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Legal Notice: This material was prepared as an account of Government sponsored work and describes a code 
system or data library which is one of a series collected by the Radiation Safety Infonnation Computational 
Center (RSICC). These codes/data were developed by various Government and private organizations who 
contributed them to RSICC for distribution; they did not nonnally originate at RSICC. RSICC is informed 
that each code system has been tested by the contributor, and, if practical, sample problems have been run by 
RSICC. Neither the United States Government, nor the Department of Energy, nor Lockheed Martin Energy 
Research Corporation, nor any person acting on behalf of the Department of Energy or Lockheed Martin 
Energy Research Corporation, makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, usefulness or functioning of any infonnation code/data and 
related material, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 
Government, the Department of Energy, Lockheed Martin Energy Research Corporation, nor any person acting 
on behalf of the Department of Energy, or Lockheed Martin Energy Research Corporation. 

Distribution Notice: This code/data package is a part of the collections of the Radiation Safety Infonnation 
Computational Center (RSICC) developed by various government and private organizations and contributed 
to RSICC for distribution. Any further distribution by any holder, unless otherwise specifically provided for 
is prohibited by the U.S. Dept. Of Energy without the approval ofRSICC, P.O. Box 2008, Oak Ridge, TN 
37831-6362. 
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RSICC COMPUTER CODE CCC-371 

1. NAME AND TITLE 
ORIGEN2 V2.2: Isotope Generation and Depletion Code) Matrix Exponential Method. New 

ORIGEN users are advised to consider requesting CCC-702/0RIGEN-ARP. 

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

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

4. NATURE OF PROBLEM SOLVED 
ORIGEN is a computer code system for calculating the buildup, decay, and processing of 

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

ORIGEN2.1 was first released in August 1991 and was replaced with ORIGEN2 Version 2.2 in 
June 2002. Version 2.2 was the first update to ORIGEN2 in over 10 years and was stimulated by a 
user discovering a discrepancy in the mass of fission products calculated using ORIGEN2 V2.1. Code 
modifications, as well as reducing the irradiation time step to no more than I 00 days/step reduced the 
discrepancy from -I 0% to 0.16%. The bug does not noticeably affect the fission product mass in 
typical ORIGEN2 calculations involving reactor fuels because essentially an of the fissions come from 
actinides that have explicit fission product yield libraries. Thus, most previous ORIGEN2 calculations 
that were otherwise set up properly should not be affected. 

No new development is planned for ORIGEN2. New ORIGEN users are advised to consider 
requesting the CCC-702/0RIGEN-ARP package, which is a PC code system for Windows 95/NT or 
later and includes a GUI and a graphics program. 

5. METHOD OF SOLUTION 
ORIGEN uses a matrix exponential method to solve a large system of coupled, linear, first-order 

ordinary differential equations with constant coefficients. 
ORIGEN2 has been variably dimensioned to allow the user to tailor the size of the executable 

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

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

7. TYPICAL RUNNING TIME 
All five sample problems ran in about I minute on a Pentium IV l.6GHZ. 

8. COMPUTER HARDWARE REQUIREMENTS 
Version 2.2 runs on Pentium PCs, Sun, and DEC Alpha workstations. 
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9. COMPUTER SOFTWARE REQUIREMENTS 
Executables are included for Windows and Linux PCs. All other systems require a Fortran 

compiler. The Windows executables were created on a Pentium IV in a DOS window ofWindows2000 
with the Lahey /Fujitsu Fortran 95 Compiler Release 5.50d compiler. They were also tested under 
WindowsXP. The code was tested on a Pentium III running RedHat Linux 6.1 with The Portland 
Group, Inc. (PGI) F77 compiler 3.1-3 & gee. The PGI executables are included in the Linux distribu­
tion. ORIGEN22 was also tested on DEC 500 AU under Digital Unix 4.0D with the DEC Fortran 5.1-8 
compiler and on a Sun SparcStation under SunOS 5.6 using f77 5.0. Unix users may need to modify 
date and time subroutine calls. 

10. REFERENCES 
a) Included iu documentation: 
A. G. Croff, "ORIGEN2 Code Package CCC-371," Informal Notes (October 1981). 
A. G. Croff, "A User's Manual for the ORIGEN2 Computer Code," ORNL/TM-7175 (July 1980). 
A. G. Croff, "0RIGEN2: A Versatile Computer Code for Calculating the Nuclide Compositions and 

Characteristics of Nuclear Materials," Nucl. Techno/., 62, p 335 (September 1983). 
Scott Ludwig, Correction to Nucl. Techno/. (September 1983) article. 
Scott Ludwig, "ORIGEN2, Version 2.1 (August 1, 1991) Release Notes."(Revised May 1999). 
Scott Ludwig, "Revision to ORIGEN2- Version 2.2," transmittal memo (May 23, 2002). 

b) Background information: 
S. B. Ludwig, J.P. Renier, "Standard- and Extended-Bumup PWR and BWR Reactor Models for 

the ORIGEN2 Computer Code," ORNLrfM-11018 (December 1989). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents in (1 O.a) and a CD which contains a self-extracting, 

compressed Windows file and a GNU compressed tar file. The distribution files include source code, 
executables for Windows and Linux PCs, libraries, batch files, information files, and sample problem 
input, plus output from the sample problem. 

12. DATE OF ABSTRACT 
February 1982; revised December 1982, January 1985, July 1985, August 1985, January 1986, 

January 1987, October 1987, January 1989, September 1989, September 1990, May 1991, August 
1991, July 1995, February 1996, August 1996, May 1999, June 2002. 

KEYWORDS: ISOTOPE INVENTORY; FISSION PRODUCT INVENTORY; 
MICROCOMPUTER; MULTIGROUP; NEUTRON; GAMMA-RAY SOURCE 
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INTRA-LABORATORY CORRESPONDENCE 
.OAK ~ICCE NATIONAL LABORATORY 

To: 

From: 

October 5, 1981 

RSIC Codes Coordinator 

A. G. Croff {tC...U 
Subject: ORIGEN2 Code Package CCC-371 (INFORMAL NOTES} 

As a result of user feedback and internal examination of the uses of 
ORIGEN2, a number of corrections and minor modifications have been made to 
·oRIGEN2. Attachment 1 to this memo describes the corrections that have been 
made to rectify errors discovered in the ORIGEN2 code, its data bases, and th~ 
original sources of input data. I believe that all of the changes, except tl•~ 
second item, can be made by users that already have ORIGEN2 operating. 

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

As noted in Attachment 2, the pages of the user's manual affected by the 
corrections aod modifications have been changed in a corresponding manner. .~: 
copy of the altered pages has.been included as Attachment J to this memo. You 
should note that the pages on both sides of a physical sheet in the user's 
manual have been included in Attachment 3 to facilitate tva-sided copying even 
though only one of the pages actually was changed. 

As a result of the correcrions and changes given in Attachments I and 2, 
plus the addition of cross section libraries for thorium-cycle LHFBRs, it w~s 
necessary· to recreate the tape containing the ORIGEN2 code packaJ!ie. This has 
been completed and the new code package is on X20742, which is an BOO BPI 
standard label tape. All files have DSN=ORIGEN2. The first 63 files have 
DCB~(RECFM=FB,LR£CL=BO,BLKSIZE=2000) and the last seven files have 
DCB=(RECFM-FB,LRECL=i3J,BLKSIZ£•2660). As noted in Attachment 2, the sample 
problem output has been redone to reflect the corrections and modifications 
described herein. I have enclosed as Attachment 4 a listing of file 1 of the 
new ORIGEN2 tape, which is a table of contents for the tape. 

Finally, it would aid users significantly if you vould include Appendix A·­
of the ORIGEN2 user • s manual (ORNL/TM-7175), which is the sample problem listl •tg 
as corrected by Attachment 3 to this memo, in the documentation for CCC-371. 

AGC: il 

4 attachments 

cc: K. J. Notz 
AGC File 

i 

,, 



 

 Information Only 

Attac:llaen1 

CORRECTIONS MAD£ IN ORIGEN2 AS OF SEPTE?!BER 1981 

1. A.~ erroneous recoverable heat value (O.i HeV/disintegration) was 

included .in the distributed decay library for Cm-242. The correct 

value is 6.2158 HeV/disintegration. 

2. Two different types of errors have been discovered in the bremsstrah­

lung contribution to the ORIGEN2 photon libraries. 

a. The following nuclides had the bre~strahlung for metastable 

states added to the ground state: As-82, Nb-98, Rh-110, Cd-120, 

In-122, Sb-128, Sb-132, I-136, and Np-236. 

b. The following nuclides had duplicate bremsstrahlung data included 

in the photon library: Mn-58, Pm-148m, Pm-148, Ir-194, Pb-214, 

Bi-214, Th-234, Pa-234m, Pa-234, Np-238, Np-240, U-240, Pu-241, 

Pu-243, Sr-90, Y-90, Tc-99, Ru-106, and Cs-135. 

It should be noted that only the bremsstrahlung data were affected 

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

corrected by obtaining new libraries from RSIC. 

3. It was discovered that subroutine FUDGE was not assigning the burnup­

dependent cross sections properly in cases where DEC commands were 

interspersed in relatively few IRP or !RF commands during and 

irradiation calculation. The following·changes in subroutine FUDGE 

will correct this: 

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

KIRR • MlRR + 1 

b. Change the first statement following statement label 199 from 

IF(KIRR.GT.O)VECT(MIRR) • VECTOT 

to 

VECT(KIRR) ~ VECTOT • 

c. Change the third•card (second executable statement) after state­

ment label 300 from 

1F (VECT(:-iiRR). GT. ERR) X.•.N=POt.IER*OELT I ( 86400. 0"\'ECT( '!IRP.)) 

to 

IF ( VECT ( KIRR). GT. ERR )XA/l= POWER *DELT I ( 86.00. 0*\'ECTC KIP3.)) 

iii 
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4. At the beginning portion of the executable statements in subroutine 

KUDATl, move the statement LPUN•l down so that it follovs the card 

reading DO 1 LITYP•2,4 instead of preceding it. 

5 • It was pointed out that an erroneous water density was used in calcu­

lating the activation ratios for the endpieces of a BWR (see 

ORNL/IM-6055). It is estimated that the ratios should be reduced by 

a factor of three. 

6. In subroutine PHOLIB, the use of IS-energy-group photon libraries 

results in ORIGEN2 attempting to write beyond the bottom of a page 

when the library is being listed. This can be remedied by changing 

the card following statement label 103 from 

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

to 

IF(MOD(IP,25).NE.O)GO TO 106 • 

7. The sa~ple output deck included in the ORIGEN2 package and the 

listing in the user's manual (ORNL/TM-7175) were inconsistent and 

required the following corrections: 

a. In both the listing and the sample deck on the ORIGEN2 tape, 

card 239 should read 

PRO 10 4 -2 -2 PUT IlLII IN -2 , 

b. In· the sample deck card 245 should read 

HED 1 * HLW • 

c. In both the listing and sample deck cards 296 through 300 should 

be changed so that the library ~umbers are 204, 205, and 206 

instead of 21, 41, and 61, respectively. 

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

the rightmost 0.0 deleted. 

e. In both the listing and sample deck cards 304 and 306 should have 

the nuclide identifier (380900 or 551370} replaced by 0.0. 

iv 
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8. The s~it~hing bet~een output units provided by the OUT command ~as 
found to ~ork in~orrectly in the case where photon libraries were not 

employed. This can be ~orrected in subroutine HAINJ by the following 
changes: 

a. Alter the fifth card following statemen.t label 513 from 

IF(NSIZE(20).LT.1)GO TO 511 

to 

IF(NSIZE(20).LT.l)GO TO 515 • 

b. Insert the following new statement immediately following the call 

to subroutine GAMMA (i.e., make this the ninth card following 
statement label 513): 

5!5 CONTINUE • 

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

current value of 1.0. 

11. TWo users with a penchant for following the details of very complex 
subroutines have discovered errors in subroutines DE.CAY and TERH. 
Based on this, the following changes are re~ommended: 

a. The parameter OJ should be changed to or.: on ~ards DE.CA 750 and 

TER. 1110. 

b. Card TER. 1770 should be changed from 

AJ-AJ+AP(N) 

to 

AJ•AJ+AP(N)*T • 

~. Card TER 1840 should be changed from 

NLARGE • J.S*ASUM + 5.0 

to 

~LARGE • 3.5*ASUH + 6.0 

The neo effe~t of these ~hanges is oo ~ke ohese subroutines tech­
nically correec4 However, ~ have been unable to find any effect of 
the ~hanges on ORIGEN2 results. 
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12. It vas noted that the initialization of arrays IS and STTFPB in 

subroutine K~IN3 could potentially destroy information that should 

be retained. This can be corrected by the folloving: 

a. Change the first executable statement in MA1N3 from 

If(NSTP.GT.O.AND.NSTP.LT.4)GO TO 11 

tO 

IF(NREC.GE.O)GO TO 11 • 

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

subroutine. 

13. In subroutine OUT2 statement label 290, vhich currently reads 

290 IF(DlS(I).LE.2.l965E-08) 

SXA(M)mXNEW(H,l)*DIS(I)*!.6283E+13*FFA(I-ILITE)* 
should be changed to read 

290 IF(DIS(I).LE.2.!965E-08) 

SXA(M)RXNEW(M,I)*D!S(I)*1.6283E+l3*FFA(I-!LITE)*XSAV(M) 
The erroneous statement vould not have produced the correct values 

in the fractional alpha curies table. 

10 
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MODIFICATIONS MADE TO ORIGEN2 AS OF SEP~~ER 1981 

1. The folloYing modifica~ions Yere made to facilitate the further 
processing of ORIGEN2 output: 

a. The title printed at the top of each output pege noY begins 
with an asterisk. 

b. The definition of the ORIGEN2 output table type and units now 

begins with an integer ccrresponding to the appropriate "table 
number·· in Table 4. 3, 

c. The element tables now ou.tput all elements which have at least 
one isotope in a given segment (e.g., activation products, 
actinides) instead of only those that have at least one non­
z:ero value. 

d. The very small, negative values (on the order of -1.0 x I0-25) 
have been set equal to z:ero in subroutine £QUIL. These values 
result from small, cumulative roundoff errors and are of no 
consequence. An error message will be printed if the absolute 
magnitude of a negative value exceeds to-IS, 

2. The principal ORIGE!I2 output unit, which is indicated by a positive 
value for parameter NOUT(1) on the OUT command, has been changed 
from unit 6 to unit 8. This change is to permit messages from the 
computer (generally errors) to be directed to unit 6 and thus to 
hard copy even though the bulk of ORIGEN2 output is being written 
on units 8 and/or 11. 

3. The following modifications have been made to the irradiation com­
mands IRF and IRP: 

a. The IRP option to input specific power and have ORIGEN2 nor­
malize the concentrations to a metric ton, as indicated by a 
negative RIRP(2), on the IRP instruction, has been eliminated 
due to a lack of interest. In its place a "referback" option 
identical to that used by the IRF ·command has been installed 
(see ite~ 3.b icmediately follo~ing for details). 

vii 
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b. The referback option for both the IRF and IRP coamands has beea 

changed from that described for IRF in the user's manual. 

Previously, the referback specified the fraction the previous 

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

step. A disadvantage of this ~as that the reierback fracfions 

were cu~ulative. This restriction has been alleviated by 

modifying ORIGEN2 .so that the referbacks (flux or power) 

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

and/or RIRP(2) were positive. 

4 • A new command, CTO, has been installed 1n ORIGEN2. The command 
allows the user to jump to a defined set of instructions in the 

ORIGEN2 input, execute these instructions, and then return to the 
next command following the GTO. This feature eliminates diffi­

culties experienced with heading vectors appropriately when using 
the DOL command in certain situations. 

5. The output unit for error messages generated by ORIGEN2 has been 
changed from unit 6 to unit 15. Unit 15 has been used previously 
for some debugging and other internal information, and this modifi­

cation simply consolidates the ORIGEN2-generated messges. The 
subroutines where changes occurred are FLUXO, NUDATl, NUDAT2, 
NUDAT3, PHOLIB, DECAY, TERH, and EQUIL. 

6. Subroutine QQREAD, which was left over from a prP.liminary version 
of ORIGEN2, has been eliminated since it was not used in the 
current version. 

7. Array NUCL, containing the list of nuclides being considered in the 

calculation, has been passed to subroutines DECAY, TE~~. and tQUIL 
to facilitate debugging. 

8. Extensive numbers of comment cards have been installed in sub­

routine DECAY to facilitate ·understanding of this extremely complex . 
routine. Comment cards have also been inserted in subroutine TERM, 
many of Yhich refer to those in the very-similar subroutine DECAY. 

viii 
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9. The (n,2n) and (n,Jn) fission product cross sections for the LWR codels, 

~hich Yere not included in the original libraries, have noY been included. 

!he cross sections were taken from ENDF/B-IV, and there are relatively fe~ 

of these. The inclusion of these reactions reqnired the inclusion of" 

several more nuclides in the ORIGEN2 decay libraries. 

10. In subroutine SIGRED, the statement reading 

IF(YESNO.LT.I.O)RE!URN 

has been changed to 

IF(YESNO.tT.O.O)RE!URN 

to make it consistent with the user's manual. 

11. Subroutine MAIN2 was modified to initialize the cutoff values for the 

summary tables and parameter ERR without having to use a CUT command. 

!he previously-existing ORIGEN2 default values (see Sect. 4.9.E of the 

user's manual) are used in this initialization. 

12. The sixteen different MAIN routines, which provide the different 

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

a. The dimensions have been altered slightly to accocmodate the changes 

in the decay library noted above, errors in the ·photon library 

described in the corrections list,. and recognition of the necessity 

for handling a lJider variety of cases. In general, the changes are 

very small. 

b. Arrays A, LOCA, and NFUDFP were moved into COMMON/BIG/ to facilitate 

the use of large-core memory on CDC computers. The change is trans­

parent to other computers. 

c. Comment cards were installed in the MAINs to facilitate use and 

understanding of the routines. 

ix 
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l J. bR:GZ!12 has been re..,orked by ·a ;>olisning coee Yhich has cleaned up 

tne code inter:~a11y, renuz:bered all of .:he scatel:lent labels, and 

numbered each card in colu=s 73-SO. It should be noted .:hat all 

s:atez:e:~: and card nuz:bers herein refer to the previausly-existi:g 

nucbers. 

14. !be sample problem for the RStC tape has been redone to reflect both 

these changes as ~ell as those in the corrections list. 

15. Updated pages far the OR!GZ!I:Z 11Ser's canual have been included for 

distribution With the ne~ code package. 

X 



 

 Information Only 

Conrract No. W-7405-eng-26 

CHEMICAL TECHNOLOGY DIVISION 

NUCLEAR :rm:L AND WASTE PROGKAMS 

OIWI./TM-7175 
Dist. Category OC-70 

Waste Management Analysis for Nuclear Fuel Cycles 
(Activity No. AP OS 25 10 0; FTP/A No. ONL-WHOl) 

A OSD 'S MANtW. FOR l1IE OIUGEN2 COHPtll1lt CODE 

A. G. Croff 

Date Pub11shed: Ju1y 1980 

OAK IUDGt NAnOlW. LUOIIATORY 
Oak Ridge. Tennessee 37830 

operated by 
ONION CAUIDI. COlll'OU'::ION 

for the 
DEl'~"T OF I.NI.RGY 

00001. 



 

 Information Only 

CCN'Il!:NTS 

Pa2e -
Abscrac: . . . ' . . . . . • • • • • l 

l. In:roduc:iou. . . . . . • l 

2. General. ~usideradons • • 3 

2.1 ORIGE!i2 MAIN , • • • • • • 3 

2.2 ORIGEN2 Free-Fermat Input • • 6 
. - .. -·· 

2.3 'the ORIGDI2 "CcmzzlaDii" Concept: • • • 8 

2.4 'the Coucepe cf an ORIGDI2 ''Veceor" . .• . • 9 

2.S llescr:l.peiou of ORIGE!l2 Input:/Out.pue Un:i.:s • ll 

2.6 Card Inpue Ec:ha . . . . . • • • • • ll 

2.7 ORIGEN2 NueLide Idene:l.f~er • • • • • ll 

2.8 Machine Campaeib:l.l:l.ey ~ns~deracious • 13 

3. M:l.scell.anecus In:l.t:l.al:l.:z:aeion !lata • • • • 15 

3.1 F~sion Neutron Y~eld per Neutron-Induced F~ssiou lS 

3.2 (a,n} Neu:ron Produc::l.on Race . . . . . . . . . . .. 16 

3.3 Fiss~on Neueron Yield per Spontaneous Fission 16 

3.4 Frac:ional. Reprocessing Recoveries far Individual El~ncs 16 

3.4.1 Iuieiali:z:atian values . . • 16 

3.4.2 Overriding iuieial values • • lS 

J.s Fraccioual. Reprocessing Recoveries far Elamenc Groups 19 

J.S.l Initiali:z:ae:l.on values • . • • 19 

3.S.2 Overriding iui::l.al values • 19 

3.6 Assigmoeu: of tlemencs co Fractional. Recove-ry Groups 22 

3. 6 • i Iui tiali:z:aciou valuas • • • 22 

3.6.2 Overriding initial. values • 22 

00002 



 

 Information Only 

iv 

3.7 . . . . . . . . . . . . . . . . 
4. ORICD!2 Commands •••• . . . . . . . . . . . . . . . . 

4.1 !IDA - Read Ccmments l!.egarding Case Being In;lut: . . . . . . 
4.2 II~ - Case T.1tle . .. . . . . . . . . . . . . . . . . . . . 
4 • .3 BAS - Case Basis . . • • • • • • • • • ~ • • . . . . . 
4. 4 FAC - Calcul.at:e a Maltipllc:at:l.on Fact: or Baaed en To cal 

Vect:or !!asses • • • • • • • • . . . . . • • • . . . 
4 • .5 Oll'r - Print: Calc:ulat:ac! Result:s 

4.6 DIP - l!.eac! Input: Composit:l.cn, 
Cond.:wous Feec! !lace. • • • • 

Cou~us !!.emoval. Rat:e, anc! . . . . . . . . . . . . . . . . 

24 

27 

27 

28 

28 

29 

31 

4. 7 BED - Vector lleadinp • • • • • • • • • • • • • • • • • • • • 33 

4.8 REC - tDop Coanc:er . . . . . . . . . . . . . . . . . . . . . 34 

4.9 ctrr - C&u:cff Fract:ious fer SUIIIIII47:Y Tables . . • • • • • • • 34 

4.10 IEQ -Match Infinice Maltipllcacicn Factors e e e e e I e e 36 

4.11 DOL - DO Loop • • • • • • • • • • • • • • • • • • • • • • • JS 

4.12 MOV- Move Nuclide Compcait:l.cn from Vaccor tc Vec:or • • • • 38 

4.l3 ADD -Add Tw Vectcrs . . . . . . . . . . . . . . . . . 40 

4.l4 BliP - B~ Calculacicn ••••••••• . . . . . . . 42 

. . .. . . . . . . . . . . 42 4.15 l'CR 1-l'uuc!:l au Oucpuc Vecccr 

4 .16 LIP - Libr47:Y Prine .Control • • . . . . . • • • • • • 43 

4.17 WAC -Nuclide Accumulacicu. . . . . . . . . . . . 44 

4.18 til - ltea.i Decay and Crcsa-Sect:l.ou Libraries • • • • • • • • 45 

4.l9 Pl!O - l!.eac! PbDccu Librartes . . . . . . . . . . . . 47 

4.20 . . .. . . 49 

4.21 . . . . . . . . . . . . . so 
4.22 IU Specific Fewer !rrac!iaciDn· ••••••••• • • 52 

4. 23 DEC - Decay . . . . . . . . . . . . . • S4 

00003 



 

 Information Only 

s. 

6. 

4.24 PlO - ll&procua Fa&l. • . • . • • • • • • • • . • • • • • • • 55 

4.2.5 OP'll. - Specify Acd.vae1on Pracluc: Output OptiDua • • • • 56 

4.26 OP'tA- Specify Optimu~ far Acd.Dicle Hucli cle Output Table • 58 

4.27 On!' - Specify Opd.DDS far !'i.ssiDD l'rocluct Huclicle 
OutpUt 'l:olb1e . • • • • • • • • • • • • • • • • • • • • • • S9 

4.28 COJI - CcD:i:Luati.DD • • . • • • • • • • • • • • • • • • • 60 

4.29 S!P - Ezecute Previ.oua Co encla Glcl Branch • • • • • • • 60 

4.30 END - 'Iermimlte Ezecud.DD • • • • • • • • • • • • • • • • • 61 

llau Ubrartu • • • • • • • • • • • • • • • • • • • • • • • 62 
:;~ 

5.1 Decay lla:e Library • • • • • • • • • • . • • • • • • • .. . 63 

• • • • 63 

5.3 Suhad.:u:e Decay, Croa.-Secti.DD, Glcl :nad.DD l'rocluct 
l'~ ~:a •.••••••...•••.•.•.••. • • • 66 

S.4 Spec:ifi.cati.DD af BDD-Srmd•r!l, Fluz-:Dep-=-t ll&actiDDa , • • 70 

s.s Pho:= Da:a t.:l.br&nu • · • • • • • • • • • • • • • • • • • • • 70 

Speci.fi.cati.DD af lD:I.ti.&l. lfa:eri.al Compad.tiDDa, CcD:iDaoua 
Hucli.cle Feecl Bates, Glcl CcD:iDaoua E1 en: I val Bates • • • • 74 

6.1 • • ••• • • 7S 

6.2 Spec:ificati.DD af CoDtimsau Feed Jatu • • • • • • • • • • • 76 
.: ! .• t :i; 

• • • • • • • 77 

... 7. OIIG£N2. kpat Deck Orien1•ad.aa • • • • • • • • • • • • • • • 79 

7.1 Source and Object Deck Q:aan1:•ti.an • • • • • • • • • • • • 79 

7.2 OI.Ic::E52 Input ]leek Q:amjn~- Nuclide J)&U. 

Libradu a C&:1la • • • • • • . • • • • • • • • • • • • • • • 81 

7.3 ouc::E52 Input Deck ara..,"=-tiDD- Bucli4e Data 
Ubrar.l.u 011 Tape ar a Jlirec:-Acc... Dcri.ce • • • • •• 87 

8. • • • • • • • • • • • 92 

8.1 Deacripti.DD af Sample OI.Ic:EH2 Input . . . . . . . . .. . . . • • 92 

8. 2 Gener.!.c Descripti.DD af OI.IGD2 OutpUt • • • • • • • • 95 

0000·1 



 

 Information Only 

8.2.1 Ove:-all c:-garli:acicm of OliGDf:Z ouepuc . . . . . . 96 

8.2.2 Desc:rtpcion of che oqanizacicn of e ouepuc g:-oup 99 

8.%.3 Desc:rtpciou of a single ORICEN:Z ouepuc page • 102 

8.3 Desc:rtption of Sample OlUGE!il O~c 104 

8.3.1 ORIGm2 oucpuc on =ic 6 • . . 104 

8.3.% OlUCEN2 oucpuc on =ics U and ll • • • • • 106 

8.3.3 ORIGm2 ouepuc 011 uniC 16 • • • • 106 

8.3.4 OlUGml oucpuc 011 =ic lS • • • • • • • 107 

8.3.5 OlUGENl ouepuc on =1: 7 • • • • . • 109 

9. Refe:-ences • • . • • • • • • . •· • • • • • • • Ul 

Agpend.i%es .. • • • • • • • • • • • • • • • • • • • • • • . .. w 

• • • • • w Appenciiz A: Sampla OltiGENl Inpuc: llat:k Lisc:iq • 

Appeadiz A.l: Sampla OltiGEH% Izlpa: Dack • 

Appenciiz A.l: OltiGE!il Ovulay St:nc:u:-a • 

• • 117 

• • • • 123 

Appendix B: Sampla of OltiGE!il Ouepu: Groupiq (Ouepu: UDic 6) • -l%5 

Appeadiz B.l: llaaccivi:y and 8u=up Info:macicn • • • • • 127 

~eadiz 8.2: Sample OI.IGEI!I2 Oucpu:. 'tables fo:-
Ac:iva~iDD P%oducca • • • • • • • • • • • • • • • • • • • • • 129 

App.bu,z B. 3: Sampla lleuc:'Clll Pracluc:cion lla:a 'tablu . . 149 

• Appeadiz :!.4: Sampia Pha:an P:-adac::lon lace 'tables 
~ ... -.· - .. . . . 153 

Appendix C: Sampla OltiGE!il 'table of Conc:encs (Ouepu: 
Uni:s 12 aad. 13) • :~. • • • • • • • • • • • • • • • . . . . . . 161 

Appendix D: Sampla OltiGE!il Vartabla craaa•Sac:icn 
Infor~cian (Ouc:pu: UDic: 16) • • • • • • • • • • • 

Appendix E: Sampla OltiGE!il Debuggin& and Inc:e.mal. 
Info:mac:ian Ouc:puc: (Ouepuc: UDic lS) • • • • • • • 

Appendix F: Lisciq of Sampla PCB Ca-.nci Ouepuc: 

OOOC5 

. . . . . . . . l6S 

. . .. • 169 

. . • • 173 

I"' 



 

 Information Only 

l 

A OSD!.' S MANUAl. FOR TilE ORICE:N:Z COMPOTER CODE 

A. C. Croff 

this report: desc:rihes how 1:0 use a reVised version of 
the ORICE:N computer code, desiJC&ted O&ICE:N2. lDc:luded are 
a descripcioll of the izii~ur data, islpl&t deck orplli:ation, 
.ud sample islpl&t .ud output. OI!ICE:N2 cu be obtai11ed from 
the RadiatiOII Shielcl.bg InformatiOII Cater ac ORNl.. 

1. IH'IJIODUC'l'IO!I 

OI!ICE:N 18 a widely used C:lllllpl&ter c:ocl.e for calcularbg the bl&ilcl.up, 

cl.ec:ay, .ud proceubg of racl.ioactive ~~~acerials. llurillg the past fev 

years. a susu.bed effort: vas mulertaken by ORHL 1:0 update the orig:I.D&l. 

OI!ICE:N coae1 .ud its anociated data bases. The resulta of this effort 

ve:~:e updates of the reactor 110del.ll, cross sec:t:l.ona, fission procl.l&Ct · 

yields, decay data, decay photon data, and the OI!IGEN Clllllpl&ter code it• 

self. 2-.S the object of illterut ill this report is the reVised version 

of the OliG!!I' computer code, vh.ich is called OI!IGE112. Specifically, 

chia report cout.itucu a detailed user's mmaual for OI!IGEII2.. 

Section 2 of this report deac:J:ihu .. veral pDeral c:ouiderations 

that differentiate OI!IGEIU f:~:n the ori;iual version of OI!IGEII. 'rhue 

genual cODSiderat:l.ona are very :l.llporcut sillce (1) their effect is to 

give OliGE:N2 u oucvard appe&rllllCe which is radically cl.iffl!rent from 

the orig:I.D&l. version, and (2) they -t be fl&lly mulerstood if the 

uaer 18 to ccnaprehesul che rue of the uaar '• •m" 1 • 

S.ctiOII 3 ducrihes the ucure of several types of data that are 

islitialized before uy irradiation or decay calcl&l&t:l.on& are performed. 

!he methacla for alterizl& these data are &lao descrihed isl this section. 

Sec:t:I.OII 4, which is the heart of the 1111er's -ua1, descJ:ihes the 

islatruct:l.on& whereby the user direc:ta OI!ICE:N2 1:0 perform the calcula­

t:I.OD& required to achieve the desired r..W.cs. It is at this po:I.Dt. 

that the illc:reased flezihil.iry and the 1110re vo11111111ollll bput reql&ire­

llleDta of OliCE:N2 bec011e IID&t &Vic!.~. 
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Secti~ 5 describes the co~tents and formats of the decay, cross 

section/fission product yield, and photon libraries used by OR1GEN2. 

For IIIDSt 115ers, the required libraries have been supplied &lour; with 

0RlGZN2, and Sect. S will be of little concern. Bovever, these 

descriptions are Vital for those usus vho creau their CIVIl libraries 

or vish to override certain values in the uiad.D& libraries. 

Section 6, vhich is relevant to all users, describes how the initial 

llloll.teri&l compos:l.tions used in OR.ICIN2 are specified. !he for~~~at of theae 

· data is somewhat, although not radically, diff&rut froa that of the 

-orilin&l ORIGIN. 

Section 1 describes the organization of OBlGEN2 input decks for :wo 
cases; ODe w:l.th the data libraries ou cards, &lid the other w:l.th the data 

l1brar:l.es on tape or a direct-access deVice. This sectiou is important 

because of the larr;e number of different types of :input data required by 

ORlG!N2 and because of the variability of the input that is required, 

dependin& on the options the Wier elect& to iuvoke. 

Fiually, Sectiou 8 describes a sample OUG!N2 input deck (liSted in 

Appendiz A), seueric ORlCEN2 output, and sample OUCEN:Z. outpu: (listall 

in Appandiz B) • This type of description is 11ecusuy becaue of the 

larse Dumber of isotopes and table types that caD be outpu: by OIICEN2. 

A colle Pecka&• cont•1n1n& OIIGEN:Z. and ita data libraries taD be 

obtainell at the followin& address; 

Codes Coordinator 
ladiation Shieldin& hfonatiou Canur 
P.O. Bo& X 
Oak Udge National Laboratorr 
Oak tu.dp, 'I&IIDeaaee 37830 

(615) 574-6176 
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2. GM1AL CONSIDERATIONS 

2 .l ORIGEN2 MAIN 

'lba MAIN roudlle of Oll!GIN2 perfo:cu four major functions: 

l. provides a -chaDism to variably d:lmens ion OiiGEI2 to acco1111110date 

differeat problem si:ea, 

2. provides llllCh of the fr-work necessary to put s- of the arrays 

to .. veral different uses, · · · -· · · · -, 

3. calla for the ••.ibroutines that perform the desired operations, and 

4. providu a mechlmim to eucute multiple OIUGEN2 probleliiS with a 

ainlle job. 

!he third flmctiou ill haDdled aut011111tically and will DOt be dillcuaaed. 

'lba fourth flmctiou 1.a di.acuaaecl in Sect. 4 .29. 

OUGDI2 baa bem variably duauioned to allow the uan to ta:Uor 

the aiae of the uecutable 1110dule to the prob1ea aiae md/or the avdlab1e 

computer apace. %he sue of the OIUGEN2 ezecutab1e IIOClule raps from 

about 17!1:. (11:. • 1024 'bytes • 2S6 amsl• prsci.aioll words) to about 6001:., 

principally depending Clll the n•!l!!!.er of nucl1dea ltdn; considered. 

F1pre 2.1 s:f.vea a llstins of O!lGDl2 MAIN with alphabetic character 

.:rings (••I•• CCCC) 8\lbstituted for n-rical array dimensions. A 

description of each of then array d1Mnaiona 1.a s:f.VIIIl in Table 2.1. 

!he required aiae of then · d~iona principally depends on the nlllllber 

of nuclides beina considered :m a ;1'ftll cue. 'lbaH nuclides .re arouped 

mto thrn na:mciu as follon: 

1. Activation products, 1lb1ch coui.at of nearly all naturally occurring 

nuc.l.idu, their neuttoa. absorp:iall products, and. the decay daushters 

of the.. producta. '!rhia sesment 1a principally used to handle 

structural uteriala (e.a., Zircaloy) and fuel impurities. 

2. Act:mides, Vhic:h CCIIlta:ID tbe 1.ao:opea of the el-ts thoril= (atOIII:i.c 

number 90) throup e1Dare1n:f- (atolllic nlllll'ber 99) that appear in 

aiFif'caut aoUDta :m diac:haraed reactor fuels p1ua thei: decay 

dauptua. • 
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Fig. 2.1. Ceneri~ ORIGEN2 MAIN subprogram. 
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Table 2:1. Descrip~iaa of &lpb&be~ic a:Tay dimensions 
in Fig. 2.1 

Alpb&be~ic 

character &~ring 
in fig. 2.1 Descdption 

AAAA Number of output vectors, i.e., MN in XNEY 
(HX,Inwt) 

BBBB Mazimum number of nuclides • ITMAX 

ecce Maximum number of non-zero cross-section and . 
· decay re.ac:ions per auclide ;.· i:.C in COEFF (LC, f'IMAX) 

DDilD Total number of non-:r.ero matrix elemeats 
(Array A) 

EEEE Number of non-zero fission product yields 

FFFF M•:rltmm number of fission products • IFMAX 

GGGC Maximum number of actinides + l • IAMAX 

BEIIB l3 - LC (See C above) 

IIII Mas1mum number of non-zero elements for long-lived 
nuclides (A:Tay AP) 

JJJJ Number of storage vectors • LHX in XSTDREO!K,ITMAX) 

lXXX Number of non-:r.ero natural abundances 

LLtL Number of non-zero photoa yields 

MHMM M•ximum number of light nuclides • ILMAX 

HIINN Maxitmm number of variable lllllltipliers in RMili.V 

0000 Number of actinides with both direct fission 
product yields ~ a variable fission cross section 
(usually 3; can be 4 for plutonium-enriched thorium 
fuels) 
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3. Fission 1lroducts, vhich consist of nuclides p;ooduced by actinide 

fissicn plus their decay and capture products. 

The mem:.ing of the wo:-d ''vectors" in Table 1.1 is discussed iu Sect. 2.4. 

Ol!IG:tN2 keeps track of and pri:lts the m1n1mm nqui:'ed sue of =st 

of the variably dimcnsianed ar;oaya (see Sect. 8.2.2). A summary of the 

recommeDded dimension& for several problem sizes 11 given iD Table 2.2. 

The ugnitude of the dimensians is dependent on the number of actiniGe 

nuclides having direct fissian product yields, which C&JI rmge from 

~ero to eight (see Sect. 4.18), llimensiona ua gi'ftl:l iD Table 2.2 for 

cases with 0, 4, 6, and 8 actinidaa having dinct f1.saion product yields. 

The variable NYTF iD MAIN (aee Fig. 2.1) 1n4icates whether thermal 

nactor CNYTF • 0) or fast reactor (NYTF • l) neutron yields per neutron­

iuduced fission are to be used (see wo Sect. 3.1). 

The variables IMOLV, DB.. D., n., and LAM ue related tp a llllltipliar 

used by the MOV (Sect. 4 .12) and A])]) (Sect. 4.13) c:c andp, LAM is the 

numbe:- of possible lllll.tiplien (p:-eaencly four) iD a given set of lllllti­

pliers. These are specified by initiali:i:la variables Dl (first set), 

tl (second 1at), and n. (thizd set) usiD& J)I.TA stst-ta iD MA.DI. 

Va:-iables llR, D., and n. are equivalenced to the appropriate portion 

of JtM!lLV, The vanable LAM ia passed iD subrouthe pu-ter lists for 

va:'iable dimen.aioning purposes. 

'With few ezceptiona, all of the iuput data to Ol!IGER2 ca be 

apedfied iu free· ·format. %be free-format ru4 routhes are IIOd:tl:lcsdnal 

of those writtu 'by L. M. Petrie. 6 nM rutr:lctiona na free-format izlpt~t 
are u foUCNS: 

l. All data" lllllBt appear :1:1 the correct orier. 

2. All data llllSt be of the correct type (e.g., :l.nteser or real) cd. 

IIIAY be iu I, F, E, or I) format. 

3. Each datum 1111l8t be aeparated fro111 the nest by a COIIIII& and/ or at lealt · 

one space. 
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4. z~~o ca:a va!ues =~st appear e~licitly (i,e., a blank is not 

e~uivalent to • zero). 

S. :n general; data :ay be continued onto :ultiple records vben d~sired. 

6. Certain cata :ust appear as the first datum en a nev record •. Tnese 

~stances are described later. 

7. The :a.xi:ou:~> 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 1n the correct order, must 

begin on a nev card when re~uired, &Dd must 'be 1eparated 'by a co==a or 

blank. Other n.cn this, the data IU)' appear cyplace en c il:lput record. 

In the speciil case of n~bers in! or» format (e.g., 3.8! Ol), the space 

after the ! is acceptable and is not considered as the end of the n~er. 

2.3 The Oit!Ct!~2 "Co=and" Concept 

Tne use of "cc-·nds" is one of the principal differences 'betveen -

O:tl~~2 r.d previous versions of OlllCtN. U. OUCE1'2 c:o=nd directs 

the co:pu:ar ecce to execute a single function, such as a single irradia­

tjcu s:ep. A s~ries of interrelated c:cm=ands is aenerally require~ to 

obtain a :eaningful resUlt. The series of co~,ds typically r&nges 

from 25 to 200 in n~ber and is similar 1n logic to a prcgrc witten 

1n a co:puter languEge such as TO~. Thus, the series of c:o==ands 

very :uch rese~les a progr&: vhich is read and executed by ORICIN2. 

Tne ~le=entation of the co~d concept 1n OUGEh~ is advantageous in 

:hat it &llovs ' use= to simulate a vide va~iety of nuclear fuel cyele 

scenarios in detail, includins recycle calculations. The acco=Pariyin& 

disadvan:aEe is that the required input is mere detailed and more 

specific t~an 1= preVious v~rsions of ORIGEN. The currently available 

ORIC:£!\2 co--nu:!s e=e defined and discussed in Sect •. 4. 

ocoo~ 
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2.4 The Ccmcept of ~ OUGEIIZ "Vector" 

Before attempt~g to describe tbe operational details of OllGtNZ. 

it 1a i=port~t that tbe user ~mdersc:~ the c:CDCept of an OllGENZ 

'~c:tcr." AD OllGEN2 vec:tcr 1a a ODe-d1mensioaal array that specifies 

tbe GIOlmt of eac:h DuUide beizl& CODSidered ill m OllGE!I2 c:ase; it is 

prated as a siD;le c:olmm of DUIIIbers 1D OllGDI2 output. Fer example. 

ill Cue 1 ill Table 2.2. llhicb iDc:ludes ac:tiDide. ac:tivaticD product. and 

fiSsiOD product Duc:lides. a vector llight apec:ify the UICUDts of all 

these wc:lides ill a apeDt Pill. fuel assembly after ·l.So-·c~a,.- post-irracia­

Uoa. decay t:I.IDe. I:D d11s c:ase • the amounts of about 1676 Duc:lides . 

(d:I.IDeDSicD Ul!B ill 'J:ah1ea 2.1 aDd Z.2) c:crre.spcmd:lllg to theae c:cuditictlS 

would be apec:Uied iu the vee: tor. A acbeutic: diacr• of the c:cmc:eptu&l 

vec:tor orgcizaticll 1D OllGENZ 1a shew 1D Fig. 2.2. Tvo basic types of 

vectors are accessible to the user: output vec:tcra. aad storaae vee• 

tors. 

Tvelve output vectors are cou:aaed ill OllGENZ. These vectors 

are Vl:itten vbezl OllGEN2 output is produced. Each of the vectora is 

ded~~~&t.C by adq positiw :blteprs correapoadaa to the relativa 

· locatiOD of the vector. nth the lef-t vector en the oaepac: pap 

be'iD& vacc:cr 1 aad the risbtmast vector 12. The :blformaticll :b1 the 

oueput vectors 1a retaiDed under all COIId1t1olul ezc:ept ODe. Th1a 

esc:eptiou occ:ura vbal a uev .. t of OllGENZ c.c md • iS read dur:l.llg a 

aiDaJ,e r= ua:lllg the STP c-d (Sect. 4.29) aad the aew set of cOIIIIII&Jlds 

:blcludes a LIB c md (Sect. 4.18) • vh1cb reads uw OllGENZ decay aDd . 
c:rcaa-aec:c:icn data lillraries. I:D tbi.S cue. the ar:ay cODt&ia:bls tbe 

output vectors 1a uaad as scratdl apace to read the aew lillraries cui 

the auc:lide 11Ms daca are lost. 

There are a variable aumber (LX) of atorase vectors 1D OllGEN2. 

depead:i:ls OD the variable dilaeDdoaa employed (aee variale .r.r.r.r :ill 

Table 2.1) • These wctors are uaad to store :bltemedia:e OllGEN2 

results cui c&mlat be cueput. %he vectors are. desilll&te4 by ua:blg 

uegative Ulteprs frcm -1 to -I.%. The :blformatiOD :bl the storage 

vectors 1a re:ai:Ded under all circ:umstmces. :blcladiag tho .. vben tl1e 

oueput .. ctors are ~rvrittea. 

U001.4 
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--"·"' 
OUTPUT VECTORS I 12) 

STORAGE V£c:TOI'IS ( LX • AS MANY AS RECUIREOl 

·I .(1.)(-IJ -u: 

• • • 

-------.,. 

Fia. 2.2. OramU&Ucnl of OKICEK2 vectors. 

. . . ··- . --
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2.5 Descrip~ion of O!lGtN2 Inpu~/Ou~pu~ Oni~s 

ORIGtN2 uses several iDput and outpu~ units to facilitate orderly 

and flu::ible code operation. These unita md :heir fuactiODs are liveD 

:121 !able 2.3. for a basic O!lG:EN2 calculat:I.OD, uaits S, 6, 12, md SO 

voulcl be nece.uary 1 ancl :he rut of the llZiits coulcl be dn•hd or omitted. 

The units no: usee! Ul the basic calculation are required ~o u:ecu:e cer:aiD 

O!lGtN2 c0111111omcls or to prmcle useful am=!Hary iDfonzation • 

. .. . -·· .... 
2. 6 Card Input i:l:.hll 

OlUC!:H2 has iDcluded 1D it a St1UOl!'riNE LIS'U'!, vbi~ has :he fuactiOD 

of providiD& a care! iDpu: echo. The cards are reacl 01:1. unit S 1 printed 01:1. 

=1: 6, ancl written to unit 50, vhi~ 1s a te.mporary file. Carda ~t 

have a dollar sip ($) :121 the firs: col- of :he card are priD:ec! (01:1. 

=it 6) bu~ =~ vri::m (on uai: 50) 1 thus &lloviDS for :he iDclusion .of 

c-:s 1D the iDpu: S~UIII ~: v1ll 1101: 1Dterfere Vith the opara:ion 

of O!lGtN2. Uzlj,t SO 1a then revouad, ad :he res: of O!lG:EN2 reacls th1s 

:l.ufonzation fr11111 unit 50. The units S, 6, mel SO appear u:plici:ly 1D :he 

·c&ll :o LIS'rn, vhi~ occurs :121 !IADI. 'Dlus, if the unit 'll\llllbers &:l.vm 1D 

Table 2.3 are al:erecl, the unit ciefiiU.tioa.s :121 the LIS'rn' parameter ll.: 

:121 KUN 11111111: alae be chmaecl corrupcllldin&ly. 

2. 7 OUGtN2 lfuclicle Icia:ifier 

The O!lGER2 nuclicie icient:l.fier 1a a aiz-.ciiiit iD:epr that 

uniquely clefinea a particular nuclicle. Th1a iclentifia:, vhi~ 1a 

iclen::l.cal vith thai: in :he oriainal OliGER, 1a def:I.Decl as follows: 

.. BUCl.lll • lOOOO*Z + lO*A + IS, 

vhere 

ImCl.lll • siz-.digil: nuc 1:! de icien:ifier 

Z • atomic DUmber of nuclide 

00016 
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0 10 
0 
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lZ 

ll 

., 
16 

50 

Table Z.l. Deaerlp~lon of ORICENZ lnpu~/output unite 

Deecrlptlon 

Substitute data for decay and croee­
aectton llhrarlee 

Alternate unttifor readtna naterlal 
co.poaltlona 

Principal output unltl uaually 
directed to line printer 

Unit to vrlte .n output yecter 

Decay end eroaa-aectlon library 

Photon library 

Alternate output unltl uauelly 
directed to ltne printer 

Table of content• for unit 6 ahovea 
uaually directed to the line prl~ter 

Tabla of contenta for unit 11; uaually 
directed to line printer 

Print dehuaalna lnfor.atlon 

Print variable eroea-eectlon lnfor.etlon 

Data eet ueed to tenporertly atore 
Input read on unit 5 

Re .. rka 

Specified by LIB command, Sect. ~.18 

See Sect. ~.6 

Specified in HAIH In call to LISTIT 

Specified In Btoel DATA, varlablea • lOUT, JOUT, 
lOUTI aee Sect. ~.6 

Uaed by PCH conmand, Sect, ~.15 

Specified by LIB co.nand, Sect, 4,18 

Bpeclfled by PHO coMNand, Sect, 4.19 . 

See Beet. 4.5 

Specified ln BLOCK DATA, variable • HTOCA 

Specified in BLOCK DATA, variable • HTOCB 

Specified ln BLOCK DATA, variable • IUHIT 
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A • atomic mass of nuclide 

IS • isomeric state iD~icator 

0 • p-lllmCI state 

1 • ezeite~ scace 

l or p-u.cer DOC pe:micce~ 

'thus, the nuc1i~e identifier for 117Cs (Z • SS, A • 137) voul~ be 551370. 

The trailins zero (or one) is &lvays require~. 

for tritium (NCCLID • 010030), is DOt required. 

for aa e1emeQt is &iYen by 

n nan • 10000*%. 

A 1eaci1Ds zero, au~ as 

The six-clisit idctif1u 

-. ,. -··. -

where ~ 1s the e1-c idenc1f1er aa4 Z is definecl as above. Thus, 

the nnan for cesium vould De 550000. 

2 .8 Machille Compadhil1ty Consideratiolls 

O&IGEN2 bas been cles1SD&cl co be as 11&Ch1De-c0111patible as is poss:l,b1e 

by usiDs cmly che FOIDAlil c:OIIIpUter lmsuase. usins Ollly sC&Dclarcl FORnAl'~ 

fUDc:tiou (e.s., SQR:l', etc.), uina II format specific:atiOIUI for literal 

claca 1D rOJMA:r aa4 DAU. stac-ca, aa4 •fn1miz1Dg the n=ber of percial­

vori (i.e., Dne-byte aa4 two-byte tftml) er:ays. llovever, in tb& interest 

of !!tln1m1 =ins apace ucl coclins c0111plezity, - features vere ud that 

-.y not be ecceptable OD DOD-IBM computers. Specifically, some partial­

van arrays are usee!. 

Aspects of ORIGEN2 that are likely to require modification before 

implemeDtatian on other machines are as follavs: 

1. All partial-lensth vcrd specifications must be r111110vecl for those 

computers where they are not peraittecl. These specifications 

are siven by cards at the bea1nnfna of each aubprosram. and the 

first characters ara DITEGEl!.*l. 

l. ror those computers witb a veri lensth a1: least tvice that of 

the UM campou:ers (32 bits), the DOtliU PUCISION declarations 

becaae aptioD&l. 

00018 
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3. ln cvo places. (subroutines LISTIT and QQR.tAD), ORIGEN2 is 

designed to read until an end-of-file is encountered and then 

branch to another operation. AccOIIIIDOdation of thu branch is 

accomplished differently on different computers,and the user 

should check this to ensure compatibility. 

4. INTEGDt FUNCTION QQPACK reads input data, character by character, 

and constructs wrds fr0111 the characters. As a result of the 

Widely varying wrd structure on various computers, this routine 

must be totally changed fer each different rype of computer. 

Versions of this subroutine are currently available for IBM 

and CDC computers. 

5. Many non-IBM computers have relatively small cere 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, fer these 

computers, cards that aaaisn the deaired arrays t~ the directly 

accessed ~~~eJ~~Dry must 'be included. At the t~ this report 11 

'being issued, this has been acccmpli&bea fer a CDC 7600 

computer. 7 

6. For computers where the use of uninitialized "sarbage" in 

assignment stateiDB11tS will result in errcn, the cere •hould 

'be preset to zero • 

• - • ··- •p - • 
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3. MISCEL!.ANEOUS INil'IAliZA!ION DATA 

Because the data discussed in this section are videly varied and are 

only related by their invariance from case to case, they are categorized 

as "miscellaneous initialization data." l'he types of data falling into 

thi.s category, and the section in which each is discussed, can be aUllllll&l'­

ized as follows: 

Section Data description 

3.1 Fission neutron yields per neutron-induced 
fissiou · · · - · · · · 

3.2 (a,n) ueutron production rates 

3. 3 Neutrou yield per spoutaneous fission 

3.4 Fractional reprocessing recoveries for 
individual el.emeJlts 

3.5 Fractional reprocessing recoveries for 
element croups 

3.6 usipmeut of individual elemencs to 
fractional reprocessing recovery groups 

All of these data are initialized in a BLOa DA'II< statement using the 

types of iufor=ation described ill the appropriate subsection below. 

3.1 F1.saiou Neutron Yield per Neutron-IIIciucecl Fiasiou 

The BI.Oa DATA atat-t supplies apecaum-veighted aiugle-group 

f~aion ueutrou yields per ueutron-induced fisaiou for a thermal reactor 

(l'liB.-tl) and a fast reactor (advmced-o:d4e LMnllt) • l'hese data are used 

in calculating the illfinite neutron multiplication factor for a mizture 

of uuclides. l'heae data cazmot be altered except by changing the values 

in the BLOCX IIAl'A routine and recozap:Uiug it. 

ooozo 
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3.2 (~.n) Neutron Production Rate 

The BlOCK DATA routine supplies measured (~,n) neutron production 

rates (~its • neutrons g- 1 sec-1 ) for nuclides in oxide fuels vhich 

override values calculated vith an empirical equation in OR!GENZ. The 

(~.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 DA!A subroutine and recompiling. it. 

3.3 Fission Neutron Yield per Spontaneous Fission 

The BLOCK DA!A routine supplies measured neutron yields per spon­

taneous fission vhich override values calculated vith an empirical 

equation i:1 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 ca!lllot 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 Initialization values 

The BLOCK DATA subroutine supplies reprocessing fractional recoveries 

(FRB) for eath lnQiV!dual element. The ras are used to separate a specified 

elemental composition into two separate streams. The individual element 

FRa initially present in ORIGEN2 are given in Table 3.1. A single Fl!!! 

specifies an Fl for each of 99 elements. There are ten sets of individual 

ras in ORIGE:N2. 

The individual Fl aet1 also aerve another purpose u:nder certain 

circumstances. U one or more WAC couaanc!s (see Sect. 4.17) are used, 

then at least one individual-element or element-group (see Sect. 3.5) 

n nt must cDDtain continuous removal rates for the elements in units 

ooo:::1 
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Table 3.1. ORIGENZ default individual-element fractional recoveries 

Fractional recoveries 
Set Set Set Set Set Set Set Set Set Set Element 1 2 l 4 5 6 7 8 9 10 

II o.o o.o 0.0005 o.o 1.0 1.0 o.o 0.0 0.9 1.0 
lie 0.0 0.0 0.0005 o.o 1.0 1.0 o.o o.o o.o 1.0 

Lt-8 o.o 1.0 0.0005 o.o 1.0 1.0 1,0 0.0 0.0 1.0 C, N o.o o.o 0.0005 o.o 1.0 1.0 0.0 o.o o.o 1.0 0 o.o 1.0 0.0005 o.o 1.0 1.0 1.0 0.0 o.o 1.0 F o.o 0.001 0.0005 o.o 1.0 1.0 1.0 o.o o.o 1.0 No o.o o.o 0.0005 o.o 1.0 1.0 o.o o.o 0.0 1.0 Na-S o.o 1.0 0.0005 o.o 1.0 1.0 1.0 o.o o.o 1.0 
e C1 o.o 0.001 0.0005 o.o 1.0 1.0 1.0 o.o 0.0 1.0 Ar o.o o.o 0.0005 o.o 1.0 1.0 o.o o.o o.o 1.0 c~ K-Se o.o 1.0 0.0005 o.o 1.0 1.0 1.0 0.0 o.o 1.0 1-' C) 

" B Br o.o 0.001 0.0005 o.o 1.0 1.0 1.0 o.o 0.0 1.0 Kr o.o o.o 0.0005 o.o 1.0 1.0 o.o 0.0 o.o 1.0 Rb-Te o.o 1.0 0.0005 o.o 1.0 1.0 1.0 o.o 0.0 1.0 
l o.o 0.001 0.0005 o.o 1.0 1.0 1.0 0.0 o.o 1.0 Xe o.o o.o 0.0005 o.o 1.0 1.0 0.0 o.o o.o 1.0 Cs-At 0.0 1.0 0.0005 o.o 1.0 1.0 1.0 o.o o.o 1.0 Rn 0.0 0.0 0.0005 o.o 1.0 1.0 0!0 o.o o.o 1.0 

FI:'-Ac 0.0 1.0 0,0005 o.o 1.0 1.0 1,0 o.o o.o 1.0 
Th 0.0 1.0 0.0005 0.0 1.0 1.0 lJO o.o 0.0 1.0 Pa o.o 1.0 0.0005 o.o 1.0 1.0 1iO o.o o.o 1.0 u o.9n 1.0 0.0005 0.999 1.0 0.2 0.6 1.0 0.0 1.0 Np o.o 1.0 0.0005 o.o 0.05 0.05 o.o o.o o.o 1.0 Pu 0.995 1.0 0.0005 0.9999 1.0 0.02 o.o o.o o.o 1.0 .Aa-Bs 0.0 1.0 0.0005 o.o 0.001 0.001 o.o o.o o.o 1.0 
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of sec- 1 • 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 ~C command to 

generate equivalent continuous feed rates of waste during waste decay. 

In either of the above eases, the irU.tial data c:an be altered by 
using the methods described below. 

3.4.2 Overriding initial values 

The default FRs for individual elements can be overriden by usin~ the 
following proc:edure: 

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

subroutine. 

B. Data sequence: 

NE(l) 

• 
• 

Nt(l!l) 

• 
• 
• 

Nt(M) 

NS(I!I) 

NS(l) FR(l) 

• 
• • 
• • 

NS(M) F!l(M) 

• 
• 
• 

NS(MMAX) Fll(MMAX) 

. ··- . ~. 

• one- or :wo-digit element atomic number (1-99) for the 

fractioual reco-very on the Mth c:ud 

• set number (1-lO) for the individual fractional recovery 

011 the Mth c:ud 

noo - fractioual rec:avery replacing the init:i&l value for 

element Nt(N) in Ht NS(N) 

MMAX • number of individual-element fractiOual recovariea being 

oveniden (em be zero) 

00023 
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C. Number of carcls: MMAX+l 

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

I. Skip read~ng these data: One card with NE(l).LT.O 

F. Remarks : 

1. The FR(M) values also serve to define continuous rl!l!IDval rates 

for the WAC command (see Sects. 3.4.1 and 4.17). Initial 

continuous removal rates can be overriden in the same manner 

as the fractional recoveries. 

3.5 Fractional Reprocessing Recoveries for Ile~t Groups 

3.5.1 Initialization values 

The BLOCK DATA subroutine supplies FR values for a group of elements. 

These group FRs can be employed in essentially the same manner as the FRs 

for individual el=ents (discussed in Sect. 3.4). That is, the group. 

values can be used to separate a single, specified elemental composition 

into tvo different streams or to designate continuous removal rates for 

the WAC command. The FR values for the groups initially present in 

ORIGIN2 are given in Table 3.2. ORIGIN2 can contain up to 20 groups of 

elements. There are ten sets of group FR in ORIGIN2, each specifying 

the n 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 n can be overriden by using the procedure 

described below. 

A. l'unction: Override ell!lllent' lroup n supplied by the BLOCK DUA 

subroutine. 

00024 
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Table 3.2. OR1GEN2 default element-group fractional reeovertea 

Fractional recoveries 

Set Set Set Set Set Set Set Set Set Set 
Group 1 2 ] ~ 5 6 7 8 9 10 

1 o.o 1.0 . 0,0005 o.o 1.0 1.0 1.0 0.0 o.o o.o 
2 o.o 1.0 i 0.0005 o.o 1.0 1.0 o.o o.o 0.0 o.o 
3 0.0 1.0 0.0005 o.o 1.0 1.0 o.o o.o 0,0 o.o 
~ 0.995 1.0 0,0005 0.999 1.0 o. 2 0.6 1.0 o.o 0.0 
5 o.o 1.0 0,0005 o.o 0,05 0.05 0,0 o.o o.o o.o 
6 0,995 1.0 0.0005 0,9999 1.0 0.02 o.o o.o o.o o.o 

0 7 o.o 1.0. 0.0005 o.o 0.001 0.001 o.o o.o o.o o.o 
0 8 o.o 1.0 0.0005 o.o 0,001 0,001 0.0 0.0 o.o o.o ... 
0 0 

l) 9 o.o 1.0 0,0005 o.o 0,001 0.001 0.0 o.o o.o o.o C/1 
1.0 0.0005 o.o 0.001 0,001 o.o 10 o.o 0.0 0.0 o.o 

11 o.o 1.0 0,0005 o.o 0.001 0.001 o.o o.o o.o o.o 
12 o.o 0.001 0.0005 o.o 1.0 1.0 1.0 o.o 0.0 o.o 
13 o.o o.o . 0.0005 o.o 1.0 1.0 0.0 0.0 o.o o.o 
1~ o.o o.o 0.0005 o.o 1.0 1.0 o.o o.o 0.9 o.o 

15-20 o.o o.o o.o o.o 0.0 o.o 0.0 o.o 0.0 o.o 
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NC(I.MAX) 

-1 

vhere 

NS (U!t.l:) FR(LMAX) ·-·· --·· --

NG(L) • one- or tvo-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 

Fi(L) • fractional recovery replacing the init:l.al value for 

group NG(L) in set NS(L) 

I.MAX • nWIIber of group fractional recover:te,s being overridden 

(can be zero) 

c. Number of cards: LMAX+l 

D. Terminate reading these data: NG(LMAX+l) .LT.D 

£. Skip reading these data: Oae card With NG(l) .LT.O 

F. ltemarka : 

l. The FR(L) also serve to define continuous reSDOVal rates for 

the W.C c~ (see Sects. 3.4.1. 3.5.1. and 4.27). tnit:l.al 

continuous removal rate• can be overridden in the aame manner 

as the group fract:l.onal recoveriee. 

oooz6 
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3.6 Assignment of Ile=en:s to Fractional Recovery Groups 

3.6.1 Initialization values 

The !LOCK DAXA subrout:!.ne also assigns e.ach of the 99 elemeni:S to 

one of the 20-element groups discussed :!.n Sect. 3 .S. Any number of 

elements may be assigned to a given group, but an individual element 

can be a member of only one group. The :!.nitial membership of the 

ORIGEN2 element group is given in Table 3.3. 

!be assignment of elements to n groups CCI be altered by using the 

procedure described below. 

3.6.2 Overriding initial values 

!be membership of the default element group can be overriden by 

using the procedure described below. 

A. Function: Override elU~ent-group membership assignments supplied 

by the BLOCK llAU. subroutine. 

B. Data sequence: 

NE(l) 

NE(I) 

• 
• 

NE(IMA%) 

-l 

where 

NG(l) 

NG(I) 

• 
• 

. -·-
NG(IMA%) 

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 elemeut 

!IE (I) ia to be assigned 

IMA% • uumber of element usiplleuts be.i:l& overriddc (em be zero) 

00027 



 

 Information Only 

Group 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

ll 

12 

l3 

14 

lS-20 

Table 3.3. Membership of ORIGEN2 
defaul: element group 

Elements in group 

All ell!llleDts except those 
in groups 2-14 

Th 

Pa 

t1 

Np 

Pu 

Am 

Bk 

Cf 

E8 

F, Cl, Br, I 

-··. . . 

He, C, N, He, Ar, Er, Xe, In 

None 

ooozs 

i 
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C. Nw:lbe:r of cards: IMAX+l 

D. Termina~e :reading ~hese data: Nt(IMAX+l).LT.O 

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

3.7 Elemental Chemical Toxici~ies 

The BLOCK. DAIA subrou~ine supplies mayjmum permissible concen~ra~ions 

(MPCs) for eac:h of the c:he.mic:al &lemenu in wau:r. The MPC is used to 

calculate the volume of water required to dilu~e a given amoun~ 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 mi:~ure. These data cannot be altered except by changing 

the values in the BLOCK DAIA subroutine and recompiling .it • 

.. - . ··- - ~. 

