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A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE 

A. G. Croff 

ABSTRACT 

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

. 1. INTRODUCTION 

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

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

years, a.sustained effort was undertaken by ORNL to update the original 

ORIGEN code1 and its associated d~ta bases. The re~ults of this effort 

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

yields, decay data, decay photon data, and the ORIGEN compu~er code it

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

of the ORI GEN computer code, which is called ORIGEN2. Specifically,· 

this report constitutes a detaile_d user's manual for ORIGEN2 . 

Section 2 of this repoit de$cribes several general conside~atiorts 

that differentiate ORIGEN2 from the original version of ORIGEN. These 

general considerations are very important since (1) their effect is to 

give ORIG.EN2 an outward appearance which is, radica~ly different from 

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

user is to comprehend the re$t of the user's manual. 

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

initialized before any irradiation or decay calculations are performed. 

The methods for altering these data are aiso described in this section. 

Section 4, which is t.hP. heart of the user's manual, describes the 

instructions whereby the user directs ORIGEN2 to perform the calcula

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

that the incr_eased. flexibility and the more voluminous input require

ments of ORIGEN2 become most evident. 
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Section 5 describes the contents and formats of the decay, cross 

section/fission product yield, and photon libraries used by ORIGEN2. 

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

ORIGEN2, and Sect. 5 will be of little concern. However, these 

descriptions are vital for those users who create their own libraries 

or wish to override certain values in the existing libraries. 

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

material compositions used in ORIGEN2 are specified. The format of these 

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

original ORIGEN. 

Section 7 describes the organization of ORIGEN2 input decks for two 

cases: one with the data libraries on ~ards,Rnrl the other with the data 

'lihr.aries on tape or a direct-access device. This section is important · 

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

OR1GEN2 and because of the variability of the input that is required, 

depending on the options the user elects to invoke. 

Finally, Section 8 describes a sample ORIGEN2 input deck (listed in 

·Appendix A), generic ORIGEN2 output, and sample ORIGEN2 output (listed 

in Appendix B). This type of description is necessary because of the 

large number of isotopes and table types that can be output by ORIGEN2. 

A code package containing ORIGEN2 and its data libraries can be 

obtained at the following address: 

Codes Coordinator 
Radiation Shielding Information Center 
P.O. Box X 
Oak Ridge National Laboratory 
Oak Ridge, T .... nn12ss~i= 37830 

(615) 5/4-61/b 

~: 
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2. GENERAL CONSIDERATIONS 

2.1 ORIGEN2 MAIN 

The MAIN routine of ORIGEN2 performs four major functions: 

1. provides a mechanism to variably dimension ORIGEN2 to accommodate 

different problem sizes, 

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

to several different uses, 

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

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

single job. 

The third function is handled automatically and will not be discussed. 

The fourth function is discussed in Sect. 4.29. 

ORIGEN2 has been variably dimensioned .to allow the user to tailor 

the size of the executable module to the problem size and/or the available 

computer space. The size of the ORIGEN2 executable module ranges from 

about 175K (lK = 1024 bytes = 256 single precision words) to about 600K, 

principally depending on the number of nuclides being considered. 

Figure 2.1 gives a listing of ORIGEN2 MAIN with alphabetic character 

strings (e.g., CCCC) substituted for numerical array dimensions. A 

description of each of these array dimensions is given in Table 2.1. 

The required size of these dimensions principally depends on the number 

of nuclides being considered in a given case. These nuclides are grouped 

into three segmc11ts aa follows 1 

1. Activation products, which consist of nearly all naturally occurring 

nuclides, their neutron absorption products, and the decay daughters 

. of these products. This i:;egment is principally used to handle 

structural.materials (e.g., Zircaloy) and fuel impurities. 

2. Actinides,which contain the isotopes of the elements thorium (atomic 

number 90) through einsteinium (atomic number 99) that appear in 

significant amounts in discharged reactor fuels plus their decay 

daughters. 



1 
2 
~ 
q 
5 
f. 
7 
e 
9 

10 
11 
12 
13 
1Q 
1S 
16 c 
17 c 
1e 
19 
20 
2 1 
22 
23 
2Q 
iS 
26 c 
27 c 
28 
29 
30 
3, 
32 
33 
3q 
35 
3€ c 
37 
3e 
39 
40 
Q1 
q :< 
q~ 
qq 
115 
Qt 
117 
qe 
qc:; 
50 
51 
5:< 
53 c 
5q 
SS 
56 c 
S7 c 
SE c 
59 
60 
61 c 
62 
63 c 
611. 
65 c 
66 
67 
6e 
.;9 
70 
.., 1 
72 
73 c 
7Q c 
"IS 
H ..,., 
"78 
"19 

4 

LOGICAL LONG 
INTEGER*2 LOCA,NONO.KD,LOC,NGF,NGN,NGR,NYIELD,NONP,NO,""AX.KAP, 

$10CF,NFODFP . 
DOOBLE PRECISION CIP.N.CSO!I 
Dil'IENSION XNEW(AAAA,BBBB) ,COEFF(CCCC,BBBB) ,NPROD(CCCC,BBBB), 
~""AX(BBBB),KAP(BBBB) 

DIMENSION STTFPB(JJJJ,10) ,ISTOTI (JJJJ,03),IS(JJJJ),RSTOTI(JJJJ) 
Dil'IENS ION II (DODD), LCCll (DODD) , NFO OPP (FFFF ,0000) 
DIMENSION OR(NNNN) .ER(NNNN),FR(NNNN) 
Dil'IENSION YI:ELD(EEEE),NYIELD(FFFF),R!IULV(NNNN,3) 
DI MENS ION llLPHN (GGGG) , NOCA N (GGGG) , NOCSFO (G.GGG), NY (GGGG), YY (GGGG), 

$FFSF(GGGG) ,FFA(GGGG) 
COM!ION /JUNK/ERR,ID"(1),ILITE,IACT,IFP,ITOT,IL!IAX,IA!IAX,IFl'IAX. 

$IT MAX, IZl'IAX, AXN, QXN .FLUX, POWER, INDEX, TFPEAV (Q) , IPH!!AX 
Cgl'll'ION /1'1AlN03/NSTP.ANl'IUL,lNEXP,NABl'IAX, ICNl'IAX,IAPl'IAX.IFYl'IAX 

1766 WORDS ARE NECESSARY IN /NUDSCR/ BEGINNING WITH S 
/NODSCR/ IS OSED FOR MOITIPLE PORPOSES. 

COM"ON /NUDSCR/DUl'l1 CCCCC,BBBB) ,DU!12(HHHH,BBBB) ,S(2) ,Cil!N(BBBB). 
$ CSU"(BBBB),NONP(BBEB),NO(BBBB) ,XP(BBBB) ,XPAR(BBBB).XTE!IP(BBBB), 
$ t(BBBB),AP(llll),LCCP(IIII),LONG(BBBB) 

COM!ION /BIG/llUCI. IJH!J;:lH ,Q (BBBB), PG (0004), TO CAP (R Rf.Ill) , Gl!llNEU (GGGG), 
$ALPHAN(GGGG),SPONF(GGGG),SFNU(GGGG),FISS(GGG~),NOCAB(BBBB). 
.$ A!I PC (B BRR) , lll'IPC (BBB E) , lCSTOl!ll (JJ J J, BBB Bl , DIS (B BBB) , B (BBDD) , 
$ABUND(KKKK),NONO (BBEB),KD(BBBBI ,LOC(DDDD),NGF(BBB~ ,NGN(RRRB), 
SNGR(LLLL),GGR(LLLL) 

DR,ER, AWb ~R PROVIDE A CONVENIENT l'IECRANISH FOR INITIALIZING VARIABLE 
"OLTIPLIER ARBAY R!IULV. 

EQUIVALENCJ'! (DR (1). R!IOLV (1, 1) I. (F.R (1) • R"nT.V (1, 2) I I 

f(1'11(1) ,TIMOLV(1,Jll 
EQUIVALl!NCE (DUl'l1(1.1),COEFF(1,1)),(DUl'l2(1,1),NPR00(1,1)), 

$ (NCNP ( 1 I 'l'IMU (1 I I , ( llAP (1) • NO (1) ) • (XNEll (1, 1 I I DUl'l 1 (1, 1 I I 
EQUIVA LENCI'! ( XP ( 1) , ALPHN (1)) , (AT. PHN (GGGG) , NOC AN ( 1)) , (NOC AN (GGGG) , 

$ NUCSPU (1) ) , (N OCSPU ( GGGG) , NY ( 1) ) , (NY (GGGG) , YY ( 1) I , (YY (GGGG) , 
$FFSF (1)), (FFSF (GGGG), YTF.LD (1)), (YIELD (EEEE), NYIELD {11.) 

CALL Q10Sl'(6} 
INITIALIZE PAGJ'! COUNTER 

NPAGE=IPAGE (0) 
lX= JJ JJ 
11X= AA AA 
LC= CCCC 
ILl1AI= 1!111111 
IAl1AX= GGGG 
IPMAX= FPPP 
IT MAXm DDBB 
IZl1Al= DODD 
lPHllAX=LLIL 
IAPl1AX=IIII 
IFY!IAXmJlllllll 
NAEl'IAX=KKKK 
lCNl!AX•OOOO 
i'Pr.= PJ'l'F 
LAM=llNNN 

NEOTRONS PER NEOTRON-INtUCED FISSION: O=THERRAL SPECTROl'I: 1=PAST SPECTROM 
NYT1'=1 
NY'fl'=O 

CALL· SUBROOTINE TO READ CARD INPUT FROl'I ONIT S, PRINT IT ON UNIT 6, AND 
WRITE IT ON UNIT 50. ONIT SO IS THEN REWOONC AND ORIGEN2 READS THE DATA 
PRO!! ONIT 50. 

CALL LISTIT(S,6,50) 
llEllIND SO 

llAIN1 HANDLES THE MlSCEILANEODS INITIALIZATION DATA 
1 CALL l'IAIH1 (NYTP,SFNO,ALPHN,NOCAN,NUCSPO.NY,YY,ANl'IUL.ANEXP) 

11AIN2 BEADS TRI'! ORIGEN2 ~0!1!1A~PS 
2 cU.i. liAINi(NSTP) 

l!AIN3 EXl!CUTES THE ORIG:EN2 COl'll'IANDS 
3 CALL !IAIN3 ( 

$ LONG,5TTFPB.ISTOTI,IS,RSTOTI, LX, l'IX, LC,IPU, 
$NUCAB,NONO,KC,LOC,NGF,NGN,NGR,NYIELO,NONP,NQ,LOCP,M~AX,KAP, 
iLUCa,NPUDPr, CIHN,CjOtt. . s, 
$NOCL,Q,FG,TOCAP,GENNEU,ALPHAN,SPONF,SFNU,FISS,Al1PC,Wl!PC.xsTORE • 
$DIS.B,GGR,YIELD.A ,XP,XPAR,XTERP,D,AP,COEFP,NPROD, XHEW. 
$ALPHN,NOCAN,NUCSPO.NY,YY,FFSF,PFA,ABOND,RMOLV,LAl'I) 

THIS "GO TO" FROVIDES TEE llECHANISM FOR EXl!COTillG l'IOLTIPLE PROBLEl'IS WITHIN 
A SINGII! JOB. 

GO TO (1,2,3,q).NSTF 
4 CONTINUE 

CAi.i Oi0SP(6) 
STOP 100 
END 

Fig. 2.1. Generic ORIGEN2 MAIN subprogram. 

·" 
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Table 2.1. Description of alphabetic array dimensions 
in Fig. 2.1 

Alphabetic 
character string 

in Fig. 2.1 

AAAA 

BBBB 

cc cc 

DDDD 

EEEE 

FFFF 

GGGG 

HHHH 

IIII 

JJJJ 

KKKK 

LLLL 

MMMM 

NNN"t-1 

0000 

Description 

Number of output yectors, i.e., MN in XNEW 
(MX, ITMAX) 

Maximum number of nuclides = ITMAX 

Maximum number of non-zero cross-section and 
decay reactions per nuclide = LC in COEFF(LC,ITMAX) 

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

Number of non-z.ero fission pr.oduct yields 

Maximum number of fissi.on products = IFMAX 

Maximum number of actinides + 1 = IAMAX 

13 - LC (See C above) 

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

Number of storage vectors LMX in XSTORE(MX,ITMAX) 

Number of non-zero natural abundances 

Number of non-zero photon yields 

Maximum number·of light nuclides = ILMAX 

Maxim1Jm number of variable multipliers in RMULV 

.Number of actinides with both direct fission 
product yields and a variable fission cross section 
(usually 3; can be 4 for plutonium-enriched· thorium 
fuels) 
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3. Fission products,which consist of nuclides produced by actinide 

fission plus their decay and capture products. 

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

ORIGEN2 keeps track of and prints the minimum required size of mos.t 

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

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

The magnitude of the dimensions is dependent on the.number of actinide 

nuclides having direct fission product yields, which can range from 

zero to eight (see Sect. 4.18). Dimensions are given in Table 2.2 for 

cases with 0 1 4, 6. and 8 ;:irtinide11 h::tving dircc.t fiE>::;.iuu \Jl.'<J~UC.t: yi.f>.lcts. 

The variable NYTF in MAIN.(see Fig. 2.1) indicates whether thermal 

reactor (NYTF = O) or fast reactor (NYTF m 1) neuLrnn y1~1n~ p~r nautron · 

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

The variables H.MULV, DR, ER, FR, and LAM are related to a mu~tiplier 

used by the MOV (Sect. 4.12) and ADD (Sect. 4.13) commands. LAM is the 

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

pliers. These are specified by initializing variables DR (first set), 

ER (second set), and FR (third set) using DATA statements in MAIN. 

Variables DR, ER, and FR are equivalenced to thP Appropriate portion 

of RMULV. The variable LAM is passed in subroutine parameter lists for 

variable dimensioning purposes, 

2.2 ORIGEN2 Free-Format Input 

With few exceptions, all of the input data to ORIGEN2 can b~ 

specified in free format. The free-format read routines are modifications 

of those 'Written by L. M. Petrie. 6 The restrictions on free-format input 

are as follows: 

1. All data must appear in the correct order. 

2. All data must be of the correct type (e.g., integer or :r.eal) and 

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

3. Each dat:urn must be separated from the next by a comma and/or at least 

one space. 

,• 
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Tabl.E 2.2. Dimensions .for various ORIGEN2 case sizes 

·Parameter 
Case 

1 2 3 4 6 B 9 10 11 12 13 14 15 16 

Segments considered
8 AP+A+FP AP+A+FP AP+A+FP A+FP A+FP A+FP AP+A A AP AF+A+FP A AP FP A+FP AP+A+F? AP+A+FP 

or A+AP 

Type of calculation 
b Any Any Any Any Ar.)• Any Any Any Any Decay Decay Decay Decay Any Any Any 

Number of actinide3 with 4 6 8- 4 6 8 0 0 0 0 0 0 ci 6 
direct .fission product 
yields 

Alphabetie array dimensions c 

AAAA 13 13 1). 13 13 13 13 13 13 13 13 13 13 13 13 13 
BBB!fl 1676 1676 1676 iooo 1000 1000 820 132 700 1676 132 700 880 1000 1676 1676 
cccc 7 7 7 7 7 . 7 7 7 7 7 7 7 7 7 7 
DDDi:d 6400 7900 9600· 5000 6600 8200 1800 400 1500 1700. 280 600 1000 5000 8000 9996 
EEEEf 3300 5000 6fr:JO• 3300 5000 6600 4 4 4 4 4 ·4 4 3300 5000 . 6600 
FFF!"'i 880 880 830• 880 aeo 880 4 4 4 880 4 4 880 880 880 880 
cccc;d 132 132 132 132 132 132 132 132 4 132 132 4 4 132 132 132 
HHHH 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
rrrrd ,e_ 3500 4200 SOJO 2500 3100 3800 1700 500 1300 600 500 250 ·250 2500 4500 4500 

~ 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

450 450 450 160 160 ·160 300 12 300 450 12 300 160 300 450 450 
LLLld 7900 7900 7900 4700 4700 4"7~0 4700 1500 3300 7900 1500 3300 3300 4700 7900 7900 
MM!-0:.d 700 700 no 4 4 4 700 4 700 700 4 700 4 700 700 700 
NNNJ--<I 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
ooocf 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 6 

Approximate amount of core 546 560 576 396K 412K 428K 332K 182K 298K 494 182K 286K 324K 396K 560K 576K 
required for execution 
(bytes)g 

8 AP = activation products; A= actinides and daughters; FP = fission products. 

bAny = either irradiation (i.e.' IRP or IRF comrnancs) or decay (i.e.' DEC command) can be used. Decay no irradiation; decay only. 

csee_Tab]e 2.1 and Fig. 2.1 for details on the description and use of these dimensions. 

dArray dimension should be e~enly divisible by 4 tc ensure word boundary alignmen~. 

eLarger Cimensio~s may be required for small irradiation or decay time step. In the limit of zero time, !III DDDD. 

fDepends on reactor being coosidered; see Table 2 .J, item 0000. 

gCan vary,depending on the number of input/output LTiits and buffer sizes. 
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4. Zero data· values must appear explicitly (i.e., a blank is not 

equivalent to a zero) •. 

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

6. Certain data must appear as the first datum on a new record. ·These 

instances are described later. 

7. The maximum record length is 80 bytes. 

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

subroutine. 

Thus, in general, the data being read must be.in the correct or.der, must 

begin on a new card when required, and must be $eparated by a comma or 

blank. Other than this, the data may appear anyplace on an input record. 

In the special case of numbers in E or D format (e.g., 3.8E 01), the space 

after the E is acceptable and is not considered as the end of the number .. 

2.3 The ORIGEN2 "Command" Concept 

The use of "commands" is one of the principal differences between 

ORIGEN2 and previous versions of ORIGEN·. An ORIGEN2 co1llinand directs 

the computer code to execute a single function, such as a single irradia

tion step. A series of interrelated commands is generally_ required to 

obtain a meaningful result. The series of commands typically ranges 

from 25 to 200 in number and is similar in logic to a program written 

in a computer language such as FORTRAN. Thus, the series of commands 

very much resembles a program which is read and executed by ORIGEN2. 

The implementation of the command concept in ORIGEN2 is advantageous in 

that it allows a user to simulate a wide variety of nuclear fuel cycle 

scenarios in detail, including recycle calculations. The accompanying 

disadvantage is that the required input is more detailed and mor~ 

specific than in previous versions of ORIGEN. The currently available 

ORIGEN2. commands·are defined and discussed in Sect. 4. 
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2.4 The Concept of an ORIGEN2 "Vector" 

Before attempting to describe the operational details of ORIGEN2, 

it is important that the user understand the concept of an ORIGEN2 

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

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

printed as a single column of numbers in ORIGEN2 output. For example, 

in Case 1 in Table 2.2, which includes actinide, activation product, and 

fission product nuclides, a vector might specify the amounts of all 

these nuclides'in a spent PWR fuel assembly after 150 days post-irradia

tion decay time. In this case, the amounts of about 1676 nuclides 

(dimension BBBB in Tables 2.1 and 2.2) corresponding to these conditions 

would be specified in the vector. A schematic diagram of the conceptual 

vector organization in ORiGEN2 is shown in Fig. 2.2. Two basic types of 

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

tors. 

Twelve output vectors are contained in ORIGEN2. These vectors 

are written when ORIGEN2 output is produced. Each of the vectors .is 

designated by using positive integers corresponding to the relative 

location of the vector, with the leftmost vector on the output page 

being vector 1 and the rightmost vector 12. The information in the 

output vectors is ·retained under all conditions .except one. This · 

exception occurs when a new set of ORIGEN2 commands is read during a 

single run using the STP command (Sect. 4.29) and the new set of commands 

i.nc.lndes a LIB command (Sect. 4 .18) ,· which reads new ORIGEN2 decay and 

cr9ss-section data librarj.es. In this case, the array containing the 

output vectors is used as scratch space to read the new libraries and 

the nuclide mass data are lost. 

There are a variable number (LX) 'of storage vectors in ORIGEN2, 

depending on the variable dimensions employed (see variable JJJJ in 

Table ?. • l). These ve.ctors are used to store intermediate 0RIGEN2 

results and cannot be output. The vectors are designated by using 

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

vectors is retained under all circumstances, including those where the 

output vectors .are overwritten. 
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OUTPUT VECTORS ( 12) 

2 3 4 5 6 7 8 

STORAGE VECTORS ( LX = AS MANY AS REQUIRED) 

_, -2 -(LX-1) -LX 

• • • 

9 

ORNL C7NG 79 -179 

10 11 12 

GRA.M -ATOMS OF 
ACTIVATION 
PRODUCTS 

GRAM- AlOMS 
or ACTINIDES 

4He 
• 

255 • 
Es 

GRAM-ATOMS 3H 
OF FISSION • 
PRODUCTS • 

• 
172Yb 

Fig. 2.2. Organization of ORIGEN2 vectors. 
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2.5 Description of ORIGEN2 Input/Output Units 

ORIGEN2 uses several input and output units to facilitate orderly 

and flexible code operation. These units and their functions are given 

in Table 2.3. For a basic ORIGEN2 calculation, units 5, 6, 12, and 50 

would be necessary, and the rest of the units could be dummied .6r omitted. 

The units not us~d in the basic calculatiqn.are required to execute certain 

ORIGEN2 commands or to provide useful auxiliary information. 

2.6 Card Input Echo 

ORIGEN2 has included in it a SUBROUTINE.LISTIT,which has the function 

of providing a card input echo~ The cards are read on unit 5, printed on 

unit 6, and written to unit 50, which is a temporary file. Cards that· 

have a dollar sign ($) in the first column of the card are printed (on 

unit 6) but not written (on unit 50), thus allowing for the inclusion .of 

comments in the input stream that will not· interfere with the operation 

of ORIGEN2. Unit 50 is then rewound, and the rest of ORIGEN2 reads this 

information from unit 50. The units 5, 6, and 50 appear expiicitly in the 

call to LISTIT, which occurs in MAIN. Thus, if the unit numbers given in 

Table 2.3 are altered, the unit definitions in the LISTIT parameter list 

in MAIN must also be changed correspondingly. 

2.7 ORIGEN2 Nuclide Identifier 

The U1UGE.N2 nuclide lclenLlflt:!L · .i.i:; d six-dig.it integer: that 

uniquely defines a particular nuclide. This identifier, which is· 

identical with that in the original ORIGEN, is defined as follows: 

where 

NUCLID = lOOOO*Z.+ lO*A + IS, 

NUCLID = six-digit nuclide identifier 

Z = atomic number of nuclide 



Unit 
number 

3 

4 

5 

6 

7 

10 

11 

12 

13 

15 

16 

50 

Table 2.3. Des:riptfon of ORIGEN2 input/output units 

Description 

Substitute data for decay and c=oss-
· section libraries 

Alternate unit f 3r reading ma~erial 
compositions 

Card· reader 

Princi~al output unit; usuall~ 
directtd to line printer 

Unit tc write an output vecto"r 

Decay ·and c·ross-section library 

Photon lL:>rary 

Aiternate output unit; usually 
directed :o line printer 

Table of •:ontents for unit 6 c:bave; 
usually directed to the line t=rinter 

Table·of contents for unit 11; usually 
directei ~o line printer 

Print d~bogging i:lformation 

Print var:.able cr·::>ss-section in£ormation 

Data se~ used to ~emporarily store 
input read on uni~ 5 

Specified by LIB .:ommand, Sect. 4.18 

See Sect. 4.6 

Specified in MAIN in call to LISTIT 

Specified in 3LOC~ DATA, variables = IOUT, JOUT, 
KOUT; see Sec~. 4.6 

Used by PCH co:mnand, Sect. 4.15 

Specified by LIB command, Sect. 4.18 

Specified by PHO command, Sect. 4.19 

See Sect. 4. 5 

Specified in BLOCK DATA, variable NTOCA 

Specified in BLOCK DATA, variable = NTOCB 

Specified in ELOCK DATA, variable I UNIT 
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A = atomic mass of nuclide 

IS = isomeric state indicator 

0 ground state 

1 excited state 

2 or greater not permitted 

·.Thus, the nuclide identifier for ~ 37 Cs (Z ~.55, A= 137) woul~ be 551370. 

The trailing zero (or one) is always required. A leading zero, such as 

for tritium (NUCLID = 010030), is not required. The six-digit identifier 

for an element is given by 

ELEMID = lOOOO*Z, 

where ELEMID is the element identifier and Z is defined ·as ·above. Thus, 

the ELEMID for cesium would be 550000. 

2.8 Machine Compatibility Considerations 

ORIGEN2 has been designed to be as ·machine-compatible as is possible 

by using only the FORTRAN computer language, using only· standard FORTRAN 

functions (e.g., SQRT, etc.), using H format specifications for literal 
i 

data in FORMAT and DATA stateme1"ts, and minimizing the number of partial-

word (i.e., one-byte and two-byte word) arrays. However, in the interest 

of minimizing space and coding complexity, some features were used that 

may not be accept.able on non-IBM computers. Specifically, some partial

.word arrays are used. 

Aspects of ·ORlGEN2 that are likely to require modification before 

implementation on other machines are as follows: 

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

computers where they are not permitted. These specifications 

are given by cards at the beginning of each subprogram,and the 

first characters are 1NfEGER*2. 

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

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

become optional. 
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3. Iri two places (subroutines LISTIT and QQREAD), ORIGEN2.is 

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

br~nch to another operation. Accommodation 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 constructs words from the characters. As a result of the 

widely varying word structure on various computers, this routine 

must be totally changed for each different type of computer. 

Versions of this subroutine are currently available for IBM 

and CDC computers • 

.5. Many non-IBM comput::en; have· ·relaLlv~ly i:;mall L'.Ute tegluu:,; fui. 

the executing program and a large, directly associated memory 

for storing the large arrays as opposed to the IBM procedure 

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

computers, cards that assign the desired arrays t0·the. directly 

accessed memory must be included. At the time this report is 

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

computer. 

6.· For computers· where the use of uninitialized "garbage" in 

accignment ctatements will result in Qrrors, the core should 

be preset to zero. 
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3. MISCELLANEOUS INITIALIZATION DATA 

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

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

as "miscellaneous initialization data." The .types of data falling into 

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

ized as follows: 

Section 

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 

Assignment of individual elements to 
fractional reprocessing recovery groups 

Elemental chemical toxicities 

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

types of information described in the appropriate subsection below. 

3.1 Fission Neutron Yield per Neutron-Induced Fi$sion 

The BLOCK DATA statement supplies ·spectrum-weighted single-group 

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

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

in calculating the.infinite neut~on multiplication factor for a mixture 

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

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

The BLOCK DATA routine· supplies measured (a,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 

(a,n) neutron production rates for those nuclides not listed explicitly 

are calculated from an empirical equation. The parameters in the 

equation and the explicit values cannot be altered except by changing 

the values in the BLOCK DATA subroutine and recompiling it. 

3.3 Fission Neutron Yield per Spontaneous Fission 

The BLOCK DATA routine supplies measured neutron yields per spon-

. taneous fission which override values calculated with an empirical 

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

used ~o 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 

(FRs) for each individual element.· The FRs are .used to separate a specified 

elemental compositio.n into two separate streams. The individual element 

FRs initially present in 0RlGEN2 are:given in Table 3.1. A single·FR.set 

specifics an FR for each of 99 elements. There are.ten sets ot individual 

FRs in·ORIGEN2. 

The individual ·FR sets also serve another purpose under certain 

circumstances. If one or more WAC commands (see Sect~ 4.17) are used, 

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

FR set must contain continuous removal rates for the eleme.nts in units 
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Table 3.1. ORIGEN2 default individual-element fractional recoveries 

Fractional recoveries 

Set Set Set Set Set Set Set Set Set .Set 
Element 1 2 3 4 5 6 7 8 9 10 

H o.o o.o o. 0005 . o.o 1. 0 1. 0 o.o o.o 0.9 1.0 
He o.o 0.0 0.0005 0.0 1.0 1.0 0.0 0.0 0.0 1.0 

Li-B o.o 1.0 0.0005 o.o 1.0 1. 0 1. 0 0.0 0.0 1. 0 
C, N 0.0 o.o 0.0005 0.0 1.0 1. 0 0.0 0.0 o.o 1.0 

0 o.o LO 0.0005 o.o 1. 0 1. 0 1. 0 o.o 0.0 1. 0 
F 0.0 O.OOl 0.0005 0.0 1.0 1.0 1.0 o.o o.o 1.0 
Ne o.o o.o 0.0005 o.o 1. 0 1.0 0.0 o.o 0.0 1.0 

Na-S 0.0 1.0 0.0005 0.0 1.0 1.0 ·l. 0 0.0 0.0 1.0 
Cl o.o O.OOl 0.0005 o.o 1.0 1. 0 1.0 o.o 0.0 1.0 
Ar o.o o.o 0.0005 o.o 1.0 1. 0 o.o 0.0 0.0 1.0 

K-Se o.o 1. 0 0.0005 o.o 1. 0 1. 0 1. 0 o.o 0.0 1.0 t-' 
-...J 

Br o.o O.OCl 0.0005 o.o 1. 0 1.0 1. 0 o.o 0.0 1.0 
Kr 0.0 o.o 0.0005 0.0 1.0 1.0 o.o 0.0 o.o 1.0 

Rb-Te o.o 1. 0 ·O. 0005 o.o 1.0 1. 0 1.0 0.0 0.0 1.0 
I o.o 0. O(ll 0.0005 0.0 1. 0 1. 0 1. 0 0.0 0.0. 1. 0 

Xe: o.o o.o 0.0005 0.0 1.0 1.0 o.o o.o o.o 1.0 
Cs-At o.o 1. 0 0.0005 o.o 1. 0 1.0 1. 0 0.0 0.0 1.0 

Rn o.o o.o 0.0005 o. 0 . 1.0 1.0 o.o o.o o.o 1. 0 
Fr-Ac o.o LO 0.0005 o .. o 1. 0 1.0 1.0 0.0 0.0 1.0 

Th o.o 1. 0 0.0005 o.o 1.0 1. 0 1.0 0.0 0.0 1.0 
Pa o.o 1. 0 0.0005 0.0 1. 0 . 1. 0 1. 0 o.o 0.0 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 0.0 0.05 0.05 0.0 0.0 0.0 1.0 
Pu 0.995 1.0 0.0005 0.9999 1 .• 0 0.02 o.·o 0.0 o.o 1.0 

Am-Es o.o 1. 0 0.0005 0.0 0.001 0.001 o.o 0.0 0.0 1.0 
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. 1 
of sec- . The continuous removal r~tes specified in the FR set are those 

appropriate for a reactor with continuous fuel reprocessing (e.g., an MSBR). 

The specified continuous removal rates are used by the WAC command to 

generate equivalent continuous feed rates of w~ste during waste decay. 

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

using t_he methods described below. 

3.4.2 Overriding initial values 

The. default FRs for individual elements can hP. nvPrl'."iden by using the 

following procedure: 

A. !"unction: Overrides individual-element FR supplied in the BLOCK DATA 

snhrnilr1n~. 

H. Data sequence: 

NE(l) NS(l) FR(l) 

NE(M) NS(M) FR(M) 

NE(MMAX) NS(MMAX) FR(MMAX) 

-1 

. NE(M) = one- or· two-digit element a.tomic number (1-99) for the 

fractional recovery on the Mth card 

NS(M) 

FR(M) 

set ·number (1-10) for the individual fractinn;:~l rP('O,_rery 

-on the Mth card 

fractional recovery replacing the initial value for 

element NE(N) in set NS(N) 

MMAX = number of individual-element fractional recoveries being 

overriden (can be zero) 
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C. Number of cards: MMAX+l 

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

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

F. Remarks: 

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

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

continuous removal 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 DATA subroutine supplies FR values for a group of elements. 

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

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

values can be used to separate a single, sp·~cified elemental composition 

into two different streams or to designate continuous removal rates for 

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

ORIGEN2 are given in Table 3.2. ORIGEN2 can contain up to ·20 groups of 

elements. There are ten sets of group FR in ORIGEN2, each specifying 

the FR for all groups. 

The initial-element group FR can be altered by using the pro·cedure 

described in the subsections t.hat follow. 

3.S.2 OvQrriding initial valua6 

The def~mlt-element group FR can be overriden by using the procedure 

described below. 

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

subroutine. 



Table 3.2. ORIGEN2 default element-group fractton2l recoveries 

Fractional recove:ries 

Set Set Set Set Set Set Set Set Set Set 
Group 1 ·2 3 4 5 6 7 8 9 10 

1 o.o 1. 0 0.0005 o.c 1.0 1.0 1. 0 0.0 0.0 0.0 

2 o.o L 0 0.0005 o.c LO LO 0.0 0.0 o.o o.o 
3 o.o 1. 0 0.0005 o.c 1. 0 1. CD 0.0 0.0 0.0 o.o 
4 o. 995. 1. 0 0.0005 O.S99 1. 0 0.1 0.6 1. 0 0.0 0.0 

5 o.o 1. 0 0.0005 o.c 0.05 0.05 0.0 o.o 0.0 0.0 

6 0.995 I. 0 0.0005 0.9999 1.0 0.02 0.0 0.0 o.o 0.0 

7 o.o 1.0 0.0005 o.a 0.001 0.001 0.0 o.o 0.0 0.0 

8 0.0 1.0 0.0005 0.0 0.001 0.001 
N 

0.0 0.0 o.o 0.0 0 

9 0.0 LO 0.0005 0.0 0.001 0.001 0.0 0.0 o~o 0.0 

10 0.0 1. 0 0.0005 0.0 0.001 0.001 0.0 o.o 0.0 0.0 

11 o.o 1.0 0.0005 0.0 0.001 0.001 0.0 0.0 o.o 0.0 

12 o.o 0.001 0.0005 o.o 1.0 1. (I 1.0 0.0 0.0 0.0 

13 o.o o.o 0.0005 o.o 1.0 1. (1 0.0 o.o . 0. 0 0.0 

14 ·o.o o.o 0.0005 0.0 1. 0 L (I 0.0 0.0 0.9 o.o 
15-20 o.o o.o 0.0 0.0 0.0 o. (I 0.0 0.0 0.0 0.0 
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B. Data sequence: 

NG(l) NS(l) FR(l) 

NG(L) NS(L) FR(L) 

NG(LMAX) NS(LMAX) FR(LMAX) 

...;1 

where 

NG(L) = one- or two-digit element group number (l-20) for the 

fractional recovery on card L 

NS(L) 

FR(L) 

LMAX 

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

recoveries on the card L 

fractional recovery replacing the initial value for 

group NG(L) in set NS(L) 

number of group fractional recoveries being overridden 

(can be zero) 

C. Number of cards: LMAX+l 

D. Terminate reading these data: NG(LMAX+l).LT.0 

E. Skip reading these. data: One card with NG(l) .LT.0 

F. Remarks: 

1. The FR(L) also serve to define continuous removal rates for 

the WAC conunand (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 

The BLOCK DATA subroutine also assigns each of the 99 elements to 

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

elements may be ass.igned to a given group; but an individual element 

can be a member of only one group. The initial membership of the 

ORIGEN2 element group is given in Table 3.3. 

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

procedure described below. 

3.6.2 Overriding initial values 

The membership of the default element group can be overriden by 

using the procedure described below. 

A. Function: Override element-group membership assignments supplied 

by the BLOCK DATA subroutine. 

B. Data sequence: 

. NE (1) NG(l) 

NE(I) NG(I) 

NE(IMAX) NG(IMAX) 

~1 

where 

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

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

NE(I) is to be assigned 

IMAX = number of element assignments being overridden (can he zero) 

• 



Group 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15-20 
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Table 3.3. Membership of ORIGEN2 
default element group 

Elements in group 

All elements· except those 
in groups 2-14 

Th 

Pa 

u 

Np 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

F, Cl, Br, I 

He, C, N, Ne, Ar, Kr, Xe, Rn 

H 

Nuue 
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C. Number of cards: IMAX+l 

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

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

3.7 Elemental Chemical Toxicities 

The BLOCK DATA subroutine supplies maximum permissible concentrations 

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

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

element to a concentrati.on' corresponding to its MPC. The volume of water 

required for each element in a mixture is assumed to yi.eld the total vol

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

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

the values in the BLOCK DATA subroutine and recompiling it. 

,\ 
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. 4. ORIGEN2 COMMANDS· 

The instructions defined in this section, called ORIGEN2 commands, 

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

ORIGEN2 program functions are executed. This procedure is. analogous to 

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

tions which will be performed sequentially, with the sequence being 

variable at the user's option. The use of the com~nds to define the 

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

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

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

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

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

The general format of the ORIGEN2 commands is 

COM PARM(l), PARM(2), . • • PARM(I) 

where COM is a keyword defining the instruction type and the PARM(I) are 

parameters supplying various data necessary for the execution of the 

operational commands. Details". on the data format are given in 

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

of their functions are given in Tab.le 4.1. 

Before attempting to use 0RIGEN2, it should be noted that there are 

certain restrictions on the order in which the commands must occur. The 

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

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

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

tions will be noted when the individual commands are discussed. 

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

maximum number of times; the limit depends on the specific command. 

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

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

of the appropriate array(s) within the ORIGEN2 source deck. The limit 

on the total number of ORIGEN2 commands that may be used is 300, a 

number which can also be changed by varying array dimensions within 

Lhe suurce deck. 



Command 
keyword 

ADD 
BAS 
BUP 
CON 
CUT 
DEC 
l)OL 
END 
1"AC 
HED 
INP 

IRF 
IRP 
KEQ 
LIB 
LIP 
LPU 
MOV 
OPTA 
OPTF 

OPTL 
OUT 
PCH 
.l:'HO 
PRO 
RDA 
REC 
TIT 
WAC 
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Table 4.1. List of ORIGEN2 commands 

Add two vectors 
Case.basis 

Description 

Burnup calculation 
Continuation 
Cutoff fractions for summary tables 
Decay 
DO loop 
TerwlnaLe 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 
Dat~ library replacement cards 
Move nuclide composition from vector to vector 
Specify actinide nuclide output table options 
Specify fission .product nuclide ~utput 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 

Section 

4.13 
4.3 
4.14 
-4. 28 
4.9 
4.23 
L1, 11 
4.30 
4.4 
4.7 
4.6 

4.21 
4.22 
4.10 
4.18 
4.16 
4.20 
4.12 
4.26 
4.27 

4.25 
4.5 
4.15 
4.19 
4.24 
4.1 
4.8 
4.2 
4.17 

Page 

40 
28 
42 
60 
34 
54 
48 
61 
28 
33 
Jl 

50 
52 
36 
45 
43 
49 

•38 
58 
59 

56 
29 
42 
47 
55 
27 
34 
27 
44 

·' 
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4.1 RDA--:- Read Connnents Regarding Case Being Input 

A. Function: Prints alphanumeric connnents among. tqe listing ,of. the 

operational commands being input. 

B. Data sequence: 

RDA COMMENT(S) 

. where 

RDA = connnand k_eyword 

COMMENT(S) = alphanumeric message 

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

D. Propagation: None. 

E. Remarks: These comments are printed i~ t_he. listing. created when 

ORIGEN2 is interpreting .the commands, .which is separate 

from the card input echo described in Sect. 2.6. 

4~2 TIT - C~se Title . 

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

B. Data sequence: 

TIT A(9), . . . A(80) 

where 

TIT = comniand keyword 

A(I) a_lphanumeric characters in columns 9-80 only 

C. Allowable number of TIT connnands: 20 

D. Propagation: ·Until changed •. 

E. Remarks: None. 
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4.3 BAS - Case Basis 

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

B. Dat_a sequence: 

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

where 

BAS = command keyword 

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

C. Allowable number ot HA8 commands: iO 

E. Remarks: The BAS command only supplies an alphanumeric message. 

The user is responsible for the consistency of the basis, 

the input material masses, specific power, etc. 

4.4 FAC - Calculate a Multiplication Factor 
Based on· Total Vector Masses 

A: Function: Calculates a multiplication factor, FACTOR[NFAC(l)], 

based on the total actinide plus fission product masses 

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

ADD (see Sect. 4.13) commands. 

B. Data sequence: 

FAC NFAC(l), ... N1"AC(4), l.U'AC(l) 

where 

FAC = command keyword 

NFAC(l) = number of factor calculated by this command (must 

be greater than zero and less than or equal to the 

maximum number of FAC commands) 

NFAC(2) = vector number 
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NFAC(3) = vector number 

NFAC(4) =method for calculating FACTOR[NFAC(l)]: 

RFAC(l) 

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

2 FACTOR(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 FACTOR[NFAC(l)] 

= 6 FACTOR[NFAC(l)] 

7 FACTOR[NFAC(l)] 

8 FACTOR[NFAC(l)] 

T[NFAC(2)] 

T[NFAC(3)] 

1. 0 / T [NF AC ( 2) ] 

1. 0 / T [NF AC (3) ] 

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

plus actinide masses for the indicated vectors, 

expressed in kilograms. 

constant value to be used in place of the T[NFAC(I)]: 

.GT.0 substitute RFAC(l) for T[NFAC(Z)] when 

calculating FACTOR[NFAC(l)] 

.EQ.O use the T[NFAC(I)l as defined 

.LT.0 substitute (-RFAC(I)] for T[NFAC(3)] when 

calculating FACTOR[NFAC(l)] 

The uni ts of .RFAC (1) are kilograms. 

C. Allowed number of FAC connnands: 20 

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

NFAC(l) is executed. 

· E·. Ilemarks: Some characteristic resulte: from this command arQ 

printed on unit 15. 

4.5 OUT - 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. Data sequence: 

OUT NOUT(l), . NOUT(4) 

where 

OUT = 
NOUT(l) = 

NOUT(2) = 

command keyword 

number of vectors to be printed beginning with the 

first vector: 

.GT.0 = output on units IOUT, JOUT, and KOUT (Unit 

.LT.0 = output: on unit 11 

frequency of print if instruction is in a loop 

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

and every NOUT(2)th recycle thereafter] 

NOUT(3) = print number of present recycle: 

.GT.0 = yes 

.LE.0 no 

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

.LT.0 = all vectors tested for inclusion in 

sunnnary table except vector -NOUT(4) 

.EQ.O all vectors tested for inclusion in 

SUtnrl!cH'Y table 

.GT~O - vuly vi;1,;Lv1 NOUT(4) i:t:!Htt:!c1· r.n RP.P. 1f ::i 

nuclide is included in the summary table 

C. Allowable number of OUT commands:· 20 

D. Propagation: None .. 

E. Remarks: 

1. If NOUT(2) .NE.l, a REC command must be employed (Sect. 4.8). 

6) 
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4.6 INF - Read Input Composition, Continuous Removal Rate, 
and Continuous Feed Rate 

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

rate,or continuous elemental removal rate to be read. 

B. Data sequence: 

INP NINP(l), . . NINP (6) 

where 

INF 

NINP(l) 

command keyword 

number of vector in which.initial compositions are 

to.be stored 

NINP(2) = read nuclide composition: 

.EQ.O no 

.EQ.l yes; unit!? arE:! g/basis unit (read on ~~:i,.t .. ~) 

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

unit 5) 

~EQ.-1 = yes; units are g/basis unit (read on unit 

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

unit 4) 

NINP(3) = read continuous nuclide feed rate: 

.LT.0 = no 

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

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

Sec NINP(5) for cp~cification of time units. 

NINP (11) ::;:; riiad iililm'int r'imoval rate plilr unit time: 

.LT.O no read; no propagation 

4) 

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

.GT.O =read NINP(4) da.ta pairs (see Sect. 6.3) 

See NINP(6) for specification of time units. 

NINP(5) time units of continuous nuclide feed rate data 

(see Table 4. 2) 

NINP(6) = time units of continuous elemental removal rate data 

(see Table 4. 2) 
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Table 4.2. Time unit designation 

1 = seconds 

2 minutes 

3 hours 

4 days 

5 years 

6 stable 

7 103 years (kY) 

0 106 
,Yt!Cl.f~ (MY) 

9 = 10~ years (GY) 

., . 
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C. Allowable number of INP commands: 15 

D. Propagatioa; Nuu~. 

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

calculational basis with the input masses. 

4.7 RED - Vector Headings 

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

B. Data sequence: 

RED NHED A(l~ . . . A(lO)_ 

where 

RED command keyword 

NHED = number of vector which is to be given heading 

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

card to the right ·of NHED 

C. Allowable number of RED commands: 50 

D. Propagation: Until the vector is overwritten. 

E. Remarks: 

1. The heading is moved with the vector when t·he MOV (Sect. 14.12) 

and ADD (Sect. 14.13) commands are used. 

2. If a RED command is to be used to label either a vector of 

input concentratio11s [vector NINP(l), Sect. 4.6].or the 

vectors resulting from a PRO command [vectors NPR0{2) and 

NPR0(3), Sect. 4.24], the RED command must follow the INF 

or PRO command. 

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

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

This allows for the in~lusion ~f leading bla~ks. 
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4.8 REC - Loop Counter 

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

Sect. 14 .Jl) has been executed. 

B.· Data sequence: 

REC 

where 

REC = command keyword 

C. Allowable number of REC commamls: 1 

E. Remarks: 

1. This counter is output as the "Recycle fl" in ORIGEN2 output. 

4.9 CUT - Cutoff Fractions for Summary Tables 

A. Function: OVerride default cutoff fractions for summary output 

tables. 

CUT[NCUT(l), RCUT(l)], [NCUT (NT), RCUT (NT)], ·l 

where 

c. 

CUT.= operational command 

NCUT(I) 

llUU'f(I) -
NT. = 

Allowable 

n~mber of the output table to which cutoff fraction 

RCUT.(I) is to apply (see Table 4 .3 for table numbers 

and descriptions) 

new cutoff fraction fo:c t<'lble n11mhP.r NC:UT(I) 

total n:umber of default cutoff values which are 

being overridden with this CUT command 

number of CUT commands: 3 

D. Propagation: Until changed. 

... 



Table 
number 

1 

2 

3 

4 

5 

6 

.7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

LL 

23 

24 

25 

26 

27 

28 
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Table 4.3. Description of ORIGEN2 output table 

Description of table 

Isotopic composition of each 

Isotopic composition of each 

Composition 

Composition 

Composition 

Composition 

Radioactivity (total) 

Radioactivity (total). 

Thermal power 

Thermal power 

Not used 

Not used 

Radioactive inhalat:ion hazard 

Radioactive inhalation hazard 

Radioactive ingestion hazard 

Radioactive ingestion hazard 

Chemical ingestion hazard 

Chemical ingestion hazard 

Neutron absorption rate 

Neutron absorption rate 

Neutron-induced fission rate 

Neutron-induced fission ra~e 

Radioactivity (alpha) 

Radioactivity·(alpha) 

element 

element 

(alpha,n) neutron production 

Spontaneous fission neutron p·roduction 

Photon emission rate 

Set test parameter ERR 

Units 

atom fraction 

weight fraction 

gram-atoms 

atom fraction 

grams 

weight fraction 

Ci 

fractional 

·watts 

fractional 

m3 air 

fractional 

m3 water 

fractional 

m3 water 

fractional 

neutrons/sec 

fractional 

tissions/sec 

[ un: Lluual 

Ci 

fractional 

neutrons/sec 

neutrons/sec 

photons/sec 
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E. Remarks: 

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

cutoff fraction multiplied by the total table value for all 

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

which vectors are tested), then that particular nuclide is 

not printed. 

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

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

statements instead of 0.0. 

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

fractions are specified. 

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

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

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

No operational command is used on the additional cards. 

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

somewhat different; it is discussed in Sect. 8.2.2. 

~.10 KEQ - Match Infinite Multiplication Foctoro 

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

inf~nit~ multiplication factor (IMF) m~trh~~ rh~r nf 

another vector or an input value .. 

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

where 

KEQ command keyword 

NKEQ(l) = vector whose IMF is to be matched by vector NKEQ(4) 

NKEQ(2)° vector whose material is to be wholly included in the · 

final blended material in vector NKEQ(4) 

NKEQ(3) vector whose material is to be apportioned to obtain 

the proper IMF.for vector NKEQ(4) 

).· 

'i· 
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NKEQ(4) 

NKEQ(S) 

RKEQ(l) 
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vector containing all material in vector NKEQ(2) plus 

part of the material in NKEQ(3) and having the same IMF 

as either veGtor NKEQ(l) or RKEQ(l); that is, 

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

where f is the factor by which NKEQ(3) must be multiplied 

to obtain the correct IMF for NKEQ(4). 

vector containing the portion of NKEQ(3) not blended 

into NKEQ(4); that is, 

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

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

desired fl.Ila! IMF for vector NKEQ(4) if RKEQ(l).GT.0.0. 

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

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

is'equal to RMULV(NREC,l). The RMULV valtles are specified 

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

parameter is described in Sect. 4.8. 

C. Allowable number of KEQ commands: 3 

D. Propagation:. None. 

E. Remar.ks: 

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

vector NKEQ(3) is. multiplied before being combined with 

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

iQ giVQn by 

f (k2 - k1)*D2/(k1 - k3)*D3 

where 

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

kz "' IMF of material in vector NKEQ(2) 

k3 IMF of material in vector NKEQ(3) 

D2 = neutron absorption rate of material in vector 

NKEQ(2), neutrons.sec- 1 

D3 neutron absorption rate of material in vector 

NKEQ(3), neutrons sec- 1 
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2~ Some characteristic results from this connnand 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 k~YWQ~u 

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 times the instructions within the 

loop are to be exectited 

C. Allowable number of DOL connnands: 2 

D. Propagation: None. 

E. Remark.A: None. 

4.12 MOV - Move Nuclide Composition from Vector to Vector 

A. Function: Moves (i.e., copies) the nucl,ig~ concentr.at.icm data in 

one vector to another vector, nuclide by nuclide. 

B. Data sequence: 

MOV NMOV(l), NMOV(?), NMOV(3), RMOV(l) 

where 

MOV = command keyword 

NMOV(l) = number of the vector where the concentrations te be 

moved are presently stored 

.. 
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NMOV(2) 
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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 

RMOV(l) 

.GT.0 = number of variable multiplier vector that 

contains the additional factors by which 

vector N_MOV(l) is to be multiplied before 

.EQ.O 

being moved to vector NMOV(2). The variable 

multipliers are in array RMULV and are initial

ized with a DATA statement in MAIN. The 

particular element of RMULV used is 

RMULV[NREC, NMOV(3)] 

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

The total m~ltiplier, RMULT, is given by 

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

NREC must be defined to use the variable 

multiplier option. 

no additional multiplier is used; that is, 

RMULT = RMOV(l). 

.LT.0 The additional multiplier to be used was 

· previously calculated by an FAC command 

(see Sect. 4.4) and designated as 

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

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

multiplier is then given by 

RMULT = FACTOR[-NMOV(3)]*RMOV(l). 

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

before being stored in vector NMOV(2). 

C. Allowable number of MOV connnands: 99 

D. · Propagation: None. 



40 

E. Remarks: 

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

NMOV(2) with RMOV(l) = 0.0. 

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

MOV command. 

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

after the MOV command has beeri executed. 

4.13 ADD - Add Two Vectors 

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

that _in another vector, nuclide by nuclide. 

B. Data sequence: 

ADD. NADD(l), NADD(2), NADD(3), RADD(l) 

where 

ADD = operational command 

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

be added are presently stored 

NADD(2) 

NADD(3) 

number of the vector to which the concentrations in 

vector NADD(l} are to be added 

source of additional multiplier 

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

variable multiplier vector which contains 

the factors by which vector NADD(l) is to 

be multiplied before being ad.ded to vector 

NAnn(7). 'T'hp v;:n:tabl.~ mi..\ltipli<n~ :&rQ in 

.:.Lrrny RMULV and arc initialized with a UA'l'A 

statement in MAIN. The particular element 

of RMULV used is 

HMULV[NREC, NADD(3)] 

where NREC is the recycle number (see Sect. 

4.8). The total multiplier, RMULT, is given by 

•, 
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RMULT = RMULV[NREC,NADD(3)]*RADD(l) 

NREC must be defined to use this option (see 

Sect. 4 .8). 

no additional multiplier used; that is, 

RMlJLT = RADD(l) . 

. LT.0 = the additional multiplier to be used was 

previously calculated by a FAC command (see 

Sect. 4.4) and designated as FACTOR[NFAC(l)]. 

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

the total multiplier is then given by 

RMULT = FACTOR[-NADD(3)]*RADD(l) 

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

multiplied before being _added to vector 

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

C. Allowable number of ADD commands: 30 

D. Propagation: None. 

E. Remarks: 

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

RADD(l) = -1.0. (CAUTION: Negative nuclide concentrations can 

result in fatal errors.) 

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

commaml. 

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

aft-er the ADD command has been executed. 
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4.14 BUP - Burnup Calculation. 

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

flux, and specific power for an irradiation. 

B. Data sequence: 

BUP 

Irradiation 

BUP 

where 

BUP 

Irradiation 

command keyword 

tl;le operational commands (ePnPn:l} ly 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: 

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

constituting the fuel irradiation upon which the burnup calcu

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

the BUP statements. 

4.15 PCH - Punch an Output Vector 

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

format or write it to a disk file. 

B. Data sequence: 

PCH NPCH(l), NPCH(2), NPCH(3) 

where 

PCH 

NPCH(l) 

command keyword 

control character for light nuclide and structural 

material punch. 
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· NPCH(2) 

NPCH(3) 

control character for actinide nuclide punch 

control character for fission product nuclide punch 

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

.GT.O - number of·output vector to be punched 

.LT.0 - number of storage vector to be punched 

C. Allowable number of PCH commands: 54 

D. Propagation: None. 

E. Remarks: 

1. Format of punched output is [2X,I2,4(IX),I6,2X,IPE10.4)]; 

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 power are average· values 

produced by the BUP command (Sect. 4.14) and must be present 

for a file read on unit 4 [NINP(2)iLT~O;. see Sect. 4.6]. 

These parameters are not necessary for input material composi

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

4.16 - LIP - Library Print Control 

A. Function: Controls the printing of ~he input data libraries·· 

B. Data sequence: 

LIP NLIP(l), NLIP(2), NLIP(3) 

where 

command keyword LIP 

NLIP(l) control character, for decay library print .. 

NLIP(2) = control character for cross-section library 

NLIP(3) - control character for photon library print· 

If NLIP(I).EQ.0 no print 

.GT.O - print library 

print 
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C. Allowable number of LIP commands: 5 

D. Propagation: Until superseded. 

E. Remarks: None. 

4~17 WAC - Nuclide Accumulation 

A. ·Function: Multiplies a concentration vector by a fractional 

recovery vector and stores the result in vector B, 

which contains contiri.uous feed rates. 

B. Data sequence: 

·WAC NWAC(l), NWAC(2) 

where 

WAC 

NWAC(l) 

NWAC(2) 

command keyword 

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 ~ystem in uni·ts of sec - i 

(equivalent to the feed rate to the next system being 

analyzed). 

number of concentration vector which is to be multiplied 

by fractional recovery vector NWAC(l) 

C. Maximum allowable number of WAC commands: 2 

D. Pr.opagr:i.t; i.on: None. 

E. Remarks: 

·1. This command will enable the continuous accumulation of waste 

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

be calculated. The steady-state fuel composition in vector 

NWAC(2) is multiplied by the appropriate continuous removal. 

rates stored in fractional recovery vector NWAC(l); the reoult 

is subsequently stored in vector B. Then the waste is decayed, 

•. 

•. 
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with vector B representing the continuous feed of waste to 

the waste decay step from the continuously reprocessed. 

steady-state reactor. 

4.18 LIB - Read Decay and Cross-Section Libraries 

A. Function: Read decay and cross-section libraries; substitute 

decay and cross-section cards and cards with non

standard reactions. 

B. Data sequence: 

LIB NLIB (1), . . . NLIB(ll) 

·where 

LIB 

NLIB(l) 

NLIB(2) 

NLIB(3) 

NLIB(4) 

NLIB(S) 

command keyword 

control character for printing matrix of non-zero 

reaction rates (array A) for thi::! libraries read· (see 

Sect. 8.2.1). 

If NLIB(l) .GT~O - print 

.LE.0 - no print 

identification number of light nuclide decay library 

to be read; see Table 4.4 

identification number.of actinide nuclide decay library 

to be read; see Table 4.4 

identification number of fission product nuclide decay 

library to be read; see Table 4.4 

identification number ·of light nuclide cross-section 

library to be read;. see Table 4.4 

NLIB(6) = identification number of actinide nuclide cross-section 

NLIB(7) 

1 tbr ary to ·be read; see Table 4. 4 

identification number of fission product· nuclide yield 

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

If NLIB(Z-7) .. EQ.O - no read 

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



46 

Table 4 .4. Numbers of ORIGEN2 data librarfes. 

Category of isotope 
Type of library Activation prorl1.1~t Actinide 

[NLIB(2 or 5)]a [NLIB(3 or 6)]a 

Decay 

Photon 

PWR: 235U-enriched U0 2; 
33,000 MWd/metric ton 

PWR: 235U-enriched U02 in a 
self-generated Pu recycle 
reactur 

PWR: Pu.-enriched UO, in a 
self-generated Pu recycle 
reactor 

BWR:· 235U-enriched U02 

ewK: '''u-enr1cned tu~! in a 
self-generated Pu recycle 
n.:uclur 

BWR: Pu-enrichP.d f111') l in " 
self-generated Pu recycle 
reacLut' 

PWR; Th02-enriched with denatured 
2 3 Ju · 

PWR: Pu-enriched Th02 

PWR: 23 "u-enriched U02; 
50,000 MWd/metric ton 

PWR: Th02-enriched with makeup, 
denatured 235u 

I/WP.: ThOz enriched with 
recycled, denatured ?~~U 

LIU"lll11 llor!Y nnidr .• Lllll l'u{llfllfll 

Axial blanket 

Radial blanket 

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

Core 

Axial blanket 

Radial blanke~ 

LMFBR: Advanced oxide,·, recycle-Pu/U/U/U 

Core 

Axial blanket 

Radial blanket 

Thermal: 0.0253-eV cross sections 

1 

101 

Cross-section 

204 

207 

210 

251 

L~4 

257 

213 

216 

219 

222 

225 

301 

304 

307 

311 

314 

317 

.121 

324 

327 

201 

~efer to Sect. 4.18 for the use of these parameters. 

2 

102 

lihrMriP..s 

205 

208 

211 

252 

z:.:. 

258 

214 

217 

220. 

223 

226 

302 

305 

·3oa 

312 

315 

318 

322 
325 

328 

202 

... 

Fission product 
[NLIB(4 or 7)]a· 

3 

103 

206 

209 

?.J.?. 

