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RSICC COMPUTER CODE CCC-371

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

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

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

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

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

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

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 100 days/step reduced the
discrepancy from ~10% to 0.16%. The bug does not noticeably affect the fission product mass in
typical ORIGEN2 calculations involving reactor fuels because essentially all of the fissions come from
actinides that have explicit fission product yield libraries. Thus, most previous ORIGEN2 calculations
that were otherwise set up properly should not be affected.

No new development is planned for ORIGEN2.  New ORIGEN users are advised to consider
requesting the CCC-702/ORIGEN-ARP package, which is a PC code system for Windows 95/NT or
later and includes a 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, call for the subroutines that perform the desired operations,
and provide a mechanism to execute multiple ORIGEN2 problems with a single job.

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

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

8. COMPUTER HARDWARE REQUIREMENTS
Version 2.2 runs on Pentium PCs, Sun, and DEC Alpha workstations.
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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 of Windows2000
with the Lahey/Fujitsu Fortran 95 Compiler Release 5.50d compiler. They were also tested under
WindowsXP. The code was tested on a Pentium III running RedHat Linux 6.1 with The Portland
Group, Inc. (PGI) F77 compiler 3.1-3 & gcc.  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 in documentation:
A. G. Croff, "ORIGEN2 Code Package CCC-371," Informal Notes (October 1981).
A. G. Croff, "A User's Manual for the ORIGEN2 Computer Code," ORNL/TM-7175 (July 1980).
A. G. Croff, "ORIGEN2: A Versatile Computer Code for Calculating the Nuclide Compositions and

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

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

the ORIGEN2 Computer Code," ORNL/TM-11018 (December 1989).

11. CONTENTS OF CODE PACKAGE
Included are the referenced documents in (10.a) and a CD which contains a self-extracting,

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

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



INTRA-LABORATORY CORRESPONDENCE 
.OAK RIDGE NATIONAL LABORATORY 

To: 

From: 

October 5, 1981 

RSIC Codes Coordinator 

A. G. Croff frC.....-0 
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 tlu ... 
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 could be made by an ambitious user, they are probably best accom
modated by having the user reacquire the ORIGEN2 code package. 

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

As a result of the corrections and changes given in Attachments 1 and 2, 
plus the addition of cross section libraries for thorium-cycle U!FBRs, it was 
necessary to recreate the tape containing the ORIGEN2 code package. This has 
been completed and the new code package is on X20742, which is an 800 BPI 
standard label tape. All files have DSN=ORIGEN2. The first 63 files have 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=2000) and the last seven files have 
DCB=(RECFM=FB,LRECL=l33,BLKSIZE=2660). As noted in Attachment 2, the sample 
problem output has been redone to reflect the corrections and modifications 
described herein. I have enclosed as Attachment 4 a listing of file 1 of the 
new ORIGEN2 tape, which is a table of contents for the tape. 

Finally, it would aid users significantly if you would include Appendix A· -
of the ORIGEN2 user's manual (ORNL/TM-7175), which is the sample problem listi•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 
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Attac:tuaen-,: 

CORRECTIO~S MADE IN ORIGEN2 AS OF SEPTEHBER 1981 

1. .o\."'l erroneous recoverable heat value (O.i MeV/disintegration) uas 

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

value is 6.2158 MeV/disintegration. 

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

lung contribution to the ORIGEN2 photon libraries. 

a. The follouing nuclides had the bremsstrahlung for metastable 

states added co 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 brecsstrahlung data uere affected 

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

corrected by obtaining neu libraries from RSIC. 

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

dependent cross sections properly in cases uhere DEC commands uere 

interspersed in relatively few !RP or IRF commands during and 

irradiation calculation. The following changes in subroutine FUDGE 

uill correct this: 

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

K IRR '"' MI RR + 1 • 

b. Change the first statement fo11ouing statement label 199 from 

!F(HIRR.GT.O)VECT(M!RR) • VECTOT 

to 

VECT(KIRR) = VECTOT • 

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

ment label 300 from 

IF(VECT(MIRR). GT. ER..~)XA .. IIl=POWER*DELT I ( 86400. O*VECT('!IRP.)) 

to 

IF ( VECT( KIRR). GT. ERR )X.All=POWE?.. *DELT I ( 86400. 0*\'ECT ( KIRR)) . 

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 follows 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/TM-6055). It is estimated that the ratios should be reduced by 

a factor of three. 

6. In subroutine PHOLIB, the use of 18-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,50).NE.O)GO TO 106 

to 

IF(MOD(IP,25).NE.O)GO TO 106 • 

7. The sample output deck included in the ORIGEN2 package and the 

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

required the following corrections: 

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

card 239 should read 

PRO 10 4 -2 -2 PUT HUT 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 o.o. 

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

employed. This can be corrected in subroutine HAIN3 by the follo1.1ing 
changes: 

a. Alter the fifth card following statement label 513 from 

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

to 

IF(NSIZE(20).LT.1)GO TO 515 • 

b. Insert the folloving new statement immediately following the call 

to subroutine GAMMA (i.e., make this the ninth card following 

statement label 513): 

515 CONTINUE • 

9. Although there are conflicting data, it appears that the decay 

branching for Zr-98 is in error in the decay 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 DECAY and TERH. 

Based on this, the following changes are recommended: 

a. The parameter OJ should be changed to DK on cards DECA 750 and 

TER 1110. 

b. Card TER 1770 should be changed from 

AJ•AJ+AP(N) 

to 

AJ•AJ+A.P(N)*T • 

c. Card TER 1840 should be changed from 

NL~GE = 3.S*ASUM + 5.0 

to 

~l-~RGE = 3.5*ASUH + 6.0 • 

The net effect of these changes is to ~~ke these subroutines tech
nically correct. However, we have been unable to find any effect of 
the changes on ORIGEN2 results. 

v 
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12. It vas noted that the initialization of arrays IS and STTFPB in 

subroutine ~t~IN3 could potentially destroy information that should 

be retained. This can be corrected by the following: 

a. Change the first executable statement in MAIN3 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, which currently reads 

290 IF(DIS(I).LE.2.1965E-08) 

SXA(M)~X~(M,I)*DIS(I)*l.6283E+l3*FFA(I-ILITE)* 

should be changed to read 

290 IF(DIS(I).LE.2.1965E-08) 

$XA(M)=XNE~(M,I)*DIS(I)*l.6283E+l3*FFA(I-ILITE)*XSAV(M) • 

The erroneous statement would not have produced the correct values 

in the fractional alpha curies table. 



HODIFICATIONS HADE TO ORIGEN2 AS OF SEPTE!-4'.BER 1981 

1. The following modifications were made to facilitate the further 

processing of ORIGEN2 output: 

a. The title printed at the top of each output page now begfos 

with an asterisk. 

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

begins with an integer oorresponding to the appropriate •table 

number" in Table 4.3. 

c. The element tables now output all elements which have at least 

one isotope in a given segment (e.g., activation products, 

actinides) instead of only those that have at least one non

zero value. 

d. The very small, negative values (on the order of -1.0 x I0-25) 

have been set equal to zero in subroutine EQUIL. These values 

result from small, cumulative roundoff errors and are of no 

consequence. An error message will be printed if the absolute 

magnitude of a negative value exceeds 10-15. 

2. The principal ORIGEH2 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 1o1ritten 

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 following for details). 

vii 
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b. The referback option for both the IRF and IRP cocmands has been 

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

Previously, the referback specified the fraction the previous 

flux ~as to be multiplied by to get the flux for the current 

step. A disadvantage of this was that the relerback 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, GTO, has been installed in 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 follo~ing 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 sicply consolidates the ORIGEN2-generated cessges. The 

subroutines where changes occurred are FLUXO, NUDATl, NUDAT2, 

NUDAT3, PHOLIB, DECAY, TERM, and EQUIL. 

6. Subroutine QQREAD, ~ich 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 EQUIL 

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 T.E~1, 

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

viii 
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9. The (n,2n) and (n,3n) fission product cross sections for the LWR codels, 

which were not included in the original libraries, have now been included. 

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

of these. The inclusion of these reactions reqQired the inclusion of 

several more nuclides in the ORIGEN2 decay libraries. 

10. In subroutine SIGRED, the statement reading 

IF(YESNO.LT.l.O)RETURN 

has been changed to 

IF(YESNO.LT.O.O)RETURN 

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. 

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

user's manual) are used in this initialization. 

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

dicensions 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 wider variety of cases. In general, the changes are 

very small. 

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

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

parent to other computers. 

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

understanding of the routines. 

ix 



lJ. bR:GZN2 has been revorked by ·a polishing cede ~hich has cleaned up 

the code internally, renu~~ered all of the state~er.t labels, and 

numbered each card in cclu~s 73-80. It should be noted that all 

statement and card nu~bers herein refer to the previously-existi~g 

numbers. 

l4. T.~e sample problem for the RSIC tape has been redone to reflect both 

these changes as well as those in the corrections list. 

15. Updated pages for the OR!GZN2 user's canual have been included for 

distribution With the new code package. 

X 



Conerac~ No. W-7405-eng-26 

CHEMICAl. 'n:CHNOLOGY DIVISION 

NUCI.tA.R Ft.~ AND YASn: PROGRAMS 

ORNl./l'M-7175 
Dis~. Ca~egory UC-70 

Yas~e Management Analysis for Nuclear Fuel Cycles 
(Ac~ivity No. AP 05 25 lO 0; FIP/A No. ONL-WHOl) 

A USER'S MANUAL FOR T.BE ORIGEN2 COMPOlER COD~ 

A. G. Croff 

Date Published: July 1980 

OAK RIDGt NATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

opera~ed by 
UNION CAUID~ COUOB.A'!ION 

for ate 
DEl' AR-nm."T or ENtRGY 

00001 



tii 
O.R!GINAL 

CONTENTS 

Abst:race . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 

l. Int:roduction . . . . . . . . . . . . . l 

2. General Considerat:icns . . . . . . . . 3 

3 2 .l OIUGEN2 MAIN • • • • . . . . . . . . . . . . . 
2.2 ORIGEN2 Free-Fermat: Input . . . . . 6 

2. 3 The OIUGEN2 "Command" Concept: 8 

2.4 The Concept: of an ORIGEN2 "Vect:cr" • • . . .. • . . . . . . . . 9 

2.5 Descript:icn cf ORIGDI2 Input:/Outyut: Unit:s ll 

2.6 Card Input: Echo • • • . . . . . . . ll 

2.7 ORIGEN2 Nuclide Ident:ifier • . . . . ll 

2.8 Machine Campat:ib~iey Considerat:icns 13 

3. Miscellaneous Init:i.allzat::ion Data • • • • • • • • • • • • • • 15 

3.1 Fission Neut:ron Yield per Neutron-Induced Fission 15 

3.2 (c,n) Neueron Production Rate . . . . . . . . . . 16 

3.3 Fission Neutron Yield per Spontaneous Fission 16 

3.4 Fractional Reprocessing Recoveries for Individual Elements • 16 

3.4.1 Inie:ialization values ••• 16 

3.4.2 Overriding init:ial values • . . . . . . . . . . lS 

3.5 Fraceional Reprocessing Recoveries for Element Groups 19 

3.5.1 Init::i~zaticn values • • • . . . . 19 

3.5.2 Overriding init::ial values • . . . . . . 19 

3.6 Assignment of Elements to Fractional Recovery Groups • 22 

3.6.1 Init:ialization values • • 22 

3.6.2 Overriding initial values • 2.2 

00002 



iv 

3.7 Elemen~a1 Chemical Toxici~es • . . . . . . . . . 24 

4. ORIGEN2 Commands • • • • . . . . . . . . . . 
4.1 RDA - Read Comments Regarding case Being !npu~ • • • • • • • 27 

4.2 TIT - Case Ti~le . . . . . . . . . . . . . . . . . . . . . . 27 

4. 3 BAS - Case Bas:i.s • • • • • • • • • • • • · . . . . . . 28 

4.4 FAC - Calcula~e a Maltiplica~an Factor Based on Total 
Vector Masses • • . . . . . . . . . . . 0 • • . . . 28 

4 • .S Otrr - Print Calculated Results • • 0 • - •. •.. . • • • • . 29 

4o 6 INP - Read Input Composition, Cond..nucus Removal. Rate, and 
Continuous Feed Rate. • • • • • • • • • • • • • • • • • • • • 31 

4.7 BED - Vector Readings • . . . . . . . . . . . . . . . 33 

4o8 !EC -Loop Counter . . . . . . . . . . . . . . . 34 

4.9 CUT - Cutoff Fractions fer Summary Tables • . . . . . . 34 

4.10 KEQ -Match Iaiinite Mult:i.plicat:i.on Factors . . . 36 

4.ll DOL - DO Loop ....................... ., 3S 

4.l2 MOV -MCve Nuclide Composition from Vector to Vector. 38 

4.13 ADD -Add Two Vectors • • 40 

4.14 BOP - Burnup Calcula~ion • • • • • • • • 42 

4.lS PeR\- Punch an Outpu~ Vector •• . . . . . . . . . . 42 

4.16 LIP - Ubrary Print Control . . . 43 

4.l7 WAC - Nucl:i.de Accumulation • . . . . . . . 44 

4.18 LI3 - Read. Decay and Crcss-Secd.an Libraries 45 

4.l9 PRO - Raa.d Photon Libraries . . . . . . 47 

4.20 Ll'tJ -Data Library Replacement Cards 49 

4.21 IRF - nu: Irrad..ia.~on • • • • . . . . so 
4.22 IlU' - Specific Power Irrad:i.a~on · • • 52 

4.23 DEC - Decay . . . . . . . . . 54 

00003 



4.24 PltO - B.aprocess l'ue.l • • • • • • • • • • . . . . . . . . ss 

4.25 OPU- Sped.fy Ac:ivad.on Prod.w:: Ou:pu: Op:ions • • • • • • 56 

4.26 OPU - Specify Opd.ons for Ac:1n1de Nuclid.e Ourpu: Table . • 
4.27 OP'!r - Specify Options for Fission Prod.uc: Nuc:lid.e 

Ou:pu: T£ble • . . • . . • . • • . . • • . . • • • • . . • • 

4.28 CON - Ccmd.llua:ion • . • . . . . . . • • . 
4.29 S'!P - E.zecu:e Prenoua Commands aDd. Branch • . . • • . . 
4. 30 END - Temin&:e E.zecu:ion . . . . . . . . . . . . . . . 

s. Da:a Libraries • • • • • • . . . . . . . . . . . . . . . . 
S.l Decay Da:a Library . . . . . . . . . . . . . . . . . . . -. . 
5.2 Crosa-Sec:i0%1 and. Fission Prod.uc: Yield Da:a Library . . . . 
5.3 Subs:i:u:e Decay, Crosa-Sec:icm, and. Fission Prod.uc: 

Yi.elcl ])a:& • • • • • • • • • • • • • • • • • • • • • . . . . 

SB 

59 

60 

60 

6l 

62 

63 

63 

66 

5.4 Specifica:ion of Bon-Sc;mdard., nuz-Depend.clc bac:ions • 70 

6. 

- 7. 

5.5 Phocon :Da:a L:f.bra:iea • · • • • • • • • • • • • . . . . . 
Spec:1.ficad.on af In.i:ial Ma:eri.al CcnlpaC.d.ou • Ccmeinuaus 
Nuc:lid.e l'eecl laces. ami Ccmd.:uous !lemenc bmDval. laces • . . . . 
6.l Specifica:ion af In.i:i&l Macerial Cazapasi:ion • • • . . . . . 
6. 2 Specifica:ion af Ccm:izmaus l'eecl &aces . . . . . . . . . . . . . ... 

•• ! • : • ' ; 

6. 3 Specifica:ion af Ccmd.msaus ~rocessi.Dg laces 

cmiGE:Nl !npuc Deck Orpn1 za:ion . . . . • • • 

Source and. Objec: Deck Or;a:i:a:io: • . . 7.l 

7.2 OI.IGEH2 Inpuc Deck Oqad.zaeion - Nuc:lid.e :Daca 

. . . . . . . 
• • • • 

. . . . . . 
Libra:ies on C&rd.s • • • • • • . • • • • • • • • . . . . . . . 

7.3 OKIGD2 Inpuc Deck Or;!11'1 :a cion - Rucl.id.e Daca 
Librar.f.es on Tape ar a Direcc-Acceaa Device . . . . . . 

8. :Desc:ipd.on of OB.IGEH2 Inpuc and. Oucpuc 

S.l Descrip:ion of Sample OK.IGEH2 Inpuc 

. . . . . . . . . 
• • . . • • . . . . . 

8. 2 Generic Descrip:icm of cmiGE:N2 Oucpuc • . . . . . . . 
0000-1 

70 

74 

75 

76 

77 

79 

79 

Sl 

87 

92 

92 

95 



9. 

8.2.1 Overall organizacion of OB.IGEN2 oucpuc • • • 96 -

8.2.2 Descripcion of che organizacion of au oucpu: group 99 

8.2.3 Descripcion of a single OIIGEN2 oucpuc page • 102 

8.3 Desc:rip:ion of Sample 01UGEN2 O~uc 

8.3.1 ORIGm2 ou:pu: ou unit 6 • • • 

8.3.2 OlUGm2 oucput on units l2 auci 13 

8.3.3 ORIGEN2 output on unit 16 

8.3.4 ORIGm2 outpuc on unit lS 

8.3.5 OlUGm2 output on unit 7 

References • • . . . . . . . . . . 

. . . . . . . . 

104 

•• 104 

• • 106 

• 106 

• 107 

• • • 109 

.. lll 

Ap,penclix.es • • • • • • • • • • • • • • • • • • • • • • . ill 

Appencii: A: Sample OB.IGEN2 Input Deck Usting • 

Appendix A.l: Saqsle OB.IGEH2 Input Deck 

Appendix A. 2: OB.IGEN2 Overlay St:uc:cure 

• llS 

•• 117 

• 123 

Appeuciix B: Sample of OltiGEI2 Oucput Grouping (Oucput Unit 6) •• -125 

Appendix B.l: B.aactiVity aDd Bumup Informacion . . . . 121 

Appendix 8.2: Saqsle OltiGEHZ Our:put. 'tables fer 
Ac ti vaticn Prcciuc ts • • • • • • • • • • • • • • • • • 129 

App~ix B.3: Sample Heucrcu Production Race 'tables • 149 

• 
Appendix B.4: Sample Pbcr:cn Prodw::iou ~ce 'tables ...... _.- ...... • 153 

Appendix C: Sample OB.IGm2 'table of Cancencs (Output 
Uni:s 12 aDd 13) . :~. . • • • • • . . . . . • . . . 161 

Appenciix D: Sample ORIGEN2 Variable Cross-Section 
Infor~Ciou (Oucpuc Unit 16) • • • • • • • • • • • . . . . . . . . 165 

Appendix E: Sample OlUGm2 Debugging mel Internal 
Informacion Outp~t (Oucpuc Unit lS) • • • • • • • 

Appendix !': Uscing of Sample PCB Coiiii&Jlci Output 

OOOC5 

169 

. . . . . • 173 



l 

A USDt' S MANUAL FOR THE ORIGE:N2 COMPO"!E:R CODE 

A. G. Croff 

This report describes how to use a reVised version of 
the OIIGEN computer code, designated ORIGE:N2. Included are 
a description of the input dau, input deck organization, 
and sample input and output. ORIGEN2 can be obtained from 
the Radiation Shielding Information Center at ORNL. 

l. IlmU)DUC'IION 

ORIGIN is a widely used computer code for calculating the buildup, 

decay, and processing of radioactive materials. During the past few 

year~a sustained effort was undertaken by 0~~ to update the original 

ORIGEN code1 and its associated dau bases. The results of this effort 

were updates of the reactor models, cross sections, fission product · 

yields, decay data, decay photon data, aDd the ORIGEH computer code it

sel£.2-5 The object of interest in this report is the revised version 

of the OliGEN computer code, which is called OUGEN2. Specifically, 

~ report constitutes a detailed user's manual for ORIGEN2. 

Section 2 of thiS report describes several general considerations 

that differentiate ORIGEN2 from the original version of OR.IGEN. these 

general considerations are very important since (l) their effect is to 

give ORIGm2 an outward appearance vtdch is radically different from 

the oricinal version, and (2) they must be fully understood if the 

uaer is to comprehend the rest of the uaer's manual. 

Section 3 describes the nature of several types of data that are 

initialized before any irradiation or decay calculations are performed. 

lhe methods for altering these data are also described in this section. 

Section 4, which is the heart of the user's manual, describes the 

instructions whereby the user directs ORIGEN2 to perform the calcula

tions required to achieve the desired results. It is at this point. 

a&at the increased flexibility and the 1110re vol1Dilinous input require

ments of OIIGEN2 become mat evident. 
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Sectio~ 5 describes the co~tents and formats of the decay, cross 

sec:~on/fission product yield, and photon libraries used by OalGEN2. 

For most users, the required libraries have been supplied along with 

ORlGEN2, and Sect. 5 will be of little concern. Bowever, these 

descriptions are vital for those users vho create their own libraries 

or wish to override certain values in the existing libraries. 

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

material compositions used in OlUGD\2 are specified. '!he format of these 

ciata is somewhat, although not radically, different from that of the 

-original 01UGEN. 

Section 7 describes the organization of OBIGEN2 input decks for two 

cases: one With the data libraries o~ carcls. and the other with the data 

libraries on tape or a direct-access device. This section is important 

because of the large number of different types of input data required by 

01UGEN2 and because of the variability of the input that is required, 

depending on the options the user elects to tavoke. 

finally, Section 8 describes a sample OIIGEN2 input deck (listed in 

Appendix A), generic OllCEN2 output, and sample 01UCEN2 output (listed 

in Appenciix B) • Tbia type of description is necusa:y because ·of the 

larse number of isotopes and table types that can be output by OIIGEN2. 

A code packase containing OIIGEN2 and its data libraries can be 

obtained at the followin& address: 

Codes Coordinator 
ladiation Shielding Infonaation Center 
P.O. Boz X 
Oak Ridge National Laboratory 
Oak llidge, 'IeDDesaee 37830 

(61S) 574-6176 

00007 



3 

2. GDE:lW. CONSIDDAl'IONS 

2.1 OUGIN2 MAIN 

The HUN routine of OltiGEN2 perfoms four major functions: 

1. provides a mechanism to variably dimension OUGEN2 to accommodate 

different problem sizes, 

2. provides much of the framework necessary to put some of the arrays 

to averal different uses, -- · -· · - · -, 

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

4. provides a mechanism to ezac:ute 111Ultiple ORIGEN2 problems with a 

single job. 

!he third function is handled automatically and vill not be discussed. 

The fautth function is discussed in Sect. 4.29. 

OlUGE:R2 baa been variably c!immsioned to allow the user to tail.or 

the size of the esecutable 1110c!ule to the problem size and/or the available 

computer space. The size of the OUGIN2 ezecutable IIOdule ranges from 

about l7S~ (l.X • 1024 bytes • 2S6 smgl.e precision words) to about 600K, 

-principally c!epeDCling 011 the 1lU2IIber of nuclic!es l»eing considered. 

1'igure 2.1 lives a liating of onczn MAIN With alphabetic: ~racter 

str:f.zlls <•·I•, CCCC) substi:uted for numerical array c!imensions. A 

description of each of these array d:f•vsions is s:f.vev in Table 2.1. 

'l'he required size of these dmensions principally depends on the number 

of nuclides be:f.DI considered m a s:f."ft1l cue. These nuclides are srouped 

mto three seper&ta u follows: 

1. Activation products, which c:ouist of nearly all naturally occurring 

nuclides, their neutron absorpticm. products, ad. the decay daughters 

of these products. ~ sepent 1a priDc:ipally used to haDdle 

structural materials (e ·I· , %1rc:aloy) and fuel impurities. 

2. Act:1nides, vhich contain the isotopes of the elemeuts thorium (atomic: 

number 90) through einsreiu:fum (atomic: number 99) that appear in 

sisnific&nt amounts in c!isc:harged reactor fuels plus their decay 

clau&hters. 

oooos 
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l.OGIC:l 1. tOIG 
Il'%!to!!Jie2 toe 1,1010 ,rD,:.OC:,IGl', IC:I, IGI,ItiZ:.D ,IOIP ,IQ,IIIIl% 0 U.P • 

ltOC:J,IPDDFP . 
DOOIIt! P!!C:lSIOI C:I!I,C:SDII 
lliii!ISIOI lni11 (UU ,!!lSI) ,C:OEF!' (C:C:C:C:,II!I!) 0 IPIOD (c:ect.ll!ll • 

I!IIIX(IIIII!),Il?(IIIIJ 
DI!!ISIOI ~PI(JJ~,101 ,ISTCTI(JJJJ,03),IS(JJJJ),!srDtl(JJJJ) 
DIII!IS%01 l(DDDDJ,tC:C:l!DDDDI ,IPVDPP(!'?!T,OOOOI 
U!!IS%01 DI(Pifl ,Q(IUIJ,n(UIII 
DIII!ISIOI tl!U (ZZ:!Il • n'tZl.D (F!'PPI ,I!UtT (lftl,3) 
DIIIU$101 UPWI (C:C:C:;'J ,1'1JC:11 (GGGC:),I11CSPV (C:GGG) ,It (CGC:G) •!! (CGGC:), 

fPPS!'(Gc:GC:I,PP&(GGGC:l 
C:Oft!al /JUII/!Il,ID11(1),Itt!!,I&C:,IPP,ITCT,I~!lt,Il!li.II'81Io 

fiTIIlt,t%1111.1XI 0 QIIoFtut.POI!l,tiD!t,%PP!lf(l) ,tPI!lt 
C:OIIal /!lt103/ISTP,&ISGL.li!%P,Ili!1I, IC:I!lt,llP!li.rrY!li 

1~66 IOIDS 11! W!c:!SSllt II /IDDSC:I/ I!GIIIIIG II~ S 
/IIIDSC:I/ IS IIS!D fOI !IIITIPt: PIIIPOS!s. 

C:OIIOI /IIUISC:I/DIJII1 (C:C:C:C,II!I),DIJII2 (!!!!,IIIII ,S (21 oC:III {!IIIII • 
S C:SIIII(!III), IOIP (11!11 ,10 (IIIII • IP (IIIII .,IP.U {!IIIII .,IT!!P(IIII) • 
I CCII!III,&P(ttiil ,l.CC:!'(IIIIJ,l.DIG(IIIIl 

C:OIIOI /UC/IIfCl. {!11!11 ,Q (1111), !'G (0001), '!'OC:&P (IIIII ,GEllED (GGGC:lo 
lltP!II(GGGC:J,SPOI!'(GGGG),SFID(GGGGJ,FISS(GGGG),IIJC:ll(lll~. 
IIIIPC:(IIIIIoii!PC(III!I,XSfOI!(JJJJ,IIIII ,DIS(IIIIl ,1(1111), 
IUIIID(ItUI) 0 1010 (II!I).ID (1111! .,toe: (DDDDl .,IGF (lllll .IGI (II II)., 
IIGI CUU.l ,;r;a CU.Ltl 

Dl,!l, liD PI PIOfiD! I C:OIT!II!n' !!C:IIliiS! POl IIIttltiiiiG fliil~! 
10t%IP1I!I Jlllt IBII~Y. 

!O'IfiT&U:ICI (DI (11 • Jlnf (1 • 1) I • (!I (11 ,J!n'r (1 ,%) ) , 
s ,,. ,,, ,nou rt.ll 1 

IO'IfiTU.DCl (::10111 (1 • 11 ,C:O!!PP (1 • 1J J • (DU!2 (1, 1) • I PlOD (1 • 11) • 
S CICIP(1},111l:Z: (1) I, (JlP (1) ,IQ(1)J • (tnil (1,1),DIJ!1 {1, 1)) 
!O'Ififl~!ICZ (IP(1) ,l~Pftl(1)),(ltP!I(GGGG)oiUC11(1)1,(11JC:11(GGGGl. 

tl'lfC:SPV (1} I • (IOCSFO (CGGGI ,IT (1)) • (It (GC:GG),!! (1) J • (Tt (c:GGl:l • nrsr ,, , • «nn c;c;c;r:s. t%Zl.D c11 1. crnu «znz>. tnnD c11 1 
Cltt Q105P(6) 

tiiTilti%! Pll:l C:OIJit!l 
IUGZ.IPlG! (OJ 
U• .JJJJ 
n• uu 
tC • C:C:C:C: 
tun• •••• IUU• ;;;; 
:r:nar• rrrr 
t!lll• 1111 
I%111• DDDD 
IPIIU•LI.tt 
tuaar•IIII 
rnn:r•U!! 
llllll•ltiU 
IC:IIl%•0000 
tFt• ,,, 
utenll 

l!'lf~OIS Pll niJtiOI•IICIJc:!D PISSIOI: O.TI!IIll. SPZC'tltU; 1•Pl~ IPICD'Ifl 
ltYP•t 
ITY?wO 

C:ltt SIJIIOIJT!ft '!'0 lllD C:liD trP'If'! !'101 IJIT! 5, Pllft rt 01 IJIT! 6, liD 
IIIT! IT 01 01rr 50. Olrt 50 IS Till 1!11001: liD 01%~12 lllDS TIIZ Dltl 
no• nn 50. 

C:ltt I.I$!%!(5,6.,50) 
llltiD 50 

lliit I&WOtzS Til llSC:Itl.li!OIJS ttr%Ill.r%lTIOI DlTl 
1 C:ltl. !&II1fiTTF,SPIOoltPIIoiOC:li,IDCSPO,ITott.liiiJI..,&I!I~ 

lltwl IJUS !U OltGII2 C:OIIU11S . 
2 C:lU. UU2 (lftl'l 

U:tll tncons Ul OUCIII2 COIIliDS 
l C:ltl lUll C 
S I.CIIG,I'n'PPI.ISTOTI,ts.IS~. tt. It, I.C.,I!''D. 
IIOC:li,IOIC,It,l.CC:oiCPoiGioiGioiYrl~oiOIPoiQ.l.CCPo!I11.Ello 
stoa.•1'1J11n, ast.es••· s. SIIJC:I.,Q,PG,toc:lP,~ItrV.ll.Pili,SPOIP,SPIDoPISS,l!PC,IIPC.IS'!'OI!, 
IDIS,J,GGioYI~D,l ,IP,XPli,JT!If,Dolf.CD!FPoiPIODo rt~W., 
Sli.PWJ,Jaell,lgc$PIJ,ItotToFPSP,P!'l,liOIDol!nT,U!l 

tiiS •oc to• noTIDZS ta !!C:IIlltsl ro• nrcnn; ant:rt.r non.zas •run 
.I SIIG1! JOI. 

00 TO (1,2olo&),IS!I 
I C:OfttiDI 

C:lU Q105P(6J 
nCJ 100 
!Ill 

Fig. 2.1. Generic ORIGEN2 MAIN subprogram. 
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'!able 2:1. Descript:iou of alphabetic array dimensious 
in Fig. 2.1 

Alphabetic 
ch&ract:er string 

in Fig. 2.1 Description 

AAAA Number of output vectors, i.e., MN in XNDJ 
(MX,I'll!AX) 

BBBB Maximum number of nuclides • I'!MAX 

ecce Maximum number of non-zero cross-sect:ion and 
decay react:ions per nuclide • tc in COEFF(LC,!~) 

DDDD Total number of non-zero matrix elements 
(Array A) 

EEEE Number of non-~ero fission product: yields 

FFFF Maximum number of fission products • IFMAX 

GGGG Max1.mum number of actinides + 1 • IAMAX 

mmB l3 - LC (See C above) 

IIII Maximum number of non-zero elements for long-lived 
nuclides (Array AP) 

JJJJ Number of storage vect:ors • LMX in XS'!ORE(MX,I!MAX) 

IOa:::K Number of non-zero natural abundances 

lLLL Number of non-zero photon yields 

MMMM Maximum number of light nuclides • ILMAX 

NNNN Maximum number of variable multipliers in RMULV 

0000 Number of actinides with both direct: fission 
product yields ~ a variable fission cross section 
(usually 3; can be 4 for plutonium-enriched thorium 
fuels) 

OC30~0 
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3. fission l'roducts, which consist of nuc.lides produced by actinide 

fission plus ebeir decay and capture products. 

l'he mem:.ing of the word ''vectors" in Table 2.1 is discussed in Sect. 2.4. 

ORIGEN2 keeps track of and prints the minimum required size of =est 

of the variably dimensioned arrays (see Sect. 8.2.2). A summary of the 

recommended dimensions for several problem sizes is given in Table 2.2. 

The magnitude of the dimensicnls is dependent ou the number of act:1.uide 

nuclides having direct fission product yields, which can range from 

~ero to eight (see Sect. 4.18). Dimensions are gi~n in Table 2.2 for 

cases wit.'l 0, 4, 6, and 8 actinides having direct fission product yields. 

T.be variable NYTF iu MAIN (see Fig. 2.l) indicates whethe~ thermal 

reactor (N!'l'F • 0) or fast reactor (N!TF • 1) ueuttou yields per neutron

induced fission are to be used (see also Sect. 3.1). 

The variables IMDLV, Dl., El., Fl., and LAM are related t~ a multiplier 

used by the MOV (Sect. 4.12) and ADD (Sect. 4.13) cOIIIIII&Uds. LAM is the 

number of possible multipliers (presently four) in a given set of multi

pliers. These are specified by iuitializina variables Dll (first set), 

Ell (second set), and F1l (third set) using DAtA sutemeuts in MAIN. 

Variables DR, El., and F1l are equivalenced to the appropriate portion 

of IMDLV. the variable LAM is passed in subroutine parameter lists for 

variable dimensioning purposes. 

2.2 01liGEN2 Free-Format Input 

llith few ezceptious, all of the input 4&:& to OlliG!H2 can be 

specified in free· ·format. The free-forut raacl roud:Des are moclificaticms 

of those written by L. M. Pettie. 6 tbe rutrictiODS OD free-forut iDput 

are as follows: 

1. All data ~mat appear in the correct orier. 

2. All uta 111lSt be of the correct type <•·I·, integer or real) cd 

may be in I, F, E:, or D format. 

3. Each datum 1mst be separated from the nan by a COlla& and./ or at least 

oue space. 

00011 



Table 2.2 Dimensions for various ORIGEN2 case sizes 

c ... 
ter .. ter r--·,- ' J • , i ' 1o II II IJ n n lr-

s.,..ntl eoneldered1 
Arthrr ...... ,. ArtAtrr AtFr urr AtrP A•tA A Ar ArtAIFr A . Ar. ,.. .. ,. ArU.fFP APUtPI' ., AlAI" 

" ,,. ef celeul•tlon Any A"f Any Any Any AIIJ At~J At~J Any Deur Oeur nee"' Deur Any Anr Anr 

~er ef eetlnldee vtth ' • • ' 6 • 0 0 0 0 0 0 0 , ,, , 
•treet fleelon produet , ..... 
Alph•lletlc ''''' dl.enelone 

e 

AAAA IJ IJ IJ IJ .. .tJ IJ IJ II IJ IJ IJ IJ II I I I I ..... IU6 1676 1676 1000 1000 1000 lUll I:U rnn ,,, IU 700 IIIlO 1000 lt.rr. If,,,,-
CttC 7 , 7 , , 7 7 , r 7 r r 7 ' 1 

DDD.,. 64(10 JtOO "00 sooo 6600 1200 tnoo 'DO 1500 troo 2DO 6C'IO 1000 ~000 11000 ,.,,, 
0 

!!!~ llOO sooo uoo ])00 sooo 6600 ' ' ' ' ' 
, ' lJOO ~non r.t.on 

0 
frff4 liDO 11110 1110 11110 liDO 1180 ' 

, 
' liDO ' 

, 1110 liDO nnn liDO 

0 
CQ:C4 IJJ Ul Ul IJJ Ill Ill Ill IU , an Ill ' ' IU IU IU 

Q 
IIIIHH 6 • ' ' • ' 6 ' ' 6 ' 6 6 6 6 6 

~ 
...... ~ JSOO ,. sooo noo ]100 31100 1700 soo llOO 600 soo no no noo 4SOO Hoo 
JJJJ 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 -.J 

UJrl 4~0 4\0 4SO 110 tAn 160 ]nO u ]00 4SO II ]f)O 110 )10 t.~n 1,)0 

LUL11 11000 1000 IOno 4700 4700 4JOO uoo noo lJOO 1000 noo llOO lJOO uoo 11000 11000 ...., 
roo JOO roo ' 4 4 roo 4 roo roo 4 roo 4 roo JIJO roo 

""""' ' 4 4 , 
' ' 

, 4 4 , 4 4 4 ' I, , 
oooof 

J 4 4 ' 
, 4 , , l , , , , , I, 6 

Approll .. te 180Uftt of eort S46 ~60 '" 
,,.It 41~ 411l ,~ Ill~ 29tll ,,, Ill~ 7116l ll41t J'lfol sr.ntt sru 

r••ulrtd for e1eeutlon 
(ll,tu)l 

1AP • eetlwetloa productll A • 1ctlnlde1 •n• deuahtere; FP • fleelon productl. 
11Aaf • either lrr•dl•tlon (I.e., IRP or tar c .... ndl) or diCif (I.e., D!C c .... nd) can lie ueed. Dtc•r • no lrr•dletlon: decer onlr. 

elee fellle 1.1 1nd rta. l.l for det1ll1 •' t~e deecrlptlon end ••• of the•• dt .. nelone. 

•arrer •• .. ••loa ehould 111 1venlr dlwlelllle llr 4 to eneure vord lloundlfJ ell1n.ena. 
1 Liraer dl.eneloee .. , lie re~lr .. for ••ll lrr .. latlon or decay tiM etep. In the ll•tt of aero tiRe, 1111 • DDDD. 

fDepende on r••ctor lleln1 coneld•r•d; ••• T•llll 1.1, lte• 0000. 

leaa ••rr. depea•ll•l on the n-u.ber of Input/output unlu end lluffer 11ae1. 
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~. Ze~o ~a:a ~alues =~st appear eX?licitly (i~e., ~blank is not 

e~ui~alent to 4 zero). 

S. :n general~ data :zy be continued onto ~ultiple records ~hen desired. 

6. Certain cata ~ust ap~ear as the first datum on a ne~ record •. Tnese 

~stances are described later. 

7. !he ::a.xi~u:n record length is 80 bytes. 

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

subroutine. 

Thus, in general, the data being read must be in the correct order, =ust 

begin en a neY card when required, and must be separated by a co:=a or 

blank. Other then this, the data may appeu a:1yplace on an i:lput record. 

In the special case of nucbers in! or D format (e.g., 3.8t 01), the space 
•. 

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

2. 3 'I'he ORIGD~2 "Cc:::mand" Concept 

Tne use of "ce--nds" is one of the principal differences betveen -

O~IG!N2 ~d previous versions of OllGtN. J~ OllGtN2 cc~nd directs 

the cowpu:er code to execute a single function, such as a s~~gle irradia

tje~ s:ep. A s£ries of interrelated co==ands is generally required to 

obtain a :eaningful result. The series of co~ds typic£lly r£Dges 

from 25 to 200 in nu::.ber and is similar in logic to a prcgra vritten 

1= a co;puter lang~~ge such as FOR!!AN. Thus, the series of co::ands 

very :uch rcse~les a progr~ ~ich is read and executed by ORIGtN2. 

Tne i=ple:entaticn of the cc:=and concept in OliG!~~ is aavzntageous in 

:hzt it allcvs a user to simulate a vide va~iety of nuclear fuel cycl~ 

scenarios in detail, including recycle calculations. The accocpariying 

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

specific t~ar. in previous v~rsions of ORIGL~. The currently available 

O:tlG!!\2 co--znds are defined and discussed in Sect •. 4. 

OC30~3 



9 

2.4 The Concept of an OlliG!N2 "Vector" 

Before attempt~& to describe the operational details of ORIGEN2, 

it ia important that the user understand the concept of an ORIGEm 

''vector." An ORIGEN2 vector is a one-ciimensional array that specifies 

the UIOlmt of each nuclide being considered in an ORIGEN2 case; it is 

printed as a single colu= of numbers in OI.IGI:N2 output. For example, 

in Case l in '!'able 2.2, which includes actinide, activation product, and 

fiSsion product nuclides, a vector might sped.fy the amounts of all 

these nuclides in a spent PW fuel assembly after-l.Scf.Ciay$ post-irr'&ciia

tion decay t:illle. In this case, the amounts of about 1676 nuclides 

(dimension !BBB in 'tables 2.1 aDd 2.2) corresponding to these conditions 

would. be spec:Lfied. in the vector. A schematic diagram of the conceptual 

vector orgci:aticm in OtliGEN2 is show in Fig. 2.2. 'two basic types of 

vectors are accessible to the user: output vectors, and storage vec

tors. 

Twelve output vectors are contained in OI.IGEN2. '!'hese vectors 

are written when OIIGEN2 output is produced. Each of the wctors is 

d.eaignatac:l by using positive mtegers corresponding to the relatiw 

location of the vector, with the lef:most vector on the output page 

bei.ug vector l and the righ:most vector 12. The information in the 

output vectors is retained =Aer all CODC!j.d.ons except one. this 

exception occurs when a new set of OUGEN2 c01111118Dd.s is read during a 

single run using the S'!'P ccnlllllalld. (Sect. 4.29) and the new set of commands 

includes a LIB COIIIZIIaDd (Sect. 4 .18), which reads new O!IGEN2 decay and . 
crosa-secticm data libraries. In thiS case, the array containing the 

output vectors ia uaed as scratch space to read the new libraries and 

the nuclide mass data are lon • 

. there are a variable number {.LX) of storage vectors in ORIGEN2, 

depending on the variable dimensions employed (see variable JJJJ in 

Table 2.1). These vectors are used to store intermediate ORIGEN2 

results aDd cannot be output. the vectors are designated. by using 

negative integers from -1 to -u. The information in the storage 

vectors is retaiDed. under all circumstances, including those where the 

ou:put ~ctors are overwritten. 
IJ0014 
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OUTPUT VECTORS { 12) 

STORAGE VECTORS ( LX • AS MANY AS REQUIRED) 

•I -2 •(LX-U ·LX 

• • • 

GRAU•ATCMS OF 1H 
&CTIVATICN • 
PftODUCTS • 

GRAM•ATOMS 
OF FISSION 
PftODUCTS 

• Ill Po 

Fi&• 2.2. Orsaniza:ion of OIIGEN2 vectors. 

. . ··- . --
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2.5 Descrip~ion of ORIGtN2 Inpu~/Ou~pu~ Oni~s 

ORIGEN2 uses several inpu~ and ou~pu~ uni~s ~o facili~a~e orderly 

and flexible code opera~ion. These units and ~heir func~ions are aiven 

1n Table 2.3. For a basic ORIGEN2 calculation, Wlits S, 6, 12, and SO 

would be necessary, and the rea~ of the uai~s could be dummied or omit~ed. 

The units not used in the basic calcula~ion are required to execu~e cer~ain 

OIIG!N2 CODIIDoiDds or ~o provide useful am' iary information • 

.. .... ~ -·.. . -
2.6 Card Input Echo 

OIUGEN2 has included in it a St7BllotrTIN! LISTIT, which has the func~ion 

of providing a card inpu~ echo. 1'he cards are read on unit S, printed on 

=it 6, and written to unit SO, which is a temporary file. Cards that 

have a dollar sipl ($) ill the first column of the card are printed (on 

unit 6) but DOt writtc (on =it SO), tiNa &llowi.n~ for the illcluaion .of 

coa~~~mts in the input stream that will DOt interfere With the operation 

of OI.IGER2. 1hl1t SO ia then rewo=d, aDd the rest of OIIGEN2 reads this 

1Dfomation from uni~ SO. The uni~s S, 6, aDd SO appear explicitly in the 

·call to LISTIT, which occurs :bl MAIN. thus, if the unit numbers aiven in 

Table 2.3 are altered, the unit clefinitiozl.s in the LISTil' parameter list 

1D MAIN 11Wtt also be chanced correspondillsly. 

2. 7 OIIG!N2 Nuclide Identifier 

The OIIGD2 nuclicle iclentifier is a siz-d.isit inteaer that 

UDiquely defines a particular nuclide. ThU identifier, which is 

identical with that in the oriainal OliGER, ia defined as follows: 

BUCLID • lOOOO*Z + lO*A + IS, 

where 

BOCLID • .siz-diait nuclide identifier 

Z • atomic number of nuclide 

00016 



Table 2.3. Description of ORICENZ Input/output untia 

Unlt 
number 

l 

5 

6 

7 

9 

10 

11 

12 

ll 

Description 

Substitute data for deeaJ and eroaa
aeetlon librarlea 

Alternate unttifor readlna •atertal 
eo•positiona 

Card reader 

Prfnetpal output untta uauallJ 
directed to line printer 

. 
Unit to vrlte an output •ector 

DecaJ and croaa-aection ltbrarr 

Photon librarr 

Alternate output unit& usually 
directed to line printer 

Table of contents for unit 6 abovea 
uauallr directed to the line printer 

Table of content• for unit 11; usually 
directed to line printer 

15 Print debuaaina Information 

16 Print variable croaa-aection InforMation 

50 Data aet uaed to temporarilJ atore 
input read on unit 5 

Reaarka 

Specified bJ LIB command. Sect. 4.18 

See Sect. 4.6 

Specified In MAIN In call to LISTIT 

Specified in BLOCK DATA. vartablea • lOUT. JOUT. 
KOUT; aee Sect. 4.6 

Uaed br PCH command. Sect. 4.15 

Speetfted bJ LIB co.mand, Sect. 4.18 

Specified bJ PHO command, Sect~ 4.19 

See Sect. 4.5 

Specified Jn BLOCK DATA. variable • NTOCA 

Specified in BLOCK DATA, variable • NTOCB 

Specified fn BLOCK DATA, variable • IUNIT 
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A • atomic mass of nuclide 

IS • isomeric state indicator 

0 • ground sute 

l • excited state 

2 or greater not permitted 

Thus, the nuclide identifier for 111Cs (Z • SS, A • 137) would be 551370. 

The trailing zero (or one) is always required. A leading zero, su~h as 

for tritium (Nt:JCI.ID • 010030), is not required. 'Ihe six-digit identifier 

for an element is given by -... -··. -
ELEMID • lOOOO*Z, 

where El..EMID is the element identifier and Z is defined as above. Thus, 

the nnqn for cesium would be 550000. 

2.8 Machine Compatibility Considerations 

O:UGEN2 bas been deaicned to be as machine-compatible u is possi,ble 

by uain& cmly the !'On'!AN computer 1anauase, using only standard FOlll"RAN 

f1mctiou (e.g., SQltl', etc.), uina H format specifications for literal 

data in FOIMA% aDd D~ statements, and minimizing the number of partial

word (i.e., one-byte and two-byte word) a2:%ays. 'Bowever, in the interen 

of mn1m1 zma space &Dd coding CCIIIPlexity, some features were used that 

may not be acceptable an non-IBM computers. Specifically, some partial

word arrays are used. 

Aspects of OliGEN2 that are likely to require modification before 

implementation on other machines are as follows: 

1. All partial-length word specifications must be removed for those 

computers where they are aot permitted. These specifications 

are aiven by cards at the beci:DiDg of each aubprogr~and the 

first characters are INTEGE!*2. 

2. For those computers with a word length at least ewice that of 

the IBM computers (32 bits), the DOUBLE PRECISION declarations 

become optional. 

00015 
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3. ln ~o places. (subroueines LISTIT and QQREAD), ORIGEN2 is 

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

branch to another opera~ion. Accommoda~ion of this branch is 

accomplished differently on different computers,and the user 

should check this to ensure compatibility. 

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

and cons~ructs words from the characters. As a result of the 

widely varying word structure on various computers, this routine 

must be totally changed for each different rype of computer. 

Versions of this subroutine are currently available for IBM 

and CDC computers. 

5. Many non-IBM computers have relatively small core regions for 

the executing program and a large, directly associated memory 

for s~oring the large arrays as opposed to the IBM procedure 

of placing the entire executing job in core. Thus, for these 

compu~ers, cards that assign the desired arrays t~ the directly 

accessed memory must be included. At the t::f.me. this report is 

being issued, this has been accomplisheG for a CDC 7600 
7 computer. 

6. For computers where the uae of uninitialized 11garbage" in 

assignment statements will result in errors, the core should 

be preset to zero. 

. . . ··- ... --

00019 
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3 • MISCLI.l.ANEOUS INil'IAI.IZAl'ION DATA 

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

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

as 'imiscellaneous initialization data." The types of data falling into 

this category, and the section in which each is discussed, can be summar

ized as follows: 

Section 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

Data description 

Fission neutron yields per neutron-induced 
fission 

(a,n) neutron production rates 

Neutron yield per spontaneous fission 

Fractional reprocessing recoveries for 
individual elements 

Fractional reprocessing recoveries for 
element groups 

AasigDment of individual elements to 
fractional reprocessing recovery groups 

Elemental chemical toxicities 

All of these data are initialized in a BLOC:: DAL' statement using the 

eypes of information described in the appropriate subsection below. 

3.1 F14&iou Neutron Yield per Neutron-Induced Fission 

l'he BLOCX DAU. statement supplies spectrum-Weighted single-group 

fission neutron yields per neutron-induced fission for a thermal reactor 

(PWR-o) and a fast reactor (advanced-oxide LMFBR). These data are used 

in calculating the infinite neutron multiplication factor for a mixture 

of nuclides. l'hese data cannot be altered except by changing the values 

in the BI.OCX. DA'!A routine and recompUiug it. 

00020 
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3.2 (~,n) Neutron Production Rate 

The BLOCK DA!A routine supplies measured (~,n) neutron production 

rates (units • neutrons g- 1 sec- 1) for nuclides in oxide fuels which 

override values calculated with an empirical equation in ORIGEN2. 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 DATA routine supplies measured neutron yields per spon

taneous fission which override values calculated with an empirical 

equation in ORIGEN2. These neutron yields, denoted as SF yields, are 

used to calculate the decay neutron activity of nuclide mixtures. The 

SF neutron yields for those nuclides not given explicitly are calculated 

from an empirical equation. These initialization data cannot be altered 

except by changing the values in the BLOCK DATA routine and recompiling 

it. 

3.4 Fractional Reprocessing Recoveries for Individual Elements 

3.4.1 Initialization values 

The BLOCK DATA subroutine supplies reprocessing fractional recoveries 

(FRB) for each ·in~iV!dual element. The FRs are used to separate a specified 

elemental composition into two separate streams. The individual element 

FRs initially present in ORIGEN2 are given in Table 3.1. A single n m, 
specifies an FR for each of 99 elements. There are ten sets of individual 

FRs in 0RIGEN2. 

'I'he individual FR sets also serve another purpose under certain 

circumstances. 1£ one or more WAC commands (see Sect. 4.17) are used, 

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

FR set must conu:lll cont:llluous removal rates for the elements in units 

000~1 



Table l.l. ORIGEN2 default individual-element fractional recoveries 

Fractional recoveries 
Set Set Set Set Set Set Set Set Set Set 

Ele111ent 1 2 3 4 5 6 7 8 9 10 

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

Lt-8 o.o 1.0 0.0005 o.o 1.0 1.0 1..0 0.0 o.o 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 0.0 1.0 0.0005 o.o 1.0 1.0 1.0 0.0 0.0 1.0 
F o.o 0.001 0.0005 o.o 1.0 1.0 1.0 o.o 0.0 1.0 
No o.o o.o 0.0005 o.o 1.0 1.0 0.0 o.o 0.0 1.0 

Na-8 0.0 1.0 0.0005 o.o 1.0 1.0 1.0 o.o o.o 1.0 
e Cl o.o 0.001 0.0005 o.o 1.0 1.0 1.0 o.o o.o 1.0 Ar 0.0 o.o 0.0005 o.o 1.0 1.0 o.o o.o 0.0 1.0 c~ K-Se o.o 1.0 0.0005 o.o 1.0 1.0 1.0 0.0 0.0 1.0 ..... C) ..... 
{j Dr o.o 0.001 0.0005 o.o 1.0 1.0 1.0 0.0 0.0 1.0 

Kr o.o o.o 0.0005 o.o 1.0 1.0 o.o o.o 0.0 1.0 
Rb-Te o.o 1.0 0.0005 o.o 1.0 1.0 1.0 0.0 0.0 1.0 

I 0.0 0.001 0.0005 o.o 1.0 1.0 1.0 o.o o.o 1.0 Xe o.o o.o 0.0005 o.o 1.0 1.0 o.o o.o o.o 1.0 Ca-At o.o 1.0 0.0005 o.o 1.0 1.0 1.0 o.o 0.0 1.0 
Rn 0.0 o.o 0.0005 o.o 1.0 1.0 o,o o.o 0.0 1.0 

Fr-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 1JO o.o o.o 1.0 
Pa o.o 1.0 0.0005 o.o 1.0 1.0 t .. o o.o o.o 1.0 u 0.995 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 0.0 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 

Ant-Es o.o 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 cases, the initial data can be altered by 

using the methods described below. 

3.4.2 Overriding initial values 

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

following procedure: 

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

subroutine. 

B. Data sequence: 

N£(1) 

NE(M) 

NE(~~) 

-1 

NS(l) 

NS(M) 

NS(MMAX) 

wh~ ... -. --

FR(l) 

• 

FJ.(M) 

FR(MMAX) 

RE(M) • one- or aro-digit element atomic number (l-99) for the 

fractional recovery on the Mth card 

NS(M) • set number (l-10) for the individual fractional recovery 

on the Mth card 

FR(M) • fractional recovery replacing the initial value for 

element NE(N) in aet NS(N) 

MMAX • number of individual-element fractiOnal recO'ftries being 

overriden (can be zero) 

oooza 
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C. Number of cards: MMAX+l 

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

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

F. Remarks : 

l. The FR(M) values also serve to define continuous removal rates 

for the WAC command (see Sects. 3.4.l and 4.l7). Initial 

continuous removal rates can be overriden in the same manner 

as the fractional recoveries. 
.. -- ... --·-

3.5 Fractional Reprocessing Recoveries for Element Groups 

3.5.1 Initialization values 

The BLOCK DA'XJ. subroutine supplies FR values for a group of elements. 

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

for individual elements (discussed in Sect. 3.4). That is, the group. 

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

into two different streams or to designate continuous removal rates for 

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

01UGEN2 are given in Table 3.2. ORIG!N2 can contain up to 20 groups of 

elements. There are ten sets of group F.R in ORIG!N2, each specifying 

the n for all groups. 

The initial-element group F.R can be altered by using the procedure 

described in the subsections that follow. 

3.5.2 Overriding initial values 

The default-element group F.R c:an be overriden by using the procedure 

described below. 

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

subroutine. 

00024 



Table 3.2. ORIGEN2 default element-group fractional recoveries 

Fractional recoveries 

Set Set Set Set Set Set Set Set Set Set 
Groue 1 2 l 4 5 6 7 8 9 10 

1 0.0 1.0 . 0.0005 o.o 1.0 1.0 1.0 0.0 0.0 0.0 
2 o.o 1.0 i o.ooos o.o 1.0 1.0 o.o 0.0 0.0 o.o 
3 o.o 1.0 o.ooos o.o 1.0 1.0 o.o o.o o.o o.o 
4 0.995 1.0 0.0005 0.999 1.0 0.2 0.6 1.0 o.o o.o 
5 o.o 1.0 0.0005 o.o 0.05 0.05 o.o o.o o.o 0.0 
6 0.995 1.0 0.0005 0.9999 1.0 0.02 o.o o.o 0.0 0.0 

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 o.o o.o 0.0 o.o N 
0 0 

l) 9 o.o 1.0 0.0005 o.o 0.001 0.001 0.0 o.o 0.0 o.o (/1 
10 o.o 1.0 0.0005 o.o 0.001 0.001 0.0 o.o 0.0 0.0 
11 o.o 1.0 0.0005 o.o 0.001 0.001 0.0 o.o 0.0 o.o 
12 o.o 0.001 0.0005 o.o 1.0 1.0 1.0 o.o 0.0 o.o 
1l o.o o.o 0 0.0005 o.o 1.0 1.0 0.0 0.0 o.o o.o 
14 o.o o.o 0.0005 0.0 1.0 1.0 o.o o.o 0.9 o.o 

15-20 o.o o.o 0.0 o.o 0.0 o.o o.o o.o 0.0 0.0 



B. Daea sequence: 

NG(l) 

NG(t) 

NG(I..MAX) 

-1 

where 

NS(l) 

NS(t) 

NS(tMAx) 

21 

FR(l) 

FR(t) 

FR(I..MAX) 

NG(t) • cue- or ewe-digit element group number (1-20) for the 

fractional recovery on card t 

NS(t) • set number (1-10) for the element-group fractional 

recoveries on the card t 

Fl(t) • fract~onal recovery replacing the initial value for 

group NG(t) in set NS(t) 

tMAX • number of group fractional recoveri~s being overridden 

(can be zero) 

c. Number of cards: I.MAX+l 

D. Terminate reading these data: NG(I.MAX+l).LT.O 

E. Skip reading these data: One card With NG(l) .tT. 0 

F. Remarks: 

l. The FR(t) also serve to define continuous removal rates for 

the lW: command (see Sects. 3.4.1, 3.5 .1, and 4.27). Initial 

continuous removal rates can be overridden in the same manner 

as the group fractional recoveries. 
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.3. 6 Assignment of Elements to Fractional Recovery Groups 

3.6.1 Initialization values 

'!he BLOCK DATA subroutine also assigns each of the 99 elements to 

one of the 20-element groups discussed in Sect. 3.5. Any number of 

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

can be a member of only one group. '!he initial membership of the 

ORIGEN2 element group is given in Table 3.3. 

'!he assigmnent of elements to n groups can be altered by using the 

procedure described below. 

3.6.2 Overriding initial values 

The membership of the default element group can be overriden by 

using the procedure described below. 

A. Function: Override element-group membership assignments supplied 

by the BLOC:X DAU. subroutine. 

B. Data sequence: 

NE(l) 

NE(I) 

NE(IMAX) 

-l 

where 

NG(l) 

NG(I) 

• 
. ··-

NG(IMAX) 

NE(I) • one- or two-digit element atomic number (l-99) on Card l 

NG(I) • one- or two-digit element group number (l-20) where element 

NE (I) is to be assigned 

IMA% • number of element usigmllf!nts being overridden (em be zero) 

000Z7 
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i 

'Iable 3.3. Membership of ORIGEN2 
defaul: elemen: group 

Group Elements in group 

l All elemenu except those 
in groups 2-14 

2 'Ih 

3 Pa 

4 tJ . ~ .. -··. - . 

s Np 

6 Pu 

7 Am 

8 em 

9 Bk 

10 Cf 

11 E8 

12 !', Cl, Br, I 

13 He, C, H, He, J.z, Xr, Xe, In 

l4 a 

1.5-20 Heme 

ooo~s 
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C. Number of cards: IMAX+l 

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

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

3.7 Elemental Chemical Toxicities 

l'he BLOCK. DAIA subroutine supplies maxjmum permissible concentrations 

(MPCs) for each of the chemical elements in water. l'he MPC is used to 

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

element to a concentration corresponding to its MPC. l'he volume of water 

required for each element in a mixture is assumed to yield the total vol

ume of dilution water required and thus a measure of the chemical toxicity 

of the elemental mixture. l'hese data cannot be altered except by changing 

the values in the BLOCK ~ subroutine and recompiling it • 

.. . -- . _ ... 
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4. ORIGEN2 COMMANDS 

The instructions defined in this section, called ORIGEN2 co:oz~ds, 
-

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

ORIGEN2 program functions are executed. This procedure is analogous to 

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

tions which ~ill be performed sequentially,with the sequence being 

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

ORIGEN2 problem flowsheet alloYs the use of a "DO loop" command, which 

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

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

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

nuclear fuel cycle waste production rates as a function of time. 

The general format of the ORIGEN2 commands is 

COM PARM(l), PARM(2), ••• P~~(I) , 

where COM is a keyword defining the instruction type and the P~(l) arc 

parameters supplying various data necessary for the execution of the 

operational commands. Details on the data format are given in 

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

of their functions are given in Table 4.1. 

Before attempting to use ORIGEN2, it should be noted that there are 

certain restrictions on the order in which the co~~nds must occur. The 

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

the decay and cross-section libraries, must precede most other commands 

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

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

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

maximum number of times; the li~it depends on the specific command • . 
This limit is given in the section (below) that describes each indi-

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

of the appropriate array(s) within the ORIGE~2 source deck. The li=it 

on the total number of ORIGEN2 com::1ands that may be usee is 300, a 

num:.er which can also be changed by varying array ci:r.er-.~io~s '-'ithin 

t.he source deck. 00030 



Command 
keyvord 

ADD 
BAS 
BUP 
CON 
CUT 
DEC 
DOL 
END 
FAC 
RED 
INP 

IRF 
IRP 
KEQ 
LIB 
LIP 
LPU 
MOV 
OPTA 
OPTF 

OPTL 
OUT 
PCH 
PHO 
PRO 
RDA 
REC 
TIT 
t.lAC 
G70 

Table 4.1. List of ORIGEN2 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 power 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 libraries 
Reprocess fuel 
Read comments regarding case being input 
Loop counter 
Case title 
Nuclide accumulation 
GO TO 

• 
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4 .l BDA - Read Comments Regarding Case Being Input 

A. Function: Prints alphanumeric comments among the listing of the 

operational commands being input. 

B. Data sequence: 

IDA COMMEN'I' ( S) 

where 

RDA • command keyword 

COMMENT(S) • alphanumeric message 

C. Allowable number of IDA commands: Maximum total number of commands. 

D. Propagation: None. 

E. Remarks: These comments are printed in the listing cTeated when 

ORIGEN2 is interpreting the co1IIDI&llds, which is separate 

from the card input echo clescTi.bed in Sect. 2 •. 6. 

4. 2 TIT - Case 'title 

A. Function: Supplies case title printed in ORIGEN2 output. 

B. Data sequence: 

'II'! A(9), • A(80) 

where 

TIT • ·c0111111.8Jld keyword 

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

C. Allowable number of TIT co11111L1alds: 20 

D. Propagation: Until changed. 

E. 'Remarks : None • 
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4. 3 BAS - Case Basis 

A. Fune~ion: Supplies ease basis p=inted in OIUGEN2 ou~put. 

B. Data sequence: 

BAS A(9), • . . A( SO) 

where 

BAS • command keyword 

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

C. Allowable number of BAS commands: 10 

D. Propagation: Until changed. 

!. Remarks: '!he BAS command only supplies an alphanumeric message. 

'!he user is responsible for the consistency of the basis, 

the input material masses 1 spedfic power, etc. 

4.4 FAC - Calculate a Multiplication Factor 
Based on Toeal Vector Masses 

A7. ·Function: Calculates a mul.tiplication factor, FACTOlt[NFAC(l)] 1 

based on the total actinide plus fission product masses 

in one or two vectors for use in MOV (see Sect. 4.12) or 

ADD (see Sect. 4.13) coiiiiiWlds. 

B. Data sequence: 

FAC NFAC(l), ••• NFAC(4), lFAC(l) 

where 

.. ·- . - ... 

!'AC • c011111Wld. keyword 

NFAC(l) • number of factor calculated by this co111Dand (must 

be greater than zero and less than or equal to the 

mn:fmum number of FAC commands) 

NFAC(2) • vector number 
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NFAC (3) • .vector number 

NFAC(4) • method for calculating FACTOB.[NFAC(l)]: 

• l FACTOR[N.FAC(l)J • T[NFAC(2)J+T[NFAC(3)] 

• 2 FACTOB.[NFAC(l)] • T[NFAC(2)]•T[NFAC(3)] 

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

• 4 FACTOR[NFAC(l)] • T[NFAC(2)]/T[NFAC(3)] 

• 5 FACTOB.[NFAC(l)] • T[NFAC(2)] 

• 6 FACTOR[NFAC(l)] • T[NFAC(3)] 

• 7 FACTOR{NFAC(l)] • l.O/T[NFAC(2)] 

• 8 FACTOR[NFAC(l)] • l.O/l'[NFAC(3)] -- · --·- . -

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

plus actinide masses for the indicated vectors, 

expressed 1n kilograms. 

B.FAC(l) • constant value to be used 1n place of the l'[NFAC(I) 1: 
.Gl'.O • substitute RFAC(l) for l'[NFAC(2)] when 

calculating FACTOR[NFAC(l)] 

.!Q.O • use the l'[NFAC(I)] &8 defined 

.Ll'.O • substitute [-RFAC(I)] for l'[NFAC(3)] when 

calculating FACl'OR[NFAC(l)] 

tbe units of IFAC(l) are kilograms. 

