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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/ORIGEN-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.

ORIGEN?2.1 was first released in August 1991 and was replaced with QORIGENZ2 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 ORIGEN2 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.
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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, "ORIGEN2, 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 cutput 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

CAK RIDGE MATIONAL LABORATORY

Dccober 5, 1981

To: RSIC Codes Coordinator
From: A. G. Croff I}GHL/

Subject: ORIGEN2 Code Package CCC-371 { INFORMAL NOTES)

As a result of user feedback and internal examination of the uses of
ORIGEN2, a number of corrections and minor modifications have been made to

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

made to rectify errors discovered in the ORIGCENZ code, its data bases, and the
original 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 serfes 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 ambitious user, they are probably best accom-
modated by having the user Teacquire 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 correspending manner. &
copy of the altered pages has been included as Attachment J 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 3 to facilitate two~sided copylng even

though only one of the pages actually was changed.

As a result of the corrections and changes given in Attachments | and 2,
plus the addition of cross section libraries for thorium=cycle LMFBRs, {t was
necessary to recreate Che tape containing the ORIGENZ code package. This has
been completed and the new code package is on X20742, which is an 800 BPIL
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. 1T have enclosed as Attachment 4 a listing of file | of the
new ORIGENZ tape, which is a table of contents for the tape.

Finally, it would aid users significantly if you would include Appendix A
of the ORIGENZ user's manual (ORNL/TM-7175), which i5 the sample problem listing
as corrected by Attachment 3 to this memo, in the decumentarion for CCC-371.

AGC:1i1

4 attachmencs

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 bremsstrah-

lung contribution to the ORIGEN2 photon libraries.

The following nuclides had the bremsstrahlung for metastable
As-82, Nb-%28, Rh-110, Cd-120,

a.
states added to the ground state:
In-122, Sb-128, Sb-132, I-136, and Np-235.

b. The following nuclides had duplicate bremsstrahlung data included
in the photon library: Mn-58, Pm~148m, Pm~148, Ir-194, Pb-214,
Bi-214, Th-234, Pa~234m, Pa-234, Np-238, Np-240, U-240, Pu-241},
Pu~243, Sr-90Q, Y-90, Tc-92, Ru-106, and Cs-135.

It should be noted that only the bremsstrahlung data were affected

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

corrected by obtaining 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 velacively few IRP or IRF commands during and

irradiation calculation. The following changes in subroutine FUDGE

will correct this:

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

KIRR = MIRR + 1 .
b. Change the first sratement following statement label 199 frem
IF(MIRR.GT.0)VECT(MIRR) = VECIOT
to '
VECT(KIRR) = VECTOT .
Change the third-card (second executable statement) after stace-

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

to
IF(VECT(KIRR).GT.ERR)YAN=POWERADELT/(RELQ0C.Q*VECT(KIRR)) .,

iii



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

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

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

lating the activation ratios for the endpieces of a BWR (see
ORNL/TM-60535). It is estimated that the ratios should be reduced by

a factor of three.

In subroutine PHOLIB, the use of 1B-energy-group photon libraries
results in ORIGENZ attempting to write beyond the bottom of a page
when 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 ORIGEN2 package and the
listing in the user's manual (ORNL/TM-7175) were inconsistent and

required the following corrections:

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

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

In both the listing and sample deck cards 296 through 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 rightzost 0.0 deleted.

e. In both the listing and sémple deck cards 304 and 306 should have
the nuclide idencifiar (380900 or 551370) replaced by 0.0.

iv



8.

9.

11.

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

employed. This can be corrected in subroutine MAIN3 by the followtng

changes:

a. Alter the fifth card following statement label 513 from
IF(NSIZE(20).LT.1)G0 TO 511

to
IF(NSIZE(20).LT.1)G0 TU 515 .

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

515 CONTINUE .

Although there are conflicting data, it appears that the decay
branching for Zr-98 1s in error in the decay library. The fraction
of Zr-98 decaying to the metastable state of Nb~98 (parameter FEX in
Table 5.1 of .the user's manual) should be changed to 0.0 from its

current value of ].0.

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

Based on this, the following changes are racommended:

2. The parameter DJ should be changed to DK on cards DECA 750 and
TER lll0. '

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

c. Card TER 1840 should be changed from
NLARGE = 3.5%ASUM + 5.0

Lo
NLARGE = 3,5%ASUM + 6.0 .

The nec effeet of these changes {s to nake these subroutines tech-
nically correct. However, we have been unable to find any effect of

the changes on ORIGEN2 results.
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It was noted that the inieizlization of arrays IS and STTFPB in
subrourine MAIN3 could potentially descroy informatien 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 1l

to
IF(NREC.GE.O0)GO TO 11 ,

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

subroutine.

In subroutine OUT? statement label 290, which currently reads
290 IF(DIS(I).LE.2.1965E-08) |
SKA(M)=XNEW(M,I1)*DIS(I)*],6283E+13*FFA(I-ILITE )%
should be changed to read

290 1F(DIS(I).LE.2.1965E~08)
SXA(M)=XNEW(M,I)*DIS(I)*].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 mwodificatlons were made to facilirace 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

nuaber” in Table 4.3,

The element tables nov owtput 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 swall, cumulative roundoff errors and are of no

consequence. An error message will be printed if the absolute

magnitude of a negative value exceeds 10715,

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

from unit 6 to unic 8. 7This change is to permit messages from the

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

on units & and/or 1l.

The feollowing modifications have been made to the irradiation com-

mands IRF and IRP:

The IRP option to inpucr specific power and have ORIGEN2 nor-
malize the concentrations to a metric ton, as indicated by a

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

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

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

vii
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The referback oprion for bath 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 multiplied by to ger the flux for the current
step. A disadvantage of this was that the referback fractions
vwere cumularive. This restriction has been alleviated by
modifying ORIGEN2 so that the referbacks (flux or power)
operate on the last set of irrsdiacion coﬁmands where RIRF(2)

and/or RIRP(?) were positive.

4. A new command, GTO, has been installed in ORIGENZ. The command

allows the user to jump to a defined set of inscructions in the
ORIGENZ input, execute these imstructions, and theq Teturn to che
next command following the GTQ. This feature eliminates diffi-
culties experienced with heading vectors appropriately when using

the DOL command in certain situations.

The ocutput unit for error messages generated by ORIGENZ has been
changed from unit 6 to unit 15, Unit 15 has been used previcusly
for some debugging and other internal information, and this modifi-
cation simply consolidates the ORIGENZ-genera:ed pessges. The
subroutines where changes occurred are FLUXO, NUDAT1, NUDATZ,

NUDAT3, PHOLIB, DECAY, TERM, and EQUIL. _
Subroutine QQREAD, which was lefr over from a2 praliminary versiom
of NRIGEN2, has been elimjnated since it was not used in the
current versiocn.

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

Extensive numbers of comment cards have been iﬁstalled in sub-

routine DECAY to facilitate ‘understanding of this extremely complex

routine. Comment cards have also been inserced in subroutine TERM,

many of wvhich refer to those in the very-similar subroutine DECAY.

viidi

|



10.

11.

I2.

3

The (n,2n) and (n,3n) fission product cross sections.for the LWR codels,
which were not included in cthe original libraries, have now been included.
The cross sections were taken from ENDF/B-IV, and there 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 statement reading
IF(YESNO.LT.1.0)RETURN
has been changed to

IF(YESNO.LT.0.0)RETURN
to make it consistent wicth 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 previously-existing ORIGEN2 default values (see Sect. 4.9.E of the

user's manual)} are used in this imitialization.

The sixteen different MAIN routines, which provide the different

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

a. The dimensions have been altered sligh:ly to accommodate the changes

in the decay library nored above, errors in the ‘photon library

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

very small.

b. Arrays A, LOCA, and NFUDFP were moved into COMMON/BIG/ to facilitate
the use of large-core ﬁemory on CDC computers. The change {s trans-
parent [0 other computers.

Comment cards were installed in the MAINs to facilitate use and

understanding of the routines.

ix
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4

ORIGENZ has been reworked by -a polishing code which has cleaned up
the code Internally, renuzbered all of the statezent labels, and

nusbered each card in celuans 73-80. ¢ should be noted that all

statezent and card numbers herein refer ta the previously-existing
nunbers.
The sample problem for the RSIC cape has been redone to reflect both

these changes as well as those in the corrections lfsc.

Updated pages for the ORIGENZ user's manual have been included for

disstribution with che new code package.
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A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE

A. G. Croff

ABSTRACT

This report describes how to use a Tevised version of
the ORIGEN compurer code, designoated ORIGEN2. Included are
a descriptios of the izmpuc data, input deck organization,
and sample input and ourpur, ORIGEN2 csn be obtained from
the Radiacion Shielding Information Center at ORNL.

l. TIRTRODUCTION

ORIGEN is a widely used computer code for calculacing the buildup,
decay, and prnc:sﬁins of radiocactive materials. During the past few
years, a sustained effort was undertaken by OENL to update the originsl
ORIGEN codel and its associated datz bases. The results of this effore
were updaces of the resctor models, cross sections, fission product’
yields, decay dacta, decay photon data, sud the ORICEN computer code it~
self, "5 The object of interest in this report is the revised version
of the ORIGEN computer code, which is called ORIGEN2. Specifically,
this report constitutes & detailed user's manual for ORIGENZ.

Section 2 of this report descridbes several general considerations
that differentiste ORIGENZ from the original version of ORIGEN. These
general considerations are very important since (1) their effect is to
give ORIGEMZ an ourward ippnnranca vbich 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 msnual.

Section 3 dascribes the nature of several typ;s of dats that are
inicialized before any irradiztion or decay calculations are performad.
The mechods for altering these data are alse descrided iz this section.

Section 4, which is the heart of the uler's.ylnunl, describes the
instTuctions whereby the user directs ORIGEN2 to perform the calcula-
tions required to achieve the desired results. It is at this point,
that the increased flexih{liry and che more voluminous input require-
meats of ORIGENZ become most evident.
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. Sectiorn 3 describes the cortents and formats of the decay, cIoss
seczion/fission product yield, and phoron libraries used by ORIGENZ.
For most users, the required libraries have been.supplied along with
ORIGEN2, and Sect. 5 will be of little coancern. EHowever, these
descripzions are vital for those users who crexte their own libraries
ot wish to override certain values in the existing libraries.

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

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

Section 7 describes the organizaction ¢f ORIGENZ ipput decks for two
ceses: one with rhe data libraries on cards, and the other with the data
libraries on tape or a direct-access device. This sectiop is izporzant
because of the large number of different types of input data required by
ORICEN2 and because of the variabiliry of the input that is required,
depending on the options the user elects to invoke.

Finally, Section B describes a sample ORIGENZ input deck (listed in
Appendix A), generir ORIGER2 outpuz, and sample ORIGENZ output (listed
in Appendix B). This type of description is necessary becsuse of the
large number of isotopes and table rypes that caz be output by ORIGEN2.

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

Codeg Coordinator

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

Dak Ridge Natiopal Laboratory

Oak Ridge, Tennesaee 37830

{613) 574-6176

00007 |
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2. GENERAL CONSIDERATIONS
2.1l ORIGEN2 MAIN

The MAIN routine of ORIGENZ pérfom four major fumerions:

1. provides a mechapisw to variably dimension ORIGENZ to accommedate
different problem sizes,

2., provides mich of the framework necessary to put some of the arTays
to several different uses, : Rt =

3. calls for the subroutines that perform the desired operations, and

4. provides z mechanism to exscute sultiple ORIGENZ problems with a
single job.

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

ORIGEN2 has been variably dinn-ﬁsinned to aliow the user to tailor
the size of the executable module to the problem size and/or the available
computer space. The size of the ORIGEN2 executable module ranges from
about 175K (1K = 1024 bytes = 256 single precisiop words) to about 600K,
.principally depending on the numbar of nvclides being considered.

Figure 2.1 gives a ligting of ORIGEN2 MAIN with alphsbetic character
strings (e.g., CCCC) subsrituted for numerical array dimensions. 4
description of each of these arvay dimensicns is given in Table 2.1.

The required size of these dimensions principally depends on the number
of nuclides being considered in a given case. These anuclides are grouped
dnto three segments as fellows:

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

2. Actinides which contain the isorcpes of the elements thorium (atomic
number 90) through einsteinium (atomic number 99) that appesr in
significant grountcs 4n discharged reactor fuels plus their decsay

dsughters. il
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10GICAL  lOWG
IITIGEPS Y 10C1,DON0,FD,I0C, BGT, DCS, WGL, NYT 2D, JOP, BG, EEAT, RAL.
SLOCE, X TUDP?
BOUALY PRECISION CIEN,.CSUR
DINPNSION XYEW{iklk,3PEP} ,CIXTY {CCTC, BESN LAPROD (COCC, HOBRY,
SERAX {BERP] , KAP (820D}
DIFFESION STTTPR (JI2J2. V0, ISTOTI (333,03}, I35 (3333) , EE2OTT (333} -
UIRXYSIOW & (DDDD) ,L1ITL (DOODY ,NTUDYR{YTTT 00001
SIRERSION DE{NEEN) , TR [NBUN:, PR (FIDN)
DIEENSION TIILD(ZZII),NYIELD(PFPP) , RECULY (WENE,X)
DIRERSICHE ALPWE (CSGS) ,WOCLN (GSGS) , AUCSTD (53] , T {CGAG) , IT [CEOM) ,
SYPAT (GGGE) . PPA[GRGG)
COREOS /JUNK/ZAR,IDR(1),ILIT2, T0CT,I7P,IT70T, ILNAL,IAAAL IPOLL,
SYTRLI, IINAZ,AZE, QY. TIVY, POURA, TODET, TTPELT(A) , TP ERLL
COMOE /BITRO3/ESTP AVSCL ANELR,AlNLY, ICESLZ,2apH12,I7TRLX
1766 NORDS ARE ETCESSARY IN /ECDSCR/ BRGINEING EIITA 3
sUODICR, 1S UEED FOR SOITIFLE PORPOSES.
COSHOF /NDOSCY/DORY (CTET,REBRI ., DOE2 (AREE BBBD, 32} ,CIHN{B00D] »
§ CSUE{ERRS) , MONP (ADER) . BQ (RDPN) , I? (BDEB} ,IPAR (AREN) ,ZTESF(BDEB) ,
$ D(RAB®) 3P (TTZIT) LLCCP(IILII) ,LONG(RDDN
COBNGE /BYG WOCL (3N2B} . Q (EDEN), TC {000A) , TOCAP {ADEM ,CERNLT (GEEE)
SALPEBAY (E5CE) , SPORT (SGGG) , STRU (GCEE) , FIZS (GEGG) , FOCID (BDDD) &
SARPC {BEDE} , NEPC (R E) , XSTORE (JI33, RO , RIS {RUND) B (BEEN) .
STANGED(KEYE) , BORD (SUED) , KD (BRDE} ,10C (PDDDY, IGY (0D D) . DGR (K3EE),
SEGE (LLIL) ,GRR (LLLL)
DR.EN, LED 7R PROTIDE 4 COWYENIZFT SECHANISE YOI INITIALIZING VARIIGLR
SCLTIFLIES IRBAT BEOLY.
BOUTYALEINCE {(DR(1),BB0LY (1,11}, (ER(1) . REOLY(1,2)).,
T(PR(M LREOLY (1,01}
EQOIVALINCE (3021 (1,1),CDEPF (Y, 1}). (DUR2 M.1) ,IPRAD{L, N},
SUNCUP (N, ANAT (YY), {5AP (1), 30 (N1, (IWEW {1, 1), DORT {V, 1))
EQUITALERCE (XP (1), ALPRN(T}) . (ALPEE (GGGS), FICAN (1)), (¥OCAR mcea ’
SUOCSPO {1 ), (NOCSTY (SGGS) , HT {111, (WY (GGG, YT (1)) . (TT{GERE)
_SYPSP (1)}, (YPIT (CGGG), TIELD (1)), {TIRLD (2REE), BTIZLD(1)}
CALl Q0BT 4)
ITITIALIIIL PACE COONIER
2PAST=IFAGE (0)
1Is 3333
fI= ARdA
1Ce CTET
IL0LI= RRER
IMEAI® BGEG
Irasys TrrY
ITELIs BOON
IZaars BoOn
IPREAI=LLLIL
TLPEAT=IIYZ
ITTRATSEREX
BARSAX=EERRY
ICTAAT=0DED
Irts FITY
1akemmin

YZUTRONS PER SEOTERON=INCUGCED FISSION: OwfRZAMAL SPECTRUA: 1=PLST SYRCTRON

FTIPe?

FIIY=G
€111 STIFOTTINY TC ITAD CARD IFPPUT FRON OFTT S5, PRIFT IT OF UNIT &, AR
¥RITY 17 OF OEIT 30. OXIT 50 IS TEIM MZVOUNE AP ORICEN2 RIADS TAL DATA
rsos oEIT A0,

C1Ll LISYTZ(5,.6,30)

IIITY S0

€ TAINY MRNDIPY TET NISCRILAFEODS IFITIALIIATION ATl

1 CALL BAIVYNTTIF,STSC.ALPED, llCll.lﬂCll’ﬂ.l‘l.!!.lllﬂl,llm
gaIT3 RELDS PHY DNIGIAI COBEANDS
¢ CALL BAIN2 (RSTH)

€ WAIFI ITECTIES IRt ORIGTNZ CONEANDE

3 call eATedt
§ 108G, S5TTYF, ISTOTI IS, a870T2, 11X, 61X, 1C.IPD
SB0CANR, BORO, KL, 106, 16T, 061, ul.ﬂnn.louomma.ll“.m.
. sioca.ErUDYY, eI, c300, S
1¥0CL,0,.P6 . TOCIY, nlm-&&'lll.s’o.’."“.?ns.llno'lngmltt
1y, 8,060, TIELD, R +I?,. I3, 2T20Y, 0,00, 0000, 0000, s,
FRLFFE, FOCTAP, POCSPL,. T, T, PSP, FTL, ABO0L, ROOTY, LAR)
TETS %G9 TC® FROVIDES TEE AZCRASISA PrOR EIECUTING ATLIIPLE PROTLEES YITNIS
4 3IWG1r Job. )
g0 T0 (1,2.3.8),R97F
s COPTIFNULR
CLLY 910976}
TE? 100
b1} ]

Fig. 2.1. GCeneric ORIGENZ MAIN subprogram.
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Table 2.1. Descriptiocn of alphabetic arTvay dimensions

in Fig. 2.1
Alphabetic
character string
in Fig. 2.1 Description
AAAA Number of output vectors, .i.e., MN in XNEW
(X, ITMAX)
BBER | Maximm number of nuclides = ITMAX
ccce . Maximum number of non-zero cross-section and
decay reactions per nuclide = LC in COEFF(LC, ITHAZ)
DDDD Total aumber of non-zero martrix elemeats
(Arzay 4)
EEEE Romber of non-zero fission product yields
FFFF Maximum number of figsion products = IFMAX
GGGG Maximm number of actinides + 1 = TAMAX
HEHH ' 13 = 1C (See C above)
IIII | Maximum number of non-zerc elements for long~lived
nuclides (Array AP)
RAA R ' Number of storage vectors = LMX in XSTORE (MX, ITMAX)
) 5:9:9:4 Number of non-zerc natural abundances
LLLL ) Nupber of non-zerc photon yields
R Maxizum number of light nwclides = ILMAX
NNNN Maximm number of variabla mulripliers in RMULV
0000 Nuaber of actinides with both direct fission

product yields and a variable fission cross section
(usually 3; can be 4 for plutonium~enriched thorium
fuels)

301



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

The mearing of the word “wecters' in Table 2.1 ip discumsed ip Sect. 2.4,

OEIGENZ keeps track of and prints the minimm requiraﬁ size of most
of the variably dimensicned arrays (see Sect, £.2.2). A summary of the
recommended dimsngions for several problem sizes 1o given iz Table 2.2.
The magnirude of the dimensions is dependent cn the nuxber of actinide
nuclides having direct fission prbduct yields, vhich can range from
2ero to eight (see Sect. 4.18). Dimecsions zrs given in Table 2.2 for
cases with 0, 4, 6, and 8 actinides having direct fissien preduct yields.

The variable RYIF in MAIN (see Fig. 2.1) isodicaces whether thermal
Teactor (NIIF = 0) or fast reactor (NYIF = 1) neutrom ylelds per neutzone
induced fission are to be used (see also Sect. 3.l).

The varisbles EMULY, DE, ER, FR, and LAM are related to a pultiplier
used by the MOV (Sect. 4.12) and ADD (Sect. 4.13) commands, 1AM 4s the
number of possible multipliers (presencly four) in & given sec of multie
pliers.. These are specified by initializing variables DR (first set),

ER (second sez), 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 parameter lists for
varigble dimensioning purposes. '

2.2 ORIGEN2 Free-Format Input

With few exceptions, all of the input éata to ORIGENZ can be .
specified ip free format. The free-format read routines are aodificaticns
of those writtem by L. M. Pecrie.® The restrictions on free-format input

are g8 follows:

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

one space.
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Table 2.2 Dimensions for various ORIGEN2 case slzes

K

Cone
- Paramrer 1 ] J t 3 (3 7 § [ T T 1] 1] il 11
Segmente constdarad®  pronere  ATIMITE  APSAMFR  ASFP  ANTE AFP APIA A AP APYAIFF A . AP, re AFR . ATARIFP  APeAePs
or AIAT
Type of calewl ltlon‘ Any Any Any Any Any Any Any Any Any Occoy  Decoy Necay  Deeay Any Any Aay
Wuber of actinides with 3 'y ] 4 ] [ ] 0 [} L] [ ] 1] 0 1] [} (X [
direct flasion product
yizlde
Alphabetie array d1aensions®
AAAA " 1 L} ] 1) 1 A2 "9 11 1) n 12 11 12 ty "
st 0% "re T 000 1000 1000 am V32 Moo th1e 131 100 800 000 WA "I
ceee ] H ? ? ? ? ? ! ? ! ! ? ? ? ' )
_poord sino 1900 600 0N0  $6N0 80 1A00 400 1300 1100 280 0o 1000 3000  aono 9%
o teeed 3300 s000 4400 3300 3000 4460 . 4 4 ‘ 4 [} 4 N snon tton
o rrred noo 980 (]1)] gs0  Bo0 8O0 ' % 4 N, s A 00 an0 nnn noo
o cceed (}} 1 19 132 1 In 19 1 4 13! 132 ) \ 1 1 1
o otw ' . ‘ s s . 5 ] ¢ 5 ‘ . ‘ . . s
s 1nad.e 3300 A0 3000 2300 00 MO0 100 00 10N 500 500 2350 130 D00 As00 4300
D wu 1] " o 19 1] 10 10 10 10 10 1] 10 1] o 10 1)
ooxd 430 %0 . 230 e 150 150 ne 1?7 0 L30 n 0 150 0 &0 110
unt 2000 gooo ~  80N0O 4300 4&JoO0 4100  4FOO 1300 )00 000 1300 IV 100 ATO0 8000 Anno
noer 700 100 100 'a . st & 00 700 s Y00 . Joo 1o 100
ioanrd N N A ’ . s PO . 2 . . . s s .
00oo ’ s . 4 4 s 3 3 ) ) ) 3 5 .
Appronimste amount of core 344 »“wo e e A ABK D Ix ok (3. 1LF mex INg e Lo 3t
toquired for esecution ‘ )
sytes)l
. o - - -

'” ® setivetion products; A = sctinldes snd deughters; FP = fiseion producte,

l-y » elcher frradistion (1.¢., INP or IRF commands) or decay {1.¢., DEC comnend) can be used. Decay = no irrsdiation} decay only.
€aee Table 1.1 ond Plg, 2.1 for detsila oh ehe description and use of these dimqasions.

‘ll'll" dlwanaion showld Be avenly diviaible by § to ensure word boundery slignesns,

'l.lr.o‘t disenaless nay ba required fer emall irradiation or decsy time step, In the 1imit of sevo time, 1111 = DUOD.

'hnal- on resctor being conaldaved; see Tabie 1.1, ftem OOOO.

Scon vary, depanding on tht nusber of toput/output units and buffer sizes.



4., 2&To dazre values must éppear explicitly (d.e., & blenk ig not
ecuivelent to 3 zero).

5. in general, data zzy be continued onto multiple records when desired.
Certain datz m=ust appezr as the first datum on & nev record. . These
instznces zre described later, | | '

7. The mexizuz record 1engt$ is 80 bytes. )

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

subroutine,

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

" begin on & new card vhen required, end must be separated by a comma or
blank. Other than this, the date mey 2ppear anyplace on ea isput Tecord.
In the specizl czse of nu=bers in E or D format (e.g., 3.8F 01), the space
2fter the £ is zcceptzble and is not considered as the ead of the purber.

2.3 The ORIGEN2 "Cocmand" Comcept

The use of "cczmznds" is one of the principal differences betveen -
ORIGEN2 2=d previous versicns of ORIGEN. An ORIGENZ commznd directs
the cozputer code to execute a2 single function, such &g z single irradise-~
tiea step. & series of interrelzted commends is generally required to
cbrain £ zeaningful result. The series of commzands typically ranges
from 25 to 200 in number 2nd is similar im logic to a progrex written
ip ¢ cozputer languzge such as TORTRAN. Thus, the series of comzands
very tuch Teserbles & progres vhich 1s read and executed by ORIGEN2.
The izmplerentation of the cormand concept in ORIGER2 is advaatzgecus in
zher it ellows & useT to sipulate a wide veriety of nuclear fuel eycle
scenzrios in detail, including recycle calculazions. The sccompenying
diszdvenzage is thar the required input is more detziled &nd moTe
specific then in previous versions of dRIGEN. The currently available

ORIGER2 cor=2nds ere defined znd discussed in Sect.. 4.

0C32i3
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2.4 The Concept of sn ORIGENZ "Vector"”

Baefore attexpting to describe the operational detzils of ORIGEN2,
it is izportgnt that the user understand the cmei:: of an _OﬁIGEﬂZ
"“vector.® An ORIGENZ vector is s one—dimensional array that specifies
the amount of each auclide being considered in an ORIGEN2 case; it is
printed as a single column of aumbers in ORIGINZ output. For example,
in Case 1 in Table 2.2, which ineludes actinide, activation product, and
fission product nuclides. a4 vector misht specify the amounts of all
these muclides in a spent PWR fuel uleubly after 150 days post-in'adn-
tion decay time. In this case, the amounts of sbout 1676 nuclides
(dimension BEBR in Tables 2.1 and 2.2) corresponding to these conditions
would be specified in the vector. A schematic diagram of the comceptual
vector organization in ORICEN2 is shown in Fig, 2,2. Two basic types of
vectors are accessible to the user: output vectors, and storage vec-.
tors.

'rvelu OUTpPUL VectOTs are cnnuined in OBIGENZ. These vectora
are vritten when ORICENZ output is produced. Each of the vectors is
designsted by using positive integers correspounding zo the relative
- location of the vector, wich the leftmost vector on the output page
being vector 1 and the rightmost vector 12. The information in the
output vectors is retained under a&ll conditions except ome. This
exceprion occurs when 3 new sat of ORIGENZ commands is read during s
single run using the STP coumand (Sect. & 29) and the nev set of commands
includes & LIB commgnd (Sect. 4.18), vhich reads new ORIGEM deuy and
croas-section data libraries. In this case, the array con:a.ining the
output vectors ie usad as scratch l'plGB to read the new libraries amd
the puclide pass daca ate lest.

- There are a variable number (LX) of storage vectors in ORIGENZ,
depending on the varisble dimengions employed (see variable JJJJ in
Table 2.1). These vecrors are usad o store intermediate ORIGER2
results and cannot be output. The vectors are designated by using
negative integers from -1 to -I.'t; The informatien in the srorage
vectors is retained under all circumstamces, including those vhere the
ouTput Wectors are overvritten.

00014

a%



10

OUTPUT VECTORS (I2}

ORML DWG T .IT9

2

3

&

S 6

10 i 12

STORAGE VECTORS (LX » AS MANY AS REDUIRED)

-2

=(LX=1] =LX

DETAIL OF & VECTOR .

GRaM=2TOMS OF 'a
ACTIVATION °

-1 PRODUCTS .
[ ]

ipg

GRAM=~ATOMS %M
OF ACTIMIDES g

b-
GAAM - ATOMS
OF FISSION .
PRODUCTS .
M

Fig. 2.2, Organization of CRIGEN2Z wvectors.
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2.5 Descriptioczn of ORIGEN2 Inpuc/Output Units

ORIGEN2 uses several imput 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 wnits could be dummied or omitted.
The units not used in the basic calcularion are required to execute certain
ORIGENZ cormands or to provide useful auxdiliary infermation.

. mmem s w

2.6 Card Input Echo

ORIGENZ bas included in it a SUBROUTINE LISTIT, wvhich has the fumction
of providing s card input echo. The cards are read om uuit 5, printed eon
unit 6, and wrizten tc unit 50, which is g temporary file. Cards that
have a dollar sign ($) ir the first columm of the card are printed (on
tmit 6) but not written (on umit 50), thus allowing for the inclusion of
comments in the input stream that will not interfere with the operatiocn
of ORIGEN2. Unit 50 iz then rewound, and the Test of ORIGENZ reads this
information from unit 50. The units S5, 6, and 50 appear explicitly in the
‘eall to LISTIT, which occurs in MAIK. Thus, if the unit numbers given in
Table 2.) are altered, the unit definitions in the LISTIT parameter list
in MAIN must also be changed correspondingly.

2.7 ORICENZ Nuclide ldentifier

The ORIGEN2 nuclide identifier is & six~digiz {aceger tha:t
uniquely defines 2 particular nuclide. This identifisr, which ix
identical with that in the original ORJGEN, is defined as follows:

EUCLID = 10000%Z + 10%A + IS,

vhere
NOCLID = gix~digit pueclide identifier
Z = gtomic pumber of nuclide

00016
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Table 2,). Dencription of ORIGEN2 input/output units -

Unit :
. _mhunber Description Remarks .
;) Bubutlfutn data for decay and crose- Specified by LIB command, Sect. 4.18
section libraries
§ Alternate unlt;!or reading material See Sect. 4.6
composjitions |
5 Card reader Specified in MAIN in call to LISTIT
6 Principsl output unit} usually Specified in BLOCK DATA, vaciables = 10UT, JOUT,
directed to line printer KOUT; see Sect. 4.6
7 Unit to write an outpﬁt vector Used by PCH command, Sect. 4.15
9 Decay and crosa-section library Bpecified by LIB command, Sect. 4.18
o ‘
Q 10 Photon library Specified by PHO command, Sect, 4.19
e
| e 11 Alternste output unit} usually See Sect. 4.5
~} directed to line printer
12 Table of contents for vnit 6 shoveg Specifled in BLOCK DATA, variable = WTOCA
' usually directed to the line printer
13 Table of contents for unit 11; vsually Spacified in BLOCK DATA, vatinile = NTOCB
divected to line printer
13 ' Print debugging inforwmation
16 Print varisble cross-section information
50 Data set used to temporarily store Specified in BLOCK DATA, varisble = 1UNIT

input cvead on unit 5

(a8



13

A = atomic mass of nuclide

IS = isoperic state indieator
0 = ground state
l = excited state
4 or greeter pot permitted

Thus, the nuclide identifier for '¥7Cs (Z = 55, A = 137) would be 551370.
The trailing zerc (or ome) is always required. A leading zero, such as
for tritium (NUCLID = 010030), iz not required. The six-digit idemtifier
for an element 1is given by

ELEMID = 10000*Z,
where ELEMID is the element ide.n:ifier and Z is defi:ned as above. Thus,
the ELEMID for cesium would be 550000.

2.8 Machige Compatibility Comsiderations

ORIGENZ has been designed te be as mechipe-compatidle as is possible
by using only the FORTRAN computer language, uaing only standard FORTRAN
functions (e.g., SQRT, ete.), using H format specifications for literal
data in FORMAT and DATA statements, and minimizing the number of partial-

"word (i.e., cpe-byte and two-byte word) arrays. However, in the interest
of minimizing space and coding complexity, some fsatures were used that
may not be scceptable om non-IEM computers. Specifically, some partial-
word arrays sre used.

-~ Aspects of ORIGEN2 that are likely fo require modification before
implementation on other machines are 4§ follows:

1. A1l pertial-length word specifications must be removed for those
computers wiere they are not permitted. These specificacions
are given by cards at the begianing of each subprogram, and the
first characters sre INTEGER*2. :

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

become optional.

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

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

Many non-IBM computars have relatively small core regiunﬁ for
the executing program and s large, directly associated memory
for storing the large arrays as opposed to the IEM procedure
of placing the entire execuring job iz core. Thus, for these
computers, cards that assign the desired arrays tou the directly
accessed memory muse be included. At the time this report is
being isaued, this has been accomplishea for a CDC 7600
Qomputer. k

For computers where the use of uninitislized "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 Arn widely varied and are
only related by their invariance from case to case, they are categorized
as "miscellaneous initialization data." The types of data falling into
this category, and the section in which each is discussed, can be summar-

1zed ag follows:

Sectiom Data description
.l ' Fission neutren yields per neu:rnﬁ-ﬁnéyced
fissicn T
3.2 (¢,n) neutren production rates
3.3 Neutron yi;ld per spontaneous fissian
3.4 Fracticoal reptocessing recoveries for

individual elements

3.5 Fractional reprocessing recoveries for
element groups

3.6 Assignment of individual elements to
fractionsl reprocessing recovery groups

3.7 Elemental chemica]l toxicities

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

3.1 Figsion Neutrom Yield per Neutron-Induced Fission

The ELOCK DATA statement supplies 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 neutrom multiplication factor for a mixture
of nuclides. These data cannot be altered except by changing the values
'in the BLOCK DATA Toutine and recompiling it.

0VC<0
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3.2 ({(g,n) Neutron Production Rate

The BLOCK DATA routine supplies measured (@,n) neutron production
rates (units = neutTons g | sec ®) for nuclides in oxide fuels which
override vglues calculated with an empirical equation in ORIGENZ. The
(¢,n) neutron productiom rates for those nuclides not lisred explicitly
are calculated from an empirical equation. The parameters in the
equaticn and the explicir values cannot be altered except by changing
the values in the BLOCK DATA subroutine and recompiling it.

3.3 Fission Neutron Yield per Spontaneous Fission

The BLOCK DATA routine supplies measured neutron ¥ields per spon~-
taneous fission which override values calculated with an empirical
ecuation in ORIGEN2. These neutron yields, denoted as SF yields, are
used to calculate the decay neutron activity of nuclide mixtures. The
SF peutron yields for those nutlides not given explicitly are calculated
from an empirical equation., These initializq:ibn data cannot be zltered
except by changing the vglues in the BLOCK DATA routine and recompiling
ic.

3.4 TFractional Reprocessing Recoveries for Individual Elements

3.4.1 Inicislizacion 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 asparate streams. The individual element
FRs inicially 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 ORIGENZ. :

The individus)l FR sets also serve another purpose under certain
circumacxnces. If one or more WAC commands (see Sect. 4,17) are uysed,
then at least one individual-element or element-group (see Sect. 3.5)

FR set must concain continucus removal Tates for the elements in ynits

00021
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ORIGEN2 default individual-element fractional recoveries
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of sec™}.

The continuous removal rates specified in the FR set are those
appropriate for a reactor with continuous fuel reprocessing (e.g., 2n MSER).
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 darta can be altered by
using the methods deseribed below.

3.4.2 Overriding initial values

The default FRs for individual elemeﬁts can be cverriden by using the
following procedure:

A. Functipn: 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 ) .

NE(M) = one- or twe-digit element aromic number (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 wvalue for
element KE(N) in set NS(N) '

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

00023
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C. Number of cards: MMAX+1

D. Termipate resding these data: NE(MMAX+1).LT.0Q

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 fraccional recoveries.

. .- -
- e emat s

3.5 TFractional Reprocessing Recoveries for Element Groups

3.5.1 Initialization values

The BLOCK DATA subroutine supplies FR values for a group of elements.
These group FRs can be employed in essentiglly 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 composition
into two different streams or to designate continuous removal rates for
the WAC command. The FR values for the groups initially present in
ORIGEN2 are given in Table 3.2. ORIGEN2 can contain up to 20 groups of
elements. There are ten secs of group FR in ORIGEN2, each specifying
the FR for all groups.

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

3.5.2 Overriding 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 BLOCE DATA
subroutine.

00024
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Table 3.2. ORIGEN2 default element-group fractional recoveries

Fractional recoveries

Set

Set

Set Set Set Set Set Set, Set Set

Group 1 2 3 4 5 6 7 8 9 10
1 0.0 1.0 0.0005 0.0 1.0 1.0 1.0 00 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

4 0.995 1.0 0.0005  0.999 1.0 0.2 0.6 1.0 0.0 0.0

5 0.0 1.0 0.0005 0.0 0.05 0.05 00 00 0.0 0.0

6 0,995 1.0 0.0005  0.999%9 1.0 0.02 0.0 0.0 0.0 0.0

7 0.0 1.0 0.0005 0.0 0,00l 0001 0.0 00 0.0 0.0

a 0.0 1.0 0.0005 0.0 0.000 0.000 0.0 0.0 0.0 0.0

9 0.0 1.0 0.0005 0.0 0.000 0001 00 0.0 0.0 0.0

10 0.0 1.0 0.0005 0.0 0.000 0001 00 0.0 0.0 0.0
11 0.0 1.0 0.0005 0.0 0.00L 0.000 0.0 00 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 0.0 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

0z
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B. Data sequence: {
KG(1) . Rs(1) FR(1)
NG(L) NS (L) FR(L)
FG (LMAX) NS (LMAX) FR(LMAX) T :
-1
vhere
NG(L) = one=- or two-digit element group number (1-20) for the
fractional recovery on card L
NS(L) = set number (1~10) for the element-group fractiomal
recoveries on the card L
FR(L) = fractional recovery replscing the initial valuve for
group NG(L)} in get NS(L)
IMAX = number of group fractionsl recoveries being overridden
(can be zero)
C. Number of cards: LMAX+]
D. Terminate reading these data: NG(LMAX+1).LT.O
E. Skip reading these data: Ope card with NG(1).LT.O
F. Remarks:

1. The FR(L) also serve to define coztinucus removal rates for
the WAC commsnd (see Sects. 3.4.1, 3.5.1, and 4.27). Inicial
contimuous removal rates can be overridden in the same manner

as the group fractional recoveries.