00029 
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4. ORIGEN2 COMMANDS 

The instructions defined in this section, called ORIG!N2 co~~ds, 

enable the user to precisely define the order in ~hich any or all of the 

ORIG!N2 program functions are executed. !his procedure is analogous to 

vriting a FORTRAN program in that the commands define a series of opera­

tions ~hich ~ill be performed sequentially,~ith the sequence being 

variable at the user's option. The use of the commands to define the 

ORIGEN2 problem flo~sheet allovs the use of a "DO loop" command, ~hich 

executes a set of instructions vithin the range of the loop a prescribed 

number of times. Coupled with ether options, this gives the user the 

capability for easily investigatinE fuel recycle (e.g., plutonium) and 

nuclear fuel cycle ~aste production rates as a function of time. 

The general format of the ORIGEN2 commands is 

COM PARM(l), PARM(2), • , • P~~(I) , 

where COM is a ke~ord defining the instruction type and the P~(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 ~Jbich the co=.ands must occur. The 

primary restriction is that the LIB command (Sect. 4.18), 1o1bich reads 

the decay and cress-section libraries, must ptecede most ether commands 

since it defines the list of nuclides being considered. Other restric­

tions ~ill be noted ~ben the individual commands are discussed. 

Each ORIGEN2 command can be present in a single input stream a 

maximum number of times; the li~it depends on the specific command • 
• 

This limit is given in the section (belo1o1) that describes each indi-

vidual command. The limits can be changed by varying the dimensions 

of the appropriate array(s) ~ithin the ORIC!N2 source deck. The li=it 

on the total number of ORIGEN2 cc=ands that may be usee is 300, a 

nu~er ~hich can also be changed by varying array ci~e~~io~s ~ithin 

t.he source deck. 00030 
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Command 
keyo;ord 

ADD 
BAS 
BUP 
CON 
C!IT 
DEC 
DOL 
END 
FAC 
RED 
INP 

!RF 
IRP 
KEQ 
LIB 
LIP 
LPU 
MDV 
OPTA 
OPTF 

OPTI. 
O!IT 
PCH 
PHO 
PRO 
RDA 
REC 
TIT 
WAC 
G70 

26 

Table 4.1. List of OR!GEN2 commands 

Description 

Add two vectors 
Case basis 
Burnup calculation 
Continuation 
Cutoff fractions for summary tables 
Decay 
DO loop 
Terminate execution 
Calculate a multiplication factor 
Vector headings 
Read input composition, continuous removal 

rate, and continuous feed rate 
Flux irradiation 
Specific po~er irradiation 
Match infinite multiplication factors 
Library print control 
Library print control 
Data library replacement cards 
Move nuclide composition from vector to vector 
Specify actinide nuclide output table options 
Specify fission product nuclide output table 

options 
Specify activation product output table options 
Print calculated results 
Punch an output vector 
Read photon licraries 
Reprocess fuel 
Read comments regarding ease being input 
Loop counter 
Case title 
Nuclide accumulation 
GO '1'6 

• 

00031. 
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Section 

4.13 
4. 3 . 
4.14 
4. 28 
4.9 
4. 23 
4.11 
4. 30 
4.4 
4.7 
4.6 

4. 21 
4. 22 
4.10 
4.18 
4.16 
4. 20 
4.12 
4. 26 
4. 27 

4. 25 
4.5 
4.15 
4.19 
4. 24 
4. 1 
4.8 
4. 2 
4.17 
4. 31 

Page 

40 
28 
42 
60 
34 
54 
38 
61 
28 
33 
31 

so 
52 

·36 
45 
43 
49 
38 
58 
59 

56 
29 
42 
47 
55 
27 
34 
27 
44 
6la 
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4 .l l!DA - had Comments Ae.garding Case Being Input 

A. Func t:ion: Prints alphanumeric comments amang the listing of the 

operatioual commands being input. 

B. Data sequence: 

RDA COMMENT ( S) 

where 

RllA • cDmlllCid keyword 

COMMEN!:(S) • alphanumeric message 
~-·-· --·· .. 

C. Allowable nmcber of RDA commands: Maximnn total nmcber of cOllllllaDC!s. 

D. Propagation: None. 

E. l!.e.marks: These colllllll!nts are printed in the listing created when 

ORICEN2 is interpreting the commands, which is separate 

from the c:ard input echo deacn.bed in Sect. 2._6. 

4.2 TIT- Case T.ttle 

A. Funct:iDil: Suppliee case title printed in Oli.IGEN2 output: • 

B. Data nqueuce: 

'l'I'! A(9), • . . A(SO) 

where 

TIT • ·c~ keyword 

A(I) • alphan.-ric characters in colUIIIIlS 9-80 only 

C. Allowable nmcber of TIT coiiiUDda: 20 

D. Propagatiozl: lllltil changed. 

E. Ae.markll : Neue • 

00032 



 

 Information Only 

r 

28 

4. 3 BAS - Case Basis 

A. Func:~ion: Supplies case basis p~:lnted in OlUGEN2 ou~put. 

B. Data sequence: 

BAS A(9), • , , A{80) 

where 

BAS • c011111W1d keyword 

A(I) • alphanumeric characters in columns 9-80 only 

C. Allovable number of BAS co=.aDds: 10 

D. Prcpagaeion: lln~il changed. 

E. Remarks: The BAS co1111118Ud only supplies an alpban"~m&r:l.c -•sage. 

The user is responsible fer the cons:l.nency of the basis, 

~he :Input material masses, specif:l.c pover, etc. 

4.4 FAC- Calculate a MUltiplication Factor 
Based on Total Vector Masses 

A-, · Funceion: Calculates a 111ultiplication factor, FACTOB.fNFAC(l) J, 
based on the total act:lnicle plus fission product III&SSe& 

:1.n one or two \teeters for use :In MOV (see Sect. 4.12) or 

AIID (see Sect. 4.13) c:omm•nds. 

B. Data aequence: 

FAC NFAC(l), • NFAC (4), B.FAC (l) . ··- . -· 

FAC • c~ keyword 

NFAC(l) • number of factor calc:u1atecl by th:l.s eo'SUDd (aust 

be greater than ~ere aDd less than or equal to the 

a•rlmrm number of FAC cOBiaDcls) 

NFAC(Z) • \lector number 

000d3 
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NFAC(3) • .vector number 

NFAC(4) • method for calculating :FACl'Ol!.[NFAC(l) l: 
• l FACTOR(NFAC(l)] • T[NFAC(2)]+X[NFAC(3)} 

• 2 FACTOl!.[NFAC(l)] • T[NFAC(2)]•T[NFAC(3)] 

• 3 FACTOR[NFAC{l)] • T(NFAC(2)]*T(~AC(3)] 

• 4 FACl'OR(NFAC(l)] • T(NFAC(2)]/T[NFAC(3)] 

• 5 :FACl'OR[NFAC(l)] • T[NFAC(2)] 

• 6 :FACl'OR[NFAC(l)] • T[NFAC(3)J 

• 7 FACl'Ol!.[NFAC(l)] • 1.0/T[NFAC(2)] 

• 8 FACl'OR(NFAC(l)] • 1.0/T[NFAC(3)] · · · -··. 

where the T[NFAC(I)] are the total fission product 

plus actinide masses for the indicated vectors, 

expressed in kilogr.-. 

l!.FAC (1) • constant value to be used in place of the T[NFAC(I) 1: 
.G!.O • substitute JFAC(l) for T[NFAC(2)] when 

calculating FACTOR[NFAC(l)] 

.EQ.O • use the T[NFAC(I)] u defined 

.LT.O • substitute [-l!.FAC(I)] for T[NFAC(3)} when 

caleulati:ll& FAC'l'Ol!.[NFAC(l)] 

the units of l!.FAC(l) are kilograms. 

C. Alloved number of :FAC co •nels; 20 

0. Propaga:ion: Uu:il ano_ther FAC co and with the scae value of 

NFAC(l) is executed. 

E. l!.elll81'kll: SOllie characterist:l.c results fr0111 this command are 

printed 1111 ~mit 15 • 

4.5 OIIT- Print calculated Resulu 

A. F~mction: Calla for the calcula:ed resul:s in a0111e or all of the 

output vectors to 'be printed. 

00034 
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B. Data sequenee: 

O'll'l' NO'Il'l'(l), . . NOIJT(4) 

where 

DDT • command keywgrd 

NO'IJ'l'(l) • number cf vececrs ec be prtneeci beginning with the 

first vector: 

.GI.O • cutput on units IO'Il'l', JO'Il'l', &ad XO'Il'l' (Unit 6) 

.LI.O • cutput on unit ll 

NOIJT(2) • frequency cf print if instruction is in a loop 

(Sect. 4 .U) [print cccurs first time through loop 

anci every NO'Il'l'(2)th recycle thereafter] 

NOU!(3) • print number of ~resent recycle: 

.c-r.o • yea 

.I.E.O • DO 

N01J'l'(4) • parBJDeter controlling type of au=~a:y table printed: 

.ti.O • all vectors tested for inclusion in 

summary :able ezcept vector -NOCT(4) 

.tQ.O • all vectors tested for inclusion in 

summary table 

.GI.O • only vector NOUT(4) tested to see if a 

nuclide 1a included in the summary table 

C. Allowable number of O'll'l' co ·ndt: 20 

D. Propagation: None. 

E. - kmarkll :- · ---- ·· - · 

l. If NOUT(2) .E.l, a IEC c-= IIIUSt be employed (Sect. 4.8). 

00035 
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1<.6 n;p- Read Input Cot:~positfon, Continuous Removal Rate, 
and Continuous Feed Rate 

A. Function: Calls for nuclide composition, continuous nuclide feed rate, 

or continuous e.lemental removal ra~e to ·be read. 

B. Data sequence: 

INP NINP(l), •• NINP(6) 

where 

INP E command keyword 

Nlh~(l) c number of vector in which initial compositions are to 

be stored 

Nlh~(2) • read nuclide composition: 

.EQ.O • no 

.:EQ.l • 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 lr)· 

.:EQ.-2 • yes; units are g-atoms/basis unit (read on 

unit 4) 

Nll<P(3) • read continuous nuclide feed rate: 

.LE.O • no 

.:EQ.l • yes; units are g/(time){basis unit) 

.E0.2 • yes; units are g-atoms/(time)(basis unit) 

See NINP(S) for specification of time units. 

Nlh~(4) • read element removal rate per unit time: 

.LT.O • no read; no propagation 

,EQ.O • no read, but prop.agate previously read values 

.GT.O • read N1~7(4) data pairs (see Sect. 6.3) 

See NINP(6) for specification of time units. 

NISP(S) c time UJlitS of continuous nuclide feed rate data 

(see Table 4.2) 

NIKP(6) • time units of continuous elemental removal rate data 

(see Table 4.2) 



 

 Information Only 

32 

Table ,.2. Time unit designation 

l ~ seconds 

2 s minutes 

3 • hours 

4 .. days 

5 - years 

6 • stable 
7 ~ 103 years (kY) 

8- 106 years (MY) 

9 K 10' years (GY) 
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C. Allowable number of .INP cOIIIIIWI<is: l5 

D. Propagation: None. 

E. kmark.s: User is respo:si.ble for the consisuncy of the 

calculational basis with the input masses. 

4.7 RED- Vector Beadings 

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

B. Data sequence: 

!!ED A(l), • A(lO) 

where 

RED • COliiiiUIUd keyword 

N!!ED • number of ,.ctor which is to be give~~ beading 

A(I) • ten-character a.lphan~~~~~eric heading anyplace on the 

cud to the ri&ht of RilED 

C. Allowable number of RED c-ds: SO 

D. Propagation: tlntil the vector is .,erwritteu. 

E. hmarks: 

l. lbe heading is lDOVed with the vector when the MOV (Sect. 14 .12) 

and ADD {Sect. 14.13) commands are used. 

2. U a t::ED cODIIIWIG is to be used to label either a vector of 

input concentrations [vector NINP(l), Sect. 4.6] or the 

vectors resulting fr0111 a PltO cOIIIIIISDd [vectors NP110(2) md 

NP110(3), Sect. 4.24], the liED commancl 1DU&t follow the INP 

or PliO cOIIIIIISDd. 

3. If A{l) is an apostrophe or asterisk (*), the ten characters 

immediately following A(l) are taken as the vector heading. 

This a.l.lows for the inclusion of leading blanks. 
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4.8 REC- Loop Counter 

A. Function: Counts the number of times that a loop (DOL commaad, 

Sect. l4.ll) has been e:nc:uted. 

!. Data sequence: 

nc 

where 

:U:C • c OIIIDW1cl keyword 

C. Allowable number of REC cOIIIIILBDds: 1 

D. Propagation: None, 

E. 'Remarks: 

l. This counter is output as the "llecycle #" in OUGEN2 output. 

4.9 COT - Cutoff Fractions for SU11111111.1'1 Tables 

A. Function: O..erride default cutoff fractions for aummary output 

tables. 

!. Data sequence: 

CDT[NCUT(l), acuT(l)], ••• [NCDTCNT), iCUT(NT)), -1 

where 

COT • operatioaal co end 

NCUT(I) • number of the oueput table to vbich cutoff fraction 
..... -- . -. . . 

aclll'(I) is to apply (.ee Table 4.3 for table IWIIIben 

and descriptions) 

RCOT(I) • nev cutoff fractiou for table number NCUT(I) 

JIT • total nu=i>er of default cutoff values vbic:h are 

being overridden With this CUT co •1!11 

D. Propagation: llntil clumpc!.. 
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Descr!~tion of :able 

Isotopic eom?osition of eaeh element 

Isotopic composition of each elem~t 

Ccmpositicu 

Ccm;>osition 

Compos:!.ticu 

Ccmposi tion 

R.ac:!ioac:ivity (total) 

R.ac:!ioactiv:!.ty (total) 

'' '!bermal p=er 

Thermal power 

Radioactivity (total) 
Radioactivity (total) 

Radioactive inhalation hazard 

atom f:-actiou 

we:!.ght !T"ac:iou 

srant-a.:oms 

atom fraction 

grams 

weight fraction 

Ci 

fractional 

watts 

fractional 

Bq 1 
fr.actional J ~dd 
m1 air 

l4 ladioactive inhalation hazard fractional 

lS ladioactive ingestion hazard 111 1 water 

16 Ja,dioactive ingestion hazard fractional 

17 Che:m:!.cal ingestion hazard ~~~ waur 

18 Che:m:!.cal ingestion hazard . fractional 

19 --Neutron absorption rate neutrons/sec 

20 Neutron a.'bsorpt:!.on rate fractional 

21 Neutron-induced fission rate fissions/sec 

22 Neutron-induced fission rate fra~;tional 

23 ladioactivity (alpha) C:!. 

24 'Radioactivity (alpha) fnctioual 

2s· (alpha,u) ueutrou production neutrons/sec 

26 Spontaneous fission neutron production neutrons/sec 

27 Photon ~ssion rate photons/sec 

28 Set test parameter Ell 

OQC040 
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:::. Remarks: 

l. If an ou~put value for a par~icular nuclide is less than the 

cutoff fraction multiplied by the total table value for all 

vectors being tes~ed (see Sect. 4.5 for additional details on 

which vectors are tested), then that particular nuclide 1s 

not printed. 

2. !able number 28 can be used to override the default value for 

ERR, presently set at l.OE-25. E:U. is used in logical IF 

statements ins~ead of 0.0. 

3. An integer -1 lllUSt follow RCtl'T(N'!) unless all 28 cutoff 

fractions are specified. 

4. The default cutoff fractions for the firs~ 26 tables (see 

!able 4.3) are 0.001; for !able 27 the cutoff 1s 0.01. 

5. The [NC'CT(I) ,Retrr(I)] zay continue onto subsequent cards. 

No operational cc:rmmand 1s used on the additional cards. 

6. The application of the cutoff value to photon tables 1s 

somewhat different; it is discussed in Sect. 8.2.2. 

4.10 KtQ -Match Infinite Multiplication Factors 

A. Function: Blend materials in two vectors so that the resulting 

infinite lllUltiplieation factor (IMF) matches that of 

another vector or m input value. 

B. Data sequence: 

KE:Q NKE:Q(l), NUQ(2), NKEQ(J), NKEQ(4), NKEQ(S), REEQ(l) . 
. . -- . --

~Q • command keyword 

NXEQ(l) • vector whose IMF is to be matched by vector NK!Q(4) 

NK!Q(2) • vector whose material 1a to be wholly included in the 

final blended material in vector BKEQ(4) 

NXEQ(J) • vector whose ma~:erial is to be apportioned to obeah 

the proper IMF for vector REEQ(4) 

00041. 
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NKEQ(4) • 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 RXEQ(l); 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). 

NKEQ(S) • vector containing the portiou of NKEQ(3) not blended 

into NKEQ(4); that is, 
~ .. - -·.. . -

NKEQ(S) • (1-f) * NKEQ(3) 

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

RXEQ(l) • desired final IMF for vector NKEQ(4) if RXEQ(l).GT.O.O. 

If JKEQ(l).Lt.o.o, the IMF of vector NXEQ(4) is matched 

to that of vector NKEQ(l). If RKEQ(l).EQ.O.O, the IMf. 

is equal to RMDLV(NUC,l). The mmt.V values are specified 

in a data statement in· MAIN (see Sect. 2.1); the NREC· 

parameter is described iD Sect. 4.8. 

C. Allowable number of DQ commands: 3 

D. Propagaticm: None. 

E. Remark!!: 

~. 'Ihe equation used to calculate the parameter f, by which 

vector NKEQ(3) is multiplied before being combined with 

material 1n vector NKEQ(2) and being placed in vector NKEQ(4) 

is given by 

where 

k1 • IMF to be matched from vector NKEQ(l) or RXEQ(l) 

ka • IMF of materi31 in vector NXEQ(2) 

ka • IMF of material in vector NKEQ(3) 

D2 • ueutrcm absorption rata of material in vector 

NKEQ(2), neutrODa sec-1 

n, • neutron absorptioll rate of material in vector 

NXEQ(3), neutraaa sec-1 
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2. Some characteristic results from this command are printed 

on Ullit l5. 

4.ll DOL- DO Loop 

A. Function: A ''DO loop" which executes the comauds Within its 

range a prescribed number of times. 

11. Da u sequence : 

DOL NDOL(l), NDOL(2) 

where 

DOL • command keywrd 

NDOL(l) • number of the CON command (Sect, 4.28) which def:inu 

the range of this DOL. Each DOL 11111st have a uaique 

CON associated With it. 

NDOL(2) • the total number of t~s the instructiOilB Within the 

loop are to be executed 

C. Allowable number of IIOl. coiiiiii&D4s: 2 

D. PropaguioD: 'None. 

E. Ramarks: Nolle. 

4 .12 MDV - MDve Nuclide CompoBitiOD from Vector to Vector 

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

· ot~e--veei:or to mother vector, nuclide 'by nucl:ide. 

11. nata sequence: 

MDV NMOV(l) • NMOV(2), HMOV(3) • JlMOV(l) 

where 

MOV • command keywrd 

NMDV(l) • number of the vector where the conceutratiODB to be 

moved are presently stored 
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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(l). 

NMOV{3) • source of additional multiplier 

.GT.O • number of variable multiplier vector that 

contains the additional factors by which 

vector NMOV(l) is to be multiplied before 

being moved to vector NMOV(2). The variable 

aultipliers are in array RMDLV and are initial­

ized With a DA'tA statemilit" izi ·MAiN. The 

particular element of RMDLV used ill 

iMCLV[Nli!C. IIHOV(3)] 

Where NREC is the recycle number (Sect. 4.8). 

The total multiplier. RMDLT. is given by 

IMCLT • KMOLV[NREC.NMOV(3)]*RHOV(l). 

llllEC J!!!!!S_ be defined to use the variable 

multiplier optian • 

• £Q.O • no additional lllllltiplier ill used; that ill. 

KMDLT • liMOV{l) • 

• LT.O • The additional multiplier to be used vas 

)lftviously calculated by an FAC cOIIIIIUil:lll 

(see Sect. 4.4) and designated as 

FACTOR[NFAC(l)) at that time. To use this 

factor. set NMOV(3) • -NFAC(l); the total 

multiplier is then sivea by 

KMDLT • FACTOR[-IIHOV(3) ]*l!MOV(l). 

RHOV(l) • factor by which vector NHOV(l) 1a to be multiplied 

before being stored in vector NMDV(2) • 

c. Allowable number of MOV co and•: 99 

D. Propqati011: NoDe. 
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E. R.e.marks : 

l. Vec:eor NMCV(2) can be zeroed by moving another vector to 

NMOV(2) with RMOV(l) • 0.0. 

2. !he informatioc iD veceor NMCV(l) is not destroyed by ehe 

MOV command. 

3. Ve.ceor NMOV(2) vill have. the. same heading as vector NMCV(l) 

after the. MOV command has been executed. 

4.13 ADD - Add Two Vectors 

A. Function: Adds the nuc:lide. c:once.ntration data in one vector to 

that in another vector,nuc:lide. by nuclide. 

ll. Data sequence: 

ADD NADD(l), NADD(2), NADD(3), BADD(l) 

where 

ADD • operational c:.u and 

NADD(l) • number of the vector where the concentratione to 

be added an presently stored 

NADD(2) • number of· the vector to Which the concentrations in 

vector NADD(l) are to be added 

NADD(3) • source of additiODal multiplier 

.GT.O • if NADD(3).GT.O, it is the number of the 

variable multiplier vector vbic:h contains 

.. -- .. -. the factors by vbic:h vector NADD(l) is tQ 

be multiplied before beiDS added to nctor 

JWID(2). The van.hle IIIUltipliers are 1D 

array RHIILV mel are 1D.itial1zecl With a DAtA 

.ratement 1D MAIN. l'he par:icular element 

of BMil'L V used is 

BMULV[NREC, NADD(3)] 

where NREC is the rec:yc:le number (see Sect. 

4.8). !he total multiplier, RH!IL'r, is given by 
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IMULT • lMULV[NlEC,NADD(3)]*RADD(l) 

.NlEC must be defined to use this option (see 

Sect. 4 .8) • 

• EQ.O • no additional multiplier used; that is, 

IIMIILT • RADD(l) • 

• LT.O • the additional multiplier to be used W&4 

previously calculated by a FAC command (see 

Sect. 4.4) md designat~~ .~. ~ACJOR[NFACQ.)}. 

To use this factor, set NADD(3} • -NFAC(l); 

the total multiplier is then given by 

!MOLT • FACTOR[-NADD(3)]*RADD(l) 

RADD(l) • factor by which vector NADD(l) is to be 

multiplied before being addeo! to vector 

NADD(2) or as specified under NADD(3) above. 

C. · Allowable number of ADD c.o r-ia: 30 

D.· Propagatioa.: Bone. 

E. B&marks: 

1. Vector NADD(l) 111BY be subtracted from vectot NADD(2) by setting 

RADD(l) • -1.0. (CAtl'l'ION: Negative nuclide concentrations em 

result in fatal errors.) 

z. Tbe in!orliiStion in vector RADD(l) is not altered by the ADD 

c OIIIIIIIIZlll • 

3. Vector NADD(2) will have the s- headings as vector NADD(l) 

after the ADD command. 'bas been executed. 
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4.14 :SUP - :Surnup Calculadon 

A. Func~ion: Defines ~he basis and calculates the average burnup, 

flux, and specific power for an irradiation. 

:S. Data sequence: 

BUP 

Irradiation 

BUP 

where 

:SUP • command keyword 

Irradiation • the operational commands (generally several IB1s or 

IRFs) tha~ describe the fuel irradiation upon which 

the burnup calculation ia to be based. 

C. Allowable nW!lber of :SUP commands: 20 (ten pair). 

D. Propagation: llntil superseded by other liUP cOIIIIII&Ilda. 

t. l.e~~~&rks: 

l. A :SUP 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 PCR - Punch an Output Vector 

. ··- .. -~ 
A. Function: Punch a designated output vector in OIIGEH2-readable 

format or write it to a disk file. 

B. !)au sequence: 

PC! NPCE(l), NPCli(2), NPCli{.3) 

where 

PCR • colllllland keyword 

NPCR(l) • control character for light nuelide and structural 

material punch 
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NPCH(2) • control character for actinide nuclide punch 

NPCH(3) • control character for fission product nuclide punch 

If NPCH(I) .EQ.O - no punch 

.GT.o - number of output vector to be punched . -

.LT.o - number of storage vector to be punched 

C. AlloYable number of PCH co~nds: 54 

D. Propagation: None. 

£. Remarks: 

1. Format of punched output is [2X,I2,4(1X,I6,2X,lPE10.4)); 

see Sect. 6.1 for details. 

2. Units of punched output are g-a'toms. 

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 producea by 

the BUP command (Sect. 4.14) and~ be present for a file read on 

unit 4 [h~NP(2).LT.O; see Sect. 4.6). These parameters are not 

necessary for input material compositions read with h~h~(2).GT.O. 

4.16 LIP_ Library Print Control 

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

!. Data sequence: 

LIP h~IP(l), NLIP(2), NLIP(3) 

where 

LIP • COllllll&nd keyword 

h'l.!P(l) • control character for decay library print 

t:LIP(2) • control character for cross-sectioD library print 

NL1P(3) • control character for photon library print 
• 

If NLIP(I).EQ.O - no print 

.GT.O - print library 
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C. Allovable nu~er of LIP c~nds: 5 

D. Propagation: Until superseded. 

E. Re~rks: None. 

4.17 WAC- Nuclide Accumulation 

A. Function: Multiplies a concentration vector by a fractional 

recovery vector and stores the result in vector B, 

~hich contains continuous feed rates. 

B. Data sequence: 

WAC NWAC(l), 1VAC(2) 

where 

WAC • cocmand keyword 

hVAC(l) • number of fractional recovery vector (Sects. 3.4 and 3.5) 

which is to multiply concentration vector NWAC(2). 

Tractional recovery NWAC(l) should contain the removal 

rate of each element from the system in units of sec- 1 -

(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(l) 

C. Maximum allowable number of WAC commands: 2 

D. Propagation: None. 

t. Remarks: 

1. This command will enable the continuous accumulation of waste 

from a reactor ~ith continuous reprocessing (e.g., an MSBR) to 

be calculated. Th~ steady-state fuel composition in vector 

1~AC(2) is multiplied by the appropriate continuous removal 

rates stored in fractional recovery vector hVAC(l); the result 

is subsequently stored in vector B. Then the waste is decayed, 
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~ith vector ! 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: 

l!B NLIB (1), . • • NLIB (ll) 

where 

liB e command keyword 

h~IB(l) • control character for printing matrix of non-zero 

reaction rates (array A) for the libraries read (see · 

Sect. 8.2.1). 

If NliB(l).CT.O- print 

.lE:.o no print 

.NLIB(2) "' identification number of light nuclide decay library • 

to be read; see Table 4.4 

h~IB(3) • identification number of actinide nuclide decay library 

to be read; see Table 4.4 

h~IB(4) • identification number of fis.sion product nuclide decay 

library to be read; see Table 4.4 

h~IB(S) • identification number of light nuclide cross-section 

library to be read; see Table 4,4 

h~IE(6) • identification number of actinide nuclide cross-section 

library to be read; see Table 4,4 . 
h~IB(7) • identification number of fission product nuclide yield 

and cross-section library to be read; see Table 4.4 

If h~IB(2-7).EQ.O- no read 

.GT.O - norcal read on unit h~IB(S) 
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Tobie 4. 4. -bers o! Oli.ICEII2 dau ltbr~n .. 

"l"TP• of l.1 ~ .. ...,. 

Dec.a1 

Pboto'D 

P~~: zssu-.urithed oo2: 
ll,OOO ~d/metr1c to~ 

~~= 2JSo-ear1thed DOz iu a 
aelf-zenet•ted Pu retytle 
rueter 

Yo~: lu-eurithed UOz in a 
eel!-zenerated Pu recycle 
reac.tor 

lllll: 2 !511-<tariched UOz 

1~: 2SSU-enr1thed fuel 1D a 
••lf-aeaerated tu ~cycle 
reactor 

~~: Pia-ouiched futl in a 
aelf-cenerated Pu rtc.yc.le 
reactor 

Plo"ll: 1l>Oz-enrithod vuh 
denatured 2.lltt 

Pl.~: lu-ourithed ThOz 

pWa: ZJSU-eariched uo2: 
50,000 ~~/•etrlc tou 

P'Jit: 'n!.Oz-e~f'1chel! '-"1 th u.k.eup, 
.cleuatured Z.Uu 

Pill.: ThOz eariched Vi th 
.I•C1tlet. denatured 211g 

Cateaory of iaotope 

4cti~at1on prod~: 
{!ll.U(2 or 5)] 1 

101 

kUIIide 
!IILU(J or 6)]• 

2 

102 

Cro••-aec~iou 11bra!1ea 

204 

207 

210 

251 

254 

257 

213 

216 

219 

222 

225 

00051 

205 

208 

211 

252 

255 

2J4 

217 

220 

221i 

Tta:don product 
(h'"!.U(4 ar 7)]• 

l 

. 103 

212 

259 

21! 

211 

221 

227 

~'"!.U( 12) 0 

1 

l 

4 

6 

7 

• 
' 

10 

11 
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Type of library 

L~BR: Ltrly ••Ide, to~-Pu/U/U/V 
Core 
Axial Ua nket 
bd1al blanl<tt 

~~!a: Advanced czide, ~-Pu/U/~/V 
Core 
Axial blanku 
a.dial 'bbnk.et 

L'!"JR: Ach·anced o:~:ide, ne.ycle-Pu/0/U/D 
Core 
Axial Hanitet 
l.ldial blanket 

L..'"3'ilt.: Advance~ oxide, UIR-Pu/ll/U/Tn 
Core 
A:d.al hla nk.tt 
Radial 'tllanket 

~~!l: Advanced oxide, ~~·Pu/Th/Th/Tn 
Coro 
Axial 'blanket 
ladial blanket 

L..~ll: Advaneed ozide, reeycle 
H3utTh/Th/Th 

Con 
Axial 'bhnku: 
bdhl blanket 

Advanced oxide 
141 denatured liiU/Th/Th/Th 

Core 
.b.hl Jo.l.an'ku 
bdlal blanl<et 

Advanc.eC oxUt. 
••: de .. :ured l>>u/Th/Th/Th 

Core 
A:dal blanket 
bd1a-l blanket 

• 

.,. 
Catt:&cey IDf batope 

ALt1Yat1oa pToduct 
1~1.1!( 2 or 5) ]a 

301 
304 
307 

311 
314 
317 

32J 
324 
327 

331 
334 
337 

361 
364 
367 

351 
354 
357 

361 
364 
367 

371 
370 
377 

381 

201 

A.otlllidi 
1~1.1!(3 or 6) ] 0 

302 
30f 
301 

312 
315 
318 

322 
325 
321! 

332 
335 
338 

342 
345 
348 

352 
355 
358 

362 
365 
361 

372 
3~5 
378 

•'lefer to Stet. '· U foT u,. use: of these para•tten. 

0005.1 ct 

F1u1crt J~roduct 
lh1.IB(4 or 7)]a 

303 
316 
301 

313 
316 
311 

323 
321i 
329 

333 
336 
339 

343 
346 
349 

353 
356 
359 

373 
li6 
379 

383 

2'Jl 

18 
19 
Z) 

12 

" u 

15 
16 
17 

32 
33 
34 

29 
30 
31 

35 
36 
37 

23 
24 
2S 

26 
27 
28 

0 
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.LT.O - normal read on unit NLIB(8) and 

substitute card reac:l on unit 

NLIB(9) 

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

of the libraries 

NLIB(S) • number of input unit for reac:ling substitute cards 

NLIB(lO) • number of non-standard reactions to be reac:l 

U NLIB(lO} .EQ.O - no read 

.GT.O - non-stanclard reactions read on 

unit NLIB(S) 

.LT.O - non-standard reactions read on 

unit NLIB(9) 

NLIB(ll) • control charactsr identifying the aet of actinides vith 

c:lirect fission product yields; see Table 4.! 

NLIB(l2) • control character identifying the set of variable 

act:inide cross sections to be used; see Table 4.4 

C. Allowable number of LIB co mds: S 

D. Propagation: t!Dtil snother set of decay libraries is read. 

1. U substitute cat:ds are to be read, the LPU c~d(a) 

(Sect. 4.20) lllllat precec:le the LIB cODDIDd. in which the earda 

are to he read. 

2. Sae Sect~ S for library format d't~s. 

4 .19 PliO - B&ad Photon Libraries 

A. F!mctiou: lead the photon production rate per disintegration in 

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

Actinides with direct fission product yields 

1 

2 232Th 233•23Su 239pu 
• • • 

3 

4 
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S. Data sequenca: 

PBO Nl'HO(l), • • • NP!i0(4) 

where 

l'RO • command keyword 

NPBO(l) • identification number of activation product photon 

library to be read; see Table 4.4 

NPB0(2) • identification number of actinide nuclide photon 

library to be read; see_ Table 4.4 

Nl'H0(3) • identification number of fission produ~t· n;;clide photo11 

library to be read; see Table 4.4 

If NPRO(l-3).LE.O- no read 

.G'f.O - read 

Nl'H0(4) • number of input rm:l.t 011 Vh:l.ch the photOII libraries are 

to be read 

C. Al.lovable number of PBO ccmnands: S 

D. Propagation: lhltil aotber set of photon libraries is read. 

E. iemarks: See Sect. S.S for library format details. 

4.20 LPI1- Data Library Replacement Cards 

A. Furu:ti011: Read nuclide identifiers for replacement decay ad/or 

erose-section data cards to be read by LIB command 

(Sect. 4 .18). 

S. Data sequence: 

LPt1 NLPU (l) • • • • HLPU (MAX) • -1 

where 

and keyvord 

NLPU(l-MAX) • nuclide identifiers for replacement data ca%ds 

in tbe order in wb:l.ch theY occur in the original 

data library 

MAX • number of nuclide identifiers to be read for a given . 
LPt1 co srnd; IIIUSt be .I.E.lOO 
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C. Allowable number of LPU cards: 9 

D. Propagation: Until another LIB command is executed. 

E. llemarks : 

l. If 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 Ll't1 command (s) must precede the LIB cOIIIIII&nd in Which the 

replacement data cards will be read. 

4. The first LPO comnd is associated with the first negative 

control variable in the NLIB(2-7) set of control variables 

(Sect. 4.18). The second LPO comm.a.nd ia associated with the 

second negative control variable in the NLIB(2-7) set of 

control variables, etc:. 

5. See Sects. S.l ~d 5.2 for library format details. 

4. 21 D!F - nux Irradiation 

A. Function: Irradiation for a single interval With the uutron nm: 
specified • 

B. Data sequence: 

D!F . RIRF(l), RIRF(2), NIRF(l) •••• ND!F(4) 

when 

Ill!' • c:o and keyword 

- JtiUClr· • ·r::Gr.e ·at which thiS irradiation illtenal ends 

1IU(2} • if UU(2} .GT.O.O, this :l.a the neutron flux during 

th:l.a irradiation interval in lliiUtrOilS =-1 sec: - 1
• 

If 1IFR(2) .LT.D.O, the uutron flux 1s g1~ by: 

Ntm.ilX • OLDFLtiX*[-IW!F(2)] 

when 

Ntm.ilX • fluz to be used during this interval, 

ueutrous =-& sec - 1 

ooo55' 
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··. 

OLDFLUX • flux for the same time period fro= the 

previous irradiation, neutrons cm- 2 sec- 1 • 

See remark 2 belov. 
NIRF(l) • nuober of the vector where the ~terial composition at 

the beginning of this irradiation interval is stored 
NIRF(2) • number of the vector vhere the material composition at 

the end of this irradiation interval is to be stored 
NIRF(3) • time units of RIRF(l); see Table 4.2 

NIRF(~) • 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 info::-m.a­
tion is retained, and MIRR is not altered. Used ~or 
continuing irradiation/decay on the same output page. 

1 • starting time is set to zero. All reactivity and 
burnup information is retaine~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 nev output page. 

3 • same as NIRF(4) • 0 except that the first seven lines 
of the irradiation infor:ation are set to zero. 
Used for continuing irradiation to a new output 
page. 

4 • same as NIRF(4) • 1 except that the first seven lines 
of the reactivity and burnup information are set to 
zero. Used to begin th~ 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: None. 

00056 
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E. llem.a.rks 

1. The total ntmber of IRl + IRP +DEC commands must be .U.lSO. 

2. For this option to be used, the time steps for the current 
irradiation and deeay sequence must correspond exactly to·~hose 
in the previous sequence. !he fluxes from the previous irradiation 
are not altered 1f [-l\lrf(2)] is less than zero.· 

3. !he ·reactivity and burnup information• referred to in NIRI(4) 
consists of seven lines of data c:haracteristie 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 !UP commands (Sect. 4.14). Also, 
see Sect. 8. 2. 2. 

4. Internal ORIGEN2 parameters related to the flux/specific: power 

calculations are printed on unit lS (see Sect. ~· 2.1). 

4.22 IRP- Specific: Power Irradiation 

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

B. Data seq uenc:e : 

IRP RIRP(l), R!RP( 2), NlU(l) 1 ••• NlRP(4) 

where 

IRP • coiiiiDand keyword 

RlRP(l) • time a: Which this irradiation interval ends 
RIRP(2) • power level during this irradiation interval 

.CT.O • M'W(t) per unit of fuel input 

.LT.O • the paver is &:tven by: 

NEW~OW!R • OLDPOWER*[-RlRP(2)] 

vhere 
• 

NEYPOWER • power to be used during this interval, KW(+). 
See remark 2 belov~ 
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NIRP(l) • nucber of the vector where the material composition at 

the beginning of this irradiation interval is stored 

NIRP(2) • number of the vector Where the material cbmposition at 

the end of this irradiation interval is to be stored 

NIRP(3) • time units of·RIRP(l); see Table 4.2 

NIRP(4) • 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 information 

is retained, and MIRR is not altered. Used for con­

tinuing irradiation/decay on the same output page. 

l • 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 

s~e output page. 

2 • starting time is set to zero. All reactivity and 

burnup information and MlRR are set to zero. Used 

to begin a new irradiation/decay on a nev page. 

3 • same as NIRP(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 • sa:ne as 'N!RP(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 nev output page while retaining the average 

irradiation parameters. 

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

D. Propagation: None. 

E. Remarks: 

1. Ihe total number of IRF + IRP + bEC commands must be .Lt.lSO. 

2. For this option to be used, the time steps for the current 

irradiation and decay sequence must correspond exactly to those 

in the previous sequence. Ihe powers from the previous irradiation 

are not altered if (-RlRP( 2) J is less than zero. 
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3. The "reactivity and burnup information· ~eferred to in NIRP(4) 

consists of seven lines .of data characteristic of an individual 

vector (e.g., t~e. infinite multiplication factor, neutron flux) 

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

averaged over the range of the BOP commands (Sect. 4.14).·_ 

4. Internal ORIG!N2 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(l), NDEC(l), ••• NDEC(4) 

.:here 

DEC • operational command 

DEC(l) • time at which this decay interval ends 

NDEC(l) • number of the vector where the material composition at 

the beginning of this decay interval is stored 

NDEC(2) • number of the vector where the material composition at 

the end of this decay interval is stored 

NDEC(.3) • time =its of DEC(!); 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 

zero. Used for beginning a new irradiation on the 

same outp~ 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. 
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3 • same as ND£C(4) • 0 except that the first seven lines 

of the reactivity and burnup information are set to 

zero. u .. d for cont:lnuins :irrad.iation to a IIAV 

output pqe. 

4 • same as HDEC(4) • 1 ueept that the fi.rat aeven lines 

of the reactivity and burnup information are set to 

zero. Used to be&in tbe decay foUC>WiAI :irradiation 

on a nev output pase Vhile ret•1n1ns the average 

irradiation parameurs. -·· · · • 

C. All"""ble number of DEC c_.nds: See bel...,. 

ll. PropasatiCIZI: None. 

E. ll.emad:s: 

1. 'nlti total number of IRF + IliP + DEC co ends must be .LE.lSO. 

2. 1'be "reactivity and burnup information" referred to in '!lllEC(4) 

cons:l.ats of seven lines of da:a character:l.atic of m :ladividu&l 

vector (e.g. time, 1nfinite multiplication factor, neutron fluz) 

and three lines ccmtaizWI& irradiation par-ters (e.s., burnup) 

averased over the range of the :atiP co ands (Sect. 4.14). 

4.24 PJD- &.process Fual 

J.. Function: &.process fuel 1nto tvO product compositiOil&. 

B. Data sequence: 

PllO RnO(l) I ••• RPB0(4) 

where 

RnO(l) • number of the •ector where the •terial composition that 

i.l to be reprocessed is stored 

RPB0(2) • number of the vector where the ~~~&ter.ial that .:l.a recovered 

is to be stored. 1'be &IIIOIIDt of an isotope of ele=ent !IE 

recovered is Siva by: 

[Mass of itootope m:l(f(HP110(4) ]. 
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The fraction f(NPR0(4)] is the fractional reccrvery 

of element NE specified by variable NRP0(4) below. 

See also Sects. 3.4 SDd 3.5. 

NPR0(3) • number of the vector vhere the 111ateri.al not recovered 

is to be ltoreci. The amount of an isotope of eleiiiiUlt 

NE not recovered is given by: 

[Mass of isotope NE][l.O- f(NPR0(4))]. 

NPl\0{4) • number of the aet of fractioDal recoveries vhich is to 

be used in this reproceas:l.n& operati.on. If NPll0{4) is 

greater thaD zero, individual fraceional recoveries 

(Sect. 3.4) are to be used. If NPl\0(4) is less than 

zero, group fractional recoveries are to be used (Sect. 

3.5). 

C. Allowable number of PRO coiiD&Dd.s: 20 

tl. Propagation: None. 

E. Baurks: Hcnla. 

4.25 OFtL - Specify Activation Product Output Options 

4. Function: Specifies vh.ich output table types (nuclide, element, or 

aummary) are to be printed for the activation products. 

B. tlata sequence: 

OPTL NOFtL(l), . . . NOPTL(24) 
-·· -.----~ 

OPTL • co md keyword 

NOPTL(I) • control c:haracter il:ldic:atine vh:!.ch output table types 

are to be pri:ted for the activati.on produc:ta; see 

'!:able 4.6 

I • table numher; sea '!:able 4.3 for oucput table desc:riptiml 

C. Allowable number of OPTL c:o•mds: 20 

tl. Propaption: tlneil c:h&Dpd.. 
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table 4.6. Specific:acion of out;ouc cabla cypes to be printed 

HOPTL(l) table cype printed 
HOl"'A(l) 
HOP'rF(I) Huclide nemenc S.-ary 

1 Yes Yes Yes 

2 Yes Yes ... -··. lie 

3 Yes No Yes 

4 No Yes Yes 

5 Yes No Ne 

6 Bo Yes He 

7 No llo Yes 

8 He llo llo 
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E. Remarks: 

l. l'he NOl'I'L(I) IIIUSt all be Oil a sin&le c.arci. 

2. If NOl'I'L(l) is less than 1, only a 1..-ary eras table is 

printed for ,!!! n~ides (illc.lwU.n& ac:ti.lli&ies and fin:l.oll 

products) until new ecmm•nris (after an S!P, Sect, 4.29) 

are read. 

3. Only the first 24 tables in Table 4,3 are c:cintrolled by. the 

OPn. c:ommand. 

4.26 OPTA - Spec:ify Optioas for Actinide Nuc:lide Output Table 

A. Function: Spec:ifies vhic:h output table typal (uuc.lide, el-ut, or 

summary) are to be printed for the ac:tinide uuc.lidea. 

B. Data aequeuce: 

OFtA NOFtA(l), ••• N0~(24) 

where 

OP'I:A • cC!I!!!!!md keyword 

NOPTA(I) • c011trol c:haracter indicatiu$ vbich output table types 

are to 'be printed for the actinide nuclides; see Table 4.6 

I • table nuzaber; see Table 4.3 for output table desc:ript:l.oll 

c. Allowable uuzaber of om c:o mds: 20 

D. Propasatiou: 'Dil:il c:h&pd. 

E. llamarka:_ ..... - ..... 

1. The NOP'I:A(I) -t all 'be Oil a siqle card. 

2. If NOP'I:A(l) 11 lus than 1, only a s-.ry &r&llll table 11 

printed for ill. uuc:licles (indudill& activatioa and £1,.1011 

producta) u:til uev c:o ·nda (after an STP, Sact. 4.29) 

are read. 

3. Only the tint 24 tables ill Table 4.3 are coatrolled 'by the 

OP'I:A c:~d. 
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~.27 OPTF- Specify Options fer Fission Product 
Nuclide Output Table 

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

or summary) are to be printed for fission product nuclide 

B. Data sequence: 

OPTF NOPTF(l), ••• NOPTF(24) 

where 

OPTF • command keywo~d 

NO?TF(I) • cont~ol character indicating which output table types 
are to be printed for the fission product nuclides; 
see Table 4. 6 

I • table nu:her; see !able ~.3 for output table description 

C. Allowable number of OP!F co~nds: 20 

D •. Propagation: Until changed. 

E. Remarks: 

1. !he NOP!F(I) must all appear on a single card. 
2. If NOPTF(l) is less than 1, only a summary grams table is 

printed for •11 nuclides (including activation products 
and actinides) until new commands (after an SIP, Sect. 
4.29) are read. 

3. Only the first 24 tables in !able 4.3· are controlled by the 
OPIF command. 
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4.28 CON- Continuation 

A. Function: Defines the :ranges of the DOL co-and (Sect. 4.11) 

or GTO command (Sect •. 4.31). 

!. Data sequence: 

CON NCON 

where 

CON • co~m~~&nd keyword 

NCON • number of this CON command; must be equal to NDOL(l) for 

the DOL co-and Vhich is to be associated with this CON 

command 

C. Allowable number of CON commands: 2l 

D. Propagation: Neue. 

I. Remarks: 

1. There =st be one, and only one, CON command fer each DOL command. 

~ If the DOL command is removed, the corresponding CON command 

must also be removed. 

4.29 STP- Execute Previous Co=uds and Branch 

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

Then read and execute more commands. 

B. Data sequence:. 

S'IP NSl'P 

where 

STP • command keyword 

NSl'P •.branching control character: 

1 • read new miscellaneous initialization data (Sect. 3) and 

a new set of,com=ands (Sect. 4}, and execute them. 

2 • read a new set of commands (Sect. 4) and execute them. 
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3 E execute· the preceding set of co:-.:ands again. 

Additional input data (lib:ra:ries and initial nuclide 

concentrations) ~ill be requi:red. 

4 • te:r;inate execution (same as Eh~) • 

C. .Ulo>:able number of SIP COII!ClCnds: Unlimited. 

D. Propagation: None. 

E. Re1:2:rks: None. 

4.30 Eh~- Terminate Execution 

A. Function: Terminate execution. 

D. Data sequence: 

END 

"'here 

!h"D = cocmand keyYord 

C. }~lo~able nu=ber of END commands: l 

D. Propagation: None. 

!. Re~:rks: None. 
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4.31 CIO- Go To a Croup of Instructions and Execute 

A. Function: Indicates a range of instructions that should be executed and 

a flux/poYer multiplier for this range 

B. Data Sequence: 

G'IO NG'IO(l) NG'IO( 2) RCIO 

-uhere 

GTO • co~nd keyvork 

NCTO(l) • number of CON command (Sect. 4. 28) th&t immediately precedes 

the group of instructions to be executed (if CT.O) or that 

this command is the last to be executed (if LT.O) 

NCT0(2) • number of CON command that im=ediately follows the group of 

instructions to be executed 

RCTO • parameter by which any fluxes or powers in the group of 

instructions to be executed will be multiplied; RCTO does not 

alter the value of fluxes/powers stored for future use 

C. Allowable number of CTO commands: 10 

D. Propagation: None. 

E. Remarks: 

1. Follo~ng the execution of the group of instructions defined by 

the CTO instructio~. control is returned to the instruction 

immediately followin& the CTO. 
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5. DA!A LI:BRAlU£5 

!here are three separate and distinct nuclide lists in ORIGtN2 for 

which nuclear data Q&Y be required: the activation products, the acti-· 

nides, and the fission products. The activation products include the 

loY-Z impurities ~~d 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 fis.sion 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,tbere are three different libraries that 

may be read: a decay data library (Sect. S.l), 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. 

!be cross-section and fission product yield library gives the cross 

sections for (n,y), (n,2n), (n,3n), (n,a), (n,p), and (n,fission) as 

effective, one-group reaction rates in barns and the fission product 

yields from tszTh, z••u, '''u, 2t•u, 2J'Pu, 2•1Pu, 2•scm, and zszcf. 

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 1D the main libraries. This option 

is particularly useful as an alternative to rebuilding entire data 

libraries &imply to chang~ one or tvo items. The second option 

(Sect. 5.4) allows the 'User to inp'Ut any flux-dependent reaction rate 

between any tvo nuclides. Yhile the user can duplicate the reaction 

types available in ORICEN2 [i.e., (n,y), (n,2n), (n,3n), (n,a), (n,p), 
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(n,fissjon)), the option i.s principally intended to allen> for the 

inclusion of non-standard reaction t)~es such as (n,d), (n,t), and 

(n,np). 

• 
5.1 Decay Data Library 

The first card of each of the three allo~able·aecay data library 

se~ents (activation product, actinide, and fission product) is a title 

. card contaL~ing the nu:ber of the dec:ay library se~ent znd the alpha­

numeric: title of the segment. Follo~ng the title card are the decay 

data for the nuclides in a particular library segment. The dec:ay data 

for each nuclide are specified on ~o sequential cards. A description ef 

the dec:ay library conventions is given in Table 5.1. 

The decay data library serves other vitally important functions in 

the ORIG!N2 code in addition to supplying decay data. The nuclide 

identifiers supplied by the decay libraries define the total list of 

all nuclides that ~~ll be considered in subsequent ORIG!N2 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 in!or'Cation 

is required. The decay library also defines the nuclide 'Ce'Cbership of 

each of the three library se~nts (activation product, fission product, 

and actinide) considered by the OR!G~~2 code. Finally, the decay library 

defines the order in ~hich the nuclides ~ill be printed ~ithin each 

library se~ent during the normal output. As a result of these considera­

tions, the decay librar~ must be input before the photon libr~ries (PHO, 

Sec:~. ~.l9) or before the initial co=positions (Ih7, Sect. ~.6). The 

cieca.Y library is autoutically read 'before .the cross-section library »beu 

~hen the LI! c:o:=and (Sect. ~.18) is invoked. 

5.2 Cross-Section and Fission Product Yield Data Library 

The first card of each of the three ~llo~able c:ro!s-section and 

!issicn p~ocuct yield data libraries (activa:ic~ produc~. £C:ti~ide, and 

!!ssion product) is a title card containing tbe nu~er a~d al?~anu:eric: 
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!a~le 5.1. Description of decay library 

r~=st ca:-c of each library segmen~: 

NU TITLE • 

First card for each nuclide: 

l\'LB l\"'UCl.ID IU IliAl.F !!X FP!C FP!CX FA FIT 

Second card for each nuclide: 

\:here 

l\'LB R the nu~ber of this decay library segment 

!I!L! c a 72-charac:ter alphanumeric segment title beginning in 
column 9 

l\uCL!D a a six-digit nuclide identifier corresponding to the 
infor:ation on these tvo decay cards (see Sect. 2.7) 

IU • ti~e unit designation of the half-life of NUCLID (tee 
!able 4.2 for specification) 

•iJl.T R the half-life of nuclide in units given by IU 

F:SX • t.'le fraction of negatron beta decay trc:nsitions that 
results in the daughte:c: nuclide being in a relatively 
long-lived excited state 

rP!C • the £:-action of all decpy events which take place by 
positron e:ission or electron capture 

FP!CX • the fraction of positron and/or electron capture decay 
events that cause the daughter nuclide to be in a 
relatively long-lived excited state 

FA • :he fraction of all decay events which take place by 
alpha decay 

FIT • the fraction of all the decay events of an excited nuclear 
·state vhich result in the production of the ground state of 
the sa:e nuclide 

FSF • the fraction of all decay events vhich take place by 
spontaneous.fission 

FN • the fraction of all decay events that are (beta + neutron) 
decays (e. & • , "Br decays to 11 Kr + beta + neutron) 

QR!C • :he average, total recoverable energy (i.e., does not 
include neutrinos) released by each decay even~ in MeV 
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Table S.l (coucinued) 

ABUND • che naturally occurring iaocopic abundance of NOCLID in 
atca percent 

Ali.CC • che radioacdvity concentration pide (J.CC) for coad.nuous 
1nh•l•t1on of nuclide NDCLID tn unrestricted ar ..... &ivan 
in Table II, ColUIIID I, of Part 10 of fitle 20 of che Code 
of Federal llegulatioas (the lover of che soluble or -
insoluble values is used) 

WRCG • the radioactivity concenttatioa ~e (J.CC) for continuous 
ingestion of nuclide NOCLID in unreacricted are .... given 
in Table II, Column II of Part 10 of 'l'i:le 20 of the Code 
of Federal llegu1adons (1:he lover of ·the ·soiuble or -
insoluble values is used) 

B. Humber of cards per nucl.14e: 2 

C. Terminate card acan for nuclide HOCI.ID: Automatic. 

D. Terminate reading thill decay library Hll""'tlt: HLB.LT.O, one card. 

E. Skip reading a decay library sepent: Controlled by LIB CCIIIIIII&nd 

(Sect. 4 .18). 

F. ll.alaru: 

l. The fraction of all decay events vbicb take place by nesatron 
beta decay to the ground st.ate of che daughter nuclide is &ivan 
by (1.0 - FliX - FPEC - FA - FIT - FSF - FH) anci is calculated 
internally in OlliCEH2. 
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title of the library segment. Following the title card are the croas­

aection and fission product yield data for the nuclides in a particular 

library segment. The cross-section information for a nuclide is 

apecified on a single card vhich, if required, is followed by a card 

containing the fission product yield data. A description of the cro .. -

uction and fission product yield data library conventions is Jiven in 

Table 5.2. The cro .. aec:tions uaed by OiiGEN2 are effective one-croup 

eroas sections which, when mW.tiplied by the fluz calculated by or input 

to ORIGEN2, result in the correct reaction rate. The fifth md sixth 

parameters on the cro .. -section card have a dual -miDI, dependinS on 

which library sepent ie being read. If the actinide segment is beiDS 

rud, then the fifth and si.:tth parameters are the (u,3n) and (u,fisdon) 

eross sections respectively. If either the activation product or fission 

product sepents are beiDa read, then the fifth aDd eixth parameters are 

the (n,a) and (n,p) cross sections respectively. The fission product 

yield card, which 1.s present Ollly in the fi.ssion product cross-eection 

eepent, epecifies the Yield of each nuclide per fission from eaeh of 

ei&ht fissionin& species: zu.Th, 211tr, 215tr, u•tr, Utpu, zuPu, 2~ 1 em, 

&Dd 211Cf. The yields are pnerally frOID binary fiaaion, althoush 

ternary fiuion yields h.-ve been included for cercain illlportat low-Z 

nuclides. 

S .3 Subatitute Decay, Croas Section, aDd 
Fission Product Yield Data 

Subetitute decay, cro .. -sec:ion, &Dd fiasion product yield data 

em 11e read by inVok:!lia the LPtl eo =d (Sect. 4,211). 'l'h1a proc:edun 

1a m alternative to rebuildill& aa. entire data lillrary ju.: to chap 

a few par-:ers. It may alao be used for par&~~~etric studi.es of output 

sens:itiv1ty to input data c:h.Ulpa. 'lbe rules regardiD& the order &lid 

fo:mat of the aubst:itute data c:az'da are g:ivc in Table 5.3. 'rhis optiol:& 

1a intaoded for use when the data librar:ie8 are on a direc:t-ac:ceas dev:iee 

or on tape. Substitute data ca also be used :if the libraries are on 

cards, prorlding that :vo d:ifferent card input Ullitl are defined. 
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!able 5.2. Description of cross-section and 
fission produc~ yield cata library 

~ •. 

A. Data se~uence:· 

'Tirst card of each library segoent: 

h"l.B TITLE: 
• 

Tirst card for each nuclide: 

h"l.B NUCLID SNG SN2N SNJN or S"NA Sia or Sh'P SNGX SN2NX YYN 

Second card for each nuclide (fission product segpent onlv): 

t."l.B Y (1), ••• Y(B) 

where 

t."l.B ~ the nu~ber of this cross-section and fission product 
yield library segment 

TITLE ~ a 72-character alphanumeric cross-section zed fission 
product yield library segment title beginning in Colu~ 11 

h~CLID • c six-digit nuclide identifier corresponding to the data 
on these one or t"'o cards (see Sect. 2.7) 

SNG • the effective, one-group (n,y} cross section of nuclide 
huCLID leading to a ground state 

SN2N ~ the effective, one-group (n,2n) cross section of nuclide 
h~CLID leading to a ground state 

S~3N • the effective, one-group (n,3n) cross section of nuclioe 
h~CLlD leading to a ground state; actinide segment only 

SNA • the effective, one-group (n,a) cross section of nuclide 
h~CLID leading to a ground state; activation product and 
fission product sepnents only 

Sh~ • the effective, one-group (n,fission) cross section of 
nuclide h~CLID; actinide segwent only 

SNP • the effective, one-group (n,p} cross section of nuclide 
h~CLID leading to a ground state; activation proGuct ~d 
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 e'ffective, one-group (n,2n) cross secUon of nuclide 
h~CLID leading to an excited state of the daughter 

)~"N • a control character indicating "'hether or not a fission 
vield card follows: • 

!YN.G!.O.O • fission yield card follo~s 
~1rn.LT.O.O • DO fission yield care follo"'s 
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!able 5.2 (continuec) 

Y(I) ~ fission yield of nuclide 1-."UCL!D !:-om various fissile 
•?ecies,in percent 

1 Fiss·ile species 

l Th-232 
2 U-233 
3 U-235 
4 U-238 
5 Pu-239 
6 :Pu-241 
7 Cm-245 
8 Cf-249 

B. ~~~ber of cards per nuclide: 2 

C. !er~inate card scan for nuclide NUCLID: J..uto=tic:. 

D. !e~inate reading this cross-section and fission product yield 
library seg::;ent: ~"LB.L!.O, one card. 

!. Skip reading this cross-section and fission product yield library 
se~ent: Controlled by LIB c:o~nd (Sect. 4.18). 

t. Remarks: None. 
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Table 5. 3. Description of substitute decay, cross-sectiOll, 
and fissicn product yield data 

Data sequence 

l. Substitute activation product decay data 

2. Substitute actinide decay data 

3. Substitute fission product decay data 

4. Substitute activation product cross-sectiOll data 

5. Substitute actinide cross-sectiOll data 

6. Substitute _fission product cross-sectiot! __ and .yield data 

Format 

The substitute data cards are free forma~and tbe order of the 
data is as described in Tables S.l and 5.2. 

l. The LPO command (Sect. 4.20) used to identify the nuclides 
for which substitute data are to be read IIIUSt appear before. 
the LIB cmmnand (Sect. 4.18) in which the bulk of the library 
is read. 

2. The nuclides in each of substitute card aroups l through 6 
above IIIUSt be present in the input ltream in the - order 
in which they are enco=tered While reading the original 
decay libraries. 

3. A fission product yield card c...,. never appear alOlle and 11111st 
always follav a cross-section card for the same nuclide. 
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5.4 Specification of Non-Standard, nux-Dependent Reactions 

This option allows the user to specify fluz-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), (n0a), (n,2u), (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 LI! 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 earcls 

containing the photon production rates per disintegration in a pre­

determined energy gr01.1p structure for u.ch uuclide. A description of 

the photon library format is given in Table 5 .s. The predetermined 

energy group structure is giveu in Table 5.6. The input of the photon 

libraries is controlled by the PBO operatiou&l commazacl (Sec:t. 4.19) • 

. ··- ... -. 
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!able 5.4. Description of non-standard, 
flux-dependent reaction data 

Data seouence 

NPAR NDAUG llAl'E 

where 

NPAR • the six-digit nuclide identifier (see Sect. 2. 7) 
parent or precursor nuclide 

NDAUG • the six-digit nuclide identifier (see Sect. 2.7) 
daughter nuclide 

of the 

of the 

RATE • the cross section for the fonnation of nucldie NDAUG from 
nuclide NPAR in units of barus 

Formats 

One reaction per card. 

Remarks 

l. The number of non-standard, flux-dependent reaction 
be input and the unit number upon which they are to 
are specified'using the LIB collll!land (Sect. 71.18) • 

• 

00076 

cards to 
be read 

.. 

'P 



 

 Information Only 

72 

Table 5.5 •. Description of photon library 

A. Data s~quence: 

First card of each library segment: 
• 

Nl.B !l'l"LE 

First card for each nuclide: 

NLB NUCLID NGP(l), RPR(l), , •• NGP(l), RPR(I) 

Subsequent card(s) for each nuclide: 

where 

NGP(I+l), RPH(I+l), ••• NGP(IMAX), RPR(IMAX), -1 

NLB a the number of this photon library segment 

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

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

NGP(I) • the number of a photon energy group. Eighteen groups are· 
allowed for all segments. The energy group structure is 
given in Table 5.6. 

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

IMAX • the number of NGP(l)/RPH(l) pairs specified must be 
.LE.l8 

B. ~umber of cards per nuclide: One "first card" plus as many 
"subsequent ca~d(s)" as required for those nuclides with non­
zero NGP(I)/RPH(I) data. 

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

D. Terminate reading this photon library segme~t: l~B.LT.O. 

E. Skip reading this photon library segment: Controlled ~ PRO 
command (Sect. 4.19). 

r. Remarks: 

1. Only those NGP(l)/RPR(I) pairs for which RPR(I) is non-zero 
need be specified. 
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!able S. 6. Photon energy group structures for activation 
products, actinides, and fissian products 

Group energy {MeV) 

Lower boundary tipper boundary Average 

c.o 2.00001!-02 1.0000!-02 
4.00 C0!-02 3.0000!-02 2.5000!-02 
~.0000!-02 4.5000!-02 3. 7500!-02 
a.SOC0!-02 7.0000!-02 5.7500!-02 
7.00C0!-02 1.0000?-01 . -· .•. -·· .. 8.5000!-02 
1.0000!-C1 1.5000!-01 1. 2500!-0 1 
1.~0COE-01 3.0000!-01 2.2500!-0 1 
~.0000!-01 11.5000!-01 3. 7500!-01 
11.5000!-01 7.0000!-01 5.7500!-01 
7.00C0!-01 1.00ll0! 00 8.'5000!-0 1 
1.00CO! co 1.5000! 00 1. 2500! 00 
1.5000! 00 2.0000! 00 1.7500!: 00. 
2.0000! 00 2.5000!' 00 2.2500! 00 
2.5000! 00 3.0000~ 00 2.7500'1! 00 
~.oocor. co II. 0000! 00 3. 50 00! oo. 
a.oocor. oo 6.0000! 00 5.0000! 00 
E.OOOO! 00 8.00001" 00 7.0000! 00 
e .COCO'! 00 1.1000'! 01 9.5000! 00 
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6. SPtCIFICA'!IO!i OF INITIAL MA.n:RI.Al. COMPOSITIO!IS, CON'!INUOl!S 
NUCl!D.t FttD RATtS, AND CONTINUOUS n.tMM REMOVAL RATES 

This sec~ion describes the options available to the user relative 

to the specification of tbe initial material ccmpositious, the continuous 

nuclide feed rates, and the continuous element removal (reprocessing) 

rates. !be 1110st often used option by far is the specificaticzl 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 

a.motlllt of a naturally occurring element vbich is present. !be amotmt of 

a naturally occurrin& element is converted to a nuclide-by-nuclide basis 

in~e:rually using the natural isotopic abundances iuput vith the decay 

library (Sect. 5 .l). The IIIIIDtmts of individual nuclides or naturally 

oc:curriug elemeuts 111SY be specified as g-at oilS or g, depending on the 

control characters of the INP ccmmand (Sect. 4.6). 
The continuous nuclide feed rate option (Sect. 6.2) allows the 

user to specify the continuous feed rate of iodividual nuclides or 

naturally occurring elemenu in llllita of &I (time lillie) (basis tmit) 

or g-atoms/ {time unit) (basis uuit). Both the IIIUS units &Del tbe time 

llllita are specified by usiug the INP command (Sect. 4.6). This option 

is useful iD simulating the coutiououa feed of nuclides to a fluid-fual 

reactor (e.g., a MSB&) or to a radioactive vaste tank. 

