table of contents
for unit 11. .
Finally, there is ome type of ORIGEN2 output'Which, although
rarely generated, can be very useful for some debugging purposes.
This output is a listing of the "matrix™ of reaction rates that are the
parameters in the differential equations being solved by ORIGEN2 and
that connect each isotope with its parents and progeny. This cutput,
controlled by the LIB command (Sect. 4.17), would require roughly 75
pages for an ORIGEN2 calculation that includes all nuclides.

00203

(9



29

B8.2.2 Description of the organization of an output group

The organization of the information contained in one of the Output N
sections in Table 8.1 is summarized in Table 8.2. This will be called
an "output grouping" henceforth. An output grouping results from the
execution of one OUT command (Sect. 4.5). The output grouping contains
the second, third, and fourth levels of the ORIGEN2 hierarchical output.

An output gfouping can contain six second-level sections: reactivity
and burnup data, an activation product segment, an actinide segment
(including daughters), a fission product segment, neutrom emission rates,
and photon emission rates. . :

The reactivity and burnup data consist of less than one page of
information summarizing the fluxes, burnups, specific power, and infinite
multiplication factor data for each of the vectors being printed. in
addition, the information related to the size of the ORIGENZ case (see
Tables 2.1 and 2.2) is summarized here. The output of this information
can be controlled by the OUT command {Sect. 4.5).

The activation product segment consists of the output of one or more
"table types” containing information for ounly the activation products.

A table type is characterized by the units of the table, such as mass
(grams), radioactivity (curies), thermal power (watts), or neutron
"absorption rate (neutrons/sec). Twenty-four table types are avallable
in ORIGENZ; these are listed in Table 4.3, The table types that are
_Printed are controlled by the OPTL command (Sect. 4.25). For each table
type, there aie four possible aggregations: nuclide, element, summary
isotope, and summary element. The aggregation(s) that are printed are
also controlled by the OPTL command. The nuclide aggregation lists the
specified characteristic of each nuclide in each of the vectors being
printed. The element aggregation lists the specified characteristic for
each chemiczl element in each of the vectors being printed. The summary
aggregations contain the same type of informstion as the regular tables
except that only those nuclides {or elements) which coutribute more than
a certain fraction (i.e., cutoff value) to the total for all activation
product isotopes are listed. The cutoff values are specified with the
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Table 8.2. Organization of an ocutput grouping

Reactivity and burnup data

Activation product segment

Table type 1a

Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Table type 22

Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Table type 24a

Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Actinide segment
[same table types and aggregations as for activatiom products]

Fission product segment
[same table types and aggregations as for activation products}

Neutron ﬁroduc:ion rates
(alpha,n)
Spontaneous fission
Photon production rates

Activation product segment
Summation tables .
Principal contributor tables

Actinide segment

[same aggregations as for activation products]

Fission product segment
[same aggregations as for activation products]

8The table types that are actually printed can be controlled with
the OPTn commands (see Sects. 4.25-4.27).

Note: An "output grouping" results from the execution of a single
OUT command (see Sect. &4.5).
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CUT command (Sect. 4.9). It should be noted that some table types, such
as fission rate and alpha radioactivity, are not applicable to activation
products and cannot be printed. |

The actinide segment and the fission product segment in Table 3.2
are very similar to the activation product segment described above and

will not be discussed in detail. The table types and aggregations printed

for the actinides and the fission products are controlled by the OPTA
(Sect. 4.26) and the OPIF (Sect. 4.27) commands respectively.

The neutron production rate tables are relatively compact and
straightforward. Each consists of a one-page listing of the neutrom
production rates from {alpha,n) reactions for each nuclide in each vector
printed and a& one-page listing of the neutron prodﬁctioﬁ rates from
spontaneous fission for each nuclide in each vector printed. Both of
these tables are "summary tables" since the contribution of each nuclide
to the total is tested against a cutoff value specified by the CUT '
command (Sect. 4.9). If the isotope's contribution is less than the
cutoff, the isotope is not printed. .

The final second-level section of the cutput grouping is the photon
production rates. This is further broken down into an activation product
' segment, actinide segment, and a fission product segment. Since the
photon production rate output for each of these segments is substantially
the same, only the activation product segment will be described in detail.
The activation product photon output comsists of susmation tables and
principal contributor tables. The summation tables list the photon
production rates for each vector printed as a function of lS-photon
energy groups. Summation tables are given in units of photons/sec and
MeV uatt-l sec‘l. The principal contributor tables list the photon
production rates for each nuclide that contributes more than a specified
fraction (i.e., a cutoff value set with the CUT command) to the total

photon production rate for each group.

60106

123



102

8.2.3 Description of a single ORIGEN2 output page

A typical ORIGENZ output page, taken from one of the output groupings,
is shown in Fig. 8.1. The page number, output unit number, and segment
(i.e., activation product, actinide, or fission product) are given in the
upper, right-hand corner. The page numbgr is correlated with the table
of contents, as mentioned previously.

Next, in the upper left portion of the page, the following information

is given:

1. the title for this output grouping (specified with a
TIT command, Sect. 4.2);
2. the average specific power (MW per basis unit), burnup

2 sec'l),

(MWd per basis unit), and flux (neutrons cmf
the calculation of which depends on the BUP command
(Sect. 4.14);
3. the aggregation (e.g., nuciide table, element summary
table, etc.) and table type (i.e., radiocactivity, curies); and
4. the output grouping basis (specified with a BAS command,

Sect. 4.3).

If no real specific power/burnuplfluxVinformatiOn ig availzble, all
parameters are set to 1.0,

Below the output grouping basis, and spauning the eantire page, are
the vector headings. Unless altered, these headings will be the irradia-
tion or aecay times for the vector. Alphanumeric vector headings can be
inserted by using the HED command (Sect. 4.7).

The remainder of the output page is occupied by the main body of
the ORIGEN2 output information. The leftmost column lists the nuclide
(or element), and the remainder of the horizontal line gives the charac-
teristice (i.;., curies) of that isotope for each of the times or
conditions of each vector.

At the end of each aggregation, vector totals are given. ' Cumulative
totals [e.g., total activation product (AP) plus actinide (ACT) plus
fission product (FP) curies] for each vector are given at the end of each

table type.
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1.875E-07
6. V82E-10
1.5108-09
0.0

0.0
T.485E-013
0.0

: 29E-08
168-08
6e-0n

IR 00

[-X-F-7 X-N-FeN X-_%-J
L]
-X--FYX-K-N N N*R-K-J

1, 161E 02
6,027 00
N, 182 00
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B.3 Description of Sample ORIGEN2 Output

This section describes five different types of saﬁple output produced
by ORIGENZ2: output on unit 6, ynits 12 and 13, unit 15, unit 16, and
unit 7. Since the output from some of these units, particularly unit §,
can be extremely voluminous, only representative excerpts have been
included in some cases. All output described in this section was produced
by the sample input deck described in Sect. 8.1,

8.3.1 ORIGEN2 output on unit 6

The sample ORIGENZ output printed on unit 6 is given in Appendix B.
There are two principal types of output on unit 6: reactivity and burnup
information,and the ORIGENZ output grouping. The output grouping, in turm,
consists of various table types (e.g., watts, grams, etc.) for each of
the nuclide segments (activation products, actinides, and fission products),
neutron production tables, and photon production tables.

The sample reactivity and burnup information is given in Appendix B.l,
Table B.1l. The first seven of the ten lines present for all of the output
vectors contain information pertinent to only the output vector to which
it corresponds. The last three lines contain average informaticn for the
entire output. The "SIZE OF MMAX" information tells the number of nuclides
that have a given number of associated nuclear reactions [i.e., MMAX(3)
weans that 2 nuclide has three reactions]. The information below the MMAX
data indicates the size of the problem executed. This information is
needed to variably dimension ORIGEN2.

| Sampiés of the table types that are output for each of the nuclide
segments4are given in Appendix B.2, Tables B.2 through B.5. Because of
the length of the output, only the activation product radiocactivity table
is included. Table B.2 is the activation product nuclide radicactivity
table for the long-term decay of the cladding waste. This table con-
tains the curies of the radicactive nuclides in the cladding associated
with 1 metric ton of initial heavy metal as a function of decay time.
This table is quite long because each of the 684 nuclides is listed,
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regardless of whether it is significant. Table B.3 is the element
sggregation corresponding to the nuclide aggregation in Table B.2.
Again, all elements are printed, irrespective of their magnitude.
Table B.4 is the nuclide summary table aggregation. Here, only the
most significant nuclides contained in Table B.2 are listed. Finally,
Table B.5 gives the element summary table corresponding to Table B.4.
As is evident, the summary aggregations are considerably shorter than
the nuclide or element aggregations. However, the summary aggregations
should be used with caution since omission of a nuclide because the
cutoff fraction was too high could require the repetition of a lengthy
(and therefore expensive) computer run.

_Appendix B.3 gives sample neutron production rate tables. Table B.6
is the neutron production rate from (alpha,n) reactions. The neutron
production rates are given by nuclide and in toto for the composition in
each vector. Table B.7 is {dentical except that the neutron productién

rates are from spontaneous fission events. These tables are produced

only for the actinides since only these nuclides emit significant numbers

of spoentaneous neutrons or alpha particles. It should be noted that these
tables are summary tables (i.e., only the most significant isotopes are

" output). The neutron production rate totals for each table and for both
tables together are given for the tabie as output and for all nuclides,
vhether output or not, to ensure that no significant nuclides were left
out. . _

Appendix B.4 contains the sample photon production.rate output.
Table B.8 is an example of the photon summation tables, in this case for
the fission products in high-level waste. The upper half of Table B.8
gives the photon production rate in each of 1B energy groups as a
function of decay time in units of photons/sec. Totals are given in
units of photons/sec and MeV/sec. The lower half of Table B.3 gives
the specific energy release rate for each group as a functiom of decay
time in units of MeV (of gamma powver) sec™! [wazt (of reactor power)]=!.
Totals are given in units of MeV sec™! watt™! and (gamma)} watts. All of

the units, except the specific energy release rate, are per basis unit,
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8.3.2 ORIGEN2 ocutput on units 12 and 13

CRIGEN2 outputs'the tables of content for units 6 and 11 on units
12 and 13 respectively. These tables of content are given in Table C.1
(unit 12) and C.2 (unit 13). The hierarchical nature of the ORIGEN2
output is evident in these tables of content, particularly Table C.l. It
is hoped that the use of this output by ORIGENZ will greatly alleviate
the difficulties many users encounter when trying to find a specific

datum in the sometimes-massive output.

8.3.3 ORIGEN2 output on unit 16

The output on unit 1§ is information related to the changing of the
variable actinide cross sections included in ORIGENZ. Sample output from
unit 16 is given in Appendix D. The variable cross sections are altered
by linear interpolation based on the anticipated burnup during the next
irradiation step. Thus, the first output on unit 16 contains parameters
related to the anticipsted burnup during the next irradiatiom step and
the weighting factors used in the cross-section interpolation. Then, a
small table is output containing several pieces of information for each
nuclide with a variable cross section. The pileces of information in this

table are as follows:

1. NUCLID: Six-digit nuclide identifier.

2. XSEC TYPE: Type of cross section; 1 = (u,gamms), 2 = (n,gamma)
to an excited state of the daughter, 4 = (n,fission).

3. TOCAP(I), I=: 1I is the location of the cross section in array
TOCAP, which contains the total neutron absorption creoss sectiom.
This is meaningless for -fission cross sectiocns.

4., A(N), N =N is the location of the reaction rate corresponding
to the cross section being varied in the matrix of reaction
rates (i.e., A).

5. FP YIELD INDIC ARR: Number of the array containing the loca-
tions of the fission product yields that have to be adjusted

when fission cross sections are varied.
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6. FISS(J): Location of the fission cross section in array FISS,
which contains all fission cross sections.
7. A(N): Value of A(N) for the N in item 4 above; not meaningful
for fission cross sectionms.
8. TOCAP(I): Value of TOCAP(I) for the I in item 3 above.
9. A(N) FP YIELD: Value of A(N) for a single, arbitrarily chosen
fission product yield; mnot meaningful if item 5 equals zero.
10. FiSS(J): Yalue of FIS5(J) for the location in item 6 above.
11. OLD XSEC: Value of the cross section during the previous
irradiation step.
12. NEW XSEC: Value of the cross section during the upcoming
jrradiation step.

Al]l of these pleces of informstion, in one fashion or ancther, serve to
indicate whether the routines that vary the actinide cross sections are
funcﬁioning properly. Under normal circumstances, this output is not
useful and can be suppressed. 7Two sequential, variable cross—section.
Outpu:-segments are given in Appendix D sc that the movement of the

old and new cross sections can be seen.

8.3.4 ORIGENZ output on unit 15

A sampie output containing debugging and internal information is
given in Appendix E. This outpur, which is printed on unit 15, serves
three principal functions; The first functiom, which 18 useful in some
debugging situations, is to print a single line of informatiom just
before each command is executed. This output immediately indicates the
command that was being executed when the error occurred. This output
also prints informatien concerning the nuzber of each command type. With
respect to this latter feature, it should be noted that, for the purposes
~ of counting the number of commands of a particular type, the IRP, IRF,
and DEC commands are all counted as IRF commands. This means that there
will always be a total of zero IRP.jand DEC instructioms.

The second function of the output om unit 15 is to provide selected
internal information calculated by ORIGEN2. This type of information
is printed for the following commands: IRP, IRF, KEQ, and FAC. The
significance of the printed information is discussed below.
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The information printed for both the IRP and IRF commands is basically
the same. Most of the .parameters printed are intermediate values used in
SUBROUTINE FLUXO to calculate the flux when the pawef is given, or vice
versa. These values will not be described in detail, bur the nomenclature
in the unit 15 output is the same as that in FLUXO, so that the interested
user can readily perform the flux/power calculation with a hand calculater
if required. The parameters printed on unit 15 that may be of more general

interest are as follows:

TSEC: absolute time at the end of the current irradiation step, ééc
DELT: duration of the current irradiation step, sec
EPFl, EPF2, EPF3: recoverable energy per fission associated with
the zero, first, and second time derivatives
_ used in the flux/power calculatiom, MeV/fission
EPFAVG: average, recoverable energy per fission for this time
step, MeV/fission
FLUX: calculated or specified‘flux for the irradiation step,
neutrons sec ! em™2
POWER: calculated or specified power for tﬁe irradiation step,
MW per basis unit

This type of information can be useful as imput to auxiliary hand calcula-
tions or in finding errors in some situatioms. '

The inﬁernal information printed for the KEQ command (command number
52 in Appendix E) 1s related to the calculated neutron production and
.destruction rates, the infinite multiplication factors, and fraction of
the allocated material that is included in the final mixture. The

parameters are defined as follows:

NPROA, NPROB, NPROC: relative neutron production rates of vectors
' NKEQ(1), NKEQ(2), and NKEQ(3) respectively
(see Sect. 4.10)
NDESA, NDESB, NDESC: relative neutron destruction rates of vectors
NKEQ(1), NKEQ(2), and NKEQ(3) respectively
IMFA, IMFB, IMFC: infinite multiplication factors (= NPROn/NDESa)
of vectors NKEQ(l), NKEQ(2), and NKEQ(3)
respectively
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FRC: (IMFB~IMFA)/ (IMFA-IMFC)
. FRD: FRC*NDESB/NDESC

The neutron production and destruction rates are relative because they
have not been multiplied by the neutrom flux.

The internal information printed for the FAC command is relatively
simp;e compared with that for the irradiation and KEQ commands. The FAC
output information on unit 15 comsists of the value of NFAC(l) on the
FAC instruction and the value of FACTOR[NFAC(1)]) (see Sect. 4.4).

The third function of unit 15 is to provide a mechanism for printing
internal ORIGEN2 error messages. There are three general types of error
messages contained in ORIGENZ. The first is related to the size of the
problem being specified. If the specification re§uires arrays that exceed
the size of those arrays actually present, an error message will be output
indicating rhe dimension exceeded.

The second type of message is similar to the first, except it is
the individual command count that is checked. That is, if the number of
a2 particular command actually used exceeds the allowable number, as given
in Sect. 4, an error message will be pr{nted. Neither of these two error
types will stop program execution.

The third type of error is printed when the command key word defining
the type of command does not ma:éh one of the 30 key words contained
internally in ORIGEN2. In this case, a message will be printed and
program execution will be terminated.

8.3.5 ORIGENZ output on unit 7

A listing of the sample ORIGEN2 output writtem by unit 7 is given
in Appendix F. This ourput is generated by the PCH coumands in the
sample problem listed in Appendix A. The format of the output written
on unit 7 is the same as the ORIGEN2 input format for specifying material
compositions (see Sect. 6). Note that the compositions of four different
materials are listed in Appendix F (viz., fresh uranjum oxide fuel, spent
uranium oxide fuel, fresh cladding, and irradiated cladding). Only the

non-zero masses (in g-atoms) are output. The PCH command also outputs
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the average burnup, flux, and power associated with each material on

the termihation card for ea;h material. These values are required

if the compositions are to be read by ORIGEN2 on unit 4,and are

ignored if the compositions are read on unit 5 (see Sect. 4.6).
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Table A.1. Sample ORIGERZ input deck

1 ,/ BEIBC FORTQCLG,PARN. rtst-'xnnr-

2 // BEGIOY.PORT=400K,

3 /7 CARM_LKED='OVLY,LIST,FAPY,

& /7 TFARN.GO=*20x=1,DOXP=I’,

5 s/ REGION.GO=EDOK

€& //PORT.SYSIN DD =

5

g CCASE 1 CASE t G252 1 GASE 1 CASE 1 CASEZ t. cCase 1

c

10 1OGICAL 1096
" INTEGER*2 LOCA,¥ON0,KD,LOC,NGY,NGT,NGR, N TIELD, NO%P, 4C, MYAX,KAD,
12 $10CP,BPODYP

13 poveLE PRECISION CIAN,CSUM

14 DINENSION INBW( 13,1676} ,Co=r®{ 7,1676) , NPROD( 7,1676),

15 3!!1!(1576],KIP(1676]
16 DINZNSION STTPPB({ 10,10) ,ISTOTI({ 10,02),IS{ 10),RESTOTI({ 10}
17 DIBENSION A (6500) ,LOCA(6500) , NPODFR( RBO,

18 DINENSION DR{ &)},BR{ &),PR[ ®} .

10 DIRERSION TITLD(3300) ,KRYITLL( 820} ,3B0LY( &,3)
20 DIRENSION ALPEN( 132),HUCAX{ 132) ,80¢SP0( 1321.51( 122y ,1Y( 122,
N SYPSF( 122),7P1 { 122)

22 COMMON /JUNK/ERE,IDN(1),ZLIT®, IACT,ITP,IT0T,TLENX, TANAX, IPHAY,
23 SITMAX,I28AZ,0XY,QIN,PLOX,POWER,INDEX, TFREAY (4) , IPHNAX
24 COBNOR /HAINQ3/NSTP,ANNUL,ANEIP, NABRAX, ICRAAI,TAPNAI, TPYNAX
25 € 1766 WORDS ARE WECEBSSAPY IN /NODSCR/ BEGIYNIYS RITH S

26 © /WODSCR/ IS USED POR PULTIPLE PURPOSES.

b COMMOB /NOUDSCE/DO3Y{ 7,1676) ,9082({ 6,676} ,5(2),CINN(1676),
28 $ CSUA(I676) ,JOKP (1676}, ¥Q(1676),XP (1676} ,XPAR (1676} , XTEAP(1676),
29 $ D{1676),AP (3500) ,LOCP{3500),LONG (1676)

30 COBADN /BIG/WUCL(1676),Q{1676) ,P5{0008) ,TOCAP (1676) ,G2NNTD({ 132),
n SALPEAN( 132),SPONF( 1321,SPV¥U( 132),PISS{ 132),Y0CAB(1676),
32 $28PC (1676) , NYPC (1€76) ,ISTORE( 10,1676) ,0I5(1676),08(1676),
33 SABUND( 950),YOW0 (1676) ,KD{1676),10C (6500) ,HGF (1676) ,AGN(1676€) ,
20 $3GR(7900),65ER (7500}

Lt
w

C DR,ZR, AND TR PROVIDE A CONVERIEXRT NECAANISHE FOR INITIALIZING YARIARILZ

36 € WOLTIPLI®S ARRAY RAULY.
27 PQUIYALENCE (DR(1),RIULY {1,1) ), (ZR({1},ROULY (1,2)}).,
39 - s(¥E(1),PIOLY(1,3})
L SQUIVALENCE (DUA1(1,1),COEPY(1,1}), (DUN2(1,1),%2200({1,1}}.,
1] S(NONP () ,ANRX (1)) , (RAP(1},NQ(1)), (INER({1,1) ,0001({1,1)})
81 TQUIYALENCE ([IP(1),ALPEE (1)), (ALPBE{ 132),NUCAN (1)), (NUCAN{ 132),
82 SEOCSPO (M), (NOCSYU( 132),%T{1)), (VY ({ 132),YT{1)), {YT{ 132},
a2 SYPSP (1)), (PRSP t32),YIZLD (1)), (TIEID(3300) ,NYIPLD(T))
as CALL Q1057 (8)
45 C INITIALIZE PAGE COUNTER
13 BRAGE=IPAGE {0)
827 L= 10
a8 EI= 13
&9 IC= 1
50 TLEAY= 700
- 51 IA8AY= %32
52 ITHIXI= ARQ
53 " ITBAI= 1676
-1 IZHAX= 6500
1] ITENAY=T900
S6 ILPHAI=I%500
57 IYTUAX=33%0
58 WABNAY= AR50
59 ICESAI= 3
&0 IYD= 800
61 1= ]

62 C NEUTBCENS FEE ¥EUTEOR-INDOCED FISSION: O=THEERMAL SPECTRUR; 1=PFAST SPECTRUN
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Table A.1 (continued)

63 rYTE=1

1 TITP=0

€S £ CALL SUBROUTINE TO REZAD CARD INPOT PROA OXIT 5, PRINT IT OX ONIT &, AED
66 € WRITE IT OW ON¥IT 50. UONIT S0 IS THUN REWOUND AND ORIGEN2 READS THE DATA
£7 © PROAM ONIT SO.

63 CALL LISTIT(S,5,S0)

€9 REUIND SO

70 ¢ BATN1 EAEDLES TAZ BISCEZLLANEODS INITTALIZATION DATA

7 1 CALL BAIN1{NYT?,SFNU,ALPEY,NOCAN,NOCSPU,¥Y,YY,ANNO0L,ANEXD)

72 £ AAIR2 RPADS TRE OPIGES2 CONMABDS '

13 2 CALL BAINZ{NSTP)

9% ¢ XAINI EXECUIEZS TRE ORIGEE2 COMEANDS

15 3 CALL XATNI(

76 $ 10MG,STTPSS,IST01Z,15,8S707Z, LX, 9%, LC,IFD,

b $WOcAs, FONO, KD, LOC,¥GP, NGE, NGE, BYIZLD,NON2, XQ, LOCP, ZNAX,EAP,

78 . $10CA,NPODPP, C1%N,CSTE, s,

79 $¥UCL,Q, 76, TOCAP, GENNED, ALPEAN, SPONY, SENU,FISS,ANPC, WAPC, ISTORE,

20 $v1s, ®,GGR,YIZLD, A . 1P, IP\R,ITENP,D,AR, COEPY NPEOD,  INEW,

22 SALPHMN, WOCAN, YUCSPU, NT, YY,PPSP, PPL, ADUKD, BHULV,LA%)

92 € THIS *GO TO™ PROVIDES THE AECEANISE FOR TIECUTING SOLTIIPLE PROBLEYS WITHIN
83 € A SINGLE JOB.

L) 6o 10 {1,2,3,8),%S5TPF
2% 4 CCNTINDE

L1 CALL Q105P (6}

87 STOP 100

L 1]

B9 =

80 //LKXD.STEPLIE DD DSW=S1St.VSPGR,DISF=SHE

91 //LEED.RPY UD DSH=CHENTICH.AGCIR198.0208J,DISP=SHR

2 /7 00 DISP=SHE,DSH=CERETECH.QI05P.DUANTO

Q93 //LEYD.5ISIH DD DISPe=SREE,DSY=CEENTECR.AGCIS198.020VLY

o8 /R0 FTAIF 001 DD SYSQUTSE,DCH= (RECPE=PR, LRECI=20, BLKSIZE=3520)
95 //G0.2T05700% DD DSW=CHIATECH. AGC14198,. DECAY ,DISP=SHE

96 4/ DD DSH=CEPATECH. AGC 16198, IPWRO,DISPasSHR
97 #/G0.FTI07001 DD DSH=CRENMTECH.1GCIG198, PROTON, DISP=SEE

98 //30.7T117001 DD SYSOUT®A,DCHE= (RECPN=YBA,LRECL=137,BLESTZE=1100]
9% //GO.TT127001 DD SYSOQT=A,DCB= (RECPN=VYBA,LBECL=137,BLESIZE=1100)
100 //G0.PT13¥00T DD SYSQOOTsA,DCH= (RECPE=VBA,LEECL=127,BLEKSIZZ=1100)
- 101 /£/%0.FT15F001 DD SYSDOTsA,DCH= (RPCPA=YNA,LEECL=137,BLESIZE=1100)
102 //52.7T16Y001 DD SYSOUT=1,DCB= (RECEM=¥EA,LEECL=137, BLKSIZE=1100)
103 //50."TS0F00Y DD DSW=LELAGC,UNIT=SYSDA,
108 /7 DCE=(NECYR=PY, LR2CL*80,BLESIZTES=3200),S5PACE={3200, (50,50) ,R1SE)
WS ,/GN.*TSTFO01 DD SYSOUT=d,DCB= (RECTX=VEA,LRECL=137,BLESTI22=1100)
106 //GO.FTIOSFOCT DD o
V7T 92 1 0.99
108 93 1 0.998

Wy -1

1140 5 10.1

M1 =1

12 2 15

113 -1

114 BAS ONZ 4ETRIC T03 OF PWRU POEL

115 BDA -1 = PRESH U FUEL WITH IZPURITIES (1 nT)

116 aDa =2 = FPRESH ZIMCALOY COSPOSITION (1 .KG)

117 M -3 = FPRESH SS 308 CORPOSITIOR (1 KG)

$18 mDA -4 = PRESH St 302 COSPOSITION (1 KG)

119  2Da =% = PRESH INCOMNEL COmAPOSITION (1 KG)

120 ®D} ~§ = PRESH WICROBRAZE CORPOSITION (1 KG)

1721 o WARRING: VPCIOES ARY OPTER CRABGED WITH EE®SPECT TD THEIR COHNTERI.
122 mD THEZSE CHANGES WILL BE WOTED OR RDA CARDS.

123 caT S 0.0 =1 :

128 LIF 111 ADER
125 LPU 380900 S51370 -1

126 LPO £10030 060140 =1

127 LP0 902320 =1

128 LPUO 380900 -1
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129
130
121
132
133
139
135
135
137
138
139
180
11
182
1)
hLL}
1us5
we
14"
148
139
150
151
152
153
156
155
156
157
158
159
160
161
162
163
164
16¢
166
187
168
169
170
m
172
173
178
175
176
1”m
178
179
180
181
192
183
182
2 1]
188
187
188
189
190
191
192
193
198

LI®
PRC
orIL
TIT
RD1
Ixp
RO
INP
EDB
1xp
EDA
INE
RDRA
IXP
TIT
"ov
HED
LR
e
IRP
TRP

. IRP

IR
1R
IRP
IRF
IPP
IRP
TRP
BUF
oPTL
opTL
OPTF
00T
RDA
ROV
203
KEQ
A
POA
TIT
ROV
ADD
ADD
ADD
CEY
IRy
IRY
TR?
IRY
IRY
IR?
TRP
IRY
187
127
IRF
og?
'DA
2DA
ROY
a0y
pee
pcE
PCE
PcE

120

Tablte A.1 (continued)

6 12 -3 ~-208 -205 ~206 9 3 -2 11

101 102 103 10
~1 248 '
INITIAL CONPASITIONS OF UWIT AMOUXNTS OF POBL ARD STRUCT MAT'LS
READ PFUEL CCEPOSITION ISCLODIRG IMPURITIES (1000 X6)
-1 1 =1 =111
READ ZIRCALOY COMPOSITION (1.0 KG)
-2 1 =1=111
READ 5S308 CCHPOSITION (1.0 XG)
-3 1 =1 =111
BEAD INCONEL 718 CONPOSITION (1.0 KG)
-5 1 =1=t11
READ NICROBRAZE 50 CONPOSITION (1.0 KG}
-6 1 =1 =111 -
JRRADIATION OF ONE RZTRIC TON OF PWRD PUSL

-7 10 1.0 :
1 CHARGE
26,7 37.500 1 2 & 2 ©END OF TRIS STEP=1,000 HMW¥D/BTIAM
66.7 37.500 2 3 4 0 XD OF THIS STEP=2,500 MWD/ETIRY
133.3 37T.%00 3 & &4 0 EXD OF TRIS S5TEP=5,000 MWD/RTIEN
266.7 37.50¢ & S5 & 0 EZND OF TRIS STEP=10,000 BFD/BTIAR
R00.0 237.500 S5 €6 & g END OF THIS STEP=15,000 MWD/BTIEN
440.0 37.5060 6 7 4 0O EZND OF THIS STEP=16,500 EBWD/NTINA
£33.3 37.500 7 @ 4 0 2ND OF THIS STEPa20,000 NWD/NTIRA
666.7 37.500 8 S & 0 END OF TEIS STEP=25,000 EFD/ATIHN
733.3 37,500 9 10 & 0 TPEND OF THIS STEP=27,500 EWD/NTIHM
800.0 37.500 10 11 & 0 <T¥D OF TEZS STEP=30,000 EWD/NTIHNM
gE0.0 37.500 11 12 4 O PEXD OF THIS STEP=33,000 MWD/HIIEN
5886878 1888B888p888¢8sH888E8S S8
E88987TEB B8RS AL BB 8888888
gaBgaTepepeBHoB8B B8R RS B8AaRE

12 1 -t &

<10 = IRRADIATIED U FUEL AT DISCHRARGE

12 =10 0 1.0

THES? INSTROCTIIONS ARY HEERE OWLY TO DENONSTHRATE THEIR USE

1% 12123 -1.0

11128 0.0

IERARIATION OF ZIRCALOY+ INCONEL + NICROBEAZE 50 AT 100% PLUX
IREADIATION OF ZIRCALOY+ IRCONEL ¢ NICROBRAZE 50 AT 100% FLOX
=2 10 223.0 ZIRCALOY

-5 10 12.9 IRCOPTL

-6 10 2.6 EICROBRAZE 50

-3 10 9.94 55 304 _

1 ‘ CHARGE

26.7 =1.0 1 2 & & TND OF THIS STE® = 1,000 EWD/MTIIAN
66.7 =1.0 2 3 & O zEp OF TRHIS STEP = 2,500 MuD/ETIHE
133.3 ~-1.0 3 & & © ©TXD OF TEIS STEP = 5,000 MHN¥D/BTIAN
. 266.7 =1.0 a4 S & 0 ©®RD OF TRIS STEF = 10,000 =WD/ATIAHN
200.0 =1.0 £ & & 0 EEXp OF TEIS STEP = 15,000 EWD/STIHR
as0.0 =-1.0 & 7 & 0 EPEND OF THIS STEP = 16,500 EWD/ETIEN
£33.3 -1.0 7T 8 & 0  EED OF TEIS STEP = 20,000 BWD/EIIREH
666.7 =1.0 & 9 8 0 EZ¥D OF TEIS sTrZPF = 25,000 awbh/NTINE
733.3 =1.0 9 10 % D ©END OF THIS STEP = 27,500 BWD/MTIHE
2000 =1.0 1 411 & 0 Z2¥D OF TEIS STEIP = 30,000 BED/MIIEA
880.0 ~-1.0 11 12 & 0 WD OF TEIS STEF = 33,000 BND/HTIEZ
12 1 =1 0

=2 = FPRESE ZIFCALOY, INCONEL, AND NITROZEAZE

-9 = IEBADIATED ZIECALOY, IXCONEL, AND XICROERAZE
1 =2 0 1,0

12 -3 0 1.0
-1 =1 =1

-10 =10 ~-10

-2 =2 -2

-3 -9 =9
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The. correction

CCC-371/ORIGEN2-82.

shown below should be mede to the ssmple problem in file 2 of

RSIC Newsletter.

This need for correction was announced in the December 1983
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Appendix A.2: ORIGEN2 Overlay Structure
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Table A.2. ORIGEN2 OVERLAY statements

IRCLODE ARI
" ENTAY HAIN
INSERT HALIXN
CYEELAY A
INSTRT LISTIT
OVEELAY A
IFSERT MAIN]
QVERLAY C
INSEET BAIMY
OVERLAT £
IPNSERT AAXIR2
OYERLAY P
INSERT ISECO1
OYERLAY P
INSERT ISECO2
OVYERLAT F
IASEAT ISECD3
OYERLXY P
I13SERT ISECOR
OVYELLAY P
INSEAT ISEQOS
OYERLAT 7
JASERT ISECOE
OYERLAY ¥
INSERT YXSECOT
OVERLAT ¥
T3SEIT ISECOS
OYERLAY P
TISERT ISECHY
OVEREAT P
INSZET ISECY0
OYERLAY P
IRSERT ISECIM
OVEELAY P
IRSEE: XISECI2
OVERLAY T
INSEET XSEC1)
OVERLAY T
INSERT ISECIN
GYERLATY P
INSERT ISZECIS
OVERLAY P
IESERT ISECIE
OVERLAY P
I9S2RT ISECYY
OVERLATY F
INSERT ISECI8
DYERLAT 7
INSERT ISECTY
OYERLAY T
TESEAT ISECID
ovERLAT C
INSERT ADDAOY
OVERLAY C
INSERT FUDOC
OVEILAL € ,
INSERT BODAT1,DECRED
OYERLAY €
JNS2RT PODATR,.SIGAED
OF¥ERLAY C
TESIRT SOUDATI,ANS?
OYERLATY €
TISZRT PAQLID
OVERLAY B
INSZET TERND
DYERLAY D
IWSERT PLUXO,DECAY, PUDGE
OYERLAY D
INSEET T2BN,SATREI,EQUIL
OYERLAY B
IFSERT QOTPOY
OYERLAY B2
INSERTY OOTY
OVERLAT 2
I¥SERT 0UT2
OVERLAY B ~
TESeET SAKEL Lot
'TRILAY B S('i:vd
18S9 pOTIOX

"



APPENDIX B: SAMPLE OF ORIGEN2 OUTPUT GROUPING (OUTPUT UNIT 6)

Appendix B,l: Reactivity and Purnup Information

00224

LY



Lhi

S210C6

Table B8.1. Sample ORIGENZ reactivity snd burnup information

IRRRDIATION OF ONE NERYRIC TOW OF PHRU PUEL
FOWER= 3.T75000F O18%, BORNOPe 3. 30000F OANND,

OUTPUT DUIT =

PLOX= 3,20B 1QN/CH442-82C

REACTIVIYY AFD BURNUP DATA
PAS]IS= ONE ABTRIC TON OF PHAND FORL

CEBARGR 7. o 7. D 133. o
TIAE, SEC 0.9 2.318 06 S.762 08 Y,15E OF
srer, rLax 0.0 2.092 14 2.69¢ 1% 2,908 Wn
SP POW BN 0.0 .75 01 2. 758 O0Y 3,75k 01
AOENUY, 890 0.0 t.00E 03 1.50B 03 2.50E O}
K TNPIVITY 0.0 1.35740 1.336717 1.3031%8
Wear paoow 0.0 1.00R 04 1,092 O8N 1.01B O8
neotT pESTR 0.0 T.a02 03 7.56® 01 7.75E 03
101 soawup- 0.0 3.30E 08 3. 30E 0% 3.30B 00
AfG ¥ rLOX 0.0 AR 18 3, 08K T4 1242 X
AYG SP POR 0.0 3,752 0t 3,75k Ot 3.75E 0V

STLE OF SAAX (T)1 BEAE= 1 &= 849 HHRE= 2 = &37
AMAL= 7 &= 11 UEAE= B ¥+ O HUAE= 9 ¢

THE WINBIR OF NOP-ZERO TEUNS IF A=G3T7H

THE ROBAEA OF HOR-LERD 7XSSIDW PRODUCT TIRLODS=3242
111TE= 604 INCT= 129 1re= 838 IT0T= 1671
THE WABEN OF WOU-ZER0 FATURAL ABUYDANCES= N3N

TAL WIHBER OF WON~LERO PROTON YIRLDS= 8723

TOE MATIINDA BORDEX OF TERNS IW AP= 3350

267, o

2.30E 7
2.938 W
3.758 01
5,00 03

1, 22935
9.878 03
8.03r 03
3.308 ON
3. 20K 18
3,758 01

j.abe 07
3.05¢ 14
.75 O
5.00¢ 03

1. 16017
9.08¢2 03
8.1%e 0]
3,30 08
3.2a2 10
3,75 0

= 146

L HAAT= 10 =

“o. b

3.80¢ 07
3. 168 18
3.75¢ 01
1,50 03

1. 15065
9,342 03
8.092 03
3.308 Od
3202 18
3.752 01

LLEVE

53 o

a. 612 07
3. 268 18
3. 75 01
3.502 03

1.11488
.03z 03
8.10E 01
3.3ae 04
3,252 18
3.715e 0Y

= 52

SAARE=11 = 0

667. b

5.758 07
l.e0® 14
3,158 0
S.00r 03

1.05776
8,588 03
a.11e 0
3.308 Os
3.2 "
3.5e 0

118 Ca

733. 0

6,308 07
3.5z W
.15t 01
2.508 01

1. 03309
8.34t 03
8.07¢ 01
3,30t O
3. 202 14
3. 758 01

e 108

AARX=12 = o

apo. , p

6.91 07
J.66E 1a
3. 752 01
2.50e 03

1.01079
8.13n 03
8.04E 03
3.30F On
3,20 1
3.752 01

880. p

T.608 07
3,762 1N
3,75k 01
3.008 03
0. 98405
7.90¢ 0)
8.03e 0)
3.30E 0w
3. 242 I8
1. 75 01

= &5

8Z1
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Appendix B.2: Sample ORIGEN2 Output Tables for Activation Products
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jclide radisactivity table

" Sampfe ORIGEW,

Table B.2.

kL)

PAGE

OUTEDY ONIT =

ACTIFATION PRODOCES

PLUT= 1.00B DON/CH*e2-S2C

33,000 hunsH1HN

DYCAY OF ENF STRUCTURAL MAYERIAL WASTE:
sowRyp= 1.00000E OONWD,

POWERA= 1.00000E JOPW,

COnyes

AOCLIDE TABLE:

RADTOACTIVITY,

3o. Ky 100. RY 1. AY

KY

3.

