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A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE

A. G. Croff

ABSTRACT

This report describes how to use a revised version of
the ORIGEN computer code, designated ORIGEN2. 1Included are
a description of the input data, input deck organization,
and sample input and output. ORIGEN2 can be obtained from
the Radiation Shielding Information Center at ORNL.

1. INTRODUCTION

ORIGEN is a widely used computer code for calculating the buildup,
decay, and processing of radioactive materials. During the past few
years, a sustained effort was undertaken by ORNL to update the original
ORIGEN code1 and its associated data bases. The results of this effort
were updates of the reactor models, cross sections, fission product
yields, decay data, decay photon data, and the ORIGEN computer code it-
self.2=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 a detailed user's manual for ORIGEN2.

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

Section 3 describes the nature of several types of data that are
initialized before any irradiation or decay calculations are performed.
The methods for altering these data are also described in this section.

Section 4, which is the heart of the user's manual, describes the
instructions whereby the user directs ORIGEN2 to perform the calcula-
tions required to achieve the desired results. It is at this point,
that the increased flexibility and the more voluminous input require-

ments of ORIGEN2 become most evident.



Section 5 describes the contents and formats of the decay, cross
section/fission product yield, and photon libraries used by ORIGEN2.

For most users, the required libraries have been supplied along with
ORIGEN2, and Sect. 5 will be of little concern. However, these
descriptions are vital for those users who create their own libraries
or 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 ORIGEN2 are specified. The format of these
data is somewhat, although not radically, different from that of the
original ORIGEN.

Section 7 describes the organization of ORIGEN2 input decks for two
cases: one with the data libraries on cards, and the other with the data
libraries on tape or a direct-access device. This section is important
because of the large number of different types of input data required by
ORIGEN2 and because of the variability of the input that is required,
depending on the options the user elects to invoke.

Finally, Section 8 describes a sample ORIGEN2 input deck (listed in
Appendix A), generic ORIGEN2 output, and sample ORIGEN2 output (listed
in Appendix B). This type of description is necessary because of the
large number of isotopes and table types that can be output by ORIGEN2.

A code package containing ORIGEN2 and its data libraries can be
obtained at the following address:

Codes Coordinator

Radiation Shielding Information Center
P.O. Box X

Oak Ridge National Laboratory

Oak Ridge, Tennessee 37830

(615) 574-6176



2. GENERAL CONSIDERATIONS
2.1 ORIGENZ MAIN

The MAIN routine of ORIGEN2 performs four major functions:

1. provides a mechanism to variably dimension ORIGEN2 to accommodate
different problem sizes,

2. provides much of the framework necessary to put some of the arrays
to several different uses,

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

4, provides a mechanism to execute multiple ORIGEN2 problems with a

single job.

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

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. fhe size of the ORIGEN2 executable module ranges from
about 175K (1K = 1024 bytes = 256 single precision words) to about 600K,
principally depending on the number of nuclides being considered.

Figure 2.1 gives a listing of ORIGEN2 MAIN with alphabetic character
strings (e.g., CCCC) substituted for numerical array dimensions. A
description of each of these array dimensions 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 nuclides are grouped

into three segments as follows:

1. Activation products, which consist of nearly all naturally 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 isotopes of the elements thorium (atomic
number 90) through einsteinium (atomic number 99) that appear in
significant amounts in discharged reactor fuels plus their decay

daughters.
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LOGICAL  LONG
INTEGER*2 LOCA,NONO,KD,LOC,NGF, NGN, NGR, NYIELD,NONP, NQ, MMAX,KAP,
$10CE,NFUDFP
DOUBLE PRECISION CIMN,CSUM
DIMENSION XNEW(AAAR,BBBB),COEFPP (CCCC,BBBB) ,NPROD(CCCC,BBBB),
$¥MAX (BBBB) ,KAP (BBBB)
DIMENSION STTFPB (JJJJ,10),ISTOTI (JJJIJ,03), IS (JJJI),RSTOTI (JJIJ)
DIMENSION A(DDDD),LCCA(DDDD),NFODFP (FFFF,0000)
DIMENSION DR(NNNN),ER (NNNN),FR (NNNN)
DINENSTION YIFLD (EEEEF),NYIELD (FFFF),RMULV (NNNN,3)
DIMENSTION ALPHN (GGGG) ,NUCAN (GGGG), NUCSFU (GGGG) ,NY (GGGG) , YY (GGGG),
$FFSF (GGGG) ,PFA (GGGG)
COMMON /JUNK/ERR,IDNM(1),ILITE,IACT,IFP,ITOT, ILMAX,IAMAX,IPMAY,
$ITMAX, TZMAX,AXN,QXN,FLUX, POWER, I NDEX, TFPEAV (4) , IPHNAX -
COMMON /MAINO3/NSTP,ANMUL,ANEXP, NABMAX, ICNMAX,IAPMAX,IFYMAX
1766 WORDS ARE NZCESSARY IN /NUDSCR/ BEGINNING WITH S
/NUDSCR/ IS USED FOR MUITIPLE PURPOSES.
COMMON /NUDSCR/DUN1 (CCCC,BBBB),DUN2 (HHHH,BBBB) ,5{2) ,CIMN (BBBB),
$ CSUM{BBBB),NONP (BBEB),NQ (BBBB) , XP (3BBB) ,XPAR (BBBB) , XTEMP (BBBB),
¢ T (BBBB),AP(ITIII),LCCP(IIII),LONG(BBBB)
COMMON /BIG/NUCL (BBEB),Q (BBBB),FG(0004), TOCAP (BBBB) ,GENNEU (GGGG) ,
$ ALPHAN (GGGG) , SPONF (GGGG) , SFNU (GGGG) ,FISS (GGGG) , NUCAB (BBBB) ,
$AMPC (BBBB) , WMPC (BBBE) ,XSTORE (JJJJ,BBBB) , DIS(BBBE) ,B (BEBB),
$ABUND (KKKK) , NONO (BBEB) , KD (BBBB) , LOC (DDDD) , NGF (BBBB) , NGN (BBBB) ,
$NGR (LLLL),GGR (LLLL)
DR,ER, AND FR PROVIDE A CONVENIENT MECHANISM FOR INITIALIZING VARIABLE
MULTIPLIER ARFAY RMULV.
EQUIVALENCE (DR (1),BMULV(1,1)), (ER (1) ,RMULV(1,2)),
$ (PR(1) ,RMOLV (1,3))
EQUIVALENCE (DUM1(1,1),COEFF(1,1)), (DUN2(1,1) ,NPROD(1,1)), -
$ (NCNP (1) ,NMAX (1)), (FAP (1) ,NQ (1)), (XNEW (1,1) ,DUM1 (1, 1))
EQUIVALENCE (XP(1),ALPHN(1)), (ALPHN(GGGG), NUCAN (1)), {NUCAN (GGGG),
$NUCSFU (1) ), (NUCSPU (6GGG) ,NY (1)), (NY (GGGG),YY (1)), (YY (GGGG) ,
$FFSF (1)), (PPSF (GGGG), YIELD (1)), (YIELD (EEEE) ,NYIELD (1))
CALL Q105F (6)
INITIALIZE PAGE COUNTER
NPAGE=IPAGE (0)

1X= JJaJ
MX= ARAA
LC= CCCC
ILMAX= MMMM . i

IAMAX= GGGG
IPMAX= FFFP
ITHAX= BBBB .
IZ¥AX= DDDD
IPHMAX=LLLL
IAPMAX=IIII
IFYMAX=EEEE
NAEMAX=KKKK
ICNMAX=0000
IFC= PFFF
LAN=NNNN
NEOTRONS PER NEUTRON-INLCUCED PISSION: O=THERMAL SPECTRUM; 1=PAST SPECTROM
NYTF=1
NYTF=0
CALL SUBROUTINE TO READ CARD INPUT FROM UNIT 5, PRINT IT ON UNIT 6, AND
WRITE IT ON UNIT 50. UNIT 50 IS THEN REWOUND AND ORIGEN2 READS THE DATA -
FROM ONIT 50.
CALL LISTIT(5,6,50)
REWIND 50
MAIN1 HANDLES THE MISCEILANEQUS INITIALIZATION DATA
1 CALL MAIN1(NYTF,SFNU,ALPHN,NUCAN,NUCSPU, NY,YY,ANMUL, ANEXP) -
MAIN2 READS THE ORIGEN2 COMMANDS
2 CALL MAIN2(NSTP)
MAIN3 EXECUTES THE ORIGEN2 COMMANDS
3 CALL ®WAIN3(
$ LONG,STTFPB,ISTOTI,IS,RSTOTI, LX, 4X, 1C,IFD,
$NUCAB, NONO,KTG,LOC, NGF,NGN, NGR, NYIELD, NONP, NQ, LOCP ,MMAX KAP,
$10CA,NFUDFP, CIMN,CSUH, S,
$NUCL,Q,PG,TOCAP, GENNEU, ALPHAN, SPONF, SFNU,FISS,AMPC, WHPC, XSTORE,
$DIS,B,GGR,YIELD, A .XP,XPAR,XTEAP,D,AP,COEFF,NPROD,  XNEW,
$ALPHN, NUCAN, NUCSFU, NY,YY,PFSF,FFA, ABUND, RNULY, LAN)
THIS "GO TO" EROVIDES TEE MECHANISM FOR EXPCUTING MULTIPLE PROBLEMS WITHIN -
A SINGIE JOB.
GO0 TO (1,2,3,4),NSTE

4 CONTINUE .
CALL Q105F (6)
STCP 100 -
END

Fig. 2.1. Generic ORIGENZ MAIN subprogram.



Table 2.1. Description of alphabetic array dimensions

in Fig. 2.1
Alphabetic
character string
in Fig. 2.1 Description
AAAA Number of output vectors, i.e., MN in XNEW
(MX, ITMAX)
BBBB Maximum number of nuclides = ITMAX
Cccce Maximum number of non-zero cross-section and
decay reactions per nuclide = LC in COEFF(LC, ITMAX)
DDDD Total number of non-zero matrix elements
(Array A)
EEEE Number of non-zero fission product yields
FFFF Maximum number of fission products = IFMAX
GGGG Maximum number of actinides + 1 = TAMAX
HHHH 13 - LC (See C above)
IIIT Maximum number of non-zero elements for long-lived
nuclides (Array AP)
JJJJ Number of storage vectors = LMX in XSTORE (MX, ITMAX)
KKKK Number of non-zero natural abundances
LLLL Number of non-zero photon yields
MMMM Maximum number of light nuclides = ILMAX
NNNN Maximum number of variable multipliers in RMULV
0000 Number of actinides with both direct fission

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




3. Fission products,which consist of nuclides produced by actinide

fission plus their decay and capture products.

The meaning of the word 'vectors'" in Table 2.1 is discussed in Sect. 2.4.

ORIGEN2 keeps track of and prints the minimum required size of most
of the variably dimensioned arrays (see Sect. 8.2.2). A summary of the
recommended dimensions for several problem sizes is given in Table 2.2.
The magnitude of the dimensions is dependent on the number of actinide
nuclides having direct fission product yields, which can range from
zero to eight (see Sect. 4.18). Dimensions are given in Table 2.2 for
cases with 0, 4, 6, and 8 actinides having direct fission product yields.

The variable NYTF in MAIN (see Fig. 2.1) indicates whether thermal
reactor (NYTF = 0) or fast reactor (NYTF = 1) neutron yields per neutron-
induced fission are to be used (see also Sect. 3.1).

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

ER (second set), and FR (third set) using DATA statements in MAIN.
Variables DR, ER, and FR are equivalenced to the appropriate portion
of RMULV. The variable LAM is passed in subroutine parameter lists for

variable dimensioning purposes.
2.2 ORIGEN2 Free-Format Input

With few exceptions, all of the input data to ORIGEN2 can be
specified in free format. The free-format read routines are modifications
of those written by L. M. Petrie.6 The restrictions on free-format input

are as follows:

1. All data must appear in the correct order.
2. All data must be of the correct type (e.g., integer or real) and
may 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.