2.53 

:!:Ob 

259 

215 

218 

221 

224 

227 

:103 

316 

309 

313 

316 

319 

323 

326 

329 

203 

NLIB(l2)a 

l 

2 

3 

4 

6 

.8 

9 

10 

11 

10 

19 

20 

12 

13 

14 

15 

16 

17 

0 



NLIB(8) 

NLIB(9) 

NLIB(lO) 

number 

of the 

number 

number 

of 

47 

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

substitute card read on unit 

NLIB(9) 

input unit for normal reading of the bulk 

libraries 

of input unit .for reading substitute cards 

of non-standard reactions to be read 

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

.GT.0 - 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 us_ed; see Table 4 .4 

C. Allowable number of LIB connnands: 5 

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

E. Remarks: 

-1. If substitute cards are to be read, the .LPU connnand(s) 

(Sect. 4.20) must precede the LIB command in which the cards 

are to be read. 

2. See Sect. 5 for library format details. 

4.19 PHO - Read Photon Libraries 

A. Function: Read the photon production rate per disintegration in 

18 energy groups. 
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Table 4. 5.. Actinide se-ts with direct fission product yields 

NLIB(ll) 

1 

2 

3 

4-

Actinides with direct fission product yields 

.. 



• 
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B. ·Data sequence: 

PHO. NPHO(l), ... NPH0(4) 

where 

PHO 

NPHO(l) 

NPH0(2) 

NPH0(3) 

NPH0(4) 

command keyword 

identification number of activation product photon 

library to be read; see Table 4.4 

identification number of actinide nuclide photon 

library to be read; see Table 4.4 

identification number of fission product nuclide photon 

library to be read; see Table 4.4 

If NPHO(l-3).LE.0 - no read 

.GT.0 - read 

number of input unit on which the.photon libraries are 

to be read 

C. Allowable number of PHO commands: 5 

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

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

4.20 LPU - Data Library Repiacement Cards 

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

.cross-section data cards to be read by LIB .command 

(Sect. 4 .18). 

s: Data sequenc~! 

LPU NLPU(l), ... NLPU(MAX), -1 

wh~re 

LPU command keyword 

NLPU(l-MAX) = nuclide identifie.rs for replacement data cards 

in the order in which they occur in the original 

data library 

MAX number of nuclide identifiers to be read for a given 

LPU command; must be .LE.100 
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C. Allowable number of LPU cards: 9 

D. Propagation: Until another LIB conunand is executed. 

E. Remarks: ~ 

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

(integer) must appear after the last identifier. 

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

3. The LPU command(s) must precede the LIB connnand in which the 

replacement data cards will be read. 

·4. The first LPU cominand. is associated with the first negative 

control variable in th~ NLIB(2-7) set of control variableo 

(Sect. 4.18). The second LPU command is associated with the 

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

control variables, etc. 

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

4.21 · IRF - Flux Irradiation 

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

specified . 

. B. Data sequence: 

. IRF RIRF(l), R_IRF(2), NIRF(l) •... NIRF(4) 

where 

command keyword 

RIRF(l) time at which this irradiation interval ends 

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

this irradiati~n interval in neutrons cm-~ sec- 1
• 

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

where 

NEWFLUX = OLDFLUX*[-RIRF(2)] 

NEWFLUX = flux to be used during this interval, 

neutrons cm- 2. sec - 1 

.. 



NIRF(l) 

NIRF(2) 

NIRF(3) 

NIRF(4). 

OLD FLUX 
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flux for the same time period from the 

previous irradiation, neutrons cm- 2 sec- 1 • 

See remark 2 below. 

number of the vector where the material composition at 

the beginning of this irradiation interval is stored 

number of the vector where the material composition at 

the end of this irradiation interval is to be stored 

time units of RIRF(l); see Table 4.2 

specification of time at which this irradiation interval 

begins: 

0 =starting time is the end of the previous IRF, IRP, 

or DEC interval. All reactivity and burnup informa

tion is retained,and MIRR is not altered. Used for 

continuing irradiation/decay on the same output page. 

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

burnup information is retained, and MIRR is set to 

zero. Used for beginning a new irradiation on the 

same output page. 

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

burnup ·information and MIRR are set to zero. Used 

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

3 same as NIRF(4) = 0 except that the first seven lines 

of the irradiation information are set to zero. 

Used for continuing irradiation to a new output 

page. 

4 same as NIRF(4) = 1 except that the tirst 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 !RF commands: See remark 1 below. 

D. Propagation: .None. 
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E. Remarks 

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

2. For this option to be used, the time steps for the current 

irradiation and decay sequence must correspond exactly to 

those in the previous sequence. The scale factors [-RIRF(2)] 

from previous irradiations do propagate. 

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 BUP commands (Sect. 4.14). Also, 

see Sect. ·~L 2. 2. 

4. Internal 0RIGEN2 parameters related to the flux/specifi~ P9Wer 

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

4.22 IRP - Specific Power Irradiation 

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

specified. 

B. Data sequence: 

IRP RIRP(l), iURP(2), NIRP(l), .... NIRP(4) 

where 

IRP 

RIRP(l) 

RIRP(2) 

command keyword 

time at which this irradiation interval ends 

power level during this irradiation interval 

.CT .0 ,,,,. ~W(t) per unit of fuel input 

.LT.O specific power, MW(t) per metric ton of 

heavy metal 

(NOTE; Both actinides and fission products 

must be present for the specific power option 

to work correctly.) 
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NIRP(l) numb~r 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 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 f_or beginning a new irradiation on the 

same output page. 

2 starting time is set to zero. _All reactivity and 

burnup information and MIRR are set to zero. Used 

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

3 same as NIRP(4) = 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 same as.NIRP(4) = 1 except that the first seven lines 

of the reactivity and burnup information are set to 

zero. Used t.o begin the decay following irradiation 

on a new output page while retaining the average 

irradi2tion p2r~metPr~ . 

. C. Allowable number of IRP conunands: See remark 1 below. 

D. Propagation: None. 

E. Remarks: 

1. The total number of IRF + IRP + DEC conunands must be .LE;lSO .. 

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

consists of seven lines of data characteristic of an individual 

vector (e.g. time, infinite multiplication factor, neutron flux) 
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and three lines containing irradiation parameters (e.g., burnup) 

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

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

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

4.23 DEC - Decay 

A. Function: Decay for a single interval. 

B. Data sequence: 

DEC DEC(l), @EC(l) •... NDEC(4) 

where 

DEC 

DEC(l) 

NDEC(l) 

operational command 

time at which this decay interval ends 

number of the vector where the material composition at 

the beginnihg 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 'fable 4.2 

NDEC(4) specification of the time at which this decay interval 

begins: 

0 ... 5Lartiug time is th1:: end of the pre·viuus IRF, IRP, 

or DEC interval. All reactivity and burnup informa

tion :i.s .retaine.ri, and MIRR i.s not altered. Used for 

continuing irradiation/decay on the same output page, 

1 = starting time is set to ~ero. All reactivity and 

burnup information is retained, and MIRR is set to 

zero. Used for beginning a new irradiation on the 

same output page. 

2 =·starting time ·is set to zero. All reactivity and 

burnup information and MIRR are set to zero. Used to 

begin a new irradiation/decay on a new output page. 
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3 = same as NDEC(4) = 0 except that the first seven lines 

· of the reactivity and burnup information are set to 

zero. Used for continuing irradiation to a new 

output page~ 

4 same as NDEC(4) 1 except that the first seven lines 

of the reactivity and burnup information are set to 

zero. Used to begin the decay following irradiation 

on a new output page while retaining the average 

irradiation parameters. 

C. Allowable number of. DEC commands: See below. 

D. Propagation: None. 

E. Remarks: 

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

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

consists of seven lines of data characteristic of an individual 

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

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

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

4 .. 24 PRO. - Re{>rocess Fuel 

A. Function: Reprocess fuel into two product compositions. 

B. Data sequence: 

PRO NPRO(l), NPR0(4) 

where 

NPRO(l) number of the vector where the material composition that 

is to be reprocessed is stored 

NPR0(2) = number of the vector where the mat.~rial that is recovered 

is to be stored. The amount of an isotope of element NE: 
recovered is given by: 

[Mass of isotope NE][f(NPR0(4)]. 



NPR0(3) 

NPR0(4) 
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The fraction f[NPR0(4)] is the fractional recovery 

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

See also Sects. 3.4 and 3.5. 

number of the vector where the material not recovered 

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

NE not recovered is given by: 

[Mass of isotope NE][l.O - f(NPR0(4))]. 

number of the set of fractional recoveries which is to 

be used in this reprocessing operation~ If NPR0(4) :i.s 

greater than zero, individual frac.tional recoveries 

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

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

3 .5). 

C. Allowable number of PRO commands: 20 

D. Propagation: None. 

E. Remarks: None. 

4.25 OPTL - Specify Activation Product Output Options 

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

summary) are to be printed for the activation products. 

B. Data sequence: 

OPTL NOP1'L(l), .•. NOPTL(24) 

where 

Ol?TL command keyword 

NOPTL(l) • control characler indkat:ing which output table types 

are to be printed for the activation products; see 

Table 4.6 

I table number.; see Table 4. 3 for output table descriptlun 

C. Allowable number of OPTL commands: 20 

D. Propagation: Until changed. 

. . 
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Table 4.6. Specification of output table types to be printed 

NOPTL(I) Table type printed 
NOPTA(I) 
NOPTF(I) Nuclide Element Summary 

1 Yes Yes Yes 

2 Yes Yes No 

3 Yes No Yes 

4 No Yes . Yes 

5 Yes No No 

6 No Yes No 

7 No No Yes 

8 No No No 
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E. Remarks: 

1. The NOPTL(I) must all be on a sing~e card. 

2. If NOPTL(l) is less than 1, only a summary grams table is 

printed for all nuclides (including·actinides and fission 

products) until new commands (after an STP, Sect. 4.29) 

are·read. 

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

OPTL command. 

4.26 OPrA - ~p~city Uptions tor Actinide Nuclid~ Output TahlA 

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

summary) are to be printed for the actinide nuclides. 

B. Data sequence: 

OPTA NOPTA(l), ... NOPTA(24) 

where 

OPTA 

NOPTA(I) 

command keyword 

control character indicating which output table types 

are to be prinLed for tl~ actinide nuclitles; see Table 4.6 

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

C. Allowable number of OPTA commands: 20 

D. Propagation: Until changed. 

E. Remarks: 

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

2. If NOPTA(l) is less than l," only a summary grams table is 

printed for all nuclides (including activation and fission 

products) until new commands (a.fter an STP, Sect. 4. 29) 

are read-. 

3. Only rhe first 24 tables in Table 4.3 are controlled by the 

OPTA command. 

.. 



• 
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4.27 OPTF - Specify Options for Fission Product 
Nuclide Output Table 

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

or summa~y) are to be printed for fission product nuclides. 

B. Data sequence: 

OPTF 

where 

OPTF 

NOPTF(I) 

NOPTF(l), NOPTF(24) 

command keyword 

control character indicating which output table types 

ar~ to be printed for the fission product nuclides; 

see Table 4.6 

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

C. Allowable number of OPTF commands: 20 

D .. Propagation: Until changed. 

E. Remarks: 

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

2. If NOPTF(l) is less than 1, only a summary grams table is 

printed for all nuclides· (including activation products 

and actinides) until new commands (after an STP, Sect. 

4.29) are read. 

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

OPTF.command. 
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4.28 CON - Continuation 

A. Function: Defines the ranges of the DOL coIIlllland (Sect. 4.11). 

B. Data sequence: 

CON NCON 

where 

CON = command keyword 

NCON = number of this CON command; must be equal to NDOL(l) fo.r 

the UUL command which is to be associated with this CUN 

command 

C. Allowable number of CON commands: 2 

D. Propagation: None. 

E. Remarks: 

1. There must be one, and only one, CON command for each DOL command. 

2. if the DOL command is removed, the corresponding CON command 

must also be removed. 

4.29 STP - Execute Previous Commands and Branch 

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

Then read and execute more commands. 

STP NSTP 

where 

STP = command keyword 

NSTP =branching control character: 

1 = read new miscellaneous initialization data (Sect. 3) and 

a new set of cofiiiiiands (Sect. 4), and execute them. 

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

Additional input data (libraries and initial nuclide 

concentrations) will be required . 

4 terminate execution (same as END) .. 

C. Allowable number of STP commands: Unlimited. · 

D. Propagation: None. 

E. Remarks: None. 

4.30 END - Terminate Execution 

A. Function: Terminate execution. 

B. Pata sequence: 

END 

where 

END = co.mmand· keyword 

C. Allowable number of END commands: 1 

D. Propagation: None. 

E. Remarks: None. 
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5. DATA LIBRARIES 

There are three separate and distinct nuclide lists in ORIGEN2 for 

which nuclear data may be required: the activation products, the acti

nides, and the fission products. The activation products include the 

low-Z impurities and structural materials. The actinides include all of 

the heavy isotopes (Z.GT.90) plus all of their decay daughters, including 

the final stable nuclides. The fission products include all nuclides 

which have a significant fission product yield (either binary or teruary) 

plus some nuclides resulting fro~ neutron captures of the fission products. 

For each of these three segments,there are three different libraries that 

may be read: a decay data library (Sect. 5.1), a cross-section and fis

sion product yield data library (Sect. 5.2), and a photon yield library 

(Sect. 5.5). The decay data library gives nuclide half-lives, decay 

modes, recoverable heat energy, natural abundances, and toxicities. 

The cross-section and fission product yield library gives the cross 

sections for (n,y), (n,2n), (n,3n), (n,a), (n,p), and (n,fission) as 

effective, one-group reaction rates in barns and the fission product 

yields from 2s2Th, 2:i:iu, 2:>5u, 2:ieu, 2an1'u, ·a1111'u, 24scm, and z52Cf. 

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 b~ used to extend, update, or 

correct these libraries. The first of these options (Sect. 5.3) allows 

the user to inpu.t substitute decay data cards and substitute cross

section and fission product yield data cards which override the 

corresponding data cards present in the main libraries. This option 

is particularly useful as an alternative to rebuilding entir.e data 

libraries simply to change one or two items. The second option 

(Sect. 5.4) allows the user to.input any flux-dependent reaction rate 

between any two nuclides. While the user can duplicate the reaction 

types available in ORIGEN2 [i.e., (n,y), (n,2n), (n,3n), (n,a), (n,p), 
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(n,fission)], the option is principally intended to allow for the 

inclusion of non-standard reaction types such as (n,d), (n,t), and 

(n,np). 

5.1 Decay Data Library 

The first card of each of the three allowable decay data library 

segments (activation product, actinide, and fission product) is a title 

card containing the number of the decay library segment and the alpha

numeric title of the segment. Following the title card are the decay 

data for the nuclides in a particular library segment. The decay data 

for each nuclide are specified on two sequential cards. A description of 

the decay library conventions is given in Table 5.L. 

The decay data library serves other vitally important functions in 

the ORIGEN2 code in addition to supplying decay data. The nuclide 

identifiers supplied by the decay lipraries define the total list of 

all nuclides that will be considered in subsequent ORIGEN2 calculations. 

Thus, if a nuclide is to b.e used in a calculation, it must be present in 

the decay library, even if only the cross-section or photon information 

is required~ The decay library also defines the nuclide membership of 

each of the three _library segments (activation product, fission product, 
:· 

and actinide) considered by the ORIGEN2 code. Finally, the decay library· 

defines the order in which the. _nuclides will be printed within. each 

library segment during· the normal output. As a result of these considera

ti.ons, the _decay library must be input before the photon libraries (PHO, 
.. 

Sect. 4.19) or before the initial compositions (INP, Sect. 4.6). The 

decay liprary is automatically read before the cross-section library when 

when the LIB command (Sect. 4."18) is invoked. 

5.2 Cross-Section and Fission Product Yield Data Library 

The first card of ·each of the three allowable cross-section and 

fission' product yield data libraries ·(activation ·product, actinide, and 
. . 

fission product) is a title card containing the number and alphanumeric 
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Table 5 .1. Description of decay library 

A. Data.sequence: 

First card of each library segment: 

NLB TITLE 

First card for each nuclide: 

NLB'NUCLID IU THALF FBX FPEC FPECX FA FIT FSF 

Second card for each nuclide: 

NLB FN QREC ABUND ARCG WRCG 

where. 

NLB 

TITLE 

the number of thio decay library oegmcnt 

a 72-character alphanumeric segment title beginning in 
column 9 

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

Iu·= time unit designation of the half-life of NUCLID (eee 
Table 4.2 for specification) 

THALF the half-life of nuclide in units given by IU 

FBX the fraction of negatron beta decay transitions that 
results in the daughter nuclide being in a relatively 
lo~g-lived exci~ed state 

FPEC = the fraction of all decay events which take place by 
positron emission or electron capture 

FPECX the fraction of positron and/or electron cap_ture decay 
events that cause the daughter nticlide to be in a 
relatively long-lived excited state 

FA = the fraction of all decay events which take place by 
alpha decay 

·.FIT the fraction of all the decay" events of an excited nuclear 
state which result in the production of t.he ~round state 
the same nuclide 

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

of 

FN the fraction of all decay events that are (beta + neutron) 
decays_ (e.g., 89 Br decays to 88 Kr +beta.+ neutron) 

QREC. - the average, .total recoverable energy (i.e., cloes not 
in~lude.neutrinos) released by each decay even~ in MeV 
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Table 5.1 (continued) 

the naturally occurring isotopic abundance of NUCLID in 
atom percent 

ARCG the radioactivity concentration guide (RCG) for continuous 
inhalation of nuclide NUCLID in unrestricted ~reas as given 
in Table II, Colurnn I, of Part 10 of Title 20 of the Code 
of Federal Regulations (the lower of the soiuble.or -
insoluble values is used) 

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

B. Number of cards per nuclide: 2 · 

C. Terminate card scan for nuclide NUCLID: Automatic. 

D. Terminate reading this decay library segment: NLB.LT.0, one card .. 

E .. Skip reading a decay library segment: Controlled by LIB command 
(Sect. 4 .18). 

F. Remarks: 

1. _The fraction of all decay events which take place by negatron 
beta decay to the ground state of the daughter nuclide is given 
by (1.0 - FBX - FPEC - FA - FIT -· FSF - FN) and is calculated 
internally in ORIGEN2. 
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title of the library segment. Following the title card are the cross

section and .fission product yield data for the nuclides in a particular 

library segment. The cross-section information for a nuclide is 

specified on a single card which, if required, is followed by a card 

containing the fission product yield data. A description of the cross

section and.fission product yield data library conventions is given in 

Table 5.2. The cross sections used by ORIGEN2 are effective one-group 

cross sections which, when multiplied by the flux calculated by or input 

to. ORIGEN2, result in the correct reaction rate. The fifth and sixth 

parameters on the cross-section card have a dual meaning, depending on 

which library segment is being read~ If the actinide segment is being 

read, then the fifth and sixth parameters are the (n,3n) and (n,fission) 

cross sections respectively. If either the activation product or fission 

product segments are being read, then the fifth and sixth parameters are 

the (n,~) and (n,p) cross sections respectively. The fission product 

yield card, which is present only in the fission product cross-section 

segment, specifies the yield of each nuclide per fission from each of 

eight fissioning species: 232 Th, 233U, 235u, 238u, 239 Pu, 241 Pu, 245 cm, 

and 252Cf. The yields are generally from binary fission, although 

ternary fission yields have been included for certain important low-Z 

nuclides. 

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

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

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

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

a few parameters. It may also be used for parametric studies of output 

sensitivity to input data changes. The rules regarding the order and 

format of the substitute data cards are given in Table 5.3. · This option 

is intended for use when the data libraries are on a direct-access device 

or on tape. Substitute data can also be ·used if the libraries are on 

cards,providing that two different card input units are defined. 
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Table 5.2. Description of cross-section and 
fission product yield data library 

A. Data.sequence: 

First card of each library segment: 

NLB TITLE 

First card for each nuclide: 

NLB NUCL°ID SNG SN2N SN3N or SNA SNF or SNP SNGX SN2NX YYN 

Second card for each nuclide (fission product segment only): 

where 

NLB Y (1) , • • • Y ( 8) 

NLB the number of this cross-$ection and fission product 
yield library segment 

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

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

SNG the effe~tive, one-group (n,y) cross section of nuclide 
NUCLID leading to a ground state 

SN2N the effective, one~group (n,2n) cross section of nuclide 
NUCLID leading to a ground state; actinide segment only 

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

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

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

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

SNGX the effective, one~group (n,y) cross section of nuclide 
NUCLID leading·to an excited state of the daughter 

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

YYN = a control character indicating whether or not a fission 
yl.eld card follows: 

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

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

I Fissile ~pecies 

1 Th-232 
2 U-233 
3 U-235 
4 U-238 
5 Pu-239 
6 Pu-241 
7 Cm-245 
8 Cf-249 

B. Number of cards per nuclide: 2 

C. Terminate card scan for nuclide NUCLID: Automatic. 

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

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

F. Remarks: None. 

,. 
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Table· 5. 3. _Description of substitute decay, cross-section, 
and .fission product yield data 

Data sequence 

1. Substitute activation· product decay data 

2. Substitute actinide decay data 

3. Substitute fission product decay data 

4. Substitute activatio_n product cross-section data 

5. Substitute actinide cross-section data 

6. Substitute fission product cross-section and yield data 

Format 

The substitute data cards are free format,and the order of the 
data is as described in Tables 5~1 and 5.2. 

Remarks 

1. The LPU command (Sect. 4.20) used to identify the nuclides 
for which substitute dataare to be read must appear before 
the LIB command (Sect. 4.18) in which the bulk of the library 
is read. 

2. The nuclides in each of substitute card groups 1 through 6 
above must be present in the input ·stream in the same order 
in which they are encountered while reading the original 
decay libraries. 

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 Specification of Non-Standard, Flux-Dependent Reactions 

This option allows the user to specify flux-dependent (i.e., cross

section) reactions that cannot be accounted for by using one of the standard 

ORIGEN2 reaction types [viz., (n,y), (n,p), (ri,a), (n,2n), (n,3n), 

(ri,fission)]. The format of these non-standard, flux-dependent reactions 

is described in Table 5 .4. The number of non-standard, flux-dependent 

reactions to be.read and the input unit number on.which they are to be 

read are defined by the LIB command in Sect. 4.18. 

5.5 _Photon Data Libraries 

The first card of each of the three possible photon library 

segments is a title card containing the number and alphanumeric title· 

of the photon library segment. Following the title card are cards 

containing the photon production rates per disintegration in a pre

determined energy group structure for each nuclide. A description of 

the photon library format is given in Table 5.5. The predetermined 

energy group structure is given in .Table 5.6. The input of the photon 

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

Data sequeEce 

NPAR 

where 

NPAR 

ND AUG 

RATE 

NDAUG RATE 

the six-digit nuclide identifier (see Sect. 2.7) of the 
parent or precu·rsor nuclide 

the six-digft nuclide identifier (see Sect. 2. 7) of the 
daughter nuclide 

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

Forl!lats 

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 conunand (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 (1), RPH(I) 

Subsequent card(s) for each nuclide: 

where 

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

NT.R "' t:.hP t"mfrlb'ilt of thie photon library o~gmc.nt 

Tl'l'LE a 72-character alphanumeric photon library segment title 
beginning in Column 9 

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

NGP(l) the number of a photon energy group. Twelve groups are 
allowed for the activation products and fission pr.oducts; 
eighteen groups are allowed for the actinides, The energy 
group s.tructure is given in Table 5.6. 

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

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

B. Number of cards per nuclide: One "first card" plus as many 
"subsequenl;: card(s)" .::is l'.'equired for thoaP.: nui::lides with non·· 
zero NGP(1)/RPH(I) data. 

C. Terminate card scan for nuclide NUCLID: NGP(IMAX+l).LT.0 if 
IMAX is less than 18; automatic otherwise. 

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

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

F. Remarks: 

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



Group 

1 
'.? 
3 
4 
5 
6 
7 
8 

·9 
10 
11 
12 
13 
1Q 
15 
16 
17 
18 
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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 . 2.0000F.-02 1.0000E-02· 
2.00COE-02 3.0000E-02 2. 50 0 OE-0 2 
3.0000E-02 4.SOOOE-02 3 .. 7500E-02 
ll.5000E-02 7.0000E-02 5. 7500E-02 
7.0000E-02 1.0000E-01 8. 5000E-O 2 
1.0000E-01 1.5000E-01 1.2500E-01 
1.!:000E-01 3 .. 0000E-01 2. 2500E-O 1 
3.0000E-01 4.5000E-01 3. 7500E-O 1 
4.SOOOE-01 7.0000E-01 5 .. 7500E-01 
7 .. 00COE-01 1 .. 0000E 00 8 .. 5000E-01 
1.0000E 00 1 .. SOOOE 00 1.2500E 00 
1.5000E 00 2.0000E 00 1. 750 OE 00 
2.0000F 00 2.SOOOF 00 2.2500E 00 
2.5000E 00 3 .. 0000F. 00 2 .. 7500F.: 00 
3~0000F 00 4 .. 0000E 00 3. SOOOE 00 
4.0000E 00 6. OOOOE 00 5. 00 0 OE 00 
6.0000E 00 8.0000F. 00 7.0000E 00 
e.ooc.or 00 ·-1.1000E 01 9.SOOOE 00 
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6. SPECIFICATION OF INITIAL MATERIAL COMPOSITIONS, CONTINUOUS 
NUCLIDE FEED RATES, AND CONTINUOUS ELEMENT REMOVAL RATES 

This section describes the options available to the user relative 

to the specification of the initial material compositions, the continuous 

nuclide feed rates, and the continuous element removal (reprocessing) 

rates. The most often used option by far is the specification of the 

initial composition of some material (Sect. 6.1). The initial composi

tion can be specified on either a nuclide-qy-nuclide basis or as the 

amount of a naturally occurring element which _is present. The amount of 

a naturally occurring element is converted to a nuclide-by-nuclide basis 

internally using the natural isotopic abundances input with the decay 

library (Sect. 5.1). The amounts of individual nuclides or naturally 

occurring elements may be specified as g-atoms or g, depending on the 

control characters of the !NP command (Sect. 4.6). 

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

user to specify the continuous feed rate of individual nuclides or 

naturally occurring elements in units of g/(time unit)(basis unit) 

or g-atoms/(time unit)(basis unit). Both the mass units and the time 

units are specified by using the !NP co.mmand (Sect. 4. 6). This option 

is useful in simulating the continuous feed of nuclides to a fluid-fuel 

reactor (e.g., a MSBR) or to a radioactive waste tank. 

The continuous elemen.t removal option (Sect. 6. 3) allows the user 

to specify the continuous removal rates of elements during irradiation 

in units of fraction/time unit. The time units are specified using the 

!NP command (Sect. 4. 6). This option is most useful when simulating· the 

continuous reprocessing which would be expected to occur during the 

operation of a fluid-fuel reactor such as an MSBR. If this option is to 

be used to calculate continuous elemenr 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 

USP.d. 

·'· 
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6.1 Specification of Initial Material Composition 

A. Function:· Specify initial amounts of individual nuclides or 

naturally occurring elements. 

B. Data sequence: 

NEXT, NUCLID(l), RCOMP(l), ..• NUCLID(IMAX), RCOMP(IMAX) 

where 

NEXT 

NUCLID(I) 

RCOMP(I) 

IMAX 

a control character indicatin~ for which segment the 

information is intended and the type of information: · 

(i.e., nuclides or elements) 

1 individual activation product nuclides 

2 individual actinide nuclides 

3 individual fission product nuclides 

4 naturally occurri.ng activation product elements 

5 naturally occurring actinide elements 

6 naturally occ:urr.ing fission product elements 

the six-digit identifier for nuclide or element I 

(see Sect. 2. 7) 

amount of nuclide or element NUCLID(I) initially present. 

The units of RCOMP(I) are specified with the INP opera~ 

tional connnand (Sect. 4.6). 

maximum number of NULCID(I)/RCOMP(I) pairs specified on 

each card must·be .LE.4· 

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

D. Terminate reading initial composition: Card with NEXT =: 0 

E. Skip reading initial composition: Alter control characters of 

pertinent INP connnand or a card with NEXT = 0. 

F. Remarks: 

1. If a. given nuclide is specified more than once for a single value 

of NEXT, all of the RCOMP(I) values for that nuclide on cards 

having that next value are added together to form the initial 

amount of that nuclide in a particular segment. 



76 

2. Initial composition cards with different NEXT values may 

occur in any order as long as the NUCLID(I) and RCOMP(I) 

· values on any given card correspond to the NEXT value on 

that card. 

6.2 Specification of Continuous Feed Rates 

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

occurring elements. 

NEXT, NUCLID(I), RRATE(l), ... NUCLID(IMAX), RRATE(IMAX) 

where 

NEXT a control character indicating for which segment the 

information is intended and the type of information: 

1 individual activation product nuclides 

2 individual actinide nuclides 

3 indiv:i.dual fission·product nuclides 

ti. n;:it1.1r,<1lly oc ci.trri n.e .<icttvation product elements 

5 naturally occurring ac.tinide elements 

6 naturally oc:cnrring fission .Pr.odnc:t elements 

NUCLID(l) ; the six-di~it nuclide identifier for nuclide or 

element I (see Sect". 2. 7) 

RRATE(I) =the. feed rate of nuclide or element NUCLID(I). The 

units of RRATE(I) are specified with the INP command 

(Sect. 4. 6). 

IMAX maximum number of·NUCLID(I)/RRATE(I) pairs specified 

on each card; IMAX must be .LE.4 

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

D. Terminate reading continuous feed rates: Card with NEXT = 0 

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

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

1. If the feed rate of a given nuclide is specified more than once 

for a single value. of NEXT, all of the RRATE(I) values for:"that 

nuclide on cards having that particular NEXT .:value are added 

together to form the. total feed rate for nuclide NUCLID(I). 

2. Continuous feed rate cards with different NEXT values may occur 

in any order as long as the NUCLID(I) and RRATE(I) values on 

any given card correspond to the NEXT value on that card. 

6.3 Specification of Continuous Reprocessing Rates 

A. Function: Read continuous element removal rates during irradiation. 

B. Data sequence: 

Group 1 (one card set) 

RREM(l), NPROS (1), RREM(M), NPROS (M), 

RREM(MMAX), NPROS(MMAX) 

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

where 

NZ(M,l), ... NZ(M,N), ... NZ[M.NPROS(M)) 

RREM(M) 

NPROS (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. 11,6). 

the number of elements in card set M of Group 2; that is, 

the number of elements which have a continuous remova~ 

rate equal to RREM(M). 

MMAX = the number of continuous reprocessing rates to be read. 

NZ(M,N) 

Also, the number of card sets in Group 2. MMAX is 

specified as NINP(4) using the INP conunand (Sect. 4.6). 

the two-digit (e.g., He= 02) atomic number of an 

element with removal rate RREM(M). 
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C. Terminate card scan: Implicit in input information. 

D.. Terminate. re?ding continuous reprocessing _rates: Implicit in input 

information. 

E. Skip reading continuous reprocessing rates·: Alt.er control character 

of pertinent INP command. 

F. Remarks: 

1. Continuous element removal will occur only during irradiation. 

If continuous removal is desired in a situation where no neutron 

flux is present, use the IRF conunand (Sect. 4.21) Wi.th a very 

small flux. 
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7. ORIGEN2 INPUT DECK ORGANIZATION 

Sections 7.1 through 7.3 describe the order in which the data 

discussed in Sects. 2 through 6 are organized in the card input deck. 

Section 7.1 describes the organization of the source and object card 

decks that comprise the ORIGEN2 code. Section 7. 2 describes the 

organization of the ORIGEN2 card data input deck., assuming that the 

nuclide data libraries (Sects. 5.1 through 5.3) are on cards. Section 7.3 

is similar to.Sect. 7.2, except that the nuclide data libraries are 

assumed to. be on tape or direct-access-device files. 

7.1 Source and Object Deck Organization 

'.Jbis section describes the organization of the ORIGEN2 source and 

object cara decks. The general form of the ORIGEN2 code card deck is 

given in Tab.le 7 .1. 

.. The recommended mode of operation, which is reflected·in Table 7.1, 

is to place object decks of all ORIGEN2 subroutines, except MAIN, on 

either a tape or a direct-access device. During normal operation of 

ORIGEN2, MAIN would be recom~iled each time the code is used and would 

be the only [FORTRAN subroutines] present in the Table 7.1 input deck 

scheme. MAIN is recompiled to facilitate use of the variab~e dimensioning 

option. No [object deck(s)] would normally be present, and only the 

INCLUDE HEX card and the overlay cards would be used. The ..(OVERLAY 

statements] are not required. They do, however, considerably reduce 

the size of the final executable module. 

A somewhat less c·ommon situation occurs when the user wishes to make 

changes in selected object subroutines that have previously been stored 

on tape or a direct-access device. In this case, the revised FORTRAN 

anµ/or object subroutines are also included ~n the card deck in the 

appropriate place, as indicated in Table 7.1. The subroutines on cards 

will automatically be substituted for those on the tape or direct-access 

device. 



Table 7.1. Source and object deck organization 

Input deck 

//FORT.SYSIN DID* 

[FORTRAN 3ubroutine(s)] 

/* 

//LKED.HEX DD D5N=ORIGEN2.0BJECT,DISP=SHR 

//LKEID.SYSIN DD * 

[OBJECT Deck(s)] 

INCLUDE HEX 

· [OVERLA~ ~tatements] 

I* 

Comments 

FORTRAN s-:ep 

MAIN plus FORTRAN subrcu:ine(s) 
to be substituted for similarly 
named subroutines in a p=eviously 
compiled version of ORIGZM2 that 
is stored on a dirEct-access 
device oir tape. 

Link-edit step 

JCL to call previously compiled 
version of ORIGEN2 f.rom direct
access device or tai:·e; not used 
if the entire ORIGEJ--2 code is 
present on cards. 

Read OBJECT subroutine(s; to be 
substituted for.th05e i~ the 
previously compiled ver;ion of 
ORIGEN2; substitute. FORTF.AN 
subroutines compiled ab·J"\·e and 
OBJECT subroutines tfor ttose in 
object deck on direx:::t-a.::cess 
device or tape; rea:r OV3:1"LAY. 
statement_s to arrange su1:routines 
in a space-minimizing o~de~. 
If the entire ORIGE~2 code is 
present. on cards, th.: INCLUDE HEX 
card is omitted. 

Section 
where 

described 

2.1 

None 

None 

00 
0 
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In the hopefully uncommon situation where the entire ORIGEN2 code 

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

7.2 ORIGEN2 Input Deck Organization..,... Nuclide Data 
Libraries on Cards 

The organization of the ORIGEN2 input deck, assuming that the decay, 

cross~section, fission-product yield and photon data libraries are on 

cards, is given in Table 7.2. A summary of the input deck order is as 

follows: 

control cards defining input/output units; 

miscellaneous initialization data changes; 

ORIGEN2 commands; 

decay data library; 

cross-section/fission yield data library; 

photon data library; 

initial nuclide compositions and continuous feed and 
reprocessing rates; 

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

non-standard, flux-dependent reactions. 

It is important to note that all of the nuclide d~ta libraries read with 

the LIB c.onnnand (Sect •. 4.18) must be read on the same input unit. A 

similar statement can be made about the data libraries read with the PHO 

command (Sect. 4.19), although the units defined by the LIB and PHO 

commands may be different. The substitute data and non-standard reaction 

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

libraries. 



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

Inpu~ deck 

//GO.FT04F001 DD DUMMY 

//GO.FT06F001 DD .SYSOUT=A 

//G0.FT07F001 DD DUMMY 

//GO.FT09F001 DD DUMMY 

//GO. FTlOFOOl DD DUMMY 

//GO. FTllFOOl DI0 DUMMY 

//G0.FT12F001 DI SYSOUT=A 

//G0.FT13F001 DD DUMMY 

//GO.FT15F001 DD DUMMY 

//GO.FT16F001 DD DUMMY 

//GO.FT50F001 DD DSN=TEMP! 
SPACE= (3200, (50 ,50) ,RLSE), 
DISP= (NEW, PAS~.) ,DCB= (RECFM=FB, 
LRECL=80,BLKSIZE=3200) 

Comments 

Output unit specification 

ln?ut compositions o~ disk or tape 
(Sect. 4.5) 

Principal print uni~ 

Write a mater:j.al composition 
(Sect. 4.15) 

Decay/cross-section library input 
from disk or tape; not ·J.Sed in 
th:::.s case 

Photon library input from disk or 
tape; not use.cl in this 0::3.se 

Alternate print unit 

Print unit· for unit 6 ta·:i1e cif 
contents 

Print unit for unit 11 table of 
cor:tents 

Decugging information 

Variable cross-section informatio·;:i 

Temporary space for input read on 
unit 5 

Section(s) 
where 

described 

Table 2.3 

CXl 
N 



Input. deck 

[Override default ind~vidual 
element fractional recoveries] 
-1 

[Override default element group 
fractional recoveries] 
-1 

[Override default element group 
membershif] 
-1 

[ ORIGEtn commands] 

[Activation product decay data 
library] 
-1 

[Actinide decay data library] 
-1 

[Fission product date 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 including . 
the first STP command (Sect. 4.29) 
or the end command are present here. 

Decay data library 

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

Section(s) 
where 

described 

3.4 

3.5 

3.6 

4 

4.18, 5.1. 

co 
w 



Input deck 

[Activation ~reduct cross-section 
data library] 
-1 

[Actinide cross-section data 
l::.brary] 

[Fission product cross-section 
data library] 
-1 

[Activation product photon data 
library] · 
-1 

[Actinide photon data l!.ibrary] 
·-1 

[Fission product photon data 
library] 
-1 

Table 7.2 (continued) 

Comments 

Cross-sectiori data libraries 

Some of these libraries (including 
their associated -1) may not ce 
present, depending on the pararr.eters 

··of the LIB command (Sect. 4 .18) . 

Photon data libraries 

SoBe or all of these li"Jraries may 
not be present, dependin.5 on the 
parameters of the PHO command 
(Sect. 4.19) and whethe= it is present. 

Section(s) 
where 

described 

4 .18, 5. 2 

4 .19, 5. 5 
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Input deck 

[Initial nuclide· or element mass] 
o· 

[Continuous nuclide or.ele~ent 
feed rates] 
0 

[Continuous element removal rates] 

[Begin inpu~. with miscell~neous 
data above] 

[Begin inpur.: with ORIGEN2 
commands above] 

[Begin inpu~ with deccy d~ta 
libraries] 

//GO.FT03F001 ~D * 

Table 7.2 (continued) 

Comments 

Composition, feed rates, 
and removal rates 

Branch or stop 

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

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

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

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

,. 

Section(s) 
where 

described 

4.6, 6.1 

4.6, 6.2 

4.6, 6.3 
00 
Vl 



I* 
II 

Input deck 

[Activation pro.:.uct de:::ay data] 

[Actinide decay da~a] 

[Fission produc-:: decay data] 

[Activation product cr,.Jss-section 
data] 

[Actinide cross-section data? 

[Fission produc~ cross-section 
data] 

[Non-standard, flux-dependent 
reactions] 

Table 7.2 (continued) 

Comments 

Substitute data 

Some or all of these data :nay not 
oe present, depending on th~ 
parameters of the·LIB command 
(Sect. 4.18). If the librarie~ 
are on cards, these substi~utes 
can be manually placed in ~·:ie 

appropriate library; elimin:lting 
the need for this section. 

Non-standard.reactions 

May nc·t be present~ d·epending on 
i:arameters of the LIB command 
(Sect.. 4.18) 

' 

Section(s) 
where 

described 

4.18, 4.20 

4 .18' 5. 4 

00 

"' 
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7.3 ORIGEN2 Input Deck Organization - Nuclide Data Libraries 
on Tape or a Direct-Access Device 

The organization of the ORIGEN2 input deck, assumiµg 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 initializat·ion data; 

ORIGEN2 operational commands; 

initial nuclide compositions and continuous feed 
and reprocessing rates;-

subst;itute decay, cross-s.ection, and fission product 
yield data; · 

non-standard, flux-dependent reactions. 

As in Sect. 7.2, it is important to note that all of the nuclide data 

libraries read with the LIB command (Sec.t. 4 .18) must be read on the 

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

read with the PHO command, although the units defined by the LIB and PHO 

commands· (Sect. 4 .19) may be different. The substitute data cards must 

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



Table 7. 3. ORIGEN2 input org.:.nizat i.:m when the libraries are on a direct-access device 

I::iput de:ck 

I I GO. FT04FOC1 DD DU1MY 

//GO.FT06FOC1 DD S)-SOC'f=A 

//GO.FT07FOC1 DD Dl11MY 

//GO. FT11FOG1 DD Dl11MY 

//GO.FT12FOG.i DD SYSOCf=A 

//GO.FT13FOOl DD Dll1MY 

//GO. FT15F001 DD Dll1MY 

//GO;FT16F001 DD Dll1MY 

//GO.FT50F001 DD nrn=TEMP, 
SPACE=(3200, (50,50) ,RLSE), 
DISP= (NEW ,?ASS)·,ICB= (RECFM=FB, 
LRECL=80,B-=..KSIZE=3200) 

//GO.FT09001 DD DSt\=ORIGE~2.DECAY, 
IDISP=SHR 

Comments 

Output unit specification 

Input compositions on disk er tape 
(Sect. 4.5) 

Principal print unit 

Write a material composition. 
(Sect. 4.15) 

Alternate print unit 

Print unit for unit 6 table of 
contents 

Print unit for unit ll table of 
contents 

Debugging information 

Variable cross-section infonnation 

Temporary space for input read on 
-:.m it 5 

Decay data library· 

Activation produ~t, actinide 
and fission prod .ic t decay 
libraries in one file 

Section(s) 
where 

described 

Table 2.3 

4 .18, 5 .1 

00 
00 



=nput deck -

II DD DSN=ORIGEN2.XSEC,DISP=SHR 

l/GO.FTlOFOOl DD DSN=ORIGEN2.PHOTON, 
DISP=3HR -

/IGO.FTD5F001 DD* 

[Over~ide default individual 
fractional recoveries] 
-1 

[Override default eleme3t group 
fractional recoveries] 
-1 

[Override default e]ement group· 
membership] 
-1 

Table 7.3 (continued) 

Comments 

Cross-section data library 

Activation product, actinide, and 
fission product cross-section 
libraries in one file 

Photon data library 

Activation product, actinide, and 
fission product photon data in 
one file 

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 

3.4 

3.5 

3.6 



Table 7.3 (continued) 

Icput dec.k 

[ORIGEN2 ccmmands] 

[Initial nuel:.de er element mass] 
0 

[Continuous nuclicie or element.feed 
rates] 
0 

[Continuous elemer:.t removal rates] 

[Begin inpct ~ith mis~ellaneous 
input data acove] 

[Eegin inpu~ vith ORIGEN2 commands 
above] 

[Begin inpuc vith decay iata 
Libraries] 

I* 
//GO.FT03F001 DD ~ 

Comments 

ORIGEN2 commar;ds 

Only commands up to and inclcding 
the first STP command (Sect. 4.29) 
or the end command are. present here. 

Composition, feed rates! 
and removal rates 

Branch or stdp 

If (NSTP.EQ.l), read l1€;W miscel
l~neous input data, n~- ORIGEN2 
c:munands, and execute :r.ew commands. 

H (NSTP.EQ.2), read IlE.W ORIGEN2 
C·::>mmands and execute. 

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

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

Section(s) 
where 

described 

4.0 

4.6, 6.1 

4.6, 6.2 

4.6, 6.3 

4.29 



I* 
II 

Table 7.3 (continued) 

Input deck. 

[Activation product decay data] 

[Act~nide deGay dat~] 

[Fission prod~ct de~ay data] 

[Actlv~tion product cro.ss-section 
data] 

[Actinide cross-sect.ion data] 

[Fission product cr:::>ss-section 
data] 

[Non-standard.·, fiux·-dependent 
reactions] 

Connnents 

Substitute data 

Some or all of these data may not 
be present,depending on the. 
parameters of the LIB command 
(Sect. 4.18). 

Non-standard reactions 

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

Settion(s) 
where 

described 

4.18, 4.20 

4 .18, 5. 4 
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8. DESCRIPTION OF ORIGEN2. INPUT AND OUTPUT 

This section presents and describes a specific ORIGEN2 calculation. 

The example calculationally irradiates fresh 3.2%-enriched uranium oxide 

fuel and the cladding associated with the ·fuel, reprocesses the fuel, 

and then decays the high-level and cladding wastes. Other instructions 

that do not meaningfully contribute to the calculation have been included 

for demonstration purposes. 

Section 8.1 describes the ORIGEN2 input deck that is listed in 

Appendix A. Section 8.2 contains a generic description of ORIGEN2 output, 

which is necessary because of the apparent difficulty many users experience 

when trying to read 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 0RIGEN2 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 

ob.i ect 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.I. 

Cards 1 through 5 call for the cataloged procedure in which a 

FORTRAN program is compiled (optimizing co~piler), link-edited, and 

executed. Cards 6 through 89 constitute "MAINii (see .Sect. 2.1); they 

are the only parts of ORIGEN2 that are present in the FORTRAN language. 

These cards are a specific case of the general version of MAIN shown in 

Fig. 2.1 and correspond to case 1 in Table 2.2. The most significant 

aspects of MAIN are described on the comment cards contained in the 

listing in. Table A.I. 
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Following MAIN on cards 90 through 105 is a series of job control 

cards for ORIGEN2. Cards 91 and 92 point to the compiled subroutines cif 

ORIGEN2 (i.e., the object mo_dule), 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 c~se, 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 disCU$Sed 

_since many of tnese cards result from straightforward application of 

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

the fractional reprocessing recoveries, as described in ~ects. 3.4 through 

3.6. Cards 125 through 128 are the LPU commands that indicate the 

nuclides for which substitute data are to be provided. The first LPU 

command is associated with the first negative library identifier on the. 

LIB corrimand [(card 129), i.e., the fission product decay library (library 

identifier= -3)]. The second LPU command is associated with the second 

negative library identifier (viz., -21), and so forth. The substitute 

data cards are to he 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 

compos.itions and store them in storage vectors. Cards 143 through 158 
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constitute the irradiation of the oxide fuel materia~with specific 

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

(1) the use of the BUP commands (cards 146 and 158) to define the steps 

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 

in 

Sect:. 8 .·2 for a more detailed discussion). Cards lbb and lb I 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 apprbpriate step of the fuel irradiation above. Cards 

191 through 194 write several vectors in a format suitabie 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· inir:iali-. 

zatiort 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 Dn card) that terminate the exec~tion 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/fissiori 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 cladding waste. Note that this information is being output 

on both units 6 and 11 by the use of two OUT commands for each waste. 

Card 289 indicates that, after execution of the previous commands, the 

job is completed. 

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

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

being read from a direct-access device on unit 9 (see Sect. 5. 3.), and 

their presence is required by cards 125 through 128. Cards 301 and 302 

contain the two non-standard reactions (see Sect .. 5.4) required by the 

first LIB command (card 129). Cards 303 through 306 contain the substi

tute data.for the second set of LPU/LIB commands (cards 230 and 231). 

Note that only the decay information is required since only the decay 

libraries are being read. 

8.2 Generic Description of ORIGEN2 Output 

Previous experience has shown that many people have difficulty in 

reading ORIGEN output and, because of the greater number of output 

units and table types, even greater difficulty with ORIGEN2 output. 

The principal problem appears tq 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 

lavills. Thus, thP. fixst ohjer..t.ive i.s 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.l Overall organization of ORIGEN2 output 

The overall organization of a typical ORIGEN2 output is sunnnarized 

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· f_irst 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 liLi:d.i:i.t!::; l::; Lu emmre chat:: t::he information read by O.lUt::EN:L 

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 sequenti~lly 

by page. The table of contents printed on unit 12 lists the various 

types of information printed in the OJ:UGEN2 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 ln eives the 

values of each of the cross sections that vary with hurn11p for PArh 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 QRIGEN2 output 

Description of output 

Ca.rd 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 
Ai:;s l!!,11wc1U: of c.lc.mento to frag.t iom1l 

recovery groups 
Elemental chemical toxicities 

Listing of ORIGEN2 commands 

Data libraries 

Decay 
Activation product segment 
Actinide segment 
Fission product segment 

Cross section 
Activation product segment 
Actinide segment 
Fission product segment 

Photon 
Activation product segment 
Actin:i.de segment 
Fission product segment 

Output lb 

0 2
b utput 

Output Nb 

Table of 

Variable 

Debugging 

contents 

cross-sect ion information 

and other internal information 

6 

6 

6 

.6 

6 

6 

6 

12 

16 

15 

Section where 
described 

8.2 

3 

4 

5 

8.2.1 

8.2.1· 

8.2.1 

8.2 

8.2 

8.2 

aAsi:,;uming 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), ORIGEN instruction listing (NSTP=2), or Output N+l 
(NSTP=3). 
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and (6) an indication of whic.h actinide isotope with direct fission 

product yields is being used to account for those actinides (i.e., 237Np, 

240pu, etc.)"that do nat have a direct fi~sion 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 !RP 

commond (Sect. 4.22), 

2. the average recoverable energy per fission for each irradiation 

3. parameters calculated during the exe.cution 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 ma.iority of 

the output to unit LL. 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 ORTGF.N?. nutput which, olthough 

rarely generated, can be v~ry useful for RnmP debugging purpo3C3. 

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 ari 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 pne of the Output JN 

sections in Table 8.1 is suillll1arized in Table 8.2. This will be called 

an· "output grouping" henceforth. An.output grouping results from the 

execution of one OUT command (Sect. 4.5). The output grouping contains 

the second, third, and fourth levels of the ORIGEN2 hie.rarchical 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 rea<.:tivity and burnup data consist of less than one page of 

information suillll1arizing 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 coillll1and (Sect. 4.5). 

The activation product segment consists of the output of one or more 

"table types" containing information for only the activation products. 

A table type is.characterized by the units of the table, such as mass 

(grams), radioactivity· (curies), thermal power (watts), or neutron 

absorption rate (neutrons/sec). Twenty-four table types are available 

in ORIGEN2; these are listed in Table 4.3. The table types that are 

printed are controlled by the OPTL command (Sect. 4.25). For each table 

type, there are four possible aeerPe;;:itions: nuclide~ element, SUillll1ary 

i'i>otnpP, ;:inrl s11mmary element, The aggregation(s) that are printed are 

also controlled by the OPTL command. The nuclide aggregation lists the 

specified characteristic of each nuclide in each of the vectors being 

printed. The element aggregation lists the specified characteristic for 

each chemical element in each of the vectors being printed. The suillll1ary 

aggregations contain the same type of information as the regular tables 

except that only those nuclides (or elements) which contribute more than 

a certain fraction (i.e., cutoff value) to the total for all activation 

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

Reactivity and burnup data 

Activation product segment 
a Table type 1 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Table type z::i 
Nuclide aggregation 
Element aggregation 
3u11uua1y hiuLuµe aggregat:ion 
Summary element aggregation 

Table type L.4a 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

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

Fission product segment 
(same table types and aggregations as for activation productsl 

Ncutt"'oL"t pi:uuuL:lluu nu:e!:l 

(alpha, n) 
Spontaneous fission 

Photon production rates 

Activation produ£t segment 
Summation tables 
Principal contributor tables 

.. ~5t inide s_~gment 
[same aggregations as for activation products] 

Fission product segment 
[same aggregations as for activation products]· 

aThe table types that are actually print~d can be controlled with 
the OPTn conunands (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 s.egment described above and 

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

for the actinides and the fission products are contr.olled by the OPTA 

(Sect. 4.26) and the OPTF (Sect. 4.27) commands respectively. 

The neutron proquction rate tables are relatively compact and 

straightforward. Each consists of a one-page listing of the neutron 

prod11ction rates from (alpha,n) reactions for each nuclide in each vector 

printed and a one-page listing of the neutron production rates from 

spontaneous fission for each nuclide in each vector printed. Both of 

these tables are "summary tables" since the contribution of each nuclide 

to the total is tested against a cut6f f value specif i~d 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 a~d 

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 
-1 -1 MeV watt sec The principal contributor tables list the photon 

production rates for each nuclide that contributes more than ~ specified 

fractiuu (l.e., a cutoff value set with thP. 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 QRIGEN2 output page, taken from one of the outp11t groupings, 

is shown in Fig. 8.1. The page number, output unit number, and s·egment 

.(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 baciG 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 conunand, 

Sect. 4.3). 

If no real specific power/burnup/flux information is.available, all 

parameters are set to 1.0. 

Below ·the output grouping basis, and spanning the entire page·, are 

the vector headings. Unless altered, these headings will be the irradia

tion or decay times for the vector. Alphanumeric vector headings can be 

inserted by using the RED couunand (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., c~ries) 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 produ.ct (AP) plus actinide (ACT) plus 

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

table type. 



OOTPOT !!NIT - 6 PAGE 18 
DECAY OF FWE STROCTORAL llATERIAL WASTE: 33,000 llWD/llTH, ACTIVATION PRODUCTS 

POWER= 1.000001! OOllW, BORNOP= l.OOOOOE 0011110, PLOX= 1.00E 00N/Cll**2-SEC 

H 1 
H 2 
H 3 
H 4 

HF. 3 
HE .4 
HE 6 
LI 6 
LI 7 
LI 8 
BI 8 
BI 9 
BI 10 
BI 11 

E 10 
E 11 
E 12 
c 12 
c 13 
c 14 
c 15 
N 13 
N 14 
N 15 
N 16 
c 1 6 
c 17 
c 18 
c 15 
F 19 
F 20 

NI! 20 
NI 21 
NI 22 
NI 23 
NA 22 
NA 23 
ll A 24 
NA 2411 
NA 25 
llG 24 
llG 25 
l'IG 26 
llG 27 
llG 28 
Al 27 
Al 28 
Al 29 
AL 30 
SI 28 
SI 29 
SI 30 

NOCLIDE TABLE: CCNCENTBA1IONS, GRAllS 
ONE TONNE OP INITIAl HEAVY llETAL AT A EEPROCESSING TIME OF 160 DAYS 

S!+0.05~ 3. YR 10. YR 30. YF: 100. YR 300. YR 1. KY 3. KY . 10. KY 

2.977I 00 
5.90CI-03 
1.326I-05 
o.o 
2.412E-10 
1.168I-01 
0.0 
4.849I-06 
:<.ES2E-02 
o.o 
o.o 
2.851E-04 
S.883E-07 
c.c 
1.9051!-06 
1.904I-01 
0.0 
3.965E 01 
4. S 78 E-01 
2.111I-01 
o.o 
0.0 
4.715I 01 
1.9~2I-01 
0.0 
2.794I 02 
1.1321-01 
6.429E-·01 
0.0 
5.350E-03 
o.o 
1. 875 E-07 
8.182I-10 
1. 5 HI-09 
c.o 
0 .0. 
7. 4811I-03 
0.0 
0.0 
o.o 
8.329I-04 
1.6161-04 
1. 446 I-04 
c.o 
o.o 
8.238I 01 
o.o 
o.o 
c.o 
1.1611! 02 
6.127! 00 
4.182E 00 

2.977E 00 
5.900E-03 
1. 120E-05 
0.0 
2.055E-06 
1.168E-01 
o.o 
4. 849E-06 
2.692E-02 
o.o 
0.0 
2.851E-Oll 
9.883E-07 
o.o 
1.905E-06 
1.904E-01 
0.0 
J.965E 01 
4.978E-01 
2.110E-01 
o.o 
o.o 
4.715E 01 
1.952E-01 
o.o 
2.794E 02 
1.132E-01 
6.1129E-01 
o.o 
5. 350E-03 
o.o 
1.875E-07 
8. 182E-10 
1·. 518E-09 
o.o 
o.o 
7.4811E-03 
o.o 
o.o 
o.o 
8. 329E-04 
1.616E-04 
1.446E-Oll 
o.o 
o.o 
8.238E 01 
o.o 
o.o 
o.o 
1.161.E 02 
6.127E 00 
4.182E 00 

2. 977E 00 
5.900E-03 
7.564E-06 
o.o 
5.69&E-06 
1.1681!-01 
o.o 
4. 8119E-06 
2.692E-02 
0.0 
0.0 
2.851E-Oll 
9.883E-07 
o.o 
1.905iE-06 
1.9011-"E-01 
o.o 
J.965E 01 
4.97&E-01 
2.10&E-01 
o.o 
o. 0 
4.71~ 01 
1. 952'.E-01 
o.o 
2.794!E 02 
1.132E-01 
6. 429E-01 
o.o 
5. 3 SOE- 03 
o.o 
1.875E-07 
8.182E-10 
1.518E-09 
o.o 
o.o 
7.484E-03 
o.o 
0.0 
o.o 
8.329E-04 
1.616E-011 
1. 4116E-011 
o.o 
0.0 
8.2l8E 01 
o.o 
o.o 
o.o 
1.1613 02 
6.127E 00 
11.1828 00 

2.977E 00 2.977E 00 
5.900E-03 5.900E-03 
2.462F.-06·11.839E-08 
o. 0 o. 0 
1.080E-05 1.321E-05 
1.168E-01 1.168E-01 
o. 0 o. 0 
4.849E-06 4.849E-06 
2.692E-02 2.692E-02 
o. 0 o. 0 
o. 0 o. 0 
2.851E-Oll 2.851E-04 
9.883E-07 9.882E-07 
o.o 0.0 
1.905E-06 1;905E-06 
1.904E-01 1.904E-01 
o. 0 o. 0 
3.965E 01 3.965E 01 
ll.978E-01 4.978E-01 
2.103E-01 2.085E-01 
o. 0 o. 0 
o. 0 o. 0 
ll.715E 01 4.715E 01 
1.S52E-01 1.952E-01 
o.o o.o 
2.794E 02 2.794E 02 
1.132E-01 1.132E-01 
6. 429E-O 1 6. 1129E-0 1 
o. 0 0.0 
5.350E-03 5.350E-OJ 
o. 0 o. 0 
1.875E-07 1.875E-07 
8.182E-10 8.182E-10 
1.518E-09 1.518E-09 
o. 0 o. 0 
o. 0 o. 0 
7.484E-03 7.4811E-03 
o. 0 o.o 
o. 0 o. 0 
o. 0 o. 0 
8.329E-04 8.329E-04 
1.616E-04 1.616E-Oll 
1.446E-04 1.11116E-04 
o.o .o.o 
o. o o."o 
8.238E 01 8.238E 01 
o. 0 o. 0 
o.o 0.0 
o. 0 o. 0 
1.161E 02 1.161E 02 
6.~27E 00 6.127E 00 
4.182E 00 4.182E 00 

2. 977E 00 
5.9COE-03 
6.446E-13 
o.o 
1. 326E-05 
1.168E-01 
0.0 
4. 849E-06 
2.692E-02 
0.0 
o.o 
2.851F-04 
9. 881E-07 
0.0 
1.905E-06 
1.904E-01 
0.0 
3.965F 01 
4.978E-01 
2.036E-01 
o.o 
o.o 
4.716E 01 
1.952E-01 
0.0 
2. 794E 02 
1."132E-01 
6. 429E-01 
0.0 
5.350E-OJ 
o.o 
1. 87 SE-07 
8. 182E-10 
1. 518E:..09 
o.o 
0.0 
7. 484E-03 
0.0 
0.0 
o.o 
8.329E-04 
1.616E-04 
1.1146E-04 
o.o 
o.o 
8.238E 01 
o.o 
o.o 
o.o 
1.161E 02 
6.127E 00 
4.182EOO 

2.977E 00. 2.977E 00 
5.9001!-03 5.900E-03 
S.563E-30 0.0 
o.o o.o 
1.326E-05 1.326E-OS 
1.168E-01 1.168F-01 
o.o o.o 
4.849E-06 4.849E-06 
2.692I-02 2.692E-02 
o.o o.o 
o.o o.o 
2.851E-04 2.851E-04 
9.878E-07 9.870E-07 
o.o o.o 
1.90EE-06 1.906E-06 
1.904E-01 1.904E-01 
o.o 0.0 
3.96~E 01 3.965E 01 
4.978E-01 4.978E-01 
1.870E-01 1.468E-01 
o.o o.o 
o. 0 o. 0 
4.717E 01 4.721E 01 
1.952E-01 1.952E-01 
o.o o.o 
2.794E 02 2.794E 02 
1.132E-01 1.132E-01 
6.429E-01 6.429E-01 
o.o o.o 
S.3SOE-OJ 5.350E-03 
o.o o.o 
1.875E-07 1.875E-07 
8.182E-10 8.182E-10 
1.518E-09 1.518E-~9 
o.o o.o 
o. 0 o. 0 
7.484E-03 7.484E-03 
o.o o.o 
o.o o.o 
o.o o.o 
8.329E-04 8.329E-04 
1.61EE-04 1.616E-04 
1.44EE-04 1.446E-04 
o.o o.o 
o.o o.o 
8.238E 01 8.238E 01 
o.o o.o 
o.o o.o 
o.o o.o 
1.161E 02 1.161E 02 
6.127E 00 6.127E 00 
4.182E 00 4.182E 00 

2.977E 00 
5.900E-OJ 
o.o 
0.0 
1.326E-05 
1.168E-01 
o.o 
4. 849E-06 
2. 692E-02 
0.0 
o.o 
2.851E-04 
9. 840E-07 
0. O· 
1. 909E-06 
.1.904E-01 
0.0 
3.965E 01 
4.978E-01 
6. 295E-02 
o.o 
o. 0 
4.730E 01 
1.952E-01 
o.o 
2. 794E 02 
1.132E-01 
6.429E-01 
0.0 
5. JSOE-03 
o.o 
1.875E-07 
8.182E-10 
1.518E-09 
o.o 
0.0 
7.484E-OJ 
0.0 
o.o 
o.o 
0. 3i9E-04 
1.616E-04 
1.446E-04 
o.o 
o.o 
8.238E 01 
o.o 
o.o 
o.o 
1.161E 02 
6.127E 00 
4.182E 00 

Fig. 8.1. Typical ORIGEN2 output page. 

