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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.
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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.

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.

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:

2., .
oNi _ 3 Ni ONi
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the flow of nuclide {(mole/s) through a cross-

where: Ni
section at point x {(m) at time t (s8),
K. = the retention factor for nuclide i (ground-
water velocity/nuclide velocity),
= the dispersion coefficient (m2/s)
= the groundwater velocity {m/s),

A, = the decay consgtant for nuclide i (5—1).



’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 for the triple-nuclide chains

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

a square wave instead of the former superimposition.

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 time

of canister breakthrough were read directly from a
formatted file with one column of source strengths for
ceach 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 hecessary 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

, also permits a reprocessing, i.e. a separation of a certain



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 routine,
internal storage of source strengths, half-lives

and retention factors has alsoc 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 former 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.



In order to avoid this problem, a routine that seeks out
-15

the point where the inflow is to be, 10 X max.
The routine works with the Newton Raphson

inflow,

has been put in.
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

In 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 radicactive 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 eguilibrium, 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 uranium=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 uranium-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 alsc 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" 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:



Appendix 1 (3)

File 1 with the nuclides' 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 Figure 1
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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

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

U=-236 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)

from Pu=244: neglected
(see above)

from Pu=~240G: TRIPLE

from U~236: DOUBLE
from Th=-232 SINGLE
U=-232 from U-232: SINGLE
Th=228 = Th-=-232 (the half-life

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



The 4N+1 chain

(chain)

Cm=245
Pu=241

Am-241

Np=237

Th-229

CM-245

-

PU-241

AM-241

NP-237

U-233

!

TH-229

Calculation logic for the 4N + 1 chain

from Cm~245:
from Cm=245:
from Pu-241:
from Cm=-245:

from Pu=-241:
from Am=-241:
from Cm=245:

from Pu-241:
from Am-=-241:
from Np=-237:
from Cm=245:

from Pu=-241:

from Am=241:
from Np=-237:
from U=~233:
from Cm=245:

from Pu=-241
and Am=-241:

from Np~-237:
from U=233:
from Th=229:

SINGLE
DOUBLE
SINGLE

DOUBLE (half-life of Pu=-241
<<half-life of Cm-245)

DOUBLE
SINGLE

TRIPLE (half-life of Pu-241
<<half-life of Am=-241)

TRIPLE
DOUBLE
SINGLE

TRIPLE (half-life of Pu=-241
and Am~241 <<half-life of Cm=-245)

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

TRIFLE
DOUBLE
SINGLE

neglected (inventory of Cm=245
<< inventories of Np~237 and
Am=-241)

TRIPLE (Th-229 from Np~237
with APPROX 2)

TRIPLE
DOUBLE
SINGLE

Figure 2



The 4N+2 chain Figure 3

AM-2421 CM-246

1 !

CM-242 PU-2142
! )

PU-238 U-238

TH-230

RA-226

Calculation logic for the 4N + 2 chain

(chain)

Am-242M from Am-242M: SINGLE
Cm~242 from Am~242M: 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: DQOUBLE (U-238 from Pu-242 with
APPROX 1)

from U-238: DOUBLE

from U-234: SINGLE



Th-230

Ra=-226

from
from
from

from

from

from
from

from

from
from
from
from

from

from

from

Th-230:
U-234:
U=-238:
Pu-242:

Cm=246:

Pu-238:
Cra=242:

Am=-242M:

Ra=-226:
Th-230:
U-234:
U-238:
Pu=-242:

Cm-246:
Pu=-238,

Cm=-242 and
Am=-242M:

SINGLE
DOUBLE
DOUBLE (with PSEUDO)

DOUBLE {U-238 from Pu-242 with
APPROX 1)

neglected (inventory of Cm-246
<<inventory of U-238)

TRIPLE

TRIPLE (Th=-230 from Pu~238 with
APPROX 2)

TRIPLE (half-lives of Cm=-242 and
Pu~-238 <<half-life of Am-242M)

SINGLE
DOUBLE
TRIPLE
TRIPLE (with PSEUDO)

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

neglected (see Th-230 from Cm-246)

TRIPLE (Ra-226 from U=-234 with
APPROX 2)

Figure 3

{continued)



The 4N+3 chain

{chain})

Am-243
Cm~243
Pu-239

Pa-231

CM-243

PU-239

-
AM-243

U-253

PA-251

Calculation logic for the 4N + 3 chain

from
from
from
from
from

from

from

from
from

from

Am-243:
Cm=243:
Am~-243:
Cm=-243;
Pu-239:
Am-243:

Cm~-243:

Pu=-239:
U-235:
Am=-243:

and Cm=-243:

from
from

from

Pu-239:
U-235:
Pa-231:

SINGLE
SINGLE
DOUBLE
DOUBLE
SINGLE
TRIPLE

neglected

DOUBLE
SINGLE

TRIPLE {Pa-231 from Pu-239

(the inventory of
Cm=-243 is small in relation to
the inventory of Am-243)

with APPROX 2)

TRIPLE
DOUBLE
SINGLE

Figure 4
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=
Listing

of source strength file

4 75=SOURCE PAG
H 3 123401
C 14 574403
SET79 550404
KR35 1.08%01
femn7 Bs0C0+10
SR{9 1443=01
S5R9D 2:81+401
¥ 91 1:62=01
ZH23 150406
7RSS 1.79=01
NBGS D 59=02
TCHS 2s114+08%
R4l 03 1:08-01
RU105 15 00+00
PDIO7T 700406
cnioe 1s24+00
AGL10M 69301
CD113M 140401
si125 2e 70400
TE125M 1:59=01
TE1Z27M 2s38=01
5N1246 T 3B+ 04
I 129 170407
£S134 2+ 05400
S135 300406
cs137 Fa00+01
CEl144 Te 79=01
PM147 262400
SM151% Be 72401
FULIS?2 1.20+01
Elil 54 1,60+01
FUl s 1:82+00
M1 6HM 120403
RAR2EH 160403
TH2223 1.91+00
THZRY 7+s30%03
TH2 30 83, 00+04
TH232 1.41+10
PAZ3L 325404
3 232 T:20+01
U 233 1,62405
U 234 Re 47405
U 235 T2106+08
U 23¢ 2039407
Uy 238 4.51+09
ND2 3T 2:13%06
PUZ3s 285400
Pu238 890401
PU2309 2944404
PU240 Go THH03
PL3241 146401
P32 32 3 79405
PUL 44 Bs00+07
AM241 42332402
AMZ 42M 152402
AM24 3 7 255403
CM242 Bedt=01
CM233 3200400
CM244 1282401
245 B 26403
CM2 44 4271403
CM2a8 3.52405
=1

SHIRCE S

TRIGEMNS

TREMNGTHS

AND
DATA L IBRARY,

4
7:30+02
145400
i-12+04
1:92-0%
T WIEDNH
TeH2404
1054+086
1:864+00
1257406
158406
1s43+01
142406
HelHB4+05
117=01
11952"‘05
45334073
1174014
D 454+ 03
A 33403
1804+04
BeHO9=01
Fe75=02
2, 65+05
28 51=01
1 094+0%
1:23+086
101405
126403
1:06+01
7 s 34403
Te364+03
Be20=-04
1:12=08
i221=-03
2aHBO=D8
1 33=08
2e12=-11
1:97=0%5
564 1=023
416=05
Be 72=01
1;&8“‘”{)2
2e71=01
2s15=01
228-01
207401
2:78+073
2218402
45,90+02
110405
1253400
P2s21=15
7278401
Bs 36400
210401
F545 404
38 3H4 00
Be D043
4o 32=01
Qe 20=072
1 18=0%
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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 1 025