Ay
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3.6 Assigonment of Ilemenzs to Fractiocmal Recovery Groups

3.6.1 Initdalizarion 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 2n individual element
can be 2 member of only ome group. The initial membership of the
ORIGEN2 element group 1is given im Table 3.3.

The assignment of elementrs to FR groups can be altered by using the
procedure degscribded below,

3.6.2 Overriding initial values

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

B. Data sequence:

NE(1) NG (1)

RE(I) RG(I}

KE (IMAX) NG (IMAX)
-1

- where

NE(I) = one= or two-digit elemeng atomis number (1-99) om Card 1

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

NE(I) is to be assigned
TMAY = pumber of elemenr sssigoments bedng overridden (can be zero)

00027
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Table 3.3. Membership of ORIGEN2
defaulr elemenr group

Group Elements in group
1 All elements except those
in groups 2-14
2 ~Th ‘
3 Pa
& o - - -
5 Np
é BPu
7 An
8 Ca
] Bk
10 e
1 Es
12 F, €1, Bz, I
pic} He, C, N, Ne, Ar, Kr, Xe, Bn
14 E
15-20 ‘None

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

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

3.7 Elemesntzl Chemical Toxicities

The BLOCK DATA subroutine supplies maximum permissible concentrations
(MPCg) 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

¢lement to & concentration corresponding to its MPC. The volume of water

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

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

the values in the BLOCK DATA subroutine and recompiling it.

00C29
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4. ORIGENZ COMMANDS

The instructions defined in this section, called ORIGENZ commands,
enable the user to precisely define the order in vhich anf or all of the
ORIGEN2 program functions are executed. This procedure is analogous to
vriting a FORTRAN program in that the commands dgfine a series of opera-
tions which will be perfcrmed sequentially, with the sequence being
variable at the user's option. The use of the commands to define the
ORIGENZ problem flowsheet allows the use of 2 "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 is a.keyuord defining the instruction type and the PARM(I) are
parzmeters supplying various déta necessary for the execution of_the

. operational 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, lhe
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 commsands are discussed.

Each ORICEN2 command can be present in a single input stream a
meximum number of times; the limit depends on the specific command.
This limit is give; in the section (below)‘that 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 usec is 300, 2
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 calculatien 4,14 42
CON Continuatien 4. 28 60
cuT Cutoff fractions for summary tables 4.9 3%
DEC Decay 4,23 Sk
DOL DO loop 4,11 38
END Terminate execution . 4,30 61
FAC Caleulate a pultiplication factor 4.4 2
EED Vector headings 4.7 33
INP Read input compositiom, continuous removal 4.6 3l

rate, and continuous feed rate .
IRF Flux irradiation 4, 21 50
IRP Specific power irradiation 4,22 52
KEQ Match infinite wultiplication factors 4.10 - 36
LIB Library print ceontrol 4,18 45
LIP Library print contrel 4,16 43
LPU Data library replacement cards 4, 20 49
MOV Move nuclide composition from vector to vector 4,12 T3
OPTA Specify actinide nuclide output table options 4,26 58
OPTF Specify fission product nuclide output table 4o 27 58
options
OPTL Specify activation product output table options 4. 25 56
ouUT Print calculated results 4.3 &
PCH Punch an output vector 4.15 42
PHO Read photon libraries 4.19 47
PRO Reprocess fuel _ G, 24 55
RDA Read comments regarding case being input 4.1 27
REC Loop counter 4,8 34
TIT Case title ' 4, 2 27
WAC Nuclide accumulation - 4,17 44
GTO GO TO 4,31 6la
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4.1 RDA — Read Comments ﬁegarding Case Being Input

A. Function: Prints alphanumeric comments ammg the liszing of the
cperational commands being inpuc.

B. Data sequence:
RDA COMMENT(S)
vhere

RDA = commgnd keyword ]
COMMENT(S) = alphzoumeric message

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

E. Remarks: These comments are printed in the listing created whem
ORIGEN2 is interpreting the commands, which ls separate
from the card izput echo described in Sect. 2.6.

4.2 TIT — Case Title

A. l-'unctién: Supplies case title printed in ORIGEN2Z output.
B. Data sequence:

TIT A(9), - - « A(80)}
vhere

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

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

00G32
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4.3 BAS — Case Basis

A. TFunction: Supplies case basis printed in ORIGENZ output.
3. Data sequence:
BAS A(9) . . . A(BD)
vhere
BAS = command keyword
A(l) = glphanumeric characters is colums 9-80 only

€. Allowable number of BAS commands: 10

D. Propagation: Until changed.

E. BRemarks: The RAS command cnly supplies an alphanumeric message.
The user is responsible for the consistency of the basis,
the input material masses, specific power, ete.

4.4 TFAC — Calculare a Mulciplication Factor
Based on Total Vector Masses
AT Fupction: Calculates a mulciplication factor, FACTOR[NFAC(1l)],
based on the total actinide plus fission product masses
ir one or two vectors for use in MOV (see Sect. 4.12) or
ADD (see Sect. 4.13} coumsnds.
B. Data sequencs! |
_I-'A.C NFAC(]._?. .« » FFAC(4), RFAC(1)
wvhers

FAC = command keyword :
HFAC(lj = pumber of factor calculated by this command {must
be greater than zerc and less than or equal to the
nsxi{mm oumber of FAC commands)
NFAC(2) = vectocr number

00033
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. NFAC(3) = vecter number

NFAC(4) = method for calculating FACTOR[NFAC(1)]:
FACTOR[NFAC(1)] = T[NFAC(2) ]+T[NFAC(3)]
FACTOR[NFAC(1)] = T[NFAC(2) ]«T[NFAC(3)]
FACTOR[NFAC(1)]} = T[NFAC(2)]*T[RFAC(3}]
FACTOR{NFAC(1)] = T[NFAC(2)1/TINFAC(3)]
FACTOR{NFAC(1)] = T[NFAC(2)]
FACTOR{NFAC(1)] = T[NFAC(3)]
FACTOR[NFAC(1)] = 1.0/T[NFAC(2)]
FACTOR[NFAC(1)] = 1.0/T[NFAC(3)] --- - '~

[}
0~ o v BN

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

BRFAC(1) = constant value to be used in place of the T[NFAC(I)]:
.GT.0 = gsubstitute RFAC(1l) for T[NFAC(2)] when
calculating FACTOR{NFAC(1l)]
+EQ.0 = yse the T[NFAC(I)] as defined
LLT.0 = substitute {~RFAC(I)] for T[NFAC(3)] when
calculating FACTOR[NFAC(1))
The unics of RFAC(1l) are kilograms.

Alloved number of FAC commanda: 20

Propagstion: Until another FAC command with the same value of
RFAC(l) is executed.

Remarks: Some characteristic results from this command are
printed on wmit 135.

4.5 OUT — Print Calculatad Results

Function: Calls for the calculated Tesulrs in some or all of the
output vectors to be printed,

00Cc34
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B. Data sequence:
OUT NOUT(l), . . . ROUT(4)

where

0UT = command keyword
NOUT (1) = number of vectors to be printed beginning with the
first vector:
.GT.0 = output on units IOUT, JOUT, and KOUT (Unit 6)
.LT.0 = output on unit 1l
frequenecy of print if instruction is in a loop
(Sect. 4.11) [print occurs first cime through loop
and every KOUT(2)th recycle thereafter) ‘

NOUT(2)

prinr oumber of preseat ‘recyele:
.GT.0 = yes
1E.0 = po
NOUT(4) = parsmeter centrolling type of summary table printed:
.1T.0 = g1l vectors tested for inclusion in
suzmary table except vector -NOUT(4)
.EQ.0 = a1l vectors tested for incliusiom in
. SummETY tahie ,
.GI.0 = only vector KOUT(4) ctested to see if a
puclide is included in the suzmary table

RoUT{(3)

C. Allovable mmber of OUT commands: 2D
D. Propagation: HNome. |
E. - Remarks: - --— -
1. TIf NOUT(2).NE.l, a REC command sust be employed (Sect. 4.B).
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4.6 INP — Read Input Compousition, Continuous Removal Rate,
. and Continucus Feed Rate

A, Function: Calls for puclide composition, continuocus nuclide feed rate,

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

INF = command keyword
NIKP(l) = number of vector in which initial compositions are to
be stored
NINP(2) = read nuclide composition:
.EQ.0 = mo
CEQ.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.~1 = yves; units are g/basis unit {(read on unit &)
«EQ.=2 = yes; units are g-atoms /basis unit (read om _
vanit 4)
read continuous nuclide feed rate:
.1E.0 = no
.EQ.1 = yes; units are g/(time){basis unit)

RINP(3)

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

NINP(4) = read 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.
time units of continuous mnuclide feed rate data
(see Table 4.2)
time units of continuous elemental removal rate data
(see Table 6.2)

NINP(S)

NIKP(6)

Ve .'rsp
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Time unit designation

W g i B M

seconds
minutes

hours

days

years

stable

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

§ 0 Fhray
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C. Allowsble number of INP commands: 15
D. Propagation: HNone.

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

4.7 EED — Vector Headings

A. Function: 4llows alphanumeric vector headings to be specified.

B. Data sequence:
EED KHED A(dl) . . . A{10)
where

HED = command keyword
NEED #» numher of wvector which iz to be given heading
A(I) = gen-character alphanumeric heading anyplace on the
card to the right of NHED

€. Allowable number of HED commands: 50
D. Propagation: Until the vector is overwricten.
E. Remartks:

1. The heading is moved with the vector when the MOV (Sect. 14.12)
and ADD (Sect., 14.13) commands are used.

2. If g IED command is to be used to label either a vector of
input concentrations [vector NINF(1l), Sect. 4.6) or the
veccors resulcing from a PRO comnind [vectors NPRO(2) and
NPRO(3), Sect. 4.24], the EED command wust follow the INP

) or PRO command. _

3. If A(1l) is an apostrophe or asterisk (*), the tem characters
immediately following A(l) are ctaken as the vector heading.
This allows for the inclusion of leading blanks.
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4,8 REC — Loop Coumter

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

E. Data seguence:
REC
where
REC = command keyword
C. Allowasble number of REC coumands: 1
D. Propagation: HNone.
E. Remarks:

1. This counter is cutput as the "Recycle #" inm ORIGENZ output.
4,9 CUT — Cutoff Fractions for Summary Yables

‘A. Function: Overzide default cutoff fractions for summary output
tables,

B. Data sequence:
CU'I[NCU'I(I). m(l)]' « & a [NCUT(NT). m(MJli "1
vhere

CUT = operational command
NCUT(I) = number of the cutput table to which cutoff fraction .
i " RCUT(I) 15 to apply (see Table 4.3 for table numbers
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. Allpwable number of CUT commands: 3
D. Propagatiom: Unzil changed.
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Teble 4.3, Descristion of ORIGEN2 output tadle

Table
tumbar

Descristion of table

Tnits

Ww 0 ~ Oyt W

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

Compositicn
Composition
Compositiqn
Composition
Radiocactivity (total)
Radicactivicy (total)

“*Thermal power

Thermal power

Radioactivity (total)
Radioactivity (total)
Radiocactive inhalation hazard
Radiocactive inhalation hazard
Radiosctive ingestion hazard
Radioactive ingestion hazard
Chemical ingestion hazard
Chemical ingestiom ha;ard

- Neutren absorptiom rate
- Neutron absorption rate

Neutroa~induced fission rate
Neutron-induced fission rate
Radicactivity (alpha)
Radicactivity (alpha)
(21pha,n) neutrom producticn

Spontanecus fission meutren producticm

Photon emission rate

Set test parameter ERR

atom fragtion
veighs frastion
gran-atoms

atom fraction
grame _
uéigh: f:acﬁion
ci

fractional
watts

fractiomal

Bg } 3
fractional add
n' air )
fractional

n? vater

fractional
)

- m-. water

.fractional

neutrons/sec
f£racticmal
fissions/sec
fractiomal

o § |
fracticnal
neutrons/sec
neutrons/sec

photons/sec

00<040
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tn

Remsrks:

1. If an output value for & particular nuclide is less than the
cutoff fraction multiplied by the total table 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 override the default value for
ERR, presently set at 1.0E-25. ERR is used in logical IF
statements instead of 0.0.

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

4, The default cutoff fractions for the first 26 tables (see
Table 4.3) are 0.001; for Table 27 the cutoff is 0.0l.

5. The [NCUT(I),RCUI(I)] may continue onte subsequent cards.

No operational command is used on the additional cards.

6. The application ¢f the cutoff value to photon tables is

somevhat different; it is discussed in Sect. 8.2.2.

4.10 EKEQ — March Infinite Multiplication Factors

A. FPunction: Blend materials inm two vectors so that the resulting
infinite multiplication factor (IMF) matches that of
snother vector or an iaput value.

B. Data seguence:

KEQ  NKEQ(1), NKEQ(2), NKEQ(3), NKEQ(4), NKEQ(S), RREQ(1) .

vhere

K;Q = command keyword ‘
NEEQ(l) = vector whose IMF is to be matched by vector NKEQ(4)
NKEQ(2) = vector whose material is to be wholly included is the

finsl blended materisl im wector NKEQ(4)
NEKEQ(3) = vector whose material is to be apportioned to obtain
the proper IMF for vector REKEQ(4)
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NREQ(4) =

NEEQ(S) =

RKEQ(1) =

37

vector containing all material in veccor NKEQ(2) plus
part of the material iam RKEQ(3) and having the same IMF
as either vector NRKEQ(l) or REKEQ(1l); thatr is,

RREQ(4) = NREQ(2) + £ * NKEQ(3)

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

vector containing the portion of NKEQ(3) not blended

into RREQ(4); that is,

NKEQ(S) = (1-£) * NKEQ(3)

If (1-f) is less than zere, then NRKEQ(S) is set to zero.

desired final IMF for vecter NREQ(4) if RREQ(1).6T.0.0.
If RKEQ(1l).LT.0.0, the IMF of vector NKEQ(4) i1s matched

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

is equal te RMULV(NREC,l). The RMULV values are specified
in & data statement in MAIN (see Secc. 2.1); the NREC.
parameter is described in Secz. 4.8.

Allowable number of KEQ commands: 3

Propagation: Kone.

Remarks:

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

vector

NKEQ(3) is multiplied before being combined with

material in vecter NKEQ(2) and being placed in vector NKEQ(4)
is given by )

vhere

k

£ e (ka = k;)*Da/(ky = k;)*D,s

= IMF to be matched from vector NKEQ(l) or REKEQ(1)

k3 = IMF of materiai in vector NKEQ(2)
ky = IMF of material in vector NREQ(3)

D2 = neurron absorption rats of material in vectoer
NEEQ(2Z), neutrons sec ! ,
Dy = peurren absorption rate of materigl in vector

NEEQ(3), neutzons sec ®
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2. Some characteristic results from this command are princed
on wnit 15.

4.11 DOL = DO Loop

A, Tunction: A "DO loop" which executes the commands within its
range & prescribed gumber of times.
B. Dates sequence:
DoL NDOL(1), NDOL(2)
vhere
DOL = command keyword
NDOL(1l) = number of the CON command (Sect. 4.28) which defines
the range of this DOL. Each DOL must have a unique
CON associated with it,
NDOL({2) = the total mumber of times the ingtructions within the
loop are to be executed
C. Allowvable number of DOL commands: 2
D. Propagation: Nooe.
E. BRemarks: Neae.
4.12 MOV ~ Move Nuclide Composition from Vector to Vector
A. Function: Moves (i.e., copies) the nuclide comcentration data in
- * one vettor to apnother wector, nuclide by nuclide.
B. Data sequence:
MOV NMOV(1), RMOV(2), NMOV(3), RMOV(1l)
vhere

MIV = ecommand keyword -
XMOV(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(1l) are to be moved. Mezy be the same
as NMOV(l).
MOV (3) = source of additional multiplier
,GT.0 » pumbher of variable multiplier veetor that
contains the additiconmal factors by which
vector NMOV(l) is to be multiplied before
being moved to vector NMOV(2). The variable
multipliers are in array EMOLV and are initial-
i1zed with a DATA statemest In MATN. The
particular element of RMUOLV used is

FMULV[NREC, RMDV(3)]

vhere MREC is the recycle mumber (Sect. 4.8).
The total multiplier, RMULT, is given by

RMULT = EMULV[NREC,MMOV(3) ]*RMOV(1).

WREC must be defined to use the variable
mltiplier option.
.2Q.0 = no additicmal multiplier is used; that is,

RMOLT = EMOV(1).

17.0 = The additicoal multiplier te be used was
previously calculated by an FAC command
{pee Sect. 4.4) and designated zs
FACTOR[NFAC(1)] at that time. To use this
factor, set NMOV(3) = ~NFAC(l); the total
multiplier is then given by

RMULT = FACTOR[-NMDV(3)]*EMOV(1).

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

C. Allewable number of MOV commands: 99

D. Propagation: None.
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E. Remarks:

1. Vector MMDV(2) can be zeroed by moving &nother vector to
MMOV(2) with RMOV(1l) = 0.0,

2. The information in vector NMOV(l) is mot destroyed by the
MOV command. .

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

4.13 ADD — Add Two Vectors

A. Function: 4&dds the nuclide conceptration dati in cme vector to
that in another vector,buclide by nuclide.

B. Data sequenca:

ADD NADD(1), NADD(2), mngs). RADD(1)

vhere
ADD = operational command
NADD(1l) = number of the vector vhere the concentrations to
o be added are presently stored
NADD(2) = number of the vector to which the comceatrations in
vector MADD{l) are to be added
= gource of additional multiplier

NADD(3)
' .GT.0 = if NADD(3).GT.0, it is the number of the
variable multiplier vector which contains
the factors by which vector NADD(1) is ta
be multiplied before being added to vector
NADD(2). The variable muleipliers are in
array RMOULV and are initialized with a DATA
statement in MATH. The particular element
of EMULV used is

RMULV[NREC, NADD(3)]

vhere NREC is the recycle number (see Sect.
4.8). The total mulrtiplier, RMULTI, is given by
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EMULT = RMILV[NREC,KNADD(3) ]*RADD(1)

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

RMULT = RADD(1).

.LT.0 ® the additional multiplier to be used was
previocusly 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)}]*RADD(1)

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

- Allowable number of ADD commands: 30

Propagation: Xone.
Remarks:

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

2. The information in vector RADD(1) is not 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 — Burpup Calcularion

A, Tunction: Defines the basis and calculates the average burmup,

flux, and specific power for am irradistion.
B. Data sequence:;

BUP
ltradiacion
BUP

vhere

BUP = command keyword ‘
Irradiation = the operationsl commands (generally several IRPs or
IEFs) that describe the fuel irradiation upon which
the burnup ecalculation is to be based.

C. Aallowable number of BUP commands: 20 (ten pair).
D. Propagaticn: Until superseded by other BUP commands.
E. Remarks:

- 1. A BU? command must appear both before and after the statements
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 — Punch an Outpur Vector

- e —

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

B. Dats seguence:
PCE KPCH(1), NPCH(2), NPCH(3)
where

PCE = command keyword
NPCE(1l) = conrrol cheracter for light nuclide and scructural
oaterial punch
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NPCH(2) = coatrol character for actinide nuclide punch

NPCH(3) = control charascter for fission product puclide punch

If NPCH(I) .EQ.0 = no punch
.GT.0 - number of output vector to be punched

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

€. Allowable number of PCH commands: 54

D. Propagation: None.

E. Remarks:

1.

2.

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

Units of punched output are g-gtoms.

The last record (card) written by each PCH command is

0 BURNUP FLUX SPECIFIC POWER.
The burnup, flux,'ahd specific power are average values produced by
the BUP command (Sect. 4.14) end must be present for a file tead on
unit & [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 Comtrol

A. Function: Controls the printing of the input data libraries.

E. Data sequence:

LIP  KLIP(1), NLIP(Z), NLIP(3)
where )
LIP = command keyword 7
WLIP(l) = control character for dec#y library print

RLIP(2) = control character for cross-sectiop library print

NLIP(3)

contrel character for photon library print
If NLIP(I) £Q.0 - no print
+GT.0 - print library
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C. Allowable number of LIP commands: 5

D. Propagation: Until superseded.

E. Remarks: Neone.

4.17 WAC — Nuclide A;cumulation

"A. TFunction: Multiplies a concentration vector by a fractiomal
tecovery vecter and steres the result in vector B,
which contains continuous feed rates.

B. Data sequence:

WAC NWAC (1), NWAC(2)
wvhere
WAC = command keyword
KWAC(1l) = number of fractiomal recovery vector (Sects. 3.4 and 3.5) |
which is to multiply concentration vector NWAC(2).
Fractional recovery NWAC(1l) should contain the removal
vate of each element from the system in units of sec * ~
(equivalent to the feed rate to the next system being
analyzed).
NWAC (2) = nuzber of concentration vector which is to be multiplied

by fractional recovery vector NWAC(1l)

C. Maximum allowvable number of WAC commands: 2

D. Propagationt None.

E. Remarks:

1. This command will enable the continuous actumulation of waste
from a reacter with continuous reprocessing (e.g., an HSBR) to
be calculated. The steady-state fuel compesition in vector
NWAC(2) is mulriplied by the appropriate continuous removal

rates stored in fractional recovery vector NWAC(1l); 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 wvaste decay step from the continuously reprocessed

steady-state reactor.

4,18 1IB — Read Decay and Cross-Section Libraries

A. Tunction: Read decay and cross-section libraries; substitute
decay and cross-section cards and cards with noa-

standard reactions.
B. Data sequence:!
LIE NLIB(1l), . . . NLIE(1ll)
vhere

1IBR = command keyword

KLIB(l) = control character for printing matrix of non-zero
reaction rates (array A) for the libraries read (see-
Sect, 8.2.1). ' -
1f NLIB(1).6T.0 - print .
.LE.O0 = 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) = identification 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
NLIE(6) = identification number of actinide nuclide cross-section
library to be read; see Table 4.4
KLIB{(?7) = ide;tification rnumber of fission product nuclide yield

and cross-section library to be read; see Table 4.4
1f ¥LIB(2-7).EQ.0 - no read
.GT.0 = normal resd on unit KLIB(E)
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Tsble 4.4,

&6

Nunbers of ORIGEN? dats libraries

Category of isctops

Activation product

Actinide

Fission product

Type of Ubrary [NLIB{2 or 5))* [NLIE(] or €))% [NLIB(4 or T))* RLIB(i12)8
Decay 1 4 ]
Photon 101 102 - 103
Cross—secticn libraries
PVR: 235y-enriched 00;: i 05 4 3
33,000 Heid/merric tom
PVR: 2350eenriched DO in a 207 28 o] 2
self=generared Pu Tecyele
Tesctor
PWR: Pu=enriched U0y in a 0 a1 a2 3
self=generated Pu recycle
Teactor
BWR:  2¥50enriched W; b1 52 ) 4
BR: 23%Ueenriched fuel 10 s 54 -1} Bt 5
self-—generated Pu recyele
teaclol
3WR: MN=enriched fuel in @ *x7 =8 59 é
self—generaced Fu Tecycle .
reacter
PVR: ThOz=enriched with 213 24 a3 7
denatured 3%y
PWRk: Pu~eariched ThOz 26 a7z 118 ]
PVR: 3350wnriched UDp; 2% b 221 ]
50,000 MJdd/perrie ton
MR: ThOg—enriched vith makeup, 222 223 2% 10
denstured 235y
PR: ThO; entiched vith 225 2% 7 1

3acveled, denstured 233y
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Table &4 {continued)

Category of isotope

Atrivation product

Actinddé

Fission product

Type of library [KLIB(2 or 5)]% [FLIB(3 or 6})% [WLIB(4 or 7)) KLIB(I®
LMFER: Iarly oxide, LeR-Pu/U/U/0
Cere X1 »2 303 18
Axial blanket X 305 Als 19
Radial blanket 7 28 09 x
LMTER: Advanced cxide, L¥R-Pu/T/U/V
Core i n2 am 12
Axisl blanket Ak Ns e 13
Radial blanket nz sz Ei L]
LMFER:  Advanced oxide, recycle~Pu/D/U/D
Core aa 322 32 15
Axial blanxe: ax a5 3> 16
Fadial blanket _ an iz 3% 1?
L*FBR: Advanced oxide, LFE=Pu/U/U/Th :
Core 33 32 333 a2
Axial blanket bk 3 3% 32
Radial blanke: a7 33 3 k]
IMFBR:  Advanced oxide, LER=Pu/Th/Th/In :
Cere L7 »2 w3 bc]
Axinl btlanket b S5 e »
) Radial blsnket N7 ME k) a
LMFRR: Advanced oxide, recyele
233u/h/Th/ Th
Cote Bl As2 b LK 35
Axial blanket 154 355 1% ¥%
Radial blanket a7 I8 59 n
LMFER: Advanced exide
147 denatured i"31.1['['!‘1./1."!11711
Core »1 X2 33 23
Axial blanket b1 xS X6 2%
Radial blanket »%7 kY x9 L]
LMFER: Advanced oxide
44z denatured $33U/TH/Th/Th
Core b 1§ w2 3 -
Axial blanket 374 k1t ] e 7
Radial blanker 377 e k¥l 2
L<FBR:  FFIT Pu/D ] a2 83 0
Tnerzal: 0.023%eV cross sectioms .1} 202 Q3 0

hefer te Sect. & 1B for tha use of these pnnniu:s.
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c.

E.

A.

&7

,LT.0 - normal read on unit NLIB(8) and
substitute card read em uanit
NLIB(9)

XLIB(8) = numbar of input unit for normal reading of the bulk
of the libraries _
NLIB(S) » number of input unit for reading substitute cards
KLIE(10) = number of not-standard resctions to be read

If NLIB(10).EQ.0 ~ no read
«GT.0 - non-standard reactions read o
unit NLIB(8) T
.1T.0 - non-standard reactions read cn
unir NLIB(9)
WLIB(1l) = control character identifying the set of actinides with
direct fission product yields; see Table 4.3
control character identifying the set of variable
actinide cross sections to be used; see Tsble 4.4

-

NLIB(12)

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

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

2. See Sect. 5 for library format decails.

4.19 PHEO — Bead Photon Libraries

Punction: Read the photon production rate per disintegracion in
18 energy groups.
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Table 4.5. Actinide sets with direct fission product yields

ALTIL (LY Actinides with direct fission product yields
1 23552387 2392241p,
2 232qy 233»235y 239,
3 232 23312355230 2391241p,
4 232 23352345238y 239:241p,  2u4Spg  252¢¢

Quvs3 -
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B. Data sequence!
PHO NFHO(1l), . . . NPEHO(&)
where

PEO = command keyword
NPHO(1) = identification nmumber of activation product photom

library to be read; see Table 4.4
NPEO(2) = ideptification mumber of actinide nuclide photon
library to be read; see Table 4.4

KPHO(3) = 1denti£ication pumber of fisaien pfé&ﬁzi-nﬂﬁlide phozon
library to be read; see Table 4.4
If XPEO(1-3).lE.0 = no read
.G1.0 - read
NPEO(4) = number of input unit om which the photon libraries are

to be read
C. Allowable number of PED commands: 5
D. Propagacion: Uncil ano:hir set of photon libraries 1s read.

E. BRemsrks: See Sect. 5.5 for library format details.
4.20 LPU — Dataz Library Replacement Cards

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

B. Data sequence!
LPU NLPUQ1), . . . NLPU(MAX), =1
vhere

LPU = command keyward
NLPU(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 givem

1PU commend; must be .LE.100
vuCs4-
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C. Allowable number of LPT cards: 9
D. Propagation: Until another LIB command Is executed.,
E. BRemarks:
1. 1If less than 100 nuclide identifiers are specified, & ~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 LIB 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 varlables, etc.
5. See Sects. 5.1 and 5.2 for library format details.
4.21 TIRF — Flux Irradiatiom
A. Function: Irradiation for a single interval with the neutrom flux
d specified.
B. Dats sequence:
IRF  RIRF(1l), RIRF(2), NIRF(1). . . . NIRF(4)
wvhere

IRF = command keyword

~ RIRF(1) = time at which this irradiacion interval eands

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

this irradiation interval in neutrons cx”® sec .

If RIFR(2).1T.0.0, the peutrcn flux is given by:

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

peutrons cm ® sec *
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OLDFLUX = flux for the same time period from the

previcus irradiation, neutTons co~ 2 sec”l.

See remark 2 below.

nunber of the vector where the material composition at

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

RIRF(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 irradjation/decay on the same output page.

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

2 = starting time is set to zero. All reactivity and
burnup informatien and MIRR are set to zero. Used
to begid @ new irradiation/decay on 2 nev output page.

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

Used for continuing irradiation to a new output
page. .

4 = game as NIRF(4) = 1 except that the first seven lines
of the reactivity and burnup information are set to
zero. Used to begin théldecay following irradistion
on 2 new output page while retaining the average

‘irrediation 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 sxactly te those
in the previous sequence. The fluxes from the previous irradiation
are not altered if [-RIFF(2)] is less than zero.

3. The "reactivity and burnup information™ referred to in NIRF(4)
consists of seven lines of data characteristic of an individual
vector (e.g., time, infinite multiplication facter, peutren flux)
and three lipes containing irradiation parameters (e.g., bﬁrnup)
averaged over the range of the BUP commands (Sect. 4.14). Also,
see Sect. 8.2. 2 : _

4. Inrermal ORIGEN2 parameters related to the flux/specific pouer
calculations are printed om unit 15 (see Sect. 8.2.1).

4,22 TIRP _ Specific Power Irradiatiocnm

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

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

where i

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

See remark 2 below.
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NIRP(]) = nunber of the vector vhere 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 thiQ irradiation interval is to be stored
NIRP(3) = time units of -RIRP{l); see Table 4.2

NIRP(4) = specification of the time at vhich 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 is 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 to
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 zero. Used
to begin a new irradiation/decay on & new page.

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

4 = same as NIRP(4) = 1 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 I.Pelow.

Propagation:
Remarks:
1. The total

None.

fnumber 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 those

in the previous sequence.

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

consists of seven lines of data characteristic of an individual

vecror (e.g., time, infinite multiplication factor, neutron 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 to the flux/specific power
calculations are printed on unit 15 (see Sect. B.L1).

A, TFunction:

4,23 DEC — Decay

Decay for a single interval.

B. Data sequence:

DEC

vhere
DEC
DEC(1)
NDEC(})

NDEC( 2)

NDEC( 3}
NDEC(4)

DEC(1), NDEC(1), » . . NDEC(4)

cperational command

time at which this decay interval ends

nuxber of the vector Hhefe the material composition at
the beginning of this decay interval is stored

nusber of the vector where the material composition at

the end of this decay interval is stored -

time units of DEC(l); see Table 4.2

specificatidn 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 retalined, and MIRR is not altered. Used for
continuipg irradiation/decay on the same output page.

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

. burnup information is retained, and MIRR 1s set to
. 2erT0. Used for beginning a new irradiation on the
same outpul page.

2 = starting time 1s set to zero. All reactivity and
burnup information and MIRR are set to zerc. Used to

Segin a new irradiation/decay on a new output page.
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3 - same as NDEC(4) = 0 except that the first seven lines
of the resctivity end burnup informaciom are set to
zero. Used for continuing irradiation to a new
output page.

4 = sage as NMDEC(4) = 1 except that the firsc weven lines
of the resctivity snd burpup information are set to
zeTo. Used to begin the decay following irradistion
cn & tev cutput page vhile retaining the average
{rradiation parameters. ce -

C. Allowable pumber of DEC cormsnds: See below.
D. Propagaticm: None.
E. Pemarks:

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

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

4,24 PRO — Reprocess Fusl
A. Punction: Raprocess fuel {nto two product compositicas.
B. Dara sequence:
PRO RPRCO(1), . . . NPRO(4)
vhere

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

KPRO(2) = pumber of the vector vhere the material that is recovered
i3 to be stored. The smount of sn isotope of element NE
recovered is given byﬁ

[Masg of imotope NE][£(NFPRO(4)].
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The fraction f£[NPRO(4)] 4is the fractional recovery
of element NE specified by variable NRFO(4) below.
See also Sectsa. 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 elemant
KE not recoverad is given by:

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

NPRO(4) = number of the set of fractional recvveries which is to
' be used in this reprocessing bperntinn. If KPRO(4) 1
greater than zero, individual fracticnal recoveries
(Sect. 3.4) gre to be used. If NPRO(4) is less than
zero, group fracticnal recoveries are to be used (Sect.
3.5).

L. Allowable number of PRO commanda: 20
D. Propagation: None.

E. Eemarks: Kona.

4,25 OPTIL — Specify Activation Product Output Options

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

B. Data sequenca:

OPTL NOPTL(l), . . . MOPTL(24)

- - o= .

wvhara

OPTL = command keyword
ROPTL(I) = control charscter indicating which output table types
are to be printed for the sctivation products; see
Table 4.6
I ® tsble oumber; ses Table 4.3 for output table descriptiom

C. Allovable number of OFTL commands: 20

D. Propagation: Unzil changed.

00Cel1
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Table 4.6, Specification of ocutput table types to be pristed

BOPTL (1) Table type printed

BOPTA(L)

BOPTF(I) Huclide Element Sumpary
1l Yes Tes Yes
2 Tes : Tes . _.. . W
3 Yes No Yes
4 No | Yes T TYes
-3 Yes No Ko
6 Eo Yes Hﬁ
7 Ne No Yesn
8 No Ko Ke

oocez2
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E. Remarks:

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

2, If NOPTL(1) is less than 1, only a summary grams table is
printed for all nuclides (imcluding actinides and fissiocm
products) until nev 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 vhich output table types (nu:lidc, elepent, or
summary) are to be printed for the actinide nuclides,

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

OPTA = comand keyword
NOPTA(I) = control charscter 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. Allowable number of OPTA commands: 20
D. Propagatiocn: Unzil changed.

E._ DRemarks:

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

. 1If BOPTA(l) is less than 1, only a suzmary grams table 1s
printed for all nuclides (including activation and fission
products) until new commands (after an STP, Sect. 4.29)
ars tead.

3. Only the first 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 Outpur Table

A. TFunetion: Specifies which types of output tables (nuclide, element,
or summary) are to be printed for fission product nuclide
B. Data sequence:
OFPTF NOPTF(1), . . . NOPTF(24)
vhere
OPTF = command keyword
NOPIF(I) = cenrrol character indicating vwhich output table types
are to be printed for the fission product nuclides;
see Table 4.6
I = table nuzber; see Table 4.3 for output table description
C. Allovable number of OPTF commands: 20
D. Propagation: Until changed.
E. Remarks:

The NOPIT(I) must all appear on a single card.

2. If NOPIF(l) is less then 1, only & summary grams tzble is
printed for all nuclides (including activation products
and actinides) until new commands (after an STP, Sect.
4.29) are read.

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

A. Function: Defimes the ranges of the DOL command (Sect. 4.11)
or GIO command (Sect..&4.31).
B. Tata sequencﬁ: - ’
CON KCON

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

L

must also be Temoved.

4,29 SIP — Execute Previous Commands and Branch

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

wvhere
STP = command keyword _
NSTP = . branching contrel ;hl:ncter:
1 = read nevw miscellaneous initialization data (Sect. 3) and
a nev set of .commands (Sect. 4), and execute them.

2 = read 2 nev set of commands (Sect. 4) and execute them,
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3 = execure the preceding set of com=ands zgain.
téditional input data (libraries and inizial nuclide
concentrations) will be required.

4 = terminate execution (same as EWD). "
C. Allowable number of SI? commands: Unlimited.
D. Prcpzgation: NRone.

E. Remarks: None.
4.30 END — Terminate Execution

A. Tunction: Terminate éxecution.
E. Dara sequence:!

END
vhere

EXD = command keyword
C. &#llowvable nusber of END commands: 1 | : o
-D. Propegation: Kone.

E. Remzrks: Nome.
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4,31 CTO — Go To a Group of Instructions and Execute

A. Functioen: Indicates a range of instructions that should be executed and
a flux/pover multiplier for this range
B, Data Sequence! _
GIO NGTO(1) NGTO( 2) RGTO
where

GI0 = coumand keywork
NGTD(l)‘- pumber of CON command (Sect. &4.28) that immediately precedes
the group of inmstructions to be executed (if G7.0) or that
this command is the last to be executed (if LT.0)

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

instructions tc be executed

RGTD = parameter by which any fluxes or powers in the group of
ipstructions to be executed will be wultiplied; RGTO does not
alter the value of fluxes/povers stored for future use

Allowable number of GI0 connln&s: 10 ' -
?ropagation: None. -
Remarks:

1. Folloving the execution of thé group of instructions defined by
the GI0 instructien, control is returped to the instruction
immediately following the CI0.
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5. DATA LIBRARIES

There are three separate and distinct nuclide lists in ORIGENZ for
which nuclear data may be required: the activation pfoducts, the acti-
nides, and the fission products. The sctivation products include the
low-2 imppurities and structural materials. The actinides {nclude all of
the heavy isotopes (2.GT.90) plus all of their decay daughters, including
the final stable nuclides. The fission products inmclude 4ll nuclides
vhich have & significant fission product yield (either binary or ternary)
plus scme nuclides resulting from neutron 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-
sion product yield data library (Sect. §.2), and & photon-yield library
(Sect. 5.5). The decay dats library gives nuclide half-lives, decay
modes, recoverable heat energy, natural abundances, and toxicities.