The continuous element removal option (Sect. 6 .3) allows the Wier 

to specify the continuo\111 re1110val ra~es of elements during irradiation 

in units of frac~ion/l;:l.me unit. ·The time units are specified using the 

INP command (Sect. 4.6). 'Ibis option is most useful vba silauladug the - . . . . -- .. -. . 
continuous reprocessiug vbich VOilld be expected to occur durin& the 

operation of a fluid-fuel reactor auch. as au MSBil. If this option is to 

be used ~o calculate coutiuuoua element taiiiOVal in a aituatiou where 

irradiation is no~ taki:IB place, then a very small neutron flux must 

s~W be specified to allov the continuous element riiiiiOVal option to be 

used. 
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6.1 Specification of Initial Material Composition 

A. Function: Specify initial amcunu of individual nuclides or 

naturally occurring eleme:ts. 

B. Data sequence: 

NEXT, NUCLID(l), tu:OMP(l), ••• NUCLID(IMAX), RCOMP(!MAX) 

where 

NtXl • a control character indicating fQr.which~egment the 

information ia intended and the type of information: 

(i.e., nuclides Qr el101118Dts) 

1 • individual activation product nuclides 

2 • individual actinide uuclides 

3 • individual fissiCQ product nuclides 

4 • naturally occurring activation product elements 

5 • nat~:ally oc:c=ing actini.de elemeJits 

6 • naturally occ:urrlng fission product elemenu 

NllCLID(I) • the siz-d:l.ait id-tif:I.U fer uuclide or elelllellt I 

(see Sect. 2.7) 

RCOMP(I) • 1111101mt of nuclide or element NllCLID(I) initially present. 

'l'he units of liCOMP(I) are specified With the INP opera­

t:l.aD&l cnmm•nd (Sect. 4.6). 

II!AX • ~ I:I.UIIIber of liULCil)(I)/II.CCIMP(I) p.U.rs specified en 

each card IIIWJt be .LE. 4 

c. Terminate card scu: NUCLID(IMAX + 1) • 0 :l.f IKA%.t:r.4 • 

D. Terminate reading initial CCIIIIPOSition: Card With NE%'r • 0 

!. Sld.p reading initial CCIIIIPOS:I.t:I.Dil: Alter ccutrol cbar:acte:s of 

pertinent m cOIIIIIIDd or a card With HErr • 0. 

!'. i.emarks: 

1. If a given nuclide is specified 1110re thaD once for a single w.lue 

of m:rr, all of the liCOMP(l) values for that nuclide em cards 

having that n~ value are added together to form the initial 

lllll<>lmt of that nuclide in a particular segmeut. 
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2. Initial composition cards with different m:rr values may 

occur in any order as long as the NDCl.ID (!) and llCOMP (!) 

values on any given card correspond co the NEXT value on 

chat card. 

6.2 Specifical:ion of Continuous Feed lates 

A. Function: had· feed rates of individual nuc:lides or naturally 

occur:rins elements. 

B. Data sequence: 

NEri, NtJCLID (I) , RRA.l'E (l), • • • NDCUD (!MAX) , UA'l'E (IMAX) 

where 

NEXT • a coutrol character indi~tillg for which segment the 

informatiOil 18 intended and the type of information: 

1 • individual activation product nuclides 

2 • individual actinide auclides 

3 • individual fission procluct nuclides 

4 • naturally occurrillg activation procluct elementa 

s· • naturally occurrillg actinide e.l.ements 

6 • naturally occurring fissiou proctuct elements 

NDCLID(I) • the six-digit nuclide identifier for nuclide or 

element I (sea Sect. 2.7) 
UA'l'E(I) • the feed rate of nuclide or e.l.e111811t NUCI.m(I). The 

units of ltl!Al'E(I) are specified With the DIP c~ 

· {Sect. 4.6). 

IKAX • m·x1- number of NDCLID(I)/UA'l'E(I) pairs specified 

on each card; IMAX llllat be .LE.4 

C. Termill.ate card scan: NDCLID(IM.Il: + l) • 0 1.f lMA%.LT.4 

D. Termill.ate reading coutiuuous feed rates: Card With NE1'l' • 0 

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

pertinent INP cOIII!IIImd or a card with m:rr • 0. 
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F. Remarks: 

l. If the feed rate of a given nuelide is specified more than once 

for a single vaJ.ue of '1'1£1'!, aJ.l of the UA."!E(I) vaJ.ues for that 

nuelide on cards having that particular NEXl' value are added 

together to form the total feed rate for nuel~de NUCLID(I). 

2. Continuous feed rate cuds with different NEXr values uy occur 

in any order as long as the NDC'LID(I) and RBATE(I) values au 

any given card correspond to the NElCl' value on that card. 

~ ..... -··. 

6.3 Specification of Continuous Reprocessing Rates 

A. Fwction: Read continuous element rUit:lval rates during irradiation. 

B. Data sequence: 

Group l (oue card set) 

RlU:M(l), NPROS(l), ••• UEM(M), NPROS(M), ••• 

RlU:M(MIWt) , Nl'ROS (MMAX) 

Group 2 IMMAX card sets (M • l to !!MAX)] 

NZ (M,l), , • • NZ(M,N), • , • NZ[M,NPROS(M)] 

vbere 

UEM(M) • the first-order remaval rna of elements NZ(M,l) through 

NZ[M,Nl'ROS(M)]. The units of l!REM(M) are specified vith 

the INP commau4 (Sect. 4.6). 

NP'B.OS(M) • the nUIIIber of elements 1:1 card sat M of Croup 2; that is, 

the number of elemauta wbich have a continuous removal 

rate equal to UEM(M). 

MMAX • the nUIIIber of tODtiuuous reprocessing rates to 'be reall. 

Also, the number of card sets 1u Croup 2. MMAX is 

specified as JllliP(4) using the INP co111111and (Sect. 4,6). 

NZ(M,N) • the two-disit (e.g., le • 02) atomic number of an 

element vith removal rate UEM(M). 

00082 



 

 Information Only 

78 

C. 'Iermmate card scan: Implicit in input inforutiou. 

D. 'Ierm:!nate reading continuous reprocessing rates: Implicit in :iJiput 

information. 

E. Skip read:iJig continuous reprocessing rates: Alter control character 

of pertinent INP command. 

F. llemarks: 

l. Continuous element removal viJ.l. occur only during irradiation. 

U cout:iJiuous removal is desired in a situation where uo neutrcm 

nux is present, use the Il!F coiiiiii&Dd (Sect. 4.21) with a very 

small flux . 

. --- ·- -. 
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7 , OliGtN2 INl'lll' DECX ORGANIZATION 

Secticms 7.1 through 1.3 deacrn.e 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 

decka that comprise the 01UGEJ2 code, Section 7.2 describes the 

orgmizaticm of the OUGEN2 card data input deck, asslllllin& 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 d~tll_ln.raries are_ 

assumed to be on tape or direct-access-device filea. 

7.1 Source and Object Deck organization 

This section describes the organization of the OBIGEN2 source and 

object card decks. The general form of the OUGEN2 code card deck is 

&i"- in Table 7 .1. 

The recDIIIIIIended mode of operation, which is reflected in Table 7 .1, 

is to place object decks of all ORIGEN2 sW!routines, uc:ept MAIN, on 

either a tape or a direct-access device. During nonual operation of 

ORIGEN2, MAIN vould be recompiled each tillla the code is used and woulcl 

be the onl:y [FO!t:OWI subroutinea] preset in the Table 7.1 input deck 

sc~. MAIN is recompiled to facilitate use of the vartable diloensioning 

option. No {object deck(s)] vould normally be present, and only the 

IliCI.tlD.£ !!EX care and the Oftrlsy cards vould be used. Tbe (OVEIU.AY 

statements] are not required. Tbey do, hovever, considerably reduce 

the size of the final executable IIIDdule. 

A somevbat less c- situation occurs vhen the uer viahes to make 

changes in selected object subroutines that h8ve previously been stored 

Oll tape or a diract-access deuce. In this case, the revised FOBl'R.ll'l 

and/or object subroutines are also included in the card deck in the 

appropriate place, as indicated in Table 7 .1. The sW!routines on cards 

vill automatically be substiruted for those on the tape or direct-access 

device. 00084 
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Table 7.1. Source and object deck organization 

Input deck 

IIFORT.SYSIH DD * 
' (FORTRAN Subroutine(a)J 

I* 

1/LKED,IIEX DD DSH•ORlGEHZ.OIJECT,DlSP•SHR 

IILKED,SYSIH DO * 
(OBJECT Deck(s)) 

INCLUDE IIBX 

(OVERLAY Statements) 

I* 

Comment a 

FORTRAN atep 

MAIN plua FORTRAN aubroutine(a) 
to be aubatituted for similarly 
named subroutines in a previously 
compiled version of OR1GEH2 that 
la atored on a direct-acceaa 
device or tape. 

J.tnk-edit atep 

JCL to call prevtoualy compiled 
veraion of ORIGEH2 from dtrect­
acceaa device or tape; not uaed 
if the entire ORIGEH2 code ia 
present on carda, 

Read OBJECT aubroutine(s) to be 
aubatituted for thoae in the 
previously compiled version of 
ORIGEN2; aubatitute FORTRAN 
subroutines compiled above and 
OBJECT aubroutlnes for those in 
object deck on direct-acceas 
device or tape; read OVERLAY 
statements to arrange subroutines 
in a apace-minimizlns order. 
lf the entire ORIGEN2 code is 
pr .. ent on carda, the INCLUDE IIEX 
card is omitted. 

Section 
where 

described 

2.1 

Hone 

None 

CD. 
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ln the hopefully ~nco~on situation ~here the entire ORIG!N2 code 

is on cards, the //LK!D.HEX •.. and INCLUDE HEX cards are omitted. 

7. 2 ORIGEK2 Input Deck Organization·- Nuclide Data 
libraries on Cards 

The organization of the ORIGIN2 input deck, assuming that the decay, 

cross-section, fission-product yield and photon data libraries are on 

cards, is given in !able 7.2~. A su=ary of the input deck order is as 

follo,s: 

control cards defining input/output units; 

~iscellaneous initialization data changes; 

ORIGEN2 commands; 

decay data library; 

cross-section/fission yield data library; 

photon data library; 

initial nuclide compo~itions 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 !!l of the nuclide data libraries read ~~th 

the liB comoand (Sect. 4.18) must be read on the same input unit. A 

similar statement can be made about the data libraries read ~th 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. 

• 
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Tabll! 7.2. ORIIiENZ Input orqanhatton whr.'1 the libraries ·are on cards 

Input deck 

//GO.FTO~FOOl 00 DUMMY 

//GO.FT06F001 DO SYSOUT~A 

//GO.~T07FDD1 DO DUMMY 

//GO,FTOBFOOl DO SYSOUT•A 

//GO.FT09F001 DO DUMMY 

I /liO.FTIOFOOl DO DUMMY 

//GO,FTllFOOl DO DUMMY 

//GO.FTlZFOOl DO SYSOUT•A 

//liO.FTlJFOOl DO DUMMY 

//GO.FTlSFOOl DO DUMMY 

//GO,FT16F001 on DUMMY 

1/r.O.FTSOFOOl DO OSNsTEMP, 
SPACE•(3200,(50,50),RLSE), 
OISP•(NEW,PASS),OCO•(RECFM•FO, 
lRf.Cl=OO,BLKSIZE=JZOO). 

--··------------ ---
Conmcnts 

Output unit specfflcatfon 

Input compositions on disk or tape 
(Sect. 4.5) 

Prfnt unit for Input listing, 
bibliography, and errors 

Write a ~terlal composition 
(Sect. 4.15) 

Principal print unit 

Decay/cross-section library Input 
from disk or tape; not used In 
this case 

Photon library Input from disk or 
tape; not used In this case 

Alternate print unft 

Print unft for unft 8 table of 
contents 

Print unft for unft 11 table of 
contents 

Oebu9glng Information 

Variable cross-section Information 
1 Tem~orary space for Input read on 
unit 5 · 

Section(s) 
where 

described 

Table 2.3 
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Input deck 

(OVerride default individual 
element fractional recoverlea) 
-1 

(Override default element ·aroup 
fractional recoveries) 
-1 

(OVerride default element aroup 
me•barahip) 
-1 

(ORIG!N2 eommanda) 

(Activation product decay date 
library) 
-1 

(Actinide decay data library) 
-1 

(Fiaelon product date library! 
-1 

Table 7.2 (continued) 

Co.menta 

Hiecellaneoue initialization data 

Data need not be present; -1 required 

Data need not be present; -1 required 

Data need not be present; -1 required 

ORIG!N2 commands 

Only comaanda up to and including 
the first STP command (Sect, 4.29) 
or the end command are preaen~ here. 

Decay data library 

Some of these librariea (incluatna 
their associated -1) may not be 
preaent,depandlns on the parameters 
of the LIB command (Sect. 4,18). 

Section(a) 
where 

deecrJbed 

3.4 

3.5 

3.6 

4 

4.18, 5.1 
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Input deck 

(Activation product· croaa-aection 
data library) ' 
-1 

(Actinide croaa-aaction data 
llbury) 
-1 

(Piaaion product croaa-aection 
data library) 
-1 

(Activation product photon data 
library) 
-1 

(Actinide photon data library) 
-1 

(Fission product photon date 
Ub~ary) 
-1 

Table 7.2 (continued) 

Co.-nta 

Croaa-aactlon data ltbra~iea 

Soma of these libra~iea (including 
their aaaoclated -1) may not be 
preaent,depanding on the panmete~a 
of the LIB command (Sect. 4.18). 

Photon data libraries 

Sa.e or all of these libraries aay 
not be preaen~ depending on the 
parameters of the PHO comnand . 
(Sect. 4.19) and whether it ia present. 

Section(a) 
whe~e 

described 

4.18, 5.2 

lo.19, 5.5 
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Input deck 

(Initial nuclide or ele.ent .. aa) 
0 

(Continuous nuclide or ele.ent 
feed rates) 
0 

(Continuous eleaent reaoval ratee) 

( Beatn input with aiacellaneoua 
data above) 

(Beato input with ORICEN2 
co111111ande above) 

(Beato input with decay data 
llbradea) 

//GO.FTOlFOOl DD * 

Table 7.2 (continued) 

Connoente 

Coapoeition, feed rates, 
and removal rates 

Branch or atop 

If (NSTP.EQ.l), reed nev alacellen­
eoua input data, read new OR1CEN2 
co..anda, and execute new comnanda. 

lf (NSTP .IQ. 2), read nev OR1CEN2· 
conaanda and execute. · : 

• I 
If (NSTP.EQ.l), execute extattna; 
ORIGEN2 command• aaatn. 

If (NSTP.EQ.4) or no STP command Ia 
used, teralnate execution. 

Sectton(a) 
where 

described 

4.6, 6.1 

4.6, 6.2 

4.6, 6.1 
co 
Ul 



 

 Information Only 

0 
0 

f6 ..... 

'" II 

.Input deck 

(Activation product de~ay data) 

(Actinide decay datal 

(PiaaioQ product decay data) 

(Activation product croaa-aectlon 
datal 

(Actinide croaa-aectlon data) 

(Fiaalon product croaa-aectlon 
datal 

(Non-at•ndard, flux-dependent 
reactlona) 

Table 7.2 (continued) 

Co1111111!nta 

Substitute data 

Some or all of these data may not 
be preaent,dependlng on the 
para .. tera of the LIB command 
(Sect. 4.18). If the llbrarlea 
are on card a, theae aubatitutea 
can be .. nually placed tn the 
appropriate library, elJmlnating 
the need for tl11a aectlon. 

Non-atandard reactions 

Hay not be preaen~dependlng on 
para.etara of the ~tB command 
(Sect. 4.18) 

Sectlon(a) 
where 

described 

4.18, 4. 20 

4.18, 5.4 

.., 
"' 
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7.3 OR!G!~2 Input ·Deck Organization- Nuclide Data Libraries 
on •ape or a Direc~-Access De~ice 

The organization of the ORIG!N2 input deck,.assuming t~at the decay, 

cross-section, fission product yield, and photon libraries are on tape 

or a direct-access device, is given in !able 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 co~ands; 

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 !1! of the nuclide data 

libraries read ~ith the LIB·comQand (Sect. 4.18) must be read on the 

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

read ~ith the PHO co~and, although the units defined by the LIB and PHO 

co~ands (Sect. ~-19) may be different. The substitute data cards must 

be read on a different unit from that used by the LIB data libr~ries. 

0009Z 
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• Table 7,3. ORIGEN2 Input organh'ltlon whP.n the l.ihr,1ries are on a direct-access dl!vice 

Input declt 

//GO.FTO~FOOI 00 DUMMY 

//GO.FT06FOOI 00 SYSOUT•A 

//GO.~T07FOOl DO DUMMY 

//GO.FT08F001 DO STSOUT•A 

//GO.FTllFOOl DO DUMMY 

//GO.FTl2FOOl 00 SYSOUT•A 

//GO.FTlJFOOl DO DUMMY 

//GO.FTI5F001 DO DUHMY 

//GO.FT16FOOI 00 DUMMY 

//GO.FT50FOOI DD DSN•TEMP, 
SPACE•(J200,(50,50),RlSE), 
OISP=(NEW,PASS),OCB•(RECFM=FD, 
lRECl=80,0lKSIZE•3200) 

//GO.FT09FOOl DD OSN=ORIGENZ.OECAY, 
OISP=SIIR 

Comments 

Output unit specHicatlnn 

Input comnnsltlons on disk or tape 
(Sect. 4.5) 

Print unit for Input listing, 
bibliography, and errors 

Write a material composition 
(Sect. 4.15) 

Principal print unit 

Alternate print unit 

Print unft for unft 8 table of 
contents 

Print unit for unit 11 table of 
contents 

Debugging Information 

Variable cross-section Information 

Temporary space ·ror Input read on 
unit 5 

Decay data library 
1Actlvatfon product, actinide 
and fission product decay 
libraries In one file 

Sectfon(s) 
where 

described 

Table 2.3 

• 

4.Ui, 5.1 
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II DD DSH•ORIGEHZ.XSEC,DISP•SHR 

//GO.nlOFOOl DD DSH•ORIGBHZ.PIIOTOH, 
DISP•SIIR 

//CO.n05FOOl DD * 

(OVerride default individual 
fractional recovertea) 
-1 

(Override default element &roup 
fnct tonal recovedea) 
-1 

(Override default element sroup 
me'""erahfp) 
-1 

Table 7.3 (continued) 

Co111111enta 

Croaa-aectlon data library 

Activation product, actinide, and 
fiaalon product croaa-aection 
libraries in one file 

Photon data library 

Activation product, actinide, and 
flaalon product photon data in 
one fUe 

Hiacallaneoua initlalbation data 

Data need not be present; -1 
required 

Data need not be present; -1 1 

required 

Data need not be present; -1 
required 

Sectlon(a) 
vhere 

described 

4.18, 5.2 

4.19, 5.5 

3.4 

l.5 

1.6 

... 
"' 
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Table 7.1 (continued) 

Input deck 

1 

(ORIGENZ co..ands1 

(Initial nuclide ~r ele.ant .. aa) 
0 

(Continuous nuclide or element feed 
rates) 
0 

(Contlnuoua element removal rates) 

(Resin input with alscellaneous 
input data above) 

(Resin input with ORlGENZ commands 
above) 

(Beain input with decay data 
libraries) 

I* 
//GO.PTOJFOOl DD * 

Comments 

ORIGEN2 commands 

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

Co.poaition, feed rates, 
and reaoval rates 

Branch or atop 

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

1f (NSTP.EQ.2), read new ORIGEN2 
coamanda and execute. 

If (NSTP.EQ.J), execute exiatins 
ORIGENZ commands again. 

If (NSTP.EQ.4) or no STP comnand fa 
used, terminate execution. 

Sectlon(s) 
where 

described 

4.0 

4.6, 6.1 

4.6, 6.2 

4.6, 6.3 

4.29 

"' 0 
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Table 7.3 (continued) 

Input deck 

(Activation product decay data) 

(A~tinlde decay data) 

( Flaalon product decay data) 

(Activation product croaa-aectton 
data) 

·(Actinide croaa-aectlon data) 

(Piaaton product croaa-aectton 
data) 

I* 
II 

(Non-standard, flux-dependent 
reacttona) 

COIIIIIIenta 

Subatltute data 

So•e or all of these data .,.y.not 
be preaent,dependtng on the 
.parameters of the LIB command 
(Sect. 4.18). 

Non-atandard reactlona 

Hay not be preaent,dependlng on 
parameters of the LIB command, 
(Sect. 4.18) ' 

Sectlon(a) 
vhere 

described 

4.18, 4.20 

4.18, 5.4 

... .. 
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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 vith the fuel, reprocesses the fuel, 

and then decays the high-level and cladding vastes. Other instructions 

that do not meaningfully contribute to the calculation have been included 

for demonstration purposes. 

Section 8.1 describes the 0RIGEN2 input deck that is listed in 

Appendix A. Section 8.2 contains a generic description of ORIGEN2 output, 

vhich is necessary because of the apparent difficulty many users experience 

vhen t'rying to read ORIGEN2 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 fer the first fev 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 

follcv, specific cards in the input deck vill be referred to by the 

card number given in the left-hand column in Table A.l. 

Cards 1 through 5 call for the cataloged procedure in which ~ 

FORTRAN program is compiled (optimizing compiler), link-edited, and 

executed. Cards 6 through 89 constitute "MAIN ... (see Sect. 2.1); thev 

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 shovn 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 l'able A.l. 
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Following MAIN on cards 90 through 105 is a series of job control 

cards for OR1GEN2. 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 ORIGEN2 

from encountering an end-of-file when it begins to read the cross-section 

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

enated (i.e., the cross-section data set is given as GO.FT09F002 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 fo~ which substitute data are to be provided. The first LPU 

command is associated with the first negative library identifier on the 

LIB command Kcard 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. !he 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 materia~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 

ORIGEN2 at a later date. Card 195 temporarily halts the reading of the 

ORIGEN2 commands and begins execution of those already read. The "2" 

in the STP command indicates that when execution of the preceding 

commands is complete, new commands, but not new miscellaneous initiali­

zation data, are to be read. Cards 196 through 226 define the input 

material compositions read by the INP commands on cards 134. through 

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

the zeroes (first character 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/fiss-ion product yield, and photon libraries. No additional job 

control cards are required because the units are rewound after the 

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

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

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

265 and 266 through 288 constitute the decay and output of the high-level 
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waste and cladcling 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 ORIGEN2 Output 

Previous experience has shown that many people have difficulty in 

reading ORIGEN output and, because of the greater number of output 

units and table types, even greater difficulty vith ORIG~~2 output. 

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

the generally massive amount of output produced by ORIGEN2. 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. 

OR1GEN2 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 0RIGEN2 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 (l) 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), 
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!able 8.1. Overall orsanization of ORIGEN2 output 

Description of output 

card input echo 

Kiacellaneous input 

Fission neutron yield per neutron-induced 
fission 

(alpha,n) neutron production rate 
F1aaiDn neutron yield per spontaneous 

fisaion 
Individual-element fractional reprocessin& 

recove rie:• 
Element-group fractional reprocessing 

recoveries 
Assignment of elements to fractinnal 

recovery groups 
Elemental chemical toxicities 

Listing of ORIGEN2 commands 

Data libraries 

Decay 
Activation product sesment 
Actinide oeamant 
F1s•iaa produc~ aegment 

Croa1 aect»o 
AA:tivotion product oepenc 
Actinide aegment 
Fisaion product se,..nt 

Photoa. 
AA:t:l:vation produce aepenc 
Actinide sesment 
n .. ion prOduct sepent 

OUtput lb 

OUtput 2b 

output Nb 

!able of concenta 

Variable crosa-sect1on information 

Debunins and other intal"'lal 1oformat1on 

6 

6 

6 

6 

6 

6 

6 

12 
16 
15 

Section where 
described 

8.2 

3 

4 

5 

8.2.1 

8.2.1 

1.2.1 

8.2 

8.2 
8.2 

a Asaumin& that the unit aaaizuments Biven in !able 2.3 are used. 
b See !able 8,2 for a description of the organizaiion of each output 
arouping. 

Nota: lf an S!P command (see Sect. 4.24) is uaacl, the output after 
"output N" 1o the above tabla will besin with Biscellaneoua input 
(NSTP•l), 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, 

24 0Pu, etc.) that do not have a direct fission product yield. 

Ihe debugging and other internal information that is printed on 

unit 15 is generally most useful in monitoring the. progress of the calcu­

lation. Ihe 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). 

Ihe 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 ll will 

be the Output N information, and unit 13 will be the table of contents 

for unit ll. 

Finally, there is one type of ORIGEN2 output which, although 

rarely generated, can be very useful for some debugging purposes. 

Ibis output is a listing of the. ''matrix" of reac·tion rates .that are the 

parameters in the differential equations being solved by ORIGEN2 and 

that connect each isotope with its parents and progeny. This output, 

controlled by the LIB command (Sect. 4.17), would require roughly 75 

pages for an ORIGEN2 calculation that includes all nuclides. 
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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~ 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. In 

addition, the information related to the size. of the ORIGEN2 case (see 

Tables 2.1 and 2.2) is summarized here. The out.put 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 aa mass 

(grams), radioactivity (curies), thermal. power (watts), or neutron 

·absorption rate (neutrons/see). 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 a~e 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 

pr~ted. 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 

00104 



 

 Information Only 

100 

Table 8.2. Organization of an output grouping 

Reactivity and burnup data 

Activation product segment 

Table type la 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Table type 2a 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Table type 24 a 

Nuclide aggregation 
Element aggregation 
Summary isotope· aggregatfon 
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 fission 

Photon production rates 

Activation product segment 
Summation tables 
Principal contributor tables 

Act :lnide segment 
[same aggregations as for activation products) 

Fission product segment 
[same aggregations as for activation products] 

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

Note: An "output grouping" results from the execution of a single 
OUT command (see Sect. 4.5). 
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CUT command (Sect. 4.9). lt 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 

vill 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 

straightforvard. 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 prod.uction rates from 

spontaneo~s 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 

principal contributor tables. 

output consists of summation tables and 

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-1 sec-1 The principal contributor tables list the photon 

production rates for each nuclide that contributes more than a specified 

frac.tion (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: 

l. 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-2 sec- 1), 

the calculation of which depends on the BUP command 

(Sect. 4 .14); 

3. the aggregation (e.g., nuclide tabl~. element summary 

table, etc.) and table type (i.e., radioactivity, 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 BED 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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1.1UI 02 '·"'' u 1.161102 1.1611 02 '·"" 12 1.161102 1.1611021,.1611 ftl 1.161102 

6. uu oo 1.1211 •• •.1211 oo '· 1211 oo '· .,.,. eo '· un oo 6. un oo '· 1211 oo '· un oo 

111.1111 oo '· 1121 oo •· tUI oo •· 1121 oo '· 1121 oo •.1121 oo 1.1121 oo '· 1121 oo 1111.1121 oa 

Fig. 8.1. Typical ORIGEN2 output pa~. 

Ja. n too. u t. "' 
2.9711 Of 2~tlll 00 Z.9111 00 
5.900!-0l 5.9001-03 5.9001-0l 
o.a o.o o.o 
o.o o.o o.o 
t.J211-0S t~l26t-O~ 1.326!·05 
1.1681·01 1.16111-01 1.1681·01 
o.o o.o o.o 
.. ... 91-0i •• 81119!·06 .... 119!·06 
2 .. 6921!-02 2.692!-02 2.6921-02 
o.o o.o o.o 
o.o o .. o o.o 
2.851~-·- 2.851!-0t 2.1511-01111 
t.755t-n 9 .. tnt-Ol 6.•oe'l-Ol 
o.o o.o o.o 
1.9111•06 1.9,11-06 2.il'SJB-06 
1.tou-o1 1.tou-01 1.ton:-ot 
o.o o.o o.o 
1.9151 .. ).965! .. J.965r. 01 
•.UI!•Ot t.9lll-01 •.9111-Dt 
5.6001-0]1 1.1?5!-06 o.o 
o. 0 o.o o.o 
o.o o.o o.o 
•.H6t 01 •.n61 01 1.1161 01 
1 .. 9521! ... 81 1.9521-01 t.9S2!-0I 
D.O o.O O.lt 
2.l9tl 02 ).19'1 02 2.1911 02 
1.1l2!-01 1. 1ll!•Ot 1. U21-01 
6.'291-ot 1.1291-01 6.4291-01 
o.o o.o o.o 
\.3501-0) 5.150!-0l 5.3501-0J 
o.o a.o o.o 
t.llS!-07 1.1751!-01 l.llS!!-07 
1.1821-10 8.1821•10 1.1121-10 
1.511111-0t I.SUt-09 1.5111-09 
0.0 o.o o.o 
o.o o.o 0.0 
l.t8U:•OJ 7 ... U-0] 1.U41!·0l 
D~D 0 .. 0 0.0 
o.o o.o o.o 
o. 0 o.o o.o 
1.1291-01111 1.]29!-0t 1.1291·0· 
1.6tii-Ot 1.1161-0• 1.6161·0• 

1. "'•·•• '·" 61-o• 1. •ua-o• 
0.0 o.o o .. o 
o.o o.o o.o 
1.2ltl 01 •• '2181: 01 t.2lll 01 
o.o o.o 0.0 
o.o o.o 0.0 
o.o o.o o.o 
1.1411 02 1.1611 02 1 .. 1611! 02 
6.1211 DO 6.1211 00 1.1211 00 
•• 1121! 00 11.182! DO •• 1121 00 

.... 
0 .., 
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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, 

consists of various table types (e.g., watts, grams, etc.) for each of 

the nuclide segments (activation products, actinides, and fission products), 

neutron production tables, and photon production tables. 

The sample reactivity and burnup information is given in Appendix B.l, 

Table B.l. 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 nuclide.s 

that have a given number of associated nuclear reactions [i.e., MMAX(3) 

means that a nuclide bas three reactions]. The information below the MMAX 

data indicates the si:e of the problem executed. This information is 

needed to variably dimension ORIGEN2. 

Samples of the table types that are output for each of the nuclide 

segments are given in Appendix B.2, Tables B.2 through B.S. Because of 

the length of the output, only the activation product radioactivity table 

is included. Table B.2 is the activation product nuclide radioactivity 

table for the long-term decay of the cladding vaste. This table con­

tains the curies of the radioactive .nuclides in the cladding associated 

vith l metric ton of initial heavy metal as a functi~n of decay time. 

This table is quite long because each of the 684 nuclides is listed, 

00:!..09 
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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 

mose significant nuclides contained in Table B.2. are listed. Finally, 

Table B.S 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.S 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 

time in units of MeV (of gamma power) sec-1 [watt {of reactor power)]-l. 

Totals are given in units of MeV sec-1 watt-1 and (gamma) watts. All of 

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

00!.10 
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8.3.2 ORIGEN2 output on units 12 and 13 

ORIGEN2 outputs the tables of content for units 6 and ll on units 

12 and 13 respectively. These tables of content are given in Table C.l 

(unit 12) and C.2 (unit 13). The hierarchical nature of the ORIGEN2 

output is evident in these tables of content, particularly Table C.l. It 

is hoped that the use of this output by 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 

the weighting factors used 

bum up 

in the 

during the next irradiation step and 

cross-section interpolation. 

of information 

Then, a 

for each small table is output containing several pieces 

nuclide with a variable cross section. The pieces of information in this 

table are as follows: 

1. 

2. 

3. 

NUCLID: Six-digit nuclide identifier. 

XSEC TYPE: Type of cross section; 1 • (n,gamma), 2 • (n,gamma) 

to an excited state of the daughter, 4 • (n, fission) • 

TOCAP(I), 1•: I is the location of the cross section in !-rray 

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: 

tions of the fission 

Number of the array 

product yields that 

when fission cross sections are varied. 

001.:11. 

containing the loca­

have to be adjusted 

ld:"l 
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6. FISS(J): Location of the fission cross section in array FISS, 

which contains all fission cross sections. 

7. A(N): Value of A(N) for theN in item 4 above; not meaningful 

for fission cross sections. 

8. TOCAP(I): Value of TOCAP(I) for the I. in item 3 above. 

9. A(N) FP YIELD: Value of A(N) for a single, arbitrarily chosen 

fission product yield; not meaningful if item S equals zero. 

10. FISS(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 suppresaed. TwO aequentia~variable cross-section. 

output segments are given in Appendix_D so that the movement of the 

old and new croas 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 

number 

feature, it 

of commands 

should be noted that, for 

of ~· particular type, the 

the purposes 

IRP, IRF, of counting the 

and DEC commands are all counted as IRF commands. This means that there 

will always be a total of zero IRP.~d DEC instructions. 

The second function of the output on unit 15 is to provide selected 

internal information calculated by ORlGEN2. This type of information 

is printed for the following commands: IRP, IRF, KEQ, and FAC. The 

significance of the printed information is discussed below. 

I :1, 
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The information printed for both the IRP and lRF commands is basically 

the same. Most of the .parameters printed are intermediate values used in 

SUBROUTINE FLUXO to calculate the flux when the power is given, or vice 

versa. These values will not be described in detail, but the nomenclature 

in the unit 15 output is the same as that in FLUXO, so that the interested 

user can readily perform the flux/power calculation with a hand calculator 

if required. The parameters printed on unit 15 that may be of more general 

interest are as follows: 

TSEC: absolute time at the end of the current irradiation step, sec 

DELI: duration of the current irradiation step, sec 

EPFl, EPF2, EPF3: recoverable energy per fission associated with 

the zero, first, and second time derivatives 

used in the flux/power calculation, MeV/fission 

EPFAVG: average, recoverable energy per fission for this time 

step, MeV/fission 

FLUX: calculated or specified flux for the irradiation step, 

neutrons sec-1 cm-2 

POWER: calculated or specified power for the irradiation step, 

MW per basis unit 

This type of information can be useful as input to auxiliary hand calcula­

tions or in finding errors in some situations. 

The internal information printed for the KEQ command (command number 

52 in Appendix E) is related to the calculated neutron production and 

destruction rates, the infinite multiplication factors, and fraction of 

the allocated material that is included in the final mixture. The 

parameters are defined as follows: 

NPROA, NPROB, NPROC: relative neutron production rates of vectors 

NKEQ(l), NKEQ(2), and NKEQ(3) respectively 

(see Sect. 4.10) 

NDESA, NDESB, NDESC: relative neutron destruction rates of vectors 

NKEQ(l), NKEQ(2), and NKEQ(3) respectively 

IMFA, IMFB, IMFC: infinite multiplication factors {= NPROn/NDESn) 

of vectors NKEQ(l), NKEQ(2), and NKEQ(3) 

respectively 
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The neutron production and destruction rates are relative because they 

have not been multiplied by the. neutron flux. 

The internal information printed for the FAC command is relatively 

simple compared vith that for the irradiation and KEQ commands. Tbe FAC 

output info~tion on unit 15 consists of the value of NFAC(l) on the 

FAC instruction and the value of FACTOR[NFAC(l)) (see Sect. 4.4). 

The third function of unit 15 is to provide a mechanism for printing 

internal ORIGEN2 error messages. There are three general types of error 

messages contained in ORIGEN2. The first is related to the size of the 

problem being specified. If the specification requires arrays that exceed 

the size of those arrays actually present, an error message will be output 

indicating the dimension exceeded. 

The second type of message is similar to the first, except it is 

the individual command count that is checked. That is, if the number of 

a particular command actually used exceeds the allowable number, as given 

in Sect. 4, an error message will be printed. Neither of these two erro:­

types will stop program execution. 

The third type of error is printed when the command key word defining 

the type of command does not match one of the 30 key words contained 

internally in ORIGEN2. In this case, a message will be printed and 

program execution will be. terminated. 

8.3.5 ORIGEN2 output on uni~ 7 

A listing of the sample ORIGEN2 output written by unit 7 i~ given 

in Appendix F. This output is generated by the PCH commands in the 

sample problem listed in Appendix A. The format of the output written 

en unit 7 is the same as the ORIGEN2 input format for specifying material 

compositions (see Sect. 6). Note that the compositions of four different 

materials are listed in Appendix. F (viz., fresh uranium oxide fuel, spent 

uranium oxide fuel, fresh cladding, and irradiated cladding). Only the 

non-zero masses (in g-atcms) are output. The PCH command also outputs 

00114 
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the average burnup, flux, and power associated with each material on 

the termination card for each material. These values are required 

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

ignored if the compositions are read on unit 5 (see Sect. 4.6). 
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APPENDIX A: SA.~LE ORIGEN2 INPUT DECK LISTING 

Appendix A .1: Se.mple OlliG:Di'2 lDpUt Deck 

001.j_6 

lJ~ 



 

 Information Only 

118 

Table A.l. Sample ORIGEN2 1nput deck 

1 II EXEC 10!7QCL1,PAI!.PC!T='X!EP•, 
2 II I!GIOI.POBT•QOO~, 
3 // !A!~~L~!D~ 1 0YLt,LIST,~lP', 
I II i&!!.G0• 1 !0•-1,DUKP•I', 
S II ~!GIOJ.G0•600~ 
6 IIPO!T.Sts II DD • , c 
8 C Cl S'! 1 
9 c 

elSE 1 

10 tOGI Cll. LO~G 

CIS! ClS! 1 CASE 1 CIS! 1. CAS!! 1 

,, 
12 
13 ,. 

Il't! G!J•2 LOCl, !10 10, It'D, LOC ,liG?, ~G'I', RG!l,. ~ti'E tD, tl'lnP • IJ~,. !I~ lX,.IC 1!,. 
stoCP,IlOD!P 

DODBL! P!!C!S!OI CIBK,CSU! 

15 
16 
17 
18 

UUJSIO! U!!J( 13,16761,CO~PP( 7,16761,1PROD( 7,16761, 
$JBlX(1676),KlP(1676) 

DIIP-IS!OI STTPPB( 10,10),l:S!OTI( 10,0!1,IS( 101 0 8STOT%( 10) 
DI!!JSIOJ l (65 001 ,I.OCl (65001 ,IPDDPP ( UD, !) 
DI!!ISIOB DB( l1,!B( ll,PI( l1 

1• DI!IEKSIO! YI!LD(33001,B!l?.l.!l( 8~01,!~DLY( l 0 31 
20 DI!EJSIOI lLUI( 1J2),RDCl!r( 132),RDCSPO( 1321 0 !!( 1!2},!t( 132), 
21 S!PSP I 132), Pll ( 132) 
22 CO!!OJ /JOMV!!!, !DB (1) ,It IT!, IlCT, Il'P ,ITOT ,ItBn ,tlBU, UBU, 
23 ·SIUU, I ZUX, Ul, Q IN, PLOX, POW! I, !IDEX ,'r:I:"PBlV (ll , IPB!ll 
2• CO!!OI l!li!031JSIP,lK~UL,lJ!XP,NlB!1X, ICI!&I,IlP!II,IP!BlX 
25 C 1766 OOfiOS ABE ~!C!SSlU II /'IODSC!/ BEGI"UUG OITH S 
26 ~ /KODSCII IS OS!D ~OR !OLTIPLE POIPOSES. 
2"' CO!!t)J /IODSC!IDD31 ( 7,16761,,U!2 I 6,1676) ,S(21oCiftl(16761, 
2~ f CSD~ (1676) , JOJP (1676), JO (16 ?6), XP (16"76) , Xl'lll (16"76), XT!!l'(16 "76), 
2~ $ D(1676),lP(3500),l.OCP(3500),LO~G(1676) 
30 COBB OJ /B!GI~UCL ( 1676) ,Q (16761 • p~ (OOO•J. TCX:lP (H"76) ,G!U"!ll I 132). 
31 SlLPBII( 132),SPOif( 132),Sl"JU( 1321oPISS( 1321 0 !UCIB(1676), 
32 Sl!PC ( 16761 , UPC (1 E761 ,XSTO!E ( 10,16761 , DIS (16"761 ,I (1676), 
33 1110111 ( 1501 , JOIO ( 16"76), KD (16"761, LOC (6500), IG~ (16761 ,JGI(16761 , 
3• UG! (7900),G~! ("7900) 
35 C DR,!!, liD PB !IOliD! l COIY!IIEIT S!CBAIISB FOB l~ITiltiZIIG Ylltletz 
36 C !Ot'UPUU 11Rlt !Blltl. 

!~OIULIIC'! (DI (1 ), !~Dtl (1,111, (!I (1),1BIII.Y (1,211, 
s 11'! 111, notY 11, 3) 1 
roonu.ncz con 1 11, 11, CO!rr (1,1)), coua2 11,11 ,!!!OD (1,11 1, 

•o . , $ (JOn ( 1) ,sen: ( 1)) , (KAP (1), IQ (111 , (IJ"!:W (1,1) ,00!1 (1,1)) 
!QDIYlL!ICZ (XP (11,lLPBJ ,, II. (lLPRI I 132J,IUCll 1111 • (JDCkl ( 132) • 

•2 SIOCSPli(11J,(!OCSPO( 132J,n(11),(11Y( 1321,:rt(11lo(!Y( 132), 
• • SJPSP (1) ) , (PPSP ( 132), YIELD (111. (!I !til (33001 , UI!LD ( 111 
•• Cltt Q105P (6) 
45 C IIITilLIZE PlGE COO.!!! 
&6 IUGI•l!lG! (01 
17 U• 10 
u !I• 13 
a9 tea "7 
50 U.Bll• 700 
51 Illll• 132 
52 IP!lfa ~~0 
53 I'f!l I• 1676 
S• IZBlX• 6500 
55 IPR!li•7900 
56 IlP!l%•3500 
5"! IU~li•l3'10 
sa alB~li• •so 
59 ICI~li• 3 
6~ no- 88o 
61 UJa • 
62 C W'!U'UCIS P!B I!UTBOI-IIDDC!D YISSIOI: O•TB!IIIlt SP!:CTIDft; 1•llST SP!CT!DS 

)0l.:t7 

t:;J 
L. 
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Table A.l (continued) 

63 IUI'•1 
6• 1!71'•0 
6S <: CALL SUBBOO'l:IN! TO !!10 CUD I!PO'r PRO~ UWrr 5, PRI'I'I: IT 0~ ni'l' 6, liD 
66 C VI!I'l'! U OM OJI't SO. 011'1' SO IS TH~I !!IIODID AJD OIIGU2 !!:ADS THE DA'l'l 
~7 C FlO! QJ!'f 50. 
~a CUt L:Z:S'tiT(5,6,50l 
~~ R!VIID 50 
70 C !1!11 BAIDL!S 'tft! !ISCELLlN!ODS IRITTlLIZl"riOI Dl'l'l 
~1 1 ClLL BIII1(!YT?,Sf!O,ILPHJ,ROCAI,RDCS?D,IY,JJ,II!OL,&R!IP) 
•2 r. ~l:Z:R2 R!IDS TB! OPIG!I2 COftftliOS 
"13 2 ClLL U!K2(RS'l'P) 
,, C ~liiJ !liCD~ES T!! OIIG£12 CO~!liDS 
75 l CALL !III]( 
76 t tOJG,STTP?I,ISTOti,IS,!S'l'O'ti, Lt, !t, LC,IPD, 
~~ SIDCkB,JO~O,kD,~OC,JGr,WGI,IGl,JTI!t»,WOJI,IQ,~OCP,!ftii,ElP, 

78 StOCl,rPDDf'P, CUI,CSD!, s, 
7° SIOCL,Q,?G,~OClP,G!,JEO,lLPIAI,SPOil,Sf.O,?ISS,lftPC,IBPC,ISTOW%, 

80 S'DIS., ! ,GGI, YY!L D, 1 , IP, I.P\lt., Z:~!fiP • D, l?" C:l'!?f, lfRBOD, 111!!:11, 
-.1 S lLPHJ, JOC\1, !IOCSPU,IY, tt,P?S? • Pfl,lBUWD, !IUJLV .,I.lftJ 
~2 C TBIS •GO '1'0" ?ROT!D!S 'l'B! !!CBIJIS! POl !IECaTING !OL'l'IPL! P!OILE,S W:Z:'l'RI! 
83 C l StJGLZ JOB. 
8• CO TO (1,l,J,I),WSTP 
~~ I CCM'l'IIO! 
!6 CALL Q 1 05? (6) 
87 STOP 100 
e~ no 
89 I* 
OQ //LK!D.S~EPLTB DD DSI•S1S1.VSPGI,DISP•SR8 
91 //LK!D.fl!I DD DSI•CB!S'l'!CB.AGC10198.02DBJ,DISP.SRB 
o: // DD DISP.SB!,DSN•CB!!T!CB.Q105P.DDft3TD 
03 //Lt!D.SlSTI DD DtSP•SBS,~SI•C!!BT!CB.lGC11198.~20VLY 
9• //I;O.U07F001 DO STSOOT•B, DC I• (B!Cn•PB, LIECt•SO, 8LII:STZB•l520l 
95 /IGO.PT09P001 DD DSI•CBll'l'!CB.lCC11198.D!ClY,DISP•SRB 
0 6 // DD DS8•CB!IT!CB.lGC1Q198.IPIIO,DISP•SBB 
97 //~O.fT10P001 DO DSV•CBtiT!CR.ICC1119e.PRO'l'OJ,OISP.SBB 
98 //'W.P'l'11?001 OD SISOOT•A,DC8•(1ZCFB•YBA,LI!CL•1l7,BLESU!•1100) 
9~ //CO.PT121'001 DD SJSODT•I,DCB•(IECPI•fBl,tB!CL•137,BLKSIZE-1100) 

100 //CO.PT13Y001 DD SYSOOT•l,DCB-(IEC?B•VBl,tiZCL•1~7,BLKSIZ!•1100) 
101 1/'lO. !t15P001 DD SYSOUT•l,DCB• (BECP!•f!l,L!!CL•13~, BL!Sl%!•1100) 
102 //GO. PT16P 001 DD SYSOUT•l,DC'!• (I!CPft•YBl, LUCL;,.137,SLI:S'tZZ.1100) 
103 //~D.•t50P001 DD DSI·~~lGC,OII~SJSDl, 
101 II DC!• (I!CU•n, LI!Ct•SO, BLUI%!•32001, SPICE• (3200, (50 ,50) ,BLS!) 
lOS 1/Cfl. •t5 11001 n SfSOOT•l,IIC~• (91CF!•V8l ,Ll'.ZCI.•137, BJ.KSI%!•1100) 
106 //GO.ft05F001 DO • 
107 92 1 0.99 
10~ ~· 1 0.99. 
109 _, 
11ft 510.1 
111 -1 
112 2 15 
113 _, 
11• 815 
115 IDI 
116 IDI 
11' IDI 

0111 IE'l'!IC ~01 OP PIJD PD!t 
-1 • P~!SB D !U!L VITI IBPURI'fl!S (1 ~~ 
-2 • PI!SI II!ClLOY COIPOSI'l'IOI (1 ~GI 
-3 • PIZSB 55 JO• COBPOSI!IOI (1 KG) 
-a • PI!SB SS 302 COIPOSI!IOI (1 ~~ 
-5 • PI!SB IICOI!L COIPOSI'l'IDI (1 IG) 
-6 • PlESS IIC!OIUU CO!POSI'l'lOI (1 KG) 

118 IDI 
119 IU 
120 IDI 
121 IDl 
122 KDA 
123 COT 
121 I.If 
125 I.PU 
126 tPO 
12~ I.PU 
128 tPO 

IIIIIVG: •tctOIS 1!1 OPT!I CBlJGE» TITB 
TBZ~! CBliGES WILL I! IOT!D 01 

B~SP!CT TO TB!II COI'l'!IT. 
BPI CUDS. 

5 0.01 -1 
1 1 1 
380900 5513~0 _, 
010030 0601•0 -1 
902320 -1 
380900 -1 

lDB 

oo:u_s 

:'3" '- : 
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129 L!! 
130 PftC 
1~ 1 OPTL 
132 Tn 
133 l!Dl 
n• rn 
135 ~Dl 
13~ IWP 
1l7 !Dl 
138 UP 
139 !Dl 
110 rn 
U1 IDl 
142 IltP 
113 TIT 
11G ~o• 
115 H!ll 
116 lOP 
,., IPP 
US !liP 
UCJ UP 
150 . It!P 
151 IIP 
152 rn 
153 IIP 
151 IJP 
155 IPP 
156 IRP 
157 YIP 
158 lOP 
15~ OP'U 
160 OP'U 
1t 1 OPTP 
162 OUT 
163 RDl 
161 so• 
1E! !DI 
166 Jtii!Q 
167 PIC 
169 P'Jl 
1t9 Tit 
170 KOf 
1"'1 lDD 
172 lDD 
173 lDD 
1n II!D 
1'5 !l!P 
176 Ill 
177 nr 
178 Ill! 
179 IU 
1110 IIP 
181 Ill 
1U ur 
1R3 nr 
11• nr 
185 nr 
186 OUT 
187 !Dl 
188 !Dl 
189 !Of 
190 !Of 
191 PCB 
192 PCB 
193 PCB 
191 PCB 

120 

Table A.l (continued) 

0 1 2 -3 -20. -205 -206 9 3 -2 1 1 
101 102 103 10 

_, 24*8 
IIIIIlL COKPOSITIOIS OF UJIT !KOUITS OF PO~~ liD ST!DCT !lT'tS 
R2lD FUEL CC~POSITIOR lBCLUDIRG I8PO!ITI~S (1000 KG) 
_, , -1 -1 1 1 
!ElD ti!ClL01 CO~POSITIOB (1.0 KG) 
-2 1 -1 -1 1 1 
J!lD SS301 CCKPOSITIOJ (1.0 IG) 
-3 1 _, -1 1 1 
B!lD IICOR~L 718 CO~POSITIOI (1.0 KG) 
-5 , -1 -1 1 1 
l!lD IIC!O!RlZ! 50 COBPOSITIOI (1.0 IG) 
-6 1 -1 -1 1 1 
IB!lDiliiOJ 0! OR! K!I!IC TOI OF PIRD ru~L 
-1 1 0 1.0 
1 CUliG! 

26.7 
66.7 

133.3 
266.7 
•oo.o 
140.0 
533.3 
666.7 
733.3 
800.0 
880.0 

3"7.500 
37.500 
37.500 
37. 500 
37.500 
37.500 
37.500 
37.500 
37.500 
37.500 
37.500 

1 
2 
3 

• 5 
6 
7 
8 
9 

·10 
11 

2 
3 
• 5 
6 
7 
8 
9 

10 
1 1 
12 

l 2 !ID Or !SIS ST!P•1,000 BID/8%Iftft 
4 0 !ID Cl THIS ST!P•2,500 !ID/~IBS 
4 0 !ID or THIS ST!P•S,OOO BID/8TIHS 
4 0 !ID or THIS STIP•10,000 liD/~IRft 
4 0 !!D or THIS ST!P•15,000 ·uo/BTIBll 
Q 0 !ID Ol THIS ST!P•16,SOO BID/BTIRB 
4 0 !WD 07 ZBIS ST!Pa20,000 BID/STIR! 
Q 0 EID OP TSIS SI!P•25,000 BID/STIR! 
4 0 !WD Or TBIS STtP•27,500 BID/~TIBB 
• 0 !ID or TEIS STJ!c30,000 BID/STIR! 
Q 0 !ID OF THIS SttP.33,000 !ID/STIBB 

8 8 8 8 7 8 1 8 8 8 8 8 9 
8 8 8 8 7 8 8 8 8 8 8 8 8 
8 8 8 8 7 8 8 8 8 8 8 8 8 
12 1 _, 0 

B 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 a a a a 8 8 

-10 • I!!lDilt!D U PU!L lT DISCBlRG! 
12 -10 0 1.0 
ti!S! IIST!UCtiOWS lP.! 8!!! OWL! TO DtftOIST!l%! ~8~! US! 
10 12 1 2 3 -1.0 
1 1 12 • o.o 
IIRID:UUOI 0! 
IBilDilUON Of 
-2 1 0 223.0 

IICOW!L + IIC!OB!lZI 50 lT 100S PLDI 
IICOI!L + IICBOBilZI 50 lT 1001 PLUI 

ZI?.ClLOY+ 
ZI!ClLOY+ 

ZIIClLOY 
ncon:t 
IICIOBilZJ: SO 

-51012.8 
-6 1 0 2.6 
-3 1 0 '· 94 
1 
26.7 -1.0 
66.7 -1.0 

133.3 -1.0 
266.7 -1.0 
•oo.o -1. o 
uo.o -1.0 
533.3 -t. 0 
666.7 -1.0 
733.3 -t.O 
800.·0 -1.0 
880.0 -1.0 
12 1 -1 D 

ss Jo• 
1 2 a a !10 or TBIS 
2 3 Q 0 liD or THIS 
3 ' • 0 !ID Or THIS 
Q 5 • 0 !ID OF !BIS 
S 6 • 0 ~ID or IBIS 
6 7 a 0 liD or THIS 
7 8 • 0 · liD OF THIS 
8 9 • 0 liD or THIS 
~ 10 ' 0 liD or TBIS 

10 11 • o no or rats 
11 12 • o 110 or tats 

S':r!!t • 
ST~P • 
SI!P • 
ft!P • 
S!IP • 
ST!P • 
5%1P· • 
SI!P • 
ST'I'!P • 
ST'I'!P • 
ft!?. 

C811Gl'! 
1,000 BWD/,%IH! 
2,500 810/!TIB! 
5,000 BID/StiR! 
10,000 BID/!TIHB 
15.000 8WD/!!IHS 
16,500 BID/!TIB! 
20.000 8WD/BTIB! 
25.000 !ID/!%%!11 
21,500 !ID/BTIB! 
30,000 SID/!TIIIB 
33,000 IID/ITIB8 

-2 • F!!SB ZIJClLOT, x•coJ!L, liD IICJO!BlZ! 
-9 • I!llDIATID ZIBClLOI, IICOitt, liD IICIO!BlZI 
1 -2 0 1.0 
12 -9 0 1. 0 
-1 -1 -1 
-10 -10 -10 
-2 -2 -2 
-9 -9 -9 

001.1-9 

lDI 

lDB 
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Teble A.l (cc~tinued) ., 

,,5 sn 2 
196 2 !:2:231(1 2!0~0 9<2350 32000.0 !223 eo 967110.0 ·o o.o ron lC'TIJll)!:S 
,.~ • 030000 1.0 050000 1,0 060000 1!.1 070000 25.0 n'!L 1U·'OP-
1!1 • 080000 u .. s •• o 0!0000 10.1 110000 1 s. 0 120000 2.0 J'tl!l I!Plll 
1H • 130000 16.7 110000 12,1 150000 35.0 110000 5.) ron urn 
200 I 200000 2.0 220000 '· 0 230000 3·.0 200000 1,0 n!U UPOI 
201 • 250000 1.7 260000 18.0 270000 1.0 28 0000 21.0 ron anr. 
202 I 2!0000 1.0 300000 10.3 • 20000 10.0 170000 0.1 1'1>EL UPVt. 
:ZO) • &80000 25.0 ·~ono 2. o 500000 1.0 610000 2.5 l"ti!L liiPVJ: ,. • 110000 2.0 120000 '· 0 uoooo 0.1 0 o.o 1'1>U IBIOI 
205 0 
206 I lOOt! CO !'7!. 11 500000 16.0 2UOOO 2.25 210000 1.25 nr.c-• 
207 • 280000 0.02 130000 o. 021 050000 o. 00033 110000 o. 00025 ~IP.C•I 
208 • 0!0000 o. 120 270000 0. 010 290000 0.020 720000 0.018 nee-• 
20! • 010000 o.ou 250000 o. 020 010000 0.010 080000 O.HO JI!C•I 
210 • 160000 0. 03 5 220000 0.020 110000 0.020 230000 0.020 u~c-• 
211 5 920000 0.0002 0 o.o UIC•I 
212 0 
213 • 260000 618.15 1•ooeo nc. o 280000 90.0 250000 20.0 !S-JO• ,,. • OMOOO Q.8 1!0000 o. 15 160000 c. 3 1&0000 10.0 SS-301 
215 • 070000 1.3 270000 c •• 0 o.o 55•301 • 216 0 
217 • aoooo no.o 2t0000 190.0 :noooo 525.0 130000 6.0 IJC-711 
211 I o6oooo o.• :noon a., noooo I. 0 250000 2.0 HC•7U 
219 • *20000 30.0 070000 \.3 010000 55.53 160000 0.07 IIC•711 
220 • ..oooo 2.0 220000 1.0 0 o.o t•C·111 
221 0 
222 • 260ooo o.n 210000 119.5 280000 lal.l 100000 o. 1 net-so 
221 • uoooo a., oso~oo o. os 060000 0,1 270000 O,JI UCP.•SO 
220 • ~!ODOO 0 .. 1 0'70000 o. 065 oeoooo o.u 150000 10!., nu-so 
725 • uoooo 0.1 100000 0.51 220000 0.1 '710000 o.' UCl•SO 
22S 0 
227 JlS oot •nne Toll' or tKJTJ&L ltlft ftl~lL 
228 co~ •1 ,, . Ln 0 0 0 
230 ~•o 380!00 551370 _, 

. 231 U! 0 ' 2 •3 0 0 0 ~ l 0 I I 
232 PP.O 101 102 103 10 
233 !JO'f ., -e o 1. o 
231 ... ••• P!!'POC:tS!l'C !OD'II'1!: •••••••••••••••••••~~~•••••••••••••••••••••••••• 
2lS Ul to!t ts ••,•octssto ~ rst tt~! srtcJrlt» or tit Jttr care 
2H DZC 160.0 ·10 , I I 
237 PIO 1 -9 12 •3 CU.COLlU o.os' or nn 
2l8 no , 10 ·5 •2 str•••rt •ot&Tftts 110 rot IJ ·5 

. 239 PIO 10 • ·2 •1 PU ltl U •2 
2•0 ?>0 • •I •3 

_, 
nr o n ·• 1111 n J.J ·3 

21, llS OJ! ~OJ•t CF lJITIIL P.tl'T "rtlt '' l P.tP~O:!SSI¥' ~~!~ or 160 o•u 
2'2 !Dl ••• ~LI b!Clf P.ODDLI ••••••••••••••••••••••••••••••••••••••••••••••••• 
2'l ·u:- D::lf Ot RlC!•LETEL PII•O 1&5tt: JO.IOP•3l,OOO ftiD/ZTllft , .. P.C,. •2\DI.O 
2't5 no • lll.W 
2" t:e 0.5 , 3 5 • 2., ~!C 1. 0 3 • 5 o· 
211 D~C 3.0 • 2 5 0 
219 nc 10. & 2 3 s 0 
250 Dte. 30.0 3. • 5 0 
251 ~~c 100.0 • s s 0 
2~2 ~~~C' 300.0 s 6 5 0 
253 c~c 1, 0 6 , , 0 
251 ~:c 3.0 ') ., 1 D 
4~S ~'tC 10.0 I ,. , 0 
256 nc 30.0 ' \0 7 0 

~·(\~ ~0 
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The. correction shown below should be made to the sample problem in file 2 of 

CCC-37l/ORIGEN2-82. This need for correction was announced in the December 1983 

RSIC Newsletter. 

: S1 
;~ e 
4!, 
460 
i4 1 
~E 2 
., l 

100.0 
lOO. 0 

10 , , -· ll 
a I 
I a 
I I 

~ 

I 
I 

I I I I I 

• a I I I 
I I I I I 

T i" 

J T 
'f ~ 

I I • • I I 
a I I 

~~,.1/ Lc ft;s f• 
rcfr'./"rc. sc.,.,rl< 
·~ f,. .. f f,,., Iff rc 
f"'t""-· 

I • • I I I • I I I I • Ul 
IU 

:iE& 
~f! 
HE 
441 

:!c 
t!C: 
::c 
1:!:1 
OF~l. 
CP':l 
e;~p 

on 
QO: 
!!11 ••• .S:!OC:O!ll =l':!!Ilt 

t!:lt O! 11! !ilDC:Oil~ 
-110\.0 

t!ClT ~CDOL! •••••••••••••••••••••••~••••••••• ··­·-· :t. !0' 
:t1 !:l 
47, ~!:C 

.4,, 1:) 
;.,, !!' 
41 l :!C: 
41 a ::c: 
ll'! ::c 
• .,. ::c 
4'71 :II!C 
21 I t!C 
l'l t D!C 
:to· t:c 
:r, ':c 
212 :I!C 
::l ::c: 
HI t:C 
a! t~c 
416 :u.e 
~·1 c:: 
411 Ott ; !' !JD 
:to /• 

r=!~ IS &!1!0C!5S~ 
140.0 J I I 0 
_, \ 0 1. D 
I 
0.5 ' 
'· 0 J l.O o 
~~-0 2 
l'C.O l 
100.0 I 
l~O.O ! 
\.0 ' 
l.O T 
1d.O I 
,o.o t 
1CD. 0 10 
lOO.O 11 

'· 0 -· u ' •I 0 
•\21•\0 

J 
I 
2 
l 

5 
5 
5 
5 

I 5 
5 5 
' 5 T T . . , 
' ' .\0 7 
\\ , 
·I T 
\l • 

.,, //Ga.rt:lroot D' • 

• 
0 
0 
0 
0 
0 
0 
0 

• 0 

• 0 
0 
0 

11:~!Il~ YlS::: ll,OOO !JD/::!! 