AT K BDEPROCESSING TIAE OF 160 DAYS
m 1. k¢

Joo.

‘TR

30. 100.

ol ::lll OF IAITIEL HEAYY AETAL

w

2240.05% ¢
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Table B.2 (comtinued)
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. n
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Teble 8.2 {continued)

o¥TPUT ONIT = & PAGE A
DECAY OF PND STROCTORAL NAYERIAL WiSTE; 33,000 mwp/RTHN ACTIVATICN PRDDUCTS

FOWEAs 1,.00000F QORW, OOUNDP= 1.00OQ0E QONED, FPFLUL= 1.00R OOX/CHe+2-83C

BOCLIDR TABLE: NADIOBCTYERESY, CORIRS
- OFE TONNE OF INITEAL WEAVY XETIL AT A WEPNOCESSING TIAE OF 160 DAYS

SR+, 058 ¢ 3. 10. 1% 0. TR 100, TR 300. YA 1. kr ). K1 10. K% 0. kT t00. Kt t. NY
w120 8.0 0.0 0.0 0.9 0.0 0.9 0.0 0.9 0.0 0.0 0.0 0.0
12t 0.0 6.0 0.9 0.0 g.0 4.0 6.0 0.0 0.0 a.0 6.0 0.4
SN1ZtN 5.7487-0% S.50A8~01 S.00E-0% 1. 7912-81 1,4362-01 8.961R-03 5.9802-07 &.871e-19 0.0 0.0 L 0.0
sni22 C. 6.0 .9 0. 4.0 4.4 8.8 0.0 1.9 o0 0.0 0.0
SN2} 1.420F 02 3.968R-01 %,3558-07 8.1238-24 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
a1z n.o 0.0 g.0 0.0 8.0 8.0 0.0 0.4 4.0 0.0 0.0 9.0
I1e 0.0 0.0 6.0 9.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 9.0
A2 1.2931-02 0.0 0.9 0.0 9.4 0.0 9.6 0.0 0.0 e.0 0.0 0.0
SnIzcY 8.0 0.0 9.4 g.0 9.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
SE1lY £.0 0.0 0.0 0.0 a.0 0.0 ¢.0 0.0 0.0 8.0 0.0 0.0
SE122 E.9690-16 Q.0 G.0 0.0 0.0 6.0 8.0 2.9 0.0 0.0 0.0 a.0
SP1Zn 0.0 0.0 0.6 0.0 0.0 6.0 a.¢ 0.0 0.0 0.0 9.0 . 0.0
SE1) a.0 8.0 0.0 0.4 a.¢ ¢.q .t ¢.0 9.0 0.0 0.0 0.0
SE1ZN 2.5762 00 %.0632-05 1.516E-18 0.0 0.0 0.0 0.0 a.0 0.0 0.0 a.0 8.0
serun Q.0 0.8 8.0 g. 0.0 0.0 0.0 9.6 0.9 a.0b 9.0 0.0
58128 1.0080 03 £.8338 02 1.185¢2 02 7.9%598-01 1.9622-00 0.0 0.0 8.0 0.0 0.0 9.0 4.9
sSei28 8.7%01-0% 1.4478-29 0.0 4.0 0.0 0.0 0.0 9.0 .0 9.0 0.0 0.0
TE1260 9.0 6.0 8.0 4.0 0.0 0,0 0.0 0.9 0.0 0,0 0.0 8.0
TEI20 q.0 0.0 0.0 0.9 0.0 0.0 0.0 9.9 0.0 0.0 a.0 0.0
TNt - D.0 a.0 0.0 0.8 6.0 0.0 0,0 0,0 0.0 8.0 0.0 0.0
TIN2IN 0.0 0.0 0.0 g.0 0.0 0.0 0.0 0.8 9.0 9.9 9.0 a.0
TI22 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0 9.8 8.0 9.0 v.0 B.0

LA AL 1.9772-13 4, 3608-13 8. 3692-13 V. I618-13 &, I64E-13 0. 369E-13 &, J61E~¥3 &4, I6VE-13 4. 26 12-13 4. 3698-13 4. 3612-13 N, 36 1E-13
Tetim 11738 00 2.0572-03 7.624B-10 ).2158-28 0.0 9.8 0.0 - 6.0 6.0 0.0 0.0 6.0
TET2N €.4 6.0 0.9 0.0 a.0 0.0 0.0 a.0 9.0 0.0 0.0 8.0
1258 0.0 0.0 - 0.8 9.0 0.0 0.0 0.0 a.o 0.0 9.0 0.0 0.0
TEI250 J.andp 02 1.660% 02 2.8928 01 1.900E-01 8. 7082-09 0.0 0.0 0.4 8.0 0.0 0.0 0.t
Teils 4.0 9.0 . a. 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0
el $.0132-00 8,5028-06 7.061E-13 5.002EK-33 0.0 0.0 0.0 0.0 8.¢ a.0 0.0 0.0
TEI120% 5.3C38-03 8.7618-06 F.617E-1) 5.1072-13 0.8 0.0 0.0 0.0 ¢.0 0.0 Q.0 0.8
TRI20 0.0 0.0 0.0 8.0 0.0 0.0 0.0 9.4 a.0 9.0 0.0 o.9
Te129 E.0562-10 B.3118-20 0.0 a.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TiI290 B.I0ME-10 L.2778~1% 0.0 9.0 9.0 0.0 0.0 a.0 0.0 0.0 6.0 6.0
T30 0.0 8.0 0.0 a.0 6.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0
TEIM 0.0 0.0 0.0 a.0 0.0 8.0 0.0 0.0 0.0 2.0 0.0 a.o0
Ty 4.0 0.0 0.0 9.0 0.0 9.0 0.9 ¢.0 0.0 0.0 9.0 0.0
1925 8.0 - 0.0 0.0 0.4 0.0 6.0 .0 g.0 9.0 0,0 0.0 0.0
1126 a.0 6.0 0.0 0.0 0.0 0.0 ¢.0 0.0 6.0 0.0 0.0 0.0
1127 €.0 0.0 0.0 a.0 0.0 6.0 e.0 9.0 6.0 0.0 0.0 0.0
1118 c.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 8.0 e.0 6.6 6.0

7129 V.6520-90 1,6528-10 V.E528-18 (.6S2E-18 1.632E-18 1.652k-1% 1,6528-18 1.6%28-1% 1.652E-10 1.650R-18 1.6ASE-14 1_5B1E-18
1130 0.9 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0 6.0 0.0 0.0 6.9
t1)in 0.0 Q9.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 8.0 e.a a.0
1 k]| 1.26T0-18 G.0 8.0 0.9 1.0 0.9 0.0 0.0 8.0 8.0 8.0 a.0
1132 g.0 0.8 0.0 ¢.9 0.0 0.0 0.0 6.9 0.0 0.0 ¢.0 0.0
LI 2K g.0 0.0 0.0 9.0 0.0 0.0 0.4 0.0 6.0 ¢.0 0.0 0.0
1e%25 2.0 8.0 0.0 0.0 0.9 0.0 0.0 6.0 6.0 ¢.0 0.0 6.0
11258 6.0 0.0 8.0 0.0 0.0 . 0.0 - 0.0 e.0 4.0 a.0 0.0 0.0
1116 g.0 0.0 0.0 ¢.0 0.0 0.0 o.0 9.0 0.0 0.0 0.0 6.0
N7 9.0 6.0 0.9 0.0 0.9 0.0 0.0 0.0 0.0 9.0 0.0 a.0
ret2mm &.¢ g.0 9.0 9.0 g.0 9.0 0.0 0.0 e.a 9.0 a.0 0.0
rei2e 0.0 0.0 0.0 0.9 9.0 9.4 0.0 0.0 0.0 0.0 0.0 9.0
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Tadble 8.2 (continued)

onTPot UNIT = & PAGE Lk |
RECAY OF PET STRUCYDRAL HATEANTAL WASTE: 33,000 nwn/RERA ACTIVATIOR PRODOCTS
PEER= 1.000C02 OOWW, SUMIEPs 1. 000000 DORMND, PFLOUY= Y.00R DOR/CR®42-SEC

NOCLIDE TABLE: MADTOACTI®ITY, CORIRS
OXR TONNE OF INITIAL MEAVY RETAL AT A BEPROCESSING TINE OF 160 DATS

IReD. 050 ° Y. 18 10. 12 30. & 100, Tk e, ™ 1. K1 3. K% 10. KY 30. KY 100. &Y 1. nr
cring 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 9.0 g.0 6.0 0.0
ctin) 9.0 8.0 a.0 0.0 0.9 0.0 0.0 0.0 0.0 9.0 0.0 0.0
[ ALL) 1.6120-29 1. 612%-2% L.6122-29 1.9612-137 0.0 9.0 o.0 0.0 0.0 0.9 0.0 4.0
crins 9.0 9.4 q.49 9.0 9.0 8.0 0.0 0.6 6.0 0.0 0.0 6.0
rang 4.4 0.0 0.0 8.4 0.0 6.0 0.0 0.0 o.¢ ¢.0 6.9 0.0
PEIN2 n.¢ 9.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 6.0 a.0 0.0
rREON 4.9 0.0 0.0 6.4 8.0 0.0 0.0 ¢.0 b.0 0.0 0.0 0.0
(A ALK 1.2029-27 5.796B-52 0.0 5.0 a.0 0.0 0.0 8.0 0.0 0.0 8.9 g.0
LA BLL] 1.5932-29 1.5938-29 1.993e-29 1.926E-37 0.0 2.0 0.0 0.0 0.0 0.0 0.4 0.9
PRINS 0.0 0.0 4.0 4.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 6.8
| 12 LV] 0.8 0.9 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0
apis) 0.0 0.0 0.0 8.0 0.0 0.0 0.0 a.0 g.0 0.9 0.0 0,0
Abtan T O3,500P-48 3,.5858-045 L.505E-43 S.RN9IE-A5 S.49IR-83 S.N9IE-05 9 .N9IB-AS S NIIE-NT 9.492-a5 9, 8P IM~AD I AG3E-4S 9.431E-AS
L JALE] 9.0 6.0 9.0 8.9 0.9 0.0 0.0 6.0 6.0 0.0 0.0 0.9
npteg . 0.0 0.0 9.9 a.0 . 9.0 0.0 0.9 a.0 0.0 0.0 ¢.0 6.0
[ I ALY " 2.3681-23 )1.356R-353 0.0 0.0 .0 0.0 0.0 0.0 0.0 6.0 0.0 8.0
noisg ¢« 0.0 . 0.0 6.0 9.0 9.9 0.0 0.0 0.9 . 0.0 0.0 6.0 0.0
[ ALY - 0.0 0.0 0.9 0.9 4.0 0.0 0.0 0.0 a.0 0.9 0.0 a.0
nLIs0 0.0 0.0 0.9 0.0 0.8 0.0 0.9 0.0 6.0 9.0 0.0 0.0
RE51 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.9 0.0 6.0
PRIS ‘0.0 9.9 0.0 9.0 9.0 0.0 a9.0 0.0 0.0 0.0 9.0 8.9
FHTLT 8.1900-20 1.068%-20 1.1368~20-7.0083E~-21-7,.3200~29 0.0 0.0 0.0 0.0 0.0 0.0 a.4q
PHING T.3238-23 3. 206E-20 T.8008-47 0.0 8.0 0.0 0.0 n.o 0.0 0.0 0.0 0.0
[AALLL) 1.2108-21 5.7638-27 1, 170B-0% 4.0 0.0 a.0 0.0 0.9 6.0 4.0 0.0 ¢.90
[ LALE 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 9.0 0.0 %.0 0.0
rmise 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 8.0 0.0 e.0 0.0
L LR} ) 0.0 0.8 0.0 0.0 0.0 0.0 6.0 6.0 0.0 0.0 0.0 0.0
L LALY 0.0 Q.0 0.0 0.0 0.0 0.0 g.0 0.0 0.0 e.0 0.0 0.0
LERLL 0.0 8.0 0.0 0.0 0.0 .0 0.9 0.0 0.0 0.0 6.0 0.0
E1ALEH] 0.0 0.8 9.0 0.0 4.9 0.0 0.0 0.0 8.0 0.8 0.0 0.0
SH1sé 9.6 0.0 0.4 0.0 0.0 0.0 0.0 6.0 0.0 0,0 0.0 0.0
L RLY S 8.0339=-3% 1, 085R=-30 2.534E-30 1. 0053-30 2.812E~30 2.817k-30 2_8I3E-30 2.892e-30 2,8122-30 2.812E-30 2.8128-30 2.0122-340
LLALL} 3.0057-33 3.2872~3) L. 943E-33 5.0192-13 1,238B-32 3. 118E~-32 9,6792-32 2. eaAe-31 9.4092-131 2,0178-30 9.302e-30 9.379e-29
sn183 9.9512-28 9.9612-20 9.961E-208 3.961E-28 9.961E-28 9.9612-20 9,96 12-20 9.9612~-28 9. 961E-23 9,.961E-29 S.961E-28 93.961E-20
SRN¥50 8.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 e.0 9.0 8.0 0.0
serst 8. 0060~12 N,6968-12 N.8500~12 J.0158-12 2,225E~12 4.760E~13 2. 17BE-15 4. 4872-22 0.0 0.0 0.0 0.0
s8152 0.0 0.0 a.0 a.0 0.0 0.0 0.0 0.0 9.0 8.0 0.0 0.0
an15) 8.9 0.0 9.9 o0 0.0 9.9 0.0 0.0 3.0 0.0 0.0 0.0
2H153 0.0 0.0 0.0 0.9 0.0 6.0 0.0 0.9 8.0 9.0 0.0 0.6
sA15% 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.9 0.0 0.0 6.0 0.9
L0151 4.0 8.0 0.0 - 8.0 .9 0.0 0.0 0.9 9.0 0.0 b.0 0.0
en1t2 .00~ 6.0922E-18 A 995B-14 1.6222-10 W.570E-16 L.714B-20 5.0998-36 0.0 0.0 0.0 0.0 0.0
EUIS 0.4 0.0 LN 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0
EB5) . 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0 b.0 0.0 0.0 8.0
RO1SK 1.0772~-00 B, 8454E-0% §,B098-0%5 9.593¢-06 1.3708-08 1.3652-15 0.0 0.0 0.0 0.0 0.0 0.0
RUISS S.0695-05 J.8598-05 1.4518-05 B.8628-07 8.2932-11 ). 6152-2] 0.9 2.0 6.0 0.0 0.0 0.0
e0156 1.2208-06 2.3208=-2¢ 0.0 0.0 6.4 8.0 0.0 0.0 0.0 0.0 6.0 0.0
api1s2 1.0831~-18 1.0832-10 1.0812-18 1.043E-18 1.0832-18 1,003E-14 1, 0832-18 1.0432-10 ¥.001R-18 1.003E-18 1.083E-18 1.083E-18
GEY5d 9.802E-Ch N.2678-05 2.818E-08 2.310E-17 0.0 0.0 0.8 T 0.0 0.0 s.0 0.0 6.0
G154 . b.0 0.0 0.0 0.0 0.4 0.9 0.0 9.9 Q.0 Q9.9 8.0 9.9
GDI55e C 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0
GD155 - 0.0 g.4a 9. a.4 - 8.0 6.0 4.0 9.0 0.g 0.0 8.0 0.0

)
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A0ENYE= 1.00000R OORND,

DECAY Of PNR STRUCTORAL WATERIAL WLSTE: 33,000 mups/HTnY

rowgrs 1,00000F OOAR,

CURIES

WOCLIDE TABLE:

RADJOACTIVIYY,

ONE TOWNE OF INITIAL MEAVY ARTAL AT A REPROCESSING TINE CF 150 DAYS
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le‘lc B.2 {continyad)

oUTPOT ONIT » & (41 ] [}
DECAT OF #VE STROCTOURAL NATRATAL UASTIE: 33,000 RWD/HTRM ACTIYATICE PRODUCTS
tongy= 1.000008 00mE, BUBRUE= 1.0600002 donwp, PLDI= 1.D0R DOR/CHe®2-3RC

ROCLIDR TABLE: NADIOACTIVITY, COURIRS
ONE TONNE OF IWLTIAL REAVY RETAL AT X AEPROCERSSING YINE OF 160 DAYS

SHe0.058 7 2 MR 0. 1 30, Yma Va0, TR 300. N t. KT 3 xr 10, KY 30. KY 100, KY 1. ny
17N 0.0 g.0 a.0 9.0 a.0 0.0 0.0 .0 0.6 0.0 0.0 0.0
Te1?s 1.6¢0r-20 8.0 8.0 0.0 9.0 0.0 0.0 0.0 0.0 9.0 6.0 . 0.0
TE1I%N 0.0 0.0 0.8 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0
TE176 4.0 5.0 9.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18112 0.¢ 0.0 0.0 9.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L0175 0.0 b.0 8.0 8.0 0.0 6.0 0.0 0.0 0.0 0.0 6.0 0.0
LOYVIE 2.6750-10 2.6750-11 L 6TSE-10 2. 6750=40 2. 675E- 01 2.675E-11 2. 675m~-11 2. 67SE-¥1 2.678B=11 2, 679E-11 2.67S2-11 2, 6758-19
Loi1Yen 0.0 0.9 .0 0.0 6.0 0.0 a0 8.0 0.0 0.0 0.0 6.0
Lo1?? 6.6180-00 4,927E-06 5.1302-11 3 @65E-25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lo1tm 2.0778-01 2.1428-05 2.3198-10 1.507E-28 0.0 0.0 0.0 8.0 0.¢ 0.0 0.0 0.0
L1231 0.0 6.0 0.0 9.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hetrs 1,263 00 6.3308-05 6.8022-16 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0
HY 176 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
nry37? () 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0
nrile a.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nr 1780 0.0 0.0 9.9 0.0 0.0 0.0 0.0 0.0 a.0 0.0 e,0 0.0
Rr179 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0
riIm 0.0 0.8 0.0 0.0 6.0 0.0 0.0 0.0 0,0 ERE 0.0 0.0
CTATL 0.9 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
[ TALDL a.0 0.0 0.0 9.9 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0
Heted -1.4681 019 6.0151-01 4.499p-25 0.0 0.0 0.9 0.0 6.0 0.0 0.0 0.0 0.0
nr16? N, 1668-07 4, 1668-07 N, VCER-07 N. V66E-0T 4. V6EE-07 &, 1662-07 N, 165E-07 N. 165E~D7 4. 162E-07 A, $562-D7 &, 1342-07 3.0572-07
TH180 0.0 0.0 9.0 0.0 0.0 0.9 0.9 9.0 0.0 0.0 0.0 6.0
ThiIN 0.0 0.0 0.0 0.8 0.0 0.9 0.0 a.0 c. o 0.0 0.8 0.0
THIAZ 13718 01 1,08368~02 &.2018-07 4. 1668-07 4. 1GER-07 4. 166807 N, 1652-07 N. t65E-07 N, 1628-07 W, 156807 8.1342-07 1.857E-07
Thiem a.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 9.0 0.0 6.0
At 4.5972-00 0.0 0.0 8.0 0.0 0.0 6.0 6.0 0.0 0.0 0.9 0.0
CRLT) 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L ETT] 3.683R-01 E.985E-00 J.111B-10 2.2198-28 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0
w182 ¢.0 8.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
LR %" 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.¢ 0.0 0.0 0.0
L TLE] 0.0 0.0 o.a 9.0 0.0 0.0 8.0 0.0 6.0 0.0 0.0 6.0
s188 0.0 0.0 0.0 6.0 0.0 0.0 8.0 6.0 0.0 0.9 0.0 0.0
0es $.7397 00 2.16TE=08 1.336E-18 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
"85 0.0 0.0 0.0 0.0 0.0 0.0 0.9 2.0 0.0 0.0 0.0 0.0
w186 8.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11a? 0.0 0.9 8.0 g.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
nse 3.2000-01 S.806%-06 . 7158-17 0.0 0.0 g.0 0.0 6.0 0.0 0.0 0.0 8.0
105 0.0 0.6 0.0 e.0 9.0 0.0 0.1 9.0 6.9 0.0 0.0 g.0
| TATL) 0.0 0,0 8.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
T TAL1) 2.0060-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0
ap18?7 1.390p-08 1.3908~-08 1.3982-08 1.3982-08 1.390E-08 1.3982-08 1.3982-08 1.394E-08 1,396%-08 1.190F~08 1, 3Y98R-08 1, I9BE-0B
'TALL 3.3228-01 5,8662-06 N.763%-17 0.9 0.0 0.0 0.0 0.0 e.0 0.0 0.0 0.0
"2 1089 0.0 0.0 9.0 0.9 0.0 0.0 0.0 0.4 6.0 0.9 o0 0.0
L T3LL 0.8 0.0 9.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ostan 0.0 5.0 0.0 0.0 8.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0
05185 0.0 0.0 8.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 6.0
osies 8.0 0.0 0.0 0.0 0.8 0.0 0.0 o.0 5.0 0.0 0.0 0.0
as318? 0.0 8.0 .0 0.8 0.0 9.9 0.9 0.0 0.0 0.0 0.0 0.0
65188 9.0 9.8 0.0 2.0 8.0 8.0 0.0 0.0 D. 0 0.0 0.0 0.0
0st89 0.0 0.0 6.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0
03190 0.0 0.0 4.0 0.0 2.0 g.0 0.0 0.0 6.0 0.0 0.9 0.0

irt
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Table B.2 {continued)

. OUTPUY UNIT = 6 PAGE 46
DECAY OF PWS STROCTURAL ANTRRIAL waSTE: 313,000 mwpsuTan ACTIVATION PRODUCTS

MOER= 1,000000 $OWR, DBORROP= 1.08000E 00AYD, PLEI~ 1,00 QON/CHSS2-SEC

WECLIDR TAPLE: RADIOACTIVITY, CORIRS :
ONE TOANE oF INRITIAL HBAVY EETAL AT A FEPROCESSING TINE OF 160 DATS

Sue0.05% 2 Ln 10. ¥R 30, ™ 100, % 300, IR 1. KT 3. KY t0. Kt 30. KY 100. KT 1. Y
431900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LERL A 9.7C62-06 3.759E~27 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 0.0 6.0
os9 M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
03192 0. 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.¢ 0.0 0.0 0.0
035191 0.0 0.0" 0.0 0.0 0.0 0.0 e, 0 [ Y ] 0.0 0.0 0.0 0.0
0s198 0,2C80-11 2.9768=41 1. J25B-11 1.3158=12 N.045E-16 1.7388-26 0.0 0.0 0.0 0,0 0.0 0.0
1R191 e.0 0.0 6.9 0.0 0.0 0.0 0,0 0,0 0.0 a.0 0.0 0.0
a2 6.6631-04 2,.8550-08 2.5D6R-09 2, 842¢-09 1.997E-09 1,.1238-09 1, SOUE-10 N.772E-13 8.6128-22 0.0 0.0 b.0o
InNt9IMm 2.66CE~09 2.6378-09 2.584R-09 2.480E-0% 1.9952-09 1.1228-09% 1.4992-10 a.768E-11 B_6058~22 0.0 0.0 0.0
I3 8.0 0.0 8.0 0.0 2.0 0.0 [ 0.0 D.0 D.0 0.0 D.o
TR19N 8, 2100-1% 2,97T7R=1Y 1.026R-11 1. 316E-12 A.046E-16 1.739E-28 0.0 0.0 0.0 0.0 0.0 0.0
IR19an 0.0 0.0 0.0 0.¢ 0.0 0.0 [ Y] 0.0 0.0 9.0 6.0 0.0
P11920 6.0 0.0 0.0 0.0 0.0 4.9 0.0 0.0 a.0 0.0 0.0 0.0
[ TRL ] 0.0 0.¢ 9.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.9 ¢.0
re192 0.0 0.0 8.0 . a.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0
PY191 1.9A59-08 1.536R-08 1.523B-00 1.0872-08 1. 3435E-08 1.0192-08 3, A6 1E~09 2_%13E-10 V. G732-1% 9. 300B-26 0.0 0.0
PY1S I8 3.8631-17 0.0 9.0 a.0 0.0 0.0 0.0 0.0 ¢.0 a.0 0.0 0.0
PT19% 0.0 0.0 2.0 8.0 0.0 0.9 0.0 0.0 0.0 0.9 0.0 0.0
PYVIS n,.0 c.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0
PT19%0 3.3912-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P1196 g.0 0.0 8.0 0.0 0.6 0.0 6.0 0.0 0.0 0.0 q.0 ¢.0
r1197 0.0 0.0 0.0 8.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
11970 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
PTI98 0.0 0.9 8.0 a.0 0.0 0.0 0.0 0.0 ¢.0 0.0 6.0 0.0
PY195 0.4 0.0 9.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 ¢.0 0.0
PYI99N 0.0 g.0 4.4 a.6 a.0 8.8 a.90 a.a 0.0 d.0 8.0 a.0
10197 0.0 0. 9.0 4.0 [ ] 0.0 9.0 0.0 0.0 0.0 0.0 0.0
ADt98 2.835e-31 0.0 0.0 0.0 0.0 4.0 0.0 a.0 0.0 0.0 0.0 4.0
A0199 2.282R-29 0.0 6.0 0.0 8.9 0.0 0.0 0.0 a.0 0.0 0.0 9.0
AQ204 0.0 0.0 0.0 2.0 0.0 0.0 6.0 0.0 0.0 0.0 a.0 0.0
rG194 8.0 0.9 0.0 0.0 0.0 b.o 0.p 0.0 0.0 0.0 0.0 0.0
RG197 0.0 0.0 © 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0
RG197N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 6.0
RG198 0.0 6.0 0.0 0.0 0.9 0.0 6.0 0.0 0.0 0.0 0.0 4.0
HG199 0.0 0.8 0.0 0.¢ a.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AGI199 0.0 0.9 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13200 0.0 0.0 0.0 a.9o 0.9 0.0 0.8 0.0 0.0 0.0 8.0 8.0
nglo1 0.0 0.9 8.0 a.0 0.0 0.0 0.0 0.0 0.0 7.0 0.0 0.0
HG202 0,0 8.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0
AG203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.e 0.0 0.0 0.9 0.0
NG04 2.0 0.0 9.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0
AG20% 0.0 0.0 8.0 ¢.0 e.0 0.0 ¢.6 0.0 9.0 0.0 0.0 ¢.o0
T1203 0.0 0.0 0.9 6.0 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0
1708 0.0 0.0 0.0 a.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 9.0
11205 0.8 0.0 0.0 6.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.9
T1L206 B, 5962-12 8.5968-12 5.5968-12 B.5958~12 0.5958-12 0,5958=12 0.5902-12 0.5902-12 4,576E=-12 B,536E-12 0. 3998-12 5.0228-92
PRION 8.6097-20 0.6092-20 8.5098-20 8.609E-20 8.60%E-20 B.809E-20 0B.6092-20 5.609E~20 B.6092~20 D,609B-20 B.60898~20 8.609e-20
te205 9,130%-13 9.1302-13 2. 1308-13 9. 1308-13 9.1308-13 9. 1302-13 9.1302-11 9, 1292-13 9.1208=-13 9. 1248-13 3. 1092-13 £.921%-13
PEZ0G 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PE20T 0.0 0.4 0.0 0.0 0.0 8.0 0.0 0.0 4.0 0.0 6.0 0.0
pe208 0.9 0.0 8.0 a.0 0.0 0.9 0.0 0.0 4.0 0.0 0.0 0.0
pPR2DY 0.0 0.0 0.0 0.0 0.0 0.0 o 0.9 0.0 0.0 0.0 D.0

rt
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Table 8.2 {continved)

' ' ouTeay el = ¢ pAGE &7
DECAY GF PEN STROCTOMAL NATRRIAL 9ASTE; 31,000 Mws nYnn , ACEITATICH PHODUCTS
PoRERe 1.000002 00ONY, BORNOP= 1.00000F OONGD, FPLOT= 1.008 OOW/CNe+2-SEC

ROCLIDE TABLE: IIDIDIC?I'IT‘.A CORIRS
OUE TOUNE OF IRITIAL REAVY ACTIL AT A REPROCESSING TINR OF 140 DAYS

LR 05% ¥ 3. I 0. I» kL { ] 100, TR ¥Xo. 1. kY 3. kY 10. KY 30, K¥Y 100. Kt . AY
81208 1.3811-12 1.3318-12 L.3S1E-92 4,3508-12 1.3598-12 1.2508<12 1. I09E-12 1.304E-12 1.326%-12 1.277E-12 1. 1198-12 2.054E-13
B1209 0.0 0.0 8.0 0.0 0.0 g.0 0.0 0.0 0.0 o.0 0.0 0.0
[.h&al. 6.0002-15 0.0 0.8 6.0 9.0 * 0.0 0.0 C 0.0 0.0 0.0 0.8 0.0
BL210y 0.6108~12 8,6308-12 4.6308-92 8.6J0E~-12 4.6302-12 0.6290~12 B,6208%~12 8,6208-12 B.610R-42 9.5708-42 B.4332-12 6.850E-12
pI21Y ¢.C 0.0 9.0 4.0 0.0 4.0 0.0 9.0 0.0 8.0 0.0 0.0
rC210 1,.0060-03 8.3320-00 1.530B-13 3. 4528~18 2. A52e-14 2. 852R-10 2 . ASIE-18 1. A508-18 3, ARAE-10 3, N24E-0§ 3. 37IE-14 2, 7R0B-1N
P2t 0.0 8.0 8.0 0 0.8 4.4 9.0 a0 0.0 0.0 4,0 6.0
rC2%10 0.0 0.0 9.0 0.0 0.0 0.9 0.0 a.0 0.0 0.0 . 0.0 0.0
TCIAL N.G6TE DN -8, 77TR 83 J,0558 01 6. 7438 07 3, 063F 03 7.5908 OF 7.0802% 00 7.096F 00 6.169L 00 N.T7OAE OO0 2.%46f 00 1.578E-01

crl
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Table B.3. Sample ORIGENZ element radfoactivity table
OUYPOT DNIT = &

DRCAY OF pWR STRUCTYORAL NATERIAL WASTE: 13,000 nuo/ntan

POWER= 1.00000F 00AW,

3p+0. 051

1.2001-01
2.209¢1-08
9. 01201
2.9082p-08
3.6C18-01
5.2791-01
5.020 -0
2.6500-04
2.3068-1)
v.809p-03
1. 160801
2.3042-15
6.2361 02
6.8031 01
8.863r 03
8.725¢ 03
6.6C61 02

. $.7312-23
2.1032-01
2.272¢-10
2.0000=132
6.3561-01
2.1711 00
£.5663 0
1.6591 o8
2.5201-02
1.0561-03
N.0608-03
2.9598-13
€.455p-18
7.1320-00
9.9511-03
8.9161 00
'RITIRE
t.051e 03
3.454¢ 02
1.6520-18
0. 1570-12
1.601e-16
5.2108-2)
8. 3562-57
1.6129-29
1.2180-21
2.3648-2)
8.313p-320
N.8061-12
1.6268-00
9.082p-08
1.7282-03
2.0012-20

BOANOE= 1.000DOE OOMRD,

ELENENT TABLE: RADIOACTIVITI, CORIES

OXE TOWNE OF IWITIAL
¥ L. m

1.0828-01
2,209e-08
9.v002-01
2.8702~08
2.8474%-08
9.59182-05
6.0208-06
1.5928-00
2. )46e-113
1.7502-05
t.Je8R-05
2.308E-15
7.7728-10
5.9868 00
2.971R 01}
N1 )
&.%80r D2
¢.0

9.3%02-01
2.5278=18
2.000R-32
L. a13E-08
1. V6 1E-D8
1.9652-01
1.4%18 00
2.521n=-012
1.0568-01
1.631E- 1
1 902E=18
6.0552-18
4.0792-03
S.917E-00
1.9922-08
t.9098 02
¢.033¢ 02
t. 6688 G2
t.6522-14
a.a80E-03
1.3288-16
1.1908-33
0.9

1.86122-29
1.593p-2%
3.585m-43
J.e6ne-20
4.6962-12
1.231E-08
8.2672-05
4.7278-08
0.0

0. 12 30. I %00. TR

7.3038-02 2.3762~02 N.672E~0N
2,.209%-08 2.2098-08 2.209B-0R
8.8008-01 9.376E-01 9.299E-0t
2.4568-00 2.80%E-08 2.231E~-D0
2.856u-08 2.8082-00 2.231%~08
1. 7622-%) 0.0 2.0

6.0208-06 6.0208-06 6.0198~06
1,.5602-08 1,.485e-08 t.280E~08
2.3968-1) 2.348E-13 2.I062~13
9.0888-00 9.0492-00 9.084E-0B
8.005e-15 0.0 0.0

2.3048-15 2.3042-15 2,304R-15
0.0 g0 o.0

2.0738-02 1.904K-0% 0.0

31,3598 02 1.6268 00 1.278E-08
1,956 03 1.4092 02 1.4132-92
€.130R 02 S.280% 02 3.137% o2
8.0 0.0 0.0

6.5208-06 6.2652-15 0.0

0.0 0.0 0.0

2.000%-32 2.0008-32 2.0008-32
1L 1942-00 7,.8208-05 1.%02B-0S
1.1958-00 7.0128-05 1.0022-0%
1.266R-010 1.266R-01 1.266R~01
1.336 00 1,376 00 1.3908 40
2.519E-02 2.509¢-02 2.4752-02
1,056E~03 1,.0562~03 V,0562-0)
3,099E- 14 3.2998-22 &.107R-4%)
3.059E-16 3.2992-22 4. 1072-83
G.0558=-15 £ 055015 S.45528-145
6, 7600-06 £,003R-06 N.124B-06
1. 1892-05 2.1672-10 5.5042-27
1.6628-16 V.6628~16 1.6628-14
€. 3738-01 3.79tB-010 1.M35B-01
1. 1858 02 7.9512-01 1.9628-08
2.8922 0t 1.9%0R-01 0.780E-0%
16528~ 1.652e-10 1.852B~ 18
0.0 0.0 0.0

.262B-17 1.9658-20 1.3188-2)
. 190E-33 1.1908-33 1.190R-3)
0.0 0.0 0.0

.6138-29 2.9612-37 0.8

1.593e-29 2.926e-37 0.0

3.5058-85 9.4338-45 9. 4932-~49%
1.1360-20-7.0832-2%-7.1202-29
a.0508-12 1.815e-12 2.225%-12
6,2598-0% 1.0882-0%5 1.3752-08

2.018E-00 2.0182-17 1.0822-18
1,071E-14 Q.0 0.4
0.0 Q.0 - 0.0

oo, T

L 223e-09
2.2092-08
9.0762-M1
1.8032-08
1.803p-08
9.0

6.0162-06
7.8007E-09
2.346E-1]
9.028E-04

2.0008-132
1, 100e-017
1.2018-07
1. 263e-01
1.3908 00
1.3708-02
1,055e-0)
0.0
0.0
6. 8455E-15
1. 36 8E-06
9.9
V. 6622=16
8,98 1E-0)
0.0
8.3612=13
1,6522~18
0.9
1, 818E-23
1. 190E-133
0.0
0.0
6.0
9.8493E-05
6.0
4.768E-13
3,3658-15
1.0832-18
0.4
0.0

FLOX= 1.D0F% 00M/CHuee2-SPC

HEAYY HETAL AT A REPROCESSING

1. kY

S.3700-26
2.2082-09
a,339e-01
8.5952-09
8.58€2-09
0.0

6.00€R-06
1.2208~09
2.3a6e-113
8.9742-08
0.0

6.9702-1%
6.9728-35
1.265¢e~09
1. 3608 00
2.070e-02
1.052E~-83
0.0
0.0
6. 4548-15
3.03%E-08
0.0
1.6620-18
5. 44 02-07
0.0
8,3618-12
1.652E-10
0.0
1.8918e-23
1. 1262-40
n.0
a.¢
0.0
9.433E-5

0.0
2.1788-15
5.495e-36
1.083e-18
0.0
0.0

ACTIYATICH FRODOCTS

TINE OF 160 DAYS

3. kY

0.0
2.2062-08
6.507e-01
1.013p-09
1.013e-09
0.0
5.9792-06
7.057E-12
2.3062-123
B.822e-08
0.0

2. 3o0nE-15
0.9

c.0

0.0
5.427¢ 00
0.