The cross-section and fission product yleld library gives the cross
sections for (m,Y), (n,2n), (n,3n), (n,z), (n,p).rand (n,fission) as -
effective, one-group reaction rates in barns and the fission product
yields from 212Tn, 23y, %5y, 238y, 2373, avlp,  2%3cy gng 233ce,
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 additicn to these normal data library input facilities in
ORIGEN2, two additional options may be used to extend, update, o
correct these libraries.' The first of thesc'options (Sect. 5.3) allows
the user to input substitute decay data cards and substitute cross-
section and fission product yield data cards which override the
corresponding data cards present in the main libraries. This cption
is particularly useful as an alternative to rebullding entire data
libraries simply to chané; one or two items. The second optien
(Sect. 5.4) allovs the user to input any flux-dependent reaction rate
between any two nuclides. While the user can duplicate the reactien
types available in ORIGEN2 [i.e., (n,Y). (n,2n), (n,3n}, (n,¢), (n,p),
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(n,fission)), the option is principally intended to 2llow for the
iaclusion of non-standard reaction types such as (a,d), (n,t), end
(n,np). ‘

5.1 Decay Data'Library

The first card of each of the three allowzble decay datz library
segments (activation product, actinide, and fission product) is a title
~czrd containing the pumber of the decay library segoent &nd the alpha-
pumeric title of the segment. Teollowing the tiﬁle tard are the decay
data for the nuclides in a particular library segment. The decay data
fer each nuclide are specified on two sequential cerds. A description cf
the decey litrary conventions is given in Tzble 5.1.

The deczy data library serves ofher vitally important fuactions in
the ORIGERZ code in addition to supplying decay data. The nuclide
icentifiers supplied by the decay libraries define the total list of
81l nuclides that vill be considered in subsequeat ORIGENZ calculations.
Thus, if a nuclide is to be used in z calculation, it pust be present in
the decay librazry, even if only the cross-section or photon information
is reguired. The decay library also défines the nuclide mezbercship of
each of the three library segments (activation product, fission product,
and actinice) considered by the ORIGEN2 code. Finally, the deczy library
defines the order in vhich the nuclides will be printed within each
library segsent during the normal output. AS 2 result of these considera~
tions, the decay library must be input before the photon librzries (FHO,
Sect. 4.19) or before the initial compositions (IKP, Sect. 4.6). The
decey lidbrary is sutomstically read before the cross-section library vhen

vhen the L1B cozsand (Sect. 4.18) is invoked.
5.2 Cross-Section and Fission Product Yield Data Librery

The first card of each of the three allovable cross-section and
figsicn product yleld deta libraries (activatiea product, & tinide, 2nd

fission product) is a title card conraining the ne=her znd a2lphanu=eric
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Tzble 5.1. Description of deczy library

1y

A, Dzte sequence;

i-st cevé of each library segment:

NLB TITLE : . R

Tirst czré for eazch nuclide:

NLB NUCLID IU THALF TBX FPEC FPECX FA FIT

Second czrd for eazch nuclide:

XLB FSF TN QREC ABUKD ARCG WRCG

wvhere

 NLB
TITLE

KUCLID
IV

TEALY

=X

FA

FIT

TSF

TN !

the nuzber of this decay library segment -

2 72-chzracter alphanumeric segment title beginnzng in
colum 9 ‘

2 six-digit nuclide identifler corresponding to the
infersztion on these twc decay cards (see Sect. 2.7)

tize uvnit 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 tramsitions 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 positron and/or electron capture decay
events that cause the daughter nuclide to be in a
relatively long~lived excited state

the fraction of all decay events vhich tske place by
2lpha decay

the fraction of all the decay events of an excited nuclear

"state vhich result in the produc:ion of the ground state of

the szme nuclide

the fracticn of all decay events uhzch take place by
Sponteneous.fission

the frzctien of 211 decay events that zre (betz + neutrea)
decays (e.g., 'YBr decays to #8kr + beta + neutron)

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

80069

143



65

Table 5.1 (continued)

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

ARCG = the radicactivity concentration guide (RCG) for comtinucus
inhalacion of nuclide NUCLID in unrestricted 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 vaiues is used)

WRCG = the radicsctivirty concentration guide (BCC) for continucus
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 Regulations (the lower of the scluble or
ins¢luble values is used)

Humber of cayds per nuclide: 2
Terminate card scan for muclide NUCLID: Automatie.
Termingte reading this decay library segment: NL3.LT.0, ome card.

Skip reading a decay library segment: Controlled by LIE command
(Sect. 4.18).

Remarks:

1. The fracticn of all decay events which take place by negarron
beta decay to the ground state of the daughter nuclide is given
by (1.0 - FBX = FPEC = FA = FIT ~ FS5F = FN) and 1is calculated
internally in ORIGERR.

Q0079



66

title of the library segment. Following the title card are the cross-
section and fission product yield data for the nuclides in & particular
library segment. The cTross-section information for a nuclide is
specified on a single card which, if required, is followed by a card
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 ome-group
eross sasctions which, when multiplied by the flux calculated by or input
to ORIGEN2, result in the correct reaction rate. The fifth and sixth
parameters on the cross-section card have & dual mesning, depending om
vhich 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 activation product or fissien
product segments are being read, then the fifth and sixth parameters are
the (n,a) and (p,p) cross sections respectively. The fissien product
yield card, which is present only in the fissicn product cross-section
segoent, specifies the yield of each nuclide per fission from each of
eight fissioning speciess 231my, 2%y, 233g, 3y, 3I¥p,, Iripy, Sca,
and 2%2C£, The yields are generally from binary fission, although
ternary fission yields hgve been included for certain important low=2
nuclides.

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

Substitute decay, cross-section, and fission product yiald data
can be read by invoking the LPU command (Sect, 4.20). This procedurs
is an alternative to Tebuilding 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 substituts data cards are given in Table 5.3. This optiom
is intended for use vben the data libraries are on a direct-sccess device
or on tape. Substitute data can also be used if the libraries are on
cards, providing thl: two different card input unirs are definad.
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Tzble 5.2, Description of cross-se¢ction and
fission product yield cata library

A. Dere secuence:

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

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

Secend card for each nuclide (fission product segment onlv):
NLB Y(Q1), . . . Y(B)

vhere

NLB = the nuzber of this cross-section and fission product
vield library segment

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

NUCLID = ¢ six~digit nuclide identifier corresponding to the dita
on these cne or two cards (see Sect. 2.7)

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

SK2N = the effective, one-group (n,2n) cross section of ruclide
KUCLID leading to & ground state

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

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

SNF = the effective, one-grouvp (n,fission) cross sec;ion of
nuclide NUCLID; actinide segoent only

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

SNGX = the effective, ome-group (n,Y) cross section of puclide
NUCLID leading to zn excited state of the daughter

SR2KX = 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 fissjon
vield card fellows:

TYK.0T.0.0 = fission vield card follows
TYN.LT.0.0 = no fission vield cerd fellows
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Table 5.2 (comtinued)

icsion yield of nuclide NUCLID from various fissile

T({I) = {i
cpecies, in percent

Fissile species

Th-232
U-233 -
U-235

V-238

Pu-239
Pu-241
Co=-245
Cf-249

0O~ Lt |

Yunber of cards per nuclide: 2
Terminate ca2rd scan for nuclide NUCLID: Automatic.

Terminate rezding this cross-section and fission proguct yield

lidbrzry segment: NLB.LT.0, one card.

Skip rezding this cross-section and fission product yield librery
segoent: Controplled by LIB command (Sect. 4.18).

Rematks: HNone.
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Table 5.3. Description of substitute decay, cross-sectiom,

and fissiom product yield data

Data sequence

1.
2.

Format

Substitute activation product decay data

Substitute actinide decay data '

Substitute fission product decay data

Substitute activation product cross—section data
Substitute gctinide cross-section data

Subscitute fission product cross-section and yield data -

The substitute data cards are free format.anﬁ the order of the
data is as described in Tables 5.1 and 5.2.

Remarks

1,

The LPU command (Sect. 4.20) used to identify the nuclides
for vhich substitute data are to be read must 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 through 6
sbove must be present in the input stream in the game order
in vhich they are encountered while reading the original
decay libraries.

A fission product yield card can never appear 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., crose-
section) reactioms that cannot be accounted for by using one of the standazd
ORIGENZ reaction rypes [viz., (m,Y), (2,p), (a;a), (n,2n), {(m,3m),
(n,fission)]. The format of these non-standard, flux-dependent reactions
is described in Table 5.4. The number of mop-standard, flux-dependent
reactions to be read and the input unit number on which they are to be
read are defined by the 1LIB command in Sect. &.18.

5.5 VPhoton Data Libraries

The firsr card of each of the three possible photon library
segments is a title card containing the number and alphanumeric title
of the photon library segment. Following the title card are cards
containing the photon production rates per disintegraticn in a pre-
determined energy group structure for each nuclide. A description of
the photon library format is given in Table 5.5. The predeternined
energy group structure is given in Table 5.6. The input of the photon
l4braries 1s coocrolled by the PHO operational command (Sect. 4.19).
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. Table 5.4, Description of non-standard,
flux-dependent reactlon 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 nuclide jdeptifier (see Sect. 2.7} of the
daughter nuclide

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 non-stendard, flux—dependent reaction cards to
be input and the unit number upon which the
ate specified using the LIB command (Sect. 4.18).

are to be Tead
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Table 5.5. Desecription of photon library

Data sequence:

First card of each library segment:

NLB TITLE

First card for each npuclide:

NLB NUCLID NGP(1), RPE(1), » . . NGP(I), RPE(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-chsracter slphanumeric photon library segment title
beginning in Column 9

NUCLID = 2 six-digit nuclide identifier for the photon informatien -
on the following card(s) (see Sect. 2.7)

NGP(I)

the number of a photon energy group. Eighteen groups are’
alloved for all segments. The energy group structure is
given in Table 5.6.

RFH(I)

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

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

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

Terminate card scan for nuciide NUCLID: NGP(IMAY+1).LT.0 if THAX
is less than 18; automatic otherwise.

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

Skip reading this photon 1ibrary segment: Controlled by PRO
command {Sect. 4.19).

Remarks:

1. Onlv those NGP(I)/RPH(I) pairs for which RPR(I) is non-zero
need be specified.

(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 3.0000P-02 2.3000E-02
3 3.0000E-02 4.5000E-02 3.7500E-02
& 4.50C0E~-02 7.0000E-02 5.7500E-02
S 7.00C05-02 1.0000F~01 © '8.5000B-02
€ 1.0000E-C1 1.5000E-01 1.2500E-01
7 1.50C0E-01 3.0000E-01 2.2300E-01
S 2.0000E-01 8.5000E-01 3.7500E-01
9 6.5000E-01 7.0000E~01 5.7500E-01
10 7.00C0E~01 1.00008 00 8.5000E-01
11 1.0000E Q0O 1.5000E 00. 1.2500E 20
12 1.5000E 00 2.0000E 00 1.7500E 00
13 2.0000% 00 2.5000F 00 2.25008 00
18 2.5000E 00 3.0000% 00 2.7500® 00
1= 2.0000F 00 4.00002 00 2.5000E 00
16 4.,0000F 00 6.0000E 00 5.0000E 00
17 €.0000® 00 8.00007 00 7.00008 00
18 £.00C0F 00 1. 10002 01 9.5000E 00
00078
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&, SPECIFICATION OF INITTAL MATERIAL CCOMPOSITIONS, CONTINUOUS
NUCLIDE FEED RATES, AND CONTINUOUS ELEMENT REMOVAL RATES

This section describes the options available te the user relative
-te the specificarion of the inirizl materizl compositions, the continuous
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 scme msterial (Sect, 6.1). The initial composi-
tion can be specified on either & nuclide-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 patural isctopic abundances ipput with the decay
library (Seet. 5.1). The amounts of individual nuclides or maturally
occurring elements may be specified &5 g-atoms or g, depending on the
control characters of the INP command (Sect. &.6).

The continuous nuclide feed rate option (Sect. 6.2) allows the
user to specify the continuous feed rate of individual nuclides or
naturally occurring elemencs in units of g/{cime unit)(basis unit)
or g-~atoms/{time unit)(basis unit). Both the mass units and the tiwe
umits are specified by using the INP command (Sect. 4.6). This option
is useful in simulating the continuous feed of nuclides to & fluid=fuel
reactor (e.g., 8 MSBR) or to a radicactive waste tank. :

The continucug elemenr 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 command (Sect. 4.6). This option is most useful when simulating the
continuous reprocessing which would be expected to occur during the
operaticn of s fluid-fuel reactor such as sn MSBR. If this optiom i3 to
be used to calculate contimuous element removal in a situation where
irradiation {5 not taking place, then a very small peutron flux must
still be specified to sllow the continuous element removal option to be
used,

00073
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6.1 Specification of Initial Material Compesition

Function: Specify initial amounts of individual muclides or
naturally occurring elements.

Data gequence:

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

vhere

D.
E.

WEXT = g control characrer indicating for which segment the
information is intepded and the type of informationm:
(i.e., nuclides or elements)
1 = individual activarion product nuclides
2 = individual actinide nuclides
» individual fission product nuclides
® narurally occurring activation product elements
= pnaturally occurTing actinide slements
» paturally occurring fission product elements
NUCLID(I) = the six~digit identifier for nuclide or element I
(nee Sect. 2.7)
RCOMP(1) = amount of nuclide or element NUCLID(I) initially present.
The units of RCOMP(l) are specified with ‘the INP opera-
ticnal commend (Sect. 4.6).
TMAY = maximum number of NULCID(I)/BRCOMP(I) pairs specified on
each card must be .LE.4

O 2w

Terminate card scan: NUCLID(IMAX + 1) = 0 1f IMAX.LTI.4°
Terminate Teading initial compositiom: Card with NEXT = 0

Skip reading initial composition: Alter control characters of
pertinenr INP command or a card with NEXIT = 0.

Recarks:

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

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

6.2 Specification ¢f Continuous Feed Ratés

A. Function: Read feed rates of individual nuclides or naturally
occurring elements.

B. Data sequence:
NEXT, NUCLID(I), RRATE(1), . . . HUCLID(IMAX), RRATE(IMAX)
vhere

NEXT = a control character indicating for which segment the
information is intended and the type of information:
1 = individusl activation product nuclides
2 = individual actinide nuclides
= individual fission product nuclides
= ngrurally occurring sctivation product elements
= naturally occurring actinide elemsncs
= naturally occurring fission product elements
NUCLID(I) = the six-digit nuclide identifier for puclide or
element I (see Sect. 2.7)
RRATE(I) = the feed rate of puclide or element NUCLID(I). The
units of RRATE(I) are specified with the INP command
- - -.{5ect. &4.6).
TMAX = maximum number of NUCLID(I)/RRATE(I) pairs specified
on each card; IMAX must be .LE.&

o v e oW

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

E. Skip reading continuous feed rates: Alter control characters of
pertinent INP command or a card with NEXT = C.

00Cg1
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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 that particular NEXT value are added
ﬁoge:her to form the total feed rate for ﬁuclide NUCLID(I).

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

. mma A e A

6.3 Specification of Continucus Reprocessing Rates

A. Function: Read continuous element removal rates durimg Irradiation.
B. Data sequence:

Group 1 (cme card set)

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

Group 2 [MMAY card sets (M= 1 to MMAX)]
NZ(M,1), « « » N2Q4,N), . . . KZ[M.NPROS(M))

vhere

EREM(M) = the firsteorder removal rate of elements NZ(M,l) through
NZ[M,NPROS(M)]. The unirs of RREM(M) aze specified with
the INP command (Sect. &4.6).

¥PROS(M) = the number of elements in card set M of Group 2; that is,
the pumber of elements which have a continuous removal
rate equal to RREM(M). '

MMAX = the number of continuous Teprocessing rates to be Tesd,

Also, the number of card sets in 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 wich removal Tate RREM(M).

0082
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Terminate card scan: Implicit ip input informacion.

Terminate reading continucus reprocessing rates: Implicit in input
information.

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

1. Continuous element removal will occur only during irradiation.
1f continuous Temovel is desired in a situstion where no neutron
flux is present, 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 organization of the source and object card
decks that comprise the ORIGEN2 code. Section 7.2 describes the
organizaticn of the ORIGEN2 card data imput deck, assuming that the
nuclide data libraries (Sects. 5.1 through 5.3) are on cards. Sectiom 7.3
iz similar to Sect. 7.2, except that the nuclide data libraries are.
assumed to be on tape or direct~access—device files.

7.1 Source and Object Deck Organizariem

This section describes the organizatiom of the ORIGEN2 source and
object card decks. The general form of the ORIGENZ code card deck is
given in Takle 7.l. | - o .

The reccmmended mode of cperation, which is reflected in Table 7.1,
is to place cbject decks of all ORIGEN2 subroutines, except MAIN, om
either & tape or a direct-sccess device. During normsl operatiom of
ORIGEN2, MAIN would be recompiled each time the code is used and would
be the omly [FORTRAN subroutines] present in the Table 7.1 input deck
scheme, MATN {5 recoumpiled to facilitare use of the variable dimensioning
option. Ko {object deck(s)] would normally be present, and only the
INCLUDE HEX card and the overlay cards would be used. The [OVERLAY
statements] are mot required. They do, however, comsiderably reduce
the aize of the final executable module.

A somavhat less common situation 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 indicated in Table 7.1. The subroutines on cards
will automatically be substituted for those on the tape or direct—access

_deirice. 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)}}

FE

//LKED,MEX DD DSN=ORICEN2,O0BJECT,DISP=SHR

//LEED SYSIN DD &
[OBJECT Deck(s))

INCLUDE HEX

[OVERLAY Statements)

Fi

FORTRAN step

MAIN plus FORTRAN subroutine(s)
to be substituted for similarly

named subroutines in a previously

complled verslion of ORIGEN2 that
is stored on a direct-access
device or tape.

Link-edit step

JCL to call previously compiled
veraion of ORIGENZ from direct-
accesa device or tape; not used
1€ the entire ORIGEN2 code 1s
present on cards.

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

statements to arrange subroutines

in a space-minimizing order.
1f the entire ORICEN2 code is

present on cards, the INCLUDE NEX
card 1s omitted.

2.1

Hone

None

oe
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In the hopefully uncormon situation where the entire ORIGIN2 code

is on cards, the //LKED.HEX . . . and INCLUDE KEX cards zre omitred.

7.2 ORIGELZ Input Deck Organization — Nuclide ‘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 Table 7.2. A summary of the input deck crder is as

follows:

control cards defining input/output units;
piscellaneous 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;

substirute decay, cross-section, and fission-product -
yield dats;

nen-standard, flux-dependent reactioms.

It is ipportant to note that all of the nuclide data libraries read with
the LIE command (Sect. 4.18) must be read on the same input unit. A
sirilar statement can be made about the data libraries read with the PHO
cormand (Sect. 4.19), although the units defined by the LIB and PHO
commands msy be different. The substitute data and non-standard reactilon

data can be read on 2 unit different from that used by the LIB data

libraries.

Nenss
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Table 7.2. ORIGEN2 input organization when the libraries are on cards
- Sectf;;i;f
where
Input deck Comment s described
OQutput unit specification Table 2.3
//GO.FTOAFOOL ND DUMMY Input compositions on disk or tape
(Sect. 4.5}
//GO.FTO6FN01 ND SYSOUT=A Print unit for input listing,
bibliography, and errors
J/GO.FTOIF001 DD DUMMY Write a material composition
(Sect. 4.15)
o /760, FTO8F001 DO SYSQOUT=A Principal print unit
Eg //GO.FTO9F00L DD DUMMY Decay/cross-section library input
00 from disk or tape; not used in
a this case
//GO.FTIOFD0L DD DUMMY Photon Vibrary input from disk or
tape; not used in this case
//GO.FT11FO01 DD DUMMY Alternate print unit
J/GO.FT12F001 DD SYSOUT=A Print unit for unit 8 tahle of \
contents
//R0.FTLIF001 DD DUMMY Print unit for unit 11 table of
contents
J//GO.FT1S5F001 DD DUMMY Debugging information .
//GO.FTI6F001 DD DUMMY Vartable cross-section information
//Gd FTS0F001 DD DSN=TEMP, ' Temporary. space for input read on

SPACE=(3200, (50,50), RLSE),
D1ISP=(NEW, PAS?) DCB-(RECFH=FB

LRECL=60,BLKSIZE=3200)

4y
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Table 7.2 (continued)

Section(n)
where
Input deck Commente described
Miscellanesous initialization data
[Ooverride default individual Data need not be present; -1 required 3.4
element fractional recoveries) '
-1
{Override default element group Data need not be present; -1 required 3.5
fractional recoveries)
-1
{override default element group Data need not be present; -1 required 3.6
membership)
-1
ORIGENZ commanda
[ORIGEN2 commands) Only commands up to and including 4
' ' the first STP command (Sect., 4.29)
or the end copmand are present: here.
Decay data library 4,18, 5.1

[Activation product decay data
library]
-1

[Actinide decay data library)
-1

[Fisslon product data library)
-1

Some of these librariea (including
their associated -1) may not be

pregent, depending on the parameters
of the LIR command (Sect. 4,18).

€8
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Table 7.2 (continued)

Section(r)
vhere
Input deck Comments described
} Cross-section data libraries 4.18, 5.2
[Activation producé cross—-gpection Some of these libraries (including
data libracy] thair assoclated -1) may not be
-1 present, depending on the parameters
[Actinide cross-section data of the LIB command (Sect. 4.18).
library]
-1 .
[Fimsion product cross-section
data lihbrary)
-1
Photon data libraries 4,19, 5.5

{Activation product photon data
library)
-1

{Actinida photon data library]
-1

[Fiseion product photon data
1library)
-1

Some or all of these libraries may

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

w8
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Table 7.2 (continued)

FL

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

{Initial nuclide or element mass] 4,6, 6.1
0 :
{Continuous nuclide or element 4.6, 6.2
feed rates])
0
{Continuous element removal vates] 4.6, 6.3

[Begin Llnput with miscellaneous
data abhove)

|Bégln input with ORIGEN2
commands above)

{Begin input with decay data
librariea}

//GO.FTOIF001 DD *

Branch or stop

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

If (NSTP.EQ.2), read new ORIGEN2.
comnndl and execute. :

If (NSTP.EQ.3), eXxecute existing}
ORIGEN2 commande again.

If (NSTP.EQ.4) or no STP command im
used, terminate execution.

S8



L

16000

Table 7.2 (continued)

Input deck

Comments

Section(s)
where
described

FL
1

i
{Activation product dépay data)
{Actinide decay dsts)
{Flesion product decay data]

{Activatjon product cross-section
data]

[Actinide crosa-section datai

[Fiasion product cross-section
data)

{Non-standard, flux-dependent
rveactions) '

Substitute data

Some or all of theae data may not
be present, depending on the
parametecs of the LIB commpand
{(Sect. 4.18)., 1If the librariesn
are on carda, these subatitutes
can be manually placed in the
appropriate library, eliminating
the need for this asction.

Non-standard reactions

Hay not be present, depending on
paraseters of the LIR command
(Bect. 4.18)

4.18, 4.20

4.18, 5.4

98



&7

7.3 ORIGIKZ Input Deck Organization — Kuclide Data Llibraries
on Tape or a Direct-Access Device

The crganizztion of the ORIGERZ input deck,_ zassuming t@at the decay,
cross-section, fission product yield, and photon libraries are on tape
or a direct-access device, is given in Table 7.3. A summary of the
input ceck order is as follows:

control cards defining input/output units znd data

library files; '
miscellaneous ini:ializatién data;
ORIGENZ operational commands;

initial nuelide compositions and continuocus feed
end reprocessing rates;

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

non-standard, flux-dependent reactions.

As in Sect. 7.2, it is important to mote that 21l of the nuclide data
libraries read with the LIB-command (Sect. 4.18) must be read on the

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

rezd with the PHO command, zlthough the units defined by the LIE and FHO
cozmznds (Sect. 4.19) may be different. The substitute data cards must

be read on & different unit from that used by the LI1B data libraries.

00092
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Table 7.3. ORIGEN2 input orqanization when the ljhrarfes are on a direct-access device

Section(s}
where
Input deck Comments described
Dutput unit specification Table 2.3
//G0.FTOAFO0L DD DUMMY Input compositions on disk or tape
(Sect, 4.5)
//G0.FTO6F001 DD SYSOUT=A Print unit for input listing,
bibliography, and errors
//GO.RTQ7F001 DD DUMMY Write a matertal composition
(Sect. 4.15)
//GO.FT08FO0L DO SYSOUT=A Principal print unit
//GO.FT11F001 DD OUMMY Alternate print unit
//GO.FT12F001 DD SYSOUT=A Print unit for unft 8 table of
contents
J/GO.FTI13FO01 DD DUMMY Print unit for unit 11 table of
contents
//GO.FTI5F001 DD DUMMY Debuqging information
//GO.FT16F0C1 DD OQUMMY Variable cross-section information d
//GO.FTSOF00]1 DD DSN=TEMP, Temporary space for input read on
SPACE=(3200,(50,50) ,RLSE), unit S
D1SP=(NEW,PASS) ,DCB={RECFM=FB, |
LRECL=80,0LKSIZE=3200) ;
Decay data library
/1G0.FTO9F00t DN DSK=ORIGEN2.DECAY, 'Activation product, actinide 4,18, 5.1

DI5SP=5IIR

and fission product decay
tibrarics in one file

88



Table 7.3 {(continued)

Section(a)
_ whera
Input deck Comments degcribed
Croge~sect {on data 1library
/{ DD PSN=ORIGEN2.XSEC,DI1SP=SHR Activation product, actinide, and 4.18, 5.2
fiss ion product cross-section
libraries in one file
Photon data library 4.19, 5.5
- //GO. FT10F00L DD DSN=ORIGEN2,PIIOTON, Activation product, actinide, and
o
O DISPaSIIR : fies lon product photon data in
t(.'p) one file
o //GO.FTOSFO0L1 DD #
Miscellaneous initialization data
{Overtide default individual Data need not he present; -1 3.4
fract ional recoverieal} required , '
-1 ‘ ‘ : '
[Override defsult 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
membership] required

-1

P
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Table 7.3 {continued)

Section(s)
where
Ioput deck Comments described
: 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 prepent here.
Composition, feed ratea,
and remopval rates
(Initial nuclide or element mass] 4.6, 6,1
0
[{Continuous nuclide or element feed 4.6, 6.2
tates} :
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 commande
asbove]

iBegin input with decay data
libraries)

I
//co.FT03F00L DD *

IF (NSTP.EQ.1), read new miascel-
laneoua input data, new ORIGEN2
commande, and execute new commands.

1f (NSTP.E).2), read new ORIGEN2
commanda and execute.

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

It (RSTP.EQ.4) or no STP command {a
used, terminate execution.
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Table 7.3 {(continued)
Sect fon{e)
where
Input deck Comment s deacribed
Substitute data 4.18, 4.20
{Activation product decay data) Some or all of these data may. not
: be present, depending on the
[Agtinlde deca? data) .parameters of the LIB command
[Fisaion product decay dats) (Sect. 4.18).
[Act ivation product cross-section
datal]
"[Actinide crosa-section data)
[Piesion product erose-section
data)
NHon-~-standard reactions
{Non-standard, flux-dependent -Hay not be present, depending on 4.18, 5.4

I’
1

reactiona]

parameters of the LIB command.
(Sect. 4.18) :
!
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8. DESCRIPTION OF ORIGENZ2 INPUT AND OUTPUT

This section presents and describes a specific ORIGEN2 csalculation.
The example calculationally irradjiates fresh 3.2%Z-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 8.2 contains a generic descriptiom of ORIGEN2 output,
which i{s necessary because of the apparent difficulty many users experience
when trying to read ORIGEN2 printout. Section 8.3 describes representative
portions of the ocutput {listed in Appendixes B-F) resulcing from executien
of the input deck described in Sect. 8.1. '

8.1 Description of Sample ORIGEN2 Imput

The sample ORIGEN2 input deck described here is listed in.Table A.l
oflAppendix 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 a2 direct-access device or tape. In the discussion to
follow, specific cards in the input deck will be referred te by the
card number given in the left-haﬁd column in Tzble A.l.

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 znd correspond to case 1 in Table 2.2. The most significant
aspects of MAIN are described om the comment cards contained in the

listing in Tsble A.l.
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Following MAIN on cards 90 through 105 1is a series of job control
cards for ORIGEN2. Cards 91 and 92 point to the compiled subroutines of
ORIGEN2 (i.e., the object module), which reside on a direct-access device
in this example. Card 93 points to the OVERLAY‘Statemen:s, which are used
to arrange the ORIGEN2 subroutines in a space-minimizing configuration.
The OVERLAY statements are also stored on 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 are 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. OQRIGEN2 will continue if the cross-section data set is not concat-

enated (i.e., the cross-section data set is given as GO.FIQ9F002 DD, etc.).

However, in this case, an error message will be printed. Card 97 polnts -
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 om
systems where this is not done. - 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
input data read dn unit S5 while they are also being listed on unit 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 many of these cards rtesult from straightforward application of

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

the fractional reprocessing recoveries, as described in Sects. J.A through
3.6. Cards 125 through 128 are the LPU commands that indicate the
nuclides for which substitute data are to be provided. The first LPU
command is associated with the first negative library identifier on the
LIB command [(card 129), i.e., the fission product 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 ¢f 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

on 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, acfinides, and fission products) being printed along with all
nuclide aggregations for the activation product curies table (see

Sect. B.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. B.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 teo
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. Cards 196 through 226 define the input
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 zeroes (first character om card) that terminate the execution of
each INP command. Card 227 begins the newv set of commands required by
the previcus 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

000S3

i15



95

waste and cladding 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, after 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 contain the substi-
tute.data for the second set of LPU/LIB commands {(cards 230 and 231}.
Note that only the decay information is required since only the decay

libraries are being read.

8.2 Generic Description of ORIGENZ 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 am attempt to alleviate the problem by giving a
generic description of the organization of ORIGEN2 output. Section 8.3
will describe in detail the sample output in Appendix B. .

ORIGEN2 output is arranged in a hierarchical form containing four
levels. Thus, the first objective is to establish the overall (first-
level) organization of the output. This 1s done in Sect. 8.2.1. Next,
in Sect. 8.2.2, the principal component of the first-level organlzation,
- which is called an "output grouping,” is dissected. Finally, in
Sect. 8.2.3 a single ORIGEN2 output page is analyzed.
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8.2.1 Overall organization of ORIGEN2 output

The overall organization of a typical ORIGEN2 output is summarized
in Table 8.1. The overall organization 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 is controlled from MAIN (see Sect. 2.6), and
the unit numbers can be changed readily by changing 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 im 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.

A1l of the information printed on unit 6 is numbered sequentially
by page. The table of contents printed on unit 12 lists the variocus
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 output.

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 location of the
fission product yields that must be altered when fission ¢ross sections
are changed, (5) an indication of the bufnup anticipated for the current

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

Sectiou where

Description of ocutput Unic® described
Card input echo ] 8.2
Miscellangeous input 6 3
Fisaion neutron yield per neutroa-induced
fission

(alpha,n) neutron production rate

Fission neutron yield per spontaneous
fisgion

Individual-element fractional reprocessing
recoveries .

Elemenc-group fractiomal reprocessing
recoveries

Assignment of elements to fractional
Tecovery EIroups

Elemental chemical toxicities

Listing of QRIGENZ commanda
Data librariea

Decay
Activation product segment
Actinide segmant
Fiszion product segment

Cross section
Activation product segment
Actinide segment
Fission product segment

Photon
Activation product sagment
Actinide segment
Fission product segment

output 1° 6 8.2.1
outpur 2° . 6 8.2.1
output K° 6 8.2.1
Table of contents ) 12 8.2
Variable cross-section jnformation ' 18 8.2
. Debugging and other intermal informatiom 15 8.2

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

Nota: 1f an STP command (see Sect. 4.24) is usad, the output alter
"Output K" in the above tabls will begim with miscellsaneous input

(NSTP=1), ORIGEN inmstruction listing (NSTP=2), or Cutput N+l
(NSTP=13).
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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,
240pu, etc.) that do not have a direct fission product yield.

The debugging and other 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 calculation 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 REQ command
(Sect. 4.10). ' _
The information discussed above generally constitutes the output in
a typical ORIGEN2 calculatiecn. However, under cbﬂditions where an
extremely large amount of output is desired, it may prove useful to
direct a limited amount of the output to umit 6 aﬁd the majority of
the output to unit 11. 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 output,
controlled by the LIB command (Sect. 4.17), would require roughly 75
pages for an ORIGEN2 calculation that includes &ll nuclides.
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B.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 hierarchicsal 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, neutron emission rates,
and photon emissien rates. . 7

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 ORIGEN2 case (see
Tables 2.1 and 2.2) i3 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 only the activation products.

A table type 1s characterized by the units of the table, such as mass '
(grams), radioactivity (curies), thermal power (wattfs), Or meutron
"absorption rate (neutrons/sec). Twenty-four table types are available
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.ea:h table
type, there gie four possible aggregations: nuclide, element, SUmmary
isotope, and summary element. The aggregation(s) that are printed are
alsc controlled by the OPTL command. The nuclide aggregation 1lists the
specified characteristic of each nuclide in each of the vecters 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 information as the regular tables
except that only those nuclides (or elements) which contr;bute moere than
a certain fraction (i.e., cutoff value) to the total for all activationo
product isotopes are listed. The cutoff values are specified with the
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Table 8.2. Organization of an output grouping

Reactivity and buraup data

Activation product segment

Table type 1°

Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Table type 28

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 activation products]

Fission product segment

[same table types and aggregations as for activation products]
Neutron ﬁroduction rates

(alpha,n)

Spentaneous fission

Photon production rates

Activation product segment
Summation tables .
Principal coatributor tables

Actinide segment

[same aggregations as for activation products]

Fission product segment
[same aggregations as for activation products]

%The table types that are actually printed can be controlled with
the OPTn cormands (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 5.2
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 OPTIF (Sect, 4.27) commands respectively.

The neutron production rate tables are relatively compact and
straightforward. Each consists of a one-page listing of the neutron
production rates from (alpha,n) reactions for each nuclide in each vector
printed and 2 one-page listing of the neutron productioﬁ 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 1s tested against a cutoff value specified by the CUT '
command (Sect. 4.9). If the isotope's contribution 1s less than the
cutoff, the isotope is not printed. .

The final second-level section of the output 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 ocutput for each of these segments is substantially
the same, only the activation product segment will be described in detail,
The activation product photon output consists of summation tables and
principal conmtributor tables. The summation tables list the photon
production rates for each vector printed as a functionm of 18-photon
energy groups. Summation tables are given in units of photons/sec and
MeV vatt™' sec”’. The principal contributor tables list the photon
production rates for each nuclide that contributes more than a specified
fraction {i.e., & cutoff value set with the CUT command) to the total

photon production rate for each group.
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8.2.3 Description of a single ORIGENZ 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 number 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., nuclide table, element summary
table, etec.) and table type (i.e., radicactivity, curies); and
4. the output grouping basis (specified with a BAS command,

Sect. 4.3).

If no real specific pouer/buruuplfluxVinformatiOn is available, all
parameters are set to 1.0,

Below the output grouping basis, and spanning the entire page, are
the vector headings. Unless altered, these headings will be the irradia-
tion or decay 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 elementlzand the remainder of the horizopntal line gives the charac-
teristic (i.e., curies) of that isotope for each of the times or
conditions of each vettor.

At the end of each aggregatiom, 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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8.3 Description of Sample ORIGEN2 Output

This section describes five different types of saﬁple output produced
by ORIGEN2: output on unit 6, units 12 and 13, unit 15, unit 16, and
unit 7. Since the ocutput from some of these units, par;icularly'unit 8,
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 & is given in Appendix B.
There are two principal types of output on unit 6: reactivity and burnup
information,and the ORIGEN2 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 information 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 & nuclide has three reactions]. The information below the MMAX
data indicates the size of the problem executed. This information is
needed to variably dimension ORIGENZ.

| 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 radioactivity table
is included. Table B.2 is the activation product nuclide radiocactivity
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,

§0209
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regardless of whether it is significant. Table B.3 is the element
~sggregation corresponding to the nuclide sggregation in Table B.2.
Again, 21l 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 aggregﬁtions. 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 identical except that the neutron producti&n

rates are from spontaneous fission events. These tables are produced

only for the actinides since only these nuclides emit significant numbers

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

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

Appendix B.4 contains the sample photou productiom.rate cutpat.
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
unite of photons/sec and MeV/sec. The lower half of Table B.3 gives
the specific energy release rate for each group as a function of decay
time in units of MeV (of gamma power) sec™! [waze (of reactor power)]™!,
Totals are given in unirs of MeV sec™! watt™! and (gamma) watts. All of

the units, except the specific energy release race, are per basis unit.

00210
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8.3.2 ORIGEN2 output on units 12 and 13

ORIGEN2 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.1l. It
is hoped that the use of this output by ORIGEN2 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 ORIGEN2. 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 anticipated burnup during the next irradiatiom step and
the weighting factors used in the cross-section interpolatiomn. Then, a
small table is output containing several pieces of information for each
nuclide with a variable cross section. The pieces of information in this

table are as follows:

1. NUCLID: Six-digit nuclide identifier.

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

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

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

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

when fission cross sections are varied.

00241
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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 sections.
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; not meaningful if item 5 equals zero.
10. FiSS(J): Value of FIS55(J) for the location iIn item 6 above.
11. OLD XSEC: Value of the cross section during the previous
irradiation step.
12. NEW ISEC: Value of the cross section during the upcoming

irradiation step.

Al]l of these pieces of informstion, in one fashion or another, serve to
indicate whether the routines that vary the actinide c¢ross sections are
funcﬁioning properly. Under normal circumstences, this output is not
usefyl and can be suppresszed. Twd sequentiel, variable croas—section.
Output-segnents are given in Appendix D so that the movement of the

old and new cross sectiona can be seen.

8.3.4 ORIGEN2 output on unit 15

A sampie output containing debugging and internal information is
Biven in Appendix E. This output, which is printed on unit 15, serves
three principal functions; The first function, which is useful in some
debugging situations, is to print a single line of information just
before each command is executed. This output immediately indicates the
command that was being executed when the error occurred. This output
also prints information concerning the ouzber 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.and DEC instructionms.