Table 2.2. Dimensions for various ORIGEN2Z case sizes
Par te Case
arameter 1 2 3 A 5 6 7 8 9 10 11 12 13 14 15 16
Segments considereda AP+A+FP AP+A+FP AP+A+FP A+FP A+FP A+FP AP+A A AP AP+A+FP A AP FP A+FP AP+A+FP AP+A+FP
or A+AP
Type of calculationb Any Any Any Any Any Any Any Any Any Decay Decay Decay Decay Any Any Any
Number of actinides with 4 6 8 4 6 8 0 0 0 0 0 0 0 4 6 4
direct fission product
yields
Alphabetic array dimensions®
AAAA i3 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
5BBBY 1676 1676 1676 1000 1000 1000 820 132 700 1676 132 700 880 1000 1676 1676
cecee 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
ppppd 6400 7900 9600 5000 6600 8200 1800 400 1500 1700 280 600 1000 5000 3000 9996
EEEEd 3300 5000 6600 3300 5000 6600 4 4 4 4 4 4 4 3300 5000 6600
FFFFd 880 880 880 880 880 880 4 4 4 880 4 4 880 880 880 880
6Geed 132 132 132 132 132 132 132 132 4 132 132 4 4 132 132 132
HHHH 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
1111d5€ 3500 4200 5000 2500 3100 3800 1700 500 1300 600 500 250 250 2500 4500 4500
JJIJ 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
KKKKY 450 450 450 160 160 160 300 12 300 450 12 300 160 300 450 450
rirrd 7900 7900 7900 4700 4700 4720 4700 1500 3300 7900 1500 3300 3300 4700 7900 7900
e 700 700 700 4 4 4 700 4 700 700 4 700 4 700 700 700
NNNNd 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
oooof 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 6
Approximate amount of core 546 560 576 396K 412K 428K 332K 182K 298K 494 182K 286K 324K 396K 560K 576K
required for execution
(bytes)8
24P = activation products; A = actinides and daughters; FP = fission products.
bAny = either irradiation (i.e., IRP or IRF commands) or decay (i.e., DEC command) can be used. Decay = no irradiation; decay only.

“See Table 2.1 and Fig. 2.1 for details on the description and use of these dimensions.

d
Array dimension should be evenly divisible by 4 to ensure word boundary alignment.

e . . . : R . - .
Larger dimensions may be required for small irradiation or decay time step. In the limit of zero time, IIII

fDepends on reactor being considered; see Table 2.1, item 0000.

Can vary, depending on the number of input/output units and buffer sizes.

DDDD.



4. Zero data values must appear explicitly (i.e., a blank is not
equivalent to a zero).

5. In general, data may be continued onto multiple records when desired.

6. Certain data must appear as the first datum on a new record. These
instances are described later.

7. The maximum record length is 80 bytes.

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

subroutine.

Thus, in general, the data being read must be in the correct order, must
begin on a new card when required, and must be separated by a comma or
blank. Other than this, the data may appear anyplace on an input record.
In the special case of numbers in E or D format (e.g., 3.8E 01), the space

after the E is acceptable and is not considered as the end of the number.
2.3 The ORIGEN2 "Command' Concept

The use of "commands" is one of the principal differences between
ORIGEN2 and previous versions of ORIGEN. An ORIGEN2 command directs
the computer code to execute a single function, such as a single irradia-
tion step. A series of interrelated commands is generally gequired to
obtain a meaningful result. The series of commands typically ranges
from 25 to 200 in number and is similar in logic to a program written
in a computer language such as FORTRAN. Thus, the series of commands
very much resembles a program which is read and executed by ORIGENZ.
The implementation of the command concept in ORIGEN2 is advantageous in
that it allows a user to simulate a wide variety of nuclear fuel cycle
scenarios in detail, including recycle calculations. The accompanying
disadvantage is that the required input is more detailed and more
specific than in previous versions of ORIGEN. The currently available

ORIGEN2 commands are defined and discussed in Sect. 4.



2.4 The Concept of an ORIGEN2 'Vector"

Before attempting to describe the operational details of ORIGEN2,
it is important that the user understand the concept of an ORIGEN2
"vector." An ORIGEN2 vector is a one-dimensional array that specifies
the amount of each nuclide being considered in an ORIGEN2 case; it is
printed as a single column of numbers in ORIGEN2 output. For example,
in Case 1 in Table 2.2, which includes actinide, activation product, and
fission product nuclides, a vector might specify the amounts of all
these nuclides in a spent PWR fuel assembly after 150 days post-irradia-
tion decay time. In this case, the amounts of about 1676 nuclides
(dimension BBBB in Tables 2.1 and 2.2) corresponding to these conditions
would be specified in the vector. A schematic diagram of the conceptual
vector organization in ORIGEN2 is shown in Fig. 2.2. Two basic types of
vectors are accessible to the user: output vectors, and storage vec-
tors.

Twelve output vectors are contained in ORIGEN2. These vectors
are written when ORIGEN2 output is produced. Each of the vectors is
designated by using positive integers corresponding to the relative
location of the vector, with the leftmost vector on the output page
being vector 1 and the rightmost vector 12. The information in the
output vectors is retained under all conditions except one. This
exception occurs when a new set of ORIGENZ commands is read during a
single run using the STP command (Sect. 4.29) and the new set of commands
includes a LIB command (Sect, 4.18), which reads new ORIGEN2 decay and
cross—section data libraries. 1In this case, the array containing the
output vectors is used as scratch space to read the new libraries and
the nuclide mass data are lost.

There are a variable number (LX) of storage vectors in ORIGEN2,
depending on the variable dimensions employed (see variable JJJJ in
Table 2.1). These vectors are used to store intermediate ORIGENZ
results and cannot be output. The vectors are designated by using
negative integers from -1 to -LX. The information in the storage
vectors is retained under all circumstances, including those where the

output wvectors are overwritten.
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Fig. 2.2. Organization of ORIGEN2 vectors.
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2.5 Description of ORIGEN2 Input/Output Units

ORIGEN2 uses several input and output units to facilitate orderly
and flexible code operation. These units and their functions are given
in Table 2.3. For a basic ORIGEN2 calculation, units 5, 6, 12, and 50
would be necessary, and the rest of the units could be dummied or omitted.
The units not used in the basic calculation are required to execute certain

ORIGEN2 commands or to provide useful auxiliary information.

2.6 Card Input Echo

ORIGEN2 has included in it a SUBROUTINE LISTIT, which has the function
of providing a card input echo. The cards are read on unit 5, printed on
unit 6, and written to unit 50, which is a temporary file. Cards that
have a dollar sign ($) in the first column of the card are printed (on
unit 6) but not written (on unit 50), thus allowing for the inclusion of
comments in the input stream that will not interfere with the operation
of ORIGEN2. Unit 50 is then rewound, and the rest of ORIGEN2 reads this
information from unit 50. The units 5, 6, and 50 appear explicitly in the
call to LISTIT, which occurs in MAIN. Thus, if the unit numbers given in
Table 2.3 are altered, the unit definitions in the LISTIT parameter list

in MAIN must also be changed correspondingly.

2.7 ORIGEN2 Nuclide Identifier

The ORIGEN2 nuclide identifier is a six-digit integer that
uniquely defines a particular nuclide. This identifier, which is

identical with that in the original ORIGEN, is defined as follows:
NUCLID = 10000*Z + 10*A + 1S,

where

NUCLID

]

six-digit nuclide identifier

N
]

atomic number of nuclide



Table 2.3. Description of ORIGEN2 input/output units
Unit
number Description Remarks
3 Substitute data for decay and cross- Specified by LIB command, Sect. 4.18
section libraries
4 Alternate unit for reading material See Sect. 4.6
compositions
5 Card reader Specified in MAIN in call to LISTIT
6 Principal output unit; usually Specified in BLOCK DATA, variables = IOUT, JOUT,
directed to line printer KOUT; see Sect. 4.6
7 Unit to write an output vector Used by PCH command, Sect. 4.15
9 Decay and cross-section library Specified by LIB command, Sect. 4.18
10 Photon library Specified by PHO command, Sect. 4.19
11 Alternate output unit; usually See Sect. 4.5
directed to line printer
12 Table of contents for unit 6 above; Specified in BLOCK DATA, variable = NTOCA
usually directed to the line printer
13 Table of contents for unit 11; usually Specified in BLOCK DATA, variable = NTOCB
directed to line printer
15 Print debugging information
16 Print variable cross-section information
50 Data set used to temporarily store Specified in BLOCK DATA, variable = IUNIT

input read on unit 5

4!
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=
Il

atomic mass of nuclide

IS isomeric state indicator
0 = ground state
1 = excited state

2 or greater not permitted

Thus, the nuclide identifier for 137¢g (Z = 55, A = 137) would be 551370.
The trailing zero (or one) is always required. A leading zero, such as
for tritium (NUCLID = 010030), is not required. The six~digit identifier
for an element is given by

ELEMID = 10000%*Z,
where ELEMID is the element identifier and Z is defined as above. Thus,

the ELEMID for cesium would be 550000.

2.8 Machine Compatibility Considerations

ORIGEN2 has been designed to be as machine-compatible as is possible
by using only the FORTRAN computer language, using only standard FORTRAN
functions (e.g., SQRT, etc.), using H format specifications for literal
data in FORMAT and DATA statements, and minimizing the number of partial~-
word (i.e., one-byte and two-byte word) arrays. However, in the interest
of minimizing space and coding complexity, some features were used that
may not be acceptable on non-IBM computers. Specifically, some partial-
word arrays are used.

Aspects of ORIGEN2 that are likely to require modification before
implementation on other machines are as follows:

1. All partial-length word specifications must be removed for those
computers where they are not permitted. These specifications
are given by cards at the beginning of each subprogram,and the
first characters are INTEGER*2.

2. TFor those computers with a word length at least twice that of
the IBM computers (32 bits), the DOUBLE PRECISION declarations

become optional.
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In two places (subroutines LISTIT and QQREAD), ORIGEN2 is
designed to read until an end-of-file is encountered and then
branch to another operation. Accommodation of this branch is
accomplished differently on different computers, and the user
should check this to ensure compatibility.

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

and CDC computers.

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

of placing the entire executing job in core. Thus, for these
computers, cards that assign the desired arrays t¢ the directly
accessed memory must be included. At the time this report is ~
being issued, this has been accomplished for a CDC 7600 p
computer.7 -
For computers where the use of uninitialized "garbage' in

assignment statements will result in errors, the core should

be preset to zero.
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3. MISCELLANEOUS INITIALIZATION DATA

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

ized as follows:

Section Data description
3.1 Fission neutron yields per neutron-induced
fission
3.2 (a,n) neutron production rates
3.3 Neutron yield per spontaneous fission
3.4 Fractional reprocessing recoveries for

individual elements

3.5 Fractional reprocessing recoveries for
element groups

3.6 Assignment of individual elements to
fractional reprocessing recovery groups

3.7 Elemental chemical toxicities

All of these data are initialized in a BLOCK DATA statement using the

types of information described in the appropriate subsection below.
3.1 Fission Neutron Yield per Neutron-Induced Fission

The BLOCK 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 neutron multiplication factor for a mixture
of nuclides. These data cannot be altered except by changing the values

in the BLOCK DATA routine and recompiling it.
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3.2 (o,n) Neutron Production Rate

The BLOCK DATA routine supplies measured (0,n) neutron production

! sec™!) for nuclides in oxide fuels which

rates (units = neutrons g
override values calculated with an empirical equation in ORIGEN2., The
(0,n) neutron production rates for those nuclides not listed explicitly
are calculated from an empirical equation. The parameters in the
equation and the explicit values cannot be altered except by changing

the values in the BLOCK DATA subroutine and recompiling it.

3.3 Fission Neutron Yield per Spontaneous Fission

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

3.4 Fractional Reprocessing Recoveries for Individual Elements

3.4.1 1Initialization values

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

The individual FR sets also serve another purpose under certain
circumstances. If one or more WAC commands (see Sect. 4.17) are used,
then at least one individual-element or element-group (see Sect. 3.5)

FR set must contain continuous removal rates for the elements in units



ORIGENZ 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., an MSBR).
The specified continuous removal rates are used by the WAC command to
generate equivalent continuous feed rates of waste during waste decay.

In either of the above cases, the initial data can be altered by

using the methods described below.

3.4.2 Overriding initial values

The default FRs for individual elements can be overriden by using the

following procedure:

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

subroutine.

B. Data sequence:

NE(1) NS (1) FR(1)
NE (M) NS (M) FR(M)
NE (MMAX) NS (MMAX) FR(MMAX)
-1
where
NE(M) = one- or two-digit element atomic number (1-99) for the

fractional recovery on the Mth card

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

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

MMAX = number of individual-element fractional recoveries being

overriden (can be zero)
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C. Number of cards: MMAX+1
D. Terminate reading these data: NE(MMAX+1).LT.O
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). 1Initial
continuous removal rates can be overriden in the same manner

as the fractional recoveries.

3.5 Fractional Reprocessing Recoveries for Element Groups

3.5.1 1Initialization values

The BLOCK DATA subroutine supplies FR values for a group of elements.
These group FRs can be employed in essentially 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 sets of group FR in ORIGEN2, each specifying
the FR for all groups.

The initial-element group FR can be altered by using the procedure

described in the subsections that follow.

3.5.2 Overriding initial values

The default-element group FR can be overriden by using the procedure

described below.

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

subroutine.