30·. KY 100. KY' 

2.977E 00 2.977E 00 
S.900E-OJ S.900E-03 
o. 0 o.o 
o. 0 o. 0 
1.326E-05 1.326E-05 
1.168E-0.1 1.168E-01 
o. 0 o. 0 
4.8119E-06 4~849E-06 
2.692E-02 2.692E-02 
o. 0 0.0 
o. 0 o.o 
2.851E-04 2.851E~04 
9.755E-07 9.464E-07 
o.o 0.0 
1.918E-06 1.947E-06 
1.904E-01 1.904E-01 
o. 0 o. 0 
3.965E 01 3.965E 01 
4.978E-01 4.978E-01 
5.600E-03 1.175E-06 
o. 0 o. 0 
o. 0 o. 0 
4.736E 01 4.736E 01 
1.952E-01 1.952E-01 
o. 0 0. 0 
2.794E 02 2.794E 02 
1.132E-01 ,.132E-01 
6.429E-01 6.429E-01 
o. 0 o. 0 
5.350E-03 5.350E-03 
o.o o.o 
1.875E-07 1.875E-07 
8.182E-10 8.182E-10 
1.518E-09 1.518E-09 
o. 0 o. 0 
o.o 0.0 
7.484E-03 7.484E-03 
o.o 0.0 
o. 0 o. 0 
o. 0 o. 0 
8.329E-04 8.329E-04 
1.616E-04 1.616E-04 
1.446E-04 1.4116E-04 
o. 0 o. 0 
o. 0 o. 0 
8.238E 01 8.238E 01 
o. 0 o. 0 
o. 0 o. 0 
o. 0 o. 0 
1.161E 02 1.161E 02 
6.127E 00 6.127E 00 
4.182E 00 ~.182E 00 

1. ~y 

2.977E 00 
5.900E-03 
o.o 
0.0 
1.326E-05 
1.168E-01 
o.o 
4. 84 9E-06 
2.692E-02 
o.o 
o.o 
2.851E-04 
6.4081::-07 
0.0 
2.253E-06 
1.904E-01 
0.0 
3.965E 01 
4.978E-01 
o.o 
0.0 
o. 0 
4.736E 01 
1.952E-01 
o.o 
2.794E 02 
1.132E-01 
6.429E-01 
0.0 
5.350E-03 
o.o 
1.875E-07 
8.132E-10 
1.518E-09 
o.o 
0.0 
7.484E-03 
0.0 
0.0 
o.o 
8.329E-04 
1.616E-04 
1.446E-04 
o.o 
o.o 
8.238E 01 
o.o 
o.o 
o.o 
1.161E 02 
6.127E 00 
4.182E 00 
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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 OR1GEN2 out:.put printed on unit 6 is given in Appendix B. 

There are two principal types 01: output on unit 6: reactivity and buruup 

information,and· the ORIGEN2 output grouping. The output grouping, in turn, 

consists of various table types (e.g., watts, grams, etc.) for each of 

the nuclide segments (activation products, actinides, and fission products), 

neutron production tables, and photon production tables. 

The sample reactivity and burnup information is given in Appendix B.l, 

Table B.l. The first seven of the ten lines present for all of the output 

vectors contain information pertinent to only the output vector to which 

it corresponds. The last three lines contain average information for the 

entire output. The "SIZE OF MMAX" information tells the number of 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.5. Because of 

the length of the ouiput, only the activation product radioactivity table 

is included. Table B.2 is the activation product nuclide radioactivity 

table for th~ long-term decay of the cladding waste. This table con

tains the curies of the radioactive nuclides in the cladding associated 

with 1 metric ton of initial heavy metal as a function of decay time. 

This table is quite long because each of the 684 nuclides is listed, 



105 

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 spontanec;rns fission events. These tables are produced 

only for the actinides since only these nuclides emit significant numbers 

of spontaneous neutrons or alpha particles. It should be noted that these 

tables are summary tables (i.e., only the most significant isotopes are 

output)~ The neutron production rate totals for each table and for both 

tables together are given for the table as output and for all nuclides, 

whether output or not, to ensure that no significant nuclides were left 

out. 

Appendix B.4 contains the sample photon production rate output. 

Table B. 8 is an example of. the photon summation tables, in this case for 

the. fission products in high-level waste. The upper half of Table B. 8 

gives the photon production rate in each of 18 energy groups as a 

function of decay time in units of photons/sec. Totals are given in 

units of photons/sec and MeV/sec. The lower half of Table B.3 gives 

the ~pecific 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)J- 1 • 

Totals are ~iven in units of MeV sec- 1 watt-land (gamma) watts. ·All of 

the units, except the specific energy release ra~e, 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 ORICEN2 output on: unit 16 

The output on unit 16 is information related to the changing of the 

variable actinide cross sections included in ORIGEN2. Sample output from 

unit 16 is given in Appendix D. The variable cross sections are altered 

by linear interpolation based on the anticipated burnup during the next 

irradiation step. Thus, the first output"·on unit 16 contains parameters 

related to the anticipated burnup during the next irradiation step and 

the weighting factors used in the cross-section interpolation. Then, a 

small table is output containing several pieces of information for each 

nuclide with a variable cross section. The pieces of information in this 

table are as follows; 

1. NUCLID: Six-digit nuclide identifier. 

2. XSEC TYPE: Type of cross section; 1 (n,gamma), 2 = (n;gamma) 

to an excited state of the daughter, 4 = (n,fission). 

3. TOCAP(I), I=: I is the location of the cross section in array 

TOCAP, which contains the total neutron absorption.cross section. 

This is meaningless for fission cross sections. 

4. A(N), N = N is the location of the reaction rate corresponding 

to the cross section: being varied in the matrix of reaction 

rates (i.e., A). 

5. FP YIELD INDIC ARR: Number of the array containing the loca

tiono of the fiooion product yields that have to be adjusted 

when fission cross sections are varied. 

.. 
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fr. FISS(J): Location of the fission cross section in array FISS, 

·which contains all fission cross sections. 

7. A(N): Value of A(N) for the N in item 4 above; not ·meaningful 

for fission cross sections. 

8. TOCAP(I): Value of TOCAP(I) for' the I in item 3 above. 

9. A(N) FP YIELD: Value of A(N) for a single, arbitrarily chosen 

fission prod.uct yield; not meaningful· if· item ··5 equa1s 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 sequential, variable cross-section 

output segments are given in Appendix D so that the movement of the 

old and new cross sections can be seen. 

8.3.4 ORIGEN2 output on unit 15 

A sample output containing debugging and internal information is 

given l.n Appendix E. This output, which is printed on unit 15, serves 

three principal functions. The first function, which is"useful in some 

<l~bugglng situations, is to print a single line of intormation'just 

before each coilll!land is executed. This output immediately indicates the 

command that was being executed when the error occurred. This outp.ut 

also prints information concerning ··the number of each command type. With 

respect to-this latter feature, it should be noted that, for the purposes 

of counting the number of commands of a particular type, the IRP, IRF, 

and DEG commands are all counted as lKF commands. Th.is. means that. there· 

will always be a total of zero IRP and 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 hand calculator 

if required. _The parameters printed on unit 15 that may be of more general 

interest are as follows: 

TSEC: absolute time at the en_d of the current irradiation step, sec 

DELT: duration of the current irradiation.step, sec 

EPFl, EPF2, EPF3: recoverable en~rgy per fission associated with 

the 3cro, first, and liQCond time det:i.v;;ir:h,rPs 

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 st~p, 

MW per bash; uulL 

This type of information can be useful as input to auxiliary hand calcula

tions or in finding errors in some situations. 

The internal information printed for the KEQ command (command number 

52 in Appendix E) is related to the calculated neutron production and 

destruction rates, the infinite multiplication factors, and fraction of 

the allocated material that: is included in the final mlxLure. The 

parameters are defined_ as follows: 

NPROA, NPROB, NPROC: relative neutron production rates of vectors 

NKEQ(l), NKEQ(2), o.nd NKEQ(3) respec.;tively 

(see Sect. 4.10) 

NDESA, NDESB, NDESC: relative neutron destruction rates of vectors 

NKEQ(l), NKEQ(2), and NKEQ(3) r.espectively 

IMFA, IMFB, IMFC: infinite multiplication factors (= NPROn/NDESn) 

of vectors NKEQ(l), NKEQ(2), and NKEQ(3) 

respectively 



FRC: (IMFB-IMFA)/(IMFA-IMFC) 

FRD: FRC*NDESB/NDESC 

109 

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 consist's 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 ~eing specified. If the specific~tion requires arrays that exceed 

the size of those arrays actually present, an error message will be output 

indicating the dimensiun exceeded. 

The second type of message is similar to the first, except it is 

the individual comm.and count that is checked. That is, if the number of 

a particu"iar 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 ~his case, a message will be printed and 

program exec~~ion will be terminat~d. 

8.3.5 ORIGEN2 output on unit 7 

A listing of the sample ORIGEN2 output written by unit 7 is 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 

un 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-c;itoms) 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 materic;tl. These values are required 

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

ignored if the compositions are read on unit 5 (see Sect. 4.6). 
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Appendix A.l: Sample ORIGEN2 Input Deck 
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Table A. l. Sample ORIGEN2 input deck 

1 //EXEC FORTQCLG,PARH.PCRT= 1 XREP 1 , 

2 // REGION.FORT=400K, 
3 // PARM.LKED= 1 0VLY,LIST,~AP 1 , 

4 // FARM.G0= 1 EU=-1,DUMP=I 1 , 

5 // ~EGION.G0=600K 
6 //FORT.SYSIN DD * .,. c 
8 c·cASE 1 CASE CASE 1 CASE 1 CASE CASE 1 CASE 1 
9 c 

10 LOGICAL LONG 
11 INTEGER*2 LOCA,NONO,KD,LOC,NGF,NGN,NGR,NY!ELD,NONP,NQ,MMAX,KAP, 
12 $LOCP,NPUDFP . 
13 DOUBLE PRECISION CIMN,CSUM 
14 DIMENSION XNEW( 13,1676),COEFP( 7,1"676),NPROD( 7,1676), 
15 $!!MAX (1676) ,KAP (1676) 
16 DIMENSION STTFPB( 10,10),ISTOTI( 10,03),IS( 10),RSTOTI( 10) 
17 DI!!ENSION A(6500) ,LOCA(6500),NPUDPP( 880, 3) 
18 DIMENSION DR ( 4), ER ( 4) ,FR ( 4) 
19 DIMENSION YIELD(3300),NYIEL!)( 88()),~!1!11.V{ 4.3} 
20 DIMENSION ALPHN( 132),NUCA°N( 132),NUCSPU( 132),NY( 132),YY( 132), 
21 $FFSF ( 132), PPA ( 132) 
22 COMMON /JUNK/ERR,ID!!(1) ,ILITE,IACT,IPP,I~OT,IL~~X,IAMAX,IPMAX, 
23 $ITMAX,IZMAX,AXN,QXN,PLUX,POWER,INDEX,TFPBAV(4J,IPHHAX 
24 COMMON /MAIN03/NS7P,AN~UL,ANEXP,NABHAX, ICNHAX,IAPHAX,IFY!!AX 
25 C 1766 WORDS ARE NECESSARY IN /NUDSCR/ BEGINNING WITH S 
26 C /NUDSCR/ IS USED POR P.ULTIPLE PURPOSES. 
27 COMMON /NUDSCR/DU!!1( 7,1676),DUM2( 6,1676),S(2),CIMN(1676), 
28 $ CSU!!(1676),NONP(1676),NQ(1676),XP(1676),XPAR(1676),XTE!!P(1676), 
29 $ D(1676),AP(3500),LOCP(3500),LONG(1676) 
30 COMMON /BIG/NUCL ( 1676) ,Q (1676), PG (0004) ,TOCAP (1676) ,GENNEU ( 132), 
31 $ALPHAN( 132),SPONF( 132),SFNU( 132),PISS( 132),NUCAB(1676), 
32 $A!!PC(1676),WMPC(1676),XSTORE( 10,1676),DIS(1676),B(1676), 
33 $ABUND( 450) ,NONO (1676) ,KD(1676) ,LOC (6500) ,NGP(1676) ,NGN(1676), 
34 UGR (7900) .,GGR (7900) . 
35 C DR,ER, II.ND FR. PROVIDE A CONVENIENT MECHANISM FOR INITIALIZING VARIABLE 
J6 C ~OlTlPLIEE ~BRAY RKOLV. 
37 EQUIVALENCE (DR(1),R:!ULV(1,1)),(ER(1),RMULV(1,2)), 
38 $(FR(1),F~ULV(1,3)) 
39 EQUIVll.tENCE CD!JM 1 C1, 1), COE FF (1. 1)), (DUl.'!2 (1, 1), NPP.OD (1, 1)), 
If 0 $ (NONP ( 1) , MM AX ( 1) ) , (Kl\ P ( 1) , NQ ( 1)) , ( XNEW (1 , 1) , DU M 1 (1 , 1) ) 
41 EQIJIVALENCE (XP(1),ALPHN(1)),(ALPHN( 132),NUCAN(1)),(NUCl\.N( 132), 
42 $NUCSPU(1)),(NUCSFO{ 132),NY(1t),(NY( 132),YY(1)),(Yl'( 132), 
q3 $FPSF (1) ) , (PPSP ( 132) , YIELD (1) ) , (YIELD (33 00) , NYIELD ( 1)) 
q4 CALL Q105P (6) 
45 C INITIALIZE PAGE COUNTER 
46 NPAGE=IPAGE (0) 
47 LX= 10 
48 MX= 13 
49 LC= i 
50 ILMAX= 700 
51 IA!!U"' 132 
52 IFKAX= 880 
53 ITMAX= 1676 
~ij ~Z~ax= 6~00 

55 IPH~AX=7900 
~b IAPMAX=3500 
57 IFYMAX=3300 
58 NABMAX= 450 
59 ICN!'IAX= 3 
60 IFD= 880 
61 LAM= 4 
62 C NEUTRCNS PER NEUTRON-INDUCED FISSION: o:THERMAL SPRCTBOM; 1=PAST SPECTRUM 



. 63 
64 
65 c 
66 c 
67 c 
68 
69 
70 c 
71 
72 c 
13 
14 c 
75 
16 
77 
18 
79 
eo 
81 
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Table A. l (continued) 

NYTF=1 
NYTF=O 

CALL SUBROUTINE TO REftD CARD INPU~ FRO~ UNIT 5. PRI~T IT ON UNIT 6. AND 
WRITE IT ON UNIT 50. UNIT 50 IS THEN REWOUND AND ORIGEN2 READS THE DATA 
FROM UNIT 50 •. 

CALL LISTIT(S.6.50) 
BEWIND 50 

!!AIN1 HANDLES THE MISCELLANEOUS INITIALIZATION DATA 
1 CALL l!AIN1 (N.YTP, S FNU~ ALPHN • NUCAN. NUCSFU. NY, YY • ANMUL• ANEXP) 

l'!AIN2 READS THE OFIGEN2 COMMANDS 
2 CALL 11AIN2(NSTP) 

MAIN3 EXECUIES THE ORIGEN2 CO!!!!ANDS 
3 CALL !IAIN3 ( 

$ LONG,STTFPB,ISTOII,IS.RSTOTI. Lx. ~x. LC.IFD. 
$NUCAB.NONO.KD.LOC.NGF,NGN.NGR,NYIELD,NONP.NQ,LOCP,M!IAX.KAP• 
$10CA,NFUDFP, CI!IN,CSUM, s. 
$NUCL.Q.FG.TOCAP,GENNEU,ALPHAN.SPONF.SFNU.FISS,A!IPC.WMPC.XSTORE. 
$Dis.e,GGR,YIELD.A .xP,XP\R.XTEMP.D.AP,COEFF.NPROD, XNEW. 
$ALPHN. NUC\N, NUCSFO. NY, Y.Y • FFSF, PFA, ABUND. RMU LV .LA!!) 

82 
83 
84 
l'.!5 

C THIS "GO TO" PROVIDES THE !!ECHANIS!I FOR EXECUTING !!ULTIPLE PROBLEMS WITHIN 
C A SINGLE JOB. . 

86 
87 
88 
89 /* 

GO TO (1.2.3.4),NSTP 
4 CONTINUE· 

CALL Q105F(6) 
STOP ·100 
END 

qo //LKED.STEPLIB DD DSN=SYS1.VSPG!l,DISP=SHR 
91 //LKED.HEX DD DSN=CHE!ITECH.AGC14198.020BJ.DISP=SHR 
q2 II DO OISP=SHR,DSN=CHE!!TECH.Q105F.DUMMYO 
93 //LKED.SYSIN DD DISP=SHE,DSN=CHE!!TECH.AGC14198.020VLY 
94. //GO.FT07F001 DD SYSOUT=B.DCB= (RECF!!=FB.LRECL=80, BLKSIZE=3520) 
95 //GO.PT09F001 DD DSN=CHE!!TECH.AGC14198.DECAY.DISP=SHB 
96 //. DO DSN=CHEl1TECR.AGC14198.XPWRU,DISP=SHR 
97 //r.O.FT10F001 DD DSN=CHEMTECH.AGC14198.PHOTON,DISP=SHR' 
98 //~O.FT11F001 DD SYSOUT=A.DCB=(RECFM=VBA.LRECL=137,BLKSIZE=1100) 
9° //GO.PT12F001 DD SYSOOT=A,DCB=(RECFM=VBA,LRECL=137.BLKSIZE=1100) 

100 //GO.FT13P001 DD SYSOUT=A,DCB=(RECPM=VBA,LRECL=137,BLKSIZE=1100) 
101 //~0.FT15F001 DD SYSOUT=A,DCB=(RECFM=VBA,LRECL=137,BLKSIZE=1100) 
102 //GO.FT16F001 DD SYSOUT=A,DCB=(RECFM=VBA.LRECL=137,BLKSIZE=1100) 
103 //GO.FT50F001 DD DSN=&&AGC.UNIT=SYSDA, 
10ta // DCe=(RECFM=PB.LRECL=BO.BLKSIZE=3200),SPACE=(3200. (50,50J,RLSE) 
105. //GO. '!'T511"001 rm SYSOUT=A. DC13= (!l ECF!'l=VBA. LP.ECL=131, BL KSI2E=1100) 
106 //GO.FT05F001 DD * 
107 92 1 0.99 
108 94 1 0.994 
109 -1 
110 " 1 0.1 

-1 111 
112 
113 
11ta 
115 
116 
111 
118 
119 
120 

ONE METRIC TON OF PWRU FUEL 
-1 = FRESH U FUEL WITH IMPURITIES (1 MT) 
-2 =· FRESH ZIRCALOY CO!!POS.ITION· (1 KG) 
-3 FRESH SS 304 COMPOSITION (1 KG) 
-4 = FRESH SS 302 COMPOSITION (1 KG) 
-5 = FRESH INCONEL COMPOSITION (1 KG) 
-6 = FRESH NICROBRAZE COMPOSITION (1 KG) 

121 

2 15 
-1 
BAS 
RDA 
ROA 
RDA 
ROA 
RDA 
RDA 
ROA 
RDA 
CUT 
LIF 
LPU 
LPU 
LPU 
LPU 

WARNING: VECIORS ARE OFTEN CHANGED WITH.RESPECT TO THEIR CONTENT. 
122 THESE CHANGES nu. llf! NOTED ON RD!\ coos. 
12 3 . 5 0.01 -1 
124 1 1 1 ADR 
125 380900 551370 -1 
.126 010030 060140 -1 
127 902320 -1 
128 38090() -1 



129 
130 
131 
132 
133 
131J 
135 
131) 
137 

.138 
139 
140 
141 
11J2 
11J3 
11JIJ 
145 
146 
116"7 
11J8 
11J9 
150 
151 
152 
153 
151J 
155 
156 
151 
158 
15~ 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
110 
1"71 
172 
113 
11Q 
115 
176 
171 
178 
179 
1RO 
181 
182 
11!3 
184 
185 
186 
187 
188 
189 
190 
19, 
192 
193 
194 

LIB 
PHC 
OPTL 
TIT 
RDA 
INP 
RDA 
INP 
RDA 
!NP 
RDA 
INF 
RDA 
INP 
TIT 
~ov 

HED 
SUP 
IRP 
!RP 
!RP 
IRP 
IllP 
IR1:' 
IRP 
IRP 
!RP 
!RP 
IRP 
BU P 
OPTL 
OPTA 
OPTP 
OUT 
RDA 
l!OV 
RDA· 
KEQ 
PAC 
R!\A 
TI'I 
nov 
ADD 
ADD 
ADD 
HED 
IRF 
IRF 
!RF 
IRF 
IRF 
TR:P 
IRF 
IRP 
IDF 
IRF 
IRF 
OUT 
RDA 
RDA 
l!OV 
l!OV 
PCB 
PCB 
PCH 
PCB 
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Table A.l (continued) 
0 1 2 -3 -20 q - 20 5 -2 06 9 3 -2 1 1 

101 102 103 10 
-1 24*8 

INITIAL COMPOSITIONS or UNIT Al!OUNTS OF FUEL AND STRUCT MAT'LS . 
READ FUEL CCl!POSITION INCLUDING IMPURITIES (1000 KG) 
-1 1 -1 -1 1 1 
READ ZIRCAL01 COMPOSITION (1.0 KG) 

·-2 1 -1 -1 1 1 
READ SS304 CCMPOSITION (1.0 KG) 
-3 1 -1 -1 1 1 
READ INCONEL 718 COMPOSITION (1.0 KG) 
-5 1 -1 -1 1 1 
READ NICROBRA2E 50 COPIPOSITION (1.0 KG) 
-6 1 -1 -1 1 1 
IRRADIATION OF ONE l!ETRIC TON OP PWRU PUEL 
-1 1 0 1.0 
1 CHARGE 

26.7 
66.7 

133.3 
266.1 
400.0 
440.0 
533. 3 
666.7 
'733.3 
800.0 
880.0 

3".500 
31.500 
37.500 
37. 500 
37. !!00 
37.500 
37. 500 
37. 50 0 
37.500 
37. 500 
37.500 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

2 
3 
4 
5 
6. 
1 
8 
9 

10 
11 
12 

q 2 
4 0 
4 0 
q 0 
4 0 
4 0 
4 0 
q 0 
q 0 
q 0 
4 0 

END OF THIS ST!P=1,000 
END OF THIS STEP=2,500 
END OF THIS STEP=5,000 
END OF THIS STEP=10,000 
EMii 01' '.l'HJ.S ST'P.J>;:1'l,noo 
END OF THIS STEP=16,500 
END OF THIS ST~P=20~000 
END OF THIS STEP=25,000 
END OP TRIS STEP=27,500 
END OF THIS STBP=301000 
END OF THIS STEP=33,000 

i'iWD/l'ITIHM 
l!WD/l'ITIHl'I 
f!WD/llTIHM 
!WD/l'ITIHPI 
H~D/!!Tlil" 
MWD/l!TIHM 
lfWD/l!TIH!'I 
"WD/HTIHf! 
l!WD/M'rIH!'I 
KWD/l'ITIHll 
MWD/HTIHf! 

s 8 8 8 7 8 1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
12 1 -1 0 
-10 IRRADIA!ED U FUEL AT DISCHARGE 
12 -1() 0 1.0 
THESE INSTRUC!IONS ARE HERE ONLY TO DEMONSTRATE THEIR USE 
10·12 1 2 3 -1.0 
1 1 12 q o.o 
IRRADIATION OF ZIRCALOY+ 
IRRADIATION OF ZIRCALOY+ 
-2 1 0 223.0 ZIRCALOY 
-5 ·1 0 12.8 INCON~L 

INCON~L + NICBOBBAZE 50 AT 100~ FtOt 
INCONEt + NICROBRAZB 50 AT 100% FLUX 

-6 1 0 2.6 NICROBRAZE 50 
-3 1 0 9.94 SS 304 
1 
26.7 -1.0 
66.1 -1.0 

133.3 -1.0 
266.7 -1.0 
400.0 -1.0 
14141).0 -1.0 
533.3 -1~0 
666.7 -1.0 
7JJ.J -1.0 
800.0 -1.0 
eao;o -;.o 
12 1 -1 0 

1 
2 
3 
14 
5 
6 
7 
8 

' 10 ,, 

2 
3 
q 
5 
6 
7 
8 
9 

10 
11 
12 

4 
4 
4 
4 
4 
4 
4 
4 
q 

" q 

4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

END 
END 
END 
END 
END 
END 
ENn 
END 

OF THIS 
OF THIS 
OF THIS 
OP THIS 
OF THIS 
or TllI!J 
OF 'l'Rl'.!5 
OF THIS 

STE!' 
STEP 
S'rEP 
STEP 
STEP 
!JTEP 
STEP 
STEP 

~NU UF THJ.!> S'J.'El' 
END OF 'r.RTS STEP 
END OF THIS STEP 

-2 = FRESH ZIRCALOY, INCONEL, AND HICROBRAZE 

CHARGE 
1,000 f!WD/MTIHK 

= 2,500 KWD/MTIHI! 
= 5,000 !'IWD/KTIH!f 

10,000 !'IWD/llTIHf! 
15,000 KWD/l'ITIHK 
16,300 !'IWD/MTIHn = ~o.ooo MWD/KTIHPI 

= 25,000 KWD/llTIH! 
= ;,n, 500 HWD/MTIHM 
.: 30.000 MWP/"tlffft 
= 33,000 KWD/l!TIHM 

-9 = IRBADIATED·ZIBCALOY, INCONEL, AND NICBOBRAZE 
1 -2 0 1. 0 
12 -9 0 1. 0 
-1 -1 -1 
-10 -10 -10 
-2 -2 -2 
-9 -9 -9 

ADR 

ADR 
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Table A. l (continued) 
195 STP 2 
196 2 922340 290.0 922350 32000.0 922380 967710.0 0 o.o FUEL .ACTINIDES 
197 " 030000 1.0 050000 1.0 060000 89.4 070000 25.0 FUEL IllPU B 
198 4 080000 134454.0 090000 10.7 110000 15. 0 120000 2.0 FUEL IMPUB 
1~9 " 130000 16. 7 140000 12.1 150000 35. 0 170000 5.3 FUEL IMPUli 
:too " 200000 2.0 220000 1.0 230000 3.0 240000 4.0 FUEL Il'IPUB 
201 4 250000 1. 7 260000 18.0 270000 1.0 280000 24. 0 FUEL IMPUB 
202 4 290000 1.0 300000 40.3 420000 10.0 470000 0.1 FUEL Il!PUB 
:to 3 4 1180000 25.0 490000 2.0 500000 4.0 640000 2.5 FUEL Il!PUB 
:t04 4 740000 2.0 820000 1. 0 830000 0.4 0 o.o FUEL Ill.PUB 
205 0 
:t06 " 1100000 979.11 500000 16.0 260000 2.25 240000 1.25 ZIRC-4 
201 .. 4 280000 0.02 130000 0.024 050000 0 .00033 480000 0.00025 ZIRC-4 
208 4 060000 0.120 270000 0.010 290000 0.020 720000 0.078 ZIRC-4 
209 4 010000 o. 013 250000 0.020 070000. 0.000 080000 0.950 ZIRC-4 
210 4 160000 0.035 220000 0.020 740000 0.020 230000 0.020 ZIRC-11 
211 5 920000 0.0002 0 o.o ZIRC-4 
212 0 
213 II 2600 00 688.45 240000 190.0 280000 90.0 250000 20.0 SS-304. 
2111 4 060000 0.8 150000 0.45 160000 0.3 140000 10.0 SS-304 
215 4 070000 1. 3 270000 0.8 0 o. 0 SS-3011 
216 0 
217 4 260000 180.0 240000 190.0 280000 525. 0 130000 6.0 INC-718 
218 4 060000 0.4 270000 4.7 290000 1. 0 250000 2.0 INC-718 
219 4 420000 30.0 070000 1. 3 410000 55.53 160000 0.07 INC-718 
220 . 4 140000 2.0 220000 8.0 0 o. 0 . INC-718 . 
221 0 
222 4 260000 0.47 240000 149.5 280000 743.4 400000 0.1 NICR-50 
223 4 130000 . 0.1 osoooo 0.05 060000 0.1 270000 0.38 NICR-50 
224 4 250000 0.1 070000 0.066 080000 o. 43 150000 103. 1 NICR-50 
225 4 160000 0.1 140000 0.51 220000 o. 1 740000 0.1 NICR-50 
226 0 
227 BAS ONB l!ETRIC TOll OF INITIAL HEAVY l!ETAL 
228 COT -1 
22<! LIP 0 0 0 
:t30 LPU 380900 .55~370 -1 
231· LI'B 0 1 2 -3· 0 0 0 9 3 0 1 1 
232 PHO 101 102 103 10 
233 l!OV -9 -8 0 1. 0 
·234 RDll *** REPROCESSING l!ODULE ********************************************** 
235 RCll FUEL IS REPROCESSED AT THE Til'IE SPECIFIED ON THE NEXT CARD 
236 DBC 160.0 -10 1 4 4 
237 PRO 1 -9 12 -3 CALCULATE 0~05% OF FUEL 
238 PRO 1 10 -5 -2 SEPARATE VOLATILES AND PUT IN -5 
239 PRO 10 4 -2 -1 POT HLW JN -1 
240 PRO 4 -4 -3 -0 PUT U IN -4 AND PO IN .-3 
241 .BAS ONE TONNE OF INITIAL HEAVY llETAL AT A REPROCESSING Til'IE OF 160 DAYS 
242 RDA *** HLW DECAY PJOD!JLE ************************************************* 
2113 TIT DECAY OF HIGH-LEVEL PWR-0 WASTE; BURNOP=33,000 l!WD/l!TIH! 
244 l!OV -2 1 0 1.0 
2ti5 H!Hl 1 • etw 
246 DEC 0.5 1 3 5 4 
247 DEC 1.0 3 4 5 0 
248 DEC 3.0 " 2 5 0 
249 DEC 10.0 2 3 5 0 
250 DBC 30.0 3 4 5 0 
251 DEC 100.0 " 5 5 0 
252 DBC 300.0 5 6 5 0 
253 DEC 1.0 6 7 7 0 
254 DEC 3.0 7 R 7 0 
255 DEC 10.0 8 9 7 0 
256 DEC 30.0 9 10 7 0 
257 DEC 100.0 10 11 7 0 
258 DEC 300.0 11 -4 7 0 
259 DEC 1. 0 -4 12 8 0 
260 RDA OPT CARDS HERE 
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Table A.1 (continued) 

R 8 8 8 2 8 1 8 8 8 8 8 8 8 B 8 8 8 6 6 0 8 8 8 
0 a a a s a 0 a 0 a a a a a a a a a·a a 0 a 0 a 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
212 
273 
274 
2"'75 
276 
~,.., 

OPTL 
OPTTl 
OPTF 
OUT -12 1 -1 0 ADR 
OUT 
RDA 
TIT 
"IOV 
RDTl 
DEC 
TlDD 

12 1 -1 0 lDR 
*** STRUCTURAL MlTERIAL DECTlY MODULE ********************.************ 
DECAY OP PWB STRUCTURAL MATERIAL WASTE: 33,000 MWDIMTRM 
-8 3 0 1.0 
FUEL IS REPROCESSED TlT THE.TIMi SPECIFIED ON THE NEXT CARD 
160.0 3 1 4 4 

2"'78 
,19 
,60 
281 
282 
~~3 
284 
285 
286 
21p 
288 

HED 
DEC 
DEC 
DEC 
DEC 
iH:<.: 
O"EC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 

·DEC 
OUT 
OUT 

289 END 
290 /* 

-9 1 0 1. 0 
1 
0.5 1 
1.0 3 
3.0 4 

3 
4 
2 
3 10.0 2 

30.0 3 4 
100.0 4 5 
300.0 5 6 
1. 0 6 7 
3.0 7 8 
10.0 8 9 
30.0 0 10 
100.0 10 . 11 
300.0 11 -4 
1.0 -4 12 
12 1 -1 0 
-12 1 -1 0 

291 llGO.FT03F001 DD * 

5 
s 
5 
5 
5 
5 
5 
7 .., 
1 
1 
7 
7 
8 

4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
0 
0 

292 3 380900 5 30.0 o.o o.o o.o o.o o.o 
293 3 o.o. o.o 0.7 o.o 0.1 0.1 
294 J 551370 5 25.o o.o o.o o.o o.o o~o 
295 3 o.o o.o 0 .• 1 o.o 1.0 1.0 
296 21 010030 0.001 5•0.0 ~1.0 
2ry1 21 0Go140 0.01 ~~o.o -1.0 
298 41 902320 3.0 0.001 0.0001 0.02 o.o o.o -1.0 
299 61 300900 0.00 5•o.~ 1.0 
300 61 0.001 0.004 0.1 0.02 0.-019 0.00 0.006 0.006 
301 070150 660140 1.5E-04 N14(N,D PLUS N,NP)C14 c~oss SECTION 
302 080160 060140 2.0E-08 016(N.HE3)C14 CROSS SECTION 
303 3 380900 5 30.0 o.o o.o o.o o.o o.o o.o 
304 3 380900 0.0 0.7 O.O C.1 0.1 
305 3 551370 5 25.0 o.o o.o o.o 0.-0 o.o o.o 
306 3 551370 o.o 0.1 o.o 1.0 1.0 
::01 I* 
:!08 II 

IRC002I STOP 0 

SM+0.05% P 

ADR 
ADR 
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Appendix A.2: ORIGEN2 Overlay Structure 
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Table A.2. ORIGEN2 OVERLAY statements 
INCLUDE HEX 

EN'!'RY ·f!AIN 
INSFRT l'IAIN 

OVEELAY A 
IN SERT LIST IT . 
OVEliLAY A 
INSERT l'IAIN3 

OVERLAY C 
INSERT l'IAIN1 
OVERLAY C 
INSERT l!AIN2 

OVERLAY P 
.I NS ERT XS ECO 1 
OVERLAY .P 
INSERT XSEC02 
OVERLAY P 
INSERT XSEC03 
OVERLAY P 
INSERT XSEC04 
OVERLAY P 
I NS ERT XS ECO 5 
OVERLAY· P 
INSFRT XSEC06 
OV!';Rl'.U F 
I NS E RT XS ECO 7 
OVERLAY F 
INSERT XSECOB 
OVERLAY P. 
INSERT XSEC09 
0 VERLA Y 1' 
INSERT XSEC10 
OVERLAY P 
INSERT XSEC11 
OVERLAY P 
.I NS ERT XS EC12 
OVERLAY P 
INSE:R'r XSEC13' 
OVERLAY P 
INsn'l' XSEC114 
OVERLAY P 
INSERT XSEC15 
OVERLAY P 
IN!::BnT l!JEC1G 
lJ VERLll.Y P 
INSERT XSEC17 
OVERLAY l" 
INSERT X~EC10 
OVERLAY P 
INSERT XSEC19 
OVERLAY P 
IN3ERT X~!C20 

OVERLAY C 
INSERT ADDl!OV 
OVERLAY C 
INSERT NQ!)Q<; 
OVERLAY C 
INSERT NUDAT1,DECRED 
OVERLAY C 
INSERT NUDAT2,SIGRED 
OVF.RT.H r. 
INSERT·NUDAT3,ANSP 
OVERLAY C 
I RSERT PHOLIB 

OVl!BLAY B 
INSERT TERl!D 

OVERLAY D 
!!ISP.RT l"l;IJXO, DECAY, FUDGE 
OVERLAY D 
INSERT TERl!,l!ATREX,EQUIL. 

OVERLAY B 
INSEI!T OUTPUT 

OVERLAY E 
INSERT OUT1 
OVERL·AY E 
INSERT OUT2 

OVERLAY B 
INSERT GAl!l!A 
OVERLAY ·a 
INSERT NUTRON 



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



\ ... 

THIS PAGE. 

WAS INTENTIONALLY 

LEFT BLANK 

. v-· 
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Appendix B.l: Reactivity and Burnup Information 



Table B.l. Sam~l! ORIGEN2 reactivity and burnup l1formation 

OUTPUT ONIT = 6 

IRRADIATIOll OP :•NE llETRIC TCN OP PWRU POE!. 
FOWER= 3.7SOOOE 011111. BORllOP= 3.30000E OUl!ifD, :?LUX= 3.2UE 1UN/Cll••2-SEC 

TillE, SEC 
NEUT •. PLUK 
SP POW,1111 
BUENUP,llllJ 
K INPI NITY 
NEUT PRODIJ 
NEUT DESTll 
TO'I BURNUP 
AVG N PLUX 
AVG SP POV 

CHARGE 

o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o~o 
o.o 

REACTIV:TY AN!: BURYUP DATA 
BASIS= OKE llETRIC TON OF PiRO POEL 

~7. D 

2. ::1E 06 
:2.89E 1U 
3. JSE 01. 
1.00E 03 

1-3S7UO 
1. CXlE 04 
7.U-:>E 03 
3. 3JE 011 
3. 2'~E 1Q 
3. 75E 01 

67. D 

5. 16E 06 
2. B9E 14 
3. 75E 01 
1. 5-0E 03 
1.33617 

1. 01E 04 
7. 56E 0 3 
3. 30E OU 
3. 2UB 1U 
3. 75E 01 

133. D 

1 .1 SE 07 
2.90E 14 
3. 75E 011 
2. SOE 03: 

1.30.518 
1.01E 04 
7. 7SE 03 
3. 30E OU 
3.2UE 1U 
3. 7SE 01 

267. I: 400. D 

~.JOE Ol7 3.U6E 07 
~·. 9 5 E 114 3. 0 5 E 14 
J.75E 01 3.75E 01 
5.00E G3 S.OOE 03 

1.2293<5. 1.16417 
~.87E o~ 9.48E 03 
E.03E 03 8.14E 03 
~ • 3 DE Ooll 3. 3 OE OU 
3.24E 14 3.2UE 1U 
3.75E 01 3.7SE 01 

U40. D S3 3. D 6157. D 

3.BOE 07 4.€-13 07 5. 76E 07 
3.16E111 3. 2·5E 111 3.40E 14 
3. 7SE 01 3.75E 01 3.1SE 01 
1.SOE 03 3.SIE 03 S.OOE 03 

1.1SU6S 1. • ·u00 1.0S176" 
9.34E 03 9.0JE 03 8. '58E 03 
8.09E 03 8.10E 03 8.l1E 03 
3.30E OU 3. 3C•E 011 3. 30E 011 
3.2UE 1U 3.2tE 111 3.~4E 1U 
3. 7SE 01 3. 7~ E 01 3. '.'5 E ·O 1 

PAGE 91 

733. D 800., D 880. D 

6.34E 07 6.91E 07 7 .6 OE 07 
3.S4E 111 3.66E 111 3.78E 14 
3. 7S E 01 3.7SE 01 3.7SE01 
2. SOE 03 2. SOE 03 3.00E 03 

1. 033U9 1."01019 0.9840S 
8. 34E 03 8.13B 03 7.90E 03 
8.07E 03 8.04B 03 8.03E 03 
3.30E OU 3.30E 04 3.30E 04 
3.2UE 1U 3. 24E 1U 3. 2UE 1U 
3.75E 01 3.75E01 3.7SE 01 

SIZE OP 11111\X(~: 11111\X= 1 I= 8~8 11111\X= 2 #= 1131 11111\X= 3 #= 1U6 llMAI= U i= 52 11~1\X= S t= 108 11111\X= 6 #= 65 
. 11111\X= 7 t= 11 1111111= 3 i= 0 11111\X= 9 t= 0 1111111=10 #= 0 lll'IAX=11 I= 0 l'lllAX=12 t= 0 

THE NOllEEll OF NON-ZERO TElllS Ill A=6374 
THE NOllBEll OP NON-ZERC PISSIO!t PROllOCT YIELDS=3;;;U2 
ILITE= 684 Ill.CT= 1::?9 IYP= E:S8 ITOT=i671 
THE NOllBEB OF NON-ZERO NA~ORAL ABO~DANCES= U3U 
THE NOllBFII .OF NON-ZERO· PHOTON YIELCS= 1172S 
THE !IA XI 11011 NOl!Bl!R OP ~EBl!S IN AP= 33S8 
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Table B. 2. Sample ORIGEN2 nuclide radicactivity table 

OUTPUT UNIT = € PAGE 34 
DECAY Of Fllli STRUCTURAL !UTERIAL ii ASTE: 33,000 ~liD/MTH!! ACTIVATION PRODUCTS 

l'OllER-= 1.00000E OOl!ll .. BtJRNtJP= 1. OOOJOE OO!IWD, FLTX= 1.00E OON/C!!**2-SEC 

NUCLIDE TABLE: RADI•JACTIVI TY, CU3IES 
ONE TONNE OF INITIAL HEA1Y l'!ETAL AT A REPROCESS ING TillE C<? 160 D!.YS 

S!!+O. 05'J! F 3. YR 10. YR 30. YR 100. YR 300. YR 1. KY 3. KY ·o. KY 30. KY 1 oo. KY 1. MY 

H 1 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o. 0 o.o 0.0 
H 2 o.o 0.0 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
H 3 1.2801!-01 1.082E-01 7.303E-02 2. 376E-02 II. 6 72E-Oll 6. 22 3E-09 5.370E-26 0.0 o.o o. 0 o.o o.o 
H 4 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o o.o 

HE 3 o.o o.o· o. 0 o.o o.o o.o o.o o~o 0.0 o.o o.o o.o 
HE 4 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
HE 6 0.0 0.0 0.0 o. 0 o. 0 0.0 o.o o. 0 0.0 o. 0 o.o o.o 
LI 6 o.o o.o, o.o o. 0 o. 0 o.o o.o o.o o •. o o. 0 o.o o.o 
LI 1 o.o o.o o.o o.o o.o o.o o.o 0.0 o. o· o.o o.o o.o 
LI 8 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
BE 8 o~o o.o o.o o. 0 o. 0 o.o o.o o. 0 o.o o.o o.o o.o 
BE 9 o.o o.o 0.0 o. 0 o.o 0.0 o.o o.o 0.-0 o.o o.o o.o 
SE 10 2. 209 E-08 2. 209E-08 2.209E-08 2.209E-08 2. 2 (•9E-08 2. 209E-08 2.208E-08 2. 206E· 08 2.2COE-08 2.181E-08 z'. 116E-08 1. 43 2E-08 
BE 11 0.() o.o o.o o.o o.o o.o o.o o.o o.-o o.o o.o o.o 

E 10 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
E 11 ' 0. 0 o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o .• 0 o.o 
E 12 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
( 12 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
c 13 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 1 4 9.412E-01 9. 4~8E-01 9. 400E-O 1 9. J78E-01 9. 2S9E-O 1 9.076E-01 8.339E-01 6. 547E-O1 2. 8()7E-01 2. 497E-02 5.240E-06 o.o 
c 15 o.c o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
N 13 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
N 14 o.o o.o o.o o. 0 o.o o.o o.o o. 0 o.o o.o o.o o.o w 

0 
N 15 o.o o.o o.o o.o o.o o.o o.o o.o o.o .0. 0 o.o o.o 
N 16 o.o o.o o.o o.o o.o o.o o.o o.o O.J o.o a.a o.o 
c 16 o.o o.o o.o o.o o. 0 o.o o.o o.o O.J o.o o.o o.o 
c 17 0 .• 0 o.o o.o o. 0 o.o <). 0 o.o o.o O.J o. 0 ' o.o o.o 
c 18 o.o o.o o.o o.o o.o o.o o.o o.o o. J o. 0 o.o o.o 
c 15 o.o o.o o.o o. 0 o.o o.o o.o o.o O.J o.o o.o o.o 
F 1 9 o.o o.o o.o o.o o.o o.o o.o o.o O.·) o. 0 o.o ' o.o 
F 20 o.o o.o o.o o. 0 o.o o.o o.o o.o o. ") o. 0 o.o o.o 

NF 20 o.o o.o o.o o. 0 o. 0 o.o o.o o.o O. •) o. 0 o.o o.o 
NE 21 o.o o.o o.o o.o o.o o.o o.o o.o o. •) o.o o.o o.o 
!IE 22 o.o o.o o. 0 o.o o.o o.o o.o o. 0 o. •) o.o o.o o.o 
NE 23 o.o o.o o. 0 o.o o. 0 o.o o.o o.o o." o. 0 o.o o.o 
NA 22 o.o o.o O.•J <l. 0 o.o o.o o.o o. 0 0.1) o. 0 o.o o.o 
NA 23 o.o o.o o.o o.o o.o o.o o.o o.o O. •) o. 0 o.o o.o 
NA 24 o.o o.o o.o o.o o.o o.o o.o o.o o. 1) o. 0 o.o o.o 
NA 2411 o.o o.o O.·J o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
NA 25 o.o o.o o.o o.o o.o o.o o.o o.o 0.11 o. 0 o.o o.o 
llG 24 o.o o.o o.o o.o o.o o.o o.o o.o o. Cl o. 0 o.o o.o 
llG 25 o.o o.o o.o o.o o.o o.o o.o o. 0 0.11 o.'o o.o o.o 
llG 26 o.o o.o o.o o.o o.o o.o o.o o.o 0.11 o. 0 o.o o.o 
MG 27 o.o o.o o.o o.o o.o o.o o.o o.o 0.11 o.o o.o o.o 
MG 28 o.o o.o o.o ' o. 0 o.o o.o o.o o. 0 o. c o. 0 o.o o.o 
Al 27 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Al 28 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Al 29 o.o o.o o.o ;). 0 o.o o.o o.o o.o o.o o.o o.o o.o 
Al 30 o.o o.o o.o J. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
S.I 28 o.o o.o o.o ). 0 o. 0 o.o o.o o.o 0.(' o. 0 o.o o.o 
SI 29 a.a o.o o.o ·). 0 o.o o.o o.o o.o O. C· o. 0 o.o o.o 
SI 30 o.o o.o o.o •). 0 o.o o.o o.o o. 0 o. (• o. 0 o.o o.o 

(' 



Table B.2 (continued) 

OUTPUT UNIT 6 PAGE 35 
DECAY OF FWR STROCTURAL l1AT3RIAl WASTE: 33,000 MWD/l1THl1 

POWER= f.OOOOOE OOl'lll~ BURNUP= 1.0COOOE ()0!1WD, l'LUl!= 1.00E OON/Cl1**2-SEC 
ACTIVATION PRODUCTS 

SI 31 
SI 32 

F 31 
F 32 
p 33 
F 34 
s 32 
s 33 
s 34 
s 35 
s 36 
s 37 

Cl 35 
CL 36 
·Cl 37 
•Cl 38 
·Cl 3811 
AR 36 
AR 37 
AR 38 
A Ii 39 
AE 40 
Al< 41 
AR 42 

K 39 
K 40 
R 41 
K 42 
R 43 
K 44 

CA 40 
CA 111 
CA 42 
CA 43 
CA 44 
CA 45 
CA 46 
CA 47 
CA 48 
CA 49 
SC 45 
SC 46 
SC 468 
SC 47 
SC 48 
SC 49 
SC 50 
TI 46 
Tl 47 
TI 48 
TI 49 
TI 50 

NUCLIDE TABLE: BACIOACTIVITY, CURIES 
ONE ~ONNE OP INITIAL HEAVY l1ETAL AT A REPROCESSING Til'IE OP 160 DAYS 

S~+0.05\'I F 3. YR ·10. '.lR 30. YR 100. YR 300. YR 1. KY 3. KY 10. KY 

o.o 
2.40a-00 
o.o 
3 .6C:.: E-01 
3.96EE-05 
o.o 
c.o 
o.o 
o.o 
5.479E-C1 
o.o 
o.o 
o.o 
6.02CE-06 
c.o 
o.o 
c.o 
o.o 
2.E30E-06 
o.o 
1. 6C~·E-08 

. 0 .o 
o.o 
4.09i'E-17 
o.o 
2.34EE-13 
o.o 
4.09H-17 
0.0 
o.o 
o.o 
9.05-i?-08 
o.o 
o.o 
o.o 
1 .849E-03 
o.o 
9.6SH-16 
o.o 
o.o 
o.o 
1. 160!-01 
o.o 
6.67H-15 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

0. 0 o. 0 
2.474E-08 2.4§6E-C8 
0. 0 o. 0 
2.474E-08 2.456E-08 
2.533E-1B O. 0 
o. 0 o. 0 
o.o o.o 
o.o . o.o 
o.o o.o 
9~81BE-05 1.7,2E-13 
0. 0 o. 0 
0.0 o.o 
o.o o.o 
6.020E-06 6.0?0E-C6 
o.o . o.o 
o.o o.o 
o.o o.o 
o.o o.o 
1.006E-15 0.0 
o.o o.o 
1.592E-OB 1.5~4E-CB 
0. 0 o. 0 
0. 0 o. 0 
3.847E-17 3.j?1E-17 
0. 0 o. 0 
2.346E-13 2.3~6E-13 
o.o o.o 
3.B47E-17 3.3?1E-17 
0. 0 o. 0 
o.o o.o 
0. 0 o. 0 
9.051E-08 9.0:jlE-CB 
0. 0 o. 0 
o.o o.o 
0. 0 o. 0 
1.749E-05 3.3IOE-;o 
0. 0 o. 0 
o.o o.o 
0. 0 o. 0 
o.o o.o 
o.o o.o 
1.348E-05 8.815E-'5 
o.o o.o 
o.o o.o 
o.o o.o 
o.o o.o 
o.o o.o 
0 .• 0 o. 0 
0. 0 o.o 
o.o o.o 
o. 0 o. 0 
o.o o.o 

o. 0 
2. 404E-08 
o. 0 
2.404E-08 
o.o 
o.o 
o.o 
a. 0 
a. 0 
a;a 
o. 0 
o.o 
o.o 
6. 020E-a6 
o.o 
o.o 
o. 0 
o. 0 
o.o 
o. 0. 
1. 485E-OB 
o.o 
a. 0 
2.182E-17 
o. a 
2• 3116E-13 
o. a 
2.182E-17 
o. a 
o. 0 
o. 0 
9.a49E-08 
a.a 
o.o 
o.o 
1 •. 061E-23 
o.o 
o.o 
o.o 
o. 0 
o.o 
o. a 
o. 0 
o.o 
o. 0 
o. 0 
o. 0 
o. 0 
a. 0 
o. 0 
o.o 
o. 0 

o.o 
2.231E-OB 
o.a 
2. 231E-08 
o.a 
o. 0 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o. 0 
6.019E-06 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.240E-08 
o.o 
o.o 
5. 015E-18 
o.o 
2. 346E-13 
o.o 
5. 0 l5E-18 
0. 0 
o. 0 
o. 0 
9.044E-08 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o. 0 
o.o· 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o. 0 

o.o o.o o.o 
1.803E-08 8.54~E-09 1.0lJE-09 
o.o o.o o.o 
1.803E-08 8.546E-09.1.013E-09 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
6.016E-06 6.00EE-06 5.979E-06 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
7.407E-09 1.220E-09 7.057E-12 
o.o o.o o.o 
o.o o.o 0.0 
7.559E-20 3.111E-26 1.713E-44 
o.o o.o o.o 
2.346E-13 2.346E-13 2.346E-13 
o.o o.o o.o 
7.559E-20 3.112E-26 1.773E-44 
o. 0 . o. 0 o. 0 
o.o o.o o.o 
o.o o.o o.o 
9.028E-08 8.974E-08 8.822E-08 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.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 
5. 80 2E-13 
o.o 
5.803E-13 
o.o 
o.o 
o.o 
o.o 
o.o 
o .• o 
o.o 
o.o 
o.o 
5. 883E-Q6 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.035E-19 
o.o 
o.o 
o.o 
o.o 
2.3116E-13 
o.o 
o.o 
o. 0 
o.o 
o.o 
8.309E-OB 
o.o 
o.o 
o.o 
o. 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 

30. KY 

o. 0 
J.171E-22 
o.o 
3. 17 lE-22 
o.o 
o.o 
o. 0 
o. 0 
o.o 
o. 0 
o. 0 
o. 0 
o. 0 
5.61BE-06 
o. 0 
o. 0 
o. 0 
o.o 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o.o 
o. 0 
:!.3116E-13 
o. 0 
o.o 
o. 0 
o. 0 
o. 0 
7.002E-08 
o.o 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o.o 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o. 0 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o. 0 
o. 0 

10 O. KY 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
4.782E-06 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
2.3116E-13 
o.o 
o.o 
o.o 
o.o 
o.o 
3. Bii 7E-OB 
o.o 
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. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

1. MY 

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 
E.019E-07 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
2.345.i!-13 
0.0· 
o.o 
o.o 
o.o 
o.o 
1. 73BE-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 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

w 



Table B.2 (continued) 
OUUUT UNIT = 6 PAGE 36 

DECAY OF PWR $TROCT~BAL MATERIAL WASTE: 33,000 HliD/MTRM ACTIVATICN PRODUCTS 
FOWER= 1.00000E OOltW, BURN OP= 1.00000E OOllWD, PLUll= 1.00E OON/Cll**2-SEC 

NUCLIDE TABLE: RADIOACTIVITY, CURIES 
ONE TO?IE OP INITIAL HEA 'lY METilL ~T A REPROCESSING TIME OF 160 DUS 

Sl!+O. 05% F 3. YR 1C. YR 30. YR 100. YR 300. YR 1. KY 3. KY IC. KY 30. KY 100. KY 1. llY 

TI 51 o.o 0.'0 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
v 119 <i.o o.'o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
v 50 2 .3041!-15 2.3041':-15 2. 3043-15 2.3011E-15 2. 304B-15 2.304E-15 2.304E-15 •• 30 4E-15 2.3.JDB-15 2. JO 4E-15 2. 30 4E-15 2.304E-15 
v 51 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
v 52 o.o O.·O o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
v 53 o.o O.·O o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
v 54 o.o 0.0 o.o o.o 0.0 o.o o.o 0.0 0.0 o. 0 o.o 0.0 