0.0

0.0
2.0008-132
1.8762-35
1. 876E~-39%
1. 26%E~01
1. 278E 00
1.391e-02
1.006E-023
0.0

0.0
E.A45)E~15
5.511E-1)
0.0

1. 6628-16
4.871E-19
0.0

8. 351E~-1]
1.6528-1%
D.0

1.4102-23

9.5982-61

0.0

0.0

0.0

9.4932-48
0

N.447p-22
0.0
1. 083E-10
0.0
0.0

10. KXY

0.0

2., 2002-00
2.8072-01%
S.002E~13
5.6032-13
0.0

5.6832~-0¢

30. KY

0.0

2.191E-08
T.497e-02
3. 178-22
1. 171e-22
0.0

5.618R-06

1.0352-13 0.0

2.306E- 13
6,.3092-08
a.0
2.3082-1%
0.0

iTE 00

00E-32

A A N N-E- N N-N-¥-]
- X-N-R-R- K N N-N-)

4 % o8 4 e b+ s ¥

260E-01
1,012 00
1, 480203
1.022E-03
0.0

6.0

§.8N4BB-15

-

2.3460-13
7, 0028-0B
0.0

2,3082-15

.1

T5E 00

NI

0B 0QHOOIDD

00R-32

AnoeDSowaaad

.
1. 209 2-01
5.7918-01
6.6172-05
9.578E-08
0.0

0.0

6. N3AR- 15

1.8132-29 0.0

0.¢
1. 662816
0.0

0.0
8. J618-13
1.6528~14

0.0
1.4158-23

93E-4S
902-20

I-Z-F-X-N-3-N-3

aie-18

Xy R N F-N-J-N-J

>0 0

0.0
1.6628-16

N I612-1)

t.6508~14

¢.0

1.9068-2)

9.0

6.0

0.0

0.o

9.993p-05
9

G.

1. 002827
0.0
1.0832-18

0.0

PAGE  &B
100, Kt 1. ny
0.0 0.0
2.1162-00 1.9312E-08
$.2402-06 0,0
0.0 0.0
0.0 0.0
0.0 0.0
8,782E8-06 6.C192-07
. 0.0
2.386E-13 2. 345E-13
3.8472-08 1,730E-11
0.0 0.0 -
2,3048E=-15 2,308E-15
0.0 0.0
0.0 0.0
9.0 0.0
0.0 0.0
2,.167E GC 9.0712-04
0.0 0.0
0.0 0.9
0.0 0.0
2.0008-32 1,141e-35
0.0 0.0
0.0 8.0
1.2108-01 8,0452-02
1.574E-00 7_6432-02
6.2692~11 0.0
T7.627R~00 N _ 07BE-05
0.0 6.0
0.0 0.0
6.3862-15 5,002E-15
0.0 0.0
0.9 0.0
1.6628-16 1,.6622-16
0.0 0.0
0.0 0.0
0.)61E-13 4,3612-13
1.645e~-14 1.5801E-14
0.0 0.0
1.1772-23 1.050E-21
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
9.%93E-85 9_393g-05
0.0 0.0
1.008E-27 %.0932-27
0.0 0.0
1,083e-18 1,0832-19
6.0 6.0
0.0 0.0
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Table 8.3 {continued)

PYCAY OF FEB STNOCTURAL NATEOISL WASTR: 33,008 HVD/NTHN
PLUI= 1,008 DON/CH**2-3RC

sne0, 651

1.3112p-09
§,2090-18
1.7902-10

CLRAINT TABLE:

RADIGACRIVITY,

CoUIEs

OOTMIT ONIT = &

ONE TOUNE OF INITIAL NEAYY RETAL AT A REPROCEREAING

¥ . n 10,
1.3108~09 1.3032-09
0.0 0.0
1.820m~-17 7.6062-10

3.6C01-20 0.0

3.539e-03%
N 1952 01
1.321e 0V
6.43810 00
3. %1000
$.7C6e-06
6.6680-00
1.505e-00

2.2660-29 0.0

9.9%¢n=-12
$.130e-1)
5.9472-12
V.0080-05
.8567F O

2.6352-05% J.1208-10
6. 03)6E-05 0.1660-07
V.0562-02 §.2028-47
9.410E-04 J.0%12-00
5,0808-06 1.390B-Q0
2.9761-11 1.3258-11
2.9211-08 3. 104%-0Y
1.53-08 l.:!!l-ﬂl
- ..

2.5908=17 0.49568-12
9.9308~13 %.1308-123
9.9018-12 9.962-12
5.322¢-08 1.530R-1)
8.777k 81 3.03% 0)

30. m

t.2902-09
6.0

5.6238-17
2.675E~11
N. 166R-07
4. 1668-07
2.2191-28
1.398e-08
1. 315812
.. 8332-09
1.4828-08
0.0

8. 5938-12
9. 13001}
s.9812-12
3. a82m-1n
6.1838 02

100. YR 300. TR

1.239%2-09 1.100E-D9
0.0 .
5.954E-28 0.0

0.9 e.0
2.675E~11 2.675%~11
N, 1662-07 A, 36 62-07
8, 1668-07 8. 1662-07
o.0 6.0
1.3908-08 1,3988-08
4,0858-16 I 720824
3. 9918-09 2, N 5E-09
1,3038-00 1.0198-08
9.0 0.0
8.5958-11 8,%938=12
9. 1J08+13 9, 1301~1]1
9.9818-12 9.9802-12
3.4528-14 J.NS520-18
3.1638 02 7.590E 01

1. K1

T7.3652-10
8.0
0.0
0.0
2.6T7ER-1Y
. 1658-07
A, 1652-07
6.0
1.3980-08
2.0
2.9992-10
3.4612-09
0.0
0. 598112
9. 11CR~13
9.9778-12
J.a51E-18
T.8028 00

ACTITATION PRODDCTS

TINE OP 160 DATS
3. KT 16. k¥

2.3208-10 S.0708-12
0.8 0.¢
0.0 0.0
¢.0 0.0

2.675E-11 2. 675E-11
v.1652-07 ¥, 1622-07
8, 1658-07 N, 1622-07
0.0 0.0

1. 398E-08 1.190E-08
0.0 6.0

9.5408-11 1,7228-20
2.8132-10 1. 473E-18
0.0 8.0

0.350E=12 4,576%=13
8. 129E~13 9. 1282~1)
S.9682-12 9.9368~12
1.8508-14 I audE-1y
7.096% 00 6. 1698 00

3. &Y

3.9138-17
0.0
0.0
0.0
2.6752-11
8, 156807
.. 1562-07

0.0
1. 390808
a.8
0.0
1.3408-24

9.9

49.5380=142
9. 9242-13
9.0478-12
3. 029n-14
8.704% 00

raGe 89

100. Rt 1. nY
1.0798-30 0.0
0.0 0.0
0.0 0.0
a.0 0.0
2.675%e-11 2,.675e-114
4. 134E-07 3,0572-07
N.134E-07 3.857¢-07
0.0 0.0
1.398e-00 1.3198E-08
9.9 0.0
0.0 0.0
a.9 0.0
8.0 0.0
£.3998«12 £.822R-12
9.1098~13 B, 9212-13
9.5%28~12 7.055%8-12
J.ITIE-14 2. THOE- 1N
2.%46E 00

1.578¢-01

sri
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POVER= 1.00000% Q0ANW,

Table B.4.

Sample ORIGEN2 summary nuc!ide radtoactivity table

DUTPUT ORIT = &

DECAT OF PWR STRUCTORAL NATERIAL WASTE: 33,000 AWO/NTHE

$040,.03%

9.812¢-01
t.23¢r 02
6.84032-01
5.831e 03
1.434¢ 01
7.2861 03
S. 158 o0
6.554E 02
1.266p-01
8.566EF 03
$.2631-03
1.203¢ 00
1.652¢ o8
6.3552 o1
2.52we-02
3.aase o2
4.2062 01
1.020¢ 02
1.0881 03
d.anyp 02
N.6551 00

., 667t 08

SONNART TADLE:

BORNUP= 1.00000E 0OAWD,

SADYOACTIVITY,

ONE TONNE OF IRITIAL

L 3. I
9.0008E-01

6. 1»
9.800E-01

T.7722-10 0.0

S.9662 00
Z.171e 03
d./1eie-02
N, 911E 03
5.158E &0
6.808E 02
1.266e-01
5.909e-02
2,.5002-02
1.l83r 00
1.2108-010
8.4032-D8
2.523%-02
4.750e-01
1.893¢ 02
3. 964E-01
6.833e 02
1.668R 02
8.777¢ 03

0.777E 0}

1.0738-02
3.1598 02
R, 194213
1.9562 @)
S.1542 g0
6.0798 02
1.2662-01
$.5971R~ 14
S.351e-02
1.2022 09
T1.2438-1)
4,1528~-18
2.3198-02
2. 775¢-08
1.369e-01
4.365e-07
1.1858 02
2.652e oY
1.054z 0)

1,055e 01

0.
9.3r0R-01

a.0

1.904E-09
1.6268 00
8.0

1.409e 02
$.153e 00
S.2208 02
t.266E-01
0.0

9.6108-02
1,301 00
9.0

0.0

2.509e-02
7.602e-17
1.451E-10
N, 123829
1.9512-01
1. 9808-01
6.739E 02

6,793 02

TLUT> 1.00Z OCn/CHee2-SEC

CONIES
BEAYY BETAL AT L WEPROCES3ATWG
100. Y% 09. 1 1. &Y
9.299-01 9.0768~01 3, 3392-01
0.9 0.0 .
0.9 0.0 0.0
1.27ee-08 0.0 0.0
. 0.0 8.0

1.8138-02 5.3112-14 0.0
S.1508 00 5.191E 00 5.11CE Q0
3.086% 02 6.836E 01 3.500B-01
1.2662-01 Y.265E-01 1,265%-01
0.0 0.0 0.9
1.1962-010 1, 2028-0t 1,2028-01
1.2708 00 1,2708 00 1.280% 0O
0.0 0
9.0 0
2.475e-02 2
0.0 0
0
q
9

T08-02

0.0
2.0
1.9628-08
4.ld6e-09 9.0 6.0
3.1628 02 7.597¢ 01 7.801% 00

SOGoNTO
DO

- 2-A-¥-3-¥-]

3. 1638 02 7.590% OV 7.PO2R 40

PAGE 50

ACTIVATICN PRODUCTSI

TIAE OF 160 DATS
). KY 10. KY 0. kY

97E-01 2.807E~01 2.8978-02
0.0 0.0

K
E-J
.

27¢ 00 758 00

. 4

G0R-0t 1. 289e-01

86e-01
05e-01t

97E-0% :
16E-0t

BpoEZ~03 11E-05

OO -D=0WOO O

.
-
w
&=
™
3
o
OO0 0D NI DOt adsDDDS
[--2-N-N-0 N _JF_ Wy Ry N R-3-N- Y-
b
20000 A=ONDOIDD

0.0
7.095¢ 00 6.168E 00 4.708E 0O

7.096% 00 G.169E 00 A, 7082 0O

100. xY 1. nY

S5.2008~D6
0.0

Tie-on

45E-02

¥9e-01
152~02

43e-02
49E-15

* * % 4 & ¥ ¢ B F 4 2 2

69E~11

DRI

SR ONSONSDNOG IO
CoO0DOoROCwDIIOoOVLOOODD

- X-X-¥ W.-N- I Oy Y- FUE_ - ¥
So00CDVNARCEISoOIR

2.485E 00 1.578¢-01
2.006E 00 1.578E-01

or!
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Table B.5. Sample ORIGEN2 summary element radioactivity table g

. ODTPOT ONIT » 6 FAGE 51
DZCAY OF PUR STASCTORAL RATRATAL SASTSE; 33,000 nWD/ATER ACTIYATION PRODUCYS
tORER= 1.00000% QONS, BERNEP= 1.00000E O0ORAWD, PLOR= 1.00B 0ON/CHe¢2-SRC

SONSIAY TABLE: PRADIOACTIVITY, CoeiEs -
OPE TOUNE OF INITIAL BEATY RETAL AT A REPROCESSING TINE OF 1650 DAYS

SH0, 088 ¥ 3 " 10. 10 Jo. T V00, TR Joo. ¥m 1. kY 3. KY 10, &t 30. K1 100. KY 1. AY
c . 9.8120-09 9.0098-01 9.400E-0V 9. 378K-01 9,299E-01 9.076E-81 6.33%2-01 £.507e-01 2.007E-01 2.8978-02 5.2002-06 0.0
< 6.236¢0 02 7.79728-1¢ 0.9 0.0 ¢.0 0.0 . 0.0 g.0 0.0 6.0 0.0
n 6.8037 0V 5,906% DG 2.073R-02 1.%082-0% 0.0 0.0 0.0 0.9 0.0 5.0 0.0 0.0
r N 0632 03 2.9798 &) 1.3598 02 1.62&8 00 1,2702-08 0.0 . 0.0 0.0 0.0 8.0 6.0 0.0
co 0.725% 01 8, 991F 03 1.9568 0) 1.809F 02 1.01JE-02 5.391B-1% 0.0 0.0 0.0 - 0.0 0.0 0.0
L) 6.6060 02 6.050% 02 6.130% 02 %.280% 02 3.137E 02 7.352¢ 01 S.060F 00 5.022% 00 N, 727¢ 00 3.975B 00 2,167k OC 9.071E-04
1 .5660 03 1,8850-01 1.2662-0% (. 2668-01 1. 2662-DY 1,2652-81 1.2652-01 1.26NE-0% 1.2602~01 1.2092-01 1.2102-01 8.0452-02
e 1.6597 0% $.887E 00 1.J36% 60 0.378E 00 1,396 00 1.)902 00 1.360f 00 1.776E 00 1,031 00 S5.791E-01 1.571e-01% 7.6432-02
ne LE208~02 2,%218-02 2.5198-02 2.5098-02 2.8475E-02 2.378E~02 2.07CE-02 V.393E-02 1.4602-03 6.6172-0% 6.2692-11 0.0
s R.7GAE @3 1.9098 @2 6.3TIN-0N 1. 791E-01 1.8362-01 £.9612-03 S5,a0802-07 4,.87V2-13 0.0 0.0 0.9 G.0
it 1.0519 0Y 6,0038 @3 1,1858 02 7.951e-0% 1.9622-08 0.0 6.0 0.0 9.0 9.0 8.0 0.0
" 7.950F 07 0.6408 02 2,0922 01 1.900E-01 N.7008-09 4.3561%~-13 4, 369E-93 S I61E-13 &, 3612-1 A, JE1E~13 A, 361212 0.361E~1)
sontcY 8.6592 08 2,.777R 02 3.0558 03 6G.7838 02 ). 1632 02 7.%98E 01 7.801C 00 7.095¢ 00 &.168E 00 A, 7088 00 2.ea5E 00 ¥.570E-01
TCIAL w6670 04 A.777% 03 3.035% 03 £.703E 02 3. 163B 02 7.596F 01 7.002¢ 00 7.096E 00 £.469E 00 N, TONE 00 2,N46E 00 1.57ae-01
) CONULATIVE TABLS TOTALS
Apepp 9.6672 04 O.7TIR 03 .053% 03 6.783% 02 3.1638 02 7.5%0% 01 7.002% 0O 7.D9GE 00 £.7189% 00 &, 704 00 2.8468 00 .574E-01
] 0.0 0.0 0.9

ACxapy 6.9 0.0 0.9 . 9.0 0.0 0.0 8.0 9.0
ABSACTeEr  4.6672 O% B.TT7E 03 3.0558 03 6.7a3E 02 1.1638 02 7.596R 01 1.08028 00 1.096E 00 &.169E 00 8. 708E 00 2.We6E 00 V.578R-0%

irt
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Appendix B.3: Sample Neutron Production Rate Tables
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9%1CO

Table B.6. Sample GRIGENZ (alpha,n) meutron produclion table

DECAY OF PUR STROUCTURAL MATERIAL WASTE: 31,00

(ALPMA, %) WEOTROR SOURCE, NROTRONS/ARC

04313« ONE TOINR OF INITIAL AEAVY ARTAL

BEIYT
rO210
PG2T3
PO214
pPC21S
PCitt
AT211?
219
2122
re221
RN22)
RA226
AC22%
™227Y
TH229
T30
P22

0233
n2In

0216

2218
nE2V7
(3. FR1]
L FEL ]
POIND
T H ¥
An2nt
anjel
cand
cnlne

TCIALS
TABLY
ACI0AL

e, 052 P

B.a472-07
3.7182E-10
. 00-~07
6.3171-08
1.17181-06
7.5532-C8
1.272e-07
9.7881-07
1.8821-08
a.8150-00
S.597e-07
1.115e-08
6.1251-08
6.019p-07
3.7550-08
1.5290-05
8.7812~-06
8.733e-06
6.6720-01
1. 2988=-01
t.1840-01%
2.2582-01
2.2351 03
2.3761 02
8, %432 02
1.142% £0
1.096r 02
.51 o
2.0862 01
1.a087 03

L. m

1. 138R-06
J.0dez-09
2.5162~07
1.5122~07
N .TaTR=-06
1.0172-07
1.3808-07
J.6352~06
7. 3362~0H8
9.567e-08
2.080e-08
4.%342-08
6.608E-00
2.2042-06
4.0978-008
3.2133e~-05
9.547E~06
1.1312-0%
&6.7902-01
‘o!‘Sl"'
1."."“
2.102m-01
2.118k 03
2.3724¢ 02
&, 101k 02
1.7828 00
1.3%0¢ 02
1.5118 01
1.93%e 01
.412e 03

10. 1N

8.3212-06
1.8092-08
3. 2158-07
1.222e-06
1.2592-05
N.5458-07
1.7692-07
9.6180-06
1.5608-07
1.2222-07
5.5102-04
2.159E-47
S.894E-00
5.9518-0¢
5,.2)a8-08
7.325e-05
1.133e-05
1.7232-0%
7.0%9e-01
1. 2158-01
1. 184p-01
2.32132-01
2.195e 02
2.375k 02
8. 151 02
1.1022 00
1.7918 o3
1.5100 oY
1.63¢6E 01
1.223e 83

AT A REPROCESSING TINE OF 160 DAYS

Jjo.

2.290E-0%
3.691R2-07
6.8212-07
B_3028-06
1.461e-0%
3.3598-06
3, MIn~07
2.652e-05
2.02%8-04
2.5932-07
1.5178-0%
1,86 7208
1.802¢-07
1.6378-05
1.1112-07
1.983%-08
.64 1205
3.0552-0%
T.1M68-01
1.2172-01
1. tBap-01
2.0802-01
1,874 03
2.374g 02
4. 1532 02
1. 1822 00
3.22a8 03
1.507R 0%
1.0068 OF
5.735e 02

100. TR

T.2758-05
1.2768-05
N 0122-086
8.951E-03
1. 100E-0N
3.6221-05
2. 2018-06
8.426%-05
2.56142-05
1.5262-06
4.0218-05
1,501E-09%
1. 060206
5.2028-0%
$.5313e-017
7.1108-04
3.n208-05
1.047B-04
9.45498-01%
t.2222-01
f.1088-01
Y.0682-01
1.079% 03
2.370% 02
8. 1332 02
1. 1812 80
1.743E 03
1.4972 01
$.8332 00
3.9358 o1

300. ™

2.139-0%
1.8292-04
J.677E~05
a.pr0E-00
3. 2352-04
1.593k-0n
2.0172-05
2.977E~0N
2.593-08
1.3982-0%
1.9172-08
1.5688~00
9.7168-06
1, 529¢-04
S.988e~06
z.500e-013
8.5C1E-05
J.8728-00
1.1308 69
1.23562~01
1. t9ae-01
K.612e-01
2. 2328 02
2.357F 02
$.087E 02
1.1810 00
2.7812 03
. 0692 01
1.810e-02
1.864e-02

1. KT

T.291e-08
2.682e-03
5. 709E~00
‘.031!*02
1.1032-013
N, 19%2-03
3.132e-04
8, aus5e-08
3.0272-03
2. 171E-04
N.032e-00
1.831e-0]3
1.50ER-04
S, 21NE=-01
9.295e-05
9.36%E-0)
2.62€2-04
1.97152-03
1,176 00
1.2858-01
1. 18902-019
T.I6€6E-01
9.553R=01
2.312¢ 02
3.7588 02
1.180F 00
8.919E 02
1.37¢x 0y
5.7102-10
6.9t02-11

OUTPOT UNIT =
0 NRD/RTHN

3 Ky

2,131E-01
1.607R-02
§.852e-03
7.6818-02
3, 223e-03
J. to0E-02
3.155e~03
2_868E-0)
2,203e-02
2.605£-03
1.412pg-0)
1.357E-02
t.8102-01
1.5202-03
1. 1162-01
2.8832-02
7.673E-08
T.9742-01
.17 00
1.8062-01
V. 184E-01
B.616E~-01
.a A55E=06
2.18%2 .02
3.0%02 02
1. 1362 00
.61 01
1.180E 014
b.205B-31
6.313e-11

10. KY

6.9262-03
1. 1N7e~-01
1.510E-02
", 835800
T.000E-02
1.795e-01
8. t20E-02
08.0222-03
1.295e-01
2,855¢-02
8.509¢-03
7.81358-02
1.984E-02
4.952E-01
t.223e-02
9.3542-02
2.4994E~013
2.953e-02
1. 1512 00
1.67132-01
f.1800-01
g.6702-01
1. 149019
L8028 02
t.907E 82
1.122¢ 00
9.6622-0)
5.9072 00
8.0

é.913e-1

FAGE 52

0. Kt 100. K¥Y

1.925e-02 8.0158-02
3.993E-01 9.0992-01
4.3518-01 1,697 00
1,544 00 3.5182 00
2,9122-02 6.670%-02
6.2062-01 1.823E 60
2.3878-01 9.309p-01
2.2308-02 5.t14R-02
¥.5072-01 1.027¢ 06
1.6542~01 §,8522-01
1.2762-02 2.9268-02
2.7278-01 6.295e-01
1. 1502-01 4.%03E-01
1.3772-02 3. 157e-02
7.0842-02 2.7632-01
2.5172-01 S.7462-01)
6.9338-03 1.59508-02
8.7338-02 2.5138-01
V. 09BE 00 9.3858-01
1.8852-01 1,9112-01
1.180e-01 1.18aE-0t
8.6152-01 A.8212-01
0.0 0.0

1.0228 02 1,365 01
1.7362 01 1.0362-02
1.0828 00 $.547E-01
1.7978~03 5.9522-06
9.0282-01 1.2662-03
0.9 0.0

6.9122-11 §.9082-11

LI ) 4

S.ea58-02
N.03vE-01
8. 120 00
1.559 00
9.2162-02
6.310e-01
2.262E 00
6,3072-02
4.554e-01
1.560L 00
l.6008E-02
2.755E-01
1.089E 00
J.09aE-02
é.714E-01
2.5602-01
1.9612-02
5.5612-01
2.8965E-01
t.860e-01
1.1642-01
6.292e-01
0.0

2.020E-08
8. a772-07
1.9042-01%

8.9
6.858E-114

8.%31 03
8.9 0

5.35ee 03
5.3%0¢ 03

5.8558 03
5.855¢ 03

6.353k 03
6.3532 03

$.531¢ 03
5.5312 03

3.622E 03
.62 0

1.5178 02
1.5178 023

S.740¢2 02
S.7¢0% 02

3.356E 02
3,356 02

1.206% 02 2.926e 01
1.286% 02 2.926E 61

1.553E M1
1.553e 01

g1
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Yable B.7.

Sample ORIGEN2 spontanesus fission meutran production table

OOTPYT ONIT = & PAGE 53
DECAY OF #EN STROCTOMAL MATERIAL WASYE: 33,000 RED/NTHY
SFONTANEODS TIS3ION WEGTRORN SCURCE, WIDTROWI/SEC
. BASISe ONE TORWE OF IMITIAL GEAVY AETAL AT A REPACCESSING TIHE OF Y60 DAYS
Sn+0. 058 ¥ 3. ™ 10. 10 . T 190. 1# 00. 1t 1. K¢ J. Kt 10. K1 30, KY 100, KY 1. Nt
YAl 6.308% 00 6.30%C Q0 §.3088 00 6.300€ 00 6.304E 00 6,300k 00 6.30%2 00 6.3088 00 £.300E 00 €, 304E 0O 6.305E 00 6.306E 00
P2l 1.6870 02 V1.678% 02 9.509% 02 1,358 02 T.013F 01 1,6188 01 £.91€2-02 £,1592-07 €.3212-21 V.0 0.0 g9.0
sDN240 T.143F 03 (,UNAE 03 §.9458 03 (.946% 03 1. 9808 03 1. 9168 03 1,01€0 03 B.3083 02 3.9918 02 4, 787e @1 2.861E-02 1.2315€-06
POIN 6.6820 02 W 6828 G2 W, 5028 02 §.682E 42 O.681F 02 N, 6A0R 02 N, 670K 02 €.658F 02 8.6008 02 N_NISE 02 1.995¢ 02 1.408% O1
ening 6.940F OV §,232E 02 9.6672 00 A.811F 00 6. 8)Sk 00 2.573¢ 00 1.0532-01 1.161E-05 1.5912-19 6.0 0.9 0.0 .
CHINN 1.060F OS5 9.858E ON 7.235¢ 08 1.365E ON 2,3098 01 1.094F DO A.059E-09 4.057E-09 A.0572-09 N.0552-09 4.058R-09 4.025E-09
(4 P11 4.2770 02 4.2708 02 8,266E 02 §.2532 02 8.2108 02 u, 0862 D2 3.690¢ 02 2.753E 02 9.671F 01 S5.263¢ 00 1.8528-04 1. 770E-28
TCTALS
TARLE 1.7270 05 9.7N2E OB 7.457% 0% 1,584 O4 9,030k 03 2.020% 63 1.060F 03 1.586€ 03 F.646E 02 5.037F 02 3.982E 02 5.Me9r 01
ACIOAL 1.7272 05 9.742E ON 7.457¢ €8 1.SONE OV €. 430E 03 2.020F 03 1.680F 03 1.586% DI %.6%6% 02 5,037t 02 1.982¢ 02 B.849e a1
DVYEIRALL
TCIMS
TARLE 1.7778 05 1.0200 05 6.0428 04 84,2208 OV 9.9618 03 5.682E 03 3.3972 Q) 2,160E 03 1.31008 03 6.323k G2 4. 2758 02 1.000E 82
ACTOUAL 1.7770 05 1.028E 05 8.042¢ Ou 4, 2208 08 9.9618 03 5.6422 DI I.I97E 03 2.160% 0} 1.200% 03 6.3232 02 8.275B 02 1.0008 02

LPTO0

161
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Appendix B.4: Sample Photon Production Rate Tables
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ety

1. %00e~02
2.%002-02
3. 1508-02
5.7502-02
8. So6e-02
1. 2502-01
2.250r-01
3. 50E-01
5.7%02-01
8.500E-01
1. 2502+ 00
1. 1502400
2. 1502400
2.750%200
1.5002400
5$.000E:00
7. Q008 a0
1. 1008401

10TAL

neEY/SEC

t.500E-02
2.4%00E-02
1. 1502-012
5. 1508-~02
8.500E-02
1,750E-01
2.250E-01
3. 15¢e-01
L. 1508-01
8. 500e-01
1.250E+00
1. 7502400
2.750E4+00
1.75024+00
. so00ev00
5.000E¢00
7. 000E+00
t. 00RO

JOTRL

GAn 00

PHAOTCH SPECTROA

Toble B.B,

DR ACTIVATION PFRODYCTS

Sample ORIGEM2 activation product photon table

0UTBOT umty = 1%

DECAY OF FER ITROCTONLL WATERYAL WASTE: 23,000 med/3TRY

PORER=

1.00 #%, pUBNOE=

. AWD, FLOX= 1,.DOE+00 R/CRe®2-SXC

18 GROUP PAOTON RELEASE RATES, FNOTONS/SECOND
ORE TOWNE OF INITIAL NEA¥Y METAL AT & REPROCES3ING TINR OF 150 DAYS

BASISs

8+40.05% ¢ .ot 12.018

T.027841)
1.2262+10
$.43BEs 1)
T. 12718043
2.%90 2+ 12
2.240E+12
5.237es12
2.173E4 1]
N.083IP41Y
8.018E+ 10
5.027Re 14
310411
0,906E+:09
1.332g+ 07
6.901E-05
2.0208-0%
1.3162-08
8.3192-08

1.7198415
1.067E+15

1, 2102412 8. 3402+ 12
2.1082¢13 3,680E412
S.ITRRe N2 S, IN9E412
1.2208815 A 5072411
8. 8858¢11 1. 8012101
2.896R+1 1 B 6RaRe 10
1.595e+12 2.0B62+11
9. 4602612 1,.5928e12
1.1762¢1) 2,.019Ee1
3. 380210 2.3952+10
6542+ 10 1.4558 08
6. 104T¢0¢ 2.903E+04
1.9368+09 7.7128¢00
5.9920+06 2.306F+08
3.2172-07 3.913e-10
8.3988=04 1.656B-11Y
S5.8092-0% t.098E-12
3.9%462~-10 6.95AE-1A

2,296+ 10 V. S59AEs 1N
4. 6862418 1. BR0E+ 1N

18GrOOE
BASIS=

29¢0.05% P J. 0N 19.012

1. 1742+ 06
3. 08a k006
$.3928+0%
N, 0988+0%
2.2052405
1.8002+05
1.119E+06
8. 1508+ 06
2.3258407
7.9952:80
§.783)Es 00
5.57tE405
2-013R+04
l.se2eey
2.39E-10
1.0182-10
9.2092-12
9.1518~13

1. 0672409
2.351 2202

1.8278+0% 6.509%2:04
S.AEAR:08 . 101200
2.0152+ 0% 8.3072¢00
T.0592+00 2,6152: 08
B, 153008 1.531E+04
3,.620E400 \.00BE+0N
3.50924+0% §.833E400
J.AISEHDE 5.9722405
€.T7602+06 11732406
2.8392+0% 7.9862¢00
N.56TRe0E 1.879E208
1,0822+81 5.1508-02
. 3572402 1,.7350403
1.600E¢01 6.562E+00
1. 126E-12 1.3708-15
8. 199R-11 8,0012-17
3. 0Ing-10 1.688E-10
3.790%~-1% 1. 689g-19

§.606E+02 1.880R408
T.5128¢01 2.9%0E+01

jo.om

3.9008+11
V.52TE410
Y. 037Re10
3.100E+10
t.249Re 1D
N.981£409
38082409
1.1072+10
1.370%410
2.807E+10
1.008E313
6.351E+0)

160,018

T.005E 10
8, THEE+0Y
1.2792+09
6.655%8¢08
2.625E08
1.205E¢08
T.608K007
3.0590+06
1.569240%
B.7V7E+ %0
1.0512+09
1. 6052402

5.555E407 5,5712¢0)

1.71%E20%
G ande~-11
1.673E-11
t.0e1g-12
6,0592-11

11152013
1.3202+1)

1. 72401
S.800P-11
1.673E-11
1.083%-12
6. B592~-18

1.65T7E+11
7.690E+140

Iv0.ore

2.43502+ 10
1.6952+09
6.623I%+08
5.9592+00
2.593%+08
1. 2318200
7,6092+07
J.6618408
1,6012408
8. 5848+ 10
1.432%:00
1.2432+00
1. 12408
1.8142~10
5.6118-11
1. 67I=-11
t.q8ie-~12
6. 958814

1.109% 11
7. 8312 10

1. 0KY

6.324E4+09
B. 1668408
K. T50E+00
5.62310400
2.518r+08
1.202¢s08
1.810Es07
J.527e406
1,009E«03
B.ABIEs 10
1. 4308+0%
9.630e-~04
1.599E=10
T.626E~11
5.6082-11
1.6731e=-11
1.0838~142
$.857r~18

®. 3958410

7.2328¢10

J.oxy

$.573E8+09
T.83a8000
N.355E+08
5.193ee09
2.351E0 09
1.1228408
6.9398+07
3.292E406
T.4092s 01
T.92124 10
1.4308+04
1.52 =058
1.521E-10
T.6238~1%
5.605e-11
t 67BN
6.850E~18

B.692E¢10

6.750E4 10

SPECIPIC ENEERGY WELBASE 3VTRS, WEV/UATT-SEC
ONE TONNE OF IWEITIAL HEZAVY HETAL AT A BZPROCESSING TINE OF 160 "AYS

J0.0MH

$.910840)
1.0822:03
1.209B+0)
1.829E+0)
1.062e:0)
6.1768+02
7.66024072
§,153240)
7.07T24+0)3
T.906 208
1.310B¢07
1.111e-02
1.1508«02
N.T727E-01
2.2502-16
8.3652-17
7.5083~-10
7.505e-19

1.3208+07
2.116E+00

100.01R

1.0512+0)
1.17198:02
§.79724010
3.827E+09
2.2318:0Y
1.556E+01
1.729g40 1
1.547E:00
9.0212-02
T.4315E200
1. 3142003
2.809e-04
1.254E~02
M. iE=-05
2.030E-~16
8,)65E-17
7.5038-18
T.SNME-19