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 0.0 0.0 0.0

2 0.0 1.0 0.0005 0.0 1.0 1.0 0.0 0.0 0.0 0.0

3 0.0 1.0 0.0005 0.0 1.0 1.0 0.0 0.0 0.0 0.0

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 0.0 0.0 0.0 0.0

6 0.995 1.0 0.0005 0.9999 1.0 0.02 0.0 0.0 0.0 0.0

7 0.0 1.0 0.0005 0.0 0.001 0.001 0.0 0.0 0.0 0.0

8 0.0 1.0 0.0005 0.0 0.001 0.001 0.0 0.0 0.0 0.0

9 0.0 1.0 0.0005 0.0 0.001 0.001 0.0 0.0 0.0 0.0

10 0.0 1.0 0.0005 0.0 0.001 0.001 0.0 0.0 0.0 0.0
11 0.0 1.0 0.0005 0.0 0.001 0.001 0.0 0.0 0.0 0.0
12 0.0 0.001 0.0005 0.0 1.0 1.0 1.0 0.0 0.0 0.0
13 0.0 0.0 0.0005 0.0 1.0 1.0 0.0 0.0 0.0 0.0
14 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
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B. Data sequence:

NG(1) NS(1) FR(1)
NG (L) NS{(L) FR(L)
NG (LMAX) NS (LMAX) FR(LMAX)
-1
where
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 fractional
recoveries on the card L
FR(L) = fractional recovery replacing the initial value for
group NG(L) in set NS(L)
IMAX = number of group fractional recoveries being overridden

(can be zero)
C. Number of cards: LMAX+l
D. Terminate reading these data: NG(LMAX+l).LT.O
E. Skip reading these data: One card with NG(1).LT.O
F. Remarks:

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

as the group fractional recoveries.
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3.6 Assignment of Elements to Fractional Recovery Groups

3.6.1 Initialization values

The BLOCK DATA subroutine also 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 to a given group, but an individual element
can be a member of only one group. The initial membership of the
ORIGEN2 element group is given in Table 3.3.

The assignment of elements to FR groups can be altered by using the

procedure described below.

3.6.2 Overriding initial values

The membership of the default element group can be overriden by

using the procedure described below.

A. Function: Override element-group membership assignments supplied

by the BLOCK DATA subroutine.

B. Data sequence:

NE (1) NG (1)
NE(I) NG(T)
NE (IMAX) NG (IMAX)
-1
where
NE(I) = one- or two-digit element atomic number (1-99) on Card 1
NG(I) = one- or two-digit element group number (1-20) where element
NE(I) is to be assigned
IMAX = number of element assignments being overridden (can be zero)

I
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Table 3.3. Membership of ORIGENZ
default element group

Group Elements in group
1 All elements except those
in groups 2-14
2 Th
3 Pa
4 U
5 Np
6 Pu
7 Am
8 Cm
9 Bk
10 Ct
11 Es
12 F, C1, Br, 1
13 He, C, N, Ne, Ar, Kr, Xe, Rn
14 H

15-20 None
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C. Number of cards: IMAX+1
D. Terminate reading these data: NE(IMAX+1).LT.O

E. Skip reading these data: One card with NG(1).LT.O

3.7 Elemental Chemical Texicities

The BLOCK DATA subroutine supplies maximum permissible concentrations
(MPCs) for each of the chemical elements in water. The MPC is used to
calculate the volume of water required to dilute a given amount of an
element to a concentration corresponding to its MPC. The volume of water
required for each element in a mixture is assumed to yield the total vol-
ume of dilution water required and thus a measure of the chemical toxicity
of the elemental mixture. These data cannot be altered except by changing

the values in the BLOCK DATA subroutine and recompiling it.

L

g
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4. ORIGEN2 COMMANDS

The instructions defined in this section, called ORIGEN2 commands,
enable the user to precisely define the order in which any or all of the
ORIGEN2 program functions are executed. This procedure is analogous to
writing a FORTRAN program in that the commands define a series of opera-
tions which will be performed sequentially, with the sequence being
variable at the user's option. The use of the commands to define the
ORIGEN2 problem flowsheet allows the use of a DO loop" command, which
executes a set of instructions within the range of the loop 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)

b

where COM is a keyword defining the instruction type and the PARM(I) are
parameters supplying various data 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 ORIGEN2, it should be noted that there are
certain restrictions on the order in which the commands must occur. The
primary restriction is that the LIB command (Sect. 4.18), which reads
the decay and cross—section libraries, must precede most other commands
since it defines the list of nuclides being considered. Other restric-
tions will be noted when the individual commands are discussed.

Each ORIGEN2 command can be present in a single input stream a
maximum number of times; the limit depends on the specific command.

This limit is given 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 ORIGEN2 source deck. The limit
on the total number of ORIGEN2 commands that may be used is 300, a

number which can also be changed by varying array dimensions within

the source deck.
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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 calculation 4.14 42
CON Continuation 4.28 60
CUT Cutoff fractions for summary tables 4.9 34
DEC Decay 4.23 54
DOL DO loop 4.11 48
END Terminate execution 4.30 61
FAC Calculate a multiplication factor 4.4 28
HED Vector headings 4.7 33
INP Read input composition, continuous removal 4.6 31
rate, and continuous feed rate
IRF Flux irradiation 4.21 50
IRP Specific power irradiation 4,22 52
KEQ Match infinite multiplication factors 4.10 36
LIB Library. print -contreld ! N A R R T 4.18 45
LIP Library print control 4,16 43
LPU Data library replacement cards 4.20 49
MOV Move nuclide composition from vector to vector 4.12 38
OPTA Specify actinide nuclide output table options 4,26 58
OPTF Specify fission product nuclide output table 4.27 59
options
OPTL Specify activation product output table options 4,25 56
ouT Print calculated results 4.5 29
PCH Punch an output vector 4.15 42
PHO Read photon libraries 4,19 47
PRO Reprocess fuel 4.24 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
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4.1 RDA — Read Comments Regarding Case Being Input

A. Function: Prints alphanumeric comments among the listing of the
operational commands being input.
B. Data sequence:
RDA COMMENT(S)
where
RDA = command keyword
COMMENT(S) = alphanumeric message
C. Allowable number of RDA commands: Maximum total number of commands.
D. Propagation: None.
E. Remarks: These comments are printed in the listing created when
ORIGEN2 is interpreting the commands, which is separate
from the card input echo described in Sect. 2.6.
4,2 TIT — Case Title
A. Function: Supplies case title printed in ORIGEN2 output.
B. Data sequence:
TIT A(9), - . . A(80)
where
TIT = command keyword
A(I) = alphanumeric characters in columns 9-80 only
C. Allowable number of TIT commands: 20
D. Propagation: Until changed.

E.

Remarks: None.
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4,3 BAS — Case Basis

A. Function: Supplies case basis printed in ORIGEN2 output.
B. Data sequence:

BAS A(9), . . . A(80)
where

BAS
A(D)

command keyword

alphanumeric characters in columns 9-80 only
C. Allowable number of BAS commands: 10
D. Propagation: Until changed.

E. Remarks: The BAS command only supplies an alphanumeric message.
The user is responsible for the consistency of the basis,

the input material masses, specific power, etc.

4.4 TFAC — Calculate a Multiplication Factor
Based on Total Vector Masses

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

ADD (see Sect. 4.13) commands.

B. Data sequence:

FAC NFAC(1l), . . . NFAC(4), RFAC(1)
where
FAC = command keyword
NFAC(1) = number of factor calculated by this command (must
be greater than zero and less than or equal to the
maximum number of FAC commands)
NFAC(2) = vector number

.

e
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NFAC(3) = vector number

NFAC(4) = method for calculating FACTOR[NFAC(1l)]:
FACTOR[NFAC(1)] = T[NFAC(2) J+T[NFAC(3)]
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[NFAC(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)]

il

|
0 N Oy 1w N

where the T[NFAC(I)] are the total fission product
plus actinide masses for the indicated vectors,

expressed in kilograms.

constant value to be used in place of the T[NFAC(I)]:
.GT.0 = substitute RFAC(1l) for T[NFAC(2)] when

calculating FACTOR[NFAC(1)]

use the T[NFAC(I)] as defined

substitute [-RFAC(I)] for T[NFAC(3)] when

calculating FACTOR[NFAC(1)]

RFAC(1)

.EQ.0
.LT.0

I

The units of RFAC(1l) are kilograms.
Allowed number of FAC commands: 20

Propagation: Until another FAC command with the same value of

NFAC(1l) is executed.

Remarks: Some characteristic results from this command are

printed on unit 15.

4,5 OUT — Print Calculated Results

Function: Calls for the calculated results in some or all of the

output vectors to be printed.
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B. Data sequence:
OUT NOUT(1), . . . NOUT(4)
where
OUT = 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 11
NOUT(2) = frequency of print if instruction is in a loop
(Sect. 4.11) [print occurs first time through loop
and every NOUT(2)th recycle thereafter]
NOUT(3) = print number of present recycle:
.GT.0 = yes
.LE.0 = no
NOUT(4) = parameter controlling type of summary table printed:
.LT.0 = all vectors tested for inclusion in
summary table except vector -NOUT(4)
.EQ.0 = all vectors tested for inclusion in
summary table
.GT.0 = only vector NOUT(4) tested to see if a
nuclide is included in the summary table
C. Allowable number of OUT commands: 20
D. Propagation: None.
E. Remarks:
1. 1If NOUT(2).NE.l, a REC command must be employed (Sect. 4.8).
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4.6 1INP — Read Input Composition, Continuous Removal Rate,
and Continuous Feed Rate

A. TFunction: Calls for nuclide composition, continuous nuclide feed

rate, or continuous elemental removal rate to be read.
B. Data sequence:
INP NINP(1), . . . NINP(6)
where

INP = command keyword

NINP(1) = number of vector in which initial compositions are
to be stored
NINP(2) = read nuclide composition:
.EQ.0 = no
.EQ.1 = yes; units are g/basis unit (read on unit 5)
.EQ.2 = yes; units are g-atoms/basis unit (read on
unit 5)
.EQ.-1 = yes; units are g/basis unit (read on unit 4)
.EQ.-2 = yes; units are g-atoms/basis unit (read on
unit 4)
NINP(3) = read continuous nuclide feed rate:
.LT.0 = no
.EQ.1 = yes; units are g/(time)(basis unit)
.EQ.2 = yes; units are g-atoms/(time) (basis unit)
See NINP(5) 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.
NINP(5) = time units of continuous nuclide feed rate data
(see Table 4.2)
NINP(6) = time units of continuous elemental removal rate data

(see Table 4.2)
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Table 4.2. Time unit designation

seconds

= minutes

= hours

= days

years

= stable

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

O 0N oyt BN
1
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C. Allowable number of INP commands: 15
D. Propagation: None.

E. Remarks: User is responsible for the consistency of the

calculational basis with the input masses.

4,7 HED — Vector Headings

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

B. Data sequence:

HED NHED A1), . . . A(10)
where
HED = command keyword
NHED = number of vector which is to be given heading
A(I) = ten-character alphanumeric heading anyplace on the

card to the right of NHED
C. Allowable number of HED commands: 50
D. Propagation: Until the vector is overwritten.
E. Remarks:

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

2. 1f a HED command is to be used to label either a vector of
input concentrations [vector NINP(l), Sect. 4.6] or the
vectors resulting from a PRO command [Qectors NPRO(2) and
NPRO(3), Sect. 4.24], the HED command must follow the INP
or PRO command.

3. If A(1l) is an apostrophe or asterisk (*), the ten characters
immediately following A(l) are taken as the vector heading.

This allows for the inclusion of leading blanks.



A. Function: Counts the number of times that a loop (DOL command,
Sect. 14.11) has been executed.
B. Data sequence:
REC
where
REC = command keyword
C. Allowable number of REC commands: 1
D. Propagation: None.
E. Remarks:
1. This counter is output as the '"Recycle #" in ORIGEN2 output.
4,9 CUT ~— Cutoff Fractions for Summary Tables
A. Function: Override default cutoff fractions for summary output
tables,
B. Data sequence:
CUT[NCUT(1), RCUT(1)], . . . [NCUT(NT), RCUT(NT)], -1
where
CUT = operational command
NCUT(I) = number of the output table to which cutoff fraction
RCUT(I) is to apply (see Table 4.3 for table numbers
and descriptions)
RCUT(1I) = new cutoff fraction for table number NCUT(I)
NT = total number of default cutoff wvalues which are
being overridden with this CUT command
C. Allowable number of CUT commands: 3
D. Propagation: Until changed.

34

4.8 REC — Loop Counter

-
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Table 4.3.