CB 50 o.o 0.0 o.o o. 0 o.o o.o o.o o.o o.o 0.0 o.o o.o 
CB !: 1 6.2361! 02 7.7723-10 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
CR 52 o.o o •. o o.o o. 0 o.o o.o o.o o. 0 o.o o. 0 o. 0 o.o 
CE 53 o.o o •. o o.o o. 0 o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
CE 54 0 .O· o.o o.o o. 0 o.o o.o o.o o.o o.o. o. 0 o.o 0.0 
CB 55 o.o o.o o.o o. 0 o.o o. o· o.o o.o 0'.0' o. 0 o.o o.o 
llN 54 6.8031! 01 5.9863 00 2.0731!:-02 1.904B-09 o.o o.o o.o o.o o .. 0· o. 0 o.o o.o 
!IN 55 o.o o.o o.o o.o o. 0 o.o o.o o.o o .. 0 o. 0 o.o o.o 
!Ill 56 o.o o.o (). 0 o.o 0.0 o.o o.o o.o 0'.01 o. 0 o~o o.o 
1111 57 o.o o.o o.o o. 0 o. 0 o.o o.o o.o ()..0• o. 0 o.o o.o 
MN 58 o.o 0 .• 0 o.o o. 0 o.o o.o o.o o .• 0 ()..() o.o o.o o.o 
Fl! 54 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
Fl! 55 4.831B 03 2.17B 03 3.3591! 02 1.626E 00 1.278E-08 o.o o.o o. 0 0.0 o. 0 o.o O·.O 
PE 56 0.0 o.o . o.o o. 0 o. (} o.o o.o o.o 0. () o. 0 O.() o.o 
Fl! 57 o.o o.o o.o o. 0 o. () 0. () o.o o.o (). () o. 0 o.o o.o 
FE. 58 0.0 o.o o.o o. 0 o.o o. o· o .. o o.o o. () o.o o.o o.o w 
PE 59 3.2661! 01 1.52B-06 1.20•1!-23 o. 0 o.o o.o o.o o.o o. 0 o.o o. 0 o.o "' cc 58!'1 o.o o.o o.o o. 0 o. () o. () o.o o.o 0. () o. 0 o.o o.o 
cc 58 1.4381! 03 3.143:!-02 li.19U-13 o. 0 o. 0 o.o o.o o.o (). () o. 0 o.o o.o 
co 59 o.o o.o o.o 0.0 o. () o.o o.o o.o o.o o. 0 o.o o.o 
cc 60 7.2861! 03 4.91B 03 1. 956£ 03 1.1109E 02 1. II 13E-02 5.311E-14 o.o o. 0 o.o o. 0 o.o o .• o 
cc 6011 o.o o.o a.o a.o 0.() o.o a.o o.a o. 0 a. 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 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
NI 58 o.o· 0.0 o.o o. 0 o.o o.a o.o o.o o.o o. 0 o.o o.o 
NI 59 5.1541! 00 5.1541! 00 5.15~E 00 5.153E 00 5.150E 00• 5.1.41E IJO 5.110E ·00 5.0221: 00 4. 72'.'E 00 3. 975E 00 2. 16 7E oc 9.071E-04 
NI 60 o.o o.o o.o o.a o.o o.o o.o o.o a.a o. 0 o.o o.o 
NI 61 . 0 .o o.o a.o o. 0 o.o o.o o. 0 o.o c.o o. 0 o.o o.o 
NI 62 o.o o.o a.o a.o o.o o.a o.o o.o c.o o. 0 o.o o.o 
NI 63 6. !:541! 02 6. 4081'! 02 6.079E 02 5. 228E 02 3.0863 02 6.838E 01 3. 500E-01 9.9981:-08 a.o o. 0 o.o o.o 
NI 64 0.0 0.0 a.o a. o o. 0 o.o o.o o.o c.c o. 0 o.o o.o 
NI 65 o.o o •. o o.o a. o o.o o.a. o.o a.o c.c o. 0 o.o o.o 
NI E6 8.948E-24 o.o o.o o. 0 o. 0 o.a o.o o.o c.c o. 0 o.o o.o 
co 62 o.o o.o o.o o.o o. 0 o.o o.o o.o c.c o. 0 o.o o.o 
co 63 o.o o.o o.o o. 0 o.o o.o o.o o.o c.c o. 0 o.o o~o 
co 64 o.o o.o o.o o. 0 o.o o.o o.o o.o o. c o.o o.o o.o 
co 65 o.o o.o o.o o.o o.o o.o o.o o. 0 c. c . o. 0 o.o o.o 
co 66 8.9621!-24 o.o o.o 0.0 o.o o.o o.o o.o ().( o. 0 o.o o.o 
cu 67 4.831!-23 o •. o o.o o.o o.o o.o o.o o. 0 c-. c; o. 0 o.o o.o 
ZN 63 o.o 0 •. 0 o.o o.o o.o o.o o.o o.o G.C o. 0 o.o o.o 
ZN 64 o~o o. 0. 0.0 o. 0 o.o o. 0 o.o o.o (. c; o.o o.o o.o 
ZN 65 2.1031!-01 9.340~-()3·6.52JE-06 6.265E-15 o.o 0.0 o.o . o. 0 o. (• o.o o.o o.o 
ZN 66 o.o o.o o.o o. 0 o.o o:o o.o 0.0 G.C- o.o o.o o.o 
Zli 67 o.o o.o o.o o. 0 o.o o.o o.o o.o C.G o. 0 o.o o.o 
ZN 68 o.o o.o o.o o. 0 o. 0 o.o o.o 0.0 Cl. C• o. 0 o.o o.o 
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FOWER= 1.000COE 001111, BURN UP= ·1.0·~COOE OOllllD, FLUX= 1.00E OON/Cl1**2-SEC 

NUCLIDE TABLE: BADlOACTIVITY, CURIES 
.ONE TONNE OP INITIAL HEAVY 11ETAL AT A RJ;:PROCESSING Til1E OP 160 DAYS 

Sll+O. (15\ll F 3. YR. 11). YE 30. YR 100. YB 300. YR 1. KY 3. KY 1 o. KY . 30. KY 10 o. KY 1. MY 

ZN 69 o.o o.o o.o o.o o.o •J •. o . o.o o.o o.o o. 0 o.o o.o 
ZN 6911 o.o o.o o.o o. 0 o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
ZN 70. o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
2.N 71 0 .o o.o o.o o. 0 o.o o.o o.o o.o ·O. O o.o o.o o.o 
ZN 7111 o.o o.o o.o o.o Cl. 0 o.o o.o o.o o.o o.o o.o o.o 
Gll 69 o.o o.o o.o o.o o.o o.o 0.0 o.o .o. 0 o. 0 o.o o.o 
GA 70 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o ·J. 0 
GA 71 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 ·o. o ~.o 
GA 72 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o·.o 
Gil 72!! o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o 
G"E 70 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. <) 
G"E 71 2. 272"E-10 2.527E-38 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
G:E 7111 o.o o.o o.o o. 0 0.0 o.o o.o o.o o.o o.o o.o o.o 
G:E 72 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
G:E 73 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
G:E 74 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o <i.o 
G"E 75 o.o o.o .o.o o.o •J. 0 o.o o.o o.o o.o o. 0 o.o o.o 
G"E 7511 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
G:E 76 o.o o.o o. 0. o.o ·J. 0 o.o o.o o. 0 o.o o.o o.o o.o 
G:E 77 o.o o.o . o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
G:E 7711 o.o o.o o. 0 o. 0 o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
AS 75 o.o o.o o.o o.o o.o o.o Ci. 0 o. 0 o.o o. <i o.o o.o 
.~S 76 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 77 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:E 711 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o 0.0 

. S:E 75 o.o o.o o. 0 . o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
3:E 76 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
5:E 77 o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o o.o 
5:E 77!! o.o o.o o.o o. 0 o.o o. () o.o o.o o.o o.o o.o o.o 
5:E 78 o.o o.o o.o o. 0 o.o o~o o.o o.o o.o o. 0 o.o o.o 
5E 79 2.000:E-32 2.000E-32 2.0COE-32 2.000E-32 2.000E-32 2.000E-32 2. OOOE-3.2 2.000E-32 2.000E-32 2. OOOE-32 2.000E-32 1.1111E-35 
S:E 7911 0.0 o.o o.o o. 0 o.o o.o o.o o.o O·. 0 o. 0 o.o o.o 
S:E 80 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
S:E 81 o.o o.o o.o ·o. o o.o o.o ·a. o o.o o.o o. 0 o. 0 o.o 
SJ! 811'1 o.o o.o o.o o. 0 o.o o.o .0. 0 o.o o.o o. 0 o.o o.o 
S"E 82 o.o o.o o.o o.o o.o o.o o.o . o. 0 o.o o.o o.o o.o 
S:E 83 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o 
S:E 8311 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
llR 7S o~o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
BR 80 o.o o.o o.o o.o ·O. 0 ·0.0 o.o o. 0 o.o o. 0 o.o o.o 
ll Ii 8011 o.o o.o o.o 0.0 (). 0 o.o o.o o. 0 o.o o. 0 o.o o.o 
BR 81 o.o o.o o.o o. 0 o.o .o. 0 o.o o.o o.o o. 0 o.o o.o 
BR 82 o.o o.o o. 0 o. 0 o.o o.o o.o o. 0 o.o o.o o.o o~o 
B!l 82!'1 o.o o.o o.o o.o o.o o.o o.o ·o. o o. 0 o. 0 o.o o.o 
BR 83 o.o ·o. o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
Kli 78 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
KR 79 o.o o.o o.o o.o o.o o.o o. 0 . o.o o. 0 o. 0 o.o o.o 
KE 791! o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
KR 80 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 
KR 81 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
KR 8111 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o·. o 
KR 82 o.o o.o o.o o. 0 o.o o.o o.o 0.0 o.o o. 0 o.o 0.0 
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KE 83 
KR 83M 
KR 8 II 
KR 85 
KR. 8511 
KB 86 
KR 87 
KR 88 
RE 85 
RE 86 
RE 86M 
RE 87 
RE 88 
RE 89 
SR 811 
SE 8 5 
SR 85M 
SR 86 
SR 87 
SR 87!1 
SE 88 
si; 89 
SR 90 
SR 91 
SR 93 

y 89 
Y 89M 
y 90 
y 9011 
y 91 
y 92 
y 93 
y 911 
y 96 

ZR 89 
ZF 90 
z·i; 91 
ZR 92 
ZR 93 
ZR 911 
Z E · 9 5 
Z E 96 
ZR 97 
NE 92 
NE 93 
NB 93M 
NE 9 II 
NE 95 
NE 95M 
NE 96 
NE 97 
NE 97M 

NUCLIDE TABLE: aADIOACTIVI'IY, COFIES 
ONE TO~NE OF INITIAL HEAVY METAL AT A REPROCESSING TIME OF 160 DAYS 

S!!+'O. 05'.{ F 3. YR 10. YR 30. YR 1C 0. !R 300. YR 1. KY 3. KY 1i0. KY 

o.o 
o.o 
o.o 
o.o 
o.o 
o .o· 
o.o 
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 
6.35H-01 
1.515E-011 
c.o 
o.o 
o.o 
1.0115E-20 
1.516:E-011 
o.o 
2."171E 00 
o.o 
o.o 
o.o 
o.o 
6.llSOE-18 
o.o 
o.o 
o.o 
1. 26 6E-01 
o.o 
8. 566 E 03 
o.o 
o.o 
1.21e:e-05 
o.o 
9.263:E-03 
1.283E OC 
1.652E 011 
6.355E 01 
o.o 
o.o 
o.o 

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

. o.o o.o 
·o.o o.o 
0. 0 o. 0 
0. 0 o. 0 
0. 0 o. 0 
o.o o.o 
o.o o.o 
0. 0 o. 0 
0. 0 o. 0 
o. 0 o. 0 
0. 0 o. 0 
0. 0 o. 0 
o.o o.o 
0. 0 o. 0 
1.856E··07 1.070E:-22 
1.1111E-011 1.1911E--011 
0. 0 o. 0 
o.o o.o 
o.o o.o 
o .o o·. o 
1.1131E-04 1.195E-Oll 
o.o o.o 
4.938E-06 3.119BE~19 
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 
0. 0 o. 0 
1.266E-01 1.266E-01 
o.o o.o 
5.939E··02 5.597E-111 
o.o o.o 
0. 0 o. 0 
ll.311E-38 0.0 
o.o o.o 
2.5JOE·-02 5.357E-02 
1.2a3E 00 1.282E 00 
1.330E-01 1.2113E-13 
ll.11~3E-Oll ll.152E-16 
o.o ·o.o 
0. 0 o.o 
o.o o.o 

o. 0 
o. 0 
o. 0 
o.o 
o. 0 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o. 0 
o. 0 
o.o 
o. 0 

. o. 0 
o. 0 
o. 0 
o. 0 
o. 0 
o.o 
o. 0 
7.1120E-05 o. 0 . 
o.o 
o.o 
o. 0 
1. 1122E-05 
o. 0 
o.o 
o. 0 
o. 0 
0. 0 
o. 0 
o. 0 
o.o 
o. 0 
o. 0 
1. 266E-01 
o. 0 
o.o 
o. 0 
o. 0 
o. 0 
o.o 
9.618E-02 
1. 281E 00 
o. 0 
o. 0 
o.o 
o.o 
o.o 

o. 0 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o. 0 
o.o 
o. 0 
o.o 
o.o 
1. llC 2E-05 
o.o 
o.o 
o. 0 
o.o 
1. II( 3E-O 5 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
1. 2E6E-01 
o.o 
o. 0 
o.o 
o.o 
o.o 
o. 0 
1.156E-01 
1. 2;SE 00 
o.o 
o.o 
o.o 
o. 0 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.20aE-a7 
a.a 
o.o 
a.o 
o.o 
1. 201E-07 
O. O· 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1. 265E-O1 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1. 202E-O 1 
1. 270E· 00 
o.o 
o.o 
o.o 
o.o 
o.o 

o.-o· 
o.o 
o.o 
o.o 
o.o 
o.o 
o.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 
o. 0 
o.o 
o.o 
6. 970E-15 
o.o 
o.o 
o.o 
o.o 
6.912E-15 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1. 255E-O 1 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1. 2:>2E-O 1 
1.2110E 00 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o. 0 
o.o 
o. 0 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
1.1176E-25 
o.o 

. o. 0 
o. 0 
o.o 
1.1176E-25 
o. 0 
o.o 
o.o 
o.o 
o.· o 
o. 0 
o.o 
o. 0 
o.o 
o.o 
1.2611E-01 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
1.201E-C1 
1.158E CO 
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. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
.o. 0 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
0.0 
o. 0 
o.o 
o.o 
o. 0 
1.26":JE-Ol 
o.o 
o. 0 
o.o 
o. 0 
o.o 
o. 0 
1.197E-01 
9. 1'161C-01 
o.o 
o.o 
o.o 
o.o 
0.0 

o. 0 
o. 0 
o. 0 
0. 0 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o. 0 
o. 0 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o. 0 

,o. 0 
o. 0 
o.o 
o. 0 
o.o 
o.o 
o. 0 
o. 0 
o. 0 
o. 0 
o.o 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 

30. KY 

1. 2119E-01 
o. 6 a. o 
o. 0 
o.o 
o.o 
o. 0 
1.186E-01 
II. 605E-01 
o.o 
0.0 
o. 0 
o. 0 
o.o 

100. KY 

o.o 
o.o 
o. 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 
1.210E-01 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.1119E-01 
ll.219E-02 
o.o 
o.o 
o.o 
o.o 
o.o 

1. HY 

o.o 
o.o 
o.o 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .• 0 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
8.045E-02 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
7.6113E-02 
1.9119E-15 
o.o 
o.o 
o.o 
o.o 
o.o 



Tab 1 e· B. 2 (continued) 
OUTPU'I· UNIT 6 PAGE: 39 

DECAY Ol' PllR STRUCTURAL llATEEIAL WASTE: 33,000 llllD/llTllll ACTIVATIC!I PRODUCTS 
POllEP.= 1.00000E 001111, BURN UP= ·.ooOOOE 0011110, PLUX= 1.00E 00N/Cll**2-SEC 

NUCLIDE TAl!LE: RADIOACTIVITY, .CURIES 
ORE TONNE OP INITIAL HEAVY METAL· AT A REPROCESSING TillE 01' 160 DAYS 

Sll+O. 05'.I 'E 3. YR 1 (l. YR 30. YR 100. YR 300. YR 1. KY . 3. KY 1 o. KY 30. KY 100. KY 1. llY 
NB 9"8 o.o o .• o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o NI! ioo o.o o.o 0 .• 0 o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o l!C 92 o.o o.o 0.0 o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o !'IC 931! o.o o.o o~o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
l!C 93 2. !:21U:-02 2. 523E-02 2. 51 !iE-02 2.509B-02 2.475E-02 2.378E-02 2.070E-02 1.393E-02 3.480E-03 6. 617E-05 6.2f19E-11 o.-o !IC 94 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
!IC 95 o.o o.o o.o o. 0 o.o o.o o.o o~o o.o o. 0 o.o o.o l!C 96 o.o. o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o o.o 
KC 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 
MC -98 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
!IC 99 4.320!-15 o.o o.o o. 0 o. 0 o.o o.o o.o . o. 0 o.o o.o o.o llC100 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o l'IC 101 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o TC 97 (). 0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o TC 971'1 0 .o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
TC 99 1.056!-03 1.056E-03 1.055E-03 1. 056E-03 1.056E-03 1. 055E-03 1. 053E-03 1.046E-03 1. 022E-03 9.578E-04 7.627E-04 4.078E-05 
TC100 o.o o.o o.o o; o o.o o.o o.o o.o o.o o. 0 o.o o.o TC101 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o RU 96 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
RU 97 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o 0:.0 RU 98 o.o o.o o.o o.o o. 0 o.o o.o o. 0 o.o o.o o.o o.o 
RO 99 o.o o.o o.o o. 0 o;o o.o o.o o.o o.o o. 0 o.o o.o RU 100 o.o o.o o.o o. 0 o. 0 o.o o.o o. 0 o.o 0.0 0 .• 0 :>. 0 w 

01 R0101 o.o o.o o.o .o. 0 o.o o.o o.o o.o o.o o.o o.o o.o RU102 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o RU103 4 .060~-03 1.628E-11 4.155E-3 I o.o o.o o.o o.o o.o o.o o. 0 o.o o.o RU104 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o RU 105 o.o o.o o.o o.o o. 0 o.o o.o 0.0 o.o o.o o.o o.o 
RU-106 2.9~9E-13 3.812E-14 3. 09'9E-1 o5 3.299E-22 4.107E-43 0.0 o.o o. 0 o.o o. 0 o.o o.o RU 107 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
RH 103 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o RH 104 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o RH 1041! o.o o.o O. O· o. 0 . o. 0 o.o o.o o.o o.o o. 0 o.o o.o RH105 o.o o.o o. 0 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o 
RH 1051'1 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o. 0 o.o o.o· 
RH106 2.9991!-13 3.812E-14 3.099E-15 3.299E-22 4. 107E-43 O.O o.o o.o o.o o. 0 o.o o.o RH 1061'1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o RH107 o.o o.o o.o o. 0 o.o o.o o.o o. 0 o.o o.o o.o o.o 
PD102 o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o O·. 0 
PD103 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o PD104 o.o o.o o.o o~ o o.o o.o o.o o.o o.o o. 0 o.o o.o 
PD105 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o~ o o.o o.o PD106 o.o o.o o.o o.o o.o o~o o.o o.o o. 0 o. 0 o.o o.o PD107 6.455l!-15 6.455E-15 6.4~5E-15 6.455E-i5 6.455E-15 6.455E-15 6. 454E-15 6.453E-15 6. 44 8E-15 6. 434E-15 6. 38 6E-15 5. 80 2E-15 
PD107l'I o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o. 0 o.o o.o PD108 O·.O o.o o.o o. 0 o.o o.o o.o o. 0 ' o.o o.o o.o o.o PD109 o.o o.o o.o o.o . o. 0 0.0 o.o o.o o.o o.o o.o o.o 
PD 10911 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o PD 110 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o PD111 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
PD 11111 o.o o.o o.o o. 0 o.o -o.o o.o o.o o.o o. 0 o.o o~o 
AG107 0.0 0.0 o.o o. 0 o.o 0.0 o.o o. 0 0.0 o. 0 o.o 0.0 



Table B.2 (continued) 
OUTPCJ'I CJNIT 6 PAGE 40 

DECAY OF PWR STRCJCTlJRAl MATERIAL 'iASTE: 33.000 i1llD/MTHM ACTIVATICN PRODCJCTS 
POWER= 1.00000E 001111, BOF.NOP= 1.000JCE OOMllD, l"LJl= 1.COE OON/CM**2-SEC 

NOCLIDE T1-BLE: RADIOACTIVITY', CO:.UES 
ONE TONNE OF INITIAL HEH! METAL AT A REPROCESSING 'TI!IE OF 160 OHS 

Sl!+0.051! F 3. n: 10. YR 30. Y:! ltJO. YR 300. YR 1. KY 3. KY 1 o. KY 30. KY 100. KY 1. MY 

AG108 5.8171!-07 5. 723E-Oi 5.508E-07 4. 93BE-0:7 3. 370E-07 1.131E-07 2.480E-09 4.509E-14 1. 1553-30 o.o o.o o.o 
AG 108M e.536E-06 6. 430E-Of. 6. 189E-06 5.549E-05 3.737E-06 1. 27 1E-06 2. 7t>1E-08 5.066E-13 1. 298E-29 o. 0 o.o o.o 
AG109 o.o o.o 0.0 o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
AG 109C'I o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o o.o 
AG110 ~.267E-06 ·11.435&-0; l. 689E- 10 .5. BllllE-13 o.o o.o o.o o.o o.o o. 0 o.o o.o 
AG 11 OM 6.968E-011 3.335E-0~· 2. 773E-08 q; 394E-1' o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
AG111 6.307E-11 o.o o.o 0.0 o. 0 o.o o.o ·O. 0 o.o o.o o.o o.o 
AG 111M 0.0 0.0 o.o o.o o.o 0.0 0.0 •O. 0 o.o o.o o.o o~o 
AG 112 0 ;,O o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
Ct106 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Ct107 o.o o.o o.o o.o o.o o.o o.o o~o o.o o. 0 o.o o.o 
CI:108 o.o 0.0 o.o o. 0 o. 0 0.0 o.o o. 0 0.0 o.o o.o o.o 
CD109 2. 7841!-03 5.417E-011 1. 189E-05 2.167E-1) 5.61)1:.E-27 •0.0 o.o ·O. 0 o.o o.o o.o o.o 
Ct110 o.o o.o o.o o.o o.o o.o o.o (). 0 o.o 0.0 o.o o.o 
CD 111 o.o o.o o.o o.o o. 0 o.o o.o •O. 0 o.o o. 0 o.o o.o 
ct 111M 0.0 o.o o.o o.o o.o o.o o.o ·O. 0 o.o o. 0 o.o 0.0 
CD112 o.o o.o o.o o.o o.o o.o o.o ·O. 0 o.o o. 0 o.o o.o 
CD113 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o 
Ct114 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
CD115 2 .461E-22 o.o o.o o.o o. 0 o.o o.o o. 0 o.o o.o o.o o.o 
CD 11511 7 .168 E-'03 2.875E-1C 1.584E-2'1 o. 0 o.o o.o o.o o. 0 o~o o.o o.o o.o 
CD 116 o.o o.o o.o o. 0 o.o o.o . o. 0 •O. 0 o.o o. 0 o.o o.o 
Ct117 0.0 o.o 0.0 o. 0 o.o 0.0 o.o o. 0 o.o o.o o.o 0.0 ~ 
CD 1171'1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
CD119 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
CD121 o.c o.o 0.0 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
IN113 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
IN 113M o.o o.o o.o o.o o.o o.o o.o •O. 0 o.o o.o o.o o.o 
IN 1111 11.3601! 00 9. 1199E-07 2.713E-22 o. 0 o. 0 o.o o.o o.o o.o o. 0 o. 0 o.o 
IN 1141'1 4.5561! 00 9.926E-07 2.835E-22 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
I 11115 1 .644E-16 1 .662E:-16 1.662E-16 1.662E-1'5 1.6fi2E-16 1. 66 2E-16 1.662E-16 1. 662E-16 .1.6E23-16 1. 662E-16 1.662E-16 1.662E-16 
Ill 116 o.o o.o o. 0 o.o o.o o.·o o.o o.o o.o o. 0 o.o o.o 
IN 116M o.o o~o o.o o. 0 o.o o.o o.o •O. 0 o.o o. 0 o.o o.o 
111117 o.o o.o o.o o. 0 o.o (). 0 o.o 0. 0 o.o o. 0 o.o o.o 
IN117!i o.o o.o o.o o.o o.o -0."0 o.o -0. 0 O."O o. 0 o.o o.o 
IN 118 o.o o.o o.o o. 0 o.o ·O. 0 o.o Q.O o.o o. 0 o.o o.o 
IN 119 o.o o.o o.o o. 0 o.o Q.O o.o o.o o.o o. 0 o.<i o.o 
IN 11911 o.o 0.0 o.o o.o o.o •O. 0 o.o o. 0 o.o o.o o.o o.o 
IN120 c.o o.o o.o o. 0 o.o o.o o.o (). 0 o.o o. 0 o.o o.o 
'IN 1201'1 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
IN121 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
SN 112 o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o~ o o.o o.o 
Sll113 3.485E 02 4. 750E-011 9. 775E-08 7. 682E-2'i' o.o o.o o.o o.o 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 o.o 
SN114 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
S!l115 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
SN 116 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o 
S!l117 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o. () o.o 
Sll11711 2.700E 00 7.556E-21i' o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
SN 118 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o 
S!i119 o.o o.o o.o o. 0 o.o o.o o.o o.o o •. o o. 0 o~o o.o 
SN 11911 4.2C6E 03 1.B·3SE 02 1.369E-O 1 1. 451E-11 o.o o .• 0 o.o o. 0 . o •. o o. 0 o.o o.o 



Table B.2 (continued) 
OtJTPU'I UNIT 6 PAGE 41 

DECAY OF PWR STRUCTURAL MATERIAL WASTE: 33,000 M11D/MTHM ACTIVATION PRODUCTS 
POWE!!= 1.00000E OOM11, . BURNUP= 1.00000E OOMWD, FLUX= 1.00E 00N/CM••2-SEC 

NUCLIDE TABLE: RADIOACTIVI'IY, CURIES 
ONE TONNE OP INITIAL HEAVY METAL- AT A REPROCESSING TIME OP 160 DAYS 

Sl!+0.05~ F 3. YR 10. YR 30. YR 100. YR 300. YR 1. KY 3. KY 1 o. KY 30. KY 100. KY 1. MY 
SN120 Q.O o.o o.o o. 0 (). 0 o.o o.o o.o o.o o.o o.o o.o 
SN121 o.o o.o o.o o.o ().0 o.o o.o o.o o.o o. 0 o.o o.o 
SN 1211! 5.74&E-01 5.514E-01 5.oo•rn-o 1 3.791E-01 1. 436E-O1 B.961E-03 5• 44 OE-07 4.871E-19 o.o o. 0 o.o o.o 
SN122 c.o o.o o.o o.o o.o o~o o.o o.o o.o o.o o.o o.o 
SN123 1.420E 02 3.968E-01 4.365E-07 4. 123E-24 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Sli123M o.o O.·O o.o o. 0 o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
SN 12 4 . o.o o.o o.o o. 0 o.o . o. 0 o.o o.o o.o o.o o.o o.o 
SN 125 2.2931!-02 o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o ·o. o o.o 
SN 125, o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
SE121 c.o o.o o.o o.o o.o o.o . o. 0 o. 0 o.o o. 0 o.o o.o 
SE122 6. 469 E-16 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
SE 122M o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
SE123 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
SE 124 2. S76E 00 9.863E-06 1. 616E-18 o.o o.o o.o o.o. o. 0 o. 0 o.o o.o o.o 
SEU4M c.o o.o o.o o.o •J. 0 o.o o.o o. 0 o.o o. 0 o.o o.o 
SE125 ·1.448E 03 6. 833E 02 1.185E 02 7.951E-01 1.962E-08 o.o o.o o.o o.o o. 0 o.o o.o 
SE126 6. 790E-03 1. 667E-29 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
SE 126M o.o o.o o.o o. 0 :>. 0 o.o o.o o.o o.o o.o o.o o.o 
TE.120 o.o o.o o.o o. 0 <:J.O o.o o.o o.o o.o o.o o.o o.o 
TE 121 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
TE 12 lrl o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
TE122 c.o o.o o.o o. 0 . o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
TE 123 3. 971 E-13 4. 360E-13 4.361E-13 4. 361E-13 4.361E-13 4. 361E-13 4.361E-t3 4.361E-13 4. 361E-13 4. 361E-13 4.361E-13 4.361E-13 (..) 

...... TE 123M 1.173E 00 2.0SH-03 7.621E-IO 3.215E-28 o.o o.o o.o o.o o.o o. 0 o.o 0.0 
TE 1211 c.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o 
TE 125 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
TE 125M 3;4431! 02 1.668E 02 2.8921! •)1 1.940E-01 4.788E-09 o.o o.o o.o o.o o. 0 o.o o.o 
TE 126 o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o o.o 
Tl!127 9.1131!-03 ·8. 582E-06 7. 461E- ~ 3 5.002E-33 o. 0 o. 0 o.o o. 0 0 •. 0 o. 0 o.o o.o 
TE 127M 9 •. 3C3E-03 8.761E-06 7.617E-13 5. 107E-33 o.o 0.0 o.o o.o o.o o.o o.o o.o 
TE 128 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
TE 129 S. 45 5 E-10 8.311E-20 o.o o.o 0.0 o.o 0.0 o.o o.o o. 0 o.o o.o 
TE 1291! 8.381E-10 1. 277E-19 o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
TE 130 c.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
TE131 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
-TE131rt o.o o.o o.o O.·O o.o o.o o.o o.o o.o o. 0 o.o o.o 

1125 o.o o.o o.o o.o O.Q o.o o.o o.o o.o o. 0 o.o o.o 
-1126 o.o o.o o.o o. 0 0 •. 0 o.o o.o o.o o.o o.o o.o o.o 
1127 c.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
1128 c.o o.o o.o o.o o.o o~o o. 0. o.o o.o o. 0 o.o o.o 
1129 1.652 E-14 1.652E-14 1. 652E-14 1 •. 652E-14 1.652E-14 1. 652E-14 1.652E-14 1.652E-14 1.652E-14 1.650E-14 t.6458-111 1.581E-14 

. 1130 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
l130M o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
1131 3.26H-18 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
1132 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 

X E124 0 .o. o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
XE125 o.o o.o o.o o. Q o.o o.o o.o o.o o.o o. 0 o.o o.o 
XE 12 51! o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o. o· o.o 
XE126 o.o o.o ·o.o o.o o.o o.o o.o o~o o.o o.o o.o o.o 
XE127 c.o .o. 0 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
XE127!1 o.o o.o o.o o. 0 o.o o~o o.o o. 0 o.o o.o o.o o.o 
XE128 o.o o.o o.o o. 0 o.o o.o o.o o. 0 o.o o. 0 o.o o.o 



Table B.2 (continued) 
01JTP1JT 1JlUT 6 PAGE 42 

·DECAY OF PWR STROCTORAL l'lflTERIAL WASTE: 33,000 llliD/llTBll A:TIVATICN PRODUCTS 
POWER= 1.00000E OOKW, BOEIN1JP= 1.00000E OOl!WD, PLOX= 1.00E 00N/Cl1U2-SEC 

NOCLIDE TAl!lE: RAOIOACUVI TY, CURIES 
ONE TONNE OP.INITIAL HEAVY l1ETll.L AT A REl?R()CESSUIG Tll1E 01' 160 DUS 

SP.+O. 05% F 3. YR 10. YR 30. YR 100. YR 300. YR 1. KY 3. 'KY 10. KY 30. KY 100. KY 1. llY 

XF129 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o •. o· o.o o.o 
XE129!1 4. 113!- 12 o.o o.o o.a o.a a.a o.a a.o a.a a. a a.o o.o 
XE130 o.o o •. o o.o o. 0 o.o o.o o.o 0.0 o.o o.o o.o o.o 
XE131 a.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
XE 131!1 4.461E-14 8.440E-42 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o. o.o 
X:E132 a.o o.o o.o 0.0 o. 0 0.0 o.o o.o o.o o. 0 o.o o.o 
XF133 1.4771!-22 o.o o.o o. 0 o. 0 o.o o.o o.o o.o o. 0 0.0 0.0 
X:E133!1 o.o o.o o.o o. 0 o.o o.o o.o o. 0 o.o o.o o.o 0.0 
XE134 c.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
X:E135 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 a. 0 o.o o.o 
XE 13.511· o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 0.0 o.o 
XE136 o.o o.o o.o o.o o.o o.o o.o o.o o.a o. 0 o.o 6.o 
X:E137 o.o o.o o.o o. a o.o o.o o.o o.o O·. 0 o.o o.o o.o 
CS131 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
CS132 0.0 o.o .o.o o. 0 o.o o.o o.o o. 0 0.0 o. 0 o·.o o.o 
CS133 0.0 o.o 0.0 o. 0 o.o o.o o.o o.o O·. 0 o. 0 o.o o.o 
cs 134 3.641E-16 1.328E-16 1.262E-11 1.963E-20 1. 184E-30 o.o o.o o.o o.o o. 0 o.o o.o 
cs 1341'1 o.o o.o o. a a.a a.a a~a a.o o. 0. o. 0 a. a o.o o.a 
CS135 1.418 E-23 1.418E-23 1.418E-23 1. 41 SE-23 1.418E-23 1. 418E-23 1.418E-23 1. 418E-2J 1.415E-23 1.1106E-23 1. 377E-23 1.050E-23 
CS136 3.1EH-22 2.108E-47 o.o o.o o. 0 o.o o.o o.o o~ o o. 0 o.o o.o 
csi37 1. 258 E-33 1.258E-33. 1. 258E,-33 1. 258E-33 1. 258E-33 1.258E-33 1. 19 Ol!!-llO 1.015E-60 O·. 0 o.o o.o 0.0 
CS138 c.o o.o o.o a.o o.o o.o o.o o.o 0·.0 o.o o.o o .. o 
BA130 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o w 

00 
BA131 a.o o.o o.o o. 0 a.a a.o o.o o.o O·. 0: a. 0 o.o a.a 
BA 13111 a.a a.o o.a a. a o.a a.a o.o o.o a.o o. 0 o.o o.o 
BA 132 o.o o.o o.o o.o o.o o.o o.o o.o O•. 0 o. 0 o.o o.o 
B A·133 c .• o o.o o.o o.o o.o o.o o.o o.o O·. O· o.o o.o o.o 
BA 13-311 a.o o.o. o.o o. 0 o.o o.o o.a o. 0 O·. 0 o. 0 o.o o.o 
BA134 c.o o.o o.o o. 0 o. 0 o.o o.o o. 0 a•.o o. 0 o.o o.o 
BA135 o.o o.o o.o o. 0 o.o o.o o.o o.o O·. 0 o. 0 o.o . o.o 
BA135!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 
BA 136 a.o o.o o.a o. a o.o Ci. 0 o.o o.o O•. O· o. 0 o.o o.o 
BA136!1 5.210E-23 3.473E-48 o. 0 o.o o. 0 o.o o.o o.o O·. 0 o. 0 o.o o.o 
BA 137 o.o o.o o. 0 o. 0 o. 0 o.o o.o o.o O·.O o. 0 o.o o.o 
BA 13711 1.190E-33 1.190E-33 1~ 190E-33 1. 190E-33 1. 190E-33 1. 190E . .:.33 1.12E3-110 9. 598E-6 1 O·. 0 o. 0 o.o o.o 
BA138 o.o o.o o.o a. 0 o.o o. <i o.o o.o o. 0 o. 0 o.o o.o 
BA139 c.o o.o (). 0 o.o o.o o.o 0.0 o. 0 °'· O· o.o 6.o o.o 
BA 140 3~7351!-57· o.o o.o 0.0 o. 0 o.o o.o o.o 0'. 0 o.o 0.0 o.o 
BA 141 o.o o~o ().0 o.o o. 0 o.o o.o o. 0 o .. o o. 0 o. 0 o.o 
LA137 o.o o.o o.o o.o o.o o.o o.o o;o O•. 0 o. 0 o.o o.o 
LA138 o.o o.o (). 0 o. 0 o •. o o.o o.o o.o °'· 0· o.o o.o o.o 
LA 139 c.o o.o (). 0 o.o o.o o.o o.o o.o °'· O· o. 0 o.o o.o 
LA 140 4.356E-57 o.o (). 0 o.o o.o o.o o.o o.o O·. 0 o. 0 o.o o.o 
LA141 o.o .o.o o.o o.o o.o o.o o.o o.o °'· 0· o. 0 o.o o.o 
CE136 o.o o.o ().0 o. 0 o.o o.o o.o o.o O•. 0 ·o. o o.o o.o 
CE137 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o. 0 o.o o.o 
CE 137!1 c.o o.o o.o o.o o.o .. o. 0 o.o o.o <>- O• o. 0 o.o o.o 
CE138 o.o o.o o.o o. 0 o.o 0. () o.o o.o ().. 0 o •. o o.o o.o 
CE139 c.o o.o o.o o.o o. 0 o.o o.o o. 0 ().. °' 0.0 o.o o.o 
CE 13.911 o.o o.o . o.o o. 0 o.o a.<> o.o 0 .• 0 o. o a. o o.o o.o 
CE140 o.o o.o o.o a. o o.o o.o 0.0 tl. 0 ().. 0 a. o o.o o.o 
CE141 1.305E-56 2. 2483-63 o.o o.o o. 0 o.o o~o o.o (). 0 o. 0 o.o o.o 
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DECAY 01 PWR STRUCTURAL l!ATEBIAL WASTE: 33,000 MWD/l!TRI! ACTIVATION PRODUCTS 
POWER= 1.000COE OOl!W, BURNUP= 1.0000aE OOMWD, FLUX= 1.aOE OON/CM••2-SEC 

CE142 
CE 143 
C'E 144 
Cl! 145 
P:R 1111 
p-i; 1112 
P:R1421! 
P'R143 
PR 1114 
PR 1115 
N C142 
ti D143 
ND1114 
NC 145 
MD146 
!ID147 
11D148 
11D149 
llD15a 
!ID151 
?I! 145 
?I! 147 
Pl'll 48 
PP.UBI! 
Pl!l49 
p 1!150 
P!!151 
P!'l152 
:51!144 
Sl'l 145 
Sl!f46 
s !! 147 
s 1'1148 
Sl!lllS 
S!'l 150 
s I! 151 
Sl!152 
S!l153 
Sl'l 154 
S!'l 155 
EU151 
EU152 
EU.15'..?N 
EU153 
EU154 
EU155 
EU156 
Gt152 
GD 152 
Gt154 
GD 155!! 
GD 155 

NUCLIDE TABLE: BADIOACTIVITY; caRIES 
ONE TONNE OF· INITIAL HEAVY METAL AT A REPROCESSING TIME OF 160 DAYS 

Sl!+O.aS~ I 3. YR 10. YR 30. YR 100. YR 300. YR 1. KY 3. KY ·10. KY 

o.a 
o.o 
1.6121!-29 
a.o 
o.o 
o.a 
o.o 
1.2021!-27 
1.593!-29 
o.o 
o.o 
o.o 
3.5841!-45 
o.o 
o.o 
2.368~-23 

o.o 
o.o 
o.o 
o.o 
a.a 
8.194!-20 
7. 323!-23 
1.2181!-21 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
a·. 03:::1!-3, 
3.005!-33 
9.9611!-28 
o.a 
4.806!-12 
o.o 
o.a 
a.a 
o.o 
a.o 
7. 483E'-14 
a.o 
o.a 
1.077E-04 
5.869E-05 
1.224E-06 
1.083E-1€· 
9. 8Q2E-C4 
o.o 
o.o 
0.0 

o. 0 
o.o 
1.6UE-29 
o.o 
o.o 
o.o 
o.o 
s .• 796E-52 
1.593E-29 
o.o 
o.o 
o~o 
3.585E-115 
a.a 
o.o 
3. 556E-.53 
o.o 
o.o 
o.o 
o.o 
o.o 
3.864E-20 
3.246E-28 
5. 763E-27 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.865E-30 
).28iE-33 
9.961E-28 
o.o 
4.696E-12 
o.o 
o.o 
o.o 
o.o 
o.o 
6.422E-14 
o.o 
o.o 
8.454E-05 
3.859E-05 
2. 320E-28 
1. 083E-18 
4.267E-05 
o.o 
o.o 
o.o 

o.o o.o o.o o.o 
o.o o.o o.o o.o 
1.6121!:-29 2.961E-37 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 
1.593E-2S 2.926E-37 0.0 0.0 
o.o o.o a.o o.o 
o.o o.o a.o o.o 
o.o o.a o.o o.o 
3.585E-45 9.493E-45 9.493E-45 ~.493E-45 
o.o o.a o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o~o o.a o.o o.o 
o.o a.a o.o o.o 
o.o o. 0 o.o o.o 
o.'o o.o o.o o.o 
o.·o o.o ·J.o o.o 
1.136E-2J-7.883E-21-7.320E-29 0.0 
7.48aE-4 7. 0. a O. 0 O. 0 
1.328E-45 a.a 0.0 0.0 
o.o a.o o.o o.o 
o.o o. 0 o.o o.o 
o.o o~ o o.o o.o 
0 .• 0 o.a o.o o.o 
o.o o.o o.o o.o 
Q.0 o. 0 o.o o.o 
o.o o.o o.o . o.o 
2~534E-20 3.005E-30 2.812E-30 2.812E-30 
3.943E-33 5.819E-33 1.238E-32 3.114E-32 
9.961E-~8 9.961E-28 9.961E-28 9.961E-28 
o.o o.o o.o o.o 
4.450E-12 3.815E-12 2.225E-12 4.768E-13 
o.o a.a o.o o.o 
o.o a.o o.o ·o.o 
o.o a.o o~o o.o 
o.o o.o o.o o.o 
o.o o. 0 o.o o.o 
4.495E-14 1.622E-14 4.578E-16 1.714E-20 
o.o o.a a.o o.o 
o.o <i.o o.o o.a 
4.809E-05 9.593E-06 3.37aE-08 3.365E-15 
1.451E-a5 8.862E-07 4.993E-11 3~615E-23 
a.a o.o a.o a.o 
1.a833-18 1.aB3E.:.18 1.083E-181.083E-18 
2~-818E-aB 2.31aE-17 0.0 0.0 
o.o o.o o.o o.o 
0.0 o. 0 o.o o.o 
o.o a.a o.o o.o 

o.o o.o 
o.o a.o 
o.o o.o 
o.o o.o 
0. 0 o. 0 
0. 0 o. 0 
a. 0 o. 0 
0. 0 o. 0 
0. 0 o. 0 
o. a o. 0 
0. 0 a. 0 
o. 0 o. 0 
9.493E-45 9.493E-45 
o.a o.a 
o.o o.o 
o.o o.o 
o.o o.o 
0 ~a o. 0 
o.o o.o 
o.o o.o 
o.o o.o 
o. 0 o. 0 
o.a o.o 
o. 0 a. 0 
0. 0 o. 0 
o. 0 o. 0 
0. 0 o. 0 
o. 0 a. 0 
a. 0 o. 0 
o. 0 o. a 
o. 0 o. 0 
2.812E-30 2.812E-30 
9.679E-32 2.844E-31 
9;9611!-28 9.961E-28 
o.o . 0.;.0 
2.178E-1'5 4.447E-22 
o. 0 o. 0 
0: 0 o •. 0 
o.o o.o 
o. 0 o. 0 
o. 0 o. 0 
5.499E-36 0.0 
o; a o. o 
0. 0 o. 0 
o. 0 o. 0 
0. 0 o. 0 
o.a o.o 
1.083E-18 1.083E-18 
o. o o.'o 
o.o o.o 
o. 0 o. 0 
0. 0 o. 0 

o. 0 
a.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
9.493E-45 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
a:o 
0.0 
o.o 
O.'O 
o.o 
2.812E-30 
9.409E-31 
9 .• 961 E-28 
o.o 
o.o 
o.o 
(). 0 
o. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.083E-18 
o.o 
o.o 
o.o 
o.o 

30. KY 

o. 0 
o. 0 
o. 0 
o.o 
o. 0 
o. 0 
o.o 
o.o 
o. a 
o. 0 
o. 0 
o. a 
9.493E-45 
o.o 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o. 0 
o. 0 
o. 0 
o.o 
o. 0 
o. 0 
o.o 
o. 0 
o.o 
o. 0 
o. 0 
o.o 
2. 812E-30 
2. 817E-30 
9.9613'-28 
o. 0 
o. 0 
o. 0 
o. 0 
o. 0 
o. 0 
o. 0 
o. 0 
o. 0 
o.o 
o.o 
o. 0 
o. a 
1.a83E-18 
o.a 
o. 0 
o. 0 

. o: 0 

10 O. KY 

o.o 
a.o 
a.a 
a.o 
a.o 
a;o 
o.o 
a.a 
o.o 
a.a 
a.o 
a.o 
9.493E-45 
o.o 
a.a 
o.o 
o.o 
a.a 
o.a 
o.a 
o.o 
o.o 
o.a 
a.a 
o.o 

a.o 
a.a 
a.a 
a.a 
o.a 
o.o 
o.o 
o.o 
o.o 
o.o 
a.a 
o.o 

1. MY 

9. 49 3E-4 5 
o.a 
o.a 
a.o 
o. 0 
•).a 
o.o 
a.o 
o.o 
o.a 
a.o 
a.a 
o.o 
o.o o.o 

o.o 
a.a 
a.a 

. o. a 

a.o 
o.o 
2.812E-30 
9. 38 2E-3 a 
9.961E-28 
a.a 
o.o 
o.a 
a.o 
o.o 
a.a 
a.a 
a.a 
o.o 
o.o 
a.a 
o.a 
o.a 
1. a83E-18 
a.a 
a.o 
o.o 
a.a 

a.a 
a.a 
o.o 
o.o 
2.'812E-30 
9. 37 9E-29 
9.961E-28 
a.a 
a.a 
o.o 
o.a 
a.a 
a.a 
a.o 
a.o 
o.o 
a.a 
o.o 
o.a 
a. <i 
1. 083E-18 
a.a 
a.a 
o.o 
a.a 
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DECAY OF PllR SiRDCTURAl. MATERIAL WASTE: 33,000 llllD/inHll ~CTIVATION PRODUCTS 
POWER= 1.000001! 00!111, BURN UP= 1.00000E OOl!llD, FLO X= 1.00E DON/Cll**2-SEC 

NUCLIDE TABLE: RADIOACTIVITY, CU3IES 
ONE TONNE OF INITIAL HEAVY l'lE':AL AT A REPROCESSING TillE JF 160 DA.YS 

Sl!+0.051 1' 3. YR 10. Y!R 30.· YR 100. YB 3QO. Y:R 1. KY: 3. KY 10. c<Y 30. KY 100. KY 1. MY 

Gt156 o.o 0.0 o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o o.o 
GD157 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
GD158 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o. 0 o.o o.o 
GD 159 o.o o.o o.o o. 0 o.o o.o o.o o.o O. C· o. 0 o.o 0.0 
GI: 160 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o. 0 o.o o.o 
Gt161 o.o o.o o.o o.o o.o o.o o.o o. 0 O. C• o.o o.o o.o 
GI:162 o.o o.o 0.0 o. 0 o.o o.o o.o o. 0 o.o o. 0 . o. 0 o.o 
TE157 0.0 O.·O o. 0 o. 0 ;Q, 0 o·. o o. 0 o. 0 0.0 o. 0 o.o o.o 
TE 159 o.o O.•O 0.0 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
TE 160 1.72111!-03 4. 727E-08 1.071E-18 o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
TE 1E1 6 .11391!-10 o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
TE 162 o.o 0.0 o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
DY156 o.o o.o . o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
DY157 o.o o. :> ·).0 o. 0 :>. 0 o.o o.o o.o o.o o. 0 o.o· o.o 
DY158 o.o 0. :> •). 0 o. 0 :>. 0 o.o o.o o. 0 o. 0 o. 0 o.o o.o 
DY 155 o.o 0.) (). 0 o.o ·).0 o.o o.o o. 0 o.o 0.0 o.o o.o 
DY160 0.0 o •. ) o.o o.o ). 0 o.o o.o o.o o.o o. 0 o.o o.o 
DY161 o.o o. •) o.o o. 0 .). 0 o.o o.o o.o o.o o. 0 o.o o.o 
DY162 o.o O.•J o.o o. 0 il.O o.o o.o o.o o.o o. 0 o.o o.o 
DY163 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
DY1611 o.o o.o o.o o. 0 Cl.O o.o o.o o.o o.o 0.0 o.o o.o 
DY 165 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o ~ · DY165M o.o O.·O o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o 0 
DY 166 2.001 E-20 o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
H0163 o.o o.o o.o o.o o. 0 O. IJ o.o <O.Q o.o o.o o.o o.o 
HC165 o.o 0. (1 o.o o. 0 Co. 0 0. () o.o o().Q 0.0 o.o o.o o.o 
H0166 2.9811!-20 0 .(• o.o o.o Co. 0 o.o o.o i().0 o.o o. 0 o.o o.o 
H 016611 1.312E-09 1. :::10 E-09 1.305E-09 1.290E-09 1. 239E-09 1.1011E-09 7.365E-10 2.320E·10 11.0l OE-·::! 3. 913E-17 1. 079E-311 o.o 
EF162 o.o o.c· o.o o. 0 C•. 0 o.o o.o o.o o.o o. 0 o.o o.o 
ER163 1).0 o.c o.o o.o c.o o.o o.o o.o o.o o. 0 o.o o.o 
ER1611 o.o o.: o.o o.o a.o o.o o.o o.o o.o o. 0 o.o o.o 
ER165 o.o O.J o.o o.o c.o o.o o.o o.o o.o o~ o o.o o.o 
ER166 o.o O.J (). 0 o. 0 a.o o.o o.o :>. 0 o.o o. 0 o.o o.o 
E Ii 167 D.O O.J IJ.O o. 0 0... 0 o.o o.o J.O o.o o. 0 o.o o.o 
ER 16 71! J.O ·O.•l o.o o. 0 ().. •) ·O. 0 o.o ). 0 •l. 0 o.o o. 0 o.o 
ER 168 J.O O.•> o.o o. 0 0.. ·D •O. 0 o. 0 ). 0 o.o o. 0 o.o o.o 
ER 169 '5.8091-111 0.0· o.o o.o C>. 0 o.o o.o . ). 0 o.o o. 0 o.o o.o 
ER 170 o.o o ••. o.o o.o o.o o.o o.o 

"· 0 
o.o o. 0 o.o o.o 

ER171 o.o 0.11 o.o o.o o. 0 o~o o.o •J. 0 o. 0 o. 0 o.o o.o 
ER172 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Tl!169 o.o o.o o.o o.o · o·. o o.o o. 0 o.o o.o o. 0 o.o o.o 
Tl!170 1.712I-10.ll.658E-13 ll.817E-19 3. 815E-36 o.o o.o o •. o 1.0 o.o o.o o.o o.o 
1'1! 1701! o.o o. (I o.o o.o o.o J. O o.o o.o o.o o.o o.o o.o 
Tl!171 ~.842E-12 9.521E-13 7.686E~14 5. 623E-17 5. 954E-23 J.O o.o (I. 0 o.o o.o o.o o.o 
Tl!172 1~11119B-24 O.C! o.o o.o o.o '). 0 o.o (I. 0 o.o o. 0 o.o o.o 
Tl!173 o.o o.c o.o o.o o.o •). 0 o.o 

"· 0 o.o o.o o.o o.o 
1E168 (1. 0 o.o o.o o.o o.o o.o o.o (i. 0 o.o o. 0 o.o. o.o 
YE169 ().0 o.a . o. 0 o.·o 0. 0 o.o o.o G.O 0.0 o.o o.o o.o 
YE170 c.o o.o a.o o.o o.a o.o o.o G.O o.o o.o o.o o.o 
YE171 a.o o.o o.o ·O. 0 o.o (). 0 o.o c.o o.o o.o o.o o.o 
YE172 o.o o.o o.o •O. 0 o. 0 o.o o.o a.o o.o o. 0 o.o o.o 
YE173 . o.o O.C> o.o o.o o.o (I. 0 o.o 0..0 o.o o. 0 o.o o.o 



Table B.2 (continued) 
OUTPU'I UNIT 6 PAGE 4S 

DECAY OF PWR S'IROCTORAL llATE~IAL WASTE: 33,000 l!liD/llTHM ACTIVATICN PRODUCTS 
POWER= 1.00000E OCMW, BORN OP= 1.00000E OOl!liD, FLUX= 1.00E 00N/Cll**2-SEC 

llCCLIDE TABLE: RADJ:OACTIVITY, CURIES 
ONE T::>NNE OP INITIAL HEAVY METAL AT A REPROCESSING TIME OP 160 DAYS 

Sl!+O. OS~ ! 3. YR 1:). YR 30. YR 100. YR 300. YR 1. KY 3. KY 1 o. KY 30. KY 100. KY 1. MY 

!E 174 o.o c.o o.o o. 0 o. 0 o.o o. 0 o.o o.o o.o o.o o.o 
YE 17S 3.6t8£-20 0.0 o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
YE 17 SM o.o (i. 0 o.o o.o o. 0 o.o o.o o. 0 o.o o.o o.o o.o 
!E176 c.o Ct.O o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
!E177 o.o (•.O o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
L017S o.o o.o o.o o.o t). 0 o.o o.o o.·o o.o· o. 0 o.o o.o 
L0176 2.6751!-11 :?. 67SE-11 2. 675E-11 2. 67 SE-11 2. 67SE-11 2.67SE-11 2. 675E-11 2.67SE-11 2.67SE-11 2. 67SE-11 2.67SE-11 2. 67SE-11 
:.u 176M o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o o.o ·O. 0 
LU177 6.6181!-04 fl.927E-06 S. 334E-11 3. 46SE-2S I). 0 o.o o.o o.o o.o o. 0 o.o o.o 
L U17711 2. S771E-03 2·. 142E-OS 2.31'9E-10 1. S07E-24 o. 0 o.o o.o o. 0 o.o o. 0 o.o o.o 
3!174 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
3P17S 3.263! 00 6. 330E-OS 6.402E-16 o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
i!F176 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
HP177 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
HF178 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 . 0.'0 o.o 
HF178!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 
HF179 o.o t).0 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
HP179!1 o.o ·). 0 o.o o.o o.o o.o o. 0 . o.o o.o o. 0 o.o o.o 
HP180 o.o •). 0 o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
HP 180M o.o ).0 o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
lllF 181 3.868! 01 •5. 41SE-07 4.4S 9E-25 o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
HP182 4.1661!-07 ~.166E-07 4. 1E 6E-()'7 4.166E-07 4. 166E-;-07 4. 16 6E-07 4.165E-07 4.16SE-07 4.162E-07 4.1S6E-'07 4.134E-07 3. 8S 7E-07 :; TA 180 o.o ).0 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
TA181 o.o ) • o. o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
TA182 1.3711! 01 1. 8S6E-02 4.2C•JE-<J7 4. 166E-""07 4. 166E-07 4. 16 6E-07 4. 165E-07 4. 16SE-07 4.162E-07 4. 1 S6E-07 4.134E-07 3.8S7E-07 
'TA1821! o.o ).0 o.o o.o o. ci o.o o.o o.o o.o o.o o.o o.o 
TA 183 4.5911!-08 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

ll 180 o.o :>.O o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Ii 181 3.683E-01 6.98SE-04 3.1.i1B-10 2.219E-28 o.o o.o o.o 0.0 o.o o. 0 o.o o.o 
Ii 182 o.o o.o o.o o. 0 o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
Ii 18311 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Ii 183 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
li 184 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Ii 18S S.73S'E 00 2 .• 367E~ 04 1.3J6E-14 o.o o .• 0 o.o o.o o.o o.o o.o o.o o.o 
Ii 18SM 0.0 o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
li186 o.o o.o o.o o.o o. 0 o.o o.o o.o o. 0 o. 0 o.o o.o 
Ii 187 o.o o.o o.o o.o o. 0 o.o o. 0 o. 0 o.o o. 0 o.o o.o 
li188 3. 288!-01 S.806E-06 4.71SE-17 o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
Ii 18S o.o ·O. 0 o.o o. 0 o.o o.o o.o 0.0 o.o o.o o.o 0.0 

RE 185 o.o o.o o.o o. 0 o. 0 o.o o.o o. 0 o.o o. 0 o.o o.o 
R:E186 2. 886 E-12 o.o o.o o.o o.o o.o o.o o. 0. o.o o. 0 o.o o.o 
BE187 1.3981!-08 1.398E-08 1.398E-08 1. 398E-08 1. 398E-08 1. 398E-08 1.398E-08 1. 398E-OB 1.398E-08 1. 398E-08 1. 398E-08 1.398E-08 
RE 188 3. 3221!-01 S.866E-06 4. 7•53E-· 7 o. 0 o. 0 o.o o.o o.o o.o o.o o.o o.o 
RE 188!'1 o.o 0.0 o.o o. 0 . o. 0 o.o o. 0 o. 0 o.o o. 0 o.o o.o 
R:E189 o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
OS 184 o.o o.o o.o o. 0 o. 0 o.o o. 0 . o.o o.o o.o o.o o.o 
OS 18S o.o o.o o.o o. 0 o.o o.o o.o o~ o o.o o. 0 o.o o.o 
OS 186 o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o. 0 o.o 0.0 
OS 187 o.o o.o o.o o. 0 o.o o.o o.o o. 0 o.o o.o o.o o.o 
OS188 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o o.o o.o o.o 
OS189 o.o o.o o.o o.o o.o o.o o. 0 . o.o o.o o. 0 o.o o.o 
OS 190 o.o 0.0 .o. 0 o.o o.o o.o o.o 0.0 o.p o.o o.o o.o 



Table B.2 (continued) 
OU~PUT UYIT 6 PAGE 46 

DECAY 01' EWR STRUCTURAL MATE~IAL WASTE: 33 I 0 Qt) lliE>/MTflll ACTIVATION PRODUCTS 
POWE!!= 1~00000E 001111, BURRUP= 1.00000E OOllllD, FLUll= 1.00E 00N/Cl!**2-SEC 

NUCLIDE TABLE: BADIOACTIVI TY 1 CURIES 
ON.E TONNE 01' INITIAL HEAVY METAL AT A REPROCESSING TI ME C1F 160 DA!S 

Sl'J+O .• 05% F 3. YR 1J. YR 30. YR 100. YR 300. YR 1. KY 3. KY 1 o. KY 30. KY 100. KY 1. MY 

OS 19011 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
OS191 9.7C6E-06 3. 759E-27 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
OS 19111 o.o .. o.o 0.0 0.0 o.o o.o o.o o.o 0.0 o.o o.o 0.0 
OS192 o.o o.o o. 0 o.o o.o o.o o.o o. 0. o.o o.o o.o o.o 
OS 193 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
OS 194 4.2CBE-11 2.976E-11 1.325E-11 1.315E-12 4.045E-16 3.738E-26 o.o o.o o.o o.o o.o o.o 
IE 191 0.0 o.o o.o o. 0 o.o .o.o o.o o.o o.o o. 0 o.o o.o 
IR192 6.663E-04 2.655E-08 2.586E-09 2.442E-09 1.997E-09 1.123E-09 1. 50 OE-10 4. 7721:-13 8.612E-22 o. 0 o.o o.o 
IR19211 2.66C!!-09 2.637E-09 2. 58QE-09 2. 440E-09 1.995E-09 1.122E-09 1.4991!-10 4.768!l-13 8. 605E-22 o.o o.o o.o 
IR193 o.o o.o o.o o. 0 o.o o.o o.o o.o 0.0 o. 0 o.o o.o 
Ill 19 4 4.210E-11 2.977E-1.1 1.325E-11 1.316E-12 4.046E-16 3.739E-26 o.o o.o 0. (} o. 0 o.o ·o. o 
IE 19 411 o.o 0.0 o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
P'I 190 0.0 0.0 o.o o. 0 0.0 o.o o.o o. 0 . o.o o.o o.o o.o 
PT191 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
P'I 192 o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o o. 0 o.o o.o 
PT19 3 1.545!-08 .i .5381!-08 1. 523E-08 1. 1482E-08 1.3145E-09 1.019E-08 3. 86 lE-09 2.4131:-10 1. 473E-14 1.3140E-26 o.o o.o 
P'I 19311 3.663E-17 o;o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
P'.1:194 o.o 0.0 o.o o. 0 o. 0 o.o o.o o.o o. 0 o. 0 o.o o.o 
P'.r 195 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
PT195M 3.3911!-214 o.o o.o o. 0 o.o o.o o. 0 o.o o.o o. 0 o.o o.o 
P'.1:196 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o. 0 o.o o.o 
P'.r 197 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 