The second function of the output on 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.

00212
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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 powef is given, or vice
versa. These values will not be described in detail, but 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: absoclute time at the end of the current irradiation step, sec
DELT: duration of the current irradiation step, sec
EPF1, EPF2, EPF3: recoverable energy per fission associated with
the zero, first, and second time derivatives
_ used in the flux/power calculation, MeV/fission
EPFAVG: average, recoverable emergy per fission for this time
step, MeV/fission
FLUX: calculated or specified‘flux for the irradiatien atep,
neutrons sec ! em™2
POWER: calculated or specified power for the 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 situationms. '

The inéernal information printed for the KEQ command (command oumber
$2 in Appendix E) is 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(1l), NKEQ(2), and NKEQ(3) respectively
(see Sect. 4.10)
NDESA, NDESB, NDESC: relative neutron destruction rates of vectors
NKEQ(1l), NKEQ(2), and HKEQ(3) respectively
IMFA, IMFB, IMFC: infinite multiplication factors (= NPROn/NDESn)
of wectors NKEQ(l), NKEQ(2), and NKEQ(3)
respectively

23443
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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 neutron flux.

The internal information printed for the FAC command is relatively
simp;e compared with that for the irradiacion and KED commands. The FAC
output information on unit 15 consists of the value of NFAC(l) on the
FAC instruction and the value of FACTOR[NFAC(1l)]) (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 reﬁuires arrays that exceed
the size of those arrays actually present, an error message will be output
indicating the 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
2 particular command actually used exceeds the allowable number, as given
in Sect. 4, an error message will be printed. Neither of these two error
types will srop program execution.

The third type of error is printed when the command key word defining
the type of command does not matéh 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 outpur on unit 7

A listing of the sample ORIGEN2 ourput written by unit 7 is given
in Appendix F. This output is generated by the PCH cowmmands 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
marerials are listed in Appendix F (viz., fresh uranium 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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APPENDIXES

APPENDIX A: SAMPLE ORIGEN2 INPUT DECK LISTING

Apperdix A,1: Sample ORIGENZ Imput Deck
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Table A.1. Sample QRIGENZ input deck

1 s/ BIEC runracn..pnau.rtzt—-xnzr-
2 // BREGION.PORT=400K,
3 s/ PARM.LEKED=*QOVLY,LIST,FAPY,
8 // TFAEM.GO=!EO==1,DOXP=I’,
5 // REGION.GOwE00K
& //PORT.SYSIN DO =
T e
8 CCASE 1 CASE 1 CMS2E 1 CASE 1 CASE 1 CASE 1. cCasE 1
s c
10 16GICAL  10%6
n INTEGER*2 LNCA,Y¥0%0,KD,1O0C,BGY, NGY, HGH,NTIELD, NONP, WC, 12X, KAP,
12 $10CP,RPODTP
13 boveLE PRZCTSION CIAN,CSOUM
14 DIEENSION XWBW({ 13,1676} ,COTYP{ 7,1676),WPROD( 7,1676),
15 :uunr(15151.s|p(1s1s)
16 DINZNSION STTPPB({ 10,10) ,ISTOTI{ 10,02),IS{ 10),ESTOTI{ 10)
17 DIBEXSION a (6500) ,LOCA {6500y , FPODPRP( BBO, 2
18 DIMEWSION DR{ &),ER{ &)} ,PR[ &} _
1e OIEENSION YI®LD{3200),¥TIPLD({ BRO) ,RMULY( 4,3
20 DINENSTIONM ALPEN( 132} ,F0CAN{ 132!.!0CS!U( 1321.!?{ 122 LITL 132),
1 SYPSF({ 122),PPA { 122}
22 CONMON /JUNK/ERE,IDNM{1),TLITE, IACT,ITP,ITOT,ILENY,TANAY, IPHAL,
23 SITRAY,TZ5AX,AXN,QIN,PLUX,POVNER, INDEX, TEPBAY (4) , TRAMAX
24 COSRON /AAINOI/NSTR,ANNUL, ANEIP, NABRAX, ICRMAI,TAPHAI, TPYHNAX
25 € 1765 VYORDS ARE WRCESSARY IN /NODSCEs BEGIYNIYG 9ITH S
26 © /MODSCR/ IS USED POR BULTIPLE PURPOSES.
27 CONMON /NODSCE/DOII{ 7,1676),0UN2{ 6,1676),5(2) ,CINN{1675),
24 § CSUA(1676) , YORP (1676) ,NQ (1676]) ,XP (1676} ,XPAR [1676) , XTEAP (1676} ,
20 $ D(1676) ,1P (I500) ,LOCP{3500) ,LONG (1676)
30 COBAON /BIG/NUCL(1676),0({1676) ,T5{0008) ,20CAP (1676) ,GENN®O{ 132},
k3 $ALPEAX( 132),SPONF( $32),SPWU( 132),PISS( 132),30CAB{1676),
32 SABPC (t676) ,UNPC (1€76) ,ISTORE( 10,1676),0I5(1676),8({1676),
33 SABUED( 450) ,YOW0 (1676) ,KD{1€76),10C [6500) ,¥GT ($676) ,RAGH(1676) ,
2a $9G2(7900),56E (7900)
35 C DR,EE, AND YR PROVIDE A CONVERIENT NECAANISE FOR INITTALIZING YARTAPBLZ
36 ¢ SOLTIPLITS ARRAY RAULY.
chd YAUIYALENGCE (DR(1),RI0LY {1,1)), (ER(1},RA0LY (V,2)).,
39 $(?R(1) ,PIOLY(1,3))
i L] EQUIVALEECE (DOA1{1,1),COEPP(1,1)), (DOS2(1,1),%9200(1, 1)),
"0 ${MONP (%) ,ANAX (1)) ,{KAP(1},MQ (1)), (INEP (1,1} ,0081(1, 1))
81 TQUIYALENCE (IP(1),ALPRE (1)), (ALPEN( 132),BOCAK (1)), (WOCAN{ 132},
82 SROCSPO (1)), (NUCSYU( 132),%T (1)), (WY{ 132),YY(V1), (YT ( 132,
a3 STPST (1)), (PPSP( 132),TITLD (1)), (TIELD(3300) ,NYIZLD(1)}
ae CAll Q105F(6)
45 C INITIALIZE PAGE COUOWTER
(13 PRAGE=IPAGE(0)
87 IY= 10
ag Ex= 13
a9 1C= 2
50 ILEAT= T00
. 81 IANAY= 932
52 IFEAI= 48)
53 T OITEAXIs 1676
-1} IZHA Y= E500
-1 IPENAI=T900
-1 IAPMAY=]3500
5?7 IPYaLI= 3390
58 WAPMAX= ASQ
59 ICH®AI= 3
&0 ITD= 880
61 1i8= ]

62 C NEUTRCES FEE YEUTEOR-I¥DOCED FISSION: O=THERMAL SPECTRU®; 1=TAST SPICTRUN
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Table A.1 (continued)

&3 1YY=

1] BrIr=0

S £ CALL SUBROUTINE TO REMD CARD I¥POT PROM OUXIT S, PRINT IT O% OWIT &, ABD
66 C SRITE IT ONW OXIT SC. ONIT SO IS THSM BEEWOOND AND OBIGEN2 READS THE DATA
€7 £ rEOAM OWIT 50.

&3 CALL LISTIT(S,5,.501

€9 FRUIND S0

70 ¢ EAT¥Y ERBDLES TNE BISCELLANEODS INITIALIZATION DATA

79 1 CALL BAIW1{¥YTP,SIND, ALPEY ,NUCAN,NOCSPU,¥Y,YY, ANB0L,ANEIR)

2 £ MAIN2 RPADS IRHE ORIGES2 CONMABDS '

13 2 CALL BAIN2({NSTP)

7% € IAIN] EXECUIEZS TAY ORIGEN2 COYEANDS

75 3 CALL MAINI({

76 t LONG,STITPH,ISTOII,IS,RST0TI, LX, 3%, LC,IPD,

” $WOUCAB, BONO, KD, LOC,¥GP,NGH, NGE, NYIZLD,¥ONP, XQ,LOCP ,ZNAX,EAP,

18 . SIOCK,RPODPP, CI¥N,CSTE, 5,

A $¥0CL,Q.7G,TOCAP,GPNNED, ALPEAN, SPONTY,SFNU,PISS, ANPC, WEPC, ISTORE,

80 $vIS, !,GGR,YITLD, A . 1P, IP\R,ITENP,D,AP,CORPY, NFROD,  INEW,

a1 SALPHM, NOCAK, YOCSPU, NT, TY,PPSP, PFA,ABORD, ENOLY ,LAN)

92 ¢ THIS *G0 TO"™ SROVIDES THE MECEANISH POR EIECTTING AULIIPLE PROBLEYS WITHIN
83 C A STNGLEZ J0B.

L1 6o T© (1,2,3,4),%STP

=S a4 CoNTIENDE

L] CALL Q10SF (&)

a7 STOP 100

Ae nD

Bg /=

8 //LKED.STEPLIE DD DSW=SISt.VSPGA,DISF=SHE

91 //LEED.REX UD DSN~CHENTIH.AGC1R198.0208J,DISP=5HR

< // DD DISPwSHR,DSN=CHEEZTECH.QIOSP.DOAXTO

93 J/LRED.SYISI¥ DD DISPeSRE,DS¥=CEEBTECH.AGC18198.020VLY

9% //GD.PTO0?FO001 DO SYSGUTE,DCB= (RECPE=PE,LRAECI=A0, BLKSIZE=3520)
95 //G0.PT05P001 DD DSPeCHIATECH. AGC18198.DECAY,DISP=SHE

96 4/ DD DSN=CEPATECH. AGC 16198, IPWRO,DISP=SHR
97 //R0.FTI0F001 DD DSN=CHENTECH.AGCIG19%,. PHOTON, DISP=SHE

98 //30.PT117001 DD SYSODT=A,DCE= (RECTE=¥BA,LRECL=137,BLESTZE=1100]
99 ,/G0.7212#001 DD SYSOOT=A,DCB= (RECPM=¥BL,LERCL=137,BLESIZE=1100)
100 //G0.PT13%001 DB SYSQDTsA,DCEs (RECPE=¥BA,LEECL=127,BLKSIZ2=1100)
- 101 #/%0.FT157001 DD SYSODTsA,DCH= (RECPH=VYNA,LPECL=117,BLESTZEx1100)
W2 //G3.PT16P 001 DD SYSOUT=A,DCBe (RECPA=VEA, LERCL=137, BLESTIZER1100)
103 //50.,*T50r007 DD DSW=LEAGC,UNITsSTSDA,
108 s/ DCE={RECTR?PY,LRICL»90,BLESIZT®=3200),SPACT={3200,(50,50) ,E15E)
105 ,/GN.*TS17001 DD SYSODT=A,DC%= (22CPY=VBL,LPECL=1]7,BLESIZE=1100)
106 //G0.FI0SFOO1 DD e
107 92 1t 0.99
108 93 1 D.99s

109 -1

110 S 10.1

M -1

112 2 1%

13 =1

114 BAS ONE METRIC 103 Or PYRU POEL

115 RDA =1 = PRESE U FUEL VITE IZPURITIES {1 nT)

16 10d =2 = PRESA TIXCALOY COSPOSITION (V1 KG)

- 102 =3 = PRESH S5 3J0A CORPOSITIOR (1 EG)

118 .37 -4 = PRESH S$ 302 COBFOSITION (1 KG)

19 20 =S = PRESE INCONEL COAPOSITION (1 KG)

120 .33 =& = PRESE WICROBEAZE CORPOSITION (1 KG)

L3 RDA YARSING: VPCTORS ARY OPTRN CRABGED WITH EE2SPXCT T0 TEEIR CONTERT.
122 .17} THESE CHANGES ®ILL BE ¥WOTED OF RDA CARDS.

123 CoT 5 0.01 =1 :

120 LIF 111 ADE
128 LPU 3280900 551370 -1

125 Le0 210030 060140 =1

127 LFPO 902320 =1

128 LPU 380900 -1
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129
130
121
132
133
138
13%
135
127
138
139
120
11
142
141
L1
W5
1§
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
161
168
16L
166
167
168
169
170
™
172
173
178
175
176
1”7
178
179
180
19
192
183
1841
85
186
187
188
189
190
191
192
193
194

LI®
PRC
oPIL
TIT
RD1
Ixp
RD2
INP
BDR
Ixp
kD1
INE
RDA
IXP
TIT
Lled )
HED
Lk
Ire
IRP
TRP

. IRP

IRF
IR
IEP
IRF
IPP
Ire
IRy
BUF
oPTL
oPTL
oPTr
ou?
RDA
ECY
®D2
KZQ
TAC
[4:0)
TIiY
nov
ADD
ADD
ADD
aen
IR?
IRF
TRY
IRY
Izp
IRP
IRY
IBF
IRY
IrF
IRr
ouT
RDA
BDA
{o} ]
oy
PcH
pchH
PCB
PCE
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Tablte A.1 (continued)

6 12 -3 ~-208 -205 ~206 93 -211

101 102 103 10
~1 2a%8 '

IWITIAL CONPASITINNS OF UWIT AMOUXTS OF POBL AND STRUCT NAT'LS
READ PUEL CCEPOSITION INCLUDIRG IMPURITIES (1000 XG)
-1 1 =1=111

READ ZIPCALOY COMPOSITION (1.0 KG)

-2 1 -1=1 11

RIAD 55308 CCNPOSITION (1.0 KG)

-3 1 =1 =111

BEEAD INCOREL 718 CONPOSITION (1.0 KG)

-5 1 =1=t11

BEAD NICROBRLZE 50 COZPOSITION (1.0 KG)

-6 1 =1=111

IRRADIATION OF OKE RETRIC TON OF P¥RT PUTL

=110 1.0 ‘

1 CHARGE

26.7 37.500 1 2 & 2 END OPF THIS STEP=1,000 PEW¥D/ETIAM
66.7 37.500 2 3 4 0 EXD OF THIS STEP=2,500 awD/BTIRY
133.3 37.5%500 3 4 4 0 EXD OF THIS STEP=5,000 8YD/ETIEE
266.7 37.50¢ & 5 & § PENED OF THIS STEP=10,000 BVD/ETIAN
800.0 37.500 5 € & 0 END OF THIS STEP=15,000 AND/BTIRD
640.0 237.500 ] 7 @t 0 PED OF THIS STEP=16,500 BWD/NTIHN
533.3 37.500 7 a 4 0 2¥D OF THIS STEPw20,000 mWD/NTIHA
666,.7 137.500 8 9 h 0 EXD OF TEIS STEP=25,000 MwD/ATIHA
733.3 37,500 9 10 & 0 EWND OF THIS STEP=27,500 EWD/NTIRA
800.0 37.3500 10 M @ 0 YD OF TEIS STEP=10,000 EWD/HTIHN
esgg.0 37.500 11 12 4 0 EyD OF THIS STEIP+*313,000 EWD/ATIHA
s a8 E7TR 1888008883 RENBAEES
Ree8TBEEB8 e 88 RAE9BOB8EBLEE
aRB 8T8 ABBOBEEBERBEEEALEBATE

2 1 -1 0

1

<10 = IRRADYIATED U PUEL AT DISCHARGE

12 =10 0 1.0

THESE INSTRUCTIONS ARY HERE OWLY TO DENONSTEATE THEIR USE

10 1212 1 -1.0

1112 8 0.0

IRRARIATION OF ZIBCALOY+ INCONEL » NICEOBEAZE 50 AT 100% PLUX
IREADIATION OF ZIRCALOY+ INCONEL ¢ NICROBRAZE 50 AT 100% FLOI
=2 10 223.0 ZIRCALOY

-5 10 12.8 IRCONTL

-6 10 2.5 NICROPRAZE S0

-3 10 9.9 55 304

1 ‘ ' CHARGE

26,7 -1.0 1 2 & & ®T§D OF THIS STE® = 1,000 EWD/MTIIAN
66.7 =1,0 2 3 & o zIEp OF TRIS STEP = 2,500 MVD/ETIHH
133.3 =1.0 3 & & 0 ESp OF TEIS STEP = 5,000 MWD/HTINH
. 266,77 =1.0 a $ & 0 EPND OF TEIS STRF = 10,000 =WD/HIIHK
400.0 -t.0 ] 6 & 0 z¥p OF TRIS STEP » 15,000 HEND/STIHN
a80.0 =1.0 6 7 & 0 2ND OF THIS STEP = 16,500 BEED/ETIEM
533.31 -t.0 7 8 & 0 E¥YD OF THIS STEPF = 20,000 EWD/BZIRY
666.7 =1.0 8 9 8 0 EFD OF THIS STZP = 25,000 AWD/NTIRE
733,313 -=1.0 % 10 & 0 ©ED OF THIS STEP = 27,500 END/MTIHE
800.0 -1.0 10 11 & 0 23¥p OF TEIS STIP = 30,000 MED/ETIEA
880.0 -1.0 1 12 &4 O ©E¥D OF TEIS STEP = 33,000 EWD/HTIEA
12 1 =1 0

=2 = FPRESE ZIRCALOY, IWNCONEL, AND NITRONEAZE

-9 = TRBADIATED ZIRCALOY, IXCONEL, AND XICROERAZR
1 =2 0 1,0
12 =% 0 1.0
-1 =1 =1

-10 =10 =10
-2 =2 =2

-3 -9 =9
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The. correction shown below should be made to the semple problem in file 2 of

CCC-371/ORIGEN2-82. This need for correction vas snnounced in the December 1983

RSIC Newsletter.
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Appendix A.2: ORIGEN2 Overlay Structure
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Table A.2. ORIGEN2 OVERLAY statements

IXKLODE AZY
" ENTAY EAIN
INSERT EALX
OYESLAY &
INSTRT LISTIT
OVEEFLAY A
IRSER?T MAIN]
QYERLAY C
IBSEET BAIMY
RYERLAY C
IPSERT 2AIN2
OYERLAY P
INSEET ISECO1
OYERLAY P
INSEET ISECO2
QYEBRLAY P
IUSERT ISECO3
OVERLAYT T
INSEIT ISPCOQ
OVEILAY ?
INSERT ISECOS
OYERLAY ¥
JASEAT ISECOS
OYERLAY T
INSERT ISECOT
OVERLAY 7
I35TZ1T ISECOS
OVERLAY P
TESERT ISELDY
OYERLAY P
INSERT ISECYO
OYERLAY T
IRSERT ISEC
OYERLAY P
IRSERT ISECI2
OVYERLAY 7
INSEET ISECY)
OYERLAY T
IRSERT ISECIN
QYERLAY T
INSERT ISECIS
QOVEELAY F
IBSERT ISECIE
OYERLAY P
IusS2RT ISECYY
OYERLAY T
IES2ET ISECYS
DYERLAY P
INSERT ISECYY
OYRRLAY P
INSEAT ESECRC
OYERLAY C
INSERT ADDAOY
OYERLAY €
INSERT FUDOC
OYEILAY € ,
IESERT FUDATI,DECRED
OVYERLAY C
JI¥SERT PUDAT2,.S5IGRED
OYERLAY C
INSERT FODATI,ANSP?
GYIRLAY C
I3STET PEOQLIB
OVRRLAY B
INSERT TIRMD
OYERLAY D
Y BSERT PLUXIO,DECAY, PUDGE
OYERLAY D
INSERT TRRY,SATREI,EQUIL
OVRRELAT B
I1S2RT QOTPOY
OYERLAY T
INSERT OOTY
OVERLAY 2
IESERT OUT2
Efl'll.l! | -~
ESTRT SANNL -
'VEILAY B 0{"1 v
1BSPR? pOTION

s
i o



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

Appendix B,1: Resctivity and Purnup Informaticn
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S210C6

Teable B.1.

Sample ORIGEN2 reactivity snd hurnup {nformation
OUTPUT OMIT = &

IRRADIATION OF ONE NETRIC TOW OF PHRO POEL

FOWER= 3.75000% Q1MN,

CHARGER

TINE, SfC

mgoT, FLOT
se pow,ad

PUERUP,NUD
K THPLYITY
NEOT PRODN
wEoT pESTH
201 pUARULP-
AYG § PLUX
AYG SP POR

s e a2 &

SO00D0s OO D

-

SO0000 OO0

STIE OF SAAX(I) 1 BMAR= 1| &= 849
HEAK= B %

AMAL= 7 #= 1%

BAS I3
7. »

2.218 0é
1.09¢ 1
1.rse Y
1.00E 0)

1.35700
1. 808 08
7.40% 03
J.0E Oa
J.2az 19
3,158 0%

67. D

5.768 08
2.49¢ 1%
.75 0%
1.50E 013

1.33677
t.012 OW
7.56¢ 01
3. Y0E Or
3.1 18
3,758 01

HAR I~ 2

BORNOPe 3. 30000F OR4ED, PLOX= 3,208 18N/CH*#2-5IC

REACTIFITY AFD BORNUP DATA
OWE ABTRIC TON OF PURD POBL

133.

D 267, O 400, D %0. b $33. » §667. B

1.152 07 2,30 ©7 3.a6B 07 3,80k 07 A&.61E2 07 S.76¢ 07
2.908 18 2,95E 14 3.05E 13 3.96E 18 X, 26E 18 1. 40R 19
J.I5E 01 3.758 01 3.75E OV 3.75€ OV J.715E D1 3,7SE 01
2.50E 0) S5,00E 03 S5.008 03 1.50F 03 23.50® 03 S5.00F 03

1.303%8 1.3293% 1. 16017 1. 15865 1.11s88 1.05776

1.012 08 9,878 03 9.88E 03 9,352 03 9.03E 0) 8,588 0]
T7.75E 03 0,03k 03 B.I8E 03 8,092 03 8,10 03 8,118 02
3.308 O& 3_30e O8 3,30 O8 3.3CE O 3,.30B 08 1,30 O6
LI0E IR 3. 2aE 1N 3, 28E it A 2NE YR 3. 282 18 1. 28 1A
3. 742 0V 3.75E OV ),7S5E O 3.75E Ot 3.75E O 1.75R OY

437 AMAY= 3 d= 188 AAAXIs & = 52 BHAE" §

733, 0

6,398 07
3.5z 10
3,15t 01
2.%0¢ 01

1. 03389
8.3%8 03
.07 01
3,30t O
3. 242 14
3. 750 01

0 HUARE= 9 §= o HAAZ=10 = ] SARE=11 = o AARI=12 = o

TAF WONBIR OF NON-ZIELEQ TEUNS IV A=63T4
THE ROPSEA OF WOB-LEROC PISAIOG PRODOCT TIRLPS=3242

11LITE= 634

IaCT= 139

ire= 858

THe WINBER OF NON~ZERO0 BATURAL ARUSDABCES= A28

TAL PIAEER OFf WON~LERO PADTON YIRLDS= 4725

TEE MAIIAUA BSURBEY OF TERNS IW AP= 3350

IT0T=16T1

apo. , p

6.91 07
3.66E 14
3.75 01
2.50E 03

1.61079
8.1)e 03
8.04E 03
3.30k On
.29 1
3.7158 01

HNAR=s &

880. D

7.60E 07
A.76E 1%
3.75E 01
3.00¢ 0)
0.9%8405
7.90¢ 0)
8.03e 03
3.30¢E OW
3. 2aE I8
.75 01

= 43

14}
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Appendix B.2: Sample ORIGEN2 Output Tables for Activacion Products
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Jclide radipactivity table

" Sampfe ORIGEN,

Table B.2.

kL)

PAGE

OUTPOT ORIT =

DEICRY OF EWE STRUCTUIAL AATERIAL WASTE

ACTIVATION PRODUCTS

PLORX= 1.00B O0OB/CHS&2-32C

$ 13,000 RupsHtHN

soRRgp= 1.00000F 00N¥D,

POPRR= 1000008 OOPY,

COnIBS

AUCLIDE TABLE:

RAGIOACTIVITY,

3o. KY 100. KY 1. AY

KY

3

1. &Y

AT & REPROCESSING TIAR OF 160 DAYS
™"

‘TR

30. A 100.

ouE ::lll Or INITIOL HEAYY RETAL

™w

b

1p+0.05% ¢

130

jae-0e

Unaoﬂ.ouoooanlooo°°oonoooooooonoooooooooonoooooooounﬂ

R NN TR N N N

ooooooo0000“‘noooouoonnoonooooooooononﬂouooooounoobo

168-08
ROE-06

ﬂnouoo000&0“10000002000&000000.0oonuoooonoooonooooooo
B OF g » % & & % & 8 B4 r 1 4 4% % @ LA L] 4 8 4 4 Y 8 % § 4 % % A 4w b kT & 3 0

oo00000ﬂnuoGo-.‘0ﬂﬂ000500000oooooooonooooooooooonoooooo

] ~

e &

1 ]

- [

- ™~

© "
OO OO N0 0O e e OO RO O NOOo0COoOD000Cc0C00OQOR00D000COR0D
* % v v * q 9 R L N N N I L N I L P D N N N T I O R I R T R N R R R N R R R R . B
L L L L L - I L Y L L L L L Y- N

[ -] L

-] [ -]

1 ]

= [

& ™~

o o

ooooaonooooo:ooooonsoooonaooooooooaooonooooooﬂoooooo
a 4 8 328 N R N N N N R R N N R N N e ] [ ] ]
oooooooouooozooooo0:“ooooooonoouoooooaooooooooooonuo

8 78-01

ooaooosonooonoooooooooooooooooooooooono
[ NN N N ] ] [N

000000600000ooooooooooouunooooooononooo

oooooooooooo
LI K I N T LI I

oooooooooooo

39E-01

T0E-285
0fE-08 1.206E-00

0030000000002000000300000000000000000000000000000000

(RN RN I N N S R N N N N R R N N L N B

oosonﬂoooaa°200000°auoono”ooboooﬂ_oonnononnoooooooooo

23E-09
o9E-00
T&E=01

“ozoooooooonzoooooooﬁooo0”0oooooooonoooonooooooooooo
(I N N N N N N R N N N N N ] 4 4 * % 4 # v R 8 B WS 44 5 S ¢ ¢ & 4 ¥ I LR EEI Sy
ooﬁnﬂoooonoo:ooonoogaooooooooooooooooooouonoﬂooonooo

- [ -] -

[~ = L

1 ) ¢

L] |- "N

r~ s &
oo.ﬁnooouoon0zuoﬂooozonoooooooooﬂooonooooooo oooooO0OCo
s 0. L I I N L N R N N R Y A A I L N N R | -..-.--
oo..oﬂcuoooﬂ0200ﬂuoogaooﬂﬂaoooooouoﬂouoﬂoooo -E-X-3_JX-N-N-R%-]

a - -

(-] (-] [-]

: : :

g g £
oo....oocnoooon.l 00°°°]aooooo°°ouuoon°”ooooooooaoﬂoooou
L I I N R R I N S A [ N I N D N N s I R N N N T R I s R L
oo:oooaoooonz ﬂoooganooo”‘°°°00uﬂooﬂﬂﬂoooooonooo”no

N L -] [l

W o o

& - -

s S 3
nool..ooooooUoo0200‘oao‘QOQ“OO”OOQ“Guaonooooaooooooano.ooo

. v [ (IR . r g
o-oT.ooc-ooo00-01‘00oooogao'00“0000“000030000000000“00000

- o -

: $ 3

: 5 5

& 8

Gooonoaooooozooooon.ooooooooooooonoaoooooaooooooooooo

0!0000000002000000900000000000000000000000000000000

aor-04
o9e-08
12e-01

onzooﬂaooouozeocooo.oooooooonoooooﬂ_ooooooooonoooooUo
1 % 4 1 @8 & » 3 " @ s & p LR N ' B R ) a2 t
uo-looounonﬂozooﬂouusuoonnoonnnonnuoonnooounoooooonon

=
L T T I T T L I L T e Y T T X L L b Ll L A Ll Ll L -]
=g PP L g e L L L L L L L L LI R RN EE F Rl o Rt
R MR ) W s B Py et e BN e A ) e R o A S B S EE BE L) W) A ) B e e s e e A O R e U O D LD e e v ol PP
EXEKEsdadoomod BEFEEAREREEESEECERaaannn

001<

I

Y3



Table B.2 (continued)
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Teble 8.2 {continued)

OUTPUT OWIT = & PAGE a1
DRCAY O! PUD STROCYORAL RAYERIAL WiSTE: 11,000 muwp/RTHN ACTIVATICN PRDDUCTS

POWEA= 1.00000F QORW, OOWNDP= 1.00000E OORGD, PFLGLI= 1.00R OOX/CHe+1-33C

BOCLIDE TABLE: NADIOBCTIVISY, CORIRS
- OFE TONNE OF IRITEAL WEAVY RETIL AT L WEPROCESSING TIAE OF 160 DAYS

SRe0. 058 ¥ 1. 10. ™8 30. TR f00. TE  X0O0. YA 1. kY 1 Kt 10. X1 0. XY t00. KV t. nY
38t20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LT R4 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SHITtN S5.7e82-0% S, 394p~0) 5.008E-01 3.791E-01 1, 436E-01 .96 1R-0) 5,98 0E-07 n, 871219 0.0 0.0 0.0 0.0
niz2 c.0 0.0 4.0 0.0 0.0 0.0 9.4 0.0 9.0 0.0 0.0 0.0
snt2)d 1.420F 02 }.968B-01 N,363E-07 %.123E-24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sn121n 0.0 8.0 d.0 0.0 0.0 0.0 0.0 0.4 a.0 0.0 a.0 0.0
LI aF]] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0
LERFE] 1.1931-07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sSHi2TY 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SEi2Y €.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
se122 &.0890-186 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0
SPE12Mm 0.0 0.0 0.0 0.0 0.0 8.0 .o a,0 0.0 0,0 0.0 0.0
LTRF3] a.0 a.0 0.0 0.0 0.0 0.0 .0 c.0 0.0 0.b 0.0 0.0
SEYZN 2.5762 00 %,0832-08 1.516E-10 0.0 8.0 0.0 0.0 0.0 0.0 0.0 8.0 a.0
seian g.0 0.0 . : 0.0 0.0 0.0 0.0 a.o 6.0 o.b 0.0 0.0
L1 AFL] 14080 03 £.03)¢ 02 1.1852 02 7.95%R-01 1.9625-08 0.0 8.0 a.b 0. ¢ 0.0 0.0 0.4
sei28 8.7901-4Y 1.4478=29 0.0 9.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0
TE126R 0.0 0.0 9.0 0.0 0.0 0,0 0.0 0.0 0.0 0,0 0.0 0.0
TEV2O a.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 g4.0 0.0
T2t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 a.0 2.0
T 121m 0.0 0,0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0
T2 €.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0

Tl I1.9771=-13 4, D60B-13 8.2618-13 N ISHE-13 &, 36410 0, IS V=13 N, J6G1E~1Y &4, 361E-1F 4_3612-11 4. 1818-1) N JE1E-1) &, 36 0B-13
retim $.1738 00 2,0%72-03 7.621E-10 ).2158-28 0.0 0.0 0.0 0.0 5.0 0.0 o.0 6.0
TEI2N .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TY125 0.0 0.0 . 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0
TEI25A J.ealdp 02 4,668 02 2.092¢ 01 1.980E-01 8.708R-09 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TTrils 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 8.0 0.0 0.0
L4 AVE] $.1132-03 2,9028-06 7.961E-1) %.002E-33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TEI2 3.3038-03 0.761p-064 T7.617E-1) 5. 1078-33 0.0 0.0 0.0 0.0 a.0 8.0 0.0 0.8
TE120 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.4 g.0 0.9 0.9 6.0
Tr129 Z.05402-10 0.3112-29 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tiv2on B.01E-00 1,2778~1% 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.8 0.0 0.0
TIV10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TRl 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0,0 0.0 0.0
A BRAL 0.0 0.0 b.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
§i2s 0.0 - 0.0 0.0 0.4 0.0 0.0 4.0 0.0 0.0 0.0 0.0 g.0
1124 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 9.0 0.0 0.0 0.0
1127 t.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
1118 £.0 0.0 0.0 0.0 0.0 [ ] 0.0 0.0 0.0 0.0 0.0 2.0

1129 1.6320-18 1, 6520-10 V.6520-00 1.652B-10 1, 652E-18 1.652E-10 1,6328-18 1.6528-1% 1.632B-10 1. 650R-1N T.6NSE-18 1 _SH1E-1K
1130 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
11308 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.q 0.0
[ R ER 3.2670-10 0.0 0.0 9.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1132 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
e 3.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0
T1E125 8.0 0.0 0.0 2.4 0.0 0.0 0.0 a.0 6.0 0.0 0.0 6.0
11250 8.0 0.0 8.0 0.0 0.0 . 0.0 - 0,0 0.0 8.0 0.0 0.0 0.0
12126 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.4 0,0
1127 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0
Ket2n 0.0 0.0 0.0 0.8 9.0 0.0 0.0 0.9 0.8 0.0 0.0 0.0
Ieiza 0.0 0.0 0.0 0.5 0.0 9.4 0.0 0.0 8.0 0.0 0.0 0,0

LEL
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Table 8.2 (continued)

oBTPOT ONIT = & PAGE L}
BECAY OF PET STROUCYDNAL WATEATAL WASTR: 33,000 Awn/RTRA ACTIVATIORN PROPOCTS

PEER= 1.000C02 OOWN, BOMIEP= 1. 000000 OOWND, PFLOI= 1.00R DOR/CHSS1-SEC

NOCLIDR TABLE: MADTOACTIVITY, CORINA
OfR TOENE OF INITIAL MEAVY RETAL AT 1 BEPROCESSING TIN® OF 160 DATS

IBe0.05% ¢ ). ® 10, 1 30, & 100, Th 300. ™ 1. K1 3. kY 10. KV 3e. KY 100. KT 1. AY
crIN2 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
[ RLE 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0
[S RLL] 1.6120-29 1,6722-2% L.6122-29 2.9612-37 0.0 g.0 n.0 0.0 0.0 0.0 0.0 4.0
crs 0.9 2.4 9.0 0.0 0.0 8.0 0.0 0.0 6.0 0.0 0.0 0.6
[ ARLE! 6.4 0.0 0.0 0.0 a6.0 6.0 0.0 9.0 0.0 0.0 6.9 0.0
FEVA2 .o 6,0 8.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 a.0 0.0
[ 4 RLY ] a.0 0.0 0.0 0.9 8.0 0.0 0.0 0.0 5.0 0.0 a.0 0.0
A ALK 1.2029-27 35.7968=32 0.0 0.0 a.0 0.0 0.0 6.0 0.0 0.0 0.9 0.0
[ RLL 1.5930-29 1.3938-29 1.993E-29 2.926E-)7 0.0 9.0 0.0 6.0 0.0 a.0 0.0 9.0
PRIAS 6.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 6.Q
Cin2 g.0 0,0 6.0 0.0 0.0 9.0 0.0 0.0 0.0 0,0 0,0 0.0
apis) 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 g,.0 0.7 0.0 0,0
Aptan 3,500 0-0% 3,.5058-00 3. 505E-45 S.093E-08 . 49IR~83 S.ADIE~-0T S 49IR-RS S NPIR-AT 9.891N-A5 9, AP IR~ I, N93E-a3 9.4913E-AS
RES 9.0 0.0 0.0 0.9 0.0 9.0 0.0 0.0 6.9 0.0 a.0 ¢.o
nptes . 0.0 9.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 6.0 0.0
rcte} " 2.3681-23 ).336R-33 0.0 6.0 5.0 0.0 0.0 0.0 0.0 6.0 0.0 6.0
npisg « 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0
[ J.AL] ] © 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0
RCYS0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0
RE151 0.0 [ 8 0.9 0.0 0.0 0.0 0.0 0.9 g.0 0.9 0.0 0.0
[ LRLE] 0.0 0.9 0.0 0.0 9.0 0.0 9.0 0.0 0.9 0.0 0.0 0.9
PHILY 8.1980-20 ).068%=20 1.01368~20-7.003E~-21-7,3208~29 0.0 0.0 0.0 0.0 0.9 0.4 0.4
ratae T.¥130-2% Y _2058-20 7.800E-47 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
(A BLLL] 1.2100-21 3.7638-27 1.128R-03 0.0 0.9 0.0 0.0 9.9 0.0 0.0 0.0 a.0
[ LRLE 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0
PRS0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 6.0 0.0
PAISY 0.0 6.0 0.0 0.0 0.0 0.0 6.0 6.0 a.0 0.0 0.0 0.0
L LAY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
LERLY 0.0 8.0 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0 0.0 0.0 a.0
- LALLH] 9.9 0.0 0.0 0.0 0.0 0.0 0.0 6.0 8.0 0.0 0.0 0.0
SH1sé 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0
LLALD S 8.033=-3% 1. 08%1-30 2.534E-30 3, 0053-)0 2.3128-30 2.B1IR-10 2.8928-30 2.892e-00 2.812E-30 2.812E-30 2.8422-20 2.812%-34
ELRLL) 3.0057-33 3.2872~33 L. 943E-33 5.6192-33 1,238B-02 3. 110E~32 9,679E-32 2_e0Ae-31 9.4092-131 2,0178-30 9.302e-30 9.379e2-29
LEALL) 9.9810-28 9.961E-20 9.961E-20 3.961E-18 9.961E-28 9.9612-28 9,96 1P-20 9.9612-29 9.961E-23 9,961E-2P 9.961E-28 9.961E-20
5n150 6.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 6.0 0.0 0.0 0.0
sers 8. 8060~92 N,6968-12 W.850R-12 J.0158-12 2.225E~12 A.760E~13 2. 178E-15 €. A872-22 0.0 a.0 0.0 9.0
8157 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ELRR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 g.0 6.0
40153 0.0 0.0 0.0 0.9 0.0 0.0 6.0 0.0 8.0 9.0 0.0 0.6
58153 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0
L0151 6.0 0.0 6.0 - 4.0 g,.0 0.0 9.0 6.0 o.0 0.0 b.0 0.0
en122 7.9031- 1% 6. 922E-18 A, 993E-14 1.6222-10 . 570E-16 V1. 714m-20 5.0992-36 0.0 0.0 0.0 0.0 6.9
[ 2 ALY, ] 0.9 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0
EO153 4.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0
ED15K 1.0772-04 8, 4500-03 8,2098-0% 9.9%93E-06 1.370R-08 1.3652-15 0.0 9.0 0.0 0.9 0.0 0.0
(1B LT ] $.8697-05 3.859E-05 1.4318-05 B.862-07 8.9938~-11 ).6152-21 0.0 g.0 0.0 0.0 0.0 0.0
20136 1.2201-06 2.3208-28 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 a.0 0.0
ac152 1.0031~18 1.0832-18 1.0432-18 1.083e-18 1,0832-18 1,.003p-14 1, 0032-10 1.0432-180 1.001R-18 1.003E-18 1.083E-18 1.083E-18
GEYs1 9.047E-C8 8,267B-05 2.618E-08 2.310E~-17 0.0 0.0 0.0 T 0.0 0.0 0.0 0.0 [
GLI5e a.0 ¢.0 0.0 0.0 a.0 0.0 0.0 0.0 .0 0.0 0.¢ 0.0
Gb155A 0.0 0.0 0.0 8,0 0.0 6.0 0.0 0.0 0.0 a.0 0.0 6.0
Gp153 ~ 0.0 0.4 0.0 2.0 - 6.0 0.0 8.0 g.0 0.%. 0.0 a.0 6.0

