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Summary 

The GETOUT-code, originally developed at Batelle Pacific 

Northwest Laboratories (PNL}, was used in the KBS­

project to calculate the radionuclide discharges 

from the repository. The version used in KBS was a 

translation of the PNL BASIC-language version as by 

december 1976. In this report a new version, mathematically 

compatible whith the PNL FORTRAN version as by 1979-08-15, 

is documented. netails are given on the differences 

between this new version and the version used-in 

the KBS project up to now. 



Table of contents 

1. 

2 • 

History and project description 

Updating of GETOUT with reference to PNL's 

new version 

3. Calculation and storage of source strengths 

4. 

5. 

6. 

at time of canister breakthrough 

Calculation of time scales 

Printouts for evaluation 

Plot program 

References 

Appendices 

page 

1 

2 

4 

5 

7 

7 

8 

1. Description of GETOUT and its input data requirements 

2. Program listing 

3. Description of input data for a GETOUT run 

4. Examples of output from a GETOUT run 



1 • History and product description 

In the safety analysis in the KBS project /1, 2/, a one­

dimensional dispersion model with chain decay and geo­

chemical retardation called GETOUT has been used to 

calculate the nuclide inflows to the biosphere from 

the final repository. The model was originally developed 

at Batelle Pacific Northwest Laboratory (PNT,) /3/. When 

KBS was started in December of 1976, a BASIC version 

of the computer program then used by PNL for inflow 

calculations was obtained. Owing to numerical problems, 

the dispersion was omitted in this version for those 

nuclides that are formed by means of chain decay during 

transport through the bedrock /4/. The BASIC program was 

translated within KBS to FORTRAN, whereby the logic was 

revised to simplify parameter studies and reduce computer 

run costs. 

l 

In this project, the GETOUT version used in the KBS safety 

analysis has been updated to coincide with a later version 

from PNL /5/. In connection with this updating, the program 

has been "trimmed" for more efficient use and running: 

Options for calculating triple-nuclide chains with 

the same retention factors have been put in. 

A routine package for calculating the source strengths 

at the time of canister breakthrough have been 

included. 

The calculations of the time scales that are used 

have been revised. 



The part of the program that calculates nuclide 

contributions where special approximations must 

be resorted to, has been made more flexible. 

The printouts have been made more user-oriented. 

A separate program for plotting results has been 

developed. 

This report describes the above-mentioned measures. 

The GETOUT logic is described in Appendix 1. Appendix 2 

is a listing of GETOUT and Appendix 3 a description of 

required input data. Examples of the printouts obtained 

from the program are shown in Appendix 4. 

2 

The report describes the measures related to programming 

that have been adopted within the project. Readers who are 

not familiar with GETOUT and the manner in which GETOUT 

works are advised to read Appendix 1 first. 

2 • Updating of GETOUT with reference to PNL's new version 

GETOUT is based on the analytical solution of a system of 

partial differential equations of the form: 

where: N. = the flow of nuclide (mole/s) through a cross-
1 

section at point x (m) at time t (s), 

K. = the retention factor for nuclide i (ground-
1 

water velocity/nuclide velocity), 

D = the dispersion coefficient (m2/s) 

u = the groundwater velocity (m/s), 
-1 Ai= the decay constant for nuclide i (s ) . 
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The GETOUT version used in the KBS safety analysis 

/1, 2, 6, 7/ suffered from two weaknesses: 

a) Dispersion was not included for the nuclides that 

are formed through chain decay during the course 

of the transport. 

b) "Band-Release", i.e. leaching at a constant rate 

over a given period of time, was simulated by a 

superimposition of an incremental increase of the 

leach rate at the time of canister breakthrough 

and an incremental decrease when the entire waste 

quantity is dissolved. 

This approach is relevant for single- and double-nuclide 

chains, but gives too long-lasting releases to the 

recipient for some triple-nuclide chains. 

In the current version, both of these weaknesses have been 

eliminated. The solution forthe triple-nuclide chains 

has been revised so that "Band-Release" is simulated by 

a square wave instead of the former superimposition. 

3 

The numerical problems that were responsible for the omis­

sion of dispersion for the daughter nuclides in the former 

version (mainly cancellation and products between extremely 

large and extremely small numbers) have been solved by 

means of greater precision and by the separate handling of 

number parts and exponent parts. Thus, many of the products 

that occur in the program are calculated as the sum of the 

natural logarithms of the factors. 

Mathematically, the current version coincides with a listing 



of PNL's version dated August 15th, 1979. One addition, 

calculation of triple-nuclide chains with identical 

retention factors, has been made, however. The logic of 

the new version is described in Appendix 1. Appendix 2 

is a listing of the program. 

Another change in the current version is that in 

calculation cases where problems arise with negative 

square root arguments in the equations for dispersion 

release, the entire chain is not omitted, as in the PNL 

version, but rather only those terms concerned. If terms 

are omitted, a printout is obtained on the line printer 

where the omitted terms are marked so that the results 

can be checked. 

3. Calculation and storage of source strengths at 

time of canister breakthrough 

In the former version, the source strengths at the ti~e 

4 

of canister breakthrough were read directly from a 

formatted file with one column of source strengths for 

each of several fixed times. This system, which had been 

translated directly from the BASIC program, quickly proved 

to be unwieldy, since as soon as a time for canister break­

through was chosen that was not in the available file, it 

was necessary to prepare a new source strength file and 

reprogram the tests by means of which the right column in 

the file was chosen. 

In the current version, a routine package for calculating 

the source strengths has been included. This routine package 

1 also permits a reprocessing, i.e. a separation of a certain 
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fraction of some of the nuclides, in which case the source 

strength calculation takes place in two steps. 

In connection with the inclusion of the decay ro~tine, 

internal storage of source strengths, half-lives 

and retention factors has also been introduced, making it 

possible to omit the temporary file that was previously 

used for storing these data (the former logic in this 

respect was directly transferred from the BASIC program). 

The advantage of this is a considerable reduction of both 

the execution time and the i/o-time. 

4. Calculation of time scales 

Different types of time scales are calculated in the 

program for: 

Single-nuclide chains 

Double- and triple-nuclide chains 

The sum of individual contributions to a nuclide's 

inflow and for the plot of the individual dose as 

a function of time that is obtained. 

In the fonner version, various problems arose in the routines 

that calculate these time scales, entailing a risk that 

parts of the nuclide peaks would be missed. This in turn 

meant that some experience of the program was required to 

evaluate the runs. 

The problem with the time scale for the single-nuclide 

chains was that there was a risk that the beginning and 

end of the peak in the dispersion case would be missed. 
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In order to avoid this problem, a routine that seeks out 

the point where the inflow is to be, 10- 15 x max. inflow, 

has been put in. The routine works with the Newton Raphson 

method. In order to eliminate the risk of missing the 

no-dispersion peak, a point corresponding to the nuclide's 

travel time with plug-flow has been included in the 

otherwise logarithmic time scale. 

The time scale for double- and triple-nuclide chains is 

linear. In some cases, there was formerly a risk that 

the maximum value would be missed because it fell in 

between two time steps. This risk has been considerably 

reduced by introducing a point at each nuclide's travel 

time with plug-flow and at the nuclide's travel time plus 

leach duration. At the same time, the number of time steps 

has been increased. Two temporary files, previously used 

to store the times used as limits in the time scale cal­

culation for double- and triple-nuclide chains, have been 

replaced by internal fields in the program, improving 

efficiency. 

The time scale for the sum of the individual nuclide con­

tributions is logarithmic. In the former version, the 

maximum value sometimes fell in between two time steps. 

In the present version, one point is automatically placed 

at the time for the highest of the maximum values of the 

individual contributions and one point at the next-highest 

maximum. 
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5 • Printouts for evaluation 

rn checking the calculation results to be used for dose 

calculations, it was formerly necessary to go through the 

entire run and check manually that the individual con­

tributions were correctly added. This has now been 

considerably facilitated by tabulation of both the maximum 

values of individual contributions and the maximum value 

of the sum (see Appendix 4). 

6. Plot program 

A plot program, DRAW /8/, developed at VTT in Finland, 

has been adapted to the available hardware. Appendix 4 

shows an example of the images that can be generated by 

DRAW. 
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Appendix 1 

Description of GETOUT and its input data requirements 

GETOUT calculates the transport of radioactive nuclides 

from a final repository to the biosphere. The model is 

one-dimensional and includes dispersion, geochemical 

retardation and chain decay. The transport equation has 

been solved analytically for a constant leach rate /5/. 

The result is obtained in the form of the activity inflow 

to a recipient (Ci/year) as a function of time. The 

transport equation has been solved for decay chains of 

single-, double- and triple-nuclide length. Longer decay 

chains are simulated by means of one of two approximations. 

1) APPROX 1: Radioactive equilibrium, the daughter nuclide 

is assumed to be very short-lived in relation to the 

parent nuclide. 

2) APPROX 2: Short-lived parent nuclide that is assumed 

to decay completely before the start of leaching. 

The total inflow of a given nuclide is then modelled as the 

sum of the contributions from the different parent nuclides. 

Figures 1-4 show examples of how the decay chains of the 

actinides can be "pieced together". 

The designation PSEUDO also occurs in the figures, which 

means that the uraniurn-238 inventory in the waste is 

divided into two pseudo-· inventories of uranium-234 by means 

of the decay equation for double-nuclide chains. Radium-226 

from uraniurn-238 can then be calculated as the difference 

between two triple-nuclide chains with the two pseudo­

inventories as parent nuclides. Thorium-230 from uranium-238 

can be calculated in the same manner as the difference 

between two double-nuclide chains. 



Appendix 1 (2) 

Single-, double- and triple nuclides chains are designated 

in the figures as SINGLE, DOUBLE and TRIPLE after the sub­

routines in the program that perform the calculations. 

The program logic for GETOUT is described in Figure 5. 

The figure is not a flow scheme, but rather an illustration 

of the principle of the information flow. 

The single-, double- and triple-nuclide chains are calculated 

by the subroutines SINGLE, DOUBLE and TRIPLE with associated 

auxiliary routines. The above-mentioned approximations 

APPROX 1 and APPROX 2 are calculated in the routine SPEC. 

The individual contributions to a nuclide's total inflow 

are stored for single-nuclide chains on file 13, for double­

nuclide chains on file 14, for triple-nuclide chains on 

file 15 and for the approximations on file 16. If requested, 

a listing of the individual contributions is obtained on 

file 9. The total inflows are obtained as a line printer 

plot on file 20 and in unformatted form on file 17 for 

possible further use as input to a special plot program. 

If desired, the total inflows can also be taken out on 

file 7 in formatted form for further use in e.g. a dose 

calculation program. GETOUT also calculates an approximate 

dose by means of multiplication by a dose factor which can 

be, for example, a maximum individual dose per unit inflow 

to the recipient area. This "dose factor 11 may, for example, 

be based on previous runs with a biosphere model. The 

resulting dose is obtained as a line printer plot on file 20. 

Two files are needed as input data to a run: 
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File 1 with the nuclides 1 half-lives (years) and 

source strength (Ci/t U) in the irradiated fuel upon 

discharge from the reactor. One record for each 

nuclide with nuclide name, half-life and source 

strength, FORMAT (A6, 2E10.2). The file is concluded 

with a record with -1 in columns 1-2 and two records 

with file identification in clear text FORMAT (20A4). 

Figure 6 shows a listing of a source strength file. 

File 5 with information on the time of canister 

breakthrough, leach duration, groundwater travel time, 

nuclides to be calculated, retention factors 

(coefficients) for these nuclides etc. The records 

in file 5 are described in Appendix 3. 



The 4N chain 

CM-244 

! 

PU-240 A PU-244 

+ 
U-236 

~ 

TH-232 

~ 

TH-228 U-232 

Calculation logic for the 4N chain 

(chain) 

Cm-244 from Cm-244: SINGLE 

Pu-244 from Pu-244: SINGLE 

Pu-240 from Cm-244: DOUBLE 

U-236 

from Pu-244: neglected (the inventory of 
Pu-244 is very small) 

from Cm-244: TRIPLE 

from Pu-244: neglected 
(see above) 

from Pu-240: DOUBLE 

from U-236: SINGLE 

Th-232 from Cm-244: TRIPLE {Th-232 from 
Pu-240 with APPROX 2) 

U-232 

Th-228 

from Pu-244: neglected 
(see above) 

from Pu-240: TRIPLE 

from U-236: DOUBLE 

from Th-232 SINGLE 

from U-232: SINGLE 

= Th-232 (the half-life 
of Th-228 is much smaller 
than that of Th-232 and the 
inventory of U-232 is small) 

Figure 1 



The 4N+l chain 

CM-245 

i 
PU-241 

~ 

AM-241 

~ 

NP-237 

~ 

U-233 

+ 
TH-229 

Calculation logic for the 4N + l chain 

(chain) 

Cm-245 from Cm-245: SINGLE 

Pu-241 from Cm-245: DOUBLE 

from Pu-241: SINGLE 

Am-241 from Cm-245: DOUBLE (half-life of Pu-241 
<<half-life of Cm-245) 

from Pu-241: DOUBLE 

from Am-241: SINGLE 

Np-237 from Cm-245: TRIPLE (half-life of Pu-241 

U-233 

<<half-life of Am-241) 

from Pu-241: TRIPLE 

from Am-241: DOUBLE 

from Np-237: SINGLE 

from Cm-245: TRIPLE (half-life of Pu-241 
and Am-241 <<half-life of Cm-245) 

from Pu-241: TRIPLE (U-233 from Am-241 with 
APPROX 2) 

from Am-241: TRIFLE 

from Np-237: DOUBLE 

from U-233: SINGLE 

Th-229 from Cm-245: neglected (inventory of Cm-245 
<< inventories of Np-237 and 
Am-241) 

from Pu-241 TRIPLE (Th-229 from Np-237 
and Am-241: with APPROX 2) 

from Np-237: TRIPLE 

from U-233: DOUBLE 

from Th-229: SINGLE 

Figure 2 



The 4N+2 chain Figure 3 

AM-242M CM-246 

CM-242 PU-242 

PU-238 U-238 

U-234 

TH-230 

RA-226 

Calculation logic for the 4N + 2 chain 

(chain) 

Am-242M from Am-242M: SINGLE 

Cm-242 from Am-242:M: DOUBLE 

from Cm-242: SINGLE 

Pu-238 from Am-242M: DOUBLE (half-life of Cm-242 
« inventories of Pu-238 and Am-242M) 

from Cm-242: neglected (inventory of Cm-242 
<<inventories of Pu-238 and Am-242M) 

from Pu-238: SINGLE 

Cm-246 from Cm-246: SINGLE 

Pu-242 from Cm-246: DOUBLE 

from Pu-242: SINGLE 

U-238 from Cm-246: TRIPLE 

from Pu-242: DOUBLE 

from U-238: SINGLE 

U-234 from Am-242M: TRIPLE (half-lives of Cm-242 
<< half-life of Am-242M) 

from Cm-242: DOUBLE (U-234 from Pu-238 with 
APPROX 2) 

from Pu-238: DOUBLE 

from Cm-246: TRIPLE (U-238 from Cm-246 with 
APPROX 1) 

from Pu-242: DOUBLE (U-238 from Pu-242 with 
APPROX 1) 

from U-238: DOUBLE 

from U-234: SINGLE 



Th-230 from Th-230: SINGLE 

from U-234: DOUBLE 

from U-238: DOUBLE (with PSEUDO) 

from Pu-242: DOUBLE (U-238 from Pu-242 with 
APPROX 1) 

from Crn-246: neglected (inventory of Cm-246 
<<inventory of U-238) 

from Pu-238: TRIPLE 

from Cm-242: TRIPLE (Th-230 from Pu-238 with 
APPROX 2) 

from Arn-242M: TRIPLE (half-lives of Cm-242 and 
Pu-238 <<half-life of Arn-242M) 

Ra-226 from Ra-226: SINGLE 

from Th-230: DOUBLE 

from U-234: TRIPLE 

from U-238: TRIPLE (with PSEUDO) 

from Pu-242: DOUBLE (U-238 from Pu-242 with 
APPROX l) 

from Cm-246: neglected (see Th-230 from Cm-246) 

from Pu-238, 
Cm-242 and TRIPLE (Ra-226 from U-234 with 
Arn-242M: APPROX 2) 

Figure 3 (continued) 



The 4N+3 chain 

(chain) 

Am-243 

Cm-243 

Pu-239 

U-235 

CM-243 

+ 
PU-239 ... AM-243 -

+ 

U-253 

t 

PA-231 

Calculation logic for the 4N + 3 chain 

from Am-243: SINGLE 
from Cm-243: SINGLE 

from Am-243: DOUBLE 

from Cm-243: DOUBLE 

from Pu-239: SINGLE 

from Am-243: TRIPLE 

from Cm-243: neglected (the inventory of 
Cm-243 is small in relation to 
the inventory of Am-243) 

from Pu-239: DOUBLE 
from U-235: SINGLE 

Pa-231 from Am-243: TRIPLE (Pa-231 from Pu-239 
and Cm-243: with APPROX 2) 
from Pu-239: TRIPLE 
from U-235: DOUBLE 

from Pa-231: SINGLE 

Figure 4 
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Figure 6 

rListing of source strength file 

475-SOURCE PAGE 4 
H -, 1 .. 23+01 7" 30+0?-...) 

C 111. 5,.74+03 1 ,.4'5+00 
SE 7'J F..,50+04 3,.9ti-Oi 
K.R35 1e0'3+01 L,12+::>4 
P9P,7 5,.00+10 1 .. 92-05 
5q '39 1 .. 43-01 7.,99+05 
SR90 2 .. 111+01 7 ,.62 +04 
y 91 1 .. 62-01 1 .. 05+06 
ZR9:3 1 .. so+o0 l .86+00 
7RCJ5 1 .. 79-01 1 .,"57+06 
Nf395 9.,59-02 1.,59+06 
T(99 2.,11+05 1 .. 41+0 t 
RU103 1., 08-0 ! 1 .-42 +0 6 
RU!On 1 .. 00+00 6e18+05 
PDi07 ; .. 00+06 1 "17-01 
CD109 1 .. 24+:)0 4 .. 52-06 
AG110M 6 .. 93-01 4 .. 33+03 
C0113M 1 .. 40+0 t J.., 17+0 l 
Sil 125 2 .. 70+00 9,.45+03 
TE 1 25\11 1 .. 59-01 3., '31+03 
TE 127M 2,. CiA-01 1 .,80+04 
S~-11 2F; 9 .. ".}8+04- 5., 6'1-01 
I 12q 1 ., 70+0 7 i .. ?<=;-{) 2 
CS 1 3/-4- 2.05+,)0 ?,.6s+oc; 
CS l 35 3,. 0(H06 2 .. 51-01 
CS137 ~~,_00+01 },.09+05 
CF144 7,. 79- 0 l 1. 23+06 
PM147 2 .62 +00 1 ,. 0 l +O 5 
SM151 8., 72+01 1.,26+03 
FU 1 ".,::, .1.20+01 1"06+01 
EU154 J,.60+01 7.,34+0:--l 
f"Ul ':545 1., S2+00 7,,-'36+03 
H0166M 1 .. 20+03 8 .. 20-04 
QA226 l .,t,0+03 1.12-01? 
T H2? ,) 1., 'J 1 +00 1 .. 21-03 
TH229 7 .,30+03 2,.80-08 
Tl-1210 a., :J0+04 1., ·33-05 
TH2 :l? 1 .. 41+10 2 .. 12-11 
PA2:11 J,.25+04 1.,07-05 
I J ~12 7 .. 20+01 5 .. 41-03 
u 233 l .,62 +05 4" 16-05 
u 234 2.47+05 6 .. 7.?-01 
u 235 7.10+08 1$1+8-02 
u 23c 2o3'?+07 2.71-01 
u 238 4.51+09 3., 1b-01 
"-1°2 37 2,.13+06 .3 .,28-0 1 
PU2]6 2.!J5+00 3,. 71+-0 l 
fJU2lH 8 .. 90+01 2e78+0 3 
PU23') 2" 44+0 4 3 .. 1A+02 
PU240 6 .. 76+03 4,.qo+o2 
PU241 1 ,.-46+0 l 1 .. 10 +05 
PU2.:'.+2 3 • 79+05 1.53+00 
PU244 8~00+07 ?' .. 21-15 
A'·1241 4.,33+02 7,. 78+0 1 a 

J\ /\il2-'t?'J! 1 "52+0? i-l" 3F',+00 
A'\124 3 7 .. 65+03 ? ., l O +0 1 
CM2 42 -4 .. 46-01 :3,.4~+,)4 
C'Ji2'.-3 J?.00+00 1 .. 96+ :) 0 
CM244 1 .. e2+01 :~ .. oo +o 3 
(\424"'i A.,"6+03 4032-Gl 
(M".:f~h 4.,71+03 q,.20-:)?. 
c,,.4 24/i '1 ... "52+05 1 • l B- (J ~ 
-l 
,:nJhf:r- STP~•r;THS J\Nfl HALFLIFE<_; t-t f: ',!-';:c:t1T i"W1--;-! U: L• '-i-"U '.ll-·l; i, ,t 1c,r:" ,r;.; 1' ·,,:r---;n.i 1 s DA"fA l.If3RAPV. Sf'lJhCF C:TFf'-~•<;THC: Al,F T.llk'.[1; ff-")~><, .,., '.)J (Jq?7--l4-)',' 



Appendix 2 

Program listing 

Routine Card No Routine Card No .....,....,.,_,....,.~--- -=---~ ..... -- ...................... .,.,.,=~ --------
MAIN 1 FWD2 2 714 

BLOCK DATA 17 FNOD2 2 909 

GETOUT 59 FWD3 3 009 

DECAY 557 BWD3 3 066 

BATEl 717 FNOD3 3 613 

SINGLE 766 BB16 3 815 

DOUBLE 909 

TRIPLE l 025 

TSING l 145 

TIME23 l 180 

TLIMIT l 225 

VECTOR 1 263 

GTEST l 301 

F l 339 

FF l 389 

SUM2 l 605 

FERRNT l 662 

DIFERF l 691 

BATE l 735 

TOPDEF l 765 

PRINTX l 816 

SPEC l 876 

CHAIN l 971 

INTPOL 2 020 

TSCALE 2 041 

PLOTl 2 132 

PLOTY 2 189 

SCALEY 2 602 

DECODH 2 639 

TEXP 2 676 

TEXPl 2 684 

TDERFC 2 692 

INTNUK 2 700 
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l LOGICAL MIGOUT,NOPUN~N□LINK~L&~~.PUNCH,WRITEX 
2 COMMON/PRINT/ MIGOUT 
3 CALL ERRSET(208,0.-1~1,l} 
4 CALL ERHSET(201.so,-1~1,1) 
5 READ(5~1)LINK~PUNCH1WA!TEX,MIGOUT 
6 1 FORMATC5L5J 
7 IFC@NOT.ILINK.OR.M!GOUT)JGO TO 100 
8 NOLINK=.NOT~LINK 
9 NOPUN-=.NOT.PUNCH 

10 CALL GETOUT(NOLINKwNOPUNoWRITEX) 
11 STOP 
12 100 •RITEl6t2) 
13 2 FORMAT('!*** NO OUTPUT •AS SPECIFIED ANO AS IT IS LATE THE COMPUT 
14 •ER CHCOSED TO TERMINATE EXECUTION••••> 
15 STOP 
~ EtiU __ , _________ _ 

17 ~LOCK UATA 
18 COMMON/FFFFF/ ENAMEl3).THALF(3J.ACC3) ■ ALAMBC3)@ECl3)@DNRC31~ 
19 C 
20 C 
2 t C 
22 C 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54. 