T.6998+00

‘02"3-01

Joo.om

3.00BRe 02
N, 2372401
2.0840+01
J.u26%e01
2.2082:010
1.539e+01
17128+ 00
1.3738+00
.06 E-02
T23052+04
1, 79002
2.1759-06
2.979e-10
1.088%-16
1.968E-16
8.3652~17
T.503E~18
T.504%-19

7.8312+00
1.191e-02

1. 0KY

2.0868401
2.082E001
1.7812:01
3.233401
2. 1892+ 01
1.5022+01
1.6722+019
1.321E400
6.262e~-0h
T7.210Es08
1. 187202
1.685e~09
3,5982-1%
2.0972-16
1.9638-16
8.3638-17
7.5912=-18
7.583E-19

7.232R404
1. 159€~02

3, 0kY

A, 60RO
1.ASEE« DY
1.631E3 01
2.986%+D)
1.9°9%2+ 01
1.8012e01
!.56 12401
1.2352+00
4. 3062-0%
S.TI4Ee 0N

1.787E-82,

2.6608~11
J.N23E=16
2.0%62-16
1.9652-16
8.355E-11
T.57&e~18
7.53¢p-1%

67502400

1.08:e-02

1e.0xY

8.0698409
5.567Es 08
3.2902+08
3J.940%+08
1.8342408
0.9222407
5.060Ee007
2.593E+06
7.089%400
5. 2I9E+ 10
1.4292409
2.523r-06
t.519e=10
T.6108- 41
S.596E-11
1.6692=-11
1.001E-12
6,04038-18

6.%052¢ 10

$.3172¢ 10

10.0KY

6.1082:01
1. 92P+01
1. 230E¢01
2.288E801
1.559%:+ 01
1.103E+01
1.229E+ 01
9.725%8-01
., 076E-05
5. 3022¢04
1,7868-02
4.9328+12
JLUVTE~16
2.9912-14
1.959e-1&
8,34462-17
7.566E~1A
7.%2712=-190

5.3172+04
a4,5202-03

30.0KT

2.3102:09
2.67192+006
1.596E408
1.957E+08
9. 1792+ 07
L A52E:D7
2.7612+07
1.3102+06
6.T66 2401
J. 1512+ 10
1.827E408
1.512¢E-04
1.572E~H
1.5752-11
5.570E~11
1.6618~11
1.0762- 12
S.810E-14

I 4G 1R+ 1D

2.606E¢ 10

30.0%%

3. 0652400
6. 63%%:00
5.8 KTe00
1. 1252401
7.802%+00
S.5652+00
6,2128400
8.9138-01
3.8912-05
2.A7BESON
1.783e-02
a.8138-12
3,602%-1¢
2.083m-1¢
1.9502-16
8.207e=1?
7.5398-10
T.a03p~19

2.8B6E+00
8. 2062-0)

Page 51

100.0K7Y

9.515!008
2.630g+07
1.500E407
1.8102+07
B.881%406
4, 111E¢06
2,501P+ 06
1.2028+05
5.7612401
2,087%¢09
1.8197404
2.5002-08
1.5088-10
T NSRE=11
5.en1e=11
1,635e~-11
1.059E-12
6.7022-14

3.929E¢0%

2.472740%

tao. ory

1.6518401
6,555m-01
5.639E-01

A.0018400

7.209%-01
5.138g-01
5. 717201
8. 507"-02
3.3127-05%
2.454E403
1. 1T4R-02
8, 3802-12
. I0TE-1E
2.950%-1¢
1.91A%« 1§
R 1T42-17
7. 410218
1372019

2.472%:02

3.9632-04

t.onr

5.55402+08
1.202%406
2.602240%
[T RETY]]
A.T6520003
8, 5T6E40)
§.300R:02
2.725€:01
T.In8E00
1.6262+0}
13202400
2.380%-06
1.2082-10
6,.050%-11%
s.052%-11
1.328E=-%1
8,.598E-13
S.04E=18

5.570ms00

9,394Ee06

t.0nY

B. 331200
3,2302-02
3.7156£-01
2.593E-0)
5.7512- 0w
S5.7T20E~-0N
9.6813%-04
1.022e-08
§,22¢%ma06
1.3 2E~04
1.6552-02
€.0°51-12
2.719%-1%
1.665%-148
1.553E-16
6.639F-17
f.219E-18
5.9908_3¢

*.198%:00

1.8 E2-06
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Table 8.8 {continued)

PAINCTPAL PHOTON SCORCES IR GWOUP 1,PROTONS/SEC
NEAN RWRESY= O,015KEY

SN0, 058 P .o fo.ote jo.ork 100.07R 30D.0YR

$.2620408 A, 259200 A, 2520408 0,2)2B0F K, 1E2K+00 T %672e08
2.632E417 3,2028+00 0.0 6.0 0.0 0.9
1.2938¢1) 2.6%12+08 3.%5302-03 0.0 G.4 4.9

F.0ITE4 1D 9 GB2017 I ASEEs12 2,772 11 2.706%»07 1.047R=38
FIATESFY 1 0170811 L2492 91 1.0752¢00 S.221P0 10 1005410
30972207 3. 097207 30972007 1.997E407 J.097E407 3,096%+07
2.07T1E41] Y anape0t 1.3532-08 0.0 0.9 0.0

6. R9tRe0” L.T528a08 2.754E408 €, 1392408 A.27T724 08 3.42608:04
F.YSTECOY 1, 9560406 39552409 I, 953E+09 I 943E+09 I.916E¢09
1.286E413 1,0352+00 9.6702-05 0.0 0.0 0.0

1. 7502612 1.2202:¢07 V. 4n0g-05 0.0

9.0 n.o
§,900E4+08 9, 9001+00 3.9T0E+00 92310408 S, THRE409 9.8132400
6.N09E4 12 2,M882¢11 2,00TRe08 2,2112-01 0.0 0.0
1,650E212 N.6INEeOE 5.09TRs0) 4, A16%-10 0.0 0.0

3.5582412 1.6800017 2,910E0 1Y 1,050E¢0% 6, 2222:0) 2.0
T7.262E4 %1 3. SI1BB+ 11 S. 1012010 4. 091E+C6 1.0102200 0.0

PRENCIPAL PROTON SOUPCES IN CRO®® 2, PHOTONS/SEC
AEAW ENEZRGY= O.025M%V

sns0,05% 7 3.01 10.0TR J0.0Tr  100.0YR 300,013

1,969 08 Y, 150Rs00 (. 16TR40A 1. 160Ee0R 1. 1558409 1, 1272000
2.0818402 1, 6T3Ee12 6. 66011 N S00P400 A, 0182006 1.0102-03
0,.2000009 0,0260e0% T.611B+09 £,.5092409 3,AF0Ee09 0,364 08
19902406 1.998e06 1, 99AF+06 1.990E+06 1.9947004 1,9%42e06
3.684Ee12 2,5752207 2.4072-0% 0.0 - 0.0 e.0

T.3060008 T XOEEL0E T, 002609 T,.2998308 7, 2012404 7,2327 00

S 1LTSHEE N2 1,.0158407 1.3272-05 0.0 0.0 .0
8. 0900¢08 6,094 E+85 £,093E+05 £.0912s05 6.0922403 €, 088%e05
$.378E412 1,2600010 2.601E40) 2,.004E-16 0.0 0.0
6.0307+93 2.0700¢ 15 2, 220E+09 2.257E+00 0.0 0.0

2.2702413 1.0722413 1.059E+92 1.207E+10 1.QT7R402 0.0
1.3152010 6.360E+12 1. 10UE+ 12 T 606E+09 1,8202¢02 0.3

PREINCIPAL PNOTOR SOURCES IW GPOD® 3,*NOTONS/SSC
AEAR EREFGE= O.03BREE

SN0+0.05% ¢ 3.am 10.078 30.07k 100.01% J00.07R

S GIEsD? S.6128407 S5.607P107 5,.5932e07 S.5067207 S N14me0?
N 1012400 B, %G0R+08 3, 196E-04 0.0 0.0 0.0

1.818E+ 12 9. 5SUE+ VY J.00SEe 1Y 2. TNIRe V0 2.7898¢05 3.0030-03
$.66NRe00 T.627Re05 1.5838¢09 1.327E+09 7.232%+09 1,736%200
1. ATERe05 3. 076 2¢8% 1, 6768405 I, 9%Ee05 1. VTERe 05 3.A752¢05
2.9632492 1.SV2E#07 V.N43E-05 0.0 0.0 5.0

A, J04Ee 00 A, INIE08 8,302F408 ¥, 1798408 8, 1692400 2,.3)97+09

DITPET ONIT = 11

0.1
7. 10097407
3.092£407
9.3
5.4212:0%
3.9200401
6.0
. 1942004

[-E-X-N-2-3-]
PO DD

.00

1. 9152409
2.9
a_ 391es06
t.993re08
0.%
7.061E409

0.0
6.07kE4058
0.0

1.0KY

8, 0707407
0,0

3.3

8. 980%+0%
3. 87are05
5.3 -
9.2372+08

3.0KY

5.78 72408
0.0
0.0
0.0
2.0562e30
1.093E2:07
&
A
3

1.0n¢
3. 0052407

0.0
1.5378-M
2.9708+40%
0.9
3.957E+ 00

10.0KY
2.ed02+08

13.0K7

3.0952:07
0.3
8.0
1.9952+06
¢.0
5. 1932208

0.9
5.9992: 0%
¢.9

oD
w2

0. 0Ny

2. 1922407
0.0
0.0
3.0

0.9

3.055%+07
n.o
B.IVIE+08
1. 0212+09
0.0

0.0
2.6122¢06

Jo.oxy

3. 1008+ 06

0.0
1,96 75006

0.0
2.823%08

a.0 -

S5.527E+05
2,0
o0
0.0
0.9

Yo.0KY

1. 00824086

]
1]
5

23p+03
Tareod

TAIE 52
100.0rY 1.0%¢
N.500%e03 0.0
8.0 6.0
a.a 0.3
9.3 3.1
0.9 0.0
2.960F+07 1.567E407
0.0 1.%
B, 052 0P 3,355 ¢CE
1.301P¢0® £,929%-04
0.0 0.4
r.o 3.9
2.421%400 2.0
N.0 8.9
0.1 n.3
0.0 0.0
n.on a4.0
100Ky t.ony
£.507=¢02 0.0
0.0 0.9
0.9 6.0
1.906E:06 1.28 39406
0.0 0.9
2.903%0T 1,1320-06
0.4 0.0
U 801F+05 2.35)E¢00
6.3 3.0
0.2 0.9
0.9 0.0
0.9 2.0
100.0KY 1.0y
A.126%002 ).J
. 0.0
6.0 L
n.0 4.1
J.708%85 2.0A0me0"
. a.0
1.802F407 6,.7902-237
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1912}
LLAFL]
HE 184
TATA2

necLioe
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co
rc
"
ne
hi ]
TC

121
10123
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0. 330881 6.T08C+0E
J.N0EE4 0% Y ANGELOS
2.2222410 6. 230%0 0
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Table B.8 {continued)

0.9
3.!06!005 1.A06E405 3 YOSECDS 3.00)1705
E.RE12402 6.492u-15 0.0
S.09ARLTT D N1IESDD A 030200 0.0
JOS0E 12 1. 0TARSNT 2,561 11 17192009 4, 202801 0,0

0.0

SRINCIPAL PHOTOR SOORCES YN GROGUPM N,PROTONS/SUC
TEAN ENEEGY= 0.05802Y

Ane0.05% P . 3,075

. 0132407 V. R12Ee07
5.055740)3 S.055240)
5.9057+ 11 1.2908+0)
1.593 2 1] 1. 0TREs 1]
1.6070408 1, Eubnele
2.7658¢00 2,9652¢0%
2.561E+12 1,792E+07
S5.%098¢08 S.4082+448
G.OMEe 11 S. 1760+ 0¢
3. MM1240% 3. 7112008
1.0602¢ 10 N A1)E¢0S
3, 1692+ 90 A ASTEeOE
3.022%¢41 1.026Ee 10
N 906211 A 20284401
9,505E+1¢ 6.2082e08

10.0%R

q.6DAR:07
$.0%%P00)
1.722e-04
§. 2928+ 1
1.56 V84040
2.96500 00
1.6758-0%
5.807Ee 08

0.0

N 19TENOT
5,855e40]
0.0

1.0%2E+ 10
1,381 00
2.9652+00
0.0

L. N0TE+O8

N.A37e-06 0.0

L T1IRe DS
3.q782408
9.7828e02
2.aTePs 10
5. 75215
1.406¢%00

TR 08
3.686E-01
9.303r-15
t. 6592+ 00
0.0

1.3%]3C+08

100.01%

N.160R«D7
5.35%4240)
0.0
3.101%:04
T.920E¢07
2.969%¢ 00
8.0
5.390%+08
0

3, TI0Rs 0%
0.0
0.0
4.095%K:00
8.0
1.3932:04

100.0YR

N, 195%: 07
5.0%21%.03
0.0

1. 164205
t. T56Ee 0}
Z.UGS'OOI

3 JS!!GOD
0.0
J.7CTe DS
0.0
8.0
9.0
0.9
1. 193200

PRTNCIPAL PHCTNAN SOURCYS IN GPOUFP S5, FHATORI/ARC
HEAN ENEEAT« 0.0B5nRF

‘SRe0. 05K ¢ . 3, 07R

7.230E:06 T,.2158406
2.655E00) 2,56 Ee0Y
1,559+ 01 7.776840¢
6.2098s 11 4, 2I0END
1. 10012 7, TNSReO4
2.540%+00 2.%507E008
1.050¢10 A NT7HE40Y
1.3590+0% 1.3598+0%
1.0Taze 11 95, 2302¢00
1.352Re 7y 608004100
8. 4034 10 5.961R407

10,010

7.229%4 06
2-6942+01
1.0182-04
1. 4002 11
1. 2020-06
2.50 7R« 00
1.92"“0’
1.3592+ 05
5.7610002
1, 107810
$.250E2 03

33.01R

T 2118406
2.698240)
]

3
1.216E2410
0.0
2.585%¢00
0.0
1.1%9p.0%
S.0028-1%
T. 4218207
1.3IRE+D}

T. 1512006

2.69%8403

0.0

1.219%e 06
.0

2.539!00!

| 35‘!001
0.0

t.4933ee00 O

1.237es03

300.01R

6.980%+06
2.6931+01
0.0

4.560E-06

0.0
2.522%e08
0.0
1,358 2+ 0%
0.0

«0
1.3372+0)

MTPOT ONIT = 1Y
0

a, a.9 .
3.39%%405 X D7IEe05 12978405
0.3 0.0 0.9
0.0 0.0 8.0
0.0 0.0 0.2
1.0KY 3. 0nY 10,0KY
1.910E+07 J.0TLE407 1,396E007
S5.001E¢0) 5.02CE+0) 4.9%0F¢ 0]
4.0 0.0 0.0
0.0 8.0 0.9
A, 98u%404 2.56062~02 0.9
2.7600:008 2. 96 10«04 2,.352p+04
0.0 0.0 g.0
5.227E408 R, BRIL+ D0 1. ARAP4 OB
0.0 0.0 0.0
). 6997005 3-6158565 31.5927:0%
9.0 0. 0.0
J.19 0.0 a.%
0.0 0.0 8.3
6.0 0.8 .0
1.3938:08 1.392E¢08 1, )92E+00
1.0KT 3,0KY in,0xy
6, 813%006 5.0158006 2.1592006
2.6486r+403 2.676E+0) 7.613Fs0)
0.0 0.0 9.9
0.9 6.0 .0
0.0 0.0 0.9
2.862E409 1.3008+00 1.311E+00
a.o0 0.0 0.9
123552005 1. 3460405 1,.3168¢05
0.0 0.0 a.0
9.0 0.0 0.0
1. 3372203 1.137840) 1.3367+03

I0.0KY

. 171208
S.TIAL0)
0.0
2.0
n.0
2. 97520y
6.0
1.9x 2E¢d8
n.o
). 362005
B0
0.0
8.0
1. 190 E+On

10,0RY

1.920€+05
1.5158403
0.0
,o.o
n.o
9. 18 7E40T

4.0
1.231e4005

0.0
1. JI8Ee0)

PAGE %)

0.4
2.960140%
9.9
6.0
0.0

100, 0k Y

2.457%2¢02
B,015%:03

100,.0KY
I.ﬂ!0H301

0.0

951
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set2s
TEI25N
firing
Ta N2

noCLIBE

€L 3¢
o 58
<0 60
11 8 1
IE 9N
ne 954
0w 93
L1 RAR
Snitin
w12
$0125
rata2

WOCLIOR

CL 36
ch 51
co &0
me 9
G 1009
59125
TAID2 .

SH+D0. 0% P

HEAN EREEGY= O, 125PEF

S0, O5K F 1.0v8 1000

- T.316E20]) 1.5162403 1.516240)

2.,303E411 S5.0312:04 6.7158-05 0.0
1.6200¢191 £, 0822410 4.6692+09

3.29754 08 3.¢752-04 0.0

1. 2I8Er08 1.2302408 1.2378408

N.T2EE408 §.726T¢00 &

3. 340080 3.673E402 2. 470%-1%
To110Ee 41 L9252 10 Y. 291E0 08
1.5278¢ 10 2.6002409 1.776Re07

1.2960+08 9,086E-13 O

1.2508¢08 2.030E¢0) 2.3002:02

T.00TR403 t.00TEe 03 1.007240)
6.5093206 8. 50R2-0%8 0.0

$.353pe10 2.132E+10 1
1.639p¢046 1.531E-08

<0
T.608%+07 T,6030¢07 7.6780407
.00 0¢ A.1872-06 0.0
1, 1330408 1.13IBe0Q 1,.133E400
8. 225R40F A E9URe0Y 6.
1.M58-11 0.0 9.0 .
N 1TEE* 08 N, 3962+02 &.302E-15 0.0
1.35002492 2.6T72E+11 1.792E409 0.6220E+01 0.0
Y. TI2R00 8. 058F+0) 1.0228+0] 8,0228+03 4.022040)

FRINCIPAL PRCTON SOURCES ID GROUP &,PROTORI/SEC

NEAT ENRBCY= 0.375heY

SN0 030 T l.om 10010,

2.3830402 2.3037007 2.3032+02
1. 960292 2 450R+CL 0.0

2. 22924190 L. 5020470 3.900E 09
J.6N0Ee06 1. En0%e0¢ D GRTROE
2.5102:08 2.8732¢0% 2,.3012:05
1.9072403 9 1052017 1.%06E0 12
1. 1562008 1.96562+0% 3,5052:00

1.5168403 1.315%+83 ¢,
e.0 0.0 0.
4.6812¢05% 1.7610-06 6,
0 0.
1.2382409 1.2262+08 1,
K. T2ISE04 87720008 &,

0.
1.1848400 0.0 0.
4.30)32-01 0.0 a,
0.0 0.
2.8087¢0) 2.808x:03 2,

FALRCIPAL PAOTON SOURCES IV SRCUP 7,PNOTOMS/IRC
AZAN ENESGYw 0.225nEV

1.007E+0) 1.!"!003
¢ 0.9

1.5408405% 5.790¢-07 0.0
¢.0 0,0

T1.6602+07 ‘.‘ﬂI!GOT
l° '.o
1.132E+00 1. 1327008

: . )832+02 2.3!2!001 2.!81!002
LN 301!&03
3.6452406 )3
2.1315€+405%
1.068z0 10
3.30E400

.636!'06 J 611806
14578005 4,.0912:08
2.826%+02 0.9
3. 5932400 3,.5132¢00

Table 8.8 {continued)

PRINCIZAL PROTON SOURCES Tty GROUY &,PROTORI/SEC

100,01y 00,010

100, 01R 300. 070

0.0 0.0
0.9 6.0
a.0 0.0
0.6
8.0

100.0T%  300.07%

20!00. ! 52'!-01 0.0

11rs+d3

1.80424+0)

T.420E+07
u.a
1. 129000

0212603

2.37177002

3. 5262406
1.0728+013

3. OKY
SoEEe0)

1.
6.0
¢.0
8.0
1.11%E+08
N. 6812400
6.9
8.0
0.0
0,0
2.8

0aE+al

2. 00Y
2.366L402

0.0
J.293m008
1.9092-02

0.0 0.0
3.%10%s00 3.5128¢00

OUTPOT OVLT = 1?

1D.ONY

10.0KY
2292402
0.9
0.9
2.5918+06
4,991B-19

4.9
35112400

30.0%1
t.u15ge03

a,

0.9

0.0

. uates 07
N, 287E+08
8.0

0.0

0.0

0.¢
1.794¢s01

3o. 0%
1.3112:0)

-

8.0
8.0
2.7598: 07
4.0
1.027Ee 08
0.0
7.0
4.0

0.9
2.0122+03

30.0KY

2.220202
4.0
9.0
1.31084 06
0.0
0.0
1.50%8¢ 00

rAQE k1]

1.0nY

16Ped 2

5
]
3
3
9re-07
a25e+0)
b
0
]
0
5

1.
0.
a.
4.
1.
1.
o,
0.
a.
[
1

972403

L5l
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Tatle B.8 {continued)

OUTPUT YmiT = N ' LT UL S 1
PRINCIPAL PHOTOW SOUNCES [V GROUP 9,PHOTON3/SEC
NEAR gEENGY= 0.5759%=y
WUCLIDE
S8e0.05% F 3.01¢ 10.912 3.0 100.0TA IOD.OTR 1.0KY 3.0RY 19001 20.0KY  109,0KY 1.047
oL ¥ To2ITEs01 T.237Re01 T.2ITEe00 7.27378s01 T.236B¢01 7, 232001 T, 2292401 71822401 T.07IE+01 €. SUESG1 §,Ta02e01 72367400
co 58 T.NI3Ee13 3 1310008 4. 1797-03 0.9 0.0 0.0 0.0 9.0 0.9 0.0 0.0 0.1
co &0 1,273240% 9. 6232+08 I, NINE:08 2. 4732407 2. 8A1E+0) ©_1272-09 0.0 0.0 0,0 N 0.0 9.9
Y 90 1.0952¢0% (. TE52407 1.094E+05 9.201E+08 1,75NReNN 1, 5022402 B.TIAR-06 1.9¢ €235 6.0 0.0 0. . B0
16108y 2.3452¢05 2.307240% 2,221£405 1.9912+0% 1.3597¢05 4, S6E1E+00 9,.9992:02 1.012E-02 N.6572-19 0.0 3.2 1.0
581925 2.0%0R¢13 11752612 2.03920 12 9.367%410 3.375%402 0.0 9.9 0.0 0.0 0.0 0.3} 1.0
no166N V. N66Re01 1.863E407 1. 8SBE¢ 01 Y. NUTE+01 1, 2042+0% 1. 2332401 B, 220E¢00 2.5972400 4.546%-02 4, 379E~-07 {,2053-28 0.0
ar 101 1.0N28¢ 12 1.7202¢04 1.212E-18 0.0 0.0 0.0 0.0 - 0.3 n.o 0.0 0.3
N 192 1.9MEe06 3.3222003 1.205E-01 Y. 1982-01 1, 190801 1, 1947-01 1. 1942-01 1. V54R-00 1,1930-08 1.1912-01 1,.195%-01 1,1968=-21
PRINCIPAL PHCTOY SOPACES TR GAQOP 10,PHOTONS/S%C
NEAN EVEBST= 0.850NRY
WOCLIDE
SN+0.05% P 3.0t t0.01F 30,01 100.0TN 300,07k 1.0K¢ 1.0KT 10,057 30.0%Y  100.0KY 1.08Y
w se 2.557TRs12 2.2502+90 7. 7422208 7.1312407 0.0 o o 0.0 -0 0.0 0.0 0.9 2.9
ce 5@ S 1268413 1.120P60° 1. 4952-02 0.0 0.0 .0 0.0 0.0 2.0 0.0 0.0 0.0
co 60 2.02586190 1. 3652410 S_.RINE+09 I.9982408 3.976E40R 1..76!-01 0.0 0.0 0,0 0.0 a.0 0.9
e 9% 2.T760Re I8 1,9297¢0% 3.803E-03 0.0 0.0 0.0 .0 0.0 0.0 0.0 8.9
9 B.7772¢10 B, TIER10 9, 7TREL 1D B, T69E+ 1D 8. TATE+ 10 a aunso;u 8.6982P310 7,0238810 §,239%+10 Y 151290 2.9972¢09 1,1592~-04
"e 9S S.519Be 44 §,0012409 &,131R-0) 0.0 0.0 «0 0.9 0.0 o o. 9.0 0.9
T4 182 5.71028409 T.028R+06 1.773%¢02 1.757E+02 1,.757¢+02 1 JTSTES02 1, 7572402 1.T5€R402 1,755%602 1.753%¢02 1,743%402 1,6262402
PRINCIPAL PHOTOY SOORCES 1Y GRODP 11,®*ROTORS/SEC
HEAS BWESQY= §.250HEY
wocLID®
S840, 05% P 3.018 10,01 10.0TR 100.0Y% 300,01 1.08Y 1,.0nY 10.0KY jo.ony j00.0FY 1.0nt
co 60 S 2118 I G5B+ TR 1. 455010 1. 0092013 1.0592409 3,.9520-0% 0.0 0.0 0.0 a.0 9.0 0.0
ra182 0.7072¢11 §,373240F L. ANIEO8 1. AI0E408 1.0302¢08 1. 8308400 1. 030008 1. 83I0E«ON 1,.8298008 1. 82TE¢DA 1,.019%¢04 §_320%¢G0
PRLACIPAL PNOTOW SOURCES YW GROOP 12,PR0TORS/SEC
ARAY ZNEEGYs 1.7508EY
J0CLTOE . .
SN0, 05% P i.o1p 10.07P 10,078 t00D.0T%  300.0TR 1.0k%Y 3.0RY 10.0KY 30.0KY  300.0FY 1. 03¢
r 32 4,.5212403 3.1030=-04 I 0BOE-08 3.0152-08 2.798E-~-08 2,261E~04 1.072E-08 1.27(E-45 T.I77E-07 3.977F-14 0.0 a.0
co 59 2.6570411 S, A06Re0¢ 7.7022-5% 0,0 0.0 0,0 6.0 0.0 3.3 0.0 0.0 0.)
t 90 1.5202+403 1, 0150402 1.1992+03 T, 4812402 1.406%¢02 1,208%+00 6,9902-0% 1.4%02-28 0.9 0.0 0.0 0.0
AG 10 2.0002-01 1.9692-01 1.095P-01 1.699E-01 1.15%E-01 3. 8927-02 A,.5320-08 1.5512-0F 31.974R-25 0.0 0.9 0.0
Ag 108 3. 1962006 1.5X02+0% 1.2722+0G2 2.0157-07 0.0 0.9 a.0 0.0 n.) 0.9 0.} 3.0
Spi2e $.262R4 10 1. Ta8Ee0% 2,8572-08 0.0 9.0 0.9 0.0 0.4 0.0 0.0 0.0 0.6
2O 158 6.292B+00 4. 9NTE+00 2. 010R«0% 5.607E+03 1,9788+07 1_9752-06 0.9 0.0 0.0 0.0 0.0 0.0
ThiB2 A I192e0% 1,126E-01 2.5502-06 2.527¢-06 2.527E-06 2.5272-06 2.527E-06 2.5278-06 2.5258-06 2.521E-06 2.5088-06 2.3140C-06
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FRINCTIPAL PRHOTON 50URCES £ GRORE 1), PROTOUS/SPEC
AEAN RUESGTe 2.230MEY
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B.891%08 S.9922¢06 2. INEP:06 1 T19E0% 1,.724Ee00 &.4B1E~1Y
Q, 252+ 84 1.067E«01 2,0017-12 0.0 0.0 -0
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APPENDIX C: SAMPLE ORIGENZ2 TABLE OF CONTENTS
(OUTPUT "UNITS 12 AND 13)
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5?7
59
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”n
108
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13

15
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128
130

118
138
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(1] ]
155
157

159
161
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164

Table C.). Sample ORIGEN? table of contents for unit 6
TABLE OF CONTENTS OF SUIY = 12 POR GUTPHT ONIT = &

INPOT ECHO; WEAD O¥ S5 LIST O 6 COPY T0 50

YEOTEON YIELD PER WEUTRON-INDOCED PISSION
{ALPNA,W) WESTRO® YIELD PER PIsSYORN

SPONTANEOGS PISSION WNEOTAON YIRLD PER PISSH

INDIVIDYAL ELENENT FRACTIONAL RECOVERIES
GROOF ELENENTAL FRACTIGNAL RECOVERIES
ELESERTAL ASSIGEWNENT TOFRAC RECQEDOP
ELENERTAL CHERICAL TOCKICITIES

ORIGEN INSTRUCTIONS FOR THIS CASE

NOCLIDE DATA LEBRARIRS

GBCLY DATL LIBRLEY---ueme=
DECAY DATA LIBRAEY----=e=-
PECAY DATA LIBEARY--—-vocaa

LIGHWT WOCLIDE DECAY LIBRARY
ACTINIDE DECAY LIBRARY
FISSION FRODOCT DRCAY LTBRARY

~ RADIDACTIVITY, COAlES
*ACTINIDES ¢ DAUGHTERS*oSACTINIDES ¢ DAUCHTERSOS®

00TPOT YAOLES--TITLE=

CAO3S SECTION LIBAAEY--—ua STROCTORAL AATERTAL B ACTIVATION PRODUCY ¥SEC LIDRARY--PRR.U
CROSS SECTION LIBRANY--~=-- ACTINIOE LND DADGHTER WUCLYIDES ESEC LIPRART--pRR,. 0
€RO3S SECTION LIDRARY—-—-- FISSION PR00UCY ISEC AND TIELD LIBRART--PWR.O

PHOTON LIBRANY-—--mmeeem -
PHOTON LIBRARY--—voveuma -
PHOTON LIPARRY--—~=tmmmmm

REACTIVPITY ARD BORNUP DATA

SACTIVATION PRODACTSE®SS ) CTIVATION PRODICTSHIsEs

CONCEFTARTIONS, GRANS
RADIOACTIVITY, CORIRS
WADIOACTITITY, CURIES

SUNAARY TABLE:
ROCLIOE TABLE:
ELENEST TADLE:
SURNARY TADLR:

CONCRUTRAYIONS, GBINS SURNARNY TABLE:

*PISITON PRODUCTS*OSS4646PISSION PRODECTISose s

CORCENTRATIONS, GRAAS
(ALPAL W} WEUTROR 3SOUNCE
SPONTANEODS FISSION RECTRON SOORCE
LITE NOCLIDE PROTON TABLE

ACTIWIDE WOUCLIDE PNOTON TABLE
FISSION PRODACT NOCLIDE PHOTON TABLS

SORNARY TABLE:

REACTIVITY AWD BOURMWE BATA

IRRADIATION OF ZIRCALOY# INCOREL + WICROBRAZE S50 AT 100% PLOY

GPDATED PHOTON LIORART: ACTIYATION PAODUCTS
OfDATED PHOTOR LIBRARY: ACTINIDES AND DAUCATERS
OUPDATED PHOTOR LIBRART: PISSION PRODUCTS

QUTPOT TABLES-~TITLE= IARABIATEION OF OWR RETRIC TON OF PURG POEY

AECEICLE # =
ACTITATION PRODUCTS*** ¢4 ACTIVATION PRODOCTSé¢ss

ACTINIDES ¢ DAUGHTERS*#oACTINIDES + BDAUGRTERS*s

PISSION BRODECTSFE444 s TISSION PRODBCISOSAsasy

ABCICLE B =

SACTIVATION PRODOCTSS®se4)CTIVATION PRODUCTS®*¢942CTEVATION PRODUCTS* G444 ACTIFATION PRODUCTS* 44 e

CORCEATRATLIONS, GRARS
RADIOACTIVITY, CORIES
RADIOACTIVITY, COPIES
AADIOACTIVITY, CORIES

SUR#ARY TAOLE:
NOCLIDE TABLE:
ELENENT TADLE:
SUNRART TADLR:

CACTINIDES ¢ DAUGATERSS*SACTINIDES ¢ DAUGHTENSSOSACTINIDES + DAUGHTERSE*#ACTINIDES ¢+ DADGHTERSHS

CONCENTRATIONS, aRANS SURHARY TABLE:

SPISSION PRODUCTS**+2e0soPISSION PRODUCTSS*esessopisSiON PRODUCTSS# #4443+ FISSION PRODUCTS+4esese

CONCERTAATIONS, GRAAS
{ALPHA,N) WEUTRON S0UNCE
SPONTANEOUS FISSION NEDTRON SOURCE

SONNART TAPLE:
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LSTCO

FAGE
165
169
178
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188
(L1

185
187
a1
203

05

207
209
Fil
an
216
223

224
29

239
211
ns
N7

251
253
258
255
259
267

Table L.t {continued)

TABLE OF CONTENTS OF ONIT = 12 FOR OUTPUT UNIT = 6
LITE WOCLIDE PHOTON TIOLER
ACTINIDE NOCLIDE PAOTON TABLE
FISSIOR PRODDCY WOUCLIDE PHOTON ‘TABLE

ORIGEN INSTROCYIONS FOR TNIS CASE

ODTPUT TABLES-~-TITLEa DECAT OF NIGH-LEYEL POR-U FWASTE] BORWOP=3], 000 HYD/RTINHN RECYCLE & =
REACTIVITT AnO BoRmOP DATA

SACYIVATION PRODOCTS&¢#o+ACTITATION PRODOCTSSSSSoRCTIVATION PRODUCTS®** ¢ ACTIVATTON PRODUCTSSS e

COWCENTRATIONS, GRARS SORPARY TARLE:
RADICACTIVITY, CLUNIRS WOCLIDR TABLE;
EADIOACTIFITY, CORIES ELENENT TABLE:
RADICACPLYITY, CORIES SUANAAT TABLE:
SACTINIDES ¢ DAOGHTERS*OSACTINIDES ¢ DADGHTERS®#SACTINIDES ¢ DAUGHTERS*S+ACTINIDES ¢ DAUGHTEAS e
CORCERTRATIORS, GRANS SUANAAY TABLE;
STISSIOH PRODOCTS*+o04esepISSION PRODOCTI O oo sessPISSTON PRODUCTSCE540 ses FISSION PRODUCTSES st on
CONCENTRATIONS, GRANS SORNAAY TADLE:

(BLPHA, ¥} REOTEOR SOURCE
SPONTANEODS PISSIOR RENTAON SOORCE
LITE NOCLIDE PHOTON TABLE

ACTINIDE FOCLIDE PHOTON TABLE
FISSION PRODOCY FOCLEDE PHOTOW TABLE

OUTPOT TAALES--TIYLE» DRCAY OF PUR STRUCTUNAL MATERIAL WASTP: 313,000 AWD/ATHA RECYCLE § =
REACTIVITY ARD BORNUP DATH
SACTIVATION PRODUCTS®#os8 \CTLYATION PRODUCES#¢¢+sACTIVATION PHODUCTS** ¢ 4o ACTIVALION PRODUCTS*ess
CONCENTRATIONS, GCRAMNS SONRLEY TABLE:
BADIOACTIVITY, Cunies HOCLIOE TABLYE:
REDIOACTIVITY, CORIES ELERNENT TABLE:
RADIOACTIVITY, CURLIES SOANARY TABLE: .
SACTINIDES & DAOGHTERS4SSACTINIORS + DIVCHTERAYS#ACTYINIDES + DAUGNTERS¢*4ACTINIDES ¢ DAUGHTERSSY
CONCERTRATIORS, GRANS SOHNARTY TABLE:
SFISSION FRODOCTSSSPeS4RePISSION PRODOCYSSESPS0sePIASION PRODUCLI #8204 00 PISSTION PRODUCTSSP 48600
CONCENTIATIONS, GRANS SOAGARY TABLE:

{ALPRA, N} BREOTROF SOBRCE
SPONTANEQDS PISSION NEUTROB SOORCE

- LEITE BOCLIDE PHOTON TASLE
ACTIRIDE WOCLIDE PHOTOR ThOLE
TIS3108 PROGOCY WOCLINE PHOTON TABLR

E9l
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Table €.2. Sample ORIGENZ table of contents for unit 11
TABLE OF CONTENTS OF ONIY & 13 FOR OUTPOT ONIT = 1%