B,
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le‘lc B.2 {continuad)

ouTPUT UFIT » & (4 1] ] s
DECAT OF PYE STEOCTURAL WATRAIAL SASTE: 13,000 RWD/HTRN ) ACTIYATICE PRODUCTS
tougR= 1.00000% 00WN, BOBROE= 1.00000R OOWWD, PLUI= 1,00 ODR/CA®SI-SRC

BOCLIDE TABLE: NADIORCTIVITY, CORIRS
ONE TORNE OF IWITIAL BEAYY RBTAL AT I AEPROCESSING YINE OF 160 DAYS

IM+0.052 7 " J. TR w. 1 30, YT V90, TR 300. IR t. &Y L 4 10, KY 30. KY 106, KY 1. ny
TR178 0.0 8.0 0.0 9.0 0.0 6.0 0.0 9.0 0.8 0.0 0.0 0.0
Tis 1.6¢C01-20 0.0 0.0 0.0 9.0 6.0 0.0 0.0 0.0 9.0 0.0 . 0.0
TE17%A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TE1T6 0.0 0.0 6.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
18177 o.¢ 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0
LO173 0.0 0.0 6.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0
LD17E 2.6750-110 2.8750—-11 L. 675E-10 2. 675040 2.675E~-01 2.675E-11 2. 67%E-t1 2.675C-91 2.478E-11 3, 679E-11 2.4758-11 2, 675e-t9
LO126M 0.0 0.0 8.0 0.8 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0
Lo1?2? 6.6100-00 4, 917806 5.3J4E-11 J_@85K-2% 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
Lo1?m 2.0778-01 2.1428-05 1.3192-10 t.507E-28 0.0 0.0 0.0 8.0 0.0 0.Q a.0 8.0
RIS 0.0 6.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0
nrors 31,2632 00 6.1308-05 £.302E-16 0.0 0.0 0.0 0.0 0.9 0.0 0.0 © 0,0 0.0
HY 178 0.0 0.0 0.9 0.0 0.9 0.0 0.9 0.0 9.0 5.0 0.0 0.0
117 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0
REtTe a.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ne 1780 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0,0 0.0
rr179 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1M a.0 0.9 0.9 0.0 0.0 9.0 0.0 0.0 0,0 . 8.0 - 0.0 0.0
[ 1R11 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
prinoe 4.0 9.0 0.0 6.4 0.0 8.0 0.0 6.0 ¢.0 0.0 0.0 0.0
LIRT Y 1,068 01 £.8152=-07 4.4998-25 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
[LLALY] A N66R-07 N, 166E-07 N, 16EE-07 4. VGEE-07 3. 1648-07 &, 1662-07 N, 165E-07 N, 165E-D7 &. 1628-07 4, 1568-D7 N 1)4-07 31.0572-07
T4180 0.9 0.0 0.0 0.0 0.0 8.0 0.9 0.0 0.0 0.0 0.0 8.0
il 0.0 0.0 0.0 0.9 0.0 0.9 0.0 a.0 0.0 0.0 0,0 0.0
ThIR? 1.3718 01 1,0368-02 4,201R-07 &, 1668-07 4. 1GER=07 4, 166807 N, 169E-07 8. 165E-D7 N, 1628-07 b, 156E-07 N.1342-07 ).857E-07
Taem a.6 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0 0.9 9.0
Tata) 8.3972-00 0.0 0.0 a.0 6.0 0.0 0.0 6.0 0.0 9.0 0.9 0.0
4180 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0
uiny 1.603B-01 G.985E-00 3.117E-10 2.21198-328 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
w182 0.0 6.0 0.0 0.9 0.0 0.0 0.9 0.0 0.0 0.8 0.0 0.0
LALE | 0.0 0.0 9.0 0.0 8.0 0.0 6.0 6.0 0.0 0.0 0.0 0.0
21813 0.0 0.0 0.0 9.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 6.0
r188 6.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.9 0.0 0.0
0"18% 5.7397 00 2.31672-08 1.336E-18% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1051 a.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0
L3111 0.0 0.0 9.0 0.0 t.0 6.0 0.0 6.0 0.0 0.0 0.0 0.0
1187 0.0 g.0 0.0 a.0 6.9 0.0 0.0 6.0 0.0 0.0 0.0 0.0
[ B17] 3.2001-01 S5.0068-06 N 7T952-17 0.0 0.8 a.0 0.0 0.0 0.0 0.0 0.0 0.0
110§ 0.0 0.0 0.0 0.0 0.0 0.0 0.4 4.0 0.0 0.0 0.0 g.a
rr18% 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(TaLl} 2.0080-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ape? 1. 198 0-08 1.3902-00 1.398E-00 1.3982~08 1.3902-08 1.)98E-08 1,.3982-08 1.3%4E8-08 1,398%-04 1.3198E=-08 1,3982-08 1V, 3SBE-08
REVOD 31.3227-01 S,0668-04 N.7632-17 0.9 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
TS 0.0 0.0 9.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L T3LL 0.8 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.9 6.0
os1k 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
05183 0.0 0.0 8.0 8.0 0.% 0.0 0.0 0.0 0.0 0.0 4.0 0.0
LYRLT 0.4 0.0 0.0 0.0 0.8 0.0 .0 0.0 6.0 0.0 D.0 0.0
05187 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 a.0 0.0 8.0 0.b
os18d 0.0 0.0 0.0 8.0 6.0 0.0 0.0 0.0 D.0 6.0 0.0 0.0
08189 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
05190 0.0 0.0 8.0 0.0 8.0 0.0 0.0 0.0 0.0 g.0 0.0 0.0

irt
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ACTIVATION PRODTCTS

WASTR: 313,000 RwpsEYWR
PORRUP= 1,00000E 0OAYD, PLOI» 1,00E ODE/CRAS®2-SPC

DECAY OF PRI STRUCTURIL NATERIAL

KosER= 1,000008 0ONE,

CORIRS

WOCLIBR TINLR:

tADIOACTIVITY, :
ONE TONAR OF INITIAL HEAVY BETAL AT A REPROCESSING TIAE OF 160 DATS

1. Bt

KT
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1. KT
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Table 0.2 {continwed)

' ' ouTIIT ORIt = € PAGE 47
DECAY OF PER STROCTOMAL NATERIAL SASTE; 31,000 Mws/HYNA , ACEIVATICH PRODUCTS
PoRERe 1.000002 OONW, BORNOP= 1.00000F OONGD, FLOI= 1.008 OOW/CHe+2-3TC

ROCLEDE TABLE: IIDIDIC?I'IT!.A CORIRS
OBE TOURE OF IRITIAL REAVY AETAL AT A REPROCESAING TIAR OF 140 DATS

THe0.05% ¢ J. ™ 0. » 30. I 100. vYa e 1. KY ) kY 10. KT 30. Kt 160. X1 f. AY
81208 1.23911-12 V.I31B-92 L3SIE-92 9, 3308-12 0. 3598-12 1.2508<12 . 309E-12 V1.304E-192 1.3262-12 1,277E-192 1.1198-12 2,.0542E-1)
81209 0.0 0.0 0.0 0.0 0.0 g.% 0.0 0.0 0.0 e 0.0 0.0
L AFAL 6.0100-13 0.0 0.4 0.0 0.0 0.0 0.0 C 0.0 0.0 0.0 0.0 0.0
BLZ210y 0.6308-12 8, 6308-12 8.6202-12 8.6308-12 4.6308-12 0.6290~12 0,.628E~12 8. 620E-12 B, 610R-12 9.5708-42 B8.4332-12 6.8508-12
BI21Y g.¢ 0.8 0.0 9.0 0.0 0.0 0.0 9.0 a.0 0.0 0.0 0.0
rC210 1.0060-08 A.3120-00 1.5108-13 1. AS28~-10 D ASZE-14 J.A52R-10 2. 0S5 9E-18 1. 050R-18 I ARAE-10 3, 0285~ 98 2.37IE-10 2,.T7a0B-14
e 0.0 0.0 #.0 0 0.0 9.0 0.0 0.0 0.0 N 6,0 6.0
P2V 1IN 0.0 0.0 9.0 0.0 0.0 0.9 0.0 9.0 0.0 0.0 . 9.0 0.0
TSI R, 6672 O8 -8, 777R 93 ),055E 03 6. 7438 02 }.163¢ 02 7.5948 0V 7.802% 00 7.096F 00 &.169¢ 00 N.704F OO0 2.%46p 00 1.5708-01

crl
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Table B.3. Sample ORIGENZ element radfoactivity table
DUTPOT DHIT = 6

DECAY OF pFR STROCYORAL MATEAXAL WASTE: )),000 AWD/NTAR

POSER= 1.00000F 00nW,

3840, 051

t.2000-01%
2.209r-08
9.412k-01
2.082p-08
3.6C30-01
5.4791-01
6.0200-08
2.650p-06
2.3962~-1)
1.883p-02
1. Y60r-01
2.3042-15
6.2361 02
§.0037 01
8.8637 0}
8.725¢ 03
6.6C61 02
- %.73%e-23
1.101p-01
2.2172¢-10
2.0008-312
6.31561-01
2.1 0O
2.%66: 0)
1.6591 on
2.5241-02
1.0561-0)
4.060g-01
2.9598-1)
€.055p-1%
7.132p-08
9.9511-0)
0.9161 00
4.7€q1 03
t.a51¢ 03
. a882 02
1.6521-10
L1571-12
l.681n-18
5-210l-2]
0356157
1.6129-29
1.114e-27
2.3680-2)
8.31)g-20
4.0061-12
1.676!-—0!
9.0%2p-04
1.7242-01
2,001p-20

BOANTDP= 1.00000E OONRD,

ELENERT TABLE: RADIOACYITITY, CUORIEY

ON8 TONRE OF INITIAL
L 4 L. mn

1.0028-01
2.,209E-08
9,8002-01
2.470E~-08
2.47aE-00
9.0198-05
é.020n-06
1.5928-00
2.36e-13
1.758E-0%
1.3800-08
2.308E~15
T.7728-10
S.986p 00
2.171e 02
8.9112 0)
6.%80R 02
0.0

9.3408-02
2.537R=138
2.000E-32
1.4132-04
1. 06 1E-08
1.0652-01
1.00%E 00
2,521%-01
1.0588-0)
1.631E~- 11
3.0’2""
6.0552-15
4. 079205
5.917E-08
1.992E-08
1.%098 02
$.033¢ 02
1.468¢ 02
t.6528-18
0.980E-82
1.320E-16
1.190E=3)
0.0

1.6128-29
1.5932-29
1.5050-43
J.a6nE-20
b.6962-12
1.1)18-048
4. 2678-03
4.7278-00
0.0

10, 1 30. ™ 100. ¥

7.303E-02 2.376E~-02 N.5722~-04
2,209k-08 2.2092-08 2.209E-08
9. %00R-01 9.370E-01 9.299E-01
2.456E-00 2.8092-08 2.231E~08
2.0562-08 2.%082-00 2.231%~00
1.7622-%3 0.0 0.0

6,0200-06 6.0208-06 6.0198-06
1,56a8-08 1,085e-08 1.280E~00
2.3968~-13 2.348E-13 2,3862~1)
9.08%8-00 9.049e-00 9.08ME-0B
0.805e-1% 0.0 0.0

2.308E-15 2.3082-15 2, 304R-15
0.0 8.0 o.0

2.073g-02 4.904E-09 0.0

3,359% 02 1.6268 00 1.278E~DM
1.956E 03 1.8092 02 1.%132-02
4. 1308 02 S.28402 02 3.137¢% 02
0.0 0.0 0.0

6.5208-06 6.2652-15 0.0

0.0 0.0 0.9

2,000%8<32 2.0008-32 2.000K-32
1, 1942-008 7,04208-05 1.%02P-0S
1. 1938-00 7.%128-D5 1.8032-0%
1.266B-01 1.246R-01 1.2640~0
1.3368 00 1,378 00 1.390B 0D
2.,519E-02 1.5098-02 2.4752-02
1,056E~03 1,0568~-0) 1,0568-0)
3,099E- 14 3.2998-22 §.107B-43)
3.0998-16 3.2992+22 8. 1078-8)
G 055E=-19% £.0550-15 £.4552-15
6. 760R-06 6,00 JE-08 8. V20B-06
1. 1092-05% 2.1672-%0 5.604E-27
1.6628-18 1.6622~-16 t.8628-18
€.3738-01 3.791B-01 1.8368-01
1. 1858 02 2.9512-01 1.9628-08
2.0%2E 0t 1.9402-01 4.280E-09
1.652B-%0 1.652g-10 1§, 4528~ 18
0.0 0.0 0.0

1.262B-17 1.9652-20 1.3188-2)
Y. 190833 1.1908-33 1.190B-1)
0.0 0.0 0.0

1.6120-29 2.9612-17 0.8

1.593e-29 2,926e-317 0.0

3.%058-45 9.4332-45 9.4932-~45
1.1360-20-7.0038-2-2.3202-29
q.0502-12 3.0152-12 2.225%:-12
6,2598-0% 1.080R-05 3.375R-408

1.010E-08 2. 0182-17 1.0632-18
1.071E-148 0.0 9.0
0.0 0.0 - 0.0

Joo. &

50223!‘09
2.2092-08
9.0762-01
1.8032-08
1.8038-08
g.0

§.0162-06
7.007E~-09
2.356e-11
9,0288-00
0.0

2.30aE-15

18=14
e 014

IR E N R
[~

- E-N-E - R'F-¥-3-]
OO0 WWaSD

2.0008-132
1.200E-07
1.101E-07
1.263e-01
1.3908 00
1.3708-02
1,0558-0)
0.0
0.0
6.455E-1%
1. J60E-06
0.0
V.66 28=1§
8,96 12-03
0.0
8.3612=1)
1. 6522~ 18
0.9
1, 818E-23
1. 190E-33
0.0
0.0
8.0
0.!93!-!5
0.0
4.760E-13
3.3652-15
1.08 32-10
0.0
0.0

FLOZ= 1.00% DON/CHee2-SPC

HEAYY RETAL AT A BREPROCESSING

1. nrx

S.370%-26
2.2082-08
68.3392-019
8.5952-09
8.58E2-09
0.0

6.00€E8-08
1.2208-09
2.3a6eE-1)
0.911!-0&

«0002-32
6.970E-15
6.9120-35
1.2658-01
1. 3608 00
2.07Ce~-02
1.052E~0)
0.0
0.0
8.4508E-15
3.03ZE-08
0.0
1.662R-16
S.8408-07
0.0
4,)618-1)
1.652e=-10
0.0
1.0188-2)
1. 126E-00
0.0
a.90
0.0
9.493E-a8
0.0
2.178E~1%
5.49%e~3¢8
1,083E~18
0.0
0.0

ACTITATICH FRODUCTS

TINE OF 160 DAYS

3. kY

0.0
2.2062-00
6.597E~-01
1.013e-09
1.013E-09
0.0
5.979E-06
7.057E-12
2.306E-1)
6.822r-08
0.0
2.300E-15
0.9

0.0

.0
0.0
5.472¢ 00
0.0
0.0
0.¢
1.0008-12
1.0762-35
1. 876238
1. 268E~01
1. 278E 0O
1.391e-02
1.006E-0)
0.0
0.0
6.853E- 15
5.517E~12
0.0
t.662E-16

10. XY

0.0

2,200E-08
2,68072-01
5.0022~-1)
5.8032-1)
0.0

5.0832-0¢

Jo. Ky

0.0

2,181E-08
2.497R2-072
3. 171E-272
lL.ime-22
0.0

S.618R-06

1.035E-13 0.0

2.30E8-1)
8.]09E-08
0.0
2.Jose-13%
0.0

260E-01
1.0312 00
1. k90203
1.0228-0)
0.0

0.0

6, MBE-15

-

2.36E-13
7, 0028-0B
0.0
2, 3002-15
0.0
0.0
0.0
9.0
1.9715¢ 00
0.¢
0.0
0.0
2.000R-132
0.0
0.¢
1. 229 E~01
S.191E-01
5.617R2-05
9.578R-08
0.0
0.0
G.RIAR- 15

1. 8138-29 0.0

.0
1.6628-1¢

8. 8712-19 0.0

0.0
8,.3618-1]
1.652e-1%
0.0

1.8108-23
9.598e~-61
0.0
0.0
0.0
9.0932-43
6.0

N.447P-22
0.0
1. 003E-10
0.0
.0

0.0
N I61E-1)
1. 6528~ 14

9.0
1.4158-2)

93E-85
90E-28
8Je-18

CX-e-E - N NN 2-N-J
MR EEEEEEE
oos0R00

[- X-N- %

0.0
1.6628-16
0.0

8. 3618-1)

t.6502~18

8.0

1.9068-2)

0.0

6.0

0.0

0.0

9.993E-05
0

0.
1.0022-27
0.0
1.0832-18

PAOE L] ]
180, Kt 1. nY
0.0 0.0
2.1168-08 1.032E-08
S.2402~06 0.0
0.0 0.9
0.0 0.9
0.0 0.0
N,7828-06 6.0192-07
0.0 0.9
2.386E-13 2,345%E-1)
3.687E~08 1 TJB! 1
0.0 0.0
2.3002-15 2,308E-1%
0.0 0.9
0.0 0.0
0.0 0.0
0.0 0.0
2,167 00 9.071E-0a
6.0 t.0
g.0 0.0
0.0 0.0
2,0008-32 1,1412-35
0.0 0.9
0.0 a.0
1.210%-01 &,.04%2-02
1.5718-01 7.6432-02
6.2698~11 0.0
T.6278~00 8. 078B-05
0.0 0.0
0.0 0.0
6.3868-15 5,002e-15
0.0 0.0
0.9 0.0
1.6628~18 1,.662E-16
0.0 6.0
0.0 0.0
R.J61E-13 4, 3518-12
1.6485E-14 1. 5812-14
0.0 0.0
1.1772-23 1.050E-21
0.0 0.0
0.0 6.0
8.0 0.0
0.0 0.0
9.%91E-85 9_3%3E-05
0.0 0.0
1.0082-27 1.9932-27
0.0 0.0
1.083e-18 {,0812-18
0.0 0.0
0.0 0.0
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Table 8.3 {continued)

PECAY OF PRS STRSCTURAL NATROIAL WASTE: 33,008 HVD/NTHW
PLOI= 1.00E 0OW/CH®®2-33C

sns+0, 851

1.312p-09
6,E090-10
1.7000~10
J.EC0F-20
3.51958-0)
v 1958 01
1.571e 09
6.4341 00
3. 12000
$.7C4R-06
6.6680-00
1.905¢-00
1.36680-29
0.4%e1=-112
$.130e-1)
4.%47¢-12
$.0080-08
N 867F 04

CLEARNET TAMLE:

RADIGACYIVITE,

CONINS

OoTMNIT ORIT =

ONE TOUNE OF INITIAL BEAYY RETAL AT A REPROCEHEIING

r Y. 10,

1.3108-09 1.3052-09
0.8 0.0

1.8208-17 7,6062-10
0.0 0

2.6353-05 ).1208-10
6.0362-03 4.1663-07
1.0362-02 4.20)8-47
$.4108-04 J. 14100
5. 8008-06 1.)902-00
2976811 1.3258- 1t
2.9222-08 $.184g-09
1.5382-08 1.3232-00
0.0 8.0

0.5980=12 0. 498812
9. 1302-13 9.1300-1)
9.9015-12 9.9818-12
8.3322-08 1.5308-1)
8.7778 83 3.0351 03

3. n
1.2902-09
0.0
S, €238-17
0.0
2.6758-11
. 166R-07
N, 166807
2.1198-2¢
1.390e-08
1.3158-12
N, B83%-09
1.902E-08
0.0
8. 5938-12
9. 1300=1}
. 9018-12
d.a%2m-18
6.1032 02

100. ™ Xo. 1

3.2392-09 1.100E-09
9.0 0.
3,950E-28 0.0

0.0 0.0
1.6758~11 2.675%~11
N, 1662-07 A, 1662-07
k. 166807 8,16 6R-07
0.0 0.0
1.390E-048 1,3%0E-08
4,08038-16 J.7I0E-24
3,.9918-09 2, u35E-09
1,3832-00 1.019%-00
0.0 0.0
8,3958-1% 8,3938=12
$.1308-13 9, 1301~1]
9.9818-12 9.9008-12
3. 4528-14 A 052218
3, 1638 02 7.390¢ OF

1. Y

7.3658-10
8.0
9.0
0.0
1.674R-1Y
1. 1658~07
N 1622-07
6.0
1.3908-00
2.0
2.9992-10
3.4612-09
0.0
8. %90p~12
9. 13Ck~1)
9.97718-12
J.astiE-18
T.0028 00

&

rage 89

ACTITATIOR PRODDCTS

TIRE OP 160 DATS

3. KT

208-10

D008
ooow

2,675p-11
v, 1652-07
%, 1658-07
a.0

t. 39ngE-08
0.
9.5402-13
2.8118-10
0.0

0. 3908=12
8. 1202~11
9.9608-12
1.0508-14
1.09&¢ 00

16. ¥

v.0708-12
0.&
0.0
0.0
. 6752-11
8. 1622-07
.16 2E-07
0.0
1.1902-08
6.9
1. 7218-10
1. 873e-1s
c.0
68,5762 1}
9. 1288+1)
9.9%68-~12
J.aanE-1n
6,169 00

3. kY

3911817
0.0

0.0

0.0
2,6758=-11
4, 1560~ 07
N 1568-07
0.0 ’

1. 398E-00
8.0

0.0
1.3%08-24

0.0

9.5380-142
9. 1202-1)
2.0478-12
3. 0248-14
8.70%% 00

100. &Y
.0798-32

J6758-11
ee-07
3E-07

s b

VO DA D ANSDOD

OO0 RENDOO-

1998«11
9.1098-1)
9.552E~12
3. I1IE-14
2,%86E 00

1. Ay

75844
572-07
57e-07

.
L5 X - NN N-]

D)
[-X-F-X-NN-]

9.9212-13
7.0552-12
2.7v0E-10
1.578E-01

sri
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Table B.4. Sample ORIGENZ summsry nuc)ide radtoactivity table

DUTPUT ORIT = & PAGE 50
DECAT OF PR SYRUCTORAL NATERTAL WASTE: 31,000 nWD/NTHA ACTIVATICE PRODOCTSI
FOVER= 1.00000% ODAE, DORNUP= 1,00000E OOAWD, TYLUTI= 1.00E CoOn/CAve2-SRC

SONRART TABLE: WADIOLACYIYVITY, CONIRS
GHE TOWNE OF IFRITIAL WEAYYL SETAL AT L REPROCESIING TIAT OF 160 DATS

- sns0. 031 ¥ . 10. jo. Y 100. 1w 100. 12 1. &Y ). kY 10. RY Jo. nt 100. xY 1. 81
c " 9.412¢-01 9.0008-01 9.800E-01 9.)T0E-01 9.2998-01 9.076E~01 5.3398-01 6.597E-01 2.A078~01 2.%978-02 5.2808-06 0.0
cEF 51 £.2381 02 7.7722-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AR 54 6.8031-01 5.9668 00 2.073E-p2 1.904E-09 0.0 0.0 0.0 0.0 0.0 0.0 = 6.0 0.9
Pt 55 8§.831¢ 03 2.171% 03 3.3598 02 v.6268 0O 1.278R-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0
€a 3@ 1.9347 01 2. 143g=02 R.1908-13 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0
€ 60 7.2860 03 2,.911E 03 1.956% 03 1,4092 02 1.9132-02 5,3112-14 0.0 0.0 0.0 0.0 0.0 0.0
nr s9 S.158E 00 5, 154E 00 5.%154% 00 3.1538 00 S.950E 00 5.14%E 00 5.11CE 00 5.022E 00 V.727¢ Q0 3.9758 00 2.167E 00 9.0TtE-0ON
%1 6) 6.5540 02 6.908E 02 4.079% 02 5.2208 02 ).086% 02 5.83J8E 01 3.500B-01 9.998¢-08 0.0 0.0 0.0 0.0
tN 92 1.266-0% 1.266R-01 1,2662-01 1,266E-00 9.266E-01 1.2658-01 1.265E-01 1.268E-01 1.2608-01 1.209¢-01 1.2108-01 A,0458-02
In 95 0.566F 03 5.%09e-02 3.597k-14 0.0 0.0 0.0 0.0 9.4 0.0 D.0 0.0 n.o
#E 930 9.2631-03 2,5002-02 5.3578-02 9.6108~02 1.196R-01 1.2028-01 1.202E-01 1.201E-01 1. 197E~01 1. 186E-01 1,149E-01 7.68)32-02
NE 9% 1.2031 00 1.203% 00 1.2828% 09 1.2818 G0 1.27088 00 1.270% 00 V.2INOF 00 {.158F 00 9.116E-01 4, 605E-01 §,.219E~02 1.999E-15
NE 9% 1.622e 08 1,.3102-01 9.203E-13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 n.o
ne 93 6.3552 01 8_8A3E-0N A,.1522-16 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.9
no 913 2.520E-02 2.523E-02 2.5192-02 2.509¥-02 2.4758-02 2.370€-02 2.070E-02 1.)93E-02 3.8882-0) 6.617E-05 6.269€~11 0.0
3511) 3. 8851 02 N.7502-01 9.7752-08 7.602E-27 0.0 0.0 0.0 . 0.0 0. 0.0 0.0
Snivm 4.206¢ O3 1.893E 02 1.369E-01 1.4512-10 6.0 0.¢ 9.0 0.0 0.0 9.0 a.9 0.0
s$H12) V.920¢ 02 1.960E-01 8.3E5E-07 8, 1232-24 0.0 9.0 0.0 0.0 0.0 6.0 0.9 0.0
SE125 1,008 03 6.033F 02 1.1958 02 7.9518-01 1.9528-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TE1250 J.an3e 02 1.660R 02 2.6928 01 1.9%0%-01 4.7862-09 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sgrYCT 9.655F 00 B.T7772 03 ).05AE 0) §.739E 02 3. 1528 02 7.5978 01 7.801E 00 7.095E 00 6.16BE 00 9.708E OO0 2.485E 00 1.5762-01
TC1AL §.687¢ 08 0.777E 03 X, 055E 0 6.74IE 02 ). 1632 02 7.596F O1 7.B02R 00 7,096 00 6.169% 00 A, 7042 00 2.%86E 00 1.578E-D1

or!
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Table B.5. Sampla ORIGEN? summary element radiosctivity table g

. ODTPOT ONIT » 6 FAGE 51
DECAY OF PR STANCTORAL RATRAXAL SASTE; J3,000 nUD/NTER ACTIYATION PRODOCTS

tORER= 1.00000% OON®, BERNEP= 1.00000E OORAWD, PLOR= 1.00B OON/CHé¢2-3RC

SORSARY TABLN: PRADTOACTIVITY, Cdeies
OPE TONNE OF TFITIAL BRATYY ABTAL AT A IIPIOCBSSIIG TINE OF 150 DATS

IR0, 050 ¥ ). M 10. T8 Jo. M 100, TR Jjog. YA 1. &Y J. Kt 10. &¥ 30. KY 100. KY 1. Y
c . 9,.4129-01 9. 8032-01 9.000E-00 9.370K-01 9,299E-01 9.076E-81 0.3392-01 6.547e-01 2.807E-01 2.8978-02 5.2002-06 0.0
< 6,231 02 7.7728-10 0.0 0.0 0.0 0.0 0 0.0 6.0 0.0 6.0 0.0
n 6.8037 09 35,9068 00 2.073R-Q2 1.%08e-09 0.0 0.0 0.0 0.9 0.0 b.o 0.0 0.0
1 w8637 03 2,978 03 1.3598 02 V.5626R 00 1,270%-08 0.0 0.0 0.0 0.0 8.0 a.0 0.0
co 0.72%51 01 §,.991F 03 1,.9568 0) 1.909% 02 1.813E-02 5, J11B-18 0.0 0.0 0.0 C 0.0 0.0 0.0
"] 6.6060 DY &.060E 02 6.130% 02 5.280% 02 3. 1372 02 7.352¢ 01 S.0602 00 5.022E 00 N, 727¢ 00 3. 975E 00 2.167k OC 9.071E-04
i a.5680 03 t,0658-01 1.2662-01 1.2668-01 1.26€2-01 1,2652-01 1.26%2-01 1.260E-0% 1.2602~01 1.2092-01 1.2102-01 8.0452-02
e 1.659% 08 1.981E 00 1.336% 60 0.378E 00 1.396E 00 1.3902 00 1.3602 00 1.776E 00 1,031E 00 3.791E-01 1.571e-01% 7.683e-02
ne L5280~02 3.%5210-02 2.8190-02 2.5098-02 2.8475E-02 2.3TBE~02 2.07CE-02 V.393E-02 ).e602-0) 6.6172-0% 6.269%-11 0.0
s B.7C4F ) 1.9098 €2 €.373R-AN I.791E-01 1.8362-00 8.561E-03 S.a%82-07 A4,.8712-13 9.0 0.0 0.9 ¢.0
it 1.0%11 aY 6,013 02 1.185% 02 7.951e-0% t.962E-08 0.0 0.0 0.9 9.0 9.0 8.0 0.0
T 7.854F 02 9.6408 02 2.80928 01 1.900E-0F N.700E-09 4.351E~-13 4, 369E-93 N I64R-17 &, 34 12-13 S, JE1E~13 N, IE1E-12 0.I61E~1)
Jonrer 4.6597 O8 2,.777R 02 3.0558 03 4.7838 02 ). 1638 02 7.998E 01 7.801C 00 7.095k 00 &.168E 00 », 7088 00 2.%a5 00 ¥.570p-01
TCIAL w6571 04 8.777% 03 3.035% 0 S.7038 02 3. 163B 02 7.596F 01 7.002¢ 00 7.096E 00 £.%63E 00 N, 70NE 00 2,846F 00 1.57ae-01
COABLATIVE TABLE TOTALS
Apepp 9.567R 00 0.777R 03 1.0%5% 03 6.781% 02 3.1638 02 7.5%03 01 7.802% 0O 7.DYEE 00 £.159% 00 &, 708E 00 2.8468 00 ?.376E-01
11831 ] .0 0.0 0.9 0.0 0.9 0.0 0.0 0.0 0.0 0.0

- n.% 9.0
AESACT+RE 4.6670 ON B.77T7R 03 3.0458 03 6.7a38 02 1.1638 02 7.594% 01 7.0028 00 7.096B 00 6.169E 00 N.70AR 00 2.%862 00 V.578E-09

irt
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Table B.6. Sample GRIGENZ (alpha,n) meutron producilfon table

DECAY OF PUN STRUCTURAL MATERNAL WASTE:

{1LPMA,3) FEDTRON SCDRCE, NEUTROES/IEC

04313= ONE TOINE OF INITIAL ARAVY ARTAL

BIIYt
ro1o
?0I1)
rPo214
PCItS
PCcitl
aran?
[ TFEE]
222
ra221
RAh22]
E1226
AC22%
TR227
T™h229
THZ10
PAZIY

0233
o238

0216

w238
"P217
P0l130
P29
ro240
[T H ¥
Aan
AN2e3
camd
CH2aN

TCIALS
TABLY
ACI0LL

3pad. 052 7

B.4472-07
3.783E-10
2.3100~07
6.3171-08
1.2781-06
1.5532-C8
1.272¢-07
9.7881-07
1.8821-08
4.8150-080
§.5972-07
1.115¢e-08
6.1251-08
6.019p-07
3.71550-08
1.5290-05
6.7812~-06
8,.7)30-08
6.6720-01
1.2182-01
t.1842-01
2.250e-01
2.2751 03
1.37641 02
8, %452 02
Y.1821 €0
t.096r 02
311 ot
2.0862 0V
Y.a087 03

L.m

3. 1eR-06
3.0302-09
2.5162~0?
1.5128-07
N4 72=-06
1.017e2-07
1.3302-07
3.635e~08
T.336E-08
9.567e-080
2.0802-06
y.43jaz-08
6.608E-00
2.2042~06
R.0978-008
3.2332-05
$.547E-08
1.133e-05%
6,7902-01
1.215e-01
'.".t-"
2.3028-01%
2.110t 02
2.3k 02
e, 9078 02
1.1422 00
7.3%02 02
1.5118 41
t.9392 01
.8122 0)

8.3212-08
J.eo09z-08
). 2158-07
1.2228-06
1.2598-05
V. 9458-07
t.76582-07
9.6382-06
J.568e-07
1.2228-07
5.5102-06
2.159e-07
g.8982-00
5.9518-08
5.234g-08
1.3258-05
1.1338-05
1.7232-0%
7.0598-01
1. 2158~ 01
1. 188g-01
2.3132-01

2.195¢
2.3715¢8
N 1518
1. 1028
.71
1.5108
1.6368
1.2338

OUTPOT ONIT =

33,000 men/nNTHN

AT A REPROCESSING TEME OF 160 DATS

Jo. e

2.290E~05
S.691E-07
6.8212-07
B.302R-06
J.asie-05
). 1598-06
3. Mm28-07
2.652p-0%
2.02u8-08
2.59312-07
1.51718-0%
1.8672-06
1.8022-07
1.637e~05
1.1112-07
1.983%-08
t.6412-05
3.4552-05
T.mee-01
.217e-01
1. tBap-01
Z.848E-01
1. 8¢ 03
2.37%p 02
4. 1582 02
1. 1828 00
1.22e¢ 0)
1.507k 01
1. 0068 01
S.735e 02

100. TH

7.2758-05
1. 2768-05
N 0122-06
8.951E-03
1. 100E-0N
3.6228-0%
2.2012-06
0.4268-05
2.5618E-05
V. 5242-06
4.0210-05
1.501e-09%
1. 060206
5.2028-05
4.533E-07
T.1108-04
3. a20m-05
1.047E-04
9.4598-081%
Y.222¢-01
f.18a2~-01
). 060201
1.079% 0}
2.370% 03}
4. 1332 03
1.1812 00
3.743E 023
1.4972 01
1.8332 00
3.935¢ 01

Jag.

"

2.1319E-08
1.039e-08
J.é871R~05
8.070E-08
3. 2352-08

3,593k~

2.0172-05
2.877E-0N
2.593-0n8
1.3982-0%
1.9172-08
1.5688~04
2. 1168-06
1.529%-09
S.908e~06
2.5008-0)
8.5C1E-05
1.8728-08

1.1308

1. 2362~01
1. 1042-01
R.6122-01

d.2328
2,357
8. 007E
1. 1810
2.7810
t.N69E

02

1.8102-02
1.8648-02

1. KT

T7.291e-0%
2.682e2-01
5.709E~008
T.DJ?!*O!
t.1032-0)
8, 19%2-0)
3.132e-08
8. an52-08
3.027E-0)
2.171e-04
N,833e-08
1.831e-03
1.50EE-00
$.214p-00
9.29%2-05
9.36%8-01
2.62€2-0%
1.9758-0]
1. 17t 00
1.285e-01
1.18081-01
7.36€e-01t
9.5538-01
2.312¢ 02
3.150R 02
1.1%02 00
8.919E 02
1.37¢€2 01
5.7102-10
5.9%0E-11

) Ky

2,.131E-0)
t.5672-02
6.852e-0)
7.681E-02
3, 223e-03
. 100E-02
1. 755e~03
2.868E-0)
2,243e-02
2.605£-01
1.412g-01
1.357e-02
t.8102-013
1.5282-03
1.1162-0)
2.883E-02
7.673E-08
T7.9742-01]
.17 00
1.8062-01
V. 18452-01
B.636E-01
.a A958=06
2.189¢.02
3.0%02 02
1. 1368 00
.61 01
1.180E 01
b.205B-31
6,913g-11

10. KY

6.9262-01
1. 187E-01
7.510E-02
", 4355-01
1.009E-02
1.795e-01
N, t20E-02
8.0222-01
1.295e-01
2.855e-02
8,589E-0)
7.8158-02
1.984E-02
1,.452e-0)1
1.223e-02
9.35a2-02
2.994p-01
2.953e-02
1. 151E 00
1.6732-01
f.1a02-01
a.6702-01
1. 189019
1.8028 02
1.007E 82
1.122¢ 00
9.6622-03
5.907e 00
0.0

s.913E-11

PAGE 52

0. KT 100. KY

1.925e-02 8.0158-02
3.993e-01 9.0992-01
84.351E-01 1.6972 00
1,544 00 3.5182 @0
2,912p-02 6,6708-02
6.206E-01 1,423 80
2,31078-01 9.30%E-01
2.230e-02 S.114R-02
A.507E-01 1.027e 0O
1.650E~-01 §,452E-01
1.276E~-02 2,9268-02
2. 727E-01 6. 215E-0 1
1, 1502-01 4,88 3E-01
1.377e-02 J.157E-42
7.0882-02 2.7632-01
2.5172-001 S_.T96E-0}
6.933e-03 1.5908-02
8.7338-02 2.5132-01
Y.098E 00 9.34858-01
1.8852-01 1,91%E-01
1. 190201 1.180E-0¢
8.615E-01 O._N212-01
0.0 2,0

1.022% 02 1.365e 01
1.7368 01 1.0362-02
1.082e 00 $.587E-01
1.7972~03 5.99)E~-08
9.020E-07 1.266R-0)
o.o o.u

6.9122-11 6.90082-11

. nY

S.aa52-02
§.030E-01
8. 124F 00
1.559¢ 00
8.236E-02
&,310E-01
2.262E 00
&.3071e-02
§.550k-01
1.560E 00
J.608E-02
2.755E-010
1.089E 00
3.098E-02
§.713E-010
2.560z-01
1.9612-02
5.5612-01
2.065E-01
f.860E-01
1.180E-0
6.292E-01
0.0

2.720e-08
. QT17E-07
1.904E-01%
0.0

J. 16 BB-08
6.0

6.858E~-11

8.%31 0)
4,93 0)

3.356¢ 03
S.)588 03

5.8558
5.85se

.35 0
6.3%53 03

S.531¢ 03
%.5312 03

a)

3.622% 0)

1.51718 0)
t.5178 03

S.7a02 02
$.Tev0% 02

3.3568 02
3.3568 02

1.286x 02 2.926E 01
1.286% 02 2.926E 01

1,553 o
1.553E 01

oSt
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Yable B.7.