~ PT 19711 0.0 o.o o.o o. 0 o.o 0.0 o.o o.o o.o o.o o.o 0.0 tJ 
PT198 o.o o .. o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
P'.1:195 o.o o .. o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
P'.1:19911 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
AU197 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
A 0198 2.43~E-31 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o o.o o.o 
AO 199 2.2142E-29 o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
AU200 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
HG196 o.o o.o o. 0 o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
HG197 o.o o.o o.o o. 0 o.o o.o o.o -0.0 o.o o.o o.o o.o 
HG 19711 O·. 0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
HG198 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o 0.0 
HG199 o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
HG1991! o.o o.o o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
HG200 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
HG201 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
HG202 o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o 
HG203 o.o o.o o.o o.o o.o o.o o.o o. 0 o.o o. 0 o.o o.o 
HG204 o.o o.o o.o o. 0 o.o o.o o.o o.o o.o o.o ·o.o o.o 
HG205 o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 
Tl203 o.o o. 0 o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 
TL2014 0 .o o.o o.o o. 0 o.o o.o o.o 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. 0 o.o o.o 
TL206 8.596E-12 8. 5963-12 8.596Z-1~ 8. 595E-12 9. 59 5E-12 8. 59 5E-12 8~5914E-12 8. 590E-12 8. 576E-12 8. 536E-12 8. 399E-12 6. 82 2E-12 
Pl3204 8 .6091!-20 8.6093-20 8.6091E-20 8.609E-20 B.609E-20 8.609E-20 8.6091!-20 8.609:E.-20 8.609E-20 8. 609E-20 8.609E-20 8.6091!-20 
PE205 9.1301!-13 9.1303-13 9.13DB-13 9.130E-13 ~.130E-13 9.130E-13 9.130E-13 9. 129E- 13 9.128E-13 9.124E-13 9.109E-13 8.921E-13 
PE206 o.o o.o o.o 0.0 a.o o.o o.o o.o o. 0 o. 0 o.o o.o 
PE207 o.o 0. •O o.o o. 0 o. 0 o.o o.o o.o o.o o. 0 o.o o.o 
PE20B o.o O.J o.o o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
Pl3209 . 0 .o o.o o.o o. 0 '.). 0 o.o o.o o.o o.o o. 0 o.o o.o 

.·• 



Table B.2 (continued) 
OUTPUT UNIT = 6 PAGE 47 

DECAY OF PWR STRUCTURAL llATERIAt WASTE! 33,000 llWD/llTHll ACTIVATICN PRODUCTS 
FOWE!1= 1.00000E •JOllW, BURNUP'" 1.00000E OOllWD, PLU:X= 1..00E OON/Cll**2-SEC 

:!IUCLIDE TABLE: RADIOACTIVITY< CURIES 
ONE .TONNE OP INITIAL HEAVY !L~TAL AT A REPROCE ssnG TillE OP 160 DAYS 

Sll+O. 05% F 3. YR 10. YR 30. YR 100. YR JOO. YR 1. KY 3. KY 10. KY 30. KY 100. KY 1. llY 

BI208 1.35H-12 1.351E-12 1.'.:51E-12 1.351E-12 1.351E-12 1. 350E-12 1.349E-12 1.3411E-1:0 1~326E-12 1.277E-12 1.119E-12 2.0511E-13 
BI209 o.o o.o o.c o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
BI210 6. 018E-15 o.o o.c o. 0 o.o o.o o.o o. 0 o.o o.o o.o o~o 
BI21 Oil e .630E-12 8. 630E-12 8. E30E-12 8. 630E-12 8. 630E-12 8. 629E,-12 8. 628E-12 8. 624E-1:; 8.610E-12 8. 570E-12 8.1133E-12 6.850E-12 
BI211 o.c o.o o.c o.o o. 0 o.o o.o o.o o.o o~ o o.o o.o 
PC210 1. 011'6 E-05 ll.332E-08 1. :38E-13 3. ll52E-1" 3.452E-14 3. 45 2E-14 3.451E-14 3.450E-n 3. 4114E-14 3.428E-14 3.373E-14 2. 740E-111 
PC211 0.0 o.o o.c o. 0 o.o o.o o.o o.o o.o o. 0 o.o o.o 
PC21111 o.o o.o o.c o. 0 o. 0 0.0 o.o o.o o~o o.o o.o o.o 
TOTAL 4.667E 04 8. 777E 03 3.C55E ·03 6.743E 02 3.163E 02 7.598E 01 7.802E 00 7.096E OG 6.169E 00 4.704E 00 2.446E 00 1.578E-01 
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Table B.3. Sample ORIGEN2 element rad!oactivit! table 

OOTPUT O~IT = 6 PAGE 48 
DECAY O!·PWR STfOCTORAL l'IATERIAL WASTE: 33,COO MllD/M~HM ACTIVATICN FF.ODUCTS 

POWER= 1.000001! oo~w. BOBNOP= 1.00000E OOMliD, FLUX= 1.003 00N/CM••2-SEC 

ELEIUNT TAELE: RADIOACTIVI'IY, CURIES 
C NE TONNE OF' INITIAL BEA VY l!ETAL AT A REPROCESS ING THIE ·J? 16 0 DAYS 

Sl!+O. 05ll F 3. YR 10. YR 30. YR 100. YR 300. YR 1. KY 3. KY 10. KY 

1. 280 E-01 
2.209E-08 
9. 412E-01 
2.482E-08 
3.6C3E-01 
5. 479 E-01 
6.020E-06 
2. 650E-06 
2.346E-13 
1 .849E-03 
1.160E-01 
2.304E-15 
6.236E 02 
6.803E 01 
4.863E 03 
B.725E 03 
6.6()6E 02 
5. 7~7E-23 
2.1031!-01 
2.272E-10 
2.000E-32 
6.356E-01 
2.171! 00 
e. 566B 03 
1.659E 04 
2. 524 E-02 
1 .056E-03 
4.060E-03 
2 .959B-13 
E.455E-15 
7. 132 !-04 
9.951!-03 
8.916E 00 
4.7COE 03 
1.451E 03 
3.454E 02 
1.652E-14 
4.157E-12 
3.641E-16 
5.210B-23 
4.356E-57 
1.E12E-29 
1. 2181!-27 
2 .36 BE-23 
8.323E-20 
q. 806 E-12 
1.676E-OIJ 
9.842E-04 
1. 724E-03 
2 .OOlE-20 

1.082E-01 7.3038-02 2.376E-02 4.6728-04 6.223E-09 
2.209E-08 2.209E-08 2.209E-08 2.209E-08 2.209E-08 
9.IJ08E-01 9 .• 4008-01 9.378E-01 9.299E-01 9.076E:..01 
2.474E-08 2.456E-08 2.404E-08 2.231E-08 1.803E-08 
2.474E-08 2.456E-08 2.IJ04E-08 2.231E-08 1.803E-08 
9.818E-05 1.762E-13 0.0 · 0.0 0.0 
6.020E-06 6.0208-06 6.020E-06 6.019E-06 6.016E-06 
1.592E-08 1.561JE-08 1.IJB5E-08 1.240E-08 7.IJ07E-09 
2.31J6E-13 2.346E-13 2.3468-13 2.346E-13 2.346E-13 
1.758E-05 9.081JE-08 9.049E-08 9.044E-08 9.028E-08 
1.34BE-05 8.805E-15 0.0 0.0 0.0 
2.304E-15 2.304E-15 2.301JE-15 2.3048-15 2.301JE-15 
7.772E-10 0.0 0.0 0.0 ·O.O 
5.986E 00 2.073E-02 1.904E-09 O.O 0.0 
2.171E 03 3.359E 02 1.626E 00 1.278E-OB 0.0 
IJ.911E 03 1.956E 03 1.409E 02 1.413E-02 5.311E-14 
6.460E 02 6.130E 02 5.280E 02 3.137E 02 7.352E 01 
o.o o.o o.o o.o o.o 
9.340E-03 6.520B~06 6.265E-15 0.0 O.O 
2.527E-38 0.0 0.0 0.0 0.0 
2.000E-32 2.000E-32 2.000E-32 2.000E-32 2.000E-32 
1.413E-04 1.194E-04 7.420E-05 1.402E-05 1.200E-07 
1.IJ61E-04 1.195E-04 7.422E-05 1.403E-05 1.201E-07 
1.865E-01 1.266B-01 1.266E-01 1.266E-01 1.265E-01 
1.441E 00 1.3361! 00 1.3788 00 1.398E 00 1.390E 00 
2.523E-02 2.519E-02 2.509E-02 2.475E-02 2.37BE-02 
1.056E-03 1.056E-03 1.056E-03 1.056E-03 1.055E-03 
1.631E-11 3.0991!-16 3.299E-22 4.107E-43 0.0 
3.812E-14 3.099E-16 3.299E-22 4.107E-43 0.0 
6.IJ55E-15 6.4551!-15 6.455E-15 6.IJ55E-15 6.IJ55E-15 
4.079E-05 6.768E-06 6.0IJ3E-06 4.124E-06 1.384E-06 
5.417E-OIJ· 1.189B-05 2.167E-10 5.604E-27 0.0 
1.942E-06 1.662E-16 1.662E-16 1.662E-16 1.662E-16 
1.909E 02 6.373E-01 3.791E-01 1.436E-01 8.961E-03 
6.833E Oi 1.185B 02 7.951E-01 1.962E-08 0.0 
1.668E 02 2.892E 01 1.91JOE-01 4.788E-09 4.361E-13 
1.652E-14 1.652E-14 1.652E-14 1.652E-14 1.652E-14 
8.41JOE-42 0.0 0.0 0.0 0.0 
1.328E-16 1.262E-17 1.965E-20 1.418E-23 1.418E-23 
1.190E-33 1.1901!-33 1.190E-33 1.190E-33 1.190E-33 
o.o o.o o. 0 o.o o.o 
1.612E-29 1.612E-29 2.961E-37 0.0 O.O 
1.593E-29 1.593E-29 2.926E-37 0.0 O.O 
3.585E-45 3.585E-45 9.493E-IJ5 9.493E-45 9.493E-IJ5 
3.864E-20 1.136E-20-7.883E-21-7.320E-29 0.0 
4..696E-12 4.450E-12 3.815E-12 2. 225E-12 4. 768E-13 
1.231E-04 6.259E-05 1.048E-05 3.375E-08 3.365E-15 
4.267E-05 2.8181!-08 2.418E-17 1.083E-18 1.083E-18 
4.727E-08 1.071E-18 0.0 0.0 0.0 
o.o o.o o.o o.o o.o 

5.370E-26 
2.20BE-08 
8.339E-01 
8. 54 5E-09 
8.51JEE-09 
o.o 
6.00EE-06 
1. 22 OE-09 
2. 31J6E-13 
8.974E-08 
o.o 
2.301JE-15 
o.o 
o.o 
o.o 
o.o 
5.IJ60E 00 
o.o 
o.o 
o.o 
2. OOOE-32 
6. 970E-15 
6. 972E-15 
1o 265E-01 
1.360E 00 
2.07CE-02 
1.053E-03 
o.o 
o.o 
6.454E-15 
3.03!:E-08 
o.o 
1.6628-16 
5. qq OE-07 
o.o 
4.361E-13 
1.652E-11J 
0.0 
1.418E-23 
1.126E-40 
o.o 
o.o 
o.o 
9.493E-45 
o.o 
2.178E-15 
5.IJ99E-36 
1. 08 3E-18 
o.o 
o.o 

o.o 
2. 206E-08 
6. 547E:-O1 
1.013E-09 
1.013E-09 
o.o 
5.979E-06 
7 .051E-12 
2. 31J6E- 1 3 
8.822E-08 
o.o 
2. 304E-15 
o. 0 
o.o 
o.o 
0.0 
5.022E 00 
o.o 
o.o 
o.o 
2.000E-32 
1.IJ76E-35 
1. IJ76:;!-35 
1.261JE-01 
1. 278:;! 00 
1 .393:;!-02 
1 .OIJ6E-03 
o.o 
o.o 
6. 453:;!- 15 
5.51H-13 
o.o 
1. 662:;!-16 
4. 871E-19 
o.o 
4.3613-13 
1. 652E:-11J 
o.o 
1.IJ18E-23 
9. 598:;!-6 1 
o.o 
o.o 
o.o 
9.493E:-IJ5 
o. 0 
4.IJ47:;!-22 
o.o 
1. 083:;!-18 
o.o 
o. 0 

o.o 
2.200E-08 
2. 807E-01 
5.802E-U 
5.803E-13 
o.o 
5.88JE-06 
1.035E-19 
2. 31J6E- 13 
8.309E-08 
o.o 
2. 304E-15 
o. 0 
0.0 r 
o.o 
0.0 
4. 721E 00 
o.o 
o.o 
0.0 
2.000E-32 
o.o 
o.o 
1.260E-01 
1.03.1E 00 
3. 480E-03 
1. 022E-03 
o.o 
0.0 
6.448E-15 
1.413E-29 
o.o 
1. 662E-16 
o.o 
o.o 
IJ.361E-13 
1.652E-14 
o. 0 
1.415E-23 
o.o 
o.o 
o.o 
o.o 
9.493E-IJ5 
o.o 
9. 99BE-28 
o.o 
1.083E-18 
o.o 
o.o 

30. KY 

o. 0 
2.181E-08 
2.497E-02 
3.171E-22 
3. 171E-22 
o.o 
5. 61 BE-06 
o. 0 
2. 346E-13 
1. 002E-08 
o. 0 
2.304E-15 
o.o 
o. 0 
o. 0 
o. 0 
3.975E 00 
0. 0 
o.o 
o.o 
2.000E-32 
o. 0 
o.o 
1. 249 E-0 1 
5.791E-01 
6. 617E-05 
9.578E-04 
o. 0 
o. 0 
6. IJ34E- 15 
o. 0 
o. 0 
1. 662E-16 
o.o 
o. 0 
4.361E-13 
1.650E-14 
o.o 
l• IJ06E-23 
o. 0 
o. 0 
o. 0 
o.o 
9.493E-45 
o. 0 
1. 002E-27 
o. 0 . 
1. 083E-18 
o.o 
o.o 

10 0. KY 

o.o 
2.116E-08 
5. 21J OE-06 
o.o 
o.o 
o.o 
4.782E-06 
o.o 
2.346E-13 
3.81J7E-08 
o.o 
2. 30 4E-15 
o.o 
o.o 
o.o 
o.o 
2.167E 00 
o.o 
0.0 
o.o 
2.000E-32 
o.o 
o.o 
1.210E-01 
1 .571E-01 
6. 269E-11 
7.627E-04 
o.o 
o.o 
6. 386E-15 
o.o 
o.o 
1.662E-16 
o.o 
o.o 
4.361E-13 
1.645E-14 
o.o 
1.377E-23 
o.o 
o.o 
o.o 
o.o 
9.493E-45 
o.o 
1.008E-27 
o.o 
1. 083E-18 
o.o 
o.o 

1. MY 

O.·O 
1. 43 2E-08 
o.o 
o.o 
o.o 
o.o 
6.019E-07 
o.o 
2.345E-13 
1.738E-11 
o.o 
2. 30 4E-15 
o.o 
o.o 
o.o 
0.0 
9.071E-OIJ 
o.o 
o.o 
o.o 
1.11J1E-35 
o.o 
o.o 
8.045E-02 
7.643E-02 
o.o 
4.078E-05 
o.o 
o.o 
5.802E-15 
o.o 
o.o 
1.662E-l6 
o.o 
o.o 
4.361E-13 
1.581E-H 
o.o 
1.050E-23 
o.o 
o.o 
o.o 
o.o 
9.493E-45 
o.o 
1.093E-27 
o.o 
1. 08 3E- 18 
o.o 
o.o 



·' 

Table B.3 (continued) 
OOTPUT UNIT 6 PAGE 49 

DECH Ol' PWR STROCTORAL llATE:RU.L WASTE: 33,000 MWD/llTH!'J ACTIVATION PRODUCTS 
POWER= 1.00000E 001'111, BURNOP=' 1.00000E OOllWD, FLUX= 1.00E OON/CM**2-SEC 

!!I 0 
1!R 
'HI 
YE 
l. u 
HF 
'TA 

Ii 
RE 
OS 
IR 
P'I 
AO 
TL 
PE 
Bl 
PO 
TC'IAL 

l!LEl'IENT TABLE: RACIOACTIVITY, CURIES 
ONE TONNE OF. INITIAL HEAVY llETAL AT A REPROCESSING TIME OF 160 DAYS 

Sll+0.05i 'F j. YR lO. YR 30. YR 100. YR 300. YR 1. KY 3~·KY 10. KY 30. KY 

1. 3121!-09 
e.eOSE-14 
1. 74CE-10 
3.6CEE-20 
3.5351E-03 
4.19~·1! 01 
1.371E 01 
6.436!! 00 
3.322E-01 
9. 7C6E-06 

. 6.66CJ!-04 
1.545!!-08 
2.266!!-29 
8.596E-12 
5.130E-13 
9.98H-12 
1.0461!-05 
4.661E 04 

1. 310E-09 
o~o 
1.428E-12 
o.o 
2.635E-05 
6.436'E-05 
1.856E-02 
9.4101!-04 
5.880E-06 
2. 976E-11 
2. 922E-08 
1. 5381!-08 
o.o 
8. 596E-12 
9.130E-13 
9.981E-12 
4.332E-08 
8:. 7771! 03 

1. 3151!-09 
o.o 
7.6161!-1' 
o.o 
3. l?OE-10 
4. 1'6E-C 1 
4. 2'33E:..C•7 
3.11lE-10 
·1.3 ~9E-(13 
1.3'25E-'.il 
5.1.34E-09 
1. 5231!-0B 
o.o 
8.5~6E-12 
9.130&-13 
9.9318-12 
1.5381!-13 
3.055E •)3 

1.290&-09 
o. 0 
5. 6231!-17 
o. 0 
2.675E-11 
4.1661!-07 
4. 166E-07 
2.2191!-28 
1. 398E-08 
1.315E-12 
4. 883E-09 
1. 482E-08 
o.o 
8. 595E-12 
9. 130E-13 
9. 981E-12 
3. 452E-14 
6.7431! 02 

1.·239E-09 
o.o 
5. 954E-28 
G.O 
2. 675E-11 
II. 166E-07 
4.166E-07 
o. () 
1.398E-08 
4. 0 45E-16 
3.991E-09 
1. 345E-08 
o.o 
8. 595E-12 
9. l30E-13 
9.981E-12 
3.452E-14 
3. 163E 0 2 

1.104E-09 7.365E-10 
o.o o.o 
o.o o.o 
o. () o. 0 
2.675E-11 2.675E-11 
4.166E-07 4.165E-07 
4.166E-07 4.1651!-07 
o.o o.o 
1.398E-08 1.398E-08 
3.738E-26 0.0 
2.245E-09 2.999E-10 
1.0191!-08 3.861E-09 
o.o o.o 
8.595E-12 8.594E-12 
9.130E-13 9.13CE-13 
9.980E-12 9.977E-12 
3.452E-14 3.451E-14 
7.598E 01 7.802E 00 

2.320E-10 
o.o 
o.o 
o.o 
2.675E-11 
4.165E-07 
4.165E-07 
o.o 
1.398E-08 
o.o 
9.540E-13 
2.413E-10 
o.o 
8.590E-12 
9.129E-13 
9. 968E-12 
3.450E-14 
7.096E 0-0 

4.070E-12 3.913E-17 
o. 0 o. 0 
0. 0 o. 0 
o. 0 o. 0 
2.675E-11 2.675E-11 
4.162E-07 4.156E-07 
4.162E-07 4.156S-07 
o. 0 o. 0 
1.398E-08 1.3983-08 
0. 0 (). 0 
1.722E-21 0.0 
1.473E-14 1.340E-26 
o. 0 o. 0 
8.576E-12 8.536E-12 
9.128E-13 9.124E-13 
9.936E-12. 9. 847E-12 
3.444E-14 3.428E-14 
6.169E 00 4.704E 00 

100. KY 

1. 079E-34 
o.o 
o.o 
o.o 
2.675E-11 
4 •. 134E-07 
4.134E-07 
o.o 
1. 398E-08 
o.o 
o.o 
o.o 
o.o 
8.399E-12 
9.109E-13 
9. 55 2E-12 
3. 37 3E-14 
2.446E 00 

1. l!Y 

o.o 
o.o 
o.o 
o.o 
2.675E-11 
3.857E-07 
3.857E-07 
o.o 
1.398E-08 
o.o 
o.o 
o.o 
o.o 
6.822E-12 
8. 92 lE-13 
7.055E-12 
2. 740E-14 
1.578E-01 



Table B.4. Samp·e ORIGE~2 summary nuclide radioact~vity table 

OUTPUT UNIT = E 
DECAY OF PWR ~:'IRUCTURAL MATERIAL WASTE: 33,000 llliD/.1THll ACTIVATICN PRODUCTS 

PAGE 50 

POWEF= 1.00000E COllW, BURNUP= 1.00000E.OOllWD, FLUX= 1.00E 00N/CM*•2-SEC 

c 14 
CF 51 
11N 54 
FE 55 
co 58 
cc 60 
NI 59 
NI 63 
ZR 93 
ZR 95 
NE 9311 
NE 9 4 
NE 95 
NE 95M 
MO 93 
s ~113 
SN 119M 
SN123 
SE125 
TE 125M 
SUl!TCT 

TC'IAL 

~UH~ABY T~BLE: RADIOACTIVITY, CURIES 
ONE TONNE OF INITIAL HEAVY M3TAL AT A REPROCESSING TIKE OF 1~0 tAYS 

SK+0.05'X F. 3. YR 10. YR 30. YR 100. !R 300. YR 1. KY :J. KY 10. KY 

9.412!-01 9.llOBE-01: 9.llOOE-01 
E.236! 02 7.772B-10 0.0 
6.803! 01 5.986E 09 2.073B-02 
4.831F 03 2.171E 03 3.359E 02 
1.1138! 03 3.1113E-02 ll.1911E-13 
7.286E 03 4.911E 03 1.956B 03 
5.154! 00 5.1511B 00 5.1511E OQ 
6.5511! 02 6.408E 02 6.079E 02 
1.266E-01 1.266E-01 1.266E-01 
8.566E 03 S.989E-02 5.597E-111 
9.263E-03 ·2.500E-02 5.357E-02 
1.283! 00 1.283E 00 1.282E 00 
1.652E 04 1.330E-01 1.243E-13 
6.355E 01 Q.llllJE-04 4.152E-16 
2.5211E-02 2.523E-02 2.519E-02 
3.485E 02 4.750E-01 9.775E-08 
11.206!·03 1.895E 02 1.369B-01 
1.1120! 02 3.968E-01 ll.365B-07 
1.448E 03 6.833E 02 1.185E 02 
3.443F 02 1.668E 02 2.892E 01 
ll.655E 011 3.777E 03 3.054E 03 

9. 378E-01 
o.o 
1.9011E-09 
1.626B 00 
o. 0 
1.409E 02 
5.153E 00 
5. 22 BE 02 
1.266E-01 
o. 0 
9.618E-02 
1. 281E 00 
o. 0 
o.o 
2. 509E-02 
7.682E-27 
1.451E-10 
ll.123B-24 
7.951E-01 
1.9110E-01 
6.739E 02 

9. 299E-O 1 
o.o 
o.o 
1. 278E-18 
o.o 
1.1113E-!J2 
5.150E !JO 
3.086E !J2 
1.266E-01 
o~ o 
1.196E-01 
1. 2"'18B 00 
o.o 
o.o 
2. 4 75B-C•2 
o.o 
o.o 
o.o 
1.962E-C8 
II. 768E-C9 
3.162EC2 

9.0.76E-01 
o.o 
o.o 
o.o 
o.o 
5.311E-14 
5.141E 00 
6.638E 01 
1.265E-01 
o.o 
1.202E-01 
1.270E 00 
o.o 
o.o 
2.378E~02 
o.o 
o.o 
o.o 
o.o 
0.0 
7.597E 01 

8.339E-01 
o.o 
o.o 
o.o 
o.o 
o. 0 
5. 11 CE 00 
3.500E-01 
1. 265E-Ol 
o.o 
1.202E-01 
1.2110E 00 
o.o 
o.o 
2.070E-02 
o.o 
o.o 
o.o 
o.o 
o.o 
1. 801E 00 

6. 511·7E-O 1 
o.o 
o.o 
o. 0 
o.o 
o.o 
5.0Z2E 00 
9. 99!BE-08 
1. 2611E-O 1 
o.o 
1. 20"1E-O 1 
1.15BE 00 
o.o 
o.o 
1.393E-02 
o.o 
o.o 
o.o 
o. 0 
o.o 
7.0953 00 

2. 80 7E-01 
o.o 
o.o 
0.0 
o.o 
o.o 
4.727E 00 
o.o 
1 •. 216OE-01 
o.o 
1.197E-01 
9.11t6B-01 
o.o 
o. (} 
3.llSOE-03 
o.o 
o.o 
O. O• 
o.o 
o.o 
6.158E 00 

.30. KY 

2 •. 497E-02 
o. 0 . 
o.o 
o. 0 
o. 0 
o. 0 
3.975E 00 
o.o 
1.249E-01 
o. 0 
1 •. 186E-01 
4.605E-01 
o. 0 
o.o 
6.617E-05 
o. 0 
o.o 
o.o 
o. 0 
o. 0 
4. 7011B 00 

10 0. KY 

5. 24 OE-06 
o.o 
o.o 
o.o 
o.o 
o.o 
2. 16 7E 0 0 
o.o 
1.210E-01 
o.o 
1.1119E-O 1 
4.219B-02 
o.o 
o.o 
6.269B-11 
o.o 
o.o 
o.o 
o.o 
o.o 
2.4115B 00 

1. MY 

o.o 
o.o 
0.0 
o.o 
o.o 
o.o 
9.071B-04 
o.o 
S.045E-02 
o.o 
7.643B-02 
1.9119B-15 
o.o 
0.0 
o.o 
o.o 
o.o. 
o.o 
o.o 
o.o 
1.578E-01 

4~667E 04 3.777E 03 3.055B 03 6.7113B 02 3.16jB C2 7.598B 01 7.802B 00 7.09iE 00 6.169B 00 ll.704E 00 2.446E 00 1.578E-01 



Tab-e B-5. Sample ORIGEN2 summary element radioactivity table 

OUTPUT UNIT = 6 PAGE 51 
DECAY 01 PWR STRUCTURAL MA~ERIAL WASTE: 33,000 KWD/!'ITH!'I ACTIVATION PRODUCTS 

POWER= 1.0COOOE OOMW, BURRUP=· 1.COOOOE OOMWD, FLUX= 1.00E 00N/CM**2-SEC 

c 
Cli 
!'IN 
Fl! 
co 
NI 
ZR 
NE 
!'10 
SN 
SE 
TE 
SUl'ITCT 

TC'IAL 

AP+PP 
AC'I+IP 
AF+ACT+FP 

SUKl'IARY TABLE: RlDIOACTIVITY, CURIES 
ONE TON~E OP INITIAL HEAVY METAL AT A REPROCESSING TIME OP 160 DAYS 

Sl!+C•~05'.!I .r 3~ YR 10. YR 30. YE: 100. YR 300. YR 1 •. KY .3. KY 10. 
0

KY 

9.4121!-01 9.408E-01 
E.2361! 02 7.772E-10 
6.8031! 01 5.986E 00 
4.8631! 03 2.171E 03 
8.725E 03 4.911E 03 
6.6C6E 02 6.460E -02 
8.566E 03 1.865E-01 
1.6591! 04 1.441E 00 
2.5241!-02 2.523E-02 
4.7COE 03 1.909E 02 
1.4511! 03 6.833E 02 
3.4541!· 02 1.668E 02 
4.6591! 0' 8.777E 03 

9.~00E-01·9.378E-01 
o.) o. 0 
2.073E-02 1.904E-09 
3.359E 02 1.626E 00 
1.~56E 03 1.409E 02 
6.130E 02 5.280E 02 
1.266E-01 1.266E-01 
1.336E 00 1.378E 00 
2.519E-02 2.509E-02 
6.373E-01 3.791E-01 
1.BB5E 02 7.951E-01 
2.392E 01 1.940E-01 
3.J55E 03 6.743E 02 

9.299E-01 9.076E-01 
o. 0 0. 0 
o. 0 o. 0 
1.278E-08 0.0 
1.413E-02 5.311E-14 
3.137E 02 7.352E 01 
1.266E-01 1.265E-01 
1.398E 00 1.390E 00 
2.475E-02 2.378E-02 
1.436E-01 8.961E-03 
1.962E-08 0.0 
4.788E-09 4.361E-13 
3.163E 02 7.598E 01 

8. 339E-01 
o.o 
o.o 
o.o 
o.o 
5. 46 OE 00 
1. 265E-01 
1.360E 00 
2.07CE-02 
5. 44 CE-07 
o.o 
4.361E-13 
7.801E 00 

6. 547E-01 
o.o 
o.o 
o. 0 
o.o 
5.022E 00 
1.264E-01 
1. :t7SE oo 
1.393E-02 
4. 871E-19 
o.o 
4.361E-13 
7.095E 00 

2.807E-01 
o.o 
o.o 
o.o 
o.o 
4. 727E. 00 
1.260E-01 
1.031E 00 
3. 480E-03 
o.o 
o.o 
4.361E-13 
6.168E 00 

30. KY 

2. 497E-02 
o.o 
o.o 
o. 0 
o. 0 
3.975E 00 
1. 2q9E-01 
5.791E-01 
6. 617E-O 5 
o. 0 
o. 0 
4.361E-13 
4. JQqE 00 

100. "KY 

5. 24 OE-06 
o.o 
o.o 
o.o 
o.o 
2. 16 7E 0 C 
1. 210E-O 1 
1.571E-01 
6.269E-11 
o.o 
o.o 
4.361E-13 
2.445E 00 

1. MY 

o.o 
o.o 
o.o 
o.o 
o.o 
9.071E-04 
8.045E,-a2 
7. 64 3E-a2 
a.a 
a.a 
a.o 
4·.36 lE-13 
1.578E-01 

4.6671! aq 8.777E 03 3.J55E 03 6.743E a2 3.163E 02 7.598E al 7.8a2E 00 7.096E ao 6.169E ao 4.704E Oa 2.446E 00 1.578E-a1 

CUMULATIVE TABLE TOTALS 

4.667E O' 8.777E 03 3.)55E 03 6.743E a2 3.163E 02 7.598E 01 7.802E 00 7.096E 00 6.169E 00 4 •. 704E 00 2.446E 00 1.578E-01 
o.o o.o o.J o.·o o.o o.o o.o o.a o.o a.a a.a a.a 
4.667! aq 8.777E a3 3.)55E 03 6~7q3E a2 3.1~3E 02 7.598E 01 7.8a2E 00 7.a96E aa 6.169E ao 4.7a4E aa 2.4q6E 00 1.578E-a1 
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Appendix B.3: Sample Neutron Production Rate Tables 



Table 8.6. Sample ORIGEN2 (alpha,n) neutron production taJle 

OUTPUT UNIT 6 
DECAY OP PWR STRUCTUBAL MATERIAL WASTE: JJ,000 MWD/MTRM 

(ALPRA,N) NEUTRON SOURCE, NEUTRONS/SEC 

PAGE 52 

BASIS= ONE TO!NE OF IN:TIAL HEAVY METAL AT A RE?BOCESSING TIME OF 160 DAYS 

BI211 
P0210 
P021J 
P02111 

.PC215 
PC218 
AT217 
RN219 
RN222 
FR221 
RA223 
RA226 
AC225 
TR227 
TR229 
TH2JO 
PA231 

0233 
0234 
0236 
0238 

NP237 
P023B 
P0239 
P0240. 
P0::142 
Al'l241 
Al!24J 
Cl!243 
Cl'l244 

TCiALS 
TABL"E 
ACTUAL 

SP.+0.05~ P 3. YR 10. YR 30. YR 100. YR 300. YR 1. KY 3. KY 10. KY 30. KY 

B.447E-07 J.138E-06 
3. 78JE-10 3.IJJBE-09 
2.318£-07 2.316E-07 
6.317E-OB 2 •. 512E-07 
1.278!-06 4.747E-06 
2.553E-CB 1.017E-07 
1.272E-07 1.380E-07 
9.784£-07 3.535E-06 
1.842!-0B 7.336E-OB 
B.B15E-OB 9.567E-08 
5.sg;E-07 2.080E-06 
1.115E-08 4.438E-08 
6.125!-08 ·6.648E-08 
Ei.0191!-07 2.244E-06 
3.755!!-0B 4.097E-08 
1.529E-05 3.23JE-05 
8.781E-06 9.547E-06 
8.7JJ!-06 1.133E-05 
6.672£-01 6.790E-01 
1.214!-01 1.215E-01 
1.184E-01 1.184E-01 
2.2SBE-01 2.J02E-01 
2.2i5E OJ 2.318E 03 
2.3i6l 02 2.376E 02 
11.1451! 02 4.147E 02 
1.142! CO 1.142E 00 
1.896! 02 7.390E 02 
1.511! 01 1. 511E 01 
2.086! 01 1.939E 01 
1.8081! 03 1.612E O~ 

B.321E-06 
3.809E-08 
J.215E-07 
1.·222E-06 
1.259E-05 
'~. 945E-Oi 
1. 76 4E-·o; 
9.638E-06 
3. 568E-07 
1.222E-07 
5.514E-06 
2.159E-07 
8.494E-08 
5.951E-OE 
5. 234:E-08 
7.J25E-05 
1.133E-05 
1. 723E-05 
7. 059E- 01 
1 •. 215E-O 1 
.1.184B-01 
2. 32JB-O 1 
2.195E OJ 
2.375E 02 
4.151E 02 
1.142E 00 
1.741E OJ 
1.510E 01 
1.636E 01 
1.233E 03 

2.290E-05 7.275E-05 2.139E-04 7.291E-04 
5.691E-07 1.276E-05 1.839E-04 2.682E-03 
6.821E-07 ·~.012E-06 J.67iE-05. 5.709E-04 
8.302E-06 3.951E-05 8.878E-04 1.037E-02 
3.463l-05 1.100E-04 3.235E-04 1.103E-03 
J.359E-06 3.622E-05 3.593E-04 4.195E-03 
J.742E-07 2.201E-06 2.017E-05 3.132E-04 
2.652E-05 3.426E-05 2.47iE-04 8.445E-04 
2.424E-06 2.614E-OS 2.593E-04 3.027E-03 
2.593E-07 1.526E-06 1.398E-05 2.171E-04 
1.517E-OS Q.821E-05 1.417E-04 4.832E-04 
1.467E-06 1.581E-OS 1.568E-04 1.831E-03 
1.B02E-07 1.060E-06·9.716E-06 1.50SE-04 
1.63·7E-OS 5.202E-0!: 1;529E-04 5.214E-011 
1.111E-07 6.533E-07 5.988E-06 9.295E-05 
1.983E-04 7.110E-04 2.SOOE-OJ 9.365!-03 
1.641E-OS 3.420E-O~ 8.5C1E-OS 2.62EE-04 
3.455E-05 1.047E-04 J.B72E-04 1.975E-03 
7.748E-01 9.459E-O" 1.130E 00 1.17EE 00 
1.217E-01 1.222E-0" 1.236E-01 1.285E-01 
1.184E-01 1.18QE-O" 1.184E-01 1.184!-01 
2.448E-01 3.068E-01 4.612E-01 7.36EE-01 
1.874E 03 1.0i9E OJ 2.232E 02 9.553E-01 
2.3i4E 02 2.370E 02 2.357E 02 2.312E 02 
ll.154E 02 ij.133E 02 4.04~E 02 ·3.iSBE 02 
1.142E 00 1.141E oo·1.141E 00 1.140! 00 
J.224E OJ 3.74JE 03 2.741E OJ 8.919E 02 
1.507E 01 1.497E 01 1.469E 01 1.37EE 01 
1.006E 01 1.833E 00 1.41QE-02 5.710E-10 
5.73SE 02 3.935E 01 1.B64E-02 6.918E-11 

2.131E-03 
'. S87E-02 
6.852E-03 
7.681E-02 
3. 223E-03 
3.10BE-02 
J.755E-03 
2.468E-03 
2.243E-02 
2 .• 605E-03 
1.412E-03 
1.357E-02 
1.810E-03 
1. 524E-03 
1.116E-03 
2.883E-02 
7.673E-04 
7.974E-03 
1.171E 00 
1. 406E-01 
1.1B4E-01 
B. 6J6E-O 1 
B.495E-06 
2.189E 02 
3. OllOE 02 
1.136E 00 
J.611E 01 
1. 14 OE 0 1 
4 •. 285E-31 
6.913E-11 

6.926E-03 1.925E-02 
1.147E-01 3.993E-01 
7~510E-02 4.351E-01 
4. 435E-01 1.544E 00 
1 •. 048E-02 2,912E-02 
1.795E-01 6.246E-01 
~.120E-02 2.J8iE-01 
8.022E-03 2.230E-02 
1.29SE-01 4:501E-01 
~.85SE-02 1.654E-01 
fl.589E-03 1.276E-02 
J.BJ5E-02 2.i2iE-01 
i.9B4E-02 1.150E-01 
C.952E-OJ 1.377E-02 
1.223E-02·7.084E-02 
~.354E-02 2.517E-01 
~.494E-03 6.933E-03 
~.95JE-02 8.733E-02 
1.151E 00 1.098E 00 
·1.673E-01 1.885E-O 1 
1.184E-01 1.184E-01 
!.670E-01 8.615E-01 
·1.1119E-19 O.O 
I. 80 2E 02 1. 022E 02 
1~4117E 02 1.736E 01 
l.122E 00 1.0B2E 00 
9.662E-63 1.797E-03 
5.907E 00 9.028E-01 
). 0 o. 0 
5.913E-11 6.912E-11 

10 0. KY 

4.415E-02 
9.099E-01 
1.697E 00 
3.518E 00 
6.678E-02 
1.423E 00 
9.309E-01 
5.114E-02 
1.027E 00 
6. 452E-01 
2.926E-02 
6.215E-01 
4.483E-01 
3.157E-02 
2.76JE-01 
5. 746E-01 
1. 590E-02 
2.51JE-01 
9.345E-01 
1.911E-01 
1.184E-01 
8.421E-01 
o.o 
1. 36 SE 01 
1. 03 BE-02 
9. 547E-01· 
5. 992E-06 
1. 26 6E-03 
o.o 
6.908E-11 

1. MY 

5. 44 SE-02 
4.034E-01 
4.124E 00 
1. 55 9E 00 
8.236E-02 
6.310E-01 
2.262E 00 
6.307E-02 
4.554E-01 
1.568E 00 
3.608E-02 
2.755E-01 
1.089E 00 
3. 894E-02 
6. 714E-01 
2.560E-01 
1.961E-02 
5.561E-01 
2. 46SE-01 
1. B60E-O 1 
1.1B4E-01 
6.292E-01 
o.o 
2. 724E-09 
4.477E-07 
1.904E-01 
o.o 
J. 16 SE-OB 
o.o 
6.858E-11 

4.963! OJ 5.35BE 03 5.855~ 03 6.35JE OJ 5.531E 03 3.622E OJ 1.51iE 03 5.740E 02 3.J56E 02 1.286E 02 2.928E 01 1.553E 01 
4.9E3! 03 !:.358E 03 5.8553 03 6.353E OJ 5.531E 03 3.622E 03 1.517E 03 5.740E 02 3.J56E 02 1.286E 02 2.928E 01 1.553E 01 

01 
0 



Table 3.?. Sample ORIGEN2 spontaneous fission neutron produ:tion table 

OUTPUT UNIT 6 PAGE 53 
D~CAY OP PllR STRUCTURAL MATERIAL WASTE:. 33, 000 l!llD/l!THI! 

SPONT~NEOUS FISSION NEUTRON SOURCE, NEUTRONS/SEC 
BASIS= ONE TONNE OP INITIAL HEAVY METAL AT A REPROCESSING TIME OP 160 DAYS 

Sl!+.O. 05% F 3. YR 10. YR 30. YR 100. YR 300. YR 1. KY 3. H 10. KY 30. KY 10 o. KY 1. MY 

0238 6.3Cl4E 00 6.304E 00 6 •. mu 00 6.J04E 00 6.304E 00 6.J04E 00 6. 304B 00 6.J04E 00 6. JO 4E 00 6. 304E 00 6. 30 SE 00 6.306E 00 
P o·238 1. 6Q1E 02 1.678E 02 1.589E 02 1.357B 02 7 .8 13E 01 1.616E 01 6. 91EE-02 6.151E-O'f 8.J21E-21 ·o. o o.o .0. 0 
?U240 1.1Q3E 03 1.144E 03 1.145E 03 1.146E 03 1. 140E 03 1. 116E 03 1.03EE 03 8.383E 02 3.991E 02 4.787B 01 2.862E-02 1. 23 5E-06 
P0242 4.682E 02 4.682E 02 4.·582E 02 4.682B 02 4.681E 02 4. 68 OE 02 4.674E 02 4.658E O:! 4.600E 02 4.438E 02 3. 915E 02 7.808E 01 
Cl'l242 6.4110! 04 6. 232B 02 9 • .;67E 00 8.813B 00 6. 405B 00 2. 57 JE 00 1.057E-01 1.161E-05 1.593E-19 o. 0 o.o· o.o 
Cl!244 1 .06 H 05 9.458B 04 7 •. BSE 04 J.J65E 04 2. l09E 03 1.094B 00 4.059E-09 4.057E-0'.i 4.057E-09 4.056E-09 4.054E-09 4.025E-09 
Cl!246 4.2':'2E 02 4.270E 02 4. :!66E 02 4.253E 02 4. 2 1 OB 02 4. 088E 02 3.690E 02 2.753E O:! 9.871E 01 5. 269B 00 1.852E-04 1.770E-28 

--------------------------------~------~-----------------------------------~----------~----------------------------~-------------
TC'IALS 
TAl!LE 

· AC'IUAL 

OVERALL 
TC'IALS 
TAl!LE' 
ACTUAL. 

1 .nn 05 9. 742E 04 7.457E 04 3.584E 04 4.430B 03 2.020E 03 1. 880E 03 1. 586E OJ 9.646E 02 5.037E 02 3.982E 02 8. 44 9E 01. 
1.727E 05 9.742E 04 7 ... 57E 04 3.584E 04 4.430B 03 2.020E 03 1.880B 03 1.586E OJ 9.646E 02 5. 03 7B 02 3.'982B 02 8. 11119E 01 

1.7i7E 05 1.028E 05 8.D42B 011 4.220B 011 9.961E 03 5.642B 03 3.397E 03 2.160E OJ 1.300E 03 6.323B 02 4.275B 02 1.000B 02 
1.7i~E 05 1.028E 05 8.D42B 04 4.220B 04 9.961E 03 5.642E 03 3.397B 03 2.160E OJ 1.300E 03 6.323B 02 4.275E 02 1.000B 02 
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Appendix B.4: Sample Photon Production Rate Tables · 

. 



l!l!l!AN 

1. 5001!-02 
2. SOOE-0.? 
3.750£-02 
5. '7501!-0:! 
8. 5001!-0:! 
1. 250E-01 
2.250E-0' 
3. '750E-0" 
5. '7501!-0" 
8.5001!-01 
1. 2501!+0(; 
1.'750E+OC 
2.250.E+OC 
2.750E+OC 
3.500E+OQ 
5.000E+OC 
7. OOOE+O(J 
1.100E+011 

'IOTAL 

l'll!V/SEC 

EllEAN 

1.5001!-02 
2.5001!-02 
3. '750E-02 
5.1501!-02 
8. 500E-02 
1.2501!-01 
2. 250.E-01 
3.7501!-01 
5.750E-01 
8.500E-01 
1. 250E+OO 
1.'150E+OO 
2.250E+OO 
2.'7501!+00 
3. 5001!+00 
5• 0001!+00 
7. OOOE +00 
1.1001!+01 

'IOTAL 

GAii POW 

Ta~le B.8. Sample ORIGEN2 activation product photon t~ble 

OOTPOT UNIT = 11 
PROTCH 3PECTROe FOR 'CTIVATIOft PRODCTCTS 

OECAY OF PiR STRUCTO~\L MATERIAL WASTE: ~3,000 l'IWD/~TBS 
POWER= 1.00 II~, BORNUP• 1. MWD, FLUX= 1.00E+OO N/:~••2-SEC 

10 GROOP PROTON RELE~SE R~TES, PHOTONS/SECOND 
BASIS= ONE TOMNE OF.INITI\L HEAVY ~ETA~ AT A ~EPROCESSING TI~E OP 160 DAYS 

S!!+O. 05~ P 3.0YB 10.0YR 30.0YR 100.0YR 300.0YR 1.0KY 3.0KY 10.0KY 30.0KY 

PAG!l 51 

100.0KY 1.0:H 

7.B27E+13 1.218E+1~ 4.3401!+12 3.9401!+11 7.0051!+10 2•058E+10 6.324P+09 5.5731!+09 i.069E+09 2.310E+09 9.6751'!+0·8 5.554E+08 
1.226E+14 2.1861!+13 3.6401!+12 7.5271!+10 4.716E+09 1.6951!+09 8.1661!+09 7.434E+08 5.567E+08 2.6791!+08 2.638E+07 1.292E+06 
1.438E+13 5.37111!+12 1.149E+12 3.4371!+10 1.279E+09 6.6231!+08 4.750E+08 rt.35~E+08 J.290E+08 1.596E+08 1 •. 5011E+07 2.602E+05 
7.127E+1• 1.2281!+1• 4.5rt~E+11 3.1801!+10 6.655~+08 5.9591!+08 5.6231!+08 5.1931!+08 J.980E+08 1.957E+08 1.8101!+07 4.661E+04 
2.5941!+12 4.8851!+11 1.801E+11 1.2491!+10 2.6251!+08 2.5931!+08 2.5281'!+08 2.351E+08 ·1.8311E+08 9.179E+01 8.1481!!+06 6.765E+03 
2.240E+12 2.8961!+11 9.68111!+10 ll.941E+09 1~245E+08 1.23tE+08 1.2021'!+08 1.122E+08 ll.822E+07 11.11521!+07 ll.111E+06 4.576E+03 
5.237E.+12 1."5951!+12 2.886E+11 3.401t1!+09 7.684E+07 7.609E+07 7.430E+07 6.93~1!+07 5.464E+07 2. 7611!+07 2.541E+06 4.3041!+03 
2.·173E+13 9.160E+1• 1.5921!+12 1.1071!+10 3.859E+06 3.661E+06 3.52"?E+06 3.29:?E+06 :!.593E+06 1.3101!+06 1.202E+05 2.725E+01 
ll.043E+13 1.1761!+13 2.0391!+12 1.370E+10 1.5691!+05 4.6011!+011 1.089E+03 7.489E+01 7.089E+01 6.i66E+01 5.761E+01 7.348E+OO 
8.818E+14 3.340E+11 3.395E+10 8.807E+10 8.747E+10 8.688E+10 8.482E+10 7.923E•10 E.238E+10 3.1511!+10 2.887E+09 1.626E+02 
5.427E+14 3.654E+14 ~.455E+14 1.0481!+13 1.051E+09 1.1132E+04 1.430E+04 1.4301!+04 1.429!.+04 1.427E+04 1.419~+04 1.324E+04 
3.1841!+11 6.184E+OE l.943E+Oll 6.3511!+03 1.605E+02 1.243E+00 9.630E-04 1~524E-05 ~.533P.-06 2.5221!-06 2.5081!-06 2.340E-06 
8.9461!+09 1.936E+09 ~.712E+08 5.5551!+07 5.571E+03 1.3241!-0ll 1.599E-10 1.521E-10 1.519E-10 1.512E-10 1.!488E-10 1.208E-10 
1.3321!+07 5 •. 9921!+06 ~.386E+06 1.7191!+05 1.7241!+01 1.11141!-10 7.626E-11 7.623E-11 1.610E-11 7.575E-11 7.454E-11 6.054E-11 
6.8411!-05 3.217E-07 J.913E-10 6.11401!-11 5.800E-11 5.611E-11 5.608F-11 5.6051!-11 C:.5961!-11 5.570E-11 5.481!!-11 4.452E-11 
2.028E-05 8.398E-08 ·1.6961!-11 1.6731!-11 1.673E-11 1.673E-11 1.6731!-11 1.672E-11 1.669E-11 1.6611!-11 1.635E-11 1.32"81!·11 
1.316E-06 5.~491!-0~ ".098E-12 1.083E-12 1.083E-12 1.083E-12 1.083E-12 1.0831!·12 1.081E-12 1.076E-12 1.0591!-12 e.598E·13 
8.319E-08 3.446E-10 ,.9511E-14 6-.859E-111 5.8591'!-14 6.8581!-14 6.857F-14 6.854E-14 6.8113E-14 6.811E-14 6.702E-14 5.44111!!-14 

1.7191!+15 4.296E+U ·J.594E+14 1.1151!+13 ~.657E+11 1.109E+11 9.3451!+10 B.6921!+10 6..~061!+10 3.11611!+10 3.929E+09 .5.570E+08 

1.467E+15 rt.,86E+14 ·.840E+14 1.3201!+13 7.698E+10 7.431E+10 7.232E+10 6.7541!+10 S...317E+10 2.686E+10 2.472E+09 'l.394E+0€ 

18GP.OUP SPECIPIC ERERGY BElEASE R\TES, !l!V/WATT-SEC 
BASIS= ONE TONME OP INITIAL HEAVY METAL AT A REPROCESSING rIME OF 160 ~AYS 

S!l+O. 05" P 3.0YB 10.0YR 30. OYR 100.0YR 300.0YR 1.0KY 3. OKY 10.0KY 30.0KY 100.0KY 1.01n 

1.1741!+06 1.:.E-271!+05 6..5091!+04 5.910E+03 1.051E+03 3.D88E+02 9.11861!+01 8.360E+01 6.1041!+01 3.4651!+01 1.451E+01 8.3311!+00 
3.06111!+06 5.4611E+05 ~101E+04 1.882E+03 1.1"?9E+02 4.237E+01 2.042E+01 1.95€1!+01 1.392E+01 6.69eE+00 6.595P.-01 3.230!-02 
5.392E+05 2.C15E+05 lli..307E+04 1.289E+03 ~.797E+01 2.4811E+01 1.781E+01 l.633E+01 1.234E+01 5.984E+OO 5.639E-01 9.156E-03 
4.098E+05 7.C59E+04 2..615E+04 1.829E+03 3.827E+01 3.426E+01 3.233E+01 2.986E+J1 2 .. 2881'.+01 1.125E+01 1.(}41E+OO 2.5'!0E·03 
2.205E+05 4.153E+04 1~5311!+04 1.062E+03 2.231E+01 2.204E+01 2.149E+01 1.999E+J1 1.559E+01 7.802~+00 7.209~-01 5.751E-04 
2.800E+05· 3.520E+04 1.086E+Oll 6.1761!+02 1.556E+01 1.539E+01 1.502E+01 1.402E+01 1 .. 103E+01 5.565E+OO 5.138E-01 5.~20E·OQ 
1.178E+06 3.589E+05 6.493E+Oll 7.660E+02 1.729E+01 1.112E+01 1.€72E+01 1.561E+01 1.229E+01 6.212E+OO 5.717E-01 9.683E-04 
9.150E+06 3.~35E+OE 5.9721!+05 ll.153E+03 1.4471!+00 1.373E+OO 1.3231!+00 1.2358+00 9."125E-01 4.913E-01 4.507~-02 1.022E·05 
2.3251!+07 6.7601!+06 1.1731!+06 7.877E+03 9.0211!-02 2.646E-02 6.262E-04 4.3061!-05 ll.076E-05 3.8911!-05 3.312"!'.-05 4.225E-0"6 
7.495E+08 2.~39E+05 7.9861!+011 7.rt86E+04 7.4351!+04 7.385E+Oll 7.210E+04 6.734E+04 5.302E+014 2.678E+04 2.~54E+03 1.382E-04 
6.783E+08 4.567E+OE 1.8191!+08 1.310E+Oi 1.3141!+03 1."190E-02 1.7871!-02 1.781E-02 1.786E-02 1.7El3E-02 1.774E-02 1.6-55~-02 
5.571E+05 1.082E+01 5.150E-02 1.111E-02 2.9091!-04 2.1'5E-06 1.6851!-09 2.66SE-11 4.q32E-12 4.413E-12 4.38°E-12 4.095E-12 
2.013E+Oll 4.J.S7E+03 1.7351!+03 f.250E+02 1..2541!-02 2.9791!-10 3.598E-16 3.1123E-16 3.4171!-16 3.402E-16 3.347::-16 2.719E·1E 
3.662E+01 1.lill8E+01 6.5621!+00 4.727.E-01 ll.ill1E-05 3.868E-16 2.0971!-16 2.096E-16 2.!l93E-16 2.083:1::-16 2.0SOE-16 1.665~-16 
2.394E-10 1.126E-1~ 1..370E-15 2.251lE-16 2.0301!-16 1.9611E-16 1.963E-16 1.96a-16 1.959E-16 t.950E-16 1.9161';-16 1.558E·16 
1.0141!-10 4. 199E-13 8.481E-17 8.3651!-17 8.365E-17 8.365E-17 8.3631!-17 8.35SE-17 8.3461!·17 8.307E-17 8.174E-17 6.639E-17 
,.209E-12 3•814E-14 1-6883-18 7.583E-18 7.503E-18 7.583E-18 7.581E-18 7.57EE-18 7.566E·18 7.531E-18 7.410E-18 6.G19E-18· 
9.151E-13 3.~90E-15 i.649E-19 7.545E-19 ~.51141!-19 i.544E-19 7.5431!-19 7.53SE-19 7.527E-19 7.493E-19 7.372?.·19 5.9~~!·1~ 

t.467E+09 4.636E+OE 1-8401!+08 1.3201!+07 7.6981!+04 7.4311!+04 7.232B+04 6.7541!+01' 5.3171!+011 2.686E+04 2.1472~+0J 0 .394!+00 

2.351E+02 7.~·12E+01 2.950E+01 2.116E+OO 1 .• 2341!-02 1.191E-02 1.159E-02 1.082E-C2 8.'524E-03 ll.306E-03 3.963E-011 1.31HE·06 



Table B.B (continued) 
O'JTPUT UNIT 11 PA~E 52 

PRINCIPAL PHOTON SOURCES Ill ~M'.J!' 1, PHOTONS/SEC 
!!EAN ENEF.GY= 0.0151!EV 

NUCLIDE 
Sl!+O •. 05% 1' 3.0YR 10.0YR 30.0YB 100.0YR 300.0YR 1.0KY 3. OKY 10.0KY 30.0KY 100.0!'Y 1. 01'!Y 

c 1fl 8. 262 E+O 8 8. 259E+OS 8.252E+08 8o232E+08 ll.162Z+08 7~Q61E+08 7.3~0E+08 5. 74 iE+08 2.464E+08 2. 1"2E+07 4. "iOOP.+0 3 o.o 
CR 51 2.632E+12 3.282E+OC o.o o.o o.o o~o o. () o.o o.o o. 0 o.o o.o 
c.o 58 1.213E+13 2.651E+OS 3.538E-03 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
co 60 1.1137E+13 9.682E+1~ 3.S56E+12 2. 777E+11 2 ... 861?.+07 1.0471'.-04 0 .:) o.o o.o ().O o. ·) (). () 
NI 63 1.311°'.7E+11 1.317E+11 1.249E+11 1.075E+11 6.341F.+10 1.fl05E+10 7.1901l+07 2. 05QE+O1 o.o 0.1) o.o o.o 
ZR 93 3.U97E+07 3.097E+07 3.097E+07 3.097E+07 1.097E+07 3.096E+07 3.095E+07 3.093E+07 3.0llJE+07 3.055E+07 2. ?60Jl+07 1.<;&0E+07 
"iR 95 2.071E+13 1.4118E+Oe 1. 353'E-04 o.o o.o o.o o. () o.o o.o o.o o.o I). I) 
!fB 9311 6.491E+O., 1. 752E+O f 3. 751i'E+ OS 6.739E+08 8. 3 77E+ 08 ~.424E+08 8. 421'E+09 8.fl13E+OB !!. 3!l7E+OP. 8.311E+08 8.052E+Oe S.35S~+CE 
NE 911 3. 957E+ 09 3.956E+O~ 3.955E+09 3.953E+09 3.943E+09 3.916E+09 3.824E+09 3.572E+09 2. 'l 12R+09 1.421E+09 1. 30 lll+O ~ 6.12~1'-06 
ll.B 95 1.285E+13 1.035E+OE 9.6711!:-05 o.o o.o o. () o.o o.o 0.1) o.o o.o o.o 
NB 9511 1.75JE+12 1.224E+01 1.144E-05 o.o o.o o.o o.o 0.0 o.o o.o l'.'.O o. 0 
1'10 93 9.99\lE+Oe 9.984E+Oe 9.970E+08 9.(l31E+08 9 • .,911E+08 9.413E+08 8.1911E+{)8 S.513E+08 1.377E+08 2.61'?ll+06 2.11en:+oo o.o 
SN 11911 6. 409E+ 12 2.888E+11 2.087E+08 2. 211E-01 o.o o.o o.o o.o o.o o.o o •. o 0. I) 
SN123 1.65BE+ 12 11.6311.E+OS 5.0 97E+03 II. 816E-111 o.o o.o o.o o.o o.o o.o o. () o. ') 
SE 125 3.558E+12 1.680E+12 2.9111E+11 1.9511E+09 U.822E+01 o.o o.o o.o o.o o.o o.o o.o 
TE 12511 7.262E+ 11 3.518E+11 6.1013+10 4.091E+CB 1.010E+01 o.o o.o o.o o.o 0.1) o.o o.o 