TSING 1 145

TIME23 1 180

TLIMIT 1 225

VECTOR 1l 263

GTEST 1 301

o 1 339

FF 1 389

SUM2 1 605

FERRNT 1 662

DIFERF 1 691

BATE 1 735

TOPDEF 1l 765

PRINTX 1 816

SPEC 1l 876

CHAIN 1 971

INTPOL 2 020

TSCALE 2 041

PLOT1 2 132

PLOTY 2 189

SCALEY 2 602

DECODH 2 639

TEXP 2 676

TEXP1 2 684

TDERFC 2 692

INTNUK 2 700



316=CHPACK PAGE 6
- V . GETOUT3 B8B0016

1 LOGICAL MIGOUT s NOPUNNOLINK L1 nK g PUNCH,WRITEX 1

2 COMMON/PRINT/Z MIGOUT 2
3 CALL ERKSET(208s0¢=1615s1) 3
4 CALL ERRSET(2076¢509=1s1s1) 4
S READ(S, 1) LINKsPUNCHWRITEX MIGOUT S
6 1 FORMAT(S5LS) 6

7 IF( eNOTo (L INKeORsMIGOUUT ) IGO TO 100 7

8 NOLINK= ¢ NOT s L INK 8
9 NOPUN= ¢ NOT « PUNCH 9
10 CALL GETOUT(NOLINKsNOPUNWRITEX) 10
11 sTOR it
12 100 wRITE(6+2) 12
13 2 FORMAT (¢ %x¥x NO OUTPUT wAS SPECIFIED AND AS IT 1S LATE THE COMPUY 13
14 *ER CHOQSED TO TERMINATE EXECUTION dwxw%e ) 14
is5 STOP 15
16 END_ 16
17 BLOCK DATA 17
18 COMMON/FFFFF/ ENAME(3) s THALF(3) s AQ(3) s ALAMB{3)sEQ{3) +DNR(3) 18
19 C 19
20 C BLOCKDATA INITIATES NUCLIDE NAMES AND RETENTICON COEFFICIENTS TO 20
21 C DUMMY VALUES 21
22 C 22
23 * GAP(6) sy BREAKs DURSPE sETAsTD s Vo PATH 23
24 COMMON/DEY L/ FISS{(40) s CHAIN(G s34 ) s IFIoICH 24
25 CDMMON/DEYZ/ ETEXP(T7S) s AN(T75) o CI75) s ANAME(T76) s SFITS ) NUK (7S} 25
26 INs ISL 26
27 CDMMON/PEAKS/ ICONTR(7S) ¢ TSTART{(7S510) e TRPEAK(7510) e TEND(7S101) s 27
28 CMAX(75,10)DOSE2(75) 28
29 COMMON/HALVA/ THALV(75) s RET(75) 29
30 REAL%®16 THALV 30
31 REAL®16 ETEXPsANsC 31
32 REAL=%8 ENAME.ANAME.FISSQCHAXN 32
33 REAL %8 THALF’AQ!ALAMB'EQ’DNR’GAP’BREAK!DUR PESETAsTD Ve PATH 33
34 DATA EQ/3%0.0/ 34
39 DATA ETA /1.D0O/ 38
36 DATA ICONTR /75%0/ 36
37 DATA RET/75%00/ 37
38 DATA SF/75%1e/ 38
39 DATA IF1/2a/, 39
40 1 FISS/'H 3 s C 14 f s " KREBS 8 ,85R89 85 ¢ SRI0O sty 91t ® 40
41 w0 IR 3 L 41
42 2 ¢ ZRIS o 6 NBIS f 0 TCY9 "5 PRULO3 94 °RULI06 *,9SB12S P! TEL25ME, 42
43 3 CTEI27M® g8 129 ¢ ,8CS134 ® 4¢CS135 ?48CS137 ¢,¢CELGa ® 43
& & & CEPMIGT7 3 0SMISL P EULSS P 4 PEULSS ®,16%8 XX000 ¢/ 44
45 DATA ICH/Z4/5 45
46 i CHAIN/SCM246 ® ,'PU242 .U 238 %Y 234 ® 48 TH230 ¢ (*RA226 ¢4 46
47 2 EAMZ242ME 0 CM242 ¢,°PU238 50U 234 9,8 TH230 ¢ *RA226 9, 47
48 3 6% ¢ ® 48
49 4 ® o9 CM244 s *PUZ240 ®,°U 236 95°%TH232 ® 2 TH228 o, 49
50 S ECM248 *,0PU244 s PPUZ240 ®,°0U 236 " ,8TH232 ¥ ,°5TH228 &, S50
51 [+ 3% L ) CPU236 o8y 232 ', TH228 ¢, 51
52 7 2% @ oy FCM243 ?,8PUZ3G9 8,8y 235 ¢t ,9pPA231 o, 52
53 8 2% ¢ L CAM243 B ,fPU239 U 235 ®LPA231 53
54 9 6% by S4
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55 b 3 SCM245 ©,0PU241 T, AM24L P ONP237 ®,5U 233 ®,°TH229 t, 595
56 1 12%¢ s/ 56
57 DATA ENAME /3%¢ XX000¢/ 57
58 END 58
59 SUBROUTINE GETOUT (NLINKsNPUNCHsWRITEX) 58
60 C 6
61 C THIS ROUTINE ADMINISTRATES THE CALCULATIONS OF THE NUCLIDE 61
62 C RELEASE RATES 62
€3 C 63
&4 COMMON/FFFFF/ ENAME(3) s THALF{(3) s AQ(3)s ALAMB(3)+EQ(3)sDNR(3} 64
65 #*® GAP(G)vBREAKQDURsPE.ETAtTDoWATVEL'pATH 65
66 COMMON/C2/ NSTER,U{304):,Y¥(304)sDOSEL(304) TIME(3041) 66
67 *® TBEGINsTFIN,TTOPP: BRPEAK 3 CINO 67
68 COMMON/HALVA/ THALV(7S5 ) RET(75) 68
69 COMMON/DEY2/s ETEXP(TS)sAN(T7S)sC(75)s ANAME(T76)sSF(T7SJaNUK{TS) e 29
70 # INs ISL 0
71 COMMON /PEAKS/ZICONTR(7S5)sTSTART(7Se10)sTPEAK (75s10) s TEND{(7S+10) ¢ 7L
72 *® CMAX(75:10) sDOSEZ2(75) 72
73 COMMON /ZLGTEST/ LG(6) 73
T4 REAL*®16 T:TUPPsTHALVSETEXPs AN C T4
75 REAL%8 RNAME(7S) s ENAME o SNAME,SNAME] s SNAMEZ 75
76 *SNAME3 s COMP I C1 (20) s IBLe IDOSsBNAMES 76
77 * ANAME s TEXTL(2) s TEXT2(6) s TEXT(2) s GNAME (3} o NNN 77
78 REAL%8 THALF, AQ sALAMB,EQ¢DNRsGAPBREAK+DURIPEsETAs TDeWATVEL o PATH 78
79 LOGICAL AKTsCLAY s INSySUBsNLINKS NPUNCH.WRITEX 79
80 LOGICAL LG 80
81 DIMENSION CA(75) s YMAX(10)s TIMY(10) ¢sDOSMAX(75) TPE(7S)» 81
a2 ¥ TSLASK(G0)s TMI(7S)sTMA(7S5) s UMAX(75) 82
g3 DATA IUPP/ZO/ ' 83
84 DATA TEXT /*GLASS®! ¢FUELY/ . 84
s DATA TEXTi /Z/°POROSITY? (¢SPACING ¢/ 8%
86 DATA TEXT2 /*CUMETER®? y *METERS 8 3 OS/CULMET ® o ¢ g PER 86
87 L P &y 87
88 DATA [DOS/*DOSESt/ a8
89 DATA COMP/e*=1¢/,IBL/AY® L4 89
90 DATA ALNZ /0.6931472/ 90
Si 805 FORMAT(L2) 91
92 810 FORMAT(8F10¢0) 92
G3 820 FORMAT(AG 44X sF10.0) 93
G4 920 FORMAT (1 XsAGslPE10e29s10E1062) 94
SS 930 FORMAT(*1TIME ¢ o10X E10¢2s10E10e2) 95
S6 READ(Se1)INSJ3 96
s$7 C 97
98 FORMAT(6L9) 98
99 READ(Ss 2 BREAKs DURDIFF ¢ TONNE 99
100 2 FORMAT(SEL10Q0e2) 100
101 READ(S5s3)PERMsGRADsSPACEPATHs CLAY 101
102 3 FORMAT(4AE 1564 sLS) 102
103 C 103
104 IF(CLAY)GO TO 80 104
105 WATVEL=2e¢842E9%GRAD® (SPACE*PERM)*%(2+0/3.0) 105
106 DISP=DIFF +5Se04E=3%(SPACE*PERM®GRAD)*%2/DIFF 106
107 DISP=DISP%3.1536E7 107
108 GO TO 90 108
109 80 WATVEL=3.1536E7*PERM®GRAD/SPACE 109
110 DISP=DIFF%3.1536E7¥SPACE/2.0 110
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90 CONTINUE