C. Allowed number of FAC cOIIIIIUUlds: 20 

D. Propagation: Until another FAC command with the same value of 

HFAC(l) is executed. 

E. Remarks: Some characteristic results from this command are 

printed on unit 15. 

4.5 otJ'l' - Print calculated Results 

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

output vectors to be printed. 
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B. Da:a sequence: 

OU'I' NOU'I'(l), • NOU'I(4) 

where 

otrl' • command keyword 

NOlJT(l) • number of vectors to be printed beginning with the 

first vector: 

.GT.O • output on units IOU'!, JOUT, and KOUT (Unit 6) 

.LT.O • output on unit ll 

NOUT(2) • frequency of print if instruction is in a loop 

{Sect. 4.11) [print occurs first time through loop 

and every NOUT(2)th recycle thereafter] 

NOUT(3) • print number of ~resent recycle: 

.Gl'.O • yes 

.LE.O • no 

NOUT(4) • parameter controlling type of summary table printed: 

.tT.O • all vectors tested for inclusion in 

summary table except vector -NOOT(4) 

.EQ.O • all vectors tested for inclusion in 

SUIIIZII&ry table 

.GT.O • only vector HOOT(4) tested to see if a 

nuclide 18 included iD the summary table 

C. Allowable number of Otrr cOIIIIIIClds: 20 

D. Propagation: None. 

E. - Remarks:-· -.. - ··--

l. If HOOT(2) .NE.l, a UC cOIIIIII&Dd 1111lSt be employed (Sect. 4.8). 
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4. 6 Ih"P - Read Input Cot:~position, Continuous Removal Rate, 
. and Continuous Feed P~te 

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

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

B. Data sequence: 

INP Nih~(l), ••• NINP(6) 

where 

INP = command keyword 

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

be stored 

NINP(2) 

NINP(3) 

.,. 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 4-)· 

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

unit 4) 

read continuous nuclide feed rate: 

.LE.O • no 

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

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

See NINP(5) for specification of time units. 

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

.LT.O • no read; no propagation 

.EQ.O • no read, but propagate previously read values 

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

See NINP(6) for specification of time units. 

NI~P(5) .. time units of continuous nuclide feed rate data 

(see Table 4.2) 

Nih'1'(6) • time units of continuous elemental removal rate data 

(see Table 4.2) 



32 

Table 4.2. Time unit designation 

1 .. seconds 

2 -= minutes 

3 .. hours 

4 .. days 

5 .. years 

6 .. stable 

7 .. 103 years (kY) 

8 .. 106 years (MY) 

9 .. 109 years (GY) 
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C. Allowable number of INP commancis: l5 

D. Propagation: None. 

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

calculational basis With the input masses. 

4.7 BED- Vector Beadings 

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

B. Data sequence: 

A(l), • A(lO) 

where 

RED • command keyword 

NRED • number of vector which is to be given heading 

A(I) • ten-character alphanumeric heading anyplace on the 

card to the right of NHED 

C. Allowable number of RED commands: SO 

D. Propagation: Until the vector is overwritten. 

E. Bemarks: 

l. The heading is 1110Ved with the vector when the MOV (Sect. 14.12) 

and ADD (Sect. 14.13) commands are used. 

2. If a t:E:D c0111111oa11d is to be used to label either a vector of 

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

vectors resulting fr011 a PRO c01111118Ud [vectors NPB0(2) and 

NPIO(J), Sect. 4.24], the BED command 11lU&t follow the INP 

or PRO c01111Da%1d. 

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

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

'!'his allows for the inclusion of leading blanks. 
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4.8 REC- Loop Coun~er 

A. Function: Coun~s ~be number of times that a loop (DOL command, 

Sec~. l4.ll) has been execu~ed. 

B. Da~a sequence: 

iEC 

where 

REC • command keyword 

C. Allowable number of EEC comma:ads: l 

D. Propagation: None. 

E. Remarks: 

l. This counter is output as the ''Be cycle #" in 01UG!N2 oueput. 

4.9 CUT- Cutoff Fractions for Summary Tables -
A. Function: Override default cutoff fractious for summary output 

tables. 

B. Data sequence: 

CDT[NCUT(l), RCUT(l)], ••• [NCOT(Nr), RCOT(NT)], -l 

where 

COT • operatiocal cC11111Wle! 

NCOT(I) • number of the outPUt table to which cutoff fraction 
.. -- . -- . 

ICOT(I) is to apply (see Table 4.3 for table numbers 

and descriptions) 

RCO!(I) • new cutoff fraction for table number NCOT(I) 

NT • total number of default cutoff values which are 

being overridden With this COT C01IIm&Dd 

C. Allowable number of COT commands: 3 

D. Propagation: Dntil Chaugad. 
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!able 4.3. Dese:ip~ion cf OR!GEN2 output ~able 

Descri~tion of :able Units 

atom fraction l 

2 

3 

4 

5 

6 

7 

8 

9 

Isotopic com?csi:ion of each elemen~ 

Isotopic composition of each element 

Composition 

weight fraction 

g:am-a:oms 

Composition atom fraction 

Composition grams 

Composition 

Radioactivity (total) 

weight fraction 

C! 

10 

G.tid~c~ 
13 

Radioactivity (total) 

• "Thermal p~er 

Thermal power 

Radioactivity (total) 
Radioactivity (total) 

Radioactive inhalation hazard 

fractional 

watts 

fractional 

Bq J 
fractional 
m3 air 

14 Radioactive inhalation hazard fractional 

15 Radioactive ingestion hazard m' water 

16 Radioactive ingestion hazard fractional 

17 Chemical ingestion hazard m~ water 

18 Chemical ingestion hazard .fractional 

19 ·-Neutron absorption rate neutrons/sec 

20 Neutron absorption rate fractional 

21 Neutron-induced fission rate fissions/sec 

22 Neutron-induced fission rate fractional 

23 Radioactivity (alpha) C1 

24 Radioactivity (alpha) fractional 

25· (alpha,n) neutron production neutrons/sec 

26 Spontaneous fission neutron production neutrons/see 

27 Photon ~ssion rate photons/sec 

28 Set test parameter ERR 
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:::. Remarks: 

l. If an output value for a particular nuclide is less than the 

cutoff fraction multiplied by the total table value for all 

vectors being tested (see Sect. 4.5 for additional details on 

which vectors are tested), then that particular nuclide is 

not printed. 

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

ERR, presently set at l.OE-25. ED. is used in logical I1' 

statements instead of 0.0. 

3. An integer -1 must follow RCUT(N'l') unless all 28 cutoff 

fractions are specified. 

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

!able 4.3) are 0.001; for Table 27 the cutoff is 0.01. 

5. The [Netrr(I) ,RCtl"!(I)] may continue onto subsequent cards. 

No operational command is used em the additional cards. 

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

somewhat different; it is discussed in Sect. 8.2.2. 

4.10 KEQ- Match Infinite Multiplication Factors 

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

infinite multiplication factor (IMF) matches that of 

another vector or an input value. 

B. Data sequence: 

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

where 

.... -- . --

I!Q • command keyword 

NKEQ(l) • vector whose IMF is to be matched by vector ND:Q(4) 

NKEQ(2) • vector whose material 1a to be Wholly included in the 

final blended material in vector HKEQ(4) 

NKEQ(3) • vector whose material is to be •pportioned to obtain 

the proper IMF for vector NX!Q(4) 
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NKEQ(4) • vec~or con~aining all ma~erial in vec~or NKEQ(2) plus 

par't of ~he ma.'terial in NKEQ(3) and having ~he same IMF 

as either vec'tor NKEQ(l) or RIEQ(l); that is, 

NKEQ(4) • NKEQ(2) + f * NKEQ(3) 

where f is 'the fac'tor by which NKEQ(3) mus~ be multiplied 

to obtain the correc't IMF for NKEQ(4). 

NKEQ(S) • vec'tor con'taining 'the portion of NKEQ(3) not blended 

in~o NKEQ(4); thae is, 

NKEQ(S) • (l-f) * NKEQ(3) 

If (l-f) is less than zero, then NKEQ(5) is set eo zero. 

RKEQ(l) • desired final IMF for veceor NKEQ(4) if RKEQ(l).GT.O.O. 

If BKEQ(l).LT.O.O, the IMF of vec'tor NKEQ(4) is matched 

eo that of vector NKEQ(l). If RKEQ(l).EQ.O.O, the IMF 

is equal eo RMDLV(NREC,l). The RMOLV values are specified 

1n a daea staeemene in·MAIN (see Sece. 2.1); ehe NREC. 

parameeer is described in Sect. 4.8. 

C. Allowable number of XEQ c011111&Dds: 3 

D. Propagaeion: None. 

E. Remarks : 

~. 'l'he equaeion used eo calculaee 'the parameeer f, by which 

veceor NKEQ(3) is multiplied before being combined with 

macer~ in vec~or NKEQ(2) and being placed in vector NKEQ(4) 

is given by 

where 

kt • lMF eo be maecbed frc:rm veceor NKEQ(l) or RKEQ(l) 

k1 • IMF of mater:Ul in vec'tor NXEQ(2) 

ks • IMF of material in veceor NKEQ(3) 

D1 • neueron absorpeion rate of ma.eerial in vec'tor 

NXEQ(2), neuerans sec- 1 

Ds • neueron absorption race of maeerial in vector 

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

on unit 15. 

4.11 DOL- DO Loop 

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

range a prescribed number of times. 

B. Data sequence: 

DOL NDOL(l), NDOL(2) 

where 

DOL • command keyword 

NDOL(l) • number of the CON command (Sect. 4.28) which defines 

the range of this DOL. Each DOL must have a unique 

CON associated with it. 

NDOL(2) • the total number of U.mes the instructions within the 

loop are to be executed 

C. Allowable number of DOL commands: 2 

D. Propagation: None. 

E. Remarks: None. 

4.12 MOV -Mave Nuclide Composition from Vector to Vector 

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

- cn~e-veetor to mother vector, nuclide 'by nuclide. 

B. Data sequence: 

MOV NMOV(l), NMOV(2), NMOV(3), IMOV(l) 

where 

MDV • command keyword 

NMOV(l) • number of the vector where the ccrncentratious 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 

multipliers are in array RMDLV and are initial

ized With a DATA statemeni in ·MAIN. The 

particular element of RMDLV used is 

RMDLV[NREC, NMOV(3)] 

where N!EC is the recycle number (Sect. 4.8). 

Tbe total multiplier, BMDLT, is given by 

IMDLT • IMDLV[NREC,NMOV(3)]*RMOV(l). 

lm!C ~ be defined to use the variable 

multiplier option • 

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

IMDLT • BMOV(l) • 

• LT.O • T.be additional multiplier to be used was 

previously calculated by an FAC command 

(see Sect. 4.4) and designated as 

FACTO!.[NFAC{l)] at that time. To use this 

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

lllultiplier is then given by 

IMDLT • FACTO!.[-NHDV(3)]*BMOV(l). 

!MOV(l) • factor by which vector NMOV(l) is to be multiplied 

before being stored in vector NMCV(2). 

C. Allowable number of MOV CQ!T!!!!and s: 99 

D. Propagation: None. 
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t . R.e.mar ks : 

l. Vector NMOV(2) can be zeroed by moving another vector to 

NMOV(2) with RMOV(l) • 0.0. 

2. !he information in vector NMOV(l) is not ciestroyeci by the 

MOV command. 

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

after the HOV command has been executed. 

4.13 ADD - Acid Two Vectors 

A. Function: Adds the nuclide concentration data iu oue vector to 

that in another vector,nuclide by nuclide. 

B. Data sequence: 

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

where 

ADD • operational c01111118Dd 

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

be added are presently stored 

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

vector NADD(l) are to be added 

NADD(3) • source of additional multiplier 

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

variable multiplier vector which contains 

--·- ..... 
the factors by which vector NADD(l) is tQ 

be multiplied before beinl added to vector 

NADD(2). The variable multipliers are in 

array RMDLV me! are initialized with a DATA 

statement iu MAIN. The particular element 

of BMULV used is 

IMOLV[NR!C, NADD(3)] 

where NR!C is the recycle number (see Sect. 

4.8). The total multiplier, !MDI.'!, is given by 
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!MOLT • RMULV[NREC,NADD(3)]*RADD(l) 

.NBEC must be defined to use this option (see 

Sect. 4 .8) • 

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

IMOL'l' • RADD(l) • 

• L'l'.O • the additional multiplier to be used wa~ 

previausly calculated by a FAC command (see 

Sect. 4.4) and designated as FACTOR[NFAC(l)] • . -· .. -.. . -
'l'o use this factor,set NADD(3) • -NFAC(l); 

the total multiplier is then given by 

IMDL'l' • FAC'l'OR[-NADD(3)]*RADD(l) 

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

multiplied before being added to vector 

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

C. Allowable number of ADD COIIIIIIaD.ds: 30 

D. Propagation: None. 

E. Remarks: 

1. Vector NADD(l) may be subttacted from vector NADD (2) by setting 

RADD(l) • -1.0. (CADTION: Negaeive nuclide concentrations can 

result in fatal errors.) 

2. 'l'he in!ormation in vector RADD(l) is not altered by the ADD 

c OIIIID.II%1d • 

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

&fter the ADD COIIIIDBDd has been executed. 
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4.14 :BUP- Burnup Calcula~ion 

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

flux, and specific power for an irradiation. 

B. Data sequence: 

BUP 

Irradiation 

BUP 

where 

BUP • command keyword 

Irradiation • the opera~ional commands (generally several IRPs or 

IRFs) that describe the fuel irradiation upon which 

the burnup calculation is to be based. 

C. Allowable number of BUP commands: 20 (ten pair). 

D. Propagation: Until superseded by other BUP commands. 

E. Remarks: 

l. A BOP co:mand must appear both before and after the statements 

cons~ituting the fuel irradiation upon which the burnup calcu

lation is to be based. Other commands may be present between 

the BUP sta~ements. 

4.15 PCR - Punch an Outpu~ Vector 

. ··- .. _ ... 
A. Function: Punch a designated oueput vector in ORIGEN2-readable 

format or write it to a disk file. 

B. Da~a sequence: 

PCR NPCR(l), NPCR(2), NPCH(3) 

where 

PCR • command keyword 

NPCR(l) • control character for light nuclide 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 

.G!.O - number of output v:ctor to be punched 

.L!.O - number of storage vector to be punched 

C. Allo~able number of PCH commands: 54 

D. Propagation: None. 

E. 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-atoms. 

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

0 BURNUP FLUX SPECIFIC POWER. 

The burnup, flux, and specific po~er are average values produced by 

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

unit 4 [NINP(2).LT.O; see Sect. 4.6]. These parameters are not 

necessary for input material compositions read ~th h~h~(2).G!.O. 

4.16 LIP_ Library Print Control 

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

B. Data sequence: 

LIP h~IP(1), NLIP(2), NLIP(3) 

where 

LIP • command keyword 

h"LIP(l) • control character for decay library print 

liLIP(2) o:: control character for cross-section library print 

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

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

.GT.O - print library 

00049 



44 

C. Allo~able nu~er of LIP c~nds: 5 

D. Propagation: Uotil 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, 

vhich contains continuous feed rates. 

B. Data sequence: 

WAC ~AC(l), NWAC(2) 

vhere 

WAC • COI:m~a.nd keyword 

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

which is to multiply concentration vector NWAC(2). 

Fractional recovery NWAC(l) should contain the removal 

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

E. Remarks: 

1. This command will enable the continuous accumulation of waste 

from a reactor vith continuous reprocessing (e.g., an MSBR) to . 
be calculated. The steady-state fuel composition in vector 

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

rates stored in fractional =ecovery vector h~AC(l); the result 

is subsequently stored in vector B. Then the ~aste is decayed, 
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~ith vector B representing the continuous feed of ~aste to 

the ~aste 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 ~ith non

standard reactions. 

B. Data sequence: 

LIB NLIB(l), ••• NLIB(ll) 

~here 

LIB c command keyword 

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

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

Sect. 8.2.1). 

If NLIB(l).G!.O- print 

.LE.O no print 

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

to be read; see !able 4.4 

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

to be read; see !able 4.4 

h~IB(4) • identification number of fission product nuclide decay 

library to be read; see Table 4.4 

~~IB(5) • identification number of light nuclide cross-section 

library to be read; see !able 4.4 

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

library to be read; see !able 4.4 . 
~~IB(7) • identification number of fission product nuclide yield 

and cross-section library to be read; see !able 4.4 

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

.G!.O nor~l read on unit ~~IB{S) 
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Table 4. 4. Numbers of OIUCEN2 dna ll'brariea 

Type of library 

Decay 

Photon 

P~~= 2SSu-enr1ched oo2 : 
33,000 M"d/metric ton 

r-~: 23So-enriched DOz in a 
aelf-zenet•ted Pu recycle 
rueter 

r-~: Pu-enriched UOz in a 
ael!-zenerated Pu recycle 
re.actor 

11.~: 2!Su-.nr1ched UOz 

1~: 23Su-enriched fuel in a 
aelf-zeoerated Pu recycle 
reactor 

1~: pU-enricbed fuel in a 
aelf-zenerated Pu recycle 
reactor 

Plo~: ThOz-enriched With 
denatured 233u 

Pl.~: Pu-ecriched ThOz 

PWR: 23Su-enr1ched U02; 
50,000 ~d/metr1c ton 

P\IJl: '!'h0z-enr1chel! \1'1 th ukeup, 
denatured 23Su 

~= !hOz enriched V1th 
zecycled. denatured 2J3u 

Cate1ory o! iaotope 

Aet1Yat1on product 
(N1.I!(2or S))& 

101 

Act1111de 
[N1.U(3 or 6))• 

2 

102 

Croaa-section 11'brar1ea 

204 

207 

210 

2.51 

2.54 

257 

213 

216 

219 

222 

22.5 

00051 

205 

208 

211 

2.52 

255 

2.58 

214 

217 

220 

223 

226 

Fission product 
(l\'l.I! ( 4 or 7) ) a 

3 

103 

206 

20!1 

212 

253 

2.56 

2.59 

215 

218 

221 

224 

227 

1 

3 

4 

6 

7 

8 

9 

10 

11 



Type of ll bra ry 

~~BR: tarly oxide, ~~-Pu/U/U/U 
Core 
Axial blanket 
~dial blanket 

~~BR: Advanced oxide, ~-Pu/U/U/U 
Core 
Axial blanket 
R.dial blanket 

46a 

!able 4.4 (contiuued) 

Cateaory of isotope 

ActiTat1on product 
(h'LIB( 2 or 5) ]1 

301 
304 
307 

311 
314 
317 

Actinide 
('1\'LI!(J or 6)]• 

302 
305 
308 

312 
315 
318 

L.~BR: Ad'·anced oxide, recycle-Pu/0/U/U 
Core 321 

324 
327 

322 
325 
32! 

Axial blanket 
bdial blanket 

L.~BR: Advance~ oxide, ~-Pu/U/U/Th 
Core 
Axial blanket 
bdial blanket 

L.~BR: Advanced oxide, ~~-Pu/Th/Th/Th 
Core 
Axial blanket 
bdial blanket 

~~BR: Advanced oxide, recycle 
233t;/Th/Tb/Th 

Core 

~".FBR: 

~~BR: 

Axial blanket 
R.dial blanket 

Advance~ oxide 
14% denatured l33U/Th/Th/Th 

Core 
Axial l:bnket 
bdial blanket 

Advanced oxide 
44% denz:ured 2330/Th/Th/Th 

Core 
Axial blanket 
bd1a-l blanket 

L."'J'BR: rnT Pu/'ll 
• 

Then..l: 0. 025 )-eV crou sections 

331 
334 
337 

341 
344 
347 

351 
354 
3S7 

361 
364 
367 

371 
374 
377 

381 

201 

1 Refer to Sect. 4.18 for the use of these parameters. 
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332 
335 
338 

342 
345 
348 

352 
355 
358 

362 
365 
368 

372 
liS 
3i8 

3€2 

202 

Fiuion product 
(h'LIB(4 or 7)]a 

303 
316 
309 

313 
316 
319 

:m 
3~ 
329 

333 
336 
339 

343 
346 
349 

353 
356 
359 

373 
3i6 
3?9 

383 

203 

18 
19 
20 

12 
13 
14 

15 
16 
n 

32 
33 
34 

29 
30 
31 

35 
36 
37 

23 
24 
25 

26 
27 
28 

0 

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

substitute card read on unit 

NLIB(9) 

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

of the libraries 

NLI!(9) • number of input unit for reading substitute cards 

NLIB(lO) • number of non-standard reactions to be read 

If NLIB(lO).EQ.O- no read 

.GT.O - non-standard reactions read on 

unit NLIB(8) 

.LT.O - non-standard reactions read on 

unit NLIB(9) 

NLIB(ll) • control character identifying the set of actinides with 

direct fission product yields; see Table 4.5 

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

actinide cross sections to be used; see Table 4.4 

C. Allowable number of LIB c01111D8llds: S 

D. Propagation: Until another set of decay libraries is read. 

E. Remarks: 

1. If substitute cards are to be read, the L1'tJ c01111118Dd(a) 

(Sect. 4. 20) must precede the LIB c0111111&Dd in whi.ch the cards 

are to be read. 

2. See Sec~-. S for library format d't~ls. 

4.19 PBO- l&ad Photon Libraries 

A. !imction: l&ad 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 

00053 •. 
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B. Data sequence: 

PRO NPHO(l), ••• NPR0(4) 

where 

PRO • command keyword 

NPHO(l) • identification number of activation product photon 

library to be read; see Table 4.4 

NPH0(2) • identification number of actinide nuclide photon 

library to be read; see Table 4.4 
- ~ . --.. . .. -

NPRO(J) • identification number of fission product nuclide photon 

library to be read; see Table 4.4 

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

.GT.O - read 

NPR0(4) • number of input unit on which the photon libraries are 

to be read 

c. Allowable number of PBO commands: S 

D. Propagation: Until another set of photon libraries is read. 

I. Remarks: See Sect. S.S for library format details. 

4.20 LPU- Data Library Replacement Cards 

A. Function: Bead nuclide identifiers for replacement decay and/or 

cross-section data cards to be read by LIB command 

(Sect. 4.18). 

B. Data sequence: 

LPU NLPU(l), ••• NLPU(MAX), -1 

where 

I.PU • command keyword 

NLPU(l-MAX) • nuclide identifiers for replacement data cards 

in tbe order ill which they occur in the original 

data library 

MAX • number of nucl.ide identifiers to be read for a given . 
I.PU cOIIIIIISDdj must be .U.lOO 

000~4-
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C. Allowable number of I.PU cards: 9 

D. Propaga~ion: Un~il another LIB command i.s execu~ed. 

E. Remarks: 

l. If less than 100 nuclide iden~ifiers are specified, a -l 

(in~eger) must appear af~er the last identifier. 

2. As many cards may be used as are required. 

3. '!he LPU comma:cd (s) must precede the LIB command in which ~he 

replacement data cards will be read. 

4. '!he first LPO command i.s associated with the first negative 

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

(Sec~. 4.18). '!he second LP'O ecmmanci is associated with the 

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

control variables, etc. 

5. See Sects. 5.1 and 5.2 fer library fermat details. 

4. 21 IRF - nux Irradiation 

A. Func~ion: Irradiation fer a single interval with the neutron nux 
specified. 

B. Data sequence: 

IRF RIRF(l), AIRF(2), NIRF(l) •••• NIRF(4) 

where 

I1lF • command keyword 

!n.F(l) .. • t:li.e" --~ which thiS irradiation interval ends 

IIU(2) • 1f IIU(2) .GT.O.O, thia ia the neutron flux during 

thia irradiation interval in neutrons c:m-1 sec - 1
• 

If UFR.(2) .L'I.O.O, the neu~ron flux is liven by: 

where 

NEWLUX • OLD!'L1JX*[-IIU(2)] 

NEtJFLUX • flux to be used during ~his interval, 

neutrons =-1 sec - 1 

ooo55 



51 

OlDFLUX • flux for the same t~e period fro~ the 

previous irradiation, neutrons cm- 2 sec- 1 • 

See remark 2 belo~. 

NIRF(l) • n~ber of the vector where the ~terial composition at 
the beginning of this irradiation interval is stored 

NIRF(2) • number of the vector where the material composition at 

the end of this irradiation interval is to be stored 
NIRF(3) • time units of RIRF(l); see Table 4.2 
NIRF(4) • specification of time at which this irradiation interval 

begins: 

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

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

2 • starting time is set to zero. All reactivity and 
burnup information and MIRR are set to zero. Used 
to begin a new irradiation/decay on a ne~ output page. 

3 • same as NIRF(4) • 0 except that the first seven lines 
of the irradiation infor~tion 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 the· decay following irradiation 
on a new output page while retaining the average 

• irradiation parameters. 

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

D. Propagation: None. 
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t. Remarks 

1. The total number of IRF + IRP + DEC commands must be .Lt.150. 
2. For this option to be us~d, the time steps for the current 

irradiation and decay sequence must correspond exactly to·~hose 
in the previous seque~ce. Ihe fluxes from the previous irradiation 
are not altered if [-RIFF(2)] is less than zero.· 

3. The ·reactivity and burnup information• referred to in NIRF(4) 
consists of seven lines of data characteristic of an individual 
vector (e.g., time, infinite multiplication 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 15 (see Sect. ~· 2.1). 

4.22 IRP _Specific Power Irradiation 

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

B. Data sequence: 

IRP RIRP(l), RIRP(2), NIRP(l), ••• NIRP(4) 

where 

IRP • command keyword 

RlRP(1) • time a: Which this irradiation interval ends 
RIRP(2) • power level during this irradiation interval 

.GT.O • ~(t) per unit of fuel input 

.LT.O • the power is given by: 

NEW~OwtR • OLDPOWER*(-RlRP(2)] 

where 
• 

~OWER • power to be used during this interval, MW(+). 
See re:nark 2 below~ 
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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 composition 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. 

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 

s~e output page. 

2 • starting time is set to zero. All reactivity and 

burnup information and MIRR are set to zero. Used 

to begin a new irradiation/decay on a new page. 

3 • sace 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~e as NIRP(4) • 1 except that the first seven lines 

of the reactivity and burnup information are set to 

zero. Used to begin the decay following irradiation 

on a new output page While retaining the average 

irradiation parameters. 

C. Allowable number of IRP commands: See remark l.below. 

D. Propagation: None. 

E. Remarks: 

1. The total number of IRF + IRP +DEC commands must be .LE.l50. 

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. The powers from the previous irradiation 

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

consists of seven lines .of data characteristic of an individual 

vector (e.g., time, infinite multiplication factor, neutron flux) 

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

averaged over the range of the BUP commands (Sect. 4.14).·_ 

4. Internal ORIGEN2 parameters related to the flux/specific power 

calculations are printed on unit 15 (see Sect. 8. 2.1). 

4.23 DEC- Decay 

A. Function: Decay for a single interval. 

B. Data sequence: 

DEC DEC(l), NDEC(l), ••• NDEC(4) 

\:here 

DEC • operational command 

DEC(1) • ti~e 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 units of DEC(!); see !able 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 NDEC(4) • 0 except that the first seven lines 

of the re.aetivity and burnup information are set to 

zero. t1sed for contmu.ing irradiation to a new 

output page. 

4 • same as NDEC(4) • l ezcept that the first seven lmes 

of the reactivity and burnup information are set to 

zero. t1sed to be&in tbe decay following irradiation 

on a new output page while retaining the average 

irradation parameters. --· · ·-

C. Allowable number of DEC commands: See below. 

D. Propagation: None. 

E. Remarks: 

l. 1'he total number of IliF + nP + DEC cOIIIDiaDds must be .U:.lSO. 

2. '!'he "reactivity and burnup information" referred to in NDEC(4) 

consists of seven li.Des of data characteristic of an individual 

vector (e.g. time, infinite multiplicatiOD factor, neutron flux) 

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

averaged over the range of the Bt1P cOIIIIIIaDds (Sect. 4.14). 

4.24 PRO- laprocess Fuel 

A. !'unction: lleprocess fuel into twO product compositions. 

B. Data sequence: 

PIO RPIO(l), ••• NPB0(4) 

where 

HPBO(l) • uumber of the vector where the •terial coarpositiou that 

ia to be reprocessed is stored 

:Rl'K0(2) • number of the vector where the material that is recovered 

ia to be store4. '!'he amount of an isotope of element NE 

recovered is given by: 

[Mass of i.atope NE][f(NPB0(4)]. 
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The fracticn f[NPR0(4)] is the fracticnal recovery 

of element NE specified by variable NRP0(4) below. 

See also Sects. 3.4 aad 3.5. 

NPR0(3) • number of the vector where the material not recovered 

is to be stored. The amount of an isotope of element 

NE not recovered is given by: 

[Mass of isotope N!l[l.O- f(NPR0(4))J. 

NPR0(4) • number of the set of fractional recoveries which is to 

be used in thi.a reprocessina operation. U NPR0(4) ia 

greater than zero, individual fractional recoveries 

(Sect. 3.4) are to be used. If NPR0(4) is less than 

zero, group fractional recoveries are to be used (Sect. 

3.5). 

C. Allowable number of PRO co11111L8Dds: 20 

D. Propagation: None. 

t. lemarks: Heme. 

4.25 OP!L - Specify Activation Product Output Options 

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

summary) are to be printed for the activation products. 

B. Data sequence: 

c. 

D. 

OPTL NOPTL(l), . . . NOPTL(24) 
·- ... -· .. --

OPTI. • cOJIIIII&Ud keyword 

NOPTL(I) • control character indicatinl which output table types 

are to be printed for the activation products; see 

table 4.6 

I • table number; see table 4.3 for oucput table description 

Allowable number of om. coaunds: 20 

Propaption: Tlntil ch.meed. 
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'Iable 4.6. Specifica:io~ of oueput table types to be prin:ed 

NOPTL(I) 'Iable type printed 
BOP'IA(I) 
BOP'IF(I) Nuclide Element SUJIIIII&rY 

1 Yes Yes Yes 

2 Yes Yes No 

3 Yes No Yes 

4 No Yes Yes 

s Yes No No 

6 Bo Yes No 

7 Bo No Yes 

8 No 5o No 
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E. Remarks: 

l. l'he NOP'I'L(I) mus: all be on a sin&J.e eard. 

2. If NOPTL(l) is less chan l, only a summary grams table is 

printed for ~nuclides (including ac:inides and fission 

products) un:il new commands (&f:er an SIP. Sect. 4.29) 

are reaci. 

3. Only the firs: 24 tables in Table 4.3 are controlled by. the 

OP!L command. 

4.26 OP!A - Specify Options for Actinide Nuclide Output !able 

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

summary) are to be printed for the actinide nuclides. 

B. Data sequence: 

OP!A NOP~(l) •••• NOP!A(24) 

where 

OP"tA • cc:mzmmd keyword 

NOPIA(I) • control character indicatiaa which output table types 

are to be printed for the actinide nuclic:les; see 'table 4 • 6 

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

D. Propagation: tJn:il changed. 

E. lamarks: ·-. . .-- .. --
l. The NOP!A(I) ~DUSt all be on a siz1ale card. 

2. If NOP!A(l) is less than 1, only a S'UIIIIII.U'y grams table is 

printed for ~ nuclides (including activation and fission 

products) until new c0111111Ul4s (after an S'!P, Sect. 4.29) 

are read. 

3. Only the first 24 tables in 'table 4.3 are controlled by the 

OP!A command. 
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4.27 OP!F- Specify Options for Fission Product 
Nuclide Output !able 

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

or summary) are to be printed for fission product nuclide 

B. Data sequence: 

OP!F NOP!F(l), ••• NOP!F(24) 

where 

OP!F • command keyword 

NOP!F(I) • control character indi~ating which output table types 

are to be printed for the fission product nuclides; 
see !able 4.6 

I • table number; see !able 4.3 for output table description 

C. Allowable number of OP!F commands: 20 

D. Propagation: Until changed. 

E. Ret~arks: 

1. !he NOP!f(I) must all appear on a single card. 
2. If NOP!f(l) is less than l, only a sum=ary grams table is 

printed for ~ nuclides (including activation products 
and actinides) until new commands (after an SIP, Sect. 
4.29) are read. 

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

OP!F command. 
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4.28 CON- Continuation 

A. Function: Define's the range~ of the DOL command (Sect. 4.11) 

or GIO command (Sect •. 4.31) • 

!. Data sequence: 

CON NCON 

where 

CON • command keyword 

NCON • number of this CON command; must be equal to NDOL(l) for 

the DOL command Which is to be associated with this CON 

command 

C. Allowable number of CON commands: 2J 

D. Propagation: None. 

E. Remarks: 

1. There 'CUSt be one, and only one, CON command for each DOL command. 

~ If the DOL command is removed, the corresponding CON command 

must also be removed. 

4.29 SIP- Execute Previous Commands and Branch 

A. Function: !xecute the set of commands preceding the STP command. 

Then read and execute more commands. 

B. Data sequence: 

S'!P NS'!P 

where 

STP • com:na.nd keyword 

NS'!P •.branching control character: 

1 • read new miscellaneous initialization data (Sect. 3) and 

a new set of.commands (Sect. 4), and execute them. 

2 • read a new set of commands (Sect. 4) and execute them. 
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3 -= execl.lte· the preceding set of co::-.::1ands again. 

Additional inpl.lt data (libraries and initial nuclide 

concentrations) ~ill be reql.lired. 

4 • ter~ate execution (same as th~). 

C. }..11o~able number of SIP commands: Unlimited. 

D. Propagation: None. 

t. Ret:arks: None. 

4.30 Eh~- Terminate txecl.ltion 

A. F'tmction: Terminate execution. 

B. Data seql.lence: 

~here 

tl\"D = cocma.nd keyword 

C. }..llo~able nl.l~ber of tND commands: 1 

D. Propagation: None. 

E. Re~rks: None. 
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4.31 G!O- Go To a Croup of Instructions and Execute 

A. Function: Indicates a range of instructions that should be executed and 

a flux/power multiplier for this range 

B. Data Sequence: 

CTO NCTO(l) NCT0(2) RCTO 

vhere 

GTO • cocmand keyvork 

NCTO(l) • number of CON command (Sect. 4.28) that immediately precedes 

the group of ins~ructions to be executed (if GI.O) or that 

this command is the last to be executed (if LT.O) 

NCT0(2) • number of CON command that immediately 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. Following the execution of the group of instructions defined by 

the GTO instructio~, control is returned to the instruction 

immediately following the GTO. 

00066a 



62 

· 5. DATA LIBRARIES 

!here are three separate and distinct nuclide lists in ORIGEN2 for 

which nuclear data cay be required: the activation p;oducts, the acti-· 

nides, and the fission products. The activation products include the 

low-Z impurities L~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. 5.1), a cross-section and fis

sion product yield data library (Sect. 5.2), and a photon·yield library 

(Sect. 5.5). The decay data library gives nuclide half-lives, decay 

modes, recoverable heat energy, natural abundances, and toxicities. 

!he cross-section and fission product yield library gives the cross 

sections for (n,y), (n,2n), (n,Jn), (n,a), (n,p), and (n,fission) as 

effective, one-group reaction rates in barns and the fission product 

yields from 112Th, 133U, 215U, 211U, 11 'Pu, 2 ' 1Pu, 2 ' 5cm, and 252Cf. 

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 pres~t in the main libraries. This option 

is particularly useful as an alternative to rebuilding entire data 
• libraries simply to change one or two items. !he second option 

{Sect. 5.4) allows the user to input any flux-dependent reaction rate 

between any two nuclides. ~ile the user can duplicate the reaction 

types available in ORIG!N2 [i.e., (n,y), (n,2n), (n,3n), {n,a), (n,p), 
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(n,fissjon)), the option is principally intended to allo~ for the 

inclusion of non-standard reaction t)yes such as (n,d), (n,t), and 

(n,np). 

5.1 Decay Data Library 

The first card of each of the three allo~able decay data library 

se~ents (activation product, actinide, and fission product) is a title 

card contaL~ing the n~ber of the decay library se~ent end the alpha

numeric title of the segment. Following the title card are the decay 

data for the nuclides in a particular library segment. The decay data 

for each nuclide are specified on two sequential cards. A description cf 

the decay library conventions is given in !able 5.1. 

The decay data library serves other vitally important functions in 

the OR1GEK2 code in addition to supplying decay data. !he nuclide 

icientifiers supplied by the decay libraries define the total list of 

all nuclides that ~~11 be considered in subsequent OR1GIN2 calculations. 

Thus, if a nuclide is to be used in a calculation, it ~be present in 

the decay library, even if only the cross-section or photon in!or~ation 

is required. !he decay library also defines the nuclide ~eobership of 

each of the three library se~nts (activation product, fission product, 

and actinide) considered by the OR1GL~2 code. finallyt the decay library 

defines the order in -hich the nuclides -ill be printed ~ithin each 

library seg:ent during the normal output. As a result of these considera

tions, the decay librar~ must be input before the photon libraries (PHO, 

Sect. 4.19) or before the initial compositions (I~~. Sect. 4.6). Tne 

dec~y library is automatically read before the cross-section library vhen 

•hen the LIB co~and (Sect. 4.18) is invoked. 

5.2 Cross-Section and fission Product Yield Data Library 

The first card of each of the three allo~able cross-section and 

fission p~ocuct yield data libraries (activa:icn p~oduct, actinide, and 

fission product) is a title card containing the nu~er and al?~anc:eric 
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Ta~le 5.1. Description of decay library 

=~=st ca:-c of each library segmen~: 

NU l'ITI.E 

Firs~ card for each nuclide: 

~"LB l\1JCl.ID IU !RALF F.BX :FPEC FPECX FA Fil' 

Second card for each nuclide: 

'Where 

h'"!..B FSF :N Q:U:C }.BUND ARCG WRCG 

~~B c the nu~ber of this decay library segment 

TITLE = a 72-character alphanumeric segment title beginning in 
colu.m 9 

~uCL!D = a six-digit nuclide identifier corresponding to the 
infor:ation on these t'Wo cecay cards (see Sect. 2.7) 

IU • ti~e unit designation of the half-life of NUCLID (~ee 

Table 4.2 for specification) 

~~~~F • the half-life of nuclide in units given by IU 

F3X • ~~e fraction of negatron beta decay transitions that 
resultsin the daughte~ nuclide being in a rela~ively 
long-lived excited state 

FPEC • the fraction of all dec~y events which take place by 
posi:ron ecission or electron capture 

FP~CX • the £:-action 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 

Fil' • the fraction of all the decay events of an excited nuclear 
·state 'Which result in ~he production of the ground state of 
the sa~e nuclide · 

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

FN • the fraction of all decay events that are (beta + neutron) 
cecays (e.g., "Br decays to 11 Kr + beta -:1- neutron) 

QR!C • :he average, ~otal recoverable energy (i.e., does uot 
include neutrinos) released by each decay even~ in XeV 
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!able 5 .l (coneinued) 

ABUND • :he naeurally occurring iaoeopic abundance of Nt1CI.ID in 
aec= percene 

ABCG • ehe radioactivity ccmc:eneraeion JUide (llCC) for continuous 
1nhalaeiou of nuclide NOCLID in unresericted areas as given 
in !able II, Colu= I, of Part 10 of 'title 20 of the Code 
of Federal Begu!atious (the lower of the soluble or ----
insoluble values is ued) 

WICG • the radioactivity concentration JUide (ICC) for continUOWI 
ingeseion of nuclide NOCLID in unrestricted areas as given 
in !able II, Columu II of Part 10 of Title 20 of the Code 
of Federal Begu1aeious (the lower o·f ·the ·soiuble or -
insoluble values is used) 

B. Humber of cards per nuclide: 2 

c. !erminau card acan for nuclide 'ROCLID: Automaeic. 

D. l'erminaee re&cii:ng this decay library segment: ~.L!.O, one card. 

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

F. lemarks: 

l. The fraceion of all decay events which take place by negaeron 
beta decay to ehe ground state of the daugheer nuclide is given 
by (1.0 - FBX - FP!C - FA - i'I'l' - FSF - !'N) and is calculated 
intern&lly in ORIGEN2. 
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t~tle of the l~brary segment. Following the title card are the cross

section and fission product yield data for the nuclides in a particular 

l~brary segment. the cross-section informat~on for a nuclide ~s 

spec~f~ed on a single card which, if requ~red, is followed by a card 

containing the fission product yield data. A descript~on of the crosa

sect~on and f~ss~on product yield data library convent~ons ~s given in 

'!able S. 2. 'l'he cross sections used by 01tiGEN2 are effect~ve one-group 

cross sections which, when multiplied by the flux calculated by or input 

to ORIGEN2, result in the correct reaction rate. 'l'he fifth and sixth 

parameters on the cross-section card have a dual meaning, depending on 

which library segment is being read. If the actinide segment is being 

read, then the fifth and sixth parameters are the (n,3n) and (n,fission) 

cross sections respectively. If either the activation product or fission 

product segments are being read, then the fifth and sixth parameters are 

the (n,~) and (n,p) cross sections respectively. 'l'he fission product 

yield card, which is present only in the fission product cross-section 

sepaent, specifies the yield of each nuclide per fission fr0111 each of 

eight fiasionin& species: :s:'l'h, :ss0 , :ss0 , :sa0 , :s'Pu, 2~1Pu, :~sem, 

and 111Cf. 'l'he yields are pnerally from binary fission, although 

ternary fission yields have been included for certain important low-Z 

nuclides. 

S .3 Substitute Decay, Cross Section, and 
Fission Product Yield Data 

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

can 'be read by inVok.:!Jia the LPt7 COIIII8DCl (Sect. 4.20). This procedure 

is m alternative to rebuildinl a entire data library juat to chance 

a few par~ters. It may al.o be uaec! for parametric stuclies of output 

seu.itiv1.ty to input data c:hclps. 'l'he rules regarciinl the order and 

format of the substitute data carcia are aiveD in Table S.3. 'l'h1a option 

is intended for use when the data libraries are on a cli.rect-access dav1.ce 

or on tape. Substitute data can also be uaed 1f the libraries are on 

cards, proVi.c!in& that twO different card input =its are defined. 
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!able 5.2. Description of cross-section and 
fission produc~ yield cata library 

;.. Data seGuence :· 

·First card of each library sef?ent: 

1\"LB IITLE 

First card for each nuclide: 

1\"LB NUCliD SNG SN2N SNlN or SNA SNF or SN? SNGX SN2NX YYN 

Second card for each nuclide (fission product segment onl~): 

h"LB Y(l), ••• Y(S) 

where 

h"LB c the number of this cross-section and fission product 
yield library segment 

IITLE c a 72-character alphanumeric cross-section and fission 
product yield library segment title beginning in Coluon 11 

~'"UCLID c a six-digit nuclide identifier corresponding to the data 
on these one or two cards (see Sect. 2.7) 

SNG • the effective, one-group (n,y) cross section of n~lide 
1\uCLID leading to a ground state 

SN2N • the effective, one-group (n,2n) cross section of nuclide 
l\'"UCLID leading to a ground state 

S~3N • the effective, one-group (n,3n) cross section of nuclide 
~uCllD leading to a ground state; actinide segment only 

SNA • the effective, one-group (n,a) cross section of nuclide 
~'"UCliD leading to a ground state; activation product and 
fission product sepent.s only 

S~~ • the effective, one-group (n,fissio~) cross section of 
nuclide ~~CliD; actinide se~ent only 

SNP c the effective, one-group (n,p) cross section of nuclide 
~~CL!D 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 e1fect.ive, one-group (n,2n) cross section of nuclide 
h~CliD leading to an excited state of the daughter 

11~ • a control character indicating whether or not a fission 
yield card follows: 

\~N.GI.O.O • fission yield card follc~s 
)1rn.LI.O.O • no fission yield card fcllo~s 
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!able 5.2 (continuec) 

Y(I) ~ fission yield of nuclide h~CLID !rom various fissile 
species,in percent 

I Fiss~le species 

1 Th-232 
2 U-233 
3 U-235 
/, U-238 
5 Pu-239 
6 Pu-241 
7 Cm-245 
8 Cf-249 

B. Nu~ber of cards per nuclide: 2 

C. Terminate card scan for nuclide h~CLID: J..utor::atic. 

D. !ercinate reading this cross-section and fission product yield 
library seg~ent: h~B.L!.O, one card. 

Skip reading this cross-section and fission product yield library 
se~ent: Controlled by LIB co~nd (Sect. 4.18). 

:. Remarks: 
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Table 5.3. Description of substitute decay, cross-section, 
and fission 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-section data 

5. Substitute actinide cross-section data 

6. Substitute .fission product cross-sec:tio~_and .yield data 

Format 

The substitute data cards are free forma~and the order of the 
data is as described ill Tables 5.1 and 5.2. 

Remarks 

l. The LPU command (Sect. 4.20) used to identify the nuclides 
for which substitute data ce to be read must appear before 
the LIB command (Sect. 4.18) ill which the bulk of the library 
is read. 

2. The nuclides in each of substitute card groups l through 6 
above must be present ill the input stream in the same order 
in which they are encountered while reading the original 
decay libraries. 

3. A fission product yield card can never appear alone and must 
always follow a cross-section card for the same nuclide. 
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5.4 Speciiica~ion of Non-S~andard, Flux-Dependent Reac:ions 

This op~ion allows the user to specify flux-dependent (i.e., cross

section) reac~ions ~t canno~ be accounted for by using one of the standard 

ORIGEN2 reaction eypes [viz., (n,y), (n,p), (n,a), (n,2n), (n,3n), 

(n,fission)). The format of these non-standard, flux-dependent reactions 

is described in Table 5.4. The number of non-standard, flux-dependent 

reactions to be read and the input unit number on which they are to be 

read are defined by the LD command in Sect. 4.18. 

5.5 Photon Data Libraries 

The first card of each of the three possible photon library 

segments is a title card containing the number and alphanumeric title 

of the photon library segment. Following the title card are cards 

containing the photon production rates per disintegration in a pre

determined energy group structure for each nuclide. A description of 

the photon library format is given in Table S .s. The predetermined 

energy group structure is given in Table 5.6. The input of the photon 

libraries is controlled by the PBO operational command (Sect. 4.19). 

·- .. ··- .•. -... 
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. Table 5.4. Description of non-standard, 
flux-dependent reaction data 

Data sequence 

NPAR NDAUG RATE 

where 

NPAR c the six-digit nuclide identifier (see Sect. 2.7) of the 
parent or precursor nuclide 

NDAUG • the six-digit nuclide identifier (see Sect. 2.7) of the 
daughter nuclide 

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

Formats 

One reaction per card. 

Remarks 

1. The number of non-standard~ flux-dependent reaction cards to 
be input and the unit number upon which they are to be read 
are specified-using the LIB command (Sect. 4.18). 
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Table 5.5 •. Description of photon library 

A. Data sequence: 

First card of each library segment: 

NLB TITLE 

First card for each nuclide: 

NLB NUCLID NGP(l), RPH(l), ••• NGP(I), RPR(I) 

Subsequent card(s) for each nuclide: 

where 

NGP(I+l), RPH(I+l), ••• NGP(IMAX), RPH(IMAX), -1 

NLB c 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(l) in photons per 
disintegration 

IMAX c the number of NGP(I)/RPH(l) pairs specified must be 
.LE.l8 

B. !-.umber of cards per nuclide: One "first card"" plus as many 
"subsequent card(s)" as required for those nuclides with non
zero NGP(I)/RPH(I) data. 

C. Terminate card scan for nuclide ~~CLID: NGP(IMAX+l).LT.O if IMAX 
is less than 18; automatic otherwise. 

D. Terminate reading this photon library segmet)t: m.B.LT.O. 

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

F. Remarks: 

1. Only those NGP(I)/RPH(I) pairs for which RPH(I) is non-zero 
need be specified. 
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Table 5.6. Photon energy group structures for activation 
products, actinides, and fission products 

Group energy (MeV) 

Lower boundary Upper boundary Average 

c.o 2.0000P.-02 1.0000!-02 
~.OOC0!-02 3.0000'f-02 2.5000!-02 
~-0000!-02 4.5000!-02 3. 7500!-02 
Q.SOCOE-02 7.0000!-02 5. 7500!-0 2 
7. 00 C0!-02 1.0.000!'-01 8.5000!-0 2 
1.0000!-01 1.5000!-01 1. 2500!-0, 
1.~000!-01 3.0000!-01 2.2500!-0, 
~.OOOOE-01 11.5000!-01 3.7500!-01 
11.5000!-01 7.0000!'-01 5. 7500!-0, 
i.OOC0!-01 1.0000! 00 8.1)000!-01 
1.0000! 00 1.5000!: 00 1.2500! 00 
1.5000! 00 2.0000! 00 1. 7SOOE 00 
2.0000! 00 2.5000!' 00 2.2500! 00 
2.5000! 00 3.0000! 00 2. 7500'P. 00 
:.OOOOF. 00 4.0000! 00 J. so 0 0! I) o. 
a.OOOO! 00 6.0000! 00 5.0000! 00 
E.OOOO! 00 8.00001' 00 7 .1)0 0 0! 00 
e.OOCO'! 00 1.1000! 01 9.5000! 00 
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6. SPECIFICATION OF INITIAL MA.'IDUAI. COMPOSITIONS, CONTINUOUS 
NUCLIDE FE.ED RATES, AND CONTINUOUS ELEMENT REMOVAL BATES 

This sec~ion describes the op~ions available to the user relative 

to the specification of the initial material compositions, the continuous 

nuclide feed rates, and the continuous element removal (reprocessing) 

rates. The most often used option by far is the specification of the 

initial composition of some material (Sect. 6.1). l'he initial composi

tion can be specified on either a nuclide-by-nuclide basis or as the 

amount of a naturally occurring element wlUch is present. The amount of 

a na~urally occurring element is converted to a nuclide-by-nuclide basis 

internally using the natural isotopic abundances input with the decay 

library (Sect. 5 .l). l'he amounts of indiv:idual nuclides or naturally 

occurring elemen~s may be specified as g-atoms or g, depending on the 

control characters of the INP command (Sect. 4.6). 

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

user to specify the continuous feed rate of individual nuclides or 

naturally occurring elements in units of g/ (time unit) (basis unit) 

or g-atoms/(time unit)(basis unit). loth the mass units and the time 

units are specified by using the INP command (Sect. 4.6). This option 

is useful in simulating the continuous feed of nuclides to a fluid-fuel 

reactor (e.g., a MSBI.) or to a radioactive waste ·tank. 

The continuous element removal option (Sect. 6 .3) allows the user 

to specify the continuous removal rates of elements during irradiation 

in units of fraction/~ime unit. The time units are specified using the 

INP command (Sect. 4.6). l'his option is most useful when simulating the - . . . .·- .. -. . 
continuous reprocessing which would be expected to occur during the 

operation of a fiuid-fuel reactor such_ as a MSBI.. If this option is to 

be used to calculate continuous element removal in a situation where 

irradiation is not taking place, then a very small neutron flux must 

still be specified to allow the continuous element removal option to be 

used. 
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6.1 Specification of Initial Material Composition 

A. Function: Specify initial amounts of individual nuclides or 

naturally occurring elements. 

B. Data sequence: 

NEXT, NtTCLID(l)' RCOMP(l), ••• N'UCLID(IMAX) I RCOMP (!MAX) 

where 

NEXT • a control character indicating for.w.hich3egment the 

information is intended and the type of information: 

(i.e., nuclides or elements) 

l • individual activation product nuclides 

2 • indivi.clual actinid.e nuclides 

3 • individual fission product nuclides 

4 • naturally occurring activation product elements 

S • naturally occurring actinide elements 

6 • naturally occurring fission product elements 

NOCLID(I) • the six-digit identifier for nuclide or element I 

(see Sect. 2.7) 

RCOMP(I) • amount of nuclide or element NOCLID(I) initially present. 

The units of llCOMP (I) are specified With the INP opera

tional ccmnnaM (Sect. 4.6). 

IMAX • maximum number of BOLCID(I)/aCOMP(I) pairs specified on 

each card must be .LE.4 

C. Terminate card sean: WCLID(IMAX + l) • 0 1f IMAX.LT.4. 

D. Terminate reacH.ng initial composition: Card With NEXT • 0 

!. Skip reading initial composition: Alter control characters of 

pertinent INP cO!IIIII&D.d or a card With NEXl' • 0. 

F. llemarks : 

l. If a given nuclide is specified more than once for a single value 

of m:rr, all of the i.COMP (I) values for that nuclide on cards 

having that next value are added together to form the ini.tial. 

GIOUDt of that nuclide in a particular segment. 
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2. Initial composition cards with different NE:X'l' values may 

occur in any order as long as the NUCLID (I) and RCOMP (I) 

values on any given card correspond to the NEX'l' value on 

that card. 

6.2 Specification of Continuous Feed Bates 

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

occurring elements. 

B. Data sequence: 

NEX'X, NUCLID(I), RRA'!E(l), ••• NUCLID(IMAX), lRATE(IMAX) 

vhere 

NEXT • a control character indicating for which segment the 

information is intended and the type of information: 

l • individual activation product nuclides 

2 • individual actinide nuclides 

3 • individual fission product nuclides 

4 • naturally occurring activation product elements 

s· • naturally occurring actinide elements 

6 • naturally occurring fission product elements 

NOCLID(I) • the six-digit nuclide identifier for nuclide or 

element I (see Sect. 2.7) 

RRAn:(I) • the feed rate of nuclide or element NOCLID(I). The 

units of lRAtE(I) are specified vith the INP command 

··{Sect. 4.6). 

IMAX • m•rhnum number of NUCLID(I) /UA'l'!(l) pairs specified 

on each card; IMAX 11U8t be .LE.4 

C. Term:in&te card scan: WCLID(IMAX + l) • 0 if IMAX.LT.4 

D. Terminate reading continuous feed rates: Card 'With NEXT • 0 

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

pertinent INP command or a card with NEXT • 0. 
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l. Remarks : 

l. If the feed rate of a given nuclide is specified more than once 

for a single value of NE:X'l', all of the RRA!E(I) values for that 

nuclide on cards having that particular NEXT value are added 

together to form the total feed rate for nuclide NUCLID(I). 

2. Continuous feed rate cards with different NEX'l' values may occur 

in any order as long aa the NOCI.ID(I) and RBATE(I) values on 

any given card correspond to the NEXI value on that card • 

... .. .. --· .... 
6.3 Specification of Continuous Reprocessing Rates 

A. Function: Read continuous element removal rates during irradiation. 

B. Data sequence: 

Group l (one card set} 

UEM(l), NPROS(l), ••• UEM(M), NPROS(M), ••• 

DEM(MMAX) , NPROS (MMAX) 

Group 2 [MMAX card sets (M • l to MMAX) ] 

NZ(M,l), ••• NZ(M,N), ••• NZ[M.NPROS(M)) 

where 

IREM(M) • the first-order removal rate of elements NZ(M,l) through 

NZ[M,NPROS(M)]. The units of RREM(M) are specified with 

the INP command (Sect. 4.6). 

NPROS(M) • the number of element:& in card set M of Group 2; that is, 

the number of elements which have a continuous removal 

rate equal to UEM(M). 

MMAX • the number of continuous reprocessing rates to be read. 

Also, the number of card sets in Group 2. MMAX is 

specified as NINP(4) using the INP command (Sect. 4.6). 

NZ(M,N) • the two-digit (e.g., Be • 02) atomic number of an 

element with removal rate IB.EM(M). 
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C. 'l'ermmate card scan: Implicit in input information. 

D. Terminate reading continuous reprocessing rates: Implicit in input 

information. 

E. Skip reading continuous reprocessing rates: Alter control character 

of pertinent INP command. 

F. Remarks: 

l. Continuous element removal vill occur only during irradiation. 

If continuous removal is desired in a situation where no neutron 

flux is present, use the IRF coJI:IIII8.Dd (Sect. 4.21) with a very 

small flux • 

. . -- .. --
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7 • OIUG!N2 INPUT DECK ORGANIZATION 

Secticms 7 .l through 7.3 describe the order in which the data 

discussed in Sects. 2 through 6 are organized in the card input deck. 

Section 7.1 describes the organization of the source and object card 

decks that comprise the ORIGEI2 code. Section 7.2 describes the 

organization of the ORIGEN2 card data input deck,· assuming that the. 

nuclide data libraries (Sects. S.l through 5.3) are on cards. Section 7.3 

is similar to Sect. 7 .• 2, excep't that the nuclide d~ta_libraries are_ 

assumed to be on tape or direct-access-devi.ce files. 

7.1 Source and Object Deck Organization 

This section describes the organization of the OlliGEN2 source and 

object card decks. '!he general form of the ORIGEm code card deck is 

given in Table 7 .1. 

'!he recommended mode of operation, which is reflected in Table 7 .l, 

is to place object decks of all OIIGEN2 subroutines, except MAIN, on 

either a tape or a direct-access device. During normal operation of 

ORIGEN2, MAIN would be recompiled each time the code is used and would 

be the only [FOB.n.AN subroutines] present in the Table 7 .l input deck 

scheme. MAIN is recompiled to facilitate use of the variable dimensioning 

option. No [object deck(s)] would normally be present, and only the 

~CI.UDE HEX care! and the overlay cards would be used. The [OVERLAY 

statements 1 are not required. They do, however, considerably reduce 

the size of the fiDal executable module. 

A somewhat less C011111Q11 si:uation occurs when the user wishes to make 

chaD~s in selected object subroutines that have previously been stored 

on tape or a direct-access device. In this cue, the revi.sed FORTRAN 

and./or object subroutines are also included in the card deck in the 

appropriate place, u indicated in Table 7 .l. The subroutines on cards 

~ automatically be substitu:ed for those on the tape or direct-access 

devi.ce. 00084 
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Table 7.1. Source and object deck organization 

Input deck 

//FORT.SYSIN DD * 
I 

(FORTRAN Subroutlne(a)) 

,. 
1/LKED.IIEX DD DSN•ORIGEN2.0BJECT,DISP•SHR 

//LKED.SYSIN DD * 
(OBJECT Deck(a)) 

INCLUDE HEX 

(OVERLAY Statements) 

,, 

Comments 

FORTRAN step 

MAIN plus FORTRAN subroutlne(s) 
to be substituted for similarly 
named subroutines in a previously 
compiled version of ORIGEN2 that 
is stored on a direct-access 
device or tape. 

l.lnk-edlt step 

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

Read OBJECT subroutlne(a) to be 
substituted for those in the 
previously compiled version of 
ORIGEN2; substitute FORTRAN 
subroutines compiled above and 
OBJECT subroutines for those In 
object deck on direct-access 
device or tape; read OVERLAY 
statements to arrange subroutines 
in a apace-minimizing order. 
If the entire ORIGEN2 code ta 
present on csrds.the INCLUDE IIEX 
card ia omitted. 

Section 
where 

described 

2.1 

None 

None 

QO 
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In the hopefully ~ncozmon situation ~here the entire OR1GEN2 code 

is on cards, the //LK!D.HEX ... and INCLUDE HEX cards are omitted. 

7. 2 ORIGD\2 lnpu't Deck Organization·- Nuclide Data 
Libraries on Cards 

!he organization of the ORIGEN2 input deck; assuming that the decay, 

cross-section, fission-product yield and photon data libraries are on 

cards, is given in !able 7.2~ A swmnary of the input deck order is as 

follo-ws: 

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 i~portant to note that !!! of the nuclide data libraries read -with 

the LIB comcand (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. ~.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. 



0 
0 
0 
00 
~ 

Table 7.2. ORIGEN2 input orqanhatton whr.., the libraries are on card~ 

Input deck 

//GO.FT04F001 no nUMMY 

//GO.FT06F001 no SYSOUT~A 

//GO.~T07F001 DO DUMMY 

//GO.FT08F001 DO SYSOUT•A 

//GO.FT09F001 00 DUMMY 

//GO.FTIOFOOI 00 DUMMY 

//GO.FTllFOOl DO DUMMY 

//GO.FT12F001 on SYSOUT~A 

//GO.FTlJFOOl DO DUMMY 

//GO.FT15F001 00 OUMr~Y 

//GO.FT16F001 DO DUMMY 

//GO.FT50F001 DO OSN=TEMP, 
SPACE={3200,{50,50),RLSE), 
OJSr={NEW,PASS},OC8 2 (RECFM=FD, 
lRF.Cl=OO,RlKSIZE=3200). 

- -··------------- - ---

Co11111ents 

Output unit specification 

Input compositions on rlisk or tape 
(Sect. 4.5) 

Print unit for input listing, 
bibliography, and errors 

Write a ~terial 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 unit 

Print unit for unit 8 table of 
contents 

Print unit for unit 11 table of 
contents 

Oebugginq information 

Variable cross-section information 
1 Tem~orary space for input read on 
unft 5 · 

Sectton(s) 
where 

described 

Table 2.3 

(X) 
N 



0 
0 
g 
(J) 

Input deck 

(OVerride default individual 
element fractional recoveriea) 
-1 

(Override default element sroup 
fractional recoveries) 
-1 

(Override default element sroup 
membership) 
-1 

(ORIGEN2 co..ands) 

(Activation product decay data 
library) 
-1 

(Actinide decay data library) 
-1 

(Fission product data library) 
-1 

Table 7.2 (continued) 

Comments 

Miscellaneous initialization data 

Data need not be present; -1 required 

Data need not be present; -1 required 

Data need not be present; -1 required 

ORIGEN2 commands 

Only commands up to and includins 
the firat STP command (Sect. 4.29) 
or the end command are present:. here. 

Decay data library 

Some of these libraries (1nc1uaing 
their associated -1) may not be 
preaent.dependins on the parameters 
of the LIB command (Sect. 4.18). 

Section(s) 
where 

described 

3.4 

3.5 

3.6 

4 

4.18. 5.1 



0 
0 
0 
(") 
c.a 

Input deck 

(Activation product·. croaa-aectlon 
data library) ' 
-1 

(Actinide croa.-aection data 
library) 
-1 

(Fiaaion product croaa-aection 
data library] 
-1 

(Activation product photon data 
library) 
-1 

(Actinide photon data library) 
-1 

(Fission product photon data 
library) 
-1 

Table 7.2 (continued) 

Collllllents 

Croaa-aectJon data libraries 

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

Photon data libraries 

Soae or all of these libraries may 
not be presen~ depending on the 
parameten of the PHO command . 
(Sect. 4.19) and whether it is present. 

Section(a) 
where 

described 

4.18. 5.2 

4.19, 5.5 



0 
0 
0 c, 
0 

,. 

Input deck 

(Initial nuclide or ele•ent aass) 
0 

(Continuous nuclide or ele•ent 
feed rates) 
0 

(Continuous eleaent re•oval rates) 

(Begin input with mi,cellaneous 
data above) 

(Begin input with ORIGEN2 
convnanda above) 

(Begin input with decay data 
Ubrariea) 

//GO.FTOlFOOl DD * 

Table 7.2 (continued) 

Comments 

Composition, feed rates, 
and removal rates 

Branch or atop 

If (NSTP.EQ.l), read new aiscellan
eoua Input data, read new ORIGEN2 
commands, and execute new commands. 

If (NSTP.EQ.2), read new ORIGEN2· 
co~m~anda and execute. ~ 

, I 
If (NSTP.EQ.l), execute existing; 
ORIGEN2 commands again. 

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

Section(s) 
where 

descr:ibed 

4.6, 6.1 

4.6, 6.2 

4.6, 6.3 
00 
lA 



,, 
II 

.Input deck 

(Activation product de~ay data) 

(Actinide decay data) 

(Fission product decay data) 

(Activation product croas-aection 
data) 

(Actinide croaa-aection data] 

(Fission product croas-aection 
data] 

(Non-standard, flux-dependent 
reactions) 

Table 7.2 (continued) 

Comments 

Substitute data 

Some or all of these data may not 
be present,depending on the 
parameter& of the LIB command 
(Sect. 4.18). If the libraries 
are on cards, these snbatitutea 
can be aanually placed in the 
appropriate library, eliminating 
the need for this section. 

Non-standard reactions 

Hay not be preaent,depending on 
parameters of the LIB command 
(Sect. 4.18) 

Section(s) 
where 

described 

4 .18, 4. 20 

4.18, 5.4 
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7.3 ORIGE~2 Input ·Deck Organization- Nuclide Data libraries 
on Tape or a Direct-Access Device 

The organization of the ORIGEN2 input deck, assuming that the decay, 
. . -

cross-section, fission product yield, and photon libraries are on tape 

or a direct-access device, is given in Table 7.3~ A summary of the 

input deck order is as follows: 

control cards defining input/output units and data 
library files; 

miscellaneous initialization data; 

ORIGEN2 operational commands; 

initial nuclide compositions and continuous feed 
and reprocessing rates; 

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

non-standard, flux-dependent reactions. 

As in Sect. 7.2, it is important to note that all of the nuclide data 

libraries read ~ith the LIB·command (Sect. 4.18) must be read on the 

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

read ~ith the FHO command, although the units defined by the LIB and FHO 

co~ands (Sect. 4.19) may be different. The substitute data cards must 

be read on a different unit from that used by the LIB data libr~ries. 
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• Tahl<! 7.3. ORIGEN2 input orqanfz.,tfon wh1m th~ l.ihrari~s ar~ on a dir~ct-access d<!vice 

Input deck 

//GO.FTO~FOOl DO DUMMY 

//GO.FT06F001 DO SYSOUT=A 

//GO.~T07F00l 00 DUMMY 

//GO.FT08F001 00 SYSOUT•A 

//GO.FTllFOOl DO DUMMY 

//GO.FT12F001 DO SYSOUT•A 

//GO.FT13F001 00 DUMMY 

//GO.FT15F001 00 DUMMY 

//GO.FT16F001 00 DUMMY 

//GO.FTSOFOOI OD OSN•TEMP, 
SPACE=(J200,(50,50),RLSE), 
OISP=(NEW,PASS),OCO=(RECFM=FO, 
lRECl=80,RlKSIZE=3200) 

//GO.FT09F001 00 OSN=ORIGEN2.0ECAY, 
OISP=SIIR 

Comments 

Output unit specification 

Input comnosftions on disk or tape 
(Sect. 4.5) 

Print unft for input listing, 
bihlfo9raphy, and errors 

Write a material composition 
(Sect. 4.15) 

Principal print unft 

Alternate print unit 

Print unit for unit 8 table of 
contents 

Print untt for unit 11 table of 
contents 

Debugging infonmation 

Variable cross-section information 

Tempora~v space ·ror fnput read on 
unit 5 

Decay data library 

'Activation product, actinide 
and fission product d~cay 
libraries fn one file 

Sectfon(s) 
where 

described 

Table 2.3 

• 

4.18, 5.1 



, .... ..._ 
0 

& 
~ 

Input deck 

II DD DSH•ORIGEN2.XSEC,DISP•SHR 

//GO. n'lOFOOl DD DSN•ORIGEN2.PIIOTON, 
DISP•SIIR 

IIGO.FT05F001 DD * 

(Override default individual 
fractional recoveries) 
-1 

(Override default element group 
fract!Dnal recoveries) 
-1 

(Override default element group 
membership) 
-1 

Table 7.3 (continued) 

Comments 

Croaa-aectton data library 

Activation product, actinide, .and 
fission product croaa-aection 
libraries in one file 

Photon data library 

Activation product, actinide, and 
fiaa!Dn product photon data in 
one fUe 

Miscellaneous initialization data 

Data need not be present; -1 
required 

Data need not be present; -1 
required 

Data need not be present; -1 
required 

Section(s) 
where 

described 

4.18, 5.2 

4.19, 5.5 

1.4 

3.5 

3.6 



0 
0 

f6 en 

Table 7.3 (continued) 

Input deck 

' 
(ORIGEH2 co..anda1 

(Initial nuclide or ele•ent .aaa] 
0 

(Continuous nuclide or element feed 
rates] 
0 

(Continuous element removal rates) 

(Resin input with aiacellaneoua 
input data above] 

(Resin Input with ORIGEH2 commands 
above] 

(Resin input with decay data 
libraries] 

,, 
//GO.FTOlFOOl DO* 

Section(s) 
where 

Comments described 

ORIGEH2 commnnds 

Only commands up to and including 4.0 
the first STP command (Sect. 4.29) 
or the end command are present here. 

Composition, feed rates, 
and removal rates 

Branch or atop 

If (HSTP.EQ.l), read new miscel
laneous input data, new ORIGEH2 
commands, and execute new commands. 

If (HSTP.EQ.2), read new ORIGEH2 
commands and execute. 

If (HSTP.EQ.l), execute existing 
ORIGEH2 commands ssain. 

If (HSTP.EQ.4) or no STP command Ia 
used, terminate execution. 

4.6, 6.1 

4.6, 6.2 

4.6, 6.3 

4.29 

\0 
0 



0 
0 
0 
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II 

Table 7.1 (continued) 

Input deck 

(Activation product decay data) 

(Actinide decay data) 

(Fission product decay data) 

(Activation product cross-section 
data) 

(Actinide cross-section data) 

(Pfasion product cross-section 
data) 

(Non-standard, flux-dependent 
reactions) 

Conanents 

Substitute data 

Soae or all of these data may.not 
be preaent,depending on the 
parameters of tl~ LIB command 
(Sect. 4.18). 

Non-standard reactions 

Hay not be preaent,dependfng on 
parameters of the LIB command. 
(Sect. 4.18) ' 

Sect ion(s) 
where 

described 

4.18, 4.20 

4.18, 5.4 
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8 • DESCRIPTION OF ORIGu~2 INPUT AND OUTPUT 

This section presents and describes a specific ORIGEN2 calculation. 

The example calculationally irradiates fresh 3.2%-enriched uranium oxide 

fuel and the cladding associated with the fuel, reprocesses the fuel, 

and then decays the high-level and cladding wastes. Other instructions 

that do not meaningfully contribute to the calculation have been included 

for demonstration purposes. 

Section 8.1 describes the ORIGEN2 input deck that is listed in 

Appendix A. Section 8.2 contains a generic description of ORIGEN2 output, 

which is necessary because of the apparent difficulty many users experience 

when 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 for the first few cards (which are dictated by 

local computer conventions), all of the cards necessary to perform the 

specified calculations are present, assuming that ORIGEN2 exists as an 

object deck on a direct-access device or tape. In the discussion to 

follow, specific cards in the input deck will be referred to by the 

card number given in the left-hand column in Table A.l. 

Cards 1 through 5 call for the cataloged procedure in which a 

FORXRAN 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 shown in 

Fig. 2.1 and correspond to case 1 in Table 2.2. The most significant 

aspects of MAIN are described on the comment cards contained in the 

listing in Table A.l. 

00097 



93 

Following MAIN on cards 90 through 105 is a series of job control 

cards for ORIGEN2. Cards 91 and 92 point to the compiled subroutines of 

ORIGEN2 (i.e., the object ·module), which reside on a direct-access device 

in this example. Card 93 points to the OVERLAY statements, which are used 

to arrange the ORIGEN2 subroutines in a space-minimizing configuration. 

The OVERLAY statements are also stored on a direct-access device and are 

listed in Table A.2 of Appendix A. Cards 95 and 96 point to the decay 

and cross-section/fission product yield libraries that are stored on a 

direct-access device. The data sets are concatenated to prevent 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 recoverie~as described in Sects. 3.4 through 

3.6. Cards 125 through ~28 are the LPU commands that indicate the 

nuclides for which substitute data are to be provided. The first LPU 

command is associated with the first negative library identifier on the 

LIB command 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. The substitute 

data cards are to be read on unit 3, as indicated on the LIB card. 

Additionally, the LIB command calls for two non-standard reactions to 

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

compositions and store them in storage vectors. Cards 143 through 158 

00098 



94 

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 clad4ing 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. s .. 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 with ORIGE~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. 

ORIGEN2 output is arranged in a hierarchical form containing four 

levels. Thus, the first objective is to establish the overall (first

level) organization of the output. This is done in Sect. 8.2.1. Next, 

in Sect. 8.2.2, the principal component of the first-level organization, 

which is called an "output grouping," is dissected. Finally, in 

Sect. 8.2.3 a single ORIGEN2 output page is analyzed. 
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8.2.1 Overall organization of ORIGEN2 output 

The overall organization of a typical ORIGEN2 output is summarized 

in Table 8.1. The overall organization contains the first level of 

the output hierarchy and, in some cases, the second level. Most of the 

output in the first level is relatively short, with the exception of the 

"Output N," which will be discussed later. 

The card input echo is simply a listing of the input read on the 

card reader. This function is controlled from MAIN (see Sect. 2.6), and 

the unit numbers can be changed readily by changing the calling arguments 

to SUBROUTINE LISTIT. 

The listing of the miscellaneous input data, the ORIGEN2 commands, 

and the data libraries is to ensure that the information read by ORIGEN2 

was received properly. The listing of the most voluminous of these three 

items, the data libraries, can be controlled by the LIP (Sect. 4.16) 

command. The details of these data are contained in the sections 

indicated in Table 8.1 and will not be discussed further here. 

The output tables, which generally comprise the largest fraction of 

the ORIGEN2 output by far, will be discussed in detail in Sect. 8.2.2. 

All of the information printed on unit 6 is numbered sequentially 

by page. The table of contents printed on unit 12 lists the various 

types of information printed in the ORIGEN2 output and the page where 

each begins. It is hoped that this device will minimize the amount of 

searching required to find a particular piece of information in a large 

volume of output. 

The variable cross-section information printed on unit 16 gives the 

values of each of the cross sections that vary with burnup for each irra

diation step. Several types of data are given, including (1) the list of 

isotopes and_ cross sections (i.e., capture or fission) that are varying, 

(2) the previous and current cross-section values, (3) the location of 

the values being varied in the ORIGEN2 arrays, (4) the location of the 

fission product yields that must be altered when fission cross sections 

are changed, (5) an indication of the burnup anticipated for the current 

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

Description of output 

Card input echo 

Miscellaneous input 

Fission neutron yield per neutron-induced 
fission 

(alpha,n) neutron production rate 
Fission neutron yield per spontaneous 

fission 
Individual-element fractional reprocessing 

recoveries 
Element-group fractional reprocessing 

recoveries 
Assignment of elements to fractional 

recovery groups 
Elemental chemical toxicities 

Listing of ORIGEN2 commands 

Data libraries 

Decay 
Activation product segment 
Actinide segment 
Fission product segment 

Cross section 
Activation product seament 
Actinide segment 
Fission product ses-ent 

Photon 
Activation product segment 
Actinide segment 
Fission product segment 

OUtput lb 

OUtput 2b 

Output Nb 

Table of 

Variable 

Debugging 

contents 

cross-section information 

and other internal information 

6 

6 

6 

6 

6 

6 

6 

12 

16 

lS 

Section where 
described 

8.2 

3 

4 

s 

8.2.1 

8.2.1 

8.2.1 

8.2 

8.2 

8.2 

4 Assuming that the unit assignments given in Table 2.3 are used. 

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

Note: If an STP command (see Sect. 4.24) is used, the output after 
"Output N" in the above table will begin with miscellaneous input 
(NSTP•l), ORIGEM 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. 

The debugging and other internal information that is printed on 

unit 15 is generally most useful in monitoring the progress of the calcu

lation. The execution of each command begins with the printing of a 

one-line message that indicates the number and type of command being 

executed. Other information that is printed here includes: 

1. parameters related to the calculation of the flux by an IRP 

command (Sect. 4.22), 

2. the average recoverable energy per fission for each irradiation 

step, 

3. parameters calculated during the execution of a FAC command 

(Sect. 4.4), and 

4. parameters calculated during the execution of a KEQ command 

(Sect. 4.10). 

The information discussed above generally constitutes the output in 

a typical ORIGEN2 calculation. However, under conditions where an 

extremely large amount of output is desired, it may prove useful to 

direct a limited amount of the output to unit 6 and the majority of 

the output to unit 11. Unit 11 could be a direct-access device, tape, 

or microfiche writer. In any case, the output directed to unit 11 will 

be the Output N information, and unit 13 will be the table of contents 

for unit 11. 

Finally, there is one type of ORIGEN2 output which, although 

rarely generated, can be very useful for some debugging purposes. 

This output is a listing of the ''matrix" of reaction rates .that are the 

parameters in the differential equations being solved by ORIGEN2 and 

that connect each isotope with its parents and progeny. This output, 

controlled by the LIB command (Sect. 4.17), would require roughly 75 

pages for an ORIGEN2 calculation that includes 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 output of this information 

can be controlled by the OUT command (Sect. 4.5). 

The activation product segment consists of the output of one or more 

"table types" containing information for only the activation products. 

A table type is characterized by the units of the table, such as mass 

(grams), radioactivity (curies), thermal power (watts), or neutron 

·absorption rate (neutrons/sec). Twenty-four table types are available 

in ORIGEN2; these are listed in Table 4.3. The table types that are 

printed are controlled by the OPTL command (Sect. 4.25). For each table 

type, there ale 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) whi~h contribute more than 

a certain fraction (i.e., cutoff value) to the total for all activation 

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

Reactivity and burnup data 

Activation product segment 
a 

Table type 1 

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 

Actinide segment 
[same aggregations as for activation products] 

Fission product segment 
[same aggregations as for activation products] 

aThe 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). It should be noted that some table types, such 

as fission rate and alpha radioactivity, are not applicable to activation 

products and cannot be printed. 

The actinide segment and the fission product segment in Table 8.2 

are very similar to the activation product segment described above and 

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

for the actinides and the fission products are controlled by the OPTA 

(Sect. 4.26) and the OPTF (Sect. 4.27) commands respectively. 

The neutron production rate tables are relatively compact and 

straightforward. Each consists of a one-page listing of the neutron 

production rates from (alpha,n) reactions for each nuclide in each vector 

printed and a one-page listing of the neutron production rates from 

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 output consists of summation tables and 

principal contributor tables. The summation tables list the photon 

production rates for each vector printed as a function of 18 photon 

energy groups. Summation tables are given in units of photons/sec and 

MeV watt-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: 

1. the title for this output grouping (specified with a 

TIT command, Sect. 4.2); 

2. the average specific power (MW per basis unit), burnup 

(MWd per basis unit), and flux (neutrons cm- 2 sec- 1), 

the calculation of which depends on the BUP command 

(Sect. 4.14); 

3. the aggregation (e.g., nuclide table, element summary 

table, etc.) and table type (i.e., 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 fo~ the vector. Alphanumeric vector headings can be 

inserted by using the HED command (Sect. 4.7). 

The remainder of the output page is occupied by the main body of 

the ORIGEN2 output information. ·The leftmost column lists the nuclide 

(or element~ and the remainder of the horizontal line gives the charac

teristic (i.e., curies) of that isotope for each of the times or 

conditions of each vector. 

At the end of each aggregation, vector totals are given. Cumulative 

totals [e.g., total activation product (AP) plus actinide (ACT) plus 

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

table type. 
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8.3 Description of Sample ORIGEN2 Output 

This section describes five different types of sample output produced 

by ORIGEN2: output on unit 6, units 12 and 13, unit 15, unit 16, and 

unit 7. Since the output from some of these units, particularly unit 6, 

can be extremely voluminous, only representative excerpts have been 

included in some cases. All output described in this section was produced 

by the sample input deck described in Sect. 8.1. 

8.3.1 ORIGEN2 output on unit 6 

The sample ORIGEN2 output printed on unit 6 is given in Appendix B. 

There are two principal types of output on unit 6: reactivity and burnup 

information,and the ORIGEN2 output grouping. The output grouping, in turn, 

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 

vecto.rs contain information pertinent to only the output vector to which 

it corresponds. The last three lines contain average information for the 

entire output. The "SIZE OF MMAX" information tells the number of nuclides 

that have a given number of associated nuclear reactions [i.e., MMAX(3) 

means that a nuclide has three reactions]. The information below the MMAX 

data indicates the size of the problem executed. This information is 

needed to variably dimension ORIGEN2. 

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 waste. This table con

tains the curies of the radioactive nuclides in the cladding associated 

with 1 metric ton of initial heavy metal as a functi~n of decay time. 

This table is quite long because each of the 684 nuclides is listed, 
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regardless of whether it is significant. Table B.3 is the element 

aggregation corresponding to the nuclide aggregation in Table B.2. 

Again, all elements are printed, irrespective of their magnitude. 

Table B.4 is the nuclide summary table aggregation. Here, only the 

most significant nuclides contained in Table B.2. are listed. Finally, 

Table B.5 gives the element summary table corresponding to Table B.4. 

As is evident, the summary aggregations are considerably shorter than 

the nuclide or element aggregations. However, the summary aggregations 

should be used with caution since omission of a nuclide because the 

cutoff fraction was too high could require the repetition of a lengthy 

(and therefore expensive) computer run. 

Appendix B.3 gives sample neutron production rate tables. Table B.6 

is the neutron production rate from (alpha,n) reactions. The neutron 

production rates are given by nuclide and in toto for the composition in 

each vector. Table B.7 is identical except that the neutron production 

rates are from spontaneous fission events. These tables are produced 

only for the actinides since only these nuclides emit significant numbers 

of spontaneous neutrons or alpha particles. It should be noted that these 

tables are summary tables (i.e., only the most significant isotopes are 

output). The neutron production rate totals for each table and for both 

tables together are given for the table as output and for all nuclides, 

whether output or not, to ensure that no significant nuclides were left 

out. 

Appendix B.4 contains the sample photon production.rate output. 

Table B.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.S 

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))-1 • 

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. 
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8.3.2 ORIGEN2 output on units 12 and 13 

ORIGEN2 outputs the tables of content for units 6 and 11 on units 

12 and 13 respectively. These tables of content are given in Table C.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 burnup during the next irradiation step and 

the weighting factors used in the cross-section interpolation. Then, a 

small table is output containing several pieces of information for each 

nuclide with a variable cross section. The pieces of information in this 

table are as follows: 

1. 

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), I•: 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: Number of the array containing the loca

tions of the fission product yields that have to be adjusted 

when fission cross sections are varied. 
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6. FISS(J): Location of the fission cross section in array FISS, 

which contains all fission cross sections. 

7. A(N): Value _of A(N) for 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 5 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 suppressed. Two sequentia~variable cross-section. 

output segments are given in Appendix_D so that the movement of the 

old and new cross sections can be seen. 

8.3.4 ORIGEN2 output on unit 15 

A sample output containing debugging and internal information is 

given in Appendix E. This output, which is printed on unit 15, serves 

three principal functions. The first function, which is useful in some 

debugging situations, is to print a single line of information just 

before each command is executed. This output immediately indicates the 

command that was being executed when the error occurred. This output 

also prints information concerning the number of each command type. With 

respect to this latter feature, it should be noted that, for the purposes 

of counting the number of commands of ~ particular type, the IRP, IRF, 

and DEC commands are all counted as IRF commands. This means that there 

will always be a total of zero IRP.~d DEC instructions. 

The second function of the output on unit 15 is to provide selected 

internal information calculated by ORIGEN2. This type of information 

is printed for the following commands: IRP, IRF, KEQ, and FAC. The 

significance of the printed information is discussed below. 
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The information printed for both the IRP and IRF commands is basically 

the same. Most of the ·parameters printed are intermediate values used in 

SUBROUTINE FLUXO to calculate the flux when the 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 band 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 

DELT: duration of the current irradiation step, sec 

EPFl, EPF2, EPF3: recoverable energy per fission associated with 

the zero, first, and second time derivatives 

used in the flux/power 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 auxiiiary band 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 



FRC: (~B-IMFA)/(IMFA-IMFC) 

FRD: FRC*NDESB/NDESC 
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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 with that for the irradiation and KEQ commands. The FAC 

output information on unit 15 consists of the value of NFAC(l) on the 

FAC instruction and the value of FACTOR[NFAC(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 actua.lly 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 error 

types will stop program execution. 

The third type of error is printed when the command key word defining 

the type of command does not 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 unit 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 

on unit 7 is the same as the ORIGEN2 input format for specifying material 

compositions (see Sect. 6). Note that the compositions of four different 

materials are listed in Appendix F (viz., fresh uranium oxide fuel, spent 

uranium oxide fuel, fresh cladding, and irradiated cladding). Only the 

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

the 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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Table A.l. Sample ORIGEN2 input deck 

1 II !X!C fOR~QCLi,PARM.PCRT='IP.EF', 
2 II R!GIO!.PORT=400K, 
3 II ~AP.~.LK!D='OVLY,LIST,~AP', 
Q II Fl!M.G0• 1 !U=-1,DOMP•I', 
5 II !!GIOJ.G0•600K 
6 IIPO!~.SYSII DO * 
~ c 
8 C ClS! 1 CP.S! 1 CIS! 
9 c 

tOGIClL LO!JG 

CP.S! 1 CASE 1 CASE 1. CASE 1 

10 ,, 
12 
13 
111 
15 
16 
17 
18 

IITEGER•2 LOCl,~OBO,KD,LOC,JG?,~G~,NGR,~TIELD,!~"P,!C,~~lX,K~~. 
SLOCP,IPUD!P 

DOUBt! PIEC!SIOI CI!I,CSUM 
DII!!ISIOI I!!li ( 13,1676) ,CO!!!fl'( 

S!I'JlX (16'76) ,ltlP (1676) 
7,1676) ,IPiOD( 7,1676), 

DI~IS!OI STTFPB( 10,10),IS'!'OTI( 10,02),IS( 10),1STOTI( 10) 
DI!!ISIOI P. (65 00) ,LOCA (6500) , IIPIJDFP ( 9 80, 2) 
DI!I!ISIOI 01( II),!!( 11),11( II) 

1q DI!! lSI Oil YIELD (3 300) ,lf!I'!'!L!) ( 8~0) , !H!Otv ( II, 3) 
20 DI!!ISIOI lLPHI( 132),11JCP.N( 132),1UCSFO( 132) ,!!( 1!2),!!( 132), 
21 S!PSF( 132),!11( 132) 
22 CO!!OI IJIJMK/!RR,IDM(1),ItiT!,IlCT,I?P,ITOT,IL!~X,IA!P.I,Il!AI, 
23 ~IT!li,IZ!AX,lii,QII,PLUI,POW!R,!IDEX,TFPBP.V(II),IPHftli 
24 COM!OI l!li!J03/ISlP,li~UL,li!IP,MlB!1I, ICiftli,IlPftli,!PY!lt 
25 C 1766 WORDS AI! ~!CESSIP.Y II ~UDSCRI B!GI~II1G WITH S 
26 C /IODSCR/ IS IJS!D POP. !OLTIPL! PURPOS!S. 
2~ CO!ftOI lllJDSCR/DlJ31( 7,1676),~0!2( 6,1676),S(2),ClftR(1676), 
2~ S CSU!(1676),!01P(16'76),10(16'76),XP(16~6),X?11(1676) ,IT!!P(16'76), 
29 $ D(1676),AP(3SOO),LOCP(3500),LO~G(16'76) 
30 COIU!OI /B!G/!UJCL(1676),Q(1676) ,PG(00011),'1'0ClP(1676),G!!N!lJ( 132), 
31 SILP!!ll( 132),SPOIIF( 132),SF1UJ( 132),PISS( 132),!1tJC1B(1676), 
32 Sl!PC(1676),W!PC(1E76),ISTO!!( 10,1676),DIS(1676),!(1676), 
33 
~~~ 