~!2 J lt,SCC 5 lC.C 0.0 o.o 0.0 O.C O.C 
'l!l l o.o c.o 0.1 0.0 C.\ 0.1 
l!l , !51210 s 15.0 o.o o.o o.o o.o o.o 
iS! J o.o o.o '·' e.o t.o '·' 
.!f 2'1 OtCttlC 0.:1101 !•0.0 •1.D 
211 ''' :tftt•o a.ot !•O.o .,.o 
.!! lt! !:2l20 l.O C.~Ot ,.0001 0.02 0.0 0.0 •\.1 
i!t •~' lee''' o.ce ~·o.o 1.0 
!~o 2'1 o.oo1 o.oo1 0.1 o.c2 o.e,, e.o1 o.co' o.oo• 
l~t Gl01!C OIC110 t.!:•O• JI•(J., '1'! J,J11C11 C!OSS S!:::CI 
l02 Ot:OUC 06CIUO 2.0:-01 016 cr,.t!ll CU C!OSS SIC:2.01 
l'l l ltC100 ! lO.O 0.0 c.o D.O 0.0 0.0 
lOI l C.O C.O 0.1 0.0 C.\ 0.\ 
lOS l !!1210 S 2S.D 0.0 O.~ o.o 0.0 0.0 
Hf J c.c o.o 0.1 o.o 1.0 1.0 
!01 ,. 
lorN 

00121 

na 
IPI 

131 
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Appendix A.2: ORIGEN2 Overlay Structure 

00122 
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Table A.2. ORIGEN2 OVERLAY statements 
ItCL~n BU 
n~n uu 
IJS!liT !UI 

OYUU! l 
II 5!11' LIS' IT 
CYULlt l 
u srn RAII3 

OYZILU C 
liS!IT llil1 
Of:ULlt C 
IIS!IT UII2 

OfDLU P 
IJSEI": ISICC 1 
OYZILU P 
IISIIT ISICCZ 
orntu r 
IIS UT ISZCC 3 
onuu r 
liS !IT IS ICC o 
Of!ll.lt P 
YISIIT ISECCS 
OUILlt P 
liS! IT IS ICC 6 
OfDLU P 
IJSIIT IS ZCC7 
ornt.u I' 
IISEIT lSICCS 
ornut r 
usnr 1szcct 
ornut r 
IIUI! IS ZC1C 
Ofllt.Ar P 
IISIIT ISZC11 
orntlf r 
IJS lit IS ZC12 
Of!ll.lf I' 
IISUT ISZC13 
Oflll.U P 
IISIIT IS ZC,. 
OfDLU P 
IISUT ISZC15 
OUI!.lt P 
I liS lit IS ZC16 
ornt.ar r 
liS liT IS 'IC17 
Of!ILU P 
IIUIT IS 'IC18 
DUI!.Ar P 
%1SIIt IS IC19 
OUILAr P 
UUit ISIQO 

OYnl.lT C 
US!IT lDD!Of 
Of!ILlY C 
IISZIT JVDOC 
OfJILAr C 
IISIIT JIDlt1,DICIID 
ornut c 
IISZIT JVDl!2,SIGIID 
Ofllt.ll C 
IISU'f JVDl'U,liSP 
CYDI.lt C: 
US!IT PIOLI I 

onun • 
nsut nnD 

ornur D 
IISD'f PlUIO, DICU, ~DGZ 
OfD!.lT D 
IISriT tii!,KATI!I,IQalL 

ornur 1 
IISUTODtPDt 

ornut 1 
IIS!IT 0111'1 
OfDLlt I 
usnt onz 

OfD!.ll I 
IIS! It GAUl 
Oflltll I 
nsnt •n•o• 

00123 
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APPENDIX B: SAMPLE OF ORIGEN2 OUTPtrr GROUPING (OtrrPtrr UNIT 6) 

Appendix 3.1: Reacti'Vi t;y and. Burnup Information 
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0 
0 ... 
N 
CIT 

Table 8.1. Sa•ple ORIG£N2 r~actl~lty 1nd burnup 1nfor•at1on 

OU!POT DltT • 6 

ltllDJATIOI or Oil UfiiC ~01 OP PliO ran 
IOirl• ].750001 0111, IIIIOt- l.lOOOOI 01110, PLDI~ J.Z•I t•IJC1••2-SIC 

lllC!IQtl UD IOIIIIIP Dltl 
Ill IS• 011 II!IIC TOI OP PIIR PGIL 

CBUOI 21. D 61. D 1]). D 261, D •oo. D .. 0. D SH. D 667. • 
Till!, !I!C o.o 2; 311 06 5.761 06 1.151 07 2.301 07 J. 061 07 3.101 07 •• 61! 01 s. 761 07 
I!IT. PLUI o.o 2.891 10 2.en n 2.901 ,. 2.951 u 3.051 10 J.161 n 1.261 10 l.OOI 10 
SP POl ,Ill o.o 3.151 01 3. 751 01 1.151 01 1.751 01 3.751 01 3.751 01 J. 758 01 3.751 01 
IOUUP,ftlll o.o 1.001 Ol 1.501 OJ 2.501 Ol 5. 001 OJ 5.001 OJ 1.501 Ol J.501 OJ 5.001 OJ 
I IIPIIITI o.o 1.35700 1.lJ6l1 1 .JOJ18 1. 22935 1. 16017 1.15065 1.11088 1.05176 
IIUT PlOD .. o.o 1. DOl Oo 1 .. on o• 1.01! •• •• 811 OJ 9.011 OJ 9.301 OJ 9,031 Ol e. 5n OJ 
UOT OISTI o.o 7.001 OJ 7.561 01 7.751 01 1.011 OJ I. 101 03 8. 091 OJ 1.101 03 8.111 OJ 
TOt I!IDRWUP· o.o 3.101 00 3.101 o• 1.101 00 J.JOI U J,lOI 00 l.JOI 00 1.101 00 3.101 00 
ItO I tlDI o.o l. 201 10 J. 201 to 1.2 .. 10 1.2 .. u J. z•e '' J.24! ,. l.2t! ,. 1.201 10 
UG SP POl 0.0 J,lSI 01 1.751 01 1.751 01 3.751 01 3.75! 01 1.751 01 1.751 01 J.751 01 

PIGB 91 

7:n. D 800. • D 180. D 

6 • .1.1 07 6.911 07 7.601 07 
1.So1 n 3.661 10 J.78! u 
1.751 01 1.751 01 3.751 01 
2. 501 03 2. 501 03 l. 001 OJ 

1. OJJ09 1. 01079 0.9Bft05 
8.301 01 8.1lt!: 0] 7.901 OJ 
8. 011 01 a. ou o1 8.031 OJ 
J. Jot 00 3.]01 ., l.JOI U 
J.201 10 3.201 10 1. 201 ,. 
3.75101 ).lSI 01 1.751 01 

!1111 OP IIIII (ttl 1111• 1 I• ltll llllll• 2 I• 11317 IIIli• J I• 146 llllll• • I• 52 IIIU• S I• 108 llftAI• 6 I• 65 
RIAl• 1 t• 1t 8111• I t~ 0 IIAI• 9 I• 0 ftiAI•10 I• 0 lftll•11 I• 0 ftftll•12 I• 0 