111

C 112
g INITIATE THE DECAY ROUTINE 113
114

CALL DECAY(1) 115

C 116
T=BREAK 117

C 118
READ(S5,810) TuPP 119

IF (TURPP:EQsOs) GO TO 20 120

C 121
C IF REPROCESSING READ THE SPLITFACTORS DEVIATING FROM le 122
C ‘ 123
READ(S,80S) IANT 124

DO 11 I=1,IANT 125
READ(S»,820) BNAME ¢ VARDE 126

SF { INTNUK ( BNAME ) )=VARDE 127

11 CONTINUE 128
C 129
E CALCULATION OF SOURCE STRENGTHS AT THE TIME OF LEACH INCIDENT 130
131

20 IF (TUPPoEQeOs) TUPP=1,E20 132
IF (ToLT<TUPPORIUPPEQs2) GO TO 25 133

CALL DECI(TUPP,TUPPsl s Jel)

134

1UPP=2 138

25 IF {IUPPcEQe0O) CALL DEC(TsTslUPPsJIs0) 136
IF (IUPP<EQ.2) CALL DEC(T~=TUPP ¢TsIUPPJs0) 137

DO 29 L=1,1ISL 138
CA(L)=C(L)*TONNE 139

29 CONTINUE 140
WRITE(6+930)7 1414

DO 32 I=1,ISL i 142
WRITE(6s920)ANAME(I) e THALVII} sCAC(CL) 143

32 CONTINUE 144
REWIND 1 14%
JK=2 X 146
IF(CLAY )} JUK=1 147
JI=2 148
IF(TUPPNEs1eE20) JJ=1 149
WATIM=PATH/WATVEL 150
WRITE(G6:41)TEXT(JJ) sBREAKsDURSPATH s WATVEL s WATIMDISP ¢ TONNE 151

* g PERMoGRADs TEXTI (JK) s SPACESs TEXT2(JK) ¢ TEXT2(JK+2 ) s TEXT2(JIK$4) 152
4] FORMAT(®*1CALCULATION OF RADIONUCLIDE CHAIN MIGRATION FROM AN UNDER 153
*GROUND REPOSITORY® o/ 1XeT4 ("% )/ OWASTE FORM: ' A8/°0TIME OF LEACH 154
®*[NCIDENT ®41PE10Q0els® YEARS AFTER REACTOR DISCHARGE®!/® | EACH DURATI 158
*ON ®98XsE1Q0els® YEARS®/® MIGRATION PATH LENGTH ®31XsE10e1s° METERS 156
0 /% GROUNDWATER VELOCITY ®¢2XsELOel«® METERS/YEAR®/¢ GROUNDWATER T 157
*RAVEL TIME®+E10Q0els® YEARS®/ 158

* ¢ DISPERSION CO 159
¥*EFFICIENT ®3E10elo® SQsMETERS/YEAR®/® INVOLVED WASTE AMOUNT o 1XeE 160
#10els® TONNES®/¢ PERMEABILITY® 11XsELQels® METERS/SECOND®/® GRADIE 161
#¥NT ¢33 14XsE1Qels® METERS/METER®/1XsABs1lS5XeELl0elslXsABsA8sABL) 162
WRITE(6+61) 163

61 FORMAT({IX//® NUCLe sSXe *HelL IFE (Y)€42Xs *SOURCE (CI)?61Xs 164
w "RETo® 39X *DOSE FACT® /) 165

Bl P (ot B g (et i et O s (0 et (o [ P B0 P B (o (D (o e o (ot (o [ (o s B B Pk b (b (ich (b (o o b B2 (osh (o P (o DS 0 et Pt ot (s B s I Pt o (8

VL OONUeL2bdePlsdWWUHWWWWWWWNNNNNNNN NN b e et g e
R Nl et tnE e RN N O ODNOU S LN OO ® 00w

Iri=1 166
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100
44

77

200
205

210

250
211

STARTING POINT OF TIMESCALE IN SINGLE

PE=PATH®WATVEL/DI SP
CALL TSING(PEsTHL)

START OF SINGLE LOOP

CONTINUE

READ(5544 )SNAME s AKT s AREAK 5 VOLK s DOSE

FORMAT (A sL2/3E10e2)

IF(SNAME<EQ.COMP)IGO TO 200

IJ=INTNUK ( SNAME)

IF(CLAYJIRET(IJ)=1+VOLK*{ 1=SPACE)/SPACE

IF{eNOTeCLAY)RET(IJ)=1+AREAK¥2¢/+0105/
(PERM*SPACE)*%,333333

THALF(1)=THALV(IJ)

AQ(1)=CA(1J)

ENAME( § )=SNAME

EQ(1)=RET(1J)

ALAMB(1)=ALN2/THALF (1)

DOSE2( 1J )=00SE

WRITE(6+77)SNAME s THALF(1)sAQ(1)+EQ(1),DOSE

FORMAT(IH A6 s 1PE12e2s9E1262)

CALL SINGLE(THL1 ¢ITIsAKTe¢NS)

GO TO 100

START OF DOUBLE LOOP

CONTINUE

WRITE(6+205)

FORMAT(®0®%)

1I=0

111=2

CONT INUE
READ(S5) SNAME] ¢ SNAMEZ2 s INS o SUB
FORMAT(AG e 4X s A s2L2)
IF{SNAME]L ¢EQsCOMP)GO TO 300
1JI=INTNUK{SNAME1 }
1J2=INTNUK { SNAME2)
IF(RET(1J1)eEQeOesORRET(IJI2)EQs0s)}GO TO 250
THALF (1 )=THALV(IJ1)

THALF (2 )=THALV{LJ2)

ALAMB (1 I=ALN2/THALF (1)
ALAMB(2)=ALN2/THALF(2)

AQ(L )=CA(IJL)

AQ(2)=CA(lJ42)

ENAME (1 J=SNAME!}

ENAME (2 }=SNAME2

EQ(1)=RET(1J1)

EQ(2)=RET(1J2)

IF(11)260¢260+320 -

CONTINUE

WRITE(6+211)SNAMEL s SNAME2

FORMAT(®XDOUBLE: ®¢2A8,°'N0 INPUT PROVIDED IN SINGLE=LOOP®)
GO 7O 210



316=CMPACK

223
224
225
226
227
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
277
278

aXakals!