Description of ORIGEN2 output table

Table
number Description of table Units
1 Isotopic composition of each element atom fraction
2 Isotopic composition of each element weight fraction
3 Composition gram~atoms
4 Composition atom fraction
5 Composition grams
6 Composition weight fraction
7 Radioactivity (total) Ci
8 Radioactivity (total) fractional
9 Thermal power watts
10 Thermal power fractional
11 Not used
12 Not used
13 Radioactive inhalation hazard m® air
14 Radiocactive inhalation hazard fractional
15 Radioactive ingestion hazard n® water
16 Radioactive ingestion hazard fractional
17 Chemical ingestion hazard m’ water
18 Chemical ingestion hazard fractional
19 Neutron absorption rate neutrons/sec
20 Neutron absorption rate fractional
21 Neutron-induced fission rate fissions/sec
22 Neutron-induced fission rate fractional
23 Radioactivity (alpha) Ci
24 Radioactivity  (alpha) fractional
25 (alpha,n) neutron production neutrons/sec
26 Spontaneous fission neutron production neutrons/sec
27 Photon emission rate photons/sec
28 Set test parameter ERR -
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E. Remarks:

1. If an output value for a 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 on
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 integer -1 must follow RCUT(NT) unless all 28 cutoff
fractions 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 0.01.

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

No operational command is used on the additional cards.

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

somewhat different; it is discussed in Sect. 8.2.2.

4.10 KEQ — Match Infinite Multiplication Factors

A. TFunction: Blend materials in two vectors so that the resulting
infinite multiplication factor (IMF) matches that of

another vector or an input value.
B. Data sequence:

KEQ NKEQ(1), NKEQ(2), NKEQ(3), NKEQ(4), NKEQ(5), RKEQ(1)

where
KEQ = command keyword
NKEQ(1l) = vector whose IMF is to be matched by vector NKEQ(4)
NKEQ(2) = vector whose material is to be wholly included in the
final blended material in vector NKEQ(4)
NKEQ(3) = vector whose material is to be apportioned to obtain

the proper IMF for vector NKEQ(4)



NKEQ(4) =

NKEQ(5) =

RREQ(1) =
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vector containing all material in vector NKEQ(2) plus
part of the material in NKEQ(3) and having the same IMF
as either vector NKEQ(l) or RKEQ(1l); that is,

NKEQ(4) = NKEQ(2) + f * NKEQ(3)

where f 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 NKEQ(4); that is,

NKEQ(5) = (1-f) * NKEQ(3)

If (1-f) is less than zero, then NKEQ(5) is set to zero.
desired final IMF for vector NKEQ(4) if RKEQ(1).GT.0.0.

If RKEQ(1l).LT.0.0, the IMF of vector NKEQ(4) is matched

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

is equal to RMULV(NREC,l). The RMULV values are specified
in a data statement in MAIN (see Sect. 2.1); the NREC

parameter is described in Sect. 4.8.

Allowable number of KEQ commands: 3

Propagation: None.

Remarks:

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

vector

NKEQ(3) is multiplied before being combined with

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

is given by

where
ki
ko
ks
D2

Dj

f = (ky - k1)*Dy/(k; - k3)*D3

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

= IMF of material in vector NKEQ(2)

= IMF of material in vector NKEQ(3)

= neutron absorption rate of material in vector
NKEQ(2), neutrons sec '

= neutron absorption rate of material in vector

NKEQ(3), neutrons sec !
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2. Some characteristic results from this command are printed

on unit 15.
4,11 DOL — DO Loop

A. Function: A "DO loop" which executes the commands within its

range a prescribed number of times.

B. Data sequence:
DOL NDOL (1), NDOL(2)

where

DOL = command keyword

NDOL(1) = 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 number of times the instructions within the

loop are to be executed
C. Allowable number of DOL commands: 2
D. Propagation: None.

E. Remarks: None.

4.12 MOV — Move Nuclide Composition from Vector to Vector

A. Function: Moves (i.e., copies) the nuclide concentration data in

one vector to another vector, nuclide by nuclide.

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

where

MOV
NMOV (1)

command keyword

number of the vector where the concentrations to be

moved are presently stored

o
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NMOV(2) = number of the vector where the concentrations in
vector NMOV(l) are to be moved. May be the same
as NMOV(1l).

NMOV(3) = source of additional multiplier

.GT.0 = number of variable multiplier vector that
contains the additional factors by which
vector NMOV(1l) is to be multiplied before
being moved to vector NMOV(2). The variable
multipliers are in array RMULV and are initial-
ized with a DATA statement in MAIN. The

particular element of RMULV used is
RMULV[NREC, NMOV(3)]

where NREC is the recycle number (Sect. 4.8).
The total multiplier, RMULT, is given by

RMULT = RMULV[NREC,NMOV(3)]*RMOV(1).

NREC must be defined to use the variable
multiplier option.

.EQ.0 = no additional multiplier is used; that is,
RMULT = RMOV(1).

.LT.0 = The additional multiplier to be used was
previously calculated by an FAC command
(see Sect. 4.4) and designated as
FACTOR[NFAC(1)] at that time. To use this
factor, set NMOV(3) = -NFAC(1l); the total

multiplier is then given by
RMULT = FACTOR[-NMOV(3) ]*RMOV(1).

RMOV(1l) = factor by which vector NMOV(1l) is to be multiplied
before being stored in vector NMOV(2).

C. Allowable number of MOV commands: 99

D. Propagation: None.
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E. Remarks:

1. Vector NMOV(2) can be zeroed by moving another vector to
NMOV(2) with RMOV(1l) = 0.0.

2. The information in vector NMOV(1l) is not destroyed by the
MOV command.

3. Vector NMOV(2) will have the same heading as vector NMOV(1)

after the MOV command has been executed.

4,13 ADD — Add Two Vectors

A. Function: Adds the nuclide concentration data in one vector to

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

ADD = operational command

NADD(1) = number of the vector where the concentrations to
be added are presently stored

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

NADD(3) = source of additional multiplier

.GT.0 = if NADD(3).GT.0, it is the number of the
variable multiplier vector which contains
the factors by which vector NADD(l) is to
be multiplied before being added to vector
NADD(2). The variable multipliers are in
array RMULV and are initialized with a DATA
statement in MAIN. The particular element

of RMULV used is
RMULV[NREC, NADD(3)]

where NREC is the recycle number (see Sect.

4.8). The total multiplier, RMULT, is given by
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RMULT = RMULV[NREC,NADD(3) ]*RADD(1)

NREC must be defined to use this option (see
Sect. 4.8).

.EQ.0 = no additional multiplier used; that is,
RMULT = RADD(1).

.LT.0 = the additional multiplier to be used was
previously calculated by a FAC command (see
Sect. 4.4) and designated as FACTOR[NFAC(1)].
To use this factor, set NADD(3) = -NFAC(1);

the total multiplier is then given by
RMULT = FACTOR[-NADD(3) [*RADD(1)

RADD(1) = factor by which vector NADD(1l) is to be
multiplied before being added to vector

NADD(2) or as specified under NADD(3) above.
Allowable number of ADD commands: 30
Propagation: None.
Remarks:

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

2. The information in vector RADD(1l) is not altered by the ADD
command .

3. Vector NADD(2) will have the same headings as vector NADD(1)

after the ADD command has been executed.
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4.14 BUP — Burnup Calculation

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

flux, and specific power for an irradiation.

B. Data sequence:

BUP
Irradiation
BUP
where
BUP = command keyword
Irradiation = the operational commands (generally several IRPs or

IRFs) that describe the fuel irradiation upon which

the burnup calculation is to be based.
C. Allowable number of BUP commands: 20 (ten pair).
D. Propagation: TUntil superseded by other BUP commands.

E. Remarks:

1. A BUP command must appear both before and after the statements

constituting the fuel irradiation upon which the burnup calcu-
lation is to be based. Other commands may be present between

the BUP statements.

4.15 PCH — Punch an Output Vector

A. Function: Punch a designated output vector in ORIGENZ-readable

format or write it to a disk file.
B. Data sequence:
PCcH NPCH(1), NPCH(2), NPCH(3)
where

PCH
NPCH(1)

[

command keyword

it

control character for light nuclide and structural

material punch
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NPCH(2)
NPCH(3)

1l

control character for actinide nuclide punch

control character for fission product nuclide punch
If NPCH(1) .EQ.0 - no punch
.GT.0 - number of output vector to be punched

.LT.0 - number of storage vector to be punched
C. Allowable number of PCH commands: 54
D. Propagation: None.
E. Remarks:

1. TFormat of punched output is [2X,12,4(IX),16,2X,IPE10.4)];
gee Sect. 6.1 for details.
2. Units of punched output are g-atoms.

3. The last record (card) written by each PCH command is
0 BURNUP FLUX SPECIFIC POWER.

The burnup, flux, and specific power are average values
produced by the BUP command (Sect. 4.14) and must be present
for a file read on unit 4 [NINP(2).LT.0; see Sect. 4.6].

These parameters are not necessary for input material composi-

tions read with NINP(2).GT.O.

4,16 LIP — Library Print Control

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

B. Data sequence:

LIP NLIP(1), NLIP(2), NLIP(3)
where
LIP = command keyword
NLIP(1) = control character for decay library print
NLIP(2) = control character for cross-section library print
NLIP(3) = control character for photon library print

If NLIP(I).EQ.0 - no print
.GT.0 - print library
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C. Allowable number of LIP commands: 5

D. Propagation: Until superseded.

E. Remarks: None.

4.17 WAC — Nuclide Accumulation

A. Function: Multiplies a concentration vector by a fractional
recovery vector and stores the result in vector B,
which contains continuous feed rates.

B. Data sequence:

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

by fractional recovery vector NWAC(1)

C. Maximum allowable number of WAC commands: 2

D. Propagation: None.

E. Remarks:

1. This command will enable the continuous accumulation of waste
from a reactor with continuous reprocessing (e.g., an MSBR) to
be calculated. The steady-state fuel composition in vector
NWAC(2) is multiplied 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,

o

e
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with vector B representing the continuous feed of waste to

the waste decay step from the continuously reprocessed

steady-state reactor.

4,18 LIB — Read Decay and Cross—Section Libraries

A, Function:

Read decay and cross—-section libraries; substitute
decay and cross-section cards and cards with non-

standard reactions.

B. Data sequence:

LIB
where

LIB
NLIB(1)

NLIB(2)

NLIB(3)

NLIB(4)

NLIB(5)

NLIB(6)

NLIB(7)

NLIB(1), . . . NLIB(1Y)

command keyword
control character for printing matrix of non-zero
reaction rates (array A) for the libraries read (see
Sect. 8.2.1).
If NLIB(1).GT.0 - print

.LE.0 - no print
identification number of light nuclide decay library
to be read; see Table 4.4
identification number of actinide nuclide decay library
to be read; see Table 4.4
identification number of fission product nuclide decay
library to be read; see Table 4.4
identification number of light nuclide cross-section
library to be read; see Table 4.4
identification number of actinide nuclide cross—section
library to be read; see Table 4.4
identification number of fission product nuclide yield
and cross-section library to be read; see Table 4.4
If NLIB(2-7).EQ.0 - no read

.GT.0 - normal read on unit NLIB(8)



Table 4.4,

46

Numbers of ORIGEN2 data libraries

Type of library

Category of isotope

Activation product

Actinide

Fission product

[NLIB(2 or 5)]2 [NLIB(3 or 6)]2 [NLIB(4 or 7)]2 NLIB(12)2
Decay 1 2 3 -
Photon 101 102 103 -

Cross-section libraries
PWR: 235U-enriched UO,; 204 205 206 1
33,000 MWd/metric ton
PWR: ?3*°U-enriched U0; in a 207 208 209 2
self-generated Pu recycle
reactor
PWR: Pu-enriched UO; in a 210 211 212 3
self-generated Pu recycle
reactor

BWR: **°U-enriched U0, 251 252 253 4
BWR: 2®°U-enriched fuel in a 254 255 256 5

self-generated Pu recycle
reactor

BWR: Pu-enriched fuel in a 257 258 259 6

self-generated Pu recycle
reactor
PWR: E?Oz—enriched with denatured 213 214 215 7
3
U

PWR: Pu-enriched ThO, 216 217 218 8

PWR: 2°SU-enriched U0,; 219 220 221 ]
50,000 MWd/metric ton

PWR: ThOz-enriched with makeup, 222 223 224 10
denatured 23%y

PWR: ThO, enriched with 225 226 227 11

recycled, denatured 233y

LMFBR: Early oxide, LWR-Pu/U/U/U

Core 301 302 303 18

Axial blanket 304 305 316 19

Radial blanket 307 308 309 20
LMFBR: Advanced oxide, LWR~-Pu/U/U/U

Core 311 312 313 12

Axial blanket 314 315 316 13

Radial blanket 317 318 319 14
LMFBR: Advanced oxide, recycle-Pu/U/U/U

Core 321 322 323 15

Axial blanket 324 325 326 16

Radial blanket 327 328 329 17
Thermal: 0.0253-eV cross sections 201 202 203 0

8pefer to Sect. 4.18 for the use of these parameters.
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.LT.0 - normal read on unit NLIB(8) and
substitute card read on unit

NLIB(9)

NLIB(8) = number of input unit for normal reading of the bulk

of the libraries

NLIB(9)
NLIB(10)

number of input unit for reading substitute cards

number of non-standard reactions to be read
If NLIB(10).EQ.0 - no read
.GT.0 - non-standard reactions read on
unit NLIB(8)
.LT.0 - non-standard reactions read on
unit NLIB(9)
NLIB(11)

control character identifying the set of actinides with
direct fission product yields; see Table 4.5

NLIB(12) control character identifying the set of variable

actinide cross sections to be used; see Table 4.4
Allowable number of LIB commands: 5
Propagation: Until another set of decay libraries is read.
Remarks:

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

2. See Sect. 5 for library format details.

4.19 PHO — Read Photon Libraries

Function: Read the photon production rate per disintegration in

18 energy groups.
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Table 4.5. Actinide sets with direct fission product yields

NLIB(11) Actinides with direct fission product yields
1 2355238y 239>241py
2 '232Th, 2335235; 239y
3 232y 23352355238y 239:241py
4 232y 23352345238y 239>24lpy  24Scy  252¢¢
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B. Data sequence:
PHO NPHO(1), . . . NPHO(4)
where

PHO = command keyword
NPHO(1) = identification number of activation product photon
library to be read; see Table 4.4
NPHO(2) = identification number of actinide nuclide photon

library to be read; see Table 4.4

NPHO(3) = identification number of fission product nuclide photon
library to be read; see Table 4.4
If NPHO(1-3).LE.0 - no read
.GT.0 - read
NPHO(4) = number of input unit on which the photon libraries are

to be read
C. Allowable number of PHO commands: 5
D. Propagation: Until another set of photon libraries is read.