* 

BLOCKC4TA INITIATES NUCLIDE ~AMES AND RETENTION COEFFICIENTS ro 

COMMON/OEYl/ 
COMMON/OEV2/ 

GAPC6J.BREAK .. UUR,PEeETA ■ TD .. V~PATH 
FISS(4D),CHAIN(6.3.4J.IFI ■ ICH 

ETEXP175) ■ ANl75J.CC75J~ANA~E(76J.SFl751 ■ NUK(75Je 

* COMMON/PEAKS.I 

* 
X N ~ I SL 
ICONTR[75).TSTART(75,lOJ ■ TPEAKC75elOJeTEND{15.lOJ ■ 
CMAXl75,lDl,DDSE2(75) 

COMMON/HAL VA/ THALVC75)oRETC75J 
REAL• 16 THALV 
REAL•16 EfEXP~ANtC 
REAL*8 ENAMEtANAME~FISS,CHAIN 
RE~L•8 THALF,AU,ALAM□ ~EO®DNR9GAP~BREAK~DURtPE .. ETA~TD~VwPATH 
DATA E0./3>il!O.,O/ 
D.ATA ETA /J. \!)DO/ 
O~TA ICONTA /75$0/ 
DATA RET/75•o~o, 
DATA SF/15*1 @.I 
D.'HA IFI,/24/w 

l F[SS/ 1 H 3 11 @ ®KR85 
~lllZR93 '11 
2 ® ZR95 
3 
4 

DATA 
l 

1 ■ 1 N895 ' ■ ®TC99 t ■ ™RUi03 1 ■ ,RU106 1 e 1 SB125 1 @'TE125M®• 
®TE127M®11 1 I 129 i~~CSl.34 ',®CS135 1 11®CS137 1 , 1 CE!44 ', 
1 PM147 ~,tSM151 w. 1 EU154 '•'EU155 ,,,16*•xxooo 1 / 

2 
3 
4 
5 
6 
7 
8 
9 

J!CH.14/, 
CHAIN/ 1 CM246 i@ 1 PU242 @. ■ u 238 •.•u 234 ••• TH230 6 ~ 1 R4226 '• 

®AM242M® 11 1 CM242 /JI, q:.u221e @, •u 234 !I~ 11 TH230 • "' 1 RA226 • ~ 
6>1<t ~ ~ 

® ®, @CM244 •, 1 PU240 I ® I U 236 •11*TH232 11 ~ 1 TH228 le 3 

•CM.248 11 @ 1 PU244 '•'PU240 @ ., @ u 236 1 , 9 TH232 1 ,,, 1 TH228 II • 
®PU236 I • I U 232 'Ill 3 TH228 ii • 

f CM243 fll. 1 PU239 ~~I l,JI 235 ®wiPA231 • • ~AM243 w~ 1 PU23.;1 @ t (! u 2.35 • i; 1 ?A231 •• 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
t4 
1 '5 

17 
18 
19 
20 
21 
22 
2.3 
24 
25 
26 
27 
26 
29 
30 
:.H 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 ,,.7 
48 
49 
50 
51 
52 
5,,3 
54 

GE l OUT 3 8 0 o O l 6 
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55 
56 
57 
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• 1 CM245 •.•PU24l 1 • 1 AM241 ®,cNP237 •. 1 u 233 •••TH229 •• 55 
l 12 t e e / 56 

DATA ENAME /3* 1 XX000 1 / 57 

----~,~¥9---·~ou'T"~NL l,...N..,..K-.-N---U_N....,,._H_.-w----x-----,-·-··-·--·---· -----------'!5~9--· -----·-----
60 C 60 
61 C Tt1IS ROUTINE ADMINISTRATES TME CALCULATIONS OF TME NUCLIDE 61 
62 C RELEASE RATES 62 
63 C 63 
64 COMMON/FFFFF/ ENAMEl31 ■ THALF(3) ■ AQC31 ■ ALAMB(3J.EQ(3)aDNR(3Je 64 
65 * GAPl6)sBREAK.DUR.PE,ET4.TD ■ -ATYEL ■ PATH 65 
66 CCMNON/C2/ NSTEP.U(304J.Y(304)~ooSEl(304l ■ TIME(30•>· 66 
67 * TBEGIN ■ TFIN1~TCPP1BRPEAK ■ CINO 67 
68 CCMMON/HALVA/ THALV(751.~ET(751 68 
69 COMMON/OEY2/ ETEXP(75) ■ ANl751,CC75J.ANAMEC76) ■ SFC75JeNUKC75J. 69 
70 'I< l N • I SL 70 
11 COMMON /PEAKS/[CCNTR(75) ■ TSTART(75,!Q)9TPEAK (75 ■ 10J ■ TEND(15.1DJ. 71 
'1l * CMAX(751JlO).DOSE2:(75) 72 
13 COMMON /LGlEST/ LG(td 7~~ 

74 REAL*16 T,TUPP ■ THALViETEXP ■ AN.C 74 
75 REAL*B RNAMEl7SJ,ENAME.SNAME.SNAME1~SNAME2. 75 
76 #S,N.lli,ME3.COMP.I Ci (20) • I □LidOOS.BNAME,, 76 
77 * ANAMEfTEXT1(2J ■ TEX72l6).TEXT(2)~GNAMEC3).NNN 77 
76 RE-'U~8 TH ALF• ,::,,Q r,ALAMO, EQ ~ON~~ G~P, tJRE.t.K., O\JR,, PE. ET.\~ TD~ WAY~EL ~ PATH 76 
79 LOGICAL AKT~CLAY,INS.SUB.NLINK,NPUNCH ■ ~RITEX 79 
80 LOGICAL LG ao 
81 DIMENSION CA(75J.YM4XCIOJ.TIMY(101,DOSMAX(75).TPE(751, 81 
82 * TSLASK(90hTMH75J ■ TMA(75hUMAX(75) 82 
€3 DATA IUPP/0/ . 83 
84 DATA TEXT /'GLASs•.,FUEL 1 / 84 
e5 DATA TEXT! / 1 PDROSITV 11 , 1 SPAC1NG ijl 85 
86 D-TA TEXT2 /'CU.METER 1 a 1 METERS ••;S/CU.MET'•' 1 .•ER 1 86 
81 >i<,,i ®/ 87 
88 DATA IDOS/ 1 00SES 1 / 88 
69 DATJ\ COMP/ 1 -1 r./w IBL/f ~/ 89 
90 OATA ALN2 /0,.6931412/ 90 
<;1 805 FORM~T<I2) 91 
92 8l0 FDRMATCBFlO~OJ 92 
~3 820 FDRMATCA6,4X,Fl0e08 93 
~4 920 FORMAT(1XeA6.lPE10.,2.10El0~2} 94 
g5 9.30 FORMATP!TIME *@10X,dPE10 .. 2"10ElOe2) 95 
96 READ(5d)NSllJ3 96 
S7 C 97 
96 l FORMATU:iI5) '98 
99 RE-D(5,.2l~REAK1DUR.DIFF.TDNNE 99 

100 2: FORMAT(5El0.,2) iOO 
101 READ(S,.3}PERM.GRAD,.SPACE~PATH~CLAV 101 
102 3 FORMAT(4El5.4,L5J 102 
103 C 103 
104 lFICLAYJGO TO BD 104 
1 05 WATVEL=2 * 842E9*GRAD* ( SPACE*PERM >**( 2 .,!)/3 .. en 105 
I 06 IH SP=U IFF +5., 04E-3* l SPACE•PE F.M>l>G~AD) **21' DI FF l 06 
107 DISP-=OISP'1£3,.1536E7 HH 
108 GO TO 90 108 
109 80 •ATVEL=3.,l536E7*PERM•GRAD/SPACE 109 
110 DISP=DIFF•3.,J536E7•SPACE/2~0 110 



.316-CMPACK 
1U 
112 C 
113 C 
114 C 
us 
116 C 
117 
118 C 
119 
120 
121 C 
122 C 
123 C 
124 
125 
126 
121' 
128 11 
129 C 
130 C 
131 C 
132 20 
133 
LJ4 
135 
136 25 
137 
138 
139 
140 29 
J. 41 
142 
143 
144 
145 
146 
141 
148 
14·9 
l 50: 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
!61 
162 
163 
164 
165 
166 
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90 CONTINUE 

IN!T!ATE THE DECAY ROUTINE 

CALL. DECAY{l) 

T=BREAK 

READ ( 5 • 81 0) TIJPP 
IF {TUPP.Ea.o., GO TO 20 

IF REPROCESSING READ THE SPLJTFACTORS DEVIATING FROM I ■ 

RElitD(5,S05)!ANT 
DO 11 I=l1tIANT 
REAOC5~S201 BNAMEaVARDE 
SF(INTNUK{UNAME))=VAROE 
CONTI hlUE 

CALCULATION OF SOURCE STRENGTHS AT THE TIME CF LEACH INCIDENT 

IF (TUPP.Ea.o., TUPP=l~E20 
IF (TaLT ■ TUPP.OR.IUPPeEC.2J GD TC 25 
CALL DECITUPP§TUPP,l~J ■ ll 
IUPP=2 
IF C[UPP.EOaO) CALL DECCT ■ T ■ IUPP.J ■ O) 
IF (IUPP.E0@2! CALL DECIT-TUPP ■ T ■ IUPPaJ ■ OI 
DO 29 L:l ~ ZSL 
CA(L)=C(L)>i<T □NNE 
CONTINUE 
~Rn''E (6 ~ 930) i 
DO ~12 I=liISL 
•AITEl6o920IANAMECI)wTHALVII)~CA(I) 

32 CONTINUE 
REWIND 1 
JK::2 
I F ( C LA V ) J K= 1 
J.J=2 
IFITUPP ■ NE ■ l ■ E20) JJ=I 
li!!ATIM=PATH.l~AT\/EL 
WRITEC6~41)TEXT(JJI.BREAKaDUR ■ PATHa~ATVELtWATIM.DISP ■ TONNE 

*1PERM.GRAD ■ TEXTllJK).SPACE1TEXT21JK) ■ TEXT2(JK+2J ■TEXT2(JK+4J 
41 FDRMATl'lC4LCULATION OF RADIONUCLIDE CHAIN M[GRATIDN FROM AN UNDER 

*GROUND REPOSITORY 1 ■ /IX,741'*')/ 1 0~ASTE FORM: ~,AB/iOT!ME OF LEACH 
*INCIDENT • dl->El Q,. i ~~ YEARS t,,FTER REACTOR iJlSCH,\RGE'/il LEACH iJURATI •o~ ij~sx.E10.1,• YEARS~,. MIGRATION PATH LENGTH •.1x.E10.1. 1 METERS *'/' GROUND•ATER VELOCITY •.2x.e10.1.• METERS/YEAR 1 / 1 GROUND~ATER T 
•RAVEL TIME@@EIO ■ l• 1 YEANS 1 / * 1 DISPENSYON CO *EFFICIENT 1 1EI0.1.e SQ.METERS/YEAR• ✓ • INVOLVED ~ASTE AMOUNT @.1x.2 
*10 .. 1,~ TONNt:S•.,n PERMEABILITY® dlX~E10.,1 • 11 METERSl'SECOND•/ 11 GRADIE 
*NT 1 114X~ElO ■ l1& ~ETERS/METER 1 /IXaA8~15X ■ ElOalwlX,AB ■ A8~AH/I 

l&IRI'fE(6~6l) 
61 FCRMATCIX// 1 NUCl0 1 ■ 5X. 1 H.L[FE (V)®.2X ■ •SOURCE rc1)•.1~. * ®RET ■ @•9X,'DOSE FACT 1 /) 

I I I: i 

IU 
l 12 
113 
114 
115 
116 
117 
118 
119 
i20 
121 
122 
123 
124 
125 
126 
127 
128 
1.29 
130 
1 3 l 
132' 
133 
134 
135 
136 
1 ·37 
138 
L39 
140 
141 
1 4.;;~ 
143 
144 
145 
146 
147 
148 
149 
150 
151 
l 5,! 
153 
l 54 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
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167 C 
168 C 
169 C 
170 
1 71 
172 C 
173 C 
174 C 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 C 
194 C 
195 C 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
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STARTING POINT OF TIMESCALE IN SINGLE 

PE=PATH•WATVEL/0I SP 
CALL TSING(PE.THl) 

START OF SINGLE LOOP 

100 CONTINUE 
READ(5.44)SNAME.AKT.AREAK.VOLK.DOSE 

44 FORMAT(A6 .L2/3E10e2) 
IF(SNAME.EQ.COMP)GO TO 200 
IJ=INTNUK(SNAME) 
IF(CLAY )RET( IJ)=l+VOLK*( 1-SPACE)/SPACE 
IF(.NOTeCLAV)RET(IJ)=l+AREAK*2•/•0105/ 

* (PERM*SPACE)**•3333J3 
THALF(l)=THALV(IJ) 
AQ(l)=CA(IJ) 
ENAME( 1 )=SNAME 
E Q ( l ) =R ET ( I J ) 
ALAMB(1)=ALN2/THALF(1) 
DOSE2CIJ)=DOSE 
WR1TE(6.77)SNAME.THALF(l).AQ(1).EO(l).DOSE 

77 FORMAT(lH .A6 .1PE12.2.9E12.2) 
CALL SINGLE(THl.III.AKT.NS) 
GO TO 100 

START OF DOUBLE LOOP 

200 CONTINUE 
WRITE(6.205) 

205 FORMAT(•O•) 
I I=O 
I 11=2 

210 CONTINUE 
READ(S.5)SNAME1,SNAME2.INS,SUB 

5 FORMAT(A6 •4X.A6 ,2L2) 
lF(SNAMEl,EQ.COMP)GO TO JOO 
IJ1=1NTNUK(SNAME1) 
IJ2=1NTNUK(SNAME2) 
IF(RET(IJl).ea.o •• OReRET(tJ2).EO,Oe)GO TO 250 

THALF(l)=THALV([Jl) 
THALF(2)=THALV([J2) 
ALAMB(1)=ALN2/THALF(l) 
ALAMBC2)=ALN2/THALF(2) 
AQ(l )=CA( IJl) 
AQ(2)=CA(I.J2) 
ENAME ( 1 ):.::SNAMEl 
ENAME C 2 )=SNAME2 
EQ ( 1 ) =RET ( I J 1) 
EQ(2)=RET(IJ2) 
IF(1[)260,260•320 -

250 CONTINUE 
~RITE(6.21l)SNAME1.SNAME2 

211 FORMAT ( 'XOOUBLE: • e2A8 •' ~O l NPUT PROV I DEC IN S.I I\GLE-LOOP •) 

GO TO 210 

167 
168 
169 
170 
171 
172 
173 
174 
175 
l 76 
177 
178 
179 
180 
1 81 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
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223 
224 C 
225 C 
226 C 
227 C 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
271 
278 

C 
C 
C 

C 
C 
C 
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260 CONT I NUE 

TWO MEMBER CHAINS WITH EQUAL RETENTICN CCEFFICIE~TS CALCULATED BY SINGLE. 

IF(OAOS(EO(l)-EQ(2J)-O.Ol*E0(1))261.261.265 
261 CONTINUE 

CALL SINGLECTHl .IIIeAKT.NSJ 
WRITE(6e262)ENAME(1)eENAME(2) 

262 FORMAT(• EOUAL:•.2X,2A8) 
GO TO 210 

265 CONTINUE 
WRITE(6e8)((ENAME(I).EQ(I)),I=l,2J 

8 FORMAT(1H0,42HATTEMPT TO TREAT UNEQUAL COEFP. 4S EQUAL: eA6 ,4H *K= e1PE10.2/1H ,42XeA6 ,4h K= eEl0.2/lH ,34HCHAIN DELETEDeEXECUT *ION CONTINUING) 
GO TO 210 

300 CONTINUE 
IFCil-1)310,350,350 

310 CONTINUE 

320 

340 
330 

.350 

400 

16 

WRITE(6,205) 
I I= 1 
GO TO 210 

CALL FOi< DOUBLE 

CONTINUE 
CALL D0UBLE(INS,SUB,J3) 
WRITE(6,330)ENAME(l),ENAME(2) 
IF(,N0T.INS)WkITE(6e340)LG(1),LG(2) 
FORMAT( 1 + 1 ,T28, 1 TERMS OMITTED IN awo2: 2c•.L1.•>, 4( 1 ,Ll, 1 ) 1 ) FORMAT(• DOUBLE:•,1X,2A8) 
GO TO 210 
CONTINUE 

ENO OF DOUBLE LOOP, START OF TRIPLE LOOP 
WRlTE(6,205J 
I I I=3 
I I=O 
CONTINUE 
READ(5el6)SNAME1,SNAME2,SNAME3,INS 
FORMAT(A6 ,4X,A6 ,4X,A6 ,L2) 
JF(SNAMEl.EO.COMP)GO TO 500 
IJl=INTNUK(SNAMEl) 
IJ2=1NTNUK(SN4ME2) 
I J.3=1 NTI\UK( SNAME3) 
IF(RET(IJ1).Ea,o •• oR.RET(IJ2).Ea.o •• oR.RET(IJ3).Ea.o.)GO TO 452 THALF(l)=THALV(IJl) 
THALF(2)=THALV(lJ2) 
THALF(3):THALV(IJ3) 
ALAMB(1)=4LN2/THALF(1) 
ALAMB(2)=ALN2/THALF(2) 
ALAM~(3)=4LN2/THALF(3) 
AQ(1)=CA(IJ1) 
AQ(2J=CA(IJ2) 

223 
224 
225 
226 
227 
228 
229 
2.30 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
2'52 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
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279 
280 
281 
282 
28.3 
284 
285 
286 
287 C 
288 C 
289 C 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
..301 
302 
303 C 
304 C 
305 C 
306 C 
307 
308 
309 
310 
311 
312 
313 
314 
~15 
316 
317 
318 C 
319 
~20 
321 
322 
J23 
324 
325 C 
326 C 
327 C 
328 
329 
330 
331 
332 
.333 C 
.J.J4 C 
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AQ(.3)-=CA(lJ.3) 
ENAME(l)=SNAMEl 
ENAME(2)=SNAME2 
ENA ME ( 3 )=SNAM E.J 
EO(l)=RET(IJl) 
EQ(2)=RET(IJ2) 
E0(3)=RET(IJ3) 
IF(IIeEQ.O)GO TO 455 

CALL FOR TRIPLE 

CALL TRIPLE(INS,J3) 
WRITE(6,450) ENAME 
IF(.NOT.INS)WRITE(6,440)LG(6),LG(5),LG(5),LG(4),LG(6),LG(3),LG(4), 

* LG(5),LG(l),LG(3),LG(5),LG(1),LG(2),LG(3) 
440 FORMAT( 1 + 1 ,T34, 1 TERMS OMI"TTEO IN BWD3: 5P,2Ll, 1 ), 6(•,2Ll, 1 ),•,• 