alale

(a1alal

PAGE 10

260

261

262
265
8

300
310

320

340
330

350

400
16

CONTINUE

TwWO MEMBER CHAINS WITH EQUAL RETENTICN CCEFFICIENTS CALCULATED BY
SINGLE

IF(DABS(EQ(1)-EQ(2))=0+01%¥EQ(1)) 261,261,265

CONTINUE

CALL SINGLE(THI ¢III¢AKT ¢NS)

WRITE(6,262)ENAME( 1 )s ENAME(2)

FORMAT({® EQUAL:®,2X,2A8)

GO 7O 210

CONTINUE

WRITE(648) ((ENAME(I)sEQ(I))sI=1,2)

FORMAT(1HO42HATTEMPT TO TREAT UNEQUAL COEFFe AS EQUAL: +46 o4 H

¥K= 9IPEL1Ce2/1H +42X¢ A6 84 K= sE10e¢2/1H +34HCHAIN DELETED+EXECUT
*I0ON CONTINUING)

GO TO 210

CONTINUE
IF(II=1)3106350:350
CONTINUE ’
WRITE(65,205)

[i=1

GO TO 210

CaLl. FOK DOUBLE

CONTINUE

CALL DOUBLE(INS,SUByJ3)

WRITE(6s330)ENAME (L )sENAME(2)

IF( eNOT o INSIWRITE(6,340)ILG(L)sLG(2)

FORMAT(®+¢ s T28, * TERMS OMITTED IN BwD2: 2{%sL1s%)s 4(®sl 1o%)¢)
FORMAT(® DOUBLE:®siXs2A8)
GO 70O 210

CONTINUE

END OF DOUBLE LOOPs START OF TRIPLE LOOP

WRITE(6205)

I1I=3

I1I=0

CONTINUE
READ(Ss16)SNAMEL s SNAME2 s SNAME3 ¢ INS
FORMAT(AG 44X AG s & Xe AD o2
IF{SNAME] ¢EQ.COMP )GO TO S00
IJI=INTNUK{(SNAMEL)

IJ2=INTNUK (SNAME2 )
IJ3=INTNUK(SNAME3)
IF(RET(IJl)oEQoO.oURoRET(IJZ).EQoOo-0RoRET(IJ3).EQ.0¢)GO TO 452
THALF (1l )=THALV(IJL)
THALF (2 )=THALV(IJ2)
THALF(3)=THALV(IJ3)

ALAMB (L )J=ALN2/THALF (1)

AL AMB ( =ALNZ2/THALF(2)

ALAMB ( =ALN2/THALF (3)

AQ(I}= 141)

2)
3)
CA
AQ(2)=CA(1J42)

e~ e i
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244
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246
247
248
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AQ(3)=CA(IJ3}

ENAME (1 )=SNAME]
ENAME( 2)=SNAME2
ENAME{ 3 )J=SNAME3
EQ(1)I=RET(IJL)
EQ(2)=RET(I1J42)
EQ(3)=RET{(IJ3)}
IF(II«EQe0)GO TO 455

CALL FOR TRIPLE

CALL TRIPLE(INSeJ3)
WRITE(6+450) ENAME

IF(eNOTINSIWRITE(6:440ILG(6)eLGIS)sLGIS) sLG(A)sLG{6)eLG(I) L G(4)o»
% LGIS)sLG(1)elLG(3)sLG(S)sLG(L}sLG{(2),LG(3)
440 FORMAT(®+¢ T34, ¢TERKMS OMITTED IN BWD3: S(®,2L1e%)s 6("2Ll-')0'
* T7(0eL1ls®)s B8(%el 1) o 9(®e2L1s®)s 10("sLio®)s 11(®slle®)s L2(°
*li.)t 13(¢sL1o)s L14(%sL1sf)s 15(¢ el 1e®)®)
450 FORMAT(® TRIPLE:®"s1Xs3A8)
GO TQ 40
452 CONTINUE

0
WRITE(6+411 )SNAME]L s SNAMEZ2s SNAME3

411 FORMAT(®*XTRIPLE: ®,3A8¢¢NO INPUT PROVIDED IN SINGLE LOOP®)
GO TO 400 .

THREE MEMBER CHAINS WITH EQUAL RETENTION COEFFICIENTS CALCULATED
BY SINGLE

455 CONTINUE
IF(EQ(I)-NE-EQ(Z).DR.EO(I).NE-EQ(3))GD TO 460
CALL SINGLE(THI ¢IIlLsAKT¢NS)

WRITE(6s451 JENAME

451 FORMAT{(® EQUAL: ¢®,3A8)
GO TO 400

460 CONTINUE
WRITE(6+461 )ENAMESEQ

461 FDRMAT('OATT&MPT TO TREAT UKREQUAL COEFFICIENTS AS EQUAL IN THE CHA

®INS ¢ 43(4XsA6)/TS8Be*EQ= ®s3F1060)
GO TO 400

500 CONTINUE
IF(I1«EQel)}GO TO 508
Il=1
WRITE(6,205)

GO TO 400

508 CONTINUE

END OF TRIPLE LOOP

DO 513 JJ=13»15
ENDFILE JJ
BACKSPACE JJ
REWIND JJ

513 CONTINUE

THE “SPECIAL APPROXIMATION LOOP%.
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335 C
336 REWIND 16
337 WRITE(65205)
338 11000 CONTINUE
339 DO 11001 K=13
340 GNAME(K)}=IBL
341 11001 ENAME(K )=IBL
342 READ(S5s 11 002)GNAME s IAPPRs ENAME
343 11002 FORMAT(3A8:16+3A8)
344 IF(GNAME( 1) «eEQesCOMP)IGO TO 12000
345 IF(IAPPROEQel s ANDoENAME (1) s NEeGNAME(2))GO TGO 11300
346 IFILE=3
247 DO 11100 K=1,3
348 IF(ENAME(K) «eNEeIBL)IGO TO 11100
349 IFILE=K=]
350 GO TO 11200
351 11100 CONTINUE
352 11200 IF (IFILE«EQeO0) GO TO 11300
3€3 IF{IAPPR«EQe1)GD TO 11250
354 IF (ENAME(IFILE) eNESGNAME(1))GO TO 11300
35S TJ=INTNUK(ENAME(L ) )
356 Qi=CA(IJ)*THALV (I J)
357 IF(Ql.LEsD0«0)GO VO 11400
358 IJ=INTNUK(GNAME (2] )
359 Q2=CA(IJ)*THALV(IJ)
360 FACT=QzrQl
361 IF(GNAME(3) «EQa IBL)GO TC 11250
362 [J=INTNUK (GNAME(3))
363 Q2=CA(IJ)*THALV(IJ)
364 FACT=FACT+Q2/Q1
365 IF{FACT«LE-0O)GO TO 11500
366 11250 CONTINUE
367 CALL SPEC(GNAMEENAME s IFILEs IAPPRsFACTs&11000})
368 WRITE(611251 JGNAME sENAME s I APPR
369 11251 FORMAT(® SPEC"o3X:3A8-5X.3A8.'IAPPR~ ¢ 513)
370 GO TO 11000
271 11300 CONTINUE
372 WRITE(6s11301 JENAME s GNAME » I APPR
373 11301 FORMAT('OSORRY I CANNDT DO THE IMPDSSIBLEoLOOK FOR YOURSELF: ENAME
374 = 8, 3AB/55X e P GNAME= ¢ 33AB/S5Xs® IAPPR= ¢ ,1I3/)
375 GO YO L1000
376 11400 CONTINUE
377 WRITE(6c11401)(GNAME(L)sI=1,2)
378 IF(GNAME(3) sNEe IBLIWRITE (65 11402)GNAME(3)
379 WRITE(6,11403)Q1 ENAME(L)
380 11401 FORMAT(®0THE CHAIN ®,A6,°% FROM ®,46)
381 11402 FORMAT(®°+¢ 429X ® AND ‘cA6)
382 11403 FORMAT(® WAS NOT CALCULATED BY SPEC BECAUSE OF ®31PELQ0«2:°—~INVENTO
383 *RY FOR ®,A6)
384 GO 7O 11000
385 11500 CONTINUE
386 WRITE(6 911501 JGNAME s ENAME FACT
287 11501 FORMAT(®*0OTHE CHAIN ® ,3AB.*WAS NOT CALCULATED BY SPEC BECAUSE */°¢ T
388 *HE CHAIN °,3A8,¢ GAVE FACT= ®,1PEL10.2/)
389 GO TO 11000
390 12000 CONTINUE