E. Remarks: See Sect. 5.5 for library format details.

4,20 1LPU — Data Library Replacement Cards

A. Function: Read nuclide identifiers for replacement decay and/or
cross-section data cards to be read by LIB command

(Sect. 4.18).
B. Data sequence:
LPU NLPU(1), . . . NLPU(MAX), -1
where

LPU = command keyword
NLPU (1-MAX)

nuclide identifiers for replacement data cards

in the order in which they occur in the original
data library

MAX = number of nuclide identifiers to be read for a given

LPU command; must be .LE.100
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C. Allowable number of LPU cards: 9
D. Propagation: Until another LIB command is executed.
E. Remarks:

1. 1If less than 100 nuclide identifiers are specified, a -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 variables, etc.

5. See Sects. 5.1 and 5.2 for library format details.

4,21 IRF — Flux Irradiation

A. Function: Irradiation for a single interval with the neutron flux

specified.
B. Data sequence:
IRF RIRF(1), RIRF(2), NIRF(1), . . . NIRF(4)
where

IRF = command keyword
RIRF(1)
RIRF(2)

time at which this irradiation interval ends
if RIRF(2).GT.0.0, this is the neutron flux during
this irradiation interval in neutrons cm~2 sec !.

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

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

neutrons cm 2 sec ?

e
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OLDFLUX = flux for the same time period from the

previous irradiation, neutrons cm 2 sec”!.

See remark 2 below.

NIRF(1) = number of the vector where the material composition at
the beginning of this irradiation interval is stored
NIRF(2) = number of the vector where the material composition at
the end of this irradiation interval is to be stored
NIRF(3) = time units of RIRF(1l); see Table 4.2
NIRF(4) = specification of time at which this irradiation interval
begins:
0 = starting time is the end of the previous IRF, IRP,

or DEC interval. All reactivity and burnup informa-
tion is retained, and MIRR is not altered. Used for
continuing 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 a new output page.

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

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 the decay following irradiation
on a new output page while retaining the average

irradiation parameters.
C. Allowable number of IRF commands: See remark 1 below.

D. Propagation: Nomne.
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E. Remarks

The total number of IRF + IRP + DEC commands must be .LE.150.
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. The scale factors [-RIRF(2)]
from previous irradiations do propagate.

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 factor, neutron flux)
and three lines containing irradiation parameters (e.g., burnup)
averaged over the range of the BUP commands (Sect. 4.14). Also,
see Sect. 8.2.2.

Internal ORIGEN2 parameters related to the flux/specific power

calculations are printed on unit 15 (see Sect. 8.2.1).

4.22 1IRP — Specific Power Irradiation

A. Function: Irradiation for a single interval with the specific power

specified.

B. Data sequence:

IRP RIRP(1), RIRP(2), NIRP(1), . . . NIRP(4)
where
IRP = command keyword
RIRP(1l) = time at which this irradiation interval ends
RIRP(2) = power level during this irradiation interval

.GT.0 = MW(t) per unit of fuel input

.LT.0 = specific power, MW(t) per metric ton of
heavy metal
(NOTE: Both actinides and fission products
must be present for the specific power option

to work correctly.)



NIRP(1)

NIRP(2)

NIRP(3)
NIRP(4)

il
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number of the vector where the material composition at
the beginning of this irradiation interval is stored
number of the vector where the material composition at
the end of this irradiation interval is to be stored
time units of RIRP(1l); see Table 4.2

specification of the 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 retained, and MIRR is not altered. Used for

continuing 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 a new page.

3 = same as NIRP(4) = O except that the first seven lines

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 1 below.

Propagation: None.

Remarks:

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

2. The "reactivity and burnup information' referred to in NIRP(4)

consists of seven lines of data characteristic of an individual

vector (e.g. time, infinite multiplication factor, neutron flux)
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and three lines containing irradiation parameters (e.g., burnup)
averaged over the range of the BUP commands (Sect. 4.14).
3. Internal ORIGEN2 parameters related to the flux/specific power

calculations are printed on unit 15 (see Sect. 8.2.1).
4,23 DEC — Decay

A. Function: Decay for a single interval.

B. Data sequence:

DEC DEC(1), NDEC(1), . . . NDEC(4) .
where ~ie o S -
DEC = operational command v e
DEC(1) = time at which this decay interval ends -
NDEC(1) = number of the vector where the material composition at o
the beginning of this decay interval is stored o
NDEC(2) = number of the vector where the material composition at -
the end of this decay interval is stored )
NDEC(3) = time units of DEC(1l); see Table 4.2 =
NDEC(4) = specification of the time at which this decay interval -
begins: -
0 = starting time is the end of the previous IRF, IRP,
or DEC interval. All reactivity and burnup informa- -
tion is retained, and MIRR is not altered. Used for
continuing irradiation/decay on the same output page. -
1 = starting time is set to zero. All reactivity and _
burnup information is retained, and MIRR is set to 7
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 a new output page. -
w
-
L0
-
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3 = same as NDEC(4) = 0 except that the first seven lines
of the reactivity and burnup information are set to
zero. Used for continuing irradiation to a new
output page.

4 = same as NDEC(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.
C. Allowable number of DEC commands: See below.
D. Propagation: None.
E. Remarks:

1. The 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 data characteristic of an individual
vector (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 .24 PRO — Reprocess Fuel

A. Function: Reprocess fuel into two product compositions.
B. Data sequence:

PRO NPRO(1), . . . NPRO(4)
where

NPRO(1)

number of the vector where the material composition that
is to be reprocessed is stored
NPRO(2)

number of the vector where the material that is recovered
is to be stored. The amount of an isotope of element NE

recovered is given by:

[Mass of isotope NE]J[f(NPRO(4)].
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The fraction f[NPRO(4)] is the fractional recovery
of element NE specified by variable NRPO(4) below.
See also Sects. 3.4 and 3.5.

NPRO(3) = number of the vector where the material not recovered
is to be stored. The amount of an isotope of element
NE not recovered is given by:
[Mass of isotope NE]J[1.0 - f(NPRO(4))].
NPRO(4) = number of the set of fractional recoveries which is to

be used in this reprocessing operation. If NPRO(4) is
greater than zero, individual fractional recoveries
(Sect. 3.4) are to be used. TIf NPRO(4) is less than
zero, group fractional recoveries are to be used (Sect.

3.5).
C. Allowable number of PRO commands: 20
D. Propagation: None.

E. Remarks: None.

4.25 OPTL — Specify Activation Product Output Options

A. Function: Specifies which output table types (nuclide, element, or

summary) are to be printed for the activation products.
B. Data sequence:
OPTL NOPTL(1l), . . . NOPTL(24)

where

OPTL
NOPTL(I)

command keyword

control character indicating which output table types
are to be printed for the activation products; see
Table 4.6

I = table number; see Table 4.3 for output table description
C. Allowable number of OPTL commands: 20

D. Propagation: Until changed.
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Table 4.6. Specification of output table types to be printed

NOPTL (I) Table type printed
NOPTA(I)
NOPTF (1) Nuclide Element Summary
1 Yes Yes Yes
2 Yes Yes No
3 Yes No Yes
4 No Yes Yes
5 Yes No No
6 No Yes No
7 No No Yes
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E. Remarks:

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

If NOPTL(l) is less than 1, only a summary grams table is
printed for all nuclides (including actinides and fission
products) until new commands (after an STP, Sect. 4.29)
are read.

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. Func

B. Data
OPTA

where
NOP

tion: Specifies which output table types (nuclide, element, or

summary) are to be printed for the actinide nuclides.

sequence:

NOPTA(1), . . . NOPTA(24)

OPTA
TA(T)

il

command keyword

control character indicating which output table types
are to be printed for the actinide nuclides; see Table 4.6

I = table number; see Table 4.3 for output table description

C. Allowable number of OPTA commands: 20

D. Propagation: Until changed.

E. Rema

1.
2.

rks:

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

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

are read.

Only the first 24 tables in Table 4.3 are controlled by the
OPTA command.

v
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4,27 OPTF — Specify Options for Fission Product
Nuclide Output Table

A. Function: Specifies which types of output tables (nuclide, element,

or summary) are to be printed for fission product nuclides.
B. Data sequence:
OPTF NOPTF(1), . . . NOPTF(24)
where

OPTF
NOPTF(I)

command keyword

control character indicating which output table types
are to be printed for the fission product nuclides;
see Table 4.6

I = table number; see Table 4.3 for output table description
C. Allowable number of OPTF commands: 20
D. Propagation: Until changed.
E. Remarks:

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

2. 1If NOPTF(l) is less than 1, only a summary grams table 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 controlled by the
OPTF command.
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4.28 CON — Continuation

A. Function: Defines the ranges of the DOL command (Sect. 4.11).
B. Data sequence:

CON NCON
where

CON
NCON

command keyword

number of this CON command; must be equal to NDOL(1l) for
the DOL command which is to be associated with this CON

command
C. Allowable number of CON commands: 2
D. Propagation: None.
E. Remarks:

1. There must be one, and only one, CON command for each DOL command.
2. If the DOL command is removed, the corresponding CON command

must also be removed.

4.29 STP — Execute Previous Commands and Branch

A. Function: Execute the set of commands preceding the STP command.

Then read and execute more commands.
B. Data sequence:
STP NSTP

where

STP
NSTP

command keyword

branching control character:
1 = read new miscellaneous initialization data (Sect. 3) and
a new set of commands (Sect. 4), and execute them.

2 = read a new set of commands (Sect. 4) and execute them.



61

3 = execute the preceding set of commands again.
Additional input data (libraries and initial nuclide
concentrations) will be required.

4 = terminate execution (same as END) .
C. Allowable number of STP commands: Unlimited.
D. Propagation: None.

E. Remarks: None.

4.30 END — Terminate Execution

A. Tunction: Terminate execution.
B. Data sequence:
END
where
END = command keyword
C. Allowable number of END commands: 1
D. Propagation: None.

E. Remarks: None.
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5. DATA LIBRARIES

There are three separate and distinct nuclide lists in ORIGEN2 for
which nuclear data may be required: the activation products, the acti-
nides, and the fission products. The activation products include the
low-Z impurities and structural materials. The actinides include all of
the heavy isotopes (Z.GT.90) plus all of their decay>daughters, including
the final stable nuclides. The fission products include all nuclides
which have a significant fission product yield (either binary or ternary)
plus some 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. 5.1), a cross-section and fis-
sion product yield data library (Sect. 5.2), and a photon yield library
(Sect. 5.5). The decay data library gives nuclide half-lives, decay
modes, recoverable heat energy, natural abundances, and toxicities.

The cross-section and fission product yield library gives the cross
sections for (mn,Y), (n,2n), (n,3n), (n,2), (n,p), and (n,fission) as
effective, one-group reaction rates in barns and the fission product
yields from 232Th, 233y, 235y, 238y, 289py, 2*1py, 2%5Cm, and 2%%cCf.
The photon data library gives the photons per disintegration in twelve
energy groups for the activation products and fission products and in
eighteen energy groups for the actinides.