* 7( 1 ,Ll,•), 8( 1 ,Ll, 1 ) • 9(',2Ll, 1 ), 10(',Ll, 1 ), 11( 1 ,Ll, 1 ), 12( 1 ,L 

*l,'), 13(',Ll, 1 ), 14( 1 ,Ll, 1 ), 15( 1 ,Ll,')') 
450 FORMAT(• TRIPLE: 1 ,1X,3A8) 

GO TO 400 
452 CO NT I NUE 

WRITE(6,4ll)SNAME1,SNAME2,SNAMEJ 
411 FORMAT(•XTRIPLE! ',3A8, 1 NO INPUT PROVIDED IN SihGLE LOOP•) 

GO TO 400 

THREE MEMBER CHAINS WITH EQUAL RETENTION COEFFICIENTS CALCULATED 
BY SINGLE 

455 CONTINUE 
IF(EQ(1).NE.E0(2).0R.EO(l).NE.EQ(3))GO TO 460 
CALL SINGLE(THl ,IIl,AKT,NS) 
WRITEC6,451)ENAME 

451 FORMAT(' EQUAL! ',3A8) 
GO TO 400 

460 CONTINUE 
WRITEC6,461)ENAME,EQ 

461 FORMAT( 1 0ATTEMPT TO TREAT U~EOUAL COEFFICIENTS AS EQUAL IN THE CHA 
*IN: • ,3(4X,46)/T58, 1 EQ=: 1 ,3F10.o, 

GO TO 400 

500 CONT'INUE 
IF(II.EOel)GO TO 508 
II=l 
WRITE(6,205) 
GO TO 400 

508 CONTINUE 

ENO OF TRIPLE LOOP 

DO 513 JJ:13,15 
ENOFILE JJ 
BACKSPACE JJ 
REWIND JJ 

513 CONTINUE 

THE "SPECIAL APPROXIMATION LOOP"• 

279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
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335 C 
336 
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REWIND 16 
.'33 7 
338 11000 
339 

WRITE(6.205) 
CONTINUE 
00 1 1 0 0 1 K= 1 • 3 

340 GNAME(K)=IBL 
341 11001 
342 

ENAME(K)=It:lL 
REA0(5,11002)GNAME,IAPPR,ENAME 
FORMAT(3A8,I6e3A8) 
IF(GNAME(l)eEOeCOMP)GO TO 12000 

343 11002 
344 
345 
346 
347 
34-8 
349 
350 

IF(IAPPR.EOeleANDeENAME(l)eNE.GNAME(2))GO TO 11300 
IFILE==3 
DO 11100 K=le3 
IF(ENAME(K)eNcelBL)GO TO 11100 
IFILE=K-1 

351 11100 
352 11200 

GO TO 11200 
CONTINUE 
IF (IFILE.Ea.o) GO TO 11300 
lF(IAPPR.EOel)GO TO 11250 353 

354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
.364 
365 
366 
367 
368 
369 
370 
~71 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
.390 

(F (ENAME(IFILE).NE.GNAME(l))GO TO 11300 
IJ=(NTNUK(ENAME(l)) 
Ql=CA(IJ)*THALV(IJ) 
IF(Ol.LE.o.o)GO TO 11400 
IJ=INTNUK(GNAME(2)) 
Q2=CA(IJ)*THALV(IJ) 
FACT=02/Ql 
lF(GNAME(3).EOelBL)GO TC 11250 
IJ=(NTNUK(GNAME(3)) 
Q2=CA(IJ)•THALV(IJ) 
FACT==FACT +02/01 
IF(FACTeLceO)GO TO 11500 

11250 CONTINUE 
CALL SPEC(GNAMEeENAME,IFILEelAPPR,FACT,&11000) 
WR(TE(6ell251)GNAME,ENAME,IAPPR 

11251 FORMAT(• SPEC:• ,3X,3A8,5X,3A8,'IAPPR= •,[3) 
GO TO 11000 

113 00 CONTINUE 
WRITE(6,11301)ENAME,GNAME,IAPPR 

11301 FORMAT(•OSORRY I CANNOT DO THE IMPOSSIBLE,LOOK FOR YOURSELF: ENAME 
•= 1 ,3A8/55X,'GNAME= ',3A8/55X, 1 IAPPR= '•13/) 

GO TO 11000 
11400 CONTINUE 

WRITE(6ell401)(GNAME(I),I=1,2) 
IF(GNAME(3)eNEeIBL)WRITE(6.l1402)GNAME(3) 
WRITE(6ell403)01,ENAME(l) 

11401 FORMAT( 1 0THE CHAIN 1 eA6, 1 FROM •,~6) 
11402 FORMAT( 1 + 1 ,29X,•ANO ',A6} 
11403 FORMAT(• WAS NOT CALCULATED SY SPEC BECAUSE OF ',lPEl0.2, 1 -INVENTO 

•RY FOR 1 ,A6) 
GO TO 11000 

11500 CONTINUE 
WRITE(6,11501)GNAME,ENAMEeFACT 

11501 FORMAT('OT~E CHAIN •,3A8, 1 WAS NOT CALCULATED BY SPEC BECAUSE 1 / 1 T 
•HE CHAtN ',3A8,• GAVE FACT= ',1PE10e2/) 

GO TO 11000 
12000 CONTINUE 

335 
336 
337 
338 
339 
340 
341 
342 
34.3 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355' 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
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383 
384 
385 
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387 
388 
389 
390 
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.391 
392 
393 
394 C 
.395 C 
3'ii6 C 
397 
398 C 
399 C 
400 C 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 C 
417 
418 
419 
420 
421 
422 
423 
424 C 
425 
426 
427 
428 
429 
430 
4.31 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
.\44 
445 
446 
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ENDFILE 16 
BACKSPACE 16 
REWIND 16 

END OF "SPECIAL APPROXIMATION LOOP"• 

IF(NLINK)RETURN 

START OF PEAK COMBINATION LOOP 

DO 600 I=l, ISL 
IJ=I 
TMA(IJ)=O.O 
TMl(IJ)=O.O 
TPE( IJ >=o.o 
UMAX(IJ)=o.o 
TMAX-o.o 
TMIN=O.O 
NN=ICONTR(IJ) 
DO 505 J:1,20 
I Cl ( J)=I BL 

505 CONTINUE 
IF(NNeEOeO)GO TO 600 
IF(NN.ea.1.AND.CMAX(IJ,1).ea.oJGO TO 590 
IF(NN.EOel)GO TO 570 

DO 510 J=l,NN 
YMAX(J)=CMAX(IJ,J) 
T U4Y ( J )=TPEAK( I J, J) 

TSLASK(3*J-2)=TSTART(IJ,J) 
TSLASK(3*J-1)=TPEAK(IJ,J) 
TSLASK(3*J)=TENO(IJ,J) 

510 CONTINUE 

TMAX=O• 0 
I 1=3*NN 
DO 530 J:3,II,3 
IF(YMAX(J/3).LT.1.e-2o)GO TC 530 
IF(TSLASK(J).GT.TMAX)TMAX=TSLASK(J) 

530 CONTINUE 
TMIN=TMAX 
00 540 J=l •II ,3 
IF(YMAX((J+2)/3).LTeleE-20)GO TO 540 
IF(TSLASK(J).LTeTMINeANDeTSLASK(J)eGEelO.)TMIN=TSLASK(J) 

540 CONTINUE 
IF(TMINeEOeTMAX)GO TO 590 
IF(TMINeLEeOeOeOReTMAXeLEeOeO)GO TO 590 
TMA(IJ)=TMAX 
TMl( IJ):::::TMIN 
CALL TSCALE(YMAX,TIMY,NN,TMAX,TMIN,U,NT,&590) 
CALL CHAIN(ANAME(I),NT,ICl,12) 
RM4X=o.o 
00 564 J-=1,NT 
IF(Y(J)eLEeRMAX)GO TO 564 
RMAX::::Y(J) 
TPE(IJ)=U(J) 
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447 
448 
449 
450 
4Sl 
452 
4!:: 3 
454 
455 
456 
457 
458 
45S: 
460 
461 
462 
4f3 
4c,4 
465 
466 
467 
468 
,469 
470 
471 
412 
473 
474 
475 
41'6 
477 
478 
479 
480 
&t,8 !i. 
482 
4e3 
484 
485 
486 
4S1 
488 
489 
490 
-i9l 
492 
493 
494 
~95 
4<;5 
497 
498 
499 
500 
501 
502 
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564 CONT I NUE 

UMAX{IJ)=RMAX 
IF(NPUNCH)GO TO 8000 
IN R I TE ( 7 i& 5 6 l ) A NA ME ( I ) ,. NT III U ( 1 ) I@ U ( NT ) ~ RM AX 

561 FORMAT(~6 ©4X ■ l4 ■ 1X,1PE15 ■ 512E15e5) 
WRITEC7~10DO)C(U(Jl,YCJJJ ■ J=leNTJ 

1000 FORMAT(1PEg®2.7E9e2) 
8000 CONTINUE 

CJJ\',U.. PLOT l f A NAME (I) ~ i Cl , I 21 NT~ RMAX i WR !TEX) 
WR!TEU 7}ANAME( ! } ,N1 
WRITE(l7}{U(J)~V(J)~.J=l~NT) 
l 2= I 2-1 
GO TO 600 

570 READll3 ■ END=590,ENAME~ISTEP 
IFIENAME(IJ ■ EC ■ ANAMEll)JGO TC 575 
IF(ISTEP ■ EOwO)GO TO 570 
RE,I\D( 13HUL.I) ~Y(J} ~J=l dSTEP} 
GO 1·0 5·70 

575 CONTINUE 
IF(ISTEP~Ea.o)GO TO 590 
READll3)IUIJJ.Y{JJ,J=l,ISTEPJ 
nu i I .J } =u i 1 J 
TMA( l.J}=U( 1STEP) 
RMAX=CMAX ( I J ·~ l} 
TPE(IJ)~TPEAK{IJ~l) 
UM.liX(!J)::::Rr4AX 
!F(NPUNCH)GO TO 585 
WRJTE(7.561JANAME(l}~ISTEP ■ UC1).U(ISTEPI.RNAX 
WRJTE(7ulOOO)IIU(JI.VCJJ),J=l•ISTEPJ 

585 CONTINUE 
K~l 
CALL PLOTl ( ANAME( l) • !Cl a,l2t ISTEP.,RMAX tWIHTEX) 
WRITEl17)ENAMEl1Ja1STEP 
~ R I TE ( 1 7) ( ( U ( J ) 'II V ( J } ) • J= l d STEP J 
GO TO 599 

590 CONTINUE 
~RITE(6.591JANAME(ll,TMIN~TMAX 

591 FORMATC'DWHILE EXECUTING PEAK COMBINATION LOOP CF MAIN PROGRAM NO •PEAKS WHERE FOUND FOR 1 aA6 / 
),\I; 11 TMJN= 1 'il1PE!2@4!!! 1 TMAX:: @,Et2.4) 

599 CDNTINUE 
RE~IND1,J 

600 CONTINUE 
C 
C END OF PEAK CCMBINATICN LOOP 
C 

C 

ENOFlLE 17 
BACKSPACE 17 
RE~INO 17 

C SUMMARY PRINTOUT LOOP 
C 

WRITE(61d3000) 
13000 FO~MATCijlSUMMARY OF NUCLIDE CCNTRIBUTIONS•/tX~34(®* 1 J// * ij NUCLIDE 1 ,6(4X, 1 TPEAK~.sx,•cM~X®.2XJ/) 

00 14000 J=l .. XSL 
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503 
f504 
505 
506 
507 
508 
509 
5H) 
eu 
512 
513 
e14 
515 
516 
517 
518 
5!9 
520 
521 
!: 22 
523 
524-
525 
526 
527 
528 
529 
530 
531 
5.32 
533 
534 
535 
536 
537 
538 
53g 
540 
~41 
542 
543 
544 
545 
546 
54 7 
548 
f.:49 
550 
551 
552 
553 
554 
555 
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IF(ICONTR(.0.,EQ,.O) GO TO !4000 
NN=: ICONTR ( J) 
WR [ TE ( 6 .131 00 )AN AMt: ( J) i, ( TPE A.K ( J II K) ~ CMA X( J • K) ® K= 1 ii< NN) 

13100 FORMATC(lX,A7@1PE9.29E9.2~2X~5(2E9o2@2XJ)/BX.4(2E9.2.2XII 
14000 CONTINUE 

lrdRITE(o,!5000) 
15000 FORMAT('ISUMMARY OF NUCLIDE [NFLO~S AND APPROXIMATIVE DDSES~/lX, 

•50l®*il//® NUCLIDE 8 14X~*TPEAK 1 @7Xw 1 CMAX~.ax, 1 DCSENAX 1 /✓ I 
DO 16000 J=l ,d SL 
NN=!CONTR(J} 
D □SMAX(J}=UMAX(J)•DOSE2(J) 
IF(NN.EO.O)GO TO 16000 
WRITE(6.l5l00IAN4NEIJJ0TPE(J)~UM-X(JJ.,DCSMAXCJJ 

15100 FORMAT(lX~A1wlPJE12 ■ 2l 
16000 CONTINUE 
C 
C END OF SUMMARY PRINTOUT LOOP 
C 

TMATOT=o .. o 
C 
C CALCUL~TION OF OOSES 
C 

DO 71 l I= l , I SL 
IFCTMA(l) ■ GT ■ TMATCT ■ AND.TMA(IJ@GT.ID~OJTMATCT=TMACIJ 

711 CONTINUE 
TMITOT=TMATOT 
00 712 I=l.ISL 
IFITMlll) ■ LT ■TMITDT ■ AND~TMICl) ■ GT ■ ID ■ DITMITOT=TMICI) 

7 1 2 CO !\ff I NU E 
CALL TSCALE[DCSMAX1TPE.ISL.TMATOT,TMIT□T.u.1s.&B5DJ 
DO 7 0 1 I:: l II l S 
Y C I >=·O., 0 

701 CONTINUE 
710 READ(l7 ■ END=8DOJNNN,ISTEP 

READC17)1TIME[l)~D□ SEl(IJ.l=laISTEP) 
l.J=INTNUK(NNN} 
DO 750 I-=l • I STEP 
DDSE1{I)=OOSE1(l)*DOSE2(IJ) 

150 CONT I NUE. 
CALL INTPOL(IS.ISTEP) 
GO TO 710 

800 cmnINUE 
RMAX=O • 0 
DO !:HH l=l ,IS 
IF(Y{I).,GT.RMAX)RMAX=V{I) 

801 CONTINUE 
CALL PLOTICIOOs.1c1,o.1S,RMAX~WRITEX) 
RETURN 

850 CONTINUE 
WRI"TE(6~860) 

860 FORMAT( 1 0WHILE EXECUTING PEAK COMBINATION LOOP OF MAIN PROGRAM NO 
*DOSES WH2RE FOUND®) 

RETURN 

557 
558 C 

SUBROUTlNE DECAY(lPRlNT} 
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559 C 
560 C 
561 C 
562 
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563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 

800 
810 
900 

5e2 910 
583 920 
584 

THIS ROUTINE IS FOR C4LCULATING THE NUCLIDE INVENTORY AT THE TIME OF LEACH INCIDENT• WITH OR WITHOUT REPROCESSING 
REAL*16 TEXPl,QLOG 
REAL*16 ALN2.T.THALV(75).CNOLL(75).ALAMB(75),ANNOLL(75) CQMMON/HALVA/ THALV,RET(75) 
REAL•a SLUT.BLANK 
DIMENSION IOENT(40),IFISS(40),ICHAIN(6,3,4),JCHAIN(6,3,4) REAL•8 FISS(40).CHAIN(6.3,4) 
COMMON/DEYl/ FISS.CHAIN.IFI,ICH 
REAL•16 ETEXP(75),AN(75),C(75) 
REAL*8 ANA~E(76) 
COMMON/OEY2/ ETEXP,AN.C,ANAME,SF(75),NUK(751,IN,ISL REAL•16 AL(6),ET(6),ANN(6) 
COMMON/DEY3/ AL,ET,ANN 
DATA SLUT/ 1 -1 1 /, BLANK/' 
DATA ALAMB/75*0,/,ANNOLL/75*0,/ 
DATA ALN2/,6931471806000/ 
FORMAT(A6,2E10,2) 
F0RMA1'(20A4) 

•I, JC-HA I N/72* 1/ 

FORMAT( 1 1INITIATION OF DECAY WlTH 1 //1X,20A4/lX,20A4// 1 15X,'NUCL. ',3X, 1 THALF•.7x.•co •,7X.•ALAMB 1 ,7X,'ANZER0'// 2 75(Ill,4X,A6,4(2X,1PE10e3)/)) 
FORMAT(/' FISSION PRODUCTS: 1 //30(I11,4X,A6/)) FORMAT(/ 1 DECAY CHAINS: 1 //4(lll,4X,3(A6,3X)/ 1 5(15X,A6,3X,A6,3X,A6/j//)) 

585 930 FORMAT( 1 1CHANGED ACTIVITIES AT THE TIME OF REPROCESSING=•• 586 
587 940 
588 950 
589 
590 960 
591 996 
592 
5<,;3 997 
594 
5<i5 998 
596 999 
597 
598 
599 
600 10 
601 
f02 
603 
604 20 
605 
606 
6C7 
608 
609 
610 
611 
612 
613 
614 40 

1 F14,3 •• YR 1 /// 1 NR FNR NUKLID SF•,ax.•cZERo•.ax.•ANZER0 1 /) FORMAT(1X,I2,3X,l2,3X,A6,3X,F6,4,2(3X,1PE10,3)) FORMAT( 1 1ACTIVITIES AT TIME= 1 ,Fl4.3, 1 YEARS 1 /// 1 • NR FNR NUCLIDE CURIE'/) FORMAT(lX,I2,3X,I2,3X.A6,2X,1PE10e3) 
FORMAT( 1 + 1 ,T36,A6, 1 NOT IN DATASET, ICHAIN='•3(12.1X)••••••// 1 75(10X,A6/)) 
FORMAT('+ 1 ,T36,A6, 1 NOT IN DATASET. IFISS=••I2•' ***'// 1 75(10X,A6/)) 
FORM4T( 1 + 1 .T3f,' NO ENOMARK IN DATASET ***'l/75(10X.A6/)) FORMAT( 1 1 1 /////10X,'*** INITIATION OF DECAY:•) 
00 JO I=l, 76 
~EAO(l,600) ANAME(I),THALV(I).CNOLL(I) 
IF (ANAME(I).EOeSLUT) GO TO 20 
CONTINUE 
WRITE(6,999) 
WRITEC6,998) ANAME 
STOP 
REAO(l,810) IOENT 
IBL=I 
A NAME ( I BL )=BLANK 
ISL=IBL-1 
DO 50 I=l,IFI 
DO 40 IX-= l, I SL . 
IF (FISS(I),NE,ANAME(IX)) GG TO 40 
IFISSCI)=IX 
NUK(I)=IX 
GO TO 50 
CONTINUE 
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603 
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615 
616 
617 
618 
619 
620 
621 
622 
1523 
624 
625 
626 
t.27 
628 
629 
630 
631 
632 
633 
634 
f35 
t:36 
t.37 
c 38 
639 
640 
641 
642 
f-%3 
644 
t:45 
646 
647 
648 
649 
650 
f51 
652 
653 
654 
655 
656 
657 
658 
f59 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 

50 

55 

60 

10 

80 
90 
100 

105 

110 

120 

PAGE 17 
WRITE(611999) 
WRITE(6,997) FISS(I}~I~(ANAME( IX)~IX=l.ISL) 
STOP 
CONTINUE 
IN=!FI 
DO 10 0 I= 1 111 I CH 
DO 100 K=l, 6 
DO 70 J=l113 
DO 60 lX:-=ldBL 
I XX= I BL-I X+ l 
IF (CHAINCK,J.l).NE.ANAME(JXX)) GO TO 60 
ICHAINIK,J,l)=IXX 
IF (IXX.EQeIBLJ GO TO 70 
DO 55 IY= IFI v IN 
IF CNUK(IY).EO@IXX) GO TO 70 
CONTINUiE 
lN-=IN+l 
NlJK( IN)=! XX 
GO TO 70 
CONTINUE 
1iiiRITE{6o999) 
WRITE(6~996) CHAIN{KsJell11K\l!J1l®(.i!i.NA1,:iE(!X)®IX=l~ISL) 
STOP 
CONT I NUE 
DO 90 .J=l 11<2 
DO 80 JX,.:J ® 3 
IF CJ~ECeJXt GO TC 80 
IF (ICHAJNCK ■ J•IJ ■ NE ■ ICHAINIK ■ JX ■ I)J GO TO BO 
JCHA!N(KoJ,I)=JCHAIN(K~J,I)+l 
JCHAINCK.JX,IJ=JCHAINCK.JX,!J+J 
CONTINUE 
CONTINUE 
CONTINUE 
DO 105 I=l &IN 
I ND=NUK ( I ) 
AL AM tH I ND} =AL.N2/ fHALV ( I NO) 
ANNOLLCINDl=CNOLLCIND)/ALANBCINDI 
CONTINUE 
IF (IPRINT .. NE .. 1) RETURN 
-RITE( 6,900) IDENTa(IaANAME(IJ,THALV(ll ■ CNOLLCI).ALAMB(IJ, 

l ANNOLLlll,I=l®ISLJ 
~RITE( 61910) (IiFISS(IltI=l,IFI} 
WRITEC 6,920) Cl,ICCHAIN(K.J.II.J=l~3JsK=l ■ 6)~1=l@ICHJ 
RETURN 
ENTRY DECIT ■ TX,IUPPslSTEG~IPRINTJ 