33s
336
337
338
339
340
341

342
343
344
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505

530

540

ENDFILE 16
BACKSPACE 16
REWIND 16

END OF “SPECIAL APPROXIMATION LOOP*,
IF{NLINK)RETURN

START OF PEAK COMBINATION LOOP

DO 600 I=1sISL

TMIN=0
NN=TCON
DO 505
1Ci1{J)=18B
CONTINUE
IF{NNEQe0)IGO TO 600
IF{NNeEQel s ANDe CMAX(1IJs 1) eEQe0)GD TO 590
IF(NNeEQs1)GD TO 570

DO S10 J=1sNN
YMAX (J)=CMAX(IJeJ)
TIMY(J)I=TPEAK(IJsJ
TSLASK(3%J=2)=TSTA
A
I

@ (.

sJ)
TSLASK(3*J=1)=TPE J)
TSLASK(3%J)=TENO(
CONTINUE

TMAX=0s0

II=3%NN

DO 530 J=3s1le3

IF(YMAX{J/3)elLTel eE=20)G0O TC 530
IF(TSLASK(J)eGT e TMAX) TMAX=TSLASKI({J)
CONTINUE

TMIN=TMAX

DO 540 J=1sI1+3 :
IF(YMAX{(J42)/3)elL.TeleE=20)G0 TC 540
IFITSLASK{J) eLT e TMINCANDe TSLASK(J ) eGE 10 ) TMIN=TSLASK(J)
CONT INUE

IF{TMINEQeTMAX)IGO TO 590
IF(TMINGLE«O0e0eORe TMAXesLE«00)GO TO 590
TMA( I JI=TMAX

TMI(IJ)=TMIN

CALL TSCALE(YMAX s TIMYsNNsTMAXs TMINsUsNT48590)
CALL CHAIN(ANAME (I) e NTsICLsI2)

RMAX=060

DO 564 J=1sNT

IF(Y(J) e LEsRMAX)IGO TO 564

RMAX=Y(J)

TRPE(I J)=U(J)

]
RT(1J
K{IJse
Jedd
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8000 CONTINUE
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S64 CONTINUE
UMAX(IJ)=RMAX
IF{NPUNCH) GO TO
WRITE(7:561 )ANAM

561 FORMAT(AG6 84X
WRITE(7-1000)((U

1000 FORMAT(1PEG.2,7E

CALL BLOTI1(ANAME
WRITE(17)ANAME( [
WRITE(17)(UlJ)sY
I2=12=1
GO TO 600

S70 READ(13sEND=590)ENAME, ISTEP
IF(ENAME(1) sEQ.ANAME(I))GO TO S75
IF(ISTEP.EQe0)GO TO 570
READ(13)(U(J)sY(J)sJ=1,ISTER)
GO TO 570

575 CONTINUE

ICLsI2oNToRMAX s WRITEX)
J=1 eNT )

e ) e e [T (D

GO TO 590
Y(J)sJ=1,ISTEP)
P

)

I

UMAX(IJ)=R
IF(NPUNCH)G
WRITE(7,561
WRITE(7,100
585 CONTINUE
[2=}
CALL PLOT1(ANAME(I) s IC1 125 ISTEPRMAX WRITEX)
WRITE(17)ENAME(1),ISTER
WRITE(17)((U(J) s¥(J)) eJ=1,ISTEPR)
GO TA 599
590 CONTINUE
WRITE(65591 SANAME(I) s TMIN, TMAX
S91 FORMAT(®*OWHILE EXECUTING PEAK COMBINATION LOOP OF MAIN PROGRAM NO
®*PEAKS WHERE FOUND FOR °® ,A6 /
% 8 TMIN= ®olPE12e4s® TMAX= ®,E1244)
599 CONTINUE
REWIND13
600 CONTINUE

STEP) sRMAX
) .

END OF PEAK COMBINATICN LOOP

ENDFILE 17
BACKSPACE 17
REWIND 17

SUMMARY PRINTOUT LOOP

WRITE(6,13000)
3000 FORMAT(*!SUMMARY OF NUCLIDE CONTRIBUTIONS®/1Xs34(¢%e jrys
e

¢ NUCLIDE®+6(4Xs *TPEAK® ;S5X, *CMAX® 42X} /)
DO 14000 J=1,sISL

447
448
449
450
451
452
453
454
455
456
457
458
459
460
461

462
463
464
465
466
467
468
469
470
471

472
473
474
475
476
477
478
479
480
481

482
483
484
485
486
487
488
489
490
491

492
493
494
499
496
497
498
499
500
501

502
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503 [IF{ICONTR(J)«EQeO) GO TO 14000 503
€04 NN=ICONTR(J) 504
505 WRITE(6o13100)ANAME(JI) s (TPEAK(JsK) s CMAX{ JsK)oK=1gNN} 505
506 13100 FORMAT((lXgA7.1Pt9.2o59¢2.2X’5(259.2;2X))/8Xo4(2590292X)) 506
507 14000 CONTINUE 507
508 WRITE(6,15000) 508
09 15000 FORMAT(*1SUMMARY OF NUCLIDE INFLOWS AND APPROXIMATIVE DOSES'/IX, 509
S10 ¥S50(P*x¢)//¢ NUCLIDE® 44X ¢ TPEAK® 37X *CMAX® ;8X s *DOSEMAX® /) 510
€11 DO 16000 J=1sISL 51t
Si2 NN=ICONTR(J) Si2
513 DOSMAX ( JI=UMAX(J)*DOSE2(J) S13
€14 IF(NNsEQe0Q)GO TO 16000 514
515 WRITE(G6s1S5100)ANAME(J) e TRE(J) sUMAX(J) ¢DOSMAX(J) 515
S16 15100 FORMAT(1X:A7,1P3E12.2) 516
S17 16000 CONTINUE 517
518 C Si8
519 C END OF SUMMARY PRINTOUT LOOP 519
520 C 520
521 TMATOT=0.0 521
€22 C 522
€23 C CALCULATION OF DOSES 523
524 C S24
525 DO 711 [=1,ISL 525
526 IF(TMA(I) eGT e TMATOT6AND e TMA(I ) eGTo100) TMATOT=TMAC(CI) 526
527 711 CONTINUE 527
528 TMITOT=TMATOT 528
529 DO 712 I=1,ISL 529
S$30 IF(TMI(L) LT e TMITOT 6 ANDeTMI(I)eGT 61060} TMITOT=TMI(I) 530
531 712 CONTINUE 531
532 CALL TSCALE(DCSMAXsTPEs ISLs TMATOT,TMITOTsUsIS+4850) 532
533 DO 701 [=141IS 533
£34 Y(I)=0e0 534
535 701 CONTINUE 5395
536 710 READ(17,END=B00)INNNsISTEP 536
8537 READ(L17)(TIME(I).DOSELI(I)sI=1+ISTEP) 537
538 IJ=INTNUK (NNN) - 538
539 DO 750 I=1,ISTEP 539
S40 DOSE1 (I )=DCSEL1(1)*DOSE2(1J) 540
€41 750 CONTINUE S41
€42 CALL INTPOL(ISS,ISTER) 542
S43 GO TO 710 543
Sa4 800 CONTINUE 544
S45 RMAX=060 545
S46 DO 801 I=1sIS S46
547 IF(Y(I)eGTeRMAXIRMAX=Y( 1) 547
548 801 CONTINUE 548
€49 CALL PLOTL1(IOOS+ICl +0sISsRMAXsWRITEX) 549
550 RETURN 550
S51 850 CONTINUE 551
552 WRITE(6,860) 5562
583 860 FORMAT(°*OWHILE EXECUTING PEAK COMBINATION LOOP OF MAIN PROGRAM NO 553
£S4 *DOSES WHERE FOUND®) 554
555 RE TURN 585
5956 END 556
557 SUBROUTINE DECAY(IPRINT) 557
558 C