PRINCIPAL PHOTON SOUPC.ES IN GROUP 2, PHOTON S/S Et:: 
MEAN E!IESGY= 0.02511EV 

NUCLIDE 
Sll+~.05% p 3.0YR 10.0YR 30. OYR 100. OYR 300.0Y!I 1. OKY 3.on H.OKY 30.0KY 100.0KY 1. OMY ui 

ui 

c 111 1.1E9E+08 1.168E+Oe 1.167E+08 1.1611E+08 1.155E+O'l 1.12"1C:+OR 1.il35E+O'l 8.129E+07 3.11'35E+07 3. 100E+06 li.50"1E+02 o.o 
co 60 2.483E+12 1.673E+12 G.66flE+ 11 4.600E+10 4.814E+06 1. 810E-05 o.o o.o o.o o.o o.o o.o 
NI 63 8.209E+09 8. 026E+OC: 7.613E+09 6.54SE+Oo 3.8f4E+09 8. 564E+08 u. 381E+06 1.252"!+00 o.o o.o 0.1) o.o 
ZR 93 1.9CJ4E+06 1.994E+OE 1.994E+06 1.9911E+06 1.994E+O"i 1.994E+06 1.993E+06 1.991E+06 1.9'l5E+06 1. 96 .,E+06 1. 906E+06 1.26 3".:+06 
Z!! 95 3.68flE+12 2. 575!+07 2.407E-05 o.o o.o o. 0 0.1) o.o o.o o. 0 o.o o.o 
N!! 9fl 7.306E+Oe 7.306E+OE 7.304E+OS 7.299E+08 7.21'l1E+O'l 7. 232E+Ol:l 7. 061E+Oll 6.59~E+03 5.193E+08 2.623E+08 2.1103E+07 1.1l2E-06 
NE 95 1. 758E+12 1.415E+07 1.322E.:..os o.o o.o o.o o.o o.o o.o o.o o.o o.o 
TC 99 6.094E+05 6. 094E+OS 6.093E+05 6.093E+05 6.092E+05 6. 088E+05 6·. 074E+05 6.0311E+05 5.899E+OS S.527E+05 4.401E+05 2.353E+04 
SN113 9.2l8E+12 1.2611E+10 2.601E+03 2.0114E-16 o.o o.o o.o o.o 0.1) o.o o.o o.o 
SN 11911 6.830E+13 3. 078E+1;; 2.224E+09 2 • .?57E+OO o.o o.o o.o o.o 0.1) o. 0 0.1) o. () 
SE 125 2.270E+13 1.072E+13 1.SS9E+12 1.2117E+10 3.077E+02 o.o o.o o.o :) • I) o.o o.o o.o 
TE 1251'1 1. 3 ms E+ 13 6.368E+12 1.104E+12 7.406E+09 1.828E+02 o. ') o.o o.o 0 .\) o.o o.o \). 0 

PRINCIPAL PHOTO~ SOURCES IN GP.OU!' 3, '?HOTONS/SEC 
llE,_N ENEFGY= 0.038MEV 

NUCLIDE 
Sl'!+O. 05% 1' 3 .OYR 10.·JYR 30. OYR 100.0Y!! 300.0YR 1.0KY 3. OKY 10. 0 KY 30.0!IY 100.0KY 1. 0 ~y 

c 14 5.614E+07 5.612E+Oi 5.607E•07 S. 593E+07 5.5116F+O., S.4111E+Oi Ii. '!74E•07 3.905E+07 1.6711E+07 1.489E+06 3.126E+02 J.O 
co 58 4.,01E+11 8.960E+06 1. 196E-04 o.o o.o o. 0 o.o o.o o.o o.o o.o 0.0. 
co 60 1. 11-18E+12 9.554E+11 3.805E•11 2.7111E+10 2.749E+06 1. 0 33R-05 0. '} o.o o • .:i o.o o.o I). 0 
NI 63 1. 664E+09 1u627E+OS 1.S43E+09 1.327E+09 7.832E+O'l 1. 7 36 E+08 8.'380E+05 2.531::-01 () .o o.o o.o 0.1) 
ZR 93 3. 876E+OS 3. 'l76E+O~ 3.876E+05 3.'376E+05 3. fl'76F.+05 3u R7SE+05 3::~711E+OS 3.870E•OS 3.858E+05 3.823E+05 3. 704E+OS 2.11611E•ll5 
ZR 95 2.163E+12 1. 512E+O"l. 1.413E-05 o.o o.o O. 0 I\ O."O o.o (). () . ·o. o o.o 0.0 
NB 94 4.3811E+08 4.3i:l3E+08 ll.382E+08 4.379E+O&j4.369E+08 4. 3 39,\00 11.h7E+08 3. 95 7E+ O'l 3.116E+08 1. 5711E+08 1. 1142E+O 7 6.790E-07 

I :i.L. I 



Tabl~ B.8 (continued) 

'lUT9UT UNIT = 11 I' AGE 53 
H 95 !!.330E+11 5."Y04E+Of. l).26';f.~06 o.o o.o o.o o.o o.o o .o' o.o 0.1) o.o 
':'C 99 3.406E+05 3.406E+OS 3.4 06E•05 3.406£+05 3.405E+05 3. 4CJE+05 3.395~+05 3.37 :e+05 3 .297E•05 3.089E+05 2.460I·:+O'i 1 •. ~15?.+04 
SN123 2.232E+11 E-. 2381!•0E 6.661E+02 6.41J2t-15 o.o 0.0 o. () 0.0 0.0 o.o ll. 1} o.o 
5f 125 6. 226E+12 :<. 939E+12 5.098E+ 11 3.419E.+OC1 8.1138'2+01 o.o o.o o.o 0.0 o.o o.o o.o 
rE 12511 3.050E+12 1 .478E+ Vi 2.563E+11 1. 719E"+O<; 4.242E+01 I). o o.o o.o Q_i) o.o o. o o.o 

!?FI NCI PAL ~HO'J'Of; SOURCES IN Gl.iCU l' Ii, P!IOTONS/S~C 
1!1nN ENEFGY= 0.056MEV 

~OCT.IDE 
s11+0. 05,; p 3.on; 10.0YR 30.JYR 100.oni 300. OYR 1. OKY 3. OKY 10.0KY 30.0KY lllO.OKY 1. OllY 

c: 14 ll.413E+07 ~.1112E+O"I II.Ii 08E+07 li.197E•07 4.360E+07 II. 256~+ 07 ·3.910E•07 3.0H3+07 1.3m6E+07 1. 1"'H:+06 2.u51·e+o2 o.o 
r:t 36 5. 055 E+03 5.055E+ll3 5.055F.•03 5.055E•03 ~.054E+CJ 5.052~•03 5. 043E+03 5.02CE•03 4. 'U0Et03 4. "Y1flE+OJ U.O 15E•03 5.0ili?.+02 
co 'j~ 5.905E+11 11. 2 90 E+ 0 'i 1. 722E-04 o.o o.o o.o o.o 0.0 o.o o. 0 o.o o.o 
;:o 50 1.599E+ 12 1.078E+1L 4. 292E+ 11 3.092E•10 J.101Jl+06 1. 16 6E-05 o.o o.o o.o o.o o.o o.o 
'H 63 1.683E+OE t.646Jl+Oe 1.5.61E+08 1.343Et08 7.924E+07 1.756E+07 ii. 984E+Oll 2.5EEE-02 0.1) o.o o. () o.o 

·"~ 93 2.965E+OU 2'4 965E•Oq 2.%'5<E+04 2.965Et0U 2.965E+C4 2. %5)!+011 2.')641!+04 2. 961E+Ou 2. 9'S2 E•04 2. 9'.15!':+04 i. f!J 11"!+04 1. iPI 5?. +O 4 
'Zll 95 2.563E+12 I. 792 E+07 1.675E-05 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
Nt: 94 5.409E+08 5.1108&+08 5.407E+08 S.1101E•08 5. 390E•08 5.353 E+ 08 5.227E+O!I 4.88211:+08 3.8,4E+ 08 1.9112E+08 1. 779P.+07 q_ 3711::-07 
N~ 95 6.U31E+11 5.176E+OE li.637E-06 o.o ().0 o.o o.o o.o 0.() o.o o.o o.o 
TC 9<.> 3."Y11E+05 3.71lE+05 3. 711E+05 3.1111'!•05 3. '11ilE+()5 3. 7C7E+05 3. 699P.+O"i 3. 67~1!:+05 3~592E•05 3. 366E+05 2. 6q0~+0 5 1.U33e•04 
SN 119l'i 1.068E+11 IJ.813E+OS 3.U70E+06 3.686E-03 o.o o.o o.o o.o l>.O o·. o o.o o.o 
Sll 123 3.169E+11 !l.857E+OS 9. 7112E+02 9.2G3E-15 J.O o.o 0.1) o.o O.!l o. 0 o.o o.o 
s ~ 125 3. 022E+11 1.1126E'"11 2.1174F+10 1.650E"-08 4.0'l5E+O<O o.o o.o o.o ·O.O o.o o.o o.o 
HF 181 4.9116E+11 8. 202E+03 5. 752E-15 o.o l.O 0.0 o.o o.o -0.0 o.o 0.0 o.o 
TA182 4.585E+11 6.2.08E+Oe 1.ii06F.+Ou 1.JOJE-04 ~.393E+04 1.J93E+Oll 1. 393E+Oli 1.39 ~·E+04 1.392E+Oli 1. 390E+04 1. JP2E+OU 1. 290E+04 

Vo 

!?ll[NCIPH FHCTf'lN SOU!lCl!S IN GP.OJ'!? 5,PHOTONS/SFC 0-

ll::AN ENEFf;y: 0.0851'!EV 

NUCLIDE 
s 1'!+0. 053 '!' 3.0YB 10.0YR 30. C•YR 100.0YR -300.0YR 1.0KY 3.0KY ~O.O:!CY 30.0KY 100.0KY 1. l)!!Y 

<: 1 u 7. 238 E+06 'I -235E+06 7.2293+06 7.211E•06 ".151E+05 6.980E+06 6.1113E+06 5.0J'!iE+06 2.159E+06 1.920E+05 4.0~0P.+01 0. ') 
CL 36 2. 6S5 E+03 2 .. 694E•03 2.694E+03 2.69UE•03 2.60QE+03 2.693.E+03 2.680E+03 2.676E+03 2.6~3E+03 i. 515E+03 2.140!':+03 2. 6947.+•:>2 
co Sil 3. 559E+11 7. 776E+OE 1. 038E-Oli o.o o.o o.o o.o o.o ).J o.o o.o o.o 
cc 60 6.289E+11 li.231JE+11 1.68RE+11 1.216E·l10 1.2191':+0.j 4. 584E-'l6 o.o o.o J.J O'. 0 0.0 o.o 
'ZR 95 1.108E+12 7.7U9E+06 ... 2112E-06 o.o o.o o.o 0. () o.o ).J o.o 0.0 0.0 
Ne 94 2.548~+08 2.547E+08 2.5117F.+08 2.5115E•OB 2.539E+O:~ 2. 522E+08 2.1162E+06 2.300E+08 ~.311E+08 9. 111 '.1E+07 e. 379E+O 6 3.'1116E-07 
,B 95 1.0541!+11 I!. 4713E+05 "Y.924E-07 o.o o.o (). 0 o.o o. () ).) (). 0 o.o o.o 
TC 99 1.'3591!+()5 1. 359E+05 1.359E+()5 1.35'!P.+05 '.359E+05 1. 358~•05 1.355E+05 1. 311 t•E:+OS I. 3116E+J5 1. 23 3 E+05 'l.8113E+Oli "i. 211'1E+03 
SN123 1.87111!+11 S.238E+Ge 5.761!+02 5.4421!-15 (• .o o. 0 o.o o. () r). ~ o.o o.o o.o 
Sl! 125 1. 352E+11 6.3811E+10 1.107E+10 7.1127E+-07 1.ll33E+O~ o. () o.o o.o ·>.) o.o o.o o.o 
!A1B2 ll.1103E+10 5.961E+07 1.350E+03 1.338E+;.)3 1.337E+03 1.33"YE+03 1.3371!+03 1.33;e+03 l.J36R+)3 1. 3311 E+03 1.32H:+03 1.2JBE+OJ 



... 

Table B.8 (continued) 

OUTPUT U'lIT ,, PAGE 54 

PRINCIPAL PRCTON SO!Jl!CES !N GROUP 6. 1?!10TONS/SEC 
"EAN ENESGY= 0.125~EV 

NUCLIDE 
s l'l+O. 05,; p 3.on 10.0YR 30.0YI! 100. OY!l 300.0YR 1.0KY 3. OKY 10. 0 KY 30.0KY 100.0llY 1. l)!IY 

CL 36. 1.517E+03 1. 516B+03 1.516B•03 1.516E+03 1.516E+03 1 •• 51SE+03 1.513E+03 1. 50 6E+03 1. 4!12E+ 03 1.415E+OJ 1.205E+03 1.516E+02 
co 58 2 .303E+11 5.031E+06 6."715E·-05 o.o o.o o. 0 o.o o.o o.o o. 0 o.o o.o 
co 60 2.415E+11 1.628E+11 6.482E•10 4.669E+09 4 •. 683E+05 1. 761E-06 o.o o.o o.o o.o o.o O.J 
ZR 95 4.859E+11 3.397!+06 3.175E-06 o.o o.o o.o o.o o.o o.o o.o o.o 0.1) 
NE 911 1. 238 E+O l' 1.238E+Oe 1.2 38E•O 8 1.237E+Oll 1.234E+08 1. 226E+08 1.197E•08 1.11€E+08 8.'101E+07 ll.446E+07 4.0730.+06 1.918E-07 
TC 99 4. 727E+04 4. 726E+04 11. 726E:+04 .4. 726E+04 4.725E+04 11. 722E+04 4.711E+04 4.681E+04 4.575E+Oll ll.2B7E+04 J.4111E+04 1.!125E+03 
SN123 1.1<35E+11 3.340E+0€ 3 • .e73D02 3.1170E-15 o.o o.o o.o o.o o.o o.o o.o o.o 
SE 125 2.351E+11 1.110E+11 1.S25E•10 1. 291.E+08 3.186E+00 o.o o.o o.o o.o o. 0 o.o o.o 
TE 12511 3.153E+10 1. 527E+ 10 2.·6 48E+09 1.776E+07 4.383E-01 o.o o.o o.o o.o ·o. o o.o o.o 
R!' 181 7.813E+11 1.296B+04 9.·086E-15 0.() o.o o.o o.o o.o o.o 0.0 o.o o.o 
TA 182 9.232E+10 1.250E+0€ 2.830E+03 2.804E+03 2.804B+03 2.804E+03 2. 80 4E+03 2. 804E+03 2.802E+03 2. 79 8E+03 2. 783E+03 2.597E+03 

PRIRCIPAl PHCTON SOURCES IR GllCUP 7,PHOTORS/SEC 
l'IEAN ERESGY= 0.225KBV 

NUCLIDE 
sl'l+O. 05-,g P 3.0YS 10.0YR 30. OYI! 100.0YR 300.0YR 1.0KY 3. OKY 1 O. OKY 30. OKY 100.0KY 1.0t'IY 

CL 36 1. 407E+03 1.407E+03 1.4 O~E• 03 1.ll07E+03 1.1107E+03 1. 406E+03 1.404E+-03 1.398E+03 1.375E+03 1.313E+03 1. 118 !>,+(} 3 1.407E+02 
co 58 2. 979B+11 6. 50.9E+06 8.6 881!:-05 0.0 o.o o. 0 o.o o.o o.o . o.o o.o o.o o; co 60 7.91[12E+10 5.353E+10 2.132E.+10 1.535E+09 1.540E+05 5~ 790E-07 o.o o.o o.o o.o o.o o.o 

'I 
ZR 95 2.344E+11 1.639E+06 1.531E-06 o.o o.o o.o o.o o.o o.o o. 0 o.o o.o 
NE 94 7.686E+07 7.685E+07 7.•683E:+07 7.678B+07 7.660E+O~ ".608'!!:+07 7.428E+07 6.938B+07 5.ll63E+07 2.759E+07 2.529F.+06 1.190E-07 
NE 95K 6.408E+11 4.480B+OE ll. 187E-06 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
TC 99 1.133E+04 1.133E+04 1.13lE+04 1.13lE+Oll 1.132E+Olf 1.132E+04 1.1291!+04 1.122E+Olf 1.097E+ Olf 1.027E+Olf 8. 181 E+O 3 4.371fE+02 
SN 113 3.101E+ 11 4.225E+OE 8.691tE+01 6.833E-18 0.0 o.o o.o o.o o.o o.o o.o o.o 
SR 11711 6. 237E+10 1.145E-13 o.o o.o o.o o.o o.o o. 0 o.o o.o o.o o.o 
SN123 1.495E+11 lf.178E+Oe lf.596E+02 4.342B-15 o.o o.o o.o o.o o.o o.o o.o o.o 
SB125 3.~3E+12 ·1. 540E+12 2.672E:+11 1. 792B+O<; 4.422E+01 o.o o.o o.o o.o 0.0 o.o a.o 
TA 182 1.l24E+11 1. 792E+OE lf.058E+03 lf.022E+03 4.022E+03 4.022E+03 4.021E+-03 4.021E+03 If .O 1<IE+03 4.012E+03 3.9'?H:+03 3.721fE+03 

PRINCIPAL PRCTOll SOURCES IR Gl10UP 8,PROTONS/SEC 
!!BAN EREliGY= 0.375KEV 

NUCLIDE 
Sl!+<l. 05% l!' 3.0YR 10.0YR 30. OU~ 100.0Y!l 300.0Y?. 1.0KY 3. OKY 10. 0 KY 30.0KY 100. OKY 1.0l'IY 

CL 36 2.383B+02 2.383E+02 2.383E+02 2.383E+02 2.382E+02 2.381E+02 2.377E+02 2.36.6E+02 2.329E+02 2.224E+02 1.893E+02 2.3B2i!+O 1 
CR 51 1.%4E+12 2. lf50B+CC o.o o.o o.o o.o o.o o.o o.o o.o 0.1) o.o 
co 60 2. 2:28E+ 10 1. 502E+ 10 5. '?8 OE'.+ 09 lf.301E+08 4.320E+Olf 1.624E-07 o.o o.o o.o 0.0 o.o o·.o 
Nl! 9~ 3.648E+06 3.648E+OE 3.61f'?&+06 3.61f5B+06 3.636B+06 3.611E+06 3. 526E+-06 3.293E+06 2.593E+06 1.·310 E+ 0 6 1. 200::+0 5 5.6513-0'l 
lG 108!! 2. 511fE+05 2.473E+05 2.381E:+05 2.135E+05 1.457E+05 4. 891E+Olf 1.072E+03 1. 91f9E-02 4.993E-19 o.o o.o 0. !} 
S!l 125 1. 937E+ 13 9.11f5E+1:< 1.586~12 1.064E+10 2.626E+02 o.o o.o o.o o.o o.o 0.0 o.:) 
TA182 1. t56 E+08 1.566E+05 3.51f5E+OO 3.513B+OO 3.513E+OO 3. 5131!+00 3. 513E+-00 3.512E+OO 3.511E+OO 3.505E+OO 3.4~6F.+00 3.253<;+00 



Table B.8 (continued) 

OU'I?UT UNIT 11 !'AGE 55 

PliINCIPAL PHOTON SOURCES n GEC•Ul' 9,!'!IOTO!iS/SEC 
l'l!AN ENEE~Y= 0.575~~V 

NUCLIDE. 
Sl'l+O. 05% F 3.0YE 10.0YR 30. OYF. -100.0YR 300.0YR 1.0KY 3. OKY 1').0KY :lO.OKY 100.0K! 1. O:'IY 

CL 36 7. 237E+O 1 7. 237E+O 1 7.237E+01 7.237E+01 7.236E+01 7~232E+01 7.221E+01 7 .18€E+01 "1,()."13E+01 6. "'5UE+01 5.7U<l~+01 7.236HOO 
co 58 1.4331!+13 l. 131 B+O€ 4.179B-03 o.o o.o o.o o.o . o.o o.o o.o o.o 0. 'l 
co 60 1. 279E+09 5. 623E+O E 3.U..3UE+08 2. 473E+01 2.4~1E+03 Q. 32"1E-09 0.0 o.o 0.0 o.o o.o o.·o 

y 90 1.895E+05 1.765E+O~ 1 ~ U.<J4E+05 9.281E+Oll 1.754E+04 1.502E+02 8. 71 !lE-06 1. 'l!llfE-26 0.0 o.o o.o o. 0 . 
AG1081'1 2. 3115E+ 05 2 •. 307E+O!: 2.221E+05 1. 9 91E+O!: 1.359E+05 11.561E+Oll 9 •. 999E+02 1.01e!'!-02 4.657E-19 o. o •). () !) • I) 

SB125 2.490E+13 1. 175E+1~ 2.Q39E+12·1.367~+1C 3, 3 75E+ 02 0.0 o.o 0.0 o .• o o.o 0. !) i). I) 

RO 1661'1 1. 466 E+Ol 1.463E+01 1.U:58E+01 1.llU.1E•01 1.~811E•01 1.233B+01 8. 228E•OO 2.5'?.:<E+OO 4. Sll6l!-02 U.371E-07 1.205I::-211 c.o 
BP 181 1.042E+12 1. 728E+OQ 1.212E-14 o.o o.o 0.0 o.o o.o 0 ,\) o.o o.o o. ·J 
T~182 3. 931E+O6 5.322E+03 1.2:05E-01 1.l<l!JE-01 1.,194E-01 1.194!-01 1.194E-01 1.1941!-01 1.193e-01 1.191E-01 1.1t15::-01 1.1068-0, 

P?.INCIPAL ?~OTO~ SOURCES IN GliCU? 1 O, PHOTONS/SEC 
-~EAN ENEEGY= -0.8501'1EV 

NUCLIDE 
S!!+O. 05% p 3. on; ··10.0YF 30.0YJ:I· 100.0YR 300.0Yil 1.0KY 3.0KY 10.0KY 30. 0 KY 100.0KY 1. Ol!Y· 

~Ul 54 2. 557E+ 12 2.250E+11 7. 762E+08 7.131E+011 ·O .O o.o 0.0 o.o 0.0 o.o o. 0 i). () 

co 58 5.126E+13 l1.120E+O'!! 1.11'95E-02 o.o '°. 0 o.o o.o o.o o .. o o.o o.o o.o 
co 60 2.025E+10 I. 3E5E+10 5.43,,E+09 3.914E+Oe 3. 926E+04 1.476E-07 o.o o.o 0 •. 0 0.0 o.o o.o 
Zfl 95 2.760E+14 I:. 929E+O<; 1. 803E-03 o.o o.o o.o o.o o.o o.o o.o o.o O~'J 
NI: 94 8. 777E+10 -3. 776E+10 13. 774E+10 e.763E+10 8 •. "'47E+10 8.688E+10 8.482!'+10 7. 92:B+10 6 .. 2B>::• 10 3.151E+10 2. 1387!!+09 1.35'?1'!-04 u; 
NE 95 5. 519E+ 1U •.4U1E+09 ll.151E-03 o.o ·O.O o.o o.o o.o 0 .. () o.o o.o o.o 00 

l'!l 182 5. 782!'!+09 7.828E+OE 1. 77 3E+02 1. 757E+02 1.7571;:+02 1. 757E+02 1.151E•02 1.1553+02 1 .. 155E•02 1.753E•02 1.7431':•02 1.62f:E•02 

!'~INCIPAL ~HOT)Y SOURCES n Gl:e<JUP 11, !'HOTOll S/SEC 
c1EAN ENEEGY= 1.250MEV 

NUCLIDE 
Sll+O. 05~ p 3.0YF 10.0YR 30.0YB: 100.0Y!l 300.0YR 1.0KY ~ .• OKY 10.0KY 30.0KY 100.0F.Y 1. OMY· 

co 60 5.421E+1U 3.6SUE+14 1.U55E+14 1.048E+13 1.051E+09 3.952E-03 o.o o.o o.o o.o o.o o.o 
Tl\ 182 4.707E+11 ii.373E+O E 1. 4 !13E+Oll 1.430E+04 1.430E+04 1. 430E+04 1.430E+04 1.43 )3•04 1.4:29E•04 1.427E•Oll 1.419E+04 1.324~+04 

P•INCIPl\L ?~OT)N SOURCl!S IN GRUJP 12,P~OTOl!S/S!C 
llEAll ENEFGY= 1. 750!!EV 

:rnCLIDE 
Sll+O. 05% l' 3.0YF 10.0YF 30. OY!I .10 O. O!!l 300.0YR 1.0KY .! •. OKY 10.0KY . 30.0KY 100.0KY 1.0:!1! 

p 32 4.521E+03 3·.103E-OU 3.0SOE-04 3.01 SE-04 2.79SE-04 2~261E-04 1. 07 2E-04 1.21 :1:-05 7.277E-09 3. 9"77E-18 O. 0 o.o 
co 58 2. 6571!+11 5.806E+OE 7. H8E-05 o.o :>.O o.o o.o o.o o.:> o.o o.o o. :> 

y 90 1. 520 E+03 "i. U15E+03 1.H8E+03 7.441E•02 1.1106E+02 1.204E•OO 6.990E-08 1. 48 lE-28 o.o o.o o.o o.o 
AG 108 2. 001E-01 1.969E-01 1.8~5E-01 1.699E-01' 1.159E-01 3.8921!-02 8.5321!-04 1. 55 IE-Oe 3. 974!!-25 o.o o.o o.o 
l\G 11011 3.196E+06 1. 530E+05 1.272E+02 2. 015E-01 :>.o o.o o.o o.o O.\l o. 0 o.o \) .o 
Sll1211 5.262E+10 1. 744E+05 2.851E-08 o.o I>.O o.o o.o o.o o.o o~o o.o o.o 
EU154 6.292E+04 ·11. 941E+O~ 2.810E+04 5.607E+03 1.9"113E+01 1.975E-06 o.o o.o o.o o.o o.o o.o 

. 1'A 182 B.319E+01 1.126B-Oi.2.550E-06 2.527E-06 2.527E-06 2u527E-06 2.527!!-06 2.52"'1:-06 2.525E-06 2.521E-06 2. 508E-06 2.340E-06 

·. , 



,. ... 

Table B.8 (continued) 
OUTPUT UNIT 11 PAGE 56 

PRINCIPAL PHOTON 30U!!CES IN GROUP 13.PHOTONS/SEC 
llEll. N ENEEGY= 2.25011EV 

~UCL !O 1l 
s ~+·). 051. p 3.0YE 10. ·)YR JI). OYR 100.0YB 300.0YR 1.0KY 3.0KY 10.0KY 30.0KY 100.0KY 1. OltY 

co 60 2. 8 73 E+O 9 1 .• 936E+O~ 7. 712F.t0!l 5.555~+07 5.5"11E+03 2 •. 095E-08 o.o o.o o.o o.o o.o 0.!) 
y 9() 1. 6 71 E-01 1.556E-01 1.31"1E-01 8.1821!-02 1.546E-02 1. 324E-04 ""· 686E-12 1.62Ell-32 o.o o. 0 0.0 o.o 

Sf124 6.055E+0'9 2.007E+04 3.287E-09 o.o o.o o.o o.o 0.1) o.o o.o o.o o. 0 
:n 21011 1. 5161!-10 1. 5'16E-10 1.S16E-10 1.516E-10 1.516E-10 1. 516V.-10 1.5161!-10 1.515E-10 1.513E-10 1. 5061!-10 1.4R2i::-10 1.2031!-10 

PRINCIPll.t PRO'N)l' SOURCES IN GROUP 14.PHOTONS/SEC 
II Ell N ENEEGY= 2. 750 !!EV 

NUCLIDE 
Sll+J.05% p 3.0YR 10.;JYR 30.0YR 100.0YR 300.0YR 1.0KY 3. OKY 10.l)KY 30.0KY 100.0KY 1. OllY 

C'l 60 8.891E+06 5.992E+06 2.386Et06 1.719E+05 1. 724E+01 6.481E-11 o.o o.o o.o o.o o.o o.o . 
Sf 124 4. 425E+06 1. 461E+01 2.1103E-12 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
!H210M 7. 5~7 E-11 7. 597 E-11 1. 59"1E-11 7 .597E-11 7.597E-11 7.597E-11 7.596E-11 7. 59 2E-11 7.580E-11 7.5451l-11 7.424E-11 6.0JOE-11 

PRINCIPAL PHOTON SOURCES IN GROUP 15.PH'lTONS/S'EC 
:'1 Ell N ENESGY• 3.500~EV 

~UCL [OE 
S!l+•J.051. 1' 3.0YJ; fO.OYR 30.0YR 100.0YR 300.0YR 1.0KY 3. OKY 10.0KY 30.0KY 100.0KY 1.0H 

K 42 1. 551E-11 1.466E-11 1.265E-11 8. J 13E-12 1. 911E-12 2. 879E-14 1. 185E-20 6. 75 41!-39 o.o 0.0 o.o o.o 
qa 10~ 3.1181!-07 3.962E-08 3.218E-10 3.'126E-16 4.265E-37 o. 0 o.o o.o o.o o.o o.o ().I) 01 

-0 
!lt2101'1 5. 536 E-11 5.5361!-11 5. 586E-11 5.51361!-11 5.586E-11 5.586E-11 5.585E-11 5.5821!-11 5.573E-M 5. 54 8E-11 5. 459E-11 4.434E-11 
?0;10 6.810E-0~ 2. 820E-01 1.00H:-12 2.247E-13 2.247E-13 2. 24'7E-13 2. 247E-13 2.246E-13 2. 242E-·13 2. 232E-13 2. 196 r.-, 3 1.7134F.-13 

PRINCIPAL P.HOTO~' SOURCES IN GROUP 16,PHOTOliS/SEC 
t'IEAN ENEEGY= 5. 0•) O!!!EV 

ll UCL !01! 
Sll+J. 05:'1 l' 3.0YF 10.•)YR 30. OYR 100.0YR 300.0YR 1.0KY 3. OKY 10.0KY 30.0KY 100.0KY 1.o:n 

'H' 21011 1. 6 56 E-11 1.666E-11 1.666E-M 1.666E-11 1.666E-11 1.666E-11 1.666E-11 1. 66 SE-11 1.662E-11 1. 655E-11 1.628'B-11 1.3232-11 
?0;10 2.028E-05 8.3961!-08 2. 981 E-13 6.6911!-14 6. 691 E-14 6. 690E-14 6. 689E.;14 6.686E-14 6.675E-14 6.645E-14 6.538E-14 5.311E-14 

PRINCIPAL PHOTON SOURCES IN GROUP 17. PROTONS/SEC 
llEll.N ENEFGY= 7. 0·) OllEV 

!IUCLIOE 
S ll+J. 05% p 3. on 10.•)Y~ 30. OYR 100.0YR 300.0YR 1. OKY 3. CKY 10.0KY 30.0KY 100.0KY 1. OllY 

11!21011 1.079E-12 1. 01~E-12 1. 079E-12 1.079E-12 1.079E-12 1. 079E-12 1.079E-12 1.078E-12 1.076E-12 1. 07 2 E-12 1. 054E-12 ll.5641!-13 
P0410 1.316E-06 5.11118E-09 1.9311E-14 4.341 E-15 4.341 E-15 4.341E-15 4.3401'!-15 li.338E-15 4.331E-15 4.3111!-15 4.242E-15 3.446E-15 

PR I NCI l'll.L PHOTOR SOURCES IN GROUP 18.PHOTONS/SEC 
fl Ell.N E!IEEGY=11.()()011EV 

NUCLIDE 
S!l+O. 05% p 3.0YR 10.0YR 30. OYR 100. OYR 300.0YR 1.0KY 3.0KY 10.0KY 30.0KY · 100.0KY 1.0llY 

8!2101! 6.8l1E-14 6.831E-14 6.SllE-111 6.831E-14 6. 831E-14 6. 831E-14 6.830E-14 6.827E-14 6. 816E-14 6. 784E-14 6. 6 75~-1 4 5.4222-14 
!?0•10 8.319E-08 3.1145E-1C 1.223E-15 2. 71451!-16 2. 7451'!-16 2. 14 5E-16 2. 7451'!-16 2.7431!-16 2. 739E-16 2.726E-16 2.6831!-16 2.179E-16 

i i!._.. ,,.... 
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APPENDIX C: SAMPLE ORIGEN2 TABLE OF CONTENTS 
(OUTPUT °uNITS 12 AND 13) 



PAGE 
1· 
5 
6 
1 
8 

10 
l1 
12 

Table·C.l. S~mple QRjG£N2 table of contents for unit 6 

TABLE OP CONTENTS O•N UNIT = 12 POR OUTPUT UNIT = 6 
INPUT ECHO; READ ON 5 LIS'!' ON 6 COfY TO 50 
NEUTRON YIELD PER NEUTRON-INDUCED FISSION 
(ALPHA,N) NEUTRON YIELD PER FISSION 
SPONTANEOUS FISSION NEUTR~~ YCELD PER PISSN 
INDIVIDUAL ELEl'IEHT PRACTIJNA~ EECOVERIES 
GROUP ELEl'IENTAL FRACTIONAi'. RE•:C•VERIES'. 
ELEllENTAL ASSI·:;NNl'IENT TOP:;.AC -~ECGROUP 

ELEMENTAL CHEIUCAL TOXICHIE3 

13 ORIGEN INSTRUCTIONS POR THIS CASE 

15. NUCLIDE D~TA LIBRARIES 

15 
29 
32 
49 
57 
59 
75 
82 
85 

91 
91 

92 
94 

10E 
110 

. 113 

115 
117 
118 
119 
124 
130 

DE~AY DATA LIBRARY-------
DECAY DATA LIBBABY-------
!DECA Y DATA LIBBARY------
CROSS SECTION LIBRARY----
:ROSS SECTION LIBRARY----
•:ROSS SECTION LIBRABY----
.:·HOTON LI BRAB!-----------
~HOTOR LIBRARY-----------
P.HOTON LIBRARY------------

tJGHT NUCLIDE DECAY LIBRARY 
ACTINIDE DECAY LIBRARY 
F]S5ION PRODUCT DECAY LIBRARY 

SUUCTURil.L IUTERIAL & ACTIVATION PR))UCT ISE": LIBRARY--PllR. U 
A.C~IlfIDE AND DAUGHTER HUCLlDES XSEC ~IBR!EY--PllR.U 
PISS ION PRODUCT XS EC AND YIELD LIBU3Y--E·r.P.. II 

IJPD~.TED PHOTON LIBRARY: ACTIVATION E'F:OD!JCTS 
IJPD~TED PHOTON LIBRARY: ACTINig3s A~C D~UGHTERS 

UPDATED PHOTON LIBRARY: FISSIOJ PROCECT3 

OtJTPUT TABLES--TITLE= IRRADIATION Oli' ON~ METRIC TON OF PWRlJ FUEL RECYCLE # 
EEACTIVI'l.'Y ARD BURRUP DATA. 
*ACTIVAT.ION PRODOCTS*****A:''l.'I V!'l!IOll Pll:)D!JCTS*****ACTIVATION PROD("CTS*"'***il.CTIVATIOR PRODUCTS***'°' 
CONCENTRUIONS, GRAl!S SlJ~P.ARY. TAJ!LE: . 
~ADIOACTIVITY, CURIES NjCLIDE TABLE: 
RADIOACTIVITY, CURIES 3~31'1ENT TA3LE: 
RADIOACTIVITY, CURIES S;JlltARY TA3LE: 
*ACTINIDES + DAUGHTEBS***ACTIRIDES + D!UGH!ERS***ACTINIDES + DAUGllTESSt••ACTINIDES + DAIJGBTERS** 
CONCENTRATIONS, GRAl'IS SUCK.ARY TA3LE: 
*:FISSION PRODOCTs••••••••P:ssro~ PBODUCTS••••••••PISSION PRCDUCTS*****x**FISSION PRODUCTS••••••• 
C!>NCENTBATIORS, GBAl'IS SUP~~RY TABLE: 
(ALPHA,N) NEUTRON SOURCE 
SPONTANEOUS FISSION NEUTRO~ SDCR:E 
LITE NUCLIDE PHOTON TABLE 
A•:TINIDE NUCLIDE P!IOTON TAE~E 
PI SSIOR PRODUCT NUCLIDE PHC'l.'ON T.\BLE 

0 

138 OU'IPUT TABL:!S--TITLE= !BRA DIATION OP Z !Rt:ALOY+ INCOllEL + NICROBRAZE 50 AT I 00% E LUX RECYCLE II 0 
138 REACTIVITY AND BURlllJP DATA 

*lCTIVATION PRODUCTS*****Ac-=IVA~ION PBODUCTS*****ACTIVATION PRODUC~S*****ACTIVATION PRODUCTS**** 
139 CONCENTRArIORS, GRAllS SlJll!!lBY TABLE: 
141 R!DIOACTIVITY, CURIES llU::!.IDE TABLE: 
155 RiDIOACTIVITY, CURIES ELE~ERT TABLE: 
157 R!.DIOACTIVITY, CURIES SU'l.URY TABLE: 

•nCTIHIDES + DAJGBTEBS***ACCINI~ES + DA~GBTERS***ACTINIDES + DAOGF~ERS***AC'l'I~IDES + DAUGHTERS** 
159. CCNCERTRATIONS, Gl!P.llS SIJ~URY TABLE: 

•P.ISSION PRODUCTS********PI.5SIOI PRODUCi'S******••PISSIOll PRC-DUCTSU* .. 'o"UPISSION PRODUCTS******* 
161 CO !ICERTRATIONS, GRAl'IS :SOl'l!URY TAB'-E: 
163 (A.1.PHA,N) NEUTRON SOURCE 
164 SP'ONTAREOUS FISSION' NEUTRON :S01JltCE 



PAGE 
165 
169 
174 

Table C. l (continued) 

TA3LE OF CONTENTS ON UNIT = 12 FOR OUTPUT UNIT 
LITE NUCLID3 PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
FISSION PRODUCT NUCLIDE PHOTON TABLE 

6 

182 ORrGEN INSTRUCTIONS FOR ~HIS CASE 

184 
184 

185 
187 
201 
203 

205 

207 
209 
210 
211 
216 
223 

228 
228 

229 
231 
245 
247 

251 
253 
254 
255 
259 
267 

OUTPUT TABLES--TITLE= DECAY OP HIGH-L3VEL PWR-U WASTE;. BURNUP=33,000 MllD/MTiliM RECYCLE # 
REACTIVITY AND BURNUP DATA 
*ACTIVATION PRODOCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
CONCENTRATIONS, GRAMS SUMMARY TABLE: 
RADIOACTIVITY, CURIES YUCLIDE TABLE: 
RADIOACTIVITY, CURIES ELEllENT TABLE: 
RADIOACTIVITY, CURIES SUMMARY TABLE: 
•ACTINIDES + DAUGHTERS***ACTINIDES + ,DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS** 
CONCENTRATIONS, GRA!IS SU!l!IARY TABLE: 
*FISSION PRODUC~S********FISSION PRODUCTS********PISSION PRODUCTS********FISSION PRODUCTS******* 
CONCENTRATIONS, ·GRAMS SUMMARY TABLE: 
(ALPHA,N) NEUTRON SOURCE 
SPONTANEOUS FISSION NEUTRON SOURCE 
LITE NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
FISSION l.'ROl>UCT NUCLIDE PHOTON TABLE 

OUTPUT TABLES--TITLE= DECAY OF PllR STRUCTURAL MATERIAL !!ASTE: 33,000 l'lf/D/MTHM RECYCLE # 
REACTIVITY AND BURNUP DATA 
•ACTIVATION l.'RODUCTS*****ACTIVATIOR PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
CONCENTRATIONS, GRAMS SUllMARY TABLE:· 
RADIOACTIVITY, CURIES NUCLIDE TABLE: 
RADIOACTIVITY, CURIES ELEMENT TABLE: 
RADIOACTIVITY, CURIES SUA!IARY TABLE: 
*ACTINIDES + DADGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS** 
CONCENTRATIONS, GRAMS SUMMARY TABLE: 
*FISSION PRODUCTS********PISSION PR~DUCTS********PISSION PRODUCTS********FISSION PRODUCTS******* 
CONCENTRATIONS, GRAMS SUMMARY TABLE: 
(ALPHA,R) Nl!UTR-JN SOURCE 
SPONTANEOUS FISSION NEUTRON ·SOURCE 
LITE NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
FISSION PRODUCT NUCLIDE PHOTON TABLE 

0 

0 



PAGE 

Table C.2. Sample ORIGEN2 table of contents for unit 11 

TAB~E OF CONTE~TS ON UNIT = 13 FOR OUTPUT UNIT = 11 

OUTPUT TABLES--TITLE= DECAY OF HIGH-LEVEL PWR-U WASTE; BURNUP=33,000 MWD(llTIHM RECYCLE # 0 
REACTIVITY AND BURNUP DA1A 
*ACTIVATION PRODUCTS*****ACTIVATION ?RODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 

2 CONCENTRATIONS, GRAMS SU·llM1.RY TABLE: 
4 RADIOACTIVITY, CURIES liUCLIDE TABLE: 

1B RADIOACTIVITY, CURIES ELEMENT ?ABLE:· 
20 RADIOACTIVITY, CURIES SU.111!1.RY TABL!l: 

*ACTINIDES + DAUGHTERS*~*AC~IRIDES + DAU~HTERS***ACTINIDES • DAUGHTERS***ACTINIDES + DAUGHTERS** 
22 CONCENTRATIONS, GRAMS SWIMARY TABL~: 

*FISSION PRODUCTS********FISSION PROJUCTS********FISSION PRODUCTS********FI5SION PRODUCTS******* 
24 CONCENTRATIONS, GRA!IS S!Jfl!IARY TABLE: 
26. (ALPHA,11) llEUTRON SOURCE 
27 SPONTANEOUS FISSION NEUT:<iOR SOURCE 
28 LITE NUCLIDE PHOTON TABLE 
33 ACTINIDE NUCLIDE PHOTON 'DABlE 
40 FISSION PRODUCT llUCLIDE ERO~Oli TABLE 

45 
45 

46 
48 

OUTPUT TAllLES--TITLE= DECAY OF PW& S~RU'CTURAL 

REACTIVITY AND·BURNUP DA1A 
*ACTIVATION PRODUCTS*****AC~IVATION 
CO!ICENTRATIONS, GRA!IS S.UtllURY 
RADIOACTIVITY, CURIES NU=LIDE 

llArERIAt ~ASTE: 33,000 llWD/llTH!I RECYCLE # 

l'RODUCTS*****ACTIVATION PRODUCTSO***ACTIVATIO!i PRODUCTS*.*** 
~ABLE: 

~ABLE.: 

r 

0 



APPENDIX D: SAMPLE ORIGEN2 VARIABLE CROS$-SECTION INFORMATION 
(OUTPUT UNIT Hi) 



IRRADIATIOS OP ONE METRIC TON OP Pl! RD FD•EL RECYCLE # 0 ONIT=16 

BASIS ONE l!ETRIC ':ON OP PllBO FUEL 

INITIAL VEC'ICB II TOTAL ACT G-A ll.181E 03 11110/G-A 1. 194E 00 TO 2. 390!: 00 AN'IIC IPA TION PAC TOR= 2.002E 00 

N= P·= 0.l) N= 2 :P= o. 0 N= 3 P= 4.551E-01 N= 4 P= 4.940E-01 N= 5 F= 5.095E-ll2 N= 6 'F= o.o N= 7 P= o.o 
N= 8 F= o. o N= 9 F= o.o N=1 ·J F= o.o N=11 P= o.o N=12 F= o;o N=13 P= o.o N=14 P= o.o 
N=15 F= o.o II= 16 ·P= O. 0 N=17 P= o.o N =18 P= 0.0 N= 

L NUCLID XSEC ':".>CAP (I) A (NI PP YIELD PIS.51J) A(N) TOCAP(I) 1.(N) PISS (J) OLD NEW 
TYPE I= N= IllDIC AP.R PP YIEJl.D XSEC XSEC 

1 9223110 1 750 1690 0 66 5.614E-09 1.981E 01 3. 512E·. 4 4. 5·::l4E-01 1. 935E 01 1 • 9 36 E 01 
2 922 350 1 751 1701 0 67 2. 959E-09 5.571E C1 3. 512 E··1 II II. 5 50 E 01 1.023E01 1.020E 01 
3 922350 II 751 0 1 67 7.863E 65 5. 550E 01 8.630E-:;1 II. 5 30 E 0 1 ll.550E 01 ll.530E 01 
4 9 22 360 1 752 1704 0 68 2. 244E-09 7. 939E 00 e.&30E-21 1. 9'l5 E-0 1 7. 713E 00 1. 7 39E 00 
5 922380 1 . 754 1709• 0 7•J 2.579E-10 9.952E-01 8.630E-::1 1. 0 C4E-01 8. 883E- 01 8. 893E-01 
6 932 370 1 761 1725 0 77 9.q52E-09 3.312E 01 8.630E-;;1 5.2 '"E-01 3. 271E 01 3.260E 01 
7 9112380 1 769 1749 0 85 9. 505E- 09 3. 517E 01 8.630E-.21 2.H6E 00 3. 292E 01 3.278E 01 
8 942 380 II 769 0 0 85 7.863E 65 3.51.7E 01 8.630E-21 2.3!1"E 00 2.396E 00 2. 3911E 00 
9 9112390 1 770 1756 0 86 1.881E-08 1. 794E ·02 8.630E-21 1.11l6E 02 6. 518E 01 6.1186E 01 

10 942390 4 770 0 2 .86 7.863E 65 1. 789E 02 4. 080E-19. 1.110E02 1. 146E 02 1.140E 02 
11 9421100 1 771 1761 0 B7 5. 277E-08 1.826E 02 4.080E-119 5.8•0E-01 1. 83 9E 02 1.820E 02 
12 9112 410 1 772 1765 0 88 1.1511E-08 1. 603E 02 ll.OSOE-19 1.2C-5E 02 II. OOOE 01 3.981E 01 
13 91121110 II 772 c 3 BB 7. 863E 65 1. 598E 02 1.121E 01 1. 2C•O E. 02 1. 205E 02 1. 200E 02 
14 9421120 1 773 1767- 0 89 B. 588E-09 3.008E 01· 1.121E )1 ll.5~9E-01 2. 951E 0 1 2.962E 01 
15 952410• 1 780 1784 0 96 3.127E-08 1. 225E 02 1.121E 01 1.3"9E 00 1.084E 02 1.078E C2 
16 9521110 2 780 11a;;· 0 96 3.863E-09 1.225E 02 1.121E :l1 1.3"9E 00 1.340E 01 1.332E 01 
17 9521130 1 783 1790 0 99 5.485E-10 3.8117E 01 1.121E )~ 3.5i1E-01 1. 906E 00 1.891E 00 ().. 

18 952430 2 783 1788 0 99 1. 042E-08 3. 818E 01 1.121E ) I 3.511E-01 3. 6 22E 0 1 3.5911E 01 
().. 

19 9 62 420 1 789 1797 0 105 1.576E-09 S.656E 00 1.121E )I 2. 2Cf!E-01 5. 1126E 00 5. 1!36E 00 
20 962440 1 791 1803 0 107 9.882E-10 4. 261 E 00 1.121E Jl e.5::9E-01 3.404E 00 3.408E 00 

pp YIELD J.D.JCSUENT FOR UNCONNE~ED ,,CTUIDES: COllNECT3D ACT=922350LABGEST UNCONNECTED lCT=9223f0NEll RATIO = 1.0002623 
CLO RATIO = 1. 00009 54 F.E· YIELD IN A = LI. 86107E-17 



IRBACIATION OF ONE !IE!RIC TON OF PllRO FOEL RECYCLE • 0 ONIT= 16 

BASIS ONE !IETRI: 7'011 OF PllRU POEL 

INI'UA L VECTCR 5 TOTAL ACT G-A 4. 159 E 03 !l~'D/G-A =· 2. 396E 00 TO 3. 598E 01) ANTICIPATION FACTOR= 1.502E 00 

N= F= o.o N= 2 P= o.o N= 3 P= o.o N= 4 P= o.o N= 5 P= 4. 382E-01 N= 6 F= o.o N= 7 F= 4. 4 76E-01 

N= 8 F= 1.1qu-01 N= 9 F= o.o N=10 F= o.o N=11 P= o.o N=1 i F= o.o N=13 F= o. 0 N=111 P= o.o 

N=15 F= o.o N=16 P= o.o N= 17 F= o.o N=18 F= o.o N= 

L NOCLID XSEC TOCAP (I) A(ll) PP YIELD PISS(J) A(N) TOCAP(I) A (N) PISS (J) OLD NEii 
TYPE .I= ~= I NDIC ARR FP YIELD XSEC XSEC 

1 9223110 1 750 1 ;g6 0 66 5-_ 7 08E-09 1. 977E 01 3. 578E- 1 4 4. 504E-01 1.936E 01 1.932E 01 
2 922 350 1 751 1101 0 67 3. 049E-09 5. 562E· 01 3.578E-11i ll.530E 01 1. 020 E 01 1. 032 E 01 
3 922350 II 751 0 1 67 7. 863E 6 5 5.63 OE 01 8.928E-21 4.598E01 ll.530E 01 II. 598E 01 
4 9 22360 1 752 1704 0 ·68 2. 262E-09 7.856E 00 8. 928E-21 1.975E-01 7.739E 00 7. 6 56E 00 
5 922380 1 754 1109 0 70 2.637E-10. 9.984E-01 8.928E-21 1. 0C4E-01 8. 893E-01 8.924E-01 
6 932370 1 761 1125 0 77 9.730E-09 3. 34 SE 01 8. 928E-21 5. 244E-01 3.260E 01 3.293E 01 
7 9112 380 1 769 H49 0 85 9. 907E-09 3.592E C1 8.928E-21 2. 394 E 00 3.278E 01 3.353E 01 
8 9q2380 II 769 0 0 85 7. 863E 65 3. 594E 01 8.928E-21 2.1116E 00 2. 3911E 00 2.111.6E 00 
9 9q2 390 1 770 1156 0 86 1.869E-08 1. 772E 02 8.928E-21 1. 140E Oi 6.1186E01 6. 3211E 01 

10 9112390 II 770 0 2 86 7.863E 65 1. 7511E 02 ll.092E-19 1.122E 02 1.140E 02 1.122E 02 
1 1 91121100 1 771 1161 0 87 4. 487E-08 1.524E 02 4.092E-19 5. 840E-01 1.820E 02 1.518E 02· 
12 91121110 1 772 ,.,6 5 0 88 1.171E-08 1. 596E 02 ll.092E-19 1.200E 02 3. 981E 01 3.964E 01 
13 91121110 Ii 772 0 3 88 7. 863E 65 1. 596E 02 1.115E 01 1.200E 02 1. 200E 02 1. 200E 02 
111 9112420 1 773 H67 0 89 8. 715E-09 2.995E 01 1.115E 01 ll.579E-01 2. 962E 0 1 2. 9119E 0 1 
1 5 952410 1 780 H.!!11 0 96 3. 138E-08 1.208E 02 1.115E 01 1.319E 00 1. 078E 02 1 .062E 02 
16 9 521110 2 780 1Y82 0 96 3. 878E-09 1.206E 02 1.115E 01 1.319E 00 1.332E 01 1.312E 01 
i7 9521130 1 783 1Y90 0 99 5.658E-10 3.8"21E 01 1.115E 01 3. 571E-01 1. 8911! 00 1.915E 00 °' 18 952430 2 783 1"88 0 99 1. 075E-08 3. 865E 01 1.115E 01 3.571E-01 .3. 594 E 0 1 3.638E 01 'I 

19 962420 1 . 789 H97 0 105 1.610E-09 5.6681! 00 1.115E 01 2.204E-01 5. 436E 00 5.4118E 00 
20 9621140 1 791 1 3•J3 0 107 ·1. 010 E-09 4.271E 00 1. 11 SE 01 8. 529E-01 3. 408E 00 3.418E 00 

FP YIELD ADJliS!l!ENT FOR ONCONNECT·~o ACTINI.DES: CO~RECTED ACT~922350LARGEST UNCONNECTED ACT=922360NEll RATIO = 1. 0004616 
CLD RATIC = 1. 000 26 23 FP 'lIELD IN A = 5. o 2896E".' 11 
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APPENDIX E: SAMPLE ORIGEN2 DEBUGGING AND INTERNAL INFORMATION OUTPUT 
(OUTPUT UNIT 15) 



NUl!BER OP COl!l!AND= 
NUl!BER OP COl!l!AND= 
NUl!BER OP CO!ll!AND= 
NOl!BER OF COllllAND= 
NUl!BER OP COll!IAND= 
NUl!BER OP COl!!IANC= 
NU!IBER OF CO!l!IAND= 
NUllBER OP COl!l!AND= 
NOl!BER OP COl!MAND= 
NUMBER OF COl!l!AND= 
NUl!B!R OF COl!l!ANI:= 
NOl!BER OP COMl!ANt= 
NUMBER OF COll!IAND= 
NUMBER OP COl!l'IAND= 
NUMBER OP COllllAND= 
NUl!E!R OP COl!l!AND= 
NUl!BER OP CO!l!IAND= 
NUl!BER OP COMl!AND= 
NOl!BER OF COl!llAND= 
NUMBER OF COllllAND= 
NUllBER OF COl!l!AND= 
NUl!BER OF COl!l!AND= 
NUllBER OF COl!l!ANt= 
NOllBER OP COl!llAND= 
NUl!BER OP COllllAND= 
NUllBER OF COlll!ANt= 
NUl!BFR OF COl!l!ANt= 
NUllBER OP COl!l!AND= 
NOllBER OP COlll!AND= 
NOllBER OF COlll!AND= 
NUllBER OF COllllANt= 
NUllBER OF COl!llANI:= 
NUllBER OP COlll!ANI:= 

1 ;.THIS IS INSTRUCTION 
2 THIS IS INSTRUCTION 
3 " THIS IS INSTRUCTION 
~ ; THIS IS INSTRUCTION 
5 THIS Is INSTRUCTION 
6 THIS IS INSTRUCTION 
7 THIS IS INSTROCTION 
8 THIS IS INSTRUCTION 
9 THIS IS INSTRUCTION 

10 THIS IS INSTRUCTION 
11 THIS IS INSTRUCTION 
12 THIS IS INSTRUCTION 
13 THIS IS INSTROCTION 
14 THIS IS INSTRUCTION 
15 THIS IS INSTRUCTION 
16 'THI$ IS INSTRUCTION 
17 THIS IS INSTRUCTION 
19 'THIS IS INSTRUCTION 
19 THIS rs INSTRUCTION 
20 THIS IS INSTRUCTION 
21 THIS IS INSTRUCTION 
22 THIS IS INSTRUCTION 
23 THIS IS INSTRUCTION 
24 THIS IS IN~TRUCTION 
25 THIS IS INSTRUCTION 
26 ·;rHIS IS INSTRUCTION 
27 THIS IS INSTROCTION 
28 THIS IS INSTRUCTION 
29 THIS IS INSTRUCTION 
30 THIS IS INSTRUCTION 
31 THIS IS INSTRUCTION 
32 THIS IS INSTRUCTION 
33 ~HIS IS INSTRUCTION 

1 OUT OF A TOTAL OF 
1 OUT. OF A TOT AL OF 
2 OUT OP A TOTAL OP 
3 OUT OF A TOTAL OF 
4 OUT OF A TOTAL OF 
5 OUT' 0 F ll TOTAL OF 
6 OUT OF A TOTAL OF 
7 OUT OP A TOTAL OF 
8 OUT OF A TOTAL OP 
1 OUT OF A TOTAL· OF 
1 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 
2 OUT OF A TOTAL OF 
3 OUT OF A TOTAL OF 
4 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 
1 OUT OF A TOT AL OF 
9 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 

10 OUT 0 F A. TOTAL OP 
2 OU.T OF A TOT AL OP 

11 OUT OF A TOTAL OF 
3 OUT OP A TOTAL OP 

12 OUT OF A TOTAL OF 
4 OUT OF A TOTAL OF 

13 OUT OP A TOTAL OF 
5 OUT OF A TOTAL OF 
2 OUT OF A TOTAL. OF 
1 OUT OP A TOTAL OF 
1 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 

OUT OF A TOTAL OF 

1 *BAS * INSTRUCTIONS. CJNIT=15 
18 *RI:A * INSTRUCTIONS. UNIT=15 
18 *BI:A * INSTRUCTIONS. CJNIT=15 
18 *RDA * INSTRCJCTIONS. UNIT=15 
18 *RDA * INS'IRUCTIONS. CJNIT=15 
18 *RDA * INSTRUCTIONS. CJNIT=l5 
18 *RI:A * INSTRUCTIONS. UNIT=15 
18 *RDA * INSTRUCTIONS. UNIT=15 
18 *RDA * INSTRUCTIONS. CJNIT=15 

1 *CU'I * INS'IRUCTIONS. UNIT=15 
1 *LIP * I NSTRCJCTI ONS. CJ NIT= 15 
4 *LPCJ * INSTRCJCTIONS. UNIT=15 
4 *LPCJ * INSTRCJCTIONS. UNIT=15 
4 *LPU * INSTRUCTIONS. UNIT=15 
4 *LPO * INS'IRUCTIONS •. UNIT=15 
1 *LIB * INSTRUCTIONS. UNIT=15 
1 *PBO * INSTRCJCTIONS.· CJNIT=15 
3 •TIT * INSTRCJCTIONS. CJNIT=15 

18 *RDA * INSTRUCTIONS. UNIT=15 
5 *INP * INS'I·RUCTIONS. UN1T=15 

18 *RDA * INSTRCJCTIONS. CJNIT=15 
5 *INP * INSTRUCTIONS. UNIT=l5 

18 *RDA * INSTRUCTIONS. CJNIT=15 
5 *INP * INSTRCJCTIONS. CJN1T=15 

18 *RDA * INSTRCJCTIONS. CJNIT=15 
5 *INP * INS'IRUCTIONS. '0NIT=15 

18 *RCA * INSTRCJCTIONS. 'UNIT=15 
5 *INP * INSTRUCTIONS. ~NIT=15 
3 *TIT * INSTRCJCTIONS. UNIT=15 
5 •l!OV * INSTRCJCTIONS. UN1T=15 
2 •RED * INSTRUCTIONS. UNIT=15 
2 *BOP * INSTRCJCTIONS •. ONIT=15 
0 ~IBP * INSTRUCTIONS. DNIT=l5· 

TSEC= 2.307E 06 DELT= 2.30~E 06 Tl= 7.461E-07 EPF1= 2.018E 02 FOOT= 5.0283-03 EPF2= 2.565E 02 FDDOT=-9.991E-10 EPF3= 2.137E 02 
T2= 3.229E-09 T3= 5.119E-1C0 T11'1= 1.505E-04 T21!= 5.125E-07 T3!1= 9.629E-08 EPFAVG= 2.019E 02 FLUK= 2.900E 14 POllER= 3.750E 01 
NUllBER OF COlll!ANI:= 34 ; THIS IS INSTRCJCTION 2 OUT JF A TOTAL OF 0 *IRP * INSTRUCTIONS. JNIT=15 

TSEC= 5.763! 06 DELT= 3.456E 06 T1= 7.453E-07 ~Pfl= 2.021E 02 FOOT= 3.3063-03 EPF2= 2.852E 02 ?DDOT=-8.284E-10 EPF3= 2.142E 02 
T2= 3. 173E-09 T3= 9.34CE-1C• T11!= 1.506E-04 T21!= li.542E-07 T31!= 1.764E-07 EPFAVG= 2.023E 02 FLUI= 2.897E 14 POWEP.= 3.750E 01 
NUMBER OF CO~llAND= 35 ; THIS IS INSTRUCTION 3 OUT JF A TOTAL OF 0 •IRe * INSTRUCTIONS. JNIT=15 