DO l 10 I= 1, I SL 
en >=o .. 
AN(!J=Oe . 
ETEXPII)=TEXPll-T*ALAMB(III 
CONT I NUE 
DO 120 I.:i, IFI 
INDEX=IFISS(I) 
ANCINDEX)=ANNOLL(INDEX)*ETEXPCINDEXJ 
CONTINUE 
DO 110 I=l,ICH 
DO 160 J=1lill3 
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671 
672 
673 
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676 
677 
678 
679 
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6e2 
68.3 
684 
685 
686 
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688 
689 
690 
691 
692 
693 
6c;4 
f95 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
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719 
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726 

PAGE 18 

125 

130 

140 

150 
160 
170 

180 

185 

186 

190 

200 

C 

00 125 K=l ,6 
AL(K)=O• 
ET(K)=O• 
ANN(K)=O• 
CONTINUE 
DO 130 K-=1 ,6 
IF (ICHAIN(-K,J,I).EQelBL) GO TO 130 
KST=K 
GO TO 140 
CONTINUE 
GO TO 160 
DO 150 K=KST.6 
KX=K-KST+l 
INOEX=ICHAIN(K,J,I) 
AL(KX)=ALAMU(INDEXJ 
ET(KX)=ETEXµ(JNOEX) 
ANN(KX)=ANNOLL(INDEX)/FLOAT(JCHAIN(K.J.I)) 
AN(lNOEX)=AN(INDEX)+BATEl(KX,ANAME(INOEX),T) 
CONTINUE 
CONTINUE 
CONTINUE 
00 180 1-= 1 , IN 
INO=NUK(I) 
C(INO)=AN(IND)*ALAMB(INO) 
CONTINUE 
IF (IUPP.EQ,1) GO TO 186 
IF (IPRINT,EO,O) RETURN 
WRITE( 6,950) TX 
DO 185 I::: 1 , l N 
INO=NUK(l) 
WRITE( 6,960) I,IND,ANAME(IND),C(IND) 
CONTINUE 
RETURN 
00 190 I=l .IN 
IND=NUK(I) 
CNOLL(JNO)=SF(IND)*C(JNO) 
ANNOLL(INO)=CNOLL(IND)/ALAM6(INO) 
CONTINUE 
IF (IPRINT.EQ.O) RETURN 
WRITE( 6,930) TX 
00 200 1=1,IN 
INO=NUK(I) 
WRITE( 6,940) I,IND,ANAME(lNO),SF(IND),CNOLL(IND),ANNOLL(IND) CONTINUE 
RETURN 
;No UNCTION ~ATEl{lNR,ANAME,T) 

C THIS ROUTINE CALCULATES THE DECAY OF THE INITIAL NUCLIDE INVENTORY C 
REAL*l6 TERMl ,BATS.UM.T 
REAL*8 ANAME 
REAL*l6 AL(6),ET(6),ANN(6) 
COMMON/OEY3/ AL,cT.ANN 
REAL*16 FAKT(6),TERM(6,6),DUMMY(42) 
EQUIVALENCE (FAKT(1),0UMMY(1)),(TERM(1),0UMMY{7)) 
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127 900 FORMAT(///1X.Ao,10X, 1 0ATE=•,lPEl4e7//t AL= 1 ,6(3X,El4e7)/ 8 ET= 
728 1 ,6(3X,E14e1)/ 8 ANN= *,6(3X,E14.7)// 1 FAKT= 1 ,6(3X,E14e7)// 
729 2 1 TERM=•s6(3X,El4,7)/5{9X,El4c7,5(3X,El4e7) ✓}) 

730 910 FOKMAT(1XeI5,2X@3(037e30}) 
731 920 FORMAT(//• *** TERMl='•lPE14e7•• I=',11, 1 T= 1 ,DPF14o3~3X,A6//l 
732 930 FORMATC 0 l •J 
733 99g FORMAT(/////lOX•'*** BATE HAR 4NROPATS MED 1 eA6e 1 OCH (NR=', 
734 l 12, 1 ***') 
735 IF (INReGTeO,ANO.INReLT,7) GC TC 10 
736 WR1TE(6,999) ANAMEeINR 
137 STOP 
738 10 BATSUM=Oe 
739 00 20 I=l.42 
740 DUMMY(I)=O• 
741 20 CONTINUE 
742 DO 70 I=l,INk 
743 FAKT(l)=ANN(I) 
744 IXSL=I-1 
745 IF (IXSLeEOeO) GO TO 40 
746 DO 30 lX=l.IXSL 
747 FAKT(IX)=FAKT(IX)*AL(IXSL) 
748 30 CONTINUE 
749 40 DO 60 J=IuINR 
750 TERM(IeJ)=ET(J) 
751 DC 50 JX=I91NR 
152 IF IJeNE.JX) TERMCl~J)=TERM(I§JI/IAL(JX)-ALIJI) 
753 50 CONTINUE 
754 60 CONTINUE 
755 70 CONTINUE 
756 DO 90 l=l.INR 
757 TERM1=0o 
758 DO 80 J=ItINR 
759 TERMl=TERMl+TERM(IeJ) 
760 80 CONTINUE 
761 BATSUM=BATSUM+FAKT(IJ•TERMl 
7f2 90 CONTINUE 
763 8ATE1=84TSUM 
764 RETURN 

167 C 
768 C 
769 C 
770 
171 
772 
773 
774 
775 
776 
177 
77~ 
119 
780 
781 
782 

THIS ROUTINE CALCULATES THE RELE4SE RATES FOR SINGLE-NUCLIDES 

CO~MON/PRINT/ MlGOUT 
COMMON/FFFFF/ ENAME(3J,THALF(3).AQC3)~ALAMB(3J~EQC3lmDNRC3)• 

* GAPl6).TO.DUR.PE.ETA.To.vo.PATH 
COMMON/C2/ NSTEP.BHD(304l~BRND(304}.TIMEC304l@THETAC304)~ 

* TBEG!N~TrIN9TTOPP,BRPEAK~DINO 
COMMON /PEAKS/ ICONTR(75),TSTART(75,10leTPEAK(75elD).TEND(75,lOle 

* CMAX(75.lO).DOSE2(75) 
COMMON /TMAXND/ TND1(75).TND2(15) 
REAL*8 ENAME.BleB5.B2iB6,AMleGloG2,G3e09,TDERFC 
REAL•B THALF.AU,ALAMB,E01DN~,GAP.TD,OUR,PE,ETA,TD,VO,PATH 
LOGICAL AKT,MIGOUT 
Jl:Q 
J2=0 

727 
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729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
164 
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768 
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778 
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780 
781 
782 
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783 
784 
785 
786 
787 
788 
789 
790 
791 
7c;2 
7g3 
794 
7g 5 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
808 
809 
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813 
814 
815 
816 
817 
818 
819 
820 
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823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 
837 
838 

PAGE 20 
R=le0/EQ(l) 
Vl=V0*R 
IPSEUD=O 
DNR(l)=ALAMB(l)*PATH/V0 
ANl=AQ( 1) 
BRO( l >=o.o 
eR0<2>=0.o 
AL l=ALAMB ( 1) 
G3=Vl*DUR/PATH 
GAP( 1 )=AQ( 1 )/ALl 
GAP(4)=AQ(l)*TEXP(-AL1*DUR)/AL1 
IF(IIleLTe2)GO TO 20 
CALL VECTOR(III.IPSEUO) 

20 CONTINUE 
TFIN=T0+PATH/V1*(2-THl)+DUR 
Tl=THl*PATH/Vl 
TBEGIN=T0+Tl 
TTOPP==TO+Tl 
TT0PNO=P4TH/Vl+T0 
NSTEP=0e0 
BRPEAK=o.o 
PEAK ND:= 0 • 0 
DINO=o.o 
IF(AQ(l)eLT.t.E-15)GO TO 3740 
IF((TBEGIN-TO)*ALAMB(l).GT.40.0)GO TO 3740 IF(AKT)GO TO 370 
S3:(TFIN/TBEGIN)**(l.O/FLOAT(NS-1)) 
TIME(l)=TBEGIN 
THETA(t):Tl*VO/PATH 
1=2 

350 CONTINUE 
TIME(I)=S3*TIMECI-l) 
IF(TIME(I).LTeTTOPND.OR.TIME(l-l)eGE.TTOPND)GO TO 360 TIME(I)-=TTOPNO 

360 CONTINUE 
THETA(I)==(TIME( I)-TO)*VO/PATH 
I=I+l 
IF(I.GTeNS) GO TO 390 
GO TO 350 

370 Sl=(TFIN-TBEGIN)/FLOAT(NS) 
DO 380 1=2.NS 
TIME(l)=TIME(I-1)+51 

380 THETA(l)=(TIME(I)-TO)*VO/PATH 
390 CONTINUE 

DO 750 J.:1 .NS 
G2=THETA(J)*R 
Gt::G2-1.ooo 
BLJ=ALl*(TIME(J)-TO) 
B1=0•5*DSQRT(PE/G2)*G1 
69::G2-G3 
IF(B9)540,540,550 

540 89=1 • 0-20 
550 B2::0.5*0SQRT(PE/B9)*(Gl-G3) 

B5=e5*DSORT(PE/G2)*(G1+2e0D0) 
B6=e5*0SQkT(PE/89)*(G1+2eODO-G3) 
AMl=TDERFC(-Bl)+TEXP(PE)*TDERFC(BS) 
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839 
840 
841 
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843 
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850 
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866 
f:.67 
868 
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IF(G2eGT.G3)AMl=AMl-(TDERFC(-B2J+TEXPCPE)*TDERFC(B6)) 

F l=AMl/2., 0 
IF(III-1)621.,621,622 

621 CONTINUE 
IFCleE50•Fl/DUR•ANleLE.1.E-03JGO TO 619 
BRD(J)=TEXP( (Fl*ANl/DURJ-BLI) 
GO TO 625 

622 BRO(J):BATE(TIME(J),TO,IlJ)/DUR•Fl 
GO TO 625 

619 CONTINUE 
BRD(J)=Oc.O 

625 CONTINUE 
IF(GleLT.,Q.,Q.,OR.Gl-G3eGTe0eO)GO TO 700 
IFCIII-1)680e680~685 

680 CONTINUE 
BRND(J)=ANI/DUR*TEXP[-BLIJ 
GO TO 710 

665 BRND(J)=DATE(TIME(J)eTOtIII)/DUR 
GO TO 710 

700 BRND(J}=o .. o 
710 IF(BRD(J-l)aLTeleE-l5aAND.BAD(J)eGE.leE-15.ANO.Jl.EOeO)Jl=J 

IF(8RD(J-l)~GEol.E-15.AND®BRDCJ).LTeleE-15)J2=J-1 

XF(BRO(J)eLE.BRPEAK)GO TG 120 
BRPEAK=BRD(J) 
TTOPP=TI ME ( J) 

720 CONTINUE 
IF(BRNDCJI.LE.PEAKNDIGO TO 730 
PE AKND=BR ND ( .J) 

730 CONTINUE 
IFIJ2.GT.O)GO TO 760 

750 CONTINUE 
760 CONTINUE 

3282 IF(PEAKND)3285e3285e3283 
3283 DINO =URPEAK/PcAKND 

GO TO 3286 
3285 DINO =O .. o 
.3286 CONT I NUE 

IF(Jl.,EQ.O.,AND®J2.EQ.,Q)GO TO 3740 
IF(JleGToOeANUoJ2.,EOeO)J2=NS 
IF(..11.,EQ.,O)Jl=l 
TBEGIN=TIME(Jl) 
TFIN=TIME(J2) 
NSTEp.;J2-Jl+l 
IFCJleEOel)GO TO 3740 
DO 3710 I=leNSTEP 
II::=JL+I-1 
TI ME ( I ) =T I ME ( I I ) 
THETA(l)=THETACIJ) 
BRO( I )=BRO( I I) 
BRND { I )=8RND (II) 

3710 CONTINUE 
3740 CONTINUE 

l D.: I I I+ 12 
wRITE(ID)ENAMEeNSTEP 
IF(NSTEP.LE.O)GO TO 3750 
WR I TE ( ID) (TI ME ( I ) • BRO ( I} • I= l ~ NS TEP} 
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895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
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907 
908 
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912 
913 
914 
915 
<; 16 
917 
918 
919 
920 
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922 
92.3 
924 
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928 
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930 
S31 
932 
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938 
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S40 
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947 
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950 

C 
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3750 lJ=lNTNUK(ENAME(IJI)) 

ICONTR(IJ)=ICONTR(IJ)+l NN=I CONTR ( I .J) 
TSTART(IJ,NN)=TBEGIN 
TENO(I.J.~N)=TFIN 
TPEAK(IJ,NN)=TTOPP 
CMAX(IJ,NN)=BRPEAK 
IF(eNOT.MIGOUT)RETURN 
TNDl(IJ)=TTOPND 
TND2(1J)=TTOPNO+DUR 
NCHA IN=I I l 
CALL PRINTX(NCHAIN) 
RETURN ENO 
SUBROUTINE OOUBLE(INS,SUB,J3) 

C THIS ROUTINE CALCULATES THE RELE.\SE RTTES FOR n110-NUCLIOE CHAINS C 
COMMON/PRINT/ MIGOUT CO~MON/FFFFF/ ENAME(3),THALF(3),AQ(3),ALAMB(3),EQ(3).DNR(3)• * GAP(6),TO,DUR,PE,ETA,TO,VO,PATH COMMON/C2/ IS,BAND(304),8ANON0(304),TIME(304),THETA(304)• * TBEGIN,TFIN,TTOPP,BMAX,OINO COMMON /PEAKS/ ICONTR(75),TSTART(75,10),TPEAK(75,10).TEND(75.10)• * CM.\X(75e1O),OOSE2(75) COMMON/HALVA/ THALV(75),RET(75) COMMON /LGTEST/ LG{6) COMMON /XXX/ XX5,XX6,..<X7,XX19,XX29.XX39 REAL*16 THALV 
REAL*8 xxs.xx6,XX7,XX19,XX29.XX39 REAL*8 SW01,S~D2,S~D3,SNOD1,SN002.SNOD3 REAL*8 ENAME,PS1,PS2,PS3 REAL*8 THALF,AO,ALAMB,EQ,DN",GAP,TO,DUR,PE,ETA,TD.VO.PATH LOGICAL MIGOUT,INSCON,INS,SUB LOGICAL LDISP,LNDISP 
LOGICAL LG 
0 I MEN S I ON Q ( 1 5) 
DATA PSl/ 1 U 238 1 /,PS2/ 1 TH230 1 /,PS3/ 1 U 234 1 / NCHAIN=2 
INSCON=INS 
09=0,0 
OINO=O.O 
IPSEUD=O 
AK=OMAX1(EQ(l).EQ(2)) 
AL=DMIN1(EO(l),EQ(2)) 
Br.lAX=o.o 
IF(ENAME(l)eNEePSle0ReENAME(2).NEePS2)GO TO 100 IPSEUO=l 

100 CONTINUE 
CALL VECTOR(NCHAIN,IPSEUO) CALL TLIMIT(ENAME,NCriAIN,Q,ICOND) IF(ICOND)641,641,9999 641 CONTINUE 
CALL TIME23(NCHAIN.O,J3) 

200 CONTINUE 
l NS= •TRUE• 
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951 
952 
953 
954 
955 
956 
~57 
958 
959 
960 
Si 61 
962 
963 
9t54 
965 
S66 
967 
C.68 
969 
<;70 
971 
972 
973 
914 
':H5 
S76 
<J,17 
"..78 
979 
Si80 
S81 
,; !:l 2 
<;i83 
<;;84 
s.es 
'.i86 
<;fH 
S88 
S89 
S90 
991 
Sl92 
993 
g c;,4 
g95 
<;96 
9g7 
S96 
999 

1000 
l O O l 
1002 
1003 
1004 
1005 
1006 
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LG( I )=,,TRUE., 
LG(2}=.,TRUE., 
LDISP=.,TRUE., 
LNOISP=.,TRUE .. 
XX5=UUR*(VD/PATH*CEQ(l)*ONR(lJ-EOC2)*DNR(2JJ/€EQ(lJ-EQ(21JJ 
XX6=Q., 
XX.7=0., 
XX19=DUR•(ONR(l)•VO/PATH) 
XX29=DUR'llt ( DNR (2) •VO.IPATH-,ALAMB( 1)) 

XX39=0., 
Gl=4*EQ(2)*(DNR(2)-DNR(1))/PE 
G2=4 .. DD•EQ(l)*E0(21*CDNH(2J-DN~ll)J/(PE*IEQ11J-EQ(2)J) 

lF(Gl@LT.-1.,)LG(l}=.,FALSE., 
IF(G2 .. LT .. -1.)LG(2)=.,FALSE .. 
!F(.,NQT.,LG(l ).,OR.,.,NOT.,LG(2) )INS=.,FALSE., 

CALL FNCD2 
IF(LDJSP)CALL FWD2 
DO 1060 J=l • [S 
TD-=THET A ( J) 
DS~4K*ETA+DUR•VO/PATH 
IF( 1 .. -DSM/TD"GT .. 1.,E-7 )LNDISP=.,FALSE,. 

IF{.NOT.,LNDESP)SNOD2=0e0 
IF(LDISP)CALL OWD2(SWDlsSWD2.SWD3.2.J) 
IF(LND!SPJCALL BNOD2CSNODl,5NOD2~SNOD3.2eJJ 
IF(.NOTeLDISP)SWD2=SNOD2 
SWD2=SW02*ALAMB(2) 
SNOD2=SN002*ALA~B{2) 
lF(IPSEUD-2)1040tl050~1050 

1040 CONTINUE 
BANO( J )=SWD2 
BANDNO(J =SNOD2 
GO TO 10 

l 050 CONT I 
BANO(J =BAND(J)-SWD2 
BANDND(J)=BANDND{J)-SNOD2 

1055 CONTINUE 
IF(TDeLToALoORoTDoGTeAK+DUR*VO/PATM)BANDND(J)=OoO 

1060 CONTINUE 
IF ( IPSEUD-1) 1100 ri 1070 • 1090 

1070 CONTINUE 
IJ=INTNUK(PS3) 
E0(3)=EQ(1) 
THALF(3)=THALF(l) 
DNFH3)=DNR<l) 
SWAPl=GAP ( 1) 
S\lidAP2=GAP(4} 
EQ{t)=RET(IJ) 
THALF(l)=THALV(lJt 
ALAMB(l)=Oe6931471B/THALF(1) 
IPSEUD=2 
CALL VECTOR(NCHAIN,IPSEUD) 
Go ro 200 

lOSO CONTINUE 
EQ( l )=EQ( 3) 
THALF(l)=THALF(3) 
DNR{ l )==DNfH 3) 
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!0()7 
1008 
1009 
HHO 
1011 
HH2 
I Oll.3 
1014 
1015 
1016 

17 
0 8 

1019 
1020 
U)21 
1022 
1023 

1 C 
l 027 C 
028 

1 {i29 
K 30 
l 1 
HL32 
1033 
l 
1035 

1044 
1045 
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1047 
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! 049 
l 50 
H)5l 
1 52 
1053 
Ul54 
'.!. 55, 
1C56 

57 
105 
1059 
1060 
:!, 61 
106 
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GAP( 1 }'=SWAP 1 
GAP(4)=5~AP2 

1100 CO NT! NUE 
CALL TOPOEF 
IF OH GOUT) CALL PR !NTX ( NCHA I } ~RITE(l4)(ENAME(!}~I=1 3liIS IF(I @Ea~o GO TO 9999 
-Rl 4) IME l)wBANO J).l=l•IS I.J=I ( A (2H 
ICONTR(IJ)=ICONTHIIJ)+l 
NN=:I CONTI~ { 
TSTART(IJ,NN 8EGIN 
TEND(JJ.NN =TFIN 
"1"?EA!{( !J1,NN)=TT 
CMAX(IJ,NN}= MAX 

9~99 NT NUE 
i:;iETU 

TM S ROUTINE CUL ES HE RELEASE RATES FO 
(':(Jf~ ~¼ 
COMMONl'FFFFF/ 

* 

* COMMON/H 
N XXX/ ,, 

l \IIJ DS 
NMON /LG?EST/ LG( J 

EAL*l6 TMALV 
AL*B S ~D2 ■ SWD3 

REAL~8 XX5 ■ XX6 ■ XX7~XX19 
fH: 11 L 1H3i D S 1,h 0 
m=.:Al1,t.*S. ENt4.1'\'IEi,PS 
REt',L*8 THALF0 
LOGICAL MIGO 

! C DI SP,, 
LOGICAL 

PS ,3 t 
LAM!:hEOlll 
S ~ NSC:CN 
IS 

DA PSl/ 1 U 238 1 / S2/'TH23D 
MENSI CH! 5} 

NCHA I N=~1 
BMAX=O,. 
DINO=O 0 
lPSEUD=O 
AK=DMAX IEQ(ll EQ(2) EQ(3JJ 
AL=OM!NllECC ■ E [ .E 3)J 
IF(ENAMEll) ■ NE.PS .OR ENA J ■ ■ PS2 IPSEUD= 

0 INUE 
CALL VECTOR NCHAIN ■ [PSE J 
CALL TLI ITCENAME~NCHAI @C ■ ICONDJ I ( I ) 1 11 <;; <i 99 

E 

s 

5 TE DO" 

3 NE., 

1007 
1008 
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1 13 
UH4 
HHS 
l l 6 
1!H7 

018 
l g 
l 020 

02 
10,22; 
1023 

1032 

1 50 
051 

l '52 
1053 

54 
l 55 
1056 
z_ 057 
1 58 
1 59 
1060 
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1063 
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641 CONTINUE 

CALL TlME23(NCHAIN.O.J3) 
200 CONTINUE 

INS=eTRUEe 
LDISP=eTRUEe 
LNDISP=.TRUE. 
XX5=DUR*(VO/PATH*(EO(l)•DNR(l)-E0{2)*DNR{2))/(EQ(l)-EQ(2))) 
XX6=DUR*(VO/PATH•(E0(2)*DNR(2}-E0(3)*DNH(3))/(EQ(2)-EQ(3))) 
XX7=DUR*(VO/PATH*(EQ(l)*DNR(1)-EQ(3)*DNR(3))/(EC(l)-E0(3))) 
XX19=0UR•(DN~(l)*VO/PATH) 
XX29=0UR*(DNR(2)*VO/PATH) 
XX39=DUR*(DNR(3)*VO/PATH) 
DO 250 I=l ,6 
LG(I)=eTRUE. 