OOTPDT TABLES--TITLE= DECAY OF HIGA-LRVEL PwR-U FWASTRE; BORNOP=3),000 MAD/NTIRA RECICLE B =
REACTIVITY AND BUHENUP BATA

SACTIVATION PRODUCTSOS440ACTIFATION FRODUCTSS¢SeACTIVATION PRODUCTSI* 49 ACTIVATION PRODUCTSSSes

CONCENTRATIONS, GRAAS SOANART TABLE:

ANDICGACTIVITY, CUAIES FOCLIDE TABLE:

RADIOACTIVITY, CORIES ELENRNT TABLE:

BADIOACTIVITY, CURIES SURNARY TARLE:

SACTIVIDRS + DAUGHYERSeS¢ACTINIDES + GAUGCATEASS¢*ACTINIDES ¢ DAUGHTERS**SLCTINIDES + DAUGCETERS®#
CONCENTRATIONS, GRARNS SOANART TRBLE:

SPISATION PRODUCTIFSCS446¢PISSION PRODUCTS 4044020 ePISSTON PRODUCTSH #4286 PISTION PRODOCTSS*S05 00
CONCENTRATIONS, GRAND SONNARY TABHLE: '

(ALPHA,B} REOTRON SOUACE
SPONTANEOUS FISSION REUTRON SOURCE
LITE NUCLEIDE PHOTON TABLE

ACTINTDS MOCLIDE PHOTON TABLE
PESSION FRODUCT NOCLIDE PROTON TABLE

OUTPOT TADLES-~TITLE= DECAY OF PWE STAOCTORAL SATEAYAL WASTE: J3,000 mWO/NTHA RECYCLE & =
MECACTIVITY AND SORNOPF DATA
SACTIVATION PRODOCTYSH48¢¢CPIFAYION PRODUCTS#¢o oo ACTIVATION PRODOCTS* e &4 CTIVATION PRODUCTSe 049
CONCRETRATIONS, GRANS SUNBARY TAOLRs
RADIOACTEIVITY, CUNIERS WOCLIDE TADLE:

el



AFPENDIX D: SAMPLE ORIGENZ VARIABLE CROSS-SECTION INFORMATION
' (OUTPUT UNIT 16) :
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09%

INITIAL VECICE =
= 1 ¢= 0.0

-

IARAZTATION OF ONE NETRIC TON OF WSl FORY,

SAS1S = OIE ABTAIC TON OF PFUNU POEL

= 8 r= 0.0

n=1S 7= 0.0

L

[TEEE N RNE TN Y Y

-t wb =

AOCLID

922380
922350
9221350
922360
922380
M0
932390
942100
942390
942190
92800
2410
saxwi0
2020
352040
952410
952430
952030
362420
262000

| £ 1
TIPE

et b ) gh s B bt B BB h ok Wy

TOTAL ACT Q- »
W= 2 0e 0.0
= 9 r= 0.0
=16 P= 0,0

TDQIPIII
1=

750
751
751
752
754
761
L3,
769
770
170
m
772
712
773
T80
T80
3
183
709
M

HUD/9= =

AECYCLE 3 »

= 1 e §ASVE-01 We 4 Fx A 9NDE-0Y W S P= 5. 095E-02 A= 6 ¥= 0.0

A(M
-
%96
1701

o
1708
1709
1725
1709

0
1756

0

1761
1765

]
1767
1184
1782
1790
1788
17197
1403

Ae10 P= 0.0
¥=17 r= 0.0

P YIELD
INDIC ARR
o

OoeDO0OWOBNOOD OGO

W=l r= 0.0

Na18 P= 0.0
PISS{Y) AW
66 S5.6102-09
67 2.959e-09
67 7.863E 65
1] 2, 204R-09
70 2.%5792-10
17 9,8522-09
as 9.505e-09
'Y 7.0632 &5
06 t.06012-08
aé 7.883¢ B%
ar 5.271e-08
a8 1. 154208
.1} 1.063F &5
" 8,5008-09
96 3.127E-08
96 3, 083e-09
99 5. 085e-10
99 t.002E-08
1as% 1.5762-09
107 9.082E-10

N=12 p= 0.0
=
TOCAP {1} LY L) ]

e YIELD
1.901E o1 3.512E~-1a
5.57T1E C1 J.512e-18
5.5508 01 8.630E-21
7.9319¢ 00 B.6302-21%
9.952£-01¢ 8.830¢e-21
3. 3128 01 a.630e-21
517 01 B.6302-21
3. 51TE 01 8.6308-21
1. 7T94E 02 8.630e-21
1.789¢ 02 4,080E-19
1.02562 02 8, 000E-19
1.6D3E 02 8.0002-19
1.598 02 1.1212 0%
.008E 01 t.idtz
L2252 02  v.129t O
1. 225E 02 t.1212 01
anre N 1.121e 01
3.0188 MM 1.1212 01
5.656¢ 00 1.121% 01
0, 26VE 00 1.121 01

TIEL0 ADICSTARNT POR UNCOMWRCTED ACTIMIOES: COWMECTED ACT=3223150LARGRST
CLD BATIO = 1.000095% FP TIRLD 1IN A » 4. 861078-17

U=ty p= 0.0

PISS (1)

8, 508E2-01
8.550¢ 01
,5308 01
1.975e-01
1.0Cu2-01
5.2q048-01
2.396¢ Q0
2.195e 00
t.186E 02
1. 1808 02
5.0040E-01
1,2052 02
1.200€ 02
l.’?’!-ﬂ'
1.01% 00
1.31%¢ DO
3.5712-01
i.57e-0%
2.204E-01
a.529e-01

¢

aNIT= 16

1. 1982 00 T0 2.390E O0 ANTICIPATION PACTONR=

2.002¢ 00

o= 7 P= D0

N=i4 F= 0,0

01D (31

| §:3.104 15eC

1.9358 01 1.936E 0V
1.0232 0%t 1.020E D1
8,550E 01 A.530E 01
7.7138 00  7.739E 00
B.893E-D1 8.893E-D1
.21 m 3.2602 01
3.292e OV J.278E O1
2.396e 00 2. )90k OO
8.518E O 1 6.8B6E 01
1. 146E 02 1.180E (2
1.839 02 1.820¢ 02
6.000E Gt  3.991E OY
1. 2052 02 1. 200E D2
2.9%51E 01 2.962E &Y
1.084E D2 1.018E D2
1.340E 01V 1. 322 M
t. 906k 0O 1.891¢E 00
3.622% 01 J.594E 01
S. 426K 00 5,436 00
J. a0k 00 3.a00E 0O

OUCONMECTED ACT«922360NER AATID = 1.0002623

991



Ll

-3

TI9TCO

IRBAETIATION OF ONE RETRIC TOWN OF PHED POERL

BASIS = ONER AETAIC TOW OF PERY PURL

IPLTIAL wectom = 5§

fte 1 P=0.0 R 2 P 0.0 ¥= 1 = 0.0
#= 0 F= 9, 101¢-CY 0= 9 P= 0.0 =10 P= 0.0
=15 PFs 0.0 =16 e 0.0 m=17 ¢= 0.0
L PWOCLID XSsIC TOCAF(T} AN} PP TIELD
TTPE 1= ¥=  INDIC ADS
1 92230 t 750 1696 [ ]
2 921350 1 751 1701 0
3 222350 L} 751 [ |
8 922360 1 752 1708 0
5 922380 1 %0 1109 Q
¢ 912370 1 761 1725 []
T 942380 1 769 1749 0
& 952380 L] 769 -] /]
9 9421390 1 770 1756 0
10 9823%0 [] 770 0 2
11 902000 ) ™ 1781 ]
12 9a2ntg ] mne 1745 L)
13 982410 L] 2 ¢ 3
18 942420 k| 3 1767 0
15 9520%0 1 780 1788 0
té 952410 2 180 1782 o
17 952430 1 183 1790 ]
18 552830 2 783 1788 ]
19 962820 1 89 1797 0
20 962040 | M 1801 [}

-
~

TOTAL ACY a-h = &.15%9E 0)

nUB/G-N =
=4 r= 0.0
¥=1y = 0,0
N=10 = 0.0
FISSId AW
6 5.7088-09
67 3.089¢-09
§7 7.0618 63
1) 2-2628-09
10 2.637e-10
7 9.730e-09
8s $.907e- 09
s 7.8638 65
' 1, 069E-04
R 1.863E 65
a7 N.4871-08
1] 1.1712-08
s 7.883 &S
89 8. 715209
9 1. 138p-08
9% 3.8782-09
99 5,650~ 10
9 1. 075¢e-08
105 1.6102-09
107 1.0102-09

CLD BATIO = 1,0002623 ¥P VIELD IN A = 5,028962-17

s
Wei2 P=

TOCAP ()

1L.977E
5.5628
5.6308e
7.856¢0

9.980E~

3, 3452
3. 5928
.59«
17728
1. 1542

1. 524E

1.5%6e
1. 5968
12.995¢2
1.20088
1. 2068
J.n2e
l.0652
S5.668F
a2

TIELD ADJOSTNART FOR DNCONNECTED. ACTINIDES: COMNECTED ACT=922350LARGEST

o1
01
[} ]
]
ot
o
o1

RECYCLE # » ©

§.3828-0% 0= 6 F= 0.0

AN
PP YITLD
3.5THE-'N
3. 578E-10
B.9208e-219
p.928P-214
0.9268p-21
0.9208-21
8.%28E-21
a,.928e-21
5,9282-21
4.0928-19
5. 092E-19
4.092E-19
1. 1158 01
1.115%2 01
11158 Ot
1. $158 01
1.115e D1
1.1158 01
1. V152 01
1. 1152 61

¥=13 = 0.0

rIS3 ()

4,.508£-01
N, 530¢ 01
4,59« 01
1.9752-01
1.000e-01%
S, 200E-00
2.394F 00
2.8962 00
t. 1802 D2
1.122¢ 02
5.840E-01
1.200% 02
" 1.200E 02
0,5798-01
1.3%9e 00
1.319¢ 00
1.5718-01
3.571e-01
2.20mg-01
8.5292-01

2.936E 00 TO 1,55%82 00 ARTICIPAYTION PACYOR=

SONTT=16

1.502E 00

W= T PFo 4. 476201

N=1a P= 0.0
oLY NEW
ISEC XSEC

1.916¢ OV 1.9328
t. 0201 0OV 1.032E
. 5310 01 4,590z
7. 7I9E OO0 7.656E
8.293E-01 8.924p-
3.2602 OV 3.293t
3. 28E O 3.3%3E
2. Map 00 2.016E
6,.%86E 01 6,32ur
1. 1402 D2 1.122e
1.820E 02 1.5182
J.9a81f Ot 3, 9648
1. 200E 02 1. 2002
2.962E 01 2.909E
1.076e 02 1.062E
1.32e 1 V.3I12E
1.091% 00 1.95%¢E
3.5942 01 3. 6380
S.436E 00 5.448E
3.G08E 00 3.818E

TRCORNECTED ACT=92231G0NEY RATIO = 1,0004616

01
ot
01
00
o
[
01
00
o1
a2
02
ot
02
03
02
01
00
o1
a0
a0

Fi|



APPENDIX E: SAMPLE ORIGEN2 DERUGGING AND INTERNAL mronmncm omu-:
(OUTPUT UNIT 15)
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NOUNBER OF COMAAND=
RONBER OF CONNAND=
RONBER OF CONMANDe
AONRERN OF COABANDe
WONOEN OF CORAMAND=
NONBEN OF COAMANE=
NONBEIR OF COMNNAND=
NORBER OPF CONHAND=
NUNBER OF CORMARD=»

§. THIS IS TUSTAUCTION
THIS 13 TuSTAOCTION
TAIS T3 INSTROCTION
THIS 1S IWITROCTION
TRIS 15 IWSTROCTION
THIS IS IWSTROUCTION

our or
our or
our or
08T OF
ooT OF
o0t oF

1 WAL OF T *AAS
1
2
3
L ]
L]
THIS IS INSTROUCTION & OOT OF
?
8
1
1
1
2
3

ToTAL OF 19 snth
TOTAL OF 18 s3Ch
TOTAL OF 18 *RDA
TOTAL OF 18 #BDA
TOTAL OF 18 *ADA
TOTAL OF 18 *&ta
TOTAL OF 18 *mD)
TOTAL OF 18 *RD)

INSTROCTIONS. ONIT=15
INSTRUCTIONS. URIT={S
INSTROCTIONS. URIT=45
INSTROCTIONS. ORIT=1S
INSIROCTIONS. UNWIT=15
IRSTROCYIONS, DWIT=1S
INSTROCTIONS, ENIT=15
INSTRUCTIONS, ORIT=1S
INSTROCTIONS, UNIT=15

THI1S IS INSTROCTION our or

CANPRE N -

TRIS 1S INSTROCTION oot or

] »

1 A ]

H R .

H [ ] L

3 ] L]

1 [ § -

$ A ]

H [} L

L) A *
NUNBEN OF CORMMARD= 10 ; TAIS IS INSTRUCTION 00T OF A TOTAL OF 1 *COT * INSTRUCTIONS. ONKIT=15
WOARER OF COMRANEs 11 3 THIS 18 INSTROCTION 00T OF A TOTAL OF t SLIP & INSTRUCTIONS. ORITs13
NURBER OF COHNANE~ 12 ¢ THIS IS INSTAUCTION 00T OF A TOTAL OF § CLPD ¢ INSTROCTIONS. ONIT=15
NOWBER OF CORNAWD= 13 ¢ THIS IS INSTROCTION OuT OF A TOTAL OF 4 SLFD ¢ INSTROCTYONS, ONTIT=13
RUNBER OF COPFPANDe 1% § THIS IS INSTAUCTION ooT OF A TOTAL OF q *LPD ¢ INSTROCTIONS, ONIT=15
NOUNBERA OF COHBAND= 15 ¢ THTS 1S INSTROCTION 8 00T OF A T0TAL OF N *LPD ¢ INSTROCTIONS, ONWIT=1S
NORERR GF CONRAND> 15 ¢ THIS 135 INSTROCTION 100 OF A TOTAL OF 1 oLIp * INSTRUCTIONS, ONIT=1S
rOHBER OF CONNAY D= 17 3 THIS IS TUSTRAOCTION f ouT OF A TOTAL OF 1 *PHO ¢ INSTROCTIONS., ONIT=15
NONOER OF CORNNANG= 18 3 THIS IS I¥STROCTION 1 OUT OF A TOTAL OF 3 *TIT ¢ INSTROCTIONS, OWITs=15
WUNBER OF CONRARD= 19 ¢ THIS IS IWSTROCTION 9 oUT OF A TOTAL OF 98 *RDA ¢ INSTROCTIONS, UNIT=15
NUMBER OF COWAAND= 20 ¢ TRIS IS IESTROUCTION 4 00T OF A TOTAL OF S eIpp & IWSTROCTIONS, ONIT=15
KOWBER OF COMHAWE® 21 ¢ THIS IS INSTROCTION 10 oot OF A TOTAL OF 18 SADK * INSTROCTIONS. UWiIT=15
NOHBIRN OF CONMAND= 22 : THTS IS INSTRDCITON 2 oUT OF A TOTAL OF S SYNP & INSTRUCTIONS, UNIT=15
WORAER OF CONHANE= 23 § TH1IS IS IVSTAODCTION 1t OOT OF A TOTAL OF 18 ¢ADA & IRSTROCTIONS, DNIT=15
NONBER OF COMMAND= 2% 3 TRNIY I8 IRSTRUCTION 3 oot OF A TOTAL OF 5 ¢IHp & INSTROCTIOND, UNIT=15
NOURBERN OF COMMARDw 2% ¢ THIS T9 IWSTRUCTION 12 ouT OF A TOTAL OF 18 *8DA » INSTAUCTIONS, ONEPw19
RONDER OF COHMNANCE" 26 § THIS IS TasTRUCTION 8 04T OF A TOTAL OF S sTHP # INSTRUCTIONS, OWIT=15
RONBER OF CONNANEe 27 ¢ THIS T3 INSTAOCTION 13 O0T OF A TOTAL OF 8 ¢@EeA ¢ INSTRUCTIONS, ONIT=15
WONBER OF CONARNGe 29 3 THIS I3 NISTAUCTION 5 00T OF A TOTAL OF 5 oIwp ¢ INSTRUCTIONS, ONITe1S
NORBER OF CORNMARNDe 29 ; THIA IS INSTROCTION 2 ODT OF A TOTAL OF 3 *TIT & INSTHROCTIONS, ONIT=1S
WONBER OF CONBAND= 30 3 TEIS IS INSTROCTION 1 00T OF L YOTAL OF S SHQY ¢ INSTRUCTIONS, UNIT=1S
WOUNBEN OF CONNANI® 31 g TRIS IS INSTROCTION 1 00T OF L TOTAL OF 2 SHED * INSTROCTIONS, UNLIT=15
WOMBER OF COMNANE= 32 ¢ TNAIS IS INSTRUCTION 1 OUT OF A TOTAL OF 2 spOgp » INSTROCTIONS, ORIT=15
WO RBRER OF CONNMIL= 33 § THIS IS IRSTYROCTION 1 OgY OF A TOTAL OF O *INp & INSTROCTIONS, ONIT=145

TEpCs 3.307F 06 DELT= 1,.307% 06 Ti» T,851E-07 EFrie 1,018% 02 FDOT~ 5.0298-03 EPP2= 2,565E 02 rDOOT=-9.9918-10 EPPl= 2,.137E
r2s 3.2298-09 T3« 5. 119E~-10 Tin= 1.505R-08 Tin= S.¥25E-07 T« 3.6292-08 EPPAVG= 2.0192 02 PLOXx 2,9DDE 180 PONER= ).750E O1
RONBER OF CONMARE= 3% ¢ THIS IS INSTRUCTION 2 04T OoF A TOTAL OF 0 *IKP ® INSTRUCTIONS, UNIT=15

T38Cs 5.763F 06 DELY= 3,.456% 06 T1= 1.45)8-07 EPPi= 2.021E 02 PDOT= 1,3062-0) EPP2= 2.852% 02 TODOT=-8.208E-10 EPPl= 2. MI2E
£2 3 Y7IE-09 ¥3« §.30CE-10 TiRe 1,506E-04 Tin= 4. 5828-07 Tin= 1,7688-07 EPPAVGe 2,023E 02 PLUX= 2.897F 18 POMER= 3.T75DE 01
%UABER OF COZNANDe 35 3 TA1S IS INSTRUCTION 3 08T OF A TOTAL OF 0 *IRR ¢ INSTROCTIONS, UNIT=13

TSEC= ¥.1528 07 DELT= S5.7SWUE 06 Tie 1.830E-07 EPFiI= 2.0252 02 FDOT» 1.000E-¢3 EPP2= 1.1092 01 PODOT=-5.968E-10 EPPI= 2.¥52E
2= 1.G01E-08 TI= 1.835E~09 TiA= 1. 310B-08 Tin= 6.922E-08 TiAs ).4902-07 EPFAYGe 2.0298 02 viUX= 2.899E 18 POWER= 3.750F 01
A0NEER OF CONBAND= 36 § THIS IS5 INSTRUCIION- & OUT OF A TOTAL OF 6 SIFP ¢ INSTROCTIONS, DNIT=1S i
tseC= 2,304 07 DELT= 1.1532 07 Ti=s 7.5092-07 Eeri= 2.017E 02 YDOT=-1,507E-03 EPP2+ 1.4913F D2 PFODOT=- 3. WBAE~-10 EPFl= 2.170F
T2v-0.08982-09 13= 0,392E-09 TiN= 1.526E-0M T2H==1.831E=06 Tine 0,4212-07 EPPAYG= 2,.037E 02 riOx= 2.919¢ 1k POVER= 1.750E 01
NUNBEA OF CONNAND= 37 ¢ THIS I3 INSTAUCTION 5 OUT OF A TOTAL OF 0 *IAP * INSTIROCTIONS, OWIT=15

TSECs J.8562 07 CELT= 1.152E 07 T1= 7.6TAE-07 TRPis 2, 081R 02 FOOT=-0.630E-03 EPP2= 1.B38E 02 FODOT=-6.30 1E-11 EpPi= 2, MOBE
t2=-1. 573%-0¢ T3+ 1.£21B-09 1A= 1.566E-04 T28=-3,5458-06 Tine 2.9572-07 PFIAVG= 2.005E 02 rLOX= 2.983E 18 poueRs 3.750E 01
WINDER OF COBMAND= 38 j TWIS IS TNSTADCTLON 6 OUT OF A TOTAL OF O #IFP ¢ INSTRUCTIONS, ONIT=15

15eCe 3.602E OT DEit» 3,.956F 06 Ti= 8.0552-07 EPPI= 2.083E 02 PM'-S-DGlE*OB EEr2= 1.918Z 02 FROOT= I . AIQE-11 EEPI= 1.643E
T2=-6.5082<09 T3= 2.524R-11 Tin= 1.650E-0N TInac1.828E=06 TIN= 8,920E-09 EPPAYSE= 22,0502 02 PLOX= 3.131E 14 EQUER= 3.750F 01
NURERR OF CORRANEw 39 3 THIS 18 INSTROCTION T OUT OF A TOTAL OF G *IRP ¢ INSTRUCTIONS. UNIT=15

TSRC= a.608% 07 OELY= 0.061E 06 T1= 8.2272.07 Erri= 2.051E 02 rooT=-5.635E~03 EPP2= 1.921FE 02 FDOOT= 0,285B-11 EFPI= 1.722E
T2%-1.5372-08 T3= 6. 884%-1% Ti= 1.6078-04 T282-3.1652-06 TI= 1.279E-08 ERPAYG= 2,053¢ 02 FLUX= 3.19EE 14 pouEn= 31.750E OV
BUNDEZR OF COBBAND= &0 ; THIS IS INSTRUCTION 8 OUT OF A TOTAL OF - D ¢IBP & INSTRUCTIONS. ONIT=15
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T3gC= 5.7602 07 DELT= . 153E OF Ti= 8.896E-0Y EPPI= 2,056E 02 FOOT=-6.007E-03 EPP2~ t.O0GE 02 FODOT= 9,5298-11 EPFI=~ 1.921F
T37e+72,4980-08 TY=-5.43101-10 TiRa §, TUEE-08 TIM=-S.026%-06 138=-1,1008-07 Berhvie 2.0%9E 01 PLOE= 3,302F 14 POWRR- 1.750E 01
ROUBIN OF CONAARD» N1 § THIS 13 INSTROCTIION 9 OOGT OF A TOTAL OF D STFP ¢ INSTRAOCTIONS. ORNYIT=1S

TSECa 6.336E 07 pELT= S. 7548 08 T+ B, 957E-07 EPFis 1.062!10!. POOT=~§.2378-03 EPP2> 1.970E 02 PODOT= 1,SE8E-10 EPFP3= 1.590E
T2u-1,0392-08 13+-1,881E-10 Til= 1. ANTE-ON TIN=-), 106E-05 TIM=-~7.760E-08 EPFAVSs 2.063F 02 rLUL= 34018 14 POWER= I.750E 01
NDABER OF COARARNDs 47 ; THIS IS INSTAOCTION %0 OOT OF A TOTAL OF O *1aP ¢ INSTROCTIONS. TRIT=1S

THRC= £.912F 07 DELT= S.T76)E 06 TV= 9, 2888-07 EPFi= 2, 0658 02 FOOT»-5.504E-03 ZPr2= 1.965E 02 PFOOOTs 1.3528-10 EPFi= 1.987E
¥2e.1 IEO2-0F TIa-3.7790-10 1i0= 1_91BE-08 Y2A=-2.960R-08 Tin=-7.726E-08 EPFAYG= 2.066E 02 YLOX= 3.610F th pOwER= 3.7S0E 81
BOABER OF CONHANDe %) 3 TAIS IS IUSTROCTION 11 ODT OF A TOTAL OF O SIGF # INSTROCTYIONS. UNIT=1S

TEpC= T7.603E 07 DELT= §.912E 06 ¥1s= 9,500E-07 EPPi= 1,060 92 FDOT«=-R.987E-0) EFPF2= 1.960% 02 PFDDOT= 1.259R-10 BPFri= t.%46E
T2e-1,502E-08 TIn-5,TI6E=-10 TIA» 1.9012-08 TIA=-), NANE-06 TIN=-1.1022-07 ZerATG= 2.070F 02 PLUE- J.T2aE 14 FONER= 3.750%¢ OV

wanprr OF CORAANE= B4 3 THIS I3 TINSTRUCTION 2 08t OF A TOTAL OF 2 supP * TUSTRUCTIONS, OWET=15
WONDPER OF COBNARD= 85 ;3 TALS IS IEsSTROCTION 1 00T OF A TOTRL OF 1 *0pTL® TUSTRUCTIONS. UWITa1S
NOPBAER OF CONMAWC= 86 3 THIS IS fWsSTRUCTITON 1 00T OF A TOTAL OF 1 *0PTA* INSTRUCTIONS. UNIT=15
NUMNBEN OF COAMARND= 47 § THLS IS TRATROCTION 1 00T OF A TOTAL OF 1 *OPTP* 1IUSTROCTIONS. ONIT=15
NOMBER OF CONRAKD= a8 ¢ THIS IS INSTROCTION 1 0oUT OF A TOTAL GP 2 %007 ¢ INSTROCTIONS, ONTT«1S
NS HBER OF CONNANCe %% 3 TAIS I3 INSTRUCTION 14 OOT OF A TOTAL OF 10 *ROR ¢ LNSTRUCTIONS. ONIT=15
NONBER OF CONRAMEs 50 ¢ THIS I3 INSTROCTION 1 00T OF A TOTAL OF 5 enoY ¢ TNSTROCTIONS. ONITaiS
ROABER OF CONHAND= 51 1 TAIS IS IEStRUCTION 15 Quy OF A TOTAL OF 18 *REA ¢ INSTRGUCTIONS. ONIT=1S
NUNBER CORRANDS $2 § THIS I3 1WNSTRMCTION 00T OF A TOTAL OF 1 SEEOQ & INSTROCTIONS, BRIT=15

or 3 t
SeREQ NEROA= 4,.101% 03 WERSA= T.995E 03 IAPA® 1,.040E G0 usg0Ss T.900R D) woEdds 7.930F 43 Inrpe 9.451%-01

REFOCs 1,002F O8 WDESC= 7.282E 03 IRPCe 1.377E 00 TECePRD PEFORE W DESY SCALING= 1.625E-01 PRO=PEAC OF YRCT € IRCLODED= 1,77)E-01

WURBIA OF COMKAND« S3 : TRIS I3 INSTRUCTIION 1 OUT OF A TOTAL OF 1 $ZAC ¥ INSTROCTIONS. DWIT=15
seFAC LD= 1 PAC(LD)= 1.00002 00

0 .
ENHBER OF COMNANDe 54 3 THIS IS INSTHOCTION 16 oue oF TOTAL oF 18 *aDA

A * INSTRECTIONS, ONIT=1S
nonaeg OF COBNANDe $5 3 THIS IS INsTROCTION 3 00T OF A TOTAL OF 3 *TIT * INSTROCTIONS. OwWIT=15
NUNBER OF CONMANE= 56 3 TWIS IS IwsreoctioN 3 0UT OF A TOTAL OP % *RO¥ * INSTEDCTIONS, ONIT=15
NUHAER OF CONNANE» 57 § THIS 1S TNSTRUCYION 1 00F orF A TOTAL OF 3 sApD # INSTRADCTIONS. OWTIT=4S
NONAER OF CONARNEs 54 3 THIS IS INSTRUCTION 2 OUT OF A TOTAL OF 3 #ApD ¢ INSTROCTIOWS. UNIT=15
HOUKBER OF COERAND= $9 ; TALS IS INSTROCTION 3 oot oF A TOTAL OF 3 ¢ADB * INSTRUCTIONS. OPIT=15
nuBshER OF CONBAND= 60 3 THIS IS Insthuction 209t OF A TOTAL OF 2 dHED ¢ IWSTRUCTIDNS, OMIT=1S

* INSTRUCTIONS, UNITalS

NUNBER OF CONMAREs 61 § THIS IS INSTROCTION 12 00t OF A TOTAL OF 11 *IRY

fSECe 2.%07E 06 CELTe 2.307E ‘05 s 1,6900-02 EPFi= 2,098 02 POOTe 9.8538-10 EPrl= 2.127¢ 02 FoDOfT=-5.895E-17 EPFls 2. 112F
£72= 1, 090203 T1=-5.051E-05 Ti8= B, ITIE-05 T2M= 5.1268-06 TIN=~-2,192P-07 EPFAVGw 2,025F 02 rLux= 2.890¢ 14 poEd= 5.0112-07

HOMAER OF COEPAMD= €2 1 THIS IS INSTROCTION 1) OUY OF A TOTAL DF 22 #1pF * IRSTAUCTIONS. UNLIT=13

2SeCs 5.763F 06 DELTs J.ASGE 06 T1v 1L AG2E-02 EPFl= 2, 0298 02 FBOT= O.4002-10 £Pr2~ 2,129F H2 PDDOTa-N, AREE-17 EPFYs 2.912E
t3= 1,8528-03 TIn-9.T26£-05 TiK= 9. 1758-05 TIn= 6. 018R-06 TMa-8,605L-07 EPPATOw 2.036E 02 TLUI= 2.888R 14 FOUEN+ 5.575P-07
EDRBEA OF COMAAND= &3 § TRLS 15 TUSTRUCTION 14 GOT OF A TOYAL OF 22 *Ig? * INSTRUCTIONS. UNIT15

sapC= 1. 152E 07 BZLT» S.7SAE 05 T1= 2,123¥-02 BpPis 2.041E 02 FOOTw &, 9422-10 EFF2= 2.133¢ 02 FOOOT=~3,0817E-17 EPPI= 2.113E
2= 1. 997803 1In-2,107E-08 TiN= 1.000R-0N T2N* 9.3662-06 TiRe-9.970k-07 EEPAYGs 2, DNAZ 02 PLUI= 2.9008 14 POWER* 6.430E-07
PUNBER OF COPRRARD= 6% 3 THEIS IS INSTROCEION 15 00T OF A TOTAL OF 22 ¢INP * INSTROCTIONS. ONIT=15 -

TSICe 2.30688 07 CELT= 1.153F OF Tis 2. a50%-02 EPFI= 2.054E 02 PFOOT~ $.2522-10 EPP2= 2.1392 02 PDDGT==2 GISE-17 EPPI= 2, 11SE
22= 3.021E-03 T32-5,834%-00 TiN= 1, 195-00 T2A= V. R15E-05 TIAn-2,758P-06 RRYAVG™ 2.062E 02 rLOl= 2.9558 18 powes» T.707e-07
BONBER OF COAMAND= &5 ; TEIS IS NMSTANCTION 16 OOT OF A TOTAL aF 22 *IRF * INSTRUCTIONS, URIT=1S

Tsece 3.856E 07 OELT= 1.152% OF Ti= 2.9012-02 EPPin 2.069E 02 PDOT= 1. 25aE-10 EPP 2= 1, 153F 02 PFDDOT=- LLIDIR-1T7 EPPI= 22,1212
2= 1.87ME-03 TIs«-3.0532-08 TiA= 1, WO3IR-O8 T2R= 3.T0NE-D6 THi=-1.0398-06 EPPAVG= 2,072 G2 rLUZs 3.050B 1a powER= 9.012E-07
NURBTN OFf CORNARREs €6 3 THIS IS IWSTROCTION 17 oOT OF A TOTAL OFf 22 SIAF * INSTROCTIONS. UNIT=1S

vSECe 3.602F 07 DELTw 3.4S6E 06 TVs 3.185E-02 EPPi= 2.0762 02 PDOT= 2, 140E-10 EPP2+ 2,16BF 02 FDDOT=-8.822E-18 EPri= 2. 130F
£2e 3 105E-04 Tn-1. 676E-05 Tii= 1,514E-08 T28% 1.709E-06 TIN=-7.871E-G8 EPYAVG= 2.077E 02 rluz= 1.156E 13 PoOurR= 9.8232-07
sunpeh OF COMAAND= 67 ; TH1IS I3 INSTROCTION 148 ODT OF & TOTAL OF 22 *1RF * LNSTRUCTIONS, 0!11-15
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TSEC= 4.608E 07 DELT= 6.0614 06 1= X 246E-02 EPFV= 2.0788 02 FOOT= 1.943F-t0 Epr2= 2.171E D2 PODOT»-7,.771R-18 BPPY= 2.11)8
t2= 7.03)p-08 93=-8,.0162-05 TIN= ¥, 562R-00 T2n= I §08B-06 TM=-). SNEE-07 EPFAYG= 2.0B0R 02 PLOR= 3,258 18 POWER= V1.04APR-06
NUNBER OF CORMANGs 68 3 THLIS IS THSTROCTION 19 ODT OF & TOTAL OF 22 *IG? & INSTROCTIONS. OWIT=1S

TSEC® 5.760% 07 DELT= 1.153% 07 .71= 3, 3TM1E-02 BPFia 2.002% 02 PDOT= 1.N26R-10 EPF2= 2.V30E 02 PDDOT=- S.7TN2E-18 BPFi= 2.181E
T2 $.2208-04 T3a-1.2792-08 TI8= 1, 619R-08 TIA= J.7538-06 TIN=-5.9398-07 EPPA¥G= 2.004F 02 FLUI= 3.397% 1% POVER= 1.130E-06
WORSER OF CONAAND= 6% 3 THIS IS INSTYRUCTION 20 oUY OF A TOTAL OF 22 IRT » INSTRUCTIONS, OWIT=15

TSECe 6.116% 07 CELT= S.T754% 06 T0« 3. ASIE-02 EoPI~ 2,083€ 02 FoorY= $.4122-12 Epr2= 1.986F 02 FpooT= 1 7512-18 ZPPI= 2.076E
T2« 2,708E-0% T3» 2,0762-05 TIN= 1,6552-00 T28+ 6.791E-08 TIA= Y1, 000E-07 EPEAYG= 2.086% 02 rLoT~ 31,5158 1% poweR= 1.381E-06
NONBER OF COMAANDe 70 3 THIS IS INSYROCTION 21 00T OF A TOTAL Of 22 *IRF * INSTROCTIONS. ONIT=1S

TSECH £.9922 07 DELT= 3.753F 06 Tis ) _%362-D2 EPFis 2.087R 02 PDoT= 3 ASSE-11 BPP2s 2.396E 02 ropoT= 1L ABIE-18 BPF)= 2,024%
T2= 9.956E-05 T3s &, 1972-06 T18s 1.6072-08 T4« &, 1SS5E-07 TI8= &, 0092-08 EPPAVG= 2.088F 02 rLOT= 3,662E 1% FOUEN= 1.220%-06
NOHNSIR OF CORRMANE= 0 3 THIS IS INSTRUCTION 22 OOT OF A TOTAL OF 22 SIAT ¢ INSTROCTIONS. DMIT=15

TSeCe 7. 603F 07 CELT® €.912FE 06 Ti= 3.837E-02 EPPI= 2,0P9E 02 PDDOT= §,5362-11 EpF2= 2.30%E 02 PDOOT= 1. T792E-19 EPPI= 1.570R
T2= 1, 568E-04 TI= 1,827-06 TiN= 1.606R-04 T28= &.603E-07 TIN= 9,090E-09 EFPAVG= 2.089E 02 rLOY> J.783IE 1IN PONER= 1.2628-06
WONBER OF COHRAND= T2 3 TAIS IS INSTRUCTION 2 ooT OF TOTAL OF 2 *00T ¢ IWSTRUCTIONS, DNIT=1S
NOBRBER OF CONARND- ks THIS IS TESTROCTION 17 o0t OF TOTAL OF 18 *EDA INSTIROCTIONS, OUNIT=1S
WINBTR OF CONNANE= s RIS IS INSTRUCTION 18 OOT OF TOTAL OF 18 ¢EDA INSIROCTIONS, ONITs1S