558



316=CMPACK
£59
560
561

(a¥alal

800
810
900

910
920

i
930 FORMAT

940
950

960
996

997

598
999

20

40

PAGE 16

THIS ROUTINE IS FOR CALCULATING THE NUCLIDE INVENTORY AT THE
TIME OF LEACH INCIDENT,s WITH OR WITHOUT REPKROCESSING

REAL*16 VTEXPL,QLOG

REAL%® 16 ALNZ-T.THALV(75)gCNOLL(?S)sALAMB(75)9ANN0LL(75)
COMMON/HALVA/ THALVRET(7S)

REAL*8 SLUT.BLANK

DIMENSION IDENT(QO)tIFISS(QO)vZCHAIN(6.394)oJCHAIN(6'3v4)
REAL*8 FISS(40)sCHAIN(Gs3:4)

COMMON/DEY1/ FISSsCHAINGIFI , ICH

REAL %16 ETEXP(75)sAN(7S)sC(75)

REAL %8 ANAME(76)

COMMON/DEY2/ ETEXPosANsCsANAME,SF(7S5) s NUK({75) ¢ INs ISL

REAL*16 AL(6)sET(6)sANN(E)

COMMON/DEY3/ ALSET ¢ ANN

DATA SLUT/t=} /7y BLANK/S® /s JCHAIN/7?2%1/

DATA ALAMB/T7S#0 e/ s ANNOLL/ 7S5 %0 e/

DATA ALN2/,6931471806Q00/

FORMAT{(A62E1062)

FORMAT (2044 )

FORMAT (@ NITIATION OF DECAY WITH*/ /71X s20A471 X 20A87 7

NUCLe "s3Xs® THALF® 37X 5°%C0O P9 TXe CALAMBY® 3 7Xo ® ANZERD O/ /
4X A6 4 (2Xs LPEL103)/) )

ISSION PRODUCTS: ¢//30(11164X,A6/))

ECAY CHAINS:®//4(111+4Xe3(A6s3X}/

XoAG 93X oAb s3XsABL I/ ) )

ANGED ACTIVITIES AT THE TIME OF REPROCESSING=0,
/77 NR O OFNR NUKLID SF® 38X "CZERQO® 48X s "ANZERD® /)
cBXa!2’3XpA6g3X0F6o4;2(3X51951003))

IVITIES AT TIME=¢ gF 14,3, ¢ YEARS®*///

FNR NUCL IDE CURILIE® /)

3Xe12:3XsA6e2Xs1PEL10e3)

NOT IN DATASET s ICHAIN=®,3([2,1X)p Okkk8 sy

1

)} 1 »
2 75¢ i
FORMAT {
FORMAT (
{

(

{

a X

1 Fl4.3
FORMAT
FORMAT
1

FORMAT
FORMAT

= XK ek en ® @ 3 oo

1
FORMAT
1

{
(
(
FORMAT:
)

ONO
e w=e
® ar &

9
368 A
XeAS
365 A NOT IN DATASETe IFISS=9,12,¢ k%kess
X

3€s*' NO ENDMARK IN DATASET *%%°//75(10XsA6/))
SI//10Xe % %%k INITIATION OF DECAY: )

ANAME (I)e THALV(I)s CNOLL(I)
«sEQeSLUT) GO TO 20

@ e g 8 P Pe

@
1
F
D
]
H
Y
i
C
R
I
®
1
®
1
o
FORMAT s
7
3
1

R
2
T
2
T
0
T
0
T
s
&
)

CONT INUE
WRITE(65999)
WRITE(6,998) ANAME
sSTOP

READ(1+810) IDENT
IsL=]
ANAME(IBL)=BLANK
ISL=1IBL=1

IsL .
eNEcANAME(IX)) GC TQ 40

b bt = @
H e

GO 7O 5
CONTINUE

559
560
S61

562
563
564
565
566
567
568
569
S70
571
572
573
574
575
576
8577
578
579
580
581
582
583
584
585
586
587
588
589
590
5914

592
593
594
598
596
597
598
599
600
601

602
603
604
605
606
607
608
609

oG o
bt g b ps
LW
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50

55

60

70

80

90
100

105

110

120

PAGE 17

WRITE(6¢999)

WRITE(6:997) FISS(I)sl o (ANAME(IX)e IX=1e ISL)
sTor

CONTINVE

IN=IFI

DO 100 I=1,ICH

DO 100 K=1+6
00 70 J=1.3

DO 60 IX=1,1I
IXX=IBL=1IX+1
IF (CHAIN(K
ICHAIN(KeJ

9

®

DO 55 1Y=1F,

IF (NUK(IY)

CONTINUE

IN=IN+L

NUK{(IN)=]IXX

GO TGO 70

CONTINUE

WRITE(6+999)

g?lTE(éoggé) CHAIN(KsJoIdeKods I s (ANAME(IX) e IX=1ISL )

oP

CONTINUE

DO 90 J=1s2

DO 80 JX=Jes3

IF (JUeEQeJX) GO TO 8O

IF (ICHAIN(KsgJsI) eNEe ICHAIN(KsJIXsI}) GO TO 80

JCHAIN{KeJo [ )=JCHAIN(Ks Jo L) ¢4

JCHAIN(KsJXs I )=JCHAIN(KeJIX, I )41

CONTINUE

CONTINUE

CONTINUE

DO 105 I=1elIN

IND=NUK (I}

ALAMBCIND)=ALN2/THALV{IND)

ANNOLL{IND)=CNOLL(IND)/ALAMB(IND)

CONT INUE

IF (IPRINTeNEe«l) RETURN

WRITE( 659003 IDENT(Is
ANNOLL(I )

WRITE( 65s910) (IsFISS(I

WRITE( 6¢920) (Is{((CHAI

ST

sl oNE.ANAME(IXX)) GO TO 60
=1

L) 0 TO 70

IN

QesIXX) GO TO 70

AN
i=
Ve
N
RETURN

ENTRY DEC(TsTXsIUPP,I
DO 110 I=1,1ISL

EGsel

CONTINUE
DO 170 I=1,1l
DO 160 J=1,3

s THALV (I ) sCNOLL( L) ALAMBIIL )