250 CONTINUE 
CALL Gl(l,2.3,LG(l),&300) 
CALL G3(1 .2,3,LG( 1) ,&300) 
CALL G2(1,2,LG(l)) 

300 CALL G2(1,3,LG(2)) 
CALL G2(2,3,LG(3)) 
CALL G5(1,2,LG(4)) 
CALL G5(1,3,LG(o)) 
CALL G5(2,3,LG(6)) 
DO 350 I=l ,6 
IF(LG(l))GO TO 350 
INS=.FALSE. 

350 CONTINUE 
CALL FN0D3 
oo 1060 J=1.1s 
TD= THETA ( J ) 
DSM=AK*ETA+DUR*VO/PATH 
IF(l.-DSM/TOeGTeleE-7)LNDISP=.FALSE. 
IF(.NOTeLNDISP)SNOD3=0•0 
IF(LDISP)CALL OW03(SWD1,SWD2.SWD3,3,J} 
IF(LNDISP)CALL UN0D3(SNODleSNOD2,SN0D3,3eJ) 
IF(.NOTeLDISP)SWD3=SN□D3 
13RI I D=SWD3•ALAMt3 ( 3) 
BRND=SNOD3*ALAMB(3) 
IF(IPSEUD-2)1040.1050,1050 

1040 CONTINUE 
BAND(J)=ORIIO 
BAN0ND(J)=l3RND 
GO TO 1060 

1050 CONTINUE 
BANO(J)=BAND(J)-BRllD 
BANDND(J)=BANONO(J)-BRND 

1060 CONT I NUE 
IF(IPSEUD-1)1100.1070.1090 

1 0 7 0 CO NT I NU E · 
IJ=INTNUK(PS4) 
SWAP2=0NR(1) 
S~APS=GAP(l) 
SWAP6=GAP(4) 
SINAP3=THALF(l) 
SWAP4=EQ(l) 
THALF(l)~THALV(IJ) 
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1074 
1075 
1076 
1077 
1078 
1079 
1080 
1081 
1082 
1 oi:,3 
1084 
1085 
1086 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 
1118 
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U.19 
1120 
U21 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
!! 29 
U30 
1131 
1132 
U.33 
? 134 
1135 
1136 
1137 
i.138 
1139 
U40 
1141 
l 142 
1143 

PAGE 26 
AL4MBCl)=0~69314718/THALF(lJ 
EQ { 1 ) :RET ( I J) 
I PSEUD=2 
CALL \/ECTOR(NCHA!Ni, IPSEUD} 
GO TO 200 

1090 CONTINUE 
DNR( l )=SWAP2 
GAP ( l )=5WAP5 
Gt!.P(4)=S~il.P6 
THALF( 1 )=SwAP3 
EQ( 1 )=Sl!JAP4 

1100 CONTINUE 
CALL TOPDEIF 
IFOHGOUT} CALL PR!NTX(NCHAIN!i 
WRITE ( 15) ( ENA ME( I},. f=l t.3} 1 l S 
IFIIS.EO.OIGO TC gggg 
~RlTE(15) (fl;11jE( I) ~!::lAND( I) .I=l d'.So IJ=INTNUK(ENAMEl3)J 
IC □NTRCIJ)=ICCNTR(IJJ+l 
NN=! CONTR ( I J) 
TSTART(IJ.~N)=TBEGIN 
TENDCIJ,NNl=TFIN 
TPEAKCIJ,NNJ=TTOPP 
CMAX(JJ,NNJ=BMAX 

9999 1-<ETUfrn 

1119 
1120 
1121 
1122 
1123 
1.124 
1125 
1126 
1127 
1128 
1129 
l l 30 
u:.n 
1132 
1133 
1134 
1135 
l 136 
U37 
1138 
l 139 
1140 
1141 
1142 
1143 r-~-~----------------------·----·----l,.ll..!1.. _____ J,0,.\1 ___ .._.._ __ 

1145 SUBROUTINE TSING(PE,THll . 1145 1146 C 
1146 1147 C THIS ,~OUTENE CALCULATES Tt1E $TAITT POINT FiJR S[NGLE-·NUCl.li'.02 1 t47 1148 C RELE~SE WITH DISPERSION 1148 1149 C 
1149 l l 50 f;;;EAL*B PE 
) l 50 U.51 OJ\T4 PI/3.14159/,EP/l.,.E·-12/'!!EFS/l,.E-15/ 1151 1152 FUNKCTH.PE)=0 ■ 5•TOERFCID ■ 5*(DSQRTIPE/TH)-DSGRTCPE*THJ)+TEXPCPEJ* 1152 ! l 53 * TOER!FC ( 0 "5*DSQRT ( P E.1'l''H J +DSQRT ( PE •TH) ) J 1153 1154 DERlTH.PEJ•0 ■ 5*DSQRTCPE✓PI/TH**3)*TEXPI-PE/4e/TH*CI-THl**2) 1154 1155 AK=J 
1155 1156 UK=l .,E-5 
! 156 U 5 7 1 Cl CONT X NU E 
U. 5 7 1158 AM=0 .. 5>1l(AK+BK) 
1158 1159 F=FUNK(AM ■ PE} 
1159 1160 IFIF ■ LT ■ EPSJGO TO 20 1160 1161 IFIF ■ GT ■EP)GO TO 30 1161 1162 THE=AM 
!162 U63 GO TO 40 
1163 1164 20 CONTINUE 
l.164 1165 BK=AM 
1165 11 66 GO TO 1 0 
l 166 1167 30 CONTINUE 
1167 1168 AK=AM 
1168 l l 69 GO TO 1 0 
1169 11 70 40 CONTINUE 
11 70 1171 A=FUNK(iHEtPE) 1171 1172 IF(~eLfeEPS)GO TO 50 1172 111..3 B=OER ( THE ,d:i!E) 
1 l 73 11 74 THE=THE-Al'ti 
1174 
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1175 
1176 
1177 
1178 
1179 
1180 
1181 C 
1182 C 
1183 C 
1184 C 
1185 
1186 
1187 
11.38 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
11 c;6 
1197 
1198 
1199 
1200 
1201 
1202 
120.3 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 

4 
1225 
1226 C 
1227 C 
1228 C 
1229 C 
1230 

PAGE 27 
GO TO 40 

50 CONTINUE 
THl=THE 
RETURN 
FND 
SUBROUTINE TlME23(NCHAINe0eJ3) 

THIS ROUTINE CALCULATES A TIME VECTOR FOR DOUBLE AND TRIPLE• 
WITHIN TrlE LIMITS GIVEN BY TLIMIT 

COMMON/FFFFF/ 

* 
ENAME(.3),THALF(3)eA0(3)eALAMB(3)eE0(3).DNR(3)e 
GAP(6)eTOeTlePE.ETA,TDeV,AL 
IB.BAND(.304).BANDN0(304)eT(304)eTDL(304)e 
TUEGIN,TFIN.TTOPP.BRPEAKeDINO * 

COMMON/C2/ 

REAL *8 ENAME 
REAL*H THALF.AQeALAMBeEO,DNR,GAPeTO,Tl.PEeETA.TDeVeAL 
DIMENSION Q(15) 
11=5*NCHAIN 
N=II-1 
DO 400 JC-=l•N 
NQ:JC 
DO .300 J=JCell 
lF(Q(J).LTeO(~Q))NQ=J 

300 CONTINUE 
SWAP=O(NQ) 
Q(NO)=O(JC, 
Q(JC)=S'.IIAP 

400 CONTINUE 
Jl=O 
IF(Q(l).GTeOeO)Jl=l 
DO 500 N=2.Il 
IF(Q(N).Ea.o.o. □R.O(N).Ea.a(N-l))GO TO 500 
Jl=Jl+l 
Q(Jl )=O(N) 

500 CONTINUE 
I B-= 1 
DO 700 JC=2.Jl 
STEP=(Q(JC)-Q(JC-1))/J3 
T(IB)=O(JC-1) 
TDL(IB)=(T(IB)-TO)•V/AL 
IB=ItHl 
DO 600 J=2eJJ 
T(IB)=T(IB-l)+STEP 
TDL(l~)=(T(IU)-TO)*V/AL 
IB=It:Hl 

600 CONTINUE 
700 CONTINUE 

IB-=IIJ-l 
RETURN 

SUBROUTINE TLIMIT(ENAME,NCHA1N.Q,ICOND) 

THIS ~OUTI~E DEFINES THE LIMITS □ ETWEEN ~HICH THE TIMESCALE FOR 
THE CALCULATION OF DOUBLE AND TRIPLE CHAINS ARE TO BE LAID OUT. 

DIMENSION 0( 15) .I J(3) 

1175 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
1196 
1197 
1198 
1199 
1200 
1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 

1225 
1226 
1227 
1228 
1229 
1230 
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12:n 
1232 
1233 
1234 
12.35 C: 
1236 
1237 C 
1238 
1239 
1240 
J, 241 
124!2 
1243 
1244 
1245 
1246 C 
1247 
1248 
1249 
l250 C 
1251 
1252 C 
1253 
1254 
1:255 
1256 
1251 
125cl 
1259 
1260 C 
1261 
• 
1 
1264 C 
1265 C 
1266 C 
1267 C 
L268 
1269 
12:70 
i.271 
1272 
1213 
1274 
1275 
1276 
1271 
1218 
1279 
1280 
1281 
1282 
1283 
1284 
1285 
1286 

PAG IE 28 
Ri::AL*8 ENAME(3) 
COMMON/PEAKS/ ICONTRC75J,TSTARTl75~10J ■ TPE4KC75IDIO)~TENDC75•10). 

* CMAX(7511>10)-,DOSE2C15} 
COMMON /TMAXNC/TND1(75JeT~D2(751 

ICOND=O 

DO 10 l=l~NCHAJN 
IJ(l)=INTNUKCENAMEII)) 
IF(ICONTR(1J(!))®GT~O}GO TO 10 
WRITE(6,7)[ENAME(JJ ■ J=112) 
I F ( NC HA IN ., E Q • :u il'J R I TE ( 6 ~ 8 ) EN A.ME ( 3 l 
~RITEC6 ■ 9)ENAME(I) 
l!CONO=l 

10 CONTINUE 

7 FORMAT( 1 0-HILE EXECUTING TLIMIT FOR 1 ■ 2AS) 
S FORMATl 1 +'•43X,A8) 
9 FORMAT(® NO PEAK •AS FOUND FOR 1 3A61 

IF(ICONO@EC~t)~EfURN 

00 20 !=1,NCHAIN 
<H5,*!'-4 )::r=TSTART( IJ{ I >.1) 
QCS•I-J)=~NDlCIJCI)) 
Q ( 5 ~ !-2 }-=l PE J!IK ( I J { I ) • 1 ) 
Q(5*1-l}=TND2(1J(I)) 
Q(5*I)=TENDCIJ(J),1J 
CONl' ! NUE 

RETURN 

123! 
12.32 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
124<9 
12'50 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 

I,:'. 

---i"'!"":l,_.~.,.,,..,..-:=""!l,:wr.N~C-=-:H~A-=1r-:N-:-•-:-I-=P-:::S:-::E":"l"!':e!D,-----·-----------·---.. ---~---·--­

l 264 
THIS ROUTINE IS USED BY DOUBLE AND TRIPLE FOR THE 1265 
CALCULATION OF THE DECAY CONSTANTS 1266 

COMMON/FFFFF/ ENA~El3),THALF(3J ■ AC(3)1ALAMB(3).EQC3),DECAY(3J ■ 
* GAPC6J.TO.Tl,PE.ETA,TD.V~AL 

F(EAL*l:3 EN~ME 
RE AL* 6 i HALF , ,1\ Q w Al. A I'! S c E Cl. DEC A 't' ~ GAP* T O; • T l 9 PE ,. Ei A • T (). V ,. AL 
SLASK=0 ■ 693147l8 
SLASKl=SLASK•AL/V 
DO 100 J=l,NCHAIN 
DECAYCl)=SLASKl/rHALF(I) 
CONT I NUE 
Xl=TEXP(-~LAMBlll*TII 
X2=TEXP(-ALAMB{2}*Tl) 
JF(NCHAIN ■ E0 ■ 3IX3=TEXPC-ALAMB(3)*T1) 
GAP[l)=AQCl)/AL-M~ClJ 
[F(IPSEUD~GE.l)GAPCl)=GAPfl)/2 ■ 44E5/ll ■ D/2.44E5-1 ■ 0/4 ■ 47E91 
GAP{2)=AQ{2)/4L~MB(2) 
GAF-(3}=0 ■ 0 
IFINCHAIN ■ E0.3)GAP(31=AQ(3)/ALANB(3) 
GAP(4 )::G4P{ l )lli!Xl 
GAP ( 5 }=GAP( 2) *X2+GAP (I) *ALAMB{ l U ( ALAMB ( 2 }-ALAM!:H l) 

1267 
1268 
1269· 
! 270 
1271 
l.272 
1273 
1274 
1275 
1276 
1277 
1278 
1279 
1260 
1281 
12a2 
1283 
1284-
1285 
1286 
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1287 
1288 
1289 
1290 
1291 
1292 
1293 
12-;,4 
1295 
1296 
ll297 
12,:;; 8 
1299 

1. 
1302 
1303 
1304 
1305 
1J06 
1307 
1308 
1309 
1-310 
13 11 
1312 
1:313 
1314 
LH5 
1:: 16 
1:.n 7 
13HJ 
1319 
1320 
1321 
1322 
1323 
1324 
1325 
1326 
1327 
1328 
13 29 
1330 
1331 
1332 
1333 
1334 
13.35 
1336 
1337 

PAGE 29 
'ill)>l<(X1-X2) 

IF(NCHAIN~EQo3)GO TO 200 
GAP{6}=0,.0 
GO TO 3)0 

2JO GA?(6)=GAP(3)•X3+GAP(21*ALAMOC21/IALAMB(3)-ALAMBl2) 
•)*(X2-X3)+GAP(1)*ALAMB(1)*ALAMB(2)* 
*Xl/(ALAM8(2)=ALAM8(1))/(ALAM □ (3)-ALAM8(1)) 

G~P(6)=GAP(6)+GAP(l)*ALAMB(l)*ALAMB(2)*X2/(ALAMB(1) 
•-ALAMU(2))/CALAM □ (JI-ALAM8(2J) 

GAP(6}=GAP(6)+GAP(l)*AL4MB{l)*4L4MB(2j*X3/(ALAMB(2) 
•-ALAMB(3))/(ALAM □ (l )-ALAMB(J}) 

300 CONTINUE 
RETURN 

OUTINE GTEST(ARGOUM) ______________ -----

THIS ROUTINE TEST FOR NEGATIVE SCUARE ROOT ARGUMENTS 

IMPLICIT REAL*8 (A-H@O-l) 
COMMON /FFFFF/ENAME(3J,THALFC3J@A0(3).ALAMB(3)~EQ(3).DNR(3J~ 

* GAP(61.TO~DUR ■ PE,ETA9TD.VO§PATH 
LOGICAL LGI.LG2.,LG3.LG4~LG5 
LGl=.,TRUE .. 
LG2=., TF:UE., 
LG3=.,TRUE~ 
LG4:::::: "TRUE:., 
LG5=., TRUE• 
ENTRY Gi(I,d,K,LGt,,n 
GlA=l~D0+4.DO•ECCKl*ONR(K)/PE-4e$EQ(K)*(EQC [)*DNR(l)-EQ(J)$ 

•DNR(J) )/(PE•(EU( I )-E(HJ)}) 
IF(GlA.,GEeO@ODO)RETURN 
LGl=,.FALSE,. 
RETUf<Nl 
ENT~V G2{I@JeLG2} 
G2A=ID0+4DO•EO(l)*EO[J)*IDNR(JI-DNRCl))/CPE*(EQ(IJ-EQIJJ)J 
IF(G2AsLTeO.ODO)LG2=.F~LSE~ 
RETURN 
ENTRY G3[1*J®K.LG3~•> 
G3A=PE/l4DO•EC(Kl)+DNR(K)-(EQ(I}*DNR(IJ-EQCJl*DNRIJJJ/ 

'<'(EQ(I)-EQ(J)) 
IFCGJA.GE®O*CDOJRETURN 
LG3=wFALSE,. 
RETURN! 
ENTRY G4(!®J•K~L~LG4t 
G4A=PE/C4DD*EU(Kl)+EO(L>•IDNRCJ)-DNR(l)J/(EQCl)-EO(J)) 
IF(G4A.LT.O@ODOILG4=eFALSE@ 
RETURN 
ENTRY GSII•J~LG5) 
G5A=ID0+4DO•EQ(J)•(DNR(JJ-DNRCIJ)/PE 
IF(G5A.LTeO.ODOJLG5=.FALSE$ 
RETURN 

1287 
1288 
1289 
1290 
1291 
1292 
1293 
1294 
12.95 
1296 
1297 
1298 
1299 
.l~ 
1301 
l 302 
130.3 
1304 
1305 
1306 
1307 
1308 
1309 
LHO 
131! 
13!2. 
1313 
1314 
LH5 
1316 
1317 
1318 
1319 
1320 
1321 
1322 
1323 
1324 
1325 
1326 
1327 
1328 
1329 
1330 
1331 
1332 
1333 
1334 
1335 
1336 
1337 

__ ___.,__._......., ____ _.,,.u.'---------------------------------------1..J.J.a__, ________ _ 
1.339 
1340 
1341 
1342 

FUNCTION F(DUMOUM) 
IMPLICIT REAL*d (A-H~ □-Z) 
REAL*8 NO 
COMMON/FFFFF/ ENA~E(31.THALFC3)~AQ(3J~ALAMBl3J~ACl3JeR(3)eNOl6), 

1339 
1340 
:t 341 
i.342 
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1343 
1.344 
1345 
1346 
1347 
1348 
1349 C 
1350 
13 51 
13~2 
1::353 C 
1354 
1355 
1356 
1357 C 
1358 
1:359 
1360 
13€'51 C 
13152 
1363 
L364 
1365 
1366 C 
!367 
1368 
1369 
1370 C 
1311 
1.:372 
1373 
1374 C 
L375 
1376 
1317 
1378 C 
1379 
1380 
)361 
1382 C 
1383 
1384 
1.385 
1386 
1387' 

388 
9 

1390 
1391 
1392 
139.J 
1394 
13"i5 C 
L396 
L397 
1398 

PAGE 30 
•To~T~P~ETA,THETA0V~SCL 

F=O 
ENTRY F4(I~J~KwL) 
F 4= { AC ( K) * R 0( )- .AC ( L ) * R ( L ) ) / ( AC ( 10-AC ( L ) ) - { AC ( I ) *R ( I )-AC ( J ) *R ( J ) ) / 