TSEC= 1.152E 07 DELT= 5.75LIE 06 Tl= 7.458E-07 3Pf1= 2.)25E 02 FOOT= 1.000E-03 EPF2= 1.109E 03 ::'DDOT=-5.964E-10 EPF3= 2.152E 02 
T2= 1.601E-09 'I3= 1.835E-09 T111= 1.510E-04 T21!= ~.922E-OS T3l'I= 3.490E-07 EPFAVG= 2.029E 02 FLU:= 2.899E 14 POWER= 3.750E 01 
NUl!BER OF COl!MANC= 36. ; iH:IS IS INSTRUCTION 4- OUT JF A TOTAL OF 0 "'IFP * INSTRUCTIONS. INIT=15 

TSEC= 2.304E 07 DELT= 1.1Sn: 07 Tl= 7.509E-07 EPF1= 2.032E 02 FDOT=-1.507E-03 EPF2= 1.413E 02 rDDOT=-3.484E-10 EPF3= 2.178E 02 
T2=-4.898E-09 '.13= 4.392E:-09 Tl!!= 1.526E-04 T21!=-1.431E-06 T31!= 8.ll21E-07 EPFAVG= 2.037E 02 FLUI= 2.919E 14 POWER= 3.750E 01 

.NUl!BER OF CO!l!IAND= 37 ; THIS IS INSTRUCTION 5 OUT OF A TOTAL OF 0 *IRP * INS7ROCTIONS. rNIT=15 

TSEC= 3.456E 07 J:ELT= 1.152E 07 T1= 7.674E-07 EPF1= 2.041E 02 FOOT=-li.638E-03 EPF2= 1.848E 02 EDDOT=-8.381E-11 EPF3= 2.408E 02 
?2=-1. 573E-Oe T3= 1.!:213-09 ill!= 1.566E-04 T2!'1=-3.545E-06 T31!= 2.957E-07 EPFAVG= 2.045E 02 FLOJ.= 2.983E 14 POWER= 3.750E 01 
NUllBER OP COl!llllND= 38 ; THIS IS INSTRUCTION 6 OUT OF II TOTAL OF 0 •IFP * INSTRCJCTIONS. CNIT=15 

TSEC= 3.802E 07 DELT= 3 • .:i56E 06 Tl= 8.0SSE-07 EPPI= 2.(0493 02 PDOT=-S.804E-03 EPF2= 1.918E 02 l'DDOT= 3.474E-11 EPF3= 1.643E •J2 
T2=-6.508E-09 T3= 2.524E-11 Tl!!= 1.650E-04 T21!=-1.424E-06 T3M= 4.920E-09 EPFAVG= 2.050E 02 FLU»= 3.131E 14 FOWER= 3.750E 01 
NUl!EER OP COl!l!ANt= 39 ; THIS IS INSTRUCTION 7 O~T CF ll TOTAL OF 0 *IBP *INSTRUCTIONS. ONIT=15 

TSEC= 4.608! 07 DELT= 8.0613 06 T1= 8.227E-07 B:PF1= 2.C51E 02 FDOT='-S.635E-03 EPF2= 1.921E 02 FDDOT= 4.285E-11 EPF3= 1.722E 02 
T2=-1. 537E-08 T3= 6.884E-11 T11!= 1.687E-04 T2!1=-3 .. 365E-06 T31!= l.279E-08 EPPAVG= 2.053E 02 FLUX:= 3.191lE 14 POWER= 3.750E 01 
NOllBER OF COllllAND= 40 ; T~IS IS INSTRUCTION 8 OUT CF A TOTAL OF 0 *lRP * INSTRUCTIONS. IEIT=15 

• .• 



' 

TSEC= 5.760E 07 DELT= 1.153E 07 T1= 8.496E-07 EPP1= 2.056B 02 FDOT=-6.007B-03 BPP2= 1.946E 02 FDDOT= 9.529E-11 EPF3= 1.922E 02 
T2=-2.498E-08 T3=-5.431E-10 T11!= 1.746E-04 T21!=-5.426E-06 T31!=-1.100E-07 EPPAVG= 2.059E 02 PLUI= 3.302E 111 POWER= 3.750E 01 
NUllB:ER OP COlll!AND= 111 ; THIS IS IllSTRUCTIOll 9 OUT OP A TOTAL OP 0 •IFP • IllSTBUCTIORS. UllIT=15 

TSEC= 6.336E 07 DELT= 5.7511E 06 T1= 8.557E-07 EPP1= 2.062E 02 PDOT=-6.237E-03 EPP2= 1.970E 02 PDDOT= 1.5611E-10 EPF3= 1.998E 02 
T2=-1.439E-08 T3=-3.8111E-10 T111= 1.8117£-04 T21!=-3.106E-06 T31!=-7.768E-08 EPPAVG= 2.063E 02 PLUI= 3.1181E 111 POWEB= 3.750E 01 
NUllBER OP COl!l!~llD= 42 ; THIS IS IUSTEUCTIOll 10 OUT OP A TOTAL OP 0 *IBP • IllSTBOCTIOllS. UllIT=15 

TSEC= 6.912E 07 DELT= 5.763E 06 T1= 9.288E-07 EPP1= 2.065E 02 PDOT=-5.SOllE-03 EPP2= 1.965E 02 PDDOT= 1.352E-10 EPP3= 1.987E 02 
T2=-1.368E-Oe T3=-3.771B-10 T11!= 1.918E-04 T21!=-2.968E-06 T311=-7.726E-08 EPfAVG= 2.066E 02 PLUX= 3.610E 111 POWEB= 3.750E 01 
NUl!BER OF COl!llAND= 43 ; THIS IS IllSTBOCTION 11 OUT OF A TOTAL OF 0 *IliP • IllSTBUCTIONS. Ull;IT=15 

TSEC= 7.603E 07 DELT= 6."9l2E 06 T1= 9.580E-07 EPP1= 2.068E 02 FDOT=-ll.987E-03 BPF2= 1.9611E 02 FDDOT= 1.259E-10 EPF3= 1.986E 02 
T2=-1.582E-08 T3=-5.716E-10 T11!= 1.981B-04 T211=-3.444E-06 T31!=-1.182E-07 EPFAVG= 2.070E 02 FLUI= 3.7211E 14 FOWER= 3.750E 01 
RU!IBER OP CO!ll!Alfl:= 114 THIS IS IllSi'RIJCTIOll 2 OUT OP A TOTAL OP 2 *BUP • IllS'il!UCTIORS. UllIT=15 
JIUllB:ER OP COl!llAND= 115 THIS IS IllSTRUCTIOll 1 OUT OP A TOTAL OF 1 •OP'l'L* IllSTRUCTIOllS. UllIT=15 
·11ul1BEB OP COllllANC= 46 THIS IS IllSTRUCTrOll 1 OUT OP A TOTAL OP 1 •OPTA• IBSTBUCTIO!IS. UllIT=15 
llUllBER OP COllllAllD= 47 ·THIS IS IHSTRIJCTIOll 1 OUT OP A TOTAL OP 1 •OPTP* IllSTBUCTIOllS. UllIT=15 
!llUl!BER OF COl!l!U.D= 48 THIS IS IllSTBDCTIO!l 1 OUT OP A TOTAL OP 2 •OUT • IllSTBUCTIOllS. UllIT=15 
JIUl!BEB OF COl!l!Allt= 49 THIS IS IllSTBIJCTIO!l 14 OUT OP A TOTAL OP 18 •BDA • IllSTBUCTIOllS. UllIT=15 
NUllBER OP COl!llANC= 50 THIS IS INSTRUCTION 2 OUT OF A TOTAL OF 5 •l!OV • IllSTRUCTIORS. UllIT=15 
JIUllBER OP COl!llAND= 51 THIS IS Ili'STRUC'fIOll 15 OUT OF A TOTAL OP 18 *RDA • IllSTRUCTIOllS. UNIT=15 
RDl!BER OP COllllAND= 52 ; THIS IS IllSTRIJCTIOll 1 OUT OP A TOTAL OP 1 *KBQ • INSTBUCTIORS. UllIT=15 
••KEQ !lF·ROA= 8.3111E 03 NDBSA= 7.955E U3 IllFA= 1. 048E 00 llPROB= 7.900E 03 NDESB= 7.939E 03 IllFB= 9.951B-01 
RHOC= 1.002E 04 NDESC= 7. 282E 03 Il!PC= 1. 377E 00 FRC=FBD BEFORE ll DEST SCALillG= 1,.625E-01 PRD=FRAC OP VECT C IllCLUDED= 1. 772E-01 
RUl!BER OP COllllAllD= 53 ; THIS IS INSTR'DCTIO!l 1 OUT OF A TOTAL OF 1 •PAC • IllSTRUCTIO!lS. UllIT=15 
**PAC LD= 1 FAC(LD)= 1.0000B 00 
NOl!BER OF COllllAllD= 511 THIS IS 
NUllBER OF COllllARD= 55 THIS IS 
ROllBER OF COllllANJ:= 56 THIS IS 
NUllBFR OF COl!l!ANt= 57 THIS IS 
NO llBER OF COlll!All C= 58 THIS IS 
NOllBER OF COllllARD= 59 THIS IS 
!ilOl!BER OF CO!lllkllD= 60 THIS IS 
NOllBER OP COl!l!ANC= 61 THIS IS 

INSTRUCTION 
IllSTRUCTIO!l 
IllSTR!JCTIO!l 
Ill STRUC:TION 
Ill STR UC Tl Oil 
IllSTB:JCTIOll 
IliSTB'.JCTIOll 
IliSTR;:JCTIOll 

16 OUT 
3 OUT 
3 OUT 
1 OUT 
2 OUT 
3 OiJ'l' 
2 OUT 

12 OU'! 

OP A 
OF A 
OP A 
OP A 
OP A 
OF A 
OF A 
OF A 

TOTAL OF 
TOTAL OP 
TOTAL OP 
TOTAL OP 
TOTAL OP 
TOTAL OF 
TOTAL OP 
TOTAL OP 

18 •RDA • IllSTRUCTIORS. 
3 •TIT • I!ISTBUCTIORS. 
5 •11ov • IllSTRUCTIORS. 
3 •ADD • INSTRUCTIORS. 
3 *ADD • IllSTRUCTIOBS. 
3 *ADD • IllSTRUCTIORS. 
2 •BED • IllSTBUCTIORS. 

22 *IBP • I:llSTRUCTIORS. 

UllIT=15 
UllIT=15 
UllIT=15 
UllIT=15 
UllIT=15 
UllIT=15 
UllIT=15 
UllIT=15 

':'SEC= 2. 307E 06 CELT= 2.307E 06 T1= 1.690B-02 EPF1= 2.019E 02 PDOT= 9.1153E-10 EPl'2= 2.127E 02 PDDOT=-5.695E-17 EPF3= 2.112E 02 
':'2= 1.090E-03 '?3=-5.051E-05 T111= 8.371E-05 T21!= 5.126B-06 T311=-2.392E-07 EPFAVG= 2.025E 02 PLUI= 2.890E 111 POWEB= 5.011E-07 
~OllBER OP CO!l!AND= 62 ; THIS IS IRSTBJCTIO!l 13 OUT OF A TOTAL OP 22 •IBP • I:llSTRUCTIOWS. UllIT=15 

TSEC= 5.763E 06 !>ELT= 3.456E 06 T1= 1.8·52E-02 EPF1= 2.029E 02 PDOT= 8.llOOE-10 EPP2= 2.129E 02 PDDOT=-ll.886E-17 EPP3= 2.112E 02 
72= 1. 0.52!!-03 'l3=-9. 726B-05 T11!= 9.175E-05 T211= 6.818B-06 T31!=-ll.605E-07 BPFA'lG= 2.036E 02 PLUI= 2.888E 111 FOllER= 5.575E-07 
llU"BER OP COlll!~ND= 63 ; THIS IS IllSTRDCTIOll 14 OUT OP A TOTAL OP 22 •IBP • IRSTRUCTIOIIS. URIT=15 

'!'SEC= 1.152E 07 DELT= 5.754E 06 T1= 2.123B-02 EPP1= 2.041E 02 FDOT= 6.9112E-10 EPF2= 2.133E 02 PDDOT=-3.817E-17 EPF3= 2.113E 02 
T2= 1.997E-03 T3=-2.107E-011 T11!= 1.040E-04 T211= 9.366E-06 T3!=-9.970E-07 EPPAVG= 2.048E 02 FLUX= 2.900E 111 POWER= 6.llSOE-07 
llDllBER OP COl!l!JlllD= 611 ; THIS IS IllSTB9CTIOll 15 OlJT OF A TOTAL OP 22 •IRP • IRSTRUCTIORS. UllIT=15 

'?SEC= 2.3011E 07 CELT= 1.153E 07 Tl= 2.(j511E-02 EPP1= 2.0SllB 02 FDOT= 5.252E-10 EPP2= 2.139E 02 PDDOT=-2.635E-17 EPP3= 2.115E 02 
'!'2= 3.027E-03 T3=-5.834E-04 T111= 1.195E-04 T21!= 1.415E-05 T311=-2.758E-06 EPFAVG= 2.062E 02 PLUX= 2.955E 111 POllER= 7.707E-07 
llUllBER OF COl!llAND= 65 ; THIS IS IllSTRDCTIOll 16 OUT OP A TOTAL OP 22 *IRF • INSTRUCTIONS. UllIT=15 

TSEC= 3.456E 07 DELT= 1.152E 07.T1= 2.901E-02 EPP1= 2.068E 02 FDOT= 3.254E-10 EPF2= 2.153E 02 PDDOT=-1.381E-17 EPF3= 2.121E 02 
T2= 1.874E-03 T3=-3.053E-011 T111= 1.403E-04 T21!= 8.704E-06 T31!=•1.1139E-06 EPPAVG= 2.072E 02 FLUX= 3.0SOE 111 POllER= 9.012E-07 
llUl!BER OF COl!l!AllC= 66 ; THIS IS IRSTBDCTIO!l 17 OUT OP A TOTAL OF 22 *IBP • IRSTBDCTIONS. URIT=15 

TSEC= 3.802E 07 DELT= 3.456E 06 T1= 3.185E-02 EPP1= 2.076E 02 FDOT= 2.11111E-10 EPP2= 2.168E 02 FDDOT=-8.1122E-18 EPP3= 2.130E 02 
T2= 3.705E-04 T3=-1.676E-05 T11!= 1.534E-04 T21!= 1.709E-06 T311=-7.871E-08 EP,1:AVG= 2.077E 02 FLUX= 3.156E 14 POWER= 9.823E-07 
BDllBER OP COl!llARD= 67 ; THIS IS INSTB~CTIOll 18 OUT OP A TOTAL OF 22 •IBP • IllSTBUCTIOllS. UllIT=15 

I 
.j 



TSEC= 4.608E 07 DELT= 8.061E 06 T1= 3.246E-02 EPF1= 2.078E 02 FOOT= 1.943E-10 EPF2= 2.173E 02 ?DDOT=-7.771E-18 EPF3= 2.133E 02 
T2= 7. 833E-Ot '!3=-8.416E-05 T11!= 1.562E-0.4 T2M= 3.6043-06 T3M=-3.946E-07 EPFAVG= 2.080E 02 PLO~= 3.258E 14 POWER= 1.044E-06 
NUMBER OF CO!':MAND= 68 ; THIS IS INSTRUCTION 19 OUT OF A TOTllL OF 22 *IliF * INSTRUCTIONS. ·1NIT=15 

TSEC= 5.760E 07 DELT= 1.153E 07 Tf= 3.371E-02 EPF1= 2.082E 02 FDOT= 1.426E-10 EPF2= 2.190E 02 FDDOT=-5.742E-18 EPP3= 2.141E 02 
T2= 8.220E-04 'I3=-1.271E-04 T1M= 1.619E-04 T2M= 3.753~-06 T3M=-5.939E-07 EPFAVG= 2.084E 02 FLOK= 3.397E 14 POWER= 1.130E-06 
NOllBER OF COl!MAND= 69 ; THIS IS INSTRUCTION 20 OUT OP A TOTllL OF 22 *IRF * INSTRUCTIONS. UNIT=15 

TSEC= 6.3361! 07 CELT= 5. 754E 06 T1= 3. 451E-02 EPF1= 2. 085E 02 FOOT= 9.412E-12 EPF2= 3.986E 02 FDDOT= 3. 763E•18 EPF3= 2. 076E 02 
T2= 2.708E-0'5 '13= 2.076E-05 T11'1= 1.655E-04 T211= 6.793::-08 T311= 1.000E-07 EPFllVG= 2.086E 02 FLUX= 3.536E 14 POWER= 1.181E-06 
NOllBER OF COl!MAND= 70 ; THIS IS INSTRUCTION 21 OUT OF A TOTAL OF 22 *IRF * INSTRUCTIONS. UNIT=1!: 

TSEC= 6.912E 07 DELT= 5.153E 06 T1= 3.436E-02 EPF1= 2.087E 02 FDOT= 3.455E-11 EPF2= 2.396E 02 PDDOT= 1.481E-18 EPF3= 2.024E 02 
T2= 9.956E-05 T3= 8.197E-06 T111= ;.647E-04 T21!= 4.155E-07 T311= 4.049E-08 EPFAVG= 2.088E 02 FLUX= 3.662E 14 FOWER= 1.220E-06 
NUMBER OF C01'111ANt= 71 ; THIS IS INSTRUCTION 22 OUT· OF A TOTAL OF 22 *IRF * INSTRUCTIONS. UNIT=15 

TSEC= 7.6031! 07 CELT= E.912E 06 Tl= 3.437E-02 EPF1= 2.08BE 02 FDOT= 4.536E-11 EPF2= 2.304E 02 FDDOT= 1.792E-19 EPF3= 1.570E 02 
T2= 1. 568E-011 T3= 1.427E--06 T11'1= 1.646E-04 T211= 6.803iE-07 TJM= 9.090E-09 EPFAVG= 2.089E 02 FLU= 3.783E 14 POWER= 1.262E-06 
NO!l8ER OF COllllAND= 
NOllBER OF COl!llAND= 
NOllBER OF COllllANC= 
NOllBER OF COllllAND= 
NUMBER OF CO!l!IANC= 
NOllBER OF COllllAND= 
NUMBER OF COlll!AND= 
NOllBER OF COllMANC= 
NOllBER OF COllllANC= 
NO llB ER OF COtlM AND= 
NOllBER OF COl!l'IAND= 
NUMBER OF COllllAND= 
NOllBER OF COllMAND= 
NUMBER OF COMllAND= 
NUllBER OF CO:llllAND= 
NUllBER OF CCllllAND= 
NOllBER OF CCllllAND= 
NO!IBER OF COllMANC= 
NO!IBER OF COllllAND= 
NUllBER OF COll!IAND= 
NUMBER OP CCllllAND= 
NUMBER OF CCllllAND= 
NUllBER OF CCllMAND= 
NOllBER OF CCllMAND= 
NUllBER OF CCllllAND= 
NOl'IBER OF COlll!AND= 
NOllBER OF COll!!ll.ND= 
NOllBER OF COllMANC= 
NOllBER OF CC•Ml'IAND= 
NOl!BER OF COllllAND= 
NOllBER OF COl!llAND= 
NUMBER OF COllllAND= 
NOllBER OF COllllANC= 
NOllBER OF COllllAND= 
NOllBER OF COllllANC= 
NUMBER OF CCllllAND= 
NOllBER OF COl!llAND= 
NO llB ER OF COllllAN C= 
NOllBER OF COllMAND= 
NOllBER OF COMMAND= 
NOllBER OF CCllllAND= 
NUMBER OF COllllAND= 
NOllBER OF COllllANC= 
NO II BER OF COllllAN D= 

72 ; 
73 
74 
75 
76 ., 
77 ; 
78 ; 
79 ; 
80 
81 

1 
2 ; 
3 ; 
4 ; 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 .• 
34 ; 

THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
TRIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS: INSTRUCTION 
THIS IS. INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUC'IION 
THIS IS INSTRllCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS 15 INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 
TRIS IS INSTRUCTION 
THIS IS INSTRUCTIO!f 
THIS IS INSTRUCTION 
TRIS IS INSTRUCTION 
THIS IS INSTRUCTION 
THIS IS INSTRUCTION 

2 OUT OF A TOTAL OF 
17 OUT OF A TOTAL OF 
18 DOT "F A TOTAL OF 

4 OUT OP A TOTAL OP 
5 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 
2 OO'I OF A TOTAL OP 
3 OUT OF A TOTAL OF 
4 OUT OP A TOTAL OF 
1 OUT OF A TOT AL OF 
1 OU] OF A TOTAL OF 
1 OU'J OF A TOTAL OF 
1 001 OP A TOTAL OF 
1 OU'.J OF A TOTAL OP 
1 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 
1 OUT OF A TOTAL OF 
1 OU'!' OF A TOTAL OF 
2 00~ OF A TOTAL OF 
1 OUT OF A TOTAL OF 
1 OU~ OF A TOTAL OF 
2 OU~ OF A TOTAL OF 
3 OU~ OF A TOTAL OF 
4 OU~ OF A TOTAL OF 
2 00~ OF A TOTAL OF 
3 OU~ OF A TOTAL OF 
1 OU: OF A TOTJIL OF 
2 OU: OF A TOTAL OF 
1 OU: OF A TOTAL OF 
2 OUT OF A TOTAL OF 
3 OUT OF A TOTAL OF 
4 OUT OF A TOTAL OF 
5 OUT OF A TOTAL OF 
6 our CF A TOTAL OF 
7 our OF A TOTAL OF 
8 our OF A TOTAL OF 
9 our OF A TOTAL OF 

10 001' OF A TOTAL OF 
11 our OP A TOTAL OF 
12 our OP A TOTAL OF 
13 our OF A TOTAL OF 
14 our OF A TOTAL OF 
15 OUT OF A TOTAL OF 

1 omr OF A TOTAL OF 

2 *OUT * INSTRUCTIONS. UNIT=15 
18 *RDA * INSTRUCTIONS. UNIT=15 
18 *RDA * INSTRUCTIONS. UNIT=15 

5 *llOV * INSTRUCTIONS. ONIT=15 
5 *llOV * INSTRUCTIONS. ONIT=15 
4 *PCR * INSTRUCTIONS. ONIT=15 
4 *PCR * INS'IROCTIONS. ONIT=15 
4 *PCB * I NSTROCTI ONS. UNIT= 15 
4 *PCR * INSTRUCTIONS. ONIT=15 
1 *STP * INSTRUCTIONS. ONIT=15 
2 *BAS * INSTRUCTIONS. UNIT=15 
1 *CO'I * INS'IROCTIONS. UllIT=15 
1 *LIP * INSTRUCTIONS. ONIT=15 
1 *LPO * INSTRUCTIONS. ONIT=15 
1 *LIB * INSTRUCTIONS. ONIT=15 
1 *PHO * INSTRUCTIONS. ONIT=15 
3 *l!OV * INSTRUCTIONS. O!IIT=15 
6 *RDA * INSTRUCTIONS. U!IIT=15 
6 *RCA * INSTRUCTIONS. OllIT=15 
0 *DEC * INSTRUCTIONS. U!IIT=15 
4 *PRO * INSTRUCTIONS. OllIT=15 
4 *PRO * INSTRUCTIONS. UNIT=1'5 
4 *PRO * INSTRUCTIONS. ONIT=15 
4 *PRO * INSTRUCTIONS. U!IIT=15 
2 *BAS * INSTRUCTIONS. ORIT=15 
6 *RDA * INSTRUCTIONS. ORIT=15 
2 *TIT * INSTRUCTIONS. OUT=15 
3 *llOV * INSTRUCTIONS. OYIT=15 
2 *HED * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. UNIT=15 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=l5 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC *INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=15 
0 *DEC * INSTRUCTIONS. ONIT=l5 
0 *DEC * INS'IROCTIONS. UNIT=1•5 
0 *DEC * I NSTROCTI ONS. UNIT= tS 
4 *OUT * INSTRUCTIONS. ONIT=l5 
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APPENDIX F: LISTING OF SAMPLE PCH COMMAND OUTPUT 
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1 30060 1.0830E-02 300 70 1. 3357E-O 1 50100 1.8519E-02 50110 7.IJ074E-02 
1 60120 7.3€C5E OC 60130 8.2619E-02 70140 1.7787E 00 70150 6.5343E-03 
1 80160 8.3807E 03 80170 3.1923E 00 80180 1.7138E 01 90190 5. 6316E-O 1 
1 110230 6.5217E-01 120240 6.4958E-02 12 02 5 0 8.2236E-03 120 260 . 9.0542E-03 
1 1 302 70 6. 1852E-01 140280 3. 9702E-O 1 140290 2.0103E-02 140 300 1.3345E-02 
1 150310 1.1290E 00 170350 1.1317E-01 170370 3.6190E-02 200400 4.8330E-02 
1 200420 3.2232E-04 200430 6.4812E-05 200440 1.0420E•03 200 460 1. 7449E-06 
1 2 004 80 9.4726E-05 220460 1. 7217E-03 2204 70 1.5547E-03 220480 1. 5380E-02 
1 2 20490 1. 1269E-0 3 220500 1.0852E-03 230500 1.4707E-04 230510 5. 8679E-02 
1 240500 3.3426E-03 2405 20 6. 4385E-0 2 240530 7.2999E-03 240540 1. 813 SE-03 
1 250550 3.0909E-02 260540 1.8705E-02 260560 2.9538E-01 260 570 6.9217E-03 
1 260580 9.3363E-04 270590 1.6949E-02 280580 2.7887E-01 280600 1. 0661E-O1 
1 280610 4.6158E-03 2806 20 1.4665E-02 28064 0 3.7172E-03 290630 1.0878E-02 
1 290650 4. 8415E-03 300640 2.9916E-01 300660 1. 7174E-01 300670 2. 523 8E-02 
1 3 00680 1.1560E-01 300700 3.8164E-03 420920 1. 5413E-02 420940 9. 6850E-03 
1 42oq50 1.6558E-02 420960 1.7391E-02 420970 9.9974E-03 420980 2. 5098E-02 
1 4 21000 9.9974E-03 471070 4. 8007E-04 471090 4.4617E-04 481060 2.8888E-03 , 4 81080 1.9777E-03 481100 2.7777E-02 481110 2.8443E-O:?. 481120 5. 3576E-02 
1 4 8113 0 2. 711OE-02 481140 6. 37 75 E-0 2 481160 1. 6666E· 02 491130 7 0 4839E•04 
1 491150 1 .6656E·02 501120 3.3675E-04 501140 2.2562E·04 501150 1. 2796E-04 
1 501160 4.9502E-03 501170 2. 6098E-03 5011 80 8.1829E-03 501190 2,; 8960E-03 
1 501200 1.0911E-02 501220 1. 5490E-03 501240 1.8858E-03 641520 3. 1781E-05 
1 641540 3.3370E-04 6415 50 2.3518E-03 641560 3. 27 34 E-03 641570 2. 4948E-03 
1 6415 80 3. 9408E-03 641600 3.4641E-03 741800 1.4138E-05 741820 2. 8603E-03 
1 741830 1.5552E-03 7418 40 3.3355E-03 741860 3. 1104E- 03 822040 6. 7554E-05 
1 8 22060 1.1629E-03 822070 1. 06 64·E-03 822080 2.5285E-03 832090 1.9139E-03 
2 9 22340 1.2393E 00 922350 1. 3617E 02 922380 4.0660E 03 0 o.o 
0 o.o o.o o.o 
1 10010 8.9703E-03 10020 3. 7750E-06 1003 0 9.0551E-03 10040 6.6664E-17 
1 20030 8.0598E-05 20040 5.9353E-01 20060 2.1259E-16 30060 1. 6146E-O 3 
1 30070 1.S2C8E-01 30080 2.0576E·13 40090 7.0549E-05 40100 8. 4116E-0 7 
1 40110 5.3748E-19 50100 9. 3346E-07 50110 7. 5224E-02 50120 4.4597E-16 
1 60120 7.36 04 E 0 0 60130 6. 4544E-O 1 60140 9.5116E-03 60150 1. 0694E-12 
1 70140 1.7693E 00 70150 6. 8554E- 03 70160 1.9474E-11 80 160 8.3801E 03 
1 80170 3.1942E 00 80180 1. 7138E 01 80190 9.1967E-12 90190 5.6315E-01 
1 90200 4. 7334E-12 100200 1. 8751 E-05 100210 7.6179E-08 100220 1.0732E-07 
1 1 002 30 6 .2769E-12 1102 30 6. 5075E-O 1 110240 1.7006E-06 110241 2.5315E-13 
1 110250 1.6620E-14 1202 40 6.6372E-02 120250 8. 2279E- 03 120 260 9.0568E-03 
1 1 20270 2.8280E-11 120280 4.0014E-18 130270 6.1819E-01 130 280 9.8048E-10 
1 130290 3. 6348E- 13 130300 3.3030E•18 14 02 80 3.9721E•01 140 290 2.0234E-02 
1 1 40300 1.3353E-02 140310 6. 31J46E-09 140320 S.5757E-12 150 310 1. 128 6E 00 
1 150320 1.1779E-05· 150330 4.2421E-14 150340 9.1671E-15 160320 4.1885E-04 
1 1 6033 0 2.3099E-07, 160340 3. 3327E-08 160350 1.9442E-05 160360 4. 9012E-10 
1 160370 4.5166E-14 170350 1.0343E-01 1703 60 9.6119E-03 170 370 3.6259E-02 
1 170380 1.7584E-09 170381 6.7214E-15 180360 2.S211E-08 180370 3. 350 9E-08 , 180380 3.5475E-05 180390 2.4157E-08 1804 0 0 2.0591E-08 180410 8.4735E-15 
1 180420 4.9846E-18 190390 5.5720E-11 190400 1.6789E- 06 190 410 5.4474E-08 
1 1 90420 5.3038E-12 190430 3. 0207E-13 190440 1. 8652E- 15 200400 4. 8287E-02 
1 200410 4.1000E-05 200420 3. 2187E-04 200430 6.4299E-05 200440 1.0407E-03 
1 200450 6.4526E-07 200460 1.7431E-06 2004 70 2. 2518E-11 200 480 9.4505E-05 
1 200490 2.5789E-12 210450 1. 5972E-06 210460 1.3903E-08 210461 1.3360E-14 
1 210470 1.8595E-10 210480 9.0616E-12 210490 1.7036E- 11 210 500 9.4961E-17 
1 2 201J6 0 1•7194 E-03 2204 70 1. SSOSE-0 3 220480 1 .. 513JE-02 220490 1. 3752E·-03 
1 2 20500 1.0910E-03 220510 3.3993E-12 230500 1.2407E-04 230510 5. 8186E-02 
1 2 30520 3.0961E-09 230530 1.2279E-15 230540 7.8552E-18 240500 3.2308E-03 

·1 240510 5. 8079E-O 6 240520 6.4477E-02 240530 7.5426E-03 240540 2.1020E-03 
1 240550 8.9656E-12 250540 4. 3286E-07 250550 2.9797E-02 250560 2. 381 8E-07 
1 2 50570 5.8188E-15 250580 1.1580E-17 2605 40 1. 8612E- 02 260550 7. 5427E-05 , 2 60560 2.9463E-01· 260570 8.8299E-03 260580 1.0438E-03 260590 2. 5109E-07 , 270580 9.3829E-06. 270590 1. 5144E-02 270600 1. 5793E-03 270601 1. 3084E-08 
1 270610 1.3197E-09 270620 3.3837E-15 280580 2.7539E-01 280590 2.8969E-03 
1 280600 1.0661E-01 280610 5. 2417E-0 3 280620 1.4253E-02 280630 4. 251 1E-04 
1 280640 3.7917E-03 280650 2. 6126E-09 280660 5. 8698E- 13 290630 1. 075 9E-02 
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1 2 906 40 1. 2338E-07 290650 5.2473E-03 290660 1. 9506E-10 290670 2. 7548E-13 
1 3 00640 2~9852E-01 300650 2. 6808E-04 30066 0 1.7141E-01 300670 2. 496 2E-0 2 
1 3C0680 1. 1577E-01 300690 3. 5232E-08 300691 3.4304E-08 300700 3. 8157E-03 
1 300710 2.1430E-12 300711 2.2017E-11 310690 4. 6184E-04 310700 1. 6503E-10 
1 310710 7. 3925E-07 3107 20 2.3478E-11 3107 21 5.6719E-19 320700 2. 941 OE-06 
1 3 207 10 4.9541E-1C 320711 9.0865E-19 320720 1.0417E-OR 320730 1. 0 33 IH-11 

... 1 3 20740 2. 0933E-13 320750 3. 9625E-2 0 320751 8. 2 2 86 E-23 320760 6.7423E-23 
1 3 30 750 7.1608E-17 330760 7.9615E-21 340760 6.0984E-19 340770 2. 084 4~-20 
1 340780 2.8296E-22 380870 7. 4980 E-25 3808 80 2.8167E-15 380890 5.6979E-16 
1 3 80900 7. 7963E-17 380910 8.2107E-20 390890 5. 9165E- 13 390891 2.1073E-19 
1 3 90900 1.3312E-17 390901 3.4010E-22 39091 0 1.0699E-16 390920 4.0359E-18 
1 390930 1.2707E-25 390940 1. 9655E-21 400890 2.3024E-12 400900 1. 1980E-15 
1 4 00910 4.8856E-09 4009 20 1.1646E-07 400930 4.1837E-09 400940 1. 0086E-08 
1 400950 1.5222E-10 liQ0960 6.8501.E-13 400970 3. 9163E-14 410920 1.4243E-09 
1 4 1093 0 1 .4500 E-09 1no931 1.9492E-15 4109 40 5.8524E-09 410950 2.2029E-10 
1 4 109 51 6.15'54E-14 410960 5.0914E-12 410970 9.9658E-14 410971 3. 6548E-17 
1 410980 9.5514E-18 411000 4.0549E-19 420920 1.5406E-02 420931 1. 0 711 E-10 
1 4 20930 6. 4 299E-06 42.0940 9.6755E-03 42 0950 1.4932E-02 420960 1.8721E-02 
1 420970 1. 0131E-0 2 420980 2.5123E-02 4209 90 7. 7232E-07 421000 9. 9609E-03 
1 421010 7.0718E-10 430990 1.6268E-05 431000 1.2815E-12 431010 6. 8687E-10 
1 4 40990 6.0606E-11 441000 1. 8889E-06 441010 3. 51 86E-05 441020 1.2922E-06 
1 441030 5. 3515E-10 441040 1.1749E-11 441050 2 .6846E-17 441060 3.5416E-20 
1 451030 1.8009E-10 4510UO 3.8469E-16 451041 7.2836 E-17 451050 1.9424E-16 
1 ~51051 2.1167E-20 451060 5. 5427E-17 451061 3. 9301E- 19 461040 2.9382E-10 
1 4 6105 0 2.1363E-12 461060 1.4404E-10 461070 2. 2751E- 10 461071 1.1887E-20 
1 461080 1. 4998E-06 461090 2.8605E-10 461091 2. 7156E-14 461100 B.0442E-07 <\ 
1 4 6 11 10 1. 6640E-13 4611.11 3. 5335E-13 471070 4.1298E-04 471080 2. 0039E-10 ,,_..... 
1 U71081 4. 5216E-06 471090 1. 6 267E-04 471091 2.3364E-13 471100 8. 497,2E-1'1'" 
1 471101 u. 1550E-06 471110 2.0979E-08 471111 1. 0490E- 12 471120 4.4659E-13 
1 U81060 2.8827E-03 481070 3. 1638E-09 U810 80 2.0317E-03 481090 4. 6896E-06 
1 481100 2.6548E-02 481110 2. 7S04E-02 481111 7.0363E-10 481120 5. 4742E-02 
1 481130 8.5750E-06: 481140 9.0172E-02 4811 50 6. 1087E-06 481151 1. 0388E-05 
1 U81160 1 • 6 6 2 3 E-0 2 48 117 0 B. 8990 E-09 481171 4. 2951E-10 481190 5.9300E-18 
1 481210 4.0606E-20 491130 5. 5505E-04 491140 2. 6300E- 10 491141 6. 8305E-06 
1 u 911 so· 2.6650E-04 491160 1. 9718E-10 491161 3. 5985E- 08 491170 1. 343 SE-09 
1 491111 6.283CE-09 491180 1.5883E-17 491190 1.5001E-16 491191 1.1355E-17 
1 4 91200 1.3466E-25 491210 7.2837E-20 501120 3.3047E-04 501130 9.0236E-07 
1 501131 5.0296E-11 501140 4.0421E-04 501150 1.1466E-04 501160 2. 1196E-02 
1 501170 2.8699E-03 501171 3.8631E-06 501180 8. 1527E- 03 501190 2. 9U17E-03 
1 501191 1.3909E-05 501200 1.0916E-02 501210 3. 3757E- 08 501211 9. 058BE-08 
1 501220 1.5474E-03 501230 3. 7148E-07 501231 3. 1948E-13 501240 1. 867 3E-03 
1 501250 1. 8814E-07 501251 1.0344E-10 511210 1.4743E-05 511220 1. 0307E-08 
1 511221 9.7912E-14 511230 1.2013E-06 511240 9. 7027E-09 511241 5. 849 4E-16 
1 511250 1.3835E-05 511260 5. 5500E-09 511261 5. ~ 912E- .13 521220 9.6282E-07 
1 521230 1.0627E-08 521231 3.0443E-09 521240 4.6251E-08 521 250 4.1105E-06 
1 521251 1.66CEE-07 521260 1,6791E-07 521270 1.4006E-12 521271 2. 407 4E-11 
1 5 21280 1.4027E-12 ~21290 3.7408E-19 521291 6.5576E-18 521300 8.6762E-21 
1 531270 5.9902E-10 p31280 2. 37 48 E-1 5 5312 90 8.0G17E-16 531300 9. 480-2E-20 
1 531301 4.6305E-22 531310 2. 20 52E-22 541280 1.6624E-11 541290 5.4735E-14 
1 541291 2.9608E-16 541300 1. 8977E-15 541310 4. 0723E- 18 541311 5. 0879E-20 
1 541320 3.8128E-19 541330 9.9055E-24 541331 1.2488E-25 541340 3.8114E-25 
1 5 51330 1.0132E-22 551340 2. 4924E-24 6 01460 7.3754E-19 601470 9.0780E-23 
1 601480 4.2701E-19 601490 3. 5507E-23 6114 70 1.2578E-21 611480 2. 7412E-23 
1 6111J81 1.2056E-23 611490 1.3703E-21 611500 9. 5530E- 25 611510 2.0324E-14 
1 611520 3.7473E-19 621470 3. 3320E-22 621480 1.3259E-19 621490 5.5669E-14 
1 621500 9.0126E-11 621510 2.4066E-12 621520 1.8090E-11 621530 1.2515E-13 
1 6 21540 1.8511E-11 621550 2.0842E-17 631510 1.5372E-15 631520 5.8195E-15 
1 631521 7.8042E-18 631530 1. 089 2E-0 5 631540 5. 36 37 E-06 631550 1. 7 30 3E-06 
1 631560 4.2254E-07 641520 6.5381E-07 641530 5. 7669E-06 641540 2. 3 979E-04 
1 641551 2.7659E-17.541550 1.1874E-06 641560 5.2239E-03 641570 1. 6809E-06 
1 641580 6.6458E-03 641590 4.5121E-07 641600 3. 4326E-03 641610 1.5404E-10 
, 641620 1.3462E-13 651590 2. 4226E-04 651600 8.8498E-06 651610· 6. 2218E-07 
1 65162C 9.8551E-14 ~61600 2. 1899 E-0 5 661610 2.4248E-05 6616 20 1.3441E-05 
1 661630 7.0338E-06 661640 7. 8187E-07 6616 50 1. 1746E- 09 661651 4.2801E-12 
1 6 61660 1.5872E-10 671650 1. 4548E-06 671660 2.0072E-09 671661 8. 8089E-09 
1 681660 1.8783E-07 681670 3. 9103E-09 6816 71 5.1821E-16 681680 3. 1390E-09 
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1 681690 1.3034E-12 681700 5.1260E-16 681710 7.0281E-21 6R1720 1.6313E-23 
1 691690 8.1HOE-12 691700 7.9840E-13 691710 3. 5732E- 14 691720 1.4745E-17 
1 701700 3 .4448E-13 101710 9.2369E-15 1017 20 5. 1536E- 16 701730 7.6142E-19 
1 701140 1. 6 00 9E-20 701750 1. 7998E-2 3 711750 1.4551E-22 711760 1. 192 U-24 
1 721160 3.6578E-24 721770 1.6285E-25 731810 1.1126E-06 731820 2.4983E-08 
1 7 31821 5. 7127E-15 731830 3. 9336E-09 741800 1. 2413E-05 741810 3.6141E-07 
1 741820 1. 9093E-03 7418 31 2. 3174E-13 741830 2. 07 52E- 03 7418UO 3. 7246E-03 
1 741850 6.1126E-06 741851 1.0893E-13 741860 2. 1300E- 03 7U1870 1. 534 OE-06 
1 741880 3.6586E-07 741890 1. 34 73E-23 751850 2.1541E-05 751860 2. 0020E-07 
1 751870 8.2672E-04 751880 3.6422E-07 751881 6. 4 746E-09 751890 2.9943E-12 
1 7 61860 1 • 3 5 '17 E -0 5 761870 1.0004E-14 761880 1.4770E-04 761890 4. 2621E-06 
1 761900 5.7257E-07 76190 1 3.1226E-16 761910 6.3094E-10 761911 1. 7403E-11 
1 7 61920 4.1268E-11 761930 7.0835E-16 7619 uo 3. 1461E-16 771910 2.5372E-09 
1 771920 7.1570E-10 771921 7.6023E-13 771930 2.4029E-10 771940 3. 6560E-13 
1 771941 8.9425E-21 781920 8.1380E-10 781930 9.0727E-12 781931 8. 1175E-14 
1 7 81940 3.5687E-11 781950 2.0060E-14 781951 7.5349E-17 781960 5.9022E-16 
1 78197C 5.3351E-21 781971 2. 6779E-23 791970 3. 2783E- 19 791980 1. 5157E-21 
1 7 91990 4.9825E-22 801980 2.5802E-20 801990 5.3932E-21 802000 2.4794E-21 
1 802010 6.5452E-23 802020 1.7384E-24 812050 4.0456E-15 812060 3.8293E-19 
1 8 22040 6.7401E-05 822050 1.5317E-07 822060 1.0993E-03 822070 1.1284E-03 
1 822080 2.5302E-03 822090 6.9003E-13 832080 2.7805E-09 832090 1. 913 SE-03 
1 832100 1.8843E-09 832101 1. 4478E-07 832110 6. 10 qRE- 19 842100 4. 711u2E-08 
1 842110 3.7459E-20 842111 2.7872E-20 0 o.o 0 o.o 
2 20040 5.4434E-02 812070 6. 6320E-18 812080 4.2637E-15 812090 3. 8622E-20 
2 6 22060 2.7527E-16 822070 3.9546E-13 822080 8.3365E-10 822090 1.6115E-16 
2 8 22100 2.8611E-14 822110 5.0333E-17 822120 2 .46 74E-12 8 22 140 1.9731E-18 
2 832080 5. 7287E-20 832090 1.7886E-13 832101 2. 9829E- 18 8 32100 1. 7789E-17 
2 832110 2.9698E-18 832120 2. 3405E-13 832130 3. 7102E-17 832140 1.4651E:_18 
2 842100 2.7302E-16 842110 3.6437E-23 842120 1.2383E-23 8 42140 2. 6366E-25 
2 842150 4.1362E-23 842160 9.6634E-18 842180 2.2460E-19 852170 4.3753E-22 
2 862180 1.3228E-23 86 2190 9. 2018E-20 8622 00 3.5819E-15 862220 4.0551E-16 
2 872210 3.9012E-18 872230 4.6935E-19 88222 0 1.4362E-20 882230 2.2956E-14 
2 8 82240 2.0370E-11 882250 1.8096E-14 882260 6.1907E-11 882280 2.8729E-17 
2 8 92250 1.1704E-14 892270 1. 7866E-11 892280 9. 5452E-15 902260 7.0298E-19 .. 
2 9 02270 3.8634E-14 902280 3.8621E-09 902290 1. 0312E-09 902300 4.9686E-06 
2 902310 6.0037E-09 902320 7. 1235E-O 7 902330 . 1. 5 726E-12 902 340 5. 8632E-08 
2 912310 1.1307E-06 912320 4. 6846E-0 9 912330 6. 0795E-08 912 341 2. 005 7E-12 
2 912340 1. 0722E-11 9123 50 3. 5549E-17 922300 6. 7918E- 16 922310 3. 2777E-13 
2 9 22320 e.04C8E-07 922330 6.0520E-06 9223 40 7. 6756E-01 922350 3. 3865E 01 
2 922360 1.6777E 01 922370 4.6852E-02 922380 3.9669E 03 922390 2. 7659E-03 
2 922400 2.8526E-07 922410 0. 4 798 F.-11 nn'lo 2. 0249E,.09 932361 3o 5114IJvOQ 
2 932360 3.1447E-07 932370 1.8211E 00 932380 5. 9033E- 03 932390 3. 9801E-01 
2 932401 2.5990E-07 932400 9.7080E-06 932410 8. 14 06E- 14 942360 5.2044E-07 
2 942370 1.4641E-07 942380 5.3615E-01 942390 2.0667E 01 942400 9.6149E 00 
2 942410 5.0754E 00 942420 1.9015E 00 942430 5.3958E-04 942440 1. 324 4E-04 
2 942450 3.3253E-09 942460 2.6263E-11 9523 90 4.5118E-13 952400 1.9493E-10 
2 952410 1.2381E-01 952421 1.6026E-03 952420 3. 9734E- 04 9524~0 3. 5175E-01 
:.! 9 521U1 1.0944E-05 952440 1.3379E-05 952450 6. 4938E-10 952460 4. 202 3E-14 
2 962410 2. 5272E-12 962420 4.8308E-02 962430 1.,1746E.,.03 96:211110 7.7:ll18E-02 
2 962450 4.9343E-04 962460 3. 7952E-04 9624 70 1.6322E-06 962480 6. 4700E-08 
2 962490 5.4634E-13 962500 2. 0383E-16 9724 90 4 .12 03 E-10 972500 4.5615E-13 
2 972510 7.0368E-17 982490 3.5445E-11 982500 9. 2525E-11 982510 9.5930E-12 
2 9 8252 0 1.2817E-11 982530 3.5399E-14 982540 3. 8 391F.- 15 982550 1.0U15E-19 
2 9 92530 2. 72S5E-14 99251~1 2. 9168E-17 992540 6.4237E-16 992550 3. 532 5E-17 
2 162500 4.9342E-09 0 o.o 0 o.o 0 o.o 
3 10030 1. 8870E-02 30060 3.0288E-05 30070 1.4292E-06 40090 2.1416E-06 
3 40100 1. 2852E-05 60140 1. 8561 E-06 290660 2. 1398E-15 300660 5. 4934E-10 
3 290670 3.0220E-18 300670 2. 2583E-11 300680 3.3123E-13 300690 1.0081E-19 
3 300691 9.8151E-20 310690 4.7822E-16 310700 1. 7089E-22 320700 1. 5994P.-18 
3 310710 ·J.2'173E-OS 270720 1. 7994E-14 280720 6. 7966E-12 290720 3.3165E-11 .... 
3 3 00720 1.0906E-06 310720 3. 3181 E-07 3207 20 2.9700E-04 270730 5. 4625E-15 
3 280730 9.1712E-13 2907 30 2. 8543E-11 3007 30 2. 8405E-10 310730 2. 2383E-07 
3 320730 6.0911E-04 320731 6.7571E-12 2707 40 9. 8637E- 16 280740 9.1093E-13 
3 2907 40 5.4905E-12 300740 2.1490E-09 310740 1.1776E-08 320740 1. 3034E-03 
3 270750 9.7131E-17 280750 1.0175E-13 290750 7.2195E-12 300750 3.7149E-10 
3 310750 5.6802E-09 320750 2.5076E-07 320751 1.1263E-10 330750 2. 667 3E-03 
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3 2 80760 3.9067E-14 290760 1.5510E-12 300760 3. 7362E- 10 310760 2.8603E-09 
3 320760 6.5480E-03 330760 3.0052E-07 340760 7. 0839E-05 280770 2.5481E-15 
3 290770 9.5132E-13 300770 1.0609E-10 310770 2.44 77E-09 320770 3. 50 4 0 E-0 6 
3 3 20771 1 .0199E-08 330770 3. 2895E-05 340770 1. 3219E-02 340 771 1. 1488E-11 
3 2 807 80 3.9605E-16 290780 1. 3898E-13 300780 1. 7806E-10 310780 1.5910E-09 
3 320780 2.7483E-06 330780 2. 9523E-06 340780 3. 10 16E- 02 290790 5.0233E-14 
3 300790 1. 8523E-11 310790 1.0540E-09 320790 4.7141E-08 330790 6. 9355E-07 
3 340790 7.4337E-02 340791 3. 0073E-07 3507 90 1.0569E-06 350791 8.6937E-15 
3 290800 3.2613E-15 300800 1.2300E-11 310800 6.1169E-10 320800 5. 055 OE-08 
3 330800 4.5543E-08 340800 1.6710E-01 350800 8. 5363E- 11 350801 8.5576E-10 
3 3 60800 2.8058E-06 290810 1.9724E-16 300810 5.1632E-13 310810 1.4883E-10 
3 3 20810 2. 5026E-0 8 330810 1. 3749E-07 340810 5.1403E-06 340 811 4. 2764E-07 
3 350810 2.6758E-01 360810 2. 6142E-0 7 36 0811 4. 4 7 33 E-14 300820 1. 078 4E-14 
3 310820 1.2088E-11 320820 9. 7411E-09 3308 20 '7.6790E-08 330 821 1. 995 9E-08 
3 3 4082 0 4.1029E-01 3508 20 6. 3227E-0 5 3508 21 1. 5270E- 08 360820 1. 185 9E-02 
3 300830 4.1056E-15 310830 3.2155E-12 320830 2.8735E-09 330830 8. 657 3E-08 
3 340830 5.4820E-06 340831 . 4.1890E-07 350830 8.8495E-05 360830 4.9335E-01 
3 360831 6. 7907E-05 310840 2.8193E-13 320840 5. 9349E- 10 330840 3. 0193E-08 
3 3 4084 0 3. 3 290E-06 350840 3.3353E-05 350841 2. 4836E-07 360840 1. 3492E 00 
3 3 20 8 50 2.8382E-11 330850 6.0930E-09 3408 50 3.7418E-07 340851 1. 3552E-07 
3 3 50850 3.5924E-06 360850 2. 8348E-01 360851 3. 4153E-04 370850 1. 1448E 00 
3 320860 5.9470E-12 330860 1. 4276E-0 9 340860 3.0750E-07 350860 8. 1343E-07 
3 350861 6. 6 82 5E-08 360860 2. 2076E 00 370860 2.8401E-04 370861 1.3104E-09 
3 380860 4 .391OE-03 320870 3.9570E-13 330870 2. 3093E- 10 340870 8. 4637E-08 
3 350870 1.8797E-06 360870 1.8325E-04 370870 2. 80 08 E 00 380870 3. 5988E-05 
3 380871 5.9492E-09 320880 1.8291E-14 330880 8.5260E-12 340880 8. 5369E-09 
3 350880 5. 7390E-07 360880 5. 7452E-04 370880 6.1116E-05 380880 3. 9729E 00 
3 3 30890 9.0416E-13 340890 6.7565E-10 350890 1.0805E-07 360890 1.2873E-05 
3 370890 6 .6 564 E-05 380890 3. 3837E-01 390890 4. 7870E 00 390891 8.0480E-13 
3 340900 2.7341E-1C 350900 2.4113E-08 360900 2.1590E-06 370900 1. 0769E-05 
3 370901 4. 4018E-06 380900 5. 9552E 00 390900 1. 5 746E-03 390901 1. 8364E-08 
3 4 00900 2.0249E-01 400901 5.8422E-15 34 0910 1.3769E-11 350 910 3. 1751E-09 
3 360910 4. 3200E-07 370910 5. 1796E-0 6 3809 10 3. 2903E- 03 390910 5.1485E-01 

• 3 3 90911 1 .6660E-04 400910 5.9665E 00 3409 20 1. 0391E- 12 350920 1.8674E-10 
3 360920 4.~€49E-08 370920 3. 5155E-07 380920 1.0336E-03 390920 1. 3567E-03 
3 4 00920 6.9498E 00 350930 2.1873E-11 360930 1.1765E-08 370930 3.4793E-07 
3 3 8093 0 5. 4920E-05 3909 30 4.5593E-03 400930 7.7224E 00 410930 5. 1599E-07 
3 410931 4. 173 3E-06 350940 1.0186E-12 3609 40 6. 6873E- 10 370940 8.5494E-08 
3 3 8094 0 8. 7632E-06 390940 1. 4648E-04 4009 40 7. 8827E 00 410940 7. 976 7E-06 
3 410941 4.2058E-11 350950 8.9624E-14 360950 2.2761E-10 370950 5. 6530E-09 
3 3 80950 2. 8001E-06 3909 50 8.7553E-05 400950 8.0777E-01 410950 4.4858E-01 
3 410951 3.3010E-04 420950 6. 7215E 00 350960 3. 3960E-15 360960 3.0776E-11 
3 3 70960 9.6185E-10 380960 2.9875E-07 390960 1. 8250E- 05 400960 8.3253E 00 
3 410960 2. ~e'70E-05 420960 3. 4243E-01 360970 6. 2979E-13 370970 1. 5253E-10 
3 380970 7.9170E-09 390970 1.2698E-07 400970 8.8886E-03 410 970 6. 3811E-0 4 
3 410971 8. 3141 E-06 420970 8. 1462E 00 360980 1.0933E-13 370980 2.8141E-11 
j 38098U 1.3321E-UB 390980 2.4359E-08 400980 4. 5959E- 06 410980 7.6840E-09 
3 410981 4.6303E-04 420980 8.4204E 00 370990 1. 5306E-12 380990 2.4392E-09 
3 390990 3.7184E-C8 400990 3. 5265E-07 41 0990 2.1925E-06 410991 1.0115E-06 
3 420990 3.8289E-02 430990 7. 7461E 00 43 09 91 3. 0573E-03 440990 3. 0584E-05 
3 3 71000 1.7791E-13 381000 9.0013E-10 391000 1. 5778E-08 401000 9. 5961E-07 
3 411000 2.0569E-07 411001 2. 0655E-07 421000 9. 2972E 00 431000 6.1029E-07 
3 441000 9.5133E-01 3810 10 3.0649E-11 3910 10 6. 6157E- 09 401010 2. 8481E-07 
3 411010 9.9403E-07 421010 1.3371E-04 431010 1.2991 E-04 441010 7.6418E 00 
3 381020 4.6697E-12 391020 4. 6007E-1 0 401020 1.4042E-06 4110 20 3. 6380E-07 
3 421020 9.7704E-05 431020 7. 7560E-07 431021 4. 7430E-08 441020 7. 5488E 00 
:: 381030 5.2612E-14 391030 9.0585E-11 4010 30 3. 2432E- 08 411030 1. 3319E-06 
3 4 21030 . 8.6043E-06 431030 7.2873E-06 4410 30 4. 9576E-01 451030 4.0409E 00 
3 451031 4.4303E-04 381040 3.0398E-15 391040 3.2622E-12 401040 1. 6618E-08 

• 3 4110 40 4.1320E-08 421040 1.1161E-05 431040 1.3597E-04 441040 5. 209 4E 00 
3 451040 3.6990E-06 451041 1.6344E-06 461040 2. 0904E 00 3910 50 1.9860E-13 
3 4 01050 3.3326E-10 411050 2.5378E-08 4210 50 4. 4954E- 06 431050 4.9441E-05 
3 441050 1.6746E-03 451050 1. 2097E-02 4510 51 1. 3205E- 06 461050 3. 5655E 00 
3 401060 6.5887E-11 411060 1. 9960E-09 421060 4.0720E-07 431060 2.7135E-06 
3 441060 1.6406E 00 451060 1. 7435E-06 451061 2.4533E-05 461060 1. 7637E 00 
3 3 91070 6.8860E-17 401070 7.5691E-13 411070 3.8460E-10 421070 1.0664E-07 
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3 431070 1.1846E-06 441070 1. S69SE-0 S 4S1070 8. 1 S04E- OS 461070 2. 0387E 00 
3 4 61071 1.S023E-10 471070 1. 9640E-07 401080 3. 582SE- 13 411080 2.6001E-11 
3 421080 7. 0337E-09 431080 1.2321E-07 441080 1.1644E-OS 4S1080 1. 3137E-07 
3 4S1081 1.4492E-07 461080 1.390SE 00 471080 1.3S40E-13 471081 1. 0266E-08 
3 1!81080 1.8730E-08 401090 8.9631E-1S 411090 6.4991E-12 421090 1.S120E-09 
3 4 31090 S. S418E-07 4410 90 9.2896E-07 4S 10 90 2. 4894E- 06 4S1091 6. 91SOE-07 
3 4 61 090 1.6 060E-03 461091 3. 9184E-06 471090 6. 9831E- 01 471091 1.3117E-06 {' 