NURBER OF CORMANSE~ 13
MUNBER OF CORBANEs 34

™IS IS INsSTRUCTiON 1% oot OF
THIS 1S I¥STRUCTION 1 oot OF

TOTAL OPF
TOTAL oF

*DEC
*00T

TUSTRICTIONS. ONIT=iS
INSTROCTIONS. URIT=15

]

H L3 L4

1 A L]
HONSER OF CONHAND= 75 ¢ TRIS IS TesTRUCTION 4 00T OQF A TOTAL OF S *A0Y ¢ IYSTRACCTIONS, ONIT=15
HONBEN OF CONMAWE= 76 3 THIS IS TNSTRUCTION 5 out OF n TOTAL OF 5 *HOY * INSTRDCTIONS, anNit=15
NUNRER GF COMNMANE= TT ¢ TNIS IS InSTeOCYTON 1 gdt OF A TOTRL OF 4 SPLA ¢ INSTROCTIONS. UNIT=15
NUPAER OF CONHARD= T8 3 THIS IS lusrmucrioN 2 OUT OF A TOTAL OF & SPCH & TRSTRAOCTIONS. UNIT=15
RUNBEIR OPF COMAANEe 79 3 THIS I3 INSTROCTION ) oor OoF A TOTAL OF B PCE & IWSTRUCTIONS. OWIT=T1S
RONAIR OF COHAANE» 45 ¢ THIS TS INSTROCTION . & ODT OF A TOTAL OP § *PCH * INSTRUCTIONS, ORIT=1S
WONBER OF COMMAN D= &1 3 THIS IS INSTRAOCTION 1 OUT OF A TOTAL OF 1 ¢3TF ¢ JESTRUCTIONS,. DEIT=15
NUABER OF COWRAND= 1 3 THIS I3 IwsreucriON 1 onT ar A TOTAL OFf 2 *BA3S ¢ JuESTROCYIONS, DNIT~15
WUNBER OF CONBLWE= 2 § TRIS 13 INSTROCTION Tt o0t OF A TOTAL OFPF ? °CDT » INSTROCTIONS, ONIT=15
RORBER OF COHBANL= 1 3 TRIS 13 TustpoOcTiON Y ouT OF A TOTAL OF 1 SLIP & INSTROCTIONS, 4NIT=15
HONBER OF COAMAND= 4§ 3 THES IS TusSTROCTION {1 oUr of h TOTAL OF 1 sLP0 & INSTAUCTTIONS, ONIT=1S
NUNBER OF COWMAND= $ ; THIS I3 IysgmucTYION i OUt OF A TOTAL OF 1 SLIR » INSTRUCTIONS, OWITYaS
WUNNER OF COERAND= 6 ;3 TO1S IS INSTROCTION 1 our OF A TOTAL OF 1 *FHO ¢ INSTROCTIONS, UNIT=15
NFamaER OF COANANDs 7 ¢ THIS IS INSTRUCTION t oo? OF A TOTAL OF J 0V ¢ INSTRUCTIONS, DNITWIS
WOHRER OF COWNANEs 8 3 THIS IS IwsTROCTION 1 oot OoF A TOTAL OF € SRDA & IWSTROCTIONS, ONITeiS
FONBER OF CONHAMD= 9 ¢ THIS 13 IMSTROCTION 1 GOT OF A TOTAL OF & ®RCA ¢ JNSTROCTIONS, ORIT=1S
NONBER OF CONNANE= 1 : tTRIZ I3 TESTROCEION 1 odtT OF A TOTAL OF 8 *DEC #* INSTROCTIONS. OWIt=15
WENBPR OF CORNAND= 11 ; THIS IS IuStTaUCTION ' 00T OF A TDTAL OF § *PRG » TASTROCTTIONS, ONIT=15
AUNBER OF CONMANDe 11 1 w13 I3 TUSTRUCTION 2 OUT OF A TOTAL OF & *PRO ¢ IWSTIBUCTIONS. DWIT=15
PONEER OF CONMANE= 13 3 TRIS IS IvstTaucTION 3 oor ov A ToTAL OQF b *PRG ¢ INSTADCTIONS. UNIT=1S
HONBER DF CONEAND» 14 { THIS I3 TUSTROCITON & oOT OF A TOTRL OF & PP ¢ JNSTROCTIONS. ONIT21S
NRUMDER OF CONNAND= 1§ ; TRIS I3 ImsTROCTION 2 00T OF A TOTAL OF 2 SBAS & TNSTROCTIONS, ONIT='S
NOABER OF CONBAND= 16 ; TNI3 13 IwstTRUcriow 3 oor OF A TOTAL OF 6 SEDA & IWSTROCTIONS, UNLIT=15
NONBER OF COMEAND= 17 ¢ THIS IS INSTRUCTION 1 OUT OF A TOTAL OF 2 *TIT & INSTROCTIONS. ORIT=1S
NONBER OF CONNANE= 18 § TEYS IS IesSYaucrion 2 00T OF A TOTAL OF ) eno¥ » IRSTRAUCTIONS, ONIT=1S5
NINBER OF CONARNDs 19 : THYS IS TusSTaucIION T 00T OF A TOTAL OP 2 *HIND ¢ INSTROCTIONS. ORIT=1S
HIINBER OF CONNAND= 20 3 THIS IS TNSTRAOCTION 2 OUT OF A TOTAL OF 0 ¢DIC ¢ IUSTRUCTIONS, OWIT=1S
KRUBBEN OF CONAAMD= 21 § THIS IS luSTRUCTION % OOT OF A TOTAL OF O SBEC ¢ INSTRUCTIORS. DWIT=15
HUNBER OF CORMARNDs 22 ¢ TN1S I3 IDSTRUCTION 4 opT OF A TOTAL OF 9 *DEC ¢ INWNSTROCTIONS. OWIT=1S
HUABER OF CONNANE 23 § TNiS I3 TNSTROCTION % oot OF A TOTAL OF G *HEC & [ASTRUCTIONS. ONIT=15
WUARER OF CONMAND= 24 ¢ THIS IS INSYROCYION & OOGT CP R TOTAL oF 0 *DEC & JINSTROCTIONS, UNIT=1S
NDBBER OF CONNANEe 25 ; THIS 1S IwSTRUCTION 7 ONT OF A TOTAL OF 0 *DEC ¢ INSTROCTIONS, DNIT=15
HUNBEN OF CCHBARD= 26 : TELIS IS ImSTRUCTION & OUT OF A TOTAL-OP 0 *DEC * TYSTRUCTIONS, DWIT=15
MUNBER OF CONHANWD= 27 3 THIS IS INSTROUCTYION 9 00T OF A TOTAL OF O ¢DEC ¢ IWSTROCTIORS, DWIT=15
NONBER OF CORHAREs 28 ¢ TRIS IS IWSTRAOCTION 10 OUT OF A TOTAL OF 0 SOEC & INSTRUCTIONS, 0WIT=15
WUNBER OF COHRAND= 29 ¢ TALY IS LASTROCTION 11 OUT OF A TOTAL OP 0 ¢pEC # INSTRUCTIONS, DNIT=1S5
FURBER OF CONBAN &= 30 ; THIS IS INSTAUCTION 1] OUT OF A TOTAL OF 0 *DEC ¢ TUSTRUCTIONS. O¥IT=15
RUNBEZR OF CCRAAND» M 3 THIS I3 I¥STRUCTION 1) puT OF A TOTAL OF 0. *CEC * INSTROCTIONS. O¥IT=1S
NNKBEN OF COBAAND= 32 ; TRIS IS INSTRUCTION 4§ 00T OF A TOTAL OF : SOEC » TUSTAOCTIONS. ONIT»1S
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APPENDIX F: LISTING OF SAMPLE PCH COMMAND OUTPUT

¢3166



20060
60120
80160
140230
130270
150310
200420
20CLg0
220890
280500
250550
260580
2808610
2908650
300680
220950
821000
681080
481130
891150
501160
S01200
611540
641580
781830
022080
922340
. Q.
10810
2003¢
30070
80119
60120
70180
80170
80200
100230
110250
120270
130290
140300
150320
160330
160370
170380
180380
180020
1904820
200410
2006 %0
200498
210870
220860
220500
230520
240510
200550
250570
260560
270%80
270610
280600
2806z0

1.0830%8~02
F.3€CSE OC
8.38078 03
6.52172-01
6.1852E~01
1.1290F 90
3.22328~04
9.4726E~05
1.12692=03
3.3426E~03
2.0909E~02
9.3363E~-04
4.6158E-03
4.8415E-03
1.1560E~01
1.6558E~02
9.997u4E~-03
1.9777E-03
2.71102~02
1.6656E~02
4.9502E-03
1.0811E~02
3.3370E-04
3.54082~-03
1.5552E~03
1.16292-03
1.2393E 00
0

8.9703E-03
8.05%982-05
1.52C8E~G1
5.37"82'19
7.36082 0D
1. 7693 00
2.19422 Q00
8.73302=-12
6.276%E~-12
1.6620E=-18
2.8280E~-11
3.6348E~-13

"1.3353E~02

1.1779E-05"
2.3099E~G7,
1.7c842=-0%
4.9806E~-18
$.30362~12
4.10008-0%
6.4526E~07
2.578%2~-12
1.85952~10
1.7194E~03
1.0910E=-03
3.0961E-09
£.80792~-06
8.9656E~12
S.B1BB!~15
2.9863E~01
9.3829E~06
1.3197E-09
1.06612~-01
3.7917E-03

30070

- 60130

8o17¢
120240
140280
170350
200430
220460
220500
200520
260540
27059¢
280620
300640
300700
420960
471070
481100
481140
501120
50117¢
501220
601550
6416400
Tutauo
822070
922350
0.0
100260
20040
30080
50100
&§0130
70150
80180
1002490
110230
120240
120280
130300
180310
150330
16 o3u0
170350
170381
180390
140390
1908 30
200620
200460
210850
210280
220470
2205140
2305390
260520
250540
250580
260570
270590
270620
280610
280650

174

1.33572-01
B.26198-02
3.1923E 00
6,4953¢F-02
3.97028~01
1.1317E-01
€.0812E-05
1.7217e-03
1.0852E~013
§.08385E-02
1.6949p-02
1. 4665E-D2
2.9916E-01
3.8 16LE-D3
1.73912-02
4.8007E~-04
2.777712~02
6. 37T15E=-02
3. 3675E-0a
2.6098E=03
1.54902-03
2.3518E-03
3.46481E-03
3. 33552-03
1-066“2'03
1.3617E 02

0.0
3. 7750E-06
£.9353g-01
2.0576E-13
9. 3386 E-07
6. 4580E-01
6.855¢E‘03
1.7138E 01
6.50752-01
6.56372E-02
4.00YE~-18
3.3030p-18
€. 3026E-09
%, 2U21E~-14
3. 3327£-08
1.0343g-01
6.T2UE-15
2.8157=08
$.S7T20E~-11
3,0207E~-13
3.27472-08
1.1“312—06
1.5972E-06
1. 55052-013
3.3993p-12
1.2279E-15
6.4677E-02
8, 3286E-07
1. 154802-17
8.8299E-03
1. 518%uE-02
3.3837E-15
5. 20172=02
2.6126E-09

50100

70140

80180
120250
140290
170370
200440
220470
230500
240530
260560
280580
280640
300660
420920
420970
471090
k811190
481160
501140
501180
501240
641560
741800
741860
822080
922380

10230

20060

40090

50110

50140

70160

80190
100210
110240
120250
130270
140280
140320
150380
1602350
170360
180360
180400
190400
190440
200430
200470
210460
210690
220080
230500
230540
240530
250550
260540
260580
270600
480580
280620
280560

1.8519E~02
1.7787E 00
1.7138E 01
8,2236E-03
2.0102E-02
3.6190E-02
1.0020E-03
1.5547E-93
1. 4707~ 00
7.2999E=-03
2.9538E~-01
2.7887x=-01
3.7172E-03
1. 7T17uE- 01
9,9974%-03
4,.4617E-08
2-8““3E'02
1.6666E~02
2.2562E- 01
8.1829E-03
1.8858E-03
3.273uE-03
1.41368E-05
3.11042-43
2.52985E-03
4.0660E 03

9.0551E5-03
2.1253E~16
7.0549E-05
7-522“8'02
9.5116E-03
1.98742-11
9.1967E~-12
7.6179¢g-08
1. 7006E-06
8.2275E-03
6.1819E~01
3.972%E-01
5.57572=12
9.16T1E~- 15
1.9442E-0%
9,6119E-03
2.5211¢-08
2.0591E=-08
1.67898- 06
1.8652E- 15
$,082992=-05
2.2%18E-11
1.3903E-08
1.70362- 11
1.5133e~ 02
7.8552e-18
7.5426E-03
2.97972-02
1. 86 12E-02
1.5793E-03
2.753%E~01
1. 8253E~02
5.8698E- 13

03287

50110
70150

9019¢ .

120 260
140300
200400
200469
220480
230510
240540
260570
280600
290630
300670
u205af
420980
433060
a81120
891130
501150

501190

£41520
643570
Tu1820
822040
832093

18040
30060
44100
50120
60150
B8) 160
90190
100220
110 201
120260
130280
140290
150310
160320
1601360
170370
180370
180410
190410
200000
200480
206480
210461
210500
220490
2305%W
240500
260540
250560
260550
260590
270601
280590
280630
290630

T.4074E-02
6.5343E~03
5.6316E-01
9.0542E-03
1.3345E-02
5,8330E=-02
1.7449E~-06
1.5380E=02
5.8675E-02
1.8135E-03
€.9217E=0]
1.0661E=-01
1.0878E~02
2.5238E-02
9.6850E-03
2.5098E-02
2.8888E-03
§$.3576B-02
7.483%E-0u
1.2796E-04
2,8960E~03
2.494BE-0D3
2.8603E-03
6, 7554E =05

1.913%E-03

0.0

1.6 14E6E-02-

8.a1162-07
4,.85%%7E~16
1.0694E~-12
8.3801F 03
5.6315E-01
1.0732E-07
2.53158-13
9.0568E~03
9.8048%~-10
1.1286E 00
4,1885E-04
4,9012E~-10
3.6259E-02
3.3509E-08
&, 4735E-15
§.00TUE-08
4.8287e-02
1. 04072453
9.45052-0%
1.3360B~14
9.89612-17
1.3752E~03
5.8186E~02
3.2308E~03
2. 1020E~03
2.30109E-07
7.34272~08
2.5109E-07
1.3084E~08
2.B89692~01
4,2511E~08
1.0759E~02

=S



J“J-‘A-‘JﬂlJ-‘J-‘dI‘J-Qﬂ-‘J-ﬂd-‘J-‘d-JJ-id;ld-JJ-Ad.od-lduld.ad.JJ.Jd-&a-‘a.“-dd-JJ-J-lA-Jd-IJ-JJ

290640
300640
3¢0680
300710
310710
320710
320740
330750
340780
I80900
390900
390930
200914
890950
410930
4 10981
410880
820930
420970
421010
340990
441010
851030
151051
ug10%0
861080
46111
871081
471101
481060
481100

481130

281160
181210

491150

491171
491200
501131
501170
503191
501220
501250
511221
511250
521230
52712¢%1
$21280
53270
531301
581291
581320
551330
6C10B0
6114081
6113520
621500
§215q0
631521
631560
651551
631580
641620
65162¢C
661630
661660
681660

1.2338E-07
2.9852E=-(1
1.1577E=01
2.16302-12
7.39252-07
B.9%41E-1C
2.0933E-13
7.1608E~-17
2.8296E-22
1.32122-17
1.2707!*25
&,8B56E-09
1.5222E-10
1.4500E-09
6. 1554E-14
9.55742-18
6.8299E-06
1.0131E-02
7.07T188=-10
€.0806E~11
5.3%5152-10
1.8008E~10
2.1167E=-20
2.1363%-12
1. 4998E=-06
1.66402~12
8.5216E~06
4.15502~06
2.88272~03
2.6548E-02

8.5750E~06:

1.66232-02
6.0606E2-20
2.65502-04
€.283CE~09
1. 33862~25
$.0296E-11
2.86992-03
1.39092=05
1.58742-023
1.BE18E=-07
9.79122-12
1.38352-45
1.06272~-08
1.66C62-07
1.40272-12
5.99022-10
a.5305E-22
2.96082-16
3.81282-19
1.01222-22
8.2709E-19
1.20562-23
3,74732-19
9.01262=-11
1.85112=-11
T7.804a22-18
6.22542-07
2.7659¥-17
E.6uS8R=03
1.34622-13
9.8551E-14
7.03382-06
1.5872E~-10
1.87832-07

290650
300650
300690
IC0711
310720
3207
320750
330760
380670
380910
390901
390940
80929
4009¢€9
410939
410960
411000
820940
125989
430990
Q41000
241040
451040
451060
a6 1060
961090
361111
RT1090
271110
181070
ag1t1¢
881140
481170
491139
591160
491180
491210
5011490
01171
501200
501230
501251
511230
5112690

521231

§21260
521290
531280
531310
581308
541330
551340
[33LY ]
£11890
621470
621510
621559
631530
6841520
£41550
641590
€515949
5661600
56 16 00
§71650
681670

175

S.2473E-03
2.8B0BE~Q4
3.5232E-08
2.-2017E~11
Z.34718E=-11
9.DAGSE=-19
3.9625E~20
T-9615E=21
T-2980E~25
B. 2107R~20
J.x010E-22
1.96552-21
L SGUER~-Q7
6.85018-13
1. 989 2E-15
5.09182=12
4.6549E-19
9.6755E~03
2-5123%=02
1.68268E-05
1.E889E~06
1.1749E=-11
3.80592~16
5.5627E~-17
1. MOGE~10
2.86052~10
3.%33%2-13
1.62672~08
2.8979p=-08
3. 6 38E~09
2.750aE~02
9.61722-02
8.89902-09
5.5505=-04
1. 9718E-10
1.5883E=-17
7.2837E-20
4,.84212~04
3.%6312=06
1.09162-02
3.71482~07
1.06348E-10
1.20132-06

- 5.55002-09

3.3ak32=-09
1.6791E~07
3.7e082~19
2.37u82-1%
2. 20522-22
1.89772~-15
9.90552~-28
2.49208-24
3.%5072~23
1. 3703231
3. 33208~22

C2.80662~12

2.08828~17
1.08922-05
6.5381E~07
1.187a2~05
ﬂ-5121!-01
2-'2268‘0“
2. 1899E~05
7.£1872~07
1. 8548E~06
3.M03E~DS

290660
390660
3006 91
3106990
310721
320729
320751
340760
180880
390890
390910
400890
400930
400970
410540
410970
420920
4209590
420990
431000
843010
44810590
us1041
4510617
ug1070
461091
Uy ki)
471091
471111
481080
481111
431150
481171
491140
891161
491190
01120
501150
501180
501210
501231
511210
S11249
511261
521240
521270
521291
531290
531280
541310
541331
601460
611879
£11%00
621480
621520
631510
631540
641530
641560
61604
651600
661610
661650
671660
681671

0168

1.9506E~-10
1. T18E=-0Y
3.9304E-08
4.6184E-04
5.6719p- 15
1.0817E-08
8.2286E=23
6.0964E~19

- 2.81672-15

5.%165E- 1)
1.0699E-16
2,302¢E~-42

"R,1837E-0%

30 91632' 1w
5.852u2-09
9,3658E~-14
1.5406E-02
1.4932E~02
7.7232E-07
1.28152=-12
3.5186E-05
2.6886E-17
7.2836E=-17
3.9301E-19
2.2751E-10
2.7156E-18
§,1298E-08
2.3364E~13
1. 0490E- 12
7.0363E~-1¢
6.10872-06
2.,2951E-10
2.63002~ 10
3.59852-08
1.5001E~-16
3.3047E-08
1.1466 208
8.1527e~-403
3.3757E-08
3.1%68E-13
1.4783E~05
8.7027E-09
5.8912e-13
6,5251e-08
1.8006E=-12
6.5576E~-18
8.06172~1
1.662aE- 11
5.07233-15
1.2'8&3-25
T.37542=19

1.25782-21

9.5530p- 25
1. 3259~ 19
1.80902~-11
1.53722-15
503637!-06
5.7659E~- 06
5.2239e-02
3.0326¢~03
8.84982-06
2.6248E-05
1. 1746E=-0%
2.0072E-09
5.1821E~-1

290670
340670
300700
310700
320700
320730
320760
380770
380890
390891
390920

400900 3

800940
810920
410950
540971
420931
420960
421090
231010
481020
481060
451050
061040
461071
461100
471080
471100
471120
481099
481120
481151
481190
491151
491170
491191
£01130

501160

501190
501211
501240
511220
511241
$21220
£21250
21271
521300
531300
541290
541311
S&1340
601870
€11a80
611510
§21090
621530
631520
631550
681540
681570
681610
£5161Q
661620
661651
671661
681680

2.7548E-13 -

2. U962E-02
3.81S7E~-03
1.6503E~10
2.90102~0€
1. 0334E-11
6.7423E-23
2.08448-20
2.1073E~-19
4.,03592-18
1. 1980E~-15
1. 0086E~08
1.“2“33‘09
2.202%E-10
3.654BE~17
1.0711E2-10
1.8721E~)2
9.9609E-03
6.B687E~10
1.2922E-06
3.5416E~20
1.94248E-16
2.9382B-10
1.1887E~20
B.0au2E=-07
2.0039E~10
8.4972E=~11
4.8659E~-13
&8.68962~086
5. 4Ta2E~02
1.0388E~05
509300!-18
€.03052~-06
1.3036R+09
1. 13552=17
2.0236E-07
2. 1196E-Q2
21 961 7!-03
9.0%88E~-08
1.8673E-03
1.03072-08
5. 8498E~16
9.6282E~-07
4.11052~06
8.6762E~21
9.8802E~20
5..735!'1“
5.0879E-20
9.0760E=-23

2. 7012E~23

2,032uz-14
5.56698-14
1.25158-13
5.5195E=-15
1.T7303E-06
2.3979E~04
126609E~06
1. 5404E-10
§.2218E-07
1. 344 12-05
4,2801E=-12
8.8089E=09

‘3. 1390E-09

1%
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£B1690
691690
701700
701780
721760
731821
741820
7318540
741880
751870
761860
761900
761920
T71920
171901
781940
18197C
791590
802010

822080

822080
832100
882110

20080
822060
822100
832080
832110
842100
8452150
862180
872210
882240
892250
902270
302310
912310
912340
922320
922350
922000
932350
932001
942370
582810
542850
962610
952881
962010
962450
962890
972510
$82%520
992530
162500

10030

50100
290670
300691
3110710
300720
280730
320730
2907480
270750
310750

1.3030E-12
8.1TupE-12
3.4848E~-13
1.6009E-20
3.65708E-24
5.7127E-15
1.9093E-03
§.112BE~06
3.6%B6E-07
B8.2672E~01
1.35172-05
5.72572-07
8,1268E-11
7. 1870E-10
8.9u252-21
3.5687E~11
$.33512-21
4.98258-22
6.54522-23
6.7001E-05
2.5302E-03
1.88483E~09
3.7u598~-20
5.““3“!‘02
2.7527E-16
2.3611!'1“
S.72872-20
2.9698E-18
2.73028-16
4,13E62E-23
1.3228E-23
3.90122-18
2.03702-11
1.17082-10
3.86342-14
6.00378-09
1.1307E-06
1.07228=11
8,04CER=0T
1.67772 01
2.8526E~-07
3,187 =07
2.59902-07
1.0642-07
5.07S4F 00
3.3253e-09
1.2381E~01
1.098082=05
2.52722-12
8,.9343E-04
S.u63a2-13
7.03682-17
1.28172=11
8,93022-09
1.8870E~02
1.28522-05
3.02202-18
9.81512-20
1-2173e~08
1.0906E2-06
9.17122-13
6.0911!‘9“
£.4905e~12
9.7131E-17
S.6B02E~09

681700
691700
731710
701750
121770
734830
741831
741851
T4189¢0
751880
761870

761801

761930
7119821
781520
781950
281971
801980
802020
822050
822090
832101
882111
812070
8220790
822110
832090
p3a2120
B42110
862160
862190
872230
282250
892270
502280
902320
912320
912350
922330
922370
922410
932370
932400
942380
Sa2420
94ze60
952821
9520480
562420
962460
862500
9825890
982530
992541
]
30060
60150
300870
310690
270720
310720
290730
320721
300740
280750
320750

176

5.1260E-16
7.9800E-13
9,2363%3E-15
1.7998E-23
1.62852-25
3.9336E-09
2, 3178E-13
1.0893E-13
1-3“132'23
3.6822E-07
1.00DuE~-14
3.1226E-16
T.0835E-16
7.6023E-13
8,1380p-10
2.0060E-18
2.677198-23
2.58028~-20
1.7380E-24
1.53172-07
6.9003p~13
1. 44 782=-07
2,78722-20
6.63202~-18
3,9506E-13
5.0333e17
1.7BB6E-13
2. 3u05e-13
3. 6“372‘23
9.6634E-18
9.20188~-2¢
8.6935g-19
1.80962-18
1. 78 662-11
3,8621%-09
7. 1235E-07
a.68u462-09

" 3.5589E-17

€.0520E=06
4.6852E~02
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6.9828E-0%
1.2238£-023
9.82282=09
1.0u832-0%5
b,9837E-06
S.5624%2-13
2.50802E-12
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2.1324E=-19
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ORIGEN2 is a versatile point-depletion and
radioactive-decay computer code for use in simuiating
nuclear fuei cycles and calculating the nuctide composi-
tions and characteristics of materigls contained therein.
It represents a revision and update of the original
ORIGEN computer code, which was developed at the
Ouak Ridge National Laboratory (ORNL) and distrib-
uted worldwide beginning in the early 1970s. Includ-
ed in ORIGEN? are provisions for incorporating data
generated by more sophisticated reactor physics codes,
a free-format input, and a highly flexibie and con-
troflable output; with these features, ORIGEN2 has the
capability for simulating a wide variety of fuel cycle
flow sheets.

The decay, cross-section, fission product yield, and
phaton emission data bases employed by ORIGEN2
have been extensively updated, and the list of reactors
that can be simulated includes pressurized water reac-
tors, boiling water reactors, liquid-metal fast breeder
reacrors, and Canada deuterium yranium regctors. A
number of verification activities have been undertaken,
including (a) comparison of ORIGENZ decay heat
results with both calculated and experimental values,
and {b) comparison of predicted spent fuel composi-
tions with measured values. The agreement between
ORIGENZ2 and the comparison bases is generally very
good. Future work concerning ORIGEN2 will involve
continved mointenance and user suppors along with
additional verification studies and limited modifica-
tions to enhance its flexibility and usability. ORIGEN2
can be obtained, free of charge, from the ORNL Radia-
tion Shielding Information Center.

NUCLEAR TECHNOLOGY VOL. 62

INTRODUCTION

A wide variety of computer codes are now avail-
able for calculating the nuclide composition of
nuclear reactor fuels during irradiation. Many of these
codes are complex and highly developed, involving
the use of multiple-energy-group neutron spectra and
cross sections to calculate the composition of the
nuctear fuel as a function of both space and time. On
the other hand, these codes are incompiete in that
they only calcuiate the amounts of a limited number
of nuciides known to be significant in the cases of
interest. While it might appear that such an approach
could cause problems, the selection of the nuclides
included in the calculation has been refined to the
point that the codes are more than adeguate to
accomplish the tasks for which they were intended:
the design, heat transfer analysis, and fuel manage-
ment of nuclear reactors.

However, there is an entirely different class of
problems for which these reactor physics codes are
inappropriate because they are cumbersome, expen-
sive to.use, and provide too little detail concerning
the composition of the material of interest. Although
this class of problems lies principaily in the domain
of the out-of-reactor fuel cycle, it also encompasses
some aspects of the analysis of potential reactor acci-
dents. The principal requirements of a reactor physics
code for this class of problems are that (a) it provide
ample information concerning the composition of
nuclear materiais, and (b} it have the capability for
determining the principal characteristics of the
nuclear materials (e.g., radioactive decay heat, neu-
tron emission}. The neutronics calculation in this
type of code need only be sophisticated enough to
accurately determine the composition of the nuclear
material of interest.
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In this country, ORIGEN (Ref. 1) and ORIGEN2
(Ref, 2) are the most widely used computer codes
for addressing this class of problems. The ORIGEN
code was written at Oak Ridge National Laboratory
(ORNL) in the late 1960s and early 1970s by Bell
and Nichols as a versatile tool for calculating the
pbuildup and decay of nuclides in nuclear materials.
At that time, the required nuclear datz bases (decay,
cross-section/fission product yield, and photon) and
reactor models [UQ, or (U,Pu)O,; pressurized water
reactors (PWRs), liquid-metal fast breeder reactor
(LMFBR), high-temperature gas-cooled reactor
(HTGR), and molten-salt breeder reactor] were aiso
developed based on the then-available information.
ORIGEN was principally intended for use in generat-
ing spent fuel and waste characteristics (composition,
thermal power, etc.) that would form the basis for
the study and design of fuel reprocessing plaats, spent
fuel shipping casks, waste treatment and disposal
facilities, and waste shipping casks. Since these fuel
cycle operations were being examined generically, and
thus were expected to encompass a wide range
of fuel characteristics, it was only necessary-that
the ORIGEN calculations be representative of this
range. Satisfactory results were obtained by using
decay and photon data from the Table of Isetopes,?
tabulated thermal cross sections and resonance inte-
grals,* and chain fission product yields.® The reso-
nance integrals of the principal fissile and fertile
species were adjusted to obtain agreement with ex-
perimental values and more scphlsncated calcula-
tions.

ORIGEN rapidly gained popularity because of
its relative simplicity and convenient detailed output.
About 200 organizations acquired it through the
ORNL Radiation Shieiding Information Center; an
unknown number obtained it from other users. Some
of these organizations began using QRIGEN for appli-
cations that required calculations with greater pre-
cision and specificity than those for which it had
originally been intended. An example of this is its use
in environmental impact studies which required rela-
tively precise caiculations of minor isotopes such as
3H, MC, %0, and #3*%Cm. The initial respomses to
these requirements were attempts to update specific
aspects of ORIGEN and its data bases®’; however,
such efforts led to.inconsistencies and a larger num-
" ber of different data bases.

In an effort to remedy the problems described
above, a concerted program was initiated in 1975 to
update ORIGEN and its associated data bases and
reactor models. The outgrowth of this program was
the ORIGEN2 computer code, which has been ac-
quired by 110 organizations since its release in
September 1980.

One additional longstanding problem wlth the
ORIGEN computer code was inadequate documen-
tation for many of the more recent uses, particularly
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those invelving regulatory proceedings. Thus, a spe-

cial effort was made during the updating process to

document all the data sources and calculational meth-
ods employed and to disseminate the results as widely -
as practicable. This paper is one of several approaches

being used to achieve this dissemination goal, namely,

by providing an overall description of the ORIGEN?

computer code for an audience of diverse interests

and backgrounds.

FUNCTIONAL DESCRIPTION

ORIGEN?2 is a flexible reactor physics code that
provides various nuclear material characteristics in
easily comprehensible form, and in a variety of useful
engineering units, while employing a relatively un-
sophisticated neutronics calculation. The output is
capsble of displaying great detail concerning the
contribution of each individual nuclide to the overall
totals for each engineering unit (characteristic}. The
nuclides contained in the ORIGEN? data bases have
been divided into three segments: 130 actinides,
850 fission products, and 720 activation products
{a total of 1700 nuclides). These segments are formed
by aggregating the 1300 unique nuclides (300 stable)
in the data bases since some nuclides appear in more
than one segment.

ORIGEN2, which is written entirely in the

'FORTRAN language, was developed for and is main-

tained on large IBM computers such as the 360, 370,
and 3033 series. However, it has also been imple-
mented on the UNIVAC, CDC 7000 series, CRAY
computers, and possibly others of which the author
is unaware., The computer requirements are variable,
depending on the size of the problem being analyzed;
however, the largest problem normally considered by
ORIGEN2 will require ~200 000 decimal words of
core storage plus the typical complement of periph-
eral devices. A minimum case will require about one-
third of the core storage of the maximum case. If
core storage is a constraint, the size of the executabie
element can’ be reduced somewhat by making internal
adjustments to QRIGENZ2, which will not severely
limit the user's flexibility. Execution times are diffi-
cult to characterize because of the variability in
computer speed and the sizes of cases analyzed. How-
ever, on most modern computers, a typical case will
require no more than a few minutes of central pro-
cessor unit time. :

The principal use of ORIGEN2 is to calculate the
radionuclide composition and other related properties
of nuclear materials. The characteristics that can be
computed by ORIGEN2 are listed in Table I. Most
of these can be presented on a fractional basis so that
the total characteristic for all nuclides in a given
segment is 1.0 (exceptions are the neutrons, photons,
and elemental isotopic compositions). The matenals
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TABLE 1

Nuclear Material Characteristics Computed by ORIGEN2

Croff

Parameter

Units?

Mass

Fractional isotopic
composition
(each element)

Radioactivity
Thermal power

Toxicity
Radicactive and
¢hemical ingestion
Radicactive inhalation

Neutronic
Neutron absorption
rate
Fission rate

Neutron emission
Spontaneous fission
(a.n)

Photon emission
Number of photons
in 18 energy groups
Toral heat

g, 2-atom

Atomic fraction,
weight fraction

Ci, aCi
Watt of recoverable energy
{excluding neutrinos)

m’ of water to dilute to
accepiable ievels

m? of air to dilute 10
acceptable [evels

/s
fission/s

n/s
n/s

photon/s, MeV of photon/W
of reactor power
W, MeV/s

LAll of these can be calculated on a fractional as well as an ab-
solute basis except fractional isotopic composition, neutron
emission, and photon emission.

most commonly characterized include spent reactor
fuels. radicactive wastes [principally high-level waste
(HLW)], recovered elements {e.g., uranium, pluto-
nium). uranium ore and mill taiiings, and gaseous
effluent streams (e.g.. noble gases). However, mate-
rials such as water samples from the Three Mile
fsland Nuclear Power Station, Unit 2, irradiated
research reactor targets. process streams in an HTGR
fuel refabrication plant, and fallout from nuclear
weapons have also been characterized.

The input struciure for ORIGEN2 has been
substantially changed as compared with that for
ORIGEN. The ORIGEN2 input was designed for
maximum flexibility with respect to simulating the
situation being analyzed, while also being straight-
forward and simpie 1o prepare. The method em-
ploved, in effect, has reduced the overall ORIGEN?2
problem to a number of specific operations such as
“read 2 data base,” “input a composition,” “output
results,” etc., Each of these is invoked by a single
input card describing the type of operation and giving
various parameters thar define the details of the
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operation. Using these operations (there are currently
32), one can essentially define the flow sheet of the

‘case t0 be analyzed no matter how complex it be-

comes. ORIGEN2 executes these operational com-
mands sequentially as they are encountered in the
input stream. The storage of intermediate and final
nuclear material compositions in ORIGEN2 is in-
dexed, and the user has detailed control over these
compositions to the extent that they can be added
together, multiplied by a constant, written to an out-
put device, or “reprocessed” into multiple streams
that can then be stored, printed, andfor further
manipulated. The straightforward nature of the
input results from the sequential execution of the
input operational commands. The simplicity of the
input results from the onc-operation-per-card attri-
bute and the free-format feature,

At this point, it is appropriate to describe the
general sequence of the input and use this as a vehicle
for defining more specifically the type of information
required by ORIGEN?2. Since the flexibility inherent
in ORIGEN2 makes definition of a general case im-
possible, the description of the input will be based
on the following hypothetical case:

Calculate and output the thermal power (radio-
active decay heat) and radioactivity of HLW that
would result from the reprocessing of | metric
ton of initial heavy metal (ton) of 33 GWd/ton
spent PWR fuel for decay times between its gen-
eration and | million years. :

Th;: general sequence of operations that must be
specified in the ORIGENZ input to accomplish this
calculation is as follows:

1. Read the appropriate radioactive decay, cross
section (includes fission product yields), and photon
data bases.

2. Read the composition of freshk PWR fuel,
including trace impuritjes.

3. Irradiate the fresh fuel to a burnup of 33 GWd/
ton, thereby generating the composition of the spent
fuel.

4. Decay the spent fuel for a time corresponding
to the lag time between discharge and reprocessing.

S. Employ the reprocessing operation to remove
the recovered elements (uranium and plutonium), as
well as certain other nuclides (noble gases, iodine,
tritium), yielding the radionuciide composition of
the HLW when generated.