35 c 
36 c 

SIBOID( 050),!010(16'76),tn(1E76),tOC(6500),1GP(1676) ,JGI(1676), 
S!G!(7900),GGR(790~ 

D!,!l, P.ID PI !!OVID! l CO!IT!IIYEII'l' !!CHliYS! POl I~I'l'IltiZIBG TAR!leLE 
!Ut'l'IPLI~! IIRlY P.!Ut1. 

!'lOIT IL!IC! (DI ( 1 ), !!!!Utf (1, 1 I ) , (!I ( 1) ,IIUJl.f (1, 2)) , 
S(!I(1),P!OlV(1,3)) 

!OO!V lt!IC! (DtJ! 1 (1, 1), CO!F!' (1, 1)), (D0!2 (1, 1) , !!'!00 (1,1) ) , 
S (IOIP (1) ,l!P!li ( 1)) , (!tAP (1), 10 (1)), (IIU (1, 1) ,DtJ!1 (1,1)) 

!QUITltEIC! (IP(1),1LPHII(1)), (lLPRB( 132),1tJClll(1)),(1lJCAI( 132), 
S!OCSPU (1)), (IUCS!'O ( 1 32), !! (11 ) , (IY ( 132), YY (1)), (YY ( 132), 

Q ~ S'PPSP (1) ) , (FPSP ( 1 32) , YIELD ( 1) ) • (YIELD (33 00) , HI !LD ( 1) ) 
U ClLI. Q105P (6) 
q5 C IIITilLIZ! PlG! COU~!!R 
G6 IP1G!•IP1G! (0) 
117 Lt• 10 
48 1!1• 13 
119 LC• 7 
50 IL!AI• 700 
51 Il!ll• 132 
52 I?llli- ~~0 
53 I'f!li• 1676 
511 IZ!li• 6500 
55 IPB!li•'7900 
56 IlPP!li•3500 
5~ I?Y~li•33~0 
sa ~~B~lt• •so 
59 ICI!li• 3 
60 IPD- 880 
61 Ll!• • 
62 C II!OTBCIS PEB I!IJTROI-IIDOC!D PISSIOI: 0•'1'H!R!1L SP!CTROP!; 1•FP.ST SP!CTRO! 
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Table A.l (continued) 

63 llTl.'•1 
611 IYTP•O 
6'; ~ C\tL SU!ROOTIM! TO 1!10 CARD I!PU~ FRO~ OIIT 5, PRI~ IT 0~ U~IT 6, liD 
66 C VRIT! !T OM O!IT SO. UNIT SO IS TR~I !!WOUlD AID O!IGEI2 BEADS THE DATA 
67 C PRO! OMIT SO. 
ISS CUL LIST!~ (5, 6, 50) 
~~ P!VIIO 50 
70 C ftliJ1 BAIDL!S THE !ISCELLAIEOUS IIIT!lLIZl~IOI DlTl 
"'1 
"'2 ~ 
"IJ 
7. c 
7'5 
76 .,., 
"78 
7Q 
eo 
Q1 

1 CALL !lii1(!~?,S!IU,lLPB!,KOCAI,IUCSPU,IY,YY,1B!UL,li!XP) 

~li12 R!ADS TH! OPIGEJ2 COftftliDS 
2 CltL !lii2(1STP) 

~1113 II!CU~!S ~S! O!IG!I2 CO!!liDS 
3 CALL !lii3 ( 

I LOIG,STT!~B,ISTOti,IS,!STOTI, LX, ~~. LC,XPD, 
S!OCAB,IO!O,KO.LOC,,GP,IGI,IGB,IYIELD,.OIP.IO,LOCP,!ftlX,KAP, 
StOCA,IPODPP, CI!I,CSO!• S, 
SIOCL,Q,?G,TOClP,G!IJEO,lLPHAI,SPOKP,SFIO,FISS,lftPC,I!PC,ISTORE, 
SOIS,!,GG!,YI!LD,l ,IP,IP\!,XT!ftP,D,l?,COE?P,IPBOD, XIEV, 
SlLPBI,IOC\I,!UCSPU,IY,tY,P?S?,P!l,lBUID,!ftULV,Ll!) 

11!2 c 
83 c 
811 

THIS "GO TO" ~ROVID!S TBE !!CBlNIS! FOB !XECaTIIG !OLTIPL! P!OBLE,S VITBI! 
1 S!liGLE JOE. 

Qt; 
96 
87 
e~ 

89 I* 

GO TO (1,2,3,Q),!STP 
II COKTIIU! 

CALL 01 OSP (6) 
S'rOP 100 
!ltD 

QO //LI!D.S~EPLtB DD DSI•SlS1.VSPG!,DISP•SRB 
91 //LXED.ft!X DD DSI•CB!!~!CB.lGC1Q198.020SJ,DISP•SHR 
q: // DO DISP.SB!,DSN•CB!!TtcH.Q105P.DO~!YO 
Q3 //LI!D.S!SII DD DtSP•SRi,,SK•C!BftTECB.lGC1Q198.~20VLY 
911 //r.o.Ft07F001 DD SYSOOT•B,DCB•(I!CF!•FB,LR!Ct•80,8LISIZE•3520) 
95 //GO.PT09P001 DD DSI•CB!!T!CB.lGC1Q198.D!ClY,DISP•SRI 
Q6 // DD DSK•CB!!T~CB.lGC1Q198.IPIRO,DISP•SBR 

97 //~O.F~10P001 DD DSI•CBI!T!CR.lGC1Q19~.PRO~OI,DISP.SBB 
98 //~O.PT11P001 DD SYSOOT•A,DCB•(I!CP!•YBA,LI!ct•137,BLlSIZ!•1100) 
go //GO.PT12F001 DD SYSOOT•l,,CB•(I!CP!•fBl,ti!CL•13"7,!LISIZ!•1100) 

100 //GO.PT1~001 on SYSOOT•A,DCBa{R!CP!•VBl,LI!CL•1~7,BLKSIZ!•1100) 
101 //';0. !'r1SP001 DD STSOOT•A,DCB• (l!f.:P!•VBl,LI!CL•137, BLISI%!•1100) 
102 //GO.PT16P001 DD SYSOOT•l,DCB•(I!CFft•fBl,LIZCL•137,BLlSIZ!•1100) 
103 //~0. 9t50P001 DD DSI•t£AGC,OIITaSYSDl, 
1011 // DC!•(R!CP!•P!,LR!Ct•80,BLKSI%~•3200),SP1C!•(3200,(SO,SO),ILSE) 

105 //GO.WT51?001 D~ StSOOT•l,DC!•(!!CF~•VBl,L?.!CL•137,BLKSIZ!•1100) 

106 //GO.Ft05F001 DD • 
107 92 1 0.99 
10111 QQ 1 0.9911 
109 -1 
11n s 1 o. 1 
111 _, 

112 2 15 

01! !ETIIC 'rOI OP PWPU PU!L 
-1 • P!!SB U !O!L VI~B I!PU!ITI!S (1 ~) 
-2 • PI!SB ZI!ClLOY CO!POSITIOI (1 KG) 
-3 • PR!SB SS 304 CO!POSITIOI (1 KG) 
-• • PI!SB SS 302 CO!POSITIOI (1 K~ 
-5 • PI!SB IICOirL CO!POSI~IOI (1 lG) 
-6 • PI!SB IIC!OBRIZ! CO!POSITIOI (1 KG) 

113 -1 
1111 BAS 
11'5 !Dl 
116 RDl 
11"' IDl 
118 !Dl 
119 ID-l 
120 IDl 
121 !Dl 
122 !Dl 
123 COT 
1211 LI:F 
125 LPO 
126 LPO 
127 LPO 
128 LPO 

ll!IIIG: V!CtOIS 1!! OPT!I CB11G!D IITB 
~B!!! CH11GES WILL 8! IO~!D 01 

I!SP!CT TO TB!I! COIT!IT. 
ID! CUDS. 

s 0.01 _, 
, 1 1 
380900 5513'70 -1 
010030 060140 -1 
902320 _, 
380900 -1 

101 



1243 
130 
1~ 1 
132 
133 
131t 
135 
13~ 
137 
138 
139 
1•o 
1.1 
11t2 
11t3 
11111 
1165 
,.6 ,..., 
1118 
1119 
150 
151 
152 
153 
15" 
155 
156 
157 
158 
15~ 
160 
16, 
162 
163 
1611 
1E! 
166 
167 
169 
169 
170 
1"1 
172 
173 
171l 
175 
176 
177 
178 
179 
180 
181 
192 
183 
184 
185 
186 
1@7 
188 
189 
190 
191 
192 
193 
191l 

L!l! 
PHC 
OPTL 
T!'I 
'ltDl 
IJP 
RDl 
IlfP 
liD& 
!BP 
ltDl 
Ilf 
IDl 
IIP 
TIT 
.. o, 
B!D 
BOP 
!PP 
!IP 
!ltP 
Il!P 
IBP 
!lit' 
!ltP 
I!!F 
IPP 
!!P 
tltP 
BOP 
OP'rL 
OP'U 
OPTP 
OO'f 
lt!)l 
I!Ol 
liDl 
I!!Q 
nc 
P')l 
Tn 
I'IOl 
lDD 
lDD 
lDD 
II!D 
Itt 'P 
Iltl 
Ill!' 
II! 
IU 
II!' 
II!' 
II!!' 
Ill 
IBP 
nr 
OaT 
!Dl 
ltDl 
I!!Ol 
IIOl 
PCB 
PCB 
PCB 
PCB 
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Table A.l (continued) 

0 1 2 -3 -2011 -~05 -206 9 3 -2 1 1 
101 102 103 10 

- 1 2"*8 
IIITIAL COI'IPOSITIONS OF UNIT li'IOOJTS OF PU~~ liD STP.OCT !AT'LS 
REID POEL CC~POSITIOR !NCLOD!IG II!IPOltiTI~S (1000 ~G) 
-1 1 -1 -1 1 1 
liElD ZIP.C1L01 CO~POSITION (1.0 IG) 
-2 1 -1 -1 1 1 
!!AD SS3011 CCI'IPOSITIOI (1.0 KG) 
-3 1 -1 -1 1 1 
li!AD IICOREL 718 CO~POSITIOI (1.0 IG) 
-s 1 -1 -1 1 1 
l!lD IICliOBlll%! 50 CO!POSIT!OI (1.0 lG) 
-6 1 -1 -1 1 1 
Ill!lDil'fiOI 0! 01! I'I!T!IC TOI OF PiRO !'U~L 
-1 1 0 1.0 
1 CHlliG! 

26.7 
66.7 

133.3 
266.7 
•oo.o 
""o.o 
533.3 
666.7 
"733.3 
800.0 
880.0 

3"7.500 1 
37.500 2 
37.500 3 
37.500 " 
37.500 5 
37.500 6 
37.500 7 
3'7.500 8 
37.500 9 
37.500 ,10 
37.500 11 

2 
3 

" 5 
6 
7 
8 
9 

10 
11 
12 

• 2 

" 0 
" 0 
" 0 
' 0 
" 0 • 0 

' 0 II 0 
II 0 
II 0 

!ID 0!' !HIS ST!P•1,000 
!MD OF THIS ST!P•2,500 
!ID 0!' THIS ST!P•S,OOO 
!ND OP THIS ST!P•10,000 
!ID OP THIS ST!P•15,000 
!ID OF THIS ST!P•16,SOO 
!RD OF :HIS ST~P•20,000 
EID OP THIS ST!P•25,000 
!WD 0!' THIS ST!P•27,500 
!ID OF 'lEIS ST!!c30,000 
!!D OF THIS ST!P•33,000 

I!IWD I l!'l I Hl'l 
!VD/I!ITlH! 
!VD/IS'r I Btl 
l!li'O/!'UR!! 
!IIID/!TJ:Hl! 
I!IVD/I!I'l IH!! 
!111'D/I!ITIH! 
I!IID/I!TIH!! 
I!IVD/!TIH!I 
I!IWD/I!IUHI'I 
!1ft)/I!TIB'!! 

8888781 
8 8 8 8 7 8 8 
8888788 
12 1 _, 0 

8 8 8 8 8 e 8 8 8 8 8 8 8 8 8 e 8 
8 8 8 8 8 8 8 8 e 8 a 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

-10 • I!RlDil~ED 0 PUEL lt DISCBl!G! 
12 -10 0 1.0 
TH!S! IIS'rROC!IORS 1P.E H!R! OILY TO D!ftOIST!,%! ~H!I~ US! 
10 12 1 2 3 -1.0 
1 1 12 ' o.o 
Il!l!IDil'riOI 0! 
Il!RlDil'!IOII Of 
-2 1 0 223.0 
-s 1 o 12.8 
-6 1 0 2.6 
-3 1 0 9.94 
1 
26.7 -1.0 
66.7 -1.0 

133.3 -1.0 
266.7 -1.0 
100.0 -1.0 

1 
2 
3 
II 
s 
6 
7 
8 
9 

.. o.o -1.0 
533.3 -1.0 
666.7 -1.0 
733.3 -1.0 
800.·0 -1.0 
880.0 -1.0 
12 1 -1 0 

10 
11 

IICOR!L + IICltOBliAZ! 50 lT 100~ !'LOX 
IICOI!t + IICEOBIAZ! 50 lT 1001 !'LUI 

ZI!CALOY+ 
ZI!CALOt+ 

ZIICALOY 
ncon:L 
IICltOBltlZ! SO 

ss 30" 

2 • 
3 • 

' " 5 • 
6 • 
7 • 
8 • 
9 • 

10 ' 
11 • 
12 • 

I !ID 
0 BID 
0 liD 
0 BID 
0 !WD 
0 !lfD 
0 · !ID 
0 BID 
0 BID 
0 !ID 
0 !ID 

or THIS 
or THIS 
0!' '%HIS 
OP THIS 
or mis 
01' THIS 
OP THIS 
OP THIS 
0!' 'fBIS 
0!' THIS 
01' THIS 

ST!!' • 
S'l!P • 
STEP • 
ST!P • 
ST!P • 
ST~P • 
STEP • 
STEP • 
S'l!! • 
ST!!' • 
ST!!' • 

CHlllGE 
1 • 000 UD/'!TIH! 
2,500 DD/!TIB! 
5,000 IIWD/!TIRI!I 
10,000 !ltlD/!TIH! 
15,000 !1lD/!TIBI!I 
16,500 1!11lD/!TIB! 
20,000 UD/!TIB! 
25,000 !1lD/I!ITI'I!! 
27,500 !1lD/I!ITIB! 
30,000 I!IID/I!ITIBI'I 
33,000 BWD/!TIH! 

-2 • r!!SH ~IRClLOY, IICOI!L, liD w.ICltO!BAZ! 
-9 • !RilDIAT!D Z!ltClLOY, IICOI!L, liD IICIOEltAZ! 
1 -2 0 1.0 
12 -9 0 1. 0 
-1 -1 _, 
-10 -10 -10 
-2 -2 -2 
-9 -9 -9 

lDll 

lDI 



Table A.l (ccr.tinuee) 

1~5 S'l'P 2 
196 2 !22310 2~0.0 !22350 32000.0 9223 80 967710.0 • 0 o. 0 Tnll. lC7I'IIIDZS 
197 • 030000 1.0 050000 1.0 060000 !!.D 070000 25.0 r.l!L l!IPOP. 
198 I 080000 13DC51.0 0!0000 10.7 110000 15.0 120000 2.0 Tll!l. li!Ptl! 
1'59 • \30000 16., 110000 12., 150000 35.0 170000 5.3 rtltl. HPOf. 
200 • 200000 2.0 220000 '· 0 230000 3.0 2110000 1.0 rl!tl. l!!POI 
2~ 1 • 250000 1.7 260000 18.0 270000 1. 0 280000 21.0 tDZl. II!PDP. 
202 • 290000 1.0 300000 10.3 120000 10.0 .,0000 0.1 fll !:1. ll! pUP. 
203 • 180000 25.0 I'SOO&O 2. 0 500000 11.0 610000 2.5 1"0!1. li!PU! 
2!111 • 710000 2.0 820000 '· 0 130000 o.• 0 o. 0 TDU li!PIII 
205 0 
206 • 100000 97~. 11 500000 16.0 260000 2.25 2110000 1. 25 %lP.C•I 
207 • 280000 0.02 130000 o. 021 050000 0.00033 160000 0.00025 UP.C•I 
208 • 0~0000 o. 120 270000 0.010 290000 0.020 720000 0.078 1l!C•I 
209 • 010000 0.013 250000 0.020 070000 0.080 080000 0.!50 1IJ!C•I 
210 • 160000 0.035 220000 o. 020 7110000 0.020 230000 0.020 Ute:- a 
211 5 920000 o. 0002 0 o.o %11C·I 
212 0 
213 & 260000 688. •s 210000 1!0.0 280000 90.0 250000 20.0 !S-301 
2" • 060000 o.e 150000 0. IS u.oooo 0.3 110000 10.0 SS-301 
215 II 070000 1. 3 270000 o. 8 0 o.o SS-301 
216 0 
217 D 260000 1 BO. 0 210000 190.0 280000 525.0 130000 6.0 IliC-718 
218 • 060000 0.1 270000 •• "7 290000 1. 0 250000 2.0 HC-718 
219 • 1120000 30.0 070000 1.3 110000 55.53 160000 0.07 IJIC-718 
220 • 110000 2.0 2:zoooo e.o 0 o.o I!IC-716 
221 0 
222 • 2600(10 0.1'7 200000 ,. 9.5 280000 7o3. a 000000 c. 1 IOIC!·SO 
223 • 130000 0.1 050:100 O. OS 060000 0.1 270000 o.3e JICP.-50 
22. • 250000 0.1 0"70000 D. 066 080000 0.13 150000 103., Ji!C:~-so 
225 • 1~0000 0.1 110000 o. 5, 220000 0.1 "700000 0.1 Ti1CI•50 
226 0 
227 !lS on II!T!IC toli or UITI&t nnr r~uu 
228 en -1 
229 t.n 0 0 0 
230 t.n 380!00 551370 -1 

. 231 l.l! 0 , 2 -3 0 0 0 9 3 0 1 , 
232 PP!O 101 102 103 10 
233 !!Of -9 -8 o 1. o 
231 P!>l ••• P.t~~OttSSI~; ~DOUl.t •••••••••••••••••••••••••••••••••••••••••••••• 
235 Ul TO!L IS F!:P~OC!SStO 1! t!t %I~! SPtCirl!O OJi T!! JtXt CliO 
236 etc 160.0-10 , • • 237 no 1 -9 12 •3 CU.CDUU o.os~ or ron 
238 J'!O 1 10 -5 -2 SZP1Plft TOl.lTit.tS lJiD PUT IJr -5 

. 239 PliO 10 I -2 •1 POt I!U Ill •2 
2110 PJO • -· ·3 

_, 
Pt~ U lJi •I lJiP PO lJr •3 

211 JlS Olit ~OR~Z OF IlilTill. P.rlTT 11!11L l! l F.tP~O:!SSIWC !Ie!: or 160 ous 
202 !01 ••• RLI O!ClT P.OOIII.t ••••••••••••••••••••••••••••••••••••••••••••••••• 
213 !I! O~lT Of BIGB•LtTtl. Pll•U ll5Tt; !OP.JiDP•33.000 ftiO/?.Tl!P. , .. P.OT -2 , 0 1. 0 
2•5 !!D a !U 
2'6 O!C o.s , 3 5 II 
217 O!C 1.0 3 I 5 o· 
218 O!C 3.0 • 2 5 0 
219 DEC: 10.0 2 3 5 0 
250 O!C · 30.0 J• • 5 0 
251 t'!C \00.0 I 5 5 0 
2~2 D!C 300.0 5 6 5 0 
253 O!C 1.0 6 ' 7 0 
251 !>!C 3.0 "7 •• 7 0 
2~5 :l"!!C HI.O e •• 7 0 
256 !ltC 30.0 9 10 ' D 

(\(:1. ~0 



The. correction shown below should be made to the sample problem in file 2 of 

CCC-371/0RIGEN2-82. This need for correction was announced in the December 1983 

RSIC Newsletter. 

:n 
;~e 

·~· ao 

100.0 
300.0 

'. 0 
OF': 
a a 
I I 
I I 

~ 

I 
, 1 I 

• ' I E 
I I 

0 i 

J 'S' 
f '6 

• a I 

• I I 
a I I 

.$/,6 .. 1.1 Lc:. ft,"s f~ 
ref r'.l"rc. .SCi,., f' !< 

P11 ff',.f f,.,., ;u rc. 
f4~C. 

• I a I 
I I I I 
I • I I 

Ul 
lDI 

i61 
iE2 
Hl 
:E• 
a! 
4EE 
4&1 

:!c 
t!C: 
::c: 
l!l 
OF':l. 
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a• !:1 
4~:1 ~!C 

.• ., , 1:;:, 
n2 !!:l 
473 ::c 
~'ll ::c 
• .,! ::c 
~H ::c 
417 :l!C 
.,, ~:c 

~ H D!C 
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lOa. 0 11 -a 
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I 
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Table A.2. ORIGEN2 OVERLAY statements 
I ICI.lYD! R!I 

U'!'BY I!AII 
IISUT !'lUI 

OVUU! A 
II S!U LIS'l'IT 
OV!SU! A 
IJS!!!'l' !'IUI3 

OV!ILU C: 
IJS!IT IIAII1 
OV!ILAt C: 
IIS!IT UII2 

OV!ILU P 
IJS!IT IS!C'01 
OVDLlt P 
liS !IT IS !CO2 
OV!ILU P 
IISUT IS!C03 
OV!ILl! P 
liS !IT IS !CO ll 
OV!Itlt P 
IIS!IT IS!C'OS 
OV!It.U P 
liS !J'l' IS !CO 6 
OVE!Llt 1" 
I IS !IT IS !CO 7 
OV!BLU !' 
liS!B'l' IS!C08 
01'!!Llt !' 
IIS!I'l' IS!C:09 
OV!IloU P 
I IS !IT IS !C:10 
OV!ILAt !' 
I IS !IT IS !C:1 1 
OV!ILU P 
I IS !IT IS !C:1 2 
OV!ILU !' 
IJS!IT IS!C:13 
OV!ILU P 
IJS!IT IS !C:1• 
OVDLAt l 
I IS !11' IS !C:15 
OV!ILU P 
I JSIIT IS IC:16 
OV!BLU 1" 
I IS !IT IS !C:17 
OV!ILU P 
IJS!I'l' IS!C:18 
OV!BLAt 1" 
IJS!IT IS !C:19 
OV!Itlt P 
IJS!IT IS !c:20 

OV!ILU C: 
I IS!IT lDDIIOV 
OV!ILlt C 
115!1': I1J DOC 
OVZ:ILU C 
IISIU IIDAT1.DIC:I!D 
OVDLU C: 
IIS!IT IUDlT2.SIGIID 
OVDLU C 
IJSZI'!' IUDl'r3.liSP 
ovnut c 
I IS!I'r PBOLII 

OV!!Llt I 
IIS!IT T!!IID 

OV!ILU D 
IJSD'!' nno. nc:u .l'UDG! 
OV!ILlt D 
liS!liT T!lll. Ill Tl !I • !QlY IL 

OV!llLU I 
IIS!I't OntPU'!' 

OV!Itlt ! 
IIS!I'!' OUT1 
ovntu! 
IIS!I'l' OUT2 

OV!BLU I 
IIS!IT Ga!!l 
O'V!BLAt I 
IISU'l' IUTIOI 

001.23 
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0 
0 
~ 
N 
C/1 

Table 8.1. Sample ORIGENZ reacttvtty and burnup tnformatton 

OUTPUT OIIT • 6 

IlllDJlTIOI OP 011 RI!TIIC TOI OP PliO PO!L 
ro1 rR• 1. 75000! 01NI, BIJIIIOP• 3. 10000! 011111 D, PLOI•. J. 2111 UI/CII .. 2•5!C 

l!lCUnU UD IIOIIOP DATA 
IllS IS• 011 III!TIIC TOI OP PliO POlL 

CHUG I 27. D 67. D 1ll. D 267. D 1100. D 11110. D Sll. D 667. D 

Till!, S!C o.o 2~ 111 06 s. 761! 06 1.151! 07 2.10! 07 1.1161 07 3.BOI 07 11.61! 07 5.761 07 
1!0!. PLOJ o.o 2.B91 111 2. 891 ,. 2.901 ,. 2.951 ,. 1.05! ,_ 1. 161! ,. 3.261! 111 1.1101! 111 
SP POi ,1111 o.o J.l5101 1.75101 1.151 01 1.151 01 1.151! 01 ].151'! 01 1.751'! 01 1.751! 01 
IIOUOP,IIIID o.o 1.001 OJ 1.501 OJ 2. 501 OJ 5. 001 01 5.001! 01 1.501'! 01 1.501'! 01 5.001! 01 

• IIPIIITI 0.0 1.151110 1.11611 1.10118 1. 22915 1. 1U 17 1. 151165 1.1111BB 1.05176 
I!OT PIIODI o.o 1.001 011 1.011 " 1.011 04 9.871 01 9.1l81! OJ 9.1111! OJ 9.011'! OJ B. 581! OJ 
11'!0! DIIS!W o.o 7.1101 OJ 7.561 0] 7.151! OJ B.Oll OJ B. 111111 03 B.09E OJ 8.101'! OJ B.111! OJ 
TO! 110 ""UP· o.o 3. 101 011 1.1011 o• ]. 30! 011 3. 101'! 011 1.301! 011 3.301'! 011 3. 301'! 011 1. 10 I 011 
lfG I PLOJ o.o 1.2111! 111 3. 2111 ,. 3.2111! 111 1. 2111 ,. 3. 211! 111 1.2111'! 111 1.2111'! 111 1. 211! 111 
lfG SP POi o.o 3.751 01 3.751 01 3.7511 01 3.751 01 1.75! 01 1.75! 01 3 .751'! 01 J. 751'! 01 

PlGI! 91 

7ll. D BOO .• D BBO. D 

6.HI 07 6.911 01 7.601 01 
1.511! 111 3.661 111 J.1BI'! ,. 
J. 751 01 1.151'! 01 1.751 01 
2. 501! OJ 2. 50! 01 1.00! 01 

1. 011119 1. 01079 0.981105 
11.3111 OJ B. 1 111 01 7.901'! 03 
B.071'! OJ B.OIII Ol 8. OlE Ol 
l. 101 011 3. lOll 011 3.10! 011 
]. 2111 111 l. 2111'! 111 3. 2111'! 111 
]. 15 r: 01 ].1511 01 1.1511 01 

51!! OP BRli(UI Rllll• 1 I• Bll8 IIRll• 2 I• fill BRll• l I• 1116 81111• II I• 52 BRll• 5 I• 10B Rllll• 6 I• 65 
Rftll• 1 I• 11 IIUI• 8 I• 0 IINll• 9 I• 0 Rlll1•10 I• 0 11Nll•11 I• 0 llftll•12 I• 0 

Till IQNIIII Of IOI•UIO tnBS II 1•63711 
TR! IORII!R OP 101-!1'!10 PISSIOI PIODOct IIILD5•12112 
lliT!• 6BII llCT• 129 IPP• B58 ITOT•1671 
Till 10118!11 Of 101-1110 lltOUL AIIOIDUCI!S• 11111 
Till IIURBU Of 101-UIO PROTOI UILDS• 4125 
Tftll IIA II NOR 1081111 OP TilliS II lP. 1158 

-N c:o 
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Table 8.2. S1111pJe OR I GEN. JC J t de radtoact tv tty table 

OUTPUT UNIT • 6 PAG! 311 oren or ua STROCTOIIL fti~IIIIL IISTI: 33.000 11110/fttUN lCTIYATIOI PRODUCTS 
PO•!R• 1.00000! 00111, BURl UP• 1. ooooo11 oono. rtUI• 1.001 001/CII .. 2•S!C 

IUCLIDI TULir RIDIOIC'IUIU 0 CURII!I 
0111 !01111 or IIITIAL R!IU ll!tlt IT I II!PROC!SSIIG TIII11 or 160 DIYS Sl!tO. 051 ' 3. II 10. n ]0. YR 100. ·n 300. IR 1. Ill l. n to. n 30. n too. II! 1. "' II 1 o.o o.o o.o o. 0 o.o o.o 0.0 o.o o.o o.o o.o 0.0 II 2 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o II l t. 280!-01 1.08U•01 7.3031-02 2.3161-02 11.6121-011 6. 22ll!l-09 5.370!-26 o.o o.o 0.0 0.0 o.o II II 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 

"' 3 0.0 o.o. o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
"' II o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o HI 6 o.o 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 o.o 0.0 o.o LJ 6 o.o o.o o.o 0. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
11 1 o.o o.o o.o o.o o.o 0.0 0.0 0.0 0.0 o.o o.o o.o LJ II 0.0 o.o o.o o. 0 o.o o.o 0.0 0.0 o.o o.o 0.0 o.o 
Bl 8 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o IJI 9 0.0 o.o o.o o. 0 0.0 o.o o.o o.o o.o o. 0 o.o o.o Dr to 2.209!-08 2.20911-011 2.20911-08 2.20911-08 2.209!-08 2.2091-011 2.2081-08 2. 206!-08 2.2001-08 2. t811-08 2.11611-08 1.11]2!-08 
IJI 11 o.c o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o f 10 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o f 11 o.o 0.0 o.o o. 0 o. 0 o.o o.o o.o o.o o. 0 o.o o-.o r 12 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 0.0 o.o 

( 12 o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o c 13 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o c 111 9.11121-0t 9.110111-0t 9.110011-01 9.37811-01 9.2991-0t 9.07611-01 8.3391-01 6. 51171-01 2.801!-01 2.11971-02 5.21101-06 o.o c 15 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o • IJ o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o w • 111 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 I 15 o.o o.o o.o o. 0 o.o o.o o.o o.o 0.0 o.o o.o o.o 
II 16 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o 

0 c 16 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o t 17 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 0 c 18 0.0 o.o o.o o.o . o. 0 o.o 0.0 0.0 o.o o.o o.o o.o 
~ c IS 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 

' 19 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.1) ~) • 20 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o ...J If 20 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
"' 21 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
H 22 o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o 
If 23 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o .. 22 o.o 0.0 o.o o.o 0.0 0.0 o.o 0.0 o.o o. 0 o.o 0.0 .. 23 0.0 o.o o.o 0.0 o.o 0.0 o.o 0.0 o.o o.o o.o 0.0 
Ill 211 0.0 o.o o.o o. 0 o.o o.o 0.0 o.o o.o o.o o.o o.o .. 211ft o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 
Ill 25 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
IIG 211 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o. 0 o.o o.o 
IIC 25 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
IIC 26 0.0 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 
IIG 27 o.o o.o o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o nc 28 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
H 27 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o 
H 28 0.0 o.o o.o o. 0 o.o o.o 0.0 o.o 0.0 o.o o.o o.o 
ll 29 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o. 0 o.o o.o 
11 JO o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o Sl 28 o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o. 0 0.0 o.o 
51 29 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o. 0 o.o 0.0 Sl 30 o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o 



Table 8.2 (cont tnued) 

OUTPUT UNIT • 6 PIG! 35 oren ot fVI S!IICTOIIL ftlT!IIIL IISTI: ll. 000 HIID/ft!Hft ICTJfiTJOI PRODUCTS 
PQIEI• 1 .00000! 00ftl 0 IIOIIOP• 1.000001 oouo. PLOI• 1.0011 OOI/CH .. 2-S!C 

IUCLIDI 'UILII UDIOIC!IU!to COlliS 
011 TOMII or IIITiat H!IU IIITAL IT I ll!PHOC!SSIWG Till! or 160 DAIS 

!litO. 05l • l. II 10. n 30. II 100. II 300. II 1. n 3. It! 10. kJ JO. Ill 100. n 1. "' 51 )1 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o Sl 12 2.U2f-08 2.111111-011 2.111561!1- 08 2 .11011!- Oil 2.2311-08 1.8031-08 8.511~1!-09 1.0131-09 5. 8021!-13 3.1711-22 o.o 0.0 f 31 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o 0.0 o.o f 32 l.6C:JI!-01 2 •• 7111-08 2.11561-08 2.110111-08 2.231!-08 1.803!-08 8.51161!-09 1.0131!!-09 5.801!-13 3. 111!-22 o.o o.o p u ).966!-05 2.5lll-18 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o f H o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 !I J2 c.o o.o 0-0 o.o o.o o.o 0.0 o.o o.o o. 0 o.o 0.0 !I ]) 0.0 o.o o.o o.o 0.0 o.o o.o 0.0 o.o o.o 0.0 o.o s Jll o.o o.o o.o 0.0 o.o o.o 0.0 0.0 o.o 0.0 o.o o.o 5 35 5.11179!-01 9.81111-05 1.762!-11 o.o o.o o.o o.o o.o 0.0 o. 0 o.o 0.0 
~ 16 o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o. 0 o.o 0.0 !I 11 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o Cl 35 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o Cl 36 6 .020!-06 6.0201-06 6.020!-06 6.020!-06 6.019!-06 6.016!-06 6.00E!-06 5. 979!-06 5.883!-06 5.618!-06 11.782!-06 E.0191!-07 Cl 37 c.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 Cl 38 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o Cl 18N o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 Ill ]6 o.o o.o o.o o.o 0.0 o.o 0.0 0.0 o.o o.o 0.0 o.o u l1 2.tliJI-06 1.0061-15 o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 0 All 18 o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o. 0 0.0 0.0 

0 Ill 19 1.6C5t-08 1.5921-08 1.56111-08 1.11185!-08 1.21101-08 7.111071-09 1. 220!-09 7.051!-12 1.035!-19 o. 0 o.o o.o u 1110 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o 

~ 
lll 1111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o w .. 112 111.0971-17 1.811171-17 1.3211-17 2.1821-17 5.015!-18 7.5591-20 3.1111!-26 1.7131-1111 0.0 o.o o.o 0.0 II 39 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 0.0 o. 0 o.o 0.0 II 110 2.JIJ61-1l 2.111161-13 2.JIJ61-1l 2. 1111611- f] 2.111161-13 2.31161-13 2.31161-13 2.31161-13 2. 31161-13 2.311161-13 2.311161-13 2.11154-13 II IJt o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o o. 0 o.o o.o II 112 •• 0971-17 1.111171-17 1.1211-17 2.1821-11 5.0151-18 7.5591-20 1.1121-26 1.1731-1111 o.o 0.0 o.o o.o II Ill o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o o.o 0.0 1).0 II u o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 Cl 110 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 0.0 o.o Cl IJ1 9.0511-08 9.0511-08 9.0511-U 9.011191-08 9.011111-08 9.02111-08 8.971111!-08 a. 8221-oa 8.3091!-08 7.0021-08 3.81171-08 1.738!-11 ca 112 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o Cl Ill o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o Cl " o.o o.o o.o o.o 0.0 0.0 0.0 o.o o.o o. 0 o.o 0.0 Cl 115 1.811191-03 1.71191-05 1.310!-10 1. 0611-21 o.o 0.0 o.o 0.0 o.o o. 0 o.o o.o Cl 116 o.o o.o o.o 0.0 o.o 0.0 o.o o.o 0.0 o.o o.o o.o ca 111 9. 6S 11-16 o.o o.o 0.0 0.0 o.o 0.0 o.o o.o o.o o.o 0.0 Cl 118 o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 0.0 o.o o.o Cl 119 o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o o. 0 o.o 0.0 sc 115 o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o o. 0 o.o o.o 5C u 1.160!-01 1.].81-05 8.805!-15 0.0 0.0 0.0 0.0 o.o o.o o. 0 o.o o.o 5( '6ft o.o o.o 0.0 0.0 0.0 o.o o.o o.o o.o o.o 0.0 o.o sc 111 6.6111-15 o.o o.o 0.0 o.o o.o 0.0 0.0 o.o 0.0 0.0 o.o !I( 1111 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o. 0 o.o 0.0 sc IJ9 o.o o.o o.o 0.0 o.o o.o o.o 0.0 0.0 o.o o.o 0.0 sc 50 o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o. 0 o.o 0.0 Tl 116 o.o o.o o.o 0.0 o.o 0.0 0.0 o.o 0.0 o.o 0.0 0.0 Tl 111 o.o 0.0 o.o o.o o.o o.o 0.0 0.0 0.0 0.0 0.0 0.0 TJ 118 o.o 0.0 o.o o.o 0.0 o.o o.o o.o 0.0 0.0 o.o o.o TJ 119 o.o o.o 0.0 0.0 o.o o.o o.o o.o 0.0 o. 0 o.o o.o TJ ~0 o.o 0.0 o.o o. 0 0.0 0 - o.o o.o o.o o. 0 o.o o.o 



Table 8.2 . .ntfnued) 

OUTPUT OUT • 6 PIIG! J6 D!CU or Pll !TIDCTOIIL Rl!!IIIL liST!: 33,000 ftiD/ftTRR ICTIYITICI PRODUCTS 
lUI !II• 1.00000! OOftl, lOll UP• 1. 0000 01! 00ftiD, rtUJ• 1.001 001/CR••2-S!C 

IDCLIDI 'tiBLI: IIDIOIC!Ifl'U, cuans 
011 'tOll! or IIITIAL H!IY! ftl'tiL IT I IIIPIIOCISSJJG 'till or 1110 DIU 511+0.051 • J. " 10. Ill JO • 18 100. n ]00. n '· n l. K! 10. K! )0. n 100. It! 1. "' 'U 51 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 0.0 o.o 

' '' o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
' 50 2.1011!-15 2.lOU-15 2. 30tll-15 2.3011!~15 2.3011!-15 2.30111-15 2.3011!-15 ~.3011!-15 2.3011!-15 2. 30 11!-15 2. 30 11!-15 2.)011!-15 
' 51 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 
' 52 o.o o.o o.o o.o 0.0 o.o o.o o.o o. 0 o. 0 o.o o.o 
' 53 o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o o.o o.o 
' 511 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o Cll 50 o.o 0.0 o.o o. 0 0.0 o.o o.o o.o 0.0 o.o o.o o.o Cl !1 6.236! 02 7.112!-10 o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o Cit 52 o.o 0.0 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o Cl 53 o.o 0.0 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 

CJ 511 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o Cit 55 o.o o.o o.o c.o o. 0 o.o o.o o.o o.o o.o 0.0 o.o 
"' 511 6.80]1 01 5.9861 00 2.0731-02 1.90111-09 o.o o.o o.o 0.0 o.o o.o o.o o.o 
"' 55 0.0 ·o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
ftl 56 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
ftl 57 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
"'511 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
Pf 511 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Pf 55 11.8]11 OJ 2.1711 OJ 3.)591 02 1.6261 00 1.2711-08 o.o o.o 0.0 o.o o. 0 o.o o.o rf 56 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o rr 57 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o u 58 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:;; 
rf 59 3.266! 01 1.5211-06 1.2011!-2) o.o o.o o.o o.o 0.0 o.o o.o o.o o.o N 

0 cc 58ft 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 co 58 1.1138! 03 1.111]1-02 11.19111-1] o.o o.o o.o o.o o.o 0.0 o.o 0~0 o.o co 59 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
~ cc 60 7.286! 03 11.9111 Ol 1.9561 Ol 1.11091 02 1.11131-02 5.3111-111 o.o o.o o.o o.o o.o o.o 
~) cc 60ft o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
~ 

co 61 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o cc 62 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o II 58 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o .. 59 5.1511! 00 5.15111 00 5.15111 00 5.15]1 00 5.1501 00 5.11111 00 5.110! 00 5. 022! 00 11.727! 00 l. 915! 00 2. 167! oc 9.011!-011 II 60 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1161 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1162 o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o II 61 6.!5111 02 6.11011 02 6.0791 02 5.2281 02 3.0161 02 6.811! 01 3.500!-01 9.9981-08 o.o o. 0 o.o o.o 
111611 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o II 65 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
II f6 8.9U!-211 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o co 62 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 0.0 o.o co 63 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 
co " o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o co 65 o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o o.o cu 66 1.962!•211 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o co 67 11.8311-23 o.o o.o o.o o.o o.o o.o 0.0 o.o o. 0 0.0 o.o II 6] o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
%I 611 o.o o.o o.o o. 0 o.o o.o o.o 0.0 o.o o.o o.o o.o 
til 65 2.1031-01 9.]1101-03 6.5201-06 6.265!-15 o.o o.o o.o o.o o.o o.o o.o o.o 
til 66 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
!167 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
!I 68 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 



Table 8.2 (contfnued) 
OOTPOT OltT • 6 PIG I 31 ll!CU 01 Pll S!IOCfOIIt Bl!lltiL llSTI: ll,OOO IIID/IITRII ICTifiTIOI PRODUCTS 

fOIIR• 1.000001 OOBI, IOIIOP• 1.000001 001110, rtOI• 1.00! OOI/CII••2-S!C 
IOC~lDI UILII llDIOICTUIU, COlliS 

011 !0111 or lllriiL Rllfl RITlL IT l I!PIOCISSIItG Till! or 160 DAIS 
Sllt0.051 I l. II 10. II lO. 11 100. II lOa. IR 1. n l. K! 10. II! lO. n 100. n 1. IIY 

1169 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
II 6911 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 lO o.o o.o o.o o.o o.o o.a o.o o.o o.o o.o o.o 0.0 !W 11 a.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o tl 1111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 01 69 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 01 10 o.o o.o o.o a.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 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 
0112 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 01 l:!" o.a o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o Gl 10 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 cult :!.2121-10 2.5271-ll o.o o. 0 o.o a.o o.o o.o o.o o.o o.o o.o 01 1111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 01 12 0.0 o.o o.o o.a o.o o.o o.o o.o o.o o.o o.o 0.0 Of ll o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 O.jl 0.0 Of 111 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 01 15 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 01 1511 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0 Of 16 o.o o.o o.o 0. 0 o.o o. 0 o.o o. 0 o. 0 o. 0 o.o o.o 
~ Of 11 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o Ol llll 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 CJJ as l5 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o -0 as 16 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o w w as n o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

Sf }II o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o 0.0 Sl 15 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o Sl l6 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 sf n o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o Sf 111 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Sf ltl o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o S I l9 2.0001-]2 2.0001-]2 2.0001-12 2.0001-]2 2.0001-]2 2.0001-32 2.0001-32 2.000!-]2 2.0001-32 2.0001-]2 2.0001-32 1. n n-Js Sl l9!'1 a.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o st eo o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o 0.0 Sl 81 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o Sf 8111 o.o o.o o.o o. 0 o. 0 0.0 o.o o.o o.o o. 0 o.o 0.0 Sf 82 0.0 o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o Sf 83 0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o 0.0 Sf 8 Jll 0.0 o.o o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o 0.0 811 lS 0.0 o.o o.o o.o. o.o o.o o.o o.o o.o o.o o.o o.o 811 80 0.0 o.o o.o o. 0 o.o 0.0 o.o o.o o.o o. 0 o.o 0.0 1111 11011 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 1111 81 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 Ill 82 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o 0.0 8!1 82 .. 0.0 o.o o.o o.o o.o o.n o.o o.o o.o o.o o.o 0.0 811 83 0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o Kl l8 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o 0.0 
1!11 79 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o o.o 1111 1911 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 1111 80 o.o o.o 0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 K11 II t 0.0 o.o o.o 0. 0 o.o o.o o.o o.o o.o o.o o.o 0.0 II 8111 0.0 o.o o.o o.o o.o 0.0 0.0 o.o o.o o. 0 o.o 0.0 1111 8 2 0.0 o.o o.o o. 0 o.o 0 - o.o o.o o.o o.o o.o 0.0 



hb1e B .• .ont I nued) 

OUTPut UJIT • 6 PIG! 38 DECal Of tv II STIOCTUIIL RI~IIIAL liST!: 13,000 RID/RTHR ICTIYITICI PRODUCTS 
POll! II• 1.000001 OORI, IOIIIOP• 1. 000001 OOIIID, PLOI• 1.001 OOI/CR••2-S!C 

IOCLJDI TIIILI: UDJOICUYITY, COR!!! 
011 TOll! or IRITIIL H!IYI IIITIL IT I IEPROC! !SIIIG TIRE or 160 Dns Sllt0.05!1 • J. n 10. Ill lO. Ill 100 • II JOO. IR 1. kl 3. Kl 10. Ill 10. Ill 100. n 1. II! 