Sample ORIGEN2 spontanesus fission meutran production table

ontTRYT ONIT = & PAGE 5)
DECAY OF PEN STROCTORAL WATERIAL WASYE: 11,000 RUD/HTHM
SFONTAREQUS ?PIS3100 SEOTRON SCORCE, WIOTROWS/SEC
. BASISe OPE TORNE OF INITIAL SEAYY EETAL &7 A HEPACCESSING TIRE OF 160 DATS
S840.03% ¥ 3. 10. 10 . M 100. Y& jop. 11 1. K7 J. Kt 10. K1 Jo. KY 100, xY 1. nt
n2¥a 6.30%¢ 00 6.)ONE QO §.3048 00 6.300E 00 6.304% 00 §.J08E 00 &.30%C 00 6.3088 00 £.300E 00 €, 308E 00 6.3058 00 6.306E 00
|4 FEL 1.6870 02 1.8780 02 35,5898 02 1.3378 02 7.0%3F 01 1,6188 01 £.91€8-02 £,1518-07 €.3212-31 0.0 0.0 9.0
sN240 1.983F 03 (,1ANE 03 4. 0458 03 (. 046% 03 1.180R 03 1. V1560 03 1,01€0 O B.3023E 02 3.9918 02 4, 787r O1 2.8613E-02 1.23152-06
poiNl 9.682F 02 N, 6070 Q2 N, 6828 02 §.682E 02 9,681 02 8. 600R 02 N, 670K 02 8.656F 02 8.600R 02 §_NISE 02 3.995e 02 1.408E O1
ening §.990F OV §,2)2E 02 9.647¢ 00 A.811F 00 6. 805k 00 2.573E 00 1.0572-01 1.161E-05 1.593E-19 8.0 0.9 0.0 .
CHINN 1.060F 0% 9.RS8E O8 7.2358 G0 3.345E ON 2.3098 03 1.094E 00 4.059E-09 1.057E-09 4.057€-09 N_0562-09 8,.058R-09 %.025E-09
4 Fil13 %.2720 02 84.2708 02 8,266E 02 §.23)8 02 8.2108 02 u, 086C D2 3.6%0¢ 02 2.753E 02 9.671% 01 5.2643¢ 00 1.852e-04 1.7708-28
TCTALS
TARLYE 1.727¢ 05 9.782F OB 7.4578 08 3, SANE O4 N.430K D) 2.020% 03 1.060F 03 1.586€ 03 ¥.6%6E 02 5,007k 02 ).982E 02 5.Mw9E 01
ACTINAL 1.7272 05 9.742E 04 7.457R €8 1.SO8E 08 €. 830E 03 2.020F 03 1.B80F 03 1.586F D1 9.696% 02 5,037t 02 1.982% 02 B.849k a1
ODVIRALL
TCIAS
TARLR $,777¢ 05 1.0208 0% €.082E OV 4.2208 08 9.9618 03 5.642E 0) 3,397t Q3 7.160F 03 1. 3008 0) 6.3218 02 4.275E 02 1.000E @2
ACTOAL 1.7770 05 9.028E 05 8.082E O« 4, 220€ 08 9.96%8 0) 5.6828 D) J.157E 03 2.160F 0] 1.300% 0) 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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,
A |

‘o)

1.%00e-02
2.%00e-02
). 7508-02
5.7502-02
. Sc02-02
1. 2%02-01
2.250=-01
3. 750B-01
5.7502-01
8.500E-01¢
1. 2502400
1. 7502400
2.2502400
2.7502400
1.5008+00
$.0002:00
7, Q00E +20
1. 100801

10TAL

AEY/SEC

t.5002-02
2. !00!—02
1. 150E-02
5. 1502-02
8.500B-02
1, 2508-01
2.2502-01
). 750e-010
5.71502~-01
8.500e-01
1. 1502+ 00
1. 7502400
2.3750E+00
2.71502+00
J.s500es00
5.000E4+00
7. 000E+00
t. 100E+01

fOTRL

PAOTCE SPECTROA

Table B.B,

TOR ACTIVATION FRODUCTS

Sample ORIGENZ activation product photon table

oUTEOT UNTY = 1%

DECAY OF FER STROCTORAL WATERTAL WASTE: 133,000 med/aTRY

1.00 #u, pUREDE=

18 GROUF FPAOTON RELEASE RATRS, PNOTOMS/SECOMD
ORE TOWNE OF IPITIAL MEA¥Y NETAL AT & REPROCES3IING TINR OF 160 DATS

S840, 05% P 3.0t 12.01h

T.827E4 1)
1.2262+10
t.838E0 1]
T.12T1R0 %
.59 B 12
2.200E+12
5.237Rs12
2. 17384 1)
N.08IR4 1]
a.8t8E0 10
5.82TRe 18

1.2102412 8, 200E4712
2.1052¢1) 31, 680K412
$.7708e 12 L 0R9E4 12
1.2208+15 A.5872e 10
N.B85Be¢11 1. 801811
2.894E¢11 B.604L:10
1.595E¢12 2.0B60¢ 11
9. 160695 1.3928¢12
1.1762¢1) 2,039Re1}
J.Ja0E+10 2.3958+ 10
J.ESNES 1IN 14550104

J.10AEN 1| 6.1048e0¢ 2.98)Ee00

2,906E+09
1.3328+0Y
6.8081E-05
2.0288-05
1.1182-048

1.936R+09 7.712E400
3.9920+06 2.306m+06
J.2178-07 ).913E-10
0,3908=48 1.6968-11
S.009E-0% t.0%0E-12

0.3198-00 3,.84€2~-10 6.95AE~10

1.71988 15 N.296E410 1. 5902008

1.06TE+15

34+0.05% P

1. 1782406
3.06AR408
$.3928+08
N.098E¢08
1.205%8+¢0%
1.8002+05%
1.979E:06
8. 150206
2.325E+07
7.8952¢08
&6.TAIE+ 00
5.5TtEs 0%
2.013IR+04
J.652E+00
2.39E-10
1,018~ 10
9.2092-12
9.1%18~1)3

1.4872409
2.3518:02

4.606R¢18 1.000E+ 10

18Gro08
BASISa

l.0fre 10,012

1.8278+2% 6,5098+00
S.464Re05 5. 101200
2.0158+ 0% A,.3072e00
T.0598+08 2,6152: 08
N, 153Re08 1.331E+ 04
3,620E00 1.006E¢00
3.509R405 £.8491Es00
J.0ISEe0€ 5.9722+08
€. T602¢06 1.1732406
2-8292+09% 7.9862e0n
N.56TR+OE 1.8992+08
1,082E+81 5.1508-02
N, 35724023 1,7332+0)
1,600 E+01 8.5628¢00
1. 126E-12 1.3702-1%
A, 1990-17 8,4812-17
3. 81INE-10 7. 688E-10
3.790R-12 V,6892-12

N, G06R+08 1.880E:08
7.9122¢0101 2.9%0E: 01

30.01m

3.9008+11
T.527T410
1. 83T 10
3.1008+10
1. 249R¢ 10
R. 981209
38082209
1.1072:10
1.3¥102¢10
2.807E+10
1.080E213
6.3518:00

140,070 300.01R

7.005E¢10 2.0%0%+ 10
B, 716E+0% 1,.69%52+09
1.27924+09 6.621%+08
6.655%8408 5.959%2+08
2.6252+08 2.593%:08
1.205E¢08 1.231E:08
T7.604K407 Y,6092:07
3. 8592406 1.6618:086
1.569240% 1_,6012+04
B.7V7E+10 B.5BAE+ 10
1.0512:09 1,.032%:00
1.605E+02 1.2432+00

$.59552¢07 3,571240) 1, 120E-08

1.71%32+0%
& an0E~11
1.673E-11
t.083e-12
6.,0%9e-14

1.1158+13
1.320E+1)

1.7T24B+01 1.0142=10
5.800E-11 5.6118-11
1.673E-11 1.4730=11
1.0832-12 t.083E-12
6.859E~18 6. 9582-1n

165711 1,109 1
7.690E+10 7.8318: 10

6.320E+0%
R. 1668400
N, 730E+09
S.62)0408
2.5187400
1.202¢8+08
T.4308407
J.527E+06
1.089E+03
B.agiE+10
1.48308+00
9.630E-04
1.599E-10
T.626E~11
S.6082-11
1.87)e-11
t.08)e-12
6.057r-14

®.INSE10

7.2328410

J.0Kr

$.573E409
T.8348000
N.)55Ee08
$.1932+09
2,3%1E009
1.122E408
65.9392+07
3.292E0086
7.4092401
T.923e8 00
1.470n00
1.52v=0%
1.52E-10
T.6238~1%
S.60%e-11
t.6T2E~11
1.083E-12
6,850k~ 18

B.692E410
6.758E+10

SPECIPIC BNBBGY WELEBASE 3%TRS, NEV/GATT-SEC
OUWE TOWNNWE OF IWITIAL HEAYY HETAL AT A RZPROCESSING TINE OF 160 ®aYs

Jo.oTe

5.910¢+0)
1.0820:03
1.289E+0)
1.029E+03
1.0628+03
6. 17624037
7.86024072
6,1532:03
T.07TTR+0)
T. 406208
1.310B+0?
1.111e-02
1.2502¢02
N.7278-01
2.2502-16
8.365%2-17
7.593E~19
7.580%e-19

1.3208+07
2. V16E«00

100,018 Joo.om

1.0512¢01 3.0087:02
11798402 8. 2372401
4. 7972401 2.8840+01
3.8272407 3. 0268201
2.2318e0% 2,208E¢01
1.556E+01 1.5398:01
1.7292401 1.712%:01
1.80 72400 1.373%+00
9.0212-02 2.886E-02
T.4ISE+00 7.389E¢ 04
1.3148403 1.790%-07
2.809e-04 2.175%-06
1.254E~02 2.979E-10
§.701E=05 1,006 0=-16
2.030E-16 1.960E-16
8,365E-17 4.365E~17
7.503E~-18 7,.503E~18
T.INNE-19 T, 584%-19

T.698E+08 7 _0212:00
1.23%8-02 1.191E-02

2.0068401
2.082E401
1.78 1201
3.233R001%
2. 149201
1.5022+01
1.6722+019
1.3231R+00
6.262e-00
T7.210E+00
1.187e~02
1.6852~09
3,%982-1¢
2.0972-16
1.963e~16
8.3612-17
7.5612-18
7.5832-19

7.2328404
1. 1592~02

3. 0xY

A, 360001
1.ASEE+ D1
1.631E+01
2.996%:010
1.9°9%2¢01
1.8022201
1.56 12201
1.2358400
4. 306E2-05
§.730E0 008

1.787E-02.

2.6608~-11
3.923E=16
2.0%62~16
1.9652-16
8.355E-17
T.57&E~180
7.5342-19

S_TSaELON

1.08:8-02

1. B¥D, PLOKs 1,00E+00 B/CRO®2-SXC

10.0KY

§,.069%:09
5.567E008
3.290E+ 08
31.980¢¢09
1.8202:08
0.922E407
S.a60Fe07
2.593E4086
7.009R+0¢
6.219E+10
1.0292¢09
2.523r-06
1.5%19e-10
T.6108-11
s.596e~11
1,6692-11
1,001E~12
6,8438-1n

6.%05E¢ 10

s.217Es10

10,0801

6,.1082+01
1. 392P+01
1.230E:010
2.208E+01
1.559%+01
1,108+
1,229+ 01
9.7252-01
4,076E-0%
5.3022« 00
1,7962-02
4.9328+12
ILNTTE~ 16
2.9912-14
1.959e-16
8,.J4éE-17
7.566E~1A
1.527%-10

S.3172:08
a4,5242-03

30.0KT

2.110E:09
2.6792:08
1.596E+08
1.9578+08
9. 1ToR: 07
La52%: 07
2.7612+07
1.3102406
6. T66 24010
3. 1512410
T.02TE:DN
2.512E-04
1.512E~10
10515!""
5.5T0E~11
1.6618~11
1,676~ 12
6.B11E~14

I NG 1B+ 10

2.606E¢ 10

30.0%%

3, 4652400
6.63%%: 00
5. a0kren0
1. 125E:01
7.902%+00
S.5652+00
6.212E+00
8.9138.01
3.8912-05
2.A78Es:00
1.1M3E-02
a, . 813g-12
3,602%-1¢
2.083m-1¢
1.950E-16
.30 7e-1?
7.531e-18
1.493p~19

2.6B6 2400

8.3068-0)

Page 51

100.0KY

9.675%408
2.630g£4+07
1.504E+07
1.8102+07
(T17Y ]
A, 1V11E+06
2.501R+06
1.2028+05%
5.7612¢01
2,087%+09
1.9197+04
2.5002-06
1.30848-10
7. u58E=11
S.atig=19
1,6358~11
1.059p-12
6.7022-1a

3.929K+0%

2.4727+0%

100, 0F Y

1.4518¢01%
6,5%50-01
5.63192-01

A 001830

7.209%-01
5.138B-01
5.7172-01
8. 50T-02
3. ¥12=-05
2.458E40)
V.7T4%-02
&, 3)g02-12
P TRLIT
1.750%-1¢
1.91A%« 1§
R i742-17
T.0107-18
7.172#=-19

2.072%:02

3. 9632-00

t.onr

5.5502.00
1.2022408
2.602E40%
a,.66 Y2400
6.T6520002
N, 576E00)
N,)0NR02
2.T25E01
T.I00B00
1.8262402
1.320E+00
2.380-06
1.208E=-10
6.050-11
§.852%-1%
1.328E=%1
5, 598E-1)
S.NB4E=8

5.570E+00

9.394E+04

t.0nY

8, 3312800
3,2302-02
3.7156E-01
2.592E-0)
5.7512- 04
5.7T20E~-0N
9.6813%-04
1.0222-08%
§,22%m-06
1.JA 2E~04
1.6552-02
€,00%1-%2
2.719%-16
1.665%-14
1.553E-16§
6.639F-17
f,.31%E-18
5.9902_14§

*.19a%:00

1.IvER-06

sl
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PRINCIPAL PHOTON SCOURCES IR awDUP

Table 8.8 {continued)

1,%807083 /520

NEAD RWEIRY= O,01SNHEY

ans0,. 058 P J.omn 10.0TR
$.2628008 A, 2592400 N.2328e 08
2.632Ee12 3,2028+0( 0.0

1.29)861) 2.6512¢08 ).%)0E-0)
1.037Ee 8] 9,6828017 . 0360512
f.30TEe 1) 1. 017801 1.24%E+ 1Y
3.0972407 3,097E:07 3.0972007
2.0T1Ee 1) T anfpelt 1350200
6. 091E07 1.T52040€ 3,754E4408
3.9570009 ). 936200¢ 1.A35E0 00

1.2862413 1,0)52+080 9. 670E-05 O

1.7502412 1.2202:07 1. 400¢2-0%
9,990 408 9, 9081200 9.9708+080
6.909P+ 12 2.08408+11 2.0ATEs 08
1.650E0 12 N.6)NEeDS 5,0970¢0)
3.5507+12 1.600ReT] 2,91028 1)
T.262E4 1Y 3. S10B 11 6,1012:10

j0.0Tk  t00.079 300.07R
A, 1628400 7, 967008
0.0 0.9 8.0
0.0 0.4 0.0
2.7772+11 2.706%:07 1.047R-90
1.0752+ 90 S.2010Ps 10 1.00%%10
J. 97407 1.097R407T I, 096%:07
0.0 0.9 0.0
€, TINRA08 A, 2TIRs08 F.8008:04
3.9538+09 1.98IE¢0% ). 916E+09
W0 0.0 0.0
0.0 0.0 0.0
9,.231ge08 S, VARE0Y 9.81)E40N
2,2t12-01 0.0 N
.u
0

8.2)1Es 0P

4 0tse-10 0.0
1.950E¢09 8, 822201 ).
§.091E+00 1.0102:01 0.0

PRE{NCITAL PHOTON SQUSCES IN CPROSP 2, MHOTORS/SEC
NEAM EuERaGY~ §.025Mm%Y

sns0,0%1 7 J.om 10,070
1.9698400 3, 160Es00 1.1678:08
2.0832003 T, 687IEe12 6. 680E0 11
8,209E¢09 8.026%e0% 7.613Bs00
1.9902¢06 1.99NR+0& 1,990P408
3.604 012 2,5757¢87 2.407E2-0%
7.3052008 T.306E+08 T7.3082:¢09

C 1L TSHEN N2 1.8150007 1.327E-0%

8.0902¢0% &, 090E+05 §,0932005
9,.278E+12 1,260R210 2.6012:0)
6.8300013 I O0TEEs 15 2.220E009
2.2708¢1) 1.07280 13 1.059E+12
1.315E¢1) 6.380Re12 1.000E»12

FRINCI FAL BROTO® SOURCES IV GPOUT

Jo.omm 100. 0t JOO.01%
1.1802+08 1,.1552¢0% 1, 1772000
N, 800790 0,0102:06 (,010E-03
&.5092409 2,A60E009 0,.3564%:08
19902406 1.994%04 1,992 06
0.9 . 0 ] 9.0
T.2998308 7,2012408 1.!‘2'-03
0.0 o )

£.0912¢0% 6.0922+05 6.0!0!005
2,.008E-16 0.0 0.0
2.257E000 0.0 0.0
1.2072410 3, 077Re02 0.0
7.806F+09 1,0208¢02 0.3

3. *HOTONS/SeC

NEAR EREFGE= 0.038nE¢

SRe0. 058 ¢ D.0TF  10.DYR
S.690E407 3.6128+07 5.6077e07
N.HDIEeI) 0.960Re08 1.196E-04
1.01026 12 9,959 R+ 17 1.00%2e VY
1.650 2009 1.6278+05 1.583E009
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1.087 Cl.omy

7.079E=42 1.0788-12
4,3002-15 8.3382-15

Loy . on2

6.830E-18 6.8278- 1%
2. 708E-16 2.0 32-18

10,.0%T
0.0
0.0
a.0
1.513e-10

10,227

-2
L]
o

sop-11

18.0KY

571811

0.0
0.0
5.5738-
2.202g-13

10.9KY
1.662e-11

PAIR 6

30.0KY 100,.0KY

0.0 0.0
8.0 0.0
0.9 0.9
1.5062-10 1.402%-30

r0.00T 100.0x¥

] 0.9
.0 0.0
~S5458E-41 T.a20E-110

- oD
4

do.any 100.04%
0.0 0.6
0.0 0,0

S. 50811 S.059e-11
2.232E-13 1.196%-1)

Jo.oxe 100,087
1.6%33K-11 1.6282-11

6.6TSE~10 S E4SE-1N 4.5302-12

10.0KY

1.0762-12
e 10e-15

§_BteEE-10
2.7119E- 1%

30.aky 100.0r%

LOT2E-42 1.059p-42
ITIR-15 A 242e8-15

o ony 100.0KY

6.78%E-18 6.6758-14
L.TI6E-16 2.ER3IR-16

1.037

1,087

- R-X-3

Jog-11

1.097

a.o
0.8
MY
1. 1anE-11

1.0n7

1.323E-110
s.ane-1n

8,5642-12
J.ange-8

5.822p-10
2.1792-16
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APPENDIX C: SAMPLE ORIGENZ2 TABLE OF CONTENTS
(OUTPUT “UNITS 12 AND 13)
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¥l

95740

13
15

12
Lk
57
9
75
02
L}

”"
4 2]

92
»n
109
110

13

"3
"7
118
s
12
130

130
130

13
(L] ]
155
1357

159
161

161
168

Table C.1. Sample ORIGEN? table of contents for unit 6
TABLE OF CONTENTS OW UwIT = 12 FOR OUTPYT ONIT = &

IRPUT ECHO; WRAD O¥ 5 LIST O 6 COPY TO 50
BEUTEON TIELD PER WEUIROR-INDOCED YISSION
{ALPRA,N} DEBTROR TIELD PER PISSION
SPONTANEOOS PISSION BREOTROR YIELD PEA PISSE
IRDIVIDYAL ELEXEST FRACTIOMAL RECOVERIES
GROOP ELENENTAL FRACTIONAL RECOVERIES
ELENERTAL LASSIGEWNENT TOTRAC WECGEOOP
ELENERNTAL CHERICAL TOKICITIES

ORIGEW INSTROCTIONS POR THIS CASE

NOCLIDE DATA LIBRARIERS

GECAY DATAL LIBRASY-—-=<=e= LIGWT WOCLIDE DECAT LIDRARY
DECAY DATA LIB f===ow=e-= ACYTINIDE DECAT LIPMRARY
PECAT DATA LIBRARY--—----- PISSION FRODDCT DECAY LTBEARY

CRO3S SECTION LIBAAEY--—-a STROCTORAL WATERTAL B ACTIVATION PRODOCY YSEC LIBDERARY--PER.O

CRO3S SBCTION LIFAAAT--~-- ACTINIOE LED DAOGHTER WUCLYIDES RSEC LIPRART--pPRER,. O

CRO3S SECTION LIPRART--—--~ FIS3I0N PROODUCY EISEC AND TIELD LIBRART--PYR.O

PHOTON LYIBRARY--—--mmeeeee
PHOTON LIBRARY—--vocoa—mne
PHOTON LIBARRY-~—~=tmammnn

OFDATED PHOTON LIDRAERT:

QUTPOT TABLES-~TITLE= IANABLATION OF ONE HETSIC TON OF PERG PUEL
REACTIVITY ARD BONNOUP DATA

ACTIVATION PRODUCYS

OPDATED PHOTOR LEIBRARY: ACTIWIDES AND DAUCATERY
OPDATED FHNOTOR LIBRARY: YISSION PRODUCTS

RECYICLE # =

SACTIFLTION PRODACTS®*o83)CTIVATION PRODICTSH4S4eACTITATION PRODOCTS® ¢S ¢s ACTIVATION PHODOCTSeres

CONCENTRATIONS, GRAAS STNAARTY TADLE:
RADIOACTIVITY, CORIRS ROCLIOER TADLE:
RADIOACTIVITY, cCURIES ELENEST TADLE:
NLDJOACTIVITY, cCOAlES SURANARY TADBLE:

SACTINIDES & DAOGHTERSSOSACTINIDES ¢ DADCHTERS®SeACPINIDES & DAUGHTERS¢ oo ACTINIDES + BDAUGRTER3 es

CONCRETRATIONS, GBIENS SORRAAY TABLE:

*FISSION PRODUCTS*+44546P15S100 PRODECTS O osesspisSsIOn PRODUCTSP P44 40 PISSTION PRODSCTASS4base

CORCENTRATIONS, clins
(ALPAL,#} WEUTROR 30URCE
SPONTANEODS FYSSION WECYRON SOORCE
LITE NOCLIDE PROTON TABLE

ACTINIDE WOCLIDE PAOTON TABLS
FISSION PRODNCT NOCLIDE PHOTON TABLE

SOR3ABRY TABLE:

00TPOT TABLES--TITLE= IREADIATION OF EIRCALOTS INCONEL & DICROBRAZE 50 T 160% rLOY

REACTIVITT AND DURNNE BATA

SACTIVATION PRODOCTS#%644)CTIVATION PRODUCTS®eeesACTIVATION

CORCERTRITIONS, GAARS SOANARY TABLE:
BADIOACTIVITY, CORIES NOCLIDE TABLE:
RADIOACTIVITY, CORYIES ELENENT TABLE:
AADIOACTEVITY, CORIES SUNNARTY TAPLR:

*ACTINIDES ¢ OAJOATERSSHCACTINIDES ¢ DACOATERSO*#ACTINIDES +

CONCENTRATIONS, aking SURAAARY TABLE: :

AECYICLE B -

PRODUCTILG4 4 ACTIVATION PRODUCTSos e

DAUGHTERS*»+ACTINIDES ¢+ DANGHTERSHS

SFISSION PRODUCTS*449esssPISIION PRODOCTSS*esossepisSion PRODOCTISS 046 ¢s FISSION PRODUCTS*e 0000

CONCERTRATIONS, GRAAS
{ALPHA,N) WEUTEON S00ICE
SPONTANEOUS FISSION FEDTRON SOURCE

SONRARY TAPLE:

=



L

LSTCO

FAGE
165
169
178

"2

188
(L1

185
187
201
203

05

207
209
Fil
am
216
(¥4

228
220

229
21
ns
n?

51
5]
258
55
259
07

fable C.I {continued)

TABLE OF CONTENTS OF DNIT = t2 FOR OURPUT ONIT = &
LITE WOCLIDE PHOTOM TIALER

ACTINIDE J0CLIDE PAOTON TABLE
FIS3I0OR PRODDCT WOCLIDE PHOTOR TABLE

ORIGEN INSTRDCTIONS FOR THAIS CASEB

GDTPUT TABLES--TITLEa DECAY OF NIGH-LRVEL POR-U WASTE; BERROP=31,5600 NED/NTIHN RECICLE § =
ABACTIVITY AmO BORROF DATA

SACTIVATION PRODOCTSE*s4ACTITATION PRODOCTIS*S#¢ACTIVATION PRODUCTS®** ¢ ACTIVATION PRAODUCTSse e

COYCERTRATIONS, GRLRS SORRAAY TABLE:
RADIOACTIVITY, CUNIES WOCLIDOR TABLE:
EADIOACTIVITY, COURIES ELENERT TABLE:
RADIOMCTIVITY, CORIES SOUARAAT TABLE:
SACTINIDES + DAOGHTERS®OSACTINIDES ¢ DADGHTIERIO*ACTINIDES ¢ DAUGHTERS*#ACTINIDES ¢ DAUCHTEAS ¢¢
CORCENTRATIORS, GRANS SUANRAY TABLE;
*PISSIOH PRODOCYS*O0e4soePISSION PRODOCTIEFssssoPISSTON PRODUCTIC 00 4o FISSIDN PRODOCTSSSoso 0w
CONRCEETRATIONY, GRAAS SOAWAAY TADLE:

(ALPNA, ¥} RBOTROR SOORCHE
SPONTANEODS PISSIOR RENTAOS SOORCE
LITE NOCLTIDE PHOTON TABLE

ACTINIDE FOCLIDE PHOTOW TaBLER
FIS3109 PRODUCT NOCLIDE PHOTONW TABLE

OOTPOT TAALES--TITLE» BERCAY OF PUR STRUCTUNAL MATSAIAL WASTP: 13,000 NED/ATHN RECYCLE 0 =
REACTIVITY AND BURNOF DATA
SACTIVATION PRODUCTS®#¢o¢ ACTIVATION PRODUCTS¢¢¢¢¢ACTIVATION PRODUCTS** oo ACTIVATION PRODUCTS*sss
CORCRNTRATIONS, GRAAS SUARLAEY TABLE:
BADIOACTIVITE, CoONIES HOCLIOE TABLE:
EADIOACTIVITY, CORIES ELENENT TABLE:
RADIOACTIVITY, CURIES SUANMRY TABLE: .
SACTINIDES & DAOGHTERS4COACTINIOES ¢ DIVCHTERAYSPRCTINIDES + DAOGATERSS¢4ACTINIDES ¢ DAGGHTERSSY
CONCERTRATIONS, GRANS JOHNARTY TABLE:
SFISTION PRODOCTS**Pes0ePISSION PRODOCTESESP0esSPIASION PRODUCTS #0000 soPISSTON PRODUCTAS S 48040
CONCENTEATIONS, GRANS SOABART TABLE:

{ALPRA, U} NEOTROP SOBACE
SPORTANEOUS PFISSION WEUTROB S0ORCE

- LITE BOCLIDE PHOTOM TABLY
ACTIRIDE NOCLIDE PROTOR TAOLE
7153100 PFRODOCY WOCLIDR PHOTON TADLE

E9l



hi

160

Table C.2. Sample ORIGENZ table of comtents for unit 11
TABLE OF CONTENTS OF gRit = 13 FOR OUTPOT ONIT = 1%

OOTP DY TABLES-~-TITLE= DECAY OF KIGH-LEVEL peR~U WASTR; BORNOP=]), 000 NED/ATIRA RECYCLE B =
REACTIVITY AND BDENUP BATA

SACTIVATION PRODUCESOSSSIACTIVATION PRODUCTISSesolCTIFATION PRODUCTSO#0¢ACTIVATION PRODOCTSSG
CONCENTRATIONS, GRARS SUANARY TABLE:

SADIOCACTIYITY, CORIES SOCLIDE TABLE:

RADIOGACTIVITY, CORIRS ELENENT TADLE:

BADIOACTIVITY, CORIES SOUANARY TARLE:

SACTIVIDES ¢ DAOGHTERSS et ACTINIDES ¢ GAUGHTERSS¢*ACTINIDES ¢ DAUGHTERSe+eCTINIDES + ODADGRTERSSs
CONCENTRATIONS, GRANS SOANARY TRBLE:

SPISATON PRODUCTSCCG0 et PISS NON PRODUCTS OGS0 PISTTION PRODUCTSS* #essesPISTTIOR PRODOCTSEF S0 S0
CORCENTRATIONS, GEARS SONNARY TABLE: '

(ALPHA,N} MEOTRON SODRCE

SPONTANEOUS FISSIOR WESUTRON SOURCE

LITE SUCLIDE FROTON TASLE

ACTINIDE MOCLIDE PHOTON TABLE

rrssios PAODUCT NOCLIOE FNOTON TAPLE

00TPOT TABLES-~TITLE= DECAY OF PUR STROCTORAL SATEAIAL WASTE: J3,000 RWO/ATHA BECYCLE & =
NBACTIVITY AND SORNOF DATA
SRCTIVATION PRODOCTS* 400 CTYIFATION PRODUCTS**# ¢ ACTIVATION PRODOCTS*+ ¢4+ 0CTIVATION PRODUCTSeese
CONCENTRATIONS, GRANS SUAAARY TAOLE:
RADIOACTIVITY, CURIR3 ROCLIDRE TADLE:

el



AFPENDIX D: SAMPLE ORIGENZ VARIABLE CROSS-SECTION INFORMATION
' (OUTPUT UNIT 16) :
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e



O

09%

ITAITIAL PECICR =
U= 1 ¢= 0,0
%= 8 P= 0.0
W=15 P= 0.0

[P Y-X N R Y NP Yy

1

NOCLID

922310
922350
922350
9223690
922380
932170
922390
941100
982390
942390
932400
92810
942010
2420
952040
952410
952930
952830
3620820
62480

-

IARACIATION OF ONE NETRIC TON OF BIND POEL

{391+
TIrE

-tk Wb B et B Bk s W p

TOTAL ACT O-h »
w2 v 0.0
= 9 r= 0.0
Weté P= 0.0

1°ql'|ll
) ]

730
41
75t
752
754
761
764
769
770
170
m
172
1712
73
bil]
180
1m3
783
108
791

PAS]IS = OVFE AETAIC TON OF PFUNQ POEL
4.100E D3

RuD/9=2 =

AECTCLE 3 »

e 1 e . 55VE-01 We 4 Te A 9N0R-0Y B 5 Pw 5.095E-02 R 6 F= 0.0

[YLL)
'-
1696
1701

0
1704
1709
1723
T IT

[ ]
1756

0

1761
1765

0
1767
1184
1742
1190
1780
17197
1403

fsid P= g.0
=17 p= 3.0

PP TIELD
INDIC ARR

OO YO 0OOWaBNODYSO0O=0n

N=ff F=s 0.0
Na18 P= 0.0
PISS{Y) AW
66 5.6 102-09
67 2.9%%-09
&7 T7.8563E 85
1] 2, 204R-09
70 2.579e-10
n 9,4%28-09
as 9.505e-09
a5 7.061¢ &5
13 t.0812-08
13 7.861¢ E%
ar 5.27e-08
a8 1. 154p- 08
1] 7.061E &%
| 1] 8, 504809
9 3.127E-08
9% ). 083e-09
99 S upse-19
99 1.042e-08
tos 1.5762-09
107 9.082E-10

=132 = 0.0
| L]
TOCAP{I} AW
e YIELD

1.981E 01 3. 512E~-1a
S.SME ¢1 3.512e-118
5.5502 01 a.6130e-21
7,939 00  B.630E-2%
9.952E-01¢ 8.830e-21
3.3128 01  @.630e-21
5112 0 A.6302-21
3511 01 8,6308-21
1.798E 02 8.630e-21
1.789E 02 4,080E-19
1.026% 02 6. 0802-19
1.603E 02 4.000E-19
1.5%0e 02 1.1212 DY
J.008E 01  t.fdte O
1.2232 02 1212 01
1. 225€ 02 t.121 019
J.exre 01 1.1212 0
3.aetee o 1.1212 09
5.656¢2 00 1.121¢ 01
0. 261E 00 1.1212 01

H=1) P= 0.0

FISS (1}

8, 5082-01
a.550e 019
k,5308 01
1.975e-01
1.0Ce2-01
5.2q4E-01
2.319%¢e 00
2.198e 00
t.106E 02
1.1808 02
5.040E-01
1,205 02
1.200F 02
.-’1""0‘
1.91%E 00
1.31%E 00
3.571e-01
1.571E-010
2.208E-01
6.529e-01%

[ anIT= 16

1. 1982 00 T0 2,390 00 ANTICIPATION PACTOR=

2.002¢ 00
U= 7 p= 0.0
N=i& F= 0,0
oLd ney
E5EC b 3 4o
1.935e 0% 1.936E 01
1.023r 01 1.020E 01
L, 550E 01 N 5108 OV
7.713E 0D 7.73%e 00
B, AA3E-01 8.893k-01
Lane o 3.2602 OV
3.292e OV J.2788 01
2. )96E 00 2.39%E 00
§.518E 01 S.8062 0%
1.116¢ 02 1.1a80E 02
1,839 02 1.820e 02
49.000E OF J.901E OV
1. 2058 02 1. 200e 02
2,959 01 2.962E &1
1.0848 D2 1.078k 02
1.3a08 01 1.032e O
1. 906 B0 1.891E 00
L622R 0V 3. 594e 01
S.426E 00 5.836E 00
J.a08R 00 3.a00E 00

TIELD ADJUSTIAENT POR UNCOMWRCTESD ACTIMIOES: CONMECTREOD ACT=92Z2ISO0LARGEST TNCOMMECTIED ACT=922360MER AATIO = 1.0002623

CLD BATIO = 1.00009%

PP EIRLD IN A ~ N, B61078-17

91



Al

-

TI9TCO

I0ITIAL vECTIOR =
fie 1 P= 0.0

IRRACIATION OF ONE RETRIC TOR OF PRRU FORL

BASIS

ONR ARTAIC TOY OF PERO PuURL

TOTAL ACT G-h =
= 2 s 0.0

#=0 F= 1, 1417-01 0= 9 PF= 0.0

=13 r= 0.0

L

W s DY VAR L0

- ok o ab

FOCLTO

922 30
922150
9221350
9223560
922380
12370
9421380
242300
982190
9821390
942800
9a2n10
9aza10
942420
952010
932410
9521410
952830
962430
961440

Ts1C
TIPR

PP TPEY TRFRre RO TR R P Prary X

=18 ¥+ 0.0

TOCAF(I}
I=

750
791
75
752
754
761
T69
18%
710
770
1
172
172
113
780
180
183
703
89
1%

a. 1591 0) ave/G-R =
¥= 31 P= 0.0 s e 0,0
¥=10 P= 0.0 211 = 0,0
=17 #= 0.0 B=18 F= 0.0
A(ry PP OTIELE  PISS(} AW
f=  LNDIC MRS
1694 0 66 5.7002-09
101 0 67 3.00%g-09
0 1 67 7.0618 63
1704 [ T 2.262g-09
1709 0 70 2.637E-10
1724 0 17 9.7308-09
1749 o Bs 9.907e-09
) [} | 3] T.863¢ E£%
1756 0 [T 1. 069208
] F -1 7.8613F 6%
1761 0 87 N 887E-08
4% 0 an 1.171e-08
0 3 [ 1] 7. 4638 65
1787 0 1) 8.7152-09
1784 0 9 3.138g-08
1782 o 95 1.878p-09
1790 0 99 5.658p~10
1788 1] [ 1] 1, 0715e-08
1791 0 105 1.610e-09
1803 o 107 1.0102-09

b5
=12 =

TOCAR(Y)