6. Decay the HLW for varioys times ranging up to
I million years.

7. Specify that the thermal powe'r (watt} _and the
radioactivity {(curie) of the material stored (i.e., the
HLW) shouid be output.
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It is important for the reader to recognize some of
the more subtle aspects inherent in this process. That
discussion follows. . = . . ..

In general, a single decay and photon data base
will suffice for virtually all cases that would ever be
considered, However, this does not hold true for the
cross-section data since the effective cross sections of
all nuclides, particularly the actinides, are generally
a strong function of the type of reactor being con-
sidered and the concentrations of the nuclides. These
effects can only be accounted for by sophisticated
reactor physics codes, and it is by means of these
codes that the cross sections supplied with ORIGEN?2
were produced. '

Determination of the composition of the input
nuclear materizl can be one of the most vexing prob-
lems faced by the user. Although the concentrations
of the major actinide nuclides (e.g., 235-338), 23%242p,)
are generally well known, trace constituents are often
parents of nuclides that are important in out-of-
reactor situations. For example, the '“C that is pres-
ent in the spent fuel results from nitrogen impurities
(ranging from essentially 0 to 100 ppm) in the fresh
fuel. As a part of the information generated during
the updating of the ORIGEN2 reactor models,
detailed (but generic) compositions of both the fresh
fuel and the fresh fuel assembly structural materials
are given for each reactor type.

The irradiation is almost aiways accomplished by
tising 4 series of operations since a single operation
results in unacceptably large numerical errors in the
algorithms employved in QRIGENZ. A typical irradia-
tion would require five to eight operations. although
more <an be used if the compositions at the inter-
mediate burnups are of interest.

The postirradiation radioactive decay of the spent

_fuel is a rather trivial calculation, usually invoiving
a single decay step. The reprocessing of the spent fuel
te yield the HLW composition is also very simple if
the user knows the processing recoveries {or losses) of
the elements in the spent fuel, ORIGEN? contains
default values for these parameters, and provisions
have been made for the user to substitute other values
if desired,

The decay of the HLW is very similar to the irra-
diation of the fuel described above. It is pecessary
that multiple time -steps be taken to preveat un-
acceptably large errors. However, this is not normatly
a problem when decaying radioactive materials since
the objective is usually to obitain the time-dependent
behavior of some characteristic and 2 number of in-
termediate time steps will be used anyway.

The final step in the caiculation is to specify the
charactenstics desired in the output and call for the
output to be generated. The internal storage of
ORIGEN2 contains the nuclide composition of each
material at each time step. in units of g-atom. in
a large array. The output operation muitiplies the
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g-atom of each nuclide by a factor which converts
units to the desired characteristic (e.g., watts) for

_each time step and prints the result. The nuclide

values are then totaled to obtain element totals. One
of the primary functions of the decay and photon
data bases is to supply the data necessary to generate
the nuclide-dependent conversion factors (e.g., decay
heat per decay). .

A listing of the QRIGENZ input that would have
to be supplied by the user to accomplish the hypo-
thetical calculation described above is given in Fig. 1.
Comments have been included to indicate the various
major portions of the input.

DESCRIPTION OF CALCULATIONAL METHODS

This section gives a narrative description of the
calculational methods used in ORIGEN?. A detailed
mathematical description of these methods is avail-
abie elsewhere.?

As might be expected. most of the calculations
carried out by ORIGENZ are essentially trivial,
involving reading and storing data bases, converting
units from g-atom to other characteristic units, and
writing the results to output devices, There are,
however, two unique features of QRIGEN2 that
require explanation: (a) the method for storing the
equations that describe the buildup and decay of
nuclides. and (b} the methods employed to solve
these equations.

Before describing these features. we must briefly
outline the problem being soived by ORIGEN2. In
general, the rate at which the amount of nuclide #
changes as a function of time (= dX;/d1) is described
by a nonhomogeneous first-order ordinary differen-
tial equation as follows:

dJY, A v -
T =2 Nt e 2 JuoeXe
=1 k=)

~(+doi+r)X;+ F; L i=1.... LY,

(nH
where

X; = atom density of nuclide {

A= number of nuclides

l; = fraction of radioactive disintegration by
other nuclides. which leads to formation of
species |

A; = radioactive decay constant
¢ = position- and energy-averaged neutron flux

Jua = fraction of neutron absorption by other
nuciides, which leads 1o formation of species
i

g, = spectrum-averaged neutron absorption Cross
section of nuclide k

. 001 azucz.zan TECHNOLOGY VOL.62  SEPTEMBER 1983



Croff  COMPUTER CODE OF NUCLEAR MATERIALS

-1
-1
-1
:lztl :PIC?'Y TEICE DATA BASES AR TO BE PLINTED

1 .
R0A READ DECAY AFD CROSS SECTION DAYA DASES
1ys 0 t 2 3 208 205 206 9 3 O 1 1
152 ARBAD PHOTONF DATA BASE
RO 10Y 102 03 10
RDA SET BASIS FrOR CLICOLATION
B4S OFR SETRIC TOS INIFIAL HRAYY METAL
2DA EEAD IFITIAL PORL COAPOSTIZION
P ¥ 1 =t =t 1 1
BED 1 CHARGE
:gl BUP COBRBANDS SURROUND BASIS IRRADIATION STEPS

| 4
104" IRRADIATE YOURL
Ixp 100.0 37.5 1 2
Izp 300.0 37.5 2 3
Inp S500.0 37.5 3 1
Inp 700.0 37.5 % &
Ipy 2880.0 2372.5 5 &

X K F N
oODON

pup

Bb0A DECAT OF FUEL OYER SEGET-TIRN
PEC &0.C € 7 & 1

pEC 9.0 7 8 & O

PEC 120.9 8 9 & O

Pec 130.0. % 10 & O

DEC WO0.0 W 1 & O

IEC 1.0 11 12 5§ o

10A PRINT PUEL IRRADIATION ABD DECAY RRSOLTS
TI? IRRMDIATION AND SHORT-TERA DECAY OF PER~D FUEL
OPTL 4% 1 8 1 17%

OPTIL 898 1 § 1 17e8

OPIF &e8 1 8 1 170

oo 12t -1 O

Iba ®** PORL RRPROCESIING

| 1] NEBOVE VOLATILES 7108 150-DAT~OLD POUZL
mo 16 -1 -2 =2

Iba SEFARATE G/¥0 PXOA ALE

PRO =1 =3 § -t

I3 SEPARATE U AND MO

RO =3 =5 =§ -8

2gd t ¢+ OALF

DA DPECAY NLE POR ONE AXLILIOFW YEBARS

DeC 0.5 & 2 S 1

PpC 1.0 2 3 S5 O

DEC 5.0 3 & § 0O

bec 10.0 & 5 5 O

DRC 100.0 S & 5 O
9EC 300.0 6 7 S O
DEC V.0 7T 8 7 0o

pec 10.0 & 9 7 0O '
Psc 100.0 9 W 7 ¢ :
pEC 300.0 W 11 T O

pe¢ 1.0 1Y 12 & ©

8D PRINT RLE DECAY RRSOLTS

TIT DECAY OF PUR-U ElN

oor 121 -190

b 1]

2 922380 290,0 922350 32000.0 922380 967710.0 0 0.0 PUBL ACTINIDES

& 030000 1.0 050000 1.0 060000 89.% 070000 25.0 POEL IaruR
& 080000 138858.0 090000 W.T 110000 15.0 120000 2.0 FOLL INPUR
4 130000 16.7 120000 12.1 1520000 35.0 170000 5.3 rFozL 1EPUR
4 200000 2.0 220000 1.0 230000 3,4 280000 4.0 PUEL IBRPOR
& 250000 1.7 260000 18.0 270000 1.0 280000 28.0 PUEL INPDR
8 2950000 1.0 300020 #0.23 420000 10.0 870000 0.1 POTL 13PCR
8  s80000 25.0 490000 2.0 500000 8.0 $40000 2.5 NEL IRFUR
8 780000 2.0 820000 1.0 830000 0.3 0 0.0 TOELL IBPUR
o .

Fig. 1. Sample ORIGENZ input.
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r; = continuous removal rate of nuclide i from
the system .

F; = continuous feed rate of nuclide {.

Since N nuclides are being considered, there are N
equations of the same general form, one for each
nuclide. Solution (integration) of this set of simui-
taneous differential equations by ORIGEN2 yields
the amounts of each nuclide (= X;) present at the
end of each time step (integration interval).

Starage of Equation Coefficients

As is evident by inspection of Eq. (1), it is theo-
retically possible for each nuclide to be produced by
all (N = 1) of the other nuclides in the system being
considered. This would require ~2.9 milliori decimal
words of in-core storage capacity, which is well
beyond the capacity of generzlly used computers. In
reality, however, the average number of parents is
normally <12, Thus, if a case is considering 1700
nuclides, then at least 1700 - 12 = 1688 of the
coefficients of the X; on the right side of Eq. (1)
would be zeros and similarly for all other nuclides.
The net result would be an extremely sparse 1700 X
1700 matrix of coefficients of the X; (ie.. ~99.8%
zeros). The sparseness of the matrix can be used to
advantage by employing indexing techniques that
store only the nonzero elements of the matrix.

This technique works in the following manner:

1. {nput data containing the half-lives, decay
branching fractions, cross sections, and fission prod-
- uct vields far each parent nuclide are read from data
bases.

2. The daughter of each nuclear transformation
(e.g.. beta decay. neutron capture) is determined, and
the transformation rate and identity of the daughter
are stored temporarily in an array.

3. The temporary array is then searched to find -
all of the parents (X;) of each daughter nuclide (X;).

4. The transformation rate of each parent of
daughter nuclide X; and the identity of that parent
are stored sequentially in one-dimensional floating-
point and integer arrays. respectively, with the decay
transformations being stored first.

5. Counters are maintained to indicate the array
locations at which the transformations producing
each daughter nuclide, X;. begin and the number of
the transformations that are decay transformations.

The floating-point array of transformation rates,
calied the transition matrix, is stored permanently
since it is invariant for 2 given case. {Note that certain
exceptions to this invariance are discussed below.)
The transition matrix and its accompanying integer
arrays use <20000 decimal words of storage as

340

compared with the 2.9 million that would be required
1o store the entire matrix. '

Calculation of Flux and Power

After the transition matrix and its associated
arrays have been established, it is possible to begin
irradiation and decay calculations. The user specifies
an initial composition of the material to be irradiated
(e.g., fresh UQ;), the flux or power that it is to pro-
duce (for irradiation caiculations only), and the
length of the time step over which the flux, power,
or radioactive decay is applicable. The composition

of the material at the end of the irradiation step is -

then caiculated in three general steps:

1. The transition matrix parameters that are time-
step dependent are set.

2. The neutron flux is calculated from the pdwe'r
{or vice versa) and the transition matrix is
adjusted accordingly.

3. The nuclide composition at the end of the time
step is calculated using a complementary set of
mathematical tech‘niques.

These three steps are described in greater detail in the
following.

In general, the transition matrix parameters (in-
cluding fission product yields) are assumed to be
constant for ali time steps unless the entire transition
matrix is regenerated. However. during the initial
phases of the updating process that resulted in.
ORIGEN2, it was noted that the cross sections in the
sophisticated reactor physics codes varied during
irradiation as a result of changes in the nuclide con-
centrations or the neutron energy spectrum. These
cross-section variations were particularly significant
for the major actinide nuclides present in nuclear
materials. As a result, the cross sections of the major
actinide nuclides have been included in ORIGEN2 as
a function of bumup. At the beginning of each time
step, ORIGEN? estimates the average nuclear mate-
rial burnup for the time step, obtains the appropriate
actinide cross sections by interpolation, and then
substitutes these into the transition matrix.

A second area in which parameters were assumed
to be constant in ORIGEN, but are now variable in
ORIGEN2. concerns the fission product yields. Spe-
cifically, it had been assumed in the past that the
fission products were only produced by a few acti-
nide nuclides, such as 33522 and 23*2%!Py, and that
other actinides did not produce fission products even
though they were fissioning. This assumption was
necessitated because (a) fission product yields were
not availabie for most actinides. and (b) a prohibitive
amount of computer storage would have been re-
quired. The accuracy of this assumption. although
very good for thermal reactors (within a few tenths

wwaNUCLEAR TECHNOLOGY  VOL.62  SEPTEMBER 1983



of a percent), may be rather poor for fast reactors
{i.e., LMFBRs) since a significant fraction of the
fissions can come from nuclides that do not normally
have fission product yields. The approach taken in
ORIGEN? to accommodate these fissions without
using an excessive amount of storage was to

1. calculate the total fission rate from all acti-
nides without explicit fission product yields

12

. identify the nuclide that is the largest con-
tributor to this fission rate

3. find the actinide having explicit fission product
yields that is the nearest neighbor to this larg-
est contributor

4, adjust the fission product yields of the nearest
neighbor to account for the total number of
fissions from actinides that do not have explicit
yieids.

This adjustment is performed for every irradiation .

time step since the relative fission rates can change
significantly during a typical irradiation.

At this point, the transition matrix coefficients
have been fully established and the next step is to
calculate the flux or power. This calculation is
relatively simpie in concept but somewhat complex
in practice. For the sake of clarity, let us assume that
the power to be generated from the fuel is specified
and that the flux must be calculated. The first ap-
proximation to this calculation is as follows:

_6.242x10%(P)
> X[ofR,
i

(2}

where
¢ = instantaneous neutron flux (n-cm™%-574)
P = power (MW)
X ,f = amount of fissile nuclide { in fuel (g-atom)

a,-f = microscopic fission cross section for nuclide
i(b)

R; = recoverable energy per fission for nuclide §
(MeV ffission).

The difficulty with this equation is that, since the
amount of fissile nuclide { present is known only at
the beginning of the time step, it gives the neutron
flux at the beginning of the time step instead of the
average neutron flux, which is the desired parameter.
The 2pproach taken in ORIGEN2 is to expand
Eq. (2) in a Taylor series through the second-order
terms with the fissile nuclide composition X/ as the
time-dependent variabie. The average neutron flux is
then obtained by integrating this expansion over the
length of the time step and dividing by the length of
the time step. The average neutron flux for the
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current time step is subsequently divided by the aver-
age neutron flux for the previous time step (equal to
1.0 for the first time step). The resulting ratio is used
to multiply all of the flux-dependent transformation
rates in the transition matrix, thus adjusting them to
the correct flux for the current time step.

Three additionzl points should be noted about
the calcuiation of flux or power. The first is that the
calculation of the average power over the time step,
given the average neutron flux, is accomplished in a
manner analogous to that described above for the
converse case (i.e., by using an integrated Taylor
series expansion to account for the composition
change during the time step). However, the average
power is used only for informational purposes since
it is the flux that is employed in adjusting the transi-
tion matrix. The second point is that the parameter
Ri, which is the recoverable energy per fission, is
assumed to be a function of the fissioning nuclide
in ORIGEN2 according to the following:

R, (MeV/fission) = 1.29927 X 1073(2%4%%) + 33.12 ,
(3)

where Z and A are the atomic number and atomic
mass, respectively, of the fissioning nuclide, Values
calculated with this equation are within 1% of experi-
mental data® for nuclides between *3Th and ***Pu.
This approach represents a significant change from
that employed in QRIGEN, which assumed a con-
stant 200 MeV/fission for all fissioning nuclides, and
was found to be necessary if the cross sections caicu-
lated by more sophisticated reactor physics codes
were to be incorporated into ORIGENZ2 data bases.
Finally, the calculation of flux and/or power is
unnecessary during the decay of nuclear materiai and
therefore is not performed. The composition at the
end of a time step is determined by using only the
portions of the transition matrix that are independent
of flux.

Solution of the Simultaneous Equations

The final step in the calculational provedure is
to solve the system of simultaneous differential equa-
tions represented by the coefficients in the transition
matrix. The method employed by ORIGENZ is really
a composite of three solution methods, the center-
piece of which is the matrix exponential technique
for solving differential equations (described below).
However, computational problems are encountered
when the exponential technique is applied to a matrix
with widely separated eigenvalues, which is certainly
the case for ORIGENZ since the coefficients in the
matrix range from half-lives of seconds to billions of
years. This difficulty can be circumvented by employ-
ing asymptotic versions of the analytical solutions 10
the nuclide buildup and depletion equations.
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The composite solution procedure begins with the
implementation of a set of asymptotic solutions that
is suitable for handling the buildup and decay of
short-lived nuclides [i.e., nuclides with removal lives
(= 1.0/total removal rate) <14.4% of the time step]
that do not have longlived precursors (e.g., most
fission products). These nuclides will reach a constant
concentration (equilibrium) within the time step;
thus, the simple asymptotic solutions giving this value
can be used to calculate their concentrations at the
end of the time step.

The second phase of the composite solution
begins with the generation of 2 reduced transition
matrix, which is formed by including only the long-
lived members of the full transition matrix. This
reduced transition matrix is then solved for the con-
centrations of the long-lived nuclides by empioying
the matrix exponential method. In the homogenecus
case {i.e., no continuous material feed), the system of
equations that is being solved can be denoted by

X=aXx, (4)

where

X = time derivative of the nuclide concentrations
(a column vector)

A = transition matrix {full or reduced) containing
the transformation rates {(a 1700 X 1700
matrix largely filled with zeros)

X = nuclide concentrations (a column vector).
This equation has the solution

X(t)=exp(ANX(0) , (5)

where
X{t) = concentration of each nuclide at time ¢
A{0}) = vector of initial nuclide concentrations

r = time at end of time step.

The matrix exponential method generates X{t) by
using the series representation of the exponential
function and incorporating enough terms so that the
answer achieves the specified degree of accuracy. The
calculation of the terms in the series is greatly facili-
tated by the use of a recursion relationship.

The final phase of the composite solution method
involves using yet another set of asymptotic splutions
to the differential equations to calculate the concen-
trations of short-lived nuclides which have iong-lived
parents. A Gauss-Seidel successive substitution aigo-
rithm is employed to solve the asymptotic solutions
for this limited category of nuclides. At this point.
the concentrations of all nuclides at the end of the
time step have been calculated and stored. The resuits

-can either be output or used as the initial concentra-
tions for the next time step.
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INPUT DATA BASES

Three principal types of input data bases are
required by the ORIGEN2 computer code: radio-
active decay, photon production, and cross section.
Each of these data bases is divided into three seg-
ments, as described earlier in the functional descrip-
tion of ORIGEN2. Only one or two of the segments
may be required in a given case if they include the
nuclides of interest, The following sections describe
the function and content of each data base and the
sources of the data,

Radioactive Dacay Data Base

The decay data base® is required for all ORIGEN2
calculations. It supplies the following information:

1. the list of nuclides to be considered

2. the decay half-lives and the decay branching
fractions for beta (negatron) decay to ground
and excited states, positron plus electron cap-
ture decay to ground and excited states,
internal transitions, alpha decay, spontaneous
fission decay, and delayed neutron (beta plus
neutron) decay ’

3. the recoverable heat per decay for each radio-
active parent .

4. the isotopic compositions of naturally occur-
ring elements

5. the radionuclide maximum permissible con-
centration (MPC) values from Appendix B,
Table II of Ref. 10.

The list of nuclides to be considersd by
ORIGEN? is defined by six-digit nuclide identifiers
in the decay library. The nuclide identifier is defined

- as

NUCLID = 10 000*Z + 10*4 + M
where
NUCLID = six-digit nuclide identifier
'Z = atomic number of nuclide (1 to 99)
A = atomic mass of nuclide {integer)

M = state indicator, 0 = ground state, | =
excited state.

The six-digit identifier for an element follows the
pattern set by the nuclide identifier

NELID = 10 000*Z ,

where NELID is the element identifier and Z is as
described previously. The NUCLID or NELID terms
are used to {a) identify information on the in;_mt
records of the decay. photon, and cross-section
libraries, (b) determine the masses used in specifying
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the input composition, and (¢) supply atomic num-
bers and masses for internal use in ORIGEN2.

The half\ljves and decay branching fractions are
used to define the transformation rates in the transi-
tion matrix, as described previously: The recoverable-
heat-per-decay values are emploved in generating
output tables, which give the decay heat produced
by nuclear materials. Recoverabie heat is defined
as that heat which would be deposited within the
nuclear material itself or a very large surrounding
shield. Calculationally, it can be determined by sub-
tracting the npeutrino energy emitted during beta,
positron, and electron capture decays from the
energy difference between the parent and daughter
states during decay. In the case of zlpha and internal
transition decays, the recoverable heat per decay is
identical 10 the energy difference between nuclear
states. In the case of spontaneous fission, a constant
200 MeV of recoverable energy per fission is assumed.
The decay data for 427 of the longer lived nuclides
were obtained from the Evaluated Nuclear Structure
Data File!! (ENSDF) at ORNL. Data for the remain-
ing radioactive nuclides (~600) were taken from
ENDF/B-I1V (Ref. 12).

The isotopic compositions of the naturally occur-
ring elements are used by ORIGEN?2 to determine
the amount of each isotope that should be initially
present in a nuclear material when the amount of an
element is given. This is very convenient when speci-
fying the amounts of structural materials (e.g.,
cladding) that are to be irradiated. The isotopic com-
positions were taken from Ref, 13,

As noted earlier, the MPC values in the ORIGENZ
decay data base were taken from 10CFR20 (Ref. 10).
These values desighate the maximum allowable con-
centration of each radionuclide in water or air, in
units of curies per cubic metre water (or air). Al-
though their absolute applicability to many situations
is debatable. they do provide a consistent method for
caiculating the relative toxicity of a nuclear material.
This toxicity is calculated by first dividing the radio-
activity of each nuclide {in curies) by its MPC value
(in curies per cubic metre}, vielding the volume of
water or gir (in cubic metres) required to dilute the
nuclide to its MPC value. A relative measure of the
toxicity of the material and the contribution of each
nuclide to that toxicity is then obtained by summing
these dilution volumes. It is important to note that
this toxicity does not account for any other pathway
effects such as retardation due to sorption.

Phaton Dats Base

The photon data base® supplies the number of
photons per decay in an 18-energy-group structure,
These values are used to output a table giving the
number of photons and the photon energy emission
rate in 18 energy groups as a function of irradiation
or decay time. They are also used to generate 2 sum-
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mary table listing the principal nuclide contributors
to each of the 18 energy groups. The types of
photons that have been included in the data bases
are gamma rays, X rays, conversion photons, {a.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. The photon data were taken from
ENSDF {Ref. 11).

At present, three photon data bases are available,
depending on the type of bremsstrahlung (which is

medium dependent} that is included. The first and

second data bases include bremsstrahlung from a
UQ, matrix and an H.,O matrix, respectively; the
third includes no bremsstrahlung. A master data base
contsining discrete gamma-ray and x-ray transitions
and bremsstrahlung in 2 70-efiergy~-group structure is
maintained at ORNL to facilitate the generation of
photon data bases in alternative energy group struc-
tures.

Cross-Section Data Bases

The function of the cross-section data bases is
to supply ORIGEN2 with cross sections and fission
product yields. The types of cross sections normaily
inciuded are (n,¥) 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,a)
for the activation products and fission products. In
addition, a separate mechanism has been incorporated
into ORIGEN2 to accommodate any other flux-
dependent reaction that is mot included in this list
[e.g., the '®0(n.n'w)*C reaction]. Fission product
yieids have been included for fissions in 23?Th,
233.235.238(] gnd 23%-241py, Yield values for ¥¥Cm and
¥9cf which are included to facilitate some special
types of calculations, are the same as those for 2'Pu
since data for the transplutonium nuclides are not
availabie in ENDF/B-IV.

There are a large number of possible cross-section
data bases for the ORIGEN2 computer code since the
one-group cross sections are highly reactor- and fuel-
type specific. The types of reactors for which cross-
section libraries are now available are as follows'*"'8:

1, uranium and U-Pu cycle PWRs and boiling
water reactors (BWRs)

2. alternative fuel cycle (thorium-based fuels:
extended burnup) PWRs

3. once-through Canada deuterium uranium reac-
tors

., U-Pu cycle LMFBRs

. thorium cycle LMFBRs

. Fast Flux Test Facility

7. Clinch River Breeder Reactor.

Calculation of the one-group cross sections is 3. com-
plex process that is specific to the reactor type being
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considered and must be performed by sophisticated
reactor physics codes external to QRIGEN2. In gen-
eral, such calculations involve generation of muitiple-
energygroup (27 to 127 energy groups) cross-section
data bases.'® These are then weighted with an approx-
imate neutron spectrum, resulting in a few-group
cross-section data base that accounts for self-shielding
effects within the fuel rods. The few-group cross
sections for the most important nuclides are subse-
quently used to perform a one- or two-dimensional
depletion calculation, resulting in (a) a prediction
of the composition of the spent fuel and (b} a2 set
of burnup-dependent cross sections (discussed pre-
viously) that can be incorporated into ORIGEN2Z to
enable it to account for concentration and neutron
spectrum changes. The composition predicted by
the depletion code is used to generate a multigroup
neutron energy spectrum, which becomes the weight-
ing function to generate one-group cross sections and
spectrum-weighted fission product yields for the
ORIGEN? cross-section data bases. This spectrum is
also used 10 generate the QRIGEN?Z flux parameters
THERM, RES, and FAST, which are employed to
weight thermal cross sections, resonance integrals,
and threshold cross sections, respectively, when they
cannot be obtained in multigroup format.

The multigroup cross sections were obtained from
ENDF/B-IV (Ref, 12) and/or ENDF/B-V (Ref. 20),
depending on the availability of data at the time the

calculations were performed. Thermal cross sections
and resonance integrals were taken from Ref. 2].
Virtually all of the fission product yields are inde-

pendent yields and were taken from ENDF/B-IV,

The exceptions are the fission yields of the very light
nuclides (e.g., tritium) that result from temary (three-
particle) fission, which were based on a search of the
(sparse) literature,

DRIGEN2Z RESULTS

“This section gives a more specific description of
the output produced by ORIGEN2. The information
density of ORIGEN2 output is extremely high and
can be very confusing to the uninitiated user. There-
fore, we first provide a generic description of the
organization of ORIGEN2 output, which is extremely
hierarchical. Second, we describe, in detail, a single
output page that epitomizes ORIGEN2 output.
Finally, a short discussion of other types of output
that have been made available is given.

Output Organization

. The organization of the information produced by

o6ne ORIGEN2 output operation is summarized in
Tabie II. This first level of output, henceforth called
an “output grouping,” contains the second, third,
and fourth levels of the ORIGEN2 hierarchical
output.

TABLE II
Organization of an ORIGENZ2 Output Grouping*

* Second Level

Third Level

Fourth Levei

Reactivity and burnup data
Activation product segment®

-

Actinide segment®

.

Fission product segment?®

WNeurron production rate tables
Photon production rate tables

Actinides

Fission products

Table type ! (e.g., 2)

Table type 24 (2.g.. toxicity)
Tabie type 1 {e.2., £)

Tabile type 24 (e.g., toxicity}
Table type 1 {e.8., B)

Tabie type 24 (¢.§., toxicity)
{a.7); spontanecus fission

Activatien products

Nuclide, clement, summary aggregations

Nuclide, element, summary aggregations
Nuclide, element, summary aggregations

Nuclide, element, summary aggregations
Nuclide, element, summary aggregations

Nuclide, elemen:, summary aggregations

Summation 1ables
Principal contributor tables

Summation tables
Principal contributor tables

Summation tables

Principal contributor tables

“An output grouping is defined by a specific radioactive marerial (o be characterized in the output. Multiple sequential output

groupings are typical in ORIGEN2 output.

*The table types and aggregations 10 be printed are controiled by the user,
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An output grouping can contain six second-Jevel
sections:

1. reactivity and burnup data

. activation product segment’

. actinide segment {including daughters)
. fission product segment

. neutron emission rates

[ R I SR TV

. photon emission rates.

The reactivity and bumup data consist of less
than one page of information summarizing the fluxes,
burnups, specific power, and infinite muitiplication
factors for each of the columns (or vectors) being
printed. (A vector gives the radionuclide composi-
tion or characteristics of a material 2t a point in
time.) In addijtion, the information related 1o the size
of the ORIGEN2Z case is summarized here.

The activation product segment consists of the
output of one or more (third-level) “table types” con-
taining information for only the activation products.
A table type is characterized by the units of the table,
such as mass (in grams), radioactivity (in curies),
thermal power (in watts), or neutron absorption rate
{in neutrons per second). The table types that are
available in ORIGEN2Z are listed in Table I; the table
types that are printed are controlled by the user.
There are four possible {fourth-level) aggregations
for each table type: nuclide, eiement, summary nu-
clide, and summary element. The aggregation(s) that
are printed are also controiled by the user. The
nuclide aggregation lists the specified character-
istic of each nuclide in each of the vectors being
printed. The element apggregation lists the specified
characteristic for each chemical element in each of
the vectors being printed. The summary aggregations
contain the same type of information as the regular
tables except that only those nuclides (or elements)
that contribute more than a certain fraction (aiso
under user control) to the total for all activation
product isotopes are listed. It should be noted that
some table types, such as fission rate and alpha radio-
activity, are not applicable to activation and fission
products and cannot be printed.

The actinide and fission product segments in
Table II are very similar to the activation product
segment described above: therefore, they will not
be discussed in detail The table types and aggre-
gations printed for the actinides and the fission
products are also controlled by the user.

The neutron production rate tables are relatively
compact and straightforward. Each consists of a one-
page listing of the neutron production rates from
{(a,n) reactions for each nuclide in each vector printed
and a one-page listing of the neutron production rates
from spontaneous fission for each nuclide in each
vector printed. Both of these are “summary tables”
SEPTEMBER 1983
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since the contribution of each nuclide to the total is
tested against a cutoff value to determine whether
it will be printed,

The final second-level section of the output
grouping contains the photon production rates. This
segment is further broken down into three sections:
activation product, actinide, and fission product.
Since the photon production rate output for each of
these sections is substantially in the same form, only
the activation product section will be described in
detail. The activation product photon output consists
of summation tables and principal contributor tables.
The summation tables list the photon production
rates for each vector printed as a function of I8
photon energy groups; they are given in' units of
photons per second and mega-electron-volt per watt
per second. The principal contributor tables list the
photon production rates for each nuclide that con-
tributes more than a specified fractiorr (i.e., 2 cutoff
value set in the input) to the total photon production

" rate for each group,

Description of an Chrtput Page

A typical ORIGEN2 output page is shown in
Fig. 2. The page number, output unit number, and
segment (i.e., activation product, actinide, or fission
product) are given in the upper right corner. The
page number is correlated with 2 table of contents
that is printed by ORIGEN2,

Next, in the upper left center portion of the

page, the following information is given:

{. title for this output (user specified)

2. average power (megawatts per basis unit),
burnup (megawati-days per basis unit), and
flux (in neutrons per square centimetre per
second)

3, segment {i.e., fission products)

4, aggregation (i.e., nuclide table)

5. table type (i.e., radioactivity, curies)

6. basis of the calculation

7. calculated results,

Below the output grouping basis (item 6 above),
and spanning the entire page, are the vector headings.
Unless altered, these headings will be the ending
irradiation or decay times for each vector. Alphe-
numeric vector headings can be inserted and changed
by the user. :

The remainder of the output page is occupied by
the main body of the ORIGEN2 output information.
The leftmost column lists the nuclide (or element),
while the remainder of the horizontal line gives the
characteristic (i.e., grams) of that nuclide for each
of the times or conditions of each vector.

Vector totals are presented at the end of each
aggregation. Cumulative totals (e.g., total activation
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Fig. 2. Sample ORIGEN2 output page.
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product plus actinide plus fission product curies)
for each vector are given at the end of each tabie

type.

Other Types of Qutpute

The results described above are typically output
to paper®?; however, there are several alternatives to
this procedure. The first general class of alternatives
involves different output media in the same format
described above. Since ORIGEN2 can produce a
large amount of output easily, and since paper is both
expensive and cumbersome, one of the most desirable
approaches is to output only the most commonly
used results on paper and write a very detailed output
to microfiche, which is both inexpensive and com-
pact. Another output method that is often used
involves a nonvisual medium such as magnetic tape
or a direct-access storage device. Each of these offers
the advantage of being repetitively searchable to
make available only the desired information for a
particular use (see below). In addition, magnetic tape
is a very convenient method for transporting large
volumes of output between sites.

The second general class of slternatives invoives
searching and manipulating the ORIGEN2 results

so that they appear in a different format or so that -

only & particular piece of information is output. An
example of this is a code written at ORNL that
accesses ORIGEN2 output, distills and summarizes
the results of interest to the user (e.g., the most
important nuclides or a specific element), and out-
puts the result as a table or a plot on paper or film.23

APPLICATIONS OF DRIGEN2

As might be expected, the versatility of ORIGEN2

and its predecessors and their simplicity of use have
encouraged users to apply them to a wide variety. of
situations. Some of these situations are described in
the following.

One of the first applications of ORIGEN2, which
is still very common today, involves using the output
as a design basis for nuclear fuel cycle facilities and
operations. The thermal power tables are used to
determine the heating load in fuel pools, shipping
casks, reprocessing plants, and waste repositories.
The photon and neutron tables are used as the input
to shielding design codes for postfission fuel cycle
facilities. The composition of the fuel is used in the
design of the separations processes in a fuel reprocess-
ing plant.

A second application of ORIGEN2, which has
become increasingly popular (and may be the most
popular at present), involves its use in supplying the
radionuclide composition of process or facility inven-
tories for risk analyses. One major aspect of risk
analyses is to define the materials that could be
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released by a postulated accident sequence. This
release is usually specified as a certain fraction of
each element present in the inventory. Thus, it is vital
to know both the elemental and the nuclide com-
positions of the entire inventory of the facility or
operation. Exampies of this are the Reactor Safety
Study™ and the ORNL project to assess actinide
partitioning-transmutation.*

A third use of ORIGEN? involves employing the
results of QRIGEN2 as the basis for projecting the
composition and characteristics of radioactive wastes.
For example, accumulated radioactivity of HLW ata
point in the future from some nuclear power scenario
is almost always based on the radicactivity calcula-
tions provided by ORIGEN or ORIGEN2. These
codes have performed this function for many years
at ORNL (e.g., Refs. 26 and 27) and continue to do
sO in an ongoing program that supplies waste inven-
tories and projections to the U.S. Department of
Energy*%*® (DOE).

" The final common use of ORIGEN2Z is in support
of nuclear power licensing and regulation. Both
ORIGEN and ORIGEN2 have been used to supply
or verify the material composition and characteristics
that formed the basis for licensing fuel cycle facilities.
In addition, ORIGEN or ORIGEN2 calculations
formed the basis for regulatory efforts such as defin-
ing ALARA (e.g., Ref. 30), the GESMO study,” and
waste management rulemaking by DOE (Refs. 32 and
33), the U.S. Environmental Protection Agency®
and the U.S. Nuclear Regulatory Commission?-2
(NRC).

ORIGEN?2 has also besn employed in more
uncommon applications that may require substantial
code modifications or utilize only part of the code.
One major class of these applications involves process
simulation using the matrix-solution capabilities of
ORIGEN2, particularly in cases where simultaneous
mass transport and radioactive irradiation or decay
calculations are needed. Examples of this type of
application are as follows:

1. The ORIGEN code was modified by the NRC
to produce the GALE computer codes,®** which
model the effiuent releases from BWRs and PWRs.

2. ORIGEN2 (without modification} was used to
calculate the composition and characteristics of ail
of the input, internal, and output streams in an
HTGR fuel refabrication plant.

3. A modification of ORIGEN2 [called OR-
GENTRE (Ref. 39)]1, whick is currently being used
at ORNL, allows a more detsiled simulation of the
processes generating the wastes, thus providing the
capability for process trade-off studies.