* ( AC ( I )-AC ( J) ) 
RETURN 

ENlRY FllU,J) 
Fll=NOII)/(2.DO•TJ•RCl)/(R(J)-Rl[JJ 
RETURN 

ENTRY F12(I,.J) 
Fl2=NOIJ)/C2~DO•TJ*H(l)*R(J) 
RETURN 

ENTRY F 13 ( I 11> .J ~ K) 
Fl3=NOCl)/C2 ■ DO•Tl*ACIJJ•RCl)*R(JJ/CAC{JJ-ACIKIJ 
RETURN 

ENTRY F14Cl ■ J1K,LI 
Fl4•NOCl)/(2 ■ DO•Tl•ACCIJ•ACCJl*R(l)*R(JJ/(IAC(II-AC(JJJ•(ACCL)-

•AC(l0)) 
RETURN 

ENTRY Fl5(ltJl 
F 15= l ., D IJ- AC ( I } /AC { J l 
RETURN 

ENTRY F160.,J) 
F16=AC(I)/AC(.J) 
RETURN 

EN'V'RY Fl70: 111J) 
F 1 7= fR ( J )- R < l ) 
RETURN 

ENTRY FUH I• J ~10 
F18=CAC(Jl*R(J)-ACCK)•RCKJJ/CACCJJ-AC(K}J-RCIJ 
RE.TUl.;iN 

EN1'RY F34 (I) 
F34=0 ,.ODO 
IF ( AC ( I ) * ET A/TMETA- 1 .... GT ,.1., C-7) RE'TURN 
F34= 1 .. DO 
REl"URN 

~TTTIT:NEEf, ,'1!'7,'1o5iu!MMr-----~-- =w " • ,... O>Mo/"'N-•-«•··.,·· --· -·--

1 MPL IC IT HEAL*8 (A-H,O-ZI 
REAL*tl NO 
COMMON/FFFFF/ ENAMEC3l ■ THALFl3J@~CC3J ■ ALAMBC3J ■ ACC3J9R(31wNOC6J~ 

•TO~T ■ P.ETA ■ THETA ■ VfSCL 
COMMON/NEGXER/ ERFCMI.EXPC~l 

ENTRY FF51l,J ■ F5EI 
F5E=-THETA*CACCIJ•RCl)-AC(Jl*RCJll/(AC(IJ-AC(JIJ 
RETURN 

1343 
1344 
1345 
1346 
1347 
1348 
1349 
1350 
1351 
1352 
1353 
1354 
1355 
1356 
1357 
1.358 
1359 
1360 
1361 
1362 
1363 
1364 
1365 
1366 
1367 
l.368 
1369 
l.370 
1371 
1372 
1373 
1374 
1375 
1.376 
1377 
! 37'8 
1379 
1380 
138! 
1382 
1383 
1384 
1385 
1386 
1.387 
l ,3.8tL __ =-"·-~•·····--.,,----
l389 
1390 
'.L391 
1392 
1393 
13'94 
1395 
1396 
1397 
1398 
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1399 C 
1400 
1401 
1402 
1403 
1404 
1405 C 
1406 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 
1420 
1421 
1422 
1423 
1424 
1425 C 
1426 
1427 
1428 
1429 
1430 
1431 
14.32 C 
1433 
1434 
1435 
1436 
1437 
14.38 
1439 
1440 
1441 
1442 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 
1451 C 
1452 
1453 
1454 

PAGE .31 

ENTRY FF6P(l,JeK,F6PE) 
N=l 
GO TO 50 

2 0 F6PE=P*ET A/2 • DO* ( l • DO+F6PMT J 
RETURN 

ENTRY FF6M(I.J,KeF6ME) 
N=2 
GO TO 50 

30 CONTINUE 
IF(GeLE.3.0-9)GO TO 35 
TERM= l e-F6PMT 
GO TO 40 

35 G=-G/lhDO 
TERM=2.DO*G*(l.DO+G•t1.oo+G*(2.DO+G*(5.DO+G* 
*(14eOO+G ♦ (42eDO+G•l32.DO)))))) 

40 F6ME=P•ETA/2eDO*TE~M 
RETURN 

50 CONTINUE 
G=4 • DO*AC ( K) *R( K )/P-4 •*AC CK h ( AC( I) *R (I)-AC ( J) •R ( J) )/( P* ( AC ( l )-

*AC( J))) 
IF(G.LT.-1.DO)G=-l.DO 
F6PMT=OSQRT(l.DO+G) 
IF(NeEO.l)GO TO 20 
IF(N.EQ.2)GO TO 30 

ENTRY FF7P(I,J,F7PE) 
N=l 
GO TO 100 

60 CONTINUE 
F7PE=P•ETA/2eD0*(1.DO+F7PMT) 
RETURN 

ENTRY FF7M(I,J,F7ME) 
N=2 
GO TO 100 

70 CONTINUE 
IF(G.LE.3.D-9) GO TO 80 
TERM= 1 .o 0-F 7PMT 
GO TO 90 

BO G=-G/4.DO 
TEHM=2.DO*G*(l,DO+G*(1.DO+G*(2.DO+G*(5.DO+G* 

*(14,DO+G*(42eDO+G*l32.DO)))))) 
90 F7ME=P•ETA/2eDO*TERM 

RETURN 
100 CONTINUE 

G=4.DO*AC(I)•AC(J)*(R(J)-R(I))/(P*(AC(I)-AC(J))) 
IF(GeLT.-l.OO)G=-1.DO 
F7PMT=DSQRT(l.DO+G) 
IF ( N • EQ • 1 ) GO TO 6 0 
IF(N.E0,2)GO TO 70 

ENTRY FF8P(I,J,K,F8PE,F8PA) 
N=l 
GD TO 150 

1399 
1400 
1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 
1409 
1410 
141\ 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 
1428 
1429 
1430 
1431 
1432 
1433 
1434 
1435 
1436 
1437 
1438 
1439 
1440 
1441 
1442 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 
1451 
1452 
1453 
1454 
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1455 
1456 
1457 
1458 
1459 
1460 
1461 C 
1462 
1463 
1464 
1465 
1466 
1.467' 
1468 
469 

14 70 
1411 
1472 
1473 
14 74 C 
14 75 
1476 
1477 
1418 
14 79 
1480 
1481 
1482 C 
1483 
1484 
1485 
1486 
1487 
lti-88 
14 89 
1490 
1491 
1492 
1493 
1494 
1495 C 
1496 
14<H 
14'i8 
1499 
1500 
1501 
1502 
1503 
1504 
1505 
1506 
15C1 
1508 
1509 
1510 
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110 CONTINUE 

ARG=ETA/2®DO*DSQRTIAC(KJ*P/THETA +FBPMT 
CALL FERRNT(ARGwERF®ERFCE~ERFCA) 
FBPE=ER:FCE 
FBPA=ERFCA 
RETURN 

ENTRY FF8M(l,J~K9FBMEsFHMA,F8MARG,FBMME@F8MMA) 
N=2 
GO TO 150 

120 CONTINUE 
ARG=ETA/2@DU*DSURTCAC(K)*P/THETA!-F8PMT 
CALL FE~~NTtA~G.ERF~ERFCE.E~FCAJ 
F8ME=ERFCE 
FBMA=ERFCA 
F8MAkG=ARG 
F8MME=EX:PCM1 
F Sfi'IM A;;Ef,:FCM l 
RETURN 

150 CONTINUE 
G= U P/ ( 4., D Cl* AC ( K ) H-R ( K )- ( AC ( U * R (I}- A.C ( J) *R ( J) Lt 

*(AC(I)-AC(J)))*THETA) 
IFCG@LT .. o.,oooJG=oGoo 
F8PMT=OSQRT(G) 
IF(N.,EQ.,l)GO TO l!O 
IFCN@EC.,2JGO TU 120 

ENTRY FF9~(I~J,K~L,F9ME~F9MA ■ F9M G~F9MME.F9MM J 
N=l 
GO TO 200 

l.60 CONTINUE 
ARG=ETA/2oD0•DSURT{4C(K)•P/THETA)-F9PMf 
CALL FERkNT(ANG~EkFeERFCE.ERFCA) 
F9ME=ERFCE 
F9114A=ERFCA 
F9MARG=ARG 
F9MME=EXPCM1 
F9MMA=ERFC/llll 
RETURN 

ENTRY FF9P(I~J@K~L~F9PE F9PA 
N-=2 
GD TO 200 

170 CONTINUE 
ARG=ET4/2oD0*DSQ~T(AC(K)*P/THETA)+F9PMT 
CALL FEHRNT(ARG.EHF~ERFCE~ERFCA) 
F9PE=ERFCE 
F9PA.= ERFCA 
RETURN 

200 CONTINUE 
G=((P/(4.D0*AC(K) )+AC(L)*(R{J}-R(I))/(AC(I)-AC(J))) 

**THETA} 
IF(G.LTeO@ODO)G=OoODO 
F9PMT=DSQRT(G) 
IF{N .. EQ.,l )GO TO 160 

455 
456 

1457 
1458 
1459 
1460 
1461 
1462 
1463 
1464 
1465 
1466 

467 
1468 
1469 
1470 
1 4 7 l 
147'2 
1473 
14 74 
1475 
14 76 
1477 
1 '+ 78 
1479 
1480 
1491 
1482 
1483 
1484 
1485 
1486 
1487 
1488 
1489 
1490 
1491 
1492 

93 
1494 
1495 
1496 
149 
1498 
1499 
1500 
1501 
1502 
1503 
1504 
1505 
1506 
1507 
1508 
150(} 
1510 
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1511 
1512 C 
1513 
1514 
1515 
1516 C 
1517 
1518 
1519 
1520 
1521 
1522 
1523 C 
1524 
1525 
1526 
1527 
1528 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
1536 
1537 
1538 
1539 
1540 
1541 
1542 
1543 
1544 
1545 C 
1546 
1547 
1548 
1549 
1550 
1551 
1552 C 
1553 
1554 
1555 
1556 
1557 
1558 
1559 
1560 
1561 
1562 C 
1563 
1564 
1565 
1566 
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IF{N.E0.2)GO TO 170 

ENTRY FF19(I,F19E) 
Fl9E=-R(l)*THETA 
RETU~N 

ENTRY FF20P(I,J,F20PE) 
N=l 
GO TO 250 

210 CONTINUE 
F20PE=P*ETA/2eDO*(l.OO+F20PMT) 
RETURN 

ENTRY FF20M(I,J,F20ME) 
N=2 
GO TO 250 

220 CONTINUE 
IF(G.L~.3.D-9)GO TO 230 
TERM=leDO-F20PMT 
GO TO 240 

230 CONTINUE 
G=-G/4eDO 
TERM=2eDO*G*(leDO+G•Cl.DO+G*(2.DO+G*(5eOO+G* 

*(14eOO+G*(42eDO+G*132.DO)))))) 
240 CONTINUE 

F20ME=P•ETA/2e*TERM 
RETURN 

250 CONTINUE 
G=4eDO*AC(J)*(R(J)-R(I))/P 
IF(GeLT.-1.DO)G=-leDO 
SARG= 1 • DO +G 
F20PMT=DSORT(OABS(SARG)) 
IF(NeEOel)GO TO 210 
IF(NeE0.2)GO TO 220 

ENTRY FF21P(I,F21E,F21A) 
ARG=ET A/2 • DO*DSORT ( AC (I) *P/THETA) +DSQRT( P•THETA/( 4.oo•Ac (I))) 

CALL FERRNT(ARG,ERF,ERFCE,ERFCA) 
F21E=ERFCE 
F21A=ERFCA 
RETURN 

ENTRY FF2l(I.F21E,F21A,F21ARG,F21ME.F21MA) 

ARG=ET.v2.oo•DSORT(AC(I)*P/THETA)-DSORT(P*THETA/(4.DO*AC(I))) 

CALL FERRNT(AkG.ERFeERFCE,ERFCA) 
F21E=ERFCE 
F21 A=ERFCA 
F21ARG=ARG 
F21ME=EXPCM1 
F21MA=ERFCM1 
RETURN 

ENTRY FF22(I,F22E,F22A) 
ARG=ETA/2eDO•DSURT(AC(I)*P/THETA)+DSQRT(P*THETA/(4eDO*AC(I))) 

CALL FERRNT(ARG,ERF.ERFCE,ERFCA) 
F22E=ERF<:E+P*ETA 

1511 
1512 
1513 
1514 
1515 
1516 
1517 
1518 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1528 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
15.36 
1537 
1538 
1539 
1540 
1541 
1542 
1543 
1544 
1545 
1546 
1547 
\548 
1549 
1550 
1551 
1552 
1553 
1554 
1555 
1556 
1557 
1558 
1559 
1560 
1561 
1562 
1563 
1564 
1565 
1566 
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1567 
1568 
1569 C 
1570 
1571 
1572 
1573 
1574 
1575 
1576 
1577 
1578 
1579 C 
1580 
1581 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
1591 
1592 C 
1593 
1594 
1595 
1596 C 
1597 
1598 
1599 
1600 C 
1601 
1602 
1603 

1605 
1606 C 
1607 C 
lf;,08 C 
1609 C 
1610 
1611 
lc12 
1613 
1614 C 
1615 
1616 
1617 
1618 
1619 
1620 
1621 
1622 
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F22A=ERFCA 
RETURN 

ENTRY FF23P(I,J,F23PE,F23PA) 
G:((P/4.DO*AC(J)+R(J)-~(I))*THETA) 
IF(G.LT.O.ODO)G=o.ooo 
PMT=DSQRT(G) 
ARG=ET A/2 • DO *DSORT ( AC ( J) *P/THET A) +PMT 
CALL FERRNT(ARG,ERF,ERFCE,ERFCA) 
F2.3PE=ERFCE 
F23PA=ERFCA 
RETURN 

ENTRY FF23M(I,J,F23ME,F23MA,F23MAR,F23MME,F23MMA) G=((P/(4.DO*AC(J))+R(J)-R(I))*THETA) 
IF(G.LT.O.OOO)G=O.ODO 
PMT=DSORT(G) 
ARG=ETA/2 .DO *DSOR T( AC ( J J *P/TtiE TA )-PMT 
CALL FERRNT(ARG,ERF,ERFCE,ERFCA) 
F23ME=ERFCE 
F23MA-=ERFCA 
F23MAR=ARG 
F2.3MME=EXPCM1 
F23MMA=EKFCM1 
RETURN 

ENTRY FF30(I,J,F30E) 
F30E=-AC(l)•AC(J)*(R(J}-R(I})*ETA/(AC(I)-AC(J)) 
RETURN 

ENTRY FF31Cl,J,K,F31) 
F31=-ETA*(AC(K)•R(K)-AC(K)*(AC(I)*R(I)-AC(J)-R(J))/(AC(I)-AC(J))) RETURN 

ENTRY FF3~(I,J,F33E) 
F33E=-AC(J)•(R(J)-R(I))*ETA 
RETURN 

SUBROUTINE SUM2(~,B,C.D,E,F) 

THIS ROUTINE COMPUTES THE SUM OF TWO EXPCNETIAL FUNCTIONS: EXP(E)•F=EXP(A)*8+EXP(C)*D 

IMPLICIT REAL*16 (G.T-Z) 
REAL*8 A,B,C,D,E,F 
IF(B.Ea.o.OO)GO TO 30 
IF(D.Ea.O.DO)GO TO 50 
---B.NE.o •• AND.D.NE.o. 
ZO=B 
Z1.Hl=O~tlS ( ZB) 
ZLB=OLOG(ZBB) 
Z ILB= CH NT ( ZL!J) 
ZL=ZLB-ZILB 
TL~asIGN(OEXP(ZL),ZB) 
XL=~ +ZIL 8 
ZD;::D 

1567 
1568 
1569 
1570 
1571 
1572 
1573 
1574 
1575 
1576 
1577 
1578 
1579 
1580 
1581 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
1591 
1592 
1593 
1594 
1595 
1596 
1597 
1598 
1599 
1600 
1601 
1602 
1603 

1605 
1606 
1607 
1608 
1609 
1610 
1611 
1612 
1613 
1614 
1615 
1616 
1617 
1618 
1619 
1620 
1621 
1622 
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1623 ZDO=QABS ( Z C) 1623 
1624 ZLD=QLOG(ZDDl 1624 
1625 lILD=QINf(ZLD) 1625 
1626 ZR=ZLD·-Z I LO i 626 
1627 TR=QSIGN(QEXPLZR)~ZD) L627 
1628 XR=C+Z!LD 1628 
1629 ZE=Xk 1629 
1630 IF(XL .. GT.,XR)ZE=XL 16.30 
1631 G=XR-ZE 1631 
1632 IF{G .. GT .. -174 .. DO) GO TO 10 1632 
1633 E=XL l 633 
1634 F=l'L 1634 
1635 RETURN 1635 
1636 10 CONTINUE 1.636 
1637 IF(G.,NE.,O .. DO)TR=QEXPCGJ•TR 1637 
1638 G=XL-ZE 1638 
1639 IF(G.,GT.,-174®00)GO TO 20 1639 
1640 E=XR 1640 
1641 F=TR 1641 
H,42 RETURN 1642 
l 643 2,0 CONT I NUE 1643 
1644 IF(G .. NE,.Q.,DO)TL=OEXPIGl*TL 1644 
1645 E=ZE 1645 
1646 F=TL+TR 1646 
1647 RETURN 1647 
1648 30 IF(D.,Ea .. o.,oo)GO TO 40 1648 
1649 C -----B,.EQ,.O.ANO O.,NE .. Oo 1649 
1650 E=C 1650 
H:51 F=O 1651. 
1652 RETURN 1652 
1653 C ----B .. Ea .. o.. AND D .. Ea.,o.. 1653 
U,54 40 E=O.,DO 1654 
lt.55 F=O., DO 1655 
1656 RETURN 1656 
1657 C -----B .. NE .. o.. .!\ND D .. Ea .. a.. 1657 
1658 50 E=A 1658 
1659 F=B 1659 
1660 ~ElURN 1660 , 

--~-'!'-"!'~-----.A"'!--=.,,,..,,.,,...,..~-=-,:="=""""="~--==:-e--=-"""'='~~~~~-----------------~---~-----, 
1662 SUOROUTINE FERRNT(X.ERF1.EXPC1.ERFC1 1662 
1663 IMPLICIT REAL*8 (A-H~ □-Z) 1663 
1664 COMMON /NEGXE~/ ERFCMl,EXPC~l 1664 
1665 IF«x.ea.o.oooJGO ro 10 1665 
1666 IFCX.GT ■ l3®0)GO TO 20 1666 
1667 Y=OABS(Xli 1667 
1668 ERFCMl=OERFC(Y) 1668 
1669 EXPCM l=O., ODO 1669 
1670 ERFCl=ERFCMl 1670 
1671 EXPCl=EXPCMl 1671 
1672 IFCX ■ GT.o.ooo)RETURN 1672 
1613 ERF!=-ERFl 1673 
1674 ERFCl=2@0DO-ERFCM1 1674 
1675 RETURN 1675 
1616 10 CONTINUE 1676 
1677 ERF!-=O.,ODO. 1677 
1678 ERFC1=l ■ ODO 1678 
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1679 EXPCl=0 .. 000 1679 
1680 ERFCMl=ERFCI 1680 
1681 EXPCMl=EXPCl 1681 
1682 RETURN 1682 
1683 20 CONT I NUE 1683 
1684 ERFl=0 .. 000 1684 uses ERFCl=O .. ODO 1685 
1686 EXPC!=0.,000 1686 
1687 ERFCMl=ERFCI 1687 
!688 EXPCMl=EXPCl 1688 
1689 RETURN 1689 ___ lw.Ael.:.t..l.l0L-----·_,Jl;:..OIJ.L.. _______________________________________ __...,g.;::u. ______ _ 
1691 SUBROUTINE DIFERF(x1~E1.A1.x2,E2~A2.E.A) 1691 
16g2 C 1692 
l6g3 C ----- THIS ROUTINE COMPUTES E ANO A SUCH THAT 1693 
1694 C EX:P(E) * A = E~FC(Xl) - ERFC(X2) 10;:,4. 
16':.5 C 1695 
1696 C WHERE: ERFC (ABS(Xl)) = EXP(El} * Al 1696 
1697 C ERFC (AOS(X2J) = EXP(E21 * A2 1697 
16ga C 1698 
1699 IMPLICIT REAL*B (A-H• □-Z) 1699 
1700 J=l 17CH) 
1101 IFOO) 3,2,d 1701 
1702 l J=J+I 1702 
1703 2 J:J+l 1703 
1704 3 lF(X2) 6,5*4 1704 
1705 4 J=J+3 1 705 
1 706 5 J=J+3 1706 
1107 C 1707 
l 708 C l 708 -------Xl X2 J 

1 1709 C 1109 
1710 C 1710 0 2 
1711 C 1711 + 3 
1712 C 1712 0 4 
1713 C 1713 0 0 5 
1714 C 1714 + 0 6 
1715 C 1715 + 7 
1716 C !716 0 + 8 
1717 C 1717 + + 9 
1716 C 1718 
1719 6 GO TO C10,20,20,20,30s10,20,10,10)~J 1719 
1720 10 Al2=Al-A2 1720 
1721 11 GO TO U2d3d3d2.,13,d3d21>13d3) i!J 1721 
1722 12 A12=-A!2 1722 
1723 13 .E=O.DO 1723 
1 724 A=iU 2 1724 
1725 RETURN 1725 
1726 C 1726 
1 12 7 2 0 A. 1 2= A l + A 2 l 7 2 7 
l 728 A 12=A 12-2 .,DO l 728 
172'9 GO TO 11 1729 
1730 C 1730 
1731 30 E12=0.DO 1731 
1732 412=A1-A2 1732 
1133 GO TO 1 3 1 733 
1734 END l 734 