1111 Ill o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 1111 8111 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 0.0 o.o 
lUI 811 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
lilt 85 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.!) 0.0 0.0 
1111 8511 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 0.0 
1111 86 o.o 0.0· o.o o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o 
118 81 o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o o. 0 o.o 0.0 
1111 88 0.0 o.o o.o o. 0 o.o o.o o.o o. 0 o.o o. 0 0.0 o.o liE 85 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 
Rf 86 0.0 o.o o.o 0.0 0.0 o.o o.o o.o 0.0 o. 0 0.0 o.o 
liE 8611 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
Ill! 87 o.o o.o o.o o. 0 o.o o.o o.o o.o 0.0 o. 0 o.o o.o 
Itt 88 0.0 0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
llf 89 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 511 811 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o 0.0 o.o ss 85 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 0.0 o.o Sit 8511 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 511 86 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 0.0 
Sit 111 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 0.0 o.o 51 8711 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 0.0 sr; 88 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
Sit 89 6.35H-01 1.8661-01 1.0101-22 o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 511 90 1.5151!-011 1.1111!-011 1.1911!-0IJ 1.1120!-05 1.11021-05 1.2001-01 6. 'JlOE-15 1.1116!-35 o.o o.o o.o o.o ~ 51 91 c.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o 

0 51 93 o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o o.o 0.0 
0 ' 89 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

' 8911 1.01151-20 o.o o.o o. 0 0.0 o.o o.o o.o o.o o.o 0.0 0.0 
~-.A ' 90 1.516!-011 1.11111-011 1.1951-011 7.1122!-05 1.11031-05 1.2011-01 6.912!-15 1.4761-35 0.0 o.o o.o o.o 
{.) I 9011 o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o 

' 91 2.111! 00 11.998!-06 1.11981-19 o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 ... , ' 92 o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o. 0 o.o o.o I 9] 0.0 o.o o.o 0.0 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
' 911 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
' 96 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 !189 · 6.1JSOI!- 18 0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o u 90 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 1191 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 92 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 0.0 
!I 9] 1.2661-01 1.266!-01 1.2661-01 1.266!-01 1 •. 2661-01 1. 265!-01 1. 2651-01 1. 2611!-0 1 1.260!-01 1. 2119 E-0 1 1.210!-01 8.0115!-02 
!R 911 o.o 0.0 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o u 95 8.5661 0] 5.9891-02 5.5971-111 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o 
ZJ96 o.o 0.0 o.o o. 0 o.o o.o o.o o.o 0.0 o. 0 o.o o.o u 97 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o IE 92 1.278!-05 11.1711-38 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
II! 93 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 1111 9311 9.2631-03 2.5001-02 5.357!-02 9.618!-02 1. 19611-01 1. 202!-01 1. 202!-01 1.2011-01 1.197!-01 1.186!-01 1.1119!-0 1 1. filll!-02 
If! 911 1.28)1 oc 1.2811 00 1.2821 00 1. 28111 00 1. 278! 00 1.27011 00 1.2110! 00 1.158! 00 9.116!-01 ... 605!-01 ... 219!-02 1.949!-15 Ill! 95 1.652! Oil 1.:UOE-01 1. 21131-11 o. 0 o.o o.o o.o 0.0 0.0 o.o o.o o.o M I! 9511 6.155! 01 11.11111!-011 11.1521-16 0.0 o.o o.o o.o o.o o.o o.o o.o o.o II l' 96 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 
I! 97 o.o o.o o.o o.o o. 0 0.0 o.o o.o 0.0 o.o o.o o.o II! 9711 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 



Tab1e B.Z (continued) 
OUTPut UIIT • 6 fAG! 39 

D!CU 01 PWI S!IDC!Oilt Hl!lltlt llS!I: H,ooo no1nBR lC!IfATtCI PIODUCTS 
I'OII!R• 1.00000! 00111, BOIIOP• 1. 000001 DORIO, rtOI• 1.001 OOI/CH••2-S!C 

110C~JDB 'UI!Lia llDIOICtlfl n, COlliS 
011 !0111 or lii!IIL 111191 fti!IL lT l I!PIOCISSIIG ttlll or 160 DliS 

SlltO. 05ll I 3. 11 10. II 30. 11 100. II 300. !R 1. n 3. n 10. n 30. Ill 100. Itt 1. "' 11198 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
11!100 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
IIC 92 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o 
110 9311 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
110 93 2. ~2111-02 2.5231-02 2.5191-02 2. 5091-02 2.111751-02 2.1711-02 2.0701-02 1.393!-02 3.118011-03 6.617!-05 6.269!-11 0.0 
IIC 911 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 
IIC 95 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
IIC 96 0.0 o.o 0.0 o.o 0.0 o.o o.o 0.0 o. 0 o. 0 o.o 0.0 
IIC 97 o.o o.o o.o o. 0 0.0 o.o o.o 0.0 o.o o.o o.o o.o 
IIC 91 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
IIC 99 11.3201-15 o.o 0.0 o.o o.o o.o o.o o.o 0.0 0.0 o.o o.o 
IIC 100 o.o o.o o.o 6. 0 0.0 .0. 0 o.o 0.0 0.0 o. 0 0.0 o.o 
IIC 101 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
fC 97 o.o o:o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o ,.( 91ft o.o o.-o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
IC 99 1 .0561-0:J 1.'156 ... 03 1.056!-03 1. 0561!-03 1.0561-03 1.0551-03 1.05311-0l 1.0116!-0l 1. 02211-03 9.571!-011 7.6271-011 11.0781-05 
,.(100 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
!C 101 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
1096 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 

0 10 97 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 Ill 91 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 

ao 99 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
~ 10100 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 ~ 
(A) 110101 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o 0.0 

N 110102 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
10103 11.0601-03 1.6211-11 11.1561!-31 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
101011 o.o o.o o.o . o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
10105 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 0.0 
10106 2.9991-13 3.1121-111 ].09911-16 3.29911-22 11.1011-U 0.0 o.o o.o o.o o.o o.o 0.0 
110107 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 
1111103 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
1111011 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 
IIH 10~11 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
IIH105 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
11110511 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
118106 2.9991-13 3.8121-111 1.09911-16 J. 29911-22 II. 1071!-113 o.o o.o o.o o.o o. 0 o.o 0.0 
1H 101ill o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 
IH107 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
I'D 102 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
I'D 103 0.0 o.o o.o o. 0 o. 0 o.o o.o o. 0 o. 0 o. 0 o.o o.o 
l't1011 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 
1'0105 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
PC106 o.o o.o o.o 0~0 0.0 o.o o.o 0.0 o.o o.o o.o o.o 
PC 107 6.1155!-15 6.11551-15 6.11551-15 6.11551-15 6.11551-15 6.115511-15 6.11511!-15 6. 11531!-15 6." 81-15 6.111111-15 6.386!-15 5.8021-15 
I'D 10 1 .. 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 
PD 108 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
PD109 o.o o.o o.o o.o 0.0 o.o ·0.0 0.0 o.o o. 0 o.o 0.0 
Pt 10911 o.o o.o o.o o.o 0.0 o.o o. 0 o.o o. 0 o.o o.o o.o 
PO 110 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 
PD11 1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 
PO 11111 0.0 o.o 0.0 o.o 0.0 o.o o.o 0.0 o.o o. 0 o.o 0.0 

G 107 o.o o.o o.o o. 0 o.o o.- o.o o. 0 o.o o.o o.o o.o 



Table 8.2 ,continued) 
OO'l'PUt OIIIT • 6 PAG! 110 

D!CAf 01 Pll 5'l'IOC'l'UIIL IIITIIIIL IIS'l'ls 3 l, 000 IIWD/nHII lCTIU'l'ICI PRODUCTS 
POl!!!• 1.00000! 00111, IIOIUP• 1. 0000 C! OOftiD, l'LDJ• 1.00! 001/CII••2-S!C 

IDCLIDI TULis UDIO&CtiUTJ, CO! liS 
01! 'l'OII! OP lll'l'I&L HIAtt lll'l'&L l'l' a R!PROC!5SIIG 'till! 01' 160 D&ts 

Sllt0.05l I ]. " 10. n JO. 18 100 •. fl JOO. IR 1. n ). Itt 10. Ill JO. Itt 100. u 1. "' &0108 5.8171-07 5.72]1-07 5.508!-07 II. 9381!-07 l. 3101!-01 1. 1311!-07 2.11801-09 11.5091!-111 1.1551!-30 o.o o.o 0.0 
ao 10811 E.5~61-06 6.1130!-06 6.189!-06 5.5119!-06 1.7811-06 1.2111!-06 2.7bl!-08 5.066!-13 1. 298!-29 o.o o.o o.o 
IG 109 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 0.0 
ao 109't 0.0 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 0.0 
ao 110 5.261!-06 II. 11"35!-01 3.6891!- 10 5. 811111!-19 o. 0 o.o 0.0 o.o o.o o. 0 o.o o.o 
a c 11011 6. 96111-011 1.]35!-05 2.773!-08 111.3911!-17 0.0 o.o o.o o.o o.o o. 0 o.o 0.0 
&G 111 6.3011-11 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
ac 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 
IG112 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
Cl: 106 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o 0.0 
cc 107 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 
Ct108 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
CC109 2.781111-0l 5.111171-011 1.189!-0~ 2.167!-10 5.6011!-27 o.o o.o 0.0 o.o o.o o.o o.o 
Ct110 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 
CD111 0.0 o.o o.o 0.0 o.o 0.0 o.o o.o o.o o. 0 0.0 o.o 
Ct 11111 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
CD 112 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
Ct11 l o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
Cl: 11111 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
CD11~ 2.11611-22 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
Ct11511 1.1681-0l 2.8751•10 1.58111-27 0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o 
cc 116 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o w Ct111 1'1.0 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 0. 0 cc 11111 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

~ CD119 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o o. 0 o.o 0.0 
CtU1 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 

~ 11111 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o 0.0 
-{,) 11111 )" o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 

~ 111111 111.3601 00 9.111991-07 2.711!-22 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Ill 111111 111.5561 00 9.9261-07 2.8]51-22 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
IJ115 1. 611111r- 16 1.6621-16 1.6621-16 1.662!-16 1.6621-16 1.6621-16 1.6621!-16 1.662!-16 1.6621-16 1.662!-16 1.6621-16 1.662!-16 
11116 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
11111611 0.0 o.o o.o . o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
11117 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
111111't 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
11118 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
11119 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
II! 11911 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
11!120 c.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
U120't o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
11121 0.0 o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o 0.0 
5." 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 
511 1J ).11185! 02 111.7501-01 9.7751-08 7.682!-27 0.0 o.o o.o 0.0 o.o o.o o.o o.o 
Sll 11311 o.c o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
5111111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
511115 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o. 0 o.o 0.0 
511116 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
Sit 111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.~ o.o 
5ft 11111 2.700! 00 1.5561-211 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
511118 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 
51119 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
5.11911 Ill. 2C61 OJ 1.8951 02 1.369!-01 1.11511-10 0.0 o.o o.o o.o o.o o.o o.o o.o 



T1ble 1.2 (conttnued) 
OU'fPOt OIIT • 6 PllGI 111 D!Clf Of til StiUCTUilt lllTIIIlt llSTI: H.OOO IIID/RTHII lCTIYlTICI PRODUCTS 

fOII!ll• 1.000001 00111, lUll UP• 1. 00000! OOftiO• rtUI• 1.001 OOI/CII••2-S!C 
IOCLIOI T&ILII I&DIOICTlllt!, CUll IS 

011 TOIIII or IIITIIL IIIU! lll'riL l'r l IIPIOCI!!SIIIG Tllll or t6o oars Sllt0.051 ' ]. " 10. Ill 30. II 100. II lOO. '" t. n J. Ill to. Ill JO. n 100. n 1. "' Sl120 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o Sltlt o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0. 0 0.0 o.o 51112111 5.71111!-01 5. 51111-01 5.00111!!-01 ). 791!-01 1.11161-01 1.9611-0) 5.111101-07 11.8711-19 o.o o.o o.o o.o 51122 c.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 511121 1.11201! 02 ].9611-01 11.3651-07 11.1231-211 o.o o.o o.o o.o 0.0 o. 0 0.0 o.o SJ 12311 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 0.0 o.o 511211 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 511125 2.29lt-02 o.o o.o o.o a. a o.o o.o o.o 0.0 o.o o.o o.o s 112~1 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o Sf 121 c.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o se 122 6.11691-16 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o s! 12211 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 . o.o 
SE 123 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Sf 1~11 2.516! 00 9.8631-06 1.6161-11 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 5!121111 c.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 5!125 1.111181 OJ 6.8331 02 1.1851 02 7.9511-01 1.9621-08 o.o o.o o.o o.o o. 0 o.o o.o 
Sl! t26 1.7t01-0l 1.6611•29 0.0 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 

0 !!121111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
(.;) Tl!120 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

U121 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
~ Tl! 12111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
..:.l Tl122 c.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 0.0 c;; Tl123 3.9771!-1] 11.3601-1] •• 3611-13 11.3611-13 11.3611-U 11.3611-tl II. 361!-tl 11.3611-13 II. 361!-13 11.3611-13 11.3611-13 11.3611-13 'I ~ "12ll1 1.1731 00 2.0~71-03 7.6211-10 3.2151-28 o.o o.o o.o o.o o.o o.o o.o o.o !11211 c.o a. a o.o o.o 0~ 0 0.0 o.o o. 0 o.o o.o o.o o.o Tll25 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o Tl12511 3.111131 02 1.6681 02 2.8921 01 .... 01-01 11.7881-09 o.o o.o o.o o.o o. 0 o.o o.o "126 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o Tl127 9.11Jt-0] 1.5821-06 7.11611-13 5.0021-]) o.o o.o o.o 0.0 o.o o.o o.o o.o 

t! 121!1 9.3C31-03 1.7611-06 7.6171-13 5. 1071-ll o. 0 0.0 o.o o.o o.o o.o o.o o.o Tl128 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 o.o o.o Tf129 ~.11561-10 1.311!-20 o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o Tl12911 8.3811!-10 1.2711-19 o.o o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o TIUO o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o "111 0.0 o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 0.0 o.o TI1HII o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 1 125 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
J 126 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 1127 c.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 1128 c.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 1129 1.6521-111 1.6521-U 1.6521-tll 1.6521-111 1.6521-111 1.6521-111 1. 6521-111 1.6521-U 1.6521-tll 1.6501-1' 1.61151-1, 1.5811-U 
J 130 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
J tlOII o.o o.o o.o o. 0 o.o o.o 0.0 0.0 0.0 o.o 0.0 o.o 
J 131 3.2671-11 o.o o.o o.o o.o o.o o.o o.o 0.0 0. 0 o.o o.o 
1112 o.o o.o o.o· o.o 0.0 o.o o.o o.o 0.0 o. 0 o.o o.o 1112' 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o 

If 125 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 1112511 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 11126 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!127 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o If 12711 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0. 0 o.o o.o II! 128 0.0 o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o 0.0 o.o 



Table 8.2 ,continued) 
OUTPUT OMIT • .6 PAG! 112 II!CAI 01! ... StiOCTOilL RlT!IIlL IISt!s 3 l, 000 RID/NtRII lCTIYlTICI PRODUCTS POI!II• 1.000001 OORI, IIOIIOP• 1.00000! 001110, PLOI• 1.001 OOI/CR••2-S!C 

IOCUDI 1'1111.1: lllDIOlCIIYitt, COlliS 
0111 TOIII OP IIITIIL BIIYI II!TIL IT I I!PBOCISSIIG TIRE or 160 Dlts 

511•0.05" ' 3. " 10. "' 30. ,. 100. YR 300. II '· n ). n to. n ]0. n tOO. n 1. "' 
Ut29 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o I !12911 II. ttll-12 o. 0 o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o 
11 no 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 tlt o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o lltl 1 .. 11.11611-111 8.111101-112 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
II 112 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o l!tll 1.11171!-22 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
I I tlJII o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o o.o Utlll 0.0 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o II 115 o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o o. 0 o.o o.o 
I! tl511 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 Utl6 o.o 0.0 o.o 0.0 o.o 0.0 o.o o.o o.o o. 0 o.o o.o I I tll 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o cs tl1 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
CStl2 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
cstH o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
CStlll ].6111!-16 1.]281-16 1.2621-11 1.96]1-20 t. 1811!-JO O. 0 o.o o.o o.o o.o o.o o.o CS1lllll o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o CS1l5 1.1118!-2] 1.11111-2] 1.11181-2] 1.11181-23 1.1111!-21 1.11181-23 1. 11181!-23 1.11181!-21 1.1'151-2] 1.1106!-23 1.377!-23 1.050!-2] 
CSU6 l.tEU-22 2.1081!-47 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
CStll 1. 2581-ll 1.2511-31 1.2581!-ll '· 2581-ll 1.2581-]] 1.258!-33 1.190'1!-110 1.015!-60 o.o o.o o.o o.o 
CStl8 c.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 0.0 -IU1l0 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o w 

0 Ill 111 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o CD 

0 Ill tltR o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o. 0 o.o o.o 
111132 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 

~ 1111ll c.o 0.0 o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
~ Bltllll o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 
U1 1111lll c.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 111135 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o llltl511 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 11Atl6 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o IIA 13611 5.2101-23 ].11731-111 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 

811l1 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 
Ill U71t 1.1901!-ll 1. 1 901!-ll '· 1901!-ll 1. 1901-ll 1.1901!-)] 1.1901-JJ 1.12EI-110 9.598!-61 0.0 0.0 o.o o.o 
111118 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 
Ill tl9 c.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o 
811110 ].785!-57 o.o o.o o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o 
111111' o.o o.o o.o o. 0 0.0 o.o o.o o. 0 0.0 o. 0 o.o O.() 
U1l1 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o L11l8 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o Ll1l'J c.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o L 11'10 "· 1561-57 o. 0 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o tl1'1 1 o.o 0.0 o.o 0.0 o.o o.o o.o 0.0 o.o o. 0 o.o 0.0 C!1l6 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o o.o C! 1J7 o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o C!1l111 c.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o C11l8 o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o C!1J9 c.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 0. 0 o.o o.o C! 13911 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o C!1110 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o C!1'11 1.1051-56 2.2118!-63 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 



Table 8.2 (continued) 
OUTPO, UIIIT • 6 PAGI Ill 

O!Cll 01 Pill 5,1DCTUilL llflllllL llSTIII 33,000 IID/11!1111 
Pll!ll• 1.000CO! 00111 0 IOIIUP• 1.0000011 001110, PLOI• 1.0011 001/CII••2-511C 

lCTUlTIOI PIIODDCT$ 

C!U2 
Cl 1'3 
CI1U 
CI1U 
Pl1•1 
U1•2 
"111211 
P111H .. ,_. 
Pll1115 
11:1U 
1D 1113 
IU1U 
11:1115 
1101116 
11:1111 
I 01118 
1101119 
IIC150 
IIC151 
Pll1115 
U1117 
"'1118 
• "1118 .. 
Pll1119 
Pll150 
Pll151 
"' 152 
51111111 
Sll 1115 
5111116 
5111111 
s 111118 
S II 11119 
5'1150 
51! 151 
Sl! 152 
Sll 153 
Sll 1511 
S'l 155 
!0151 
!01!2 
!U15211 
!0153 
!U 1511 
!U155 
!0156 
Gt 152 
GC 15; 
GC 15. 
0015511 
GO 155 

IUCLIDI fliLII llDIOlCTifiTI, COlliS 
0111 TOIIII OP llltllL 11111'1 IIIITlL lt l IIIPIOCII5SIIIO TIBII OP 160 DliS 

SBt0.051 f l. II 10. II lO. Ill 100. II lOO. Ill 1. Kl 3. Kl 10. Kl 

o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
1.6121-29 1.6121-29 1.6121-29 2.9611-ll 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 0.0 o.o o.o o.o o.o 0.0 
o.o o.o o.o 0.0 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 
1.2021-Zl 5.7961-52 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.5911-29 1.5931-29 1.5911-29 2.92611-37 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 
0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
3.58•!-115 3.5151-115 ],58511-115 9.11931-115 9.119311-115 9.119]!-115 9.119]1-115 9.11931-115 9.119311·115 

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 

" 2.3681-2] 3.5561-5] 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 o.o o.o o.o o.o o.o 0.0 

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 o.o o.o o.o o.o o.o o.o o.o 
8.19111-20 3.86111-20 1.1l611-20-l.88lll-21-l.l2011-29 0.0 0.0 0.0 0.0 
7.1211-21 3.211611-28 7.111011·117 0.0 0.0 0.0 0.0 0.0 0.0 
1.21811-21 5.7631-27 1.12811-115 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 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 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 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 o.o o.o o.o 
I.Oll!·l1 1.8651-JO 2.51111-30 3.00511-30 2.1121-30 2.11121-30 2.11121!-30 2.8121-30 2.8121-30 

3.0051-ll ].2871-]3 3.911311-33 5.819!-33 1.2381-]2 ].11111-32 9.6791-32 2.811111-11 9.11091-31 

9.9611-211 9.96111-28 9.9611!-28 9,9611-211 9,9611-28 9.9611-28 9.961!-28 9.9611-28 9.961!-28 

0.0 o.o o.o o.o o.o o.o o.o 0.0 o.o 
11.8061-12 11.696!-12 11.11501-12 3.8151-12 2.2251!-12 11.768!-13 2.1781-15 11.11.7!-22 o.o 
o.o o.o o.o 0.0 o.o o.o o.o 0.0 0.0 
0.0 o.o o.o o.o o.o o.o o.o 0.0 ~.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 0.0 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.o 
7.118]!-111 6.11221-111 11 •• 951!·1· 1.6221!-111 •• 5781-16 1.711111-20 5.11991!-36 o.o o.o 
o.o o.o 0.0 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 
1.071!-011 11.115111-05 11.80911-05 9.59ll!-06 1.37011-08 3.]651-15 o.o 0.0 0.0 
5.8691-05 3.1591-05 1.115111-05 8.8621!-07 11.9931-11 1.6151!-23 o.o o.o 0.0 
1.22111-06 2.32011-28 o.o o.o o.o o.o o.o o.o o.o 
1.0811-18 1.0831-111 1.01131-18 1.0831!-18 1.0831!-18 1.0831-18 1.0831!-18 1.0831!-18 1.0831-18 
9.81121-CII •• 26711-05 2.8181-08 2.3101-17 0.0 0.0 0.0 0.0 0.0 

0.0 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 0.0 
o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 

-~1 ,, 

30. Kl 100. Kl 
1. "' 

o.o o.o o.o 
o.o o.o o.o 
0.0 o.o o.o 
o.o o.o o.o 
0.0 o.o o.o 
0.0 o.o 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 o.o o.o 
o.o o.o o.o 
9,11911-·5 ••• 9311-115 9.11931-115 
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 o.o 
o.o o.o o.o 
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 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
2. 8121!-30 2. 8121-30 2. 8121!-JO 
2.81111-30 9.382!-30 9.379!-29 
9.9611-28 9.961!-28 9.961!-28 
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 
o.o o.o 0.0 
o.o o.o o.o 
0.0 0.0 o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
1.0831-18 1.08311-18 1.0831!-18 
o.o 0.0 o.o 
o.o o.o o.o 
0.0 0.0 0.0 
o.o o.o 0.0 



Table 8.2 ,conttnued) 
oouo~ on,. • 6 PAGII 1111 

D!CAI 01 ... STIOCTOil~ ftl~llllt 115~1: H,ooo IIID/II!Hft I~IYITIOI PRODUCTS 
1'0.!11• 1.000001! OOHI, BOIIOP• 1. 000001 0011110, PtOI• 1.00! 001/CH••l-S!C 

IOC~IDI 'UBL11 llDIOlCTUlTI, COlt liS 
011 tOIII or llltllt ll!l n U'Ut l~ I I!PIIOCI SS liC tift! or 160 DUS 

911t0.05ll ' 1. II 10. II JO. n 100. 11 100. Ill 1. KJ 3. K! 10. n 10. u 100. Ill 1. "' 
Gt156 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
GD157 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
G01511 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
00159 0.0 o.o o.o o. 0 o.o o.o o.o o.o 0.0 o. 0 0.0 o.o 
Gll160 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Gt 161 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
Gt 162 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 
Tl!157 o.o o.o o.o o. 0 o.o o.o 0.0 o.o o.o o. 0 o.o 0.0 
T!1'i9 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
Tf 160 1.72111!-03 11.1211-01 1.0711-111 o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
TE U1 6.11]91!-10 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
tf 162 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o 0.0 o.o 
01156 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
01157 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
Dt1'ill o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o 
01159 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
01160 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
0!161 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
Dt162 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 0.0 o.o 
Dt 163 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!161111 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Dt 165 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 Dt 1658 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0 
Dt166 2 .0011!-20 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 

0 HO 163 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 

~ HC 165 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
H0166 2.91111-20 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 

CA H01668 1.1121-09 1.1101!-09 1.3051-09 1. 2901-09 1.2391-09 1.10111-09 7.36511-10 2.32011-10 11.0101-12 3. 91ll-1l 1.0191-311 o.o 
"',} U162 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 

!1116] o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
!111U o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
!11165 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
!11166 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
115167 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
!111618 0.0 o.o o.o o. 0 o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
1151611 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 
!11169 E.II091-111 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1111 no o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o 
u n 1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
!11112 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o. 0 0.0 0.0 
Tll169 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 
uno 1.7121-10 11.6511-1) 1111.8111-19 3.81511-]6 o.o o.o o.o o.o o.o o.o 0.0 o.o 
Til 110ft o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
TH111 2.111121-12 9.6211-11 7.6861-111 5.6231-11 5.95111-28 o.o o.o o.o o.o o.o o.o o.o 
TH112 1.111191-211 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
U11l o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
tl! 16 8 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
U169 o.o o.o o.o o.o o.o 0.0 0.0 o.o 0.0 o.o o.o o.o 
uno o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0.0 
tE111 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 0.0 
Ut12 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 
t1!11l o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 



Tab1e 8.2 (continued) 
OITPD1 0117 • 6 PIG! 45 

DICit 0! til StiUCTIIIL IITIIJIL IISTiz 33.000 110/ltll 
POIIR• 1.000001 OOKie IUIIUP• 1.000001 00110• PLUI• 1.001 OOI/CK••2-SIC 

lctltl!ICI PIODOCTS 

1!1111 
!11115 
U115ft 
Utl6 
1!111 
LU115 
10116 
LOtl6N 
LG11J 
L011JII 
111111 
IP1J5 
111116 .,, 
una 
lftl811 
111119 

""''" Hr 1110 
IP180ft 
Ht181 
IP182 
Tl180 
Tl 181 
Tl182 
Tl 182ft 
!1183 

1180 
I 1111 
1182 
118311 
118] 
11811 
1185 
11851t 
I 11!6 
1181 
11811 
118S 

11185 
1!186 
11!181 
1!188 
u ue" 
Ill 18 9 
0511" 
OS 185 
051116 
051117 
05188 
OS 189 
05190 

IDCLIDI TIILII IIDIOIC!If1Tf 0 CDIIIS 
011 70111 Or llltiiL l!lf1 ftiTlL IT l IIPROCISSIIG !Ill OP 160 DI1S 

S8t0.051 I 3. II 10. II 30. 11 100. II 300. II 1. Kt 3. Kt 10. Kf 10. u too. n 1. 11 

o.o o.o o.o o.o o.o o.o o.o 
1.6CII-20 0.0 0.0 0.0 0.0 0.0 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 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 
2.6751-11 2.6l51t-11 2.6751-11 2.6151-11 2.6751-11 2.6151-11 2.6151-11 
o.o o.o o.o o.o 0.0 o.o o.o 
6.6111-0II 4.t27t-06 5.33111-11 3.11651-25 o.o o.o o.o 
2.8171-03 2.1421-05 2.3191-10 1.507!-211 o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
3.26)1 00 6.3301-05 6.4021-16 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 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 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 o.o o.o 0.0 o.o o.o o.o 
].8611 01 6.4151-07 4.11991-25 0.0 o.o o.o o.o 
11.1661-01 11.1661-07 11.1661-07 4.1661-07 11.1661-01 11.1661-01 11.1651-07 
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 
1.3111 01 1.8561-02 4.2031-07 4.1661-01 4.1661-07 4.1661-01 4.165!-07 
o.o 0.0 o.o o.o o.o o.o o.o 
4.591!-08 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 
3.6831-01 6.9151•04 3.1111-10 2.2191-28 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 o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 0.0 
5.739! 00 2.3671•04 1.3361-111 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 o.o o.o o.o 
1.2811-01 5.8061-06 4.7151-17 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 
2.8861-12 o.o o.o o.o o.o o.o o.o 
1.1981!-08 1.3981•08 1.398!-08 1.3981-01 1.398!-08 1.3911-011 1.lt81!-0II 
3.3221-01 5.8661-06 4.76]1-17 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 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 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 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 
0.0 o.o o.o o.o o.o 
o.o o.o o.o o.o 0.0 
o.o o.o 0.0 0.0 0.0 
o.o o.o o.o o.o 0.0 
o.o o.o o.o o.o 0.0 
2.675!-11 2.6751-11 2.675!-11 2.6751!-11 2.6751-11 
0.0 o.o o.o 0.0 o.o 
0.0 o.o o.o 0.0 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 0.0 0.0 
o.o o.o o.o 0.0 0.0 
0.0 o.o 0.0 o.o 0.0 
o.o o.o o.o 0.0 o.o 
0.0 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 
0.0 o.o o.o 0.0 0.0 
o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 0.0 
4.1651-07 4.1621-07 4.1561-07 4.1341-07 ).857!-07 
o.o o.o o.o o.o 0.0 
o.o o.o o.o o.o o.o 
4.1651-07 ,.1621-07 -.1561-07 4.1]41-07 ).857!-07 
o.o o.o o.o o.o 0.0 
o.o o.o o.o 0.0 0.0 
o.o o.o o.o 0.0 0.0 
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 
0.0 o.o o.o o.o o.o 
0.0 o.o 0.0 o.o 0.0 
o.o o.o o.o o.o o.o 
o.o 0.0 o.o 0.0 0.0 
o.o o.o o.o 0.0 0.0 
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 0.0 o.o 
o.o o.o o.o o.o o.o 
1.1981-08 1.398Z-08 1.198!•08 1.)98!-08 1.1981-08 
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 0.0 
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 0.0 
o.o o.o o.o 0.0 o.o 
o.o o.o o.o o.o o.o 
0.0 o.o o.o o.o o.o 
o.o 0.0 o.o o.o o.o 



Table 8.2 (continued) 
OUTPUT UIIT • 6 P~G! 116 

O!CI1 Of til STIOCTOIIL HITIIIIL IISTI: 13,000 IIID/RTIIII ICTIJITIOI PRODUCTS 
1'01!!1• 1.000001 00111. IIDIIDP• 1.000001 oo"'o, fLU I• 1.001 001/CII••2-S!C 

IUCLIDI UIILiz IIDIOICTUIU • COlliS 
011 TOIIII Of IIITI&L 1111'1 IIITIL IT I I!PIIOCISSIIG Till! Of 160 0115 

Sllt0.05ll f ]. II to. n 30. 11 too. n 300. "' 1. n 3. K1 10. n lO. n 100. Iff '· "' OS 19011 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
OS 191 9.1C6!-06 3.7591-27 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
OS 19111 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
05192 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
05191 0.0 o.o· o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
051911 II. 2CBI-11 2.9761-11 1.]251-11 1.]151-12 11.01151-16 3.7]81-26 0.0 o.o o.o o.o o.o o.o 
I w; 191 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 
I 1192 6.661!-011 2. 6551-08 2. 5861-09 2.11112!-09 1.9971-09 1.1231-09 1.500!-10 11.772!-11 8.612!-22 0.0 o.o o.o 
IR 19211 2.66Cf-09 2.6171-09 2.58111-09 2.11110!-09 1.9951-09 1.1221-09 1.1199!-10 11.768!-13 8.605!-22 o.o o.o o.o 
111191 0.0 o.o· o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
111911 11.210!-11 2.9771-11 1.]261-11 1.116!-12 11.01161-16 1.7391-26 o.o o.o o.o o.o 0.0 0.0 
H191111 o.o o.o o.o 0.0 o.o o.o o.o o.o 0.0 o. 0 o.o o.o 
P1190 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o 0.0 o.o 
Pf191 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o 
P1192 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
P1191 1. 5115 l-Oll 1.5181-08 1.5231-08 1.1182!-08 1.]115!-08 1.019!-011 ].8611-09 2.111 3!-10 1.11731-111 1.11101-26 o.o o.o ., 19 ]If 3.6631-17 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 
P11911 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o 
P'l195 o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o o. 0 o.o o.o 
P'l 19511 1.391!-211 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o ., 196 o.o 0.0 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
P1 197 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o .: P119711 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o N P'l198 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o o.o 

0 P1195 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
(.j l'f 19911 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o a o 197 0.0 o.o o.o o.o 0.0 0.0 o.o o.o o.o 0.0 o.o o.o 
~-· 10198 2.11351-11 o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o ,:., 10199 2.21121-29 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 

IU200 0.0 o.o 0.0 0.0 o.o o.o o.o o.o o.o o. 0 o.o o.o ~ 110196 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
H0197 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o 
HG19111 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o 
110198 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
HOI9t o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.0 o.o o.o 
11019 9H o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o o.o o.o o.o 
HG200 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
H020 1 o.o o.o o.o o.o 0.0 0.0 o.o o.o o.o o.o tl.o o.o 
110202 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
H020l o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
H02011 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
11020~ o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
Tl201 o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o 
TL2011 o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 
Tl205 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o Tt206 8.596!-12 8.5961-12 8.5961-12 8.595!-12 8.595!-12 8.5951-12 8.5911!-12 8.590!-12 8.576!-12 8. 536!-12 8.1991-12 6.8221-12 
Pl!2011 8.609!-20 8.6091-20 8.6091-20 8.6091-20 8.609!-20 8.609!-20 8.609!-20 8.609!-20 8.609!-20 8.609!-20 8.609!-20 8.609!-20 
Pl!205 9.110,-13 9.1301-11 9.1301-13 9.1301-11 9.110!-1) 9.130!-11 9.130!-1) 9.129!-11 9.128!-13 9.1211£-13 9.109£-11 8.921!-1] 
P£206 o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o Pf207 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o Pl!208 o.o o.o 0.0 0.0 o.o o.o o.o o.o 0.0 o. 0 o.o o.o Pl!209 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 0. 0 
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T1ble 8.2 (conttnued) 
OUTPUt UIIT • 6 PlGII 1117 

O!Cif Of Pll S,IUCTOIIL IIITIItlL IISTI: 33,000 1110/11!1111 ICTt,ITICI PRODUCTS 
POl!~• 1.00000! 00111, IOIIOP• 1.00000! 001110, PLOt- 1.001 001/CII••2-SIC 

IUCLIOI UILit IUDIO&CTUI'rf, COlliS 
Oil TOIRII or IIITI&L ftl&'f IBT&L lT I IIPIOC!SSIIG till! or 160 ons 

!llt0.051 ' l. " 10. "' 30. '" 100. n 300. n 1. If 3. n 10. If lO. If 100. n 1. "' 
111208 1.1511-12 1.3511-12 1.1511-12 1.151!-12 1.3511-12 1.3501-12 1.lU1•12 1.3--!-12 1.3261-12 1.217!-12 1.1191-12 2. 05111!-13 
11209 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 
111210 6 .o 111!-15 o.o o.o o.o 0.0 o.o o.o 0.0 o.o o.o 0.0 o.o 
111210:"1 8.610!-12 1.6]01-12 1.6]0!-12 1.6301-12 1.61011-12 1.6291-12 11.6281!-12 8.62-!-12 8.61011-12 8. 57011-12 8.11ll!-12 6.850!-12 
111211 o.c o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
PCl10 1.0UI-05 -.]]21-01 1.5)8!-1) ,,,5211-111 l.-52!·1- l.-521- u l.U1!-111 1.115011- n l.UIIII-111 ]. '2811- u 3.11 l!-111 2.7110!-111 
f( 2t 1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
PC 21 111 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o 1).0 0.0 
TC,Al -.661! 0- 1.7771 Ol 3.0551 01 6.7-11 02 1. 163! 0 2 7. 5981! 01 7.8021 00 7.096! 00 6. 169! oo '·7"1'! 00 2.1111611 00 1.578!-01 
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Table 8.3. Sample ORIGEN~ ele~ent radtoacttvtty table 

D!CI! 01 Pll STIUC!UIIt llltlltlt liST!: 33,000 IIID/IITHII 
OUTPUT UNIT • 6 PAGE 118 

POI!I• 1.00000! 00111, BUIIIOP• 1.00000! OOIIID, FLOI• 1.001 001/CB••2-S!C 
ICTifiTJCI fBODOCTS 

llllllllt tlllllz IIOIOICTI,IT1, COlliS 
011 TOIIII OP lllTIIL Hll'f IIITIL IT I IEPIIOCISSIIIG till! or 160 OATS 

Slt0.051 I 3. 11 10. !I 30. !I 100. !I 300. !R 1. K! 3. K! 10. Kt 30. KJ 100. K! 
1. "' 

1.2801-01 1.082!-01 7.3031-02 2.376!-02 •• 6721-0' 6.2231-09 5.3701-26 o.o o.o o.o o.o o.o 
2.209!-08 2.209!-08 2.2091-08 2.2091-08 2.2091-08 2.209!-08 2.208!-08 2.206!-08 2.200!-08 2.181!-08 2.1161-08 1.1132!-08 
9 •• 12!-01 9 •• 08!-01 9 •• 00!-01 9.178!-01 9.299!-01 9.076!-01 8.339!-01 6.5117!-01 2.807!-01 2.1197!-02 5.2110!-06 o.o 
2.1182!-08 2 •• 7111-08 2 •• 56!-08 2 •• 011!-08 2.2311-08 1.8031-08 8.5115!-09 1.013!-09 5.802!-13 3.171!-22 o.o o.o 
3.6C31-01 2 •• 7.1-08 2 •• 56!-08 2.11011!-08 2.2311-08 1.803!-08 8.511E!-09 1.013!-09 5.8031-13 3.171!-22 0.0 0.0 
5.11791-01 9.8181-05 1.7621-13 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
6.020!-06 6.0201-06 6.020!-06 6.0201-06 6.0191-06 6.0161-06 6.00EI-06 5.979!-06 5.8831-06 5.618!-06 •• 782!-06 6.019!-07 
2.6501-06 1.592!-08 1.56,1-08 1.1185!-08 1.2.01-08 7 •• 07!-09 1.220!-09 7.057E-12 1.035!-19 0.0 0.0 0.0 
2.3.6!-1] 2.1.61-13 2.3.611-13 2.31161-13 2.3.61-13 2.3116!-1] 2.3.6!-13 2.3116!-13 2.31161-13 2.3116!-1] 2.31161-13 2.3115!-1] 
1.8119!-03 1.7581-05 9.08111-08 9.01191-08 9.011111-08 9.02811-08 8.9711!-08 8.822!-08 8.30911-08 7.002!-08 3.8117!-08 1.7181-11 
1.160!-01 1.].81-05 8.8051-15 o.o 0.0 o.o 0.0 o.o o.o o.o o.o o.o . 
2.30,!-15 2.30,!-15 2.30,!-15 2.10,!-15 2.10•!-15 2.30,!-15 2.3011!-15 2.3011!-15 2.3011!-15 2.3011!-15 2.3011!-15 2.3011!-15 
6.236! 02 7.772!-10 o.o o.o 0~0 o.o o.o o.o 0.0 o.o 0.0 o.o 
6.803! 01 5.986! 00 2.071!-02 1.9011!-09 o.o o.o o.o o.o 0.0 o.o 0.0 o.o 
..861! OJ 2.1111 OJ J.J59! 02 1.62611 00 1.2781-08 0.0 0.0 0.0 0.0 0.0 0.0 o.o 
8.725! OJ •• 9111 OJ 1.9561 OJ 1 •• 09! 02 1.1113!-02 5.3111-1' 0.0 0.0 0.0 0.0 0.0 0.0 
6.6C6! 02 6 •• 601 02 6.1301 02 5.280! 02 3.1371 02 7.352! 01 5.11601 00 5.022! 00 11.727! 00 3.975! 00 2.167! 00 9.071!-011 
5.7.7!-23 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o 0.0 o.o 
2.101!-01 9.3.01-03 6.5201-06 6.2651-15 o.o o.o o.o o.o 0.0 o.o 0.0 o.o 
2.272!-10 2.52711-38 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
2.000!-32 2.0001-32 2.0001~)2 2.0001-12 2.0001-32 2.0001-32 2.0001-32 2.000!-32 2.000!-32 2.0001-32 2.000!-32 1.1111!-35 
6.356!-01 1.,111-o• 1.1911t-o• 1.11201-05 1.•o2t-os 1.2oot-o1 6.9701-15 1.1176!-35 o.o o.o o.o o.o 
2.1111 00 1.Utl-f' 1.1951-011 7.U21-05 1.Ul!·05 1.2011-01 6.9121·15 1.11761-H 0.0 0.0 0.0 o.o 
1.5661 OJ 1.1651-01 1.2661-01 1.2661·01 1.26&1~01 1.265!-01 1.265!-01 1.26111·01 1.2601-01 1.2,91•01 1.210!-01 8.0115!-02 
1.6591 o• 1.••11 oo 1.33&11 oo 1.378! oo 1.1981 oo 1.3901 oo 1.3601 oo 1.27811 oo 1.o11t oo 5.7911-01 1.5711-01 7.6113!-02 
2.52,!-02 2.5231-02 2.5191-02 2.509!-02 2 •• 751-02 2.3781-02 2.07CI-02 1.3911-02 1.,80!-03 6.617!-05 6.269!-11 0.0 
1.0561-0] 1.0561-03 1.0561-03 1.0561-03 1.05&1-03 1.05511-0] 1.05~1-0] 1.0116!-03 1.022!-03 9.578!-0, 7.627!-0' 11.078!-05 
•• 060!-0l 1.11311-11 3.0991-16 3.2991-22 4.1011-IJJ o.o o.o o.o 0.0 o.o o.o o.o 
2.9591-13 3.8121-1, 3.09911-16 3.2991-22 •• 1071-•3 o.o 0.0 o.o o.o o.o o.o o.o 
E.45511-15 6 •• 551-15 6.45511-15 6.,551-15 &.4551-15 6.,551-15 6 •• 541-15 6.453!-15 6.4,81-15 ~.-3,1-15 6.186!-15 5.802!-15 
7.132!-04 •• 0791-05 &.7681-06 &.04311-06 •• 12,11-0& 1.384!-06 3.0]~1-08 5.517!-13 1 •• 1311-29 o.o o.o o.o 
9.951!-0l 5.4171-o• 1.1891-05 2.16111-1o 5.6o•z-27 o.o o.o o.o o.o o.o o.o o.o 
8.9161 00 1.9.2!-06 1.6621-16 1.66211-16 1.662!-1& 1.662!-16 1.66211-16 1.662!-16 1.6621-16 1.662!-16 1.662!-16 1.662!-16 
•• 7COI 03 1.9091 02 6.17311-01 3.7911·01 1.,361-01 1.961!-03 5.4401-07 11.871!-19 0.0 0.0 0.0 o.o 
1 •• 51! 03 6.11331 02 1.1851 02 7.95111-01 1.9621-08 o.o o.o o.o o.o o.o . o.o o.o 
3.4541 02 1.6681 02 2.8921 01 1.9401-01 •• 788!-09 4.3611-13 4.3611-13 4.3611-13 •• 3611-13 4.3611-13 4.361!-13 4.361!-13 
1.652!-1, 1.652!-1, 1.6521-1, 1.652!-14 1.6521-1, 1.652!-1, 1.652!-1, 1.652!-14 1.652!-1, 1.650!-111 1.6115!-111 1.581!-111 
•.1571-12 8.uoz-u o.o o.o o.o · o.o o.o o.o o.o o.o o.o o.o 
3.6.11-16 1.3281-16 1.2621-17 1.96511-20 1 •• 181-23 1 •• 18!-21 1.-181-23 1.418!~2] 1 •• 15!-23 1.-06!-23 1.177!-23 1.050!-21 
5.2101-23 1.1901-33 1.190!-ll 1.1901-33 1.190!-33 1.1901-33 1.126!-110 9.598!-61 0.0 o.o o.o o.o 
•• 3~6!-57 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
1.E12!-29 1.6121-29 1.6121-29 2.9611-37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.2181-27 1.5931-29 1.59111-29 2.926!-17 o.o o.o o.o o.o o.o o.o o.o o.o 
2.3681-23 3.5851-·5 3.58511-45 9.493!-115 ••• 93!-115 9.4931-45 9 •• 91!-45 9 •• 93!-115 9 •• 93!-115 9.119]!-115 9.11931-45 9.1193!--5 
8.3231-20 ].864!-20 1.1361-20-7.883!-21-7.3201-29 o.o o.o o.o o.o o.o o.o o.o 
•• 8061-12 •• 6961-12 •• 450!-12 3.815!-12 2.225!-12 •• 7681-13 2.178!-15 •• 11117!-22 9.998!-28 1.00211-21 1.008!-27 1.093!-27 
1.676!-0, 1.2311·0· 6.259!-05 1.0118!-05 3.375!-08 3.365!-15 5 •• 99!-16 o.o o.o o.o 0.0 o.o 
9.8.2!-0' 4.267!-05 2.8181-08 2.418!-17 1.083!-18 1.083!-18 1.083!-18 1.08]!-18 1.08]!-18 1.0811-18 1.083!-18 1.083!-18 
1.724!-0l 4.7271-08 1.071!-18 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o 
2.0011-20 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 



Table 1.3 (conttnued) 
OUtPUT OMIT • 6 PAC! '' DfCll Of til 5TIICIIII~ IITIIIIL IISTit 33.000 IVD/ftTift ICTIYITIOI tRODUCtS 

POIII• 1.000001 OOftl• IUIIIP• 1.000001 OORID• PLUJ• 1.001 OOI/CR••2-SIC 

ftO 
II 

'" If 
LO ., ,. 
• II 

05 
II ,, 
au 
TL ,, 
BJ 
PO 
tc,at 

I~I~IW! TIILII IIDIOICTifiTI• COlliS 
011 TOIII or IIITIIL IIIYI ftiTIL IT I IIPIOCI!SIIG Tiftl or 160 0115 

51•0.051 I 3. II 10. II 30. II 100. II 300. II 1. kl 3. II 10. II 

1.3121-09 1.3101-09 1.3051-09 1.2901-09 1.2391-09 1.10•1-09 7.3651-10 2.3201-10 •• 0701-12 
6.1091·1· o.o o.o o.o o.o o.o o.o o.o o.o 
1.7.01-10 1 •• 211-12 1.6161·1· 5.6231-17 5.95·1-21 o.o o.o o.o o.o 
3.6(81-20 o.o o.o o.o o.o o.o o.o o.o o.o 
3.5391-03 2.6]51-05 3.1201-10 2.6751-11 2.6751-11 2.6751-11 2.67~1-11 2.6751-11 2.6751-11 
•• 1951 01 6 •• 361-05 •• 1661-07 •• 1661-07 •• 1661-01 •• 1661-07 •• 16~1-07 •• 165!-0l •• 1621-07 
1.3711 01 1.1561-02 •• 2011-07 •• 1661-07 •• 1661-01 •• 166!-01 •• 16~1-01 •• 1651-07 •• 1621-07 
6 •• 361 00 9 •• 101·0· 3.1111-10 2.2191-21 o.o o.o o.o o.o o.o 
3.3221-01 5.8801-06 1.3981-08 1.3981-08 1.3981-01 1.1981-08 1.3981-08 1.]981-08 1.3981-08 
9.7C61-06 2.9761-11 1.3251-11 1.3151-12 •.o•51-16 3.7381-26 o.o o.o o.o 
6.66•t-o• 2.9221-08 5.11•z-o9 •.8831-09 3.9911-09 2.2,51-09 2.9991-10 9.5.01-13 1.1221-21 
1.5.51-08 1.5381-08 1.5231-08 1 •• 821-08 1.3.51-08 1.0191-08 3.8611-09 2 •• 131-10 1 •• 731·1· 
2.2661-29 o.o o.o o.o o.o o.o o.o o.o o.o 
1.5911•12 1.5111•12 1.5961•12 8.5951-12 8.5151•12 1.5951•12 e.st•l-12 8.5901-12 1.5761•12 
5.1301·13 9.1301•1J 9.1301-13 9.1]01•13 9.1301•13 9.1101•13 9.1lCI•13 9.1291•1] 9.1281-13 
9.9871-12 9.9811-12 9.9811-12 9.9111-12 9.9811-12 9.9801-12 9.9771-12 9.9681-12 9.9361-12 
1.0.61-05 •.1121-01 1.5311-11 3.,521·1• 3 •• 521·1• 3 •• 521·1• 1.•511-1• 3 •• 501·1• 1.•••1-1• 
•• 6671 o• 1.7771 OJ 3.0551 OJ 6.7.11 02 3.1631 02 1.5911 01 7.8021 00 7.0961 00 6.1691 00 

30. II 100. II 

3.91]1-17 1.0791·]· o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 

1. ftl 

2.6751-11 2.6751-11 2.6751-1l 
•• 1561-07 •• 11•1-07 ].8571-07 
•• 156!-07 ,.1]·1-07 ].857!-07 
o.o o.o o.o 
1.3981-01 1.3981-08 1.1981-08 
o.o o.o o.o 
o.o o.o o.o 
1.3.0!-26 o.o o.o 
o.o o.o o.o 
I.Sl61•12 1.1991•12 6.8221•12 
9.12-1-tl 9.1091-t] 8.9211~13 
9.8.71-12 9.552!-12 7.055!-12 
1 •• 281·1· ].37]1·1· 2.7-0!-t• 
•.10•1 oo 2.••61 oo 1.578!-01 



Table 8.4. SaMple ORIGEN2 su••ary nuclide radioactivity table 

OUTPUT DtnT • 6 O!CII Of Pll S!IDCTDIIL NITIRIIL liST!: JJ,OOO 110/NTHN 
PAG! 50 

ICTiflTICI PIOOOCTS POV!ft• 1.000001 OONI, IOIIDP• 1,00000! OONWD, PLUI• 1.00! 0DW/CN••2-S!C 

c" u 51 
"' 54 
PI 55 
co 58 
cc 60 
"' 59 
II J 61 
!II 93 
u 95 
n 9Jn 
WI! ,_ 
Nf 9') 
u 95n 
no 91 
Sll11l 
SR 119n 
Sll 12 J 
5!125 
Tl125n 
SOPTCT 

TCUL 

501~111 Tlltl: llDIOICTifiTI, COlliS 
Oil TOIWI OP IWITIIt H!lfl. !!TIL IT I R!PIOC!!SIIG TIN! OP 160 DAIS SNtO. 051 f l. II 10. U JO. 18 100. U JOO. II 1. K1 J. K! 10. K1 

••• 121-01 ••• 081-01 9 •• 00!-01 9.J781-01 9.2991-01 9.0761-01 8.Jl91-01 E.2JEI 02 7.7721-10 0.0 0.0 0.0 0.0 0.0 
6.80Jt-01 5.9861 09 2.07JI-02 1,90-1-09 o.o o.o o.o •• BJ1r OJ 2.1711 OJ J.l591 02 1.6261 00 1.2781-08 0.0 0.0 
1.1138! Ol J."Ull-02 •• 19111-U 0.0 0,0 0.0 0.0 

6. 51111-01 
o.o 
o.o 
0.0 
o.o 

2. 8011-01 
o.o 
o.o 
o.o 
o.o 
o.o 

10. n 100. n 

2 •• 971-02 5.2.01-06 
o.o o.o 
o.o .• 0.0 
o.o 0.0 
o. 0 0. 0 
o. 0 o. 0 

o.o 
o.o 
o.o 
o.o 
o.o 
0.1) 

1. "' 

7.2861 OJ •• 911! OJ 1.9561 OJ 1 •• 09! 02 1 •• 1J!-02 5.111!-1' 0.0 
5.15'1 00 5.15'1 00 5.15'1 00 5.15JI 00 5.1501 00 5.1.11 00 5.11CI 00 6.55.1 02 6 •• 08! 02 6.0791 02 5.2281 02 J.0861 02 6.8J81 01 ].500!-01 1.266!-01 1.2661-01 1.2661-01 1.2661-01 1.2661-01 1.265!-01 1.265!-01 

o.o 
5.022! 00 
9.998!-08 
1. 26111-01 
o.o 

00 ).9751 00 2.1671 •• 127! 
o.o 
1.2601-01 
0.0 

00 9.07U!-O' 
o.o 
B.OitSE-02 
0.0 

8.5661 OJ 5.9891-02 5.5971-1' 0.0 0.0 0.0 0.0 
9.26JI-OJ 2.500!-02 5.1571-02 9.6181-02 1.196!-01 1.2021-01 1.2021-01 1.2811 00 1.28JI 00 1.2821 0~ 1.2811 00 1.2781 00 1.270! 00 1.2.0! 00 
1.6~ZI U 1.J101-01 1.2-JI!-U 0.0 0.0 0.0 0.0 
6.155! 01 •••• l!-0' •• 1521!-16 o.o o.o o.o o.o 
2.52.!-02 2.52JI-02 2.519!-02 2.5091-02 2 •• 751-02 2.J78!-02 2.0701-02 J.-851 02 •• 750!-01 9.775!-08 7.6821-27 o.o o.o o.o 
•• 2061 Ol 1.8951 02 1.J691-01 1.,511!-10 0.0 0.0 0.0 
1 •• 201 02 ].9681-01 '· 1651-07 •• 12ll-2' o.o o.o o.o 1 ••• 81 0) 6.8111 02 1.1851 02 7.9511-01 1.9621-08 o.o o.o 
J ••• JI C2 1.,681 02 2.8921 01 1.9.01-01 •• 7881-09 0.0 0.0 
•• 6551 o• 8.7771 OJ J.05'! OJ 6~7191! 02 J.1621 02 7.5971 01 7.801! 00 

1. 20 1!-0 1 
1.1581 00 
o.o 
o.o 
1.J9J!-02 
o.o 
o.o 
o.o 
o.o 
o.o 
7.095! 00 

1. 1911-01 
9.1161-01 
o.o 
o.o 
l. 480!-0J 
o.o 
o.o 
0.0 
o.o 
o.o 

o.o 0.0 
1. 2'9!-0 1 1. 2101-01 
o. 0 o. 0 
1.186!-01 1.1 .. 91-01 
4.605!-01 4.219!-02 
o. 0 o. 0 
o.o o.o 
6.617!-05 6.269!-11 
o. 0 o. 0 
o.o o.o 
o.o o.o 
o. 0 o. 0 
o.o o.o 

6. 1681 00 4.704! 00 2.,.5! 00 

1." l!-02 
1.9q9!-15 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.0 
o.o 
1.5781-01 

•.6671 o• 8.7771 OJ J.0551 OJ 6.7,JI 02 J.16JI 02 7.5981 01 7.8021 00 7.096! 00 6.1691 00 •.10•1 00 2 •• 46! 00 1.5781-01 



Table 8.5. S••ple ORIGEN2 su .. ary ele•ent radioactivity table 

OD'rPD'r Dll'r • 6 PaGI 51 
D!Cat 01 fiR S'riiCTDiat Ba'rlttat laS'rlz 33,000 RID/ft'rll lC'rita'riOI PRODUCTS 

PDIIR• 1.000001 OOBio IDIIDP• 1.000001 OOBIDo PLDI• 1.001 OOI/CB••2-SIC 

c 
Cl 
Ill 
PI 
co 
II 
tl 
If 
110 
Sll 
Sl 
'rf 
SOII'rot 

'rCUL 

..... 
lC1tiP 
Utlct .. P 

SDBI.lll 'rlltlz UDIOlC'rlfi'U 0 CDIIIS 
011 'rOIII OP IlltlaL ftlltl lltat l'r a IIPIOCISSIIG 'riB! OP 160 oars 

S8t0.051 P J. II 10. II 30. II 100. II JOO. II 1. Kl 3. Kl 10. Kl 

9 •• 121-01 ••• 081-01 ••• 001-01 
6.2361 02 7.7721-10 o.o 
6.8031 01 5.9861 00 2.0731-02 
•• 8631 03 2.1711 Ol 1.3591 02 
8.7251 01 •• 9111 Ol 1.9561 OJ 
6.6061 02 6 •• 601 02 6.1301 02 
8.5661 0] 1.8651-01 1.266!-01 
1.6591 o• 1.•••• oo 1.3361 oo 
2.!2,1-02 2.!231-02 2.5191-02 
•• 7COI 03 1.9091 02 6.3731-01 
1.,511 03 6.1331 02 1.1151 02 
1.•5•• 02 1.6681 02 2.8921 01 
•• 6591 o• 1.1111 01 1.0551 01 

9.]781-01 9.2991-01 9.0761-01 8.]]91-01 6.5,71-01 2.8071-01 
o.o o.o o.o o.o o.o o.o 
1.90•1-09 o.o o.o o.o o.o o.o 
1.6261 00 1.2711-01 o.o o.o o.o o.o 
••• 091 02 ••• 131-02 5.3111-1. o.o 0.0 o.o 
5.2801 02 3.1171 02 7.3521 01 5.,601 00 5.0221 00 •• 7271 oo 
1.2661-01 1.266!-01 1.265!-01 1.2651-01 1.26·1-01 1.2601-01 
1.3781 00 1.3981 00 1.3901 00 1.3601 00 1.A781 00 1.031! 00 
2.5091-02 2 •• 751-02 2.1781-02 2.07CI-02 1.3931-02 3.,80!-03 
3.7911-01 1 •• 36!-01 8.9611-03 5 ••• CI-07 •• 8711-19 0.0 
7.9511-01 1.9621-01 o.o o.o o.o o.o 
1.9.01-01 •• 788!-09 •• ]61!-11 •• 361!-13 •• 3611-13 •• 3611-13 
6.7.3! 02 3.163! oz 7.598! 01 7.8011 00 7.0951 00 6.168! 00 

10. n too. n 1. "' 

2 •• 971-02 5.2.01-06 0.0 
o.o o.o 0.0 
0.0 o.o 0.0 
o.o o.o 0.0 
o.o 0.0 o.o 
3.9751 oo 2.167! oc 9.0111-o• 
1.2.9!•01 1.2101-01 8.0.5!-02 
5.1911-01 1.5111-01 7.6HI-02 
6.6171-05 6.269!-11 o.o 
o.o o.o 0.0 
o.o o.o o.o 
•• 3611-13 •• 3611-13 •• 361!-11 
•• 70•1 00 2 ••• 51 00 1.578!-01 

•.6671 o• 8.7111 OJ 1.0551 01 6.7,11 02 3.16JI 02 7.598! 01 1.8021 oo 7.096! oo 6.169! oo •.1o•1 oo 2.,,61 oo 1.578!-01 

CDIIDLaTitl taltl 'rO!lLS 

•• 6611 o• 1.1111 01 J.o551 OJ 6.1•11 02 J.1631 02 1.5981 01 1.ao21 oo 7.0961 oo 6.169! oo •.10•1 oo 2.••61 oo 1.5781-01 
o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
•.6611 o• 8.1171 01 3.0551 OJ 6.1•11 02 J.1631 021.5981 01 7.8021 oo 7.0961 oo 6.1691 oo •.1o•1 oo 2.,,61 oo 1.578!-01 
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Appendix B.3: Sample Neutron Production Rate Tables 
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PAGI 52 