In a second class of uncommeon applications, 0R}-
GEN and ORIGEN?2 are tied directly to more sppms-
ticated reactor physics codes. The more sophisticated
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codes only account for a few nuclides but are capable
of providing the neutron spectrum that can be used
to generate one-group cross sections for ORIGENZ.
QRIGEN2, in wrn, provides the detail necessary in
many safety-related aspects of reactor operation as
well as an excellent composition for use in the next
irradiation time step. It should be noted that the
cross sections used in ORIGEN2 shouid be the resuit
of a multidimensional depletion calculation and not
a static spectrum calculation. Experience has shown
that the latter method does not produce cross sec-
tions that are truly appropriate for the system being
analyzed in thermal reactors; thus, the depletion code
is necessary to account for all relevant effects.

VERIFICATION

Verification is a very important aspect of any
computer code, particularly if it is to be used in
licensing and other regulatory matters. With respect
to ORIGEN2, the question that is being addressed
is whether it will predict compositions and character-
istics that conform to reality. Thus, the major pre-
requisite for any verification study is the availability
of accurate measurements of well-characterized sam-
ples that can be used as a basis for comparison. The
aspects of QRIGEN2 that are verifiable are the com-
position, thermal power, photon spectrum, and neu-
tron emission rate of some specified nuclear material

Unfortunately, very few adequate benchmarks
exist for verification purposes, particularly in the case
of modern light water reactors (LWRs). Virtually no
measurements have been made of either photon
spectra or neutron emission rates, and verification
will be extremely difficult because of the dependence
of measurements on seif-shielding, geometry, and
detector efficiency. The benchmark status with
respect to the composition and thermal power is
somewhat better since measurements have been made
and documented. The problem in this instance is that
many of the benchmarks are either too poorly char-
acterized in a historical sense (initial composition,
irradiation history) and/or the measurements were
made using very inaccurate methods and are thus
meaningless. However, a few comparisons have been
made between ORIGEN? and reasonably well-char-
acterized benchmarks; these are summarized below.

The thermal power predicted by QRIGEN? is an
important parameter as well as being one that is
relatively easy to benchmark. Two recent studies
serve to indicate the accuracy of ORIGEN2? in this
regard. The first study® compares the decay heat
predictions of ORIGEN2 with those from the Ameri-
can Nuclear Society (ANS) decay heat standard®; the
results are summarized in Fig. 3. This comparison is
limited in that (a) it only applies to fission products,
(b) neutron capture effects are excluded, and (c) the
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standard is based on calculated (not measured) results
at decay times beyond ~1 day. A direct comparison
yielded the top curve, which begins to deviate mono-
tonically after ~! month. Examination of the cal-
culations upon which the ANS standard was based
reveaied an incorrect assumption in the ENDF/B-IV
data base used for the standard (i.e., that **Tc was
stable). A repeat of the calculation after the ORI-
GEN2 decay data base was zaltered to include the
incorrect ENDF/B value yielded the bottom curve,
which is within +2% at decay times between ~20 s
and 30 yr. The ORIGEN2 resuit is somewhat low at
very short times because many of the very short-lived
fission products have been combined with their
daughters to conserve space in ORIGENZ,

A second, and somewhat more encompassing,

. verification of ORIGEN2 was conducted at Hanford

Engineering Development Laboratory using spent
fuel from the Turkey Point Unit 3 PWR (Ref. 41}
The results from three separate fuel assemblies
showed that ORIGEN2 overpredicted the decay heat
by 5 toc 6% at decay times between 2 and 3 yr, which
is considered to be excellent agreement when the
uncertainties in burnup and other parameters are
taken into account. It js interesting to note that
ORIGEN2 overpredicts decay heat on the actual
spent fuel, whereas it underpredicts the ANS decay
heat standard for the same time period. .

Verification of the composition predictions made
by ORIGEN2Z is a very wide-ranging subject due to
the large number of nuclides accommodated by the
code. The assumption is generally made that most
of the fission products will be accurate if the actinide
buildup and depletion are correct because they are
heavily dependent on the fission yields, which are
relatively well known and do not vary substantially
from case to case. For this reason, verification efforts
have concentrated on the much more complex
actinide region.

During the last few years, a substantial amount of
work has been done to characterize LWR fuels. As a
result, measurements have been made on three sets
of samples that were irradiated to ~30 GWd/ton in
commercizl PWRs. Two sets of samples resulted from
the discharges of the second and fourth cycles of
Turkey Point Unit 3 reactor,**™* and the third set
was obtained from the H. B. Robinson Unit 2 reac-
tor.*s Measurements for the Turkey Point samples
included the “8Nd/*%*U ratio, which is indicative of
fuel burnup. This ratio was matched by ORIGEN2
for each sample, and then the isotopic compositions
of the uranium and plutonium were compared., A
burnup monitor was not measured in the case of thg
H.B. Robinson samples, but the burnup was esti-
mated to be 30 GW4d/ton.

Resuits of the comparison for each of the groups
of samples are presented in Tables [Il, IV, and V.
Table III gives a comparison of the ORIGEN2 versus
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AND CALCULATIONAL DATA
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Fig. 3. Differences between ORIGEN2 and ANS Standard 5.1 decay heat values for 16'%-s irradiation of 2*U.

the experimental values of the uranivm and pluto-
nium isotopes for all three sets of samples. The
Turkey Point sets are designated by B and D, accord-
ing to the lot of fuel from which the assemblies were
derived. As is evident, the overall agreement is quite
good. particularly for the D set and for the H. B.
Robinson fuel: however, a few significant differences
and anomalies exist. The first is that 2®*Pu is both
significantly and consistently underpredicted by
ORIGEN2. The exact source of this difference is
unknown because expetimental values for ¥'Np are
unavailable. The same type of discrepancy occurs
for 3Py, and its source is also difficult to pinpoint
since no information is available on the absolute
amounts of americium and curium; thus, it is im-
possible 1o show whether the **?Pu destruction rate
is too high or its producticn rate is too low,

The agreement of the measured B set composi-
VOL. 62
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tions with ORIGEN2 values is markedly worse than
that for the other two sets. Although the reason for
this is not apparent, internal inconsistencies are
present in the measured B set compositions (ie.,
differing isotopic analyses of samples taken from
exactly symmetrical positions in a single fuel assem-
bly). Thus, it would appear that the B set may not be
a satisfactory benchmark.

Table IV shows the difference between ORIGENZ
calculations and experimental results concerning the
H. B. Robinson americium and curium isctopic com-
position. The agreement is excellent when we con-
sider the number of neutron captures required to
form these nuclides and the complexity of the
actinide calculations. The discrepancy in the 3:Cm
value is not regarded as significant since an error in
decay time of only 3 weeks can account for an 11%
error in the isotopic composition. The difference

00195 -
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TABLE 111

Comparison of the Experimentally Determined Uranium
and Plutonium Compositions of Spent Fuel
with ORIGENZ2 Calculations

TABLE V

Comparison of Experimentaily Determined Noble Gas
Compositions of Turkey Poine D Spent Fuel
with ORIGEN2 Calculations

02 = ORIGEN2; EXP = experimental.

TABLE IV

Comparison of the Experimentally Determined Americium
and Curium Compositions of Spent Fuel with ORIGEN2
Calculations for H. B. Robinson Fuel

Difference in Experimental and ORIGEN2
Americium and Curium Parameters
Parameter [(02 - EXPY/EXP, %)*
#lam/Am -5.0
M Am/Am 1.0
W aAm/Am 8.3
#20m/Cm =11
*Bem/Cm 5.0
*cm/Cm 1.3
*Cm/Cm -20
#6cm/Cm -3.8
f"Cm/Cm (1]
*em/Cm Poor statistics

“02 = ORIGENZ; EXP = experimental.

350

Difference Between Experimental and Measured Average over Five Fue! Eiements
ORIGEN2 Uranium and Plutonium Parameter
Parameters {(02 ~ EXP)/EXP, %] {ar1.%) Experimental ORIGEN2
Turkey Point By — 0.}
Byr/Ke 12.0 1.6
Parameter B Set D Set H. B. Robinson Mgr/Kr 32.4 31.6
BKr/Ke 4.2 5.5
gwu 7.7 -2.3 0.1 BKr/Kr 51.4 51.0
JJB:;VU -4.3 =-0.7 =32 Mya/Xe —_ 0.3
u/Pu -12.1 -4.0 -9.0 131
BSpy/Py 0.2 1.5 -0.4 e/ Xe 8.2 8.4
z‘opl.‘l/PU -39 -1.7 1.2 Xe/Xe 20.8 20.9
M pusPu 14 0.9 18 1% e/ Xe 28.0 276
: ' 136 43.0 42.8
2py/py -10 ~76 -2.6 Re/Xe
Total
plutonium 2.6 2.1
Burnup,
GWd/ton 18.3 t¢ 26.9 | 29.6 10 30.6 30
Cycles in between the ORIGENZ caiculations and the experi-
reactor 1.2 2104 1,2 mental results for #*Cm, on the other hand, is note-
Number of worthy. Since the capture products of #**Cm are in
samples 8 s 1 good agreement, the difficulty probabiy stems from
the evaiuated fission cross section in the original data

source.

Finally, Table V compares the isotopic compo-
sitions of the noble gases removed from the plenum
of the D set fuel rods with those obtained by using
ORIGEN2. Agreement is excellent in all cases, with
the possible exception of the "*Kr/Kr ratio, where
the ORIGEN2 prediction is 31% higher than the
experimental result. Since ¥Kr is the only radioactive
isotope listed in Table V, we conclude that the noble
gases were released to the plenum via fuel cracking
that occurred during the first ascent to full power and
that the 10.7-yr *Kr had a few extra years to decay
to the lower level found in the experimental resuits.
This hypothesis is supported by the fact that the
experimentalists could only find 0.2% of the noble
gases produced by fission in the plenum. indicating
a short, one-time release.

FUTURE ACTIVITIES

As with any widely distributed and versatile
computer code that uses data from many sources,
the maintenance and support of ORIGEN2 are
never-ending tasks. Specific work that will be under-
taken in the future includes:

1. Maintenance and user support—keep data bases
current with best available data and address users’
questions conceming applications of ORIGEN2.

NUCLEAR TECHNOLOGY  VOL.&  SEPTEMBER 1983
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2. implementation—perform generic calculations
characterizing nuclear materials of interest 1o the
nuclear cemmunity and publish the results in 3
readily accessibie undzrstandable form.

3. Verification—continue to compare DRICEND
calculations with all relevant benchmarks and develop
additional benchmarks where none are available.

4. Modification and improvement—add new reac-
tor models and software capabilities as required by
the user community.

Through these activities, ORIGEN2 will remain a
versatile tool for characterizing nuclear materials for
both present and furure applications.

AVAILABILITY

ORIGENZ can be obtained, free of charge, by
sending a magnetic tape to the ORNL Radiation
Shielding Information Center. The user will be
supplied with the computer code, a user’s manual %
all relevant data libraries. a sample input deck, and
1 sample output.
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Internal Correspondence

MARMETTA

Ahg)Y

MARTIN MARIETTA ENERGY SYSTEMS, INGC.

August 24, 1990

Debasish Mukherjee
216 Seneca St., Upper Apt.
Fulton, NY 13069

Dear Mr. Mukherjee:

I received your FAX concerning possible errors in equation (2) of Allen Croff’s
Nuclear Technology article (Vol. 62, September 1983, p. 341).

As far as I can determine, this is an error in the Nuclear Technology article.
Fortunately, the value of 1.0365 x 10'% {3 used In SUBROUTINE FLUXO of the
ORIGEN2 code., I cannot determine if this was ever an actual error in the ORIGENZ

code. I did, however, find that a similar problem was identified in the original

ORIGEN®code documentation back in 1981, In that case, the suspect equation used
the mecroscopic cross section, while the ORIGEN code used the microscopic cross

section, This would account for the difference of 0.602.

What I believe may have happened i{s that, the Nuclear Technology article may have
listed "microscopic” for the cross section in Eq. 2 when in. fact tke
"macroscopic® cross section was used., This may have been an error st the time,
or an accldental change from an over-zealous editor.

: s

Sincerely yours,

L B

" Scott B. Ludwig, Prbject Manager

Chemical Technology Division

ce: SBL Files (POWER.ERR)
A. G, Croff
N. Hatmaker, RSIC, Bldg. 6025, MS-6362
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COQ371/ALLCR/02
READ.ME
Introducing: ORIGEN2 Version 2.1 (8-1-91) _ cCC-371 (A, E)
No new documentation was published for this release. This file and FILES.LST
contain infermation on how to install and run this package. Please read this
entire file. ] ‘

Here's a version of ORIGEN2 for both MAINFRAME and 803B6/80486 PC applications.
Included on these DS/HD diskettes (in compressed mode) is the entire

ORIGENZ code package, in¢luding all the cross sgection libraries previously
available only with the mainframe versions. '

Enhancements: In this 1991 vergion, S LWR libraries documented in ORNL/TM-11018
were added to the package. Array sizes are set quite large in PARAMS.Q2Z,

including using 30 storage vectors instead of 10, so that ORIGEN2Z c¢an handle most
any problem gize. Finally, the distributed PC and Mainframe scurce codes ARE
IDENTICAL. FRunning on other computers will likely require changes to date and time
routines. 8See the README.UNX file for changes required on HP and DEC Alpha.

Limitations: §03B6 and 80486 PCs require a coprocessor.

Installation: The package is distributed in a self-extracting compressed DOS
file which is distributed on 2 diskettes, The compression was performed using
the programs ¢of PKware, Inc¢. See the INSTALL _BAT file on diskette 1 for
ingtallation information. .

Execution: Sample problem batch files expect the ORIGENZ2.) executable to be
in \ORIGEN2\CODE. If the default directory structure is altered, this path
must be edited in the batch file.

Mainframe users will need to upload 3 files to compile and link

the source code (ORIGEN2.FOR, HEADER.O2, and PARAMS.02). The directory for
SAMPLES ( x:\ORIGEN2\SAMPLES ) contains 3 sample procblems run on the VAX at
ORNL. The uger will need to upload appropriate data files referred to in
the +.COM (VAX command files}, such as the DECAY.LIB, cross section, photaon
vield, and asscciated input files to the mainframe. Conversion to other
mainframes should be fairly easy.

PC ugers should look at the *,BAT files included in the x:\ORIGEN2Z\SAMPLES\PCx
directories (These samples are identical to those run on the VAX). Thanks to
Lahey for the F77L-EM/32 compiler and to Rob Tayloe (Battelle Columbus) for his
work on ORIGEN2 for 386/486 PCs.

ORIGEN2.1 uses filenames like “TAPE??.0UT" to connect files to logical units. The
batch files rename the user’s cutput files to SAMP_1.??? , where 7?77 is a more
meaningful name (.PCH, .VXS, .DBG, or .ECH), which™is defined in the FILES.LST file.

When an input error is encountered, Lahey-compiled executables open a file called
F77L3.EER in an attempt to define the error message. This file is distributed in
the ORIGEN2\CODE subdirectory. This subdir may be included in the path, or the file
can be copied to the directery from which ORIGEN2 is run.

For more information, see x:\ORIGEN2\CODE\FILES.LST

s e v ok e e ok ke o ok Updates to ORIGENZ ] ¥**dkkhdhdhkidbwht

In June 1996 the source was not medified, hut the code was recompiled with
Lahey F77L-EM/32 V5.10 to replace the Lahey F77 V4.00 executables, which
were distributed with the original 1991 release of ORIGEN2.1. This was done
because Lahey V4.00 is incompatible with Windows®5. The 5.10 executables
can be run in a DOS window of either Windows95, Windows98 or WindowsNT.

In the May 1299 update, the installation procedure was simplified; and files

in che sample problems directories were reorganized so that the PC output
generated at ORNL is distributed in a separate subdirectory for each test case
(i.e., SAMPLES\PC?\OUT). The batch files will rename user output files so that
users can compare their output with that from the developer. These changes are
cosmetic; there were NO changes to the code, executable or data files. Tips for
Unix users were added in README.UNX .

Scott B. Ludwig

ORIGEN2 Code Coordinator

Oak Ridge National Laboratory
(423} 574-7916 FIS 624-791¢
g-15-91

written by Scott Ludwig, ORNL 8-15-91
revised by RSICC 5-11-9%

Q8



CCC-371/0RIGEN2.1
README . UNX
Notes added - May 1999 .
ORIGEN2.1 was installed on DEC Alpha COSF/1 and on HP zunning HP-TX 10.
1

The changes listed below solved most of the problems, but things like date
and time routines were not polished. The date/time calls work some places but
not in others, indicating that additional changes are regquired to find

all the statements where date and time are called/written. Test case results
differed somewhat from the distributed results.
Additional changes méy be required on some systems.
DEC mcdifications to cede: '
khkdkkkEekkhkwx  Main routine ORIGENZ2 +hrxhidtdnkddid

AdAd before DIMENSION DR

> COMMON /CAW/MMDDYY , HHMMSS Caw
add after COMMON /MAINO3/
> CHARACTER MMDDYY*9, HHMMSS+*8 ) CAW

Thwkkdkkksekdrd  Unpamed BLOCK DATA Suxsdkdhkitis

Change

< DATA NUCLE /-1,942380,%42390,942400, 942420, 952410, 962420, 962440, -1ELK
< * L11*0/ BLK
to .

> DATA NUCLE /942380,942350,942400,542420,952410, 962420, 962440, -1 BLK
> * 12%0/f BLK

*¥kkxTrkkddkdk  Subroutine IDENTIFY Fathkkkrxkdnhs

Change

< CHARACTER*1]1 MMDDYY

to

> COMMON /CAW/MMDDYY, HHMMSS

> CHARACTER*S MMDDYY-

Change

< 10 FORMAT ('’ CORIGEN2 V2.1 (8-1-91)}, °,
< 1 ‘Run on ‘,all,’ at ‘,a8)

from

» 10 FORMAT ( ORIGENZ2 V2.1 (8-1-91), ’','RUN ON ’,AS,‘ AT ',bA8)

DEC compilation:

£77 -fpe4 -c *.f {fsplit was used to separate the subroutine scurce files)
£77 -0 origen2.exe *.o

HP compilation:

£77 +autodblpad +El1 +E4 -K +T -c * f
£77 -o origen2.exe *.o fusr/lib/end.o .

_—
-2
"

10
20

1810
1620

1610
1620



*xxx FILES.LST: CCcCc-371 (A) AND (E) CRIGEN2, VERSION 2.1 (8-1-91} #* XN K

The ORIGEN2, Version 2.1 (8-1-91) package is designed to be installed onto

a PC hard drive from DS/HD 5.25" or 3.5" diskettes. The first diskette
contains a file called INSTALL.BAT, that unpacks the files to your hard drive.
Users should lock at READ.ME on bBisk #1 for installation instructions and

eptions.

The following directory structure is used:
\ORIGEN2

\CODE )

\INPUTS - example inputs for various reactor models
\RWR
\CANDU
\IMFBR

. \PWR

\LIBS

\SAMPLES
\PCl - original ORIGEN2 sample problem
\Pc2 - fuel only irradiation uslng new PWRUS library
\PC3 - Am—-242m decay only
\VAXl - same as above, except run on a VAX.
\VAx2
\VAX3

P2 Z LIRS R 2R SRR SRS SRR S22 SRST R LRSS ER SR 2R 24 R R R A AR Rl Rl oS

#%%* QRIGEN2 CODE ***

Directory of C:\ORIGEN2\CCDE
**** Degeoription of file wi*x

F77L3 EER 40432 01-22-91 5:56p = 3B6/486 Lahey Fortran Errcor messages
HEADER o2 3879 08-01-91 2:10a =~ block letter header on ORIGENZ output
ORIGEN2Z EXE 1173039 08~-01~91 2:10a - 386/4B6 executable

ORIGEN2 FOR 901130 08-01-%1 2:10a - Fortran scurce far ORIGENZ, V2.1
PARAMS 02 2479 068-01-91 2:10a -~ ORIGEN2 Variable Dimension data

TUNE EXE 38545 0&-05~-30 9:04p - for tuning the CRIGEN2.EXE

TUNEOQZ BAT 22 08-01-91 2:1Ca = runs TUNE.EXE on ORIGEN2.EXE

FILES LST 11960 08~01~91 . 2:10a - This file.

*************************l******************************************************
*** INPUT FILE EXAMPLES w*%#

A number of example inputs are included with this update of ORIGENE. These
inputs provide the user with a modest starting point on which to develop

his own input files. Total space: 177324 bytes.

Directory of C:\ORIGENZ2\INPUTS\PWR

" PWRU INP 11330 08-01-51 2:10a
PWRUSO INP 13001 ©8-01-21 2:10a
PWRUE INP 12941 08-01-91 2:10a
PWRUS INP 11312 08-01-%1 2:10a

Directory of C:\ORIGENZ\INPUTS\BWR .

BWRU INP 17295 08-01-91 2:10a

BWRUE INP 18670 08-01-51 2:10a
BWRUS INP 17273 08-01-91 2:10a
BWRUSO INP 17286 .08-01-21 2110z

00

d)

Wl



b2

BWRUX INP 16592 08-01-91 2:10a
Directory of C:\ORIGENZ\INPUTS\CANDU

CANDUNAU £494 08-01-91 , 2:10a
CANDUSEU £330 08-01-91 2:10a

Directory of C:\ORIGEN2\INPUTS\LMFER

AMOPUUUX 16400 08-01-91 2:10a
EMOPUUUX 16400 08-01-91 2:10a

¥ v e e ok sk vk ok e e ok o ok g g ok ok b A ok ok o o o o ok Tk o T ok ok okt o o R S sk o o o o o ok SR o ok ok o ok ok o ok ok ok o ok o o ok o ok ok e et R ok o ke e o ek ok R

*%** DATA LIBRARIES FOR ORIGEN2 *=**

This update of the code package includes all libraries previously available
with ORIGEN2 plus revised LWR models for standard- and extended-burnups.
These new libraries are called: PWRUS.LIB, PWRUE.LIB, BWRUS.LIB, BWRUS0.LIB,
and BWRUE.LIB. Parameters needed for the LIB or PHO command are included in
the columns on the right. The user should see the ORIGEN2 users manual and
the cther references for additional information about @ach library (See ,
the list of references at the bottom of this file. Total space 9039598 bytes.

Directory of C:\ORIGEN2\LIBS
Activation Actinides Fission
Products &Daughters Products

- —— ok A o —

%% Decay data *** NLIB{2) NLIB{3) NLIB({4)
CECAY LIB 2786356 08-01-91 2:10a 1l 2 3
*%% Photon yield data #*w+ NPHO(1) NPHO{2) NPHO(3)
GXH20BRM LIB 167526 08-01-91 2:10a 101 102 103 or
GXNOBREM LIB 102418 08-01-91 2:10a 101 102 103 or
GXUOZBRM LIB 167526 08-01-9) 2:10a 101 1oz 103

Var. X8
*** Cross section/FP yield data *** NLIB(S5) NLIB(6) NLIB{7) NLIB(12)
**%* Thermal ** : ’
THERMRY, LIB 172036 08-01-91 2:10a 201 202 203 0
** LWRE — PWR **
PWRU LIB 173266 08-01-91 2:10a 204 205 206 1
PWRPUD LIBE 173266 0B~D1=91 2:10a 207 208 209 2
PWRPUPU LIE 173266 08-01-91 2:10a 210 211 212 3
PWRDU3TH LIB 173266 08-01-%1 2:10a 213 214 215§ 7
PWRPUTH LIB 173266 08-01-91 2:10a 216 217 218 8
PWRUSO LIB 173266 08-01-91 2:10a 219 - 220 221 =]
PWRDSD35 LIB 173266 08-01-91 2:10a 222 - 223 224 10
PWRDSD33 LIB 173266 08-01-91 2:10a 225 226 227 11
PWRUS LIB 173676 08-01-91 2:10a 601 602 -603 38
PWRUE LIB 173676 08-01-91 2:10a 604 605 606 39
*% ILWRS - BWR **
BEWRU LIB 173266 08-01-91 2:10a 251 252 2583 4
BWRPUU LIB 173266 08-01-91 2:10a 254 . 285 256 5
BWRPUPU LIB 173266 08-01-31 2:10a 257 258 259 6
BWRUS LIB 173676 08-01-91 2:10a 651 652 653 40
BWRUSO LIB 173676 08-01-91 2:10a €54 655 656 41
BWRUE LIB 173676 08-01-%21 2:10a €57 658 65¢ 42

*% CANDUs #=*
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CANDUNAU LIB 173266 08-01-91 2:10a 401 402 403 - 21

CANDUSEU LIB 173266 08-01-%1 2:10a 404 408 406 22
*% LMFBRs ** '
EMOFPUUUC LIB 173512 08-01-91 2:10a 301 302 303 18
EMOPUUUA LIB 173512 O0B-01-91 2:10a 304 305 306 19
EMOPUUUR LIB 173512 08-01-91 2:10a 307 308 309 20
AMOPUUUC LIB 173512 08-91-91 2:10a 311 312 313 12
AMOPUUUA LIB 173512 08-01-91 2:10a 314 318 316 13
AMOPUUUR LIB 173512 08~01-91 2:10a 317 318 319 14
AMORUUUC LIB 173512 08-01-91 2:10a 321 322 323 15
AMORUUUA LIB 173512 08-01-91 2:10a 324 325 326 16
AMORUUUR LIB 173512 08-01-%1 2:10a 327 328 329 17
AMOPUUTC LIB 173512 08-01~91 2:10a 331 332 233 32
AMOPUUTA LIB 173512 08-01-91 2:10a 334 335 336 33
AMOPUUTR LIB 173512 08B-01-91 2:10a = 337 33s 3ae 34
AMOPTTTC LIB 173512 08-01-91 2:10a 341 342 343 29
AMOPTTTA LIB 173512 08-01-91 2:10a 344 345 346 30
AMOPTTTR LIE 173512 08~01-81 2:10a 347 348 3498 31
AMOGTTTC LIB 173512 08-01-91 2:1C0a 351 352 353 35
AMOOTTTA LIB 173512 08-01-%1 2:10a 354 355 356 36
AMOOTTTR LIB 173512 D8-01-91 2:10a 357 358 359 a7
AMOITTTC LIB 173512 08-01-91 2:10a 381 362 363 23
AMOLITTTA LIB 173512 (08-01-%1 2:10a 364 365 366 24
BMO1TTTR LIB 173512 0B-01-%1 2:10a 367 368 369 25
. AMO2TTTC LIB 173512 08-01-91 2:10a 371 372 373 26
AMOZTTTA LIE 173512 08-01-51 2:10a 374 a7s 376 27
AMOZTTTR LIB 173%12 08-01-91 2:10a a77 378 379 28
FFTFC LIB 173266 08-01-%1 2:10a 381 382 383 0
CRBRC LIB 173266 08-01-9%1 2:10a 501 502 503 0
CRERA LIB 173266 08-01-91 2:1Ca 504 505 506 0
CRBRR LIE 173266 08-01-91 2:10a 507 508 509 o}
CRERI - LIB 173266 0B-01-91 2:10a 510 511 512 0
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*** SAMPIE PROBLEMS FOR ORIGEN2 #+%*

Three sample problems are provided with this update of the ORIGENZ package.
Each sample was run on both a PC and VAX mainframe. The *.BAT files on the
PC and *.COM files on the VAX provide the job control function. File names
of the format TAPE*.INP or TAPE*.QUT are restricted for use by ORIGENZ.
Input files may use any other name. The extension on the ocutput files

is as follows: (total space for samples = 6061547 bytes
*.DBG - Unit 15 output - ORIGENZ Debugging and Internal Information
* ,ECH = Unit S50 output - Input Echo
*,PCH - Unit 7 output -~ Output from ORIGEN2Z PCH command.
*.Ull - Unit 11 output tables plus unit 13 table of contents (conecat.)
*. U6 - Unit 6 output table plus unit 12 table of contents (concat.)
*,VXS - Unit 16 ocutput (variable cross section data)

Directory of C:\ORIGEN2\SAMPLES\PCl ' s

SAMP_1  BAT 3013 08-01-91 2:1Ca
SAMP 1 DBG 26860 08-01-%1 2:10a
SARMP_1 ECH 15498 08-01-51 2:10a
SEMP 1  PCH 63090 08-01-81 2:10a
SAMP 1 Ull 614554 08~01-91 2:10a
SAMP 1 U3 593 08-01-31 2:10a
SRMP 1 US 9110 08-01-91 2:10a .
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SAMP 1 ué 1857629 08-01-91 2:10a
SaMP 1 vis 81311 08-01-21 2:10a

Directory of C:\ORIGENZ\SAMPLES\VAX1

SAMP_1  coM 3183 08-01-91 ' 2:10a
SAMP_1  DBG 26860 08-01-91 2:10a
SAMP_1  ECH 15501 08-01-91  2:10a
SAMP_1  PCH 63020 08-01-91 2:10a
SAMP_1 U1l 614553 08-01-91 2:10a
saMP_1 U3 593 08-01-91 2:10a
SAMP_1  US 9110 08-01~91 2:10a
SAMP_1 U6  1B57628 08-01-91 2:10a

SAMP_1 VXS 81311 08~01-91 2:10a

.Directory of C:\ORIGEN2\SAMPLES\PC2

.SAMP_2  BAT 3044 08-01-91  2:10a
SAMP_2  DBG 9211 08-01-91 2:10a
SAMP_2  ECH 4592 08-01-91  2:10a
SAMP_2  INP 2812 08-01-91 2:10a
saMP_2 U1l 24974 08-01-91 2:10a
SAMP_2 U6 70197 08-01-91  2:10a
SRMP_2 VXS 37936 08-01-91 2:10a

Directory of €:\ORIGEN2\SAMPLES\VAX2

SAMP_2  COM 3209 08-01-91 2:10a
SAMP_2  DBG 9211 08-01-91 2:10a
SAMP 2  ECH 4595 08-01-91  2:10a
SAMP_2  INP 2812 08-01-91 2:10a
SAMP_2 U1l 24973 08-01-91  2:10a
SAMP_2 U6 70196 08-01-91 2:10a
SAMP_2 VXS 37936 08-01-91 2:10a

Directory of C:\ORIGEN2\SAMPLES\PC3

SAMP_3 BAT 3043 08~01-91 2:10a
SAMP _3 DBG 7116 08-01-%1 - 2:10a
SAMP_3 ECH 4182 08-01-91 2:10a
SAMP 3 INP 16%8 08-01-91 2:10a
SAMP_3 Uil 35658 08-01-%1 2:10a
samp_3 Us 154398 08-01-91 2:10a
SEMP_3J VXS 3 08-01-91 2:10a

Directory of C:\ORIGENZ\SREMPLES\VAX3

SAMP_3  COM 3208 08-01-91 2:10a
SAMP_3  DBG 7116 08-01-91 2:10a
SAMP_3  ECH 4185 08-01-91 2:10a
SaMP_3  INP 1698 068-01-91 2:10a
SAMP 3 U1l 35657 08-01-91 2:10a
SAMP_3 U6 154397 08-01-91 2:10a
SAMP_3 VXS 3 08-01-91 2:10a
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NOTES * NOTES * NOTES * NOTES * NOTES * NOTES * NOTES * NOTES * NOTES * KROTES *
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1. DOCUMENTATION OF ORIGEN2 AND ITS DATA BARSES IS AS FOLLOWS:

Tepagn 3

A.
B.
C.
D.
E.
F.
G.
H.
I.

SUMMARY REPORT

USER'S MANUAL

(U,PU)} FUEL CYCLE PWR & BWR MODELS
ALTERNATIVE FUEL CYCLE PWR HODELS
CANDU MODELS

LMFER MODELS

CRBR MODELS

DECARY AND PHOTON LIEBRARIES

REVISED PWR & BWR MODELS

N
*
.8

"ORNL-3621 (JULY 1980)

ORNL/TM-7175 (JULY 1980)
ORNL/TM-6051 (SEPT 1978)
ORNL/T#~-7005 (FEB 1980)
ORNL/TM-7177 (NOVEMBER 1980)
ORNL/TM-7176 (OCTOBER 1981}
NUREG/CR~2762 (JULY 1982)
ORNL/TM-6055 (FEB 1979)
ORNL/TM-11018 (DEC 1989)
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OAKRIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY

8. B. Ludwig

Nuclear Science & Technology Division
P.0. Box 2008

Oak Ridge, TN 37831-6472

(865) 574-7HH6 Fax: {865} 574-3431
Internet Address: ludwigsh@oml.gov

Date: May 23, 2002
To: Jennie Manneschmidt
From: S. B. Ludwig and A. G. Croff

Subject: Revision to ORIGEN2 — Version 2.2

This note transmits ORIGEN2 V2.2 to the ORNL RSICC for distribution. This is the first
update to ORIGENZ in nearly 10 years, and was stimulated by a user discovering a
discrepancy in the mass of fission products calculated using ORIGEN2 V2.1. The
problem, diagnosis and solutions employed, results, and issues arising are discussed
below.

Problem: The user’s problem inveolved irradiating a mixture of 40% Pu and 60% minor
actinides (Np, Am, Cm) for about 1300 days at a high power level to reach a burnup of
350 MWd/kg. The total mass of fission products was under-predicted by nearly 10%,
and a fact that was readily detected because the total mass of fission products and
actinides should remain constant.

Diagnosis: There were two causes of the discrepancy.

1. ORIGEN2 accounts for fission products produced by fissioning minor actinides
that do not have an explicit fission product yield library (e.g., Np, Am, and Cm-
244) by adjusting the fission product yields of a nearby actinide that does have
fission product yield library (e.g., Pu-239) (called “nearest connected actinide”)

" based on the relative total fission rate of all the fissioning minor actinides and the
actinide having a fission product yield library. The logic in the algorithm that
calculates the total fission rate of the minor actinides was flawed so that this total
fission rate for the minor actinides was prematurely terminated, thus resulting in
under-prediction of the fission product mass. This error was previously not
discovered as most problem cases involved fuel compositions that were
composed primarily of uranium and/or plutonium.

2. As aresult of the relatively small amount of Pu (in relation to the large fraction of
fissioning minor actinides), use of long time steps (up to 400 days), and high
specific power in the problem case, a majority of total fissions in the minor
actinides and the actinide having a fission product yield library increases
significantly during a time step. The adjustment of the fission product yields
takes place using the actinide composition (and total fission rate) at the
beginning of the time step. As a result, the adjustment factor is too low at the
end of the time step, which leads to under prediction of the fission product mass.
This can be fixed by simply decreasing the duration of the time step.
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Results: Code miodifications, as well as reflii¢ing thé ifrddiation time step to no more
than 100 days/step reduced the discrepancy from ~10% to 0.16%.

Issues Arising:

A. The bug described in Diagnosis 1 above does not noticeably affect the fission
product mass in typical ORIGENZ2 calculations involving reactor fuels because
essentially all of the fissions come from actinides that have explicit fission
product yield libraries. Thus, most previous ORIGEN2 calculations that were
otherwise set up properly should not be affected.

B. Similarly, the use of excessively long time steps during irradiation is not likely to
have adversely affected previous calculations of the fission product mass
because the calculated adjustment factor is very small and changes very slowly
in typical cases due to relative paucity of minor actinides composition in the fuel
matrix.

C. The fission product mass in previous calculations involving high concentrations of
minor actinides may have been under-predicted to a noticeable extent.

D. There are certain cases for which ORIGEN2 predictions of fission product mass
would still be substantially under-predicted. These cases would involve
irradiation of minor actinides exclusively (i.e., in which the concentration of U-233
plus U-235 plus Pu-239, which have fission product yield libraries, is essentially
zero) should not be undertaken. In this case it is impossible for ORIGENZ to
adjust the fission product production rate without major modifications to
ORIGEN2, which is not likely in the foreseeable future. The suggested work-
around is a separate calculation to irradiate an actinide having a fission product
yield library to the same burnup as the minor actinides to better estimate the
resulting fission product composition.

Other notes:

ORIGEN2 continues to be successfully run on PCs under all versions of the Windows
operating system, at least through Windows 2000.
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