''' 11111111 or IOI ... ~!ao ~nas n a•IJ?t~ 
fRI 10111111 Of 101•1.110 PIISJOI PIODUCT 111LDS•J2fl2 
ltl~l• 68. IlCT• 129 IP,_ 151 I~DT•t6l1 
tiU 11:111811 01 101 ... 1!10 IITOIIL IIDIDIICIS• ,,.. 
til IQftlll 01 101-1110 Pm'IOI IIILDS• U25 
~~~ llliUOO 101111 01 flUS II ... ll51 
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Appendix B.2: Sample ORIGEN2 Oucpuc Tables fer Activation Produces 

001Z6 
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Tobie 1.2. . S••Pit ORIGfN. Jcl tde r•dfoacttwfty table 

00TPD1 UltT • 6 PAGE 30 atcu or ·n• S!IOCTOIIL ft&YIItlt I&Stl: 33,000 ftVI/ItUft lCYIJIYtOI PIDOOC~S to•n• 1.000001 OORI• IIIIDP• 1. oooo01 oo"•o. PLUI• 1.001 OOI/Cfi••2-SIC 

IOCUDI T&BLII IIDJOIC'II'ltl• COl tiS 
011 !OIRI OP III~IIL R!liJ III'!'IL 1'1 l IIPIOCZSSUO !1111 or 160 DUS , •• o. 051 I J. II 10. II )0. II 10o. ·u )00. II 1. It ). kt 10. n 30. .. 100. If 1. "' • 1 o.o o.o o.a o. 0 0.0 o.o o.o 0.0 o.o o.o o.o ••• ft 2 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o • ) 1. 2801·01 I.Ot2B•OI 7.JUI·02 2. )161-02 o.n2a-n 6. 22l0·09 s. J70!•26 0.0 o.o o.o 0.0 o.o I • o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 o. 0 o.o o.o u J o.o o.o. o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 

ftf • o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o 
"' 6 o.o o.o o.o o. a o.o o.o o.o o.o o.o o.o o.o o.o Ll 6 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 
ll 7 0.0 0.0 o.o o.o o.o o.o 0.0 0.0 0.0 o.o o.o o.o 
Ll • 0.0 0.0 o.o o. 0 o.o o.o 0.0 0.0 o.o o. 0 o.o o.o 
81 8 o.o 0.0 o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o o.o 
II 9 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
II 10 2. 2091-0f 2.20tl-01 2.2091-0f 2. zotl-ot 2.2091•01 2.2091-01 2. 2081•01 2.206!·08 2.2001•08 2.1811•08 2.1161·08 1.<32!-08 II " o.e 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

I lo o.o o.o o.o o.o o.o o.o o.G 0.0 o.o o. 0 o.o o.o ! 1t ••• ••• • •• O.G • •• o.o o.o ••• ••• o.o o.o o,o 
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I111UPI 0.5561 00 9.9261-01 2.1J51-22 0,0 o.o o.o o.o o.o o.o o.o o.o 0.0 11115 I.UH-Ia 1.66211-16 1 ... 6621-16 1.6622-16 I. 6&21-" 1. 6621-16 1. 6621-16 1. ~62~-16 1.6621-16 1.6621-16 1.6621-16 1.662!•16 
11116 o.o o.o o.o o.o e. a o.o o.o o.o o.o o.o o.o 0.0 
1111611 o.o o.o o.o . o.o o.o o.o o.o o.o o.o o.o o.o o.o 
II Ill 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o 
II 111• o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o 
IIIII o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
11119 o.o o.o ••• o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
lllt19N o.o ••• o.o e.o e.o o.o o.o o.o o.o o.o o.o o.o 
11120 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
IIIZM ••• o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 11121 ••• o.o ••• o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 !1112 o.o 0.0 o.o o.o o.e o.o o.o ••• o.o o.o o.o o.o 
Sllll 3 •• 15! 02 0,7501-01 t,JJSI-01 1.6121-27 0.0 o.o o.o 0.0 o.o o.o o.o 0.0 
511 ll• o.c o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 
S111U o.o o.e o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o sun o.o o.o o.o o.o e.o e.o o.o o.o o.o o.o o.o o.o 
$11116 0.0 o.o o •• o. 0 o.o 0.0 o.o o.o o.o o. 0 o.o 0.0 
$11111 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
SJI11JII 2.1001 00 l.551e-2• o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 

"""' o.o o.o e.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

'"" 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o 0.0 
Sl11911 o. 2061 Ol 1.195& 02 1.]69&-01 1. 0511-10 o.o o.o o.o o.o o.o o.o o.o o.o 



 

 Information Only 

Tobie 1.2 (continued) 

DICit 01 til l!llctlaAL lltiii&L llSII1 ]1,000 IID/1!1~ 
FOI!!• 1.000001 1011• IIIIDP• t.ODDOOI 00ftl8, f~UI• t.Oit OO.JCI••2-S!C 

017PI, 8WIT • 6 Plllil 411 
IC"I 0 lTICI tiODOC'IS 

IDCJ.JDI 'fiiLII lliiOIC!ltUI. CD IllS 
011 t'OIII Of III'!UL llltl IITIL II. l UPIOCISSIIC Tllll or 160 DUS 

Sllt0.051 t J. II 10. II JO. II too. II JOO. " 1. "' l. 11 10. .. JO. II too. "' 1 • .. 
Slt20 o.o o.o o.o o.o 0.0 0.0 ••• o.o o.o o.o 0.0 o.o 
SlUt o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 
SIU1PI 5. 148!-01 5,5101•01 5.00111-01 ].191!-01 t.lllf,l-01 1 .. 9111-0l 5 ......... , •. ., ..... , o.o o.o ••• o.o s. 122 c.o ••• o.o o.o o.o ••• • •• ••• o.o ••• o.o o.o 
S!ltll 1.4201 OJ !.9611-01 4,!651-01 '·1Zl1•241 o.o o.o o.o ••• o.o •• 0 0.0 o.o 
5112111 ••• o.o o.o o.o 0.0 0.0 ••• o.o ••• •• 0 o.o o.o 
Sl-121 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o •• 0 o.o 0.0 
SOilS 2.2Ut-02 0.0 ••• o.o 0.0 o.o ••• o.o 0.0 ••• 0.0 o.o 
SIU!, o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
Sft:l!l c.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
Sf122 '·"'1-16 o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o o.o 
S!12:hl o.o 0.0 o.o o.o ••• ••• • •• ••• o.o ••• o.o . 0. 0 
SIUl o.o o.o ••• o.o o.o o.o ••• ••• o.o ••• ••• • •• Sf t;• z.nu oo 9,11)1•06 1.6161•11 0.0 o.o o.o o.o o.o o.o ••• ••• o.o 
S!t21111 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 
SOI25 1.4411 OJ 6,1JJI 02 1.1051 OJ 1.9511•01 1.9621•01 0.0 o.o o.o o.o o.o o.o o.o 
Si!'UI ... ,.., ... , •• ,11'8-21 o.o o.o o.o ••• o,o o.o o.o o,o o.o ••• 0 •ttUfl o.o o.o o.o o.o o.o o.o o.o 0.0 o.o ••• o.o ••• Tl120 ••• o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o (.) 711U o.o o.o o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o 

~ ''12'" o.o 0,0 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
(.) '11122 c.o o.o o.o o.o o.o o.o o.o ••• • •• o.o ••• 0.0 .. !112] J,t17t-1J ,,J6ot-1J ,,l61t·1J ,,J61t·1l •.1611-IJ •.l61t-1l •• l61!•1l o. 1611·1! 4, 161!-U , .. llll-11 11 .. 1611-U ll.l611•U ... .e::. ti11JII 1.1111 oo a.o!11-oJ 1.6211·1o l. 2151-U 0.0 o.o o.o o.a o.o o.o o.o o.o Ttn• c.a o.o ••• o.o o.o o.o o.o ••• o.o o.o 0.0 o.o 

71125 o.o ••• o.o a.o o.o o.o o.o 0.0 ••• o.o o.o o.o 
'f '2511 ],4UI 02 1,6111 02 2.1921 II 1.91101-01 II.JIII-09 O.D o.o o.o o.o o.o o.o o.o Yl126 o.o ••• o.o o.o 0.1 0.0 ••• o.o o.o o.a o.o o.o 
TI!U1 t.llll-0] 1,5121•06 1,0611-1! 5.0021-ll 0.0 ••• o.o G.O o.o o.o o.o o.o 
T!Ul!l t.JClt•Ol 1.1611•06 1,6111-1] 5.1011•]! 0.0 0.0 o.o o.o o.o o.o o.o o.o true a.o o.o o.o o.a o.o o.o ••• 0.0 ••• • •• o.o ••• !ft29 ! .. 111561•10 I.JUI-2t 0.0 o.o o.o o.o a.o o.o o.o 0.0 o.o o.o 
1112911 •• ]llf-10 1.21J1·1t o.o o.o o.o o.o o.o 0.0 o.o ••• ••• o.o 
11110 a.o o.o o.o o.o ••• o.o o.o o.o 0.0 ••• o.o o.o 
TIU1 o.a o.o o.o o.o o.o o.a o.o o.o o.o o.o o.o o.o 
'' 1.11tl o.o o.o o.o o.o o.o o.o a.a o.o o.o o.a o.o 0.0 

tU5 ••• o.o o.o o.o a.o ••• o.o o.o o.o o.o 0.0 o.o 
1126 o.o o.o ••• o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
lt2l c.o o.o o.o o.o 0.0 0.0 o.o o.o o.o ••• 0.0 o.o 
1128 c.o o.o o.o o.o o.a o.o o.o o.o o.o o.o o.o ••• JU!J 1.0521-10 1.0521-10 1.6521-U 1.6528-1' 1.6S21·1• 1,.652.-1, 1.6521·1• t .. nn- ,_ 1.652.1-U '· 6'50t-111 1 .. 6.51-111 1.5811-U 
1110 o.o 0.0 ••• o.o o.o o.o o.o o.o o.o o. 0 ••• o.o 
11)011 o.o ••• o.o o.o a.o o.o o.o o.o 0.0 o.o 0.0 o.o 
IU1 ].2671-11 o.o o.o o.o o.o o.o o.o a.o ••• 0.0 o.o o.o IU2 o.o o.o o.o· o.o o.o 0.0 o.o 0.0 a.o o.o o.o 0.0 

1112111 0.0 o.o o.o o.o 0.0 0.0 ••• o.o o.o o.o o.o o.o 
lf1Z5 ••• o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o ••• 111158 0.0 o.o 1.0 o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o 
lf126 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o.o ••• • •• 11127 o.o ••• o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
II t21R a.o o.o a.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
II 128 0.0 o.o o.o o.o o.o a.o o.o o.o o.o o.o 0.0 o.o 

~ 



 

 Information Only 

uble 1.t ,conttnued) 
OUTPUT UIIT • •• PIG! -2 

IIICat 01 Ill !TJOC!UIIt .IYBifl~ IISYIJ ]],000 1110/1~111 l~tiiTICI PIODUCfS 
fOil It• 1,000001 00111,. ••••••• 1.000001 001111, PLII• t.OOI OOI/CR••2-S!C 

IUCUDI IIIU: llDlOIC!JIIf!, CUIJIS 
011 !0111 or IIITilL nan UtiL 1'1' l IIPIOCI!ISIIG 'l'lftl or 160ons 

u•o.os• ' l. II 10. u ]0. II 100. il lOO. II '· 1.1 l. II 10. u lo. n 100. I! 1. "' 
lf129 o.o o.o ••• o.o o.o o.o o.o ••• o.o o.o ••• o.o 
I t12'9N o.1n1-12 o.o ••• o.o o.o o.o o.o 0.0 o.o o. 0 o.o 0.0 
11110 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
I lUI o.o o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o 0.0 o.o 
Ill)·~ o.o611•10 e.oOOt-02 o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
11112 0.0 0.0 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o 
I !Ill 1.0171-22 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
I lllJII o.o o.o D.D o.o o.o o.o 0.0 0.0 0.0 o.o o.o o.o 
ll'tlll 0.0 0.0 e.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 
I filS o.o o.o o.o 0.0 o.o o.o 0.0 0.0 o.o o.o o.o o.o 
111l5R ••• ••• o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
I! 1)6 o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 
IIIli o.o o.o o.o o. 0 0.0 o.o o.o o.o o.o o.o 0.0 o.o 
C!tll 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o 
c:snz o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o CSI)J a.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 
C!1l• J.nu-16 I.UII-16 t.2121-n 1,9UI•20 I. IUI•JD 0.0 o.o o.o o.o o.o 0.0 o.o 
cs f]lpt o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
C!U5 I.Uir-2] 1,,111-2] 1 •• 111•23 l.OII1•2l 1,UII•23 I, 0111•23 I. 'I H·Zl 1.0111-ZJ ••• 151-Zl 1.0061-2] 1,111!•2] 1.050!•2] 
CS1l6 l. IEII-22 2.1011-n 0,0 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
CS1ll 1.2su-n 1.2su-u 1.251•-n 1.n11-n t.25tt-n 1.2sn-u 1, 19oa-oa 1.0151•60 o.o o.o o.o o.o 
c•ue c.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o .. 111]0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

0 81131 o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o .. 
0 II UIW o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o 

11112 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
~ !I Ill c.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
(iJ 81 Ulll o.o o.o o.o o.o ••• o.o o.o o.o o.o o.o o.o o.o 
CJ1 111)11 c.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

I IUS o.o o.o o.o o.o o.o o.o ••• o.o o.o o.o o.o o.o 
• 111511 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
81136 o.o o.o . o.o o. 0 o.o o. 0 0.0 o.o o.o 0.0 o.o 0.0 
Blll6R 5.2101-2] ,,,1]1-0t o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
11111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1111)711 1,1901-ll 1. UOt-JJ 1. 1901•ll 1.190I•ll 1.1911-ll l.t9ot-JJ 1.12~•--o 9.5tae-61 o.o 0.0 o.o o.o 
una o.o o.o o.o o.o 0.0 o.o o.o o.o o.o •• 0 o.o o.o 
11139 c.o o.o o.o 0.0 o.o e.o o.o 0.0 0.0 o.o o.o o.o 
a a no ],1151·51 o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o ..... 0.0 o.o o.o 0.0 o.o o.o o.o o. 0 o.o •• 0 o.o o.o 
Ull1 o.o o.e o.o o.o o.o o.o 0.0 o.o 0.0 0.0 o.o o.o 
Lilli o.o o.o o.o ••• o.o o.o ••• o.o o.o o.o o.o o.o 
U1lt c.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
LIIOO •• 3561-51 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 ••• o.o 
t •••• o.o o.o o.o o.o o.o o.o o.o o.o 0.0 ••• o.o o.o 
C1!1l6 o.o o.o o.o 0.0 o.o o.o o.o o.o ••• o.o o.o o.o 
Clll1 o.o o.o ••• o.o o.o o.o o.o 0.0 0,0 o.o o.o o.o 
C!Ulll c.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
ClUB o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o ••• o.o Clll9 c.o o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o o.o Cl U!lll 0.0 o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o o.o 
CIIOO o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o o.o 
Ctt•t 1.3051-56 2.2011-6) o.o 0.0 o.o 0.0 o.o o.o o.o o.o o.o o.o 



 

 Information Only 

' 

T•••• I.Z (continued) 

DICit 01 Ill I!IICIIIlL l&~lltll I&Stlt 31,000 111/ltftl 
~Wtl• ,.tOOtOI OOWW, IUIIWta 1.000081 OOIID, PLIJ• 1.001 OD•JC•••2·SIC 

PICI •1 
lC'I' D ITIOI PltODDCT$ 

IDCLIDI ~IILI' IIDIOlC!Ifltt, CIIIJS 
011 t'OIII Ot Ulti&L IIIUI ll!lL l't I lltiOCISSIIO !Ill OP 160 DAIS 

SUO. 051 I ll. II 10,. II 10. lit toO. II ]00. II 1. 11 l. II 10. II 30. n 100. n '· "' 
t:l1112 ••• o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o ••• 
ClUJ 0.0 o.o 0,0 0.0 0.0 ••• o.o 0.0 0.0 o. 0 o.o 0.0 
CltU 1,6121-29 •.un-2t ,,,na-n 2.t111-n o.o O.D o.o o.o o.o O.D o.o o.o 
CIUS 0.0 ••• o.o o.o o.o ••• • •• ••• ••• 0.0 ••• ••• 
111411 o.o o.o o.o o.o o.o o.o o.o o.o ••• o.o o.o o.o .. .._, o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o . ',, ,. 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 
• 1141 J 1.2021-21 5.19611-52 o.o o.o o.o 0.0 ••• o.o ••• o.o o.o o.o .. ,,, 1.5931-29 1.5931•29 1.5931-29 2.9261•)1 o.o o.o o.o o.o ••• ••• o.o o.o 

'"''' o.o o.o o.o 0.0 D.O 0,0 o.o 0.0 o.o o.o 0.0 0.0 
ltU.2 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
IDU) 0.0 o.o o,o ••• o.o o.o 0.0 o.o o.o o.o o.o o.o 
IID1U J,51At-a5 3.5151-aS 3.5151·•5 9.a9ll·aS 9.a931·a5 9.a9JI·a5 •~••u ... s '·''ll-l5 9 •• 9li•U '·''!1-'5 ~.••11-•S 9.49le-•5 
11:1115 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 
101•6 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 
ltU1 • 2.]611-23 ].5561-SJ o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
ID1U 0.0 o.o o.o o.o o.o 0.0 ••• o.o o.o o.o o.o o.o 

0 IDU9 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
0 .. 150 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 

Jt151 o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o .. ), PIIU5 o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 ••• 0.0 • •• w ... , .. , 1.19at-20 ],86all-20 t.U611-211-l.IU1·21•1,J201•29 0.0 o.o 0.0 0.0 o.o 0.0 o.o 
PltU8 7.J2Jt-2l l.2a6t-21 t.aiOI-a7 o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o -en PPUI!I• 1.2111•21 S.l6JI-2l I,Jlll•a5 0.0 0.1 0.0 o.o o.o o.o o.o o.o o.o ~ ... u. o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 0.0 o.o 
PI1SO 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o 
PII1SI 0.0 o.o o.o 0.0 0.0 0.0 o.o o.o o.o o.o o.o 0.0 
P'l151 o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o o.o o.o o.o 
!!IW1U o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 

. StlnS 0.0 o.o o.o 0.0 o.o 0.0 o.o o.o o.o o. 0 o.o 0.0 
SIIU6 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0,0 o.o o.o 
s tl ,., I.Ollt-n 1.16SI•)O 1.5101-10 3.0051·30 2.1121·30 2.1121·)0 2,8121·30 2.1121-10 2,8121-JO 2.8121•]0 2.8-12!-30 2.812E-lft 
!1111118 J.OOSI•lJ J.2811•U J.9UI·U 5.1198•)) 1,2301-U J.IIU·32 9,61U-J2 2.1.01-JI 9.0091-JI 2.1111·]0 9.1821-JO 9.ll91-29 
SOI'f 9,9611-21 9.9611-21 9.961!-28 9.961!·21 9,9611•21 9,9611·21 9.9111-28 9.9611-21 9.961!-28 9.9611-28 9.9611-28 9.9611•28 
s.tso o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
! I! 1!1' a.806J•I2 a,6961-12 O,ASOI-12 3.8151·12 2.2251•12 O.l611•1J 2,1181·15 a.Ull-22 0.0 o. 0 o.o o.o 
51115, o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
Sll 15] 0.0 o.o o.o o.o o.o o.o o.o 0.0 '· 0 o.o o.o 0.0 
SillS. 0.0 o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o o.o 
•••ss o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
1'81!.1 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 0.0 
r:n 1!2 1. oeu-,. 6.a22•- n e.otse- n 1.6221-la a.5111·t6 t.1101-20 5.0991-36 o.o o.o o.o o.o o.o 
1:01S21t o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o 
!U1Sl o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o 
!01SII I .0111-00 8. _,U•05 a,I091-05 9. 5931·06 3.3101·00 J. ]651·15 0,0 0.0 0.0 o. 0 o.o o.o 
1Ut5S 5.1691-0S J.I59J•05 t.asta-os 1.162!-0l a.99lt-1t J.6t5!-2J o.o 0.0 o.o o.o 0.0 .o.o 
!0156 1.2201-06 2.1201•21 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
01:152 1.0131·11 1.0131•11 I.OUI-18 1.0131•11 I.OUI-11 1.0831-18- 1,0131·18 1.08ll-18 1.0131·11 1.0131-18 1.0831-18 1.08)1-18 
octS! 9.1o21-ca a.26li•05 2.1181-oa 2.1101-tl o.o o.o o.o o.o o.o o.o 0.0 0.0 
ot•s• o.o o.a o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
CD15'511 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o. 0 0.0 o.o 
CD155 o.o o.o o.o o.o 0.0 0.0 o.o 0.0 0-~; 0.0 o.o 0.0 

} J 

'{] 



 

 Information Only 

hble 8.2 ,conttnuelf) 
OUIPOt UJlt • 6 PAGB " DICU Ol ... s~••cr•••~ l&tllt&t ••st•1 11,000 ••• ,., ... &C!l,AIIOI PRODUCTS 

MI!R• 1.00000! 08111, . ., ..... 1. 00000 I OONI D, Pt. til• t.oow oo•tc•••2-stc 

IUCLIDK '1'11111.11 IIDIOICIIUTI, CtriJIS 
011 YOIII Of IIIII&L U&n lltiL IY I IIPIOCI SSIIC YIU OP 160 oars 

SII•D.05S ' ]. II 10. II 30. .. 100. II 300. u '· n 3. "' 10. ., ]0. "' .. 100. "' I. ., 
otU6 o.o o.o o.o o.o o.t ••• o.o o.o o.o o.o o.o o.o 
GD15l o.a o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o 0.0 
ODISI o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Ob1S• o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o o.o 0.0 
GC160 0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
or:: 161 o.o . o.o o.o o.o o. 0 1.0 o.o o.o o.o o.o 0.0 o.o 
GtiU 0.0 0.0 o.o 0.0 o.o o.o o.o o.o o.o o. 0 0.0 o.o 
T!15l o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
T!159 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Tf 160 l,lJU-03 •• 1271•01 1.0111·,. 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
TIHI 6 •• 3U·IO o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o 
ffiU o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 
01156 o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 o. 0 o.o o.o 
DI1Sl 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
01151 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
DttS' o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
''"0 o.o o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
01161 o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o 0.0 
Dt16l o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
01163 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
D I 115 .• o.o 0.0 o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o 0.0 
0116~ o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o ti 0 01 165ft 0.0 o.o o.o o.o ••• o.o o.o o.o o.o o.o 0.0 o.o 
Dl166 2.0011•20 ••• o.o a.o o.o o.o o.o o.o o.o o. 0 o.o o.o 

Q H0163 o.o o.a ••• o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 
~ Ht165 ••• o.o o.a o. 0 o.o o.o o.o o. 0 o. 0 o. 0 o. 0 0.0 

HOI66 2.9111·20 o.o ••• 1.0 o.o o.o o.o o.o o.o o.o 0.0 o.o w HOI66H 1.JIZI·09 1. JIOI-09 1.3051·09 1.2901·09 1.2]91•09 1.10,1•09 1,1651•10 2.1201•10 •• 0101•12 3.9131•11 1.0191·3• 0.0 
.._] UIU o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 0.0 

1016] o.o o.a ••• 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o 
!J16• ••• o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o 
!0165 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
10166 o.a o.o a.o o.o o.o o.o 0.0 o.o o.o o. 0 o.o o.o 
15161 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
Ul6fH 0.0 o.o o.a o.o o.o o.o o.o o.o o.o o.o o.o o.o 
IU68 o.o o.o 1.0 o.o o.o o.o o.o o.o o.o o.o o.o ••• Itt 16, E.lon-" o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o 
11110 o.o o.a o.a ••• o.o o.o 0.0 0.0 o.o 0.0 0.0 o.o 
UIJI 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
"''n o.o o.a o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 0.0 
11169 o.o o.a o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
uno I. JIU•IO •• 6511-1] ••• , .. , 3.8151•16 o.o o.o o.o o.o o.o 0.0 o.o o.o 
Tll1101t o.o o.o o.o o.o o.o o.o o.o o.a o.o o.o o.o o.o 
'1'1111 2.1021·12 9.1211-13 1.6161•10 5.62]1•11 5.9501•21 o.o 0.0 o.o o.o o.o o.o o.o 
'ffl172 ....... z. o.o o.o 0.0 o.o 0.0 o.o 0.0 0.0 o.o o.o o.o 
.. In o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
1!161 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
UIU o.o o.a o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
uno o.o o.o ••• o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 
UIH o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
UIH o.o ••• • •• o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 
nnl o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 
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Tobie I.Z (coottoued) 
OITPDt lilT • 6 ••a• •s 

UICII 01 fll ltllctlll~ IIYIItiL IIS!II Jl,OOO 81D/ITII 
lOIII• 1.000001 O&IW• IIIIUI• 1.000081 00119, tL•t- 1.011 DDIIC1••2~SIC 

I~IIITJCI PIODDC!S 

1!'11111 
18tl5 
1!11511 
tltl6 ,,,., 
1D1l5 
L01l5 
to 1160 
UIH 
LUUln 
'" ,, ..... 
11116 
11111 
Rille 
unen 
ln1l9 "' .,,. 
1111110 
IP1fl01t 
Hllet 
u1n 
Tl180 
!1181 
.,. 182 
tl11t:ZII 
TI1Bl 

1180 
111 I 
118:Z 
11lllfl 
118] 
I 11!111 
118~ 

11111511 
1186 
1181 
1188 
118S 

It 185 
trte6 
1!181 
II 188 ., . .,. 
UIU 
OS flllll 
0!185 
OS 1!1 
05181 
05188 
oun 
OSI90 

IDCLJDI tllllt IIDIOIC!JfJtJ, CD.JIS 
011 ~OJJI OP lllfiiL lllt1 IITIL I~ I IIPIOCISSJJG Till GP 150 DIIS 

SltO. OSI I ' l. II 10. II ]0., 11 100. II lOO. 11 t. II 3,. II 10. It 30. •• too. "' 
a .. o ~ .. a o.a a.o o.o o.o o.o o.o o.o o.o o.o o.-o 
1.6tU·20 O.G G.G G.G t.G O.G 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 G.G G.O 0.0 o.G 0.0 O.o 0.0 0.0 0.0 0.0 0.0 
o.o 0.0 o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o o.o 
0.0 o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o 
o.o o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
2.6151·11 2.6151-11 2.6151·11 2.6751•11 2.6151·11 2.6151•11 2.6J5B•II 2.6151•11 2.6151·11 2.6151·11 2.6151·11 2.6151·11 
o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o 
&.un-o. ,_.,, .. ,, s.n .. -11 1.,651·25 o.o o.o o.o o.o o.o o.o o.o o.o 
2.1171-0l 2.1Ut-05 2.!191·10 1.5071•2' o.o 0.0 o.o o.o 0.0 o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
1.2ur 110 6.JJot-os 1.oon-11 o.o o.o o.o o.o o.o o.o o.o · o.o o.o 
a.o o.a a.o o.o o.o o.o o.o u.o o.o o.o o.o o.o 
o.o ••• o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
a.o o.o o.o a.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o .. o o.o o.o o.o o.o o .. a o .. o o.o 
o.o o.o a.a o.a o.o o.o o.o o.o a.o o.o e.o o.o 
o.o ••• o.o o.o o.o o.o o.o o.o o.o . o.o. o.o o.o 
0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
1.1611 01 6.USI•01 o.'tU·25 0.0 o.o 0.0 o.o 0.0 o.o o.o 0.0 o.o 
'· 1661-01 '·1"1-01 o. 1661•01 0.1f61•01 o. 1661-01 '· 1661·01 '· 16!1•11 0.1651·01 O. 1621·01 ,.1561•01 o. UOI·Ol 1.8511·01 
o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
o.o ••• o.o 0.1 ••• o.o o.o o.o o.o o.o o.o o.o 
1.111101 1.1511•02 ,.2011·01 -.1661•01 •• 1661•01 -.1611•01 0.1651·01 0.1651•01 •. 1621·01 0.1561·01 0.1),1·01 1.8511·01 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
e.stu~u e.o o.o o.o o .. o o.o o.a o.o o.o o.o o.o o.o 
••• 0.0 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
l.UJJ-01 •• t851-0II 1.1111-10 2.2191•21 o.o o.o o.o o.o o.o u.o o.o o.o 
o.a o.o a.o a.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.e o.e o.o o.o o.o a.o o.o o.o o.o o .. o o.o 
o.o a.a o.o o.o o.o e.o o.o o.o a.o o.o o.o. o.o 
o.o o.a o.o o.o o .. o o .. o o.o o.o o.o u.o o.o o.o 
,.Uti oo J.Jn ..... a• l.ll61·U a.o a .. o o .. o o.o o.o o.o u.o o.m o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
o.o ••• o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o 
0.0 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1.2111-01 ........ , 0.1151·11 o.o o.o o.o o.o o.o o.o o.o ••• o.o 
0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 
o.a o.o e.o o.o o .. o o.o o.o o.o o.o o.o o.o o.o 
2.111J·t2 o.o a.a o.o o.o o.o o.o o.o o.o a .. o o.a o .. a 
1.1911-01 1.3911•01 1.1981-01 1.1961•01 1.1911-01 1.1911-00 1.1911·01 1.391··08 t.l91~-·· t.l91!•08 1.3981•08 1.398!•08 
J.un-o1 5.1661·06 o.nn-n o.o a.o o.o o.o o.o o.o o.o o.o o.o 
o.o 0.0 e.o o.o '·' 0.0 o.o 0.0 o.o o.o o:o o.o 
••• 0.1 .... o.o ••• o.o o.o o.o o.o 0.0 o.o 0.0 
0.0 ••• o.o 0.0 o.o 0.0 o.o 0.0 o.o ••• o.o o.o 
0.0 0.0 1.0 D.O 0.0 0.0 O.D 0.0 0.0 0.0 0.0 0.0 
o.o 0.1 1.0 0.0 0.1 o.o o.o o.o 0.0 o.o o.o 0.0 
0.1 o.o t.o o.o ••• o.o . o.o o.o o.o o.o o.o o.o 
••• o.o ••• a.o o.o o.o o.o o.o o.o o.o o.o 0.0 
o.a o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o e.o 0.0 t.o o.o o.o o.o o.o o.o o.o o.o 
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Table 8.2 (continued) 
OO'TPU'f UIIT • 6 PkOI u D!ClJ OP Pit StiOCIOilt lltllllt llSfll ll,.OOO IWD/II'Iftll lCtltltiOI PIOOUCfS 

lOIII• 1.000001 0011, IDIIIP• 1.000001 OORID, PLDJ• 1.001 OOIJCI••2-S!C 

.. CLIDI 'tlltll llDIO&C!Itltl,. COlliS 
Oil 'lOIII or lllfllL Hll tl IIT&L lt l IIPIOCISSIIG TIIII or 160 DliS 

SltO.OSI , J. " tO. u 30. II 100. " JOO. fl 1. If 3. "' 10. " JO. n too. «r '· If 

OS 190ft o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
0~191 9. 7&6!-06 3.1598•27 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o OS 1911 0.0 o.o o.o o.o o.o o.o o.o o.o o.o ••• o.o o.o 0S192 o.o o.o o.o o.o 0,0 o.o o.o o.o o.o o.o o.o o.o 0SI9l 0.0 •••• o.o o.o o.o o.o 0,0 o.o o.o o.o 0.0 0,0 
OS t~U ,,2(11-11 2.9761-11 1.3258-11 1,l151-12 '·••sa-16 3.7311-26 o.o o.o o.o o.o o.o o.o 
I l 191 o.o o.o o.o o.o 0.0 .o.o o.o o.o o.o o. 0 o.o o.o 
11192 6.6631-0t 2.655a-ot 2.5161!•09 2.U21·09 1.Uli·09 1.1231·09 1,500I•Ie 1.7722·11 8.6121-22 0.0 o.o o.o 
It 1'9 2rl 2.66CI•09 2.U11·0t 2.51·1-09 2.--01-09 1.9951-09 1.1221-09 1.-99!-10 •• 7681-13 8.6051-22 o.o o.o o.o 
Iot9l o.o o.o· o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 ,.,,Ill -. 2101-11 2.nn-n 1.3211-" 1.lUI-12 -.0.61-16 3.7391-26 o.o o.o o.o o.o o.o o.o 
ft.1911tl o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o ., 190 o.o o.o o.o •• 0 o.o o.o o.o o.o o.o o.o o.o o.o 
Pt 191 o.o o.o o.o o.o o.o o.o o.o o.o o.o o .. o . o.o o.o , 192 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
., 19] 1.sur-oe 1.5!11·01 1.5Jli-OI I.UU-01 1.lUJ-01 1.0191-01 3.8611·09 2.,131•10 ••• 711-1' 1.3-01-26 0.0 0.0 , 1931 J.6Ur-11 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 ,,. o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o P!195 o.o o.o o.o 0.0 0.0 o.o o.o o.o o.o 0.0 o.o o.o P119511 3.l91f·2· o.o o.o o. 0 0.0 o. 0 o. 0 o. 0 o.o o. 0 o.o o.o ,,, 0.0 0.0 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 P1191 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 :0: ,, t9lft o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o ... 
'"" o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 

0 PTI95 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
(.;;) .. 19'11r o.o o.o o.o ••• ••• ••• o •• 0.11 o.o 0.0 o.o o.o &0197 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
~-~ IOtiJ8 2.-l51·l1 0.0 o.o 0.0 0.0 o.o o.o o.o 0.0 o.o o.o o.o ;:., 10199 2.2-21·29 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 &a200 0.0 o.o o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o C.l) 110196 o.o o.o o.o o. 0 o.o o.o o.o 0.0 o.o o.o o.o o.o 

RG191 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 0.0 
RG19ll o.o o.o o.o o.o o.o o.o ••• 0.0 0.0 o.o o.o o.o 00198 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o .. ,, o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
11G t9 911 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
IIGJOO o.o o.o ••• o.o o.o o.o o.o o.o o.o o.o o.o o.o HG20 1 o.o o.o 1.0 o.o o.o o.o o.o o.o o.o o.o b.o o.o H0202 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o RG203 o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o 
fte20' o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
HC20~ o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o Tl20l o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 
'I'L20' o.o o.o o.o 0.0 0.0 o.o o.o o.o o.o o.o 0.0 ••• fl205 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 Tt206 8,5961•12 8.5961-12 1.5961-12 1.5951•12 8.5951•12 8,5958•12 1.59U•12 8.5901•12 8.57 .. •12 8.5]61-12 8.3991-12 6.8221·12 
f!lO" 1.609!-20 8.(091-20 1.1011-20 8.6091-211 8.611tt•20 8.6091•20 8.609!-20 8.609!-20 8.609!-20 8,6091-20 8.6091-20 8.6090-20 P!205 t.un-n 9.no1-u t.13oz-u '· noz-13 9.1301·13 t.noe-13 9.nos-n 9. 1291-1] 9.1281-13 9.12U·1l 9.109!•13 8.9211·13 Pf206 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o ff201 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o t!208 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
P1209 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
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Tlblo 1.2 lcontlnoodl 
oatre~ ••tY • ' tlOI ., 

D!CII 01 fll StiiC!IIlL ll~lltlL 115~1& ll,OOO 118/ltlll .U:'I'Dlt'ICI t•OOUCt'S 
POW!~• 1.000001 0011, lllllt• 1.000001 OOIIID, fLit- 1.001 001teit•1-SI( 

•not 
11209 
11210 
11210• 
11211 
PC:ltO 
0<111 
PC21tll 
TOtAl 

IICLIDI tiiLit IIDJOIC~IflYt, CDIIIS 
011 lOIII OP lll'fiiL IIIII lll,.lt. 1'1' l IIPIOC!SSIIG 1'1111 OP 160 DIIS 

!1•0. 051 I l. II 10. 11 10. 11 lOO. II lOO. II t. Kf l. I I tO. ll:f 

1.15U·12 1.15111-12 1.]5111-12 I.J511•12 l.l511·U 1.1501•12 1.1UI•U 1.JU1·12 1.3261·12 
o.o o.o o.o o.o o.a o.o o.o o.o ••• 
6.011!·15 o.o o.o o.o ••• o.o o.o o.o o.o 
1.6101•12 1.1108·12 1.6101·12 1.6101•12 1.6101·12 1.6291•12 8.6211•12 8.6211·12 1.6101·12 
o.c o.o o.o o.o o.o o.o o.o o.o o.o 
1.0.61-05 •• 1121-01 t.Slll-tl 1 •• 521·1• 1 •• 521-1' J •• S2t•t•. l.,Stl-1' 1.•soa-t• 1.••••-t• 
o.o o .. o o .. o •·• o.o o .. o o.o o.o opo o.o o.o o.o a.o o.o o.o o.a o.o o.o 
1.6611 01 1.11JI 11 1.0551 OJ 6.1111 02 ].1611 021.590101 1.102100 1.0961 00 6.169100 

]0. .. 100 ... I. "' 

I.Z1JB·I2 1.1191·12 2.0511·13 
o.o 0.0 0.0 
o .. o 0.0 o .. o 
t.SlOW-12 8.,ll•-tl ,.ISOI-12 
a.o o.o o.o 
, •• 281··· l~1JJ&·1· 2.1.01~1-
o,o •• o o.o 
o.o o.o o.o 
•• '7011. 00 2.U61 00 1 .. 5781-01 



 

 Information Only 
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Table 1.3. Sa•ple ORIG£N~ ele~ent radtoacttvtty tebte 

b!CII OJ tWI S~IOCYUIIt Rl~llt&L 115,1: 33,000 RID/Itlft 
OUTPUT UIIT • 6 PAd!: 118 

POW!I• 1.000001 OOWI• 801JOP• t.OOOOOB OOKID, PLOt• 1.001 001/CB••~-S!C 

ILIRIIT ~IILI1 I&DtOICTI91T1, 
011 TOIWI or IIITIIL 

SltO. 051 I 3. II 10. fl 30. tl 

COlliS 
ftll'l IITIL IT I IEP~OCI!SJftG 

100.· fl 300. tl 1. U 

lC'!tfi!'Jtl fiO!JdC'n 

TUI or uo ons 
3. II 10. ll JO. 11 100. It 1. "' 

1.2801-01 1.0121-o1 7.3on-oz 2.316!-02 o.nn-.. 6.2231-09 5.l1ot-26 o.o o.o o.o o.o o.o 
2.209f-08 2.2091-01 2.209·-·· 2.2091-08 2.2091•08 2.2091-08 2.20&!-08 2.206!-08 2.200!-08 2.181!-08 2.1161-08 1.-12!-08 
9.our-01 9.ooar-o1 t.oooa-01 9.H8o-o1 9.2991·01 9.01u-o1 1.nn-o1 6.5on-o1 2.8011·01 1.un-o2 5.1ooo-o6 o.o 
2.082!·08 2.0101•08 2.0561·08 2.0001•08 2.2311•08 1.8031·08 8.5051·09 1.0131·09 5.8021·1) 3.1711-22 o.o 0.0 
3.6CJI·01 2.0701·01 2.0561·08 2.000!·08 2.2311•01 1.1031•08 8.50fi·09 1.0131·09 5.8031·13 3.1711•22 0.0 0.0 
5 • .,91-01 9.1111•05 1.7611-13 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
6.020!-06 6.0201·06 6.0201-06 6.020.1·06 6.0191•06 6.0161·06 6.0011-06 5.919!·06 5.88JB•06 5.6181-06 o.782!•06 6.019!·07 
2.650!-06 1.5921-01 1.560!•01 1.0851-08 1.2001•08 7 •• 071•09 1.220!-09 1.051!-12 1.035!•19 o.o o.o o.o 
2.306!-13 2.!.61•13 2.3461-13 2.3461-13 2.3.61•13 2.1061-13 2.146!-1] 2.346!·13 2.1061-1] 2.3061-13 2.1.6!-13 2.345!-13 
1.8.9!-03 1.7511•05 9.0141-08 9.0491-08 9.0401-08 9.0211-01 8.970!-08 8.822!-08 8.3091-08 7.0021-08 3.847!-08 1.7381-11 
1.1601-01 1.3011-05 1.8051-15 o.o 0.0 o.o o.o 0.0 o.o o.o o.o o.o . 
2.3oo1-15 2.10•1-15 2.3041-15 2.1oo•-15 2.3o•t-15 2.3oot-15 2.1041-15 2.3ool-15 2.3ool-1s 2.1041-15 2.104!-15 2.1041-15 
6.236! 02 7.7721•10 o.o 0.0 .,o o.o o.o o.o o.o o.o o.o o.o 
·-~03! 01 5.9161 00 2.0731-02 1.9041-09 o.o o.o o.o o.o o.o o.o o.o o.o 
4.861! 03 2.1711 OJ 3.1591 02 1.6261 00 1.2711•01 0.0 0.0 o.o 0.0 0.0 0.0 0.0 
1.7251 03 4.9111 OJ 1.9561 OJ 1.4091 02 1.0111•02 5.3111•10 0.0 o.o 0.0 o.o o.o o.o 
6.,.6C6! 02 6.,,601 D2 6.UOI 02 5 .. 280! 02 J .. 1l71 112 l.J52! 01 5 •• 601 GO 5 ... 022! GO 11.7%7! GO J.97SI 00 2.t6k Oct '9.071!-04 
5.7l7!-2l o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
2.1011-01 9.3401-0J 6.5201·06 6.2651-15 o.o o.o o.o o.o o.o o.o o.o o.o 
2.2121-10 2.5271•11 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
2 ... 000t•l2 2.0001•32 2.000I•i2 2.0001•12 2.0001-12 2.0001-12 2.0001-12 2.0001•12 2.0001•32 2.,0001-12 2.0001-12 t.t4tl-lS 
6.3561·01 1.o1l1·04 1.1941-oo l.o20I·05 1.o021-05 1.2001-01 6.9701·15 1.4161·35 o.o o.o o.o o.o 
2.1111 oo 1.un-04 1.1951·04 1.un-os 1.oou-os 1.2ou-o1 6.9H1•15 1.4161-U o.o o.o o.o o.o 
1.5661 u 1.1651·11 1.un-u 1.2661-01 1.uu-G1 1.2n1-01 1.265l-o1 1.260!·01 1,26o•-01 1.2•n-o1 1,2101-o1 8.o•s•-02 
1.6591 04 1.4411 00 1,1361 00 1.378! 00 1.3911 OD 1.3901 00 1.3601 00 1.2781 00 1.0311 Do 5.7911-01 1.5111-01 7.6431·02 
2. 5241-02 2. S2U·02 2. 5191·02 2. 5091-02 2. 075!-02 2.3111·02 2.07e!·02 1.3931·02 3. o801•03 6.6171-05 6. 2691·11 o. o 
1.056!-Gl 1.0561•03 1.0561·01 1.0561·03 1.0561·0! 1.0551•01 1.05!1-03 1.046!-03 1.0221•0] 9.5181-04 1.6271•00 o.0181·05 
4.0601-0l 1.6311·11 !.0991·11 3.2t91·22 4.1071-U 0.0 0.0 0.0 0.0 o.o 0.0 o.o 
z.uu-u 1.1121-n 3.0991·16 1.2991•22 4.1011-u o.o o.o o.o o.o o.o o.o o.o 
e.o551-15 a.o551•15 6,4551·15 1.4551•15 6.,551·15 1.4551·15 1.4501·15 6.0531·15 1.o•91-15 ~.43,1-15 6.3861-15 5.8021-15 
1.1!2!-04 0.0791•05 1.7611·06 1.0431·06 0.1241-06 1.3801·06 1.03~1-01 5.5171•13 1.0131-29 0.0 o.o 0.0 
9.951f-Ol 5.0111-00 1.1191-05 2.1611•10 5.5041·21 0.0 o.o 0.0 0.0 0.0 0.0 o.o 
1.9161 00 1.9421•01 1.1621-16 1.6621•16 1.1621•16 1.6621-16 1.6621-16 1.6621-16 1.6621-16 1.6621•16 1.6621•16 1.6621•16 
4.fCOI 03 1.9091 02 1.3731·01 1.7911·01 1.0161•01 1.961!•03 5.4401-G7 4.8111-19 o.o o.o 0.0 o.o 
1.osu n 1.nn oz 1.11sa 02 7.9511·01 1.9nt-ol o.o o.o o.o o.o o.o o.o o.o 
].454! 02 1.1611 02 2.1921 01 1.9001•01 4.7111-09 0.3611-13 4.3611•1] 0.3618•13 0.3611-13 0.3611•13 •• 3611•1) 0.3611-13 
1.6521•10 1.6521•14 1.6521-10 1.6521-14 1.1521-14 1.6521•14 1.6521-10 1.6521•10 1.6521-14 1.6501•14 1.6051•10 1.5111-10 
4. 1511~12 I.UOI-42 o.o o.o o.o . ••• o.o o.o o.o o.o o.o o.o 
!.6011·16 1.3281-16 1.2621-17 1.9651-20 1.0111•21 1.1111•23 1.4181·21 1.018!"21 1.4151-23 1.0061-23 1.3771-23 1.0501-23 
5.2101·23 1.UOI·JJ 1.19DI•Jl 1.1901-U 1.1901·]) 1.1901-ll 1.1261•00 9.5981·61 0.0 o.o o.o 0.0 
o.l~ll-57 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1.e121-29 1.6121·29 1.6121-29 2.96u-n o.o o.o o.a o.o o.o o.o o.o o.o 
1.2181-21 1.5911-29 1.5931-29 2.9261-]1 o.o o.o o.o o.o o.o 0.0 o.o o.o 
2.1681•23 J.$15&-45 1.5851•05 9.4911·45 t.49l1•45 9.49]1•05 9.0931-45 9.4931·45 9.0931•05 9.0911·05 9.4931•05 9.493!•05 
1.1231·21 !.1641-20 1.1J6t-20-1.8Bl1·21-7.l20t-2t o.o o.o o.o o.o o.o o.o o.o 
0.8061·12 1.6961•12 0,4501•12 ].8151•12 2.2251·12 4.7611•13 2.1181•15 0.4011•22 9.991!·28 1.0021•27 1.0081·27 1.0931·27 
1.6161•04 1.2111•04 1,2591•05 1.0081·05 3.1751·08 3.365!•15 5.4991•36 o.o 0.0 0.0 o.o o.o 
9.8,2!-oo 4.2611-os 2.1181-01 2.0111-11 1.0111·18 1.0811·11 1.0831·18 1.o8n-u 1.0831·18 1.0131-u 1.on1-11 1.o8n-18 
1.1201•03 4.7211•01 1.0711-11 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
2.0011·20 o.o o.e o.o o.o o.o o.o o.o o.o o.o o.o 0.0 



 

 Information Only 

Tablo 1.1 (continued) 
OGTPIY DWf~ • 6 Pl112 U 

DICit 01 til SYIICI.IIt IITIIIIl II!Tit ll.OOI IID/ITII IC!lfi,IOI IIODU~S 
lOIII• 1.000101 lORI• lllllf• 1.000001 OORII, PLOI• 1.00t OOIJCI••2-IIC 

ID .. 
u 

" LD 
n 
n 

I 
II 
OS 
u , 
•• n 
te 
n 
10 
~CUL 

1~1~111 ~ll~&t lliiO&CT111!1, CUIIIS 
Oil TOIII or llltllt lllfl lltlt IY I IIPIOCI!!IId !Ill or 160 OIJS 

!11•0.151 I 3. II tD. 11 30. II 108. 11 lOO. 11 1. k! 3 .. It_ 10. II 30.,. II 100. 11 1.. Ill 

1,3121-09 1.3101-01 1.]051•09 1.2901·09 1.2311·01 1.1011•09 1,]651•10 2.3201·10 1.0101•12 ].91]1•17 1.0791•31 o.o 
&,eon-to o.a •·• a.o a.o o.o o.o o.o o.o o.o o.o o.o 
1.1101·10 1.1211-12 7.1161-n s.6UI·I1 5,95 .. ·21 o.o o.o o.o o.o o.o o.o o.o 
1.un-2o o.o 1.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
J.51tt-OJ 2.USI·05 3.1201·10 2.6151•11 2.6151·11 2.6151·11 2.on1·11 2,6151·11 2.6151·11 2,6151·11 2.6151·11 2,6151-U 
1.1951 01 6,1361•05 1,1661·0? 1.1661•01 1,1661-11 1,1661·01 1.1651•01 1.1651·01 1,1621·01 1,1561•01 0,1111·01 3,85li·Ol 
I,Jlll 01 1.1561•02 1.2011•17 1.1661•01 1,1661•01 I,IU1·01 1,1"1•01 1,1651·01 I. 1621·01 1,156!·01 I,IJOI·Ol ],8511•07 
6,0!61 00 t,OIOI•a. J,IIII·IO 2.2191•21 O,O 0.0 O,o o.o 0,0 0,0 0.0 0,0 
3.3221•01 5.,.1101-01 t.JJII-01 1.3981-01 1.!911•01 1.1911-01 1.1911-01 1.]911-01 1 .. 3911-11 1.3911•01 1.3911-DI 1.198!-01 
t,lC61·06 2,9761•11 1.3251•11 I.JISI•I2 l,ol51•16 J,13U•26 0.0 0.0 0,0 0,0 0.0 0.0 
6.66U·OI 2.9221•01 S,tiii•Ot 0,1811·09 ],9911-DI 2,2151•09 2.9!91•10 9,510!·11 1,1221·21 0.0 o.o 0,0 
1,5l51·01 1,5311•01 1.52)1•01 1.1121•01 1,]05!•01 1,0191•01 ],1111•09 2,1111·10 l,llli·IO 1,3001·26 0,0 o.o 
2.U61-2t O.t 1.0 o.o 0.0 o.o o.o o.o o .. o o.o o.o o.o 
e.ttet-12 1.5111•11 e.stat-11 e,St51-12 e.sts .. ,a e.sttl•tJ '·''''~12 e.stoa-ta e.sll.-tl a.S11t•12 e.Jttl•12 1.aaa•~•2 
t.IJOI•Il t.I!OI•1J loll01•13 I,IJOI•IJ t.IJOI•IJ 1,1101•11 9,11CI•IJ 9,1291•1) 9,1211•11 lo12II•IJ 9.1091•11 1.9211·11 
t.tllt-12 t,ttll-12 t.lttl-12 t.tlll-12 t.9111-12 •·••o1-12 t.tll1·12 •-•••1·12 9,9161•12 t.atll-12 9.5521·12 7.0551·12 
I.Olii·OS O,JJ21-01 1.5JII·IJ ).1521·11 J,IS21-Il ],1521•11 3,1511•10 3,0501·11 3.1lli•IO 1,121t·ll 3.37li•IO 2.7101·10 
1,6611 Ol l.llll IJ J,OS51 OJ 6.JI]I 02 3,1611 02 1.5111 01 1,102100 1,096! oO 6,1691 00 l.loll 00 2,ll61 Oo 1.5781·01 



 

 Information Only 

Table 8.4. Sa•p1e ORIG£N2 su•••ry ftUCitde radioactivity table 

OUTPUt UIIT • 6 Pl.GI SO OtCit Of fll S!IOCYIIIL RIYIRIIL IISYI: 31,000 RIO/RYHR ICTlflTI~I PIODUC!S lOVER• t.OOOOOI 0011• BUIIGP• 1.000008 OOftiO. fLUI• 1.001 001trR••2-S!C 

Sll~&ll ~&ILII .lDIOICTJfttr. CIJIIIS 
Oil tOIII OP IIITII~ Hilt~ I!TIL IY I I!PIOCISSJIO ttftl OP 160 DITS SRtD.05f f 3. tl 10. tl lD. tl 100. fl ]DO. tl I. If l. IT 10. Kf 10. kl 

1. "' c ,. 9.0121·01 9.0081·01 9.0001-01 9.1181·01 9.2991•01 9.0161•01 •• ll91·01 6.5UI•01 2. 80 11•01 2.-911-02 5.2.0!-06 o.o C' 51 f.2lEI 02 1.112!·10 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
"' 50 6.80Jt·DI 5.9861 00 2.01]1-02 1.9001-09 o.o o.o o.o o.o o.o !).0_ .. o.o o.o rt 55 O.IJII OJ 2.1111 Ol l.J591 02 1.6261 00 1.2111·01 o.o o.o 0.0 o.o o.o o.o o.o co 51 1.H81 OJ 1:nn-02 o.no1-U o.o o.o o.o o.o o.o o.o o.o o.o o.o cc 60 1.2861 OJ 0.911! OJ 1.9561 Ol 1.009! 02 I.OUt-02 5. 311!·10 0.0 o.o o.o o. 0 o.o o.q II 59 5.1501 00 5.1501 00 5.1501 00 5.1531 00 5.150! 00 5.1011 00 5.11C! 00 5.0221 00 •• }271 00 3.97511 00 2.1611 00 9.011!-00 WI 6J 6.550f 02 6.008! 02 6.019! 02 5.2281 02 J.0861 02 6.8381 01 3.500!·01 9.•1981-0fl o. 0 o.o o.o 0.0 !II 9.J 1.2660-01 1.2661•01 1.2661-01 I. 2661-01 1.2661-0 I I. 2651-01 1.265!-01 1. 26.!-0 1 1. 2601·01 1.2.9!-01 1.210'!-01 a.oqse-o2 !111 t5 8.566f OJ 5.9891·02 5.5911•10 0.0 o.o o.o o.o 0.0 0.0 o. 0 o.o o.o .. ,,,. 9.2611-0J 2.5001•02 5.3511-02 9.6181·02 1.1961•0 I 1.2021•01 1.202!-01 1.2011-01 1.1971 .. 01 1.1861-01 I. 109!-01 l.6f&J'! ... 02 
l! " 1.28H 00 1.2831 00 1.2821 09 1.2811 00 I. 2181 00 1. 2101 00 1.2001 00 1.158! 00 9.1161-01 •• 605!-01 •• 2t9t-02 1.909!-15 •• n 1.6!21 o• 1.]]01•01 I.Hll-ll 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o U 95N 6.1551 01 ••• 01!•00 •• 1521·16 o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 •• 9J 2.5201-02 2.52]1•02 2.5191-02 2.5091•02 2.0151-02 2.3111·02 2.0101-02 1.39JI-02 3.0181-83 6.6111-05 6.2691-11 0.0 SIIU J.085f 02 O.lSOt-01 9.115!·08 1.682!·21 0.0 o.o o.o 0.0 o.o o. 0 o.o o.o Sl 1t911 O.lOU Ol 1.1951 12 1.3691-0 I I.UI0-10 o.o o.o 0.0 o.o 0.0 o. 0 0.0 o.o SliZ3 1.0201 02 J.9681-0I •• 3651-01 •• 1231·20 o.o o.o 0.0 o.o o.o o.o o.o o.o uus 1.0011 OJ 6.1]]1 02 1.1851 02 1.9511•01 1.9021-08 ••• o.o o.o o.o o.o o.o 0.0 u 12511 J ... ]t 02 1.6&81 02 2.1921 01 1.,.01•01 0.188&-09 o.o o.o o.o o.o o.o o.o o.o :!IIPTCt' 0.6551 Oo 1.1111 Ol 3.0501 OJ 6;1J91 02 3.1621 02 1.5911 01 1.8011 00 1.0951 00 6. 16&1 00 •• lOOI 00 2.0051 00 1.5181-01 
tCUL '·"" .. 1.1111 OJ J.o5sa OJ 6.loJt 02 3.1631 02 1. 598! 01 1.8021 00 l.096t 00 6.1691 00 •• 100! 00 2 ... 61 GO 1.5181-01 
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fable 1.5. Sa•ple OllllN2 su .. ary ele•ent radtoacttwtty table · 

OD'I'PD'I lilT • 6 f&GI 5I 
D!CII 01 Ill S'l'llcYDilL ll~lltlL 11!~11 ]!,000 RWD/1'1'11 IC~1'l~IOI tiODdCts 

lOIII• 1.000001 0011~ IIIIIP• 1.000001 OORID, rLOI• t.OOI 001JCI••2·SIC 

c 
Cl 

•• PI 
co 
II 
u 
•• 
"" •• Sl 
7t 
SORTCT 

,.C11L 

... , 
lct•IP 
ll•lctfft 

SDIIill YIILII llDJOICIItl~l• CalliS 
011 '1'0111 CliP JllfllL IIlii llt&L IT I IIPIOCI!tiiG Till OP 160 DIIS 

SltO.OSI I J. II U. fl )0.., II 100. II lDO .. II 1 .. II :J. It U. II 

9 •• 1ZI-01 9.0011-11 9.0001-01 9.3711-01 9.Z991-0I 9.0761-11 1.]391-01 6.5.71-01 Z.8071-01 
1.uu oz 1.nz1-10 o.o o.o o.o o.o o.o o.o o.o 
6.10Jt 01 5.9161 oo z.nn-oz 1.toor-ot o.o o.o o.o o.o o.o 
..lUI 03 Z.IJII OJ J.J591 OZ 1.6261 00 I.ZJII·OI 0.0 0.0 0.0 0.0 
e.7251 ol ~~t.tnt ol t.tS61 01 t.•o.• 02 t.111li .. 02 s.u11-n o.o o.o o .. o 
6.6061 02 I.UOI 02 I.Uctl 02 5. 2801 02 J. U71 02 J.lSJI 01 5. l601 00 5.0221 DO l. 7271 DO 
8.51561 Ol 1 .. 1651-01 1,.266!•01 1..2661-01 t .. 26fii•D1 1.:1651•01 1.2651!-01 1 .. 26111!-01 1,.260!-01 
1.6591 01 1.0111 00 1.3361 OG 1.1181 00 1.]981 00 1.3901 00 1.3101 00 l.llOt 00 1.0311 00 
2.!2•1-02 2.!2ll-02 2.S191-02 2.5091•02 2 •• 151-02 2.3111~02 2.0'JCI-02 t.l9li-02 l.-801-03 
•• ?coo n 1.9091 n ~.3nt-01 J. n1o-ot 1.uo-ot o.961t-o3 s ... et-Ol o.nu-u o.o 
1.uu n &.nu oa 1.1151 oa 1.ts1r-o1 1.un-o1 o.o o.o o.o o.o 
].0511 OZ 1.6611 02 2.19ZI 01 1.9101-01 0.7111•09 •• 3611-1] 1.3611•13 1.3611-13 0,3611•1] 
0.6591 00 1.1111 OJ 1.0551 OJ 6.7131 OZ 3.16]1 02 7.5911 01 l.IOII 00 7.0951 00 6.1681 00 

30. lt1 100. Jill 1. Ill 

Z.l9li-OZ 5.2101-06 0.0 
G.O 0 .. 0 0 .. 0 
0.0 o.o o.o 
o.o 0.0 o.o 
o.o 0.0 0.0 
1.9751 oo 2.1611 oc 9.0Ht-o• 
1.249!-01 1.2101-01 8.0.51-02 
5.1911-01 1,5111-01 7.6031-DZ 
'·' 111-05 '· 2691-11 o.o o.o 0.0 0.& 
o.o o.o o.o 
... 3611 .. 13 ,.,3612-U •• :JfiU .. 1J 
1.1011 00 2.1151 00 1.5781·01 

0.6671 01 1.7771 OJ J.0551 OJ 6.7031 OZ 3.16]1 OZ 7.5911 01 7.1021 00 7.0961 00 6,1691 00 1.7011 00 2.116! 00 1.5711-01 

CIBILI~Itl l&ltl ~OfiLS 

0.6171 00 1.7771 OJ J.0551 
••• o.o ••• 
1.6671 01 1.7171 Dl ].0551 

OJ 6.7131 
o.o 

OJ •• Jo]l 

DZ J.16JI OZ 7.5911 ot 
o.o 0.0 

oz ].16]1 02 7.5911 01 

7.10ZI 00 7.0961 00 6.1691 00 1.7011 00 2.0061 00 1.5781-01 
o.o o.o 0.0 o.o o.o o.o 
7.112100 7.096100 6.1691 00 1.7011 00 2.1161 00 1.5711-01 
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Appendix B.3: Sample Neutron Production Rate Tables 

00145 

H.t 
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PAGW 52 

Table 1.6. Sa•ple ORJG(NZ (alphl.n) neutron productfon table 

OUTPU! UIIT • 6 
DICit Of Pll SY.UCTUIIL RI~IIII~ llSTIJ Jl.OOO ftiD/N~ftR 

fi~Pil,l) .18!101 S081CI, 110!1015/SIC 
11!1!• 011 lOIII or lll~llL IIIII OaTIL l~ I IIPIOCISSIIQ ~IRI Or 160 DlfS 

S!tO. 051 1 l. II 10. fl 30. II 100• II 300. II 1. If 3. If 10. If 

81111 
POliO 
PO Ill 
P021tl 
PC115 
PC~U 
lT21J 
11119 
11211 
PRill 
U113 
lll16 
lC22~ 
Tft227 
Tft12' 
TRHO 
Pll3 I 
Olll 
en• 
0236 
lUI 

11211 
P0211 
nut 
P82•0 
Pa:=i•2 
U201 
11203 
CR20l 
en•• 

•••• 11-01 3.1311-06 1.1211-06 2.2901-05 1.2751-05 2.1391-00 7.291!-00 2.1311-03 6.9201-03 
1.1111-10 3.0311-0t 3.1091-01 5.6911-07 1.2161-05 1.139!-00 2.612!-03 1.S911-02 1.107!-01 
2.3111-07 2.5161-01 1.2151-01 6.1211-07 0.012!-06 3.6111-05 5.109!-00 6.8521-0) 1.5101-02 
6.3111-08 2.5121-07 1.2221-06 1.3021-06 1.9511-05 1.1111-00 1.0111-02 1.6911-02 l.ol5!-0I 
1.2711-06 0.7011-06 1.2591-05 3.0631-05 1.1001-01 3.2151-00 1.103!-0l 1.2211-01 1.009B-02 
2.5!31-CI 1.0111-01 1.9151-0l 3.1591-06 1.6221-05 1.5931-00 0.19!1-03 3.108!-02 1.795!-01 
1.2121-01 1.3801-07 1.1601-01 1.1021-01 2.2011-06 2.0111-05 1.1121-00 l.15SE•Ol 0.120!-02 
9.7eo•-o7 1.6351-06 t.6l81-06 2.652t-o5 8.1261-05 2.o11t-oo a.oo51-oo 2.o61t-o1 8.0221-o1 
1.1021-01 1.3361-0I 1.5611-0l 2.•2••-oa 2.61•1-05 2.59JI-o• 1.0211-0l 2.203!·02 1.295!-01 
8.1151-01 9.5611•01 1.2221-01 2.5911·01 1.5261·06 1.J98!-05 2.1111·00 2.605!-0J 2.8551-02 
5.5t7!-o7 2.o1oa-o1 5.5111-06 1.51ll-o5 1.1211-05 1.1111-o• o.eJ21-oo 1.0121-oJ o.5891-o3 
1.1151-01 0.0)11·01 2.1591-0l 1.0611-06 1.5911-05 1.5111-00 1.1111-0l 1.3511-02 1.8158·02 
1.1251·01 1.6181-01 1.0901·01 1.1021·01 1.0601-06 9.1161-06 1.50!1-00 1.910!·0] 1.980!-02 
6.0191-01 2.2001•06 5.9511·06 1.631!-05 5.2021•05 1.5291-01 5.210!-00 1.5201-0l 0.952!·01 
l.755r-oa o.o971-oa 5.2JOI-OI 1.1111-11 6.5J1I·01 5.981!-06 9.29!1-05 1.1161-0J 1.22Jt-o2 
1.5291-05 l.2JJI-05 1.1251-05 1.9831-00 1.1101-00 2.5001-0l 9.16!1·03 2.8811·02 9.350!-02 
1.1111-01 9.5011•06 1.1331·05 1.601!-05 1 •• 201-05 1.5C11-05 2.6261·00 1.671!·00 2.090!-0l 
1.1lJI-06 1.1311-05 1.1211-05 1.0551·05 1.0011•01 J.I121-00 1.9151·01 1.9101-0J 2.953!•02 
6.6lll-01 6.1901-011.05tl·01 1.1081-01 9.05U-O\ 1.1301 00 l.lltl 00 1.1111 00 1.151! 00 
1.2101-01 1.2151-01 1.2151-01 1.2111-01 1.2221-01 1.2161-01 1.2151-01 1.0061-01 1.6131-01 
1.110!-01 1.1101-01 1.1801-01 1.1801-01 1.1801-01 1.1801-01 1.180!-01 1.1801·01 l.llot-01 
2.2!11-01 2.1021-01 2.3211-01 2.0081-01 3.0611-01 •• 6121-01 1,J6EI-01 1.6J61·01 8.6701-01 
2.2151 Ol 2.1111 OJ 2.1951 OJ 1.1101 Ol lo0191 OJ 2o2321 02 9.5531•01 8,0951•06 1.1091-19 
2.1111 02 2.3161 02 2.]751 02 2.!701 02 2.1101 02 2.157r 02 2.1121 02 2.1891 02 1.1021 02 
0.105P 02 1.1111 02 0.1511 02 O.ISOI 02 0.1331 02 0.0011 02 1.1581 02 J.OOO! 02 1.0011 02 
1.1021 co 1.1121 00 1.1021 00 1.1021 00 1.1011 00 1.1011 00 1.1001 00 1.1361 00 1.1221 00 
1.1961 02 1.3901 02 1.1011 OJ 3.2201 OJ J.11JI OJ 2.1111 OJ 1.9191 02 1.6111 01 9.6621-0l 
1.5111 01 1.5111 01 1.5101 01 1.5011 01 1.0911 01 1.0691 01 1.J1E! 01 1.1002 01 5.9011 00 
2.0161 01 1.9)91 01 1.6361 01 1.0061 01 1.1Jll 00 l.ol•l-02 5.1101-10 0.215!·31 o.o 
1.1011 Ol 1.6121 OJ 1.2lll OJ 5.1351 02 l.U51 01 1.1601-02 6.9181-11 6.9131-11 6.9111-11 

10. n 100. n 1. "' 

1.925!-02 0 •• 151·02 5.0051-02 
3.9931-01 9.0991-01 •• OJ .. -01 
,.1511-01 1.6.1! 00 •• ,2~! 00 
1.50•1 oo 1.5181 oo 1.559! oo 
2.912!-02 6.6181-02 8.2361·02 
6.2.fil-01 , •• 23! 00 6.110£-01 
2.1871-01 9.109!-01 2.262! 00 
2. 2101-02 s. 1101·02 6.JOli·02 
1.501!-01 1.027! 00 •• 550!·01 
1.6s•z-ot '·•sn-ot t.5fiBt oo 
1. 216!·02 2.926!-02 3.6081·02 
2.121!-01 6.2151-01 2.755!-01 
1.1501-01 ••• 83!-01 1.089! 00 
1.171!-02 1.157!-02 3.890!-02 
l.DB•E-02 2.761!-01 6.110!-01 
2.5111-01 5.106!-01 2.5601-01 
6.9311-0l 1.5901-02 1.961!·02 
8.13ll-02 2.5131-01 5.501!·01 
1.098! 00 9.1.51·01 2.0651·01 
1.8851-01 1.9111-01 1.860!-01 
1. 18 .. ·01 1.18 .. ·01 I. , .. 1·01 
8.6151-01 8 •• 211-01 6.2921-01 
a.o o.o o.o 
1.0221 02 1.165! 01 2.120!·08 
1.7)6! 01 1.0381-02 ••• 17!-01 
1.0821 00 9.5011-DI 1.9001-01 
1.1911·03 5.9921-01 o.o 
9. 0211-01 I. 266!-0l l. 1681·01 
o.o o.o o.o 
6.9121-11 6.901!-11 6.858!-11 

-----------------------------~--------~----------------------------------~--------------------------------------------------------7C,AlS 
'tilL! 
IC1D&L 

1.96)1 Ol 5.J511 Ol 5.1551 OJ 1.35JI Dl 5.5111 OJ 3.6221 Ol 1.5111 Ol 5.1001 02 3.3561 02 1.2161 02 2.9211 01 1.55l! 01 
0.9flf Ol 5.3511 Ol 5,1551 OJ 1.3SJ! OJ 5.5J11 03 3.6221 03 1.5111 OJ 5.1.01 02 1.1561 02 1.2B6B 02 2.9281 01 1.5511 01 

I 
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0218 
POl ]It 
1!1102•0 
P04112 
t:ll211 2 
CtUU 
tft2116 

Slt0.051 I 

hb1e 8.1. S••Ph ORI,Q£112' spontaneous fhston neutron production Ubh 

OOTPO'I 011! • 6 
DICll OP Pll S'IIOC!OI&L I&TIItlL llS!Is 11.000 ftiD/ITdft 

IPOIIIIIOOS PISSIOI IIOTIOJ SOGICI, 110!101!/SIC 
llStS• 011 !0111 or IIITI&L 111'1 ftiTIL lT I R!PIOCISSIWG ~Ill OP 160 D&IS 

l. 11 10. II ]0. II 11)0. II 100. II 1. II l. kt 10. ll 10. II 

PIG I 51 

100. It '· "' 
6.)0111 00 6.30111 00 1 .. 10111 00 6.30111 DO 6.JOtl 00 6.)0tl 00 6.l0tl 00 6.10118 00 6.30111 00 6.,10111 00 6.3051 00 6.106! 00 

1."71 02 1.1111 02 t.,S891 02 1.JS11 02 l .. IUI 01 1.6161 01 6.91U-02 6.1S11•01 8.3211!: ... 21 '0.0 0.0 0 .. 0 
1.1tll OJ t.Utl Ol t.USI Ol 1.1461 OJ 1.1401 01· 1.1161 Ol t.,OlU Ol 8.381! 02 1.9911 02 11.7171 01 2.1621·02 1.2151•06 
t.612t 02 11.1121 02 11.6821 02 t.6121 02 11.6811 02 11.6101 02 11.61111 02 11.6581 02 11.6001 02 11.11111 02 l.91SI 02 1.8081 01 
6.UOI 00 6.2l21 02 9.6611 00 I.IU! 00 6.0051 00 2.S1l! 00 1.051!•01 1.161!·05 1.593!•19 0.0 0.0 0.0 
1.0611 as t.oSII oo 1.21s1 oo 1.165! o• 2.1091 01 I.09o! oo o.osto-o9 o.GSl!-09 o.o51!-G9 o.os61-09 o.oso1-o9 o.Ol5Bco• 
o.2121 02 o.2101 oz o.2661 02 o.2SI! 02 o.2101 02 o.oe81 o2 1.690102 2.1s1o 02 9.811! 01 s.2691 oo 1.852!-oo 1.110•:28 

~·--·-------------------------------------------------------------------------------------------------------·--·----- ...... ----~¥-----
TCULS 
Tift! 
IUUII. 

1.1211 OS 9.1021 Oo 1.0511 00 J.SIOI 00 0.0101 OJ 2.020! OJ 1.8801 OJ 1.5861 OJ 9.6061 02 5.0111 02 J.982B 02 8.009! 01 
1.1211 OS 9.1021 00 1.0511 Oo 1.5801 00 o.OJOI 01 2.020! OJ 1.8101 01 1.5861 OJ 9.6061 02 5.0111 02 1.982! 02 8.009! Of 

-·-----------------------.-------------------------------------------------------------------------------------------·--·----·-----OUIILL 
tUU! 
'tli!Lt 
acta 11. 

1.1111 OS 1.1211 05 1.0021 Go 0.2201 Oo 9.9611 01 5.6021 01 1.1911 Ol 2.1601 OJ 1.100! OJ 6.l2JI 02 o.21SI 02 1.000! 02 
1.1111 o5 1.0211 as 8.oo21 oo o.22o1 oo 9.1611 01 5.6021 u 1.n11 oJ 2.16o! oJ 1.1001 n 6.1211 02 o.21s1 o2 1.ooo. o2 
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Appendix B.4: Sample Photon Production Rate Tables 

00148 

I ft'l 
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..... 
I. 500!-02 
2. !OOt-02 
1. HOI-02 
5.150!-02 
s. 500!-02 
I. ~50!-01 
2.250!-01 
].150!-01 
5.150!-01 
8.500!-et 
1. 250UOO 
1.1501•00 
l.lSO!tOO 
2.1SOit00 
!. SOOitOO 
s. 01101:•00 
1.CJOOit00 
'· 1001•01 

,01'1L 

...... 
1.500!-02 
2. ~00!-02 
1.150!-02 
5.1501-02 
1.500!-02 
1.2501-01 
2. 250!-01 
].150!-01 
5.150!-01 
8.500!-01 
t. 2'50!f00 
t.lSO!tOO 
2:.1SOIUOO 
2. 1501+00 
l. 500!t00 
5.0001+00 
1. 000!•00 
I. 100ttGt 

l1ble 8.8. Sa•ple ORIG£N2 1ctfvatton product photon table 

PROTCI SPIC1'111 POl 'Ctlll1'101 fiOOGCIS 
OGtfDT UI!T • 11 P&GI! 51 

I!CIT OP fll STIDC!BW\L ll!JIJIL llStZI 31,000 ~D/!YI• 
PO,!I• 1.00 at. BDIIUP• 1. RID• P1GI• t.DOitOO 1/Cft••2-SIC 

11 GIODP fROtol IILI-S1 ~~~IS• tNotOIS/S!COID 
llSIS• Oil TOllS OP 1111'1\L ft!lfl R!T&t lT l 'IPIOC!SSIIG TIN I ~p 160 DAYS 

SII+O. 051 f' l.OU ...... 30.011 100.011 300.o11 1.ocr 10.01!1' Jo.oo1 1oo.oo1 1 .. 0rlf 

1.Blllttl 1.211S•U '·3-0!t 12 3.9.01•11 t.005E• to 2.051!• to 6.l2•uo9 s. 51 ]!*09 •• 069!tG9 2.1touo9 •.615•r.oa ~.ss"~·oe 
1.Z26!tU 2.186 .. 1] l.CIIOI+12 '.Sllft10 •.1161•0• 1.695!•09 8.166e+oe l .. •l•nt•o-. 5.56l!t08 2.679!t08 2.6l9!t01 t .. 1e2!H16 
t.•Jeuu s.n•••n 1.1••••12 l.tllt•1o 1.Z79!t09 6.6231t08 •• 150E•09 •• JS~£+08 3.290!+ 08 1.S96f!t08 t.so•t•O'J 2.602!+0~ 
1.1271+1~ 1.2211•1~ ,.,S,,I+tt l.18GJt10 6.655!+01 5.,59!+08 5.62)!+08 S. t9JU08 ).980!+08 1 .. 4)57!+08 1 .a to"E•o'J •• u. I !tOt 
2. 590 !t 12 •• IUU 11 1.10 ... 11 t.2.9U10 2.625!+08 2.593!•08 2.sze~•oe 2.3~Ut09 1 .. 83.!+08 9. 119!+07 1 •• 91!+06 '· 765~•01 
2.2.01+12 2.196!+1t 1.681!+10 •·•••••o• 1.,2151+01 1.211!+08 t. 20 n•oe 1.122!t08 1.1!1221•01 ••• 521!•0"' •• "U:t06 1.,5'Jt;UO) 
5.211 .. 12 1.~951U2 1.186!t11 3.1011+09 7.681St01 1.,609!t0l l.,llOitO'J 5.919!+07 S.UU+O'J 2.761!+01 2.,SI1!+06 •• ]OII'UOl 
2.1lllt1] 9.t601t1~ t.S921t12 1.1071+10 J.859t:eG6 3.661!•06 J.S2~!•06 3.2'9~!*06 2 .. 5'91!+06 1.310!•06 1.202!•05 2. '725U01 
, ••• ]1•1! 1.1l61•tJ 2.0191•12 1.3101410 1.5691•05 •• 6011•011 1.089!•03 ., •• ft9!•01 1'.08911:•01 6.'f66!•0t 5.'61!:•01 1.31182•00 
e.etee•t• J.J40I•tt t.JtS!•tO t.801r•to '·''1E•to e.6see•to e.t~e.n•to 't.923U10 6.23111H10 J.151!e10 2.881!!•09 1.S26!•tU 
5.,211•1- J.6S-I•t- 1.-551•1- t.o•ar•13 1.0S1E•Ot ••• :12!•1' ••. 11]0!•0• 1.,lOB•o• 1 •• 29 !.•Ofl 1 •• 2l!t0. '·'''''0' 1.32 U•o• 
J.UfiZ•1t 6.11-I•OE 2.91t11•011 6.l51U0l t.605U02 1 .. 213!•00 9.630!-0' 1.s2rn:-o~ 2.5!3P•06 2.5221-06 2.508!-06 2. :!II or.-o6 
1.9011•09 1.9JII•Ot 1.l121t08 5.55~!f01 5o5111t0l t.J2•t-o• 1.599!•10 1.521!-10 1.~19!-10 1.5121•10 t.UI!-10 1.101111:-10 
1.3321•01 5.9.21•06 2.31,1•06 1.1191•05 '·'241•01 1 ... U!•10 1.62fr ... H 1.62U•U 1.••oe-11 1.515!·11 1.,11s•e-11 6.0~1!.:·11 
6.1l1E-05 !.2111-01 l.91JE-IO •·••oo-11 5.ooor-11 ~.6111-11 5.6oar-11 5.605!-11 '"''~61!-11 5.5>oo-u 5.o•1e-tt •• 1152,-11 
2.0281-05 •• , ...... 1.6961-tt 1.nn-tt 1.6131-11 1.nn-tt 1.81 l!-11 1"'612!-tt 1"'6691•11 1-66tl-11 1.635!-11 t.HU-11 
1.]16!-01 , ......... ~ 1.09n-u 1.0ill-n 1.ous-12 1.oen-u 1.oan-u I.OBlt-12 1.081!-12 1.071! ... 12 1.059!-12 !.~98!-U 
l.l19t-oe '·'''B-10 6.95••-•• 6.8591-1• 6.859•-•• 6.158t-1• 6.857r·1• 6.85l!-1• 6.9'3!-n 6.8111 ...... 6,.102!-111 lj,,.IIU lil'f• u. 

l.lttl•ls •.nn•to t.St•E•U t.11St•U 1.6578•1 I 1.to9!ett ,..11151•10 8 ... 692U10 6.,111015!.+10 l ... •61Be10 l,.IJ29UO! 5.51'0!*08 

1.U11t1S •• 116 .. 10 t.IOO.tU 1.nn•n J,6911•1o '·'ltt•to 1.2121•10 6.15•!•10 5.111!+10 2.fi86 u 10 2.tf12U04JI 9.l91t.ttO'ii 

18GJo8P SPICIPIC !IWBGJ ~!liiSI ll~rs, 1!,/UI~t-S!C 
I&SIS• Oil to••t OP JltTtlL Rllfl I!TIL lT l !IPIOCISSIIt Ylftl OF 160 ~liS 

sa.0.051 r l.on 10.0JI JI.OJ• 100.01! JOO.Oift 1.on !.on 10.011 JO.OII 1oo.or1 1.on 

t.tl-I•Os 1.ez1a••s 6.sotmeo4 s.91o!•03 t.OS1E•Ol J.oeer.•OJ •.~te6e•o1 •.l60I+Ot 6.to•s•ot l.,6S!•Ot 1.•~•••ot ,.JJ1eeoo 
3.06'1•06 5 •• ,41•0! 9.1011•0• 1.182!•0) 1.1~91•G2 ,.Jl7te01 2.0.2!•01 1."5fi•Ot 1.3~2P.t01 6.69~!+00 6.5~~~-01 l.2JOt-Ol 
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t111 .PIISIOI PIODDC't IOCUDI PHOTOI 'UBLI 

112 OIIGII IIS!IDCTIOIS POl '1'111 ClSI 

no OUTPU"r 'IIILI!--'tl"rLI• DICI1 OP 111<18-LIYIL P .. -8 llSTII 81JIIIJP•J3,000 IIID/111'JHII RtCICL! I 0 180 RIICTI,ITI 110 BDIIUP OlTI 
•lcti,ITIOI PIODdC!S•••••ICTI,lTJOI PIODICTS•••••&CtlflTIOI PIODDCTS•••••lCTI'lTIOI PIODUCTS•••• 185 COIC!ITIIt'JOIS• QllftS StUIIIllt tlBtlt 

101 IIDIOICTifiTI~ COlliS IDCLlDI !l8LI1 
201 llDIOICTlllt'l, CUllS !L!ff!lt' !Uth 
20J IIDJOICt'IU'I't • CDIIIS SDfllllll TULt: 

•&CTIIID!S • DIDGRT!IS•••IC!IIID!S • DlDOHTIIS•••IctiJIDIS • DIDGHt'IBS•••ICTIIIDIS • DIUGHTEI!•• 205 COICIJTIITIOIS• GUlfS SUflflll1 TIBLI; 
•PISSIOI PIODUCTs••••••••rtSSIOI PIODDCTS••••••••PISSJOI PIODICTS~•••••••rtsSIOI PRODUCTS••••••• 201 COICII!IITIOU,. 08US SOB"alt !Ul.IJ 

209 (ILPRI,.It IIDfiOI SOOICI 
210 SPOIIIIIOUS PISSIOI IIITIOI SODICI 
211 LITI IUCLIDI tBOTOI IIlLI 
216 lCYIIIDI IDCLIDI PHOtOI Ylltl 
2U PISSIOI PIODOCT ldCLlDI PHOtol YIBLI 

220 IDDIPD'f 9AitiS ..... fffLI• DICU OP Pill S'rltlfCfUilL IUIIUL llStr: 33,000 RWD/IITH!I R!CICLI I • 0 ne I!IC7JfJTf AID JUIIDP DAfl 
•ICTifliiOI PIODOCTS•••••ICil'ITIOI PIODICIS•••••ICTI,ITIOI PIODUCTS•••••tCTifl'tiOI PIODDCTS•••• 
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211 
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CGICUtllTIOIS. GilliS SDIIIIllt TIIL11 
llltOlCTifiT1, CdltiiS IDCLIDI fiBLI& 
llDIOICtlflTt, COlliS ILIIIIIT TIILiz 
JIIOIOI.C'tltltf. COlliS SOIIIIIf tULII 
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259 IC~IIJDI IDCLIDI PHOt'OI 'tiiLI 
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Table C.Z. Sa•ple ORIG£N2 toblo of contents for unit II 

PlOI TliLI OP COITIITS 01 811T • 1l POl OUTPUT 8RI~ • 11 
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t COWCIIT1li101S1 OlliS S8ftftlll TIILI: 
• IIDIOlCYitiTI1 CGIIZS IOCLIDI tiiLir 

tB •aotOI~IIlff, COlliS !L!R!IT 118111 
20 IIDIOlCTIIItl, COlliS SORftllf tlftl!l 

tiCTIIIDIS f D&DGHTIIStttlCTIIIDIS t 8l&G8TIIStttlctiiiDIS t DlaG8TIRSttt&CTIIIDIS • OAOGKTI8Stt 
22 COICIKTilllOIS, OIIRS SQRftlll TIBLI& 

tPtSSJOI PIODOCTSttttttttPJSSJOI PI08UCTSttttttt•PISSIOI PRODDCtStttttttttiSSIOI PI~OOC!S••••••• 
2t COICII~IlYIOIS• GillS SGiftlll tl8LI; 
26 (ILPil.lt 111~101 SOUBCI 
21 SPOMfliiOIS PISSIOI IIUfiOI SOOICI 
21 tlf& IOCLID& PROfOI fliLI 
l] lCfiiiDI IOCLID& PHOfOI TliLI 
-0 PlSSIOI PIODOCf IICLIDI PIOTOI fliL& 
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-s _, 
-· 

TlltiS••TlTLI• DICll OP Pll STIIC701lL 
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IIC!Cll I • 

PIODUCTS•••••ICtlfiYIOI PRODUCTS•••••lctltltiOI PIODOCTS•••• 
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APPENDIX D: SAMPLE ORIGEN2 VARIABLE CROSS-SECTION INFORMATION 
(OUTPUT UNIT 16) 
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0 
0 .. ~ 
(!) 
0 

IIIAIUI'JOI or 011 III'IIC 'rOI or PIID PD!L 

usn • on n~nc ~· or rvoo ron 
lltUA L t!C!CI • • ~OUL ·~ a-a • 1.1811 OJ 

•• t ,. o.a •• z P• 0.0 •• J P• o.\'HI-111 

•• a ,. o.o •• ' r• o.a 1•10 ,. o.o 

1•15 ,. o.o 1•16 .. o.o 1•11 ,. o.o 

NIID/O•l • 1.19U 00 TO 

•• • '" •-~•n-o1 •• s ,. 
1•11 ,. o.o 1•12 .. 
1•11 ,. o .. o •• 

L IDCLID ISIC 10CU(I) Alii PP flltD PlSS(JJ All) TOClP(l) 
'I• TJPI •• IIDIC ARI 

1 922lt0 1 150 1696 0 66 5.6101-09 1.981! 01 
2 922350 1 151 1701 0 61 2. 9591-09 5.571! C1 
l 92U50 • 751 0 1 61 7.8631 65 5. 550! 01 
• 922 360 1 752 noo 0 68 2. 2001·09 l.9J91 00 
s 922180 1 150 1109 0 70 2.5191-10 9.9521·01 
6 n2 no 1 761 1715 0 , t.osn-o9 3.1121 01 
1 912380 1 769 1709 0 8S '· 505!· 09 3.5111 01 
• 91112180 • 769 0 0 85 ,_ 86JE 65 3.5111 01 
9 902]90 1 710 1156 0 86 1. 8811·08 1. 79U 02 

10 UU90 • 110 0 2 86 7.16]1 6\ 1.789! 02 
11 •• 2 .. 00 1 111 1761 0 ., 5.211£-08 1.1261 02 
tJ ,., .. ,0 1 712 1165 0 .. 1.15 .. 1-08 1.6031 02 
11 902110 ' 172 0 J II l.8Ut 65 I. 5981 Ol 
U UU20 I l7J 1167 0 " 1.5111•09 !.oou 01 
15 952.10 , no , .. 0 96 J.un-oe 1. 2251 01 
16 952010 2 710 1112 0 96 J. 86J£•09 1.225! 02 
11 952030 1 713 1190 0 99 5.1151· 10 J.e•n 01 
u 952010 2 71J 1111 0 " 1.012!·08 J.IIBI 01 
, !62020 1 ,., nn 0 105 1.5161·09 5.656! 00 
20 962000 1 791 180J 0 101 .... 21·10 -.2611 00 

IIUfCLI I • 0 

2. 390£ 00 liTlCIPA TlOI ractoa• 2.0021 00 

s.o~s1-02 •· 6 •• o.o •• 1 ,. o.o 

0.0 1•1l ,. o.o 1•1• ,. o.o 

A IJI PlSS(dl OLD ••• ft ft!LO IS!.C IS..: 
1.5121-10 •.so•1-01 1.9351 01 1.936! 01 
3.512!-10 •• 550! 01 1. 02H 01 1.0%0! 01 
8.610!·21 •• 5301 01 o.550z 01 •• 5101 01 
1.6101-21 1. 975<·0 1 1.11111!l 00 1.1!90 DO 
1.6]01-21 1 .. 0CU-01 8.881!·01 8.891!·01 
8.6301·21 5.2U!-01 3. 271£ 01 3.2601 01 
8.630!·21 2.)961 00 J. 292! 01 ].2191 01 
8.630!·2 1 2.19 .. 00. 2. 1961 00 2 .. 3911! 00 
8.6301·21 1.1161: 02 6.518! 01 6.1186£ 01 
... 0801-19 1.UOI 02 1.1061 02 1.100! 02 
... 080!-19 5.at0!-01 1.8]9! 02 1.820! Ol 
11.080!:-19 1.205! 02 CI.,OOO! 01 :1.981!01 
1.121! 01 1.200! 02 ,. 2051 02 1. 200! 02 
1.1211 01 •• S191•01 2,951! 01 2.9621 01 
1.1211 01 1.)198 00 1.oen 02 1.018! Ol 
1.1211 01 1.319! 00 1.300! 01 1.))2! 01 
1.1211 01 3.511!•01 1.9061 00 1.89U 00 
1.1211 01 J.S1U·01 ].6221 01 ].5901 01 
1.1211 01 2.2001·01 s •• 261 00 5. 0]6! 00 
1.1211 01 1.5291·01 J.,on oo 3.0081 00 

Pf UllD lD~UUII~ POl OICOIIIC!SD l~IIIOIS& COIIICtiO lC~•9Z2JSOLliGIS~ UICOII~C~tG lC!•9121601tl ll~tG • 1.0001623 
CtD IAtJO • 1.0000950 PP lliLO II a • o.I6101J·1l 
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JlllttAYIOI OP Oil RIIIIC !01 OP Pill PGIL 

eans • 011 ••nrc 101 or •••• ra11 

RICICLI t • 0 • DIIT•16 

lllUl L UCtOI • 5 rot&!. acr a-a • •· tS91 01 llt/G ... l • :1.19&1 00 10 J.598E 00 UTIC1PA1'tol flC1'0I• 1.5021 00 

•• ,. o.o •• 2 •• o.o 
I• II P• 1. 11111-01 I• t P• 0. 0 

1•15 ,. 0.0 

L IIJCLlD 

t:z:z l•o 
2 922 lSO 
] 922150 
'922160 
S 912 leO 
' 91:!]70 
l ,., 180 
' 9•2180 
9 9112 liiJO 

10 901390 
11 902UO 
12 9•21110 
1J 902010 
" 902020 
IS 952010 
U 951C10 
11 9520!0 
II 951010 
19 962t20 
20962UO 

I~UC 

rrr1 
I 
I 
0 
I , , 
I 
• 
I 
0 
I 
I 

• 
1 
I 
2 
1 
2 
1 
I 

1•16 ,. o.o 

'l'OCIPIII 
J• 
750 
751 
751 
752 
750 
761 
769 
7U 
no 
no 
nl 
712 
77l 
711 
710 
780 
71J 
781 
719 
791 

•• J ,. o.o 

1•10 •• o.o 

.. n r• o.o ... , 
•• 
"'' 1701 

0 
noo 
1109 
1125 
17'9 

0 
1756 

0 
1761 
1765 

0 
nn 
nn 
uu 
1790 
1111 
nn 
110] 

PP II ILD 
JIDIC All 

0 
0 
I 
0 
0 
0 
0 
0 
0 
2 
0 
0 
) 

0 
0 
0 
0 
0 
0 
0 

•• ' ,. o.o 
••• , .. o.o 

•·te r• G.o 
fiSSidl lfll 

'' 5. 701!-0. 
61 3.0119!-09 
67 l.16JB 6S 
•• 2. 2621·09 
lG J.6Jlt-10 
n 9.Uot-o9 
05 t.t07!·09 
05 7,06)! 65 
1116 1.1691..01 
•• 1.86)! 65 
ll ••• ll!-01 
18 t. U11-08 
II 7. OUI 65 
09 •• 7151.09 
96 J. UII·OI 
96 J.l781·09 
99 5.658!·10 
.. 1,0751·01 

lOS 1,6101.09 
107 1,0101·09 

•· 5 ,. 11.11121-01 •· 6 r• o.o 
1•12 r- o.o 

•• 
TOCAP(tl 

1. 917! 01 
,.~621 01 
5.6JO! 01 
1.a~1r oo 
9.9811! ... 01 
l.l·~· 01 
] .. 5921 1!1 
1.59 .. 01 
1. na 02 
1.15tll 02 
1.52tll 02 
1.5961 02 
1. 5961 02 
2. 9951 01 
1.2011 02 
1. 2061 01 
J.UU 01 
J,I6SI 01 
5.6611 00 
•.nu oo 

... , 
rr nn.o 
3.518£-1• 
J.'518E-1tl 
8.,928!-21 
e. 92& r-2 t 
8 .. 928!-21 
•• 921! ... 11 
8.928£·21 
8.928!-21 
II. 928 !-21 
•• 092!-19 
11.092'1- 19 
•• 092!-19 
1.115! 01 
1.11'51 01 
1. 115! 01 
1.115101 
1.115! 01 
1.1151 01 
1 .. 11'51 01 
1.1 15! .. 

•·n r- o.o 

PISS (JI 

11 .. '50tlt-01 
11.5101 01 
11.598! 01 
1.nsz-o1 
t .. ocn-01 
5.2111111!-01 
2. JCJII!: 00 
2.11161 00 
t.1UID2 
I. 122! 02 
5 .. 8401-01 
1.200! 02 
I. 200! 02 
11,.5191-01 
1,]19! 00 
1.3191 00 
J,5lU.OI 
J,S1U·01 
2.20111!:-«11 
8.5291·01 

•••• ,. o.o 

OLO 
I SEC 

1.'936!: 01 
1.020! 01 
11 .. 5]01 01 
J .. 1l91 00 
1.89]£-01 
J. 260! 01 
J. 2181 01 
2.l9tl! 00 
'· ea6£ o 1 
1. UO! 02 
1.820! 02 
1.981! 01 
1. 2001 02 
2.9621!: 01 
1.0181 02 
1.112£ 01 
1.8911 00 
1.59•• 01 
~ •• 361 OD 
3 ... 081!: 00 

••• 
I SEC 

1.9]21 01 
t.Ol2! 01 
•• 5'99! 01 
1. 6S61 00 
8 .. 9211!·01 
1.2911 01 
). )lj,]! 01 
2. 0161 00 
6. l2U: 01 
1.1221 02 
1.5181 02 
J.961t! 01 
1. 2001!: 02 
2. 91191 01 
1.0621 02 
1.112! 01 
1.915! 00 
3.6]81 01 
5. UBI 00 
).111181 00 

fP IIILD lD~IStllll tOI DICOIIBCIID-lCTIIIDISa tOIIICIID ACI•92JJ50LlRGISI DICOIIICIID kC!•922160.!V ll!tO • 1.00011616 
CLD 11110 • 1,.0002621 fP ttiLD II A • 5.021961-1'1 
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APPENDIX E: SAMPLE ORIGEN2 DEBUGGING AND INTERNAL INFORMAtiON OUTPUT 
(OUTPUT UNIT 15) 
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__ Cl 

0 
0 
~-~ 

'""" .... 
C.J 

IOIIBU OP COtl!lliDa 
IUIIUI Of CO!IIIUD• 
IOfUI!II or COIIftaiD• 
IUIUI£11 or CllftUIU• 
1011!!1 or Clltiiii.ID• 
IUIIJBU CP CO!IIIUt• 
IUfiBU or C()IIIIAJD• 

liiU ft! !A or CO!IfUtl D• 
IU!IB!R OP CCIIIIl.D• 
110118!11 OP COIIIII.Ib• 
lf1fiiB!I Of COIIfiUt­
lfUfiiiiD or COIIIIUC• 
10 liB u or co1111 aw D• 
10118!11 OP COtiii,JO• 
ldfiB!R or COIIIIAID• 

ItO II! fR OF COIIIUI e­
IOIIB!R OP COIIftliD• 
ltOIUI!B Of COII!Ialfl• 
lUBBER or COIIRaiD• 
I0118!R or COIUIUD• 
lfJIIIU!I OP CO !lUI C• 
lOll lUll Of (OfUIU D• 
IOflti!R or COII!Iltlt• 
IDIIBER OP C::OitiiUD• 
IOIIBIR or cow11a1o• 
101111111 or COffftatt• 
IOIIBI!ft Of COIIIIU C• 
lutlll n or COIIIIIIII C• 
IOII!U Of' f:OIIIIIIIJD• 
101181!:11 or COI!Ilt.ID• 
.011811 0' COIIIII.JI• 
IUIIBtR Of (DIIRalt• 
10 IIBI:R or COR I u £• 

t s.YRIS IS IIS!IOC!IOI 
2 I tHIS IS IIStiiiCtiOI 
l I ••us II JIS1'1DCtiOI 
I I !~IS IS IIS!IOC!JDI 
S I TitS 15 liStRacttOI 
6 1 tHIS IS IISttOCtiOI 
1 I tUS IS IIStiiiCtiOI 
I I TftlS IS lUtiiiC!IOI 
9 I TRlS IS IIStlacttOI 

10 I TftlS IS IISTIOCTIOI 
11 I !HIS IS IIS!IDCTIOI 
12 I ,.HIS IS IISTIUC'tiOI 
11 t THIS IS IISTIOCttOtl 
1• S ~HIS lS IMSTIUCTIQI 
15 I THIS IS IISTIOCTIOI 
'' I THIS IS l15TIOCTIO. 
11 I YHIS 1S IISTRIICTIOI 
18 I THIS IS t•STIOCTIOI 
19 I THIS IS IIS~IdCTJOit 
20 I !•ts IS IISTIUC!IOI 
21 I THIS IS IISTIOCTIOI 
22 ; THIS IS IISTIOCttOI 
:U I THIS IS IIS'!'IOC'UOI 
2' I TIIIJ 1• liSTIUCtiOI 
25 I YHlS IS JIStiUCfiOI 
2' I filS IS tiSfiUCtiOI 
2'7 I ,.HIS IS 111S1'111:tt01 
28 I ,.HIS IS IISTIUCTIOI 

29 ; ~11S IS IISTIDCTIOI 
lO I tBlS IS liSTIOCTIOI 
)1 I ~HIS IS IISTIOCTIOI 
l2 I tftlS 1S IISTIUCTIOI 
]] I THIS IS IISTIOCTIOI 

1 oat or a 'I'O'!'t.t or 
1 OUT or l TOft.L or 
2 ODT or I TOTAL or 
l OOt OP a totaL OP 
' ODT or l !'OTAL or 
5 oat OP l !OtaL OP 
' OGT OP l tOTAL OF 
7 OUT or a TotAL or 
I OUT Op l TOTAL or 
1 ooT. or a 'I'O,.AL or 
1 08'! 0 r l 'I'OTaL Of' 
1 00'! Of' A TOfAL OP 
2 OUT or a TOTAL Of 
J oa! or a toTAL or 
e OUT Of' A 'IOUL Of 

1 ou't or a 'IUTlL or 
1 OUT Or a TOTAL or 
1 our or a '!'orAL or 
9 OUT Or l TOTAL OP 
1 our or 1 'IOTaL or 

10 oa't or a toflL or 
2 OUT Of l TOTAL OP 

11 OUT Of l totAL Of 
1 oo'l' or a ?OrAL or 

12 on or a tonL uP 
• out or a 1'0T.U. or 

11 our or a totAL or 
5 our or a totAL or 
2 our or a totaL or 
1 OUT Or l 'IOTAL or 
1 oar or a TOUt. or 
1 OUT Or l TotAL or 
1 Oat OP a TotaL OP 

1 •BaS • IISTIOCTJOIS. u•tT•15 

11 ••u • UIS'fltUCTIOIS. UIIIT•1S 
18 •Ita • JISTROCTIOIS. UWIT•15 
11 •aol • JWSTIUCTIOIS. OIIT•15 
11 •RDl • liS!ROCTIOMS. 0111•15 
11 •BDk • IWS!RUCTIOIS~ 811,.•15 
18 •ItA • IMSTROC1lOIS. 011!•15 
18 •IDA • JtiSTRUCTtOIS. OIIT•1S 
11 •RDl • IISTIOCtlOIS. UI1T•1S 

1 •cut • IIS!IUCTIOHS. Dlt1T•15 
1 •UP • IISTROCTIOIIS. UlftT•1S 
• •tn • JIIS,.RDC'ftOIIS. O!lllf•15 

e •LPU • tNSTIUCTtOWS. 011,.•15 

e •tPO • IMSTROCTI011S. UIIT•15 
' •LPU • IIS1ROCTIORS. UHIT•15 
1 •t.tB • I IIS1Rtx::TI OilS. D111T•15 
1 •PftO • IISTROCTIOMS. OIIT•fS 
3 •Trr • IISTIIUCtiOifS. UIIT•t5 

18 •ao~ • JltSTRUCTIOifS. UWJT•15 

S •tiP • JIS1JtOCTI OMS. UNIT•15 
U •IDA • INSTRUCTIONS. Ult1T•15 
5 •tiP * IISTRUCTIONS. 011!•15 

11 •RDl • IISTRUCTIOIIS. UIIIT•1S 
S •tiP • liiSTROCTIOMt, bWIT•1S 

18 •ID~ • ll'SnUCTIO"t. lrlllf.11U 

5 •IMP • liS'tR{I;:TIOHS. UNI1'•15 
18 •ItA • IWS,.RUCTIOlS. UNIT•tS 

5 •tiP • IISTRUCTIOIS, ORI1'•1S 
3 •TIT • IIS,.IUCTIOHS. DIIT•1S 
5 •ROt • 11511UCTIOWS. UIIT•1S 
2 tti!D • IISTROCTTOHS. Ulf1T•15 
2 •IQP • JRS,.RUCTIDMS. o•IT•15 
0 'IJP • JISYROCTIO.S. OJIT•15 

r!I:C• 2.lO"Jt 06 UIL'f• 2.10ll 06 Y1• 7 •• 611:•01 IPP1• 2.0111 02 rOOt• 5.0211-0li!:Prl- 2.5651: 02' rDD0!'•-9.9911•10 IPrJ• 2.111! 02 

T2• 1.22~1-09 U• 5.1191•10 fiR• 1.5051·00 UN• 5.125&•01 T:tll• 9.629!·01 IPPAI"" 2.019102 PLDI• 2.900B 10 fOYil• ].150! 01 

IOUIR Of COftftllto ]O I tUS 15 liStlactlOI 2 Oat Of a toUL Of 0 t(8p t liSTRUC!IOIS. Ullt•15 

,.!UC• 5.163106 DIU'• 3 •• 56S 06 tt• 1.,511-01 IPP1• 2.0211 02 I'UOT• 3,.]06!-0) !Pr2• 2.852! 02. rDOOT•-8.28•1-10 IPP3• 2.1112! 02 

T2• 3.1111·09 tJ• t.]IICI-10 '1111• 1.5061•011 ,.:ZII• ,.5UI-01 !Jtt- 1.11•1-01 IPPltG• 2.0231 02 tLUI• 2.8911 U POtiER• J.1SOI: 01 

IIIBIR or COtlliD- ]5 I !111 IS IIStiOC!lOI 1 Olt Or l !O,.lL OP 0 •111 • JMS!IOC,.JONS. OMJ~•15 

TSIC• 1 .. 1521 01 DILl• S.1SIII 06 11• 1 •• 581-01 IPP1• 2.0251 02 PDOt• 1.0001•01 BPr2• 1.1091 OJ rDDO'l•-5.96al: ... 10 I:PPJ• 2.152! 02 

't2• 1.6011-09 tJ• 1.1JSioo0t '1'111• 1.5101-011 tZII• S.tUI-08 t']ft• J •• 901-011PPAffh 2.0291 02 rtur• 2.8991 1• tmn:a• 3.150! 01 

IDIIII OP co•SAID• 36 I YBIS IS IIS'I'IOCtJOI - OUT 01' l tOTAL OP 0 •IFP • JRS'I'ROCTIOI!. DIIJ't•15 

TSI:C• 2.30•! Ol DIL!• 1.15JB 07 'f1• 1.5091-01 1Pr1• 2.0321 02 PD01'•-1.5011-0J BPP2• 1.11111 02 rDDO'f'-1 •• Bal:-10 IPP'l• 2.118! 02 

T2•·•.898t~09 ,,. -.1921-Gt ~11• 1.5261-Dfl TZII•-1.11111•06 !111• 8 •• 211•07 IPrt.WG• 2.0371 02 PLOI• 2.9191: 1• tOUII• ].150! 01 

MUIII!I or CGIIfliD• 11 I THII IS IIS'fldCfiOI . 5 OD! OP l 'IOtlL OP 0 •tiP • IJSti\OC'I'JOIS. UIIT•15 

TSIC• 1 ... 561 01 ti:L'f'• 1.152101 ~1• l .. 61-I-011Pr1• 2.0'11 02 PD0'1'•-•.618B-Olll'l'2• 1.Btll 02 POOO'l•-1.3811·11 IPPl• 2.11081!: 02 

t2•-1. 5131•0! TJ• 1.!211-09 111• 1.5661•04 t20••l.5451-06 tJft• 2.9511-81 UHfG• 2.005! 02 rLOl• 2.91J! 10 fOVIl• ].150! o 1 

IUIIBit or C0811liD- Jl l TIIS IS liSTIUCtiOI 6 OUT or l tarat Of 0 •tJP • IISTIUC'TIOIS. DIJT•1S 

,.SEC• 1.8021: 01 Dllf'• J.•SCR Of rt- 8.05S!•0'1 IPP1• 2.0n1 02 PDO'I'•-5.80111-03 I:PP2• 1.9181 02 PDDOT• 1 •• 7111-11 EPP1• 1.6111! Ol 

1'2••6.508t•09 ,.,. 2.Sz•z•U T111• 1.6501'"0" T2R•-1 ... 2•1-06 'flll• •• 9201-09 IPPliD• 2.0501 02 rLOI• ).1311 U lOIII• l.150E o1 

10111!'11 or COIIIIUt• lt l 'filS IS IISTIICTJOI 1 OUT Or I. fOTlL or 0 •IRP ~ JIS'IIHJC'I'IOIS. 011,.•15 

TStC• •• 608!.01 DIL'T• 1.061B 06 !:1• 1.2211-01 IPP1• Z.OSU 02 rDM•-5.6351!: ... 03 !:PPZ• 1.921! 02 PDDOT• -.2851-11 I:Prl• 1 .. 1221 o 2 

12••1.5311!:·08 T1• 6.11•1-11 Y11• 1.6111!:-0• ,.21•-3.1651-06 lltl• 1.2791-011 !PPUG• 2.0531 02 rLUI• ).19ft 111 POUIIII• 3.150! o1 

IDftBE. OP COIIIAID• eO I 'tH1S IS IIS,.IUCIJOI 8 OUt OP l tO!lL or · 0 •laP • liST~OCTlOIS. OM1,.•1S 
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TS!C• 5.7601! 01 Dill!• 1.1SJI 111'1• t.llt61·07 !Prt• J.0561 0:Z PDOY•-6.00li•Gl1PP2• t.9116! OJ rDDO'r• t.S:Z91•11 !PPJ• 1.9l:ZZ. 02 
'1••1.11981-01 ,] .... t;, •• \11•10 '1, .. t.llf>l-ol ~JI•-'S.ll6·-06 t11•·1.10ot-Ol IPPltG• 2.0'!»91 OJ Pt.GI• 1.102'1 1' tOIII• l.lSO'I 01 
IUfllll Of COIUIUD• '1 I I'IIS IS IIS!IUCtiOI t OUT Of l TotlL Of 0 •ut • IIS!IDCTIOIS. DIIT•tS 

TSIC• 6. :U61 01 DIL!'• 5.15111 01 !'1• 1.9511·07 IPrt• :Z.OUI 02 PDO'I'•-1.2Jli .. Dl IPft- 1 .. 970! 02 rDDOT• 1 .. 1151•1-10 Iff)• 1 .. 991! 02 
'!'2•-1.,1119!•01 U•-),.11111·11 t111• 1.,111)1-GII t':Zft•-).1061•06 t'JII•-). 7611-01 IPPlfG• 2.061! 02 PLUI• ).,II Btl 1• PO MEl• ).7501 01 
IUftlllt Of COIIIIAID• 112 I tiJS IS JIS!IOCflOI 10 OD!' Or a 1'0rlt. OP 0 •liP • IIS'IIIICYIOIS. OJIT•15 

f51C• ft. '912 I 07 D!I.T• 5.la Jl 06 'ft• t. 2881-07 IPr 1• J .. Oft51 02 PDOt-5. SO• I- OJ '1Pr2• 1. 9fiSI 02 PDDO!• t. 1521· 10 £PP)• 1 .. 987£ 02 
'tl••1 .. l681-0I TJ•-1.11 ... -10 1111• t.tUI-011 !21•-2.9111•06 t'111••1.1J61-GI UUfC• 2.0661:02 PUfl• ) .. 6101 1• POVI!:I• ·J.JSOI 01 
IDRBIR Of COtUIAID• U 1 tillS IS JISIIUC!IOI t1 OUt or a IOTlL OP 0 *liP • IISIIOCTIOIS. 0111•15 

T:!tt• 1 .. 60)! 07 DIL'f• 6.9121 06 71• 9.510!-07 ltrt• :1!.0611 OJ PttOT••II.tlll-0] IPP2• 1.9fillll! 02 PDDO,._ 1.2591·10 IPPJ• 1 .. 9861 02 
f2••1.'5o82B-08 TJ•-S.1161·10 ,.1R• 1.981.1·011 T211•·J •• Itll1•06 TJII•·t.1121-01 !PPl1C• 2 .. 010! 02 rtlfl"' 1 .. 12•1 1• lfOII!I• 1 .. 1501:01 
IUPII!U or COIIIIIU:• U I TRI:S IS IISTIUCTIOI 2 OIT OP 1 toTAL OP 2 •suP • llstRUCTto•s. UIIIT .. tS 
IOIIIIU OP COtt"nD• ItS I t'IIIS IS US!IOC:1101 t OUT OP I TOTU. OP 1 tOP1'L• 11S1'ROCTIOIS. OU1'•1S 
IIDI'If'!l Of CO"IIllt• 116 1 THIS IS IISTIUCTIOII 1 OUT or l TOTAL Of t •oPTI• JltSTIUCTIOMS. UUT'"1'5o 
IIOMB!fl or COUUD• 117 I !IllS U JIS!IOC'UOI 1 Olt OP 1 toTAL OF 1 tonr• IJSTIOCTJOIIS. UMJT•1S 
IOIIB!R Of COf!IU.IfD• el I tHIS IS USTIOCTIOI 1 00! Or a 10TlL OP 2 •obT e liS!ROCTIOU. bllfT•15 
lllfUitt• OP COIIIIAU:• •t l TillS IS IISIIUC!IOII 1• DDT or A 10TA1. Or 11 •ttOA • lllstiiCTJOIIS. O•IT•15 
ltJftlfR Of CDIIUit• 50 I t'U:S I! IISTIOCUOI 2 OH OP l TotAL OP S •ftOf • TWSTRUCTIOIIS. DIIIT•1S 
IOP1fl£1t or COfiUJD• S1 1 TillS IS USTitK:ftOI 15 OUT or l YMU. OP 11 •tu::a • USTIUCTJOJS. Olfl1'•15 
IUPIB!J OP CC!I~ID• ,, I ?811 IS liSTIUCtlOI , OOY Of A TOTlL Or 1 •I!O • lWST~OCTIOI!. UJIT•1~ 

••no IIP110-• e.U1• DJ ltUA• l.tSII OJ IIIPI• 1,.0.81 00 IUOI~t l"'9001 DJ IIDI,I• 7 •• ltl'. OJ tllrt• t.tSU•01 
wnoc• 1.0D:U 011 IDISC• 1.2121 OJ IIIPC• 1.1lll 00 PIC•PID IIPDII I DISf SCALIJQ• 1.-62SI-01 PID,.PIAC OP t!lCt' C II(:LDD!D• 1.7'72!·01 
JUIIBU or CO"IUIID• 51 ; fillS IS IISTIUC1101 1 001' Of a TOTAL Of 1 •PIC e JIST1tOC'I'tOIS. DIJT•1S 
••rae tD• 1 fiCtLGI• 1.00001 00 
lftftB!P or COIIRAID• s• I ~liS IS JISTIOCTIOI 
lbiiB!A or COBRAID• 55 I TIIS IS tiSt.UCTIOI 
IOIIIllt or COflflllt• 56 1 'till IS llstiDCtiOI 
IIUfiRUt or COftRUt• 51 I THIS IS IISTIIIC!IOI 
IOftfi!J or COftllllt• Sl I 'filS IS IISTIUCTIOI 
IGIIBEI or COIIIAII• 5t ; filS IS IIISTIDCTtOI 
IUfiB!I or COflllll• 60 ; TIIS IS 11St11UCTIOI 
101111 or COIIIIII• 61 & THIS IS IISTIDCTIOI 

u Ol''t or a torn or 
J OUT or l TOTAL or 
J DdT OP l TOTIL or 
1 out or a totaL or 
2 Olt or a totaL or 
J our or a ~rat or 
2 o•t or a 101"lL or 

12 oa'! or a 10TIL or 

11 •IDA • IISflttrCTJDifS. 
3 •TJ1 • IIS1JUCTIOWS. 
5 •11ot • IJS'l'IOCTIOIS. 
J •UtD t USt'IIIUCTIOJS. 
J •IDD • IJS!RUCTIOIS. 
J •liO * IISTIUCTIOIS. 
2 •BED • llstiiJCTIDIS. 

22 •tiP • IIStRUC!'IOIS. 

DIIT•15 
o•n•tS 
onT•15 
UIIIT• tS 
OWlT•1S 
0111'•15 
OIIT•1S 
011'1'•15 

tSIC• 2.1011 06 ULT• ;z.JO'J'I 06 '11• t.ltol-02 IPrt• J.Ottl 02 •DOt• t.IIISJI•to IPU• 2.12'U 02 PDDOT•-S.6tSI-17 BPPJ• 2 .. 1121: OJ 
t2• 1.0901-0J TJ•·S.OS11•05 t'tl• I.Uti•OS t21• 5.1261-06 tJI•-Jal921-07 IPIIfd• 2.025! 02 PLIII• 2.1901 1111 POtl!l• 5.0111-07 
IDIII!I or COI!IIUD• 62 t t'IIS IS JIS'I'MCTIOI U Ol't or a IOtlt. OP 22 •tar • JISTIOC!'IOI! .. a•t!'•1S 

TS'I!:C• S.'761t 06 OIL't• ) •• 561 06 t1• t.IUI-02 IPrt• 2.0291 OJ PIMit'• l .. eOM-10 IH'J• 2.1291 02 PDDDT•-11.1161•11 !PPJ• 2.9121: 02 
T::!• 1.•S21-0J !]•·9.7261~5 '!'1111- 9 .. 1151-0S T211• 6.1111•06 t'li•·•.60SI·01 !PPIWG• 2.03,1 OJ fLOI• 2.8881 111 fOIIII• 5.5751·07 
IDIIItfl or CO"IIllll• 61 1 t'llS IS IISTia:tJOI U OD'! or a 'I'Dt'AL Of :U •llf • tiS'fROCTJOIS. UIJT•15 

tiiC• 1.1521 01J I!Lt'• 5.15111 06 'It• 2.12.11-02 IPP1• z.o•n 02 root• 6.91121-11 IPP2• 2.1311 02 PDDOT•-1.1111-11 !Pfl• 2.1UI OJ' 
f2• 1. 9'Jli .. OJ 'U•-2 .. 1011--o11 Ttl• 1.01101·011 !211• 9.1661·06 tJII•-9 .. 9101·01 IPfltG• 2.01181 02 PLOI• 2 .. 9001 111 PO 'Ill• 6 •• 50!-0l 
IUftliEft OP COIIIIIID• 6t & t'IIS IS IISTIUCfiOI 1S oar or A 'IO'ti.L OP 22 •J.r • 11S11QC:'tiOIS., 811'!•15 

TSIC• J.JOIII Ol tiLT• 1.15JI Ol t-1• 2.eSII•02 IPP1• 2 .. 0~1 02 PDOT• S.2521•10 !PPZ• 2 .. 119! 02 PDDDT••2.5JSI-tl' IPPl• 2.115! 02 
., 2• J.02li•O.! T)•-5.11'1-0' 1"1fl• 1.1951 .. 011 T2ft• 1 .. 11151-05 TJII•-2.151!-86 IPIUC• 2.062102 ROI• .2.9551 1• POtl!l .. 1.7071-0l 
IOftl!,. or COIIIAID• 65 ; TIIS IS JJIS!IIk:IIOI 16 OGY or I. '!O'Tlt OP 22 •tiP • IISTJIIDC'TIOII$. OIJ't•U 

T:!!C• 1 ... 561 01 DILT• 1.15.21 Ol 1'1• 2.90t1•02 !Pf1• 2.0"1 02 PDOt- l.2Set-10 IPP2- 2 .. 1511 02 rDD0!'•-1.J811-171PPl• 2.1211 02 
, 2 • 1.n•I-Ol 'U•-J.OSJI~f !'111•. t.IIOJI·OII '1211• e.1DU•06 'l'lft••1.11Jtl•06 !Pri1G• 2.0721 02 Ptul• 1.0501 1• l'OI!.B• 9.0121.-0l 
IUitlltl 01 COIIRUt• 66 I t'ftll IS JIStldCI'IOI 17 Odf' OP a 10TlL or 22 •ur • IJSTIOCftOJ5. Oltt-•1S 

TSIC• 1.1021 01 DIL'f• 3.11561 06 'ft• J.US1•02 IPPt•. 2.0161 OJ root• 2. ,.111-10 !Pr2• 2.168! OJ roooT•·8,.1122E-18 IPPl• 2.1101 02 
T2• ).1051·0· 'tl•-1 .. 1161 .. 05 '111• 1.S:J•I·O• 72ft• 1.,7091-06 TJII• .. J.81U-Ot IPPA1G• 2.0111 02 nul~ 1 .. 1561 U POVIIt• 9.821!-0l 
IDliBIR OP COBIIIID• 67 ; 7811 15 IISTRCfiOI 11 ODT Of A toTlt. or 22 •tiP • li51'1UC'I'IOIS. 011!'•15 
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,.S!C• •• 608! 01 D!t,.• I!I,.O,fl 0' •t• J.. Zt,l-82 IPPt• 2 .. 0741 02 FDDI'• 1 .. 9.11- tO IPI'Z• 2 .. 111K 02 PDIUI'I'•-7. 7711-tS !PPl• 2 .. UJI 02 

T 2• 7. 81)!-00 U•-8. 016!-05 111• I. 5621·00 rlft• l. 6001•06 tlft•·l. 9061·07 IPPU&• 2.0801 02 PLDI• J. 2511 1o POIII• 1.0HE-06 

JDftltR Or 'COftftiliD• 61 I TillS IS IISTIOCTIOI 19 OUT or I TO'IaL Of 22 •tlf • JIS'!ROCTIOIS,. tlllf•15 

TSEC• 5.160! 07 DIU• 1.1511 01""r1• l.l111•02 IPP1• 2.012102 PDO"r• 1.0261-10 !PP2a 2.190102 rooor-5.7021•11 IPPJ• 2.101102 

T2• I. 2201-011 11•-1. 2111-o• !'111- t. 61ti-GII 121• 3.1511-06 'llft•-S. 9191-0l IPPUG• 2.,.01!1111 02 PLDI• J. 19H 1' PO HI• 1 .. 1 lOB-06 

181110 Or COIUliiD• 6t 1 '!liS IS IISTIUCTJOI 20 OlfT or a !D'!'aL or 22 tJIP t liS,IOC'!'IOIS. 811'1'•15 

TSIC• fi.ll6! 07 f!t.T• 5.n•a 01 ~1• J.,tSU-t2 IPPI• 2.0HE 02 PDOT• t.•tzl-12 IPP2• 1.9861' Oz rD80"1">< l.l6)Jr•18 IPP)• 2 ... 0168 02 

T2• 2.1081·01! 11• 2.0161-0S '1111• 1.6551-811 IJI• 6.,7911-01 'Ill• 1.0001:-01 IPtltG• 2.086!. 02 nat• ),.5161 111 POI'BI• 1.1811-06 

ltlftBt!R or COIIU,ID• 10 1 1'1115 IS US1'1111CtJDI 21 001 or a 'rol'aL Of :U •tiP • IWS~IDCTIOIS., 011'1'•1'5 

T!ltC• ti,.9t2! 07 Dlt'l'• S.1ti11 O' '1'1• l .. tUI-02 !PP1• 2'.0111 02 PbO'I'• ],.,551•11 IPP2• 2.l961 02 PDDOT• 1.1111t-1111 IPrl• 2.02•1 02 

T2• 9.9S6~-0S TJ• 8 .. 1'71.06 '!11• 1.1.71-011 t2fl• • .. 1551-07 t'lft• •• 01191-01!1 IPPl'IG• 2.0881 02 PLOts. 1.6621 1• f08EI• 1.220!-06 

IOtllll Qp COtiiUit• 11 ; IllS IS t•S!'IUC'fiOI 22 OIJ'f Of I 1'07At Or 22 •liP t IIS'I'IOC:TIOIS. Ull'1'•1'l 

rsrc .. 1.60Jt 07 t!Lf• f.9121 06 '1'1• J •• J71-02 IPP't• 2.oeea 02 root• •.5361-11 !PP2• 2 .. 1o•• 02 rooot• 1.7921-19 I!PPl• 1 .. 5701!: 02 

T 2• 1. S68!-011 Tl• 1. 1121!-06 '1'1fl• 1 .. 61161-011 !21• 1 .. 80)1-07 Tlfl• 9,.0901:·09 !Prl,G• 2. 089! 02 nUl'"' l. 78]1: U PORI• 1.26~£-06 

IOtle!R Or COtlftiiD• lZ ; IRIS IS IISTIDCTIOI 2 OUT OP A tOflt Or 2 •oUT • IISTRDCTIOIS,. DIIT•tS 

IDftD!R Or COtlftliD• ll 1 THIS IS IISTI8CTIOI 17 OUT or a toTAL Of 11!1 •aDA • 115!10CTIO•s. 811!•15 

Jnft!IR or COft"UI:• )t 1 'till! IS USTitrCTIOI 11!1 0111' ftf I tof&t. Or tl •IDA • 11!'!111:''1'1015,. Dlri!•1S 

•tJft8lft Of COftiiUD• 15 I !RJS IS IISTI~TIOI II ftOT OP l !O'I'lt. Or S tRot • tiSTI'OCTIOIS,. 011!•15 

IIUftB!fl OP COIIIIUC• 16 I 1'11S IS IISTIII:TIOI S OOT OP I 'IO'I'&L or S tft01' • USTROCTIOIS. 11111'•15 

IIUft'BER or COII'RAII'Da 77 C 'fftl5 IS IISTIUC1'tftl 1 OIT Or A toTAl. Or • tPCII • IISTIUCTJOIS. 0111'•15 

1Dftf!l!11 Of COIIIIAID• )It I IRIS IS tiSTIUC!IOI 2 OUT or I toTAL Or I ••cR • I1SnOCTI011S. URIT•15 

IUftBU OP CO""Aita l-9 I THIS IS IISTIUCTIOI ] 001' or I '!DilL Or • •PCI • JIS!ROCTIOIS. 81111'•15 

IDIIBta or COMIUU:• flO I THIS IS liStiDCfiOI ' OUT OP a TMAL or ' •PCI • liSTRUCTJOIS. DIIT•1S 

ldiiB!R Or C0"ft'AIC• 11 I TftlS IS IISTIOCTIOI t OU't or I TOT&L or t •sY' t IIS1'RUCTIOIS. DIIT•15 

IOII!t!ft Or CO!ftliC• 1 I THIS IS IIS!IOCTIOI 1 OIIT or I !O!lL Or 2 eaas t IISTIDCTtOfS. Dl1!•15 

10 .. 8!1 Or COftiiUD• 3! I t'RIS ts IISTIICTIOI 1 OUT Or l '10,.11. Or t teat t IIStRftCTIOIS,. OIIT•15 

IIJIIUI Of COHII&U:• ] I TillS 15 IIS'ti1JCTIOI 1 OUt or a !'OTIL Of 1 tLJP • IISTIOCTlOIS. di1T•15 

IUtllttR OP CDftKAID• 4 I tHIS IS tiS'tltiJCIIOI I OUT Or l TOTAL Or 1 •LPCt • USTIUCTTOI$,. UIJT•15 

lln8t!llt Or COHRa.ID• 5 I I'IU IS IISTidCt'IOI I oat OP 1 !Of'JL OP 1 •LU t IISTIUCTIOIS,. Olt1'::~~1S 

IUttlt!R Or COBRIII• 6 I TIIS IS IISIIICTIOI 1 OUt or A 'IOTlL or 1 tPftO • IISTRUCTIOIS. UIIT•15 

IOitfttR OP COIII!IliD• 1 I TBU IS JISt'IIJCTIOI t OD'! OP l t'OT•t OP l •BOt • JISTBUCfJONS,. Dllt'•15 

101811 Ot COMftAWl• I I !'HIS IS IISTIBCTJOW 1 OUT OP a toTAL or I •IDI • IISTIUCTIOIS. DIIT•1~ 

ldfiUR Or tDfU,atD• 9 & !IllS IS IISTIOCnOI 2: COt Or a TOTJt OP 6 tltl, • JISTII'OCTIOIS.,. OIIT•1S 

lrU!!I OP COfUIUC• 10 1 'filS IS IISTiti:TIOI 1 D81' OP I t'O'U.L OP 0 tDI(~ • liSTftDCTJOIS. Dllt•1'5 

10ft8n OP COftftliD• t1 I '!HIS IS 11S1'1DctiOI 1 DDT OP a YOTAL or ' •PI() t JISTROCtiOIS., Ollt•1S 

JttftBEI Or COft".ID• U I 'filS IS IIS'TIUCTIOI 2 087 Or I 1'01'11L Or • •PIQ t JIStiiiC'!'lOIS., Dlflt•1S 

nftllll or COIIUit- 1] 1 '!II! IS IIS!'IUC'IIOI l 00! Of l tD1'1L or • triO • IISTIDCTIDIS. U111T•15 

IDII!flt or COfti!IAID- U T81S IS r•HRUCIJOI 4 OUT or l TOTU. CJP • tPIO • JIS71DCTJOIS .. 0111'•15 

ltU"8tft Or COIIIUID• 15 t'ftiS IS IISTIOCTIOI 2 00'1' OP A 'IOTlL Of' 2 •BAS • IISTttOCTIOIS. UIIT•1S 

IOIIB!R 0P CORIIAID• .16 711S IS IISTIUCTtOI ] OUT OP l TOTIL Or 6 •ID~ • liSTROCTIOIS. UIIT•15 
10~8!1 or COft~liO• 17 ~HIS IS IIStJOCTIOI 1 OdT OP I !OTIL or 2 •Tit • IISTIOCTIORS. UIIT•1S 

IOftBfl or COfUIUt• II 'filS IS IISTIOCf'tOI 2 OOT OP A 'IOTAL OP .1 •ao• • IISTI..:TtOifS. IIJIIT•1S 

IRftBfft OP CORRIII• 19 ~HIS IS IISTIIC1101 1 Od't OP l tOTlL or 2 •BtQ • 11STIOCT1DWS. 1111'•15 

lnll!!l or CO!IHlJG• 20 1'1115 IS IIS1'111C1'101 J OUt' or a TOTAL or 0 tDlt:: t JISTI'OC:'TIOIS. OIIT•1S 

IUIIBEI or t.:OIUIIID• 21 '!HIS IS l151'1UCTIOI ] OUT or a toTAL or 0 •ote t IISTtttK:TIOIS. UJlT•1S 

IUNBU or COII!AII&- 22 TllS JS IIStltiCI'JOI • ODT or A toTaL OP 0 •D!t • IISTIOCTIDWS. UliiT•1S 

lllftUR OP COIIftllt• 21 1'111 IS IUTIOC'tlOI $ OUT OP & 'IOTlL OP 0 •DEC: • IISTRIJCT101S4 DltT•15 

IIUftBER Of COIUIIIO• 2ta !'HIS IS 11St'ltx:1IOI 6 00'1' cr A TotaL OP 0 tDIC: • liS'fltOCTJOIS. UUT•'I5 

ltll8t!R or COftftAII!• 25 tHIS IS tiSTIII:TIOI 1' 011T or A IOTU. OP D •DIC • USTI0CTl011$. OIIT•1S 

IUIIB!I OP CCftBliD• 26 TBtS IS tJSTIUCTIOI I OIT or a TOTlL-OP 0 •DEC t JISTROCTIOI$,. OllT•15 

IUIIB!R or COIIftiiD• 27 tHIS IS l1SYIUC1'1DW 9 DOT OP a toTaL Of G •otc • IIS110CT101S. UllT•15 

IOIIUR Of COIIIIIIt• 28 'tillS IS IIStiDCTlOI 10 OU'I' OP I 10TkL OP 0 tD!C • JIS'IRUC!IOIS. UUTz15 

•UftetR or COftNA .• B• 29 t 'tftiS lS t•S!'I8C'tiOI 11 OUT OP I 'rO'fU OP 0 tD!c t I•STitOC'I'tO•s. UUT•U 

Jtift8H OP CO"Ralt• JD J !'HIS IS IISTitctiOI U OUT or l t'OTilL or 0 •ntc • IISTRUCTIOIS. DUT•1S 

IUIIB!R OP CCIIIII\ID• )1 I 'I'IIS It 11StiUCfiOI 1l Otl!' Of I 1'0Tt.L OP 0- •DtC t IISTIOC:::TIOIS. Dllt•15 

tniiBIII Of COBftaiD• ]2 1 !'IllS IS IISTIUC'I'IOI n OUt OP I 'IOTlL OP 0 •DEC • IIStROC:1'tO•s. UI1T•15 

IUftiiR or CORUJt• ll 1 "fRJS IS IIStiOCrtOI IS Out OP I ,.,TIL or 0 •o•e o IISUIICtlOWS. Dllfa15 

IUftlll or COIJIIUt• JtJ J 'tHIS IS IISTIIICIIOI 1 OUt or l 'I'Gr&L or ' •OO! • IISYIO(:fJOJS. 0111'•15 
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APPENDIX F: LISTING OF SAMPLE PCR COMMAND OU'IPil'I 

C31.S6 
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174 

1 30060 1. 0830~·02 30070 1. 335 n-o 1 50100 1.8519£·02 50110 7.U07UE·02 
1 60120 1.3EC5!0C· 60130 8.2619£·02 701UO 1.7787! 00 70150 6. 53C 3!·03 
1 80160 e. 3 eo7l! 03 80170 3.1 923E 00 801 so 1.713SE 01 90190 5.6316E-D1 
1 1 10230 6.5217!-D1 1202C0 6. C95SE•02 120250 8.2236!-03 120 260 9. 05112!•0 3 
1 , 30270 6.1 852!•01 1U0280 3. 970 2!•0 1 1C0290 2. 010Jt- 02 1C0300 1. 3345!·02 
1 150310 1.1290! 00 170350 1. 1317E·O 1 170370 3. 61 90!- 02 2001100 D.8330E•02 
1 200420 3.2232!-0Q 200430 6.U812E•05 200UO 1.01120!·03 200U60 1. 7U9E-Q6 
1 20CC80 9.U726E•05 220U60 1. 7217E-D3 22oc10 1 .5541!-03 220UO 1. 5380!-02 
1 220490 1.1269!-Dl 220500 1.0852!·0 3 230500 1.11707!-0U 230510 5. 8679£-02 
1 2110500 3.3426!•03 240520 6. •385£-0 2 2CI05 30 7.2999£·03 2UOSCIO 1. 81 35!-03 
1 250550 ~.0909!•02 2605UO 1.8705!-02 260560 2.9538!•01 260570 6.9217!-QJ 
1 260580 9.3363!-0Q 270590 1.69U9!·02 280580 2.7887!·01 280600 1.066 1!-Q 1 
, 280610 a.615BE·03 280620 1.U665!-D2 2806UO 3.7172!-03 290630 1.0878!•02 
1 2 90650 c.8415E•03 3006UO 2. 9916E-'O 1 300660 1.717&!-01 300670 2. 5238!·02 
1 3 00680 1.1560!•01 300700 3. 8 16CE•03 U20920 1.5813!·02 A209D0 9. 6850!:•03 
1 •2oqso 1.6~58!•02 D20960 1. 7391:~-02 Q20970 9.997U!·03 D20980 2. 5098E-D2 
1 D21000 9.9978!•03 U71070 8.8007E•OU 1171090 u.~617!-04 481060 2. 8888!-03 
1 G$1080 1.9777!•03 Q81100 2.7777!-02 D81110 2.84113!-02 Q81120 5. 3576!·02 
1 AS1130 2.7110!-D2 4811UO 6.3775!•02 D81160 1.6666!·02 091130 7.GS39E·OII 
1 D911SO 1.6656!•02 501120 3.3675E·OD 5011AO 2. 2562!• OG 501 1 SO 1.2796!-04 
1 501160 •• 9502!•03 501170 2.6098!-03 501180 8.1829£-03 501190 2. 8960!-113 
1 501200 1.0911!•02 501220 1.5D90~-03 5012D0 1.8858!•03 6A1520 3.178 1E-05 
1 6D1580 3.3370!•0U 6D1550 2.3518!•03 641560 3.273D!-03 6D1570 2. 49U8E-03 
, 641580 3.9D08!·03 6U1600 3.4641!·03 781800 1.4138!·05 7D1820 2. 8603!·03 
1 7D1830 1.5552t·03 741880 3.3355!·03 741660 3.1108!•03 8220CI0 6. 755AE-OS 
1 8 22060 1.1629!•03 822070 1.0664'1!•03 822080 2.5285!-03 832090 1. 9139E-Q3 
2 9 22340 1.2393! 00 922350 1.3617! 02 922380 u.0660E 03 0 o.o 
0 o.o o.o o.o 

. 1 10010 e. 9703E·03 10020 3. 7750!-06 10030 9.0551!-03 100QO 6.6664!-17 
1 20030 8.0598!•05 200DO S. 9353E•01 20060 2.1259£-16 30060 1.6146E-Q3-
1 30070 1.52CSE-Q1 30080 2. 0576!-13 40090 7.05U9E·05 40100 8.4116!•07 
1 10110 5.37G8!•19 50100 9.3316E-Q7 50110 7.5224!-02 50120 1.&597!-16 
1 60120 7.3600! 00 60130 6.li5UE-01 601'0 9.5116!·03 60150 1. 069U!-12 
1 701QO 1. 7693'1! 00 70150 6. SSSQE-03 70160 1.9Q74!-11 8~160 8.3801£ 03 
1 80170 !.19U2! 00 80180 1. 7138'1! 01 80190 9.1967!-12 90190 5.6315!·01 
1 90200 •• 7334!•12 100200 1. 8751!-0S 100210 7.61791-08 100220 1.0132!-07 
1 100230 6.2769!•12 110230 6.5075:!•01 110240 1. 7006!-06 110 2111 2.5315'1!•13 
1 1 10250 1.6 620 E•1D 1202 40 6. 6 37 2'1!•0 2 120250 e. 2279!-03 120260 9.0568!•03 
1 1 202"70 2.8280!•11 120280 4.0014!•18 130270 6.1819!•01 130280 9.8048!•10 
1 1 30290 3.63U8!•13 130300 3.3030!•18 140280 3.9721!-01 1110290 2.02HE•02 
1 1 110300 1.3353!•02 140310 6. 3QQ6!-Q9 140320 5.5757!-12 150 310 1.1286! 00 
1 B0320 1.1779'!:-D~· 150330 •• 21121!•14 150340 9.1671!•15 160320 4.1885!•011 
1 1 60330 2.3099!•07, 160340 3. 3327!·08 160350 1. 911D2!• OS 160360 •• 9012!•1 0 
1 160370 4.5166'1!•14 170350 1.0343!-01 170360 9.6119!-03 110370 3. 6259£-112 
1 170380 1. 7~84!•09 170381 6.7214!•15 180360 2.5211£-08 180370 3. 350 9!•08 
1 , 80380 3.SU75!•05 180390 2. q 157!-08 180400 2.0591!-08 180Q10 e, 4735£-15 
1 1 80U2Q &.98116!•18 190390 S. 5720 E•1 1 1901100 1.E789E-06 190110 S.AU74!•08 
1 1 90120 5.3038!•12 190HO 3.0207!-13 190D&O 1.8652!-15 200400 •• 8287!•02 
1 2001110 4.1000!•05 200420 3.2187!-04 200U30 6.4299!-05 2001QO 1. ODO 7!•03 
1 2001150 6.D526!•07 200160 1. 7D31!•06 2004 70 2~2518£-11 200480 '· Q505!-D5 
1 200490 2.5789!•12 210150 1. 5972E-D6 21 OU60 1.3903!·08 210461 1. 3360!-1Q 
1 2 10&70 1.8595!•10 210&80 9.0616!-12 2101190 1. 7036!- 11 210500 9.Q961E-17 
1 2201160 1.71911!•03 220470 1. 5505!-G 3 220Q80 1. 51 33!- 02 220&90 1.3752!•03 , 220500 1.0910!•03 220510 3. 3993E·12 230500 1.2407!-04 230510 5.8186!-112 
1 2 30520 3.0961!-09 230530 1.2219!•15 2305AO 7.8552!-18 2110500 3. 2308!-D3 
1 2110510 5.8079!-116 2AI0520 6.U17E-D2 2AIOS30 7.5426!-03 2~0540 2. 1020!•03 
1 2100550 8.9656!•12 2505110 •• 3286!•07 250550 2.9797!-02 250560 2.381 8!•07 
1 250570 5.8188!•15 250580 1. 151JOE-17 2605100 1.8612!-02 260550 7.5•27!•05 
1 2 60560 2.9463!•01 260570 8.8299!•03 260580 1.0438!-03 260590 2. 5109!-D7 
1 270580 9.3829!•06 270590 1.S1~a!-02 270600 1. 5793'1!•03 27060 1 1. 308D!•08 
1 270610 1.3197E-D9 270620 3.3837£-15 280580 2.7539!•01 280590 2. 8969!•03 
1 280600 1.0661!-111 280610 5. 2AI 17!-D J 280620 1. 1253!-02 280630 •• 251 1!-0" 
1 2806&0 3. 7917:!•03 280650 2. 6 126!-09 28066\l 5.8698!·13 290630 1. 075 9!•02 

OJ:!.67 
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1 290600 
1 3 00640 
1 3C0680 
1 300710 
1 31071 0 
1 32C710 
1 320740 
1 3 30750 
1 300780 
1 3@0900 
, 390900 
1 390930 
1 a00910 
1 a 00950 
1 A10930 
1410951 
1 410980 
1 a 20930 
1 a 20970 
1 421010 
1 4 40990 
1 0 41030 
1 •51030 
, l51051 
1 061050 
1 461080 
, 461110 
1 D71081 
1 071101 
1 481060 
1 481100 
1 U1130 
1 &81160 
1 • 81210 
1 I 91150· 
1 091171 

·1 • 91200 
1 501131 
1 501170 
1 501191 
1 501220 
1 501250 
1 511221 
1 511250 
1 521230 
1 5212!1 
1 521280 
, 531270 
1 531301 
1 511291 
1 541320 
1 551330 
1 6C1180 
1 611481 
1 611520 
1 621500 
1 6215&0 
, 6 31521 
1 631560 
1 6&1551 
1 641580 
1 641620 
1 6 5162C 
1 66163 0 
1 661660 
1 681660 
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1.233ei-o7 2906~0 5.2a73E-03 290660 
2.9852!•C1 300650 2.6808E·Oo 300660 
1.1577!•01 300690 3.5232!-0A 300691 
2.1030!-12 300711 2.2017!•11 310690 
7.3925!·07 310720 2.3078£•11 310721 
o.95o1!-1C 320711 9.0865E-19 320720 
2.0933!-13 120750 3.9625!•20 320751 
7.1608£-17 330760 7.!615!•21 3o0760 
2.8296!-22 380670 7.4980!!-25 380880 
7.7963!-11 380910 8.2107!-20 390890 
1,3312!!·17 390901 3.1t010E·22 390910 
1,2707!-25 390940 1.9655!-21 000890 
&,8856!·09 G00920 1.1UU-Q7 000930 
1.5Z22t-10 400960 6.esou-u <lOono 
1,0500!·09 ~10931 1.91t92!•15 0109QO 
6.1!~aE-14 a1096o 5.091G!·12 a1097o 
9. 551•!- 18 '11000 11.0549£-19 020920 
6,4299!-06 0209&0 9.6155!-03 &20950 
1.0131E-D2 l20980 2.5·123!•02 420990 
7.0718!-10 •30990 1.6268!!•05 431000 
6.0606E•11 0&1000 1.P889!•06 G41010 
5.3515!-10 aa1oao 1.1,.9!-11 oll1050 
1,8009!:-10 as1oao 3.11•69!-16 o51041 
2.1167!-20 •51060 5.$427l1•17 .,061 
2.1363!-12 •61060 1,aooa!-10 061070 
1.0998!•06 061090 2.86-051-10 061091 
1.6640!-13 ~61111 3.5335£-13 ll710'70 
o.5216E-06 n1090 1.5267!-oa 471091 
4.1550!•06 471110 2.0979!-08 471111 
2.8827!-03 281070 3.16·38!!-09 &81080 
2.6548!•02 •&1110 2.7504!-02 &81111 
e. 5750E-06; 481140 9.11·172!·02 11811 so 
1.6623!-02 •&1170 8.8.9901•09 481171 
a.o606!-20 491130 5.SSo5z-o• 191140 
2.6650!-04 191160 1.9718£-10 •91161 
6.2eltE-09 c911ao 1.see3E-17 491190 
1<3G66!•25 491210 7,2837!·20 501120 
5.0296!•11 501100 4,0C21!-Q4 501150 
2.8699!!•03 501111 l.U31!-Q6 501180 
1.3909!-05 501200 1.0916!•02 501210 
1.5o7a!-03 501230 3.7148!•07 501231 
1.8814!•07 501251 1.Gl44!·10 511210 
9.7912!-10 511230 1.2013!-Q6 511240 
1.3835!-Q5 511260 · 5.5500!•09 511261 
1.0627!-08 521231. 3.11•·•3!•09 5212•0 
1.66C6!!·07 521260 1,f-791!•07 521270 
1. ao27!·12 621290 3.7408!·19 521291 
5.9902!•10 .531280 2.l7•8!-1S 531290 
4.6305!-22 531310 2.20521-22 5&1280 
2.9608!-16 5&1300 1.19-77!-15 5&1310 
3.8128!•19 511330 9.90551-2' 541331 
1.0132!•22 5513410 2.U28B•211 601460 
•.2701!•19 601490 3.5507!-23 611170 
1.2056!•23 611190 1.!703!-21 611500 
3. 7173!•19 621UO 3. 3320!•22 621&80 
9.0126!•11 621510 2.&066!-12 621520 
1.8511!•1 1 621550 2.0842!-17 631510 
7.8012!•18 631530 1.0892!-Q5 631540 
1,2251!-07 611520 6.5381!-07 6111530 
2.7659!·17 511550 1.1874!!•06 6a1560 
6.64~!!-03 641590 ... 5121!•07 641600 
1.3462!!-13 651590 2.•226!-0 .. 651600 
9.85~1!!-1& 661600 2.1899!·05 661610 
7.0338!-Q6 6616QO 7.Jl87E-o7 661650 
1.5872!-10 671650 1.•5•8£-06 671660 
1.!183!-07 681670 3.!103!•09 681671 

1.9506£-10 290670 2.7548!-13. 
1.71a1E-01 300670 2.a962!•02 
3.G30aE•08 300700 3.8157!•03 
a.6181E-Oa 310700 1.6503!·10 
5.6719!-19 320700 2.9410!-0f 
1.0.17!-08 320730 1.033Q!-11 
8.2286£-23 320760 6.7423!-23 
6.0984£-19 Jl0770 2.0844!-20 

. 2. 8167!-15 380890 5.6979!-16 
5.9165£-11 390891 2.1073£-19 
1.0699£-16 390920 4,0359!-18 
2. 302ot-12 aoo 900.;!Ill1• 1980!·15 
4o1837E·09 4009UO 1.0086!•08 
3,9163!·1" '10920 t.a203!!•09 
5,8S2aE-09 410950 2.2029£•10 
9.9658£-14 410971 3. 6548£-17 
1.5~0U·02 420931 1.0711E·10 
1.a932E•02 42~960 1.8721E-D2 
7.7232!-07 421000 9.9609!-03 
1.2815!:-12 431010 6. 8687!•1 0 
3.51861!:-05 401020 1.2922!-Q6 
2.68a6£·17 441060 3.5016!·20 
7.2836!-17 451050 1.9a24E·16 
3. 9301£·19 061040 2. 9382!•10 
2.2751!-10 461071 1.1887!-20 
2.7156£·1• 461100 8.0442!-07 
4,1298!-04 471080 2.0039!-10 
2.3364!-13 471100 8.Q972E•11 
1,0090E· 12 171120 o.a659E•1l 
2.0317!-03 481090 4,6896!-06 
7,0363E·10 4811l0 5.4742!-Q2 
6.1087!-06 Q81151 1.0388!•05 
1.2951!-10 481190 5.9300!•18 
2.6300!•10 091141 6.8305!!-06 
3.5985!•08 091170 1,3038E .. lJ9 
1.5001£-16 491191 1. 1355!-17 
3.3047!!-04 501130 9.0236E-Q7 
1.1466!!•04 501160 2.1196!•02 
8.1527!-03 501190 2.9117!•03 
3. 3757!- 08 501211 9. os SS!!-08 
3.1908!-13 501240 1.8673!-03 
1.a7a3E·OS 511220 1.0307!-08 
9,7027!-09 5112a1 5.aa94!·16 
5. u 12!-13 5 21220 9. 6282!-07 
4,6251!•08 521250 0.1105!-06 
1.&006!·12 521271 2.ao7a!-11 
6.5576£-18 521300 8.6762!-21 
8.0617!•16 531300 9.4802!!-20 
1.6621!-11 5'1290 5.0735£-111 
4,0723!!•18 5'1311 5.0879£-20 
1,2488!·25 511340 3.8114!-25 
7.3754!-19 601470 9.0780!-23 
1.2578!-21 611480 2.7412!!-23 
9.5530!-25 611510 2.03211!•14 
1.3259!·19 621490 5.56691!•14 
1.8090!-11 621530 1.2515!-13 
1.5372!•15 631520 5.8195!•15 
5.3637!-06 631550 1.7303!-06 
5.7669E•06 641540 2.3979£•04 
5.2239!-03 601570 1~6809!!-06 
3.o326t-o3 641610 1.S404t-10 
8.8498!•06 651610 6.2218E-Q7 
2.0248!·05 661620 1.3041!-05 
1.17061:·09 661651 4,2801!·12 
2.0072z-o9 671661 e. 8089E-09 
5.1821!•16 681680 3. 1390!"'09 
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1 681690 1.303~!-12 681700 5.i260!·16 681710 7 .0281!·21 681720 1.6313!·23 
1 6 91690 8.1740!·12 691700 7.9840!•13 691710 3.,5732!· 14 691720 1.U7U5E•17 
1 701700 3.4448!•13 701710 9. 2369!·15 701720 5.1536!· 16 701730 7.6182!•19 
1 7 01740 1.6009!·20 70'1750 1.7998!·23 711750 1.4551!·22 711760 1. 1921E·2• 
1 721760 3.6!78!•24 721770 1.6285!·25 731810 1.1126!·06 731820 2. 498 3!•08 
1 731821 5.7127!·15 731830 3. 9336!·09 741800 1.2413!·05 ,.1810 3. 6 141:£•07 
1 741820 1.9093!-DJ 741831 2. 3174!·13 741830 2· 07 52!• 03 -741840 3.72U!•03 
1 741850 6.1126E-D6 741851 1.0893E-i3 741860 2.1300!•03 711870 1. 531C!•06 
1 741880 3.6~86!·07 741890 1.3473!·23 751850 2.1541!·05 751860 2. 0020E-D7 
1 751870 8.2672!•04 751880 3.6422!•07 751881 6.4746!•09 751890 2.99013!•12 
1 761860 1.3517!·05 761870 1.000UE•1ll 761880 1.4770!·04 761890 4.2621!·06 
1 761900 5.7257!·07·761901 3. 1226!:·16 761910 6.3090!•10 761911 1. 7403!•1 1 
1 761920 &.1268!·11 761930 7.0835!:·16 761940 3.1"61!·16 771910 2.5372!:-09 
1 771920 7.1570:£·10 771921 7.6023!:·13 771930 2.4029!-10 771940 3. 6560!-13 
1 771941 8.9Q25E•21 781920 8.1380!-10 781930 9.07271•12 781931 8.1175!•1G 
1 781940 3.5687!·11 781950 2.0060!·1· 781951 7.5349!·17 781960 5. 9022!-16 
1 78197C 5.3351!·21 781971 2.6779!-23 791970 3.2783!•19 791980 1. 5157!·21 
1 791990 •• 9825!·22 801980 2.5802!·20 801990 5. 3932!- 21 802000 2.&794!-21 
1 80~010 6.5~52!·23 802020 1.7384!•24 812050 •• 0456!·15 812060 3.8293!·19 
1 822040 6.7401!-05 822050 1. 5317!-07 822060 1.0993!·03 822070 1.1284!•03 
1 822080 2.5302!•03 822090 6.9003!·13 832080 2.7805!•09 832090 1.9135!·03 
1 832100 1 ~8843!•09 832101 1 ... 78!·07 83 2110 6. 10 98!· 19 842100 ll. 7U2E-08 
1 8112110 3.7459!•20 842111 2. 7872!·20 0 o.o 0 o.o 
2 20040 5.4434!-02 812070 6.6320!•18 812080 4.2637!·15 812090 3. 8622!-20 
2 e 2205o 2.7~27!•16 822070 3.9546!-13 822080 8.3365!-10 822090 1.6115!•16 
2 822100 2.8611!·111 822110 5.0333!-17 822120 2.0674!•12 822140 1.9731!•18 
2 832080 5.7287!·20 832090 1.7886!-13 832101 2.9829!•18 832100 1. 7789!-17 
2 832110 2.9698!·18 832120 2.31105!·13 ~32130 3.7102!-17 83211l0 1.4651!-18 
2 e u21oo 2.7302!·16 842110 3.6431!-23 842120 1.2383!-23 81l2140 2.6366!-25 
2 842150 4.1362!·23 81l2160 9.6634!-18 842180 2.2460!•19 852170 4.3753!•22 
2 862180 1.3228!:·23 862190 9. 2018!·20 862200 3.5819!•15 862220 4. 0551!•16 
2 872210 3.9012!·18 872230 4.6935!:-19 882220 1.4362!·20 882230 2. 2956!•14 
2 882240 2.0370!•11 882250 1.8096!-11 882260 '· 1907!· 11 882280 2.8729!•17 
2 8 92250 1.1701l!-1D 892270 1.7866!·11 892280 9.5.52!·15 902260 7.0298!-19 
2 902270 3.8634!-14 902280 3.8621!-09 902290 1.0312!•09 902300 11.9686!-D6 
2 902310 6.0037!-D9 902.320 7.123SE-D7 902330 1.5726!-12 9023110 5. 8632!·08 
2 912310 1.1307!-DI 912320 •• 6846!·09 912330 6.0795!·08 9123111 2. 0057!-12 
2 9123U0 1.0722!-11 912350 ' 3. 55 •9!:-17 9 22300 '· 7918!· 16 922310 3.2777!•13 
2 9 22320 e.04C8!•07 922330 6. 0520!·06 9223 llO 7.6756!-01 922350 3. 3865! 01 
2 922360 1.6777! 01 922370 4.6852!·02 922380 3.9669! 03 922390 2. 7659!-D3 
2 922400 2.8526!-D7 922410 8 •• 798!·11 9323 50 2.0249!-09 932361 3. 5114!•08 
2 932360 3.11l47!-D7 932370 1.8211!: 00 932380 5. 9033!• 03 932390 3. 9801!-01 
2 932401 2.5990!·07 932400 9.7080!·06 9321110 8.1406!•14 982360 5.2040!-07 
2 942370 1.4641!-07 942380 5.3615!:-01 942390 2. 0667! 01 9421100 9.61119!: 00 
2 9C2410 5.0754! 00 942420 1.9015! 00 942430 5.3958!-04 942"10 1.3244!-DII 
2 942050 3.3253!·09 90~~60 2-6263!·11 952390 •• 5118!-13 952400 1. 91193!-10 
2 952010 1.2381!-01 952421 1. 602611-03 952420 3. 973111•011 952430 3. 5175!•01 
2 952U1 1.0904!•05 9521&0 1.3379!-05 952450 6. A9381• 10 9521160 •• 2023!·14 
2 9621110 ~.5272!•12 962420 II. 8308!:•02 962UO 1.1748!•03 96211aO 7.72UI-D2 
2 9621150 4.9343!-04 9621160 3. 7952!-0Q 962470 1.6322!:-06 962a80 6.Q100!-D8 
2 962190 5.46311!:•13 962500 2-0 383!-16 972490 •• 12031-10 972500 "· 5615:!-13 
2 972510 7.0368:!·17 982&90 3. 54451•11 982500 9.2525!-11 982510 9. 593 0!-1:2 
2 982520 1.2817!-11 982530 3.5399!·1• 9825&0 3.8391:!·15 982550 1.01115:!•19 
2 992530 2.7455!-14 992541 2.9168!·17 992540 6.42371-16 992550 3. 5325!•17 
2 162500 '· 93Q2!-09 0 o.o 0 o.o 0 o.o 
3 10030 1.8870!·02 30060 3.0288!:-05 30070 1.4292!·06 •0090 2.1a1U-D6 
3 40100 1.2852!·05 601&0 1.8561:!-D6 290660 2- 1398!:-15 300660 5. G934!•1 0 
3 2 90670 3.0220!·18 300670 2.2583!•11 300680 3.3123!-13 300690 1.0081!•19 
3 300691 9.8151!•20 310690 "· 7822!•16 310700 1.7089:!-22 320700 1.599C!~18 
3 310710 1.2173z-oe 210120 1.7994!·1• 280720 6.7966!-12 290720 3.3165!-11 .. 3 3 00720 1.0906!-D6 310720 3. 3181!·07 320720 2.9700!-04 270730 5. 4625!·15 

) 3 280730 9.1712!•13 290730 2.8543!·11 300730 2- 81105!-10 310730 2.2383!-07 
3 320730 6.0911!-0il 320731 6.7571!-12 2707&0 9.8637!:-16 2807110 9.1093!•13 
3 290740 5.11905!-12 300740 2.1G90!•09 310740 1.1776!•08 320740 1. 303AIE-D3 
3 270750 9.7131!•17 280750 1.0175!:·13 290750 7.2195!-12 300750 3.71491-10 
3 310750 S.6802!-D9 320750 2.5076!-D7 320751 1-1263!•10 330750 2. 6673!-03 

001G9 