J 1 6-CJL.e.A.CK,. __ . ...EA.G. ..... ___ 3..._7.,__ ___ _ ----··-----... --__.,,_,.,._., __ ~----·· .. ,·~ - -~ 1735 FUNCTION BATE(T,TOel!I) 1735 
1736 
1137 
1738 
1739 

1736 C 
1131 C 
1738 C 
1139 C 
1740 
1741 
174 2 
1743 
1744 
1145 
1746 
1747 
1748 
1149 
1750 
1151 
1752 
175.3 
1754 
17'55 
1756 
1157 
1758 
1159 
1760 
1761 
1762 
1163 

TH IS fWUT I NE CALCULATES THE DECAY OF TlliO- AND THREE- NUCLIDE 
CHAINS WITH EUUAL RETENTION COEFFICIENTS 

COMMON/FFFFF/ ENA ME ( 3), THALF { 3),;, AQ( 3) w ALAMB ( 3)., ea (3 J >1>DNfH3} Iii 1740 * G~P(6).~REAK,DUR~PEiETA.TD,WATVELePATH 1741 
REAL*B ENAl-1E 1142 REAL:!$.8 THALF.,AGltJALAMti~Ea~DNR11GAP,6REAK.DUR.PE1tETA11TO,WATVEL11PATH. 1743 * ARG1wAkG2~AHG3 1144 
BATE=OeO 1745 
ANl=AQ(J.) 1746 
IF(ANl ■ LE@O ■ O)RETURN 1747 
Al.l=ALAMB(l) 1746 
~L2=~LAMB(2) 1749 
ARGl=-ALl*(T-TO) 1750 ARG2=-AL2*(T-TOJ 1751 
XJ.-TEXP(ARG!) 1752 
X2=TEXP(ARG2} 1753 
IF(!II@E0®3JGO TO 10 1754 
BATE=ANl*AL2/(AL2-ALll*CXI-X2) 1755 
RETURN 1756 

10 CONTINUE 1757 
ALJ;ALAM9(3) 1758 
ARG3=-AL3*(T-TO) 1759 
X.J=-TEXP(ARG3) 1760 
BATE=ANl*AL2•AL3*(Xl/{AL2-AL1)/CAL3-AL1J+X2/{ALl-AL2J/(ALJ-AL2)+ 1761 

*X3✓ C-LI-AL3J/(~L2-AL3JJ 1762 RETURN 1763 
7 

!7 ~~-·--s;;'tlttlBmlDUTINNEl'OPDEF ---------------------·-~-.. - ~~,~---------
1766 C 
1767 C 
1768 C 
1769 C 
1770 
1771 
1112 
1773 
1774 
l '1'75 
1 776 
1777 
1778 
1 779 
1780 
1781 
1782 
11 e 3 
1784 
1785 
1786 
1787 
1788 
1789 
1790 

THIS ROUTINE SORTS OUT ALL ZERO DISCHARGE RATES® IT ALSO 
[DENTIFYS THE MAXIMUM DISCARGE RATE ■ 

COMMON/C2/ IS@BAN0(304J,BANDND(304J ■ TIME(304J.THET-(304) ■ * TSTARTeTFIN~TPEAK.BMAX.,DINO 
DATA C .1'1 .. E-15/ 
~Il:Q 
.J2=0 
TSTART=O ,.o 
TFIN=o .. o 
TPEAK=O .. O 
BMAX=O.,O 
AMAX::O., 0 
IF(6AND(l)eLE•leE-15)GO TO 1120 
J l=l 
TSfART=TIME(l} 

1120 CONTINUE 
DO U.60 J=2dS 
IF(BAND(J-1) .. LE.C .. AND@8ANO(J}~GT@C@AND.Jl*Ea.o)Jl=J 
lF(BAND(J-l).GT.C.ANDeBANO(J}.LEeC)J2=J-1 
IFCBAND(Jl@LE~BMAX)GO TO 1140 
TPEAK=T I ME { .J) 
t!MA.X=tl~ND ( J) 

1140 CONTINUE 

1766 
1767 
1768 
1769 
1770 
1771 
1772 
1773 
171'4 
1775 
1776 
1777 
1778 
1779 
1780 
1781 
1782 
1783 
1784 
1785 
1786 
ll 787 
1788 
1789 
1790 
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11g1 IF(8ANDND(J).,LE .. AMAX}GO TO 1160 1791 
1 792 AMAX=BANt)ND ( J) l 7'92 
1793 1160 CONTINUE 1793 
1194 IF(AMAX}1200~1200~11ao 1794 
17«;5 1180 DINO=!JMAX/AMAX 1795 
1 796 1200 CONTE NUE l 796 
1797 IF(J1.,EQ.,Q.,ANDeJ2.,EQ.,O)GO TC 100 1797 
17,gB IF(Jl.,GT.,O .. AND.,J2 .. EO .. O)J2=IS 1798 
1799 IF(Jl@EC.O.ANDcJ2@GT@O)Jl=l 1799 
1800 TSTA~T=TIME(Jl) 1800 
1801 TF!N=TIME(J2) 1801 
1802 100 IF(Jl .. GT.,l.)GO TO 200 1802 
1803 I S=J 2 18 0 3 
1804 GO TO 9999 1804 
1805 200 IS=J2-.J1+1 1805 
1806 DO 300 I=l dS 1806 
1807 !I=Jl+I-1 1807 
l 8 0 8 T I ME ( I ) ::::::T I ME ( I I ) 1 6 0 8 
U:309 THETA.( I )=THETA( [I) 1809 
1610 BANU(I)=BAND(II) 1810 
UH 1 BANDND( I) =SANDND (II) 1811 
1812 300 CONTINUE 1812 
HH3 9999 CONTINUE 1813 
1814 RETURN HH4 

---~---!l"N'ffl"'!""""!"':wlll''TT"l.,...,r:i,o:-r:._..':'rr~":"TT-.~------------------------~!Jl;?-----
1010 N 1816 
1817 C HH7 
1818 C THIS ROUTINE ~RITES THE LINEPRINTER OUTPUT FOR THE CHAIN FRAGMENTS 1618 
1819 C 1819 
1820 COMMON/FFFFF/ ENA~E(3ltTHALF(3).AQ(3)~ALAM8(3J ■ E0(3l ■ DECC3). 1820 
1821 * GAP(6)~To~ouR~PE,ETA~To.vo~PATH 1821 
1822 COMMON/C2/ IS ■ B-NDC304l,B4NDND(304J ■ TIME(304J ■ THETAC304)ii 1822 
1823 * TSTftHT ■ Tf!N~TPEAK$BMAX.DINO 1823 
1824 REAL*8 ENAME~TEXT1(3) 1824 
1825 REAL*B THALF.AQ ■ ALAMB ■ EO.DEC ■ GAPiTO@DUR~PE.ETA$TD~vo.PATH 1825 
1826 DATA TEXTl / 1 SINGLE 1 ~'DOUBLE'ie 1 TRIPLE 11 / 1826 
1827 ~ATTl~=PATH/VO 1827 
1828 l FORMAT('l 6 ,A(H*-CHAIN MIGRATION CALCULATION 1 / 1 1 u34( 6 $ffl}/ 1 0NUCL!DE 1828 
1829 *! '~A6) 1829 
1830 2 FORMAT{ 1 +*~T17~ 1 FROM 11 i;A6) 1830 
1831 3 FORMAT( 1 + 1 »T28. 0 DECAYING VIA &~A6) 1831 
1832 WRITE{9~1) TEXTl(NCH4I~ltENAME(NCHAIN) 1832 
U3.33 IF(NCHAIN.,GT.,t)II.JRITE(9,;2) ENAME{l) 1833 
!834 IF(NCHAIN~EQ.,3)WRITEC9»3)ENAME(2) 1834 
1835 4 FONMAT( 1 0DESCRlPTION OF LEACH SCENARI0: 3 / 1 + 1 w29Ct 1 J/'DTIME OF LEA 1835 
1836 •CH INCIDENT: 1 11!.PGl.6 .. 6 ,, YEARS AFfER REACTOR DISCHARGE~/• LEACH D 1836 
1837 •URATION!® dOX.Gl4 .. 6~• YEARS'/" M[GRAT!ON PA.TH LENGTH::• 1113X@Gl4.,6,i; 1837 
1838 * 8 METERS'/' GROUNUWATER VELDCITY! 1 ,4X~Gl4.,6~• METERS/YEAR 1 / 1 GRO 1838 
1639 •UNDWATER TRAVEL TIME:::'.,IX,Gl4 .. 6~ 1 VEARS 9 .I' PECLET NUMBER: 1 ,11X, 1839 
1840 *Gl4 .. 6/ 0 0NUCLIDE DATA 8 /®+'912( 1 ®)~4DX,A6~6X@A6 ■ 6X.A6) 1840 
1841 WAITE(9~4) To~ouR~PATH1VO~WATTIM$PE,(ENAME(!).1=1~NCHAIN} 1641 
1542 5 FORMAT( 5 0ACTIVITY AT THE TIME OF LEACH INCIDENT (CURIES) 1 ■ 1X~lPE12 1842 
1843 * .. 2,2El2 .. 2} 1843 
1844 WRITE(9e5HAC!(I)d=liNCHA[N) 1844 
l84S DO 15 I=l .NCHAI N 1845 
1846 GAP(1¼3)=GAP(I+3)•1.93729E-6 1846 
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1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
lf56 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1814 
1875 
ta16 
1877 C 
1878 C 
1879 C 
1880 C 
1881 C 
1882 C 
1883 C 
1884 C 
1885 C 
1886 C 
1887 C 
1888 C 
1889 C 
1890 C 
1891 C 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 C 
1901 
1902 

PAGE 39 
15 GAP(l)=GAP(I}•l•93729E-6 

6 FORMAT(• MASS AT THE TIME OF LEACH INCIDENT 1 ,5X, 1 (MOLES) 1 ,2X,1PE12 •.2.2E12.2> 
WRITE(9,6)(GAP( I),I=l,NCHAIN) 

7 FORMAT(• MASS AT THE END OF LEACH INCIOENT',6X, 1 (MOLES) 1 ,2X,1PE12e *2,2E12e2) 
NN=NCHAIN+3 
WRITE(9,7)(GAP(I),I=4,NN) 

9 FORMAT(• DECAY NUMBER 1 ,36X,1PE12e2,2El2e2) WRITE (9 ,9) ( DEC( I), I= 1, NCH AI N) 
8 FORMAT(• RETENTION COEFFICIENT 1 ,27X,3Fl2e0) WRITE(9,8)(EO(I),I=l,NCHAIN) 

10 FORMAT( 1 0BRIEF PEAK INFORMATIDN 1 / 1 + 1 ,22(' 1 )/ 1 0TIME OF INITIAL DIS *CHARGE 1 elPG19e6 ,, YEARS AFTER REACTOR DlSCHARGE 1 / 1 TIME OF PEAK *TAIL',13X,G14e6, 1 YEARS AFTER REACTOR DISCHARGE'/' TIME OF PEAK M *AXIMUM 1 ,10X,G14,6,' YEARS AFTER REACTOR DISCHARGE'/' MAXIMUM DISC *HARGE RATE 1 ,8X,1PE14,2,' CURIES/YEAR'/' NUMBER OF TIMESTEPS USED• *•15X,I5/' DISP TO NO-DISP PEAKS 1 ,9X,OPFl4e8) WRITE(9,10) TSTART,TFIN,TPEAK,BMAX,IS,OINO 
11 FORMAT(////bX.•TIME' ,11X, 1 DIM,LESS TIME 1 ,2X, 1 BAND RELEASE•,3x.•o:o * NO-DI SP• /) 

IF(IS.EO.O)GO TO 100 
WRITE(9,11) 

12 FORMAT(1X,1PE15,4,3E15e4) 
00201=1.IS 

20 WRITE(9,12) TIME(I),THETA(l).BANO(I),BANONO(I) 100 CONTINUE 
RETURN 
END 
SUSRdOTtNE SPEC(GNAME,ENAME,IFILE,IAPPR.FACT~•> 
THIS ROUTINE CALCULATES SPECIAL NUCLIDE CONTRIBUTIONS BASED ON EITMER 0::: TWO DECAY APPROX I MAT IONS: 

IAPPR-1: SHORTLIVED DAUGHTER NUCLIDE IN RADIOACTIVE EQUILLIB­RIUM WH[TH ITS PREDECESSOR. 
IAPPR=2: SHORTLIVED PARENT NUCLIDE WHICH IS ASSUMED TO DECAY CCMPLETLY BEFORE LEACHING, 

GNAME IS THE CONTRIBUTION TO BE CALCULATED, ENAME IS THE ALREADY CALCULATED CHAIN UPON ~ICH THE APPROXIMATIVE CALCULATION OF GNAME IS BASED, ENAME IS TO OE FOUND IN DATASET NR 12+IFILE IF IAPPR=2 THE DISCHARGE RATE FOR GNAME IS CALCULATED BY MULTI­PLYING THE DISCHARGE RATE FORENAME BY FACT. IF NO DISCHARGE RATE CAN BE CALCULATEO THE CONTROL IS TRANSFERRED TO THE STATE­MENT LABELEO * IN THE CALLING ROUTINE. 
COMMON /PRINT/ ~IGOUT 
COMMON /C2/ NSTEP,~(304),DUM1(304),T(304),DUM3(304)• * TD1,TD2,TD3,aD,DO 
COMMON /PEAKS/ ICONTR(75),TSTART(75.10),TPEAK(75.10),TEN0(75,10), * CMAX(75,10).00SE2(75) 
REAL*B GNAME(3),ENAME(3),ANAME(3),TEXT(2),BLANK 
LOGICAL MIGOUT 
DATA BLANK/' '/•TEXT/ 1 DAUGHTER 1 , 1 PARENT 1 / 

IF=IF ILE 
ID=l 2 +IF 

1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
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1903 
1904 
1905 
1906 
1907 
1908 
1909 
1Sl0 
HHl 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1921 
1928 
1929 
1930 
1931 
1932 
1933 
19.34 
1935 
1936 
1937 
1938 
1 S.39 
1940 
1941 
194-2 
ll943 
1944 
1945 
1946 
1947 
l':.48 
1949 
1950 
19 5 l 
19~2 
195.J 
1954 
1955 
1956 
1957 
1958 
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IO CONTINUE 

REAO(ID.END=goo)ANAME,IS 
DO 20 I=!dF 
IF(ANAME{U .. NE .. ENtH.iiEO})GD TO 30 

20 CONTINUE 
GO TO 50 

30 IF(IS .. EO@O)GO TO 10 
RE AO (ID)( T (I),, t:H I h I= l d 5) 
GO TO 10 

50 !F(JS.EQ.O)GO TO 800 
RE AD ( l D) ( T ( I ) ~ B ( I } w I= l , IS) 
~RITE(16)GNAME.!S 
IF[IAPPR.EO ■ l)GU TO 70 
D060I=1,IS 
B(I)=B(I)*FACT 

60 CONTINUE 
70 CONT I NUE 

ll!IRITE ( 16} (T( ! i .,1;:I( I!• I=l, IS) 
BMA .X=B ( l) 
IMAX-=1 
DO 80 I ::2, IS 
IF(B{I)@LEoBMAX)GO TO 80 
BMA X-=1:H I) 
IMAX=I 

60 CONTINUt:: 
IJ=INTNUKIGNAME(IJ) 
ICONTR(IJ)=ICONTR(IJl+l 
NN=ICONTR( IJ) 
TSTARTIIJ,NNJ=T(l) 
TPEAK(!J~NN}=T{IMAX) 
CMAX{IJiNN)=BMAX 
TENOCIJ~NNJ=TCISJ 
RE115IND ID 
IF(eNOT.MIGOUT)RETURN 
WR!TE(9,91)GNAMc(l)•GNAME(2} 
IF(GNAME(3)@NE@BLANK)WR1TEC9.92)GNAMEl3J 

91 FORMAJ(tlAPP~OXIMATIVE DISCHARGE RATE FOR 1 sA6•' FROM ®wA61 
92 FORMAT(@+s.51x~ 1 ANU 1 @A6) 

WRITE(9,93)TEXT{IAPPR)~ENAME 
93 FORMAT[' A SHORTLIVED M,AB ■ 1 -NUCLIDE APPROXIMATION WAS MADE ON THE 

* BASIS OF THE CHAIN ' ■ 3AB/J 
WR1TE(9,,94} 

94 FORMAT( 1 oc ,5Xw 11 TIME~ .11x. "BAND-RELEASE 11 /) 

DO 95 I=l , IS 
~RITE(9~96)TCI),BCII 

95 CONTINUE . 
96 FORMAT(1PE16.4~El5©4) 

RETURN 
800 CONTINUE 

WRITE(6v801)GN4ME(l!sGNAME(2) 
lF{GNAME(3)eNE@BLANK)~RITE(6~802)GNAME(3) 

801 FORMAT( 9 0THE Cl--lAIN '~A6.- 9 FROM 6 ,46) 
802 FORMAT( •+ 11 .29X9' AND I eA6) 

WRITE(b~HOJJ[D,(ENAME(Il,I=l,IFJ 
803 FO.f.1MAT( 1 WAS NOT CALCULATE!J BECAUSE OF ZERO RESULT IN DATASET NR 11 

"'§13, 11 FOR 1 t3A8/) 

1903 
1904 
1905 
1906 
1907 
1 gem 
190<,, 
1910 
191 l 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
19.38 
19.39 
1940 
1941 
1942 
i943 
1944 
194-5 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
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1959 REW[ND ID 

1959 1960 RETURN l 
1960 1S61 900 CONTINUE 
1961 lS62 WRIT~{6,10l)GNAMEC1J.GNAME(2) 1962 1963 IFCGNAMEl3).NE ■ ~LANK)WR[TE(6v902JGNAMEl3J 1963 1964 901 FORMAT(iQ~HILE EXECUTING SPEC FOR •~A6~• FROM ' ■ A6J 1964 1965 902 FORMATC®+~ ■ 44X~® ANO * ■ A6) 1965 1566 WRITEC6,90J)IO~(ENAME(l),I=l@IF) 1966 Jg67 903 FO~MATl 8 DATASET N~ 1 ,13, 1 DID NOT CONTAIN THE CHAIN •~3A8/} 1967 1~68 RE~IND ID 
1968 1969 RETURN l 
l 969 ~--1._9 ...... 7"""1---------s""'u ....... B'-R-O~~E ~ N ti IC I , I 2) __ , ______________ , ____ , ; ~;~-·-·-·---------

1912 C 
1972 1973 C THIS ROUTINE RULES THE ADDITION OF DIFFERENT DECAY CHAIN !<H3 1'!.74 C FRAGMENTS TO A NUCLIDES TOTAL DISCHARGE RATE 1974 1<..75 C 
1975 1976 COMMON/C2/ NSTEP~Tl304).Y(304)9BANDC304J ■ TIME(3D41 ■ 1976 1977 * TBEG!NwTFINwTTOPP,,SRPEAKidHNO 1977 1578 COMNON/PEAKS/ICONTRl75J.TSTARTC75 ■ 10J,TPEAK(75,ID).TENDC75elOJ ■ 1978 1979 ,i,, CMAX ( 15 • 10 ) f DOSE2 ( 75) 1979 1980 REAL•~ ~AMEwIC1(2Dl~IBL~NN(3) 1980 1 9 8 1 DAT A ! OL/ s 1 / 1 9 8 l 1<;82 DO 15 I=l *N 
i,t'.)82 1983 15 Y( I ):Q.,O 
1963 1984 I.J=INTNUK€N4ME) 
1984 l's.85 NJ=ICONTR(IJ) 
1985 1986 DOSE=DOSE2ClJ) 
1986 1,;a7 12=0 
1987 1988 .J2=0 
i.988 l'i89 DO 150 .. LJJ=l.3-,16 
1989 1990 J.J=JJ.J 
.1990 1991 lI=.JJ-12 
1991 1992 [F(JJ ■ GTel5)11=l 
1992 1993 1 1 0 (.0 NT I NU E 
1 9 93 19~4 IF(J2.GE.NJ)GO TO 155 1994 1995 READ(JJ,END=l50J(NNCl),I=1@3i,ISTEP 1995 1996 IFIISTEPeEO.O)GO TO 110 1996 1,;,;7 READCJ,H(T!MEO),t:lA,NtH!>d=ldSTEP) 1997 1998 IFINNIIJ)eNE.NAMEIGO TD 110 1998 1999 CALL INTPOLCN,ISTEPI 1999 2000 IF(JJ®GT@lSiGO TO 120 2000 2001 J2=.J2+l 
2001 2002 12=12+1 
2002 2003 I Cl 02)=NN(l) 
2003 2004 GO TO 110 
2004 2005 120 CONTINUE 
2005 2006 J2:::.J2+1 
2006 2007 12=I2+l 
2007 2008 ICH !2}==NN(2} 
2008 2009 IF(NN{3)eEOuIBL)GO TO 110 2009 20 10 12= I 2+ 1 
20 10 2011 I Cl ( I2)=NN(3) 
2011 2012 GO TO 110 
2012 2013 150 CONTINUE 
2013 2014 155 CONTINUE 
2014 
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2015 DO li60 JJ;::,13~16 20!.5 
2(H6 REWlNlJ JJ 20U::. 
2017 ~.60 CONTINUE 2017 
2 0 1 8 RETURN 2 0 1 8 

---'".)~~q----~Poi:TN-;""1s_T_E_P~-----------~---··-·--------ili!}---------"· 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
:2029 
2030 
2031 
2032 
20.33 
2034 
2035 
2036 
2037 
2038 
2039 
2 40 

2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
20t:3 
2064 
2065 
2066 
2067 
2068 
2069 
2070 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 

THIS ROUTINE IS USED ~y CHAIN FOR THE ADDITION CF 
DIFFERENT CHAIN FRAGMENTS 

COMMON/C2/ 

* Ji:! 
00 120 I=l ~N 

NSTEP~T(304)eY(304)~BAND(304).TIME(304) ■ 
TLIEGIN~TF!N ■ TTOPP~eRPEAK~DINO 

116 !F(Jl.GT~ISTEP-l)GC TO 125 
IF(TC[).GE.TIMECJl)~AND.TCI) ■LT.TIMECJl+l).AND.BANDIJl).GT.o.o 

*®AND~BAND(Jl+lleGTe060) GO TO 117 
IF(T(ll~LT ■ TIME(JllJGO TO 120 
Jl=Jl+l 
GO 'TO 116 

117 V ( l) =Y ( I ) + □AND ( J 1 ) +{ H I )-n ME ( J l ) ) / (TI ME« Jl -t>· l J- l I ME C.!ll. ) ) * 
•(BANDCJl•lJ-BAND(Jl)) 

120 CONTINUE 
125 CONTINUE 

RETUf~N 

2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
202'9 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 

CALE(YMAX.f'IMY~NN7fJ~;u.·NT.*)-·----~------.. 