3 481090 2.4114E-11 411100 3.2225E-13 421100 5. 4155E-10 431100 2. 218 3E-09 
3 441100 1. 8 521E-07 451100 3.6190E-07 451101 2.7136E-09 461100 4. 4740E-01 
3 471100 3.6463E-07 471101 8. 4670E-03 481100 2. 9592E-01 411110 3.3956E-14 
3 4 21110 2.2812E-11 431110 1.1318E-09 441110 1. 7557E- 08 451110 4.3306E-07 
3 461110 9.3088E-06 46 1111 2. 1139E-06 471110 4. 6010E- 03 471111 4.5861E-07 
3 4 8 1110 2.4219E-01 481111 7.8431E-09 421120 7.3184E-12 431120 9.9598E-11 
3 4 4 11 20 1.49C6E-09 4S1120 1. 6051E-08 461120 2.64 77E-04 471120 4. 1370E-OS 
3 481120 1.4638E-01 4211 30 1. 4874E-13 431130 3.3848E-11 441130 3.1067E-09 
3 1!51130 2.1363E-09 461130 2. 5773E-07 471130 4. 92 52E- 05 471131 1. 9167E-08 
3 481130 1.3031E-03 481131 2. 3174E-03 491130 9. 96 34E- 05 491131 2.6S4SE-15 
3 4 21140 2. 4178E-14 431140 2.8631E-12 441140 2. 5179E-09 451140 2. 2887'E-09 
3 461140 2. 8068E-07 471140 8. 9354 E-0 9 481140 1.9413E-01 491140 4. 3561E-11 
3 4 911 41 9.9921E-07 501140 8. 6 238 E-06 421150 5. 9848E-16 431150 7. 7322E-13 
3 441150 1.6927E-10 451150 6. OS48E-09 461150 7.012iE-0S 471150 1. 6604E-06 
3 471151 9.0686E-09 481150 3.4934E-04 481151 6.6727E-04 491150 1. 9760E-02 
3 491151 2.8147E-05 501150 2.7271E-03'431160 2.2870E-14 4111160 7.2675E-11 
3 451160 3.96S5E-10 461160 1.9400E-08 471160 1.2460E-07 471161 8.0588E-09 
3 481160 1. 0216E-0 2 491160 1. 4 6 20 E-0 8 4 9 11 61 2. 66 79E- 06 501160 6.1862E-02 
3 431170 1.2369E-15 441170 2.3661E-12 451170 2. 7724E- 10 461170 6. 0 84 6E-09 
3 471170 5.5534E-08 471171 4.0197E-09 481170 9.4172E-06 481171 6.6927E-06 
3 491170 2.4540E-06 491171 8.2155E-06 501170 7.0175E-02 501171 1. 0882E-05 
3 441180 3.1226E-11 4S1180 1.1688E-10 461180 3.1225E-09 471180 3.7203E-09 
3 471181 1. 9448E-09 481180 4.6163E-06 1!91180 7.6512E-09 491181 1. 7580E-10 
3 s 011 80 7.0433E-02 451190 1.445SE-11 461190 1. 2706E- 09 1!71190 8. 3822E-09 
3 481190 4.3016E-07 481191 1.4644E-07 1191190 6. 5 873E-08 491191 1. 2362E-06 
3 S01190 6.9051E-02 501191 4.7478E-04 441200 3.1105E-15 451200 1. 8490E-13 
3 461200 1.1781E-09 1!71200 1. 118 2 E -0 9 4 8 1 2 0 0 7.6211E-08 491200 3.4010E-08 • 
3 491201 2.3593E-09 501200 7.0323E-02 451210 1.6866E-13 461210 6. 6 972E-11 
3 ll 71210 1. 9885E-09 4812 10 1.8967E-08 491210 3. 5338E- 08 491211 6. 2326E-08 
3 so 1210 1. 5247E-04 501211 2.8898E-05 511210 6. 7841 E-02 451220 9. 7 26 7E-15 
3 461220 4.188SE-11 471220 4.100SE-11 481220 7.7805E-09 491220 1. 5248E-08 
3 491221 1.6574E-10 50 12 20 7.6086E-02 511220 4. 7433E-05 511221 4. 5377E-10 
3 521220 4.4118E-03 451230 1.0514E-15 461230 2. 3093E-12 471230 1.8444E-10 
3 481230 1.1287E-08 4912 30 7.4960E-09 491231 2. 5423E- 08 501230 3. 9168E-03 
3 S01231 3.5657E-06 511230 7.8561E-02 521230 4.8538E-05 521231 1. 3917E-05 
3 461240 7.8130E-13 471240 2.6203E-11 481240 2.0999E-08 491240 6. 4590E-09 
3 501240 1.0138E-01 511240 6.5448E-04 511241 1. 0099E-10 521240 2. 6361E-03 
3 471250 1.1640E-11 4812 50 1.4342E-09 491250 3. 0347E- 09 4912S1 1.1455E-08 
3 5 012 50 1. 0727E-03 501251 1.2089E-06 511250 1. 1503E- 01 5212SO 3. 306 2E-02 
3 521251 1.3762E-03 461260 6.0032E-15 1171260 1.4733E-12 481260 2. 4632E-09 
3 4 91260 4.4112E-09 501260 2.1741E-01 511260 1.1575E-04 511 261 5. 5375E-08 
3 521260 5. 8335E-03 481270 2.4560E-10 491270 3.4252E-09 491271 6.2370E-09 
3 501270 4. 9585E-05 501271 7.7587E-07 511270 3. 4455E- 03 521270 3.4536E-04 
3 S21271 1.2844E-02 531270 4.2074E-01 471280 4. 0989E- 14 481280 1. 8273E-10 
3 4 91280 1.0218E-C8 S01280 S.3640E-05 511280 4.6262E-05 511 281 1.0321E-05 
3 S21280 8.6138E-01 531280 1.6700E-06 541280 2.2918E-02 481290 1. 9S67E-11 
3 4 912 90 1. 856SE-09 S01290 4.6322E-06 501291 1.7013E-06 S11290 4.6725E-04 
3 S21290 1.2351E-04 S2129 1 1.2879E-02 531290 1. 3740E 00 541290 1. 226 3E-04 
3 541291 4. 0854 E-07 481300 2.6008E-11 491300 1. 2858E- 09 S01300 7.1738E-06 
3 s 11300 2.3593E-OS 511301 1.6142E-05 521300 2. 7233E 00 531300 1. 6468E-04 
3 531301 7.9823E-07 541300 9.0834E-02 481310 9. 49 94 E-13 491310 2.6388E-10 
3 5 01310 1.743SE-06 511310 1.0289E-04 521310 1.1969E-04 521311 1. 4347E-03 
3 531310 6.2818E-0 2 SU 1310 3. 2103E 00 541311 1.0U20E-03 481320 1. 045 7E-13 .. 
3 491320 2.6405E-11 5013 20 5.8260E-07 511320 1. 3175E- 06 511321 7.2836E-06 
3 5 21320 3.5918E-02 531320 1.0749E-03 541320 8.1298E 00 491330 2. 8744E-12 
3 501330 6.4041E-09 511330 7.1414E-06 521330 7.9041E-05 521331 2. 1181E-04 
3 531330 1. 3483E-02 531331 5.2107E-08 541330 8.1610E-02 541331 1.07S9E-03 
3 SS1330 8.3773E 00 491340 1.1266E-13 501340 S. 2507E-10 511340 9. 37U 2E-08 
3 5113U1 8.U535E-08 521340 3.6048E-04 531340 6. 2105E- 04 53131l1 ll. 5298E-06 
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3 5 41340 1. 0 963E 0 1 541341 4.1781E-10 551340 9.0160E-01 551341 5. 182 3E-05 
3 561340 2. 5802E-01 501350 2.0168E-11 511350 7.7975E-09 521350 1. 4645E-06 
3 531350 4. 0139E-03 5413 50 1. 1352E-03 5413 51 3.3206E-05 551350 2.2139E 00 
3 551351 9. 2 993E-0 6 561350 1.6254E-03 5613 51 8. 3988E- 07 501360 2.5286E-12 
3 51136 0 2.1003E-10 521360 8. 3129E-0 7 531360 6. 5986E- 06 531361 2. 1480E-06 
3 541360 1. 7219E 01 551360 4.9142E-03 5613 60 1.2208E-01 561361 2. 2035E-10 
3 511370 3.8881E-11 521370 3. 9357E-08 531370 1.8820E-06 541370 3.6032E-05 

- 551370 8.7484E 00 561370 2. 4623E-01 561371 1.3416E-06 511380 2.2350E-12 
3 5 21380 4. 5668E-0 9 531380 2.4077E-07 541380 1. 2359E- 04 551380 3.1294E-04 
3 551381 1.3849E-06 561380 9.2355E 00 571380 4. 1251E- 05 511390 2.1770E-13 
3 5 21390 2.2993E-10 531390 3. 9793E-08 541390 4.4545E-06 551390 8. 6491E-05 
3 561390 7.8782E-04 571390 8. 7487E 00 5214 00 5. 02 03E-11 531400 3.9505E-09 
3 5 414 00 9.8645E-07 551400 8. 7980E-06 5614 00 1.7011E-01 571400 2. 3106E-02 
3 581400 8.6574E 00 521410 7.1596E-13 531410 3.0484E-10 541410 4.3776E-08 
3 551410 2.5443E-06 561410 1. 5758E-04 571410 2. 0446E- 03 581410 4. 1208E-01 
3 591410 7.5008E 00 521420 1.6122E-13 531420 2 .2084E-11 541420 1.0646E-08 
3 551420 1.0368E-07 5614 20 8.7000E-05 571420 7. 7260E-04 581420 7. 9295E 00 
~ 5 91 420 5.3357E-04 591421 1. 3874E-06 601420 1. 7667E-01 531430 2.4586E-12 
3 541430 4.4618E-10 5514 30 4.9994E-08 561430 1. 6010E-06 571430 1.1033E-04 
3 581430 1.57C7E-02 591430 1.5254E-01 601430 5.2719E 00 531440 8.1179E-14 
3 5 41440 2.6178E-10 551440 8. 8721E-09 561440 9.6600E-07 571440 4.6114E-06 
3 581440 2.7420E 00 591440 1.1683E-04 591441 5. 7938E-07 601440 6. 4145E 0 0 
3 541450 2.6154E-11 5514 50 1. 2249E-09 5614 50 2. 8211E- 07 571450 2.4348E-06 
3 581450 1.6292E-05 5914 50 1.9495E-03 601450 4.6349E 00 541460 1. 740 OE-12 
3 5 51460 6.1063E-11 561460 3. 7235E-08 571460 4.5705E-07 581460 6. 2029E-05 
3 591460 1.0615E-04 601460 4.6898E 00 5414 70 4.3382E-.14 551470 2.9660E-11 
3 561470 8. 7390E-09 571470 2. 6973E-07 5814 70 3. 9563E-06 591470" 4.1850E-05 
3 6 014 70 5 .60 03E-0 2 611470 9. 5433E-0 1 621470 3. 6616E- 01 551480 6.9546E-13 
3 561480 4.1158E-09 571480 1. 3239E-0 8 581480 1. 7899E- 06 591480 6. 4102E-06 
3 601480 2.4c.;78E 00 611480 1.1788E-02 611481 9.1634E-03 621480 1.0976E 00 
3 561490 7.3127E-11 571490 7. 3203E-09 5814 90 2.3266E-08 591490 4.5262E-06 
3 601490 2.1546E-04 611490 1.0691E•02 621490 1. 4261E- 02 551500 4. 043 9E-16 
3 561500 1.0753E-11 571500 3.2003E-10 581500 1. 0892E- 08 591500 2.7585E-07 ... 3 601500 1. 1770E 00 611500 7. 7007E-06 621500 2.1062E 00 571510 6.0045E-11 
3 581510 3.2804E-09 591510 4.9841E-08 601510 1.3765E-05 611510 1. 8916E-0 3 
3 621510 8.8906E-02 631510 5.6755E-05 561520 1.19 99 E-14 571 520 2.1879E-12 
3 581520 1.0130E-08 5915 20 4.6157E-08 60 15 20 8. 9341E- 06 611520 3.2731E-06 
3 611521 1.1285E-07 621520 8. 7678E-0 1 6 315 20 2. 0623E- 04 631521 2. 8814E-07 
3 641520 6. 8938E-05 571530 3.1954E-13 581530 2.1842E-10 591530 1. 3725E-08 .. 
3 601530 5. 1837E-07 611530 2.8294E-06 6215 3 0 7.5265E-03 631530 7.1150E-01 
3 641530 8. 3513E-0 5 5715 40 5.9243E-15 581540 5.2593E-11 591540 5.6128E-10 
3 601540 2.8006E-03 611540 8. 6254E-07 6115 41 9. 2667E- 08 621540 2.4169E-01 
3 631540 2. 5110E-O 1 641540 1.4810E-02 5815 50 1.1928E-12 591550 1.6191E-10 
3 601550 ll.1270E-08 611550 1.1692E-07 621550 5.0308E-06 631550 8. 9467E-02 
3 641551 1.70E3E-15 641550 4.7183E-04 581560 1.8325E-13 591560 8.1866E-12 
3 601560 3.3711E-08 611560 2. 3663E-08 621560 8.1605E-05 631560 2. 4300E-02 
3 641560 3.7373E-01 581510 4.4154E-15 591570 1. 63 92E- 12 601570 6.7296E-10 
3 611570 5. 9991 E•08 621570 7. 6944E-07 631570 1.4282E-04 641570 5.2835E-04 
3 591580 4.6101E-14 601580 1.9409E-10 611580 1. 0976E-09 621580 2.3173E-06 
3 6 31580 2.5916E ... 06 641580 1.1646E-01 591590 2.1320E-15 601590 3.3690E-12 
3 611590 2.7851E-10 621590 6. 7521E-08 6315 90 5.4790E-07 641590 4.2679E-05 
3 651590 1.6195E-0 2 601600 3. 7 316E-U 611600 1.0669E-11 621600 5.2568E-08 
3 631600 1.1747E-08 641600 7.8431E-03 6516 00 5. 60 52E- 04 661600 1. 1513E-03 
3 601610 6.7531E-15 611610 1.4684E-12 621610 5. 27 87E-10 631610 4. 1930E-09 
3 641610 2.5769E-08 651610 8. 2590E-0 5 661610 2.4843E-03 6116 20 2.0992E-14 
3 621620 1.0112E-10 631620 1. 7770E-09 6416 20 3. 1650E- 08 651620 2. 3413E-08 

. 3 651621 1.2845E-08 661620 2.2528E-03 6216 30 1. 4536E-12 631630 9.8525E-11 
3 641630 1.91164E-09 651630 2.6520E-08 661630 1. 76 09E-03 621640 2. 0539E-13 
3 631640 2•81124E-12 641640 1. 0696E-08 651640 1.8391E-09 661640 2. 6509E-04 
3 621650 2.7485E-15 631650 5.1464E-13 6416 50 2.7369E-10 651650 1. 464 2E-10 
3 661650 4.4003E-07 661651 1.6291E-09 6716 50 8.5227E-04 661660 9.3008E-07 
3 671660 1.4518E-06 671661 8.4992E-06 681660 2.6942E-04 681670 . 1. 8090E-05 
3 681671 7.4343E-13 681680 4. 8173E-05 681690 2.1628E-08 691690 3. 0764E-07 
3 6 81700 7.2979E-11 691700 5.0144E-08 691701 2.3900E-21 701700 4. 8200E-08 
3 681710 1.0006E-15 691710 4. 5824E-09 701710 2. 4936E- 09 681720 2. 322 5E-18 
3 6 91720 1.8929E-12 701720 1. 9125E-10 0 o.o 0 o.o 
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0 3.300COE 04 3. 24117E 14 3. 75E 01 
1 10010 3.0541E 00 10020 4. 5820E-04 50100 3.8435E-03 50110 1. 5374E-02 
1 60120 4.0653E 00 60130 4.5631E-02 10140 3. 93 68E 00 70150 1.4462E-02 
1 80160 1.3985E 01 80170 5. 3271E-0 3 80180 2. 8598E-02 130270 3.0630E 00 
1 1402 80 5.8611E OC 140290 2. 9677E-01 1403 00 1.9700E-01 150 310 8. 867 3E 00 
1 160320 4.1250E-01 160330 3. 2559E-03 160340 1.8289E-02 160 3 60 7. 3800E-05 
1 220460 1.8484E-01 2204 70 1.6692E-01 220480 1.6512E 00 220490 1. 2099E-0 1 t 
1 220500 1.1650E-01 230500 2. 3040E-04 230510 9. 1931E- 02 240500 4.9675E 00 
1 240520 9.5684E 01 240530 1.0849E 01 240540 2.6950E 00 250 550 6. 072 OE 00 
1 260540 1.3848E 01 260560 2.1869E 02 260570 5.1245E 00 260580 6.9121E-01 
1 270590 1. 2 S19E 00 280580 1.1646E 02 280600 4. 4524E 01 280 610 1. 9277E 00 
1 280620 6.1242E 00 280640 1. 5524E 00 290630 1.9036E-01 290650 8. 4727E-02 
1 4 00900 1.2976E 03 400910 ~8220E 02 400920 4. 30 86E 02 400940 4.3842E 02 
1 4 00960 7.0551E 01 4109 30 7.6428E 00 420920 5. 9185E- 01 420940 3. 7190E-01 
1 4 20950 6. 3~83E-01 420960 6.6783E-01 420970 3.8390E-01 420980 9.6375E-01 
1 421000 3.8390E-01 481060 6.7886E-06 481080 4.64 76E-06 481100 6. 5275E-05 
1 481110 6.6 842E-05 481120 1.2590E-04 481130 6.37 09 E-05 481140 1. 4987E-04 
1 481160 3. 9165E-05 501120 3.1654E-01 501140 2. 1208E- 01 501150 1. 202 9E..-01 
1 5 0116 0 4.6531E 00 501170 2.4532E 00 501180 7.6919E 00 501190 2.7222E 00 
1 501200 1.0256E 01 501220 1.4561E 00 501240 1.7726E 00 721740 1.6426E-04 
1 7 21760 5.3385E-03 721770 1.9095E-02 721780 2. 7822E-02 721790 1.4106E-02 
1 721800 3. 6137E-02 741800 3. 5063E-0 5 741820 7. 0935E-03 741830 3. 8569E-03 
1 741840 8.2722E-03 741860 7. 7138E-0 3 0 o.o 0 o.o 
2 9 22340 1.1227E-08 922350 1.4969E-06 922380 1. 9599E-04 0 o.o 
0 o.o o.o o. 0 
1 10010 3.1337E 00 10020 2. 9788E-03 10030 2.5023E-09 10040 1.6527E-18 
1 20030 1.9718E-11 20040 2.9298E-02 20060 5. 4228E- 17 30060 8.8057E-10 
1 30070 3. 7942E-03 30080 5.1206E-15 40090 3. 2088E- 05 40100 9.9612E-08 
1 40110 6.2S03E-20 50100 4. 8576E-05 50110 1. 75 91 E-02 50120 1. 0250E-16 
1 60120 5. 7596E 00 60130 6. 5569E-02 6~140 1. 5286E-02 60150 1.7005E-15 
1 70140 6.3790E 00 70150 2. 4082E-02 7016 0 2.9168E-14 80160 1.3984E 01 
1 80170 5. 3 301E-03 80180 2.8598E-02 80190 1. 3908E- 14 90190 2. 1655E-08 
1 90200 1.5487E-19 100200 3. 0672E-13 100210 8.7198E-13 100220 1.5344E-11 
1 100230 1.9647E-18 110230 1.1885E-12 110240 1.8154E-09 110 241 4. 6198E-25 .. 
1 110250 4.7529E-18 1202 40 1.5166E-06 1202 50 2.4406E-06 120 260 1. 0728E-06 
1 120270 9.1390E-11 120280 1.2928E-17 1302 70 3.0613E 00 130 280 4.8701E-09 
1 1 30290 3. 9386E-12 130300 3. 5797E-17 140280 1. 4589E 01 140290 7. 4 014E-01 
1· 140300 4.9045E-01 140310 5.1681E-08 140320 4. 5137E-11 150310 9.2501E 00 
1 150320 9.2134E-05 150330 6.4859E-10 150340 2.1045E-15 160320 6. 5162E-01 
1 160 330 5.5245E-03 160340 2. 8757E-02 1603 50 1. 3093E-06 160 360 1. 160 5E-O 4 
1 160370 1.3712E-13 170 350 6. 5167 E-06 170360 2.6088E-07 170370 2.2076E-08 
1 170380 1.0576E-15 170381 4.0428E-21 180360 3. 9580E-13 180 370 2. 3335E-16 
1 180380 1.0243E-11 180390 4.3317E-15 180400 3. 0117E-13 180410 2. 8043E-18 
1 180420 1. 3231E-21 190390 6.3876E-18 190400 5.6934E-21 190 410 9.5446E-15 
1 190 4 20 3. 190 9E-19 190430 4.3607E-16 1904 40 1.2575E-18 200420 1. 3288E-16 
1 200430 9.2832E-08 200440 7. 0 165E-0 7 2004 50 4.2321E-09 200460 8. 3108E-08 
1 2 004 70 1.3871E-12 210450 1. 0 153E-0 8 210460 2. 7963E-07 210461 8.Q915E-17 
1 210470 1.8006E-08 210480 9.1376E-10 210490 1.9872E-11 210 500 1. 0175E-14 
1 220460 1.81159E-01 220470 1.6646E-01 220480 1.6247E 00 220490 1. 4761E-01 
1 220500 1. 1715E-01 220510 3.6133E-10 230500 2. 7075E-04 230510 2. 2503E-O1 
1 230520 1.6301E-08 230530 1. 5575E-12 230540 9.9473E-15 240500 9 .O 57 2E 00 
1 240510 7.3765E-03 240520 1. 7653E Q2 240530 2.0395E 01 240540 5. 3566E 00 
1 240550 9.9121E-09 250540 2.4018E-OQ 250550 1. 5600E 01 250560 3. 4225E-05 
1 250570 3.2037E-12 250580 6.2927E-15 260540 3.2817E 01 260 550 4. 0754E-02 
1 260560 5.1814E 02 260570 1.3220E 01 2605 80 1.6908E 00 260590 1. 3650E-04 
1 270580 3.7678E-03 270590 1. 5340 E 00 270600 1.1438E-01 270601 9. 5697E-07 
1 2 70610 9.5336E-08 270620 8.9163E-13 280580 1. 4289E 02 280 590 1.1590E 00 
1 2 80600 5.5072E 01 280610 2.6364E 00 280620 1. 4223E 00 280630 1. 6996E-01 
1 280640 1.9236E 00 280650 1.0238E-06 280660 2.2900E-10 290 630 1.8973E-01 
1 290640 2.1Q70E-06 290650 8.9347E-02 290660 3.2795E-09 290670 4.6290E-12 
1 3 00640 7.8756E-04 300650 4. 8477E-07 3006 60 4.7085E-04 300670 4. 7773E-07 
1 3006 80 3. 9843E-09 300690 1. 2126E-15 300691 1. 1806E- 15 310690 3. 9892E-12 
1 310700 1.Q255E-18 310710 1. 1720E-17 310720 3. 7220E-22 320700 1.0161E-14 
1 3 20710 1.6056E-18 320720 4.7497E-20 320730 1.7767E-23 380870 3.2486E-06 
1 380880 3. 0864E-04 380890 2.2135E-06 380900 1.24 70E-08 380910 3. 3878E-09 
1 380930 1. 5337E-13 390890 2.1039E-05 390891 8. 0 922E-18 390900 4.3647E-06 
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1 3 90901 1.2068E-14 390910 6.4853E-06 3909 20 1. 4251E- 08 390930 1. 2393E-11 
1 390940 8.1223E-11 3909EO 6.2592E-14 400890 8.8413E-11 400900 1. 2969E 03 
1 400910 2.8114E 02 400920 4.3213E 02 400930 5.4263E-01 400940 4. 3823E 0 2 
1 II 00950 2.3800E-02 400960 7. 0 259E 01 400970 3.9219E-04 410920 5. 4692E-08 
1 410930 7.5483E 00 410931 2.5758E-07 4109 40 7. 2801E- 02 410950 1.3273E-02 
1 410951 9.6246E-06 410960 5. 2007E-07 410970 2.7886E-05 410971 3. 6600E-07 
1 410980 3.6171E-16 411000 1.5571E-17 420920 5.9160E-01 420931 4. 1130E-09 
1 4 20930 2.4691E-04 420940 3.7154E-01 420950 7.3227E-01 420960 7. 2634E-0 1 
1 420910 6.7790E-01 420980 9.6718E-01 420990 2.9733E-05 421000 3.8250E-01 
1 421010 2.7156E-08 430990 6. 2524E-04 431000 4.9255E-11 431010 2.6375E-08 
1 4 40990 2 .3282E-09 4111000 7.2566E-05 4410 10 1.3511E-03 441020 4. 9622E-05 
1 441030 2.0545E-08 441040 4.0754E-10 441050 9.3119E-16 441060 1. 1425:E-18 
1 451030 6.9152E-09 451040 6. 3300E-1 5 451041 2.7968E-15 451050 6. 7374E-15 
1 451051 7.3423E-19 4510 60 1. 1192E-19 451061 1.3631E-17 461040 1.6811E-09 
1 461050 5. 7556E-12 461060 1.4367E-13 46 10 70 3. 4876E- 15 461071 1.1855E-23 
1 4 61 080 2.2306E-11 4610 90 4.2523E-15 461091 4. 0384E- 19 461100 8.1599E-16 ., 4 6 11 10 1.6S79E-22 461111 3.5843E-22 471070 1.261.4E-08 471080 6. 1058E-15 
1 471081 6. 5774E- 11 471090 1.0664E-12 4710 91 3.4731E-18 471100 5. 5678E-19 
1 471101 9.3689E-15 471110 4.6956E-17 LJ71111 2.351J9E-21 471120 9. 995 7E-22 
1 481060 6. 7749E-06 481070 7.0712E-12 481080 4. 6198E- 06 481090 1. 024 9E-08 
1 481100 6. 1929E-05 481110 6. 4724:&-05 481111 1. 5569E- 12 481120 1.2853:&-04 
1 481130 6.S5S4E-08 481140 2. 2277E-04 4811 50 1.4392E-08 481151 2. 4281E-08 
1 4811€0 3. SOS7E-05 481170 2.3003E-11 481171 9.6041E-13 481190 5.3014E-15 
1 1181210 3.6303E-17 491130 1. 4 7 42E-03 491140 6.6 661 E-10 491141 1. 6218E-05 
1 4 911 50 7.0078E-08 491160 1.0382E-13 491161 9. 3900E- 12 491170 1.2959E-11 
1 491171 1.6203E-11 491180 6.1881E-15 491190 1. 3410E-13 491191 1. 0152E-14 
1 491200 1. 2013E-22 491201 1.2500E-23 491210 6.5118E-17 501120 3. 1093E-01 
1 501130 8.0674E-04 50 11 31 4.4967E-08 501140 2.1210E-01 501150 1. 0832E-O 1 
1 501160 4.5979E 00 501170 2.4757E 00 501171 7. 9774E-04 501180 7. 663 3E 00 
1 501190 2.7630E 00 50 119 1 1. 2434E-02 501200 1. 0261E 01 501210 3.0179E-05 
1 501211 8.0987E-05 501220 1. 4547E 00 5012 30 3. 3211E- 04 501231 2.8562E-10 
., 501240 1. 7561E 00 501250 1.6821E-04 5012 51 9.2477E-08 511210 1. 3182E-02 
1511220 9.1944E-06 511221 8.7345E-11 511230 1.0740E-03 511240 8. 6556E-06 
1 511241 5.2181E-13 511250 1. 2369E-02 511260 4.9510E-06 511261 5. 0769E-10 
1 521220 8.5891E-04 521230 9. 4789E-06 521231 2. 7155E- 06 521240 4.125SE-05 
1 521250 3.6750E-03 521251 1.4846E-04 521260 1. 4979E- 04 521270 1. 2493E-09 
1 521271 2.111i4E-08 521280 1.2512E-09 521290 3. 3367E-16 521291 5. 849 2E-15 
1 521300 7.7391E-18 521310 2. 3033E-25 521311 1.1645E-21J 531270 5. 3432E-07 
1 531280 2.1182E-12 531290 7.1909E-13 5313 00 8.4560E-17 531301 4. 130 3E-19 
1 531310 1.9664E-19 5313 20 2.8762E-25 541280 1. 48 28E- 08 541290 4.8822E-11 
1 541291 2.6409E-13 541300 1.6927E-12 541310 3. 6324E- 15 541311 Ii. 538 2E-1 7 
1 541320 3.4009E-16 541330 8.8353E.,.21 541331 1.1139E-22 541340 5. 5263E-22 
1 5 51330 9.0690E-20 551340 2.4316E-21 5513 41 5.6064E-25 551350 9.1183E-23 
1 551360 1.5043E-25 561340 1. 5598E-22 5613 50 1.1048 E-25 561360 1.7005E-25 
1 6 81690 5.5527E-21 681700 1.7258E-23 681710 8. 2 571E- 24 691690 7.9441E-20 
1 6 91700 1 .2FIOOE-:>.O 691710 3. 7504E-21 691720 4. 403~E-14 691730 6.2508E-15 
1 701700 1. 171 SE-20 701710 9.2473E-22 701720 5. 0142E-12 701730 4.0568E-12 
1 7 01740 3.2223E-13 701750 3.6231E-16 701751 4. 7448E-23 711750 6.7389E-05 
1 711760 2.2446E-06 711761 8. 2128E-09 711770 1.3648E-07 711771 6. 982 8E-09 
1 721740 6.5015E-05 721750 8. 5700 E-06 7 217 60 3. 3442E .. 03 721770 1.2238E-03 
1 721780 1. 5383 E-0 2 721781 6. 4073E-13 7217 90 3.4447E-02 721791 4. 822 eE-09 
1 7 21800 4.61911E-02 721801 5. 0976E-08 721810 1. 7206E-04 721820 1.0483E-05 
1 731810 1.4188E-03 731820 3.1667E-05 731821 7. 2670E-12 731830 4. 9837E-06 
1 741800 3.0981E-05 741810 8. 5493E-07 74182 0 4. 90 61 E-03 741831 5. 5624E-13 
1 741830 5.3142E-O 3 741840 9. 2080 E-03 741850 1. 4472E- 05 741851 2.5802E-13 
1 741860 S.3942E-03 741870 3.6314E-06 741880 8.6352E-07 741890 3.1795E-23 
1751850 5.1026E-05 751860 4. 7272E-07 75187 0 1.9569E-03 751880 8. 5964E-07 
1 751881 1.5282E-08 751890 7.0663E-12 761860 3.1907E-05 761870 2. 370 2E-14 
1 761880 3. 4 861E-04 761890 1. 0058E-05 761900 1. 3512E-06 761901 7. 3690E-16 
1 761910 1 .4890E-09 761911 4. 1069E-11 7619 20 9. 7388E-11 761930 1. 6116E-15 

.1 761940 7. 11245E- 16 771910 5.9877E-09 771920 1. 6890E-09 771921 1.7941E-12 
1 7 71930 5. 67C6E-10 771940 8. 6277E-13 771941 2.1103E-20 781920 1. 9205E-09 
1 7 81930 2.1411E-11 781931 1. 9157E-13 781940 8.4218E-11 781950 4.7339E-14 
1 781951 1.7781E-16 781960 1. 3928E-15 781970 1. 2 590E- 20 781971 6. 3195E-23 
1 791970 7. 7lfi4 'P.-1 9 791980 3.5769E-21 791990 1.1758E-21 801980 6. 0889E-20 
1 801990' 1.2727E-20 802000 4.0735E-21 802010 3. 8660E-23 802020 1. 1229E-25 
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2 20040 2.8004E-09 812080 4.2418E-23 822060 1.8110E-24 822070 3.6507E-21 
2 822080 8.271'2E-18 822090 1. 5819 E-24 8221 00 2.6660E-22 822110 4. 588 2E-25 
2 8 221 20 2.1'51'7E-20 832090 1.7412E-21 832100 1. 6 584E- 25 832120 2. 3285E-21 
2 8 32130 3.61'19E-25 842100 2. 2617E-24 862200 3. 5635E- 23 862220 3. 761 SE-24 
2 8 82230 2.0926E-22 882240 2. 0266E-19 882250 1. 7770E-22 882260 5.7429I-19 
2 8 922'50 1. 1488E-22 892270 1. 6244E-19 892280 8. 4226E-23 902270 3.5174E-22 
2 9 02280 3.8423E-17 902290 9.8699E-18 902300 4.6608E-14 902310 5. 2461E-17 
2 902320 7.4281E-15 902330 1. 6342E-20 902340 2. 8298E- 15 912310 1. 007 8E-14 
2 912320 4. 0888E-17 9123 30 1.0570E-15 912341 9. 59 13E- 20 912340 2.1324E-19 
2 912350 1. 6154E-24 922300 6.8228E-24 922310 3. 26 08E-21 922320 8. 0075E-15 
2 9 22330 5.8041E-14 922340 7.2021E-09 9223 50 4.3185E-07 922360 1. 7465E-07 
2 922370 7.3198E-10 922380 1. 9147E-04 9223 90 1. 2 544 E-10 922400 1. 2909E-14 
2 9 2241 0 3. 837 OE-24 932350 3.6908E-17 932361 6.1558E-16 932360 5. 7292E-15 
2 932370 3.1980E-08 932380 1. 0349E-10 932390 1. 80 SOE- 08 932401 1.1761E-14 

" 932400 4.3931E-13 932410 3.6835E-21 9423 60 9.8776E-15 942370 4. 1288E-15 
2 942380 1.1706E-08 942390 9.2527E-07 942400 3.6705E-07 91'2410 2. 4848E-07 
2 942420 9.9908E-08 942430 2. 8678E-·11 942440 7.1168E-12 942450 1.7868E-16 
2 942460 1. U 11 SE -1 8 952390 2.3183E-20 952400 1.0020E-17 952410 6.3614E-09 
2 9 52 4 21 8.4755E-11 952420 2. 0789E-11 952430 1. 9003E-08 952441 5. 928 8E-13 
2 9 5:.!41JO 7.2490E-13 952450 3.4894E-17 952460 2.2585E-21 962410 1. 35401:-19 
2 9 62420 2.6016E-09 962430 6.2981E-11 962440 4. 1088E-09 962450 2.5732E-11 
2 962460 1.9246E-11 9624 70 8.1010E-14 962480 3.1561H-15 962490 2.6653E-20 
2 962500 9.4031E-24 972490 1.9930F.-17 qnc;nn 2. 2064E- 20 972510 3. 11037E-24 
2 982490 1. 7034E-18 982500 4.4469E-18 98 2510 4. 5952E- 19 982520 6.0892E-19 
2 9 82530 1.6782E-21 982540 1.8133E-22 992530 1. 2892E-21 992 541 1. 3796E-24 
2 9 92540 3.0312E-23 992550 1. 6138E-2 4 162500 2.6051E-16 0 o.o 
3 10030 5.6245E-10 30060 8. 4970F.-1.3 30070 3. 5792E-14 40090 5.3640E-14 
3 40100 3.2188E-13 60140 4. 6488E-14 290660 4.9786E-23 300660 9. 060 OE-1 8 
3 3 006 70 3.2123E-19 300680 4.3732E-21 3106 90 5. 6064E- 24 310710 3.8340E-16 
3 270720 7.9339E-22 280720 2. 9027E-1 9 290720 1.4012E-18 300720 4.6186I-14 
3 3 10720 1.4054E-14 320720 1.1581E-11 270730 2.4784E-22 280730 4. 0400E-20 
3 290730 1.1744E-18 300730 1. 1235E-17 310730 8.8762E-15 320730 2.0944E-11 
3 320731 2.6798E-19 270740 4.2855E-23 280740 3. 6979E- 20 290740 2. 064 9E-19 
3 3 00740 7.9871E-17 310 7 40 4.4044E-16 3207 40 4.0436E-11 270750 4. 2217E-24 ... 
3 280750 4.1237E-21 290750 2.6482E-19 300750 1. 31 49E-17 310750 2. 0419I-16 
3 3 20750 9.0331E-15 320751 4. 1446E-18 330750 7.7612E-11 280760 1.5255E-21 
3 290760 5.2626E-20 300760 1. 1725E-17 310760 9.2767E-17 320760 1.6421E-10 
3 330760 8. 7863E-15 340760 1.9083E-12 280770 1. 0271E- 22 290770 3. 3022E-20 
3 3 00770 3.2429E-18 310770 7. 5177F.-17 320770 1. 1425E- 13 320771 3. 2224E--16 
3 3 30770 1.0527E-12 340770 3. 2107E-1 C 340771 3.6155E-19 280780 1.fi047E-23 
.3 :.!9071:!0 4. 7353E-21 3007 80 4.9634E-18 310780 4.4741E-17 320780 9.1768E-14 
3 330780 9.9210E-14 340780 7. 9005E-1 0 290790 2.0719 E-21 300790 6.5657E-19 
3 310790 3. 3437E-17 320790 1. 5657E-15 330790 2. 2685E- 14 340790 1. 838 OE-09 
3 3 40791 9.8379E-15 350790 2.6062E-14 350791 3. 8641E-22 290800 1. 3007E-22 
3 300800 3.9985E-19 310800 1.6504E-17 320800 1. 4827 E-15 330800 1. 4290E-15 
3 3 40800 3.9161E-09 350800 3. 5362E-18 350801 3.6684E-17 360800 1.0938E-13 
3 2 90810 8.2123E-24 300810 1.8458E-20 310810 4.2853E-18 320810 6. 9267E-16 
3 330810 4.2325E-15 340810 1.6020E-13 340811 1. 2017E-14 350810 6.2046E-09 
3 360810 1.0899E-14 360811 1. 90 23E-21 3008 20 2. 69 83E- 21 310820 3. 7326E-19 
3 320820 2. 55'72E-16 330820 2.1073E-15 330821 5.8147E-16 340820 8.9360E-09 
3 350820 1.5831E-12 350 821 1.8078E-15 360820 2. 7836 E-10 300830 1.6220E-22 
3 310830 1.0437E-19 320830 7.4451E-17 330830 2. 2077E- 15 340830 1. 6605E-13 
3 340831 1.1898E-14 350830 2.6037E-12 . 3608 30 1.0872E-08 360831 1. 9972E-12 
3 3 10840 1. 1297E-20 320840 2. 02 58E-17 3308'10 8. 1840R-16 ":il.I08LIO 9.124!3li·1'• 
3 3 5C840 9.2607E-13 350841 9. 0799E-15 360840 2. 7108E-08 320850 8. 4030E-19 
3 330850 1.4991E-16 340850 9.5226E-15 3408 51 3.4895E-15 350850 9. 697 2E-14 
3 3 60850 S. 6 OU2E-09 360851 9.2199E-12 370850 2. 20 90E- 08 320860 1. 8233E-19 
3 330860 3.3914E-17 340860 7.3283E-15 350860 2. 0970E- 14 350861 1. 7167E-15 
3 360860 4.1453E-OE 370860 5. 7319E-12 370861 3.4075E-17 380860 8. 1930E-11 
3 3 20870 1.1074E-20 330870 4. 6136E-18 340870 2 .1796E-15 350870 ll.8515E-14 
3 360870 4.7259E-12 370870 5. 1998F.-08 380870 9. 7469E-13 380871 1.6008E-16 
3 3 20880 7.4832E-22 3308 80 2.8646E-19 340880 2. 2654E-16 350880 1.3669E-14 
3 3 60880 1.4744E-11 370880 1. 5755E-12 3808 80 7. 31JOE-08 330890 3. 3286E-20 
3 3 40890 1.9311E-17 350890 2.3314E-15 360890 3. 1679E-13 370890 1.6895E-12 
3 380890 8. 1723E-09 390890 8.4827E-08 390891 3. 4605E-20 340900 7.0472E-18 
3 3 50900 4.7803E-16 360900 5.2841E-14 370900 2.6725E-13 310901 1.2158E-13 
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3 3 80900 1.0873E-07 390900 2.8714E-11 390901 7. 0 515E- 16 400900 3. 237 CE-09 
3 4 00901 2 .2647E-22 340910 4.4887E-19 350910 7. 2756E-17 360910 1.0676E-14 
3 370910 1.3550E-13 380910 8.8063E-11 390910 1.3030E-08 390911 4.4615E-12 
3 400910 1.1098E-07 3409 20 4.4125E-2C 350920 6.8528E-18 360920 1.2632E-15 
3 370920 9.4894E-15 3809 20 2.9086E-11 3 9092 0 3. 82 45E-11 400920 1. 4007E-07 
3 350930 7.1534E-19 360930 3.4441E-16 370930 9.6261E-15 380930 1.6203E-12 
3 3 9093 0 1.3530E-10 400930 1.6538E-07 410930 1. 2415E-14 410931 8.1083E-14 
3 350940 3. 5772E-2C 360940 1. 6047E-17 370940 2.4563E-15 380940 2. 6238E-13 
3 390940 4.4684E-12 400940 1. 7375E-07 410940 3. 39 09E-13 410941 1.8305E-18 
3 350950 3.8595E-21 360950 8.9241E-18 370950 1.5933E-16 380950• 8.4326E-14 
3 390950 2. 7501E-12 400950 2. 4212E-08 4109 50 1. 3067E-08 410951 g.9162E-12 
3 4 20950 1.4 779E-07 350960 1. 4737E-22 360960 1.1902E-18 370960 3. 142 5E-17 
3 380960 9.0385E-15 390960 5. 7700E-13 400960 1. 96 03E-07 410960 8.8016E-13 
3 4 2 C9 60 6.7485E-09 360970 2. 7166E-2 0 370970 5.1274E-18 380970 2.4452E-16 
3 3 90970 4.0717E-15 400970 2.9399E-10 410970 .2. 11 46 E- 11 410971 2.7509E-13 
3 420970 2.0117E-07 360980 4. 7291E-21 370980 1.0687E-18 380980 4.2945E-16 
3 3 90980 7.8059E-16 400980 1. 5433E-13 410980 3. 06 58E- 16 410981 1. 5578E-11 
3 4 20980 2.1246E-07 370990 6.1023E-20 380990. 8.5874E-17 390990 1. 2117E-15 
3 400990 1. 1877E-14 410990 7.4283E-14 410991 3.8499E-14 420990 1. 3020E-09 
3 4 30990 2 .0090E-07 43 09 91 1.0·396E-10 440990 6.8569E-13 371000 7. 6581E-21 
3 381000 3.3856E-17 391000 5.2073E-16 401000 3. 2160E- 14 411000 7. 054 8E-15 
3 411001 7.0842E-15 421000 2. 4119E-07 431000 1. 5806E- 14 441000 2.1451E-08 
3 381010 1.1840E-18 391010 2. 2349E-16 401010 9.527•H-15 411010 3.4656E-14 
3 421010 4.7109E-12 431010 4. 5773E-12 441010 2. 0698E-07 381020 1.9028E-19 
3 391020 1.6741E-17 4010 20 4. 8866E-14 411020 1. 3100 E-14 421020 3.5876E-12 
3 U31020 2.8485E-14 431021 2.0236E-15 4410 20 2.1614E-07 381030 2.2291E-21 
3391030 3.5957E-18 4010 30 1.2075E-15 4110 30 5. 02 89E- 14 421030 3. 3386E-13 
3 431030 2.8319E-13 441030 1.8944E-08 451030 1.3308E-07 451031 1.6929E-11 
3 381040 1. 3621E-22 391040 1.4086E-19 40104 0 6. 80 87E-16 411040 1.6S66E-15 
3 421040 4. 5572E-13 431040 5.5701E-12 44104 0 1.84 72E-07 451040 1. 2166E-13 
3 451041 5.3755E-14 461040 6.0199E-08 3910 50 8. 0633E- 21 401050 1. 3806E-17 
3 411050 1.0585E-15 4210 50 1. 9·0 18E-13 4310 50 2.1037E-12 441050 7.1196E-11 
3 4 510 50 5.1418E-10 451051 5. 6139E-14 461050 1.3816E-07 401060 2.3352E-18 

t 3 411060 8.1458E-17 421060 1.7799E-14 431060 1.1979E-13 441060 7. 120 1E-08 
3 U51060 7.5478E-14 451061 1. 0422E-12 461060 7.1008E-08 391070 1.9796E-24 
3 401070 2 .• 6290E-20 411070 1. 5764E-17 4210 70 4. 7301E- 15 431070 5.3248E-14 
3 U41070 7.0508E-13 451070 3.6614E-12 4610 70 8. 9950E- 08 461071 6. 066 BE ... 18 
3 471070 8.3984E-15 401080 1.6101E-20 411080 1.1387E-18 421080 3. 1048E-16 
3 431080 5.5585E-15 441080 5.2741E-13 451080 3.3128E-14 451081 6.5660E-15 
3 461080 6.2618E-08 471080 5. 8734E.-21 471081 4.6700E-16 481080 8. 172 5E-16 
3401090· 4.1035E-22 411090 2.9546E-19 4210 90 6. 7767E-17 431090 2. 4 94 7E-14 
3 441090 4.2118E-14 451090 1.1293E-13 451091 3. 1370E-14 461090 7.2766E-11 
3 461091 1.7775E-13 471090 3.1769E-08 471091 5. 9432E-14 481090 1.0619E-18 
3 4 11100 1. 4736E-20 421100 2.4517E-17 4311 00 9.9634E-17 441100 8.3700E-15 
3 451100 1.6366E-14 451101 1. 2374E-16 461100 2. 0036E-08 471100 1.6580E-14 
3 471101 3.8260E-10 481100 1. 3236E-08 4111 10 1. 5563E- 21 4 21110 1. 042 4E-18 
3 431110 5.101 OE-17 441110 3.4734E-15 451110 1. 9433E- 14 461110 4.1778E-13 
3 461111 9.5337E-14 471110 2. 0652E-10 471111 2. 0 5 84E-14 481110 1. 0599E-08 
3 481111 3. 5080E-16 421120 3.3493E-19 431120 4. 5192E-18 441120 6.6463E-17 
3 451120 7.1348E-16 461120 1. 1772E-11 471120 1. 8388E-12 481120 6. 2290E-09 
3 421130 6~8093E-21 431130 1. 5390E-18 441130 1. 3836E- 16 451130 9.4139E-17 
3 461130 1.1344E-14 471130 2.1680E-12 471131 8.4373E-16 481130 5. 8733E-11 
3 481131 9.4828E-11 491130 3.9021E-12 491131 1.1283E-22 421140 1.1351E-21 
3 431140 1.3057E-19 441140 1.1261E-16 451140 9.9720E-17 461140 1. 2128E-14 
3 471140 3.8609E-16 481140 7. 9683E-09 491140 1. 6985E-18 491141 3.8751E-14 
3 501140 3.2517E-13 421150 2.7433E-23 431150 3.5380E-20 441150 7.6644E-18 
3 451150 2.6761E-16 461150 3.0390E-15 471150 7.1874E-14 471151 3. n36E-16 
3 481150 1. 5086E-11 11811 51 2.8675E-11 49115 0 8.4095E-10 491151 1.2157E-12 
3 501150 1.1058E-10 431160 1.0466E-21 441160 3.2990E-18 451160 1.7521E-17 

l 3 461160 8.2563E-16 4 71160 5. 2844E-15 471161 3. 4178E- 16 481160 2. 7336E-09 
3 4 91160 6.1863E-16 491161 1. 1289E-13 501160 2. 46 08E- 09 431170 5.6267E-23 
3 441170 1.0401E-19 451170 1.0708E-17 461170 2 .5435E-16 471170 2. 3529E-15 
3 471171 1.7031E-16 481170 3. 9925E-13 4811 71 2. 8404E-13 491170 1~0409E-13 
3 4 91171 3.4838E-13 501170 2.7412E-09 501171 4.3181E-13 441180 1.4316E-18 
3 451180 5.3412E-18 461180 1. 3695E-16 4711RO 1.5577li:~16 471181 8. 3063E-17 
3 u 81, 80 1.9415E-13 491180 3. 2179E-16 491181 7.5418E-18 501180 2.6998E-09 
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3 451190 6. 521 SE-19 461190 5.6112E-17 471190 3.5933E-16 481190 1.8167E-14 
3 481191 6.1846E-15 491190 2. 7806E-15 4911 91 5.2199E-14 501190 2. 6674E-09 
3 501191 1.8890E-11 441200 1. 4247E-22 4512 00 3.5776E-20 461200 5. 2625E-17 
3 471200 4.8126E-17 481200 3.2093E-15 491200 1. 4317E- 15 491201 9. 9315E-17 
3 501200 2. 7 019E-09 451210 7.7083E-21 461210 3.0210E-18 471210 8.6605E-17 
3 481210 7.9914E-16 491210 1.4874E-15 491211 2.5959E-15 501210 6. 4030E-12 
3 501211 1. 0614E-12 511210 2. 6049E-09 451220 4.4482E-22 461220 1.8969E-18 
3 471220 1. 8024E-18 481220 3. 2787E-16 491220 6. 4106 E-16 491221 6.7649E-18 
3 501220 2. 9101E-09 511220 1.8181E-12 511221 1.7410E-17 521220 1. 6142E-10 
3 4 512 3 0 4.8044E-23 46 1230 1.0453E-19 471230 8.1229E- 18 481230 4.7714E-16 
3 491230 3.1496E-16 491231 1.0604E-15 501230 1. 53 68E-10 501231 1. 4958E-13 
3 511230 2. 97C5E-09 521230 1.7446E-12 521231 5.0186E-13 461240 3.5400E-20 
3 471240 1.1561E-18 481240 8.8422E-16 491240 2.6699E-16 501240 3. 7562E-09 
3 51l240 2.4 466E-11 511241 4.0632E-18 521240 9.430SE-11 471250 5.1982E-19 
3 481250 6.1779E-17 491250 1. 2865E-16 491251 4. 8292E-16 501250 4. 4462E-11 
3 501251 5. 0671E-1'1 511250 4.4392E-09 5212 so 1.1986E-09 521251 S. 2484E-11 
3 461260 2.7397E-22 471260 6. 551SE-20 481260 1.0373E-16 491260 1.7856E-16 
3 5 012 60 7.83UOE-09 511260 4.5612E-12 511261 2. 2768 E-15 521260 2.1083E-10 
3 481270 1.0555E-17 4912"10 1. 4U;<!qE-16 491271 2. 5527E-16 501270 2 • 0190E-12 
3 501271 3.1205E-14 511270 1. 399 3E-10 521270 1. 3972E-11 521 271 5. 0609E-10 
3 5 31270 1. 5ooeE-oa 471280 1. 8654E-21 481280 7.7771E-18 491280 3.9664E-16 
3 501280 2.0333E-12 511280 1.9190E-12 511281 3. 94 97E-13 521280 2. 7690E-08 
3 531280 5.9518E-14 541280 7.5766E-10 481290 8.7551E-19 491290 7. !)77 2E-17 
3 5 01290 1. 7974E-13 50 1291 6.1325E-14 511290 1.7909E-11 521290 4.7200E-12 
3 521291 4.8527E-10 531290 4. 3523E-08 541290 3. 8547E- 12 541291 1.3507E-14 
3 481300 1. 0 651E-18 491300 4.6902E-17 5013 00 2.6214E-13 511300 9.0662E~13 
3 511301 5. 8963E- 13 521300 8. 0388E-08 5313 00 5.2479E-12 531301 2.5362E-14 
3 541300 2.6240E-09 481310 4. 0842E-20 491310 9.8905E-18 501310 6.0848E-14 
3 511110 3. 5993E-12 521310 4.2512E-12 521311 5.2904E-11 531310 2. 231 OE-09 
3 541310 9.2574E-08 541311 3.6738E-11 481320 4. 52 an- 2, "91320 9. 7096E-19 
3 501320 1.9500E-14 511320 2.4843E-13 511321 2.4956 E-13 521320 1. 2638E-09 
3 531320 3. 7951E-11 5413 20 2. 1723E-07 491330 1.1843E-19 501330 2.1873E-16 
3 51133 0 2.2824E-13 521330 2.7151E-12 521331 6.6510E-12 531330 4.5911E-10 
3 531331 1.9955E-15 541330 2. 7800E-09 541331 3. 71J46E- 11 551330 2.1876E-07 ~ 
3 IJ91340 5.0103E-21 50134C 2.1132E-17 511340 3.4086E-15 511341 3.0480E-15 
3 521340 1.1325E-11 531340 2. 0939E-'11 5313 41 1. 74 39E-13 541340 2. 7598E-07 
3 541341 1.6688E-17 551340 2. 1140 E-08 551341 1.3518E-12 561340 5. 4295E-09 
3 501350 8.1707E-19 511350 2.5635E-16 521350 4. 7808E-14 531350 1.3711E-10 
3 541350 3.9573E-11 5413 51 1.1882E-12 551350 S.6878E-08 551351 2.2086E-13 
3 561350 3.2020E-11 561351 1. 7769E-14 501.160 1.0928E-19 511360 7. 5490E-16 
3 521360 2.6015E-14 531360 2.2404E-13 531361 7.0443E-14 541360 4. 4956E-07 
3 551360 1.5576E-10 561360 3. 81167E-09 5613 61 &.!1841E-18 511370 1.6030!!-18 
3 521370 1.3581E-15 531370 6.1565E-14 541370 1.2195E-12 551370 2.2684E-07 
3 561370 5.55511E-09 561371 3.4837E-14 511380 9.7361E-20 521 380 1. 6627E-16 
3 531380 7.7878E-15 541380 4.0107E-12 5513 80 1.0272E-11 551381 4. 9460E-14 
3 561380 2. 2311E-07 571380 6.5250E-13 511390 9.6797E-21 521390 8. 8725E-18 
3 531390 1.2818E-15 541390 1.4202E-13 5513 90 2.8392E-12 561390 2.6067E-11 
3 571390 2.1389E-07 521400 2.0263E-18 531400 1. 2 Q 32E- 16 541400 3. 0332E-14 
3 551400 2.8819E-13 561400 5. 5743E-09 571400 7. 5144E- 10 581400 2.1084E-07 
3 521410 2.9843E-20 531410 1.0222E-17 5414, 0 1. 3897E-'15 551410 8. 2176E-14 
3 561410 5.1950E-12 571410 6.7437E-11 581410 1. 3272E-08 591410 1. 8033E-07 
3 521420 7.2760E-21 531420 8.8091E-19 541420 3.4695E-16 551420 3.2621E-15 
3 5611120 2.8240E-12 571420 2.5148E-11 581420 1. 8969E-07 591420 1.2810E-11 
3 591421 3.3308E-1Q &01420 3.7197E-09 531430 1. 0395E- 19 541430 1. 5780E-17 
3 551430 1.4967E-15 561430 5. 0914E-14 571430 3.5082E-12 581430 4. 9866E-10 
3 5 91430 4.795BE-09 601430 1. 2669E-0 7 5314 4 0 3. 5886E-21 541440 1. 0041E-17 
3 551440 3.0845E-16 561440 2.9774E-14 571440 1.4451 E-13 581440 1. 0736E-08 
3 591440 3.0198E-12 591441 1. 4953E-14 601440 1. 3222E- 07 541450 1.1614E-18 
3 551450 4.3865E-17 561450 9.1045E-15 5714 50 1. 8288E- 14 581450 5.2585E-13 
3 591450 6.2926E-11 601450 1.1122E-07 541460 7. 5951 E-20 551460 2. 3353E-18 
3 561460 1.2~01E-15 571460 1.5024E-14 581460 2 .05 20E-12 591460 3.5129E-12 
3 6 C146 0 1.1272E-07 541470 1. 9709E-21 -5514 70 1.2608 E-18 561470 3.·1176E-16 
3 5 71470 9.0589E-15 581470 1. 3258E-13 591470 1.11042E-12 601470 1. 8597E-09 
3 611470 2.7679E-08 621470 8.6113E-09 551480 3. 079SE- 20 561480 1.61112E-16 
3 571480 4.6377E-16 581480 6.1539E-14 591480 2.2091E-13 601480 6. 4930E-08 
3 611480 3.Q067E-10 611481 2. 6485E-10 621480 2.5152E-08 561490 3.0984E-18 
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3 5 71U90 2. 734UE-16 581490 8.2399E-16 591490 1.6119E-13 601490 7.60U8E-12 
3 611U90 3.5064E-10 621490 4. 7421E-10 551500 1. 8388E- 23 561500 4. 7016E-19 
3 571500 1.2690E-17 581500 4. 0761E-16 5915 00 1. 0 327E-14 601500 3. 521OE-08 
3 6 11500 2.5391E-13 621500 5.6045E-08 571510 2.5018E-18 581510 1.2709E-16 
3 59.1510 1.9102E-15 601510 5.2739E-13 611510 7 .24 99 E-11 621510 2.8910E-09 
3 631510 1.9376E-12 5615 20 5.U625E-22 571520 9. 5935E- 20 581520 4.0791E-16 

-\ 3 591520 1.8058E-15 601520 3.5140E-13 6 115 20 1. 2880E- 13 611521 4. 5956E-15 
3621520 2. 7818E-08 631520 6.3289E-12 631521 9. 1927E-15 641520 2. 088 4E-12 
3 571530 1.4480E-20 581530 9.3754E-18 591530 5. 54 27E-16 601530 2.0631E-14 
3 611530 1.12E8E-13 621530 2. 505UE-10 631530 2.2026E;,.08 641530 2.3113E-12 
3 5 715UO 2. 7033E-22 581540 2.3335E-18 591540 2. 36UOE- 17 601540 1.1659E-10 
3 611540 3.5977E-1U 611541 3.8988E-15 6215UO 8. 8639E-09 6315UO 7.3955E-09 
3 6 41540 4.0107E-10 5815 50 5.4101E-20 591550 7.0738E-18 601550 1.7544E-15 
3 611550 4.9744E-15 621550 2~1273E-13 6315 50 2.8133E-09 641551 4.6259E-23 
3 6U1550 1.4698E-11 581560 8. 3860 E-21 591560 3.6985E-19 601560 1.4911E-15 
3 611560 1.0393E-15 621560 3. 57 86 E-12 631560 7. 9881E- 10 641560 1 .2302E-08 
3 581570 2.0245E-22 591570 7. U9 46 E-20 601570 3. 0386E-17 611570 2.6792E-15 
3 621570 3.418!:E-14 631570 5. 7261E-12 641570 2.0449E-11 591580 2.1135E-21 
3 601580 8.8356E-18 611580 4.9459E-17 621580 .. 1. 03 69E-13 631580 1.1584E-13 
3 641580 4. 7078E-09 591590 9. 7908 E-23 601590 1.5479E-19 611590 1. 2718E-17 
3 621590 3.0635E-15 631590 2. 14814E-14 641590 1. 89414E- 12 651590 7.1791E-10· 
3 601600 1.6555E-20 611600 4~7667E-19 621600 2. 3759E• 15 631600 5. 3189E-16 
3 6141600 3.5259E-10 651600 2.4790E-11 661600 4.9790E-11 601610 3. 0989E-22 
3 611610 6. 7341E-20 621610 2.4124E-17 .631610 1. 9108E-16 6141610 1. 1729E-15 
3 651610 3.7U22E-12 6616 10 1.1276E-10 61162 0 9.6721E-22 621620 4.6310E-18 
3 631620 3.5319E-16 61416 20 1.14307E-15 6516 20 1.0582E-15 651621 5.7851E-16 
3 661620 1.0220E-10 6216 30 6. 6846E-20 6316 30 14. 14953E- 18 6141630 8. 8163E-17 
3 651630 1.2003E-15 661630 7.9555E-11 621640 9.4416E-21 6316140 1.2986E-19 
3 61416 40 4. 8451E-16 651640 8.3147E-17 661640 1.1978E-11 621650 1. 2625E-22 
3 631650 2.35142E-20 641650 1.2411E-17 6516 50 6.6142E-18 {j61650 1. 98 62E-14 
3 661651 7.3537E-17 671650 3.8394E-11 661660 4.2216E-14 671660. 6.51492E-14 
3 671661 3.8108E-13 681660 1.2171E-11 681670 8. 2359;!- 13 681671 3. 3573E-20 
3 681680 2.1832E-12 681690 9.7999E-16 691690 1.3866E-14 681700 3. 2558E-18 

-1. 3 6 91700 2.2523E-15 701700 2.1507E-15 681710 4.4639E-23 691710 2. 0464E-16 
3 701710 1.1074E-16 681720 1. 0361 E-25 691720 8.4536E-20 701720 8. 4733E-18 
0 0.0 o.o o. 0 
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