~~~ 



 

 Information Only 

3 28076C 
3 320760 
3 290'7'70 
3 320771 
3 2 80'780 
3 320'780 
3 300790 
3 3'0'790 
3 2 90800 
3 330800 
3 3 60800 
3 320810 
3 350810 
3 310820 
3 3ll0820 
3 3008 ~0 
3 340830 
3 360831 
3 3li08•0 
3 320850 
3 3 50850 
3 320860 
3 350861 
3 380860 
3 350e7C 
3 380871 
3 3S08eO 
3 !30890 
3 370890 
3 3ll0900 
3 370901 
3 • 00900 
J H0910 
3 390911 
3 360920 
3 ll00920 
J 380930 
3 • 10931 
3 3609&0 
3 li109G1 
3 380950 
3 G10951 
3 3'70960 
3 • 10UO 
3 3809'70 
3 "10971 
3 380980 
3 • 10981 
3 390990 
3 •20990 
3 371000 
3 '11000 
3 U1000 
3 • 11010 
3 381020 
3 ll21020 
• !81030 
3 ll21030 
3 ll51031 
3 411000 
3 ll510ll0 
3 a 01C50 
3 U1 050 
3 401060 
3 U1060 
3 391070 

3.9067!·11 290760 
6.5•80!-03 330760 
9.5132!-13 300'7'70 
1.0199!-0e 330770 
3.9605!·16 290780 
2.7483!-06 3307eo 
1.8523!-11 310790 
'7.4337!·02 340791 
3.2613!-15 30oeoo 
•• 5503!-08 340800 
2.8058!·06 290810 
2.5026!-0e 330e10 
2.675et-01 360810 
1.2088!-11 320820 
a.1o2n-o1 350820 
4.10~6!-15 310e30 
5.G820!·06 300831 
6.7907Z-D5 310800 
3.3290!-06 350810 
2.8382!•11 330850 
3.5920!-06 360850 
5.9•70!•12 330860 
6.6825!-0e 360860 
a.3910!-D3 320870 
1.e797!-06 360870 
5.9a92E·09 3208eo 
5.7390!-07 360Seo 
9.04161:-13 31&0890 
6.656•!-05 380890 
2.73li1Z•1C 350900 
a.oo1e!-06 38osoo 
2-02~9!•01 &00901 
•• 3200!-07 370910 
1.6660!-00 •00910 
a. fUU-08 370920 
6.9498! 00 350930 
5.a920Z-D5 390930 
•• 1733!·06 3509&0 
8.7632!-06 390900 
•• 2058!-11 350950 
2.8001!•06 390950 
3.3 01 0!-00 0209 50 
9.6185!•10 380960 
•• ~!70!-05 •20960 
7.9170!·09 390970 
e.3141Z•06 0209'70 
1.3327!•08 390980 
•• 6303!-o• 020980 
3.7184!•C8 400990 
3.8289!-02 030990 
1.7791!•13 381000 
2.0569Z-o7 a11001 
9.513l!-D1 3e10 10 
9.9403!-07 &21010 
0.6697%•12 391020 
g.noaz-o5 li31020 
5.261U•111 391030 
8.6013Z-D6 131030 
4.1303!~0· 381000 
•• 1320!-08 li21000 
3.6990!-06 &510'1 
3.3326!•10 011050 
1.6706!•03 051050 
6o5!87Z•11 a11060 
1.64CEZ 00 a51060 
6.8860!•17 a01010 

177 

1.5510!-12 300760 
3.0052!~07 340760 
1.0609!-10 310770 
3. 2S95!-D5 340770 

- 1.3898!•13 300780 
:z. 9523!-06 3ll0780 
1.0500!·09 320790 
3.00731!-07 350790 
1. 2300!•11 310800 
1.6710!-01 350800 
1.9720!•16 300810 
1.3709!·07 300810 
2.6102!-D7 360811 
9.7011!-D9 330820 
6.3227!-05 350821 
3.2155!-12 320e30 
•• 1890!-D7 350830 
2.8193!•13 320840 
3.3353!-05 350801 
6.0930!-09 3008 50 
2.!3.8!-01 360851 
1. •276!-D9 340860 
2. 2076! 00 370860 
3.9570£-13 330870 
1.8325!-0ll 370870 
1.8291E•H 330880 
5. 7a52!-DII 370880 
6.7565!•10 350890 
3. 3837!-0 1 390890 
2. •1131!-08 360.900 
5.9552! 00 390900 
5.eo22!-15 340910 
5. 1796!-D6 3809 10 
5.9665! 00 340920 
3.5155!•07 380920 
2.18731•11 360930 
a.5593£-D3 400930 
1.0 186!-12 360940 
1. o6&8z-o• •oo9 •o 
8.9620!-14 360950 
8.7553!-05 400950 
6.7215! 00 350960 
:z. 9875!-07 390960 
3.42&3!•01 360970 
1.2698!-07 400970 
8.1&62! 00 360980 
2.4359!-08 ooo9eO 
8.a20o1 oo 370990 
3.5265!-07 &10990 
'7.7a61Z 00 U0991 
9.00131-10 391000 
2.0655!-07 121000 
3.06•9!-11 391010 
1.3371!-04 431010 
•• 6007!-10 •01020 
7.7560Z-D7 &31021 
9.o5e5!-11 &01030 
7.2873!·06 aa1030 
3.039eZ-15 391000 
1.1161!-05 &31040 
1.63A4!-D6 a610A0 
2. 5378!·08 4210 50 
1. 2097Z·O 2 •5 10 s 1 
1.9960!-09 421060 
1.7&35!-06 451061 
7.5691!-13 411070 

0.0170 

3.7362£-10 310760 
7. 08Jg!• 05 280770 
2. 04 77 £·09 320770 
1.3219!•02 340771 
1.7806!•10 3107eo 
3. 1016!-02 290790 
0.7101!•08 330790 
1.0569£-06 35079, 
6.1 1.69!- 10 320800 
8.5363!-11 350801 
5 •• 632£-13 310810 
5.1003!•06 3G0811 
•.a733E·1• 300820 
7. 6'7 90!• 08 330 821 
7.5270!•08 360e20 
2.8735£-09 330830 
8.8095!-0S 360830 
5.9349£•10 3308&0 
:z. ~836!•07 360eiO 
3.7018£·07 3ll0851 
3.4153£-01 370e50 
3.0750!•07 350e60 
2.8001£-00 370861 
2.3093£-10 340670 
2.8008! 00 380870 
8.5260!-12 3&0880 
6.1116!-05 380880 
1.0805!-07 360890 
a. 7870! 00 39C891 
2.1590!•06 370900 
1.57a6E-03 390901 
1.3769£-11 350910 
3.2903!·03 390910 
1-0391!• 12 350920 
1.0336£-01 390920 
1.1765!•08 370930 
7.7220! 00 •10930 
6.6873!·10 370900 
7. 8827! 00 4109&0 
2.2761!•10 370950 
e.0777z-ot &10950 
3. 3960!- 15 360960 
1. e2soz-os aoouo 
6.2979£-11 370970 
8.8886!•03 A10910 
1.0933!•13 370980 
•• 5959!- 06 • 10980 
1.5306!•12 380990 
2.1925£-06 410991 
3.05'73!•03 &40990 
1.5778!-08 &01000 
9-2972! 00 &31000 
6.6157£·09 1101010 
1.2991!·0• ••1010 
1.00&2!-06 411020 
•• 7430!-08 4&1020 
3.2432!·08 &11030 
I. 9576!•01 &51030 
3.2622!•12 401040 
1.3597!•00 0.1040 
2.0900! 00 391050 
••• 954!•06 031050 
1.3205!•06 &61050 
•• 0720!-0"1 431060 
2.4533!·05 o61060 
3.806QZ•10 021070 

2. 8603!·09 
2.5•81!-15 
3. SOUOI-06 
1. 1488E•1 1 
1.591 0£·09 
5.0233!-1<1 
6.9355I-D7 
e. 6937E-15 
5. o5soz-oa 
8. 55'76!•1 0 
1. ue3!·1 0 
a. 276•E-D7 
7.0784!•14 
1. 9959!•08 
1.185 9!-02 
8.6573!•08 
4.9335!-01 
3. 0193!•08 
1.3092! 00 
1.3552!-D7 
1. 1U8!: 00 
a. 13alz-o7 
1.310G!:•09 
8.1&637!·08 
3. 5988!-DS 
e. 53Ut-o9 
3. 97291! 00 
1. 21'73!-05 
8. ooeoz-13 
1.0769!-D5 
1. 836U-D8 
3. 1751!•09 
5. 1 a a 5!·01 
1. 8670!-1 0 
1. 3561Z-D3 
3.o793!-D7 
5. 1599!-07 
8.509•!-0e 
'7. 976'7!-06 
5. 6530!-D9 
•• 4e58!•0 1 
3.0776!•11 
e.3253Z 00 
1. 5253!-10 
6. 3e1 1E-Da 
2.81&1!-11 
'7. 6 84 01!•09 
2.ll392!:-09 
1. 011 Sl-D6 
3.0588!•0'5 
9. 596 1Z-D7 
6.1 029!-0"1 
2. eaal!-07 
7.6418! 00 
3.6380Z-D7 
7.5188! 00 
1. 331 9!•06 
I. 0109! 00 
1. 6618!-DS 
s. 209a! 00 
1.9860!-13, 
•· gao 1!·05 
3.5655! 00 
2. 713S!-D6 
1. 7637! 00 
1. 066aE-07 



 

 Information Only 

3 431070 
3 461071 
3 421080 
3 451081 
3 181080 
3 01090 
3 u 61 C90 
3 481090 
3 U1 100 
3 471100 
3 421110 
3461110 
3 481110 
3 U1120 
! 481120 
3 •51130 
3 A81130 
3 4 21140 
3 A61140 
3 I 91111 
3 0111150 
3 11711~1 
3 4911~1 
3 051160 
3 481160 
3 431170 
3 471170 
3 1191170 
3 041180 
3 471181 

.3 501180 
3 U1190 
3 501190 
3 461200 
3 • 91201 
3 471210 
3 501210 
3 461220 
3 4 91221 
3 521220 
3 081230 
3 so 1231 
3 461240 
3 501240 
3 471250 
3 501250 
3 521251 
3 491260 
3 521260 
3 501270 . 
3 521271 
3 491280 
3 "521.280 
3 4 91290 
3 521290 
3 5•1291 
3511300 
3 531301 
3 5 01310 
3 531310 
3 • 91320 
3 5 21320 
3 501330 
3 531330 
3 551330 
3 511341 

1.1 846E-06 oo 1070 
1.5023!-10 471070 
7.0337!-09 03l080 
1.4492!-07 061080 
1.8730!-08 401090 
5.5418!-07 401090 
1.6060!-03 461091 
2.4114!-11 011100 
1.8~21!-07 051100 
3.61163E-o7 071101 
2.2812!-11 431110 
9.3088!-06 467171 
2.4219!-01 481111 
1.49(6!-09 451120 
1.4638!-01 421130 
2.1363E-o9 461130 
1.3031!-03 481131 
2.4778!-14 431140 
2. 8068!-07 471140 
9.9921!-07 501140 
1.6927!-10 451150 
9.0686!-09 081150 
2.8147!-05 501150 
3.9655!-10 461160 
7.0216!-02 •91160 
1.2369!-15 441170 
5.5534!-08 ij71171 
2.4540!-06 491171 
3.1226!-11 •51180 
1.9448!•09 U81180 
7.0033!-02 451190 
4.301E!•07 181191 
6.9051!-02 501191 
1.1781!-09 U71200 
2.3593£-09 501200 
1.9885£-09 1181210 

. 1.!~-7£-00 501211 
0.1885!-11 ijJ1220 
1.6574£-10 501220 
o.0118E-o3 •51230 
1.1287!-08 091230 
3.5E57!•06 511230 
7.8130£-13 U71240 
1.0138£-o 1 511240 
1.1600!-11 081250 
1.0727!-03 501:2~1 
1.37E<E-03 461260 
4.4112!-09 501260 
5.8335!-oJ •81270 
•• 9585!-05 501:271 
1.:2844!-0:2 531270. 
1.0218!-CS 501280 
8.6138!-01 531280" 
1.8S65E-o9 501290 
1.2351%-oll 521291 
•.oes•E-07 481300 
2.3!93!-05 511301 
7.9823!-07 541300 
1.7•35!-06 511310 
6.2818!-o2 541310 
2.6405!-11 501320 
3.5918£-02 5313:20 
6. 4041!·09 511330 
1.3•83E-o2 531331 
8.3773! 00 491310 
8.•535!-08 521310 

178 

1. 569 5!-0 5 4510 70 
1.96•0~-07 401080 
1.2321!-07 441080 
1.3905£ 00 471080 
8.9631E-15 411090 
9. 289U-o7 1510 90 
3.9184!-06 071090 
3.2225!-13 421100 
3.6190!-07 451101 
8.0670£-03 481100 
1.1318E-09 401110 
2. 1739£-06 4 711 fO 
7.8431!-09 421120 
1.6051!-08 461120 
1.4870!-13 431130 
2. 5773£-Ql 071130 
2.31711!-03 091130 
2.8631!·12 441140 
e. 9354£-09 481HO 
8.6238!:-o6 421150 
6.0548!-09 461150 
3.4934!-04 481151 
2. 7271£•03 OJ 1160 
1.9110o~-oa 471160 
1. 46 20 !-08 49116, 
2.3661£•12 451170 
•• 0197!•09 481170 
8.2155!•06 501170 
1.1688£•10 461180 
4.6 163E-o6 U91180 
1. 4455£•1 1 461190 
1.4644E•C7 a911 90 
•• 7478!-04 4111200 
1.1182!-09 081200 
7. 0323ll-O 2 U512 10 
1.8967!-08 491210 
2.8898!•05 511210 
4.1005!-11 1181220 
1.6086E-Q2 511220 
1.05111!-15 161230 
7. 4960!•09 U9 12~i 
7.8561!•02 521230 
2.6203!-11 481240 
6.5408!-oll 571241 
1.11342!•09 091250 
1. 20891!-06 511250 
6.00321!-15 471260 
2.1741!•01 511260 
2.0560!-10 491270 
7. 7587!-Q7 511270 
4. 207DE-O 1 071280 
5.36110£-05 5112 eo 
1.6700!•06 5111280 
•• 6322!•06 501291 
1.2879E-Q2 531290 
2.6008!-11 491300 

. 1. 6142!-05 521300 
9.0834!-02 481310 
1.D289E-o4 521310 
3.2103! 00 5111311 
5. 8260!-o7 511320 
1.0749!-03 541320 
7.1414!•06 521330 
S. 21071!-GS 541330 
1.1266!-13 501300 
J.6048t-o• 531340 

e. 1 S04E- o5 •6 1010 
3.5825!-13 411080 
1.1644!-05 1151080 
1.3540!-U 471081 
6.11991!-12 1121090 
2.4894!-06 1151091 
6.9831!-01 471091 
5.11155!-10 Q31100 
2.7136!-09 461100 
2.9592!-01 011110 
7. 7557E- OS 451110 
4.6010:!-03 1171111 
7.3180!-12 431120 
2.6477!-011 471120 
3.3848£-11 441130 
o. 92 52!- 05 471 1 31 
9.96311!•05 491131 
2.5179!-09 451140 
1.9•13!-01 o91140 
5.9848E-16 431150 
7.0121!-08 071150 
6.6727!-04 G91150 
2.2870£•14 441160 
1.2460!•07 471161 
2.6679!-06 501160 
2. 7724E- 10 461170 
9.11172£-06 481171 
7.0175!-02 501171 
3.12:25£-09 471180 
7.6512!-09 .. 91181 
1.2706!-09 071190 
6.5873!-08 091191 
3.1105!-15 451200 
7.6211!-08 491200 
1.6866£·13 1161210 
3.5338£-08 •91211 
6.7841£-02 o51220 
7.7805!•09 091220 
4.7433E-05 511221 
2.3093!•12 471230 
2. 54 23!- 08 501230 
•• 8538!•05 521231 
2.0999:!-08 491240 
f.0099E-10 521240 
3. QJ07!- 09 091251 
1.1503!-01 521250 
1.4733!-12 481260 
1.1575£-011 511261 
3.4252!-09 1191271 
3. u SSE- 03 521270 
•• 0989!-111 481280 
4.6262!-05 511281 
2.2918!•02 081290 
1.7013!-06 511290 
1.3740! 00 541290 
1.2858!-09 501300 
2.7233! 00 531300 
9.4994!·13 491310 
1.1969£•011 .521311 
1. 011 20!- 03 481320 
7.3175£•06 511321 
8.12981 00 491330 
7.9041!-05 521331 
8.1610!-02 541331 
5.2507!-10 5113110 
6. 2105!•04 531301 

0017.1. 

2.0387! 00 
2.6001!•1, 
7.3137!-o7 
1.0266!-08 
1. 5120!-09 
6. 9150£-07 
1. 311 7!-06 
2. 2183!-09 
4. 4740!-Q 1 
3. 3956!-IG 
4.3306!-07 
a.5861!-07 
9.9598!-11 
4.1370!-o5 
3.1067!-09 
1. 9167!-08 
2. 65115!-15 
2. 2887!-09 
•• 356 1!-1 1 
7.7322!-U 
1.6600£-06 
1. 9760E-o2 
7. 2675!-11 
8. 0588!-09 
6.1862!-02 
6.0&46!•09 
6. 6927!-06 
1. 0882!-QS 
3. 720 3!•09 
1. 7'580!-10 
8.3822!-09 
1. 2362!-o& 
7.81190!-13 
3. 40 10E-08 
6.6972!-11 
6. 2326!-08 
9.7267!-15 
1. 5248!-QS 
•• 5377!•10 
1. 8UIIE•10 
3. 9168!-03 
1. 3917!-05 
6. a590E-G9 
2. 636 1!-03 
1. 1455!•08 
3.3062!•02 
2. 0632!-Q9 
5. 5375!-08 
6. 2370!•09 
3. 4536!-04 
1. 8273E-1 0 
1. 032 1!-05 
1. 9567!·1 1 
4.6725!-QII 
1. 2263!·0• 
7.1738!-06 
1. 6468!-Q4 
2. 6388l-10 
1. 4347!-03 
1.0.57!-13 
7. 2636!-06 
2.8740!-12 
2.11811-QII 
1.07S9E-03 
9.37112!-06 
o. 529SE-06 

I~· 



 

 Information Only 

3 5413"0 
3 561340 
3 5 31350 
3 551351 
3 511360 
3 541360 
3 511370 
~ 551370 
3 521380 
3 551381 
3 5:21390 
3 561390 
3 5"1000 
3 581000 
3 551"10 
3 591410 
3 5 5U20 
3 59U20 
3· 501030 
3 581430 
3 541440 
3 5 81UO 
3 5G1A50 
3 5 81050 
3 551460 
3 591460 
3 561& 70 
3 601070 
3 561&80 
3 601080 
3 561490 
3 6 01&90 
3 561500 
3 601500 
3 581510 
3 621510 
3 581520 
3 611521 
3 601520 
3 601530 
3 6AH30 
3 6015&0 
3 631540 
3 601550 
3 U15!1 
3 601560 
3 6Q1560 
3 611570 
3 591580 
3 6 31580 
3 611590 
3 651590 
3 631600 
3 601610 
3 641610 
3 621620 
3 651621 
3 641630 
3 631640 
3 621650 
3 661650 
3 671660 
3 681671 
3 6 81i00 
3 6 81710 
3 6 91720 

1.0963! 01 541341 
2.5802!·01 !01350 
fi.0139E-D3 5•1350 
9.2993!-06 561350 
2.1003!-10 521360 
1.7i19E 01 551360 
3.88811!-11 521370 
8.7"80! 00 561370 
a.5668!-D9 531380 
1 .3 84 9!-06 56 1380 
2.2993!-10 531390 
7.8782!-04 571390 
9.864SE-D7 551000 
8.6570! 00 521410 
2.54G3E-06 561410 
7.!008! 00 521420 
1.0368!-D7 561•20 
5.3357!·0• 591421 
••• 618!•10 551430 
1. !7C1E·02 591430 
2.6178!-10 551040 
2.7.20! 00 591GA0 
2.6154!-11 551050 
1.6292!-05 591050 
6.1063!•11 561460 
1.0615!•04 601460 
8.7390!·09 571470 
5.6003!-D2 611470 
•• 1158!•09 571080 
2.4!78! 00 611480 
7.3127!•11 571090 
2.1506!-QO 611090 
1.0753!•11 571500 
1.1770! 00 611500 
3.2800!•09 591510 
e .e9on-o2 631510 
1.0130!-DS 591520 
1.1285!-07 621520 
6.8938!•05 571530 
!.1837!-07 611530 
8.3513E-D5 571500 
2.8006!-D3 611500 
2.5110!-01 601500 
Q.1270!-08 611550. 
1.70E3E-15 641550 
3.3711!-08 511560 
3.7373!-01 581570 
5.9991!•08 621570 
4.6101!-14 601580 
2.!916!·06 641580 
2.7851!-10 621590 
1.6195!-02 601600 
1.1707!-08 641600 
6.7!31!·15 611610 
2.5769!-08 651610 
1.0112!-10 631620 
1.28A5!o08 661620 
1.9460!-0S 651630 
2. 8020!•12 641640 
2.7485!-15 631650 
0.0003!-07 661651 
1.1518!·06 671661 
7.4303!-13 681680 
7.2979!•11 691700 
1.0006!-15 691710 
1.8929!-12 701720 
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4.1781!-10 551340 9.0160!·01 551341 
2.o16ez-n 511350 7.7975£-09 521350 
1.1352!-Q3 541351. 3.3206!•05 551350 
1.6250!·03 561351 e.3988!•07 501360 
8.3129!-Q7 531360 6.5986!•06 531361 
4.9142!·03 561360 1.2208!-01 561361 
3.9357!•08 531370 1.8820!-06 541370 
2.•6231-Dt 561371 1.3o16t:-06 511380 
2.00771•07 501380 1.2359!-.0• 551380 
9.2355! 00 571380 •• 1251!:•05 511390 
3.9793!-08 501390 4.0545!-06 551390 
e. 7487! oo 521400 5.0203!·11 53HOO 
8.7980!-0& 561000 1.7011!•01 571400 
7.1596!-U 531410 3.0484!1•10 541410 
1.5758!-QI& 571010 2.0U6!•03 581110 
1.6122!1•·13 531020 2.2084!•11 541420 
8.7ooot-o5 571420 7.7260!·o• 581420 
1. 3874!·06 601420 1. 7667!•01 531030 
4.9990!·08 561430 1.6010!•06 571430 
1.5254!-01 601430 5.2719! 00 531440 
8.8721!-09 561440 9.6600!•07 5714qO 
1. 1683!-Q~ S91U1 5.79381:•07 6014QO 
1.2209!-Q9 561450 2.8211!•07 571450 
1. 9095!-o3 601050 4.6349! oo 5'1U60 
3. 7235!-08 571460 •• 5705!•07 5811>60 
1.6898! 00 Sli1G70 4.3382!•.14 551470 
2. 6973ll-Q7 5814 70 3. 9563!•06 591-'0 
9.5o33J•01 621470 3.6616!•01 551&80 
1.3239!•08 581480 1.7899!1•06 591Q80 
1.1788!-02 611481 9.1634!·03 621480 
7. 3203E-Q9 5814 90 2.3266£-08 591090 
1.0691!•02 621490 1.4261!:•02 551500 
3. 2003!-10 581500 1. 0892!- 08 591500 
7.7007!-06 621500 2.1062! 00 571510 
•• 9841!-08 601510 . 1.3765£•05 611510 
5.6755!-QS 561520 1.1999!-14 571520. 
4. 6 1S7E-ClB 60 15 20 8. 9341!1· 06 611520 
8.76781-D1 631520 2.0623!•04 631521 
3.1954!•13 581530 2.1842!·10 591530 
2.8294!-06 621530 7.5265!-03 631530 
5.9203!-15 581540 5.2593!•11 591540 
8.6254£-Q7 611541 9.2667!•08 621540 
1.4810£-Q2 581550 1.1928!-12 591550 
1.1692£-07 621550 5.0308!-06 631550 
a.7183E·OII' 581560 1.8325£·13 591560 
2. 3663!-QS· 621560 8.1605!•05 631560 
•• 0154!-15 591570 1.6392!- 12 601570 
7.69UE-Q7 631570 1.0282E-04 641570 
1.9409!-10 611580 1.0976!-09 621580 
1.1646!•01 591590 2.1320!-15 601590 
6.7521!o08 631590 s.o790E-07.6at590 
3.73161•13 611600 1.0669!-11 621600 
7.aa31t·03 651&oo 5.6052:-o• 661600 
1.0684!-12 621610 5.2787!-10 631610 
8.2590!-DS 661610 2.4803!·03 611620 
7.7170!-09 641620 3.1650!·08 651620 
2.2528!-Q3 621630 1.4536!•12 631630 
2.6520!-08 661630 1.7609!-03 621640 
1.0696!-08 651640 1.8391!•09 6616A0 
5.1064!-13 641650 2.7369!-10 651650 
1.6291!-Q9 671650 8.5227!-04 661660 
8.0992E-D6 681660 2.6942!•0& 681610 
4.8173!-05 681690 2.1628!-08 691690 
5.01G0!-Q8 691701 2.3900!•21 701700 
•.5e2•Z-o9 101110 2.4936!-09 681720 
1.9125!-10 0 o.o 0 

cD1.7~ 

5. 1823!-DS 
1. 4645!•06 
2.2139! 00 
2.5286!-12 
2. 1480!•06 
2. 2035!•1 0 
3.6032!•05 
2.2350£·12 
3. 1294!-04 
2. 1770!-13 
e. 6•91 E-os 
3. 9505!-D9 
2. 3106!-02 
•• 3776!•08 
•• 1208!:-01 
1.0646!-08 
7. 9295£ 00 
2.o5S6Z-12 
1. 1033!·0• 
s.· 1 179!-14 
•• 6114!·06 
6.41.5!1 00 
2. 4 34 8!-06 
1. 7400!•12 
6. 2029!-D5 
2.9660"£-11 
4. 1850E-05 
6.9546!-13 
6.0102!-06 
1.0976! 00 
•• 526 2!•06 
•• 0439!-1 6 
2.7585!-07 
6.0045!-11 
1.8916!-D3 
2.1879!-12 
3.2731!•06 
2. 881 4!-07 
1. 3725!-DS 
7. 1150!-0 1 
5.6128!•10 
2.•169!-01 
1.6191!•10 
e. 9&67"E-D2 
8.18661-12 
2. &300!•0 2 
6.7296!•10 
5.2835!·04 
2.3173"£-06 
3. 3690!1-12 
4.2619!•05 
s. 2568!-08 
1.1 513!-03 
o. 1930E-o9 
2.0992!:•14 
2.3413:-08 
9.8525!•11 
2. 0539!-1 3 
2.65091-Q" 
1. 4642!·10 
9.300!!•07 
1. 80901!•05 
3.076U-D7 
•• 8200!•08 
2. 3225!-18 
o.o 
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0 3.300CO! 04 3.2U117! 14 3.75! 01 
1 10010 3.0541! oo 10020 4.5820E-oo 50100 
1 60120 •.0653! oo 60130 u.S631!-o2 70140 
1 80160 1.3985! 01 80170 5.3271!!-03 80180 
1 140280 5.8E11E OC 140290 2.9677!·01 H0300 
1 160320 1.1250!•01 160330 3.2559!•03 160340 
1 220060 1.8U8UE-Q1 220470 1.6692!·01 .220480 
1 220500 1.1650!·01 230500 2.30<&0!·04 230510 
1 240520 9.568U! 01 200530 1.0809! 01 2U05U0 
1 260540 1.3848! 01 260560 2.1869! 02 260570 
1 270590 1.2819! 00 280580 1.16U6! 02 280600 
1 280620 6. 1202! co 2806•0 1. 5524! 00 2906.30 
, • 00900 1.2976!: 03 400910 2.8220! 02 000920 
1 U00960 7.0551:!: 01 410930 7.6428! 00 120920 
1 420950 6. 3~83!-01 420960 6.6783!-01 420970 
1 421000 3.8390!·01 u810EO 6.7886!·06 u81080 
1 481110 6.6842!·05 481120 1.2590E-ou 481130 
1 n81160 3.9165!·05 50.1120 3. 1654!·01 501140 
1 501160 0.6531! 00 501170 2.4532! 00 501180 
1 501200 1.025E:E 01 501220 1.4561! 00 501240 
1 721760 5. 3385!·03 721770 1. 9095!•02 721780 
1 721800 3.6131!:·02 741800 3.S063!-o5 741820 
1 711840 8.2722!·03 741860 7.7138!-o3 0 
2 922340 1.1227!•08 922350 1.0969E·06 922380 
0 o.o o.o o.o 
1 10010 3.1337! 00 10020 2.9788E•03 10030 
1 20030 1.9718:!:•11 20040 2.929U-o2 20060 
1 30070 3.7902!·03 30080 5.1206!•15 D0090 
1 D0110 E.2~0JE·20 50100 4.8576!•05 50110 
1 60120 5. 7596! 00 601.!0 6.5569!•02 6~140 
1 70100 6.37901: 00 70150 2.0082!-02 70160 
1 80170 5.3301!•03 80180 2.8598!·02 80190 
1 90200 .1.5u87!·19 100200 3.0672!·13 100210 
1 100230 1.9E47!·18 110230 1.1885!·12 110240 
1 110250 •• 7529.!·18 120240 1.51662·06 120250 
1 120270 9.1390!•11 120280 1.2928!·17 130270 
1 130290 3.9386!•12 130300 3.57971:•17 140280 
1· 100300 u.9005!•01 100310 5. 1681!·08 100320 
1 150320 9.2134!-05 150330 6.0859!-10 150300 
1 160330 S.52D5E·03 160340 2.8757!•02 160350 
1 160370 1.3712!·13 170350 6. 5 167E-o6 170360 
1 170380 1.0576!·15 170381 o.042SE·21 180360 
1 180380 1.02Q3!·11 180390 o.3317!•15 180400 
1 180420 1.3231!·21 190390 6.3876!-18 190400 
1 190420 3.1909!·19 190030 4.3607E·16 190440 
1 200030 9.2832!·08 200UUO 7.016SE-o7 200050 
1 zooo7o 1.38711:·12 21oaso 1.0 1su-o8 210460 
1 2101>70 1.8006!-08 2101>80 9. 1376!-10 210490 
1 220o60 1.8459!·01 220o70 1.6646!•01 220UO 
1 220500 1.1715!•01 220510 3.6133!•10 230500 
1 230520 1.6301£·08 230530 1.5575!-12 230540 
1 240510 7.3765E-o3 240520 1. 7653! 02 2u0530 
1 240550 9.9121!-09 250500 2.4018!-04 250550 
1 250570 .:.2037!·1~ 250580 6.2927.!-15 260540 
1 260560 5.1810! 02 260570 1.3220! 01 260580 
1 270580 3. 7678!·03 270590 1. 5300! 00 270600 
1 270610 9.5336!·08 270620 8.9163!-13 280580 
1 280600 5.5072! 01 280E10 2.636~! 00 280620 
1 280640 1.9236! 00 280650 1.0238!·06 280660 
1 2906A0 2.Ui0!•06 :<90650 8.9307!·02 290660 
1 300640 7.875611•04 300650 A.SA77!1-o7 300660 
1 300680 3.98G3!•09 300690 1.2126!•15 300691 
1 310700 1.0255!-18 310710 1.1720!-17 310720 
1 320710 1.6056!-18 320720 a.7u97!·20 320730 
1 380880 3.086&1:·00 380890 2.2135!·06 380900 
1 380930 1.5337!•13 390890 2. 1039E-o5 390891 

3.8435!·03 50110 
3. 93 68! 00 70 150 
2.8598!·02 130270 
1.9700!-01 150310 
1.8289!·02 160360 
1.6512! 00 220490 
9. 1931!·02 2110500 
2.6950! 00 250550 
S.12o5E 00 260580 
4.Q52U 01 280610 
1.9036!-01 290650 
II. 30 86! 02 11009110 
5. 9185!- 01 0209110 
3.8390!-01 420980 
•• 61176!·06 1181100 
6.3709!•05 1181140 
2.1208!•01 501150 
7. 6919! 00 501190 
1. 7726E 00 721740 
2.7822!·02 721790 
7.0935!·03 7&1830 
o.o 0 
1.9599!-04 0 