1.977E
5.962E
5.630e
T.8560

9.988E~

3,383
3.592e
3. 5902
1,772t
1. 154E

1.520E

1.59¢6E
1.596¢e
12.995%¢L
1. 20880
3. 2068
J.n21e
. 06352
5.668F
a.271e

TIELD ADJOSTINART FOR ONCONNECYED. ACTINTOBS: CONNECTED ACT=922350LARGESY

CLD BATIO = 1.000362)

PP TIELO IN A = 5.020962-17

01
(2]
o0
00
01
01
o

RECYCLE # » O

1.358E 00 ARTICIPATION FPACTOR®

8,382E-01
8.0

ANy
PP YIRLD
3.5T0E-1n
J.578E-1n
B.9208£-21
8.928pP-21
6.920e~-2%
0.5%288-21
8.928E-21
a,918e~-21
5,9202-21
%.0928-19
R, 092e-19
§.092E-19
1.115e 0%
1.1152 0%
1.15E Ot
1. 1158 01
1.115¢ 01
1.1158 01
1.115 01
1.1152 0%

W= 6 F= 0.0

¥=13 r= 0.0

rIss ()

4.504£-01
u,5)0E 01
4,598 01
1.9752-01
1.0cne-0%
S.2002-0Y
2.394T 00
2.816% 00
t. 1402 02
1.122¢ 02
5.8a0E-01
1.200¢ 02
T 1.,2008 02
8,579e-01
1.31v9e 00
1.319z 00
1.571e-010
3.571e-01
2.20nE-01
#4.519E-01

LONTT=16

1.502€ 00

W= T Fe 4. 4T62-00

pwid P« 0,0
oLy NEW
ISEC XSEC
1.936€ 0V ¥.9328 01
t.020% OV 1.032E Ot
0.5310F 01V 4,590E 01
71.739E 00 T.65%E 00
8,893E-01 a,92ap-01
3, 260E 0V 3,293t 01
3. 2782 01 3.353E OV
2. Map 00 2.%016E 00
6,986E 01 6,328E D1
1,102 02 1.122e 02
1.8202 02 1.5tee 02
J. 9811 Of 3,964 ¢ O1
1. 200E 02 1. 2002 02
2.962E 01 2.999 019
1.078e 02 1.062E 02
1.3328 01 V.312E 01
1.891¢ 00 1.915¢ 00
J.59% e 01 3, 636E 01
3. 8368 00 5.888E 00
J.q08E 00 3.818E 00

ORCORNECTED ACT=9221IGOMEY BATIO = 1,0004816

Fi|



APPENDIX E: SAMPLE ORIGEN2 DEBUGGING AND INTERNAL INFDR.HA'IION OUTPUT
(OUTPUT UNIT 15)
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L

co

-
[ 4

e

RUNBER OF COMAAND= 1 ;. TRIS IS IWSTAUCTION t O0Y OF A TOTAL OF 1 SBAS ¢ INSTROUCTIONS, ONIT=15
RONBER OF CONMARD= 2 ¢ THIS 13 TusSTROCTION 1 our OF A TOTAL OF 19 $RCh ¢ INSTROCTIONS. BRIT=15
RUNBER OF CONMANDe 3 3 TAIS IS IRSTROCTIOR 2 oOT OF R TOTAL OF 18 *3Ck * INSTROCTIOPS. UNIT=1S
POARER OF COABANDe & 3 THIS IS IwirgacCrios 3 00T OF A TOTAL OF 18 *ROA & IWSTROCTIONS. OFPIT=1S
WONBER OF CORMAND= % 3 TAIS 15 THSTROCTION L 00T OF A TOTAL OF 18 #RDA & INSTROCTIONS. UNIT=15
NUNBEN OF COARMANE= 6 ¢ THIS IS IwSTROCTION S 00T OF L TOTAL OF 18 *BDA & INSTROCTIONS, DRIT=15
NONBEIR OF CONNARD= 7 3 TAIS IS IMSTROCTION 6 OUT OF A TOTAL oOF 18 *RCA + INSTROCTIONS, MNIT=15
NOPBER OF CONHAND= & ; THIS IS INSTROCTION 7 ouwr OF A TOTAL OF 18 *ApA * INSTRUCTIONS. ORIT=135
WUNBER OF CORRARD=» 9 § TRIS 1S InSTROCTION 8 00T OF A TOTAL OF 18 #RDA # INSTROCTIORS. unirTetis
MUMBEN OF COAMARD= 10 ; TAIS J¥9 IwsTRaCTION 1 00T OF A TOTAL OF 1 *CDT # INSTRUCTIONS. DRITe=15
NOARER OF COMMANEe 11 ;3 TRIS I8 INSTHOCTION 1 00T OF A TOTAL OF ¥ SLIP ¢ INSTRUCTIONS. ORIT®1S
RUMBER OF CONAANES 12 § THIS IS INSTAUCTION t 00T OF A TOTAL OF 4 SLPD ¢ INSTROCTIONS. UNIT=1S
NUMAER OF COMNAND= 11 ¢ THIS T3 INSTROCTION 2 OUT OF A TOTAL OF & SLPp ¢ INSTROCTIONS, ONIT=1S
RONBER OF COERARO= 1% ¢ THIS IS INSTRAUCTION 3 o0T OF A TOTAL OF 4 SLPD ¢ IWSTROCTIDWS, DNIT=15
NONBER OF CONBAND= 15 3 THIS 19 INSTROCTION 4 00T OF A TOTLL OF 8 ¢LPD ¢ IBSTROCTIORS. OWIT=15
NGHRER OP CONNAND» 15 ¢ THIS IS5 INSTAROCTIOR 1 00T OF A TOTAL OF 1 SLIp » INSTRUCTIONS, ONIT«1S
RONBER OF CONMAND= 17 3 TAIS IS TWSTROUCTION f OuUT OF A TOTAL oOF 1 *PHO » INRSTROCTIONS. GNIT=1S
NORBER OF CORAAW A= 18 3 THIS IS INSTROCTION 1 OUT OF A TOTAL OF 3 ¢TIT & INSTROCTIONS, ORIT=15
wupaea OF CONRRDD= 19 § TEIS IS IDSTROCTION 9 OUt OF R TOTAL OF 18 *RADR * INSTRUCTIONS, UNIT=15
NUNBER OF COOMAWD= 20 ¢ THIA IS INSTROCTION 1 OUT OF A TOTAL OF 5 oImp ¢ IWSTROCTIONS, UNIT=13
KDNBTR OF COMHAWE® 21 t THIS 13 IusSTROCTION 10 OUT OF A TOTAL OF 9 *RDK * INSTRODCTIONS, UWIT=15
RONDEIR OF CONAAND= 22 3 THIS IS INSTAUCTION 2 0UT OF A TOTAL OF S *TNP ¢ INSTRUCTIONS, UNIT=15
MOMAER OF CONMHARNLe= 23 : THIS IS L¥sTAOCTION 1% OOT OF A TOTAL OF 18 ¢pD) * INSTRUCTIONS, DRIT=15
HONBER OF CORMAND= 2% 3 THIY IS IRSTRUCTION 3 o0T OF A TOTAL OF S ofhp & INSTRUCTIOND, UNIT=15
WURBER OF CONNARDe 2% § THIS 14 INSTHUCTION 12 POT OF A TOTAL OF 18 48DA * IFSTAUCTIONA. DONET»IS
RONBEN OF CONMAS(e" 26 § TRIS IS INSTRMUCTION » Ofit OF A TOTAL OF S sINp & INSTRUCTIONS, OWIT=15
HONBER OF COMHANCS 27 § THIS £3 INSTAOCTION 13 OOT OF A TOTAL OF 18 emeA # INSTRUCTIONS, ONIT=1S
HONBEA OF CONRANCe 29 : TR1S I3 MISTAWITION 5 OOT OF A TOTAL OF S oIpp ¢ INSTRUCTIONS, UNITe1S
NONBER OF CORNANDe 29 ; TAIS IS INSTRACTION 2 ODT OF R TOTAL OF 3 *TIT * INSTHUCTIONS, OWIT=15
WORBER OF CORBAND= 30 3 THIS 13 INSTROCTION 1 00T OF A TOTAL OF S A0y ¢ INSTROCTIONS, OWIT=135
BOMRYN OF CONNANEE 31 3 TRIS IS INSTROCTION 1 OoUT OF A TOTAL OF 2 *HED * IRSTROCTYONS, UNIT=13
FUNMBER OF COMNAMES= 32 ¢ THIS I3 INRSTAUCTION 1 oUf OF A TOTAL OF 2 *pgp * INSTRUCTIONS, OWIT=1S
RO UBER OF CONWANE= 33 ¢ THIS 1S IRSTROCTION 1 00T OF A TOTAL oOF 0 *INp * INSTRUCTIONS, ONIT=15

fEpcs 2.307¢ 06 DELT» 2,307# 06 Ti= 7,0&1E-07 EPPI= 12,0188 02 FDOT- S.0202-03 EPFr2= 2.565E 02 roDOT=-9.9918-10 EpPY= 2.137E
2n 3.2298-09 Tie 5. 119E~-10 TiA= 1.5052-04 T2A= S5.Y¥25£-07 T« 3.6292-08 EPPAVG= 2,019% 02 rLpYs 2.900E 19 FONER= 3.750E 01
RUNBER OF CONHARD= I 3 THIS IS INSTRUCTION 2 04T OF A TOTAL OF 0 *I%P » INSTRUCTIONS, UNIT=15

t99ce 5.763F 08 DELY= 31,4568 06 T1= 1.451E-~07 EPFI» 2.021E 02 PDOT= 1,%62-0) EpP2= 2.852EF 02 FODOT=-8.208E-10 EPPI= 2. MI2F
£« 3 1TIE-09 T3« 9.30(E~10 TIR= 1,506E-04 T2n= §.35828-07 TiN= 1.7688-07 EPPAYGe 2,023E 02 PLUX= 2.897F 18 POMER= 3.T75DE 01
#OABER OF COEMAND= 35 3 TA1S 13 INSTROCTION 3 08T OF A TOTAL OF 0 *LER # INSTRUCTIONS, ONIT=13

t3EC= 1.1528 07 DELT= S.7SWE 06 T+ J.830E-07 EPFi= 2,0258 02 FpoTs 1.0002-03 EPPF2= 1.109% 01 FDDOT=-5,.968E-10 EPFI= 2,V52F
2= 1.6018-0% 1I= 1.835E-09 TIA= 1.5108-08 TIn= 5.922E-08 TIA= 3.8902-07 EPFAYGs 2.029t C2 rLUI= 2.099E 18 POWER= 3.750F 01
ADABER OF CONBAND= 36 § THLS IS5 INSTRUCTIION- & OUT OF A TOTAL OF 0 SIfp ¢ IRSTROCTIONS, DNIT=15

T3ECa 2.304¢ 07 DEAT= 1.1538 07 Tis 7.5092-07 EPPie 2.017E 02 PDOT=-1,507E-0) EPP2« 1.913E D2 POPOT=- 3. 4BAE~-10 EPFl= 2.170E
T2e-a.696E-09 Ti= N, 392E-09 T18= 1.SIGE-08 T2H=-1.411 =06 TIN= §.4212-07 EPPAYG= 2.037E 02 riox= 1.919¢ 1N POWER= 3.750E 01
NONBEA OF COANAND= 37 § TRIS I3 INSTRUCTION S ObT OF A TOTAL OF 0 *IRP * IDSIROCTIONS, ONIT=15

TQEC= 3,856% 07 CRPLT= 1.152F 07 ti= 7.6TAE-07 EPPis 2. 0812 02 FPOT=-08,630E-01 EPP2= 1.B2BE 02 PODOT=-0.301E-11 EPPI= 2, MOBE
r2=-1, 573v-0¢ T3I= 1,%21E-09 1A= 1,.566E-04 120==3.5052-06 Tins 2.957E-07 PPPAVG= 2.0aSE 02 rLOox= 2.983E '8 pouERs 31.750E 01
NONBER OF COBNAND= 18 ; THIS IS INSTROCTION & OUT OF A TOTAL OF 0 *IFP * INSTRUCTIONS, ONIT=15

15ECs 3.680G2E 07 DELT= 3,956F 06 Ti= 8.0552-07 EPPYI= 2.089E D2 !m--S-UOlE*OJ BPF2= 1.910F 02 robOT= I ATRE-11 EPPI= 1.6M43E
t2s-6. 508209 TI= 2.5I4E-11 TiA= 1. 650208 T2Mac1.820E=056 TIN= 4, 920E-09 EPFPAVGE= 2,0502 02 PLOXI= ).131E 14 FOAER= 3.750F 01
RUAELR OF CONMANEm 39 ¢ THIS 15 IBSTRECTION 7T OUT OF R TOTAL OF 0 *IRP ¢ INSTRUCTIONS. UNIT=15

TSRC» a.608F 07 DELT= 0.061R 06 T1= 8.2272.07 Brri= 2,.051E 02 rpor=-5.635E~03 EPP2= 1.921E D2 FDDOT= B, 245B-11 EFPI= 1.T722E
t2%-1.5372-08 T3= §. 884%-11 Tii= 1.6078-04 2282-3.165E-06 TiH= 1.279E-08 EBFAYG= 2,053¢ D2 FLUI= 3.19E€E 14 pouem= 3.750E O
wOnpER OF COBBAND= a) 3 THIS I8 INSTRUCTION 8 OUVT OF A TOTAL OF - O ¢IRP # INSTRUCTIONS. DRIT=15

02

02

02

02

02

02
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Tagce 5.760€ 07 oRLt= .153B OF Ti= 8.896E-O7 EPFPi= 2,D56E 02 POOT=-6.007E-0) EPP2~ t.INGE 02 FDDOT= 9,5298-11 EPFI=~ 1.921F
TIe+2,4981-08 T1=-5.a3101-10 Ti8= 1, TREE-00 TIM=-5.02¢%-06 €)}=-1,1008-07 Berhvis 2.059€ 02 PLOI~= 3.302F 14 POWAR= 1.750E 01
ROHBIR OF CONNADD= 41 § THIS 13 INSTRUCTION 9 00T OoF A TOTAL OF 0 SIFP * IVSTROCTIONS, ORIT=15

tSECs 6. 336E 07 DELT= 5.7548 08 Ti+ B,.951E-07 BPrie 2.062!102 rOOT=~§. 237803 EPPI= 1.970E 02 PODOTs 1, 564E-10 EPFI= 1.990E
T20-1, 839208 13»=3,801E-10 Ti8= 1. ANTE-08 T28=<). 106E-06 TINA=-~7.760E-08 EPPAYS= 2,063F 01 rLuk= ). 401E 14 POUEZR= 3I.750E 01
HpHBER OF CORRABD= 87 ; THIS IS 1¥SThOction V0 OUT OF A TOTAL OF 0 *1af ¢ INSTROCTIONS. TRIT=1S

T4RC= £.9121 07 DELT= 5.76)E 06 TV= 9, 288B-07 BPP 1= 2, 0&5R 02 FOOT»-5,.504E-0) EPr2= 1.965E 02 PFODOTs 1.3528-10 EPFi= 1.987E
T22+1, IEAR-08 TI=-3, 771K-10 1A= 1 910E-0A Y2A=-2.960E-06 TIN=-7.726E-08 PPFAYGe 2.066E 02 FLOX= J.410F th pOUEE= 1. 7SDE 01
BOABES OF COHHABDe 43 3 TAIS IS IwsATRUCTION 11 ODT OF A TOTAL OF O *IGF » INSTROCTIONS. UFIT=1S5

TEpC= 7.503C 07 DELT= §.992B 06 Ti= 9,580E-07 BPFi= 2,.060E 02 FPOT=-N.9472-0) EPF2= 1.96AX 02 PDOOY= 1.259E-10 RPFi= t.946E
T2s-1,502E-08 T)=-5,T16E=10 TIA= 1.9012-04 TA=-J NANE-06 T3N=-1,.1028-07 EePAY= 2.070F 02 PLUI- ). 72aE 12 FONER= 3.750% 01

WadnBFR UF CONMAANE= B4 3 THIS I3 TIWSTRUCTION 1 o8t OF A TOTAL OF 2 sapP * TUSTROUCTIONS, OWET=15
WOABPER OF CONMARD= 45 3 TAI3 IS 1esSIRUCTION 1 oot OF A TOTRL OF 1 *0pTL® 1MSTROCTIONS. ONYIT=1S
NUPRAER OF CORNANE= 86 3 THIS 1S fesTRuctION 1 09T OF & TOTAL OF 1 #0PTA* IWSTRUCTIONS. UNIT=15
WORpEA OF COARANQ= a7 § TMLS IS YRATROCTION 1 oot aF A TOTAL OF 1 *OPTPF* IWSTROCTIONS. ONIT=15
NURDER OF COARARD= a8 ¢ THIS IS INSTROCTION 1 00t OFP A TOTAL GPF 2 00T ¢ INSTRUCTIONS, ONITwiS
RYHBEN OF CORNANE- 89 3 TALS 15 INSTRUGCTION 14 OOT OF & TOTAL OF 18 *rph ¢ 1NSTRUCTIONS. ONIT=15
NONBER OF CORRANE. S0 ¢ THIS I3 INSTROCTION 1 00T OF A TOTAL OF 5 enQY & TNSTROCTIONS, ONITa15S
RONBER OF CORNAND= 1 31 TAIS I3 IwsSteuUCYION 1S QUT OF A TOTAL OF 13 opgh ¢ INSTRANCTIONS. ORIT=15
RUBBER CORRARD= $2 3 THIS I3 1WSTHICTION T 00T Of A TOTAL OF T S*KEQ ¢ INSTROCTIONS, CGNIT=15

or ]
SegeQ NEROA= 4,381% 03 WERSA= 7,.995E 03 IAPA 1,040E G0 wrg0ls 7.900R D3 woRdDs 7.9)0E &) Inrpe ¥.4518-01

REFOC* 1.002F O8 WDESCe 7.202E O3 fmrCe 1.377E 0O PRCaFED BEFORE § DEST SCALING= 1.623E-01 PRD=PEAC OF RECY € IRCLODED= 1, Trie-01

RUARTIAN OF CORRAWDe $3 : TATIS IS IRSTROCIION 1 00t oF A TOTAL OF 1 *#FAC ¢ JESTRUCTIONS., DOIT=15
esFAC LD= VY PFAC(LD)= 1.00008 0O

0 .
ANHBER OF COMANARDe S4 3 TAIS 15 INSTAUCTION 16 oOtf OF TOTAL OF 18 *iDA

[ ] * TESTROCTIONS, DRIT=1S
wunREeR OF COBNARND= 55 3 TAIS 15 TEsYROCTION 3 00T OF A TOTAL OF 3 o7I1 ¢ INSTRDCTIORS. OWIT=135
SUNBER OF CORNANE= 56 3 THIS 1S TwsreocYion } out OrF A TOTAL OF S *ROY ¢ IESTROCTIONS, ONIT=1S
WEHRER OF CONBANES $7 § THIS 1S INSTROCTION 1 Oout orF & TOTAL OF 3 saph ¢ INSTROCTIONS. ONTT=1S
ATROER OF COMRANEe 54 ; TNIS IS IFSTRUCTIOPN 2 00T OF A TOTAL OF 3 #3200 * INSTROCTIO¥S. URIT215
NURBER OF CORRARDe 4% 3 THIS IS InSThROCTION 3 oot or A TOTAL OF 3 eapd ¢ INSTROCTIONS. OOLIT=15
SURBRER OF CORBAND= 60 3 TAIS IS ImstaucTion 2 091 OF A TOTRAL OF 2 oHED ¢ TWSTRUCTIONS, UNIT=15

& INSTROCTIONS, UNITalS

AURBER OF COMAAREs 61 § THIS IS INSTROCTION 12 OO¢ GF A TOTAL OF 21 *IRY

TStcs 2,307 06 CeLTe 2.007E 105 Tis 1,8900-02 EPFi= 2,098 02 PDOT= 9.8530-10 EFFl= 2.127¢ 02 ro0oOT=-5.695R-17 EFPJ« 2. 112E
t2= 1, 0908-03 £3=-5.051E-05 T18= 8, 3IT1E-05 TIm= 5.1268-04 TIN=-2,X92P-07 EPRAVGw 2,025 02 rLuUXe 2.6508 14 poEd= 3.0112-07

aumpaER OF COEPAMD= 62 3 TE1S 13 IBSTROCTION 1) OUT OF A TOTAL OF 22 *inF * IRSTAUCTIONS. ONIT=1S

taece 5.763E 06 DELT= J.0S4E 06 T1= 1. 05628-02 EPPI= 2,0298 02 re0T= B.4002-10 EPrls 1.129E 02 PDDOT-K, BBEE-1T EPPY= 2.112¢
T3 1,852201 TIn-9,726E-05 TiM= 9.1752-05 TIu= E.018E-08 TMa-0,.6058-07 EPPAVG= 2.036E D2 PLUI= 2.0888 14 FovER: 5.575E-07
NOABEA OF CORMANGD= 63 § TRIS I8 TUSTRGCTION 14 OOT OoF A TOTAL OF 12 *ISP * INSTATCTIONS. UNIT+1S

rapca 1. 1528 07 ELE» S.7548 06 TV= 2,1278-02 EPPie 2.001E 02 PoOT= 4.9422-10 EPP2s 2.133E 02 POOOTa~Y,017E-17 EPPI= 2.113E
2= 1. 997203 13=-2, 107-08 T1N= 1.0401-00 T2A= 9.366B-06 TiNe-9.970K-07 EFPAVGe 2.0n882 02 rLuI= 2.900E 14 YOWERs 6.430E-07
PUABER OF COBRAND= 6N § THIS IS INSTROCTION 15 OOT OF A TOTAL GF 22 *IWF * INSIROCTIONS. ONIT=15 -

esice 2.3080 07 CELT= 1.15JE 07 T1s 2. 8S4E-02 EPFI= 2.DSAR 02 POOT= 5.2528-10 EPP2= 2.139F 02 PODOT=-2.E35E-17 EPPI~ 2. 115E
72= 3.0270-03 T3s-5. HISE-08 TiH= 1, 19SE-08 T2Ma 1.815E-05 TINn-2.758P-06 PRYAVG™ 2.062F 62 FLOL= 2.955C 14 PowRE= 7.707E-07
BUNBEN OF COAMAND= &5 ; TELIS IS INSTEOCTION 16 00T OF A TOTAL OF 22 *IBF ¢ INSTRUCTIONS. UNIT=1S

Tspce 3.W56% 07 OELT= 1.132E 07 T1= 2.9012-07 EPPie 2.060E 02 PDOT= ). 25aE-10 EPP2= 1, 1532 02 PDDOT=- L.IB1E-17 EPPI= 2.1212
2= 1.8782-03 Tia-3.05)IE-08 TiA= 1, WQIR-O8 TR« 2.T0ME-D6 TM=-1.4398-04 EPFAVG= 2.072e 02 pLuzs 1.050F 1n poweke= 9.G12%-07
RURBTR OF CORMMRYE= &6 § TAIZ IS TUSTROCTION 17 OOT OF A TOTAL OF 22 oIAF * INSTROCTiONS. UKIT=1S

TSEcs ).602F 07 pELT= 3.456E 06 Ti= 3. 105E-02 EPPi= 2.076E 02 FpovTe 2, 148210 EPP2= 2_.168F 02 FDDOT=-B,.822E-18 BPFri= 2, 130
T2s 3 7058-04 T3w-1, 676E-05 TIN= 1,514R-0% T28= 1.709E-06 TIA=-7.871E-08 EPFAYG= 2.077E 02 rtor= 1.1562 14 POWER= 9.8231p-07
sunpeR OF COBMAND= 67 3 THIS IS INSTROCTION 18 DOT OF A TOTAL OF 12 *1BF * INSTRUCTIONS. ONIT=15

02

02

02
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TSEC= &.600E 07 DELT= A4.061H 06 TV= 1 J4GE-02 EFPY= 2.0788 02 FOOTs 1.9543E-10 Eprd= 2.171F 02 roboT~-7.771R-18 EFF)= 2.13)8
t2e 7,031)p-00 13=-8,8962-D5 TIM= 3, 562E-00 TIA= ). SDRE~D6 TM=- ), SNEE-07 EPPAYG= 2.0B0E 02 PLOR= 3,258E 18 POWER= V1.04AE-D6
NOWBTIA OF CORMARD™ 68 ; THIS 19 INSTROCTION 19 OOT OF & TOTAL OF 22 *16F & INSTROCTIDNS. THIT=1S

TSEC= 5.760% 07 DELT= 1.133)% O07.%%= 3}, J7ME-02 BPPi= 2.002E 02 FDOT= 1.026E-10 PpPPr2= 2.7190F 02 PDDOT~ 5.7842B-18 EPFI= 2.181E
T2s $.2202-04 132-1.271R-08 TIE= 1,619R-08 T2B= J.753E-06 TIN=-5.9398-07 EPPAVG= 2.00AE 02 FLOI= 3.397% 1% POVER= 1.130p-06
SONSER OF COMNAND=~ 69 3 THIS IS IASTRUCTION 20 ouT OF A TOTAL OF 22 *IRT o IWMSTROCTIONS, OUIT=15S

TSPC™ 6.116% 07 CELT= S.754% 06 Ti« 3, ASTE-02 EPPI~ 2,089g 02 POOT~ $.4122-12 EPr2= 1.986% 02 PPOOT= L 7512-18 EPF3I= 2.076E
T1« 2.7082-0% 13= 2.0762-05 TIN= 1,.455E-084 T28+ 6.791K-08 TIn= 1 000E-07 EPFAVG= 2.086F 02 FLBI~ J.5368 18 poweR= 1. i81e-06
NORBER OF COAMANOw 70 3 THIS 1S INSTROCTION 21 OOT OF A TOTAL OF 22 ¢IRF ¢ INSTROCTIONS. ONIT=19

TIECs £.9022 07 CELT= 3,753k 06 T+ 3 N362-D2 EPPI= 2.0878 02 PhOT= X NSSE-11 EPF2s 2.)96E D2 rODOT= 1. 081P2-18 RFF)= 2.024%
T2= 9.956E-05 T3« A, 1972-06 T18= 1. 4072-08 T4« &, 1SSE-07 T3I8= §,0092-08 EPPAVG= 2.08BE 02 rLOR= 3,.662E 1% EFOWER= 1.220%-06
nOnBER OF COMRMANE= 71 ; THIS IS INSTRUCTIOR 22 OOT OF A TOTAL OF 22 18T ¢ INSTRICTIONS. DRIT=15

TSPC~ 7,603 07 CELT® €.912F 06 Ti= 3 .8378-02 REPI= 2,0P9E 02 PPOT= §,SISE-11 EPP2= 2.30%E 02 PoDOT= 1.792E-19 EPPI= 1.570E
T2= 1, 568E-0a TI= J,8278-06 TiN= 1.684GE-00 T28= &.60)E-07 TIN= 9,.090E-09 EPPAVG= 2.009E 02 FLOT> J.T783E I8 POURR= 1.262E-06
NONBER OF COHRAMD= 72 3 TAIS 19 InSTROCTION 2 ogT OF TOTAL OF 2 To0T INSTROCTIONS, DRIT=1S
ROPBER OF CONARND= 1n THIS IS TI&sSTROCTION 17 out oOF TOTAL OF {8 *RDA 1RSTROCTIONS, URIT=15
HITRBIR OF CORAANC= RL) TRIS Y3 INSTRUCTION 18 OOt OF TGTAL oF 18 ¢EDA 1Nt UCTIONS, ONIT21S

WONBLR OF CONHAREx 28
WUABER OF COHNRARD= 29

TRIS 1S XwStROCTIONR ouT OoF
THIS IS [NSTROCTION 11 oUT OF

TOTAL OF SDEC INSTROCTTORS, OWIT=15

TOT AL OPF (]3] INSTROCTIONS, BEIT=15

[ 3 [ ]

H [ } -

1 A .
HORBEN OF CONMARD= 75 ¢ THIY 1% TusTROCTION 4 00T OF & TOTAL OF S eA0Y¥ & INSTROCTIONS, ONIT=15
NONPEA OF CONMAWE= 76 § TAIS IS TNSTRUCTION S 0T OF A TOTAL OF S SHOY » INSTADCTIONS, aNIT=1%
NURAER OF CONMARD= 77 ¢ TRIS IS5 INSteocTiON ' O0T OF A TOTAL OFP 4 *PCA ¢ IBNSTROCTIONS. UNXIT=1%
NORAER OF COEBARD= 780 ; TRIS IS I¥sSTwucCTION 2 O0DT OF A T0TAL OF 4 ¢PCH ¢ IRSTROCTIDNS. UNIT=15
NUNBER OF CONMANEe 79 3 THIS I3 INSTROCTION Y 00T OF A TOTAL OF N *PCE & IWSTRUCTIONS., OVIT=15
RONAIR OF COHRANE= G0 3 THIS I3 IWSTROCTION . & OODT OF A TOTAL OF N *PCH & INSTRUCTIONS, DFIT=15
NONBER OF COMMAN De &1 3 THIS 1S IERSTAOCTION 1 OUT OF A TOTAL OF 1 ¢STF & INSTROCTIONS. DRIT=13%
BUABER OF COUMARD= 1 3 THIY 13 IwsTROCTION 1 ontT OoF A YOTAL oOf 2 *BAS ¢ LuSTRUCTIONS, OFIT=15
NUNBER OF COMNMAWO= 1 1 TRIS 13 1wsTROCTION 1 00T OF & TOTAL OF 9 SCDT ® INSTRUCTIORS, OFIT=15
RONBTR OF CONBANL= 3 3 RIS IS lusTRUCTION 1 0OUT OF A TOTAL OF 1 SLIP » INSTRICTIONS, €NIT=15
HONBIR OF CORMMAND= 4 § THIS 13 IusTROCTION { oUT OF L TOTAL OF 1 4LP0 & INSTRAUCTYIONS, OWIT=15
NUNBER OF CONMAND= $ ; THIS 13 LusTROCTION { oDt OF L T0TAL OF 9 SLIR ¢ INSTROUCTIONS, OWITx1S
HURRER oF COERAND= 6 3 ra1s IS IwseeoOcCTION 1 out OF A TOTAL OF 1 *PAG ¢ INSTROCTIONS, UNET=1S
NORAERR OPF COAMANDe 7 ¢ THIS 1S LImSTRUcTION t OBt OF A TOTAL OF J *H0¥ ¢ IUSTRUCTIONS, ONIT=?5
BOARER OF COMNARCEe 8 3 THIS IS L1ESTROCTION 1 00T GF L TOTAL OF & *EDA & TUSTROCTIONS, DRITsS
NONBER OF COMNBAWDe 9§ TINIS IS TWSTROCTION 2 00T OF A TOTAL OF & ®BLA ¢ TUSTROCTIONS, ORIT=15
RUNBER oF COMHANEs 10 § THTIS I3 TESTRAOCTION ¥ OOT OF R TOTAL OF 0 SDEC & INITROCTIONS, ONIT=15
SONBER OF CORNANDa= 11 § TRAI3 IS INSTAUCTION 1 00T OF A IDTAL OF q *PRG * IRSTRUCTIONS, ORIT=15
SUNBER OF CORNMANDe 12 3 TH#1S 13 JESTRUCTION 2 00T OP A TOTAL OPF & *PRO ¢ 1WSTRUCTTIONS, DWIT=15
POMBER OF CONARNGEm 13 3 TRIS IS IusTaocCTIOR 3 oor OF A TOTAL OPF N *PRO ¢ INSTRDCTIONS, UNIT21S
NOMBER DP CONEANDe 14 { THIS I3 TUSTAOCITON & oOF OP A TOTAL GF & SPRO ¢ INSTROCTIONS. DRIT»1S
NURNBER OF COMNAND= 1% ; TRIS 13 INSTROCTION 2 out OF A TOTAL oOF 2 *BAS ¢ TWSTROCTIONS, ONIT=1S
RONBER OF COMBAND= ° 46 3 TANIS IS IwSTEUCTION 3 00T OF A TOTAL OF & SRDA & INSTRUCTIONS, UNET=1S
NONBER OF COMRAND= 17 ¢ THIS IS IFSTROCTION 1 04T OF A TOTAL OF 2 *TIT ¢ INSTROCTIONS. ORIT=15
AUHOEA OF CONNANE= 18 ¢ TEIS IS IwstRucrioN 2 oUT OF A TOTAL OF J e50F & INSTRUCTIONS, ONIT=15S
NOREFR OF CONAARD= 19 3 THIS IS IWSTROCTION t out OF A TOTAL OF 2 *RYID * LNSTRECTIONS, ORIT=1S
HIENBER OF CONHAND= 20 3 TALIS IS INSTROCTION 1 OUT OF A TOTAL OF Q *DIC ¢ INATRUCTIONS, ONLIT=1S
BUNBER OF COBAAED= 21 ; TA13 13 1WSTRUCTIOR Y O0T OF A TOTAL OF O SDRC ¢ JESTAUCTIORS, DNLT=1S
HUNBER OF COREARDs 22 : T51s Is Ipstaucrion N oDt OF A TOTAL OF O *DEC & 1WSTROCTIONS, OWIT=1S
WHIRGEA OF CORWANE« 23 ¢ TAIS I3 TNSTRUCTION 3 OUT OF A TOTAL OF 0 *PEC ¢ INSTRUCTIORS., OMIT=15
NURBER DF CONMANOD= 24 § THIS IS 1usTROCTION & ooT CP A TOTAL OPF 0 *DEC & INSTRUCTIONS, ONIT= 1S
WOEBER OF CONNAPE= 2% ; THIS IS INSTRAOCTION 7 ofir OF A TOTAL OF 0 *DEC & JNSTRUCTIONS, ONIT=15
NURBER OF CCHBARD= 26 : TEIS 13 TESTROCTION A ObT OF A TOTAL-OP G *0IC * IVWITRUCTIONS, DWIT=15
MORBER OF CONMAND» 27 3 THTS 13 l¥STHOCTION 9 00T OF A TOTAL OF : ¢DEC ¢ TUSTRAOCTIORS, ODWITs1S

H 10 [ § .

) | ] 0 ]
NUNBER OF CONRAME= 30 ; THIS IS INSTAOCTION 9] OOT OF & TOTAL OF 0 *DEC ¢ TUSTROCTIONS. O¥IT=1S
HUNBER OF CCRAAND= M ; rars I3 1ysrRoctiom 11 ouT OF A TOTAL OF 0. *DEC » INSTROCTIONS. OPIT=1S
NNNBER OF COMARND= 32 ; TRIS IS TUSTROCTIONR iy 0OT OF A TOTAL OPF 0 *OEC & TWSTINOCTIONS. ONIT=1S
RUABER OF COANANE= 3% ¢t TAIS I3 IUSTROCTIOR 15 ouf OF A TOTAL OF 0 *DEC ¢ IVSTIRUCTIONS. ONIT=1S
H A ] *

BUNBER OF COBNANEa kL THIS 13 13STRUC TION 1 00F OF A TOTAL OPF 00T INSTROCTIONS. URIT=15
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30060
60120
80160
110230
130270
150310
200820
20CLgo0
220890
240500
250550
260580
280610
290650
300680
420950
821000
281080
481130
491150
501160
501200
601540
641580
781830
822060
g 22340
) 0.
1woe10
20030
30070
60110
60120
701480
80170
90200
100230
110250
120270
130290
140300
150320
160330
160370
170380
180380
180420
190420
200310
2008%0
200490
210870
2204860
220500
230520
280510
2640550
250570
260560
270%a0
270610
283600
2806a0

1.0830%E~02
9. 3€CSE OC
8.3€07E 023
6.52172-01
€.1852E-01
1.1290E 90
3.,2232E~08
9.4726E~05
1.1269E=03
3.3426E~03
3.0909E~02
9.3363e~-04
4.6158E-03
4.84815E-03
1.15602~01
1.6558E~02
9.997uz~013
1.9777E-0Q3
2.7110E~02
1.6656E~02
4.95022-03
1.0911E~02
3.3370E~-04
3.,9408E~-013
1.5552E~03
1. 1629E-03
1.2393E 00
4]

8.9703E-03
8,05982-05%
1.32€8E-01
$.3TugE~-19
T7.J608E 00
1.7693E 00
2.19a22 00
0.733aE=-12
£.2769E=12
1.6620E=-14
2.8280E~-11
J.6348%~13

"1.3353E~02

1.1779E-)5-
2.3099E~07,
k.5166E~14
1.7€842-09
3.5875E~05
4.98a6E~18
$.3038E~-12
4.10008-0%
6.8526E~07
2.57892~12
1.85952-10
1.7194E~03
1.0910E=-03
3.0961E-09
£.80792-06
B.965€6E~12
S.818BE~15
2.9863E~01
9.3829E~06€
1.3197E~-D9
1.06612~01
3.7917E-03

30070

- 60130

80170
120240
140280
170350
200430
220u460
220500
200520
260540
270590
280620
300640
300700
420960
471070
481100
481140
501120
50117¢
501220
6021550
641600
741840
822070
922350

0.0

10024

20040

30080

30100

§0130

70150

80180
100200
110230
120240
120280
130300
140310
150330
1%603u0
170350
170381
180390
190390
190830
200420
200860
2108350
210280
220870
220510
230530
2u0520
250540
250580
260570
270590
2706 20
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ORIGENZ2 is a versatile point-depletion and
radioactive-decay computer code for use in simulating
nucfear fue! cycles and calculating the nuclide composi-
tions and characreristics of materials contained therein.
It represents a revision and update of the original
ORIGEN computer code, which was developed ar the
QOak Ridge National Laboratory (ORNL) and distrib-
uted worldwide beginning in the eariy 1970s. Includ-
ed in ORIGEN?Z are provisions for incorporating data
generated by more sophisticated reactor physics codes,
a free-format input, and a highly flexible and con-
troflable outpui; 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
photon emission data bases employed by ORIGENZ2
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
reactors, and Canada deuterium uranium reactors. A
number of verification activities have been undertaken,
including (a) comparison of ORIGEN2 decay hear
results with both calculated and experimental values,
and (b) comparison of predicted spent fuel composi-
tions with measured vailues. The agreement berween
ORIGEN2 and the comparison bases is generaily very
good. Future work concerning ORIGEN2 will involve
continued maointenance and user support 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 Shieiding Information Center.
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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
nuclear fuel as a function of both space and time. On
the other hand, these codes are incomplete in that
they only calcuiate the amounts of a limited number
of nuclides 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 characreristics 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 compoasition of the nuclear
material of interest.
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In this country, ORIKGEN (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 Lakoratory
(ORNL) in the late 1960s and =arly 1970s by Bell
and Nichols as a versatile tool! for calculating the
buildup and decay of nuclides in nuclear materials.
At that time, the required nuclear data 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 principaily 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 plants, 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 Isptopes,?
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 soph:sncated 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 cbtained it from other users. Some
of these organizations began using ORIGEN 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 reia-
tively precise calculations of minor isotopes such as
3H, '*C, 33U, and ?%Cm. The initial responses 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 QORIGEN and its associated data bases and
reactor models. The outgrowth of this progrem was
the ORIGEN2? computer code, which has been ac-
quired by 110 organizations since its release in
September 1980.