Table 8.6. SIMple ORIGEH2 (alpha,n) neutron production table 

OUTPUT UNIT • 6 
DICIY OP PWI STIUCTUIIL RITIIIIL IISTiz 33,000 RVD/HTRR 

(ILPHI,I, 110!101 SOORCI, IIU!IOIS/SIC 
BISIS• Oil ,0111 OP llltiiL HIIY! HITlL IT l IIPIOCISSIHG Tlftl OP 160 DIYS 

S!t0.05l P 3. Yl 10. II 10. Yl 100~ Yl 300. Yl 1. KY l. KY 10. IY 

81211 
P0210 
P021J 
P0214 
PC215 
PC~18 
lTl17 
11219 
11222 
PR221 
11221 
11226 
1Cl25 
TH227 
Tft229 
TH~JO 
P12l1 

0213 
0214 
0216 
0218 

IP2l7 
P0218 
PO~l9 
P0240 
P0442 
IR241 
lft24l 
Cft24] 
CR244 

8.4471-07 3.1381-06 8.3211-06 2.2901-05 7.2751-05 2.1391-04 7.291!-04 2.1311-03 6.9261-0l 
3.781!-10 3.0181-09 3.8091-08 5.6911-0l 1.2761-05 1.8391-04 2.6821-0l 1.9871-02 1.1471-01 
2.3181-07 2.5161-07 1.2151-07 6.8211-07 4.0121-06 1.6771-05 5.7091-04 6.8521-0] 7.5101-02 
6.1171-08 2.5121-07 1.2221-06 8.3021-06 8.9511-05 8.8781-0• 1.0111-02 7.6811-02 4.4151-01 
1.2781-06 4.J471-06 1.2591-05 3.46JI-05 1.1001-04 3.2351-04 1.10JI-Ol 1.2231-0l 1.0481-02 
2.5~31-CI 1.0171-07 4.9451-07 J.359!-06 J.6221-05 3.5931-04 4.1951-0l 1.1081-02 1.7951-01 
1.272!-07 1.3801-07 1.76·1-07 1.7421-07 2.201!-06 2.0171-05 1.112!-04 J.l5SE-01 4.1201-02 
9.7841-0l 3.635!-06 9.638!-06 2.6521-05 8.4261-05 2.4771-04 8 •• 45!-o• 2.468E-01 8.0221-o1 
1.8.21-08 7.336!-08 3.568!-0l 2.424!-06 2.614!-05 2.5931-0. 1.0271-0J 2.2411-02 1.2951-01 
8.8151-08 9.5671-08 1.2221-07 2.5931-07 1.5261-06 1.3981-05 2.1711-0• 2.6051-0l 2.8551-02 
5.5971-0l 2.0801-06 5.5141-06 1.5171-05 4.8211-05 1.4171-04 4.832!-04 1.4121-0l 4.5891-0l 
1.115!-08 4.4381-08 2.1591-07 1.4671-06 1.5811-05 1.5681-04 1.8311-0J 1.357!-02 7.8351-02 
6.1251-08 6.6481-08 1.4941-08 1.8021-07 1.0601-06 9.7161-06 1.50!1-04 1.8101-0l 1.98·1-02 
6.019!-0l 2.2441-06 5.9511-06 1.6371-05 5.202!-05 1.5291-04 5.21.!-04 1.5241-01 4.9521-0l 
3.7551-08 4.0971-08 5.2J41-08 1.1111-07 6.5Jll-07 5.9881-06 9.29~1-05 1.1161-0] 1.2231-02 
1.5291-05 3.2JJI-05 7.1251-05 1.98JI-04 7.1101-04 2.5001-01 9.36~1-0J 2.88]1-02 9.J541-02 
8.7811-06 9.5471-06 1.133!-05 1.641!-05 3.4201-05 8.5C11-05 2.62EI-04 7.671£-04 2.4941-01 
8.lJ11-06 t.IJJI-05 1.7211-05 3.4551-05 1.0471-04 1.8721-04 1.9751-0l 7.9741-0J 2.9511-02 
6.6721-01 6.7901-01 7.0591-01 1.1481-01 9.4591-01 1.1101 00 1.11E! 00 1.1111 00 1.1511 00 
1.2141-01 1.2151-01 1.2151-01 1.2171-01 1.2221-01 1.2J61-01 1.2851-01 1.4061-01 1.6lJI-01 
1.184!-01 1.184B-01 1.1841-01 1.184!-01 1.1841-01 1.184!-01 1.1841-01 1.1841-01 1.1841-01 
2.2511-01 2.J021-01 2.32JI-01 2.4481-01 J.0681-01 4.6121-01 1.J6EI-01 8.6161-01 8.6701-01 
2.2151 Ol 2.1181 01 2.1951 OJ 1.8741 03 1.0791 Ol 2.232! 02 9.5531•01 1.4951•06 1.1491-19 
2.J161 02 2.3161 02 2.3751 02 2.1741 02 2.3701 02 2.]57! 02 2.3121 02 2.189! 02 1.8021 02 
4.1451 02 4.147! 02 •• 1511 02 4.1541 02 4.13JI 02 4.0411 02 3.7581 02 J.0-01 02 1.4471 02 
1.1421 co 1.1421 00 1.1421 00 1.1421 00 1.141100 1.1411 00 1.1401 00 1.1361 00 1.1221 00 
1.8961 02 7.1901 02 1.7411 OJ 3.224! OJ 3.1411 OJ 2.7411 OJ 8.9191 02 1.6111 01 9.6621-01 
1.5111 01 1.5111 01 1.5101 01 1.5071 01 1.497! 01 1.4691 01 t.JlEI 01 1.1401 01 5.901! 00 
2.0861 01 1.9391 01 1.6161 01 1.0061 01 1.8131 00 1.414!-02 5.7101-10 4.2851-J1 o.o 
1.8081 OJ 1.6121 01 1.2131 OJ 5.7J51 02 3.9J51 01 1.8641-02 6.9181-11 6.9111-11 6.91JI-11 

lO. KY 100. KY 1. RY 

1.9251-02 4.4158-02 5.445B-02 
J.99JI-01 9.0991-01 4.0J,I-01 
4.J511-01 1.6971 00 4.12'1 00 
1.544! 00 J.5181 00 1.5591 00 
2.9121-02 6.678!-02 8.2J61-02 
6.246!-01 1.4231 00 6.310!-01 
2.J871-01 9.3091-01 2.2621 00 
2.2]0!-02 5.114!-02 6.JOll-02 
4.5071-01 1.0271 00 4.55,£-01 
1.6541-01 6.4521-01 1.5681 00 
1.27EI-02 2.926!-02 3.6081-02 
2.727£-01 6.2151-01 2.755!-01 
1.1501-0t 4 •• 83!-01 1.089£ 00 
t.Jlll-02 3.157!-02 3.89,!-02 
1.08•1-02 2.76JI-01 6.71~1-01 
2.5171-01 5.7~61-01 2.5601-01 
6.93J!-OJ 1.590!-02 1.9611-02 
8.lJ1!-02 2.5131-01 5.5611-01 
1.0981 00 9.1.51-01 2.4651-01 
1.8851-01 1.911!-01 1.860!-01 
1.18,!-01 1.18qi-Ot 1.184!-01 
8.6151-01 8.4211-01 6.2921-01 
o.o o.o o.o 
1.0221 02 1.1651 01 2.72•1-08 
1.7]61 01 1.0381-02 4.477!-07 
1.0821 00 9.5471-01 1.90·1-01 
1.7971-01 5.9921-06 o.o 
9.0281-01 1.2661-03 J.1661-08 
o.o o.o o.o 
6.9121-11 6.908!-11 6.8581-11 

----------------------------------------------------------------------------------------------------------------------------------TC,AlS 
Till I 
lC10ll 

4.9631 01 5.358B 03 5.8551 OJ 6.3511 Ol 5.5111 03 J.6221 01 1.5171 03 5.7,01 02 l.356B 02 1.2861 02 2.9281 01 1.553! 01 
4.9EJI OJ 5.1581 03 5.8551 OJ 6.35JI OJ 5.5JIB OJ J.622! 03 1.517! OJ 5.7-0! 02 3.356B 02 1.2861 02 2.9281 01 1.5531 01 



0218 
PU2l8 
ou2•o 
PD •• 2 
cn2•2 
Cft2-· 
cn2•6 

TC1ALS 
Tift! 
IC1QAL 

O'fRILL 
TC11LS 
TI!LI 
ACTUAL 

Table 8.7. Sa•ple ORIGEN2 spontaneous fission neutron production table 

OUTPUT UIIT • 6 
D!Clf or Pll STIOCTOIIL ftlT!RilL IIST!z JJ 0 000 ftiD/ftTHft 

SPOITII!OUS riSSIOI I!UTIOI SOOIC! 0 IIUTIOIS/SIC 
BaSIS• Oil TOll! or IIITIIL l!l'f ft!Tat IT a RBPIOCBSSiftG Tift! or 160 DaiS 

J. 11 10. II 30. tl 100. 11 JOO. 11 1. Kf J. Kt 10. Kf 30. 11 

PIGB 5) 

100 •• , 1. "' 

6.lo•r oo 6.Jo•B oo 6.lo•a oo 6.Jo•z oo 6.Jo•z oo 6.Jo•• oo 6.Jo•z oo 6.lo•z oo 6.3o•z oo 6.3o•z oo 6.Jo5z oo 6.J06z oo 
1.6.71 02 1.6781 02 1.589! 02 1.J57! 02 7.81J! 01 1.616! 01 6.91EI-02 6.151!-07 8.J211-21 0.0 0.0 0.0 
1.1•11 OJ 1.1,,1 OJ 1.1,5! OJ 1.1.61 Ol 1.1,08 03 1.116! OJ 1.0lt! OJ 8.3831 02 3.991! 02 •• 7871 01 2.8621-02 1.2J51-06 
•• 682! 02 •• 682! 02 •• 682! 02 •• 6821 02 •• 6811 02 •• 680! 02 •• 67'1 02 •• 6581 02 •• 600! 02 ••• J81 02 J.915! 02 7.808! 01 
6.••or o• 6.2l2a 02 9.667! oo 8.811! oo 6.,o5a oo 2.571! oo 1.057!-01 1.161!-05 1.5911-19 o.o o.o o.o 
1.o611 o5 t.•saa o• 7.215! o• J.365a o• 2.1ota 01 1.o9•z oo •.ostz-o9 •.os7a-o9 •.os7z-o9 •.o56a-o9 •.o5•a-o9 •.o2517o9 
•• 2721 02 •• 2701 02 •• 266! 02 •• 253! 02 •• 210! 02 •• 088! 02 J.690! 02 2.753! 02 9.8711 01 5.2691 00 1.852!-0' 1.770!-28 

1.1211 os 9.7,21 o• 7.,57a o• J.5e•a o• ,.,loa 01 2.020! 01 1.8801 OJ 1.5861 01 9.6,61 02 5.0J7a 02 J.982B 02 8.••9z 01 
1.1211 o5 9.7,21 o• 7.,571 o• J.5e•a o• •• ,JOI 01 2.0201 OJ 1.880! OJ 1.586! OJ 9.6,61 02 s.o111 02 1.982! 02 8.,q9z 01 

1.7771 05 1.0211 05 1.0,21 0' •• 2201 o• 9.9611 OJ 5.6,2! OJ J.J9ll OJ 2.1601 OJ 1.3001 OJ 6.J2ll 02 •• 2751 02 1.000! 02 
1.7lll 05 1.0281 OS 8.0,21 O• •• 2201 o• 9.9611 03 5.6,21 OJ J.l9ll OJ 2.1601 Ol 1.JOOI Ol 6.32JI 02 •• 2751 02 1.000! 02 
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Appendix B.4: Sample Photon Production Rate Tables 

OD148 



Ill !!AI 

1.S00!-02 
2.~00!-02 
1.75011-02 
5. 150!-02 
8. 500!-02 
1.250!-01 
2. 2501!-0 1 
3.15011-01 
5.1'50!-01 
It. 50011-01 
1. 250!t00 
1.1'501!*00 
2. 2~0!t00 
2. 1'501!*00 
]. soouoo 
'5. OOO!tOO 
1.0001!+00 
1.100!+01 

111111&1 

1. 500!-02 
2.!00!-02 
).150!-02 
5.15011-02 
11.5001!-02 
1. 2501!-01 
2. 250!-01 
]. 150!-0 1 
5.750!-0 1 
11.500!-01 
1. 250!+00 
t.150!t00 
2. 250!+00 
2. 150!+00 
3. 500!t00 
5.000!•00 
1. 000! tOO 
1. tOO !tO 1 

,O'Ut 

CUll POll 

Table 8.8. SaMple ORIGEN2 activation product photon table 

PIIOTCI SP!C!IOI POl \CTitlTIOI fiODUCTS 
OUTPUT UW!T • 11 PIG! 51 

O!ClY OP Pill STIUCTO~\L lll!llllt I'ST!s 31,000 "ID/~TB~ 
PO,!I• 1.00 1111, BOIIUP• t. 1110, PtOI• 1.00!t00 I/Cft••2-SIC 

18 GIOUP fHOTOI I!L!-SI I~TIIS, PHOTOIS/S!COWD 
BlSIS• 011! TOllll! OP IIITI\L H!lt1 li!Tlt IT l 1!PIOC!SSIIG Tllll ~p 160 Dl1S 

SlltO. 0511 P J.on 1o.ou 30.011 IOO.OYI 300.011 1.orr 3.on 1o.orr 30.0KY 1oo.on 1. OIU 

7.82711•13 1.218!•1~ •.l•or:•12 3.9•os•tt 7.005!+10 2.058!•10 6.32•r•o9 5.571!•09 •• 06911+09 2.310!+09 9.675~•08 s.55•t•o8 
1.226!+1' 2.1861+1] 3.6.0!+12 ,.527!t10 •• 116!t09 1.695!+09 8.166!+08 l .• ].!tO~ 5.561!t08 2.679!+08 2.638!t01 1.1o2!t06 
1 •• 38!+13 5.31,1+12 1.1.9!+12 3 •• 371+10 1.219!+09 6.623!t08 •• 150!+08 •• 35!Et08 3.290!+08 1.596!+08 t.SO,!tOl 2.602!•0~ 
1.121!•12 1.2281+12 •• 5.~!t11 3.18011•10 6.655!+08 5.959!t08 5.62l!t08 5.19l!t08 1.980!+08 1.951!t08 t.810!t07 •.661!•0• 
2.59•!•12 •• 8851t11 1.801!t11 1.2.91!t10 2.625!+08 2.593!t08 2.528~+08 2.351!t08 1.83•!•08 9.179!•07 8 •• 81!t06 6.765!t01 
2.2.0!t12 2.896!t11 8.68.!t10 •• 9.1!t09 1.2.5!+08 1.231!+08 1.202!t08 1.122!t08 8.822!t01 •• 152!t0~ •.t11Et06 •• S16!t03 
5.2ll!t12 1.595!+12 2.886!t11 l •• OI!t09 1.68,11t01 7.609!t01 1 •• l0Et07 6.939!•01 5 •• 6-!t07 2.161!t07 2.5.1!t06 l.lOI!tOJ 
2.t73!t13 9.1601t12 1.592!t12 1.1071+10 l.859!t06 3.6611+06 3.52~!t06 3.29l!t06 2.59l!t06 1.310!t06 1.202!t05 2.125!t01 
•• O.lP.ttl 1.116!+13 2.0l911t12 1.310IIt10 1.569!t05 1.601!t01 1.089!+03 l •• a9!t01 7.089!t01 6.766!t01 5.761!•01 1.318Et00 
8.818!+1• J.J,O!t11 9.395!t10 8.807!t10 8.1.7!+10 8.688!t10 8.,82!+10 7.923!t10 6.2l8!t10 1.151!+10 2.887!t09 1.626!•02 
5.12111•1• 3.65.!+1' 1.155!+1' 1.0.8!t1l 1.051!t09 1 •• l2!t01 1.130!t01 1 •• 30!•01 1 •• 29!t01 1.1211t01 1.119!•0• t.l21!t~l 
3.18•!•11 6.18•I•OE 2.t•lt•OI 6.151!•03 t.605!•02 1.213!•00 9.610!-o• 1.521!-05 2.5?lr-o6 2.522!-06 2.508!-06 2.J,oP.-o6 
8.916!•09 t.93611t09 1.112!t08 5.555!t07 5.511!+0) t.l21!-0I 1.599!•10 1.521!•10 1.~19!-10 1.512!-10 1.188!·10 1.208!-10 
1.332!t07 5.9921t06 2.386P.t06 1.719!t05 1.~2-11•01 1 •• 11!-10 1.626!•11 1.623!-11 1.610!-11 1.575!•11 1.151!-11 6.051!-11 
6.811!-05 3.2171-01 3.913E-10 6 •• 101-11 5.800!-11 5.6111-11 5.608!•11 5.605!-11 5.5~6!•11 5.570!•11 5 •• 811-11 •• 152!-11 
2.0281-05 8.)981-08 1.69611-11 1.61]!-11 1.613!-11 1.613!-11 1.613!-11 1.612!-tt 1.669!-11 1.661!-11 1.635!-11 1.3211!-11 
1.316!-06 5 •• 11191-0~ 1.098!-12 1 •. 08)11-12 1.083!-12 1.083!-12 1.083!-12 1.083!-12 1.081!-12 1.0761'!-12 1.059!-12 !.598!-1) 
11.3191-08 3.1.6!-10 6.9511-1' 6.8591-1' 6.859!-1• 6.8581-t• 6.857r-11 6.851!-tl 6.8.lt-tl 6.811!-tl 6.702!-t• ~.111r.-te 

1.119!+15 •• 2961t1' 1.591!•1• 1.115!t13 1.65111t11 1.109!+11 ~.l15!t10 8.692!t10 6.~06!+10 3 •• 6111t10 3.929!t0~ 5.S70!t08 

1 •• 61!t15 1.6861t1. 1.8.01+1' 1.3201tl] 1.698!t10 1 •• l11t10 7.212!+10 6.75.!t10 5.117!t10 2.686Et10 2.172Pt0~ ~.39-EtO~ 

18GP.OOP SP!CIPIC !IIRGf WllllS! B'T!S, lllf/V&TT-S!C 
BlSIS• 01! TOll! OP IIITtlL H!ltl li!TlL lT l !!PROC!SStl~ tl"! OP 160 ~lfS 

3.011 10.0!1 lO.Ofl 100.0!! JOO.OYII 1.on !.on 1o.on 30. OilY 100.0H 

1.17,!t06 1.8211t05 6.5091•0• 5.910!+03 1.051!t0l 3.088P.t02 9 •• 861t01 ~.l60!t01 6.10,!t01 3 •• 65!t01 1.,51!tQ1 
l.06,1t06 5 •• 6.1+05 9.10111t01 1.882!t03 1.11,!t02 1.237!+01 2.0.2!t01 1.A5f!t01 1.192~+01 6.6~~!•00 6.5~5P.-01 
S.l92!t05 2.0151+0! 1.107!t0' 1.28911t0l 1.197!t~1 2 •• 81!+01 1.1811t01 1.63l!t01 1.2l,!t01 5.q81!t00 5.639!-01 
•.o98t•os 7.o5•1•o• 2.615!•o• 1.829z•ol 1.827£•01 J •• 26t•01 3.2ll!•ot 2.986r•ot 2.288r.•01 1.t25E•01 1.011r.•oo 
2.20SIIt05 •• 1531+0. 1.5l1!t01 1.062!t0l 2.2l1!t01 2.201!+01 2.119!t01 1.9G9!t01 1.559!t01 1.1102~•00 ·1.209~-01 
2.8001t05 3.620!+01 1.086!•0• 6.116!t02 1.556!t01 1.5l9!t01 1.502!•01 1 •• 02!+01 1.101!+01 5.56~!+00 5.138!-01 
1.1111!t06 l.5891t05 6 •• 9l!t01 1.660!t02 1.729!t01 1.112!t01 1.612!t01 1.561!t01 t.l29!t01 6.212!•00 5.711!-01 
8.150!t06 J •• 3511tOE ~.912!t05 •• 15l!t03 1.111!t00 1.lll!t00 t.323!t00 1.235!t00 9.725!-01 1.913!-01 Q.507~-02 
2.325!+01 6.1601•06 1.11]!t06 7.817!t03 9.021!-02 2.6.6!-02 6.262!-0Q •• 306!-05 •• 0161-05 3.891!-05 3.312~-05 
1 •• 95!•08 2.8]91+0! 1.986!•0• 1 •• 8611t01 7 •• 3S!t0' 1.385!t01 1.210!•0• 6.73-!tO- 5.l~2!tOq 2.~78Et01 2 •• 5q!t0l 
6.18J!•08 •• 5671t0f 1.819!•08 1.310!t07 1.3111!t0] 1.790!-02 1. 787r-02 1.797!-02. 1.786!-02 1. 7~1!-02 1.111'!!-02 
5.51f!t05 1.082!t01 5.150!-02 1.111!-02 2.809!-0. 2.175!-0~ 1.685!-09 2.66@!-11 I.Q32'!!-12 ••• 13!-12 II.)~G~-12 
2.01111•0• •• l57!t0~ 1.135!+01 1.2SO!t02 1.25•!-02 2.919!•10 3.598£-16 1 •• 21£-16 1.117!-16 1.102!-16 J.1q7!-16 
].662!•01 1.6.8!t01 6.562!•00 •• 127!-01 •• ~.1!-05 3.888!-16 2.097!-16 2.096!-16 l.~9l!-16 2.083 .. -16 2.~50!-1& 
2.39Q!-10 1.1261-1l 1.!10!-15 2.25•!-16 2.0301-16 1.961!-16 1.963!-16 1.964!-16 1.959!-16 1.~50!-16 1.q1A~-16 
1.01,!-10 •• 1991-11 8 •• 81!-11 8.165!-11 8.165!-11 8.165!-11 8.361!-17 8.35S!-17 8.3.6!-11 8.!07!-17 A.17·!-17 
9.209!-12 3.811!-1. 7.688!-18 1.581!-18 1.593!-18 1.583!-18 1.581!-18 1.51E!-18 1.566!-1~ 1.531!-18 7.q10F.-1~ 
9.151!-13 3.790!-1! ~.6.9!-1' 1.5Q5!-19 ~.5.11!-19 7.51•!-19 1.5.3!-19 7.53S!-19 7.527!-1' 7.q93!-19 7.372~-19 

1.0"' 

li.Jlt!tOO 
1.2Joe-o2 
9.156E-OJ 
2.~9:)£-0l 
5.151 !.-011 
5 ... 20£-011 
9.681!-011 
1.022!-0S 
1.22!: .. -06 
t.l'~2E-o• 
1.&55!.-0'2 
•.0°5'!-12 
2.719!-16 
1.61iS~-11i 
1.5S<IE-16 
6.6l9f-11 
li.J19E-19 
5.'1'~'!!.-1'i 

1 •• 611+09 •• 6861tOe 1.8.0!t08 1.320!•01 1.698!•0• 7.1131!•0• 7.2321!t011 6.75q!•O• 5.311!t01 2.686!t01 2.q72~t0! •.l9ll!.tOO 

2.151z•o2 7.5121•01 2.950!•01 2.116z•oo t.2l•B-02 1.191!-02 1.159£-02 1.08:11-02 8.52•!-0l I.J06!-0l 1.961!-o• 1.l,E!-06 



0 
0 
~-~ 

U1 
0 

c " C:l 51 
co 58 
CIJ 60 
Ill 61 
n 91 
u 95 
"II 93. 
II! 911 
Ill 95 
Ill 95" 
"0 91 
51119" 
S112l 
5!125 
Tl! 125" 

II DC LID I 

c 111 
co 60 
1(6) 

ll 9) 
!!I 95 
1111 " 
"' 95 TC 99 
Sll 113 
51119" 
5!125 
'U 125" 

IIUCLIDI 

c 111 
co 58 
co 60 
II 61 
u 9) 
u 95 
Ill 911 

T~ble 11.8 (conttnued) 
OIJ'J'PDT OIIT • 11 

Pft111CttlL PRoro• S~UICIS Ill o•oop 11 PROTOIS/S!C 
"Ill lllfOt• 0.015ft!' 

51110.051 p 1.on to.on 30.0!1 100.0!~ ]00.0!1 

8.2621108 11.259!t08 11.252!1011 8e2l2!tOP ~.1,211011 ~-~6,!1011 
2.6121112 l.282110C 0.0 o.o 0.1) o.o 
1.213111] 2.6511108 ].5]111-03 o.o o.o o.o 
1.113"fl11] 9.6121112 ].856!112 2.l1ll111 2."'8611!10~ 1.01171!-~11 

1.0Kt 

"f.JlO!IO(I 
o.~ 
0.1) 
0.!) 

1.]11l!t11 1.l1"flt11 1.21191tH 1.0l5U11 6.!111~110 1.110~!110 l.1!0P.10l 
J.on1•01 ].0971•01 ].0911107 !.,91!101 1.091!107 1.096!107 1.09~!107 
2.01Ut1l 1.11118!10! 1.153!-011 o.o 0.1) o.o 1).0 
6.1191!:•0"' 1."f521101 1.15•1108 6.739!108 8.!l1!108 ~.11211!109 11.1121110'1 
3.9511109 ).9561•0~ 3.9551109 ].95)!109 1.911311109 !.916!109 !.9211!10, 
'. 2861!11] 1.015110! 9.61111-05 o.o o.o o.o o.o 
1.1501112 1.22111101 1.UIII•05 0.0 o.o o.o o.o 
9.9901108 9.98111108 9.9101108 9.9311108 '·"'911!t011 9.1113!1011 8.1911!104 
6.1109!112 2.11881111 2.087!108 2.2111-01 o.o o.o 0.') 
1.658!•12 11.6]11!•0~ 5.091!•01 11.916!-111 o.o o.o o.o 
!.558!112 1.6801112 2.91-1•11 1.~5-!t09 -.~22!101 o.o o.o 
1.2621t11 1.5181111 6.1011t10 -.0911108 1.010!101 o.o o.o 

PIIIICitlL PHQTOII SOUPC!S Ill GP.ODP 2.PHOTOIS/S!r. 
Rill IIIlO!• 0.025H~' 

SIII0.051 r l.on 10.0!1 ]0.0!11 100.0!1 300.01, 1.0KI 

!.on 

5. 7111!1011 
o.o 
o.o 
n.o 
2.0"i.!t01 
l.09J!t01 
o. 0 
11.111!1•08 
3.5121!109 
o.o 
o.o 
5.51 31!!+09 
0.0 
o.o 
o.o 
o.o 

:!.on 

1.1691t01 1.1681101 1.1611108 1.1611!•011 1.155tt0~ 1.12~!1011 1.~15110! 8.129!101 

2.118]1112 1.61llt12 6.66,!111 11.800Pt10 11.81,!106 1.8101•05 4.0 0.0 

8.2091t09 1.0261tOt 7.613!+0~ 6.5.11109 !.~f-1109 8.5611!108 11.381!106 1.252!•00 

1.9911!t06 1.99111106 1.9911!106 1.9911!•06 1.9911 .. 104 1.9911!106 1.99l!t06 1.9~1!106 

J.68•r•t2 2.575t•o7 2.1101r-o5 o.o o.o o.o o.'l o.o 

7.306!101 1.!061tOE 1.]0.!+0! l.2991t011 7.2~1!1011 1.2!2 .. 108 1.061Et08 6.5q~!IO'J 

1.758!112 1 •• 151t07 1.!22!-05 o.o o.o o.o o.o o.o 

6.09,!105 6.09111105 6.091!•05 6.091!105 6.092!105 6.088!•05 6.0111!105 6.0]111105 

9.218!112 1.26111•10 2.601!10] 2.01111!-16 o.o o.o o.o 0.0 

6.8)0!113 l.0181t1; 2.22,1109 2.351!100 0.0 o.o 0.0 0.0 

2.2101t13 1.012!t1] 1.8591112 1.2-1!110 1.0~11102 0.0 O.J 0.0 

1.115!•11 6.3681112 1.1011!+12 1.1106!109 1.828!t02 0.1 o.o o.o 

PIIWCIPIL PHOTO~ SOUICIS IW CPOUP l.rHOtOIIS/S!C 
ft!ll IWifO!• O.Ol8ftl' 

1.on 10.0111 300.011 1.1.1U 

5.61-!101 5.6121•01 5.601!101 5.593!t0l 5.5116•10"' 5.11111~101 II • .,1.'!'+01 

11.101!111 8.9601106 1. nn-o• o.o o.o ,_ 0 o.o 
1.11181112 9.5511!111 ).805!111 2.1.11110 2.1119!106 1.0ll1!-05 3.') 

1.66111•09 1.6211105 1.5,l!t09 1.3211109 1.e32!IO't 1.736!1011 d.'180-.I05 
1.11161105 1.816110~ 3.816!105 3 • .,~61105 3.~l6PI05 3.Q15!t05 3.8711Pt05 

2.163!112 1.512!101 1.-1)!-0S 0.0 o.o 1).0 1).0 
11.1811!108 11.1~3!•08 11.]82!•08 •• )1q!l08 11.169!108 -.339!1011 •• 237!•08 

].OK! 

l. "051!+07 
0.0 
1).0 
2. 511!-01 
3.9lO!tOS 
0.0 
3. 95 l!l 0'1 

10.0Kt 

2.11611!108 
o.o 
1).0 
o.o 
o.o 
1.0'13!101 
o.o 
'l.l!!lll!!IOI! 
2. 1'1 Zl!tOO 
O.ol 
o.o 
1. 3"1!• 08 
o.o 
o.o 
o.o 
0.3 

u.ou 
3.11'1'\!101 
0.•1 
o.o 
1.9115!•06 
o.o 
~-193!108 
o.o 
5.•••r•o5 
0.•) 
0.') 
!).') 
O.l 

10.01t! 

1.6lllr•07 
o.o 
O.ol 
o.o 
3.!l5'1PIOS 
i).'l 
J. 1t6!1 OP. 

JO.OKt 100.0F! 

2.1"2!107 ll.liOIJI!IO 3 o.o 
o.o 0.0 o.o 
o.o o.o 0.3 
:».o o •. ) l.'l 
I). I) o.o o.o 
3.0S5!10l 2.~60,101 l.lj(,Of:tOl 
1).0 o.o 'l.') 
8.3111!!109 ~.OS2~•0P S.JSS~•ce 
1.•211109 1.301,•0" 10.12~0:-0ij 
o.o 0.1) o.o 
o.o 1'.0 3.0 
2.619!106 2.11~10:+00 3.0 
0.1) 11.0 
O.IJ 0.) 
o.o o.o 
1).1) 0.1) 

lO.OkY 100.0kt 

1.101)!t06 ~.501~102 
o.o o.o 
o. 0 0.1) 
1e96,E106 1.q06!106 
o.o 1).() 
2.62Ht08 2.fii:'H1n1 
o. 0 o.o 
5.52,!105 11.111.11F.t05 
1). 0 0. ,) 
o. 0 o • ., 
o.o 0.1) 
0.1) o.o 

JO.OKt 100.0itY 

1.11991!106 3.126 .. •02 
o.o o.o 
o.-o o.o 
0.1) 1).() 
J.P.2Jr1o5 J.loll~~os 
o.o o.o 

,_, 
n.1 
o.o 
o.o 

o.o 
0.~ 
0.0 

1.011! 

1.2" ~~tl)6 
o.o 
1.1121!!-06 
o.o 
2.JSJI!t0' 
3.0 
0.1) 
0.0 
o.o 

I.I):OY 

).d 
o.o 
1).() 
0.1 
2.U-l!t0~ 
o.o 

1.5l11!108 1 •• 112F.t01 6.190!-')l 



,. ')') 

":"r. 'J1 
"1•121 
'H U'i 
rt 12';R 

,UCJ. tO I 

(" " r.t ~~ 

en '11 
r:n 1;0 
'fl 61 
~!' 'H 
u 9'i 
111! , .. 
Ill! 95 

rc '"' 
'" "'" "'H2l 
!I'! uo; 
IfF 181 
U1R2 

IOCLIO! 

r. ,. 
r:t 16 
r.o 511 
r.c 60 
u 95 
II! .... 
't8 95 
TC 99 
5NU1 
sr 125 
'!'l1112 

Tlble 8.8 (conttnued) 

l!.lJOU11 6. "'OII!tOE lt.2nr.-06 
l.II06!t 0!! ).111'16!t0!! J.II061!:t05 
2.232£•11 6.2J9'.tOE 6.R61tt02 
6.226£•12 2.9]9!•12 'i.09~r.t11 
l.050!t12 1.117R!tl2 2.56l!t11 

o.o o.o 1)0Tt'OT Otll f • 11 

SUO. 05l , 1.on 

II .11111'!•07 11.11121•07 
5. 05'j!t0) 5.055!tU 
'1.905P.t11 1.2'101t01 
1.'j99£t 12 1. OlR!t H 
1. u n• o e 1.6116uoe 
2.?6'j!t011 2. CI6S!t011 
2.56JU12 1.192!t01 
5.U9!!t08 'i.lt081t08 
6.UU!t 11 5. 1161tOE 
J. 1111tOS l. 7111lt05 
1.069!•11 II.RU!tOc; 
J. 1691t11 II.IJ'i1!t01! 

10.0!11 

••• 1)11£• 07 
S.OS'irtOl 
1."722!-011 
11.292Et11 
1.561!t08 

].1106!t05 l.ll1'15£t05 
6.1111n-n o.o 
J.lll')£t09 R.IIJIJZtOI 
1.719£•0~ 11.2112!t01 

JO.O!R 100.1'1!1 

11.197tt01 •• l6or.•n 
5.0'15!t0l '1. 3511l'!t 01 
o.o o.o 
J.09l!t10 J.101'!t0~ 
1.l111!'!t08 1.9211Et01 

2.06'1!t011 2.965!t011 2.96'.i!'!t0. 
1.615£-US 0.0 o.o 

o. 0 1'1. ~ 
J.IIC)!t05 J.J9!!~t05 
o. o o. a 
o.o o.o 
o.o o.o 

lOO.OYI! 1.0Kt 

... 25~'!!· 07 ).910Et07 
5.0!!2'!•01 t;.OIIlEtOJ 
0.0 o.o 
1.1611!-0'i o.o 
1.756£•07 R.9811£t011 
2.Cifi5!t011 2.?611!•011 
o.o o.o 

5.1101Et08 ~.110lf!t08 5.190Et08 5.J5)!t08 5.l21£t01J 
II.Rl7!-06 0.0 o.o o.o o.o 
].711!t05 ].111!t05 J.110il•05 l.1C1!•05 3.6q•~·o~ 
).1118!t06 ).686£-03 o.o o.o o.o 
9.71121lt02 9.20JP.-15 o.o o.o ii.IJ 

).022£t 11 1.1126£+11 2.111•r•10 t.65~r.•oa II.095E•OO o.o o.o 
11.9116Et" 11.2021t0) 5.752£-15 o.o o.o o.o 
11.585!+11 6.Zo8a•oe t.,o6r.•o' 1.J•1Et011 1.J9JEtO• 1. )9)!+011 

PRIICIPlt PfttT~N SOU9C!S IM GP.OUP 5.PHOTOMS/S!r 
ft!ll IM!I~I• 0.085"'-' 

S"tO. 05ll P 1.011 10.0!R )3.0!8 100.0!1 100.011 

7.2)8£•06 "'.2l51t06 1.2291t06 1.21U!t06 ~.151!t06 6.980~•06 
Z.UUtOJ Z.6~Ut0! 2.69Ut0l 2.6911!t0] 2.60flllt0] 2.69lft0] 
l.5591t 11 7.176!tnf 1.0)8£-011 0.:) o.o o.o 
6.2R9£t11 II.Zllllt11 t. ~8RI!t t 1 1.216£•10 1.219~t01t 11.5811£-06 
1.108!t12 7.11191t06 ~.2112!-06 o.o o.o o.o 
2.5118!+08 2.5-7!t08 2.5111P.t08 2.5115!t09 2.519 .. t08 2.5221lt011 
1.0511!t11 ll.lllll!t05 1.9211£-07 0.1) o.o o.o 
1. J'i9!t05 1. l'.iq!tO!! 1.J59Et05 1.l5qP.t05 1.l59Et05 1.l5B!t05 
1.8111r•11 5.2J&r•oe 5.7611•02 5.111121-15 o.o o.o 
1.)52!t11 6.18111t10 1.107!t10 7.1127P.t07 1.1Jll!t00 0.0 
11.110l!t10 5.9611t01 1.~50!t0l 1.lJII£tOJ 1.!J11lt0l 1.JJ"'Il•OJ 

o.o 
1. l9Jf!t01t 

1.0U 

6.1t13P.t06 
2.688P.t0] 
o.o 
o.o 
o.o 
z. 1162!•08 
o.o 
1.355!tO'i 
o.o 
o.o 
1. ll1!t0) 

o.o o.o 
1.17:£•05 1.297!•05 
o.o 0.1) 
o.o o.o 
o.o o.a 

1. on to.on 

l.O"JCEtOl 1.JI6Et01 
5. 02 CP!t 01 ... 9110!'!t 0) 
o.o o.o 
o.o O.'l 
2.51\E!-02 0.1) 
2. 96 1Et011 l.~5lP.t01t 
o.o o.o 
11.8R2!t08 l.IJUP.tllB 
o.o o.o 
]. 61 ~f!t05 l.'i92!•05 
o.o il.l' 
o.o 0.1 
o.o o.o 
o.o o.o 
1.J9~!t011 1. )9l!t01t 

J.on 

5.0l51!t06 2. 15'l!t06 
2.6l6!t0) 2.6l3Et0] 
o.o O.IJ 
o.o o.o 
o.o 0.3 
2.JOO!t08 1.1111£•08 
o.o O.IJ 
1.]116f!t05 1.] 16£t05 
o.o o.o 
o.o o.o 
1.3]11!•01 1.116 .. tOJ 

o.o 
l.I'IR91'!t05 
O.IJ 

I'Ail[ 
o.o O.ll 

2.111\0I~tO'\ 

o. •l 

'.iJ 

o.o o.o 
o.o o.o 

lO.OKY tiiO.Illlt 

1. 1 .. 1~•0«> 2.11'\Ht02 
11.11Rt:t0) 11.0151>ti)] 
o.o n.o 
o.o o.o 
1).0 0.1 
2. 9'!'.i!'!tlllt :o!.fllll'!tOII 
o.o o.o 
1. 911ll!ti)8 t.l79!'!t01 
1).0 O.il 
l.l66!tO'.i 2.6q0dt0~ 
0.0 o.o 
1'1.(\ 0.1) 
o.o o.o 
o.o o.o 
1.l'JO£t011 1. )fi2F.t01t 

)0.011! 100.0KY 

1. 920 f!t05 II.O~O!'!t01 

1. '15~•011 
IJ.O 
o.o 
1).0 

0.1) 

'. 0.1! 

'i.iHII?.t02 
o.o 
o.n 
0.1) 
1.l'IS?.t011 
o.o 
'· Jll".:-01 
0.1) 
t.q)]~tOq 

n.o 
o.o 
o.o 
o.o 
'· 290l!t:)ll 

1.1JHI 

0.1) 
2.515!t0] 2.1110 .. •0! 2.6qlt?.t02 
o.o 0.1) o.o 
~.o o.o o.o 
o.o o.o 0.0 
9.111~1!t0l ~.]191!t06 J.~q6f:-07 
o.o 1).1) o.o 
1. 2l!f!t05 "· 814!t011 '\.2QO!'!t0] 
o.o .o.o o.o 
o.o 0.1) o.o 
1.llll!t0) 1.Jl7P.t0) 1.l18!'!t0) 



IDCLID! 

CL 36 
co 58 
co 60 
u 95 
If 911 
TC 99 
51121 
se 125 
T! 125ft 
ft' 181 
Tl 11)2 

IOCLID! 

CL 36 
co 58 
co 60 
II 95 
u 911 
Ill 95ft 
TC 9~ 
5111] 
51t11ft 
5112) 
511125 
"182 

IUCLIDI 

CL 16 
Cl 51 
co 60 
!I! " 
lG 108't 
5'1125 
TA182 

Table 8.8 (conttnued) 

OUTPUT OUt • 1t 

PIJICiflL fNOTOI SODP.C!5 tl GIODP 6 0 PftOTOIS/S!C 
ftlll 11!101• 0.125r.!t 

S litO. 051l P 3.on 10.011 30.011 100.01"1 300.0111 1.011 

1.5111t03 1.5161t03 1.S16!t03 1.S16!t03 1.S161t03 1.S15~t03 1.513ft03 
2.303!t11 5.0311t06 6.7151-0S 0.0 0.0 0.0 0.0 
2.111Sit11 1.6281t11 6.11821t10 11.6691t09 11.6831tOS 1.7611-06 0.0 
11.8591•11 3.397tt06 3.175!-06 0.0 o.o o.o o.o 
1.2381t0~ 1.2JIIt08 1.238!t08 1.237!t011 1.2lll!t08 1.2261t08 1.197~t08 
ll.l27!t011 11.7261t011 11.726!tft11 11.126!t011 11.725!t011 11.122!t011 ll.l11Et011 
1.1951t11 J.31101t0f 3.67J!t02 1.1110~-15 o.n 0.0 0.0 
2.J51!t11 1.1101•11 1.9251•10 1.2911t08 3.186!t00 o.o o.o 
J.15J!t10 1.52llt10 2.61181t09 1.ll6!t01 11.3831-01 0.0 0.0 
l.81J!t11 1.2961•0• 9.0861-15 o.o o.o o.o o.o 
9.232!•10 1.2501t0f 2.8JO!tOJ 2.110111t0] 2.80II!t0] 2.80II!t03 2.~DIIIt03 

fiiiCJfll PftOTOI SODICIS II GICOP 10 PROTOIS/S!C 
ftlll 111101• 0.225ft!t 

suo.o5• r J.on 10.0111 JO.OII 100.011 JOD.OII 1. 0111 

1. on 
1. S06!tOJ 
0.0 
o.o 
o.o 
1.111!!t08 
11.681!t011 
o.o 
0.0 
o.o 
o.o 
2. 80II!t03 

J.Oit 

10.01(f 

1.11'121tDJ 
o.o 
o.o 
0.') 
... ~011!t07 
11.575!• 011 
O.J 
o.o 
o.o 
o.o 
2.1102!•03 

10.0KT 

1.11071tD3 1.1101tt03 1.110l!t03 1.110ltt03 1.110l!t03 1.11061t03 1.110IIIt03 1.J981tOJ 1.JlSPtD3 
2.9791t11 6.5091t06 8.688!-05 O.D 0.0 D.O 0.0 0.0 0.0 
7.91121t10 5.JS31t10 2.1J21t10 1.5JSit09 1.SIIO!t05 5.790!-01 0.0 0.0 0.0 
2.111111t11 1.639tt06 1.5311-06 o.o o.o o.o o.o o.o o.o 
1.6861t01 1.6851t01 1.68Jit01 1.67Bit07 7.660!t01 1 .608!t01 7.112Bit01 6.9381t01 5.1163!t07 
6.11081t11 II.IIBOitOe 11.1871-06 0.0 0.0 0.0 0.0 0.0 0.0 
1.1Jllt011 1.1lllt011 1.11Jit011 1.1Jllt011 1.1321t011 1.1J2!t011 1.129!•011 1.1221t011 1.,97!t011 
3.1011t11 11.2251~0E B.69111t01 6.8111-18 0.0 0.0 0.0 0.0 0.0 
6.23llt10 1.11151-11 o.o o.o o.o o.o o.o o.o o.o 
t.llt5tt11 11.11Bt•oe 11.596e•oz 11.11121-15 o.o o.o o.o o.o o.o 
1.2631•12 1.5110!t12 2.672!•11 1.l92!t09 11.11221t01 o.o o.o o.o o.o 
1.3211!t11 1.7921t0f 11.058!tOJ II.022!t03 II.0221tOJ 11.0221t03 11.0211•03 11.021!t03 11.01qlt03 

PIIICJPlL PRCTOI SODICIS II GIODP 8 0 PftOTOIS/S!C 
ftlll IlliG!• 0.3l5ft!f 

SlltO.OS.. P 3.011 10.011. 30.011 100.01~ JOD.01~ 

2.JUit02 2.3BJ1t02 2.383!t02 2.JB3!t02 2.l821t02 2.181!t02 
1.96 ... 12 2.1150!tCC 0.0 o.o o.o o.o 

1.on J.on 
2.Jll!t02 2.3661t02 
o.o o.o 

2.228!t10 1.5021t10 5.980!t09 11.301!t08 11.~20!t011 1.62111-0l 0.0 o.o 
J.61181t06 1.61181t0t 3.6111!•06 3.6115!•06 ).636!tD' 1.611!t06 l.526!t06 l.2q1!t06 
2.5111!•05 2.1173!t05 2.381!•05 2.1l5!t05 1.1157!t05 •• 891!•011 1.072Et03 1.9119!-02 
1.9ll!t1J 9.11151•12 1.586!•12 1.0611!t10 2.626!102 o.o o.o o.o 
1.1S6!t08 1.5661•0~ 3.5115!t00 3.5131!•00 3.!i1l!t00 3. 51l!t00 3.'j1J!t00 ,.'512!t00 

10.0U 

2 • .!29!t02 
o.o 
o.o 
2. S<:ll!t06 
... CJCJl!-19 
0.1) 
J. S tl!tOO 

PIO! '511 

JO.OU 100.01{! 

1 •• 15!t0l 1.205P.t0] 
o.o 0.0 
o.o 1).0 
o.o 0.1) 
11.11116!•01 •• 073••06 
11.2~7!t0fl 3.11111P.t0. 
o.o 0.1\ 
o. 0 o. 0 
o.o o.o 
o.o o.o 
2.79~!t03 2.l8l!t03 

JO.OKJ 100.0111 

1.'1ftl 

1.516Pt~2 
0.1) 
0.) 
o., 
1. 918!-0l 
1.925!t0) 
0.') 
o.o 
o.o 
o.o 
2. 59l!t0] 

1.0ft1 

1.3131t0) 1.118Pt0] 1.110l!t02 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
2.1591t0l 2.'528r.t06 1.190!-0l 
o.n o.o o.o 
1.02l!t0fl 8.181!t03 11.3711!•02 
o.o 0.0 o.o 
o.o 0.0 o.o 
o.o o.o 0.0 
o.o o.o 3.0 
fi.012!t03 3.9~1!t03 2.l211!t0) 

30.0Kt 100.0111 1. O'U 

2.2211£102 1.:t9l!t02 2. ltl2!t0' 
o.o 0.1) o.o 
o.o o.o o.o 
1. 310!t06 1.200!t0'j 5.~'5 B-0" 
o.o o.o 1.1) 
o.o IJ.J O.l 
l.SOSP.tOO J.IIA6P.t00 l.2')J~•oo 



IIICL tOll 

':L 16 
CO S8 
co 60 

' 90 
lG 10"11 
SII12S 
11016611 
BP181 
T\182 

IIOCLID! 

, .. Sll 
co 58 
co 60 
Ill 9S 
lit '!II 

"' 95 u 182 

IOCLIDI 

co 60 
Tl182 

!IOCLID I 

PH 
co 5'1 

' 90 
10108 
lG1108 
581211 
1!01SII 
ra tal 

Table 8.8 (conttnued) 

OUtPUT UIIIT • 11 

PIIICIP&L PHOTOI SOOIC!S [' GROUP 9.P~OTOIS/SI!C 
11!&1 llltGt• 0.575~~· 

SII+O. 051 ' J.on 10.0!1 ]0. 0!11 100. on 100. on 

1.2371+01 1.2)111+01 1.2]1!+01 7.2l11+01 1.23611+01 1.232P.t01 
1.11ll!t13 ). 1111+0! '· 119!-0l 0.9 o.o o.o 
'· 219!•09 9.62JI!t0f l.11311Et08 2.11113!•07 2.•11t1!+03 Q.]2'7!-09 
1.1195!+05 1.165!+0! 1.11911£•05 9.281!•011 1.1511J!tl)ll 1.S02!t02 
2.H5!t05 2.1011•05 2.221!•05 1.4191!+05 t.l5 .. P.•05 11.561!t011 
2.1190!+13 1.115!t1~ 2.0]9!•12 1.361!t10 J.315'!tl)2 o.o 
1.11661+0 1 1.116]1+01 1.115~11t01 1.1111 Ut01 1.!811!t01 1.23Jit01 
1.01121!+12 1.1281t011 1.212£-111 0.1) (1.0 o.o 
3.931!•06 5. 3221!•03 1.205!-01 1.1QU-01 1.1911!-01 1. n11•-o1 

PIIIICIPU. PI!OTO" SOl'SC!S II GROUP 10.!BOlOIS/S~C 
111111 11111101• 0.850111!, 

511•0.051 , J.on 1o.orr 30.018 1 oo.on lOO.OtR 

2.5571+12 2.250!+11 7.71}2£•08 7.13111+01 o.o o.o 
5.12611+13 1.120!+09 1.119511-02 o.o o.o o.o 

1.0U 

7.221!+01 
o.o 
o.o 
8. '7111!-0il 
9.'199!t02 
0.9 
8.128!t00 
o.o 
1. 1911!-01 

1.0Kt 

0.1) 
o.o 

2.02511+10 1.1651+10 5.11]-!t09 3 •• 1111!+08 ).'126!+011 1.1176!-01 o.o 
2. 760I!t 111 1.U9!tU 1.803!-0] o.o o.o o.o o.o 
~.7171+10 8,7161•10 ~.771111+10 e.t69!+10 e.~ll't•1o s.6&B!•1o e.•~2~·1o 
5.51911+111 11.111111+09 11.1511-03 o.o o.o o.o 0.1) 
5.182!•09 7.82811•06 1.71l!t02 1.7511+02 1.751!+02 1.157!+02 1.757!+02 

PIIICIP&L PIIO~OI SOU!CIS If GROUP 11.,ROTOIS/SIC 
11!11 IIIIGY• 1.250ft!' 

SlltO. 051 ' 1.on 10.0!1 10.0111 100.01! 300.0!11 1.0Kt 

5.11211+111 3.65111+111 1.1155r•,. 1.011.,!+13 1.051!!!+09 3.9521!-03 o.o 
11.701!t11 6,]1]1!+0! 1.11U!+OII 1.1130 11+011 1.11 ]011+011 1.11JO!t011 1.UO!t011 

PIIICIP&L P~OTOI SOURCIS II GROUP 12.P~OTOIS/SIC 
Rill IlliG!• 1.15011!' 

SfttO. 051 ' J.on 10.0111 Jo.on 1oo.on JOO.otR 1.on 

11.5211+0] 1.10]1-011 3.080!-011 3.015!-011 2. 798!-011 2.26111-011 1.072!-011 
2.657Pt11 5.B06!tOt 1.71181-05 o.o o.o o.o o.o 
1.520!+0] 1.11151t0! 1.19911tOJ 7.111111!t02 1.1106!!!+02 1. 2011!+00 6. 990!!!-0~ 
2.001!-01 1.969!-01 1.895!-01 1.699!-01 1.159!-01 3.892!-02 9.532!-011 
).196!+06 1. 530!•05 1. 2l2J• 02 2.0151!!-07 o.o o.o o.o 
5.262!t10 1. 7UI!t0~ 2.85'71!-08 o.o o.o o.o 0.0 
6.29211+011 II. 911111+0 II 2.810IIt011 5.60'7!+03 1.~"81!•01 1. 975!-06 o.o 
11.1191!+01 1.1261-01 2.550!-06 2~521!-06 2.527!-06 2-527!-06 2.527!-06 

3.01!1 1'J.on 

1.1e ez•o1 7.1)7)1!+01 
o.o o.o 
o.o o.o 
1. "lll f!-26 o.o 
1. 81!!-02 11.651!-19 
o.o o.o 
2.594!+00 II. Sll6!-02 
0.0 1}.3 
1.1~1111-01 1.19U-01 

!.0111 ,.on 

o.o o.o 
o.o o.o 
o.o IJ.G 
o.o o.o 
1. 02 3!t 10 6.U't~t10 
o.o 0.1) 
1. 75E!H02 t ,t5S!t 02 

~.on 1o.on 

o.o o.o 
1.1130!•011 1. 11291!t011 

l.OIIt 1o.on 

1.21(1-05 7.217!-0'1 
o.o a.:t 
1.111101!-28 0.!) 
1. 551!-0(1 ).CI711ft-25 
o.o 1).) 
o.o o.o 
o.o o.o 
2.521!-06 2.5251!-06 

~0.0111 109. on 1. 0,, 

6 ... ';MEt01 ').'YIIQ'!t01 7.2Hil!til0 
1).0 o.o 0.1 
0.1) o.o 0.1) 
1).0 0.1) 0.0 
0.1) t). :l ).1) 

o.o o. ;) ).1) 

•.J71E-O' 1.2oo;a-2~ CI.O 
1).0 0.1) O.J 
1.1911!-01 1. Hl5~-01 1.11)6!-l)t 

)0.0111 100.01\Y 1.0!'11 

o.o 0.1) J.IJ 
o.o 0.0 o.o 
o.o .),1) O.IJ 
o.o o.o 0,') 
]~151!t10 2.9'11!•0' 1.]5~"!-0- i:ii o.o o.o 0.0 OD 
1.151!t02 1. Hl!+02 1.fl2ll!t0l 

30.011! 100.0f' 1.0ftl 

o.o o.o O.tl 
1.1121!+011 1.111q!tOQ 1.3211'1+011 

30.01':1 100.011' t.I)H 

3.9"!7!-18 o.o o.o 
o.o 0.1) O.l 
o.o o.o o.o 
o.o 0.1) 0.0 
0.1) 0.) 3.0 
o.o 0.1) 0.0 
o.o o.o 0.1) 
2.52111-06 2.508!-06 2.JQOE-06 



T1ble 8.8 (continued) 
OO'!'POT OUT • 11 f'A'11! '16 

ffttiCiflL fHOTOI SOU!C!S U OROIIP 11. PROTI)IS/SI!C 
R!ll 11!101• 2.250R!f 

'UCLtDII 
!l'tt0.05~ ' J.OII 10.0111 JI).OIR 100.011 )00.011 1.0kf l.on 10.0KT 10. on 100.0ilY 1. n:n 

":•1 60 2.'t1l!t0t '· tl6!t0~ ,.11ZP.t011 5.5551!t01 S.'I"Y1f!t01 2. G95!-08 U. G o.o o.o O.G 0.0 0.1 
1 9!) 1.611 !·01 1.S5fll-01 1.11"1!-01 8.11!21!-02 1. o;uP.-02 1. Ultl-011 ". 686,.-12 1.62U-l2 0.0 6.G G.O O.fl 

5P1H 6.0551!t09 J.OG1!t011 ).2811·09 o.o 0.0 ll.O o.o o.o 0.0 o.o o.m 1). ·) 
11210~ 1.S161-10 1.5161-10 1.S161!·10 1. 'UU-10 1.516P.~10 1.516~-10 1.5161!-10 1.515!·10 1.51)1!-10 1.50U-10 1.11112~- 10 1. 20 J~-1.) 

fltiCiflL PROTOI SOURC!S tl GROUP 11t.PHOTOIS/S!C 
Rill II!IC1• 2.150R!1 

IIOCLID! 
SlltO. 051 r J.Otl tn.ou )0.011 100.011 Joo.ora 1.0«r J.on to.on lo.on IOO.OIIf 1. 011r 

~~') ~0 ~.891~t06 'i.t921!t06 2.lU!t06 1.11'1!t05 1. 121t!t0 1 6.1t8t!-11 o.o o.o O.D O.fl 0.1) D.l) 
Sf121t lt.lt25!t06 1.1t6l!t01 2.1t01!-12 o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 
ott 2 lflR l. 54111:-" 1. 5'111!-11 1.5911·" 1.5911-11 1.591!-" 1.5911!-11 1.5961-11 1. 59 21-11 1. 5801!-11 l. $1151!-11 1.112U!-11 6.'))()1'-11 

fftiiCiflL fROTOI SOORC;S til GR04JP ts. Pft<rrOIIS/SP.C 
,IIlii 111101• 1.'\0G~If 

0 ,UCLlD! 
(..) SlltO. OS C ' 1.011 to.O!II ]0.0!1 100.0!11 100.0111 1.ou 1.on u.on 30.0111 100.0111 1.0,, 

t· \ II 412 1. 561 !·11 1.U61•11 1.2651!-11 8.11)1-12 1.911!•12 2.119!- .. 1. 1851!-21) 6.151tl!-19 o.o o.o o.o o.o 
(~'l ~111()1\ 1.1181-01 1.9621-08 1.21111!-10 l.~lU-16 lt.26SI-Jl o.o o.o o.o o.o o.o 0.1) 0.1) o; 
~.;. 'IU10" 5. ';!61-" s. 5'161-11 5.'186!-11 5.5~61!-11 S.511,!-11 5.5P.61!-11 5. S8'il!-11 5. 58 21!-11 5.SHI'!-11 5. 5118!-11 s. 41591!-11 lt.ltJol!-1 1 

'() 

PO;tfl 6.11101!-0~ 2.1201-01 1.001!-12 2.21t11-1l 2.21t11'!-1) 2.21111-11 2. 24111!-13 2.2116!-U 2.21121!-13 2.2121-1] 2.1q6~-13 1. 1'UP.· 1 J 

fJIICtfll PROTON SOURCIS U GROUP 16• PIIOTOU/SIC 
~llN IIIlO!• 5.000~!W 

,UCL 101 
SRtO. OS~ • 3. 0111 10.011 3D.OYII 100.011 3oo.on t.on l.on 10.1)U 30.ou 100.0111 1.01!1 

"' 2 1flll 1.6661•11 1.6661-" 1.6661-11 1.66111•11 1.666!•11 1.6661!-11 1.666!-11 1.66 51!•11 1.66 21!N 11 1.6551!-11 1.628£-11 I .12 H-I 1 
ttOHO 2.028!-05 1.]961•01 2.981!-1) 6 • 6911!- "' 6.691!-141 6.690!-tlt 6. 689!-111 6.6861'!-U 6.6151!•11t 6.64151!·1- 6.Sl81!-11t s.Jt u- n 

tJIICiflL PROTOI SOOICIS II GROUt 110 PftOTOIS/S!C 
Rill 11!101• 1.000ftl!f 

IOCLIDI 
SlltO. OSX p ].011 1o.on )0.011 100.011 )00.0!11 1. on !. on 10.0IC1 10.011! 100.01'1 1. ORI 

"1210:'1 1.0191!-12 1. 0"'1•12 1.01'11!•12 1.0191'!-12 1.0191'!-12 1.079£-12 1.0791'!-12 1.018!-12 t.0761'!·12 1.0121!-12 1.1)51f£-12 ,.5641!-1) 
PO:O 10 1.116!-06 S.UBI-09 1.91111-141 lt.l411!-15 lt.31t1!-15 lt.3111!-15 lt.31101!-15 41.ll8!-15 lt.lll!-15 lt.l11!-1S 11.2112!-15 3.41116!-15 

PRIICJfAL PftOTOI SOUIC!S 11 GROUP 18 0 PftOTOftS/S!C 
Rill !WI!IG1•11.000N!f 

IOCL tO I 
sn•o. on r 1.011 10.0111 30. 01R 100.011 3G0.011 1•0U ].On 10.0111 30.on 10D.GU 1 • ., .. , 

11121311 6.811!-11t 6.8111·111 6.8]11!-111 6.8l11!-11t 6 .ttl 111- "' 6.8111-111 6. 8]01!-111 6.8211'!-111 6.11161-111 6. 181t 1'!-111 6. 6151!-111 5.11221'-111 
POHO 8.319!-08 l.lt1151!·10 1.2211'-15 2.111SI!-16 2.111Sil-16 2.llt51!-16 2.11151!-16 Z.11tl1'!·16 2. ll91'!-16 2. 7261'!- 16 2. 68 ]ll-16 2.119!-16 



APPENDIX C: SAMPLE ORIGEN2 TABLE OF CONTENTS 
(OUTPUT~ITS 12 AND 13) 

00155 



PIG I 
1 
s 
6 
1 
8 

10 
11 
12 

1l 

IS 

15 
29 
J2 
119 
57 
59 
75 
82 
85 

91 
91 

92 
911 

108 
110 

0 Ill 
(.j 

115 t4o 117 
~ 118 
(Jl 119 

1211 
no 
118 
138 

ll9 
1111 
155 
157 

159 

161 
161 
1611 

Tab1e C.1. SaMp1e ORIGENZ tab1e of contents for unft 6 

~liLI or COITIITS 01 OIIT • 12 roa OO!PUT OIJT • 6 
IIPU~ ICHO; RllD 01 5 LIST 01 6 COPI TO 50 
IIUTIOI IIlLO PIR IIOTROI-IIDUCID PJSSJOI 
(lLPBl.IJ IIUtROI IIILD Pll riSSIOI 
SPOITlRIOOS rJSSIOI IIOTIOI IIlLO Pll riSSI 
IIDIYIDOlL ILIBIIT rllCtiOilL IICOf!RIIS 
GIOOP ILIBIITlL rllCTIOIAL I!COf!II!S 
!L!BIItlL lSSIGIIft!lt TOPilC R!CGROOP 
!LiftlltlL CHIBIClL TOIJCITIIS 

OIIGII IISTIOCTIOIS POl THIS CASI 

WOCLIDI DlTl LlllliiiS 

D!Cll DlTl Lllllii-------
DICll DlTl Ll81lii·------
DICll DlTl Llllllt-------
CROSS SICTIOI LIBilii·---
CIOSS SICTIOI Ll81lii----
CIOSS SICTIOI LIBIIBI----
PHOTOI LIBillr-----------
PHOTOI Lllllii-----------
PHOTOI Lllllll-----~------

LIGHT IOCLIDI DICit LIBilRI 
lCTIIIDI DICll LIBilRI 
PISSIOI PRODUCT D!Cll LIBRARY 

STIOCTOilL ftlTIIIlL S ACTiflTIOI PRODUCT ISIC LIBilii--PII.U 
lCTIIIDI liD DlUGHTII IOCttDIS ISIC tiBRlii--PII.U 
PISSIOK P!ODOCt ISIC liD IIlLO tiBRlii--PIR.U 

DPDlTID PHOTOI LIBRARY: ACTiflTIOI PRODUCTS 
OPDITID PHOTOW LIBRARY: ,lCTIIIDIS liD OAUGRTI!RS 
OPDATID PROTOI LIBRIRI: PISSIOI PIODUCTS 

OUTPUt Tllti!S·-~ItLI• IRIADilTIOW or 011 RITBIC TOI or PliO POlL RICICL! t • 0 
lllCtlfiTI liD BDIKOP Dltl 
•ACTlfltiOI PRODOCTs•••••&CTifltlOI PIOD,Cts•••••lCTlfltlOI PRODOCTs•••••atTlflTIOI PRODUCTs•••• 
COICIITiltiOIS• GllRS SORftlRI TlBLI!: 
RlDIOlCTifltl. COlliS IOCLIDI tlBLI: 
llDIOActlfltl. COlliS I!LIRIIT tlBLI: 
llDIOlCTifltl 0 CORIIS SORRlll TlBLI: 
•&CTIIIDIS t DlOGHTIIS•••lCtiiiDIS t DlUGHTIIS•••lCTIWIDI!S t DAOGHTIRS•••actiWIDIS t DADGRTIRS•• 
COICIITiltiOIS• GillS SORRlRI TlBLI!: 
•riSSIOI PIODOCrs••••••••riSSIOI PIODOCTS••••••••PISSIOW PRODOCTS••••••••PISSIOR PRODUCts••••••• 
COICIITIITIOIS• GllRS SOR!lll TAILI: 
(lLPRl.IJ IIOTIOI SOUICI 
SPOITliiODS PISSIOI IIUTIOI SOUICI 
LITI IUCLIDI PBOTOI TAIL! 
lCTIIIDI! WUCLIDI PROTOI TlBLI 
PISSIOI PIODQCT IOCLIDI PHOTOI TABLI 

OUTPUT TlltiS--TITLI• llllDilTIOI OP ZIIClLGit IICOII!L + IICROBRAZI 50 l~ 1001 PLUI IICICLI! t • 0 
IIACTlfiTI liD BORIUP Dl~l 
•aC~lflTIOI PIODOCTS•••••ACTiflTIOI PIODOCTS•••••actiflTIOW PBODUCTS•••••RcTJfATIOI PRODUCTS•••• 
COICIITiltlOIS 0 GRIRS SUftftAII TlBLI: 
RlDIOACTlflTI, CURIES IUCLIDI TlBLI: 
RlDIOlCTifJ~I, CDRJIS ILIRIIT TABL!: 
RlDIOlctifltl. CURIIS SURRlBI TlBLI: 
•aC~IIID!S t DlDGRTIIS•••actiiiDIS t DlOGHTIRS•••ACTIWIDIS + DlOGHTIRs•••acTIIIDIS t DAUGHTIRS•• 
COICIITIATIOISo GllRS SURRARI flBU: 
+PISSIOW PIODOcts••••••••PISSIOW PRODOCTS••••••••PISSIOI PRODUcts••••••••riSSIOI PRODUCTS••••••• 
COWCIIfllTIOIS• GRlftS SORRlRI TlBLI: 
(lLPRA 0 1J IIUTROI SOUICI 
SPOWTli!OUS PISSIOI IIUTROI SOUBC! 



0 
Q 

~ 
""" 

PIG! 
165 
169 
17111 

Table C.l (continued) 

TlBtl OP COITIITS 01 UIIT • 12 POl OUTPUT UIIT • 6 
LITI IOCLIDI PHOTOI TlBLI 
lCTIIIDI IOCLID! PROTOI TlBLI 
.PISSIOI PRODUCT IUCLID! PROTOI TABU 

182 ORIG!I IISTIDCTIOIS POl THIS CIS! 

181l 
181l 

OUTPUT TlBLIS--TITtl• D!Cl! OP HIGH-LI!IL PIR-U llSTI; BUIIOP•ll,OOO IID/ITIHI REC!Ct! I • 0 
RllCTI!ITI liD DOllOP DlTl 

185 
181 
201 
20) 

•&CTI!ITIOI PIODDCTS•••••&CTI!ITIOI PRDDOCTs•••••&CTI!lTIOI PBODDCTS•••••&CTI!ITIOI PRODUCTS•••• 
COIC!ITIITJOIS, GillS SOIIIR! TlBL!: 
IIDIOICTI!IT!, CURtiS IOCLIDI TIBL!: 
llDIOlCTI!ITI 0 CORI!S !LER!IT TlBLI: 
llDIOlCTI!ITI, COlliS SDIRIBI TIBL!: 

205 
•&CTIIID!S • DlOGHT!IS•••&CTlllD!S • DlOGHT!BS•••&cTIIID!S • DlOGHT!RS•••&CTIIID!S • DAUGHTERS•• 
COIC!ITilTIOIS, GillS SURillf TIBL!: 

201 
209 
210 

•PISSIOI PRODOCTS••••••••rtSSIOI PIODOCTS••••••••PISSIOI PRODUCtse•••••••riSSIOI PRODUCTS••••••• 
COIC!ITRITIOIS, OlliS SUIIIB! TABt!: 
(lLPHl,lt I!UTIOI SOORCI 
SPOITli!OOS PISSIOI I!DTIOI SOORC! 