In addition to these normal data library input facilities in
ORIGEN2, two additional options may be used to extend, update, or
correct these libraries. The first of these options (Sect. 5.3) allows
the user to input substitute decay data cards and substitute cross-—
section and fission product yield data cards which override the
corresponding data cards present in the main libraries. This option
is particularly useful as an alternative to rebuilding entire data
libraries simply to change one or two items. The second option
(Sect. 5.4) allows the user to input any flux-dependent reaction rate
between any two nuclides. While the user can duplicate the reaction

types available in ORIGEN2 [i.e., (mn,Y), (n,2n), (n,3n), (n,0), (n,p),

o
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(n,fission)], the option is principally intended to allow for the
inclusion of non-standard reaction types such as (n,d), (n,t), and

(n,np).

5.1 Decay Data Library

The first card of each of the three allowable decay data library
segments (activation product, actinide, and fission product) is a title
card containing the number of the decay library segment and the alpha-
numeric title of the segment. Following the title card are the decay
data for the nuclides in a particular library segment. The decay data
for each nuclide are specified on two sequential cards. A description of
the decay library conventions is given in Table 5.1.

The decay data library serves other vitally important functions in
the ORIGEN2 code in addition to supplying decay data. The nuclide
identifiers supplied by the decay libraries define the total list of
all nuclides that will be considered in subsequent ORIGEN2 calculations.
Thus, if a nuclide is to be used in a calculation, it must be present in
the decay library, even if only the cross—section or photon information
is required. The decay library also defines the nuclide membership of
each of the three library segments (activation product, fission product,
and actinide) considered by the ORIGEN2 code. Finally, the decay library
defines the order in which the nuclides will be printed within each
library segment during the normal output. As a result of these considera-
tions, the decay library must be input before the photon libraries (PHO,
Sect. 4.19) or before the initial compositions (INP, Sect. 4.6). The
decay library is automatically read before the cross-section library when

when the LIB command (Sect. 4.18) is invoked.

5.2 Cross-Section and Fission Product Yield Data Library

The first card of each of the three allowable cross-section and
fission product yield data libraries (activation product, actinide, and

fission product) is a title card containing the number and alphanumeric
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Table 5.1. Description of decay library

A. Data sequence:

First card of each library segment:

NLB TITLE

First card for each nuclide:

NLB NUCLID IU THALF FBX FPEC FPECX FA FIT FSF

Second card for each nuclide:

NLB FN QREC ABUND ARCG WRCG

where

NLB
TITLE

NUCLID

10

THALF

FBX

FPEC

FPECX

FA

FIT

FSF

FN

QREC

the number of this decay library segment

a 72-character alphanumeric segment title beginning in
column 9

a six~digit nuclide identifier corresponding to the
information on these two decay cards (see Sect. 2.7)

time unit designation of the half-life of NUCLID (see
Table 4.2 for specification)

the half-life of nuclide in units given by IU

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

the fraction 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 which take place by
alpha decay

the fraction of all the decay events of an excited nuclear
state which result in the production of the ground state of
the same nuclide

the fraction of all decay events which take place by
spontaneous fission

the fraction of all decay events that are (beta + neutron)
decays (e.g., °°Br decays to 88kr + beta + neutron)

the average, total recoverable energy (i.e., does not
include neutrinos) released by each decay event, in MeV

e

L]
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Table 5.1 (continued)

ABUND

the naturally occurring isotopic abundance of NUCLID in
atom percent

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

WRCG

1]

the radioactivity concentration guide (RCG) for continuous
ingestion of nuclide NUCLID in unrestricted areas as given
in Table II, Column II of Part 10 of Title 20 of the Code
of Federal Regulations (the lower of the soluble or
insoluble values is used)

Number of cards per nuclide: 2
Terminate card scan for nuclide NUCLID: Automatic.
Terminate reading this decay library segment: NLB.LT.O0, one card.

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

Remarks:

1. The fraction of all decay events which take place by negatron
beta decay to the ground state of the daughter nuclide is given
by (1.0 - FBX - FPEC - FA - FIT - FSF - FN) and is calculated
internally in ORIGEN2.
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title of the library segment. Following the title card are the cross-
section and fission product yield data for the nuclides in a particular
library segment. The cross-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 ORIGEN2 are effective one-group
cross sections 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 a dual meaning, depending on
which library segment is being read. If the actinide segment is being
read, then the fifth and sixth parameters are the (n,3n) and (n,fission)
cross sections respectively. If either the activation product or fission
product segments are being read, then the fifth and sixth parameters are
the (n,o) and (n,p) cross sections respectively. The fission product
yield card, which is present only in the fission product cross-—section
segment, specifies the yield of each nuclide per fission from each of
eight fissioning species: 232Th, 233U, 235U, 238U, 239Pu, 2“Pu, 21'sCm,
and 252Cf. The yields are generally from binary fission, although
ternary fission yields have been included for certain important low-Z

nuclides.

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

Substitute decay, cross-section, and fission product yield data

can be read by invoking the LPU command (Sect. 4.20). This procedure

is an alternative to rebuilding an entire data library just to change

a few parameters. It may also be used for parametric studies of output
sensitivity to input data changes. The rules regarding the order and
format of the substitute data cards are given in Table 5.3. This option
is intended for use when the data libraries are on a direct-access device
or on tape. Substitute data can also be used if the libraries are on

cards, providing that two different card input units are defined.

fone

e
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Table 5.2. Description of cross—-section and
fission product yield data library

A. Data sequence:
First card of each library segment:
NLB TITLE
First card for each nuclide: g . -
v / / .
NLB NUCLID SNG SN2N SN3N or SNA SNF or SNP SNGX SN2NX YYN
Second card for each nuclide (fission product segment only):
NLB Y(1), . . . Y(8)
where

/

NLB = the number of this cross-section and fission product
yield library segment

TITLE = a 72-character alphanumeric cross~section and fission
product yield library segment title beginning in Column 11

NUCLID = a six-digit nuclide identifier corresponding to the data
on these one or two cards (see Sect. 2.7)

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

/SN2N = the effective, one-group (n,2n) cross section of nuclide
NUCLID leading to a ground state; actinide—segment onty

SN3N = the effective, one-group (n,3n) cross section of nuclide
NUCLID leading to a ground state; actinide segment only

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

' SNF = the effective, one-group (n,fission) cross section of
nuclide NUCLID; actinide segment only

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

SNGX = the effective, one-group (n,Y) cross section of nuclide
NUCLID leading to an excited state of the daughter

 SN2NX = the effective, one-group (n,2n) cross section of nuclide
NUCLID leading to an excited state of the daughter

YYN = a control character indicating whether or not a fission
yield card follows:

YYN.GT.0.0 = fission yield card follows
YYN.LT.0.0 = no fission yield card follows
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Table 5.2 (continued)

Y(I) = fission yield of nuclide NUCLID from various fissile
species, in percent

Figsile species

Th-232
U-233
U-235
U-238
Pu-239
Pu-241
Cm-245
Cf-249

O~NOAUTEWN P A

Number of cards per nuclide: 2
Terminate card scan for nuclide NUCLID: Automatic.

Terminate reading this cross-section and fission product yield
library segment: NLB.LT.0, one card. —

Skip reading this cross-section and fission product yield library
segment: Controlled by LIB command (Sect. 4.18).

Remarks: None. -
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Description of substitute decay, cross-section,

and fission product yield data

Data sequence

N L B~ LW N

Format

Substitute
Substitute
Substitute
Substitute
Substitute

Substitute

activation product decay data
actinide decay data

fission product decay data
activation product cross-section data
actinide cross-section data

fission product cross-section and yield data

The substitute data cards are free format, and 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 which 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

above must

be present in the input stream in the same order

in which 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 flux-dependent (i.e., cross-
section) reactions that cannot be accounted for by using one of the standard
ORIGEN2 reaction types {viz., (n,Y), (n,p), (n,0), (n,2n), (n,3n),
(n,fission)]. The format of these non-standard, flux-dependent reactions
is described in Table 5.4. The number of non-standard, flux-dependent
reactions to be read and the input unit number on which they are to be

read are defined by the LIB command in Sect. 4.,18.
5.5 Photon Data Libraries

The first card of each of the three possible photon library
segments is a title card containing the number and alphanumeric title
of the photon library segment. Following the title card are cards
containing the photon production rates per disintegration in a pre-
determined energy group structure for each nuclide. A description of
the photon library format is given in Table 5.5. The predetermined
energy group structure is given in Table 5.6. The input of the photon

libraries is controlled by the PHO operational command (Sect. 4.19).
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Table 5.4. Description of non-standard,
flux-dependent reaction data

Data sequence

NPAR NDAUG RATE

where

the six~digit nuclide identifier (see Sect. 2.7) of the
parent or precursor nuclide

NPAR

NDAUG = the six~digit nuclide identifier (see Sect. 2.7) of the
daughter nuclide

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

Formats
One reaction per card.
Remarks
1. The number of non-standard, flux-dependent reaction cards to

be input and the unit number upon which they are to be read
are specified using the LIB command (Sect. 4.18).
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Table 5.5. Description of photon library

A. Data sequence:

First card of each library segment:

NLB TITLE

First card for each nuclide;:

NLB NUCLID NGP(1), RPH(1), . . . NGP(1l), RPH(I)

Subsequent card(s) for each nuclide:

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

where
NLB = the number of this photon library segment
TITLE = a 72-character alphanumeric photon library segment title -

beginning in Column 9

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

NGP(1) = the number of a photon energy group. Twelve groups are ™
allowed for the activation products and fission products; -
eighteen groups are allowed for the actinides. The energy .
group structure is given in Table 5.6. -

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

disintegration

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

B. Number of cards per nuclide: One "first card" plus as many

"subsequent card(s)'" as required for those nuclides with non-
zero NGP(I)/RPH(I) data.

C. Terminate card scan for nuclide NUCLID: NGP(IMAX+1).LT.Q if
IMAX is less than 18; automatic otherwise.

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

E. Skip reading this photon library segment: Controlled by PHO -
command (Sect. 4.19).

F. Remarks:

1. Only those NGP(I)/RPH(I) pairs for which RPH(I) is non-zero
need be specified.
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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 C.0 2.0000F-02 1.0000E-02
2 2.00C0E-02 3.0000F-02 2.5000E-02
3 2.0000E-02 4.5000E-02 3.7500E-02
4 4.5000E-02 7.0000E-02 5.7500E-02
5 7.00C0E-02 1.0000F-01 8.5000E-02
6 1.0000F~0C1 1.5000E-01 1.2500E-01
7 1.50C00E-01 3.0000E-01 2.2500E-01
9 2.0000E-01 4.5000E-01 3.7500E-01
9 4.5000€-01 7.0000F-01 5.7500E-01
10 7.00C0E-01 1.0000E 00 8.5000E-01
1 1.0000% 00 1.5000F 00 1.2500€E 00
12 1.5000E 00 2.0000E 00 1.7500E 00
12 2.0000F 00 2.5000F 00 2.2500E 00
14 2.5000% Q0 3.0000% 00 2.7500% 00
15 2.0000F 00 4.0000F 00 2.5000E 00
16 4.00Q0F 00 6.0000F 00 5.0000E 00
17 €.0000% 00 8.0000F 00 7.0000€ 00
18 2.00C0F 00 1. 1000F 01 9.5000E 00
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6. SPECIFICATION OF INITIAL MATERTAL COMPOSITIONS, CONTINUOUS
NUCLIDE FEED RATES, AND CONTINUOUS ELEMENT REMOVAL RATES

This section describes the options available to the user relative
to the specification of the initial material 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 some material (Sect. 6.1). The initial composi-
tion can be specified on either a nuclide-by-nuclide basis or as the
amount of a naturally occurring element which is present. The amount of
a naturally occurring element is converted to a nuclide-by-nuclide basis

internally using the natural isotopic abundances input with the decay

library (Sect. 5.1). The amounts of individual nuclides or naturally .
occurring elements may be specified as g-atoms or g, depending on the -
control characters of the INP command (Sect. 4.6). -

The continuous nuclide feed rate option (Sect. 6.2) allows the

user to specify the continuous feed rate of individual nuclides or

naturally occurring elements in units of g/(time unit)(basis unit) .
or g-atoms/(time unit) (basis unit). Both the mass units and the time
units are specified by using the INP command (Sect. 4.6). This option -
is useful in simulating the continuous feed of nuclides to a fluid-fuel
reactor (e.g., a MSBR) or to a radioactive waste tank.
The continuous element removal option (Sect. 6.3) allows the user
to specify the continuous 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
operation of a fluid-fuel reactor such as an MSBR. If this option is to
be used to calculate continuous element removal in a situation where )
irradiation is not taking place, then a very small neutron flux must .
still be specified to allow the continuous element removal option to be v
used.
-
-
-
-
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6.1 Specification of Initial Material Composition

A. Function: Specify initial amounts of individual nuclides or

naturally occurring elements.
B. Data sequence:
NEXT, NUCLID(1), RCOMP(1l), . . . NUCLID(IMAX), RCOMP(IMAX)
where

NEXT = a control character indicating for which segment the
information is intended and the type of information:
(i.e., nuclides or elements)

individual activation product nuclides

= individual actinide nuclides

= naturally occurring activation product elements

1

2

3 = individual fission product nuclides

4

5 = naturally occurring actinide elements
6

= naturally occurring fission product elements

NUCLID(I) = the six-digit identifier for nuclide or element I
(see Sect. 2.7)
RCOMP(I) = amount of nuclide or element NUCLID(I) initially present.
The units of RCOMP(I) are specified with the INP opera-
tional command (Sect. 4.6).
IMAX = maximum number of NULCID(I)/RCOMP(I) pairs specified on

each card must be .LE.4
C. Terminate card scan: NUCLID(IMAX + 1) = 0 if IMAX.LT.4
D. Terminate reading initial composition: Card with NEXT = O

E. Skip reading initial composition: Alter control characters of

pertinent INP command or a card with NEXT = 0.
F. Remarks:

1. 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

amount of that nuclide in a particular segment.
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2, Initial composition cards with different NEXT values may
occur in any order as long as the NUCLID(I) and RCOMP(I)
values on any given card correspond to the NEXT value on

that card.