1. 537oE·O 2 
1.4062!-02 
3. 063 0! 00 
a. 867 3! oo 
7. 3800!·05 
1. 2099E·O 1 
o. 9675! 00 
6.0720! 00 
6. 9121E-D1 
1.9277! 00 
e. u727E·02 
0.38112! 02 
3. 7190!•01 
9.6375!-01 
6. 5275E-o5 
1. 0987!-0Q 
1.2029!•01 
2. 7222! 00 
1. 6D26E-QQ 
1. 0106E-D2 
3. 8569!•03 
o.o 
o. 0 

2.5023£·09 100uo 1. 6527!·18 
5.4228!- 17. 30060 8.8057!·10 
3.2088!-05 •0100. 9.9612!-08 
1. 7591!-02 50120 1.0250!-!6 
1.5286!-02 60150 1.7005!-15 
2.9168!•111 80160 1.398AE 01 
1. 39088·111 90190 2. 1655!-08 
a. 11 98!·13 100 220 1. 5311uz-1 1 
1.81511!-09 110201 •• 6198!-25 
2.4o06E-06 120260 1.012ez-o6 
3.0613! 00 130280 a.S701E-o9 
1.US89! 01 100290 7.A01AJ:•01 
o.5137E•11 150310 9.2501! 00 
2.1045!•15 160320 6.5162E-D1 
1.3093!·06 160360 1. 1605E-D4 
2.6088!•07 170370 2. 2076!•08 
3.9580!-13 180370 2.3335!·16 
3.0117!-13 180010 2.80113!·18 
5.6934!-21 190u10 9.511116!·15 
1.2575!•18 200020 1.3288!•16 
&.2321!·09 200G60 8.3108!•08 
2. 7963!•07 210461 8. 091 5!•17 
1.9872!•11 210500 1.01?S!•111 
1.621171 oo 2201190 1.a761!-o1 
2.7075!·04 230510 2.2503!-D1 
9.91173!-15 240500 9.0572! 00 
2.0395! 01 2U05oO 5.3566! 00 
1. 5600! 01 250560 3.4225!·05 
3.2817! 01 260550 4.0754!-02 
1.6908! 00 260590 1.3650E•04 
1.1438!•01 270601 9.5697E•07 
1.0289! 02 280590 1.1590! 00 
'· 0223E 00 280 630 1. 6 996!-01 
2.2900!•10 290630 1.8973I-o1 
3.2795!-09 290670 4.6290!-12 
4.7085!•04 300670 4.7773!-07 
1.1806!- 15 310690 3.9892!-12 
3. 7220!•22 32C700 1.0161!-1' 
1.7767!•23 380870 3.2486!-06 
1.2470!-08 380910 3. 3878!-09 
8.0922!-18 390900 4.36o7!·06 

001..73 
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1 3 ~0~01 1.2 068!-11 3~0910 6. o85:n-os 3909 20 1. 0251E· 08 390930 1. 2393!-11 
1 390900 8.1223!-11 3909EO 6.2592!1-14 000890 a. ea13E-11 000900 1. 2969! 03 
1 • 00910 2.81HE 02 000920 •• 3213! 02 000930 5.0263!-01 000900 o. 3823! 02 
1 000950 2. 3 800'! ·02 •00960 7.025!1! 01 000970 3.9219!•00 010920 5. 0692E•08 
1 010930 7.5083!! 00 • 109 31 2.575a!•07 010900 7. 2801!-02 410950 1.3273!-02 
1 010951 9.6206!·06 010960 5. 2007!.-0 7 010970 2,7886!-05 410971 3. 6600!·07 
1 010980 3.6771!1-16 411000 1.5571!•17 420920 5.9160!·01 020931 o,1130E-G9 
1 0 20930 2. 0691'£·00 o209oO 3. 7154!·01 420950 7.3227!1-01 020960 7.2634!-G1 
1 02t910 6. 7790!1·01 •20980 9.6718E-G1 •20990 2.9733!·05 021000 3.8250!•01 
1 4 21010 2,7156Z·08 0309 90 6. 252&!•0 0 431000 •• 9255!-11 031010 2. 6375!-08 
1 OG0990 2 .3282!•09 001000 1. 256611.•05 041010 1,3511:!:•03 U1020 o. 9622E·05 
1 441030 2,0545!·08 001040 4. 075&!!·10 &41050 9.3119!•16 001060 1,H2SI•18 
1 0 510 :o 6.9152!·09 051000 6.3300!-15 451001 2.7968!-15 051050 6. 737"!:•15 
1 4 51051 7.3023!•19 4510 60 1. 1 192!•19 051061 1.3631!·17 Q61040 ,, 681 u:-o9 
1 061050 5.7556!-12 061060 1. 0367!!-13 461070 3. 0876E•15 161071 1.1 855!-23 
1 161080 2.2306!-11 061090 •• 2523!·15 061091 •• 0380!·19 461100 8.1599:1:·16 
1 061110 1.6e79E·22 061111 3. 5803!,-2 2 ll71 07 0 1.261~!-08 471080 6. 1058!•15 
1 071081 E.~770E~11 o71090 1.066&!•12 a71091 3.o731!·18 471100 s. 5678E-19 

'1 0 71 101 9.3689!•15 471110 a.69S6E-17 471111 2.3549!•21 G71120 9.9957'1:-22 
1 081060 6. 7749!-06 oa 1010 7.0712!-12 081080 0,6198!·06 081090 1. 020 9!-08 

:1 481100 6.1929!-05 081110 6. o 72•E·O 5 08 1111 1.SS69!·12 481120 1.2853!·00 
1 081130 6.~~!4!·08 481100 2.22~·04 0811SO 1.4392!·08 481151 2. 0281!•08 

, 1 4811EO 3. SO 87!· OS 081170 2.3003!•11 481171 9.6041!-13 081190 5.30U!•15 
1 081210 3.6303!·17 091130 1.4742!-03 o91110 6.6661!•10 491141 1. 6218!-05 
1 • 91150 7.0078!-G8 091160 1.0382!:-13 091161 9.3900!•12 091170 1.29S9£-11 
1 091171 1.6203!-11 491180 6. 188U•t5, 491190 1. 34 10!-13 491191 1.0152!-10 
1 4 91200 1.2013!-22 091201 1.2500!-:Zl 491210 6.5118!-17 501120 3. 109 3!-G1 
1 501130 8.0674!-04 501131 4. 4967!-08 501140 2.1210!·01 501150 1.0832!-G1 
1 501160 •.5979! 00 501170 2.4757! 00 501171 7.9774!•01 501180 7.6633! 00 
1 501190 2.7630! 00 501191 1. 2•3•!·02 501200 1.0261! 01 501210 3.0179!!•05 
1 501211 8.0987!-05 501220 t.•s•n oo 501230 3. 3211!• Oil 501231 2. 8S6 2!-1 0' 
1 501240 1. 7~61! 00 501250 1.6821!-04 501251 9.2477!-08 511210 1. 3182!•02 
1 5 11220 9.1940!•06 S11221 e. 73 oSE-11 511230 1.0700!·03 511200 8.6556!•06 
1 s 11201 5.2181!-13 511250 1.2369!-Q2 5112EO 0,9510!·06 511261 5. 0769~·10 
1 521220 8.S891!-QO 521230 9.8789!•06 521231 2. 71 ~5!• OE 5212D0 a.125EE•05 
1 521250 3.67SO!-G3 521251 1. 4846!.•0 ~ 521260 1.•979!·0• 521270 1. 2•93!•09 

·1 5212'!1 2.1a~D'!·C8 S21280 1.251l!•09 521290 3.3367!-16 521291 s. 8092!·15 
1 521300 7.7391!•18 521310 2.303311.-25 521311 1.16451·2• 531270 5. 3a32!-G7 
, 531280 2.1182!·12 531290 7.1909!-13 531300 8.a560!•17 531301 4. 1303!•19 
1 531310 1.966U!•19 531320 2. 8762!;•25 541280 1."828!-08 5.,290 •• 8822!•1 1 
1 58129~ 2.6&09!·13 5~1300 1.6927!•12 sa1310 3.6320!·15 5&1311 4. 5382!•17 
1 501320 J.o009!·16 ~o133C 8.835311.•21 541331 1.1139~·22 5013~0 5. 5263!•22 
1 s 51330 9,069CE•20 5513oO 2.o316E•21 5S13a1 5.6064!•25 551350 9. 118 3!:-23 
1 551360 1.5003!-25 561300 1. 5,598!•22 5613 so 1.1008!•25 561360 1. 7005!-25 
1 681690 $.5527'!•21 681700 1.72581•23 681710 8. 2 571!- 2• 6916 90 7.9~~1!·20 
1 691700 1.2800!·2~ 691710 3.75041•21 691720 1.•038!·1• 691730 6. 2 so 8!•1 5 
1 701700 1.1718!·20 701710 9.2a73!·22 701720 5.0102!·12 701730 •• 0 568E-12 
1 701740 J.2223!·13 701750 3.6231!-16 701751 a,7oa8!-23 711750 6. 7389!-GS 
1 711760 2.2&46!•06 711761 8.212SE-o9 711770 1.3648!-07 711771 6. 98281·09 
1 721740 6.5015!-GS 721750 8.5700!-06 721760 3. 3002!• 03 721770 1 .223!!-03 
1 721780 1.5383!-02 721781 6.1073!.-13 721790 3,8087!•02 721791 o. 822 EE-09 
1 721800 o.619o!1-02 721801 5.0976!-08 721810 1.7206!•01 721820 1.0483!-G5 
1 731810 1.4188!•03 731820 3.1667!•05 731821 7.26701-12 731830 •• 9837!-G6 
1 701800. 3.09811·05 741810 8,5093!-G7 7a1820 1,90611·03 7a1831 5. 562U!•13 
1 741830 5.3102!-GJ 741800 9.2080!-G3 741850 t,aa72!-05 7n851 2. 5802!-13 
1 741860 5.3982!·03 781870 3.6318!•06 741880 8.6352!•07 7&1890 3.1795!-23 
1 , 51850 5.102£!-05 751860 a. ?272!•07 751870 1.9569!•03 751880 e. S96oi-G7 
1 751881 1.5282!-08 751890 7.0663!•12 761860 3.1907!-05 761870 2.3702!-14 
1 761880 3.0861'!-o• 761890 1. 0058!-GS 761900 1.3512!•06 761901 7.36901:•16 
1 761910 1.0890!1-G9 7619, •• 1069!•11 7619 20 9.7388!•11 761930 1.6716!•15 
1 761940 7.020~!-16 771910 5.9877E-09 771920 1.6890!•09 771921 1. 7901!-1 2 
1 771930 ~.67C6E•10 771900 8.6277!•13 7719Q1 2.1103£•20 781920 1. 9205!-G9 
1 781930 2.1o11z-11 781931 1,91571-13 781940. 8.4218!•11 781950 4. 733911•14 
, 781951 1.7781!-16 781960 1. 39281-15 781970 1.2590!•20 781971 6. 3195!•23 
1 791970 7.7361!-19 791980 3. 5769!-21 791990 1.1758!•21 801980 6. 0889!!•20 
1 801990 1.2727!-20 802000 •• 0735!!•21 802010 3.8660!•23 802020 1. 1229!-25 
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2 200UO 2.800UE-09 812080 4.241SE-23 822060 1.8110!·2~ 822070 ]. 650 7!-21 
2 822080 8.27U2E·18 822090 1. 58 19!·2• 8221 00 2.6660!-22 822110 4. 588 2%-25 
2 822120 ••• 547£-20 832090 1. 74 12!-2 1 832100 1.6Seot-25 832120 2-3285!-21 
2 832130 3.6419!-25 842100 2. 26 17:1:·2U 86 2200 3. 56 35£-23 86 2220 3. 7615!-2U 
2 8 82230 •• 092EE-22 882240 2.0266!-1 9 982250 1.7770!-22 882260 5.7429!-19 
2 8 922~0 1.1088!•22 89227C 1.62G4E•19 892280 8.4226!-23 902270 3. s 17 4!·22 
2 902280 3.8U23!•17 902290 9.8699!•1 8 902300 a. 66 08 E- 14 902310 5.2461!-17 
2 902320 7.0281!-15 902330 1. 63•2!·20 902340 2.8298!-15 912310 1.0078!-1U 
2 912320 1.0888!-17 912330 1.0570!•15 9123•1 9. 59 13E- 20 9123U0 2.132UE•19 
2 9 123SO 1.6150!·20 922300 6.8229!•24 922310 3.2608!-21 922320 a. oo751H5 
2 9 22330 5.8041!-10 922340 7.2021!•09 922350 4.3185!-07 922360 1. 7465!-07 
2 9 22370 7.3198!-10 922380 1.9147e-Q4 922390 1.25•4£-10 922400 1. 2909!-14 
2 922U10 3.8370!·2• 932350 3. 6908!-17 932361 6.1558!-16 932360 5. 7292!-15 
2 932370 3.1980!-08 932380 1. 03~9!:-10 932390 1.8050!-08 932fl01 1.1761!-14 
• 932000 fi.3931E·13 932U10 3.6835!-21 9023 60 9.8776!-15 942370 4.1288!-15 
2 9fl2380 1.1706!-08 942390 9.252711-07 9420.00 3.6705£-07 942410 2. 48QSJ!·07 
2 94'2420 9.9908!•08 9U2030 2. 8678!•1 1 942440 7.1168E-12 9421150 1. 7868!-16 
2 942460 1.4115!-18 952390 2. 3183!•20 952400 1.0020!-17 952fl10 6. 361 fiE-09 
2 9 52021 8.0755!·11 952020 2.0789!-1 1 952030 1.9003!-08 952Gfl1 s. 9288!-13 
2 952040 7.2fi90E•13 S52fl50 3.fi89UE-1 7 952060 2.2585!-21 962fl10 1. 35fl0t·1 9 
2 962420 2.6016!•09 962U30 6. 2981!•1 1 96244 0 4.1088!-09 962450 2. 5732!-1 1 
2 962060 1.9206!-11 962fl70 e. 10 10 E•1 • 962fl80 3.1S6fiE-15 962490 2. 6653!-20 
2 962500 9.4031!-20 972190 1. 9930!•17 9725_00 2.2064!•20 97~510 3- 403 711-24 
2 982fl90 1.7030!-18 982500 4. UU69E•18 98 2510 fl. 5952!• 19 982520 6. 0892!-19 
2 982530 1.6782!-21 9B25oO 1.8133!-22 992530 1.2992!·21 9925U1 1. 3796!-24 
2 9 92540 3.0312!-23 992550 1.6139!-20 162500 2.6051£-16 0 o.o 
3 10030 5.62USE•10 30060 8.0970!-13 30070 3.5792!-14 40090 5. 36UOE·14 
3 00100 3.2188!-13 60HO o. 6088!•1 4 290660 4.9786!-23 300660 9. 060CE•1 8 
3 3 00670 3.2123!-19 300680 0.3732!•21 3106 90 5. 60611!- 2fl 310710 3. 83D0!-1 6 
3 270720 7.9339!-22 280720 2. 9027!-19 290720 t.o012!•18 300720 4.6186!•14 
3 310720 1.4054!·1U 320720 1.1581!-1 1 270730 2.o78UE-22 ~80730 a.OfiOOE-20 
3 2 90730 1.1704!-18 300730 1. 1235!·17 310730 8.8762£-15 320730 2-0944!-1 1 
3 320731 2.6798!-19 2707oO 4.2855!-23 280100 3-6979£-20 290700 2. 060 9!-1 g 
3 3 007fl0 7.9871!•17 3107DO D. 10U!•16 3207UO •• 01136!•11 270750 D,2217!•2D 
3 280750 D.1231E·21 <90750 2.6482£-19 300750 1.31U9E•17 310750 2-0419!-16 
3 3 20750 9.0331!·15 320751 4.14U6!•18 330750 7.7612!-11 280760 1. 5255!-21 
3 290760 ·s.2625t-20 Joo760 1.1725£-17 310760 9.2767!-17 320760 1. 602 1!•10 
3 330760 8.7863!-15 3U0760 1.9083!•12 280770 1. 0271!- 22 290170 3. 3022!-20 
3 3 00770 3.2029!•18 310770 7.5177!•17 320770 1.1025£-13 320771 3.222D!•16 
3 330770 1.0~27!•12 340770 3.2107!-1C 340771 3.6155£-19 280780 1. 604 7!-23 
3 290780 4.73!3!-21 300780 0.9634!-18 310780 4.D741E-17 320780 g. 1768!-1' 
3 330780 9.9210!·1fl 3U0780 7. 9005!-1 0 2907 90 2.0719£-21 300790 6.5657£-19 
3 310190 ).3•37£•17 320790 1.5657!-15 330790 .2. 2685!• 1D 3D0790 1. 8380E·09 
3 3 40"1 9.8379!-15 350790 2.6062!·1• 350791 3.8641£-22 290800 1.3007!-22 
3 300800 3.99e5E-19 3108~0 1.6504!-17 320800 1.4827!-15 330800 1. o290t·15 
3 3 40800 3.9161!-09 350800 3.5362!-18 350801 3.668DE-17 360800 1.0938!-13 
3 290810 8.2123!-24 300810 1.8058!-20 310810 0.2953!•18 320810 6.9267!-16 
3 330810 •-'2325!•15 340810 1.6020£•13 340811 1. 20 17!- 1& 350810 6.2006!-09 
3 360810 1.0899!-14 360811 1.9023!-21 300820." 2.6983£-21 310820 3- 7326!-19 
3 320820 2-!572!-16 330820 2.1073!•1 5 330821 5.81D7E·16 300820 a. 9360E-o9 
3 350820 1.5831!-12 350821 1. 8078!-15 360820 2-7836!•10 300830 1.6220!-22 
3 310830 1.0D37E•19 320830 7.4451!-17 330830 2.2077!-15 3110830 1.66051!·13 
3 300831 1.1898%·1• 350830 2.6037!•12 360830 1.0872!•08 360831 ,_ 9972!1-12 
3 3 10840 1.1297!·20 3208UO 2. 0258!•17 3308ao s. 1 840!•16 340840 ,_ 1245!-10 
3 3SC8QO 9.2607£-13 350841 9.0799!•15 3608DO 2.7108!-08 320850 e. 4030!-19 
3 3 30850 1.0991!-16 3•0850 9.5226!•15 300851 3.o895E-15 350850 9.6972!•10 
3 3 60850 5.60A2!-Q9 360851 9.2199!•12 370850 2.2090!-08 320860 1. 8233!-19 
3 330860 3.391•!-17 310860 7. 3283!-15 350860 2. 0 9 70!- 14 350861 1. 7167!-15 
3 360860 a.14~3E-OE 370860 5.7319!-12 370861 3.4075!-17 380860 8.1930!-1 1 
3 3 208"10 1.1070!-20 330870 4.6136!•18 300870 2.1796!-15 350870 4.8515!-H 
3 3 60870 •• 7259!•12 370870 5.1998!•08 380870 9.7469!-13 380871 1.60081!-16 
3 320880 7.•832!•22 330880 2.8646!•19 340880 2. 265A1!- 16 350880 1.3669!·1• 
3 3 60880 1 .470A!•1 1 370880 1. S755E-12 380880 7.3130!-08 330890 3- 3286!-20 
3 340890 1.9311!1-17 350890 2.3314!-15 360890 3.1679!-13 370890 1.6895!-12 
3 3 80890 8.1723%-09 390890 B.4827ll-08 390891 3.4605ll•20 300900 7.0G72!-18 
3 3 50900 •• 7803!-16 360900 5.2841!•14 370900 2.6725!-13 370901 1- 2158!-13 
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3 380900 1.0873!-07 390900 2.871&!-11 390901 7.0515!-16 400900 3.237 Ct-09 
3 • 00901 2.2647!-22 3U0910 ••• 887!-19 350910 7.2756!-17 360910 1.0676£-10 
3 370910 1.3550!-13 38 0910 8.8063!-11 390910 1.3030B-08 390911 4. 461 SE-12 
3 U009 10 1. 1098!-07 3409 20 4. G122-2C 350920 &.85281-18 360920 1. 263:2!-15 
3 370920 9.•89•!-15' 38 09:20 2.9086!-11 390920 3.8205!-11 G009:20 1. 4007£-07 
3 350930 7.1534!-19 360930 3. UUOU-16 370930 9. 6 2 61!- 15 380930 1.6203!-12 
3 35093 0 1.3530!-10 000930 1. 6538!-07 010930 1.2115!-1• 410931 8.1083!-14 
3 350910 3.~77:2!-2C 360940 1. 600W-17 3709GO 2.o563!-15 3809G0 2. 6238!-13 
3 3 90940 ••• 684!-12 400940 1.7372-07 010940 3.3909!-13 410941 1. 830 S!-18 
3 350950 3.8595!-21 360950 8.9241!-18 370950 1. 5933 E-16 380 9 SO e.u326E-14 
3 390950 2.7501!-12 400950 2. 4212!-08 410950 1.3067!-08 010951 9. 9162!-12 
3 • 20950 1.4 779E-07 350960 1. 4737!:-2:2 360960 1.1902!-18 37C960 3.1425!-17 
3 380960 9.038~!-15 390960 s. 7700!-U 000960 1. 96 03!-07 • 10960 8.8016!-13 
3 a :2 C9 60 6.708!!-09 360970 2. 716U-2 0 37097 0 5.1274!:-18 380970 2. 4452!-16 
3 350970 G.0717E-15 400970 2.9399!-10 430970 2.1146!-11 410971 2. 7509!-13 
3 • 20970 2.0117!-07 360980 4. 729U-21 370980 1.0687£-18 380980 4.29U,!-16 
3 3 90980 7.8059!-16 000980 1.5433!-13 U10980 3.0658E-16 410981 1.5578!-11 
3 • 20980 •• 1206!-07 370990 6.1023!-20 380990 8.5874!-17 390990 1.2117!-15 
3 400990 1.1!77!-1Q U10990 7. 4:2831:-14 41 09 91 3.8099!-14 420990 1. 3020!-09 
3 u 3C990 2.0090!-Q7 U30991 1.0396:-10 ao0990 6.8569£-13 371000 7.6581!:-21 
3 381000 3.3856£-17 391000 5.2073!-16 001000 3. 21 60E- 14 411000 7. 054 SE-1 S 
3 011001 7.08U2!-15 421000 2.0119%-07 131000 1.sao6E-14 a41ooo 2.1451!-08 
3 381010 1.1840!-18 391010 2.234911-16 001010 9.5270!-15 411010 3. 4656!-11 
3 421010 4.7109!-12 031010 4.5773!-12 441010 2.0698£-07 381020 1. 9028!-19 
3 391020 1.67U1E-17 001020 4.8S6U~-1o 011020 1.3100!-14 421020 3. 5876£-12 
3 031020 2.8485!-10 031021 2.0236!-15 U1020 2.1614!•07 381030 2.2291£-21 
3 391030 3.5957£-18 001030 1.2075!-15 411030 5. 0289£-111 421030 3. 3386!-13 
3 031030 2.8319!-13 041030 1.8940!-08 051030 1.3308!-07 051031 1. 6929!-1 1 
3 381040 1.3621!-22 391040 1.oo8u-u 401040 6.8087!•16 411040 1.6566!-15 
3 421040 •• 5572!-13 431040 5.57011-12 041040 1.8a72E-07 US1000 1. 2166!-13 
3 0510ll1 5.37SSE-1U 461040 6.0199r-oe 391o!o 8.0633£-21 1101050 1.3806E-17· 
3 411050 1.0585!-15 421050 1.901@!-13 031050 2.1037!-12 441050 7. 1196!-11. 
3 4510~0 ~.1U1!E-10 a51051 5. 613 91--14 o610 so 1.3816!-07 401060 2. 3352!-18 
3 .,1060 8.1a5e!-17 421060 1. 7799!-14 431060 1.1979!-13 441060 7. 1201!-08 
3 451060 7.5478E-1ll 051061 1. 0422!-1 2 461060 7.1008!-08 391070 1. 979U-2• 
3 401070 2.6290!-20 011070 1. 5760"!-17 421070 •• 7301!-15 431070 5.3248£-14 
3 U1070 7.osos:e-13 ·451070 3-6610!-12 461070 e. 9950E-08 461071 6. 066 8!•18 
3 4 71070 8.3984!-15 401080 1.6101!-20 411080 1.1387!-18 421080 3. 1048!-16 
3 431080 ~.S~S~!-15 401080 5.2741!-13 451080 3.3128!-14 051081 6.5660!-15 
3 461080 6.2618!-08 471080 5.8734!-21 471081 4.6700!-1& 481080 e. 172~-16 
3 • 01090 4.1035!-22 011090 2.9546!-19 021090 6. 7767!- 17 431090 2.4947!-10 
3 101090 «.2t18!-14 451090 1;1293!-13 151091 3. 1 370£- 14 461090 7.2766!-11 
3 461091 1.7775!-13 471090 3.1769!-08 071091 5.9032!-14 481090 1.0619!-18 
3 • 11100 1.473EE-20 421100 2.4517.£-17 031100 9.9630!-17 441100 8.3700!-15 
3 •51100' 1.6366£-10 us 1101 1.2370!-16 461100 2.0036!-0B 471100 1.6580!-14 
3 471101 3.8260!-10 481100 1.3236!-08 411110 1.5563!-21 021110 1.0420!•18 
3 431110 5.1010!-17 441110 3.•73•!-15 451110 1. 9 033!- 14 4611 10 0.1778!-13 
3 461111 9.S337E-10 471110 2.06521!-10 471111 2.0584!-14 481110 1. 0599!-o8 
3 481111 3.5080!-16 421120 3.3493"!-19 a3t120 1.5192"!-18 441120 6.6463!-17 
3 oS1120 7.1308!-16 061120 1.1772!-1 1 071120 1.8388!-12 081120 6.2290!-09 
3 42nJo 6.8093!:~21 431130 1.5390!-18 441130 1.3836!-16 451130 9.4139!•17 
3 461130 1.1344!-14 471130 2.1680!-12 471131 ·e. 0373£-16 481130 5.8733!-11 
3 ue 1131 9.4828!•11 491130 3.9021£-12 491131 1.1283!-22 421100 1.1351!-21 
3 431140 1.3057!-19 441110 1.12611-16 a51110 9.9720!-17 461140 1.2128!-11l 
3 471140 3.8609!-16 481100 7. 96831-o9 491140 1.6985!-18 491141 3.8751!-14 
3 501140 3.2517!-13 421150 2.7433!•23 431150 3. 53 80E- 20 U1 1 SO 7.6644!-1 8 
3 051150 2.6761!-16 461150 3.0390!-15 a71150 7.1874!-14 471151 3. 9236!-16 
3 481150 1.5086!-11 481151 2.8675!-11 U911SO 8.4095!-10 491151 1.2157!-12 
3 501150 1.1058!-10 431160 1.01166"1-21 Q411 60 3.2990!-18 451160 1. 752 1"!-17 
3 061160 8.2563!-16 471160 s.284oE-15 471161 3-•178!-16 481160 2. 733 6!•09 
3 091160 6.1863!-16 491161 1. 1289!-13 so 1160 2.4608!-09 031170 5.6267!-23 
3 G41170 1.0401!-19 451170 1.0708!-17 461170 2.5435!-16 471170 2.3529!-15 
3 Q71 171 1.7031!-16 481170 3.9925!-U o811 71 2.8404!-13 491170 1.0409!-13 
3 • 91171 ].4838!-13 501170 2.7012"!-Q9 501171 4.3181!-13 441180 1.4316!-18 
3 451180 5.3412£-18 461180 1.3695!-16 o71180 1.5577!-16 471181 8.3063!-17 
3 081180 1.9415!-13 091180 3.2179!•16 491181 1.5418!-18 501180 2.6998!-09 
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3 us, ,9': E.::2'\:!-15 061190 s.s11n-11 o711 90 3. 5933!-16 081 190 1. 8167!-14 
3 ~81i91 -!. 1 S~.;6!:- 15 091,90 2.780H-15 0911 91 5.2199!:•10 501190 2. 667 0!-C 9 
3 5C1 191 1.Be90E-,1 ""1200 1. 0207~-22 051200 3.5776!•20 ·~1200 5. 2625!-17 
3 071200 •.S12~!-17·ua1200 3. 2093!-15 •91200 1.03171:-15 • 9120, 9. 9315!•11 
3 5 012 c c 2.7019!-09 051210 7.7083!-21 061210 3. 02 1n- 1e 071210 e. 6605!·1 7 
:; •e1210 7.951o!-H 091210 1.4870!-15 491211 2.5959E-1S 501210 6.0030!·12 
3 501211 1. 0610!- 12 511210 2.6049!-09 &512 2 0 o ••• 82!-22 061220 1.8969!-18 
3 Ui1220 1.6020!-18 081220 3.2767!-16 •91220 6.0106E·16 091221 6. 7€09£-1 8 
3 501220 2. 91 01!-09 511220 1.8181!-12 511221 1.7010!·17 521220 1.61U2!-10 
3 JJ51230 •.ao••E-23 •61230 1.0053!-19 •71230 e. 1229E- 18 081230 o. 771 0!-16 
3 091230 3.1 09€!- 16 091231 1.o6ooz-1s ;01230 1.5366!-10 501231 1. 095€!-13 
3 51123 0 2.57C5!·09 S21230 . 1.7046!-12 5212 31 5.0166!-13 061200 3.5000!-20 
3 0 7120 0 1,1561!-18 0812aO s.eon~-16 • 912 a o 2.6699!-16 501200 3. 756 2::-c, 9 
3 5112UO 1.ao66E·11 511201 o. 0632!-1S 5212" Q 9. 0305!- 11 471250 5.1982!·19 
3 •e125C 6.1779!·17 ·~ 12 50 1. 2865!-16 •91251 u. azsn- 16 501250 ••• 062!·11 
3 501251 !:.Ofi1!- 1a 51125C o.a392!:-C9 521250 1.19 66!-~9 521251 5. 2U80!·1 1 
3 a 6 126 o 2. 7397!..;:22 a 71260 6.5516!-20 481260 1. 0373!-16 491260 1. 7656!-.\6 
3 SC12EC 7. 83UC!•09 511260 •• 56 12!-12 511261 2.2766!-15 521260 "2.1083!-'10 
3 OE1270 1.0555!-17 U91270 1. 002U!-16 191271 2. 5527!-16 501270 -2.C19C!-'1i 
3 5C1271 3.1205!·10 511270 1. 399 :!!-10 521270 1. 3972!- 11 521271 ::o6o§t-1 o 
3 5::1270 1. :coe::- os 4712SO 1.S65a!-21 oa12SO 7. 7771E-18 091280 3. 966<h-16. 
3 501280 2.0333!-12 511280 1.9190!-12 5112 81 3.9097E-13 521280 2.-769~!.:08 
3 531280 5.951€E·1U sa 1290 7. 576H·1 0 '91290 e. 7551 E-19 091290 .,. 5112!:.•1"1 
3 501290 1. 7970!·13 50 129 1 6.1325!·1• 511290 1.7909£-11 521290 •; no¢t-J·~. 
3 521291 . •• 8527!-10 531290 U.35231-08 5U129Q 3. 85•7£- 12 501291 1. 35Q7!-.1 0 
3 4 SHOO 1.0€51!:-te 491300 o. eson-11 5013 oo 2.621UE·13 511300 -9. 066:lhf3. 
3 511301 !. 696?!- '\3 521300 8.C3S6~-08 531300 5.2479t-12 531301 2.536:2!--ia 
3 5U13C~ 2.6200!·09 48 13 10 u. 0842!-20 491310 9.8905~·1e 501310 6. os•li::·14 
3 511310 3. S99n-12 521310 4.2512!•12 521311 5.290U!·1f 531310 2. 231 cz:-'c9 
3 501310 9.2570 !-08 5U 131 1 3.6736!·11 C61320 u. 5287:1:-21 491320 9. 1C96E-1-9 
3 501320 1. 9500E- 10 511320 2.0803!-13 511321 2.4956!-13 521320 .1. 2638'!-..o-9 
3 531~20 3. 7951!:-11 5013 20 2. 17 23 E-07 Q913 3 0 1.1843E-19 501330 2.1873!:·16 
3 5,,330 2.2820!-13 521330 2. 7151!-12 521331 6.6510!:- 12 531 330 li :s91 i::.:.,:c 
3 531331 1.9955!-15 501330 2.7600!-09 541331 3. 70A6!• 11 551330 2:18i6!.:o7 
3 4913U0 5. 0 1C3!-21 5C13UC 2.1132!-17 511340 3.4CB6E-15 s 1134 1 3. ousot-15 
3 ~213UO 1.1325!-11 531300 •• 0939!:-11 5313 q 1 1. 7439E•13 541300 2. 7598!-07 
3 5U13U1 1 .6688!-17 551300 2.110C!·08 5513U1 1.3518!•12 561300 5. 0295!-09 
3 5C1350 8.1707!-19 511350 2.5635!-16 521350 o.7eOeE-10 531350 1.311j:E.:1o 
3 5U'1350 3.957::!-1 1 so 13 51 1.168:2!-12 551350 5. 6 8 78!:- OS 551351 2. 2086!:-13 
3 561350 ::.2C2CE-11 561351 1. 7769!-14 5013 60 1. 0928!-19 511360 7.5096!-18 
3 521360 2. 6Ci5E-1ll 531360 2.2404!·13 531361 7.0443E-f4 541360 •• 4956!-07 
3 551360 1. 5Si6E·1 0 561360 3. 8067;:-09 561361 6.9801E-18 511370 1.'6030!-18 
3 521~7C 1.3581"!:-15 531370 6.1565I·,• 501370 1. 219SE- 12 551 ~70 2.268ii!-·o7 
3 561370 5.55!'0!:·09 56 13~ 1 3.oe37!·10 S113SO 9. 7361E- 20 521 :so 1. 6627!-16 
3 5313eo 7.7S78!-15 501380 4.0107£·12 551380 1.0272E·11 551381 a. ~u6CI-1 o 
3 561380 2.2311!-07 571380 6.5250!-13 511390 9.6797E-21 521390 e. snst-18 
:: 531390 1.2818!-15 541390 1.U202E•13 551390 2.8392E•12 561390 2.6067!.:11 
3 571390 2., 3e91-07 521000 2. 0263E·18 531400 1. 2432E- 16 SU1U00 3.0!32!·1U 
3 5510CC 2.9619!-13 561000 5.5703!-09 571000 7. 51 OOE-10 581400 2.1080!•07 
3 5 21410 ;;.se•3I-20 531410 1.0222!·17 501U10 1.3897!-15 551410 e. 2176!-1 • 
3 561010 5. 1$ ~0!- 12 571010 6. 7o37t-1 1 581010 1.3272!•08 591410 1. 8033!-07 
3 5 2102 c 7. 276-0E ·2 1 531 u 20 e.8091!·19 541020 3.4695!-16 551020 3. 2621!-15 
3 561020 2. 6200! -12 571020 2.5108:!:•11 58tU20 1. S9f9!• 07 591420 1. 281 0!·1 1 
3 591U21 3.3308!·10 6010 20 3.7191E·09 531030 1. 0395!-19 541030 1.5780!-17 
3 551o3C 1.0967!-15 561430 5.0910!:-H 571U30 3 .soen-12 581030 0.9666!-10 
3 591030 o. 795E!:- C9 6C1U30 1.2669!·07 531UU0 3.5886!•21 S014UO 1. 004 1I-17 
3 551ooc 3.0BU5!-16 5610UO 2.9770!·10 571UO 1.4051E-13 581440 7. 0736!-08 
3 S9,Ut10 3.0198!-12 591041 1.0953I·1U 601040 1. 3222!• 07 5•1050 1.1610!-1S 
3 551050 •.366~!-17 5614 50 9.10D5E·15 5710 so 1. eas:e-1o 581050 5.25e5!-13 
3 5 910 50 6. 2S2H· 11 601450 1.1122!-07 5a1U60 7.5951£-20 551460 2. 3353!·1 8 
3 56"" t160 1.:2:0,!-15 571060 1.502UE-14 5810 6 0 2.0520!:•12 591060 3.5129!-12 
3 E C1 U6 C 1.1272E-07 5• 1 a 70 1. 9709!·21 5514 70 1.2608!•18 561U70 3. 1176:!:·16 
3 5 71o; 0 9.0569!-15 581470 1. 325BE·13 591470 1.40U2E•12 601070 1. 8597E-C9 
3 611£170 2. 7 679 E-08 621470 e.6 1 13!·09 551080 3. 0795!- 20 561 o80 1.61U2!:•16 
3 571 •so •• 6377!·16 561480 6.1 539::-u 591• eo 2.2091E-13 601490 6. 093CI-08 
3 61109, 3.0067!:-10·6110@1 2. 6U85!·10 E21oBO 2.5152!-08 561090 3.0980!-18 

000177 

Jr6 



 

 Information Only 

1SS 

3 571U90 2. 73UU!-16 581U9~ a. 2399 t-16 591090 1.6119!:-13 E01490 1. 6 c.• et-1 2 
3 611•90 3.506•!-10 621U90 u.7U2H-10 551500 1. 83 88!- 23 561500 •• 7 01€!:-1 9 
3 571500 1. ::Of90t-17 5815CO •• 0761£-16 591500 1. 0327£-14 601500 3. 521 0!-0 8 
3 6 1 1500 2. 5391!- 13 621500 5.6045!-08 571510 2.5018£-18 581510 1. 2709!-16 
3 591510 1. 9 102!-15 601510 5.2739!-13 611510 7.24 99!-1 1 621510 2. 8910£-09 
3 6 31510 1.937E!-12 5615 20 5. •625~-22 571520 9. 5935£• 20 581~20 4.0791!-16 
3 591520 1.6058!-15 601520 3.51•Ct-13 6,5 20 1. a 80t- n 611521 "· 5 95 6!-15 

- 6 21 5 20 2. 7E1EE·CB 631520 6.3289!:-12 631521 9.1927!:-15 641520 2.088H-12 
~ 571530 1.Uu8ct-20 551530 9.375Ut-19 591530 5.5427E-16 601530 2. OE31t:-H 
3 6 1, 53 0 1.1Het-13 621530 2. 505UI-1 0 631530 2.2026!-08 6u1530 2. 3113!-12 
3 511540 2.7033!-22 5815•0 2. 3335£-18 59 15•0 2. 36•0::- 17 6015•0 ,.~65~!-,0 

3 6 11 5• o 3. 5 977!-1. 6115U1 3.8988!:-15 6215UO e. 8639!:- 09 6315•0 7. 3955!-09 
3 6 u 15 •o •• 0107£-10 581550 5.4101!-20 591550 ·7.0736£-19 H1550 1.7544!-15 
3 6115 50 U. 97.4U!-15 621550 2.1273:1:-13 631550 2.8133!-09 641551 •• 6259!-23 
3 641550 1.•698:!:-11 581560 e. 3860E-21 591560 3.6985:!:-19 601560 1.0911!:-15 
3 611560 1.0393!-15 621560 3. 5786!-12 631560 7. 9SSU:- 10 6U1560 1. 23C2£-C8 
3 5 €157C 2.02•5'!:-22 5~1510 7. •9•6E-20 6015"10 3. 03 86!-17 6115"10 2.6"192£-15 
3 621570 3 .. 'A1E~!-,4 6315 7 0 5.7261!-12 641570 2.04U9E-11 591580 2. 1135!-21 
3 601seo 6.€35Er-18 611560 •.9•59!-17 6215 so 1.0369!-13 6 315 60 1. 158U!-13 
3 6U1580 •.7075!-09 551590 9. 7908!-23 601590 1.5479!-19 61 1590 1.2718:!:-17 
3 621590 3.C·635:!:-15 631590 2. U81UE-14 6U1590 1. 89 ••t-12 651590 7.1791!-10 
3 6C1600 1.6555!-20 611600 u.7657E-19 621600 2. 3759£-15 631600 5.3189!:-16 
3 641600 !.5~59I.-10 651600 2.4190!-1 1 661600 0.9190£-11 60H10 3. 0989!-22 
3 611610 6.7341:!:-20 621610. 2.U12UE-17 631610 1,9108!-16 6U1610 1. 1729!-15 
3 651610 3. 7U22:!:-12 66 16 10 1. 1276!-10 611620 9.6721!:-22 621620 4.6310£-18 
3 631620 3. 53 19!-16 6U 16 20 1 •• 307E-1 5 651620 1, 05E2E- 15 6516:01 5. 7e5 u:-15 
3 661620 1. 0220!-10 621630 6.68U6E-20 6316 30 4. U953E- 18 6U1630 8.8163:£-17 
3 6 51630 1.2CC3t-15 661630 7.95551':-11 621640 9.U 16!:-21 631640 1. 2986!-1 9 
3 641640 4.8051:!:-16 651640 8.3147:!:-17 661640 1.1978!:-11 621650 1. 2625£-22 
3 631650 2.35D2t-20 6U1650 1.2411!-17 651650 6.6142!-18 6 61 6 50 1. 9862!-14 
3 661651 7.3537!-17 671650. 3.8394£-11 661660 4. 22 16!:- 14 671660 6. 5• n:e-1 4 
3 671661 3.6108!-13 681660 1.2171£-11 68 1670 e. 2359£- 13 681671 3. 3573!:-20 
3 681680 :;. 1 S3<!-12 681690 9. 7999!-16 691690 1.3866!:-1~ 681100 3. 255e!-18 
3 691700 <.2523!-15 701700 2.1 S07E-1 S 681710 4.4639£-23 E917 10 2. 046 ut-16 
.3 7 C1710 1.101Ut•16 681720 1.0361:!:-25 691720 s. u536t- 20 701720 8. 4733!:-18 
0 o.o o.o o. 0 
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_OR/~EN2 is a versatile point-depletion and 
radtoactlve-dec:ay computer code for use in simulating 
nuclear fuel cycles and calculating the nuclide composi­
tiOns and characteristics of maten'als contained therein. 
It represents a revision and update of the original 
ORJGEN computer code, which was developed at the 
Oak Ridge National Laboratory (ORNL) and distrib­
uted worldwide beginning in the early 1970s. Includ­
ed in ORIGEN2 are provisions for incorporating data 
generated by more sophisticated reactor physics codes 
a free-format input, and a highly flexible and con: 
rrol/able output; with these features, ORIGEN2 has the 
capability for simulating a wide varlery of fuel cycle 
flow sheets. 

The decay, cross-section, fiSSion product yield and 
photon emission data bases employed by ORIGEN2 
have been extensively updated, and the list of reactors 
that can be simulated includes pressurized water reac­
tors, boiling water reactors, liquid-metal fast breeder 
reactors, and Canada deuterium uranium reactors. A 
number of verification activities have been undertaken 
including_ (aj comparison of ORIGEN2 decay hea~ 
results wrth both calculated and experimental values 
and (b) comparison of predicted spent fuel composi: 
rions with measured values. The agreement between 
ORJGEN2 and rhe comparison bases is generally very 
good. Future work concerning ORIGEN2 will involve 
con~inued mai~tena_nce and user support along with 
addmonal verification studies and limited modiflca­
uons to enhance its flexibility and usability. OR!GEN2 
can be obtained, free of charge, from the ORNL Radia­
tion Shielding Information Center. 

INTRODUCTION 

A wide variety of computer codes are now avail­
able for calculating the nuclide composition of 
nuclear reactor fuels during irradiation. Many of these 
codes are complex and highly developed, involving 
the use of multiple-energy-group neutron spectra and 
cross sections to calculate the com'position of' the 
nuclear fuel as a function of both space and time. On 
the other hand, these codes are incomplete in that 
they only calculate the amounts of a limited number 
of nuclides known to be significant in the cases of 
interest. While it might appear that such an approach 
could cause problems, the selection of the nuclides 
included in the calculation has been refmed to the 
point that the codes are more than adequate to 
accomplish the tasks for which they were intended: 
the design, heat transfer analysis, and fuel manage­
ment of nuclear reactors. 

However, there is an entirely different class of 
problems for which these reactor physics codes are 
~appropriate because they are cumbersome, expen­
stve to use, and provide too little detail concerning 
the composition of the material of interest. Although 
this class of problems lies principally in the domain 
of the out-of-reactor fuel cycle, it also encompasses 
some aspects of the analysis of potential reactor acci­
dents. The principal requirements of a reactor physics 
code for this class of problems are that (a) it provide 
ample information concerning the composition of 
nuclear materials. and (b) it have the capability for 
determining the principal characteristics of the 
nuclear materials (e.g., radioactive decay heat, neu­
tron emission). The neutronics calculation in this 
type of code need only be sophisticated enough to 
accurately determine the composition of the nuclear 
material of interest. 
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In this country, ORIGEN (Ref. I) and ORIGEN2 
(Ref. 2) are the most widely used computer codes 
for addressing this class of problems. The ORJGEN 
code was written at Oak Ridge National Laboratory 
(ORNL) in the late 1960s and -early 1970s by Bell 
and Nichols as a versatile tool for calculating the 
buildup and decay of nuclides in nuclear materials. 
At that time, the required nuclear data bases (decay, 
cross-section/fiSsion product yield, and photon) and 
reactor models (U01 or (U.Pu)01 pressurized water 
reactors (PWRs), liquid-metal fast breeder reactor 
(LMFBR), high·temperature gas·cooled reactor 
(HTGR), and molten-salt breeder reactor] were also 
developed based on the then-available infO!Jilation. 
ORIGEN was principally intended for use in r,enerat· 
ing spent fuel and waste characteristics (composition, 
thermal power, etc.) that would form the basis for 
the study and design of fuel reprocessing plants, spent 
fuel shipping casks, waste treatment and disposal 
facilities, and waste shipping casks. Since these fuel 
cycle operations were being examined generically, and 
thus were expected to encompass a wick range 
of fuel characteristics, it was only necessary· that 
the ORIGEN calculations be representative of this 
range. Satisfactory results were obtained by using 
decay and photon data from the Table of Isotopes. 3 

tabulated thermal cross sections and resonance inte. 
grals,4 and chain fission product yields.• The reso­
nance integrals of the principal fissile and fertile 
species were adjusted to obtain agreement with ex· 
perimental values and more sophisticated calcula· 
tions. 

ORIGEN rapidly gained popularity because of 
its relative simplicity and convenient detailed output. 
About 200 organizations acquired it through the 
ORNL Radiation Shielding Information Center; an 
unknown number obtained it from other users. Some 
of these organizations began using ORIGEN for appli· 
cations that required c:alc:ulations with greater pre­
cision and specificity than those for which it had 
originally been intended. An example of this is its use 
in environmental impact studies whic:h required rela· 
tively precise calculations of minor isotopes 5Uch as 
3H, ·~. 1l

1U, and 141
•1""Cm. The initial responses to 

these requirements were anempts to update specific 
aspects of ORIGEN and its data bases6•'; however, 
such efforts led to .inconsistencies and a larger num· 
ber of different data bases. 

In an effort to remedy the problems described 
above, a concerted program was initiated in 1975 to 
update ORIGEN and its associated data bases and 
reactor models. The outgrowth of this program was 
the ORIGEN2 computer code, which has been ac· 
quired by II 0 organizations since its release in 
September 1980. 

One additional longstanding problem with the 
ORIGEN computer code was inadequate doc:umen· 
tation for many of the more recent uses, particularly 

those involving regulatory proceedings. Thus, a spe­
cial effort was made during the updating process to 
document all the data sources and calculational meth· . 
ods employed and to disseminate the results as widely · 
as practicable. This paper is one of several approaches 
being used to achieve this dissemination goal, namely, 
by providing an overall description of the ORIGEN2 
computer code for an audience of diverse interests 
and backgrounds. 

FUNCTIONAL DESCRIPTION 

ORIGEN2 is a flexible reactor physics code that 
provides various nuclear material characteristics in 
easily comprehensible form, and in a variety of useful 
engineering units, while employing a relatively un· 
sophisticated neutronics calculation. The output is 
capable of displaying great detail concerning the 
c:ontribution of each individual nuclide to the overall 
totals for each engineering unit (characteristic). The 
nuclides contained in the ORIGEN2 data bases have 
been divided into three segments: 130 actinides, 
850 rlSSion products, and 720 activation products 
(a total of 1700 nuclides). These segments are formed 
by aggregating the 1300 unique nuclides (300 stable) 
in the data bases since some nuclides appear in more 
than one segment. . 

ORIGEN2, which is written entirely in the 
FORTRAN language, was developed for and is main· 
tained on large IBM computers such as the 360, 370, 
and 3033 series. However, it has also been imple· 
mented on the UNIVAC, CDC 7000 series, CRA Y 
computers, and possibly others of which the author 
is unaware. The computer requirements are variable, 
depending on the size of the problem being arialyzed; 
however, the largest problem normally considered by 
ORIGEN2 will require -200 000 decimal words of 
core storage plus the typical complement of periph· 
eral devices. A minimum case will require about one. 
third of the core storage of the maximum case. If 
core storage is a constraint, the size of the executable 
element can" be reduced somewhllt by making internal 
adjustments to ORIGEN2, which will not severely 
limit the user's flexibility. Execution times are diffi­
cult to characterize because of the variability in 
computer speed and·the sizes of cases analyzed. How· 
ever, on most modem computers, a typical case will 
require no more than a few minutes of central pro­
cessor unit time. 

The principal use of ORIGEN2 is to c:alculate the 
radionuclide composition and other related properties 
of nuc:lear materials. The c:haracteristics that can be 
computed by OR!GEN2 are listed in Table I. Most 
of these c:an be presented on a fractional basis so that 
the total c:haracteristic for all nuclides in a given 
segment is 1.0 (exceptions are the neutrons, photons, 
and elemental isotopic compositions). The materials 
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TABLE I 

Nuclear Material CharacteriSiics Computed by OR!GEN2 

Parameter Units' 

Mass g, g·atom 

Fractional isotopic Atomic fraction, 
composition weight fraclion 
(each elemenl) 

Radioactivity Ci. aCi 

ThermaJ power Wall of recoverable energy 
(excluding neutrinos) 

Toxicity 
Radioactive and m3 of water to dilute to 

chemical ingestion acceptable levels 
Radioactive inhalation m~ of air to dilute to 

acceptable levels 

Neutronic: 
Neutron absorption 

rate n/s 
Fission rate fission/s 

Neutron emission 
Spontaneous fission n/s 
(a.n) n/s 

Photon emission 
Number of phmons photon/s, MeV of photon/W 

in 18 energy groups of reactor power 
Total heat W, MeVIs 

'All of these can be calculated on a fractional as well as an ab­
solute basis except fractional isotopic composition. neutron 
emission, aild photon emission. 

most commonly characterized include spent reactor 
fuels. radioactive wastes [principally high-level waste 
(HLW)j, recovered elements (e.g., uranium, pluto­
nium). uranium ore and mill tailings, and gaseous 
effluent streams (e.g .. noble gases). However. mate­
rials such as water samples from the Three Mile 
Island Nuclear Power Station, Unit 1, irradiated 
research reactor targets. process streams in an HTGR 
fuel refabrication plant, and fallout from nuclear 
weapons have also been characterized. 

The input structure for ORIGEN2 has been 
substantially changed as compared with that for 
ORIGEN. The ORIGEN2 input was designed for 
maximum flexibility with respect to simulating the 
situation being analyzed, while also being straight­
forward and simple to prepare. The method em­
ployed, in effect, has reduced the overall ORIGEN::! 
problem to a number of specific operations such as 
... read a data base," uinput a c:omposition," '"output 
results," etc. Each of these is invoked by a single 
input card describing the type of operation and giving 
various parameters that define the details of the 
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operation. Using these operations (there are currently 
32), one can essentially define the flow sheet of the 
·case to be analyzed no matter how complex it be­
comes. ORIGEN2 executes these operational com­
mands sequentially as they are encountered in the 
input stream. The storage of intermediate and final 
nuclear material compositions in ORIGEN2 is in­
dexed, and the user has detailed control over these 
compositions io the extent that they can be added 
together, multiplied by a constant, written to an out­
put device, or "reprocessed" into multiple streams 
that can then be stored, printed, and/or further 
manipulated. The straightforward nature of the 
input results from the sequential execution of the 
input operational commands. The simplicity of the 
input results from the one-operation-per-card attri­
bute and the free-format feature. 

At this point, it is appropriate to descn'be the 
general sequence of the input and use this as a vehicle 
for defining more specifically the type of information 
required by ORIGEN2. Since the flexibility inherent 
in ORIGEN2 makes defmition of a general case im­
possible, the description of the input will be based 
on the following hypothetical case: 

Calculate and output the thermal power (radio­
active decay heat) and radioactivity of HLW that 
would result from the reprocessing of l metric 
ton of initial heavy metal (ton) of 33 CWd/ton 
spent PWR fuel for decay times between its gen­
eration and I million years. 

The general sequence of operations that must be 
specified in the ORIGEN2 input to accomplish this 
calculation is as follows: 

I. Read the appropriate radioactive decay, cross 
section (includes fission product yields), and photon 
data bases. 

2. Read the composition of fresh PWR fuel, 
including trace impurities. 

3. Irradiate the fresh fuel to a bumup of 33 CWd/ 
ton, thereby senerating the composition of the spent 
fuel. 

4. Decay the spent fuel for a time corresponding 
to the lag time between discharge and reprocessing. 

S. Employ the reprocessing operation to remove 
the recovered elements (uranium and plutonium), as 
well as certain other nuclides (noble gases, iodine, 
tritium), yielding the radionuclide composition of 
the HLW when generated. 

6. Decay the HLW for various times ranging up to 
1 million years. 

7. Specify that the thermal power (watt) and the 
radioactivity (curie) of the material stored (I.e., the 
HL W) should be output. 
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It is important for the reader to recognize some of 
the more subtle aspects inherent in this process. That 
discussion follows. . . __ _ ..... 

In general, a single decay and photon data base 
will suffice for virtually all cases that would ever be 
considered. However, this does not hold true for the 
cross-section data since the effective cross sections of 
all nuclides, particularly the actinides, are generally 
a strong function of the type of reactor being con­
sidered and the concentrations of the nuclides. These 
effects can only be accounted for by sophisticated 
reactor physics codes. and it is by means of these 
codes that the cross sections supplied with ORIGEN2 
were produced. 

Determination of the composition of the input 
nuclear material can be one of the most vexing prob­
lems faced by the user. Although the concentrations 
of the major actinide nuclides (e.g., m.mu. 239-l<>Pu) 
are generally well known, trace constituents are often 
parents of nuclides that are important in out-of­
reactor situations. For example, the 14C that is pres­
ent in the spent fuel results from nitrogen impurities 
(ranging from essentially 0 to 100 ppm) in the fresh 
fuel. As a part of the information generated during 
the updating of the ORIGEN:! reactor models. 
detailed (but generic) compositions of both the freslt 
fuel and the fresh fuel assembly structural materials 
are given for each reactor type. 

The irradiation is almo~t always accomplished by 
using a series of operations since a single operation 
results in unacceptably large numerical errors in the 
algorithms employed in ORIGEN:. A typical irradia­
tion would require five to eight operations. although 
more can be used if the compositions at the inter­
mediate bumups are of interest. 

The postirradiation radioactive decay of the spent 
fuel is a rather trivial calculation. usually involving 
a single decay step. The reprocessing of the spent fuel 
to yield the HLW composition is also very simple if 
the user knows the processing recoveries (or losses} of 
the elements in the spent fuel. ORIGEN:! contains 
default values for these parameters. and provisions 
have been made for the user to substitute other values 
if desired. 

The decay of the HLW is very similar to the irra· 
diation of the fuel described above. It is necessary 
that multiple time -steps be taken to prevent un· 
acceptably large errors. However. this is not normally 
a problem when decaying radioactive materials since 
the objective is usually to obtain the time-dependent 
behavior of some characteristic and a number of in· 
termediate time steps will be used anyway. 

The final step in the calculation is to specify the 
characteristics desired in the output and call for the 
output to be generated. The internal storage of 
ORIGEN:! contains the nuclide composition of each 
material at each time step. in units of g·atom. in 
a large array. The output operation multiplies the 

g·atom of each nuclide by a factor which converts 
units to the desired characteristic (e.g., watts) for 

. each . _time step and prints the result. The nuclide 
values are then totaled to obtain element totals. One 
of the primary functions of the decay and photon 
data bases is to supply tlte data necessary to generate 
the nuclide-dependent conversion factors (e.g., decay 
heat per decay). 

A listing of the ORIGEN2 input that would have 
to be supplied by the user to accomplish the hypo­
thetical calculation described. above is given in Fig. I. 
Comments have been included to indicate the various 
major portions of the input. 

DESCRIPTION OF CALCULATIONAL METHODS 

This section gives a narrative description of the 
calculational methods used in ORIGEN2. A detailed 
mathematical description of these methods is avail· 
able elsewhere. 2 

As might be expected. most of the calculations 
carried out by ORIGEN:: are essentially trivial, 
involving reading and storing data bases, converting 
units from g ·atom to other characteristic units. and 
writing the results to output devices. There· are, 
however. two unique features of ORIGEN:! that 
require explanation: (a} the method for storing the 
equations that describe the buildup and decay of 
nuclides. and (b) the methods employed to solve 
these equations. 

Before describing these features. we must briefly 
outline the problem being solved by OR!GEN:!. In 
g:eneral. the rate at which the amount of nuclide i 
changes as a function of time("' dX;/dtl is described 
by a nonhomogeneous first-arder ordinary differen· 
tial equation as follows: 

d:(- .V .V 

d
, ' = L; lii'AiXi + f L; /iir:OkXk 
I . k J•J •• 

- ('A; + 1/W• + r; )X; + F; . i = I. - .. , N • (I) 

where 

X;: atom density.of nuclide f 

X = number of nuclides 

Iii= fraction of radioactive disinte~ration by 
other nuclides. which leads to formation of 
species i 

'A; = radioactive decay constant 

f"' position- aild energy-avera~ed neutron flux 

J'u.:"' froction of neutron absorption by other 
nuclides. which leads to formation of species 
; 

ak "' spectrum'averoged neutron absorption cross 
section of nuclide k 
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_, 
-I 
-1 
1111 
t.U 
IDl 
UJ 
IDl 
PIO 
IDl 
liS 
IDl 
DP 
liD 
IDl 
lOP 
•u­
IIP 
UP 
liP 
IIIP 
liP 

••• 

SPICIPT IIICI DlU llSIS 111 to II Pl:lftiD 
0 , 0 
11&11 DIClT UD OOSS SICttOI Dltl lUIS 
0 1 ~ 3 20. 205 Z6 9 3 0 1 t 
lllD PlotOI Dltl llSI 
101 102 103 10 
Sft IU:IS POl ClJ.CIIl.lt%01 
011 lltl:l~ tol IJIUlt III&Yt llft&J. 

IIU IJltl&J. PD .. CDUOSI'UOI 
1 1 -1 -I 1 1 
1 CIIIGI 
IVP ~OIIUDS SVI.JOIIID llSIS %1110Utl01 stEPS 

DllOU t! POit. 
100.0 37.5 1 2 • 2 
300.0 37.5 2 3 ' 0 
500.0 31.5 l • • 0 
700.0 37.5- • 5 ' 0 
aao.o 37.5 5 6 ' o 

I D& DIICU W PUlL O'fll Sllll~'lJ:II 
DIC 60.0 6 7 ' 1 
Dl~ 90.0 7 8 ' 0 
DIC .120.0 8 9 ' 0 
DIC 150.0 9 10 ' 0 
DIC 110.0 10 11 ' 0 
DIC I.D 11 1Z 5 0 
IDl Pill~ PUlL IlllDlltiDI liD Dl~lt 11501.~5 
~n DllDU~%01 liD SIIOft~!ll IIXU 01' Pll•l I'IIZL 
OP~ e•a I 8 I 17•1 
OP~l e•e 1 I I 17•8 
0~ ••• 1 • 1 17•1 
on 12 1 •1 o 
IDA •• PIIJ. lliPIOCISSIIC 
IDa IIIOYI YOLl~ILIS PIOI 150•0at•OLD POIJ. 
no 10 -1 -z -2 
IDa snau.n 1/PII r tol at.• 
PIG -1 •3 I •I 
IDI . SltP&IaU 0 liD tD 
no -3 -5 •6 -8 
liD I 1 IJ.I 
IDA DICit IJ.I POl OD Blt.J.lOI tllU 
Dl~ 0.5 e 2 5 I 
Dl~ 1.0 2 l 5 0 
01~ 5.0 3 e 5 0 
··~ 10.0 ' 5 5 0 DIC 100.0 5 6 5 0 
DZ~ 300.0 6 7 5 I 
DIC 1.0 7 I 7 0 
DZC 10.0 I 9 7 0 

··~ 100.0 ' 10 7 0 DZC 300.0 10 11 7 0 
DIC 1.0 11 12 8 0 
IDl PIIIt IJ.I Dl~lt IISOt.~S 
~I! DIC&I OP Pll•l IJ.I 
on 12 1 -• o 
110 
2 n2no 29o.o t22350 32ooo.o 
• 030000 1.0 050000 1 .o 
• oeoooo u•n•. o 090ooo 10.' 
' 130000 16.7 teOOOO 12.1 
• 200000 2.0 220000 1.0 
• 250000 1.7 260000 11.0 
• aoooo t.o Jooo~o •o.l 
• eeoooo 25.o etoooo 2.0 
• 7eoooo 2.0 120000 1.0 
0 

U2380 
060000 
110000 
1!10000 
230000 
270000 
•zoooo 
500000 
uoooo 

967110.0 .... 
15.0 
35.0 
l.O 
1.0 
1o.o 
•• o 
o •• 

Fig. I. Sample ORIGEN2 input. 

0 0.0 PUlL 
070000 25.0 
120000 2.0 
170000 5.3 
2eoooo 11.0 
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0 o.o 
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r; = continuous removal rate of nuclide I from 
the system 

F; = continuous feed rate of nuclide i. 

Since N nuclides are being considered, there are N 
equations of the same general form, one for each 
nuclide. Solution (integration) of this set of sirnul· 
taneous differential equations by ORIGEN2 yields 
the amounts of each nuclide (= X;) present at the 
end of each time step (integration interval). 

Storave of Equatioa Coefficieats 

As is evident by inspection of Eq. (! ), it is theo­
retically possible for each nuclide to be produced by 
all (N - I) of the other nuclides in the system being 
considered. This would require -2.9 million decimal 
words of in-core storage capacity, which is well 
beyond the capacity of generally used computers. In 
reality, however, the average number of parents is 
normally <12. Thus, if a case is considering 1700 
nuclides, then at least 1700 - 12 = 1688 of the 
coefficients of the Xi on the right side of Eq. (I) 
would be zeros and similarly for all other nuclides. 
The net result would be an extremely sparse 1700 X 
1700 matrix of coefficients of the Xi (i.e •• -99.8% 
zeros). The sparseness of the matrix can be used to 
advantage by employing indexing techniques that 
store only the nonzero elements of the matrix. 

This technique works in the following manner: 

1. Input data containing the half-lives. decay 
branching fractions. cross sections. and fission prod· 
uct yields for each parent nuclide are read from data 
bases. 

~- The daughter of each nuclear transformation 
(e.g .. beta decay. neutron capture) is determined, and 
the transformation rate and identity of the daughter 
are stored temporarily in an array. 

3. The temporary array is then searched to find · 
all of the parents (Xi) of each daughter nuclide (X;). 

4. The transformation rate of each parent of 
daughter nuclide X; and the identity of that parent 
are stored sequentially in one-dimensional floating· 
point and integer amys, respectively, with the decay 
transformations beiJig stored first. 

5. Counters are maintained to indicate the amy 
locations at which the transformations producing 
each daughter nuclide, X;. begin and the number of 
the transformations that are decay transformations. 

The floating-point array of transformation rates, 
called the transition matrix. is stored permanently 
since it is invariant for a given case. (Note that certain 
exceptions to this invariance are discussed below.) 
The transition matrix and its accompanying integer 
arrays use <20 000 decimal words of storage as 

compared -with the 2.9 million that would be required 
to store the entire matrix. 