THIS SUUROUTINE CALCULATES A LOGARITHMIC TIMESCALE■ u. BET•EEN 
THE POINTS T! AND T2 .. Tl ANC T2 ARE CHOSEN TO BE SO 01..0SE 1'0 
TMIN AND TMAX RESPECTIVILY AS POSSIBLE. ONE OR TWO POINTS IN U 
FORCED TO BE PLACED AT TPI AND TP2 ■ 
REAL*B THALF.AQ,ALAMB ■ EC~DNRsGAP,T0.Tl.PE ■ ETA ■ TD ■ VeAL 

DIMENSION U(304) 
DIMENSION YMAX(ll.TIMYC1) 
DATA IS/100/ 
REAL*8 8ASE ■ T ■TPl.,TP2 ■ TMAX~TMIN,Tl 
AMAX=O.,O 
IMAX=O 
TMAX=TI MAX 
TMlN=TIMIN 
DO 10 I=l,NN 
IF(YMAX(I).LE.AMAX)GO TO 10 
I\MAX=YMAX (I) 
IMAX=I 

10 CONTINUE 
IF(IMAX.EOsO}RETURN 1 
JMA K=O,. 0 
BM4X=O .. O 
DO 20 I=l ,NN 
IF(YMAX(IJoLEe8MAXJGO TO 20 
IF(I.EU.IM4X)GO ro 20 
JMAX=I 
BMAX=YMJ!.X( I) 

20 CONTINUE 

2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 
2065 
2066 
2061 
2068 
2069 
2070 
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2071 
2012 

073 
2074 C 
2075 C 
2076 C 
2017 
2078 
2079 
2080 
2CHH 
2C82 
2083 
2084 
2085 
2086 
2C87 
2CS8 
2089 C 
2090 C 
2091 C 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
2099 
2100 
.:HH 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
t: U 2 
2113 C 
2114 C 
2115 C 
2116 
21 l 1 
2118 
,119 
2120 
2121 C 
2122 C 
2123 C 
2124 
2125 
2126 

PAGE 43 
IFCJMAX ■ E eO@OR ■ BMAX«LT&l ■ E-20JGO TO 30 
TP2:A1~AXl (T!MY( !MAX) 11TIMV(JMAX)) 
TPl=AMI ( IMY(IMA J.T MY( MAX)I 

CALCULATE TIMESTEPS FOR T~O NCN-S MULTANEOUS PEAKS 

Al=DLOG TP2/TPII/DL □G(TMAX/TMIN)*IS 
IFCAI ■ ■ Oe5)GO TO 30 
Nl= FIX(Al)+l 
BA (TP2/TPl)**( /FLOAT(Nl)J 
A2=DLOG(TPl/TMIN)/DLOGC~ASE)+l 
N2=IFI.X(A2, 
Tl=TPl/BASE••I I 
A3=DLOGCTMAX/TP2J/DLOGCBASEJ+l 
N3=IFIX(A3) 
1' 2=TP 2*UASE* *N3 
NT=Nl+N2+N3 
GO TO 70 

CALCULATE TIMESTEPS FOR SINGLE OR SIMULTANEOUS PEAKS 

30 CONTINUE 
TP2=TIMY(IMAX} 
EF(TP2.EQ.TMIN ■ OR TP2.EU ■ TMAX)GO 
AJ=OLOGCTP2/TMINI/DLOGCTMAX/TMIN)*IS 
IFCAl ■ LT 0.51GU TO 50 
Nl=IFIX(IUH-l 
BASE=(TP2/TMIN)**ll/FLOAT(Nl)J 
A2=DLOG(TMAX/TP2)/DLOG(BASE)+1 
N2=IFlX(A2) 
T2=TP2 •OASE>llt*N2 
Tl-TM!N 
NT=N1+N2 
GO TO 70 

50 CONTINUE 
A2=0L□G(TMAX/TP2)/DLOG(TMAX/TMIN)$IS­
N2=1FIX(A2)+l 
T2=TMAX 

(TMA TP21••11/FLOATCN2JJ 
T 2/BASE 
NT=N2+1 
GO TO 70 

CALCULATE TIMESTEPS WHEN PEAKS COINCIDE ~ITH MAX OR Ml 

60 CONTINUE 
BASE=ITMAX/TM[N)**Cl/FLCATCISJ-1) 
Tl=TMIN 
T2=TMAX 
NT=I S 

CALCULATE TIMESCALE 

70 CONTINUE 
U(l)-=Tl 
T=T! 

2071 
2072 
2073 
2074 
2075 
2076 
2077 
2078 
2079 
2080 
2 81 
2 82 
2083 
2084 
2085 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
2099 
2100 
2101 
2102 
2 03 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
211.3 
2114 
2115 
2116 
2117 
2118 
2119 
2120 
2121 
2122 
2123 
2124 
2125 
2126 
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212 7 
2128 
2129 
21.30 

2132 
2133 
2134 
2135 
2136 
2137 
2138 
2139 
2140 
2141 
2142 
2143 
2144 
2145 
2146 
2147 
2148 
2149 
2150 
2151 
2152 
2153 
2154 
2155 
2156 
2157 
2158 
2159 
2160 
2161 
2162 
2163 
2164 
2165 
2166 
2167 
2168 
2169 
2170 
21 71 
2172 
2173 
2174 
c:175 
2176 
2177 
2178 
2179 
2180 
2181 
2182 

PAGE 44 
DO 100 J=2,NT 
T=T*l3ASE 

100 U(J)=T 
RETURN 

SUAROUTINE PLOTl(NAME,NN,NR,NS,YMAX,WRITEX) 
C 
C THIS ROUTINE ARRANGES THE DIFFERENT VARIABLES BEFORE PLOTTING 
C 

COMMON/C2/ NSTEP,X(304),Y(304),DOSE1(304)eY1(304), * TBEGIN,TFIN,TTOPP,BMAX,DlNO 
DI MENSI ON YREAL ( 3 04) 
REAL*8 YNAME(21),NAME,NN(20) 
LOGICAL WRITEX,AREADY 
DATA NCOL/110/,IU/20/,NPC/1/,IOEC/2/ 
YNAME(l)-NAME 
DO 1 I=l, NR 

1 YNAME(I+l)=NN(I) 
NR=NR+l 
AREA DY= ,FALSE• 
IS=-1 
YlMIN=-12 
YL=3, 
Ir(YMAX,LE,O,O)WRITE(6,3)YNAME(l) 

3 FORMAT( 1 0YMAX.LEaO IN PLOTl FOR ',A6) 
IF(YMAX.LE.O,O)RETURN 
Y1MAX=ALOG10(YMAX) 
I ND2=NS 
I 1=1 
l2=NS 

50 CONTINUE 
INDl=Il 
IF(ll,GE,IN02)RETURN 
DO 300 I=IND1,IN02 
IF(Y(I).LE.o.o.AND.I.EO,Il)GO TO 200 
IF(Y(I),LE.O,O)GO TO 100 
Y 1 (I) =ALOG 1 0 C Y ( I ) ) 
YREAL ( I )=Y ( I ) 
GO TO .JOO 

100 CONTINUE 
I2=I-1 
CALL PLOTY(Il,12,NPC,YNAME,YlMINeYlMAX,YL.O •• NCCL,IUeIS, * WRITEX.IDECaNR,YREAL) 
AREADV= •TRUE• 
Il=I+l 
GO TO 50 

200 CONTINUE 
11=11+1 

300 CONTINUE 
IF(AkEAOY)RETURN 
CALL PLOTY(Il,12,NPC,YNAMEeYlMIN,YlMAX,VL,O,.NCCL,IU.tS, * WRITEX.IDECaNR,YREAL) 
RETURN 
ENO 
FUNCTION TERFC(X) 
IF(XeGT,12eO)GO TO 1 

2127 
2128 
2129 
2130 

2132 
2133 
2134 
2135 
213€> 
2137 
2138 
2139 
2140 
2141 
2142 
2143 
2144 
2145 
2146 
2147 
2148 
2149 
2150 
2151 
2152 
2153 
2154 
2155 
2156 
2157 
2158 
2159 
2160 
2161 
2162 
2163 
2164 
2165 
2166 
2167 
2168 
2169 
2170 
2171 
2172 
2173 
2174 
2175 
2176 
2177 
2178 
2179 
2180 
2181 
2182 
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;;? 183 
2184 
:.:185 
2186 
2187 

PAGE 45 
TERFC=ERFC ( X.) 
GD TO 2 

l TERFC=o .. o 
2 CONTINUE 

RE'fURN 

21133 
2184 
2185 
2186 
2187 

21-89 
~----~~~'::":"'::':"':~~~-=-=~-=-=-:---=-=--:-:-=~~~-=--:-~~-:-~=--:'."':':"'~=-:-"~"!:"'.:::':-""~~-::-::,--.-------~~J-~_8,,__ ___________ , _____ _ 

SUBROUTINE PLOT V ( I l Ii' I 2111 NPC ~ I\AME l'IYM! .i'l'l•1A c, YL ~ FI II NCCL III IUe IS 1t 2189 
2190 
:2191 
2192 
2193 C 
2194 C 
2195 C 
~ 196 C 
2197 C 
2198 C 
2l99 C 
2200 C 
~201 C 
2202 C 
2203 C 
2204 C 
2205 C 
~206 C 
2207 C 
2208 C 
2209 C 
2:210 C 
2211 C 
t: 212 C 
2213 C 
~214 C 
2215 C 
2216 C 
2217 C 
2218 C 
2219 C 
2220 C 
2221 C 
::2222 C 
2223 C 
22,'2'+ C 
:2225 C 
2226 C 
;:;227 r 

'"' 2228 C 
f229 C 
2230 C 
2231 C 
:: 23 2 C 
2233 C 
2234 C 
2235 C 
2236 C 
2237 C 
22.38 C 

* WRITEX~IDEC.NR,YREAL) 2190 
COMMON/C2/ NSTEP.X(304)~Z(304} ■ TIMEC304) ■ Yl304)e 2191 * TBEGINaTFINsTTOPP ■ BRPEAKgDJNC 2192 

LINE PRJNTER PLOTTING ROUTINE WITH VERTICAL X-AXIS ■ 
THE STEP IN X-DIRECTION JS CONSTANT= ONE LINE ■ 
Y = THE ARRAY CONTAINING THE VALUES TO BE PLOTTED 
11 = THE FIRST V-ELEMENT TO BE PLOTTED AND THE FIRST LINE 

!2 

NPC 

NAME 

FI 

NCOL 
IU 
IS 

NUMBER AS llsELL .. 
= THE LAST LINE NUMBER TD BE PLOTTED AND THE LAST 

Y=-El.El'IIENT AS ,.,ELL~ !F NPC=l • 
- THE NUMBER OF CURVES TO BE PLOTTED SIMULTANEOUSLY. 

NPC MAY NOT EXCEED NPMAX ■■ 
IF FOR INSTANCE NPC=3 AND THE VARIABLES TO BE PLOTTED 
ARE Aa BAND c~ THE VALUES SHALL UE STORED IN THE 
V-ARRAY AS FOLLOWS: A1.s1~c1~ A2~s2~c2~ A3~B3~c3~ ®~® 

= THE NAME(S) OF THE PLOTTED VARIABLE(S) (6H-HOLLERITH) 
IF NPC>l, THIS PARAMETER IN THE CALLING PROGRAM MUST 
BE AN ARRAY• WHERE THE NAMES ARE STORED IN THE SA~E 
CRDEH AS ARE THE VALUES lN TME Y-ARRAY .. = EXTERN;l,LLY SET LO\IJER Y-LIMIT (FOR THE SCALE-CALC .. } 

= EXTERNALLY SET UPPER Y-LIMIT (FOR THE SCALE-CALC .. ) = o: IF YMl<YM~~ THE LIMITS ARE TAKEN FROM YM[ AND YMA, 
ELSE THE LIMITS ARE COMPUTEU FROM Y, INDEPENDENTLY 
OF YMI AND VMA« 

- 1: TAKING THE LIMITS FROM YMI AND YMA ■ BUT ADJUSTING 
YMIN ■ IF ANY Y<YMla 

- 2: TAKING THE LIMITS FROM YMI AND YMA ■ BUT ~DJUSTING 
YMAX& IF ANY V>YMA. 

= J: 1., AND 2 .. 
> o: THE SPACE BET ■EEN X-AXIS AND THE Y-PCSITION IS 

FILLED WITH XMARKS CSTAPLE DIAGRAM)~ 
ORIGO IS POSITIONED AT v=o~ NC XMARK FOR Y=O® 
THE EVERY 100 LINES NUMBER MARKING IS SUPPRESSEDe 
THE STAPLE DIAGRAM IS POSSIBLE ONLY IF NPC=l• 

= MAXIMAL NUMBER OF COLUMNS AVAILABLE DURING PRINTING 
- OUTPUT UNIT NUMBER 
= A SWITCH9l THAT SHALL BE SET EITHER <O Ot:PLOT THEN 

STARTS ITS PRINTING ON NEW PAGEi OR =O ITHE PRINTING 
STAJ,;ITS AFTER A SINGLE LHIE-SKIP) BEFORE THE FIRST 
CALL" PLC TY RE SETS IS ITSELF., AT A REPEATED Cltl.L THE 
PLOTTING CONTINUES ON THE ORIGINAL X-AXIS ■ 

THE SUBROUTINE SCALE{A,B~Cd) COMPUTES THE SCALE OUT OF THE 
PREL• VALUE A., AND PUTS THE RESULT IN B. C IS THE PRINTED 
SCALE AND I IS THE PCWEN OF 10. 
THE SUBROUTINE DECODH(N,~1! ,J) DECODES THE INTEGER NUMBER N 
AND PUTS THE J IHGHTMCST FIGURES CONVERTED INTO lH-HOLLtRITH 
I NT □ THE ARRAY A FROM A (I) TO A( I t-J-1) .. LEFT ZEROS BLI\NKE!J.. 

2193 
2194 
2195 
2196 
2.197 
2198 
2199 
2200 
2201 
2202 
2203 
2204 
2205 
2206 
2207 
2208 
2209 
22l0 
2211 
:22l2 
221.3 
2214 
2215 
2216 
2217 
22!8 
2219 
2220 
222i 
2222 
2223 
2224 
2225 
2226 
2227 
2228 
2229 
2230 
2231 
22.32 
2233 
2234 
2235 
2236 
2237 
2238 



2242 
2243 
224 
2245 
2246 
2247 
224 
'2 24 
2250 
2251 
22.52 
2253 
22-t: C 
2255 
2256 C 
2257 C 
2258 C 
2259 C 
2260 
2261 
:C.262 C 
22c3 
2264 
2265 
2266 
-;;.2,67 
2268 

269 
2270 
2271 
2272 
2273 
2274 
2215 
2276 
2277 

C 

C 

218 
2279 
2280 C 
2281 
22 2 
2283 
2284 C 
2285 
2286 
:i::287 
2288 
2289 
2290 
2291 
2292 
2293 
2294 

PAGE 
OG CAL Wf~ ITE t ~m E 
OG C JU P ~ ~ LL '), S E 

D ME NS ON ,, Y t S ., 3} ~ 9) 'Ill '!J 

I l FM5(1)~F1"16(H ll,F~7(5 ""F (9),, 
2 

DIMENSION YREAL 1 
1,.:EAL*8 NAME 
REAL* F~ (111.F ~(3 .F~E12J•F 12 FMSC3 
REP,L*8 DU lC:O~D ,'42 2 ~ M.3(2 ~F l@FN12.FM3wFM411FMS11J 

FM6.FM7,~MB FMX.YAXIS1BL NK ■ S1PL RAL 
2 ■ YMARK ■ XMA~K,DCT 
3 !}HNX0111XD 

E au I VALENCE ( FM H 7 h DU l 1 ) d FM ( 7 ) DU M 2 0 l h 
l (FM5{6)~DUM3(1)) 

EQUIVALENCE IYMARKCll ■ XMARKI 

1 
2 
3 

1 
2 

1 
2 
3 
4 
5 
6 

TO INCREASE THE PER~ITTED NUMBER OF SIMULTANEOUSLY PLOTTED 
CURVES, JUST INCREASE NPMAX AND EXTEND THE YMARK DIMENSION 
AND DATA ITEM LIST •• 

D ME !ON VMARK(4} 
DATA NPMAX/4/ YMARK/ H I HO HH ■ IHS/ 

DATA 

ATA. 

DATA. 

DATA 

FM9(1 /5H lH+ ■ /~FM9 51/2HX ■ ■ FM916 /8H7H • 
FM9( 7)/2HE./~FM9C9J/8HX,7HY-VA/ FM9CIOJ/4HLUEJ/ 
■ FMg(lll/lH /tFME/5H2[1PEj2HI / 
■ FMS/3HlPE.lH) ■ 2HEJ/ 

XC 1 

COT/IH ■ l!l IAST H$/~ IPL 5/1 H • PLURAL/IH ■ 
VAXIS/5H*~••••5Ha ■ *••'• FMX/2HX ■ a6HC5X@A1 ■ 5H14XJa ■ 3H(l6 ■ 
4H(41 ■ ®4H9XI. 2HAlG4H(4X,.3HI I/ 

FMl(l!/5H 1H g , DUMl/6Hll6~ ■ 5H).sx .. ~4HIHYI/ 
FM2{l) 5 lH ~FM2{4) 2HX.,/11FM3 U 5H( lH " .,OUM2 

/6HC2A5 ,.4H1H>I/~ FM3 IJ 5HClH ■/• FM3 91/3Hl5 ■ • FM3(141/ 
:3H4i) " FM LISH( IHt, " FM,4{9L/3H6X® • FM.:li 14).lll.H / FM50. / 
5HIIH ,/ ■ DUM3/3HI5~~4HlH.)/a FM6CIJ/SHClH •/• 
FM6(5)/511.X,A1~/e FM6{ ll)l'1H}/l!IFM7(1 Lf5H(1H+@l'~FM7(5)l'5HX~J\! )/ 
111FMd(l )/5M{lH+,.I, fM8(5)/2HX./» FM8(9).13HAl)I' 

INDEX 1 = ! t 
INIJEX2 = !2 
IF(IS.GT.O GOTO OD 

IF(NCOL.GE.!9.AND.IU.GT.O.AND.NPC.LE.NPMAX) GOTO 10 
5 PRINT 80lt NAME 

kETURN 
10 NP; MAXO(l,NPC) 

ID = IU 
SINGLE= NP®EQ.,l 
WRITEX=WkITEX.AND.MAXCOL-NCCL.GT.IDEC+7 
WRITEY=WR[TEX.ANO.SINGLE.AND.MAXCOL-NCOL.GT.2*1DEC+l6 
F MT ( l ) .::::F ME ( l ) 
FMH2l=FME(2) 

2239 
240 

22'« 1 
2 

2243 
2244 
2245 
22.46 

247 
248 

2249 
2250 
2251 
2252 
2253 
2254 
2255 

256 
2257 
2258 
2259 

260 
2261 
2262 
2263 
2264 
2265 
2266 
226,J 
2268 

2277 
2278 
2279 
228 
228 
2282 
2283 
2284 
2285 
2286 
2281 
2288 
2289 
2290 
22g1 
2292 
2293 
2294 