6.2 Specification of Continuous Feed Rates

Function: Read feed rates of individual nuclides or naturally

occurring elements.

B. Data sequence:
NEXT, NUCLID(I), RRATE(1), . . . NUCLID(IMAX), RRATE(IMAX)
where
NEXT = a control character indicating for which segment the
information is intended and the type of information:
1 = individual activation product nuclides
2 = individual actinide nuclides
3 = individual fission product nuclides
4 = naturally occurring activation product elements
5 = naturally occurring actinide elements
6 = naturally occurring fission product elements
NUCLID(I) = the six-digit nuclide identifier for nuclide or
element I (see Sect. 2.7)
RRATE(I) = the feed rate of nuclide or element NUCLID(I). " The
units of RRATE(I) are specified with the INP command
(Sect. 4.6).
IMAX = maximum number of NUCLID(I)/RRATE(I) pairs specified

on each card; IMAX must be .LE.4

C. Terminate card scan: NUCLID(IMAX + 1) = 0 if IMAX.LT.4

D. Terminate reading continuous feed rates: Card with NEXT = O

E. Skip reading continuous feed rates: Alter control characters of

pertinent INP command or a card with NEXT = O.
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F. Remarks:

1. If the feedJrate of a given nuclide is specified more than once
for a single value of NEXT, all of the RRATE(I) values for that
nuclide on cards having that particular NEXT value are added
together to form the total feed rate for nuclide NUCLID(I).

2. Continuous feed rate 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.
6.3 Specification of Continuous Reprocessing Rates

A. TFunction: Read continuous element removal rates during irradiation.
B. Data sequence:

Group 1 (one card set)

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

Group 2 [MMAX card sets (M = 1 to MMAX)]

NZ(M,1), . . . NZ(M,N), . . . NZ[M,NPROS(M)]
where
RREM(M) = the first-order removal rate of elements NZ(M,l) through
NZ[M,NPROS(M)]. The units of RREM(M) are specified with
the INP command (Sect. 4.6).
NPROS(M) = the number of elements in card set M of Group 2; that is,

the number of elements which have a continuous removal
rate equal to RREM(M).

MMAX = the number of continuous reprocessing rates to be read.
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 with removal rate RREM{(M).
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Terminate card scan: TImplicit in input information.

Terminate reading continuous reprocessing rates: Implicit in input

information.

Skip reading continuous reprocessing rates: Alter control character

of pertinent INP command.

Remarks:

1. Continuous element removal will occur only during irradiation.
If continuous removal is desired in a situation where no neutron
flux is present, use the IRF command (Sect. 4.21) with a very

small flux.
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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
organization of the ORIGEN2 card data input deck, assuming that the
nuclide data libraries (Sects. 5.1 through 5.3) are on cards. Section 7.3
is 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 Organization

This section describes the organization of the ORIGEN2 source and
object card decks. The general form of the ORIGENZ code card deck is
given in Table 7.1.

The recommended mode of operation, which is reflected in Table 7.1,
is to place object decks of all ORIGEN2 subroutines, except MAIN, on
either a tape or a direct-access device. During normal operation of
ORIGEN2, MAIN would be recompiled each time the code is used and would
be the only [FORTRAN subroutines] present in the Table 7.1 input deck
scheme. MAIN is recompiled to facilitate use of the variable dimensioning
option. No {object deck(s)] would normally be present, and only the
INCLUDE HEX card and the overlay cards would be used. The [OVERLAY
statements] are not required. They do, however, considerably reduce
the size of the final executable module.

A somewhat 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
appropriate place, as indicated in Table 7.1. The subroutines on cards
will automatically be substituted for those on the tape or direct-access

device.



Table 7.1. Source and object deck organization

Input deck

Comments

Section
where
described

//FORT.SYSIN DD *
[FORTRAN Subroutine(s)]

/%

//LKED.HEX DD DSN=ORIGEN2.0BJECT,DISP=SHR

//LKED.SYSIN DD *
[OBJECT Deck(s)]

INCLUDE HEX

[OVERLAY Statements]

/*

FORTRAN step

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

named subroutines in a previously

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

Link-edit step

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

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

statements to arrange subroutines

in a space-minimizing order.

If the entire ORIGEN2 code is
present on cards, the INCLUDE HEX
card is omitted.

2.1

None

None

08
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In the hopefully uncommon situation where the entire ORIGENZ code

is on cards, the //LKED.HEX . . . and INCLUDE HEX cards are omitted.

7.2 ORIGEN2 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 order is as

follows:

control cards defining input/output units;
miscellaneous initialization data changes;
ORIGEN2 commands;

decay data library;

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

initial nuclide compositions and continuous feed and
reprocessing rates;

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

non-standard, flux-dependent reactions.

It is important to note that all 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 read with the PHO
command (Sect. 4.19), although the units defined by the LIB and PHO
commands may be different. The substitute data and non-standard reaction
data can be read on a unit different from that used by the LIB data

libraries.



Table 7.2. ORIGEN2 input organization when the libraries are on cards

Section(s)
where
Input deck Comments described
Output unit specification Table 2.3
//GO.FT04F001 DD DUMMY Input compositions on disk or tape
(Sect. 4.5)
//GO.FT06F001 DD SYSOUT=A Principal print unit
//GO.FTO7F001 DD DUMMY Write a material composition
(Sect. 4.15)
//GO.FTO9F001 DD DUMMY Decay/cross~section library input

from disk or tape; not used in
this case

//GO.FT10F001 DD DUMMY Photon library input from disk or
tape; not used in this case
//GO.FT11F001 DD DUMMY Alternate print unit
//GO.FT12F001 DD SYSOUT=A Print unit for unit 6 table of
contents
//GO.FT13F001 DD DUMMY Print unit for unit 11 table of
) contents '
//GO.FT15F001 DD DUMMY Debugging information
//GO.FT16F001 DD DUMMY Variable cross-section information
//GO.FT50F001 DD DSN=TEMP, Temporary space for input read on
SPACE=(3200, (50,50) ,RLSE), unit 5

DISP=(NEW,PASS),DCB=(RECFM=FB,
LRECL=80,BLKSIZE=3200)

<8



Table 7.2 (continued)

Section(s)
where
Input deck Comments described
Miscellaneous initialization data
[Override 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
ORIGEN2 commands
[ORIGEN2 commands] Only commands up to and including 4
the first STP command (Sect. 4.29)
or the end command are present here.
Decay data library 4,18, 5.1

[Activation product decay data
library]
-1

[Actinide decay data library]
-1

[Fission product data library]
-1

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

€8



Table 7.2 (continued)

Section(s)
where
Input deck Comments described
Cross-section data libraries 4.18, 5.2
[Activation product cross-section Some of these libraries (including
data library] their associated -1) may not be
-1 present, depending on the parameters
[Actinide cross-section data of the LIB command (Sect. 4.18).
library]
-1
[Fission product cross-section
data library]
-1
Photon data libraries 4.19, 5.5

[Activation product photon data
library]

-1

[Actinide photon data library]
-1

[Fission product photon data
library]
-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 is present.

v8



Table 7.2 (continued)

Section(s)
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
[Continucus element removal rates] 4.6, 6.3

[Begin input with miscellaneous
data above]

[Begin input with ORIGEN2
commands above]

[Begin input with decay data
libraries]

/*
//GO.FTO3FQ01l DD *

Branch or stop

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

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

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

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

68



Table 7.2 (continued)

/*
/1

Section(s)
where
Input deck Comments described
Substitute data 4.18, 4.20
[Activation product decay data] Some or all of these data may not
A be present, depending on the
{Actinide decay data] parameters of the LIB command
[Fission product decay data] (Sect. 4.18). If the libraries
[Activation product cross-section are on cards, these SUb?tltutes
data] can be manually placed in the
appropriate library, eliminating
[Actinide cross—section data] the need for this section.
[Fission product cross-section
data]
Non-standard reactions 4.18, 5.4

[Non-standard, flux-dependent
reactions]

May not be present, depending on
parameters of the LIB command
(Sect. 4.18)

98
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7.3 ORIGEN2 Input Deck Organization — Nuclide Data Libraries
on Tape or a Direct—Access Device

The organization of the ORIGENZ input deck, assuming that 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 deck order is as follows:

control cards defining input/output units and data

library files;
miscellaneous initialization data;
ORIGEN2 operational commands;

initial nuclide compositions and continuous feed
and reprocessing rates;

substitute decay, cross—section, and fission product
yield data;

non-standard, flux-dependent reactions.

As in Sect. 7.2, it is important to note that all 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
read with the PHO command, although the units defined by the LIB and PHO
commands (Sect. 4.19) may be different. The substitute data cards must

be read on a different unit from that used by the LIB data libraries.
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Table 7.3. ORIGEN2 input organization when the libraries are on a direct-access device

Section(s)
where
Input deck Comments described
Output unit specification Table 2.3
//GO.FT04F001 DD DUMMY Input compositions on disk or tape
(Sect. 4.5)
//GO.FTO6F001 DD SYSOUT=A Principal print unit
//GO.FT07F001 DD DUMMY Write a material composition
(Sect. 4.15)
//GO.FT11F001 DD DUMMY Alternate print unit
//GO.FT12F001 DD SYSOUT=A Print unit for unit 6 table of
contents
//GO.FT13F001 DD DUMMY Print unit for unit 11 table of
contents
//GO.FT15F001 DD DUMMY Debugging information
//GO.FT16F001 DD DUMMY Variable cross-section information
//GO.FT50F001 DD DSN=TEMP, Temporary space for input read on
SPACE=(3200, (50,50),RLSE), unit 5
DISP=(NEW,PASS) ,DCB= (RECFM=FB,
LRECL=80,BLKSIZE=3200)
Decay data library
//GO.FT09001 DD DSN=ORIGEN2.DECAY, Activation product, actinide 4,18, 5.1

DISP=SHR

and fission product decay
libraries in one file

88



Table 7.3 (continued)

Section(s)
where
Input deck Comments described
Cross—section data library
// DD DSN=ORIGEN2.XSEC,DISP=SHR Activation product, actinide, and 4.18, 5.2
fission product cross-section
libraries in one file
Photon data library 4.19, 5.5
//GO.FT10F001 DD DSN=ORIGENZ2.PHOTON, Activation product, actinide, and
DISP=SHR figssion product photon data in
one file
//GO.FT05F001 DD *
Miscellaneous initialization data
[Override default individual Data need not be present; -1 3.4
fractional recoveries] required
-1
[Override default element group Data need not be present; -1 3.5
fractional recoveries] required
-1
[Override default element group Data need not be present; -1 3.6

membership]
-1

required

68



Table 7.3 (continued)

Section(s)
where
Input deck Comments described
ORIGEN2 commands
[ORIGEN2 commands] Only commands up to and including 4.0
the first STP command (Sect. 4.29)
or the end command are present here.
Composition, feed rates,
and removal rates
[Initial nuclide or element mass] 4.6, 6.1
0
[Continuous nuclide or element feed 4.6, 6.2
rates]
0
[Continuous element removal rates] 4.6, 6.3
Branch or stop 4,29

[Begin input with miscellaneous
input data above]

[Begin input with ORIGEN2 commands
above]

[Begin input with decay data
libraries]

/*
//GO.FTO3F001 DD *

-
il
e

If (NSTP.EQ.l), read new miscel-
laneous input data, new ORIGEN2
commands, and execute new commands.