211 LITE IOCLIDI PBOTOI Tl8t! 
216 ICTIIID! IOCLID! PHOTOI TlBLI 
221 PISSIOI PIODUCT IUCLIDI PHOTOI TIBL! 

228 
228 

OUTPUT TIBLIS--TITL!• D!Cl! OP PIR STRDCTOIIL RITIIIIL llSTP: ll,OOO RID/RTHI R!CICL! I • 0 
l!lCTIYITI AID BOIIOP DATI 

229 
211 
2115 
2111 

•&CTiflTIOI PIODOCTS•••••&CTl!lTIOI PIODOCTS•••••&CTI!ITIOI PRODOCTS•••••ACTI!lTIOI PRODUCTS•••• 
COICIRTIITIOIS, GillS SORRllf TlBLI: 
RlDIOlCTIYIT!, COlliS RUCLID! TlBLII 
llOIOlCTI'ITI, CURIES ILII!IT TlBL!: 
RIOIOICTI,ITI, COlliS SOftftllf TIBLI: 

2119 
•actiiiDIS t DIOGHT!RS•••&CTIIIDIS • DIUGRTIIS•••&CTIIID!S • DIUGHTIRS•••aCTliiO!S • DlOGHT!RS•• 
COIC!ITRlfiOIS, OlliS SUiftllf TIBLI: 

251 
251 
2511 

•PISSIOI PIODDctS••••••••PtSSIOI PRODOCTS••••••••PISSIOR PRODOCfS••••••••PISSIOI PRODUCTS••••••• 
COICIITilfiOIS, GillS SORftlll TIBLI: 
(lLPII,It I!UTIOI SODIC! 
SPOITIIIOOS PISSIOR I!DTIOI SOORC! 

255 LIT! IOCLIOI PHOTOR TlBLI 
259 ICTIIID! IOCLIDI PROTOR TABL! 
261 PISSIOI PRODUCT IOCLIDI PHOTOR TABLI 



PIG! 

Table C.2. SIMple ORIGEN2 table of contents for unft 11 

TilL! OP COIT!NTS 01 UNIT • 1] POl OUTPUT UNIT • 11 

OUTPUT TliL!S--TITL!• D!Cll OP HIOH-L!f!L PII-U liST!; IUIIUP•ll,OOO RID/RTIHR R!CICL! I • 0 
l!lCTIYITI liD IUIIOP DlTl 
•aCTJYATIOI PIODUCTS•••••&CTIYATIOI PIODUCTS•••••ACTIYITJOI PRODOCTS•••••ACTIYITIOI PIODOCTS•••• 

2 COIC!ITIITIONS, OIIHS SORRlll TlBL!: 
' JlDIOICTIYITI, CUII!S IOCLID! TlBL!: 

18 llOIOlCTIYITI, CURIES !L!H!IT TilL!: 
20 llDIOICTIYITI, COII!S SOHHAII TlBL!: 

•&CTIIID!S + DlUOHT!IS•••acTIIID!S + DlUOHT!JS•••&CTIIID!S + DAOGHT!RS•••&CTINID!S • OIOGHT!RS•• 
22 COIC!ITIITIOIS, GIAHS SOHHlll TlBLI: 

•PISSJOI PJODUCTS••••••••PISSIOI PIODUCTS••••••••PISSION PIODOCTS••••••••PISSIOI PRODUCTS••••••• 
2- COIC!ITIITIOIS, GIARS SUHHAII TABLB: 
26 (ALPHl,lt I!UTIOI SOOICI 
27 SPOITIN!OOS PISSIOI I!UTIOI SOOICI 
28 LITI IUCLIDI PROTON TlBLI 
ll lCTIIIDI IUCLIDI PHOTON TlBLI 
'0 PISSJOI PRODUCT IUCtlDI PHOTON TlBLI 

OUTPUT TlBtiS-•TITLI• DICll OP Pll STIUCTUIIL 
l!lCTIYITI 110 BUJNOP DATI 
•&CTlflTIOI PIODUCts•••••&CTlflTIOI 
CO!C!ITIITIOIS, GllRS SUHHlll 
llDIOlCTIYITI, COlliS NUCLIDI 

HlTIIIIL liST!: 33,000 HID/HTHH J!CICtl I • 

PIODUCTS•••••&CTIYITION PRODOCTS•••••&CTIYITJOI PRODUCTS•••• 
TIBLI: 
TlBLI: 

0 



APPENDIX D: SAMPLE ORIGEN2 VARIABLE CROSS-SECTION INFORMATION 
(OUTPUT UNIT 16) 

0·3159 



IIRU:UTJOI OP Oil IIITIIC TOI OP PVRO POlL 

IIUJS • Oil II!TIIC TOI OP PIIIO PO!L 

R!CICLI I • 0 ORIT•16 

J IIJtU L t!C'ICI • II TOTAL ACT O•A • 11.1811 OJ IIIID/0-A • 1.1911! 00 TO 2.390£ 00 AIITICIPATIOII PACTOR• 2.0021 00 

•• 1 ,. o.o 

I• II P• 0.0 

1•15 P• 0.0 

L IIOCLID ISIC 

1 '.1221110 
2 922 350 
] '.122 150 
II 922360 
5 9 22380 
6 912 no 
7 '.1112180 
II '.1112 180 
9 '.1112390 

10 91123'.10 
11 '.11121100 
12 '.11121110 
1] 91121110 
,.. 91121120 
15 '.1521110 
16 9521110 
17 '.1521130 
111 '.152 II 10 
1 '.1 '.1621120 
20 '.16211110 

TJPI 
1 
1 
II 
1 
1 
1 
1 
II 
1 
Ill 
1 
1 
II 
1 
1 
2 
1 
2 
1 
1 

I• 2 ,. o.o 

1· 9 r• o.o 

1•16 ,. o.o 

'lOCAP (II 
't• 
750 
751 
751 
752 
7511 
761 
769 
769 
110 
770 
771 
ll2 
112 
113 
780 
1110 
lU 
l8J 
789 
791 

I• l P• 111.551!-01 I• Ill P• 111.91101-Gt I• 5 r- 5.0'.15!-02 II• 6 P• 0.0 

1•10 ,. o.o 

1•11 ,. o.o 

l (II 
I• 

1696 
1101 

0 
17011 
1709 
1725 
11119 

0 
1756 

0 
1761 
1765 

0 
1167 
11811 
1182 
1190 
17118 
1191 
1803 

PP II!tD 
IIDIC ARR 

0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
] 

0 
0 
0 
0 
0 
0 
0 

1•11 ,. o.o 

1•18 ,. 0.0 

Pl!S(JI A(IJ 

66 5. 61111!-09 
67 2.959!-0'.1 
61 1. 8631! 65 
68 2. 21111111-09 
70 2.579!-10 
11 9.1152!-09 
85 9.505!-09 
85 7. 863! 65 
86 1.8811-08 
86 7.1161! 65 
87 5.277!-08 
88 1.1511!-08 
88 7. 863! 65 
89 8.5881-09 
96 J. 127!-08 
96 1.1163!-09 
99 5.1185!- 10 
99 1.01112!-08 

105 1.576!-09 
107 9.882!-10 

1•12 ,. o.o 

•• 
TOCAP(IJ 

1.981! 01 
5.571! C1 
5. 550! 01 
7.939! 00 
9.952!-01 
].312! 01 
l. 5171 01 
].517! 01 
1. 79111! 02 
1. 789! 02 
1.1126! 02 
1.603! 02 
1. 598! 02 
J.oou 01 
1.225! 02 
1. 225! 02 
]. 8117! 01 
3.8181 01 
5.656! 00 
Ill. 261! 00 

A (II 
PP IIRD 
3. 5121!-111 
3.512!-111 
11.630!-21 
8.630!-21 
8.630!-21 
8.630!-21 
8.630!-21 
8 .630!-21 
8.630!-21 
11.080!-19 
II. 080!-19 
111.080!-19 
1.121! 01 
1.1211! 01 
1.121! 01 
1. 121! 0 1 
1.121! 01 
1.121! 01 
1.121! 01 
1.121! 01 

R•U P• 0.0 

PISS (JI 

II. 5011!-0 1 
II. 550! 01 
11.530! 01 
1.975!-01 
1. 0 Cll!- 01 
5. 21111!- 01 
2.396! 00 
2.3911! 00 • 
1.1116! 02 
1.1110! 02 
5.8110!-01 
1.205! 02 
1. 200! 02 
11.5191~01 
1.3198 00 
1. ]19! 00 
3.571!-01 
3.571!-01 
2. 20111-01 
8.529!-01 

I• 7 ,. o.o 

1•1111 P• 0.0 

OLD 
I SIC 

1.9351 01 
1. 021! 01 
11.550! 01 
7. 7131 00 
8. 88l!- 01 
]. 271! 01 
]. 292! 01 
2.196! 00 
6.518! 01 
1.11161 02 
1.839! 02 
11.000! 01 
1.205! 02 
2.951101 
1.0UI 02 
1.3110! 01 
1. 9061! 00 
3.6221 01 
5.1126! 00 
3.110111 00 

REII 
IS!C 

1.936! 01 
1.020! 01 
•• 530! 01 
7. 739! 00 
8.893!-01 
1.260! 01 
3.278! 01 
2.1911! 00 
6.1186£ 01 
1.1110! 02 
1.820! 02 
3.981!01 
1. 200! 02 
2. 962E 01 
1.078! 02 
1.ll2! 01 
1.891! 00 
l. 5911! 01 
5. 11)6! 00 
3.1108! 00 

PP tlltD ADJ(S'IIIIliT POl DICOIIICTID ACTIIJDilS: COIIIICTID ACT•922350LAIG!ST ORCORII!CTED ACT•922360R!I R~TIO • 1.0002623 
CtD I~TIO • 1.000095111 PP llltD IR A • 11.861071-17 



JRI~tt~~IOI OP 011 NltltC TOI OP PliO POlL UCJCLI t • 0 

B~SIS • 011 NITIIC ~01 OP PliO POlL 

IIIUALf!CtCI• 5 r~~L ~~ o-~ • •.1591 01 810/G·~ • 2.3961 00 ~0 3.59a! 00 AIITICIPATIOI fACTOR• 1.502! 00 

I• •• o. 0 I• 2 ,. o.o 
•• a •• 1.11111-01 I• 9 •• o.o 
1•15 •• 0.0 

L IIOCLID 

9223110 
2 922150 
3 922150 
II 922360 
5 922)80 
6 932310 
., 9112380 
8 9112100 
9 9112390 

10 9112390 
11 91121100 
12 91121110 
11 91121110 
H 911H20 
15 9521110 
16 9521110 
,., 9521110 
18 952' 30 
19 96H20 
20 96211110 

I SIC 
TfPI 

1 
1 
II 
1 
1 
1 
1 
II 
1 
II 
1 
1 

• 
1 
1 
2 
1 
2 
1 
1 

11•16 •• o.o 
TOCAP(tt 

I• 
750 
751 
lS1 
752 
75' 
161 
169 
769 
110 
170 
171 
112 
112 
11J 
laO 
180 
781 
78] 
789 
191 

I• ) •• o.o 
1•10 •• o.o 

I• 11 •• o.o 

~ c•t •• 1696 
1101 

0 
no• 
1109 
1125 
11•9 

0 
1156 

0 
1161 
1165 

0 
1161 
na. 
1182 
1190 
11a8 
1197 
1801 

PP nun 
UDIC ~~~ 

0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
l 
0 
0 
0 
0 
0 
0 
0 

I• ••• o.o 
1•11 .. o.o 

I •18 •• o.o 
PISS(.J) A(l) 

66 5. 708!-09 
61 1. 01191-09 
61 7.aUI 65 
68 2. 2621-09 
70 2.611!-10 
.,., 9. 1)0 !-09 
85 9.9011-09 
85 7.a6ll 65 
86 1. a691-08 
a6 7.863! 65 
81 II.Ul!·Oa 
88 1.1111-0a 
88 l. 863! 65 
a9 a.715!-09 
96 l.UU-08 
96 ].8111!-09 
99 5. 658!-10 
99 1. 0151- 08 

105 1.610!-09 
107 1.0101-09 

I• 5 P. ll.lll21!-01 II• 6 P• 0.0 

1•12 •• o.o 
I• 

TOCAP(I) 

1.917! 01 
5.562! 01 
5.610! 01 
7.a561! 00 
9.9aU-01 
l.JHI 01 
l. 5921 C1 
1. 5911! 01 
1. 172! 02 
1.75111 02 
1. 5211! 02 
1.59n 02 
1.596! 02 
2.995! 01 
1. 2081 02 
1. 20 61! 02 
].8211 01 
3.865! 01 
5.6681 00 
'· 211! 00 

A (Ill 
PP nno 
3. 578!-111 
3.578!-U 
8.928!-21 
a. 92Br-21 
o. 928!- 21 
a. 92a!-21 
a.928B-21 
8.9281-21 
8.928!-21 
•• 0921!-19 
•• 0921!-19 
11.092!-19 
1.115! 01 
1.115! 01 
1. 115! 01 
1.115! 01 
1.115! 01 
1.115! 01 
1.115! 01 
1.115! 01 

11•13 •• o.o 

PISS (.J) 

'· so•z-o1 
11.510!01 
11.598! 01 
1.975!-01 
1.0011!-01 
5.21111!-01 
2.1911! 00 
2 • .,61 00 
1. UO! 02 
1.122! 02 
5.aiiOI-01 
1.2001 02 
1. 200 I 02 
11.5791!-01 
1.]191 00 
1.3191 00 
3.5711-01 
].5711-01 
2.2011!-01 
8.5291-01 

I• 1 P• II .1176!-01 

1•111 •• o.o 

OLD 
I SEC 

1.9361 01 
1. 020 E 01 
11.5301! 01 
7.139! 00 
a. a9lE-01 
l.260E 01 
l. 278! 01 
2.39111! 00 
6. lla6E 01 
1.11101 02 
1.a20E 02 
l.9aU 01 
1. 200! 02 
2.962! 01 
1.0781 02 
1.ll2E 01 
1.a91f 00 
l. 5911! 01 
5. 11]6! 00 
3.1108! 00 

liEU 
I SEC 

1.9121 01 
1.0121 01 
11.598! 01 
1. 6561 00 
a.9211!-01 
3.291£ 01 
J.l5ll! 01 
2.11161 00 
6. 1211! 01 
1.122! 02 
1.518! 02 
).9611! 01 
1. 200! 02 
2.9119! 01 
1.0621 02 
1.112£ 01 
1.915! 00 
1. 638! 01 
5. 11110! 00 
1.1118£ 00 

PP !I!LD ADJOS!IIIIT POl OICOIII!~ID·A~IIIDISl COIIICTID ACT•922l50L~IIG!S~ OMCOIIECT!D ~C~•922l6011!V IA~O • 1.000.616 
CLO IATIO • 1.0002621 PP JIILD II A • 5.02896!-17 



APPEND IX E: SAMPLE ORIGEN2 DEBUGGING AND INTERNAL INFORMATION OUTPUT 
(OUTPUT UNIT 15) 



.UIIIIfR or COIIIIUo- 1 THIS IS IIS'UOCTI Oil 1 OUT or A !OTAL or 1 •a As • USTIIOCTIOIIS • UIUT•15 

.0118!1 or COIIIIUD• 2 tHIS IS II STIOCTI 01 1 OUT or A TOTAL or 18 •au • IIISTIIUCT lOllS. UIIT•15 

.URIIEII or COIIIIAII D• 3 tHIS IS IISTIIJC!IOII 2 OUT or A TOTAL or 18 •au • JIISTIIUCTIOI S. OIIIT•15 

110118!11 or COIIIIUD• • THIS IS IIISTRUCTIOI 1 OUT or A toTAL or 18 •aoA • JIIS'lliUCTIOI S. UIIT•15 
1101111!11 or CO IIIlA ID• 5 TBIS 1$ liStRUCTIOI • OUT or A !OTAL or 18 •aoA • IIIS1RIJCTIOIIS. 0111'1'•15 

IURBfR or CO II RAil t• 6 THIS IS IISTIUCTIOII 5 out or A !OTAL or 18 •aoA • IIIS'l'ROCTI OilS. UIUT•15 

IOIIB!R or COli IIlii D• 1 'rRIS IS IISTRUCTIOI 6 OUT or A TOTAL or 18 •au • IIIS'l'RUC'l'IOII S. Ulllt•15 

IIU 1111!11 or COIIHAIID• a tillS IS IIISTROCTIOII 1 OUT or A TOTAL or 18 •RDA • USTIIUCTIOIIS. OIIIT•15 

IIURB!R or COIIIIAID• 9 THIS IS liiStRUCTIOII 8 OUT or A TOTAL or 18 •aoA • JIISTRUCTIOII s. OIIIT•15 

110118!11 or COR !IUD• 10 THIS IS IIISTIOCTIOII 1 OUT or A !OTAL or 1 •cot • Ill STR UCTI OilS. Dlllt•15 

IORII!R or COIIIIUt• 11 THIS IS IISTRUCTIOII 1 our· or A !OTAL or 1 •LIP • I IISTIIOCTI OilS. DIIIT•15 

IIOIIBrR or CO II IIlii 1:• 12 THIS IS IIS'l'RUC'UOII 1 OUT or A TOTAL or • •Ll'O • IIIS'l'IIOCTJOII S. UIIIT•15 

1101111!11 or COIIIIAII D• 1l t THIS IS IIISTROCTIOII 2 OUT or A TOTAL or • •Ll'O • IIISTIIUCTIOII S. UIIIT•15 

II ORB !II or COI!IIUD• ,. I tHIS IS IIISTROCTIOII ] OUT or A TOTAL or • •Ll'O • IIISTIIUCTJOII S. DIIIT•15 

IIURII!II or CORIIUD• 15 1 THIS IS IIISTROCTIOII • OUT or A !OTAL or • •Ll'U • US1ROCTIOIIS. UIIIT•15 

110111!!11 or COIIIIAIII:• 16 I THIS IS IIISTRDCTIOII 1 OUT or A !OTAL or 1 •LIB • I IIS'IRUCTJ OilS. 0111T•15 

IOIIB!R or COIIIIUD• 11 I THIS IS JISTROCTIOI 1 OUT or A TOTAL or 1 •PRO • IIISTROCTIOII S. OIIIT•15 

IIUIIB!R or COIIIIAIID• 18 I THIS IS IISTROCTIOII 1 OUT or A TOTAL or 3 •tiT • IIISTIIOCTIOII S. UIIIT•15 

IUIIII!R or COR Ill liD• 19 ; THIS IS IISTROCTIOII 9 OUT Or A TOTIIL or 18 •anA • IIISTROCTIOII S. UNit•15 

110118!11 or COIIIIAID• 20 I THIS IS IISTIUCTIOI 1 OUT or A !OTAL or 5 •I liP • IIIS1ROCTI OilS. UIIIT•15 

"" 1111!11 or COIIIIUC• 21 THIS IS IISTRUCTIOII 10 OUT or A TOTAL or 18 •IDA • I IISTROCTIONS. UNIT•15 

110118!11 or COIIIIUD• 22 THIS IS IISTIOCtiOII 2 OUT or A TOTAL or 5 •IIIP • INSTRUCTIONs. OIIIT•15 

IIORB!R or COIIIIII.IIt• 2) THIS IS IISTIOC!IOII 11 OUT or A TOTAL or 18 •aDA • JIISTIIUCTJOII s. 01111'•15 
IIOR8!R or C::OIIIIAIID• 2• THIS II liiSTRUCTIOII 1 OUT or ll TOTAL or s •UP • liiSTIIUCTIONS, UIIIT•15 
IIUIIB!II or COKIIAIID• 25 THIS lS IISTIUCTIOII 12 our or ~ !O'I'AL or 18 •IIDA • l!l STII UCTI ()II!J. UlllT"1S 
1101111111 or COIIIIUI:• 26 TIllS IS USTRUCtl ON • OUT or A !OTAL or 5 •I liP • liiS'JR UCTI OilS. UIIIT•15 

110118!8 or COIIUIIt• 21 THIS IS US'fiOCTIOI U OUT or A TOTAL or 18 •au • IIISTIIOCT JOII S. OIIIT•15 

IIUII8!11 or COIIUII C• 28 THIS IS IISTIIOCTIOI 5 OUT or A TOTAL or 5 •nP • IIIS'I'IIUCTIOII s. OIIIT•15 

IIOIIB!R or CO IIIlA IlD• 29 THIS IS IISTIUCTIOII 2 OUT or A TOTAL or 3 •tiT • IIISTBOCTIOII s. UIIJT•15 

IIUIIB£11 or COIIHAIID• 10 THIS IS IIISTBUCTIOII 1 OUT or A !OTAL or 5 •11ot • I IIS18UCTI OilS. OIIJT•15 

110118!11 01' COlli! All t• 11 THIS IS IIISTRUCTIOI 1 on or a mtu. or 2 •RED • IIISTIIUCTI OilS. 0111'1'•15 

110118!11 or COIIIIAIII:• l2 THIS IS IIISTRUCTIOI 1 OUT or A TOTAL or 2 •BOP • JIISTIIOCTYOII S. UIIIT•15 

IIOIIB!R or COIIIIAit• ]] THIS IS IIISTROCtiOII 1 OUT or A TOTAL or 0 •uP • JIISTRUCTIONS. UIIIT•15 

T!!C• 2.1011 06 D!LT• 2.1011 06 T1• 7.U11·07 !Pr1• 2.0181 02 FOOT• 5.028!•0] !Pr2• 2.565£ 02 rDOOT••9.99111:·10 !PP]• 2.117£ 02 

T2• 1.229!-09 U• 5.1191·10 !111• 1.5051!-U T211• 5.1251!·07 Tllt• 9.629!·08 !PPAfG• 2.019! 02 PLUI• 2.900! 111 POII!II• 1.750! 01 

10118111 or COIIIIAita 1• 1 THIS IS IIISTBUCTIOII 2 OUT or A !OTAL OF 0 •IRP • liiSTIIUCTIOIIS. UIIIT•15 

TS!C• 5.161! 06 D!LT• 3 •• 561 06 t1• 7.115]1•01 1Pr1• 2.0211! 02 PDOT• 3.306!·0] !Pr2• 2.852! 02 rDDOT•-8.2811!•10 !Pr1• 2.1112! 02 

t2• l. 11l!-09 T1• 9. 1U!•10 T1R• 1.5061•011 T211• 11.51121·07 !111• 1.16U•07 !PPAfG• 2.021! 02 PLOI• 2. 891! ,. POIIER• 1 .150! 01 

110118!8 or CO!IIUD• 15 1 THIS IS IIISTIUCTIOII 3 OUT or A TOTAL or 0 •tRR • INSTIIUCTIOIIS. OIIIT•15 

TS!C• 1.152107 DILT• 5.15•1 06 !1• 7 •• 58!•07 !Pr1• 2.025! 02 rOOT• 1.0001·031Pr2• 1.109! 0] PDDOT•·S.9U!·10 !Pr3• 2.152! 02 

T2• 1. 6011-09 !1• 1. 8151·09 t1R• 1. 5101-U t211• 5.9221!•08 T]l'l• 1 • .,01•07 !PPAfG• 2.029! 02 PLUI• 2.899! 1• POIIER• 3.750! 01 

11088111 or COIIRAIID• 16 1 tftlS IS IIISTIOC11011 • OUT or A TOTAL OP 0 •JFP • IIISTIIOCTIOIIS. ONIT•1S 

TS!C• 2.10'1! 01 D!Lt• 1.153! 01 T1• 7.5091·07 !Pr1• 2.0321 02 rDOT•-1.501!·03 IPP2• 1 •• 13! 02 rDDOT•·3.U•!·10 !PP]• 2.118! 02 

T2•·11.898!·09 U• •• 1921!-G9 T111• 1.5261·0· !211•·1 •• 11!•06 Tlll• 8 •• 21!•07 !PPAYG• 2.031! 02 rLOI• 2.919! U POIII!II• 1.150! 01 

IIORB!R or COIIIIAIID• ]1 1 THIS IS USTRUCTJOI . 5 OUT or A toTAL or 0 •IIIP • IIIS'IIIOCTIOIIS. UIIIT•15 

TSIC• ].1156! 01 I:!LT• 1. 152! 01 t1• 7. 6711!·07 !PP1• 2. 0•11 02 rDOT•-•.618!·01 !Pr2• 1.8118! 02 rODOT•·8. 181!·11 !PP1• 2.1108! o 2 

T2•-1. 513!·0! 1'1• 1.~211-09 1111• 1.5661!·011 T211•·3.5115!·06 T]ft• 2.951!-G7 !PUfG• 2.0115! 02 PLOI• 2.981! 111 POV!II• ].750! 01 

IIOIIBER or COIIIIAIID• ]A 1 THIS IS IISTIIUCtiOI 6 OUT or ll TOTAL or 0 •tFP • IIISTIIUCTIOIIS. UIIIT•15 

T!!C• ].802! 01 D!LT• 3.11561 06 T1• 8.055!•07 !Pr1• 2.0119! 02 rDOT•-5.80.!•01 !Pr2• 1.918! 02 rDDOT• 1 •• 7.!-11 !PP1• 1 .&q 1 z 02 

t2•-6.508!·09 T]• 2.52.!•11 T111• 1.650!-011 T211•·1 •• 211!·06 Tll'l• q.920!·09 !PPUG• 2.050! 02 rLUI• 1.131£ 111 l'OV!II• 1.750! 01 

IIUIIUII or COIIIIU[• 19 1 THIS IS IIISTIIUCTIOII 1 OUT or A TOTAL 01' 0 •IRP • IIISTRUCTIOIIS. UIIIT•15 

TSIC• •• 608! 07 D!LT• 8.061! 06 T1• 8.221£·07 !Prt• 2.051! 02 rDOT•·5.635!·01 !Pr2• 1.921! 02 roDOT• 11.285£-11 !PP]• 1.122! 02 

T2•-1.531!-08 1'1• 6.88U-11 T111• 1.681!·0· T21l,.·].l651!·06 T:JII" 1.219!-08 EPPAfG• 2.051! 02 PLUI• ].19e£ 111 POIII!II• 1.750! 01 

110118!R or COIIIIAIID• 110 ; THIS IS IISTRUCTIOII 8 OUT or A TOTAL or · 0 •IRP • IIISTROCTIONS. ONIT•15 

~ 



TSIIC• 5.76011 Ol DlllT• 1.1511 07 ~1• 11.11961·01 !PP1• 2.0561 02 rD0~••6.0011·0liPP2• 1.9U! 02 rDDOT• 9.5291·11 !PrJa 1.922! 02 

T2•·2.1198!-08 Tl•-5.'111•10 ~111• 1. 71161·0. !211•-5.11261-06 !:JII•- 1.100!-01 IIPPUG• 2.0591! 02 PLUI• l. 102! n POIIII• 3.15011 01 

IUUIR or COIIIIUD• '1 ; ~IllS IS IISTRUCTIOI 9 OUT or A '!OTaL or 0 •up • IIS'!RUCTIOIS. UIITa15 

TSIIC• 6.]]611 07 DilL'!• 5.15111 06 T1• 11.9511!-07 IPP1• 2.0621 02 PDOT•-6.2171-0l 11Pr2- 1.97011 02 PDDO'!• 1.56111-10 IIPPl• 1.9981102 

T2•-1.11l911-08 U•-1.81111·10 !111• 1.11111-0. '!211•-1.1061-06 !lll•-1.76811-08 !PratG• 2.06)11 02 PLOI• 1.'811! 111 POIII!R• 1.7501 01 

101111!11 or COIIIIAIID• 112 I TillS IS IISTIOCtlOI 10 OU'! OP A '!OTAL or 0 •tiP • IIS'IRUC'!IOIS. 011'!•15 

TSIC• 6.9121 07 O!LT• 5.7611 06 ~1• 9.28111!-0l IPP1• 2.0651 02 PDOT•-5.50111-0l IIPP2• 1.9651 02 PDDO!• 1.15211-10 IIPPl• 1.98711 02 

T2•·1. 36811-08 '!3•-1.1111-10 '1111• 1.9181-011 '!211•-2.9681-06 ~111•-7.1261-08 lPfJIYG• 2.0661102 PLOI• 1.6101 111 POif!la 3.750! 01 

IOIIBIIR or COIIIIAID• Ill I THIS IS IIS'!IUCTIOI 11 OUT or l TOTAL or 0 •tiP • IISTRUCTIOIS. 011'!•15 

T!IIC• 1.603! 01 DIILT• 6.9121 06 ~1• 9.5801-0l 11Pr1• 2.0681 02 PD0~•-11.98711-01 IIPrza 1.961111 02 PDDO~• 1.2591-10 IPP1• 1.98611 02 

T2"'-1.58211-08 '!1•·5.1161-10 T111• 1.98111•011 T2fta-1.UII11•06 ~111•-1.1821!-07 !PU1G• 2.070102 PLOt• 3.721111111 I'OIIIIR• 3.750! 01 

10118!11 or COIIUIH• 1111 I ~IllS IS IISTRUcTIOI 2 OUT or A TOTAL OP 2 •BUP • IIS1RUCTIOIS. OIIT=1S 

IOIIB!R OP COIIIIAID• 115 I TillS IS IISTIOCTIOI 1 OUT OP A '!OTAL OP 1 •OP'!L• IISTRUCTIOIS. UIITa15 

IUIIRER OP COIIIIAIC• 116 ; THIS IS IISTIUCTIOI 1 OUT or A TOTAL or 1 •orta• IISTBUCTIOMS. UMIT=15 

IUIIBER OP COIIIIAID• Ill I TillS IS IISTIUCTIOI 1 OUT OP A TOTAL or 1 •ortr• IISTRUCTJOIS. OMITc15 

IOIIB!R or COIIIIAID• 118 ; THIS IS IISTBUCTIOI 1 OUT or A !OTAL or 2 •oOT • IIS1ROCTIOIS. OIIT•15 

IUIIBIR or COIIIIAit• 119 & TillS IS IISTIUCTIOI 111 OU'! OP A TOTAL OP 18 •ROll • IIIS'IIIUCTIOMS. UIIIT•15 

IOIIB!R OP COIIIIAIC• 50 1 THIS IS IISTIUC1101 2 OUT OP A TO'!AL OP 5 •ROY • IISTROCTIOMS. OMIT=15 

IOIIBER or COIIIIAID• 51 ; TillS IS IISTIUCTIOI 15 OUT OP A TOTAL OP 18 •RCl • IISTRUC?IOIS. ONIT~15 

IUIIBER Or CCP.RliD• 52 I THIS IS IISTROC'!JOI 1 OOT or A TOTAL OP 1 •KEO • IMSTRUCTIOJS. OMIT•15 

••J!O NPROA• 8.)11111 OJ IDISA• 1.9551 OJ IRPA• 1.0181 00 IPROB• 7.9001 OJ IDISB• 1.9391 OJ lHPB• 9,9511-01 

IIHOCa 1.002! 011 IID!SC• 1.2821 Ol Jllrc• 1.17111 00 Plc•PID ll!t'OII I DIST SCALII:i• 1.62511·01 PRD,.r&ac or YIC'l' C IIICLUOIIO• 1.17ll!!·01 

IUIIB!R OP COIIIIAID• 51 ; THIS IS IISTRUC110J 1 OUT OP A TOTAL OP 1 tPlC • IJSTROCTIOIS. OIIT•15 

••r~c LD• 1 rACCLOI• 1.00001 00 
RnftB!R or COIIIIAIOa 511 ; TRIS IS IISTIUCTIOI 
IUIIBIIR or COBIIAIO• 55 & tHIS IS IIStiUCtiOII 
IOIIB!R OP COIIIIllt• 56 ; TillS IS IIStiOCtlOI 
IUIIRtR or COHIIAit• 57 1 THIS IS IISTIOCTIOI 
10118£1 or COHIIAit• 58 ; TillS IS IISTIUCTIOI 
lORBER or COBIIAID• 59 ; tHIS IS IIS?ROCTIOI 
IURBIIII OP COftllliD• 60 1 THIS IS IISTRUCTIOI 
IUIIB!R OP COIIIIAit• 61 ; THIS IS IIS!IUCTIOI 

16 ou'l' or a 
1 OUT OP A 
J OUT or A 
1 out or a 
2 oot or A 
J OUT OP A 
2 oo-r or A 

12 oo'! or A 

TOTAL OP 
TOTU or 
TOTU OP 
tOTAL or 
~OTAL OP 
to?AL or 
roTu or 
TOTAL OP 

18 •1011 • IISTROCTIOIS. 
l •Tn • IIS'IRUCTI OilS. 
5 •ROY • IISTIOC'!I OIS. 
J •liiD • IISTROCTIOIS. 
l •ADD • IISTROCTTOIS. 
J •a OD • IIISTRUCTIOI S. 
2 •HIID • IIIS'IBUCTIOIS. 

22 •nr • IIS1RUCTI OIS. 

OIJT•15 
OIIT•15 
UNIT•15 
Olllt•15 
OIIT•15 
OIIT•15 
OIIT•15 
UIITa15 

TSIC• 2.10711 06 tiiLT• 2.1011 06 !1• 1.6901•02 IIPP1• 2.0191 02 PDO!• 9.1511-10 IIPP2• 2.127! 02 PODOT•-5.6951-17 BPr1• 2.1121!! 02 

T2• 1.09011-0l Tl•-5.05111-05 T111• 8.J711-0S t211• 5.1261-06 !lll•-2.1921-01 IIPUYG• 2.0251102 rLOia 2.8901 111 POIIIII• 5.0111-0l 

IOIIBIIR OP CO!ftAID• 62 & ~HIS IS IISTIOC'!IOI 11 OUT OP A TOTAL OP 22 •tar • IISTROCTIOIS. UIIT•15 

TSIIC• 5.16111 06 OILT• 3.11561 06 t1• 1.86211-02 IPP1• 2.0291 02 PDO!• 8.11001!-10 11Pr2• 2.12911 02 PODOT•-11.88611-11 IPPJ• 2.1121102 

T2• 1.1152!-01 !)•·9.7261-DS T111• 9.1151·05 T211• 6.8181-06 Tla•-11.6051-07 IIPrAtu• 2.01611 02 rLOI~ 2.88811 111 fOII!!Ra 5.57511·07 

IOIIBfR OP COIIIIAID• 61 ; tillS IS IISTBUCtiOI 111 OUT OP A '!OTAL OP 22 •UP • IISTROCTIOIS. UIIIT•15 

TSIIC• 1.15211 0~ D!LT• 5.151111 06 T1• 2.1211-02 IIPP1• 2.01111 02 roOT• 6.91121•10 IPP2• 2.1331 02 rooo~•-1.81111-17 IIPP1• 2.1111 02 

t2• 1. 9911·01 U•-2. 101!-DII !111• 1.01101-011 T211• 9.3661•06 '!lll•-9.91011-01 IIPPAYG• 2.0118! 02 nDI• 2.90011 111 POif!R• 6.11501!-0l 

IUIIBER OP COI!IIAID• 611 ; TillS IS IISTROCtiOI 15 OUT OP A TOTAL OP 22 •IRP • IIS1ROCTIOIIS. 0111'•15 

TStC• 2.lOH 01 t!LT• 1.1511 Ol '1'1• 2.11511!-02 IPP1• 2.051111 02 rDOT• 5.25211-10 11Pr2• 2.1391102 roDOT•-2.61511-17 !PP1• 2.115! 02 

T2• 3.021!-0l t3•·5.8liii-OII T111• 1.19511·011 T2ft• 1.11151!·05 Tlll•-2.l58f-D6 !PlUG• 2.0621102 PLOI~ 2.95511 111 POII!Ra 1.10111-01 

IUIIBER or COIIIIAID• 65 ; THIS IS IIISTIOC!IOII 16 OOT OP A TOTU OP 22 •IRr • IISTROCTIOMS. OIIT•15 

T~llca 1 •• 561 Ol D!LT• 1.1521 07 T1• 2.9011-02 11Pr1• 2.0681 02 PDOT• 1.251111-10 !Pr2a 2.15111 02 rDDO'I'•-1.38111-11 IPPl• 2.12111 02 

T2• 1. 811111-03 '11•·3.0511-DII T111• 1.110li·OII T211• 8.70111-06 Tlll•• 1.11l91·06 I!!PU1G• 2.07211 02 PLUI• 1.05011 111 POII!R• 9.012£-07 

IUIIBtR Of COIIRllt• 66 ; ~HIS IS IISTBOCTIOI 17 OUT or l TOTAL OP 22 •IRr • IISTIOCTIOIS. UIITa15 

TS!C• 1.8021 Ol OIILT• ].11561 06 T1• 1.18511-02 I!!PP1• 2.01611 02 PDO!• 2.1111111-10 IIPP2• 2.168! 02 rDDOT•-8.112211-18 IPP3• 2.13011 02 

T2• 1.10511·011 Tl•-1.61611·05 T111• 1.51111-011 T211• 1.1091-06 T1H•-l.8l1!-08 I!!PPlYG• 2.07711 02 PLOI• 1.15611 111 POVIIR• 9.8211!!·01 

IOIIBIIR OP CO"ftAID• 61 ; ~BIS IS IWSTIOCTIOII 18 OUT or l TOTAL OP 22 •tar • IISTROCTIOIS. UIIT•15 
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TS!C• 11.608! 07 D!LT• 11.0611 06 'r1• 3.21161-02 !Pr1• 2.018! 02 PDO'r• 1.91131-10 1Pr2• 2.11ll'l 02 rDDO'r•-7.1711-111 EPr1• 2.1H! 02 
T2• 7. 81H-OIJ U•-8.1116!-05 'r111• 1.5621-011 TZII• 3.60111-06 Tlft•-3.91161!-07 IPrAYG• 2.0801! 02 rLUJ= 1.2581! 111 POI!I• 1.01111!-06 
NUII81R Or CORR~ID• 68 ; THIS IS IISTIOCTIOI 19 OUT or l TOTAL or 22 •tiP • IISTRUCTIOIS. UIIT•15 

T5!C• 5.760! 07 D!U• 1.15]1 01 'r1• 3.3111!-02 IPP1• 2.0821 02 PDOT• 1.U61-10 !Pr:ls 2.190! 02 rDDOT-5.7UB-111PPl• 2.1.,11 02 
T2• 11.220!-011 '11•-1.211!-011 'r111• 1.6191-011 T211• 1.751!-06 Tlll•-5.939!-07 BPPUG• 2.08111 02 PLUI• 1.191! 111 POilU• 1.130!-06 
IORII!R Or CORIIUD• 69 ; THIS IS IISYIUC'UOI 20 OIJT or l toTAL or 22 •nr • IISUOCTIOIS. DIIT•15 

TSIC• 6.]]61 01 ULT• 5.15111 06 T1• 1.11511!-02 !Pr1• 2.0851 02 rOOT• 9.11121-12 1Pr2• 3.9861! 02 room- 3.76:11•111 1Pr1• 2.016! 02 
T2• 2.708!-0!: tl• 2.016!-05 T1R• 1.6551!-011 T211• 6.7911!-08 T111• 1.0001!-07 t:PUtG• 2.086! 02 PLUI• 3.516! 111 POIER• 1.1811-06 
IORD!R or CORR~ND• 70 ; THIS IS IISTROCTIOI 21 OUT or l TO'rlL or 22 •1ar • IISTIUCTIOIS. UIIT•15 

T!l!C• 6.9121! 07 DI!LT• 5.7611 06 'r1• 1.111611-02 I!PP1• 2.0871 02 rOOT• ].11551!-11 !PP2• 2.3961 02 I'DDOT• 1.11811-18 !PI'l• 2.02111! 02 
T2• 9.956!-05 fl• 8.191!-D6 T111• 1.6117!-011 T211• 11.1551!-01 'rlll• 11.0119!•08 !PPltG• 2.098! 02 rLOJ: 3.662! 111 1.:0111!8= 1.220!-06 
NOIIIIIR OP CORRUt• 71 ; THIS IS IISfiUCtiOI 22 OOT or l totAL Or 22 •Ill' • IIStBUCtiOIS. UIIT•15 

TSfC• 7.60H 01 CI!LT• E.9121 06 !1• 1.1111!-02 IPP1• 2.0881 02 PDOT• 11.5361-11 !Pr2• 2.1011! 02 rDDOT• 1.7921-19 !Pr1• 1.5701! 02 
T2• 1. 568!-011 Tl• 1.11211!-06 T111• 1.61161•011 !211• 6.80)!-07 T111• 9.090!-09 l'lPUtG• 2.089! 02 PLUI• 1.78]! 111 POII!R• 1.262!-06 
NOIID!R or COIIII~ID• 12 THIS IS IISTIOCTIOI 2 OOT or ~ TOT~L or 2 •ouT • IISTBUCTIOIS. UIIT•15 
IUIID!R Or CORII~IO• 71 THIS IS IISTIUCTIOI 17 OOT or l totAL or 18 •aoa • IIS!IOCfiOWS. UWIT•1S 
IOIIBIR or COIIII~Nt• 711 ; THIS IS INSTIUCTIOI 111 ODT or l toTAL or 18 •BDA • IISTBOCTIOIS. UWIT•15 
MUIIBfR or COIIR~ID• 75 ; THIS IS IISTBOCTIOI II ODT Or a TOTAL or 5 •aot • JISTRUCTIOIS. UIIT•15 
MUIID!R or CORR~IC• 76 1 THIS IS IISTIUCTIOI 5 OUT 01' A TOTAL or 5 •11ot • IISTRUCTIOIS. OMIT•15 
BUilDER or COIIR~ID• 11 : TillS IS IIISTIOCTIOI 1 OUT or a TOTaL or II •PCR • IISTBOCTIOIS. UUT•15 
IUIIII!R Or COIIR~ID• 78 ; THIS IS IISTIUCTIOI 2 OUT or ~ TOTAL or II •PCB • IIS110CTIOMS. URIT•15 
MUUIR or COIIRUI:• 19 ; THIS IS IISTRUCTIOI 1 OUT or l totaL or II •PCO • IISTROCTIOIS. UIIT•15 
NURBfR or COIIR~Nt• 80 THIS IS IISTIOC!IOI II OUT or l TOTAL or II •PCB • JISTRUCTIOIS. UltT•15 
IUIIBER or COIIII~IO• 81 THIS IS IISTIOCTIOI 1 OUT or l TOTAL or 1 •sTP • IISTROCTIOIS. OIIT•15 
IURIIER or CO!ftliD• 1 THIS IS IISTIUCTIOI 1 OUT or l TOTAL or 2 •a~S • IISTBUCTJOIS. UMIT•15 
IURB!R or CORRUD• 2 TillS IS IISTIUCTIOI 1 OUT or a TOTAL or 1 •cot • IIS1ROCTIOIS. UIIT•15 
NURDIR or CORRAit• l TillS IS IISTBOCTIOI 1 OUT or a toTAL or 1 •LIP • IISTIOCTtOIS. UMIT•15 
IURBIR OP COIIIIAMO• II THIS IS IISTROCTIOI 1 OUT or a TOTAL or 1 •LPO • IISTROCTIOIS. OIIT•15 
IIIRB!R or COIIRAIID• 5 TillS IS IISTIOCTIOI 1 OUT or l TOTAL or 1 •LIB • IISTBUCTIOIIS. UltTa15 
IUIIII!R or COIIR~ID• 6 TBIS IS IISTIUCTIOI 1 OUT or a TOTAL or 1 •PRO • IISTRUCTIOIS. UIIT•15 
IORII!R or CORII~IfD• 1 THIS IS USTIUCTIOI 1 OUT Or l toTAL or l •ao• • IISTROCTIOMS. 011T•15 
IUIIBfR Of CORIIllt• 8 THIS IS IISTIUCTIOI 1 OUT or a toTAL or 6 •IDA • IISTBOCTIOMS. UIIT•15 
IURB!R or CORR~ID• 9 THIS IS JISTIOCTIOI 2 OUT or a TOTAL Or 6 •aca • IISTRUCttOifS. UIIT•15 
NUIIBER or COIIII~MO• 10 TillS IS IISTBOCTIOI 1 OOT or a TOTAL or 0 •OIC • IISTRUCTIOIS. OMIT•15 
NURB!R or CORR~ID• 11 THIS IS IISTIUCTIOI 1 OUT or a TOTAL or II •PIO • IISTRUCTIOIS. OMIT•15 
IUIID!R Or CORRUD• U 'rHIS IS IISTIUCTIOI 2 OUT or a toTAL or • •PRO • IIStiiiCTIOIS. UIIT•15 
IIURIIII or COIIRAIOa U 'rillS IS IISTBUCTIOII l OUT or a toTAL or II •PIO • IISTRIICTIOIS. UIIT•15 
IURDfR or COIIB~MO• 1• THIS IS IISTROC1101 II OUT or l TOTAL or II •PRO • IMSTRUCTtOIS. UIIT•15 
IURB!R or CORII~ID• 15 TillS IS IISTIOCTIOI 2 OUT or l TOTAL or 2 •BAS • IISTRUCTIOMS. OIIT•15 
IUIIB!R or CORII~IID• 16 tftiS IS IISTIOCTIOI l OUT Or l TOTAL Or 6 •aoa • IISTRUCTIONS. UMIT•15 
IURBEII Or CORRIIID• 11 'rHIS IS USTIIOCTIOI 1 OUT or a toT~L or 2 •TIT • IISTBOCTIONS. UIIT•15 
JIUUfR or COIIIIAit• 18 tftiS IS IISTIOCTIOI 2 OUT or A toTaL or l •aot • IISTIUCTtOMS. UIIT•15 
lORBER or CORIIIIID• 19 THIS IS IISTIUCTIOI 1 OUT or a TOTAL or 2 •RID • INSTRUCTIONS. UIIT•15 
RIIIIDER or COIIR~MO• 20 TillS IS IISTBOCTIOI 2 OUT or l TOTAL or 0 •DIC • IISTROCTIOIS. UIIT•15 
MURDER or COBR~ND• 21 THIS IS IISTBUCTIOI l OUT or l TOTAL or 0 •DIC • IISTIIUCTIOIS. UMIT•15 
lORBER or CORR~ID• 22 THIS IS IISTBUCTION II OUT or a TOTAL or 0 •DEC • INSTIOCTIONS. UNIT•15 
MIIRDfR or CORIIAit• 2l THIS IS IISTIUCTIOM 5 OUT or A totaL or 0 •DIC • IISTIUCTIONS. UMIT•15 
NUIIDfR or COIIII~ID• 211 THIS IS IISTROCTIOI 6 OUT cr A TOTAL or 0 •DIC • INSTRUCTIONS. UMIT•15 
MUIIII!R or CORII~It• 25 THIS IS IISTROCTIOM 1 OUT or l TOTAL or 0 •otc • IISTRUCTIONS. URIT•15 
IUIIB!R or CCRII~ND• 26 THIS IS JMSTIUCTIOI II OUT or a TOTlL·Or 0 •DI!C • IISTRUCTIOIS. UNIT•15 
MURDER or COIIRIIID• 27 THIS IS IISTBUCTIOI 9 OUt or a TOTAL or 0 •DEC • IIS1BOCTIONS. OMIT•15 
IORBfR or CORIIUt• 28 TillS IS IISTRUCTIOI 10 OUT or l toT~L or 0 •or:c • JIS1BOCtiOMS. Ullltz15 
MUIIIIIR or CORRAMD• 29 THIS IS IISTIOCTIOI 11 OUT or A TOTAL or 0 •DIC • INSTRUCTIONS. UMIT=15 
IURB!R or CORR~ND• ]0 THIS IS IISTRUCTIOI 12 OUT or A TOTAL OP 0 •DtC • IISTRUCTIOIS. UIIT•15 
MURB!R or CCRR~ID• 11 THIS IS JISTIUCTIOI 11 OUT or A TOTAL or O. •DEC • IIISTRUCTIOMS. OMIT•15 
IIIIIDER or CORR~ID• 12 THIS IS IISTIUCTIOI 1• OUT or A TOT~L OP 0 •DEC • IIS1ROCTIOIS. ORIT•15 
IUIIII!R or CORRAita ]] TillS IS IISTIUCTIOI 15 OUT or a toTRL or 0 •DEC • IIS180CTIOMS. OIIT•15 
IUIIIIfR or COIIRAit• 111 THIS IS IISTIOCTIOI 1 OUT or l TOTAL or II •oot • IMSTRUCTIOIS. OIIT•1S 
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1 30060 1. 0830'!-02 300 70 1. 3357:::-01 50100 1.8519!-02 so 110 7.U07Ut-02 
1 60120 7.3ECS! OC 60130 8.2619E-02 7014 0 1. 7787E 00 70150 6. 53U 3!-03 
1 80160 e.3e07E 03 80170 3. 1 923! 00 80180 1. 7138E 01 90190 5.6316!-01 
1 110230 6.5217!-Q1 120240 6.U95SE-02 120250 8.2236E-03 120 260 9. 0 511 2!-0 3 
1 1 30270 6.1 852E -o 1 1110280 3. 9702!-0 1 140290 2. 01 03E- 02 1110300 1.3345E-02 
1 150310 1.1290! 00 170350 1. 1 317!-0 1 170370 3.6190E-02 2001100 11.8330!-02 
1 200420 3. 2232!-011 2001130 6. 4812!-05 2004110 1.01120!-03 2001160 1. 7U49E:-06 
1 20C&l80 9.1&726!-05 2201160 1. 7217!-Q3 2201170 1.5547!-03 220480 1. 5380!-02 
1 2201190 1.1269!-Q3 220500 1. 0 852E-0 3 230500 1.4707!-0&l 230510 5. 8679!:-02 
1 240500 3.3426!-03 2110520 6.4385!-02 21105 30 7. 2999£-03 2405110 1.8135!-03 
1 250550 3.0909!-02 260540 1.8705!-02 260560 2.9538!-01 260570 6.9217E-D3 
, 260580 9.3363!-04 270590 1.6949!-02 280580 2.7887!-01 280600 1.0661!-0 1 
1 280610 4.6158!•03 2806 20 1. U665 E-02 28064 0 3.7172!-03 290630 1. 0878!-0 2 
, 290650 4.8415!-03 300640 2.9916!-01 300660 1.717UE-01 300670 2.5238!-02 
1 3 00680 1.1560!-01 300700 3.9164!-03 420920 1.51113!-02 U209U0 9. 6850!-03 
1 420q5o 1.6~58!-02 420960 1.7391!-02 420970 9.9974!-03 420980 2. S098E-02 
1 4 21000 9.9974!-03 471070 u.so07E-Ou 1171090 4.4617!-04 481060 2. 8888!-03 
1 1181080 1.9777!•03 481100 2. 7777!-02 481110 2.8443!-02 1181120 5.3576!-02 
1 1£81130 2. 711 0! •0 2 U811UO 6. 3775E•02 ll81160 1.6666!-02 491130 7.4839E-0U 
1 1&91150 1.6656!-02 501120 3.3675!-04 501140 2.2562!-04 501150 1. 2796E-OU 
1 501160 4.9502!-03 501170 2.6098!-03 501180 8.1829!-03 501190 2. 8960E-Q3 
1 501200 1.0911!-02 501220 1.5~90!-03 50121l0 1.8858!-03 641520 3. 1781E-05 
1 6 41Sil0 3.3370!•04 641550 2.3518!-03 641560 3.2734!-03 61l1570 2. 4948!-03 
1 61l1580 3.9U08!•03 641600 3.1l61l1E-03 741800 1.4138!-05 741820 2. 8603!-03 
1 7111830 1.5552!-03 71l1840 3.3355!-03 741860 3.1104!-03 822040 6. 75511!-05 
1 8 22060 1.1629!-03 822070 1.0664!-03 822090 2.5285!-03 832090 1. 9139!-03 
2 9 22340 1.2393! 00 922350 1.3617! 02 922380 4.0660! 03 0 o.o 
0 o.o o.o o.o 
1 10010 8.9703!-03 10020 3. 7750!-06 10030 9.0551!-03 100110 6.6664!-17 
1 20030 8.0598!•05 20040 5. 9353!-01 20060 2.1259!-16 30060 1.6146E-Q3· 
1 30070 1.52C8!-Q 1 30080 2.0576!-13 40090 7.0549:£-05 40100 8. 4116!-07 
1 10110 5 • 3 7U SE -1 9 50100 9. 331l6E•07 50110 7. 5224!-02 50120 11.4597!•16 
1 60UO 7.3604! 00 60130 6. 451U&E•O 1 601 1&0 9. 5116!-03 60150 1.0694!-12 
1 70140 1.7693! 00 70150 6. 85511!-03 70160 1.91174!-11 80160 e. 3801! o3 
1 80170 ~.1942! 00 80180 1. 7U8E 01 80190 9.1967E-12 90190 5. 6 31 5!-0 1 
1 90200 4.73311!•12 100200 1.8751!-05 100210 7.6179!-08 100220 1. 0732!-07 
1 100230 6.2769!•12 110230 6. 5075!-0 1 110240 1. 7006!-06 110 241 2. 531 5!-13 
1 1 10250 1.6620!•14 120240 6.6372!-02 120250 8. 2279!-03 120260 9.056 8!-03 
1 120270 2.8280!-11 120280 4.0014!-18 130270 6.1819!-01 130280 9.8048!-10 
1 130290 3.6348!-13 130300 3.3030!-18 1402 80 3.9721!-01 140290 2. 0 23 4 E-02 
1 1 110300 1.3353!-02 1110310 6. 3U6E-09 140320 5.5757!-12 150310 1. 1286! 00 
1 , 50320 1.1779!•05· 150330 ll.2421E-14 150340 9.1671!-15 160320 ". 188 5!-04 
1 1 60330 2.3099!-07: 160340 3. 3327!-08 160350 1.91&42!-05 160360 4. 9012!-1 0 
1 160370 4.5166!-14 170350 1.0343!-01 170360 9.6119!-03 170370 3.6259!-02 
1 170380 1.7~84!•09 170381 6. 7214!-15 180360 2.5211!-08 180 370 3. 350 9!-"08 
1 180380 3.5475!•05 180390 2.11157!-08 1801l00 2.0591!-08 1801110 a, 4735!-15 
1 180420 ll.98U6!•18 190390 5.5720!-11 190400 1.6789!- 06 1901l10 5.4471l!-08 
1 1 90C&20 5.3038!-12 190430 3. 0207!-13 190UO 1.8652!- 15 200400 '· 8287!-02 
1 200410 4.1000!-05 200420 3.2187!-0il 2001630 6.4299!·05 200440 1. 0 40 7!-03 
1 2001a50 6.4526!-07 200460 1. 71131!-06 20~70 2.2518!-11 200 480 9. 1&50 5E-o5 
1 200490 2.5789!-12 2101&50 1. 5972!-06 210460 1.3903!-08 210461 1.3360!-11l 
1 2104 70 1.8595!•10 210080 9.0616!-12 2101&90 1. 7036!- 11 210500 9.4961!-17 , 2201&60 1.719~!-03 220470 1. 5505!-0 3 220480 1.5133!-02 220490 1.3752!-03 , 220500 1.0910!•03 220510 3.3993!-12 230500 1.2407!-04 230510 5.8186E-D2 
1 230520 3.0961!-09 230530 1.2279E-15 23051&0 7.8552!-18 2110500 3. 2308!-03 
1 2110510 5 .8079!-Q6 2140520 6.1&1&77!-02 21l0530 7.5426!-03 2~05140 2. 1020!-03 
1 240550 8.9656!-12 250540 C.3286!•07 250550 2.9797!-02 250560 2.381 S!-07 
1 2 50570 5.8188!-15 250580 1.1580!-17 250540 1.8612!-02 260550 7. 51127!-05 
1 2 60560 2. 9Q63E-01· 260570 8.8299!-03 260580 1.0438!-03 260590 2. 5109E-Q7 
1 270580 9.3829!-06 270590 1.514~!-02 270600 1.5793!-03 270601 1. 3084!-08 
1 270610 1.3197E-Q9 270620 3.3837!-15 280580 2.7539E-01 280590 2.8969!-03 , 2 80600 1.0661!-Q1 280610 5.2417E-Q3 280620 1.1&253!-02 280630 ". 251 1!-0" 
1 2806110 3. 7917!•03 2806 50 2. 6126!-09 28066\) s. 86 98!- 13 290 6 30 1. 075 9!-02 
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., 2 90640 
1 3006110 
1 3C0680 
1 3 00710 
1 3., 0710 
1 3 20710 
1 3 20740 
1 330750 
., 3110780 
1 3 80900 
1 390900 
1 390930 
1 ll00910 
1 "00950 
1 II 10930 
1 410951 
1 ll10980 
1 1120930 
1 ll20970 
1 ll21 01 0 
1 ll40990 
1 4 41030 
1 U51030 
1 l51051 
1 "61 050 
1 lUi 1080 
1 461110 
1 1171081 
1 1&71101 
1 1181060 
, 481100 
1 1181130 
1 1181160 
1 a 81210 
1 u 911 so· 
1 1191171 
1 ll91200 
1 501131 
1 501170 
1 501191 
1 501220 
, 501250 
1 511221 
1 511250 
1 521230 
1 5212!1 
1 521280 
1 531270 
1 531301 
1 5111291 
1 5161320 
1 551330 
1 6 C1UO 
1 6 111&81 
1 611520 
1 621500 
1 621540 
, 6 31521 
1 631560 
1 6111551 
1 641580 
1 641620 
1 65162C 
1 661630 
1 6 61660 
1 681660 

1.2338!-07 290650 
2.9852E-C1 300650 
1.1577!-01 300690 
2.11130!·12 300711 
7.3925!-07 310720 
4.9541E-1C 320711 
2.0933!-13 320750 
7.1608!-17 330760 
2.8296!-22 380670 
7.7963!·17 380910 
1.3312!-17 390901 
1.2707!-25 390940 
4.8856!-09 400920 
1.5222!-10 ~00960 
1.~500!-09 ~10931 
6.1!~4!-14 1110960 
9.5514!-18 ~11000 
6.11299!-06 A209UO 
1.0131!-02 ~20980 
7.0718!-10 1130990 
6.0606!-11 u4100u 
5.3515!-10 441040 
1.8009!·10 11510110 
2.1167!-20 ~51060 
2.1363!·12 ~61060 
1.4998!-06 Q61090 
1.6640!-13 ~61111 
ll.5216!-06 ll71090 
11.1550!-06 1171110 
2.8827!-03 ~81070 
2.6548!-02 481110 
8.5750!-06: 481140 
1.6623!•02 ll81170 
u.0606!·20 491130 
2.6650!-04 1191160 
6.2!3C!-09 491180 
1•3466!-25 491210 
5.0296!-11 501140 
2.8699!-03 501171 
1.3909!-05 501200 
1.5414!-03 501230 
1.881QE-07 501251 
9.7912!-111 511230 
1.3835!-o5 511260 
1.0627!-08 521231 
1.66C6!·07 521260 
1.4027!-12 621290 
5.9902%•10 531280 
1.6305!-22 531310 
2.9608!-16 51l1300 
3.8128!-19 511330 
1.0132!-22 5513•0 
•• 2701!-19 601190 
1.2056!·23 6111190 
3.7173!-19 621470 
9.0126!-11 621510 
1.8511!-11 621550 
7.8012!-18 631530 
11.2251!-07 611520 
2.7659!-17 511550 
6.615!!-03 641590 
1.3462!-13 651590 
9.85~1!-11& 661600 
7.0338E-D6 66161&0 
1.5872!-10 671650 
1.8783!-07 681670 
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5.2473!-03 290660 
2.6808E-04 300660 
3.5232!-0A 3006 91 
2. 20 17!-1 1 3106 90 
2.3478!•11 310721 
9.0865!-19 320720 
3.9625!-20 320751 
7.!615!-21 340760 
7.1&980!-25 380880 
8.2107!-20 390890 
3 •• 010!-22 390910 
1.9655!-21 1100890 
1.1f:il&6!-o7 400930 
6.85:01!-13 400970 
1.91192!•15 U109110 
5.0911l!-12 410970 
4.0549!-19 ,20920 
9.6755!-03 420950 
2.5,123!-02 420990 
1.&268!•05 U31000 
1.f:889E-06 4111010 
1.l7U9E-11 441050 
3.8469!-16 451041 
5 • .5427!-17 1151061 
1.UOIIE-10 U61070 
2.1605!-1 0 161091 
3.5335!-13 471070 
1.€267!-D4 471091 
2.0979!-08 471111 
3.1638!-09 1181080 
2.7504!-02 181111 
9.0172!-02 481150 
8.8.990!-09 481171 
5.5505!-04 4911110 
1. 91718!-10 •911 61 
1.5883!-17 491190 
7.2837!-20 501120 
4.1421!-o4 501150 
3.1631!-06 501180 
1.0916E-02 501210 
3.71QS!-07 501231 
1.0344!-10 511210 
1.10 13!-o6 511240 

· 5.5500!•09 511261 
3.041l3!-09 521210 
1.,791!-07 521270 
3. 7•08E-19 521291 
2. Jl7 118!-1 5 5312 90 
2. ~52!-22 5111280 
1.8977!-15 511310 
9.9055!-2• 541331 
2.4921!-24 601460 
3.5507!-23 6111l70 
1.3703!-21 611500 
3. 3!320!-22 621480 
2.&066!-12 621520 
2.t8a2!-17 631510 
1.C892!-o5 631510 
6.5381!-07 641530 
1.1874!-06 6111560 
u.St21!-07 641600 
2 •• 226!-04 651600 
2.1899!-05 661610 
7.8187!-07 661650 
1 •• 5118!-06 671660 
3.!103!-09 681671 

03:1.68 

1.9506E-10 290670 2.7548!-13 
1.7141E-01 300670 2.4962!-02 
3.1l30UE•08 300700 3.8157!•03 
4.6184E·01 310700 1.6503!•10 
5.6719!- 19 320700 2. 941 OE-0~ 
1.0417!-0A 320730 1.0334!-11 
8.2286E-23 320760 6.742JE-23 
6.0984!·19 340770 2.08UII!-20 
2.8167!-15 380890 5.6979E•16 
5.9165E-11 390891 2.1073!-19 
1.0699!-16 390920 4.0359!-18 
2.3024!-12 400900,'.1&1. 1980!-15 
u.1837E-09 4009~0 1.0086E•08 
3.9163!-14 410920 1.4243!-09 
5.852UE·09 410950 2.2029!•10 
9.9658!-14 ~10971 3.651l8E-17 
1.5~06E-02 420931 1.0711!-10 
1.4932!·02 42C960 1.8721E-D2 
7.7232E-07 1121000 9.9609!-03 
1.2815!-12 431010 6.8687!-10 
3.5186!-05 4Q1020 1.2922!-Q6 
2.6816!-17 441060 3.5416!-20 
7.2836!-17 451050 1.9424E•16 
3.9301!-19 461040 2.9382!-10 
2.2751!·10 U61071 1.1887!•20 
2.7156E-14 461100 8.01142E-07 
4.1298!-04 471080 2.0039!-10 
2.3364!·13 U71100 8.4972!-11 
1.01190E·12 471120 u.a659E-13 
2.0317!·03 481090 4.6896E-06 
7.0363!-10 481120 5.4742E-o2 
6.1087!-06 Q81151 1.0388!-05 
4.2951!-10 481190 5.9300!-18 
2.6300E·10 1191141 6.8305!•06 
3.5985!-08 491170 1.3U38E"P:09 
1.5001!-16 491191 1.1355!-17 
3.3047!-04 501130 9.0236!-o7 
1.1466!-0• 501160 2.1196!-02 
8.1527!·03 501190 2.9417!-03 
3. 3757!- 08 501211 9. 0588!-08 
3.1948!-13 501210 1.8673!-03 
1.471l3E-05 511220 1.0307!-08 
9.7027!-09 511241 5.8494!-16 
5.,912!-13 521220 9.6282!-07 
11.6251!-08 521250 "· 1105!-06 
1.4006!-12 521271 2.a071lE-11 
6.5576!-18 521300 8.6762!-21 
8.0617!•16 531300 9.1l802E-20 
1.6621!-11 541290 5.11735!-14 
4.0723!-18 51l1311 5.0879!-20 
1.21l88E-25 51l1340 3.8111!-25 
7.3754!-19 601470 9.0780!-23 
1.2578!-21 6111l80 2.7412!-23 
9.5530!·25 611510 2.0324!-14 
1.3259!-19 621490 5.5669!-111 
1.8090!-11 621530 1.2515!-13 
1.5372!-15 631520 5.8195!-15 
5.3637 E-06 631550 1. 7 30 3!-0 6 
5.7669!-06 641540 2.3979E•OU 
5.2239!-03 61l1570 1.6809!-06 
3.11326!-03 6111610 1.5404E-10 
8.8498!-06 651610 6.2218E-o7 
2.1l248E-05 661620 1.3441!-05 
1.171&6!·09 661651 4.2801!-12 
2.0072E· o9 671661 e. eo89E-09 
5.1821!-16 681680 3.1390!-09 