One additional longstanding problem \Inth 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 ORJIGEN?2

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
capable of displaying great detail concerming the
contribution of each individual nuclide to the overall
totals for each engineering unit (characteristic). The
nuclides contained in the ORIGEN2 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 serjes, 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 executable
element can be reduced somewhat by making internal
adjustments to QRIGEN2, 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 modemn 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 caiculate 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 |

Nuclear Material Characteristics Computed by ORIGEN2

Croff

Parameter

Units*

Mass

Fractional isotopic
composition
(each element)

Radioactivity
Thermal power

Toxicity
Radioactive and
chemical ingestion
Radioactive inhalation

Neurronic
Neurron absorption
rawe
Fission rate

Neutron emission
Spontaneous fission
(a.n)

Photon emission
Number of photons
in 18 energy groups
Tortal heat

g, 2-atom

Atomic fraction,
weight fracrion

Ci, aCi
Watt of recoverabie energy
{excluding neutrinos)

m? of water to dilute to
accepiable ievels

m’® of air to dilue 1o
acceptable evels

/s
fission/s

n/s
n/s

photon/s, MeV of photon/W
of reactor power
W, MeV/s

LAl of these can be calculated on a fractional as well as an ab-
solute basis except fractional isotopic composition, neutren
emission, and photon emission.

most commonly characterized include spent reactor
fuels. radioactive 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 QRIGEN2 has been
substantially changed as compared with that for
ORIGEN. The ORIGEN? input was designed for
maximum flexibility with respect to simulating the
situation being analyzed, while also being straight-
forward and simple to prepare. The method em-
ployed, in effect, has reduced the overall ORIGEN?2
problem to a number of specific operations such as
“read 2 data base,” “input 2 composition,” “output
results,” etc. Each of these is invoked by a single
input card describing the type of operation and giving
various parameters that 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 to 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 storsge of intermediate and final
nuclear material compositions in ORIGEN2 is in-
dexed, and the user has detailed control over these
compositions fo 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, and/or 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 one-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 ORIGEN2. 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. :

The general sequence of operations that must be
specified in the ORIGEN2 input 10 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 impurities.

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 cofresponding
to the lag time between discharge and reprocessing.

5. Employ the reprocessing operation to remove
the recovered elements (uranium and plutonium), as
well as certain other nuclides (noble gases, iodine,
tritium), vielding the radionuciide composition of
the HLW when generated.

6. Decay the HLW for various times ranging up to
1 million years.

7. Specify that the thermal powe.r (watt} and the
radioactivity (curie) of the material stored (i.e., the
HLW) should 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 jt is by means of these
codes that the cross sections supplied with ORIGEN2
were produced. '

Determination of the composition of the input
nuclear material 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), B%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 essentiailly 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 aimost always accomplished by
using a series of operations since a single operation
results in unacceptably large numerical errors in the
algorithms employed in ORIGENZ. 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 postirradiarion radioactive decay of the spent

- fuel is a rather trivial calculation, usuaily involving
a single decay step. The reprocessing of the spent fuel
to yield the HLW composition is also very simple if
the user knows the processing recoveries (or josses) of
the elements in the spent fuel. ORIGEN?2 contains
default values for these parameters, and provisions
have beent 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 necessary
that multiple time -steps be taken to prevent un-
acceptably large errors. However, this is not normatly
a problem when decaying radioactive materials since
the objective is usually to obtain the time-dependent
behavior of some characteristic and a number of in-
termediaie time steps will be used anyway.

The final step in the calculation is to specify the
characteristics desited 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 1o 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 QRIGEN?2. A detailed
mathematical description of these methods is avail-
abie elsewhere.?

As might be expected. most of the calculations
carried out by ORIGEN2 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. Thers are,
however, two unique features of QRIGEN2 thar
require explanation: (a)} the method for storing the
equations that describe the buildup and deocay of
nuclides. and (b} the methods employed to solve
these equations.

Before describing these features. we must briefly
outline the problem being solved 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:

(J'X,- A N i
T =L liNXi e 2 fuoeXe
i=1 k)

~Nteoitr) Xt Fo i=1. NV

(n

where
X; = atom density of nuclide !
N = number of nuclides

Iy = fraction of radioactive disintegration by
other nuclides. which leads to formation of
species {

A; = radioactive decay constant
¢ = position- and energy-averaged neutron flux

Ju = fraction of neutron absorption by other
nuclides. which leads to formation of species
i

o; = spectrum-averaged neutron absorption ¢ross
section of nuclide k
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Ixp 2300.0 37.5 2 3
Iap 500.0 37.%5 3 A
Ip 70.0 37.5 & 5
Iey 280.0 I37.5 S &

oy

RbA DECAY GF PUEL OYER SEGET-TIRN
PEC 6&0.0 6 7T & 1

dec 90.0 T 8 & O

PEC 120.0 8 9 & O

bpC 130.0. % 10 & 0

DEC 1W0.0 W 11 & O

DRC 1.0 11 12 S 0o

104 PRINT PUEL IRRADIATION ABD DECAY RERSOLTS
TIT IRGMDIATION AND SHORT-TERA DECAY OF PSR~D FUEL
OpTL 48 1 8 ] 1788

OPTIL 898 1 § 1 17e8

OPIF A8 1 8 1 170}

oOT t2t -1 0

Iba ** PORL RRFPROCESIING

1 1.7 URBOYE VOLATILES F208 130-DAY~OLD POUEL
mo W0 -1 -2 =3

DA SEFARATE G/¥0 PROA ALE

PRO =1 =3 1 -t

IpL  SEPARATE U AND MO

RO =3 =5 =§ -4

gD 1 ¢+ OALF

EDA DECAY HLS POR ONE AILLION YRIRS

pECc 0.3 & 2 S 1

PEC 1.0 2 3 S5 O

D3C 5.0 3 & 5 O

PEeCc 10.0 & 5 S O

D€ 100.0 5 & 5 O

DEC 300.0 6 7 S O

DEC V.0 7T 8 7 O

oec 10.0 8 9 7 ¢ *
Dgc 100.0 9 W T O .
DEC 300.0 W 11 T O

bR .0 11 12 & O

DA PRIET ELE DECAY RRSULTS

T DECAT OF PER~-U BLN

oor 121 -1 0

8 1]

2 922380 0.9 22350 32000.0 922380 967710.0 0 0.0 PUBL ACTISIDES

& 030000 %?0 :50000 1.0 060000 B89.% 070000 25.0 PUEL I3PUR
% 080000 138858.0 090000 0.7 110000 15.0 120000 2.0 FOEL INPUR
] 130000 6.7 180000 12.1 150000 35.0 170000 3.3 FORL 18PUR
4 200000 2.0 220000 1.0 230000 3,4 28000 &.0 PUEL 1BROR
& 250000 1.7 260000 14.0 270000 1.0 280000 28.0 FUEL INPDR
8 2950000 1.0 300030 %0.3 420000 10.0 870000 0.1 POEL l3POR
& 80000 25.0 490000 2.0 500000 8,0 §a0000 2.5 FILL IRPUR
8 780000 2.0 820000 1.0 830000 0.8 0 0.0 TULL IBPUR
o .

Fig. 1. Sample ORIGENZ input.
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r; = continuous removal rate of nuclide { 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 (M = 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 generally 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; (i.e.. ~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:

i.Input data containing the half-lives, decay
branching fractions, cross sections, and fission prod-
- uct yields for 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,
called the transition matrix, is stored permanently
since it is invariant for a 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 storzge as
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compared with the 2.9 million that would be required
10 store the entire matrix. '

Calculation of Flux and Power

After the tramsition 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 f{rradiation calculations 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 calculated in three general steps:

1. The transition matrix parameters that are time-
step dependent are set.

. The neutron flux is calculated from the pdwer
(or vice versa) and the transition matrix is
adjusted accordingly.

3. The nuclide composition at the end of the time
step is caiculated 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.
ORIGEN?2, 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 burnup. 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 *-2#{] and #*%-2*!Py, and that
other actinides did not produce fission products even
though they were fissioning This assumption was
necessitated because {a) fission product yieids were
not available 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

9
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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
ORIGEN2 tw accommodate these fissions without
using an excessive amount of storage was to

1. caiculate 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 {ission 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:

_6.242X 10" (P)
> X[olR,
i

(2)

where
¢ = instantaneous neutron flux (n-cm™*-s74)
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 J
(MeV/{ission).

The difficulty with this equation is that, since the
amount of fissile nuclide f 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 approach taken in ORIGEN2 is to expand
Eq. (2) in a Taylor series through the second-order
terms with the fissile nuclide compaosition 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 additional points should be noted about
the calculation 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 oniy for informational purposes since
it is the flux that is employed in adjusting the transi-
tion matrix. The second point is that the parameter
R;, which is the recoverable energy per fission, is
assumed to be a function of the fissioning nuclide
in ORIGEN? according to the following:

R; (MeV/fission) = 1.20927 X 1073 (Z24%%) + 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 ?Th and ***Pu.
This approach represents a significant change from
that employed in ORIGEN, 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 Simultansous Equations

The final step in the calculational procedure 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 ORIGEN?2 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 to
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 long-lived 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 a 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 homogeneous
case (i.e., no continuous material feed), the system of
equations that is being solved can be denoted by

X=AX (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(r)=exp(AnX(0) ., (&)

where
X{r) = concentration of each nuclide at time r
X{0} = vector of initial nuclide concentrations

f = time at end of time step.

The matrix exponential method generates X(t) by
using the series representation of the expeonential
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 solutions
to the differential equations to calculate the concen-
trations of short-lived nuclides which have long-lived
parents. A Gauss-Seidel successive substitution algo-
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
1ime step have been calculated and stored. The results

-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 ORIGEN2Z. 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 datz base and the
sources of the data.

Radioactive Decay 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 naturaily occur-
ring elements

5. the radionuclide maximum permissible con-
centration (MPC) values from Appendix B,
Table Il of Ref. 10.

The list of nuclides to be considered by
ORIGEN? is defined by six-digit nuclide identifiers
in the decay library. The nuclide identifier is defined

- as

NUCLID = 10 000*Z + 10*A + 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

NEL!D = 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;_:ut
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 ORIGEN?2.

The halfiljves 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 employed 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 neutrino 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 alpha and internal
transition decays, the recoverable heat per decay is
identical to 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-IV (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 nuciear 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 designate 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
calculating the relative toxicity of a nuciear 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}, yielding the volume of
water or 2ir (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 Date Base

The photon data base® supplies the number of
thotons 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-

NUCLEAR TECHNOLOGY VOL.6  SEPTEMERER 1983

Croff COMPUTER CODE OF NUCLEAR MATERIALS
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
containing discrete gamma-ray and x-fay transitions
and bremsstrahlung in a8 70-energy-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 not included in this list
[e.g., the '®0(n.n'a)*C reaction]. Fission product
yieids have been included for fissions in 2**Th,
3332352381 apd 239-241pu, Yield values for **Cm and
¥t which are included to facilitate some special
types of calculations, are the same as those for **'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-
sectjon 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 burmnup) PWRs

3. once-through Canada deuterizm 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 a 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 muitipie-
energy-group (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} a set
of burnup-dependent cross sections (discussed pre-
viously) that can be incorporated into ORIGENZ to
enable it to account for concentration and peutron
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 ORIGEN2Z 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 muitigroup 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,

ORIGENZ 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 Orpanization

. The organization of the information produced by

one 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 11
Organization of an ORIGENZ Output Grouping*

* Second Level

Third Level

Fourth Levei

Reactivity and burnup data
Activation product segment®

-

Actinide segment®

.

Fission product segment®

Neutron production raie tables

Photon production rate tables
Actinides

Fission products

Table type 1 (e.z., 8)

Table typeZA (=.g.. loxicity)
Tabie type 1 (e.g., £)

Table type 24 (e.g., toxicity}
Table type 1 (=.3., B)

Tabie type 24 (2.g.. toxicity)
{a.7); spontaneous fission

Activatien products

Nuclide, clement, summary aggregations

Nuclide, element, summary -aggregations

Nuclide, element, summary aggregations

Nuclide, elsment, summary aggregations
Nuclide, clement, summary aggregations

Nuclide, slement, summary aggregations

Summation tables
Principal contributor tables

Summation tables
Principal contributor tables

Summation tables
Principal contributor tables

*An output grouping is defined by a specific radioacrive material to be characterized in the ourput. Multipie sequential output

groupings are typical in ORIGEN2 output.

*The table types and aggregations 10 be printed are controlled 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 VI - ]

. photon emission rates.

The reactivity and bumup datz consist of less
than one page of information summarizing the fluxes,
burnups, specific power, and infinite multiplication
factors for each of the coiumns (or vectors) being
printed. (A vector gives the radionuclide composi-
tion or characteristics of a material at a point in
time.) In addition, the information related to the size
of the ORIGEN?2 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 ORIGEN2Z2 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, element, 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 aggregation 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 2 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-evel 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 séctions is substantially in the same form, only
the activation product section will be described in
detajl. 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 18
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 (ie., a cutoff
value set in the input) to the total photon production

 rate for each group.

Description of an Dutput 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 correizted with 2 table of contents
that is printed by QRIGEN2Z.

Next, in the upper left center portion of the
page, the following information is given:

1. title for this output (user specified)

2. average power (megawatts per basis unit),
burnup (megawatt-days per basis umit), 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 horizonial 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 ot Qutpur

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 alternatives invoives
searching and manipulating the ORIGEN2 results

so thati they appear in a different format or so that -

only a 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.2*

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 ORIGENZ2, 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 piant.

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 ORIGEN2 involves employing the
results of ORIGEN2 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 radioactivity 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
$0 in an ongoing program that supplies waste inven-
tories and projections to the U.S. Department of
Energy*%*® (DOE).

" The final common use of ORIGEN? 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).

ORIGEN2 has also been 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,3* which
mode! the effluent 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)], which is currently being used
at ORNL, allows 2 more detsiled simulation of the
processes generating the wastes, thus providing the
capability for process trade-off studies.

In a second class of uncommon applications, OR}-
GEN and ORIGEN? are tied directly to more spphts-
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 ORIGEN2.
ORIGEN2, in turn, provides the detail necessary in
many safety-related aspects of reactor operstion 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 caiculation 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 weil-characterized sam-
ples that can be used as a basis for comparison. The
aspects of GORIGEN2 that aye verifiable are the com-
position, thermal power, photon spectrum, and neu-
tron emission rate of some specified nuclear marerial

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 of 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
mezningless. However, a few comparisons have been
made between ORIGEN2 and reasonably well-char-
acterized benchmarks; these are summarized below.

The thermal power predicted by ORIGEN? 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
revealed 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 altered 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 ORIGEN?2 result 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 ORIGEN2,

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 § to 6% at decay times between 2 and 3 yr, which
is considered to be excellent agreement when the
tincertainties in burnup and other parameters are
taken into account. It is 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 ORIGEN?Z 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 1o 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. Asa
result, measurements have been made on three sets
of samples that were imradiated 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.*® Measurements for the Turkey Point samples
included the “8Nd/23*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 est-
mated to be 30 GWd/ton.

Resuits of the comparison for each of the groups
of samples are presented in Tables IIl, IV, and V.
Table III gives a comparison of the ORIGENZ versus
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ANS STANDARD DECAY HEAT

ANALYSIS OF EXPERIMENTAL
AND CALCULATICNAL DATA

VALUES BASED ON STATISTICAL | VALUES BASED ON CALCULA-

| ANS STANDARD DECAY HEAT

TIONS USING AN ENDF/8=iV
DATA SASE

+G'_ P —

ORIGEN VERSUS ANS
STANDARD

-2

ORIGEN LESS "Tc
VERSUS ANS STANDARD

PERCENTAGE DIFFERENCE IN DECAY HEAT VALUES, IM(OH!GEH;STANDARD]IORIGEN
-
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Fig. 3. Differences berween ORIGEN2 and ANS Standard 5.1 decay heat vaiues for 10'-s irradiation of ***U.

the experimental values of the uranium 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
QORIGEN2. The exact source of this difference is
unknown because experimental values for ¥'Np are
unavailable. The same type of discrepancy occurs
for 3*3Pu, 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 10 show whether the **?Pu destruction rate
is too high or its production 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 ORIGEN2
calculations and experimental results concerning the
H. B. Robinson americium. and curium isotopic 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 **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

001297 e
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TABLE 111

Comparison of the Experimentally Determined Uranjum
and Plutonium Compositions of 5pent Fuel
with ORIGEN2 Calculations

COMPUTER CODE OF NUCLEAR MATERIALS

TABLE V

Comparison of Experimentaily Determined Noble Gas
Compositions of Turkey Point D Spent Fuel
with ORIGEN2 Calculations

%02 = ORIGEN2; EXP = experimental.

TABLE IV

Comparison of the Experimenzally Determined Americium
and Curium Compositions of Spent Fuel with ORIGEN2
Calculations for H. B. Robinson Fuel

Difference in Experimenzal and ORIGEN2
Americium and Curium Parameters
Parameter [(02 - EXPY/EXP, %)*
#lam/Am -5.0
M amsAm 1.0
M am/sAm 8.3
em/Cm =11
Mem/Cm 5.0
em/Cm 1.3
*Cm/Cm -20
MCm/Cm -3.8
?’Cm/Crn 0
*Cm/Cm Poor statistics

“02 = ORIGEN2; EXP = experimental.

50

Difference Between Experimental and Measured Average over Five Fue! Eiements
ORIGEN2Z2 Uranium and Plutonium Parameter
Parameters (02 ~ EXP)/EXP, *]* {ar.%) Experimental ORIGEN2
Turkey Point Ry /K — 0.}
Bye/Ke 12.0 1.6
Parameter B Set D Set H. B. Robinson Mgr/Xr 324 31.6
po BKerke 4.2 5.8
e O/U 7.7 -2.3 0.1 8xr/Kr 514 51.0
JJBU/U —4.3 =0.7 =32 |nge/xe —_ 0.3
Pu/Pu -12.1 -4.0 -9.0 |J|x X 8.3 8.4
D%py/Py 0.2 1.5 -0.4 kit - '
240 XesXe 20.8 20.9
Pu/Pu -39 -1.7 1.2 134
I Xe/Xe 28.0 7.6
Pu/Pu 14 09 1.8 16%0/% 431.0 42.8
#py,/Py ~10 -16 -2.6 e/ Ae ’ )
Total
plutonium 2.6 2.1
Burnup,
OWdrson 19.3 to 26.9 | 29.6 10 30.6 30
Cycles in between the ORIGEN2 caiculations and the experi-
reactor 1.2 2104 1,2 mental results for #*Cm, on the other hand, is note-
worthy. Since the capture products of #**Cm are in
Number of -
sampies 8 s 1 good agreement, the difficulty probabiy stems from
the evaluated 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
ORIGEN?2. 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 results.
This hypotliesis 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_.&2  SEFTEMEER 1983
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2. implementation—perform generic calculations
characterizing nuclear materials of interest to the
nuclear community and publish the results in 3
readily accessibie undzrstandable form.

3. Verification—continue to compare QRIGCEND
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 matenals for
boch present and furure applications.

AVAILABILITY

ORIGENZ can be obtained, free of charge, by
sending a magnetic tape to the ORMNL Radiation
Shielding Information Center.! The user will be
supplied with the computer code, a user's manual %
ail relevant data libraries. a sample input deck, and
1 sample output.
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Internal Correspondence

kgl

MARTIN MARIETTA ENERGY SYSTEMS, INC.

August 24, 1990

Debasish Mukherjee
216 Seneca St., Upper Apt.
Fulton, NY 13069

Dear Mr. Mukherjee:

I received your FAX concerhing 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'% i3 used in SUBROUTINE FLUXO of the
ORIGEN2 code. I cannot determine i{f 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 macroscoplc cross section, while the ORIGEN code used the microscopic cross
section, This would account for the difference of 0.602.

What 1 believe may have happened is that, the Nuclear Technology article may have
listed "microscopic” for the cross section ir Eq. 2 when in. fact the
"macroscoplic® cross section was used, This may have been an error at the time,

or an accidental change from an cover-zealous editor.
) -,

Sincerely yours,

L B

" Scott B. Ludwig, Project Manager

Chemical Technology Division

ce: SBL Files (POWER.ERR)
A. G, Croff
N. Hatmaker, RSIC, Bldg. 6025, MS-6362
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CO0371/ALLCP/02
READ.ME
Introducing: | ORIGEN2 Version 2.1 (8-1-91) _ cCc-371 (A, E)
No new documentation was publisbed for this release. This file and FILES.LST
contain information on how to install and run this package. Please read this
entire file. ] ‘

Here's a version of ORIGEN2 for both MAINFRAME and 803B&6/B80486 PC applications.
Included on these DS/HD diskettes (in compressed mode) is the entire

ORIGENZ code package, including all the c¢ross section libraries previously
available only with the mainframe versions. )

Enhancements: In this 1991 version, S LWR libraries documented in GRNWL/TM-11018
were added to the package. Array sizes are set quite large in PARAMS.0Q2,

including using 30 storage vectors instead of 10, so that ORIGENZ can handle most
any problem size. Finally, the distributed PC and Mainframe source codes ARE
IDENTICAL. Running on other computers will likely require changes to date and time
routines. See the README.UNX file for changes required on HP and DEC Alpha.

Limitations: 80386 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 uging
the programs of PEKware, Inc., See the INSTALL_BAT file on diskette 1 for
installation information. :

Execution: Sample problem batch files expect the ORIGEN2.1 executable to be
in \QRIGEN2\CODE. If the default directory structure is altered, this path
must be edited in che batch file.

Mainframe users will need to upload 3 files to compile and link

the source code (CRIGEN2.FOR, HEADER.O2, and PARAMS.02). The directory for
SAMPLES ( x:\ORIGEN2Z\SAMPLES ) contains 3 sample problems run on the VAX at
ORNL. The user will need to upload appropriate data files referred to in
the +.COM (VAX command files}, such as the DECAY.LIB, cross section, photaon
yield, and asscciated input files to the mainframe, Conversion to other
mainframes should be fairly easy.

PC users should look at the *,BAT files included in the x:\ORIGENZ\SAMPLES\PCx
directories (These samples are identical to those run on the VAX). Thanks to
Lahey for the F77L-EM/32 c¢ompiler and to Rok Taylee {Battelle Columbus) for his
work on ORIGEN2 for 3B6/486 PCs.

ORIGEN2.1 uses filenames like “TAPE??.0UT" to connect files to logical units. The
batch files rename the user'’s output files to SAMP 1.?2? , where 7?77 is a more
meaningful name (.PCH, .VXS8, .DRG, 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 1n an attempt to define the error message. This file 1eg distributed in
the ORIGEN2\CODE subdirectory. This subdir may be inc¢luded in the path, or the file
can be copied to the directory from which ORIGEN2 is run.

For more information, see x:\ORIGEN2\CODE\FILES.LST

o e v ok o e e e e o e o Updates to oRIGENz_l dr oy ke e ke e e ek e e

In June 1996 the source was not modified, but the ¢ode 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 1995 update, the installation procedure was simplified; and files

in che sample problems directories were reorganized sc that the PC ocutput
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

Cak Ridge National Laboratory
(423} 574-7916 FTS 624-7916
B-15-91

written by Scott Ludwig, ORNL 8-15-91
revised by RSICC 5-11-99

Q8



CCC-371/0RIGENZ2.1
README , UNX
Notes added - May 1999 .
ORIGENZ.1 was installed on DEC Alpha OSF/1 and omn HP rumning 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 required to find

all the statements where date and time are called/written. Test case results
differed somewhat from the distrxibuted results.
Adéitional changes way be required on some systems.
DEC meodifications to code: '
shdkkkdwwrwk  Main routine ORIGENZ2 +thitkdkrrnawakd

Add before DIMENSION DR

> COMMON /CAW/MMDDYY , HHMMSS CAW
Add after COMMON /MAINO3/
> CHARACTER MMDDYY*9, HHMMSS+8 ) CAW

rhwkrrkrnrrdn  Unpamed BLOCK DATA  whxskwdskatid

Change

< DATA NUCLB /-l,342380,942390,942400,942420,952410,962420,962440,—lBLK
< * L11*0/ BLK
to )

> DATA NUCLE /39423B0,942350,942400,542420,952410, 962420, 962440, -1 BLK
> * !12*0/ BLK

[ EE RS2 E LB 11 Subroutine IDENTIFY drddddkkkkkdhht

Change

< CHARACTER*11 MMDDYY

to

> COMMON /CAW/MMDDYY, HHMMSS

> CHARACTER*9 MMDDYY:

Change

< 10 FORMAT (' ORIGENZ2 V2.1l {B-1-%1}, ‘,
< 1 ‘Run on ‘,all,’ at ‘,a8)

from

> 10 FORMAT (° ORIGENZ V2.1 (B-1-9l1), ‘,‘RUN ON ’,AS%,‘ AT ',A8)

DEC compilation:

£77 -fped -¢ *.f {fsplit was used to separate the subroutine source files)
£f77 -0 origen2.exe *.o

HP compilaticn:

£77 +autodblpad +El1 +E4 -K +T -¢ *. £
£f77 -0 origen2.exe *.o /usr/lib/end.o .

-
-
O
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*wx* FILES.LST: CCC-371 (A) AND (E) ORIGEN2, VERSION 2.1 (8-1-91}) *Ehh

The ORIGENZ, Version 2.1 {B8-1«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 Bisk #1 for installation instructions and

cpticons.

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 usxng new PWRUS library
\PC3 - Am-242m decay only

\VaXl - same as above, except run on a VAX.

\VAX2

\VAX3

FYRERERERFE LR RS REFERELENITEER SRR LS LA RS SRS L AL EL R RS EEE SR LR R SRR RS L LR

wax QRIGEN2Z CODE **+

Directory of C:\ORIGEN2\CCDE
*xx*x Desgcription of file *x*=*

F77L3 EER 40432 01-22-91 5:56p = 386/486 Lahey Fortran Error messages
HEADER o2 3879 08-01-91 2:10a = block letter header on ORIGENZ output
ORIGENZ EXE 1173039 08~01-91 2:10a - 385/48B& executable

ORIGEN2 FCR 901130 08-01-%1 2:10a - Fortran source for ORIGENZ, V2.1
PARAMS 02 2479 08-01-91 2:10a - ORIGEN2 Variable Dimension data

TUNE EXE 38545 06&-05~50 9:04p - for tuning the ORIGEN2.EXE

TUNEQZ BAT 22 08-01-91 2:10a = runs TUNE.EXE on ORIGEN2.EXE

FILES LST 11960 08~01~51 . 2:10a - This file.

****‘I"I'*‘I"k********t*******i******i**ﬁ!*****ﬁ***‘******************i!i*iﬁ*******ﬁ**

wx* TNPUT FILE EXAMPLES **¥ ,
A number of example inputs are included with this update of ORIGEN2. 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:\ORIGENZ\INPUTS\PWR

" PWRU INP 11330 08-01-51 2:10a
PWRUSO0 INP 13001 08-01-91 2:10a
PWRUE INP 12941 08-01-91 2:10a
PWRUS INP 11312 08-01-91 2:10a

Directory of C:\ORIGEN2\INPUTS\BWR .

BWRU INP 17295 08-01-91 2:10a

BWRUE INP 18670 08=01-921 2:10a
BWRUS INP 17273 08-081-91 2:10a
BWRUSO INP 17286 08-081-91 2110z

00

d)

o



b2

BWRUX INP 16592 08-~01-951 2:10a
Directory of C:\ORIGEN2\INPUTS\CANDU

CANDUNAU 5494 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
EMOPUTUX 16400 08-01-91 2:10a

Yedkdrde e de e dede T B A v A gk o ve v vk Ao ok de o o e ke do kW T W e ok e v ol o ke o ae o e ak v ok v o o o o v o g ok o ol okt o ok i e e ol e e Ok e

*** DATA LIBRARIES FOR ORIGEN2 *w»

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, FWRUE.LIB, BWRUS.LIB, BWRUSO0.LIB,
and BWRUE.LIB. Parameters needed for the LIB or PHC command are included in
the columne on the right. The user should see the ORIGEN2 users manual and
the other references for additional information about @ach librarxy (See ,
the list of references at the bottom of this file. Total space 9039598 bytes.

Directory of C:\ORIGEN2\LIBS
Activation Actinides Fission

Preducts &Daughters Products

—— ok A o —

*ax Decay data *x* NLIB(2} NLIB{3) NLIE(4)
TECAY LIB 278636 08-01-%1 2:10a 1 2 3
*** Dhoton yield data #*»* NPHO(1) NPHO(2)  NPHO(3)
GXH2CBRM 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 08-01-91 2:10a 101 102 103

Var. XS
*#% Cross section/FP yield data *+» NLIB(5) NLIB(6) NLIB(7) NLIB(12)
** Thermal *=* : ’
THERMAL, LIB 172036 08-01-91 2:10a 201 202 203 0
*% LWRS — PWR %=
PWRU LIB 173266 08-01-91 2:10a 204 205 206 1
PWRPUU LIB 173266 08=~01-91 2:10a 207 208 209 2
PWRPUPU LIB 173266 08-01-91 2:10a 210 211 212 3
PWRDU3TH LIB 173266 08-01~91 2:10a 213 214 215 7
PWRPUTH LIB 173266 08-01-91 2:10a 216 217 218 8
PWRUSO0 LIB 173266 08-01-91 2:10a 219 - 220 221 9
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
* % Lﬁl’Rs -~ BWR * %
EWRU LIB 173266 08-01-91 2:10a 251 252 253 4
BWRPUU LIB 173266 08-01-91 2:10= 254 . 2585 256 5
BWRPUPU LIE 173266 08-01-91 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 654 655 656 41
BWRUE LIB 172676 0B-01-91  2:10a 657 658 659 42

*% CANDUs **

201 -



CANDUNAU LIB 173266 08-01-951 2:10a 401 402 403 - 21

CANDUSEU LIB 173266 08-01-91 2:10a 404 405 406 22
*% LMFBRs ** '
EMOPUUUC LIB 173512 08-01-91 2:10a 301 302 303 18
EMOPUUUA LIB 173512 0B-01-S51 2:10a 304 305 306 19
EKOPUUUR LIB 173512 08-01-91 2:10a 307 308 309 20
AMOPUUUC LIB 173512 08-01-51 2:10a 311 312 313 12
AMOPUUUA LIB 173512 08-01-91 2:10a 314 315 316 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 08-01-91 2:10a 327 328 329 17
AMOPUUTC LIB 173512 08-01~%1 2:10a 331 332 333 32
AMOPUUTA LIB 173512 08-01-91 2:10a 334 335 336 a3
AMOPUUTR LIB 173512 08-01-91 2:10a . 337 338 339 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 LIB 173512 08~01-91 2:10a 347 348 349 31
AMOOTTTC LIB 173512 08-01-91 2:10a 351 352 353 35
AMOOTTTA LIB: 173512 08-01-%1 2:10a 354 355 356 36
AMOOTTTR LIB 173512 0B-01-91 2:10a 357 358 359 37
AMOITTTC LIB 173512 08-01-91 2:10a 361 362 363 23
AMOL1TTTA LIB 173512 08-01-%1 2:10a 384 365 366 24
AMOITTTR LIB 173512 08-01-S1 2:10a 367 368 389 25
. AMO2TTTC LIB 173512 08-01-91 2:10a 371 372 373 26
AMO2TTTA LIB 173512 08-01-91 2:10a 374 37s 376 27
AMO2TTTR LIB 173%12 08-01-91 2:10a 377 378 379 28
FFTFC LIB 173266 08-01-91 2:10a 381 382 383 0
CRERC LIB 173266 08-01-91 2:10a 501 502 503 0
CRERA LIB 173266 08-01-91 2:10a 504 505 506 0
CRERR LIB 173266 08-D1-91 2:10a 507 508 509 o
CRBRI ° LIB 173266 08-01-91 2:10a 510 511 512 o

*k*‘*****!***i-'l-t**tt*****tit*l‘***!i*!****!i*i*****'l'**t****t*****‘l‘****************

*x% SAMPLE PROBLEMS FOR ORIGENZ 2%»

Three sample problems are provided with this update of the ORIGEN2 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 contreol function. File names
of the format TAFE+*.INP or TRPE*.QUT are restricted for use by ORIGEN2.
Input files may use any cother name. The extensicn on the cutput files

is as follows: (total space for samples = 6061547 bytes
*.DBG - Unit 15 output - ORIGEN2 Debugging and Internal Information
* ,ECH = Unit 50 output -~ Input Eche
*,PCH - Unit 7 output -~ Output from ORIGENZ PCH command.
*, U1l - Unit 11 output tables plus unit 13 table of contents (concat.)
*. U6 - Unit 6 output table plus unit 12 table of contents (concat.)
*,VXS - Unit 16 output (varlable cross section data)

Directory of C:\ORIGEN2\SAMPLES\PC1 ' .

SAMP_1  BAT 3013 08-01-~51 2:10a

SAMP_1  DBG 26860 08-01-91 2:10a

SAMP_1  ECH 15498 08-01-91 2:10a ,

SAMP_1  PCH 63090 08-01-31 2:10a

SAMP_1 U11 614554 08-01-S1 2:10a

SAMP_1 U3 593 08-01-91 2:10a

SRMP_1  US 9110 08-01-91 2:10a - -
202
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SAMP 1 ué 1857629 08-01-91 Z:10a
SAMP 1 vis 81311 08-01-91 2:10a

Directory of C:\ORIGEN2\SAMPLES\VAX]

SaMP_1  coM 3183 08-01-91 ' 2:10a
SAMP_1  DBG 26860 08-01-91 2:10a
SAME_1 ECH 15501 08-01-91 2:10a
SaMP_1  PCH 63090 08-01-91 2:10a
SAMP_1 ULl 614553 08-01-91 2:10a
SAMP_1 U3 593 08-01-91 2:10a
SAMP_1 U5 9110 08-01~51 2:10a
SAMP_1 US  1B57628 08-01-91 2:10a

SaMP_1 vXs 81311 0g§-01-91 2:10a

.Directory of C:\ORIGEN2\SAMPLES\PC2

-BRMP_2 BAT 3044 08-01-91 2:10a
SAMP 2 DEG 2211 08-01-91 2:10a
SAMP 2 ECH 4592 08-01-51 2:10a
SAMP_2 INP 2812 08-01-91 2:10a
SAMP 2 Uil 24974 08-01-91 2:10a
SAMP 2 us 70157 D8-01-91 2:10a
SAMP_2 Vis 37936 08-01-91 2:10s

Directary of C:;\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-%1 2:10a
SAMP_2 U1l 24973 08-01-91  2:10a
SAMP_ 2 VB 70196 08-01-91 2:10a
SAMP_2 VXS 37936 08-01-91 2:10a

Directory of ¢:\ORIGENZ\SAMPLES\PC3

SAMP_3  BAT 3043 08~01-91 2:10a
SAMP_3  DBG 7116 08-01-31 - 2:10a
SAMP_3  ECH 4182 08-01-91 2:10a
SAMP_3  INP 1698 08-01-51 2:10a
saMP_3 U1l 35658 08-01-91 2:10a
SEMP_3 U6 154398 08-01-91 2:10a
SAMP_3 VXS 3 08-01-91 2:10a

Directory of C:\ORIGEN2\SRMPLES\VAX3

ERMP 3 COoM 3208 08-01-31 2:10a
SAMP 3 DBG 7116 08-01~91 2:10a
SAMP_3 ECH 4185 08-01~-91 2:10a
SAMP_3 INP 1628 086-01-%21 2:10a
SAMP_3 Ull 35657 08-01=-91 2:10a
SAMP_3 us 154397 08+«01-91 2:10a
SRMP_3 VXS 3 08-01-91 2:10a
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1. DOCUMENTATION OF ORIGEN2 AND ITS DATA BARSES IS AS FOLLOWS:

Fepugr: 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 MOLELS

LMFER MODELS

CRBR MODELS

DECAY AND PHCOTON LIEBRARIES

REVISED PWR & EWR MODELS

N
*
.8

"ORNL-3621 (JULY 1980)

ORNL/TM-7175 (JULY 1980)
ORNL/TM-6051 (SEPT 1978)
ORNL/T¥-7005 (FEB 1580)
ORNL/TM-7177 {(NOCVEMBER 19§0)
ORNL/TM-7176 (OCTOBER 1981)
NUREG/CR-2762 (JULY 1982)
ORNL /TM-6055 (FEB 1979)
OFNL/TM-11018 (DEC 1989)
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8. B. Ludwig

Nuclear Science & Technology Division
P.0. Box 2008

Oak Ridge, TN 37831-6472

{B65) 574-7916 Fax: {865} 574-243"
Internet Address: ludwigsh@orml.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 involved 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 a result 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 modifications, as well as reliicing 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 ORIGEN2 to
adjust the fission product production rate without major modifications to
ORIGENZ, 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.

2a2