)
J=1 33) sK=16) s I=1e ICH)
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€71 DO 125 K=1,6 6714
672 AL(K)=0, 672
€73 ET{K)=0e 673
€74 ANN(K)=0. 674
€75 125 CONTINUE 675
676 DO 130 K=146 676
677 IF (ICHAIN(KsJsI)eEQeIBL)Y GO TO 130 677
678 KST=K 678
679 GO TO 140 679
£80 130 CONT INUE 680
681 GO YO 160 681
6E2 140 DO 150 K=KSTe6 682
683 KX=K=KST+1 683
684 INDEX=ICHAIN(KsJs]) 684
€85 AL{KX)=ALAMB(INDEX) 68S
€86 ET(KXJI=ETEXP( INDEX) 686
687 ANN(KX)=ANNOLL ( INDEX)/FLOAT ( JCHAIN(KsJs1)) 687
688 ANCINDEX )=AN( INDEX)+BATEL (KXs ANAME ( INDEX ) ¢ T ) 688
689 150 CONTINUE 689
690 160 CONTINUE 690
691 170 CONTINUE 691
692 DO 180 I=1,1IN 692
693 IND=NUK(I) 693
664 CUINDI=AN(IND)*®ALAMB{IND) 694
€9S 180 CONTINUE 695
696 IF (IUPP.,EQ.1) GO TO 186 696
697 IF {IPRINT.EQ«0) RETURN 697
£€98 WRITE( 65950) TX 698
699 DO 185 [=1,IN 699
700 IND=NUK(I) 700
701 WRITE( 60960) I+INDsANAME(IND) sC(IND} 701
702 185 CONTINUE 702
703 RETURN 703
704 186 DO 190 I=1,IN 704
708 IND=NUK (I} 705
706 CNOLL{ IND)=SF(IND)%C(IND) 706
707 ANNOLL ( IND)=CNOLL(IND)/ALAMB{IND) 707
708 190 CONTINUE 708
709 IF (IPRINT.EQeQ) RETURN 709
710 WRITE( 6,930) TX 710
711 DO 200 I=1,IN 711
712 IND=NUK(I) 712
713 WRITE( 6s940) T+ INDyANAME(IND) s SF{IND) s CNOLL(IND) s ANNOLL ( IND) 713
714 200 CONTINUE 714
715 RETURN 715
716 END 216
717 FUNCTION BATEI(INRsANAME, 1) 717
718 C 718
;19 C THIS ROUTINE CALCULATES THE DECAY OF THE INITIAL NUCLIDE INVENTORY 719
20 C T20
721 REAL*16 TERML sBATSUM,T 721
722 REAL %8 ANAME T22
723 REAL*16 AL(O)ET(6)sANN(6) 723
724 COMMOUN/DEY3/ ALSET gANN 724
7285 REAL*16 FAKT(6) s TERM(6:6) ¢ DUMMY (42) 725
726

EQUIVALENCE (FAKT(1)sDUMMY(1))s (TERM(1) DUMMY (7))

726
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727 900 FORMAT(///1XsAGs 10X BATE=? 1PE14e7//¢ AL= ®*36(3XsE1467)/°% ET= 727
728 i s 6(3XesEL1467)/% ANNS ¢ 36(3XeE1467)//7° FAKT=?36(3XeEL147)// 728
729 2 ¢ TERM=? 46(3XsE14e7)/S5(9XsEL14e73s5(3XsEL14e7)/)) 729
730 910 FORMAT(1XeI5e2Xe3(Q3730)) 730
731 920 FORMAT(//7¢ x%% TERMI=® 4 1PE14e75°® I=0,115°¢ T=% ,0PFLl4e3:3XesA6//) 731
732 930 FORMAT ("1 ¢®) 732
733 99¢% FORMAT(///7/7/710X 7 %%%x BATE HAR ANROPATS MED® A6, ¢ OCH INR=%, 733
734 1 12s% =%ke) 734
73S IF (INReGTe0eANDeINReLTe?7) GC TC 10 735
736 WRITE(6s 999) ANAME 4 INR 736
737 STOP 737
738 10 BATSUM=0,. 738
739 DO 20 I=1s42 739
740 DUMMY(I)=0s 740
741 20 CONT INUE 741
742 DO 70 I=1,INK 742
743 FAKT(I)=ANN(I) 743
744 IXSL=]-1 744
745 IF (IXSLeEQeO)Y GO TO 40 745
746 DO 30 IX=1,IXSL 746
747 FAKT(IX)=FAKT(IX)*AL( IXSL) 747
748 30 CONTINUE 748
749 40 DO 60 J=IsINR 749
750 TERM(I ¢ JI=ET(J) 750
751 DC 50 JX=I,INR 751
752 IF (JeNEoJX) TERM(IsJI=STERM(IsJ)/CAL(IX)=ALCJ)) 752
7583 SO CONTINUE 753
754 60 CONTINUE 754
755 70 CONTINUE 755
756 DO 90 I=1,INR 756
757 TERMI=0. 757
758 DO 80 J=I,sINR 758
759 TERMI=TERMI+TERM(1sJ) 759
760 80 CONTINUE 760
761 BATSUM=BATSUM+FAKT (I }*TERM] 761
7€2 90 CONTINUE 762
763 BATE1=BATSUM 763
764 RETURN 764
7165 END. 765
766 SUBROUTINE SINGLE(THIIIIsAKT¢NS) 766
767 C 767
768 C THIS ROUTINE CALCULATES THE RELEASE RATES FOR SINGLE=-NUCLIDES 768
769 C 769
770 COMMON/PRINT/ MIGCUT 770
771 COMMON/FFFFF/ ENAME(3) s THALF(3) sAQ{(3) s ALAMB(3)sEQ{(3)sDNR(3) s 771
772 * GAP(6) s TOsDURSPESETAsTDs VO PATH 772
773 COMMON/C2/ NSTEPsBRD (304 ) ¢sBRND(304) s TIME(304)s THETA(304) s 773
774 * : TBEGIN, TFINTTOPP  BRPEAK, DINDO 774
775 COMMON /PEAKS/ ICONTR(75) s TSTART(75+10) sTPEAK(7Ss10)e TEND(75s10) s 775
776 * CMAX( 75 10)sDOSE2(75) 776
777 COMMON /TMAXND/ TND1(75)sTNLC2(75) 777
778 REAL*8 ENAME 81 ¢BS+B2,B6sAML Gl sG29G3:B9sTDERFC 778
779 REAL %8 THALFsAQeALAMB,EQsDNRsGAP sTOsDURSPEETAsTDeVOsPATH 779
780 LOGICAL AKT,MIGOUT 780
781 Ji=0 781
782 Ja=0

782
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783
784
785
786
787
788
789
790
731
762
763
794
765
796
797
798
799
800
801
802
803
804
805
806
807

03]
o
(03]

oo OOm e
PD b (s gt b Pt ot o pud (T
Ve~ LWUN=OCD

820

PAGE 20

20

360

370

380
390

540
550

R=160/EQ(1)
V1i=VO%xR
IPSEUD=0

ONR(L)=ALAMB(1)¥PATH/VO

AN1=AQ(1)
BRD(1)=0+0
BRD{2)=0.0
ALI=ALAMB( 1)
G3=V1*DUR/PATH
GAP{1)=AQ(1)/ALL

GAP(4)=AQ(1)*TEXP(-AL 1%DUR) /AL 1

IF(IITeLTe2)GO TO

20

CALL VECTOR(III,IPSEUD)

CONTINUE

TFIN=TO+PATH/V]I % (2=TH1 ) +DUR

TISTHI*PATH/V
TBEGIN=YO+T1
TTOPP=TO+T1
TTOPND=PATH/V1I+TO
NSTEP=0.0
BRPEAK=0.0
PEAKND=0,6 0
DINO=0.0

IF(AQ(1)eLTel«E~15)G0O TO 3740
F((TBEGIN=TO)*ALAMB(1)+GTe40.0)G0 TO 3740

FLAKTIGO TO 370

I
I
S3=(TFIN/TBEGIN)*¥( 1.0/FLOAT(NS=1)}
T

IME(1)=TBEGIN

3ETIME( I=

TOPND
CONTI

THETA(1)=Ti%*VO/PATH
350 «

1)

NUE

I)=8
ME(%).LT.TTOPND-OR;TXME(I*I)oGE.
)=

NUE

THETA(I)=(TIME(I)})=TO)*VO/PATH

I=1+1
IF(I«GTeNSY GO TO
GO TO 350

390

Si=(TFIN=-TBEGIN)/FLOAT(NS)