1 68H90 
1 6 91690 
1 701700 
1 7 01740 
1 721760 
1 731821 
1 71&1820 
1 7111850 
1 71&1880 
1 751870 
1 761860 
1 761900 
1 761920 
1 771920 
1 771941 
1 7819110 
1 78197C 
1 7 91990 
1 8 0~0 10 
1 8 22040 
1 822080 
1 832100 
1 842110 
2 20040 
2 e 2206o 
2 822100 
2 8 32080 
2 8 32110 
2 8 1&2100 
2 842150 
2 862180 
2 872210 
2 882240 
2 8 92250 
2 902270 
2 902310 
2 912310 
2 9123110 
2 9 22320 
2 922360 
2 922ll00 
2 932360 
2 9321&01 
2 91&2370 
2 91&21&10 
2 91&2050 
2 952410 
2 9521141 
2 962U10 
2 962450 
2 9621190 
2 972510 
2 982520 
2 9 92530 
2 , 62500 
3 10030 
3 40100 
3 2 90670 
3 300691 
3 310710 
3 3 00720 
3 280730 
3 320730 
3 2907110 
3 270750 
3 310750 
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1.30311!-12 681700 5.1260!-16 681710 
8.1740!-12 691700 7.98UOE-13 691710 
3.U4U8E-13 701710 9.2369!-15 701720 
1.6009!-20 701750 1.7998!-23 711750 
3.6578!-211 721770 1.6285!-25 731810 
5.7127!-15 731830 3.9336!-09 7111800 
1.9093E-D3 71&1831 2.31711!-13 7111830 
6.1126E-D6 741851 1.0893!-13 7111860 
3.6~86!-07 741890 1.31173!-23 751850 
8.2672!-0U 751880 3.6422!-07 751881 
1.3517!-05 761870 1.00011!-14 761880 
5.7257!-07 761901 3.1226!-16 761910 
11.1268!-11 761930 7.0835!-16 761900 
7.1570!-10 771921 7.6023!-13 771930 
8.9Q2S!-21 781920 8.1380!-10 781930 
3.5687!-11 781950 2.0060!-14 781951 
5.3351!-21 781971 2.6779!-23 791970 
1&.9825!-22 801980 2.5802!-20 801990 
6.5452!-23 802020 1.7384!-24 812050 
6.71101!-05 822050 1.53172-07 822060 
2.5302!-03 822090 6.9003!-13 832080 
1:88113!-09 832101 1.111178!-07 832110 
3.71159!-20 8112111 2.7872!-20 0 
5.44311!-02 812070 6.6320!-18 812080 
2.7527!-16 822070 3.9546!-13 822080 
2.8611!-111 822110 5.0333!-17 822120 
5.7287!-20 832090 1.7886!-13 832101 
2.9698!-18 832120 2.3405!-13 832130 
2.7302!-16 8112110 3.6437!-23 842120 
4.1362!-23 842160 9.66311!-1! 842180 
1.3228!-23 862190 9.2018!-20 862200 
3.9012!-18 872230 11.6935!-19 882220 
2.0370!-11 882250 1.8096!-111 882260 
1.1704!-111 892270 1.7866!-11 892280 
3.8634!-111 902280 3.8621!-09 902290 
6.0037E-D9 902320 7. 1235!-D7 902330 
1.1307!-D6 912320 4.6846!-09 912330 
1.0722!-1 1 912350 . 3. 55119!-17 922300 
e.OIIC8E-07 922330 6.0520!-06 922340 
1.6777! 01 922370 4.6852!-02 922380 
2.8526!-07 9221110 8.11798!-17 932350 
3.14117!-07 932370 1.8211! 00 932380 
2.5990!-07 9321100 9.7080!-06 932410 
1.46111!-07 942380 5.3615!-01 942390 
5.07511! 00 942420 1.9015! 00 9421130 
3.3253!-09 911~1!60 2.6263!-11 952390 
1.2381!-01 9521121 1.6026!-03 952420 
1.09114!-05 95211110 1.3379!-05 9521150 
2.5272!-12 962420 4.8308!-02 962430 
4.93113!-011 962460 3.7952!-04 9621170 
5.4634!-13 962500 2.0383!-Hi 972490 
7.0368!-17 9821190 3.51145!-11 982500 
1.2817!-11 982530 3.5399!-1. 9825110 
2.7~55!-111 992541 2.9168!-17 992540 
4.9342!-09 0 o.o 0 
1.8870!-02 30060 3.0288!-05 30070 
1.2852!-05 601110 1.8561!-06 290660 
3.0220!-18 300670 2.25831-11 300680 
9.8151!-20 310690 4.7822!-16 310700 
1.2173!-08 270720 1.7994!-111 280720 
1.0906!-D6 310720 3.3181!-07 320720 
9.1712!-13 290730 2.8543!-11 300730 
6.0911!-011 320731 6.7571!-12 270740 
5.4905!-12 300740 2.14901-09 310740 
9.71311-17 280750 1.0175!-13 290750 
5.6802!-D9 320750 2.5076!-G7 320751 

7.0281!-21 681720 
3 •. 5732!-14 691720 
5.1536!-16 701730 
1.4551!-22 711760 
1.1126!-06 731820 
1.2413!-05 741810 
2.0752!-03 ·7111800 
2.1300!-03 741870 
2.15111!-05 751860 
6.4746!-09 751890 
1.4770!-04 761890 
6.30911!-10 761911 
3.11161!-16 771910 
2.4029!-10 771940 
9.0727!-12 781931 
7.5349!-17 781960 
3.2783!-19 791980 
5.3932!-21 802000 
4.0456!-15 812060 
1.0993!-03 822070 
2.7805!-09 832090 
6.1098!-19 842100 
o. 0 0 
11.2637!-15 812090 
8.3365!-10 822090 
2.4674!-12 822140 
2.9829!-18 832100 
3.7102!-17 832100 
1.2383!-23 842140 
2.2460!-19 852170 
3.5819!-15 862220 
1.11362!-20 882230 
6.1907!-11 882280 
9.5452!-15 902260 
1.0312!-09 902300 
1.5726!-12 902340 
6.0795!-08 9123111 
6.7918!-16 922310 
7.6756!-01 922350 
3.9669! 03 922390 
2.02119!-09 932361 
5. 9033!-03 932390 
8.1406!- 14 942360 
2.0667! 01 942400 
5.3958!-04 9424110 
4.5118!-13 952400 
3.9734!-011 952430 
6.4938!-10 952460 
1.1748!-03 96211110 
1.6322!-06 962480 
•• 1203!-10 972500 
9.2525!-11 982510 
3.83911-15 982550 
6.11237!-16 992550 
o.o 0 
1.4292!-06 40090 
2.1398!-15 300660 
3.3123!-13 300690 
1.7089!-22 320700 
6.7966!-12 290720 
2.9700!-04 270730 
2. 8405!-10 310730 
9.8637!-16 2807110 
1.1776£-08 3207110 
7.2195!-12 300750 
1 .1263!-10 330 750 

00169 

1.6313!-23 
1 • " 7U 5!-1 7 
7.61112!-19 
1. 1921E-2ll 
2.1198 3!-08 
3. 614 1!-07 
3. 7246!-03 
1. 534 C!-06 
2. 0020E-D7 
2.9943!-12 
4.2621!-06 
1.71103!-11 
2.5372!-09 
3. 6560!-1 3 
8.1175!-1" 
5.9022!-16 
1. 51572-21 
2.117911!-21 
3.8293!-19 
1. 1284!-03 
1.9135!-03 
a. 7U2E-08 
o.o 
3. 8622!-20 
1.6115!-16 
1.9731!-18 
1.7789!-17 
1.4651!-18 
2. 6366!-25 
4.3753!-22 
4.0551!-16 
2.2956!-14 
2.8729!-17 
7. 0298!-19 
4.9686!-06 
5. 8632!-08 
2.00572-12 
3 .. 2777!-13 
3. 3865! 01 
2.7659!-03 
3. 511CIE-08 
3. 9801!-01 
5.20GUE-07 
9.6149! 00 
1 .. 32411E-D4 
1 .. 9493!-10 
3. 5175!-01 
11,.2023!-10 
7 .. 7248!-D2 
6 .. 4700!-08 
... 5615!-13 
9.5930!-12 
, • 0111 5!-19 
3. 5325!-17 
o.o 
2.1416!-06 
5.11934!-1 0 
1.0081!-19 
1. 5994!-18 
3 .. 3165!-1 1 
5.116251-15 
2. 2383!-07 
9.1093!-13 
1. 3034E-D3 
3.7149!-10 
2. 6673%-03 



3 280760 
3 320'760 
3 290'770 
3 3 20771 
3 2 80'7e0 
3 320'780 
3 300790 
3 31l0'790 
3 2 90800 
3 330800 
3 360800 
3 3 20810 
3 350810 
3 310820 
3 340820 
3 3008 ~0 
3 3140830 
3 360831 
3 31&081&0 
3 320850 
3 350850 
3 320860 
3 350861 
3 380860 
3 3508'7C 
3 380871 
3 350880 
3 330890 
3 370890 
3 31l0900 
3 370901 
3 0 00900 
3 360910 
3 3 90911 
3 360920 
3 000920 
3 380930 
3 II 10931 
3 3 80940 
3 0109111 
3 3 80950 
3 ll10951 
3 370960 
3 4 10960 
3 380970 
3 A 10971 
3 380980 
3 010981 
3 390990 
3 020990 
3 371000 
3 011000 
3 ••1 000 
3 111010 
3 381020 
3 &21020 
~ 381030 
3 ll21030 
3 0 51031 
3 ll110G0 
3 II 5101l0 
3 ll01050 
3 U1 050 
3 1101060 
3 ""1060 
3 391070 

3.9067!-1U 290760 
6.5480!-03 330'760 
9.5132!-13 300770 
1.0199!-08 330770 
3.9605!-16 290780 
2.71&83!-06 330780 
1.8523!-11 310790 
7.1l337E-02 31l0791 
3.2613!-15 300800 
ll.55A3!-08 3110800 
2.8058!-06 290810 
2.5026!-08 330810 
2.6758!-01 360810 
1.2088!-11 320820 
ll.1029E-01 350820 
11.1056!-15 ~10830 
5.1lB20!-06 31l0831 
6.7907!-o5 3108110 
3.3290!-06 3508UO 
2.8382!-11 330850 
3.59211!-06 360850 
5.91170!-12 330860 
6.6825!-08 360860 
u.3910!-03 320870 
1.8797!-06 360870 
5.91192!-09 320880 
5.7390!-07 360880 
9.01116!-13 340890 
6.6560!-05 380890 
2.7341!-1C 350900 
4.1101!!-06 380900 
2.02119!-01 ll00901 
4.3200!-07 370910 
1.6660!-0il ll00910 
•• se•9E-08 370920 
6.91198! 00 350930 
5.11920!-oS 390930 
11.1733!-06 35091l0 
8.7632!-06 3909G0 
•.2o5e!-11 350950 
2.8001!-06 390950 
3.3010!-00 ll20950 
9.6185!-10 380960 
4.!e7ot-os o20960 
7.9170!-09 390970 
8.311l1!-06 G20970 
1.3327!-08 390980 
•• 6303!-0& 420980 
3.7181l!-C8 G00990 
3.8289!-02 430990 
1.7791!-13 381000 
2.0569!-o7 G11001 
9.5133!-o1 381010 
9.91103!-07 o2101o 
4.6697%-12 391020 
9.77011!-oS 431020 
5.2612!-1" 391030 
8.6003!-o6 Ill 10 30 
4.11303!~04 381040 
4.1320!-08 4210&0 
3.6990!-06 45101l1 
3.3326!-10 411050 
1.6706!-03 151050 
6.5e87!-11 411060 
1.64CE! 00 451060 
6.8860!-17 1101070 
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1.5510!-12 300760 
3.0052!-07 340760 
1.0609!-10 310770 
3. 2895E-o5 340770 

. 1. 3898!- 13 3007 so 
2. 9523!!-06 31l0780 
1.0540!-09 320790 
3.0073!-07 350790 
1.2300!!-11 310800 
1.6710!-0 1 350800 
1.9724!-16 300810 
1.3749!-07 340810 
2. 61112!-0 7 36 0811 
9.7411E-o9 330820 
6.3227!!-05 350821 
3.2155!-12 320830 
4.1890!-o7 350830 
2.8193!-13 3208110 
3.3353!-05 350841 
6.0930!-09 340850 
2.8348!-01 360851 
1.4276E-o9 340860 
2. 2076! 00 370860 
3.9570!-13 330870 
1.8325!-04 370870 
1.8291!-14 330880 
5.7452!-04 370880 
6.7565!-10 350890 
3.3837!-01 390890 
2.4113!-08 360900 
5.9552! 00 390900 
5.8.22!-15 340910 
5.1796!-o6 3809 10 
5.9665! 00 340920 
3.5155!-07 380920 
2.1873!-11 360930 
a.S593E-o3 400930 
1.0186!-12 360940 
1. ll648!-011 4009110 
8.9624!-14 360950 
8.7553!-05 400950 
6. 7215! 00 350960 
2. 9875!-07 390960 
3.4243!-01 360970 
1.2698!-07 1100970 
8.1&62! 00 360980 
2.4359!-08 400980 
8.•204! oo 370990 
3.5265!-07 410990 
7.7161! 00 430991 
9.0013!-10 391000 
2.0655!-07 121000 
3.0619!•11 391010 
1.3371!-04 431010 
1.6007!-10 401020 
7.7560!-07 431021 
9.0585!-11 101030 
7.2873!-06 441030 
3.0398!-15 391040 
1.1161!-05 431040 
1.6341!-06 461040 
2.5378!-08 421050 
1.2097!-02 ll51051 
1.9960!-09 421060 
1.7135!-06 451061 
7.5691!-13 111070 

0.0:!.70 

3. 7362E- 10 310760 
7.0839!-05 280770 
2.4477!-09 320770 
1.3219!-02 3110771 
1. 7806!- 10 310780 
3.1016!-02 290790 
•• 7111!-08 330790 
1.0569!-06 350791 
6.1169!-10 320800 
8.5363!-11 350801 
5.1632!-13 310810 
5.1403!-06 340811 
4.4733!-14 300820 
7.6790!-08 330821 
7.5270!•08 360820 
2.8735!-09 330830 
8.8495!-05 360830 
5.9349!-10 330840 
2.1836!-07 36081&0 
3.741SE-07 310851 
3.4153!-04 370850 
3.0750!-07 350860 
2. 811 01!- 04 370 861 
2.3093!-10 340870 
2.8008! 00 380870 
8.5260!-12 310880 
6.1116!-05 380880 
1.0805E-07 360890 
1.7870! 00 39CS91 
2.1590!•06 370900 
1.5 7116!-03 390901 
1.3769!-11 350910 
3.2903!-03 390910 
1.0391!- 12 350920 
1.0336!-03 390920 
1.1765!-08 370930 
7.7224! 00 410930 
6.6873!-10 3709110 
7.8827! 00 41091&0 
2.2761!-10 370950 
8.0777!-01 410950 
3. 3960!- 15 360960 
1.8250!-05 100960 
6.2979!-13 370970 
8.8886!-03 410970 
1.0933!-13 370980 
4.5959!-06 1110980 
1.5306!-12 380990 
2.1925!-06 110991 
3.0573!-03 1&40990 
1.5778!-08 401000 
9. 2972! 00 431000 
6.6157!-09 1101010 
1.2991!-04 441010 
1.1042!-06 411020 
4.7430!-08 441020 
3.21&32!-08 1111030 
4.9576!-01 451030 
3.2622!-12 401040 
1.3597!-0il 11410110 
2.0901! 00 391050 
4.49511!-06 431050 
1. 3205!-06 461050 
4.0720!-07 431060 
2.1533!-05 G61060 
3.8460!-10 1121070 

2.8603!-09 
2.5181!-15 
3. 5040!-06 
1. 14SSE-11 
1.5910!-09 
5.0233!-11l 
6. 9355!-o7 
8.6937!-15 
5. 0550!-08 
8.5576!-10 
1. 4883E-1 0 
CJ. 2764E-o7 
7.07U!-11 
1. 995 9!:-08 
1.1859!:-02 
8. 6573!-08 
11.9335!-01 
3.0193!-08 
1.31192! 00 
1.3552E-o7 
1. 1448! 00 
e. 1343E-07 
1.3104!-09 
S.U637E-OS 
3. 5988!-o5 
8.5369!-09 
3. 9729! 00 
1.2873!-05 
8. 01&8 0!-13 
1. 0769!-o5 
1. 8361!"-oS 
3. 1751!-09 
s. 11185!-01 
1. 8674!-1 0 
1. 3567E-o3 
3. 479 3!-o7 
5.1599E-07 
8.5494!-08 
7. 9767!-06 
5. 6530!-o9 
II. 11858!-0 1 
3. 0776E•1 1 
s. 3253! 00 
1.5253!-10 
6.3811!-011 
2.8141!-11 
7.68110!-09 
2.1392!-09 
1.0115!-o6 
3. 0584!-0S 
9. 5961!-o7 
6.1029!-07 
2.81181!-07 
7.6418! 00 
3. 6380E-o7 
7. 51188! 00 
1. 331 9!-06 
1.0009!! 00 
1.6618!-oS 
s. 2094! 00 
1.9860'!-13 
'· 94111!-05 
3. 5655'! 00 
2. 713S!-o6 
1. 7637! 00 
1.06611!-07 



3 U31070 
3 U61071 
3 421080 
3 451081 
3 1&81080 
3 u 31090 
3 U61C90 
3 481090 
3 U41100 
3 U71100 
3 1121,0 
3 U61110 
3 CJ81110 
3 U1120 
3 U81120 
3 1151130 
3 I& 81 13 0 
3 421140 
3 U61140 
3 4 911 a 1 
3 UU1150 
3 471151 
3 CJ91151 
3 1151160 
3 481160 
3 1131170 
3 CJ71170 
3 491170 
3 441180 
3 1171181 

. 3 5 011 so 
3 4 81190 
3 501190 
3 461200 
3 4 91201 
3 a 71210 
3 501210 
3 461220 
3 491221 
3 5 21220 
3 U81230 
3 501231 
3 u61240 
3 50121l0 
3 471250 
3 501250 
3 521251 
3 4 91260 
3 521260 
3 501270. 
3 521271 
3 491280 
3 "521280 
3 4912 90 
3 521290 
3 5111291 
3 511300 
3 531301 
3 501310 
3 531310 
3 4 91320 
3 5 21320 
3 501330 
3 531330 
3 551330 
3 511341 

1.18U6E-06 UU1070 
1.5023!-10 U71070 
7.0337!-09 U31080 
1.4492E-07 U61080 
1.8730E-C8 U01090 
5.51118E-07 ll41090 
1.6060!-03 461091 
2.4114!-11 411100 
1.8521!-07 U51100 
3.6463E-Q7 U71101 
2.2812!-11 431110 
9.3088!-06 1161111 
2.4219!-01 481111 
1.49C6E-09 451120 
1.4638!-01 U21130 
2 • 1 3 6 3 E -o 9 u6 1 1 3 o 
1.3031!-03 1£81131 
2.4778!-14 431140 
2.8068!-07 U7~11l0 
9.9921E-07 5011«0 
1.6927!-10 451150 
9.0686!-09 481150 
2.8147!-05 501150 
3.9655!-10 U61160 
7.0216!-02 U91160 
1.2369!-15 41l1170 
5.5534!-08 471171 
2.4540!-06 491171 
3.1226!-11 U51180 
1.91lll8E-09 U81180 
7.0433!-02 U51190 
4.301EE-07 481191 
6.9051!-02 501191 
1.1781!-09 U71200 
2.3593!-09 501200 
1.9885!-09 U81210 

. 1. !~117E-04 501211 
Q.1885E-11 ll71220 
1.6574E-10 501220 
ll.4118E-Q3 U51230 
1.1287!-08 ll91230 
3.SE57E-06 511230 
7.8130!-13 471240 
1.0138E-Q1 5112UO 
1.1640!-11 U81250 
1.0727!-03 5012~1 
1.37E1E-03 461260 
4.4112!-09 501260 
5.8335E-Q3 U81270 
4.9585!-05 501271 
1.281l4E-02 531270 
1.0218E-C8 501280 
8.6138!-01 531280 
1.8565E-09 501290 
1.2351!-04 521291 
4.0854!-07 U81300 
2.3593!-05 511301 
7.9823!-07 541300 
1.7435!-06 511310 
6. 2 S 1 S E -<l 2 54 1 3 10 
2.6405!-11 501320 
3.5918!-02 531320 
6.4041!-09 511330 
1.3U83E-02 531331 
8.3773~ 00 491340 
S.U535!-08 521340 

178 

1.5695E-05 451070 
1.96U0~-07 401080 
1.2321!-07 441080 
1.3905! 00 471080 
8.9631!-15 411090 
9.2896!-07 U51090 
3.9181lE-06 471090 
3.2225E-13 421100 
3.6190!-07 451101 
8.U670E-03 481100 
1. 1318E-09 1141110 
2.1139!:-06 1171110 
7.8431!-09 421120 
1.6051!-08 461120 
1.11874!-13 CJ31130 
2. 5773E-07 1171130 
2.3174!-03 491130 
2.8631!-12 ll411110 
8.9354!-09 1181140 
8.6238!-06 ll21150 
6.0548!-09 461150 
3.4934!-04 481151 
2.7271E-03 431160 
1. 9400!-08 CJ71160 
1.4620!-08 491161 
2.3661!-12 1151170 
11.0197!-09 481170 
8.2155!-06 501170 
1.1688!-10 ll61180 
4.6163E-Q6 1191180 
1.41155!-11 461190 
1.4641lE-C7 491190 
4.7478!-011 4111200 
1.1182!-09 1181200 
7.0323!-02 1151210 
1.8967!-08 491210 
2.8898!-05 511210 
4.1005E-11 481220 
7. 6086!-02 511220 
1.05111!-15 1161230 
7. 11960!-0 9 11912 3i 
7.8561!-02 521230 
2.6203!-11 481240 
6. 5U8E-Q4 511241 
1.U31l2E-09 1191250 
1.2089!-06 511250 
6.0032!-15 471260 
2.1741!-01 511260 
2.4560!-10 491270 
7.7587!-07 511270 
4.207UE·01 471280 
S.3640E-05 511280 
1.6700E-06 Sll1280 
4.6322!-06 501291 
1.2879!-02 531290 
2.6008!-11 491300 
1.6142!-05 521300 
9.0834!-02 481310 
1.0289E-<l4 521310 
3.2103! 00 541311 
5.8260E-Q7 511320 
1.0749!-03 541320 
7.11111lE-06 521330 
5. 2107!-QS 541330 
1.1266!-13 501340 
3.6048!-011 5313U0 

8.1504!-05 461070 
3.5825!-13 ll11080 
1.1644!-05 1151080 
1.3540!-13 471081 
6.1l991E-12 1121090 
2.1l894E-06 451091 
6.9831!-01 471091 
5.4155!-10 431100 
2.7136!-09 461100 
2.9592E-01 411110 
7. 7 5 57E• 08 II 511 1 0 
4.6010!-03 U71111 
7.3184!-12 1131120 
2.6477!-04 471120 
3.3848!-11 441130 
4. 9252!- 05 Cl71 131 
9.9631lE-05 491131 
2.5179!·09 1151140 
1.9413!-01 491140 
5.9848!-16 431150 
7.0121!•08 471150 
6.6727!-04 491150 
2.2870E-14 441160 
1.2460!-07 471161 
2. 66 79E- 06 501160 
2.772CJE-10 461170 
9.4172!-06 481171 
7.0175!-02 501171 
3.1225!-09 471180 
7.6512!-09 4"91181 
1.27C6E-09 471190 
6.5873!-08 491191 
3.1105E-15 451200 
7.6211!-08 491200 
1.6866!-13 461210 
3.5338E-OS 491211 
6.7841!-02 451220 
7.7805!-09 491220 
11.7433!-05 511221 
2.3093!-12 471230 
2. 5423!- 08 501230 
4.8538!-05 521231 
2.0999!-08 491240 
1.0099!-10 521240 
3.0347!-09 491251 
1.1503!-01 521250 
1.1l733!-12 ~81260 
1.15~5!-04 511261 
3.1l252E-09 491271 
3. 11455!- 03 521270 
11.0989!-14 1181280 
~.6262!-05 511281 
2.2918!-02 481290 
1.7013!-06 511290 
1. 37110! 00 541290 
1. 2858!- 09 501300 
2.7233! 00 531300 
9.4994!-13 1191310 
1.1969E-O~ 521311 
1.0420!-03 1&81320 
7.3175!-06 511321 
8.1298! 00 491330 
7.9041!-05 521331 
8.1610!·02 541331 
5.2507!-10 511340 
6.2105!-04 5313111 

0017.1. 

2. 0387E 00 
2.6001!-11 
7.3137!-Q7 
1.0266!-08 
1. 5120E-09 
6. 9150E-07 
1.3117!-06 
2. 2183!-09 
4. II 740E-Q 1 
3.3956E-1CJ 
11.3306!-07 
I. 5 86 1E-07 
9.9598!-11 
4. 1370E-Q5 
3. 1067E-09 
1. 9167!-08 
2.65«5!-15 
2. 2881!-09 
4. 356 1E-1 1 
7.7322!-13 
1.660UE-06 
1. 9760E-Q2 
7. 267 5E-1 1 
8.0588!-09 
6.1 862E-02 
6. 0 84 6!-09 
6. 6 927!-06 
1. 088 2E-0 5 
3. 720 3E-09 
1. 7S80E-1 0 
8.3822!-09 
1. 2362!-Q6 
7.81l90!-13 
3.~010!-08 
6.6972!-11 
6.2326!-08 
9.7267!-15 
1. 5248E-Q8 
II. 5377!-10 
1.8114UE-10 
3. 9168!-03 
1. 3917!-05 
6. QS90E-09 
2. 6361!-03 
1.1455!.-08 
3.3062!-02 
2. ll632E-09 
5. 5375!-08 
6. 2370!-09 
3.1l536E-04 
1. 8273!-1 0 
1. 0 32 1!-05 
1. 9567!-, 
4. 6725!-0 4 
1. 226 3E-04 
7.173 SE-06 
1. 6468!-Qil 
2.6388!-10 
1. 11347!-03 
1. 01&5 7!-1 3 
7.2836!-06 
2.8744!-12 
2. 118 1E-Q4 
1. 0759E-03 
9. 3711 2!-08 
u. 5298!-06 



3 5 ll1340 
3 5613110 
3 531350 
3 551351 
3 511360 
3 541360 
3 511370 
: 551370 
3 521380 
3 551381 
3 521390 
3 561390 
3 51111100 
3 5 81!&00 
3 5511110 
3 5911110 
3 5511120 
~ 5 911&20 
3 51111130 
3 5811130 
3 5414110 
3 5811140 
3 5111050 
3 5 811150 
3 5 51460 
3 591460 
3 561070 
3 601 1170 
3 5611180 
3 601480 
3 561490 
3 601090 
3 5 61500 
3 601500 
3 5 81510 
3 621510 
3 581520 
3 611521 
3 6111520 
3 601530 
3 641530 
3 601500 
3 6315110 
3 601550 
3 641551 
3 601560 
3 64156 0 
3 611570 
3 591580 
3 631580 
3 611590 
3 651590 
3 631600 
3 601610 
3 641610 
3 621620 
3 6 51621 
3 641630 
3 631640 
3 621650 
3 661650 
3 6 71660 
3 681671 
3 6 81700 
3 6 81710 
3 6 91720 

1.0963! 01 51113111 
2. 5802!-01 ~01350 
11.0139E-Q3 511n5o 
9.2993!-06 561350 
2.1003!-10 521360 
1.7~19E 01551360 
3.8881!-11 521370 
8.711811! 00 561370 
4.5668E-Q9 531380 
1.38119!-06 561380 
2.2993!-10 531390 
7.8782!-04 571390 
9.8645!-07 551400 
8.6570! 00 5211110 
2.50113!-06 561410 
7.5008! 00 521420 
1.0368!-Q7 5611120 
5.3357!-0il 5911121 
ll.ll618!-10 551U30 
1.57C7E-02 591430 
2.6178E-10 551440 
2.71120! 00 591000 
2.615UE-11 5511150 
1.6292!-05 591U50 
6.1063!-11 5611160 
1.0615E-04 601460 
8.7390!-09 571470 
5 • 6 o 03 E-o 2 61 1 "1 o 
11.1158!-09 5711180 
2.4~78! 00 6111180 
7.3127!-11 571490 
2.15116E-Qil 611490 
1.0753!-11 571500 
1.1770! 00 611500 
3.2804!-09 591510 
8.8906!-02 631510 
1 .0130!-Q8 591520 
1.1285!-07 621520 
6.8938!-05 571530 
5.1837!-07 611530 
8.3513E-Q5 5715110 
2.8006!-03 611540 
2.5110!-01 6415110 
11.1270!-08 611550 
1.70E3E-15 641550 
3.3711!-08 511560 
3.7373!-01 581570 
5.9991!-08 621570 
4.6101!-14 601580 
2.5916!•06 641580 
2.7851!-10 621590 
1.6195!-02 601600 
1.1747!-08 61l1600 
6-7~31!-15 611610 
2.5769!-08 651610 
1.0112!-10 631620 
1.281l5!-08 661620 
1.9u64E-OS 651630 
2.84211!-12 641640 
2.7U85!-15 631650 
11.11003!-07 661651 
1.0518!-06 671661 
7.1131l3E-13 681680 
7.2979!-11 691700 
1.0006!-15 691710 
1.8929!-12 701720 

179 

4.1781E-10 551340 9.0160E-01 5513U1 
2.0168~-11 511350 7.7975!-09 521350 
1. 1352!;-Q3 541351. 3.3206!-05 551350 
1.62511?:-03 561351 S.3988E-07 501360 
8.3129:1-07 531360 6.5986!-06 531361 
11.91112!-03 561360 1.2208!-01 561361 
3.9357!-08 531370 1.8820!-06 51l1370 
2.U623!-Q1 561371 1.31116E-06 511380 
2. 11077!;-07 5111380 1. 2359E- 011 551380 
9. 2355! 00 571380 11.1251!- OS 511390 
3.9793£-08 5111390 11.115115E·06 551390 
8.71187! 00 521400 5.0203!-11 5311100 
8.7980£-06 561400 1.7011E-01 5711100 
7.1596E-13 531410 3.011811!•10 5111410 
1.5758.!-cll 5711110 2.011116!-03 5811l10 
1.6122!-13 5311120 2.2084!-11 51111&20 
8.7000!-05 571420 7.7260!-011 581420 
1. 38741!-06 6011120 1. 7667!-01 5311130 
ll.9994E-08 5611130 1.6010!-06 571U30 
1.5254E-01 6011130 5.2719E 00 531440 
8.8721~-09 561440 9.6600!-07 5714110 
1.1683!-Du 5911141 5.7938E-07 6011140 
1.22U9!-Q9 5611150 2.8211!-07 571450 
1.91195!..03 6011150 1&.63119! 00 51111160 
3.7235E-t8 5711160 11.5705!-07 5811&60 
11.6898! 00 541470 11.3382!~14 551470 
2.6973!-Q7 581470 3.9563!-06 591470 
9.5433!-01 621470 3.6616!-01 5511180 
1. 3239!-08 581480 1. 7899!-06 591ll80 
1.1788!-02 611481 9.1634!-03 6211l80 
7.3203!-Q9 581490 2.3266!-08 5911190 
1.06911!-02 6211190 1.11261!-02 551500 
3.2003!-10 581500 1.0892!-08 591500 
7.7007!-06 621500 2.1062! 00 571510 
4.9841!-08 601510 . 1.3765!-05 611510 
5. 6755!-05 561520 1. 1999!- 14 571520 
4.6157!-08 601520 8.9341!-06 611520 
8.7678!..01 631520 2.0623!-04 631521 
3.1954!-13 581530 2.1842!-10 591530 
2.8294!-06 621530 7.5265!-03 631530 
5.92U3!-15 581540 5.2593!-11 591540 
8.6254!•07 611541 9.2667!-08 6215110 
1.11810!-Q2 581550 1.1928!-12 591550 
1.1692!-07 621550 5.0308!-06 631550 
4.7183!-04 581560 1.832SE-13 591560 
2.3663!·08 621560 8.1605!-05 631560 
11.111511!-15 591570 1.6392!-12 601570 
7.69114!-67 631570 1.1&282!-011 641570 
1.91109!-10 611580 1.0976!-09 621580 
1.1646!-01 591590 2.1320!-15 601590 
6.7521!-QS 631590 5.4790E-07.61l1590 
3.7316!-13 611600 1.0669!-11 621600 
7.81131!-03 651600 5.6052!-04 661600 
1.11684!-12 621610 5.2787!-10 631610 
8.2590!-D5 661610 2.48113!-03 611620 
7.7770!-09 6111620 3.1650!-08 651620 
2.2528!-Q3 621630 1.4536!-12 631630 
2.6520!-08 661630 1.7609!-03 6216110 
1.0696!-08 651640 1.8391!-09 6616110 
5.1464!•13 641650 2.7369!-10 651650 
1.6291!..09 671650 8.5227!-011 661660 
a. 11992!..06 681660 2. 6942!-04 681670 
11.8173!-05 681690 2.1628!-08 691690 
5.011111!-<18 691701 2.3900!-21 701700 
u.58211!-Q;9 701710 2.11936!-09 681720 
1. 9125!-tO 0 O. 0 0 

CD17~ 

5. 1823!-Q5 
1. 4645!-06 
2. 2139E 00 
2.5286!-12 
2. 11180E-06 
2. 2035!-1 0 
3. 603 2!-0 5 
2.2350!-12 
3.1294E-011 
2.1770!-1 3 
8.6491!-Q5 
3.9505E-Q9 
2.3106!-02 
11.3776!-08 
II. 120SE-01 
1. 0 646!-08 
7. 9295E 00 
2.11586!-12 
1.1033!-011 
8. 1179!-111 
II. 61111!-06 
6. u 1 liSE 0 0 
2. Q 311 8!-06 
1 • 7 ll 0 OE-1 2 
6.2029!-Q5 
2.9660!-11 
u.1850E-05 
6.95116!-13 
6.11102!-06 
1.0976! 00 
11.5262!-06 
11.0113 9E-1 6 
2.7585!-07 
6.0045!-11 
1.8916E-Q3 
2.1879!-12 
3. 2731!-06 
2. 881 IIE-07 
1.372S!-Q8 
7.1150!-01 
5.6128E-10 
2.11169!-01 
1.6191!-10 
8.9467I-Q2 
8.1866!-12 
2.1l300E-02 
6. 7296!-1 0 
5. 2835!-04 
2.3173!-06 
3.3690!-12 
II. 2679!-05 
5.2568!-08 
1.1513!-03 
u. 1930E-o9 
2. 099 2!-14 
2.31113!-08 
9.8525!-11 
2.0539!-13 
2. 6509E-Q4 
1.1164 2!-10 
9.3008!-07 
1.8090!-05 
3.076UE-Q7 
II. 8200!-08 
2.3225!-18 
o.o 



ISO 

0 3.300COE 04 3. 211 1HE 14 3. 75! 01 
1 10010 3.0541E 00 10020 4. 5820E-Qil 50100 3.81135!-03 50110 1. 537 4E-0 2 
1 60120 1&.0653! 00 60130 4.5631E-Q2 70 1 uo 3. 93 68! 00 70150 1. UU6 2!-02 
1 80160 1.3985! 01 80170 5. 3271E-0 3 80180 2. 8598!- 02 130270 3. 063 OE 00 
1 140280 5.8E11E OC 140290 2. 9677!-01 1403 00 1. 9700!-0 1 150 310 a. 867 3E oo 
1 160320 11.1250!-01 160330 3. 2559!•03 1603U0 1.8289!-02 160360 7. 3SOOE-05 
1 2201160 1 .au su::-o 1 2201170 1. 6692!-0 1 "22011 80 1.6512! 00 2201190 1.2099E-01 
1 220500 1 • Hso:: -o 1 230500 2.30UOE-04 230510 9.1931!-02 240500 U.9675E 00 
1 240520 9.5684! 01 21&0530 1.0849! 01 240540 2.6950! 00 250550 6. 072 OE 00 
1 260540 1. 38118E 01 260560 2.1869! 02 260570 5.1245! 00 260580 6.9121!-o1 
1 270590 1. 2 81 SE 00 280580 1.1646! 02 280600 4.u524E 01 280610 1. 9277"E 00 
1 280620 6.121&2! 00 280640 1. S524E 00 2906"30 1.9036!-01 2906SO 8.4727!-02 
1 4 00900 1.2 976! 03 400910 2.8220! 02 400920 4.3086! 02 U009U0 "· 3811 2! 02 
1 1&00960 7.0551! 01 4109 30 7.61128! 00 420920 5. 91 SSE- 01 420940 3. 7190!-01 
1 4 20950 6. 3~83!-01 420960 6.6783!-01 1120970 3.8390!-01 420980 9.6375!-01 
1 421000 3.8390!-01 4810EO 6.7886!-06 481080 4.6476!-06 481100 6. 5275!-05 
1 u 811 10 6.6842!-05 1181120 1. 2590 E-G II 118113 0 6. 3 7 09 E- 0 5 u 8 , u 0 1. 498 7!-0 4 
1 481160 3. 9165!-05 so 1120 3.1654!-01 501140 2. 1 2 OS!- 0 1 SO 1 1 50 1.2029!•01 
1 5 0116 0 ll.6531E 00 so 1170 2.US32E 00 501180 7.6919! 00 501190 2. 7222! 00 
1 501200 1.025EE 01 S01220 1.1&561! 00 501240 1.7726! 00 721740 1. 61126E-o4 
1 721760 5.3385!-03 721770 1. 90 95E-02 7217 80 2.7822!-02 721790 1.4106E-02 
1 721800 3. 6 137!-02 741800 3. 5063!-G 5 741820 7.0935!-03 741830 3. 856 9E-03 
1 741840 8 .2722!-03 741860 7. 7 138E-Q 3 0 o. 0 0 o.o 
2 922340 1.1 227!-08 922350 1.ll969E-06 922380 1. 9599!-0il 0 o.o 
0 o.o 0.0 o. 0 
1 10010 3.1337! 00 10020 2. 9788E·03 10030 2.5023E-09 10 0 uo 1.6527E-18 
1 20030 1.9718!-11 200110 2. 9 29SE-0 2 20060 S.ll228E- 17 30060 8.8C57E-10 
1 30070 3. 791l2E-03 30080 s. 1206!-15 1&0090 3. 2088E- OS 40100 9.9612!-08 
1 40110 E • .2S03E-20 50100 4. 8576!-05 50110 1. 7591!-02 50120 1.0250!-16 
1 60120 5. 7596! 00 60130 6. 5569!-02 6~1 llO 1.5286!-02 60150 1. 700 5!-1 5 
1 701110 6.3790! 00 70150 2.1l082!-02 70160 2.9168!-111 80160 1. 398 liE 01 
1 80170 S.3301E-03 80180 2. 8598!-02 80190 1. 3908!- 11& 90190 2.1655!-08 
1 90200 1.Sil87E-19 100200 3. 0672!-13 100210 8. 7198E·13 100220 1. 53UIIE-1 1 
1 100230 1. 9E47!- 18 110230 1. 1 885!-1 2 110240 1.8154!-09 11021&1 4. 6198!-25 
1 110250 4.7529!-18 12021l0 1.5166!-06 120250 2.4406!:-06 120260 1.0728!-06 , 120270 9.1390!·11 120280 1. 2928!-1 7 1302 70 3.0613! 00 130280 u. 870 1E-09 
1 1 3 0290 3. 93 86E-1 2 130300 3.5797!·17 1U0280 1.4589! 01 140290 7 ·" 01 4!-01 
1 11l0300 4.90USE-01 11&0310 5. 1681!·08 140320 4.5137E-11 150310 9.2501! 00 
1 150320 9.2134!-05 150330 6.4859!-10 150340 2.1045!-15 160320 6.5162E-o1 
1 160330 5. 5245!-03 160340 2. S757E-02 1603 50 1.3093!-06 160 360 1. 160 5!-04 
1 160370 1.3712!·13 170 350 6. 5167E-o6 1703 6 0 2.6088!-07 170370 2. 2076E-08 
1 170380 1. 0576!-1 5 170381 4.0428!-21 180360 3.9580!-13 180 370 2. 333 SE-1 6 
1 1 80380 1 .021l3E-1 1 180390 11.3317!-15 180U00 3. 01 17E- 13 180410 2.8043!-18 
1 180420 1. 3231!-21 190390 6.3876!-1 8 1904 00 s. 6934!-21 190410 9. 541l 6!-1 5 
1 , 90 420 3.1909!-19 190430 4.3607!-16 1904 40 1.2575!-18 200 ll20 1. 3288E-16 
1 2001130 9.2832!-08 2001&40 7.0165!-G7 2004 50 4.2321!-09 200460 8. 3108E-08 
1 200U70 1 .3871!-12 21 ou 50 1.0153::-oa 210460 2. 7963!- 07 210461 8.4915E-17 
1 2101170 1.8006 E-08 210480 9.1376!-10 2101l90 1.9872!-11 210500 1. 0175!·1" 
1 220460 1. 81159!-01 220470 1.6646!-01 2204 80 1.6247! 00 220 ll90 1. U761!-o1 , 220500 1.1715!-01 220510 3.6133!-10 230500 2. 7075!-04 230 510 2. 2503E-o 1 
1 230520 1 .6301!-08 230530 1.S575!-12 230540 9. 94 73 E- 15 240 500 9.0572! 00 
1 21l0510 7.376SE-o3 2110520 1. 7653! 02 2U0530 2. 039SE 01 2110540 5. 3566! 00 
1 2"0550 9.9121!-09 2505UO 2.1&018!-04 250550 1.5600! 01 250560 3.11225!-05 
1 250570 3.203.7!-1~ 250580 6.2927!-15 260540 3.2817! 01 260550 "· 0754!-02 
1 2 60560 5.1814! 02 260570 1.3220! 01 260580 1.6908! 00 260590 1. 3650!-011 
1 270580 3.7678!·03 270590 1.53110! 00 270600 1.11138!-01 270 601 9. 5697E-07 
1 2 70610 9.5336!-08 270620 8.9163!-13 280580 1.4289! 02 280 590 1.1590! 00 
1 2 80600 5.5072! 01 280610 2. 6364! 00 280620 7. U223E 00 280630 1.6996!-01 
1 280640 1. 9236! 00 280650 1.0238!-06 280660 2.2900!-10 290 630 1. 897:3I-o1 , 290640 2.1 QiOE-06 290650 8.9347!-02 290660 3.2795!-09 290670 u.6290E-12 
1 3 006110 7.8756!-04 300650 4.8477!-07 300660 4.7085!-04 300670 "· 777 3!-07 , 300680 3.9843!-09 300690 1. 2126!-15 300691 1.1806!-15 310690 3. 9892!-12 
1 310700 1.4255!-18 310710 1.1720!-17 310720 ~ 7220!-22 32C700 1. OH 1!-1 u 
1 3 20710 1. 6056!- 18 320720 4. 7U97!-20 320730 1. 7767!-23 380870 3. 2486!-06 
1 380880 3. 0864!-01& 380890 2.2,35!-06 380900 1.2470!-0S 380910 3. 3878!-09 
1 380930 1.5337!-13 390890 2.1039::-os 390891 8.0922!·18 390900 ". 3 64 7!-06 
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1 3 90901 1.2068!-111 390910 6.11853!-06 3909 20 1. U251E- 08 390930 1.2393!-11 
1 390940 8.1223!-11 3909EO 6.2594'1!-14 1100890 a. a11 13!-11 400900 1. 2969E 03 , II 00910 2.8114! 02 400920 4.321lE 02 400930 5.1l263E-01 4009110 11. 3823E 02 
1 Cl 00950 2.3800!-02 1100 96 0 7.0259!! 01 1100970 3.9219!-04 410920 5. 4692!-08 
1 1110930 7.5483! 00 1110931 2. 5750!-07 1&109110 7.2801!-02 1&10950 1.3273!-02 
1 I& 10951 9.6246!-06 1110960 5. 2007!-07 1110970 2.7886E-05 1110971 3. 6600!-07 
1 1110980 3.6771!-16 1111000 1.5571!!-17 1120920 5. 9160E-01 1120931 4.1130E-Q9 , "20930 2.1169 1?:-011 112 09" 0 3. 7151l!-01 Cl20950 7. 3227!-01 420960 7.26311E-Q1 
1 112C9i0 6.7790!-01 1120980 9. 6718E-Q1 ij20990 2. 9733 !-OS 1121000 3. a 2SOE-O 1 
1 1121010 2. 71 56E-08 ll309 90 6. 252t!-0 II 431000 11.9255!-11 431010 2.637SE-08 
1 IIU0990 2.3282!-09 114 1000 7. 25 66!,-0 s ""10 10 1. 35 11!-03 llll1020 u.9622E-05 
1 1&41030 2.054SE-08 4410110 II. 075•E-10 11111050 9.3119E-16 441060 1.11125!-18 
1 11510 :o 6.9152!-09 11510110 6.3300!-15 11510111 2.7968E-15 1151050 6. 73711E-15 
1 1151051 7.31123!!-19 1&510 60 1. 1 192!:'-19 1151061 1.3631!-17 461040 1.6811E-09 
1 II 610 50 5. 7SS6E-12 1161060 1.4367!-13 116 10 70 3. II 8 76E- 15 1161071 1.18SSE-23 
1 1161080 2.2306E-1 1 1161090 11.2S2.3E-15 1161091 1&.0384!- 19 461100 8.1S99E-16 , 11611 10 1. 6S79E-22 116, 11 3.58113!-22 471070 , • 26 ,.11!-08 1171080 6. 10S8E-1S 
1 1171081 E.57711!:..11 ll71090 1.06~!:-12 1171091 3.11731!-18 Cl71 100 5.5678E-19 

.1 II 71101 9.3689!-15 1171110 II. 6 956!-17 1171111 2.35119!-21 471120 9.99S7E-22 , 1181060 6. 77119!-06 118 10 70 7.0712!-12 1181080 4. 61 98E- 06 1181090 1. 021l9E-08 , ll81100 6., 929!-05 1181110 6. 4721\!-05 liS 111 1 1. 5569!- 12 1181120 1. 2 e5 3E-OII 
1 1181130 6.~~84!-08 11811 QO 2.227'7E-04 118,, so , • 113 92!-08 !181151 2. ll28 1!-08 

. 1 li811EO 3. soen-o5 1181,70 2.3003!-11 1&811 71 9.6041!-13 1181190 s. 30 111!-15 
1 1181210 3.6303!-17 491130 1.1&7112!-03 ll911110 6.6661 E-10 491 11l1 1.6218E-05 
1 u 91150 7.0078!-Q8 1191160 1. 0 382!'-13 1191161 9.3900!- 12 491170 1. 295 9!-11 
1 1191171 1.6203!-11 1191180 6. 1881!'-1:S 1191190 1. 311 10E- 13 1191191 1.0152!-lll 
1 I& 91200 1.2013!-22 1191201 1.2500E-23 1191210 6.5118!-17 501120 3.1093!-Q1 
1 501130 8.0674!-011 501131 4.1&967!-08 S01140 2.1210!-01 5011 so 1. 0832!-0 1 
1 501160 11.5979!! 00 501170 2.1l757! 00 501171 7. 97711!-04 501180 7. 6633! 00 
1 S01190 2.7630! 00 S01191 1.2ll3fl!!-02 501200 1. 0261! 01 501210 3. 0179E-OS 
1 S0121 1 8.0987!-05 501220 1. 1&5117! 00 501230 3. 3211!- 011 501231 2.8562!-10. 
1 5012110 1.7~61! 00 501250 1.6821!-04 S012 51 9.2CJ77!-08 511210 1. 3182!-02 
1 511220 9.19114!-06 511221 8. 731&51-1 1 511230 1.0740!-03 S11240 a. 6SS6E-06 
1 s 112111 5.2181!-13 511250 1. 236U-Q2 511260 ll. 95 10 E-06 511261 s. 0769!-10 
1 S21220 8.5891!-QII 521230 9.117893-06 521231 2. 71 SSE- 06 S212UO I&. 125 E!-05 
1 S21250 3.67S0!-03 521251 1. 118 116!.-0 II S21260 1.1&979!- 04 521270 1. 2'193!-09 

·1 521271 2.1Qi4E-08 521280 1.2513-09 521290 3.3367E-16 521291 5. 8ll9 2E-1 5 
1 521300 7.7391!-18 521310 2.3033!:-25 521311 1.1645E-211 531270 S. 3432E-Q7 
1 S31280 2.1182!-12 S31290 7. 1909!-13 531300 8.115 60!-17 531301 II. 1303!-19 
1 S31310 1.96611!-19 S31320 2. 8762!-25 Sll1280 1. 118 28E- 08 5•n290 11.8822!-11 
, Sll1291- 2.61l09E-13 Sll1300 1. 69 27E-12 5111310 3. 6 3 211 !- 15 5111311 u.S382E-17 
1 5111320 3.11009!-16 511133C a. 8353!'•21 SU1331 1.1139!-22 Sll13110 s. S263E-22 
1 S51330 9.0690E-20 5S1340 2.11316!-21 5513111 5.60641':-25 5S1350 9. 118 3!-23 
1 551360 1.50113!-25 561340 1.559U-.22 S61350 1. 1 0 liSE- 25 561360 1. 700 SE-2S 
, 681690 5.S527E-21 681700 1. 72581-23 681710 a. 2571E- 2• 691690 7.911UU:-20 
1 6 91700 1.2800E-2u 691710 3. 75041-2, 691720 ll.1&038!-111 691730 6.2SOSE-15 
1 701700 1.1718!-20 701710 9.2U73Z-22 701720 5.0142!-12 701730 li.OS68E-12 
1 7 017110 3.2223!-13 701750 3.6231!'-16 701751 "· 71148!-23 7117SO 6. 7389!-0S 
1 711760 2.2Uil6!•06 711761 e. 2128!:-09 111110 1.3648!-07 711771 6. 982 8!-09 
1 7217110 6.501 S!-G5 721750 8.S700E-06 721760 3. 3442!~ 03 721770 1. 223 eE-03 
1 721780 1.5383!-02 721781 6.11073!-13 721790 3.114117!-02 721791 u. 822 E!-09 
1 721800 11.61911!-02 721801 5.0976!-08 721810 1.7206!-011 721820 1. 048 3!-GS 
1731810 1.ll188!-03 731820 3.1667!-05 731821 7.2670!-12 731830 II. 9837E-06 
1 71l1800. 3.0981!-0S 741810 8.511931'-Q7 741820 li.9061E-03 741831 s. 56211!-13 
, 7111830 5.31112!-03 711181&0 9. 2080E'-O 3 711 18 50 1.4472!-05 741851 2. 5802!-1 3 
1 71&1860 5.391&2!-03 71& 1870 3.63111!-06 7111880 8. 6352E-07 741890 3.1795!-23 
1 7 51850 5.1026!-05 751860 4.7272!-07 751870 1.9569E-03 751880 e. S9611E-o7 
1 7S1 881 1.S282E-08 751890 7.06631-12 761860 3.1907!-05 761870 2.3702!:-1" 
1 761880 ~.ll861E-OII 761890 1. oo5n-o5 761900 1.3512!-06 761901 7.36901:-16 
1 761910 1.U890!-Q9 7619 11 •• 1069!'-11 761920 9.7388!-11 761930 1.6716!-1S 
1 7 619110 7.1l245!-16 7'7191 0 5.9877!-09 771920 1.6890!-09 771921 1. 791lU-12 
1 771930 S. 67C6E- 10 771940 8.6277!-13 7719111 2.1103E-20 781920 1. 9205!-G9 
1 781930 2.141 1!-1 1 7819 31 1.91571-13 781940. 8.4218!-11 7819SO 11.7339!-111 
1 7819S1 1. 7781!-1 6 781960 1.3928~-15 781970 1.2590!-20 781971 6. 31 95!-23 
1 791970 7.73611!!-19 791980 3.S769!-21 791990 1.1758!- 21 801980 6. 0889!-20 
, 801990 1. 2727!-20 802000 11.0735~-21 802010 3.8660!-23 802020 1. 1229!-25 
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2 200 uo 
2 a22C80 
2 a 22120 
2 a32130 
2 a 82230 
2 a922~0 
2 902280 
2 902320 
2 912320 
2 9 12350 
2 9 22330 
2 922370 
2 9221110 
2 932370 
~ 9321l00 
2 91l2380 
2 9421l20 
2 91l21l60 
2 9 521121 
2 9 521lll0 
2 9 62U20 
2 9621l60 
2 962500 
2 9821190 
2 9 82530 
2 9 9251l0 
3 10030 
3 110100 
3300670 
3 270720 
3 310720 
3 2 90730 
3 320731 
3 3 007110 
3 280750 
3 3 20750 
3 290760 
3 3 30760 
3 3 00770 
3 3 30770 
3 290780 
3 330780 
3 310790 
3 31&0791 
3 300800 
3 31l0800 
3 290810 
3 330810 
3 360810 
3 3 20820 
3 350820 
3 310830 
3 31l083 1 
3 3108110 
3 3 5C8110 
3 3 30850 
3 3 60850 
3 330860 
3 360860 
3 3 20870 
3 360870 
3 320880 
3 3 60880 
3 340890 
3 380890 
3 350900 

2.S004E-09 812080 
8.27112E-1a a22090 
2.1l51l7E-20 832090 
3.61l19E-25 8112100 
2.092EE-22 882240 
1.14a8E-22 892270 
3.8423!-17 902290 
7.4281!-15 902330 
11.0888!-17 912330 
1.6154E-21l 922300 
5.8041!-11& 92231l0 
7.3198E-10 922380 
3.8370E-2U 932350 
3.1980!-08 932380 
4.3931E-13 932410 
1.1706!-08 942390 
9.9908!-0a 9U21l30 
1.1l11SE-18 952390 
8.1l755E-11 9521l20 
7.2490E-13 5521150 
2.6016!-09 962430 
1.921l6E-11 9621&70 
9.1l031E-211 972119 0 
1.7031l!-18 982500 
1.6782!-21 982540 
3.0312E-23 992550 
5.6245!-10 30060 
3.2188!-13 601110 
3.2123!-19 300680 
7.9339E-22 280720 
1.4054E-11l 320720 
1.17114!-18 300730 
2.6798!-19 27071l0 
7.9871!-17 31071&0 
4.1237!-21 290750 
9.0331!-15 320751 

-5.2625E-20 30076o 
8.7863!-15 340760 
3.21129E-18 310770 
1.0527!-12 31l0770 
4.7353!-21 300780 
9.9210!-14 3110780 
3.3437!-17 320790 
9.8379!-15 350790 
~.9985!-19 3108~0 
~.9161!-09 350800 
8.2123!-24 300810 
11.'2325!-15 3110810 
1.0899!-111 360811 
2.5572!-16 330820 
1.5831!-12 350821 
1.01137!-19 320830 
1.1898!-111 350830 
1.1297!-20 320840 
9.2607!-13 3508111 
1.1l991E-16 31l0850 
5.601l2!-G9 360851 
3.39111!-17 3110860 
4.1453!-0E 370860 
1.1071lE-20 330870 
11.7259!-12 370870 
7.11832!-22 330880 
1.117411!-11 370880 
1.9311!-17 350890 
8.1723!-09 390890 
11.7803!-16 360900 
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4.21&18!-23 822060 
1. 5819 E-24 8221 00 
1.7412!-21 832100 
~2617!-21& 862200 
2.0266!-19 882250 
1.62114!-1 9 892280 
9.8699!-18 902300 
~631&2!-20 902Jil0 
1.0570!-15 9123111 
6.8228!-211 922310 
7.2021!-09 922350 
1. 9147!-G4 9223 90 
3.6908!-17 932361 
1.0349!-10 932390 
3.6835!-21 942360 
9.2527!-07 942~00 
2.8678!-11 942440 
2.3183!-20 952400 
2.0789!-11 9521l30 
3.4891&!-17 952460 
6.2981!-11 962440 
8.1010!-11& 9621&80 
1.9930!-17 972500 
4.4469!-18 982S10 
1.8133!-22 992530 
1.6138!-24 162500 
8.11970!-13 30070 
4.5488!-14 290660 
4.3732!-21 310690 
2.9027E-19 290720 
1.1581!-11 270730 
1.1235!-17 310730 
4.2855!-23 280740 
4.110114!-16 320740 
2.6482!-19 300750 
4.1446!-18 330750 
1. 1725!-17 310760 
1.9083!-12 280770 
7.5177!-17 320770 
3.2107!-1 c 340771 
4.9634!-18 310780 
7.9005!-10 290790 
1.5657!-15 330790 
2.6062!-14 350791 
1.6504!-17 320800 
3.5362!-18 350801 
1.8U58E-20 310810 
1.6020!-13 340811 
1. 90 23!-2 1 3008 20-. 
2.1073!-15 330821 
1. 8078!-1 5 360820 
7.4051!-17 330830 
2.6037!-12 360830 
2. 0258!-17 330840 
9.0799!-15 360840 
9.5226!-15 340851 
9.2199!-12 370850 
7.3283E-15 350860 
5.7319!-12 370861 
4.6136!-18 340870 
5.1998!-08 380870 
2.8646!-19 3110880 
1. 5755!-12 380880 
2.3314!-15 360890 
8.4827!-08 390891 
5.2841!-14 370900 

1.8110!-24 822070 
2.6660!-22 822110 
1. 6581lE- 25 832120 
3. 5635!- 23 862220 
1.7770!-22 882260 
8.4226!-23 902270 
11.6608!-14 902310 
2.8298!-15 912310 
9. 59 13E- 20 912340 
3.2608!-21 922320 
1&.3185!-07 922360 
1.2541&!-10 9221&00 
6. 15 SSE- 16 932 360 
1.8050!-08 932401 
9.8776!-15 942370 
3.6705!-07 942410 
7.1168!-12 942450 
1.0020!-17 952410 
1.9003!-08 952441 
2.2585!-21 962410 
4.1088!-09 962450 
3.1564!-15 962490 
2.2064E-20 972510 
4.5952E-19 982520 
1.2892!-21 992541 
2.6051!-16 0 
1.5792!-14 40090 
11.9786!-23 300660 
5. 6061l!- 211 310710 
1.4012!-18 300720 
2.1&784!-22 280730 
8.8762!-15 320730 
3. 6979!- 20 2907110 
ll.0436E-11 270750 
1.3149!-17 310750 
7.7612!-11 280760 
9.2767!-17 320760 
1.0271!-22 290770 
1.1425!-13 320771 
3.6155!-19 280780 
4.4741!-17 320780 
2.0719!-21 300790 
.2. 268SE- 111 3110790 
3.8641!-22 290800 
1.4827!-15 330800 
3.6684!-17 360800 
4.2853!-18 320810 
1.2017E-11l 350810 
2.6983!-21 310820 
5.8147!-16 340820 
2.7836!•10 300830 
2.2077!-15 3110830 
1.0872!-08 360831 
8.1840!-16 3408110 
2.7108!-08 320850 
3.11895!-15 350850 
2.2090!-08 320860 
2.0970!-111 350861 
3.4075!-17 380860 
2.1796!-15 350870 
9.7469!-13 380871 
2.2654!-16 350880 
7. 31 JOE- OS 330890 
3.1679!-13 370890 
3.4605!-20 340900 
2.6725!-13 370901 

001.75 

3.6507!:-21 
4. 588 2!-25 
2.3285!-21 
3. 761 5E-21l 
s. 7 429!-19 
3. 517 4!-22 
5.21161!-17 
1. 007 8!-1 ll 
2.132CIE-1 9 
a. oo75E-15 
1. 7465!-07 
1. 2909!-1 4 
s. 7292!-1 5 
1.176 1E-1 ll 
4. 1288!-15 
2. 48118!-07 
1.7868!-16 
6. 361 IIE-09 
5.928SE-13 
1. 351&0!-1 9 
2.5732!-11 
2. 6653!-20 
3.1l03 7!-24 
6.0892!-19 
1. 3796!-211 
o.o 
5.3640!-14 
9.060CE-18 
3. 8311 0!-1 6 
4.6186!-11& 
4.0400!-20 
2.0944!-11 
2.0645!-19 
11.2217E-2U 
2.0419!-16 
1.5255!-21 
1. 642 1!-10 
3. 302 2E-2 0 
3.2221lE-16 
1. 604 7!-23 
9.1768!-111 
6.5657:::-19 
1. 8380E-09 
1.3007E-22 
1. 4290!-15 
1.0938!-13 
6.9267!-16 
6.2046!-09 
3.7326!-19 
8.9360E-Q9 
1.6220!-22 
1.6605!-13 
1.9972!-12 
9.1211SE-11l 
8.11030!-19 
9. 697 2E-1 4 
1.8233!-19 
1.7167E-15 
8. 1930!-1 1 
4.8515!-11l 
1.6008!-16 
1.3669!-111 
3.3286!-20 
1.6895!-12 
7.0472!-18 
1.2158!-13 
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3 3 80900 1. 0873!-07 390900 2. a7 1&!-11 390901 7. 0515!-16 1100900 3. 237 C:E-09 
3 1£00901 2.2 611 7!-2 2 31£0910 u.uae7E-19 350910 7.2756!- 17 360910 1.0676E-11l 
3 370910 1.3550!-13 3a09, 0 8.8063!-11 390910 1.3030!-08 390911 "· 11615!-1 2 
3 1100910 1.1098!-07 31l0920 II.U122-2C 350920 6.a528E-18 360920 1. 2632!-15 
3 370920 9.US91lE-15 3a 09 20 2. 90 86!-11 3 9092 0 3. a 2 145 E-1 1 1100920 1.11007E-07 
3 350930 7.1534!-19 3609 30 3.114111!-16 :70930 9.6261!-15 380930 1.6203!-12 
3 390930 1.3530!-10 11009 30 1. 653SE-07 11109 30 1. 2 I& 15E- 1fl 1&10931 a. 1 OS 3!-1 I& 
3 35091l0 3.!:772E-2C 360940 1.60117!-17 3709 40 2. 11563E-15 3809CJO 2.623a!-13 
3 39091£0 11.11684!-12 11009110 1. 7375!-07 II 1 0914 0 3.39 09!-13 14109111 1.8305!-18 
3 350950 3.8595!-21 360950 8.9241!-18 370950 1.5933!-16 380950 8.u326E-114 
3 3 90950 2.7501!-12 400950 2. 11212!-08 4109 50 1. 3067!-08 410951 9.9162!:-12 
3 1120950 1.11779!-07 350960 1. 1£7311!-22 360960 1.1902!-18 370960 3.11125!-17 
3 380960 9.03a5E-15 390960 5.7700!'-13 400960 1.9603E-07 410960 a.8016I-13 
3 112 C9 60 6.71185!-09 360970 2. 7166E-20 370970 5.1271lE-18 3a0970 2. IU52!-16 
3 390970 11.0717!-15 400970 2. 9399!:-10 ll:1 0970 2.1146!-11 410971 2. 7509E-13 
3 1120970 2.0117!-07 360980 4. 7 291:!-21 370980 1.0687E-18 3809a0 4.29U5E-16 
3 390980 7.8059!-16 II009aO 1. 51133!.-13 "109 eo 3.0658!- 16 410981 1.5578E-11 
3 II 20980 ~.12116!-07 370990 6.1023!:-20 380990 8.58711!-17 390990 1.2117!-15 
3 400990 1.1877!-111 ll10990 7.42a3E-111 1410991 3.8499!-14 420990 1.3020!-09 
3 II 3C990 2.0090!-Q7 ll30991 1.0396!-10 114 09 90 6.8569!-13 371000 7. 6581!-21 
3 381000 3.3856E-17 391000 5. 2073:!-16 1101000 3.2160E-11l 1111000 7.051l8E-15 
3 1111001 7.08112!-15 421000 2. 41 19Z-07 1131000 1.5806E-14 1141000 2. 1 U51E-08 
3381010 1.18110!-18 391010 2.2349!-16 IJ01010 9.52711!-15 1111010 3.11656!-111 
3 1121010 4.7109!-12 1131010 4.5773£-12 U101 0 2.0698!-07 381020 1. 9028!-19 
3 391020 1.6741!-17 401020 1£.8866!-111 411020 1.3100!-14 421020 3. 5876E-12 
3 1131020 2.8485!-14 1131021 2.0236!-15 44 10 20 2.1614!-07 381030 2.2291!-21 
3 391030 3.5957!-18 1101030 1.2075!-15 1111030 5. 0289E- 14 421030 3.3386!-13 
3 431030 2.8319!-13 1141030 1.8944'8-08 1151030 1.3308E-07 1151031 1.6929!-11 
3 381040 1.3621!-22 391040 1.11086!:-19 11010110 6.8087!-16 4110110 1.6566!-15 
3 421040 4.5572!-13 431040 5. 5701!-12 441040 1.au72E-07 ll51040 1. 2166E-B 
3 451041 5.3755!-14 4610110 6.0199!-Q8 3910 !0 8.0633!-21 401050 1.3a06E-17· 
3 411050 1.0585!-15 421050 1. 90 18!-13 431050 2.1037!-12 1141050 7.1196!-11. 
3 us 10 50 5.141SE-10 451051 5.61391-14 1161050 1.3816!-07 401060 2. 3352E-1 a 
3 '11060 8.1458!-17 421060 1. 7799!-111 431060 1.1979!-13 1141060 7.120 U-08 
3 1151060 7.5478!-14 1151061 1. 0422!,-1 2 461060 7.1008!-08 391070 1. 9796:!-24 
3 1101070 2.6290!-20 411070 1. 5764!-17 421070 4.7301!-15 1131070 5.32118!-14 
3 1141070 7.0508!-13 1151070 3.6611l!-12 4610 70 8.9950!-08 1161071 6. 066 SE-1 8 
3 471070 8.3984!-15 401080 1.6101!-20 1111080 1.1387!-18 421080 3. 1048!-1 6 
3 11 31o eo !.!585E-15 441080 5.27111!-13 1151080 3.3128!-14 451081 6.5660!-15 
3 461080 6.2618!-08 471080 5.a734!.-21 471081 ca.6700E-16 48toao a. 112 5!-16 
3 ll01090 4.1035!-22 1111090 2. 95 116!:-19 CJ21090 6.7767!-17 431090 2.1&947!-111 
3 441090 4.2118!-14 451090 1.1293!;-13 451091 3. 1370E- 111 461090 7.2766!-11 
3 461091 1.7775!-13 471090 3.1769£-08 471091 5.9432!-14 481090 1.0619!-18 
3411100 1.11736!-20 1121100 2.11517!-17 1131100 9.96311!-17 441100 8.3700!-15 
3 1151100' 1.6366E-11l 451101 1.23711!;-16 1461100 2.0036!-08 471100 1.65aOE-14 
3 471101 3.8260!-10 ll81100 1.3236!-08 1111110 1. 55 63!- 21 4 21 1 1 0 1.04211!•18 
3431110 5.1010!-17 441110 3.11734!-15 451110 1. 9 433!- 14 4611 10 11.1778!-13 
3 461111 9.5337E-11l 1171110 2.0652!-10 1171111 2.05811E-11J 1£81110 1. 0599E-Q8 
3 1181111 3.5080!-16 421120 3.3493!-19 1131120 4.5192!-18 4111120 6.6463!-17 
3 451120 7.131l8E-16 1161120 1.1772%-11 471120 1.a388E-12 481120 6.2290!-09 
3 IJ21'130 6.a093!~21 431130 1.5390!-18 1£41130 1.3836!-16 451130 9.11139!•17 
3 1161130 1.1344!-14 1171130 2.1680!-12 471131 $.11373!-16 481130 5.a733E-11 
3 1181131 9.4828!-11 491130 3.9021!-12 IJ91131 1.1283!-22 CJ211110 1.135 n:-2 1 
3 1131140 1.3057!-19 4411110 1.12611-16 11511110 9.9720!-17 4611110 1. 2128!-14 
3 1171140 3.8609!-16 11811110 7.9683!-o9 1191140 1.6985!-18 491141 3.8751!-1" 
3 501140 3.2517!-13 1121150 2.71133!-23 1131150 3.5380!-20 441150 7.6641&!-18 
3 1151150 2.6761!-16 ll61150 3.0390£-15 1171150 7.1874!-14 471151 3.9236!-16 
3 1181150 1.5086!-11 1181151 2.8675!-11 1191150 8.11095!-10 1191151 1. 2157!-12 
3 501150 1.1058!-10 431160 1.01166!-21 441160 3.2990!-18 451160 1. 7521E-17 
3 1161160 8.2563!-16 471160 5.2844!-15 471161 3.4178!-16 481160 2.7336!-09 
3 1191160 6.1863!-16 1191161 1. 1289!-13 501160 2.4608!-09 1131170 5.6267!-23 
3 1141170 1.0401!-19 451170 1.070a!-17 1161170 2.5435!-16 1171170 2. 3529!-15 
3 1171171 1.7031!-16 1181170 3.9925!-13 481171 2.aii04E-13 491170 1. 01109!-13 
3 II 91171 3.11838!-13 501170 2.7412~-09 501171 4.3181!-13 QQ1180 1.11316!-18 
3 1151180 5.31112!-18 1161180 1.3695!-16 4711aO 1.5577!-16 11711a1 8.3063!-17 
31181180 1.91115!-13 1191180 3.2179!-16 Q91181 7.5418!-18 501180 2.6998!-09 
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3 451,9:.' E.5.21::::-19 l.l61190 5.6112!:-17 ll71190 3.5933::-16 481190 1.8167E-~4 