Calculation of Flux and Power 

After the transition matrix and its associated 
amys have been established, it is possible to begin 
imdiation and decay calculations. The user specifies 
an initial composition of the material to be irradiated 
(e.g., fresh U02), the flux or power that it is to pro­
duce (for irradiation calculations only), and the 
length of the time step over which the flux, power, 
or radioactive decay is applicable. The composition 
of the material at the end of the irradiation step is 
then calculated in three general steps: 

1. The transition matrix parameters that are time­
step dependent are seL 

2. The neutron flux is ealculated from the power 
(or vice versa) and the transition matrix is 
adjusted accordingly. 

3. The nuclide composition at the end of the time 
step is calculated using a complementary set of 
mathematical techniqueS.. 

These three steps are descn'bed in greater detail in the 
following. 

In general, the transition matrix parameters (in­
cluding fiSsion product yields) are assumed· to be 
constant for all time steps unless the entire transition 
matrix is regenerated. However. during the initial 
phases of the updating process that resulted in 
ORIGEN2. it was noted that the cross sections in the 
sophisticated reactor physics codes varied during 
irradiation as a result of changes in the nuclide con· 
centrations or the neutron enerJY spectrum. These 
cross-section variations were particularly significant 
for the major actinide nuclides present in nuclear 
materials. As a result, the cross sections of the major 
actinide nuclides have been included in ORIGEN~ as 
a function of bumup. At the beginning of each time 
step. OR1GEN2 estimates the average nuclear mate· 
rial burnup for the time step. obtains the appropriate 
actinide cross sections by interpolation, and then 
substitutes. these into the transition matrix. 

A second area in which parameters were assumed 
to be constant in ORIGEN, but are now variable in 
ORIGEN2. concerns the fission product yields. Spe­
cifically. it had been assumed in the past that the 
fJSSion products were only produced by a few acti­
nide nuclides. such as 235•231U and 239•241Pu, and that 
other actinides did not pfoduce fission products even 
though they were fiSsioning. This assumption was 
necessitated because (a) fiSSiOn product yields were 
not available for most actinides. and (b) a prohibitive 
amount of computer storage would have been re· 
quired. The accuracy of this assumption. although 
very good for thermal reactors (within a few tenths 
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of a percent), may be rather poor for fast reactors 
(i.e., LMFBRs) since a significant fraction of the 
ftssions can come from nuclides that do not normally 
have fission product yields. The approach taken in 
ORIGEN2 to accommodate these fissions without 
using an excessive amount of storage was to 

I. calculate the total fission rate from all acti· 
nides without explicit fission product yields 

2. identify the nuclide that is the largest con· 
tributor to this fission rate 

3. fmd the actinide having explicit fission product 
yields that is the nearest neighbor to this larg-
est contributor · 

4. adjust the fission product yields of the nearest 
neighbor to account for the total number of 
ftssions from actinides that do not have explicit 
yields. 

This adjustment is performed for every irradiation 
time step since the relative fission rates can change 
significantly during a typical irradiation. 

At this point, the transition matrix coefficients 
have been fully established and the next step is to 
calculate the flux or power. This calculation is 
relatively simple in concept but somewhat complex 
in practice. For the sake of clarity, let us assume that 
the power to be generated from the fuel is specified 
and that the flux must be calculated. The first ap­
pro1timation to this calculation is as follows: 

where 

6.242 X l 0 11 (P) 

4J= "' ff 
LJ X;o;R; 

tP =instantaneous neutron flux (n·cm"1 ·s" 1) 

P = power (MW) 

(2) 

X{= amount of fissile nuclide I !n fuel (g ·atom) 

o{ = microscopic fission cross section for nuclide 
i (b) 

R; = recoverable energy per fission for nuclide I 
(MeV /fission). 

The difficulty with this equation is that, since the 
amount of fissile nuclide J present is known only at 
the beginning of the time step, it gives the neutron 
flu11 at the beginning of the time step instead of the 
average neutron flux, which is the desired parameter. 
The approach taken in 0RIGEN2 is to expand 
Eq. (2) in a Taylor series through the second-order 
terms with the fissile nuclide composition X{ as the 
time-dependent variable. The average neutron flux is 
then obtained by integrating this expansion over the 
length of the time step and dividing by the length of 
the time step. The average neutron flux for the 
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current time step is subsequently divided by the aver­
age neutron flux for the previous time step (equal to 
1.0 for the first time step). The resulting ratio is used 
to multiply aU of the flux-dependent trartsformation 
rates in the transition matrix, thus adjusting them to 
the correct flux for the current time step. 

Three additional points should be noted about 
the calculation of flux or power. The ftrSt is that the 
calculation of the average power over the time step, 
given the average neutron flux, is accomplished in a 
manner analogous to that described above for the 
converse case (i.e., by using an integrated Taylor 
series expansion to account for the composition 
change during the time step). However, the average 
power is used only for informational purposes since 
it is the nux that is employed in adjusting the transi­
tion matri11. The second point is that the parameter 
R;, which is the recoverable energy per fiSsion, is 
assumed to be a function of the ftsSioning nuclide 
in ORIGEN2 according to the following: 

R, (MeV /fission)= I .29927 X I o-3 (Z2Ao.s) + 33.12 , 

(3) 

where Z and A are the atomic number and atomic 
mass, respectively, of the ftsSioning nuclide. Values 
calculated with this equation are within I% of ex peri· 
mental data• for nuclides between 132Th and 142Pu. 
This approach represents a significant change from 
that employed in ORIGEN, which assumed a con· 
stan! 200 MeV /fission for all fissioning nuclides, and 
was found to be necessary if the cross sectiorts calcu· 
Iated by more sophisticated reactor physics codes 
were to be incorporated into ORIGEN2 data bases. 
Finally, the calculation of flux and/or power is 
unnecessary during the decay of nuclear material and 
therefore is not performed. The composition at the 
end of a time step is determined by using only the 
portions of the transition matrix that are independent 
of flux. 

Solution of the Simulllneous Equations 

The fmal step in the calculational procedure is 
to solve the system of simultaneous differential equa· 
lions represented by the coefficients in the transition 
matrix. The method employed by ORIGEN2 is really 
a composite of three solution methods, the center· 
piece of which is the matrix exponential technique 
for solving differential equations (described below). 
However, computational problems are encountered 
when the exponential technique is applied to a matrix 
with widely separated eigenvalues. which is certainly 
the case for ORIGEN2 since the coefficients in the 
matrix range from half-lives of seconds to billions of 
years. This difficulty can be circumvented by employ· 
ing asymptotic versions of the analytical solutions to 
the nuclide buildup and depletion equations. 
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The composite solution procedure begins with the 
implementation of a set of asymptotic solutions that 
is suitable for handling the buildup and decay of 
short-lived nuclides [i.e., nuclides with removal lives 
(= 1.0/total removal rate) <14.4% of the time step] 
that do not have long-lived precursors (e.g., most 
fiSsion products). These nuclides will reach a constant 
concentration (equilibrium) within the time step; 
thus, the simple asymptotic solutions giving this value 
can be used to calculate their concentrations at the 
end of the time step. 

The second phase of the composite solution 
begins with the generation of a reduced transition 
matrix, which is formed by including only the long­
lived members of the full transition matrix. This 
reduced transition matrix is then solved for the con· 
centrations of the long-lived nuclides by employing 
the matrix exponential method. In the homogeneous 
case (i.e., no continuous material feed), the system of 
equations that is being solved can be denoted by 

X=AX, (4) 

where 

X = time derivative of the nuclide concentrations 
(a column vector) 

A = transition· matrix (full or reduced) containing 
the transformation rates (a 1700 X 1700 
matrix largely filled with zeros) 

X = nuclide concentrations (a column vectOr). 

This equation has the solution 

X (I)= exp(At)X(O) , 

where 

X(t) = concentration of each nuclide at timet 

XIO) = vector of initial nuclide concentrations 

t = time at end of time step. 

(5) 

The matrix exponential method generates X(t) by 
using the series representation of the exponential 
function and incorporating enough terms so that the 
answer achieves the specified degree of accuracy. The 
calculation of the terms in the series is gready facili­
tated by the use of a recursion relationship. 

The final phase of the composite solution method 
involves using yet another set of asymptotic solutions 
to the differential equations to calculate the concen­
trations of short-lived nuclides which have long·lived 
parents. A Gauss-Seidel successive substitution algo­
rithm is employed to solve the asymptotic solutions 
for this limited category of nuclides. At this point. 
the concentrations of all nuclides at the end of the 
time step have been calculated and stored. The results 
can either be output or used as the initial concentra· 
tions for the next time step. 

INPUT DATA BASES 

Three principal types of input data bases are 
required by the ORIGEN2 computer code: radio· 
active decay, photon production, and cross section. 
Each of these data bases is divided into three seg· 
ments, as described earlier in the functional descrip­
tion of ORIGEN2. Only one or two of the segments 
may be required in a given case if they include the 
nuclides of interest. The following sections describe 
the function and content of each data base and the 
sources of the data. 

Radioactive Decay Da11 line 

The decay data base• is required for all ORIGEN2 
calculations. It supplies the following information: 

I. the list of nuclides to be considered 

2. the decay half-Jives and the decay branching · 
fractions for beta (negatron) decay to ground 
and excited states, positron plus electron cap­
ture decay to ground and excited states, 
internal transitions, alpha decay, spontaneous 
fission decay, and delayed neutron (beta plus 
neutron) decay 

3. the recoverable heaf per decay for each radio­
active parent 

4. the isotopic compositions of naturally occur· 
ring elements 

5. the radionuclide maximum permissible con· 
centration (MPC) values from Appendix 8, 
Table II of Ref. I 0. 

The list of nuclides to be considered by 
ORIGEN2 is defined by six-digit nuclide identifiers 
in the decay library. The nuclide identifier is defined 
as 

NUCLID • 10 OOO*Z + IO*A + M • 

where 

NUCLID = six-digit nuclide identifier 

Z = atomic number of nuclide (I to 99) 

A = atomic mass of nuclide (integer) 

M = state indicator. 0 = ground state, I = 
excited state. 

The six-digit identifier for an element follows the 
pattern set by the nuclide identifier 

NELID = 10 ooo•z , 
where NELID is the element identifier and Z is as 
described previously. The NUCLID or NELID terms 
are used to (a) identify information on the input 
records of the decay. photon. and cross-section 
libraries. (b) determine the masses used in specifying 
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the input composition, and (c) supply atomic num­
bers and masses for internal use in ORIGEN2. 

The half-lives and decay branching fractions are 
used to defme the transfonnation rates in the transi­
tion matrix, as described previously: The recoverable­
heat-per-decay values are employed in generating 
output tables, which give the decay heat produced 
by nuclear materials. Recoverable heat is defined 
as that heat which would be deposited within the 
nuclear material itself or a very large surrounding 
shield. Calculationally, it can be determined by sub­
tracting the neutrino energy emitted during beta, 
positron, and electron capture decays from the 
energy difference between the parent and daughter 
states during decay. In the case of alpha and internal 
transition decays, the recoverable heat per decay is 
identical to the energy difference between nuclear 
states. In the case of spontaneous fission, a constant 
200 MeV of recoverable energy per fission is assumed. 
The decay data for 427 of the longer lived nuclides 
were obtained from the Evaluated Nuclear Structure 
Data File11 (ENSDF) at ORNL Data for the remain­
ing radioactive nuclides (-600) were taken from 
ENDF/B-IV (Ref. 12). 

The isotopic compositions of the naturally occur­
ring elements are used by OR!GEN2 to detennine 
the amount of each isotope that should be initially 
present in a nuclear material when the amount of an 
element is given. This is very convenient when speci­
fying the amounts of structural materials (e.g., 
cladding) that are to be irradiated. The isotopic com­
positions were taken from Ref. 13. 

As noted earlier, the MPC values in the ORIGEN2 
decay data-base were taken from 10CFR20 (Ref. 10). 
These values designate the maximum allowable con­
centration of each radionuclide in water or air, in 
units of curies per cubic metre water (or air). Al­
though their absolute applicability to many situations 
is debatable. they do provide a consistent method for 
calculating the relative toxicity of a nuclear material. 
This toxicity is calculated by first dividing the radio­
activity of each nuclide (in curies) by its MPC value 
(in curies per cubic metre), yielding the volume of 
water or air (in cubic metres) required to dilute the 
nuclide to its MPC value. A relative measure of the 
toxicity of the material and the contribution of each 
nuclide to that toxici~ is then obtained by summing 
these dilution volumes. It is important to note that 
this toxicity does not account for any other pathway 
effects such as retardation due to sorption. 

Photon Data Base 
The photon data base• supplies the number of 

photons per decay in an 18-energy-group structure. 
These values are used to output a table giving the 
number of photons and the photon energy emission 
rate in 18 energy groups as a function of irradiation 
or decay time. They are also used to generate a sum-
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mary table listing the principal nuclide contributors 
to each of the 18 energy groups. The types of 
photons that have been included in the data bases 
are gamma rays, x rays, conversion photons, (O<,n) 
gamma rays, prompt and fission product gamma 
rays from spontaneous fiSSion, and bremsstrahlung. 
Prompt gamma rays from fission and neutron capture 
are not included. The photon data were taken from 
ENSDF (Ref. II). 

At present, three photon data bases are available, 
depending on the type of bremsstrahlung (which is 
medium dependent) that is included. The first and 
second data bases include bremsstrahlung from a 
U01 matrix and an H20 matrix, respectively; the 
third includes no bremsstrahlung. A master data base 
containing discrete gamma-ray and x-ray transitions 
and bremsstrahlung in a 7o-energy-group structure is 
maintained at ORNL to facilitate the generation of 
photon data bases in alternative energy group struc­
tures. 

Cross-Section Data Basot 
The function of the cross-section data bases is 

to supply ORIGEN2 with cross sections and fission 
product yields. The types of cross sections normally 
included are (n,-y) to ground and excited states, 
(n,2n) to ground and excited states, {n,3n) and 
(n, fission) for the actinides. and (n,p) and (n,a) 
for the activation products and fission products. In 
addition, a separate mechanism has been incorporated 
into ORIGEN2 to accommodate any other flux­
dependent reaction that is nor included in this list 
[e.g., the 180(n,n'a)14C reaction). Fission product 
yields have been included for fissions in 23"Th. 
233->Js.mu. and 239•241Pu. Yield values for 245Cm and 
,..,Cf, which are included to facilitate some special 
types of calculations, are the same as those for 241Pu 
since data for the transplutonium nuclides are not 
available in ENDF IB-IV. 

There are a large number of possible cross-section 
data bases for the ORIGEN2 computer code since the 
one-group cross sections are highly reactor- and fuel­
type specific. The types of reactors for which cross­
section libraries are now available are as follows••-••: 

I. uranium and U-Pu cycle PWRs and boiling 
water reactors (BWRs) 

2. alternative fuel cycle (thorium-based fuels: 
extended burnup) PWRs 

3. once·through Canada deuterium uranium reac-
tors 

4. U-Pu cycle LMFBRs 

S. thorium cycle LMFBRs 
6. Fast Flux Test facility 
7. Clinch River Breeder Reactor. 

Calculation of the one-group cross sections is a. com­
plex process that is specific to the reactor type being 
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considered and must be performed by sophisticated 
reactor physics codes external to ORIGEN2.. In gen­
eral, such calculations involve generation of multiple­
energy-group (27 to 127 energy groups) cross-section 
data bases.19 These are then weighted with an approx­
imate neutron spectrum, resulting in a few-group 
cross-section data base that accounts for self-shielding 
effects within the fuel rods. The few-group cross 
sections for the most important nuclides are subse­
quently used to perform a one- or two-dimensional 
depletion calculation, resulting in (a) a prediction 
of the composition of the spent fuel and (b) a set 
of bumuJHiependent cross sections (discussed pre­
viously) that can be incorporated into ORIGEN2 to 
enable it to account for concentration and neutron 
spectrum changes. The composition predicted by 
the depletion code is used to generate a multigroup 
neutron energy spectrum, which becomes the weight­
ing function to generate one-group cross sections and 
spectrum-weighted fission product yields for the 
OR1GEN2 cross-section data bases. This spectrum is 
also used to generate the ORIGEN2 flux par.~meters 
THERM, RES, and FAST, which are employed to 
weight thermal cross sections, resonance integrals, 
and threshold cross sections, respectively, when they 
cannot be obtained in multigroup format. 

The multigroup cross sections were obtained from 
ENDF/B-IV (Ref. I~) and/or ENDF/B-V (Ref. 20), 
depending on the availability of data at the time the 

calculations were performed. Thermal cross sections 
and resonance integrals were taken from Ref. 21. 
Virtually an of the fission product yields are inde­
pendent yields and were taken from ENDF /B-IV. 
The exceptions are the fission yields of the very light · 
nuclides (e.g., tritium) that result from ternary (three­
partic;le) fission, which were based on a search of the 
(sparse) literature. 

ORIGEN2 RESULTS 

·This section gives a more specific description of 
the output produced by ORIGEN2. The information 
density of OR1GEN2 output is extremely high and 
can be very confusing to the uninitiated user. There­
fore, we f"trSt provide a generic description of the 
organization of ORIGEN2 output, which is extremely 
hierarchical. Second, we describe, in detail, a single 
output page that epitomizes ORIGEN2 output. 
Finally, a shon discussion of other types of output 
that have been made available is given. 

Output OrganiZitian 

The organization of the information produced by 
one ORJGEN2 output operation is summarized in 
Table II. This first level of output, henceforth called 
an "output grouping," contains the second, third, 
and fourth levels of the ORIGEN2 hierarchical 
output. 

TABLE II 
Organization of an ORIGEN2 Output Grouping• 

Second Level Third Level Founh Level 

Rtal:livity an<l bumup data 
Activation product segment• Table type I (e.g., g) Nuclide, element, summary aggrea:ations 

. . 
Table type 24 (e.g .. toxicity) Nuclide, elemetlt, summary .aggrecations 

Attinide segment• Table type I (e.g., g) Nuclide, dement, summary awegations 
. . 

Table type 24 (e.g., toxicity} Nuclide, element, summary aggregations 

Fi.uion product segment' Table type I (e.g., g) Nuclide, demCIIt, summary awegations 

. . 
Table type 24 (e.g .. toxicity) Nuclide, demem, summary auresations 

Neutron production rate tables (o,n); spontaneous fission 

Photon production rate tables Activaticm products Summation tables 
Principal contributor tables 

Actinides Summation tables 
Principal contributor tables 

Fission P<odUC!S Summation tables 
Principal contributor tables 

• An output grouping is defined by a specific radioactive material tO be characterazed in the output. Muluple sequentral output 
groupings are typical in ORIGEN2 output. 

'The table types and auregations to be printed are controlled by the user. 
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An output grouping can contain six second-level 
sections; 

I. reactivity and bumup data 

2. activation product segment 

3. actinide segment (including daughters) 

4. fiSsion product segment 

S. neutron emission rates 

6. photon emission rates. 

The reactivity and bumup data consist of less 
than one page of information summarizing the fluxes, 
bum ups, specific power, and infmite multiplication 
factors for each of the columns (or vectors) being 
printed. (A vector gives the radionuclide composi­
tion or characteristics of a material at a point in 
time.) In addition, the information related to the size 
of the ORIGEN2 case is summarized here. · 

The activation product segment consists of the 
output of one or more (third-level) "table types" con· 
taining information for only the activation products. 
A table type is characterized by the units of the table, 
such as mass {in grams), radioactivity (in curies), 
thermal power (in watts), or neutron absorption rate 
(in neutrons per second). The table types that are 
available in ORIGEN2 are listed in Table I; the table 
types that are printed are controlled by the user. 
There are four possible (fourth-level) aggresations 
for each table type: nuclide, element, summary nu­
clide, and summary element. The asgregation(s) that 
are printed are also controlled by the user. The 
nuclide aggregation lists the specif.ted character· 
istic of each nuclide in each of the vectors being 
printed. The element aggregation lists the specified 
characteristic for each chemical element in each of 
the vectors being printed. The summary aggregations 
contain the same type of information as the regular 
tables except that only those nuclides (or elements) 
that contribute more than a cenain fraction (also 
under user control) to the total for all activation 
product isotopes are listed. It should be noted that 
some table types, such as fission rate and alpha radio­
activity, are not applicable to activation and fission 
products and cannot be printed. 

The actinide and fission product segments in 
Table II are very similar to the activation product 
sesment described above: therefore, they will not 
be discussed in detail. The table types and aggre­
gations printed for the actinides and the fission 
products are also controlled by the user. 

The neutron production rate tables are relatively 
compact and straightforward. Each consists of a one­
page listing of the neutron production rates from 
(a,n) reactions for each nuclide in each vector printed 
and a one-page listing of the neutron production rates 
from spontaneous fission for each nuclide in each 
vector printed. Both of these are "summary tables" 

Croff COMPUTER CODE OF NUCLEAR MATERIALS 

since the contribution of each nuclide to the total is 
tested against a cutoff value to determine whether 
it will be printed. 

The fmal second-level section of the output 
grouping contains the photon production rates. l1tis 
segment is funher broken down into three sections: 
activation product, actinide, and fiSsion product. 
Since the photon production rate output for each of 
these sections is substantially in the same form, only 
the activation product section will be described in 
detail The activation product photon output consists 
of summation tables and principal contributor tables. 
The summation tables list the photon production 
rates for each veCtor printed as a function of 18 
photon energy groups; they are given in' units of 
photons per second and mega-electron-volt per wan 
per second. The principal contributor tables list the 
photon production rates for each nuclide that con­
tributes more than a specified fraction (Le., a cutoff 
value set in the input) to the total photon production 
rate for each group. 

Description of an Output Pall 
A typical 0 RIGEN2 output page is shown in 

Fig. 2. The page number, output unit number, and 
segment (i.e., activation product, actinide, or fiSsion 
product) are given in the upper right comer. The 
page number is coJTelated With a table of contents 
that is printed by ORIGEN2. 

Next, in the upper left center portion of the 
page, the following information is given: 

1. title for this output (user specified) 

2. average power (mepwatts per basis unit), 
burnup (megawatt-days per basis unit), and 
flux (in neutrons per square centimetre per 
second) 

3. segment (i.e., fiSsion products) 

4. aggregation (Le., nuclide table) 

S. table type (i.e., radioactivity, curies) 

6. basis of the calculation 

7. calculated results. 

Below the output grouping basis (item 6 above), 
and spanning the entire page, are the vector headings. 
Unless altered, these headings will be the ending 
inadiation or decay times for each vector. Alpha­
numeric vector headings can be inserted and changed 
by the user. 

The remainder of the output page is occupied by 
the main body of the ORIGEN2 output information. 
The leftmost column lists the nuclide (or element), 
while the remainder of the horizontal line gives the 
characteristic (i.e., grams) of that nuclide for each 
of the times or conditions of each vector. 

Vector totals are presented at the end of each 
aggregation. Cumulative totals (e.g., total activation 
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product plus actinide plus fission product curies) 
for each vector are given at the end of each table 
type. 

Other Types af Output 

The results described above are typically output 
to paperl2

; however, there are several alternatives to 
this procedure. The rust general class of alternatives 
involves different output media in the same format 
described above. Since ORIGEN2 can produce a 
large amount of output easily, and since paper is both 
expensive and cumbersome, one of the most desirable 
approaches is to output only the most commonly 
used results on paper and write a very detailed output 
to microfiche, which is both inexpensive and com· 
pact. Another output method that is often used 
involv~s a nonvisual medium such as magnetic tape 
or a d~rect-access storage device. Each of these offers 
the advantage of being repetitively searchable to 
make available only the desired information for a 
~articular use (see below). In addition, magnetic tape 
IS a very convement method for transporting large 
volumes of output between sites. 

The second general class of alternatives involves 
searching and manipulating the OR1GEN2 results 
so that they appear in a different format or so that 
only a particular piece of information is output. An 
example of this is a code written at ORNL that 
accesses ORIGEN2 output, distills and summarizes 
the results of interest to the user (e.g., the most 
important nuclides or a specific element), and out· 
puts the result as a table or a plot on paper or f'!lm}J 

APPLICATIONS OF ORIGEN2 

As might be expected, the versatility of ORIGEN2 
and its predecessors and their simplicity of use have 

. encouraged users to apply them to a wide variety. of 
situations. Some of these situations are descn'bed in 
the following. 

One of the f'~rst applications of ORIGEN2 which 
is still very common today, involves using the 'output 
as a design basis for nuclear fuel cycle facilities and 
operations. The thermal power tables are used to 
determine the heating load in fuel pools, shipping 
casks, reprocessing plants, and waste repositories. 
The photon and neutron tables are used as the input 
to shielding design codes for post fission· fuel cycle 
facilities. The composition of the fuel is used in the 
design of the separations processes in a fuel reprocess­
ing plant. 

A second application of ORIGEN2, which has 
become increasingly popular (and may be the most 
popular at present), involves its use in supplying the 
radionuclide composition of process or facility inven· 
tories for risk analyses. One major aspect of risk 
analyses is to define the materials that could be 
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released by a postulated accident sequence. This 
release is usually specified as a certain fraction of 
each element present in the inventory. Thus, it is vital 
to know both the elemental and the nuclide com­
positions of the entire inventory of the facility or 
operation. Examples of this are the Reactor Safety 
Study24 and the ORNL project to assess actinide 
partitioning·transm utation.15 

A third use of ORIGEN2 involves employing the 
results of 0RIGEN2 as the basis for projecting the 
composition and characteristics of radioactive wastes. 
For example, accumulated radioactivity of HLW at a 
point in the future from some nuclear power scenario 
is almost always based on the radioactivity calcula­
tions provided by ORIGEN or ORIGEN2. These 
codes have performed this function for many years 
at ORNL (e.g., Refs. 26 and 27) and continue to do 
so in an ongoing program that supplies waste inven­
tories and projections to the U.S. Department of 
Energy~1•29 (DOE). 

The fmal common use of ORIGEN2 is in support 
of nuclear power licensing and regulation. Both 
ORIGEN and ORIGEN2 have been used to supply 
or verify the material composition and characteristics 
that formed the basis for licensing fuel cycle facilities. 
In addition, ORIGEN or ORIGEN2 calculations 
formed the basis for regulatory efforts such as defin­
ing ALARA (e.g., Ref. 30), the GESMO study,31 and 
waste management rulemaking by DOE (Refs. 32' and 
33), the U.S. Environmental Protection Agency, 34 

and the U.S. Nuclear Regulatory Commission35•36 

(NRC). 
ORIGEN2 has also been employed in more 

uncommon applications that may require substantial 
code modifications or utiii.ze only part of the code. 
One major class of these applications involves process 
simulation using the matrix-solution capabilities of 
ORIGEN2, particularly in cases where simultaneous 
mass transport and radioactive irradiation or decay 
calculations are needed. Examples of this type of 
application are as follows: 

J. The ORIGEN code was modif'led by the NRC 
to produce the GALE computer codes, ... •31 which 
model the effiuent releases from BWRs and PWRs. 

2. ORIGEN2 (without modification) was used to 
calculate the composition and characteristics of aU 
of the input, internal, and output streams in an 
HTGR fuel refabrication plant. 

3. A modification of ORIGEN2 [caUed OR· 
GENTRE (Ref. 39)), which is currently being used 
at ORNL, allows a more detailed simulation of the 
processes generating the wastes, thus providing the 
capability for process trade-off studies. 

In a second class of uncommon applications, ORl· 
GEN and ORIGEN2 are tied directly to more sophis­
ticated reactor physics codes. The more sophisticated 
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codes only account for a few nuclides but are capable 
of providing the neutron spectrum that can be used 
to generate one-group cross sections for ORIGEN2. 
ORIGEN2, in turn, provides the detail necmary in 
many safety-related aspects of reactor operation as 
well as an excellent composition for use in the next 
irradiation time step. It should be noted that the 
cross sections used in ORIGEN2 should be thuesult 
of a· multidimensional depletion calculation and not 
a static spectrum calculation. Experience has shown 
that the latter method does not produce CTO$S sec­
tions that are truly appropriate for the system being 
analyzed in thermal reactors; thus, the depletion code 
is necessary to account for all relevant effects. 

VERIFICATION 

Verification is a very important aspect of any 
computer code, particularly if it is to be used in 
licensing and other regulatory matters. With respect 
to ORIGEN2, the question that is being addressed 
is whether it will predict compositions and chalacter­
istics that conform to reality. Thus, the m$lr pte­
requisite for any verification study is the availability 
of accurate measurements of well-characterized sam­
ples that can be used as a basis for comparison.. The 
aspects of ORIGEN2 that are verif~able are tbe com­
position, thermal power, photon spectrum, and neu­
tron emission rate of some specified nuclear material 

UnforturJ.ately, very few adequate benchmarks 
exist for verification purposes, particularly in the case 
of modern light water reactors (LWRs). Virtually no 
measurements have been made of either photon 
spectra or neutron emission rates, and verif'lC&tion 
will be extremely difficult because of the dependence 
of measurements on self-shielding, geometry, and 
detector efficiency. The benchmark status with 
respect to the composition and thermal power is 
somewhat better since measuren.ents have been made 
and documented. The problem in this instance is that 
many of the benchmarks are either too poorly char­
acterized in a historical sense (initial composition, 
irradiation history) and/or the measurements were 
made using very inaccurate methods and are thus 
meaningless. However, a few comparisons have been 
made between OR'IGEN2 and reasonably wen-char­
acterized benchmarks; these are summarized below. 

The thermal power predicted by ORIGEN2 is an 
important parameter as well as being one that is 
relatively easy to benchmark. Two recent studies 
serve to indicate the accuracy of ORIGENl in this 
regard. The f1rst study9 compares the decay beat 
predictions of ORIGEN2 with those from the Ameri­
can Nuclear Society (ANS) decay heat standani40; the 
results are summarized in Fig. 3. This comparison is 
limited in that (a) it only applies to fiSSion products, 
(b) neutron capture effects are excluded, and {c) the 

standard is based on calculated (not measured) results 
at decay times beyond -1 day. A direct comparison 
yielded the top curve, which begins to deviate mono­
tonicaUy after -1 month. Examination of the cal­
culations up<)n which the ANS standard was based 
revealed an incorrect assumption in the ENDF /B-IV 
data base used for the standard (i.e., that "T c was 
stable). A repeat of the calculation after the ORI­
GEN2 decay data base was altered to include .the 
incorrect ENDF/B value yielded the bottom curve, 
which is within ±2% at decay times between -20 s 
and 30 yr. The ORJGEN2 result is somewhat low at 
very short times because many of the very short-lived 
fiSSion products have been combined with their 
daughters to conserve space in ORIGEN2. 

A second, and somewhat more encompassing, 
, verification of ORIGEN2 was conducted at Hanford 

Engineering Development Laboratory using spent 
fuel from the Turkey Point Unit 3 PWR (Ref. 41). 
The results from tb.ree separate fuel assemblies 
showed that ORJGEN2 oveJJlfedicted the decay heat 
by S to 6% at decay times between 2 and 3 yr, which 
is considered to be exceDent agreement when the 
\lncertainties in bumup and other parameters are 
taken into account. It is interesting to note that 
ORIGEN2 overpredicts decay heat on the actual 
spent fuel, whereas it underpredicts the ANS decay 
heat standard for the same time period. 

Verification of the composition predictions made 
by ORIGEN2 is a very wide-ranging subject due to 
the large number of nuclides accommodated by the 
code. The assumption is generally made that most 
of the f'ISSion products will be accurate if the actinide 
buildup and depletion are correct because they are 
heavily dependent on the fiSSion yields, which are 
relatively well known and do not vary substantially 
from case to case. For this reason. verification efforts 
have concentrated on the much more complex 
actinide region. 

During the last few years, a substantial amount of 
work has been done to characteri:z:e L WR fuels. As a 
result, measurements have been made on three sets 
of samples that were irradiated to -30 GWd/ton in 
commercial PWRs. Two sets of samples resulted from 
the discluirges of the second and fourth cycles of 
Turkey Point Unit 3 reactor, 42 .... and the third set 
was obtained from the H. B. Robinson Unit 2 reac­
tor.05 Measurements for the Turkey Point samples 
included the 148Ndf231U ratio, which is indicative of 
fuel bumup. This ratio was matched by ORIGEN2 
for each sample, and then the isotopic compositions 
of the uranium and plutonium were compared. A 
bumup monitor was not measured in the case of the 
H.B. Robinson samples, but the bumup was esti­
mated to be 30 GWd/ton. 

Results of the comparison for each of the groups 
of samples are presented in Tables lll, IV, and V. 
Table Ill gives a comparison of the ORIGEN2 versus 
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Fig. 3. Difference• between ORJGEN2 and ANS Standard S.l decay heat values for JO"·• irradiation of 135U. 

the experimental values of the uranium and pluto­
nium isotopes for all three sets of samples. The 
Turkey Point sets are designated by B and 0, accord· 
ing to the lot of fuel from which the assemblies were 
derived. As is evident, the overall agreement is quite 
good. particularly for the D set and for the H. B. 
Robinson fuel: however, a few significant differences 
and anomalies exist. The fint is that lllpu is both 
significantly and consistently underpredicted by 
ORIGEN:2. The exact source of this difference is 
unknown because experimental values for ll'Np are 
unavailable. The same type of discrepancy occurs 
for 242Pu, and its source is also difficult to pinpoint 
since no information is available on the absolute 
amounts of americium and curium: thus, it is im· 
possible to show whether the 242Pu destruction rate 
is too high or its production rate is too low. 

The agreement of the measured B set composi-

NUClEAR TECHNOLOGY VOL. 62 SEPTEMBER 1983 

tions with OR!GEN2 values is markedly wone than 
that for the other two sets. Although the reason for 
this is not apparent, internal inconsistencies are 
present in the measured B set compositions (i.e., 
differing isotopic analyses of samples taken from 
exactly symmetrical positions in a single fuel assem· 
bly ). Thus, it would appear that the B set may not be 
a satisfactory benchmark. 

Table IV shows the difference between ORIGEN2 
calculations and experimental results concerning the 
H. B. Robinson americium. and curium isotopic com· 
position. The agreement is excellent when we con· 
sider the number of neutron captures required to 
form these nuclides and the complexity of the 
actinide calculations. The discrepancy in the 24'Cm 
value is not regarded as significant since an error in 
decay time of only 3 weeks can account for an II% 
error in the isotopic composition. The difference 
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TABLE Ill 

Comparison of the Experimentally Determined Uranium 
and Plutonium Composilions of Spent Fuel 

with OR1GEN2 Calculations 

Difference Between Experimental and 
OR1GEN2 Uranium and Plutonium 
Parameters [(02- EXPJ/EXP, 'lo]' 

Turkey Point 

Parameter B Set D Set H. B. Robinson 

mu;u 7.7 -2.3 0.1 
mu;u -4.3 -0.7 -3.2 
238Pu/Pu -12.1 -4.0 -9.0 
23'Pu1Pu 0.2 I.S -0.4 
240Pu/Pu -3.9 -1.7 1.2 
"'Pu!Pu 14 0.9 1.8 
242Pu/Pu -10 -7.6 -2.6 

Total 
plutonium 2.6 2.1 

Burnup, 
GWd/ton 19.3 to 26.9 29.6 to 30.6 30 

Cycles in 
reactor 1,2 2 to 4 1,2 

Number of 
samples 8 5 1 

'02 = ORIGEN2; EXP =experimental. 

TABLE IV 

Comparison of the Experimentally Determined Americium 
and Curium Compositions of Spent Fuel with ORIGEN2 

Calculations for H. B. Robinson Fuel 

Difference in Experimental and ORIGEN2 
Americium and Curium Parameters 

Parameter [(02 - EXP)/EXP, 'lo]' 

241Am/Am -5.0 
242Am/Am 1.0 
243Am/Am 8.3 
242Cm/Cm -II 
''

3Cm/Cm s.o 
"'Cm/Cm 1.3 
:.15Cm1Cm -20 
246Cm/Cm -3.8 
247Cm/Cm 0 
~"Cm/Cm Poor statistics 

'02 = ORIGEN2; EXP =experimental. 

TABLE V 

Comparison of ExperimentaUy Determined Noble Gas 
Compositions of Turkey Point D Spent Fuel 

with ORIGEN2 Calculations 

Measured Average over Five Fuel Elements 
Parameter 

(at. 'lo) Experimental ORIGEN2 

12Kr/Kr --- 0.3 
13Kr/Kr 12.0 11.6 
84Kr/Kr 32.4 31.6 
"Kr/Kr 4.2 S.5 
16Kr/Kr 51.4 SI.O 

130Xe/Xe --- 0.3 
131 Xe/Xe 8.2 8.4 
132Xe/Xe 20.8 20.9 
'"Xe/Xe 28.0 27.6 
136Xe/Xe 43.0 42.8 

between the ORIGEN2 calculations and the experi· 
mental results for 245Cm, on the other hand, is note­
worthy. Since the capture products of 245Cm are in 
good agreement, the difficulty probably stem~ from 
the evaluated fiSSion cross section in the original data 
source. 

Finally, Table V compares the isotopic compo­
sitions of the noble gases removed from the plenum 
of the D set fuel rods with those obtained by using 
ORIGEN2. Agreement is excellent in all cases, with 
the possible exception of the 15Kr/Kr ratio, where 
the ORIGEN2 prediction is 31% higher than the 
experimental result. Since 85Kr is the only radioactive 
isotope listed in Table V, we conclude that the noble 
gases were released to the plenum via fuel cracking 
that occurred during the first ascent to full power and 
that the 10.7-yr 85Kr had a few extra years to decay 
to the lower level found in the experimental results. 
This hypotliesis is supported by the fact that the 
experimentalists could only fmd 0.2% of the noble 
gases produced by fiSSion in the plenum. indicating 
a short, one-tinle release. 

FUTURE ACTIVITIES 

As with any widely distn"buted and versatile 
computer code that uses data from many sources, 
the maintenance and support of ORIGEN2 are 
never-ending tasks. Specific work that will be under­
taken in the future includes: 

I. Maintenance and user support-keep data bases 
current with best available data and address users' 
questions concerning applications of ORIGEN2. 
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2. Implementation-perform generic calculations 
characterizing nuclear materials of interest to the 
nuclear community and publish the results in J 

'"'dily accessible understandable form. 

3. Verificarion-concinue co compare ORJCE:-<: 
.:alculations with all relevant benchmarks and develop 
additional benchmarks where none are available. 

4. Modification and improvement-add new reac­
tor models and soitware capabilities as required by 
the user community. 

Through these activities. ORIGEN2 will remain a 
versatile tool for characterizing nuclear materials for 
both present and future applications. 

AVAILABILITY 

ORIGE:S: can be obtained. free of charge, by 
sending a magnetic tape to the OR:SL Radiation 
Shielding Information Center! The user will be 
supplied with the computer code, a user's manual.46 

all relevant data libraries. a sample input deck, and 
a sample output. 
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Debasish Mukherjee 
216 Seneca St., Upper Apt. 
Fulton, NY 13069 

Dear Mr. Mukherjee: 

MARTIN MARIEn A £N£FIGV SYSTEMS, INC. 

August 24, 1990 

I received your FAX concerning possible errors in equation (2) of Allen Croff's 
Nuclear Technology article (Vol. 62, September 1983, p. 341). 

As far as I can determine, this ia an error in the Nuclear Technology article. 
Fortunately, the value of l. 0365 x 10 10 is used in SUBROUTINE FLUXO of the 
OR1CEN2 code. I cannot determine if this was ever an act:ual error in the OR1GEN2 
code. I did, however, find t:ha t a similar problem was ident:ified in the original 
ORIGEN•·code documentation back in 1981. In that case, the suspect equation used 
the macroscopic cross section, while the ORIGEN code used the microscopic cross 
section. This would account for the difference of 0.602. 

What I believe may have happened is that, the Nuclear Technology article may have 
listed "microscopic" for the cross section in Eq. 2 when in. fact er.~ 
•macroscopic" cross section was used. This may have been an error at the time, 
or an accidental change from an over•zealous editor. 

' 

Sincerely yours, 

1:~ ~ ~ject Manager 
Chemical Technology Division 

cc: SBL Files (POYER.ERR) 
A. G. Croff 
N. Hatmaker, RSIC, Bldg. 6025, MS·6362 
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READ.ME 

Introducing, ORIGEN2 Version 2.1 (8-1-91) CCC-371 (A, E) 
No new documeritation was published for this release. This file and FILES.LST 
contain information on bow to install and run this package. Please read this 
entire file. 

f 

Here's a version of 0RlGEN2 for both MAINFRAME and 80386/80486 PC applications. 
Included on these DS/HD diskettes {in compressed mode) is the entire 
ORIGEN2 code package~ including all the cross section libraries previously 
available only with the mainframe versions. 

Enhancements: In this 1~9l·version, s LWR libraries documented in ORNL/TM-~~018 
were added to the package. Array sizes are set quite large in PARAMS.02, 
including using 30 storage vectors instead of 10, so that ORIGEN2 can handle most 
any problem size. Finally, the distributed PC and Mainframe source codes ARE 
IDENTICAL. Running on other computers will likely require changes to date and time 
routines. See the README.UNX file for changes required on ap and DEC Alpha. 

Limitations: 80386 and 80486 PCs require a coprocessor. 

Installation: The package is 
file which is distributed on 
the programs of PKware, Inc. 
installation information. 

distributed in a self-extracting compressed DOS 
2 diskettes. The compression was performed using 
See the INSTALL.BAT file on diskette 1 for 

Execution, Sample problem batch files expect the ORIGEN2.1 executable to be 
in \ORIGEN2\CODE. If the default directory structure is altered, this path 
must be edited in the batch file. 

Mainframe users will need to upload 3 files to compile and link 
the source code (ORIGEN2.FOR, HEADER.02, and PARAMS.02). The directory for 
SAMPLES ( x'\ORIGEN2\SAMPLES ) contains 3 sample problems run on the VAX at 
ORNL. The user will need to upload appropriate data files referred to in 
the *.COM (VAX command files), such as the DECAY.LIB, cross section, photon 
yield, and associated input files to the mainframe. Conversion to other 
mainframes should be fairly easy. 

PC users should look at the •.BAT files included in the x:\ORXGEN2\SAMPLES\PCx 
directories (These samples are identical to those run on the VAX) . Thanks to 
Lahey for the F77L-EM/32 compiler and to Rob Tayloe (Battelle Columbus) for his 
work on ORIGEN2 for 386/486 PCs. 

ORIGEN2.1 uses filenames like ''TAPE??.OUT" to connect files to logical units. The 
batch files rename the user's output files to SAMP 1.??? 1 where ??? is a more 
meaningful name (.PCH, .VXS, .DBG, or .ECH), which-is defined in the FILES.LST file. 

When an in~ut error is encountered, Lahey-compiled executables o~en a file called 
F77L3.EER 1n an attem~t to define the error message. This file 1S distributed in 
the ORIGEN2\CODE subd1rectory. This subdir may be included in the path, or the file 
can be copied to the directory from which ORIGEN2 is run. 

For more information, see x'\ORIGEN2\CODE\FILES.LST 

*********""*** Updates to ORIGEN2:l ***************** 
In JUne 1996 the source was not modified, but the code was recompiled with 
Lahey F77L-EM/32 V5.~0 to re~lace the Lahey F77 V4.00 executables, which 
were distr-ibuted with the or1ginal 1991 release of ORIGEN2.l. This was done 
because Lahey V4.00 is incompatible with Windows95. The 5.~0 executables 
can be run in a DOS window of either Windows95, Windows98 or WindowsNT. 

In the May 199~ update, the installation procedure was simplified; and files 
in the sample problems directories were reorganized so tha_t the PC output 
generated at ORNL is distributed in a separate subdirectory for each test case 
(i.e., SAMPLES\PC?\OUT). The batch files will rename user output files so that 
users can compare their output with that from the developer. These changes are 
cosmetic; there were NO changes to the code, executable or data files. Tips for 
Unix users were added in README.UNX 

Scott B. Ludwig 
ORIGEN2 Code Coordinator 
Oak Ridge National Laboratory 
(423) 574-7916 FTS 624-7916 
8-15-91 

written by Scott Ludwig, ORNL 8-15-91 
revised by RSICC 5-11-99 
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CCC-371/0RIGEN2.1 
README.UNX 

Notes added - May 1999 
ORIGEN2.1 was installed on DEC Alpha OSF/1 and on HP running HP-UX 10. 

t 
The changes listed below solved most of the problems, but things like date 
and time routines were not polished. rhe date/time calls work some ~laces but 
not in others, .indicating that additional changes are required to f1nd 
all the statements where date and time are called/written~ Test case results 
differed somewhat from the distributed results. 

Additional changes ~y be required on some systems. 

DEC modifications to code: 

************ Main routine ORIGEN2 *~*********** 

Add before DIMENSION DR 
> COMMON /CAW/MMODYY,HHMMSS 
Add after COMMON /MAIN03/ 
> CHARACTER MMDDYY*9,HHMMSS*8 

************ Unnamed BLOCK DATA ************* 

Change 

CAW 

CAW 

10 

20 

< 
< * 

DATA NUCLB 
,11*0/ 

/-1,942380,942390,942400,942420,952410,962420,962440,-1BLK. 1610 
BLK 1620 

to 
> DATA NUCLB 
> * ,12*0/ 

/942380,942390,942400,942420,952410,962420,962440,-l 

************ Subroutine IDENTIFY ************* 

Change 
< CHARACTER*1l. MMDDYY 
to 
> 
> 
Change 

COMMON /CAW/MMDDYY,HHMMSS 
CHARACTER*9 MMDDYY· 

< 10 FORMAT (' ORIGEN2 V2.l (8-J.-91), 
< 1. 'Run on ',al.l,' at ',aS) 
from 
> 10 FORMAT (' ORIGEN2 V2.1 (8-1-9l), ','RUN ON ',A9,' AT ',AS) 

DEC compilation: 

BLK 16J.O 
BLK 1620 

f77 -fpe4 -c *.f (fsplit was used to separate the subroutine source files) 
f77 -o origen2.exe *.o . 

HP compilation: 

f77 +autodblpad +El +E4 -K +T -c *.f 
f77 -o origen2 .exe. * .o /usr/lib/end.o 
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**** FILES4LST: CCC-371 (A) AND (E) ORIGEN2, VERSION 2.1 (8-1-91) *lt-** 

The ORIGEN2, Version 2.1 (S-1-91) package is designed to be installed onto 
a PC hard drive from DS/HD 5.25" or 3.5" diskettes. The first diskette 
contains a file called INSTALL. BAT, that unpacks the files to your hard drive. 
Users should look at READ.ME on Oisk #1 for installation instructions and 
options. 

The following directory structure is used: 

\ORIG1'N2 
\CODE 
\INPUTS 

\LIBS 
\SAMPLES 

\BWR 
\CANDU 
\U!FBR 
\PWR 

- example inputs for various reactor models 

original ORIGEN2 sample problem 
fuel only irradiation using new PWRUS library 
Am-242m decay only 

\PC1 
\PC2 
\PC3 
\VAXl 
\VAX2 
\VAX3 

- s~e as above, except run on a VAX. 

************~************•****************************************************** 

*** ORIGEN2 CODE *** 

Directory of C:\ORIGEN2\CODE 
**** Description of file **** 

F77L3 EER 40432 01-22-91 5:56p - 386/486 Lahey Fortran Error messages 
HEADER 02 3879 08-01-91 2:10a - block letter header on ORIGEN2 output 
ORIGEN2 EXE 1173039 08-01-91 2:10a 386/486 executable 
ORIGEN2 FOR 901130 08-01-91 2:10a Fortran source for OR!GEN2, V2.1 
PARAMS 02 2479 08-0l-91 2:10a ORIGEN2 Variable Dimension data 
TUNE EXE 38545 06-05-90 9:04p - for tuning the ORIGEN2.EXE 
TUNE02 BAT 22 08-01-91 2:10a - runs TUNE.EXE on ORIGEN2.EXE 
FILES LST 11960 08-ol-91 . 2: lOa This file • 

*************************~****************************************************** 

*** INPUT FILE EXAMPLES *** 
A number of example inputs are included with this update of ORIGEN2. These 
inputs provide the user with a modest starting point on which tc develop 
his own input files. Total space: 177324 bytes. 

Directory of C:\ORIGEN2\INPUTS\PWR 

. PWRU INP 11330 08-01-91 2:10a 
PWRU50 INP 13001 08-01-91 2:10a 
PWRUE INP 12941 08-01-91 2:10a 
PWRUS INP 11312 08-01-91 2:10a 

Directory of C:\ORIGEN2\INPUTS\BWR 

BWRU INP 17295 08-()1-91 2:10a 
BWRUE !NP 16670 08-Ql-91 2:10a 
BWRUS INP 17273 08-01-91 2:10a 
BWRUSO INP 17286 08-()1-91 2:10a 

SDO 
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BWRUX INP 16592 08-0l-91 2:10a 

Directory of C:\ORIGEN2\INPUTS\CANDU 

CANDUNAU 
CANDUSEU 

5494 08-0l-91 
5330 08-01-91 

2:10a 
2:10a 

Directory of C:\ORIGEN2\INPUTS\LMFBR 

AMOPUUUX 
EMOPUUUX 

16400 08-!ll-91 
16400 08-01-91 

2:10a 
2:10a 

.--;-··. -~ 

******************************************************************************** 
*** DATA LIBRARIES FOR ORIGEN2 *** 
This update of the code package includes all libraries previously available 

with ORIGEN2 plus revised LWR models for standard- and extended-burnups. 

These new libraries are called: PWRUS.LIB, PWRUE.LIB, BWRUS.LIB, BWRUSO.LIB, 

and BWRUE.LIB. Parameters needed for the LIB or PHO command are included in 

the columns on the right. The user should see the ORIGEN2 users manual and 

the other references for additional information about each library (See 

the list of references at the bottom of this file. Total space 9039598 bytes. 

Directory of C:\ORIGEN2\LIBS 

*** Decay data *** 
DECAY LIB 278636 08-01-91 

*** Photon yield data *** 
GXH20BRM LIB 167526 08-01-91 
GXNOBREM LIB 102418 08-01-91 
GXU02BRM LIB 167526 08-01-91 

2:10a 

2:10a 
2:10a 
2:10a 

*** Cross sectionfFP yield data *** 
** Thermal ** 
THERMAL LIB 

** LWRs - PWR ** 
PWRU LIB 
PWRPUU LIB 
PWRPUPU LIB 
PWRDU3TH LIB 
PWRPUTH LIB 
PWRUSO LIB 
PWRD5D35 LIB 
PWRDSD33 LIB 
PWRUS LIB 
PWRUE LIB 
** LWRs - BWR. ** 
BWRU LIB 
BWRPUU 
BWRPUPU 
BWRUS 
BWRUSO 
BWRUE 

LIB 
LIB 
LIB 
LIB 
LIB 

** CANDUs ** 

172036 08-01-91 

173266 08-0l-91 
173266 08-0l-91 
173266 08-01-91 
173266 08-0l-91 
173266 08-0l-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173676 08-01-91 
173676 08-0l-91 

173266 08-01-91 
173266 08-01-91 
173266 08-0l-91 
173676 08-01-91 
173676 08-0l-91 
173676 08-01-91 

2:10a 

2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2:10a 

2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2:10a 

Activation Actinides Fission 
Products &Daughters Products 

NLIB(2) 
1 

NPH0(1) 
101 
101 
101 

NLIB(5) 

201 

204 
207 
210 
213 
216 
219 
222 
225 
601 
604 

251 
254 
257 
651 
654 
657 

NLIB(3) 
2 

NPH0(2) 
102 
102 
102 

NLIB(6) 

202 

205 
208 
211 
214 
217 
220 
223 
226 
602 
605 

252 
255 
258 
652 
655 
658 

NLIB(4) 
3 

NPH0(3) 
103 or 
103 or 
103 

NLIB(7) 

203 

206 
209 
212 
215 
218 
221 
224 
227 

·603 
C606 

253 
256 
259 
653 
656 
659 

Var. XS 
NLIB(12) 

0 

1 
2 
3 
7 
8 
9 

10 
11 
38 
39 

4 
5 
6 

40 
41 
42 
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CANDUNAU LIB 173266 08-01-91 2:10a 401 402 403 21 
CANDUSEU LIB 173266 08-01-91 2:10a 404 405 406 22 

** LMFBRs ** 
EMOPUUUC LIB 173512 08-01-91 2:10a 301 302 303 18 
EMOPUUUA LIB 173512 08-01-Sl 2:10a 304 305 306 19 
EMOPUUUR LIB 173512 08-01-91 2:10a 307 308 309 20 
AMOPUUUC LIB 173512 08-01-91 2:10a 311 312 313 12 
AMOPUUUA LIB 173512 08-01-91 2:10a 314 315 316 13 
AMOPUUUR LIB 173512 08-01-91 2: lOa 317 318 319 14 
AMORUUUC LIB 173512 08-01-91 2:10a 321 322 323 15 
AMORUUUA LIB 173512 08-01-91 2:10a 324 325 326 16 
AMORUUUR LIB 173512 08-01-91 2:10a 327 328 329 17 
AMOPUUTC LIB 173512 08-01-91 2:10a 331 332 333 32 
AMOPUUTA LIB 173512 08-01-91 2:10a 334 335 336 33 
AMOPUUTR LIB 173512 08-01-91 2:10a 337 338 339 34 
AMOPTTTC LIB 173512 08-01-91 2:10a 341 342 343 29 
AMOPTTTA LIB 173512 08-01-91 2:10a 344 345 346 30 
AMOPTTTR LIB 173512 08-01-91 2:10a 347 348 349 31 
AMOOTTTC LIB 173512 08-01-91 2:10a 351 352 353 35 
AMOOTTTA LIB 173512 08-01-91 2:10a 354 355 356 36 
AMOOTTTR LIB 173512 08-01-91 2:10a 357 358 359 37 
AM01TTTC LIB 173512 08-01-91 2: lOa 361 362 363 23 
AM01TTTA LIB 173512 08-01-91 2:10a 364 365 366 24 
AM01TTTR LIB 173512 08-01-91 2:10a 367 368 369 25 
AM02TTTC LIB 173512 08-01-91 2:10a 371 372 373 26 
AM02TTTA LIB 173512 08-01-91 2:10a 374 375 376 27 
AM02TTTR LIB 173512 08-01-91 2:10a 377 378 379 28 
FFTFC LIB 173266 08-01-91 2:10a 381 382 383 0 
CRBRC LIB 173266 08-01-91 2:10a 501 502 503 0 
CRBRA LIB 173266 08-01-91 2:10a 504 505 506 0 
CRBRR LIB 173266 08-01-91 2:10a 507 508 509 0 
CRBRI LIB 173266 08-01-91 2:10a 510 511 512 0 

******************************************************************************** 
*** SAMPLE PROBLEMS FOR ORIGEN2 *** 

Three sample problems are provided with this update of the ORIGEN2 package. 
Each sample was run on both a PC and VAX mainframe. The *.BAT files on the 
PC and •.COM files on the VAX provide the job control function. File names 
of the format TAPE*.INP or TAPE•.OUT are .restricted for use by ORIGEN2. 
Input files may use any other name. The extension on the output files 
is as follows: (total space for samples = 6061547 bytes 

• . DBG -
*.ECH -
*.PCH -
•.Ul1 -
•.u6 -
•.vxs -

Unit 
Unit 
Unit 
Unit 
Unit 
Unit 

15 output - ORIGEN2 Debugging and Internal Information 
50 output ~ Input Ec:ho 
7 output - Output from ORIGEN2 PCH command. 
11 output tables plus unit 13 table of contents (conc:at.) 
6 output table plus unit 12 table of contents (concat.) 
16 output (variable cross section data) 

Directory of C:\ORIGEN2\SAMPLES\PCl 

SAMP_l BAT 3013 08-0l-91 2:10a 
SAMP l DBG 26860 08-01-91 2:10a 
SAMP_l ECH 15498 08-01-91 2:10a 
SAMP 1 PCH 63090 08-01-91 2:10a 
SAMP l Ull 614554 08-0l-91 2:10a 
SAMP l U3 593 08..01-91 2:10a 
SAMP 1 us 9110 08-01-91 2:10a 

202 
d.Jt 
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• ~'<' 

SAMP_1 U6 1857629 OS-01-91 2':10a 
SAMP 1 VXS 81311 08-01-91 2:10a 

Directory of C:\ORIGEN2\SAMPLES\VAX1 

SAMP_1 COM 3183 08-01-91 2:10a 
SAMP 1 DBG 26860 08-01-91 2:10a 
SAMP_1 ECH 15501 08-01-91 2:10a 
SAMP_l PCH 63090 08-01-91 2:10a 
SAMP_1 Ull 614553 08-01-91 2:10a 
SAMP 1 U3 593 08-01-91 2:10a 
SAMP_1 us 9110 08-01-91 2:10a 
SAMP_l U6 1857628 08-01-91 2:10a 
SAMP_1 vxs 81311 08-01-91 2:10a 

. Directory of C:\ORIGEN2\SAMPLES\PC2 

SAMP 2 BAT 3044 08-01-91 2:10a 
SAMP_2 DBG 9211 08-01-91 2:10a 
SAMP_2 ECH 4592 08-0l-91 2:l0a 
SAMP_2 INP 2812 08-01-91 2:10a 
SAMP_2 U11 24974 08-01-91 2:10a 
SAMP_2 U6 70197 08-01-91 2:10a 
SAMP_2 vxs 37936 08-01-91 2:10a 

Directory of C:\ORIGEN2\SAMPLES\VAX2 

SAMP_2 COM 3209 08-01-91 2:10a 
SAMP_2 DBG 9211 08-01-91 2:10a 
SAMP 2 ECH 4595 08-01-91 2:10a 
SAMP_2 INP 2812 08-01-91 2 :lOa 
SAMP_2 Ull 24973 08-01-91 2:10a 
SAMP_2 U6 70196 08-01-91 2:10a 
SAMP 2 vxs 37936 08-01-91 2:10a 

Directory of C:\ORIGEN2\SAMPLES\PC3 

SAMP 3 BAT 3043 08-01-91 2:10a 
SAMP_3 DBG 7116 08-01-91 2:10a 
SAMP 3 ECH 4182 08-01-91 2:10a 
SAMP_3 INP 1698 08-01-91 2:10a 
SAMP_3 Ull 35658 08-01-91 2:10a 
SAMP_3 U6 154398 08-01-91 2:10a 
SAMP_3 vxs 3 08-01-91 2:10a 

Directory of C:\ORIGEN2\SAMPLES\VAX3 

SAMP_3 COM 3208 08-01-91 2:10a 
SAMP_3 DBG 7116 08-01-91 2:10a 
SAMP_3 ECH 4185 08-01-91 2:10a 
SAMP 3 INP 1698 08-01-91 2:10a 
SAMP_3 U11 35657 08-01-91 2:10a 
SAMP_3 U6 154397 08-01-91 2:10a 
SAMP_3 VXS 3 08-01-91 2:10a 

******************************************************************************** 

NOTES * NOTES * NOTES * NOTES • NOTES * NOTES * NOTES * NOTES * NOTES * NOTES * 
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1. DOCUMENTATION OF ORIGEN2 AND ITS DATA BASES 
A. SUMMARY RE'PORT 
B. USER'S MANUAL 
C. (U,PU) FUEL CYCLE PWR & BWR MODELS 
D. ALTERNATIVE FUEL CYCLE PWR MODELS 
E. CANDO MODELS 
F. LMFBR MODELS 
G. CRBR MODELS 
H. DECAY AND PHOTON LIBRARIES 
I. REVISED PWR & BWR MODELS 

IS AS FOLLOWS: 
·oRNL-5621 (JULY 1980) 
ORNL/TM-7175 (JULY 1980) 
ORNL/TM-6051 (SEPT 1978) 
ORNL/TM-7005 (FEB 1980) 
ORNL/TM-7l77(NOVEMBER 1980) 
ORNL/TM-7176(0CTOBER 1981) 
NUREG/CR-2762 (JULY 1982) 
ORNL/TM-6055 (FEB 1979) 
ORNL/TM-11018 (DEC 1989) 

·····-·' 



 

 Information Only 

OAKRIDGE NATIONAL LABORATORY 
MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY 

S. B. Ludwig 
Nuclear Science & Technology Division 

P.O. Box 2008 
Oak Ridge, TN 37831·6472 

(865)574-7916 Fax: (865)574-3431 
Internet Address: ludwigsb@oml.gov 

Date: May 23,2002 

To: Jennie Manneschmidt 

From: S. B. Ludwig and A. G. Croff 

Subject: Revision to ORIGEN2- Version 2.2 

This note transmits ORIGEN2 V2.2 to the ORNL RSICC for distribution. This is the first 
update to ORIGEN2 in nearly 10 years, and was stimulated by a user discovering a 
discrepancy in the mass of fission products calculated using ORIGEN2 V2.1. The 
problem, diagnosis and solutions employed, results, and issues arising are discussed 
below. 

Problem: The user's problem involved irradiating a mixture of 40% Pu and 60% minor 
actinides (Np, Am, Cm) for about 1300 days at a high power level to reach a burnup of 
350 MWd/kg. The total mass of fission products was under-predicted by nearly 10%, 
and a fact that was readily detected because the total mass of fission products and 
actinides should remain constant. 

Diagnosis: There were two causes of the discrepancy. 

1. ORIGEN2 accounts for fission products produced by fissioning minor actinides 
that do not have an explicit fission product yield library (e.g., Np, Am, and Cm-
244) by adjusting the fission product yields of a nearby actinide that does have 
fission product yield library (e.g., Pu-239) (called "nearest connected actinide") 

' based on the relative total fission rate of all the fissioning minor actinides and the 
actinide having a fission product yield library. The logic in the algorithm that 
calculates the total fission rate of the minor actinides was flawed so that this total 
fission rate for the minor actinides was prematurely terminated, thus resulting in 
under-prediction of the fission product mass. This error was previously not 
discovered as most problem cases involved fuel compositions that were 
composed primarily of uranium and/or plutonium. 

2. As a result of the relatively small amount of Pu (in relation to the large fraction of 
fissioning minor actinides), use of long time steps (up to 400 days), and high 
specific power in the problem case, a majority of total fissions in the minor 
actinides and the actinide having a fission product yield library increases 
significantly during a time step. The adjustment of the fission product yields 
takes place using the actinide composition (and total fission rate) at the 
beginning of the time step. As a result, the adjustment factor is too low at the 
end of the time step, which leads to under prediction of the fission product mass. 
This can be fixed by simply decreasing the duration of the time step. 
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Results: Code modifications, as well as re~~6ng the irr~d1cition time step to no more 
than 100 days/step reduced the discrepancy from -10% to 0.16%. 

Issues Arising: 
A. The bug described in Diagnosis 1 above does not noticeably affect the fission 

product mass in typical ORIGEN2 calculations involving reactor fuels because 
essentially all of the fissions come from actinides that have explicit fission 
product yield libraries. Thus, most previous ORIGEN2 calculations that were 
otherwise set up properly should not be affected. 

B. Similarly, the use of excessively long time steps during irradiation is not likely to 
have adversely affected previous calculations of the fission product mass 
because the calculated adjustment factor is very small and changes very slowly 
in typical cases due to relative paucity of minor actinides composition in the fuel 
matrix. 

C. The fission product mass in previous calculations involving high concentrations of 
minor actinides may have been under-predicted to a noticeable extent. 

D. There are certain cases for which ORIGEN2 predictions of fission product mass 
would still be substantially under-predicted. These cases would involve 
irradiation of minor actinides exclusively (i.e., in which the concentration of U-233 
plus U-235 plus Pu-239, which have fission product yield libraries, is essentially 
zero) should not be undertaken. In this case it is impossible for ORIGEN2 to 
adjust the fission product production rate without major modifications to 
ORIGEN2, which is not likely in the foreseeable future. The suggested work­
around is a separate calculation to irradiate an actinide having a fission product 
yield library to the same burnup as the minor actinides to better estimate the 
resulting fission product composition. 

Other notes: 

ORIGEN2 continues to be successfully run on PCs under all versions of the Windows 
operating system, at least through Windows 2000. 