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

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

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

06



Table 7.3 (continued)

Section(s)

where
Input deck Comments described
Substitute data 4,18, 4.20
[Activation product decay data] Some or all of these data may not
_ . be present, depending on the
[Actinide decay data] parameters of the LIB command
[Fission product decay data] (Sect. 4.18).
[Activation product cross-section
data]
[Actinide cross—section datal]
[Fission product cross-section
data]
Non-standard reactions
[Non-standard, flux-dependent May not be present, depending on 4.18, 5.4

reactions]

/%
//

parameters of the LIB command
(Sect. 4.18)

16



92
8. DESCRIPTION OF ORIGEN2 INPUT AND OUTPUT

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

Section 8.1 describes the ORIGEN2 input deck that is listed in
Appendix A. Section 8.2 contains a generic description of ORIGEN2 output,
which is necessary because of the apparent difficulty many users experience
when trying to read ORIGENZ printout. Section 8.3 describes representative
portions of the output (listed in Appendixes B-F) resulting from execution

of the input deck described in Sect. 8.1.

8.1 Description of Sample ORIGEN2 Input

The sample ORIGEN2 input deck described here is listed in Table A.l
of Appendix A. Except for the first few cards (which are dictated by
local computer conventions), all of the cards necessary to perform the
specified calculations are present, assuming that ORIGEN2 exists as an
object deck on a direct-access device or tape. In the discussion to
follow, specific cards in the input deck will be referred to by the
card number given in the left-hand column in Table A.1l.

Cards 1 through 5 call for the cataloged procedure in which a
FORTRAN program is compiled (optimizing compiler), link-edited, and
executed. Cards 6 through 89 constitute "MAIN" (see Sect. 2.1); they
are the only parts of ORIGEN2 that are present in the FORTRAN language.
These cards are a specific case of the general version of MAIN shown in
Fig. 2.1 and correspond to case 1 in Table 2.2. The most significant
aspects of MAIN are described on the comment cards contained in the

listing in Table A.1l.

-_—

i

o



93

Following MAIN on cards 90 through 105 is a series of job control
cards for ORIGEN2. Cards 91 and 92 point to the compiled subroutines of
ORIGEN2 (i.e., the object module), which reside on a direct-access device
in this example. Card 93 points to the OVERLAY statements, which are used
to arrange the ORIGEN2 subroutines in a space-minimizing configuration.
The OVERLAY statements are also stored on a direct-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 ORIGENZ
from encountering an end-of-file when it begins to read the cross-section
data. ORIGEN2 will continue if the cross-section data set is not concat-
enated (i.e., the cross-section data set is given as GO.FTO9F002 DD, etc.).
However, in this case, an error message will be printed. Card 97 points
to the photon library, which is stored on a direct-access device. Cards
98 through 102 and 105 point several ORIGEN2 output units to the line
printer (see Sect. 2.5). Unit 6 is automatically pointed to the line
printer by the ORNL operating system and must be included explicitly on
systems where this is not 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 on unit 5 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 result from straightforward application of

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

the fractional reprocessing recoveries, as described in Sects. 3.4 through
3.6. Cards 125 through 128 are the LPU commands that indicate the
nuclides for which substitute data are to be provided. The 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 of the oxide fuel material, with specific

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

Sect. 8.2 for a more detailed discussion). Cards 166 and 167 are
superfluous for the purposes of this calculation. They have only been
included for the purpose of describing the output they produce on unit 15,
and will be discussed further in Sect. 8.3.4. Cards 168 through 186
irradiate the fuel cladding material by specifying the flux level; -
however, since the flux is given as -1.0, the flux actually used is
taken from the appropriate step of the fuel irradiation above. Cards
191 through 194 write several vectors in a format suitable for input to
ORIGENZ at a later date. Card 195 temporarily halts the reading of the
ORIGENZ 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 on card) that terminate the execution of -~
each INP command. Card 227 begins the new set of commands required by

the previous STP command. Cards 230 through 232 again read decay, cross-
section/fission product yield, and photon libraries. No additional job

control cards are required becaqse the units are rewound after the

libraries have been read. Cards 234 through 240 reprocess the fuel

to generate the high-level waste (HLW) composition as well as the

composition of the fuel residual in the cladding. Cards 243 through

265 and 266 through 288 constitute the decay and output of the high-level
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waste and 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 OQOutput

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 ORIGENZ output.

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

the generally massive amount of output produced by ORIGENZ2. This
section represents an 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 is done in Sect. 8.2.1. Next,
in Sect. 8.2.2, the principal component of the first-~level organization,

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
"Output 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 calling arguments
to SUBROUTINE LISTIT.

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

The output tables, which generally comprise the largest fraction of
the ORIGEN2 output by far, will be discussed in detail in Sect. 8.2;2.

All of the information printed on unit 6 is numbered sequentially
by page. The table of contents printed on unit 12 lists the various
types of information printed in the ORIGEN2 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 cross sections
are changed, (5) an indication of the burnup anticipated for the current

irradiation step (this is what the variable cross sections depend on),

=

e

s
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Table 8.1. Overall organization of ORIGEN2 output

Section where

Description of output unit?. described
Card input echo 6 8.2
Miscellaneous input 6 3

Fission neutron yield per neutron-induced
fission

(alpha,n) neutron production rate

Fission neutron yield per spontaneous
fission

Individual-element fractional reprocessing
recoveries

Element-group fractional reprocessing
recoveries

Assignment of elements to fractional
recovery groups

Elemental chemical toxicities

Listing of ORIGEN2 commands 6 4
Data libraries

Decay
Activation product segment
Actinide segment
Fission product segment

Cross section
Activation product segment
Actinide segment
Fission product segment

Photon
Act ivation product segment
Actinide segment
Fission product segment

Output lb 6 8.2.1
Qutput 2b 6 8.2.1
Output N° 6 8.2.1
Table of céntents 12 8.2
Variable cross-section information 16 8.2
Debugging and other internal information 15 8.2

aAssuming that the unit assignments given in Table 2.3 are used.

bSee Table 8.2 for a description of the organization of each output
grouping.

Note: 1If an STP command (see Sect. 4.24) is used, the output after
"Output N'" in the above table will begin with miscellaneous input
(NSTP=1), ORIGEN instruction listing (NSTP=2), or Output N+l
(NSTP=3).
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and (6) an indication of which actinide isotope with direct fission
product yields is being used to account for those actinides (i.e., 237Np,
240py, etc.) that do not have a direct fission product yield.

The debugging and other internal information that 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,
3. parameters calculated during the execution of a FAC command
(Sect. 4.4), and
4. parameters calculated during the execution of a KEQ command
(Sect. 4.10).
The information discussed above generally constitutes the output in
a typical ORIGEN2 calculation. However, under conditions where an
extremely large amount of output is desired, it may prove useful to
direct a limited amount of the output to unit 6 and the majority of
the output to unit 11. Unit 11 could be a direct-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 one type of ORIGENZ output which, although
rarely generated, can be very useful for some debugging purposes.

' of reaction rates that are the

This output is a listing of the "matrix'
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 ORIGENZ calculation that includes all nuclides.

Wi

e



99

8.2.2 Description of the organization of an output group

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

An output grouping 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 emission rates.

The reactivity and burnup data consist of less than one page of
information summarizing the fluxes, burnups, specific power, and infinite
multiplication factor data for each of the vectors being printed. 1In
addition, the information related to the size of the ORIGEN2 case (see
Tables 2.1 and 2.2) is summarized here. The output of this information
can be controlled by the OUT command (Sect. 4.5).

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

A table type is characterized by the units of the table, such as mass
(grams), radioactivity (curies), thermal power (watts), or neutron
absorption rate (neutrons/sec). Twenty-four table types are available
in ORIGEN2; these are listed in Table 4.3. The table types that are
printed are controlled by the OPTL command (Sect. 4.25). For each table
type, there are four possible aggregations: nuclide, element, summary
isotope, and summary element. The aggregation(s) that are printed are
also controlled by the OPTL command. The nuclide aggregation lists the
specified characteristic of each nuclide in each of the vectors being
printed. The element aggregation lists the specified characteristic for
each 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) which contribute more than
a certain fraction (i.e., cutoff value) to the total for all activation

product isotopes are listed. The cutoff values are specified with the
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Table 8.2. Organization of an output grouping

Reactivity and burnup data

Activation product segment

Table type 12

Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Table type 22

Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Table type 242

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 production rates
(alpha,n)
Spontaneous figsion
Photon production rates

Activation product segment
Summation tables
Principal contributor tables

Actinide segment
[same aggregations as for activation products]

Fission product segment
[same aggregations as for activation products]

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

Note: An "output grouping" results from the execution of a single
OUT command (see Sect. 4.5).

-

oy
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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 8.2
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 OPTF (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 a one-page listing of the neutron production rates from
spontaneous fission for each nuclide in each vector printed. Both of
these tables are '"summary tables" since the contribution of each nuclide
to the total is tested against a cutoff value specified by the CUT
command (Sect. 4.9). If the isotope's contribution is less than the
cutoff, the isotope is not printed.

The final second-level section of the 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 output for each of these segments is substantially
the same, only the activation product segment will be described in detail.
The activation product photon output 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. Summation tables are given in units of photons/sec and
MeV watt—l sec_l. The principal contributor tables list the photon
production rates for each nuclide that contributes more than a specified
fraction (i.e., a cutoff value set with the CUT command) to the total

photon production rate for each group.
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8.2.3 Description of a single ORIGEN2 output page

A typical ORIGEN2 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
(MWd per basis unit), and flux (neutrons cm > sec”!),
the calculation of which depends on the BUP command
(Sect. 4.14); |
3. the aggregation (e.g., nuclide table, element summary
table, etc.) and table type (i.e., radiocactivity, curies); and
4, the output grouping basis (specified with a BAS command,
Sect. 4.3).

If no real specific power/burnup/flux information 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 element), and the remainder of the horizontal line gives the charac-
teristic (i.e., curies) of that isotope for each of the times or
conditions of each vector.

At the end of each aggregation, vector totals are given. Cumulative
totals [e.g., total activation product (AP) plus actinide (ACT) plus

fission product (FP) curies] for each vector are given at the end of each

table type.
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8.3 Description of Sample ORIGEN2 Output

This section describes five different types of sample output produced
by ORIGEN2: output on unit 6, units 12 and 13, unit 15, unit 16, and
unit 7. Since the output from some of these units, particularly unit 6,
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 ORIGEN2 output printed on unit 6 is given in Appendix B.
There are two principal types of output on unit 6: reactivity and burnup
information, and the ORIGEN2 output grouping. The output grouping, in turn,

congists 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.1,
Table B.1. 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)
means that a nuclide has three reactions]. The information below the MMAX
data indicates the size of the problem executed. This information is
needed to variably dimension ORIGEN2.

Sampies of the table types that are output for each of the nuclide
segments are 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 radioactive nuclides in the cladding associated
with 1 metric ton of initial heavy metal as a function of decay time.

This table is quite long because each of the 684 nuclides is listed,
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regardless of whether it is significant. Table B.3 is the element
aggregation corresponding to the nuclide aggregation in Table B.2.
Again, all elements are printed, irrespective of their magnitude.

Table B.4 is the nuclide summary table aggregation. Here, only the
most significant nuclides contained in Table B.2 are listed. Finally,
Table B.5 gives the element summary table corresponding to Table B.4.
As is evident, the summary aggregations are considerably shorter than
the nuclide or element aggregations. However, the summary aggregations
should be used with caution since omission of a nuclide because the
cutoff fraction was too high could require the repetition of a lengthy

(and therefore expensive) computer run.

Appendix B.3 gives sample neutron production rate tables. Table B.6
is the neutron production rate from (alpha,n) reactions. The neutron
production rates are given by nuclide and in toto for the composition in
each vector. Table B.7 is identical except that the neutron production
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 are summary tables (i.e., only the most significant isotopes are
output). The neutron production rate totals for each table and for both
tables together are given for the 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 photon production rate output.
Table B.8 is an example of the photon summation tables, in this case for
the fission products in high-level waste. The upper half of Table B.8
gives the photon production rate in each of 18 energy groups as a
function of decay time in units of photons/sec. Totals are given in
units of photons/sec and MeV/sec. The lower half of Table B.3 gives
the specific energy release rate for each group as a function of decay

! [watt (of reactor power)]—l.

1

time in units of MeV (of gamma power) sec”

1

Totals are given in units of MeV sec”™ " watt™ "~ and (gamma) watts. All of

the units, except the specific energy release rate, are per basis unit.
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8.3.2 ORIGEN2 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.1. 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 16 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 irradiation step and
the weighting factors used in the cross-section interpolation. Then, a
small table is output containing several pieces of information for each
nuclide with a variable cross section. The pieces of information in this

table are as follows:

1. NUCLID: Six-digit nuclide identifier.

2. XSEC TYPE: Type of cross section; 1 = (n,gamma), 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 section.
This is meaningless for fission cross sections.

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

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

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

irradiation step.

All of these pieces of information, in one fashion or another, serve to
indicate whether the routines that vary the actinide cross sections are
functioning properly. Under normal circumstances, this output is not
useful and can be suppressed. Two sequential, variable cross-section
output segments are given in Appendix D so that the movement of the

old and new cross sections can be seen.

8.3.4 ORIGEN2 output on unit 15

A sample output containing debugging and internal information is
given 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 number 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,