3 !181191 ::.1E~<6!-15 491190 2.1Soe:::-1s 119'1191 5.2199E-14 501190 2. 66711E-C9 
3 5C1191 1.Se90E-1'1 441200 1.4247!-22 11512 00 3.5776!-20 U61200 5.26.25!-17 
3 471200 11.612EE-17 481200 3 • .2093!-15 1191200 1. 43 17!- 15 1191 20 1 9.9315!-17 
3 so1nc 2.7019!:-09 1151210 7.7083!-21 1161210 3.02'10!:-18 U7'1210 8.6605!-17 
3 1181210 7.95111!-16 1191210 1.487U:!::-15 1191211 2.5959E-15 501210 6 .11030!-1 2 
3 501211 1.0614!-12 511210 2. 6 0U9E- 0 9 1151220 q. 44 82E-22 461220 1.8969!-18 
3 lli1220 1.60211!-18 481220 3.2787!-16 1191220 6 .II 'I 06 E-16 119'1221 6. 7E49E-18 
3 501220 2. 91 ou:-c-9 511220 '1.8181!-12 511221 1. 711 10!- 17 521220 1. 61 4 2E- 1 0 
3 II 51 2 3 0 4.8ouur-23 116 12 30 1.0453E-19 G71230 8., 229!- 18 48'1230 11. 771 u:::-1 6 
3 49'1230 3.'11196!-16 49123'1 '1.060LIE-15 50'1230 1.5368!-10 50'1231 1.1195E!-13 
3 5'11230 2. S7C5E-09 521230 1.7446E-12 5212 31 5.0186E-13 4612110 3. SIIOCE-20 
3 1171240 1.1561!-18 481240 8.e422:E-16 119124 0 2. 6699 E- 16 5012110 3. 756 2:::-c, 9 
3 5112UC 2. 4 46 6E- 'I 1 5112111 11.0632:::-19 52121.10 9.11305!-11 U71250 5.1S82E-19 
3 48125C E.1779!-17 491250 1. 2865!-'16 119125'1 11.8292:::-16 501250 4. ULI6 2E- 1 'I 
3 50125'1 5.0671!-111 51125C 4.11392!-C9 5212 50 1.1986!-09 ~21251 5. 2118LI!-1 'I 
3 4 6, 26 0 2.7397!-22 471260 6. 551 SE-2 0 4B'I260 1.0373!-16 491260 1. 7856!-.16 
3 SC12EC 7.83LICE-09 511260 11.5612!-12 511261 2. 2768 E- 15 521260 2. 108 ~:;..: 1 ~ 
3 461270 1.0555!-17 491270 1.402UE-16 1191271 2. 5527E- 16 501270 2. c1 9 c:::-12 
3 5C1271 3.1205!-111 511270 '!. 399 3E-10 521270 '1. 3972!- 1, 52'127'1 5 .- 0 6 0 9:i- 1 0 
3 531270 1. 5CCE!- 08 471280 1.8654E-21 481280 7.7771E-18 491280 3.9664!-16. 
3 501280 2.0333!-12 5112 so 1. 9 'I 9CE-1 2 51'1281 3. 94 97E- 13 521280 2.7E96i_:o8 
3 531280 5.9518E-11l 5111290 7.576€!-13 ttS12 90 8. 75 51 E- 19 491290 7. 571~~-1?_ 
3 5 01290 1. 797UE-13 50 129, 6.1325!-11$ 511290 1. 7 909E- 1 'I 521290 1.1. 720~!-J-~ . 
3 521291 11.8527!-10 531290 u. 3523E-0 8 54129 0 3. 95un- 12 541291 1 .. 35Q?E-1_ 4 
3 4 8, 300 , • o e s 1:::-, e 491300 4.6902!:-17 50'13 00 2.6214!-13 5'11300 9. 0662!..,-1-3 
3 511301 5.8963'!-13 521300 a. 038SE-08 5313 00 5.21179!-12 531301 2. 5362!--,-4 
3 5U13C':: 2.6240E-C9 U81310 4. 08 42:::-20 1191310 9. 8905!-18 501310 6. 0811BE-14 
3 5,310 3. 5 993!-12 52'1310 4.2512!-12 521311 5 • .290LIE-11 531310 2. 231 c:::.:o9 
3 541310 9.2574!-08 541311 3.6738E-11 usn2o "· 5287E- 21 U91320 9. 7C96E-1-9 
3 501320 1.9500!-111 511320 2.4843E-13 51 13 21 2. II 9 56 E-13 521320 1.2638!...,.o-9 
3 531320 3.7951!-11 5413 20 2. 1723E-07 491330 1.1843!-19 501330 2.1873!-16 
3 511330 2.28211!-13 521330 2. 7 15 U:-1 2 52133'1 6.6510!-12 53'1 330 li. 591 i:E..:., c 
3 531331 1.9955E-15 511'1330 2. 7800!-09 541331 3. 7 II 116 E- 1 1 551330 2~18i6f.:67 
3 LI913LIO 5.01C3E-21 5C13'1C 2.1132!:-17 5113UO 3.LIC86E-15 51 1 311 1 3.cuso:f-15 
3 ~213!!0 1.1325!-'11 5313!!0 2.0939!-11 5313 II 1 1.71139E-13 51113110 2. 759 8!-07 
3 5U13111 1.6688E-17 5513LIO 2. 11UCE-08 55134'1 1.3518!-12 561340 5.11295!-09 
3 501350 8.1707:::-19 511350 2.5635E-16 52,3 50 u. 7 8 OSE- 111 531350 1.371ii->r-o 
3 5LI'I350 3.9573!-11 su 13 51 1. 1882!-12 55B50 5. 6 8 78!- 08 551351 2.2oa6:::-1-3 
3 561350 3.2020!-11 561351 1. 776 9E-14 5013 6 0 1.0928E-19 51,360 7. 5498!-1 8 
3 521360 2.6075!-111 531360 2.211011E-13 531361 7.0u113E-14 541360 II.; 11956!-07 
3 551360 1.5576E-10 561360 3. 81167:::-09 561361 6.98111!-18 511370 1 .. 6030!-18 
3 52137C 1.3581!-15 531370 6. 1565!-111 5111370 1. 2195!- 12 551 370 2. 268UE_.07 
3 561370 5.55511!-09 56 13"7 1 3. 4837::-111 511380 9. 7361!- 20 521 380 1. 6627!-1 6 
3 531380 7. 7 878!- 15 541380 u.C'I07E-12 5513 BO 1 .0272E-1 'I 551381 11.9460!-14 
3 561380 2.2311E-07 571380 6.5250!-13 511390 9.6797E-21 521390 8.8725!-18 
3 531390 1.2818!-15 5111390 1. 11202!-13 5513 90 2.8392!-12 561390 2.6061::..:1'1 
3 571390 2.1 389E-07 521400 2.0263!-18 531&100 1. 21132E- 16 51111100 3.0332!-1&1 
3 5 51 u c c 2.8819!-13 561 uoo S. 57li3E-09 5711100 7. 51 U4E- 10 5811100 2.108LIE-07 
3 521LI10 2.9S113E-.20 531410 1.0222!-17 5111410 1.3897E-15 551410 8.2176!-111 
3 561410 5.1950!-12 571410 6. 7437E-1 1 581410 1. 3 272!- 08 591410 1.8033!-07 
3 5 21 U2 C 7.276.0!-21 5311120 8.8091!-19 54142 0 3.4695!-16 5511120 3.2621E-15 
3 56111.20 2.82LIOE-12 571LI20 2. 51 u 8 E- 1 1 5814 20 1.8969!-07 591420 1. 2 e1 o:::- 1 1 
3 5 91 !!21 3.3308!-1LI 601420 3. 7197E-O 9 531430 1.0395E-19 54'11130 1. 5780!-1 7 
3 551113C 1.4967'£-15 561U30 S.09111E-111 57'1113 0 3.5082!-12 581430 11.9866!-10 
3 5911.130 u.795EE-C9 6011130 1. 2 6 6 9!- 0 7 53,1111 0 3. 58 86E-21 54111110 1.oouu-n 
3 551t:IIC 3.0845!-16 56111110 2. 9774 E-1 II 57111" 0 'I. 4 4 51 E- 13 5811140 7. 0736!-08 
3 5914110 3.0198!-12 59 1UU 1 1. U953E-111 60 111 uo 1. 3222!- 07 51111150 1.1614!-18 
3 551U50 !1.3865!-17 561LI50 9. 10115E-15 5714 so 7. 8288E- 1U 5811.150 5.2585!-13 
3 59,1150 6.2S2H-11 601450 1.1122E-07 51111160 7. 5951E-20 5511160 2. 3353!-1 8 
3 561116() 1.2:01!-15 5711160 1. 502 LIE- 1 II 5811160 2.0520E-12 591460 3.5129E-12 
3 EC1U6C ,_ 1272!-07 su 14 70 1.9709.£-21 5511170 1. 26 08 E-18 5611170 3.1176!-16 
3 5 71117 0 9.0589!-15 581U70 1.3258E-13 59 1U 70 1.110 112!- 12 6011.170 1. 8597!-C9 
3 611U7C 2.7679!-08 6211170 8.6113!-09 5511180 3. 0795!- 20 561U80 1 .61112!-16 
3 5711180 II. 6377!-16 55111eo 6.1539!-111 59111 eo 2.2091!-13 6011.190 6.1193C'!-08 
3 61111S:l 3.11067E-10-611t:81 2.61185!-10 6211180 2.5152::-08 5611190 3.09811E-18 
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3 57"! t190 2.7311U!-16 581t19:) 8.2399E-16 591ll90 1.6119!-13 601U90 7.6Ct1€E-12 
3 611!190 3.50Et1!-10 621U90 u.7U21E-10 551500 1. 83 88.!- 23 561500 11.701€!-19 
3 571500 1.~f90E-17 5815CO u. 0761E-16 5915 00 1.0327E-1ll 601500 3. 521 OE-0 6 
3 6 11500 2.5391!-13 621500 5. 6045!- 08 571510 2.5018!-18 581510 1.2709!-,6 
3 591510 1.9102!-15 601510 5.2739!-13 611510 7. 24 99 !-, 621510 2. 6910E-C9 
3 631510 1.9376!-12 5615 20 5. t1625E-22 571520 9. 5935E- 20 581520 u.0791!-16 
3 591520 1. 6058!-1 5 60 15 20 3. 5 1 "c :::- 1 3 6 1 15 20 1. 28 80!- 13 611521 u. 5 95 6!-1 5 

- 6 21520 2.7E1EE-C8 631520 6.3289!-12 €31521 9. 19 ~7 E- 15 641520 2. 08811!-1 2 
3 57i530 1.4148CE-20 581530 9.3754E-1 9 59153 0 5.51127!:-16 601530 2.0631E-11.1 
3 6 , , 53 0 1.12E8E-13 621530 2.505t1E-10 6315 3 0 2.2026!-08 6141530 2. 3, 13!- 12 
3 5715t10 2.7033!-22 5815U0 2.3335E-18 5915t10 2. 36110E- 17 6015110 1.165 9!-1 0 
3 6 11 5U 0 3.5977E-1t1 6115111 3. 898SE-15 6215t10 8. 8639E- 09 6315110 7. 3955!-09 
3 6 415 uo 4.0107E-10 581550 5.4101!-20 591550 . 7.0736E-19 E01550 1.75411!-15 
3 6115 50 u. 97.144!-15 621550 2.1273E-13 631550 2.9133!-09 6111551 u. 6259!-23 
3 6111550 1.t1698E-11 581560 8.3860!-21 591560 3. 6 9 85 ::;- 19 601560 1.1:911!-15 
3 611560 1.0393!-15 621560 3.5786E-12 631560 7. 96 61!- 10 6U1560 1.2302E-C8 
3 5 815 7 c 2.02U5!-22 591570 7. U9U6E-20 601570 3.0386!-17 611570 2.6792E-15 
3 621570 .!.111E5!-14 6315 7 0 5. 7261!-12 6415 7 0 2.0449.:!-11 5915 80 2. 1135!-21 
3 6 o, 5 eo 8. S35fr- 18 611580 u. 9459:::-17 621580 1. 0 3 69 E- 13 6 315 BO 1. 1584!-13 
3 641580 ". 7 07 6!-09 551590 9. 7908E-23 601590 1.51179E-19 611590 1. 2718!-17 
3 621590 3.0635!-15 631590 2.11814E-111 641590 1. 89111.1E- 12 651590 7.1791E-10 
3 6 C1 6 0 0 1 .6555!-20 611600 II. 7657E-19 621600 2.3759!-15 6.31600 5. 318 9E-1 6 
3 641600 .:.5259!-10 E5160C 2.4790!-11 6616 00 IS.9790E-11 601610 3. 09 89!-22 
3 6 116 10 6. 7341!-20 621610. 2.4124E-17 631610 1.9108E-16 641610 1. 1729!-15 
3 651610 3.7422!-12 6616 10 1. 1276E-1 0 61162 0 9.6721E-22 621620 4.6310!-18 
3 631620 3.5319!-16 641620 1.4307!-15 6516 20 1. ose2:::- 15 65164:1 5. 7S51E-1 6 
3 6 6162 0 1.0220!-10 6216 30 6.6846E-20 631630 4.4953E- 18 6t11630 8. 8163!-17 
3 6 516 3 0 1.20C3!-15 661630 7.9555E-11 62164 0 9.44 16E-21 631640 1. 298 6!-1 9 
3 6 416 uo 4.8451E-16 651640 e. 3141:::-1 1 661640 1.1978E-11 621650 1.2625!-22 
3 631650 2.35112E-20 6111650 1.2411E-17 6516 50 6. 61Q2 E- 18 6 616 so 1. 98 62!-, 4 
3 661651 7.3537E-n 671650 3. 839UE-1 1 661660 t1.2216E-14 671660 6. 5t192E-1 4 
3 671661 3.6108!-13 681660 1.2171E-11 681670 8. 2359!- 13 681671 3.3573!-20 
3 6 81680 ~.H!.!~E-12 681690 9.7999E-16 6916 90 1.3866!-111 681700 3. 255EI-18 
3 691700 2. 2523!- 15 701700 2.1 SOiE-1 5 681710 4.4639E-23 691710 2.0464!-16 
.3 iC1710 , • 1 071S!-16 6817 20 1. 0361 E-25 69172 0 8.4536!-20 701720 8. 4733!-1 8 
0 0.0 o.o o. 0 

.· 000179 



ORIGEN2: A VERSATILE COMPUTER 
CODE FOR CALCULATING THE 
NUCLIDE COMPOSITIONS AND 
CHARACTERISTICS OF 

ANALYSES 

NUCLEAR MATERIALS 
ALLEN G. CROFF Oak Ridge National Laboratory 
Chemical Technology Division, P. 0. Box X, Oak Ridge, Tennessee 37830 

Received December 28, 1982 
Accepted for Publication March 10, 1983 

.oRJ~EN2 is a versatile point-depletion and 
radJoactlve-decay computer code for use in simulating 
n.uciear fuel cycles and calculating the nuclide composi
tJons and characteristics of materials contained therein. 
It represents a revision and update of the original 
ORIGEN 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
trollable output; with these features, ORIGEN2 has the 
capability for simulating a wide variety of fuel cycle 
flow sheets. 

The decay, cross-section, jzssion 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 (a) comparison of ORIGEN2 decay hea~ 
results with both calculated and experimental values, 
and (b) comparison of predicted spent fuel composi
tions with measured values. The agreement between 
0RIGEN2 and the comparison bases is generally very 
good. Future work concerning ORIGEN2 will involve 
con~i'!ued maintenance and user support along with 
a~dmonal verification studies and limited modifica
tions to enhance its flexibility and usability. ORIGEN2 
can be obtained.. free of charge, from the ORNL Radia
tion Shielding Information Center. 
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INTRODUCTION 

A wide variety of computer codes are now avail
able for calculating the nuclide composition of 
nuclear reactor fuels during irradiation. Many of these 
codes are complex and highly developed, involving 
the use of multiple-energy-group neutron spectra and 
cross sections to calculate the 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 
D:tappropriate because they are cumbersome, expen
sive to use, and provide too little detail concerning 
th~ 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. 1) and ORIGEN2 
(Ref. 2) are the most widely used computer codes 
for addressing this class of problems. The ORIGEN 
code was written at Oak Ridge National Laboratory 
(ORNL) in the late 1960s and ·early 1970s by Bell 
and Nichols as a versatile tool for calculating the 
buildup and decay of nuclides in nuclear materials. 
At that time, the required nuclear data bases(decay, 
cross-section/fiSsion product yie1d, and photon) and 
reactor models [UO:z or (U,Pu)O:z 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 infonmation. 
ORIGEN was principally intended for use in generat
ing spent fuel and waste characteristics (composition, 
thermal power, etc.) that would form the basis for 
the study and design of fuel reprocessing plants, spent 
fuel shipping casks, waste treatment and disposal 
facilities, and waste shipping casks. Since these fuel 
cycle operations were being examined generically, and 
thus were expected to encompass a wide. range 
of fuel characteristics, it was only necessary ·.that 
the ORIGEN calculations be representative of this 
range. Satisfactory results were obtained by using 
decay and photon data from the Table of /stJ1topes, 3 

tabulated thermal cross sections and resonance inte
grals,4 and chain fission product yields.5 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 calculations with greater pre
cision and specificity than those for which it had 
originally been intended. An example of this is its use 
in environmental impact studies which required rela
tively precise calculations of minor isotopes such as 
3H, 14C, l3lU, and l4l•244Cm. The initial responses to 
these requirements were attempts to update specific 
aspects of ORIGEN and its data bases6•7 ; ho,wever, 
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 documen
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 
contribution of each individual nuclide to the overall 
totals for each engineering unit (characteristic). The 
nuclides contained in the ORIGEN2 data bases have 
been divided into three segments: 130 actinides, 
850 fiSSion products, and 720 activation products 
(a total of 1700 nuclides). These segments are formed 
by aggregating the 1300 unique nuclides (300 stable) 
in the data bases since some nuclides appear in more 
than one segment. . 

ORIGEN2, which is written entirely in the 
FORTRAN language, was developed for and is main
tained on large IBM computers such as the 360, 370, 
and 3033 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 analyzed; 
however, the largest problem normally considered by 
ORIGEN2 will require -200 000 decimal words of 
core storage plus the typical complement of periph
eral devices. A minimum case will require about one
third of the core storage of the maximum case. If 
core storage is a constraint, the size of the executable 
element can· be reduced somewhat by making internal 
adjustments to 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 modern computers, a typical case will 
require no more than a few minutes of central pro
cessor unit time. 

The principal use of ORIGEN2 is to calculate the 
radionuclide composition and other related properties 
of nuclear materials. The characteristics that can be 
computed by ORIGEN2 are listed in Table I. Most 
of these can be presented on a fractional basis so that 
the total characteristic for all nuclides in a given 
segment is 1.0 (exceptions are the neutrons, photons, 
and elemental isotopic compositions). The materials 
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TABLE I 

Nuclear Material Characteristics Computed by ORIGEN2 

Parameter Units a 

Mass g, g·atom 

Fractional isotopic Atomic fraction, 
composition weight fraction 
(each element) 

Radioactivity Ci, aCi 

Thermal power Watt of recoverable energy 
(excluding neutrinos) 

Toxicity 
Radioactive and m3 of water to dilute to 

chemical ingestion acceptable levels 
Radioactive inhalation m3 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 photons photon/s, MeV of photon/W 

in 18 energy groups of reactor power 
Total heat W, MeVIs 

a All of these can be calculated on a fractional as well as an ab
solute basis except fractional isotopic composition, neutron 
emission, and photon emission. 

most commonly characterized include spent reactor 
fuels. radioactive wastes I principally high-level waste 
(HL W)]. recovered elements (e.g.. uranium, pluto
nium). uranium ore and mill taiiings, and gaseous 
effluent streams (e.g., noble gases). However. mate
rials such as water samples from the Three Mile 
Island Nuclear Power Station, Unit 2, irradiated 
research reactor targets. process streams in an HTGR 
fuel refabrication plant, and fallout from nuclear 
weapons have also been characterized. 

The input 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 ORIGEN2 
problem to a number of specific operations such as 
"read a data base," "input a composition," "output 
results," etc. Each of these is invoked by a single 
input card describing the type of operation and giving 
various parameters 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 to the extent that they can be added 
together, multiplied by a constant, written to an out
put device, or "reprocessed" into multiple streams 
that can then be stored, printed, and/or further 
manipulated. The straightforward nature of the 
input results from the sequential execution of the 
input operational commands. The simplicity of the 
input results from the one-operation-per-card attri
bute and the free-format feature. 

At this point, it is appropriate to describe the 
general sequence of the input and use this as a vehicle 
for defining more specifically the type of information 
required by ORIGEN2. Since the flexibility inherent 
in ORIGEN2 makes definition of a general case im
possible, the description of the input will be based 
on the following hypothetical case: 

Calculate and output the thermal power (radio
active decay heat) and radioactivity of HL W that 
would result from the reprocessing of I metric 
ton of initial heavy metal (ton) of 33 GWd/ton 
spent PWR fuel for decay times between its gen
eration and 1 million years. 

The general sequence of operations that must be 
specified in the ORIGEN2 input to accomplish this 
calculation is as follows: 

1. Read the appropriate radioactive decay, cross 
section (includes fission product yields), and photon 
data b"ases. 

2. Read the composition of fresh PWR fuel, 
including trace impurities. 

3. Irradiate the fresh fuel to a burnup of 33 GWd/ 
ton, thereby generating the composition of the spent 
fuel. 

4. Decay the spent fuel for a time corresponding 
to the lag time between discharge and reprocessing. 

5. Employ the reprocessing operation to remove 
the recovered elements (uranium and plutonium). as 
well as certain other nuclides (noble gases, iodine, 
tritium), 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., 235•238U. 239-

242Pu) 
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 1 00 ppm) in the fresh 
fuel. As a part of the information generated during 
the updating of the ORIGEN2 reactor models. 
detailed (but generic) compositions of both the fresh 
fuel and the fresh fuel assembly structural materials 
are given for each reactor type. 

The irradiation is almo~£ 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 burnups 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 HL W composition is also very simple if 
the user knows the processing recoveries (or losses) of 
the elements in the spent fuel. ORIGEN2 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 
ORIGEN2 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 the 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. 1. 
Comments have been included to indicate the various 
major portions of the input. 

DESCRIPTION OF CALCULATIONAL METHODS 

This section gives a narrative description of the 
calculational methods used in ORIGEN2. A detailed 
mathematical description of these methods is avail
able elsewhere. 2 

As might be expected. most of the calculations 
carried out by ORJGEN2 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 ORIGEN2 that 
require explanation: (al 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 ORIGEN2. In 
general, the rate at which the amount of nuclide i 
changes as a function of time (= dXifdt) is described 
by a nonhomogeneous first-order ordinary differen
tial equation as follows: 

dX; .V .V 

dr = 6 l;/X1Xi + rJ> 6 j;kakXk 
j•! k•l 

- (A; + rpa; + r; )X; + F; i = I . . . . , ,V , ( 1 ) 

where 

X;= atom density of nuclide i 

.\' = number of nuclides 

I;; = fraction of radioactive disintegration by 
other nuclides. which leads to formation of 
species i 

A; = radioactive decay constant 

rJ> = position- and energy-averaged neutron flux 

Iik = fraction of neutron absorption by other 
nuclides. which leads to formation of species 
i 

ak = spectrum~averaged neutron absorption cross 
section of nuclide k 
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-1 _, 
-1 
IDl 
LIP 
IDl 
Lll 
IDl 
PIO 
IDI 
liS 
IDI 
DP 
IIU 
IDI 
lOP 
IDI 
IIP 
IIP 
Ill 
liP 
liP .... 

SPICIPT IUC! DIU llSIS lll to II PllftBD 
0 1 0 
IUD DICl! liD ClOSS SICUOI DlU lUIS 
0 1 2 l 204 205 206 9 3 0 1 1 
lllD t!otOI Dlfl 1151 
101 102 103 10 
Sft I&SIS 1'01 Cl.LCJJ.ltlOI 
OU lltiiC 'fOI IIIrDt IUYf lftU. 

lllD 1.:1%% II. PI& CDUOSl'UOI 

1 1 -1 -· 1 1 
1 CIIIGI 
lOP COIIUDS SIIIOUID IISZS IU&Dil%%01 ftiPS 

DllDil t! PilL 
100.0 37.5 1 2 • 2 
300.0 37.5 2 3 • 0 
500.0 37.5 3 • • 0 
700. 0 3'7. 5 4 5 ' 0 
880.0 37.5 5 6 • 0 

I Dl D8Clt OP PUll. onl $11)1~"11:11 
DIC 60.0 6 7 4 1 
DBC 90. 0 7 8 4 0 
DIC .120.0 8 9 4 0 
DIC 150.0 9 10 4 0 
DIC 110.0 10 11 4 0 
DIC 1. 0 11 1Z 5 0 
IDI PIII"l PUB%. IlllDiltiDI liD DICit IISULtS 
"ll'! DUDiltiOI liD SIIOrt-"l!ll DXU OP ftl-0 PilL 
OP"lL 4•8 1 8 1 17•8 
OP"ll 4•8 1 8 1 17•8 
OP!P 4•8 1 8 1 17•8 
on 12 1 -1 o 
IDI •• ftBJ. IBPIOCISSIIG 
IDl IIIOY!! YOLlULIS PIDI 150-~&I-OLD PUlL 
PIO 10 -1 -2 -2 
IDI SBPlllt! 1/tu P .,II ILl 
PIO -1 -3 1 -1 
Ul . S!P&IIfZ 1J liD PO 
no -1 -5 -6 -e 
liD 1 lltl 
IDI DIClt D.l !01 OR IILLIOI flUS 
DIC 0.5 4 2 5 1 
DIC 1.0 2 3 5 0 
DIC 5.0 3 4 5 0 
DIC 10.0 4 5 5 0 
DIC 100. 0 5 6 5 0 
D!C l 00. 0 6 7 5 II 
DBC 1.0 7 8 7 0 
DIC 10.0 8 9 7 0 
DBC 100.0 9 10 7 0 
DIC 300.0 10 11 7 II 
DIC 1. 0 1 1 12 8 0 
IDl Plllt 111 DICit IISULfS 
tl"l DICit OP Pil-l ltl 
on 12 1 -t o 
liD 
2 922340 290.0 922350 32000.0 
• 030000 1.0 050000 , .o 
' 010000 134454. 0 090000 10. 7 
• 130000 16.7 1t0000 12.1 
• 200000 2.0 220000 1.0 
4 250000 1.7 260000 18.0 
• 290000 1.0 3000~0 40.3 
• uoooo 25.0 .,0000 2.0 
4 7•oooo 2.0 82000o 1.0 
0 

922380 
060000 
110000 
150000 
230000 
270000 
420CJOO 
500000 
830000 

967710.0 
89.4 
15.0 
35.0 
l.O 
1.0 
10.0 
4.0 
o. 4 

Fig. 1. Sample ORIGEN2 input . 

0 0.0 FOIL 
070000 25.0 
120000 2.0 
170000 5.3 
240000 4. 0 
uoooo 2•.o 
.70000 o. 1 
uoooo 2. 5 
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 simul
taneous differential equations by ORIGEN2 yields 
the amounts of each nuclide (=X;) present at the 
end of each time step (integration interval). 

Storage of Equation Coefficients 

As is evident by inspection of Eq. (1 ), it is theo
retically possible for each nuclide to be produced by 
all (N - l) 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 X; on the right side of Eq. ( 1) 
would be zeros and similarly for all other nuclides. 
The net result would be an extremely sparse 1700 X 
1700 matrix of coefficients of the X; (i.e .• -99.8% 
zeros). The sparseness of the matrix can be used to 
advantage by employing indexing techniques that 
store only the nonzero elements of the matrix. 

This technique works in the following manner: 

I. Input data containing the half-lives. decay 
branching fractions. cross sections, and fission prod
uct yields for each parent nuclide are read from data 
bases. 

:!. The daughter of each nuclear transformation 
(e.g .. beta decay. neutron capture) is determined, and 
the transformation rate and identity of the daughter 
are stored temporarily in an array. 

3. The temporary array is then searched to find 
all of the parents (X;) of each daughter nuclide (X;). 

4. The transformation rate of each parent of 
daughter nuclide X; and the identity of that parent 
are stored sequentially in one-dimensional floating
point and integer arrays. respectively, with the decay 
transformations bei~g stored first. 

5. Counters are maintained to indicate the array 
locations at which the transformations producing 
each daughter nuclide, X;. begin and the number of 
the transformations that are decay transformations. 

The floating-point array of transformation rates, 
called the transition matrix, is stored permanently 
since it is invariant for a given case. (Note that certain 
exceptions to this invariance are discussed below.) 
The transition matrix and its accompanying integer 
arrays use <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 
arrays have been established, it is possible to begin 
irradiation and decay calculations. The user specifies 
an initial composition of the material to be irradiated 
(e.g., fresh 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 set. 

2. The neutron flux is calculated 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 energy spectrum. These 
cross-section variations were particularly significant 
for the major actinide nuclides present in nuclear 
materials. As a result, the cross sections of the major 
actinide nuclides have been included in ORIGEN:! as 
a function of burnup. At the beginning of each time 
step, ORIGEN2 estimates the average nuclear mate
rial burnup for the time step. obtains the appropriate 
actinide cross sections by interpolation, and then 
substitutes these into the transition matrix. 

A second area in which parameters were assumed 
to be constant in ORIGEN, but are now variable in 
ORIGEN2. concerns the fission product yields. Spe
cifically. it had been assumed in the past that the 
fission products were only produced by a few acti
nide nuclides, such as 235•238U and 239•241Pu, and that 
other actinides did not produce fission products even 
though they were fissioning. This assumption was 
necessitated because (a) fiSsion product yields were 
not 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 
fissions 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 

1. 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 
fissions 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
proximation to this calculation is as follows: 

6.242 X 1018 (P) 
¢= ff ' L; X;o;R; 

i 

where 

¢ = instantaneous neutron flux (n ·em -l · s- 1) 

P = power (MW) 

(2) 

X { = amount of fissile nuclide i !n fuel (g ·atom) 

o{ = microscopic fission cross section for nuclide 
; (b) 

R; =recoverable energy per fission for nuclide i 
(MeV /fission). 

The difficulty with this equation is that, since the 
amount of fissile nuclide i present is known only at 
the beginning of the time step, it gives the neutron 
flux at the beginning of the time step instead of the 
average neutron flux, which is the desired parameter. 
The approach taken in ORIGEN2 is to expand 
Eq. (2) in a Taylor series through the second-order 
terms with the fissile nuclide 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 all of the flux-dependent transformation 
rates in the transition matrix, thus adjusting them to 
the correct flux for the current time step. 

Three additional points should be noted about 
the calculation of flux or power. The first is that the 
calculation of the average power over the time step, 
given the average neutron flux, is accomplished in a 
manner analogous to that described above for the 
converse case (i.e., by using an integrated Taylor 
series expansion to account for the composition 
change during the time step). However, the average 
power is used only for informational purposes since 
it is the flux that is employed in adjusting the transi
tion matrix. The second point is that the parameter 
R;, which is the recoverable energy per fission, is 
assumed to be a function of the flSSioning nuclide 
in ORIGEN2 according to the following: 

R; (MeV /fission)= 1.29927 X 10-3 (Z2A0•5) + 33.12 , 

(3) 

where Z and A are the atomic number and atomic 
mass, respectively, of the fissioning nuclide. Values 
calculated with this equation are within 1% of experi
mental data8 for nuclides between 132Th and 241Pu. 
This approach represents a significant change from 
that employed in ORIGEN, which assumed a con
stant 200 MeV /fission for all fissioning nuclides, and 
was found to be necessary if the cross sections calcu
lated 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 Simultaneous Equations 

The final step in the calculational procedure is 
to solve the system of simultaneous differential equa
tions represented by the coefficients in the transition 
matrix. The method employed by 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 set."'nds 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(t) = exp(At)X(O) , 

where 

X(t) =concentration of each nuclide at timer 

X(O) = 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 greatly facili
tated by the use of a recursion relationship. 

The final phase of the composite solution method 
involves using yet another set of asymptotic sclutions 
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 Data Base 

The decay data base9 is required for all ORIGEN2 
calculations. It supplies the following information: 

1. the list of nuclides to be considered 

2. the decay half-lives and the decay branching 
fractions for beta (negatron) decay to ground 
and excited states, positron plus electron cap
ture decay to ground and excited states, 
internal transitions, alpha decay, spontaneous 
fission decay, and delayed neutron (beta plus 
neutron) decay 

3. the recoverable heat· per decay for each radio
active parent 

4. the isotopic compositions of naturally occur
ring elements 

5. the radionuclide maximum permissible con
centration (MPC) values from Appendix B, 
Table II of Ref. 10. 

The list of nuclides to be considered by 
ORIGEN2 is defined by six-digit nuclide identifiers 
in the decay library. The nuclide identifier is defined 
as 

NUCLID = 10 OOO*Z + lO*A + M • 

where 

NUCLID = six-digit nuclide identifier 

Z = atomic number of nuclide ( 1 to 99) 

A = atomic mass of nuclide (integer) 

M = state indicator, 0 = ground state, 1 = 
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 define the transformation rates in the transi
tion matrix, as described previously: The recoverable
heat-per-decay values are employed in generating 
output tables. which give the decay heat produced 
by nuclear materials. 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 ORIGEN2 to determine 
the amount of each isotope that should be initially 
present ina 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 toxicity is then obtained by summing 
these dilution volumes. It is important to note that 
this toxicity does not account for any other pathway 
effects such as retardation due to sorption. 

Photon Data Base 
The photon data base9 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, (Q(,n) 
gamma rays, prompt and fission product gamma 
rays from spontaneous fiSSion, and bremsstrahlung. 
Prompt gamma rays from fission and neutron capture 
are not included. The photon data were taken from 
ENSDF {Ref. 11 ). 

At present, three photon data bases are available, 
depending on the type of bremsstrahlung {which is 
medium dependent) that is included. The first and 
second data bases include bremsstrahlung from a 
U02 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 70-energy-group structure is 
maintained at ORNL to facilitate the generation of 
photon data bases in alternative energy group struc
tures. 

Cross-Section Data Bases 
The function of the cross-section data bases is 

to supply ORIGEN2 with cross sections and fission 
product yields. The types of cross sections normally 
included are (n, -y) to ground and excited states, 
(n, 2 n) to ground and excited states, (n, 3 n) and 
(n, fission) for the actinides, and (n,p) and (n, a) 
for the activation products and fission products. In 
addition, a separate mechanism has been incorporated 
into ORIGEN2 to accommodate any other flux
dependent reaction that is not included in this list 
[e.g .• the 180(n.n'Q()14C reaction]. Fission product 
yields have been included for fissions in 232Th. 
233•235 •238U. and 239•241Pu. Yield values for 245Cm and 
249Cf, 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/B-IV. 

There are a large number of possible cross-section 
data bases for the ORIGEN2 computer code since the 
one-group cross sections are highly reactor- and fuel
type specific. The types of reactors for which cross
section libraries are now available are as follows14

-
18

: 

1. uranium and U-Pu cycle PWRs and boiling 
water reactors {BWRs) 

2. alternative fuel cycle (thorium-based fuels: 
extended burnup) PWRs 

3. once-through Canada deuterium uranium reac-
tors 

4. U-Pu cycle LMFBRs 
5. 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 burnup-dependent 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 
ORIGEN2 cross-section data bases. This spectrum is 
also used to generate the ORIGEN2 flux parameters 
THERM, RES, and FAST. which are employed to 
weight thermal cross sections, resonance integrals, 
and threshold cross sections, respectively, when they 
cannot be obtained in multigroup format. 

The multigroup cross sections were obtained from 
ENDF/B-IV (Ref. 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 all of the fission product yields are inde
pendent yields and were taken from ENDF/B-IV. 
The exceptions are the fission yields of the very light 
nuclides (e.g., tritium) that result from ternary (three
particle) 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 ORIGEN2 output is extremely high and 
can be very confusing to the uninitiated user. There
fore, we frrst provide a generic description of the 
organization of ORIGEN2 output, which is extremely 
hierarchical. Second, we describe, in detail, a single 
output page that epitomizes ORIGEN2 output. 
Finally, a short discussion of other types of output 
that have been made available is given. 

Output Organization 

The organization of the information produced by 
one ORIGEN2 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 

Reactivity and burnup data 
Activation product segmenta Table type 1 (e.g., g) Nuclide, element, summary aggregations 

. 
Table type 24 (e.g., toxicity) Nuclide, element, summary .aggregations 

Actinide segmenta Table type 1 (e.g., g) Nuclide, element, summary aggregations 
. . 

Table type 24 (e.g., toxicity) Nuclide, element, summary aggregations 

Fission product segmenta Table type 1 (e.g., g) Nuclide, element, summary aggregations 
. . 

Table type 24 (e.g., toxicity) Nuclide, element, summary aggregations 

Neutron production rate tables (a,n); spontaneous fission 

Photon production rate tables Activation products Summation tables 
Principal contributor tables 

Actinides Summation tables 
Principal contributor tables 

Fission products Summation tables 
Principal contributor tables 

• An output grouping is defined by a specific radioaaive material to be characterized in the output. Multiple sequential output 
groupings are typical in ORIGEN2 output. 

8 The table types and aggregations to be primed 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 

5. neutron emission rates 

6. photon emission rates. 

The reactivity and bumup data consist of less 
than one page of information summarizing the fluxes, 
bumups, 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) aggregations 
for each table type: nuclide, element, summary nu
clide, and summary element. The aggregation(s) that 
are printed are also controlled by the user. The 
nuclide aggregation lists the specified character
istic of each nuclide in each of the vectors being 
printed. The element aggregation lists the specified 
characteristic for each chemical element in each of 
the vectors being printed. The summary aggregations 
contain the same type of information as the regular 
tables except that only those nuclides (or elements) 
that contribute more than a certain fraction (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 
segment described above; therefore, they will not 
be discussed in detail. The table types and aggre
gations printed for the actinides and the fission 
products are also controlled by the user. 

The neutron production rate tables are relatively 
compact and straightforward. Each consists of a one
page listing of the neutron production rates from 
(o:,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" 
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since the contribution of each nuclide to the total is 
tested against a cutoff value to determine whether 
it will be printed. 

The fmal second-level section of the output 
grouping contains the photon production rates. This 
segment is further broken down into three sections: 
activation product, actinide, and fiSSion product. 
Since the photon production rate output for each of 
these sections is substantiaJJy 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 watt 
per second. The principal contributor tables list the 
photon production rates for each nuclide that con
tributes more than a specified fraction (i.e., a cutoff 
value set in the input) to the total photon production 
rate for each group. 

Description of an Output Page 

A typical ORIGEN2 output page is shown in 
Fig. 2. The page number, output unit number, and 
segment (i.e., activation product, actinide, or fission 
product) are given in the upper right comer. The 
page number is correlated with a table of con~ents 
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 (megawatts 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 (i.e., nuclide table) 

5. table type (i.e., radioactivity, curies) 

6. basis of the calculation 

7. calculated results. 

Below the output grouping basis (item 6 above), 
and spanning the entire page, are the vector headings. 
Unless altered, these headings will be the ending 
irradiation or decay times for each vector. 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 of Output 

The results described above are typically output 
to paper21 ; however, there are several alternatives to 
this procedure. The first general class of alternatives 
involves different output media in the same format 
described above. Since ORIGEN2 can produce a 
large amount of output easily, and since paper is both 
expensive and cumbersome, one of the most desirable 
approaches is to output only the most commonly 
used results on paper and write a very detailed output 
to microfiche, which is both inexpensive and com
pact. Another output method that is often used 
involv~s a nonvisual medium such as magnetic tape 
or a drrect-access storage device. Each of these offers 
the advantage of being repetitively searchable to 
make available only the desired information for a 
particular use (see below). In addition, magnetic tape 
is a very convenient method for transporting large 
volumes of output between sites. 

The second general class of alternatives involves 
searching and manipulating the ORIGEN2 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 flJ.m.23 

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 described in 
the following. 

One of the frrst applications of ORIGEN2, which 
is still very common today, involves using the output 
as a design basis for nuclear fuel cycle facilities and 
operations. The thermal power tables are used to 
determine the heating load in fuel pools, shipping 
casks, reprocessing plants, and waste repositories. 
The photon and neutron tables are used as the input 
to shielding design codes for postfission fuel cycle 
facilities. The composition of the fuel is used in the 
design of the separations processes in a fuel reprocess
ing plant. 

A second application of ORIGEN2, which has 
become increasingly popular (and may be the most 
popular at present), involves its use in supplying the 
radionuclide composition of process or facility inven
tories for risk analyses. One major aspect of risk 
analyses is to define the materials that could be 
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released by a postulated accident sequence. This 
release is usually specified as a certain fraction of 
each element present in the inventory. Thus, it is vital 
to know both the elemental and the nuclide com
positio.ns 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-transmutation.25 

A third use of ORIGEN2 involves employing the 
results ?~ ORIGEN2 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 
Energy26•19 (DOE). 

The fmal common use of0RIGEN2 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 ut~e only part of the code. 
One major class of these apptications 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: 

I. The ORIGEN code was modified by the NRC 
to produce the GALE computer codes,37•36 which 
model the effluent releases from BWRs and PWRs. 

2. ORIGEN2 (without modification) was used to 
calculate the composition and characteristics of all 
of the input, internal, and output streams in an 
HTGR fuel refabrication plant. 

3. A modification of ORIGEN2 [called OR
GENTRE (Ref. 39)], which is currently being used 
at ORNL, allows 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, ORI
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 necessary in 
many safety-related aspects of reactor operation as 
well as an excellent composition for use in the next 
irradiation time step. It should be noted that the 
cross sections used in ORIGEN2 should be the result 
of a multidimensional depletion calculation md not 
a static spectrum calculation. Experience has shown 
that the latter method does not produce cross sec
tions that are truly appropriate for the system being 
analyzed in thermal reactors; thus, the depletion code 
is necessary to account for all relevant effects. 

VERIFICATION 

Verification is a very important aspect of any 
computer code, particularly if it is to be used in 
licensing and other regulatory matters. With respect 
to ORIGEN2, the question that is being addressed 
is whether it will predict compositions and character
istics that conform to reality. Thus, the major pre
requisite for any verification study is the availability 
of accurate measurements of well-characterized sam
ples that can be used as a basis for comparison. The 
aspects of ORIGEN2 that are verifiable are tb.e com
position, thermal power, photon spectrum, and neu
tron emission rate of some specified nuclear material. 

Unfortunately, very few adequate benchmarks 
exist for verification purposes, particularly in the case 
of modem light water reactors (L WRs). Virtually no 
measurements have been made of either photon 
spectra or neutron emission rates, and verifiCation 
will be extremely difficult because of the dependence 
of measurements on 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 ue thus 
meaningless. However, a few comparisons have been 
made between OR1GEN2 and reasonably well-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 ORIGEN2 in this 
regard. The frrst study9 compares the deay heat 
predictions of ORIGEN2 with those from the Ameri
can Nuclear Society (ANS) decay heat standard40; 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
tonically after -1 month. Examination of the cal
culations upon which the ANS standard was based 
revealed an incorrect assumption in the ENDF /B-IV 
data base used for the standard (i.e., that 99'fc 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 ORIGEN2 result is somewhat low at 
very short times because many of the very short-lived 
fission products have been combined with their 
daughters to conserve space in ORIGEN2. 

A second, and somewhat more encompassing, 
verification of ORIGEN2 was conducted at Hanford 
Engineering Development Laboratory using spent 
fuel from the Turkey Point Unit 3 PWR (Ref. 41 ). 
The results from three separate fuel assemblies 
showed that ORIGEN2 overpredicted the decay heat 
by 5 to 6% at decay times between 2 and 3 yr, which 
is considered to be excellent agreement when the 
uncertainties 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 fission products will be accurate if the actinide 
buildup and depletion are correct because they are 
heavily dependent on the fission yields, which are 
relatively well known and do not vary substantially 
from case to case. For this reason, verification efforts 
have concentrated on the much more complex 
actinide region. 

During the last few years, a substantial amount of 
work has been done to characterize 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 discharges 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.45 Measurements for the Turkey Point samples 
included the 148Nd/238U 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 III, IV, and V. 
Table III gives a comparison of the OR1GEN2 versus 
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Fig. 3. Differences between OR1GEN2 and ANS Standard 5.1 decay heat values for 10 13-s irradiation of 235U. 

the experimental values of the uranium and pluto
nium isotopes for all three sets of samples. The 
Turkey Point sets are designated by Band D, accord
ing to the lot of fuel from which the assemblies were 
derived. As is evident, the overall agreement is quite 
good. particularly for the D set and for the H. B. 
Robinson fuel: however, a few significant differences 
and anomalies exist. The frrst is that 2l 8Pu is both 
significantly and consistently underpredicted by 
ORIGEN2. The exact source of this difference is 
unknown because experimental values for 237Np 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-
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tions with ORIGEN2 values is markedly worse than 
that for the other two sets. Although the reason for 
this is not apparent, internal inconsistencies are 
present in the measured B set compositions (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 ORIGEN:! 
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 242C'm 
value is not regarded as significant since an error in 
decay time of only 3 weeks can account for an 11% 
error in the isotopic composition. The difference 
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TABLE Ill 

Comparison of the Experimentally Determined Uranium 
and Plutonium Compositions of Spent Fuel 

with ORIGEN2 Calculations 

Difference Between Experimental and 
ORIGEN2 Uranium and Plutonium 
Parameters [{02- EXP)IEXP, "lo]a 

Turkey Point 

Parameter B Set D Set H. B. Robinson 

235U/U 7.7 -2.3 0.1 
236u;u -4.3 -0.7 -3.2 
238Pu/Pu -12.1 -4.0 -9.0 
239Pu/Pu 0.2 1.5 -0.4 
240Pu/Pu -3.9 -1.7 l.l 
241 Pu/Pu 14 0.9 1.8 
242Pu/Pu -10 -7.6 -2.6 

Total 
plutonium 2.6 2.1 

Bumup, 
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 

a02 = 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 ORIGENl 
Americium and Curium Parameters 

Parameter [{02- EXP)/EXP, OJo]a 

241 Am/Am -5.0 
242Am/Am 1.0 
243 Am/Am 8.3 
242Cm/Cm -11 
~43Cm/Cm 5.0 
244Cm/Cm 1.3 
245Cm/Cm -20 
246Cm/Cm -3.8 
247Cm/Cm 0 
248Cm/Cm Poor statistics 

~02 = ORIGEN2; EXP =experimental. 

TABLE V 

Comparison of Experimentally Determined Noble Gas 
Compositions of Turkey Point D Spent Fuel 

with ORIGEN2 Calculations 

Measured Average over Five Fuel Elements 
Parameter 

{at. "lo) Experimental ORIGEN2 

82Kr/Kr --- 0.3 
83Kr/Kr 12.0 11.6 
84Kr/Kr 32.4 31.6 
85 Kr/Kr 4.2 5.5 
86Kr/Kr 51.4 5l.C 

130Xe/Xe --- 0.3 
131 Xe/Xe 8.2 8.4 
132Xe/Xe 20.8 20.9 
134Xe/Xe 28.0 27.6 
136Xe/Xe 43.0 42.8 

between the ORIGEN2 calculations and the experi
mental results for 24scm, 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 85Kr/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 hypothesis is supported by the fact that the 
experimentalists could only find 0.2% of the noble 
gases produced by t1SSion in the plenum, indicating 
a short, one-time 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 

readily accessible und~rstandable form. 

3. Verification-continue to compare ORlGE.N2 
.:alculations with all relevant benchmarks :lnd develop 
additional benchmarks when~ none are available. 

4. Modification and improvement-add new reac
tor models and software capabilities as required by 
the user community. 

Through these activities. ORIGEN2 will remain a 
versatile tool for characterizing nuclear materials for 
both present and future applications. 

AVAILABILITY 

ORIGE.N2 can be obtained. free of charge, by 
sending a magnetic tape to the OR~L Radiation 
Shielding Information Center . .l 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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Internal Correspondence 

... 
l 

Debasish Mukherjee 
216 Seneca St., Upper Apt. 
Fulton, NY 13069 

Dear Mr. Mukherjee: 

MARTIN MARIETTA ENERGY 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 is an error in the Nuclear Technology article. 
Fortunately, the value of 1. 0365 x 10 111 is used in SUBROUTINE FLUXO of the 
ORIGEN2 code. I cannot determine if this was ever an actual error in the ORIGEN2 
code. I did, however, find that a similar problem was identified in the original 
ORIGEN\l,code docwuentation 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 tr.~ 

"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:~!. ~jeet Manager 
Chemical Technology Division 

cc: SBL Files (POYER.ERR) 
A. G. Croff 
N. Hatmaker, RSIC, Bldg. 6025, MS-6362 

O!JG1S7 



C00371/ALLCP/02 
READ.ME 

Introducing: ORIGEN2 Version 2.1 (8-1-91) CCC-371 (A, 
No new documeritation was published for this release. This file and 
contain information on how to install and run this package. Please 
entire file. 

' 

E) 
FILES.LST 
read this 

Here's a version of ORIGEN2 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 1991·version, 5 LWR libraries documented in ORNL/TM-11018 
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 HP 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:\OR,GEN2\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 11 TAPE??.OUT" to connect files to logical units. The 
batch files rename the user's output files to SAMP 1.??? , where??? is a more 
meaningful name (.PCH, .VXS, .DBG, or .ECH), which-is defined in the FILES.LST file. 

When an input error is encountered, Lahey-compiled executables open a file called 
F77L3.EER in an attempt to define the error message. This file is distributed in 
the ORIGEN2\CODE subdirectory. This subdir may be included in the path, or the file 
can be copied to the directory from which ORIGEN2 is run. 

For more information, see x:\ORIGEN2\CODE\FILES.LST 

************* Updates to ORIGEN2.'1 ***************** 
In June 1996 the source was not modified, but the code was recompiled with 
Lahey F77L-EM/32 VS.10 to replace the Lahey F77 V4.00 executables, which 
were distr.ibuted with the original 1991 release of ORIGEN2.1. This was done 
because Lahey V4.00 is incompatible with Windows95. The 5.10 executables 
can be run in a DOS window of either Windows95, Windows98 or WindowsNT. 

In the May 1999 update, the installation procedure was simplified; and files 
in the sample problems directories were reorganized so that the PC output 
generated at ORNL is distributed in a separate subdirectory for each test case 
(i.e., SAMPLES\PC?\OUT). The batch files will rename user output files so that 
users can compare their output with that from the developer. These changes are 
cosmetic; there were NO changes to the code, executable or data files. Tips for 
Unix users were added in README.UNX 

Scott B. Ludwig 
ORIGEN2 Code Coordinator 
Oak Ridge National Laboratory 
(423} 574-7916 FTS 624-7916 
8-15-91 

written by Scott Ludwig, ORNL 8-15-91 
revised by RSICC 5-11-99 



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 places but 
not in others, indicating that additional changes are required to find 
all the statements where date and time are called/written. Test case results 
differed somewhat from the distributed results. 

Additional changes ffi~y be required on some systems. 

DEC modifications to code: 

************ Main routine ORIGEN2 ************* 

Add before DIMENSION DR 
> COMMON /CAW/MMDDYY,HHMMSS CAW 
Add after COMMON /MAIN03/ 
> CHARACTER MMDDYY*9,HHMMSS*8 CAW 

************ Unnamed BLOCK DATA ************* 

10 

20 

Change 
< 
< * 

DATA NUCLB 
,11*0/ 

/-1,942380,942390,942400,942420,952410,962420,962440,-1BLK 1610 
ELK 1620 

to 
> DATA NUCLE 
> * ,12*0/ 

/942380,942390,942400,942420,952410,962420,962440,-1 

************ Subroutine IDENTIFY ************* 

Change 
< CHARACTER*11 MMDDYY 
to 
> 
> 
Change 

COMMON /CAW/MMDDYY,HHMMSS 
CHARACTER*9 MMDDYY 

< 10 FORMAT (' ORIGEN2 V2.1 (8-1-91), 
< 1 ' Run on ' , a11, ' at ' , aS) 
from 
> 10 FORMAT (' ORIGEN2 V2.1 (S-1-91), ','RUN ON ',A9,' AT' ,AS) 

DEC compilation: 

ELK 1610 
BLK 1620 

f77 -fpe4 -c *.f (fsplit was used to separate the subroutine source files) 
f77 -o origen2.exe *.o 

HP compilation: 

f77 +autodblpad +E1 +E4 -~ ...... .~.. -c *. f 
f77 -o origen2.exe *.o /usr/lib/end.o 



**** FILES.LST: CCC-371 (A) AND (E) ORIGEN2, VERSION 2.1 (8-1-91) **** 

The ORIGEN2, Version 2.1 (8-1-91) package is designed to be installed onto 
a PC hard drive from DS/HD 5.25" or 3.5" diskettes. The first diskette 
contains a file called INSTALL.BAT, that unpacks the files to your hard drive. 
Users should look at READ.ME on Disk #1 for installation instructions and 
options. 

The following directory structure is used: 

\ORIGEN2 
\CODE 
\INPUTS 

\LIBS 
\SAMPLES 

\BWR 
\CANDU 
\LMFBR 
\PWR 

example inputs for various reactor models 

\PC1 - original ORIGEN2 sample problem 
\PC2 - fuel only irradiation using new PWRUS library 
\PC3 - Am-242m decay only 
\VAXl - same as above, except run on a VAX. 
\VAX2 
\VAX3 

************~******************************************************************* 

*** 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 ORIGEN2, V2.1 
PARl\MS 02 2479 08-01-91 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 08-01-91 2:10a - 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 to develop 
his own input files. Total space: 177324 bytes. 

Directory of C:\ORIGEN2\INPUTS\PWR 

PWRU INP 11330 08-01-91 2:10a 
PWRUSO INP 13001 08-01-91 2:10a 
PWRUE INP 12941 08-01-91 2:10a 
PWRUS INP 11312 08-0l-91 2:10a 

Directory of C:\ORIGEN2\lNPUTS\BWR 

BWRU INP 17295 08-01-91 2:10a 
BWRUE INP 16670 08-01-91 2:10a 
BWRUS INP 17273 08-01-91 2:10a 
BWRUSO INP 17286 08-01-91 2:10a 

eoo 



BWRUX INP 16592 08-01-91 2:10a 

Directory of C:\ORIGEN2\INPUTS\CANDU 

CANDUNAU 
CANDUSEU 

5494 08-01-91 
5330 08-01-91 

2:10a 
2:10a 

Directory of C:\ORIGEN2\INPUTS\LMFBR 

AMOPUUUX 
EMOPUUUX 

16400 08-bl-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 
GXU02BRM LIB 

102418 08-01-91 
167526 08-01-91 

2:10a 

2:10a 
2:10a 
2:10a 

*** Cross sectionfFP yield data *** 
** Thermal ** 
THERMAL LIB 172036 08-01-91 

** LWRs 
PWRU 
PWRPUU 
PWRPUPU 

- PWR ** 
LIB 
LIB 

173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173676 08-01-91 
173676 08-01-91 

LIB 
PWRDU3TH LIB 
PWRPUTH LIB 
PWRU50 LIB 
PWRD5D35 LIB 
PWRD5D33 LIB 
PWRUS LIB 
PWRUE LIB 
** LWRs - BWR ** 
BWRU LIB 
BWRPUU LIB 
BWRPUPU LIB 
BWRUS LIB 
BWRUSO LIB 
BWRUE LIB 
** CANDUs ** 

173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173676 08-01-91 
173676 08-01-91 
173676 08-01-91 

~01 

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 

NPHO(l) 
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 
'606 

253 
256 
259 
653 
656 
659 

Var. XS 
NLIB(l2) 

0 

1 
2 
3 
7 
8 
9 

10 
11 
38 
39 

4 
5 
6 

40 
41 
42 



CANDUNAU LIB 
CANDUSEU LIB 
** LMFBRs ** 
EMOPUUUC LIB 
EMOPUUUA LIB 
EMOPUUUR LIB 
AMOPUUUC LIB 
AMOPUUUA LIB 
AMOPUUUR LIB 
AMORUUUC LIB 
AMORUUUA LIB 
AMORUUUR LIB 
AMOPUUTC LIB 
AMOPUUTA LIB 
AMOPUUTR LIB 
AMOPTTTC LIB 
AMOPTTTA LIB 
AMOPTTTR LIB 
AMOOTTTC LIB 
AMOOTTTA LIB 
AMOOTTTR LIB 
AMOlTTTC LIB 
AMOlTTTA LIB 
AMOlTTTR LIB 
AM02TTTC LIB 
AM02TTTA LIB 
AM02TTTR LIB 
FFTFC LIB 
CRBRC LIB 
CRBRA 
CRBRR 
CRBRI 

LIB 
LIB 
LIB 

173266 08-01-91 
173266 08-01-91 

173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173512 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 
173266 08-01-91 

2:10a 
2:10a 

2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2: lOa 
2:10a 
2:10a 
2:10a 
2: lOa 
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 
2:10a 
2:10a 

401 
404 

301 
304 
307 
311 
314 
317 
321 
324 
327 
331 
334 
337 
341 
344 
347 
351 
354 
357 
361 
364 
367 
371 
374 
377 
381 
501 
504 
507 
510 

402 
405 

302 
305 
308 
312 
315 
318 
322 
325 
328 
332 
335 
338 
342 
345 
348 
352 
355 
358 
362 
365 
368 
372 
375 
378 
382 
502 
505 
508 
511 

403 
406 

303 
306 
309 
313 
316 
319 
323 
326 
329 
333 
336 
339 
343 
346 
349 
353 
356 
359 
363 
366 
369 
373 
376 
379 
383 
503 
506 
509 
512 

21 
22 

18 
19 
20 
12 
13 
14 
15 
16 
17 
32 
33 
34 
29 
30 
31 
35 
36 
37 
23 
24 
25 
26 
27 
28 

0 

0 
0 
0 
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 
*.Ull 
*. U6 
•.vxs 

- Unit 15 output - ORIGEN2 Debugging and Internal Information 
- Unit 50 output - Input Echo 
- Unit 7 output - Output from ORIGEN2 PCH co~mand. 
-Unit 11 output tables plus unit 13 table of contents (concat.) 
-Unit 6 output table plus unit 12 table of contents (concat.) 
- Unit 16 output (variable cross section data) 

Directory of C:\ORIGEN2\SAMPLES\PC1 

SAMP 1 
SAMP 1 
SAMP 1 
SAMP 1 
SAMP 1 
SAMP 1 
SAMP 1 

BAT 
DBG 
ECH 
PCH 
Ull 
U3 
us 

3013 08-01-91 
26860 08-01-91 
15498 08-01-91 
63090 08-01-91 

614554 08-01-91 
593 08-01-91 

2:10a 
2:10a 
2:10a 
2:10a 
2:10a 
2:10a 

9110 08-01-91 2:10a 

202 



SAMP 1 U6 1857629 08-01-91 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 1 PCH 63090 08-01-91 2:10a 
SAMP 1 U11 614553 08-01-91 2:10a 
SAMP 1 U3 593 08-01-91 2:10a 
SAMP 1 us 9110 08-01-91 2:10a 
SAMP 1 U6 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 08-01-91 2:10a 
SAMP 2 INP 2812 08-01-91 2:10a 
SAMP_2 Ull 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 2:10a 
SAMP_2 U11 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 U11 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 * 



1. DOCUMENTATION OF ORIGEN2 AND ITS DATA BASES 
A. SUMMARY REPORT 
B. USER'S MANUAL 
C. (U, PU) FUEL CYCLE PWR & BWR MODELS 
D. ALTERNATIVE FUEL CYCLE PWR MODELS 
E. CANDU 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-7177(NOVEMBER 1980) 
ORNL/TM-7176(0CTOBER 1981) 
NUREG/CR-2762 (JULY 1982) 
ORNL/TM-6055 (FEB 1979) 
ORNL/TM-11018 (DEC 1989) 



 
 
 
 

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@ornl.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. 

 
 



 

Results:  Code modifications, as well as reducing the irradiation time step to no more 
than 100 days/step reduced the discrepancy from ~10% to 0.16%. 
 
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.   
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