DO 380 I=2,NS
TIME(I)=TIME(I~1)+

Si

THETA(I)=(TIME(I)=TO)%*VO/PATH

CONTINUE

00 750 J=1,NS
G2=THETA(J ) *R
Gl=G2=1.,000
BLI=ALI*(TIME(J)=T
Bl=0e5*DSQRT(PE/ G2
B9=G2-=G3
IF(B9)540+540,550
B9=1,0=20 )
B2=0.5%DSQRT(PE/BY
BS=oS*DSQRT(PE/G2 )
B6=6 S¥DSQKT(PE/BY)
AMI=TDERFC(=BL)+TE

0}
} %G1

Y% (G
®*{G}Y
2(GL
XP(P

1=G3}
+2¢0D0)
EYETDERFC(BS)

TTOPND)IGO TO 360
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8

39 IF(G2eGTeG3)AMI=AMI=( TDERFC (-B2) +TEXP(PE)*TDERFC(B6)) 839
840 F1=AM1/2.0 840
841 IF(111=1)6215,621,622 841
842 621 CONTINUE 842
843 IF(1ESO*F1/DURXAN]L ¢LEs1.E=03)G0 TO 619 . 843
844 BRD(J)=TEXP(DLOG(F1*AN1/DUR})=-BL1) 844
845 GO TO 625 845
846 622 BRD(JI=BATE(TIME(J)TO,11[3}/DUR%*F1 846
847 GO TO 625 847
e48 619 CONTINUE 848
849 BRD(J)I=0.0 849
€50 625 CONTINUE 850
851 IF(GlelLTe0e0e0ReG1=G36GTo00)GO TO 700 851
es2 IF(I11I-1)680:680:685 852
853 680 CONTINUE 853
854 BRND( J)=AN1/DURXTEXP(=BL1) 854
gs5 GO YO 710 855
856 685 BRND(J)=BATE(TIME(J)sTOLIL[I)/DUR 856
esv GO TO 710 857
858 700 BRND{(J)=040 858
859 710 IF(BRD(J=1)elLTeleE=15eANDeBRD(J)sGEeleE=15cANDeJ1eEGeO)IL=J 859
860 IF(BRD(J=1) sGEel eE=15 ANDeBRD(J) eLTeleE=15)J2=J~-1 860
g€1 . [F(BRO(J) e LE«BRPEAK)GO TG 720 861
ge62 BRPEAK=BRD(J) 862
863 TTOPP=TIME(J) 863
g864 720 CONTINUE 864
865 IF(BRND({J) eLE.PEAKND)GO TO 730 865
866 PE AKND=BRND( J) 866
€67 730 CONTINUE : 867
868 IF(J2GTe0)GO TO 760 868
€69 750 CONTINUE 869
€70 760 CONTINUE 870
871 3282 IF(PEAKND)3285,3285,3283 871
872 3283 DINO =BRPEAK/PEAKND v 872
&£73 GO TO 3286 873
er4 3285 DINO =060 874
875 3286 CONTINUE 875
876 IF(J] éEQe 0o ANDe J2eEQe0)IGO TO 3740 876
877 IF(J] 6GTe0eANDe J2sEQe0)J2=NS 877
878 IF(J1EQe0)JI=1 ’ 878
879 TBEGIN=TIME(J1) 879
880 TFIN=TIME(J2) 880
esl NSTEP=J2=J1+1 881
ag2 IF(J1.EQel1)GO TO 3740 882
es3 DO 3710 I=1,NSTEP 883
ees [I=Jl+]=1 884
asas TIME(I)=TIME(II) 88sS
886 THETA(L )=THETA(II) 886
E87 BRD(I)=BRD{II) 887
888 BRND{I)=8RND(II) 888
889 3710 CONTINUE 889
890 3740 CONTINUE 890
891 ID=1[I+12 891
892 WRITE(ID) ENAME,NSTEP 892
863 IF(NSTEP.LE0)GO TO 3750 893
864 WRITE(ID)(TIME(I) «BRD(I)sI=1,NSTEP) 894
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865 3750 ITJ=INTNUK(ENAME(III)) 895
896 ICONTRUIJI=ICONTR(IJU) +1 896
867 NN=ICONTR(IJ) 897
898 TSTART(IJ NNI=TBEGIN 898
899 TEND(IJsNN)=TFIN 899
900 TPEAK(IJs NN)=TTOPP 900
S01 CMAX{IJsNNI=BRPEAK 901
902 IF{«eNOT.MIGOUT)RETURN 902
903 TNDI(IJ)=TTOPND 903
904 TND2(I1J)=TTOPND+DUR 9504
$05 NCHAIN=II1] 905
906 CALL PRINTX(NCHAINS 906
907 RETURN 907
908 END 908
909 c SUBROUTINE DOUBLE( INSeSUBsJ3) 909
910 910
511 C THIS ROUTINE CALCULATES THE RELEASE RTTES FOR TwWC=NUCLIDE CHAINS 911
Si2 ¢ 912
913 COMMON/PRINT/ MIGOUT 913
gi4 COMMON/FFFFF / ENAME(3)0THALF(3)9AQ(3):ALAMB(3)¢EQ(3):DNR(3)’ 914
918 & Gﬁp(ﬁ)gTOiDUR0PE¢ETA9TDpV0tPATH 915
Sié6 COMMON/ZC 2/ IS.BAND(304)'BANDND(304)nTIME(304)¢THETA(304)W 916
917 %* TBEGIN»TFIN.TTOPP.BHAXGDING 917
918 COMMON /PEAKS/ ICONTR(75).TSTART(75-10’wTPEAK(?S;!O)»TEND(75:10)a 918
519 *® CMAX(75510) yDOSEZ2(75) : 91
S20 COMMON/HALVAY THALV(7S ) eRET(7S) 920
921 COMMON /JLGTEST/ LG(6) 921
22 COMMON ZX XX/ XXSsXX69KX7:XXXQVXX29»XX39 922
523 REAL%®16 THALV 923
924 REAL %8 AXSp XXKEs XXT e XX19 X X29 e XX39 924
$25 REAL*8 SWDI;SWDZ»SWD395NODIwSNOOZnSNDDB 329
926 REAL*8 ENAME ,PS1 ,PS2,PS3 926
S27 REAL %8 THALFQAQQALAMB'EQQDNRtGAp:TOQUURanQETAQIDQVOQPATH Q27
928 LOGICAL MIGOUT , INSCONGINS, SUB gz8
929 LOGICAL LDISP,LNDISP 929
930 LOGICAL LG 930
531 DIMENSION Q(15S) 931
932 DATA PS1/0yU 238‘/.952/'TH230'/va3/'U 234y 932
933 NCHAIN=2 933
934 INSCON=INS 934
S35 09=0,0 935
$36 DING=0+0 936
937 IPSEUD=0 937
$38 AK=DMAX1 (EQ(1):EQ(2)) 938
939 AL=DMINI(EQ(1):EQ(2)) 939
540 BMAX=0,0 940
941 IF(ENAME(I)oNEoPSloOR.ENAME(Z’.NEoPSZ)GO TO 100 941
942 IPSEUD=1 942
943 100 CONTINUE 943
344 CALL VECTOR(NCHAIN, IPSEUD} 944
945 CALL TLIMIT(ENAMEQNCHAINIQ'ICDND) 945
946 IF{ICOND)641+641,9999 946
947 641 CONTINUE 947
$48 CALL TIME23(NCHAIN,:Qp,J3) 948
49 200 CONTINUE 949
950 INS=s TRUE ¢

950
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951 LG(1)=eTRUE. 951
52 LG(2)=eTRUE 952
353 LDISP=sTRUE 953
S$54 LNDISP=sTRUE» 954
955 XXS=DUR* (VO/PATH*(EQ(1)*DONR(1)=EQ(2)*DNR(2))/(EQ(1)=-EQ(2))) ’ 955
956 XX6=0e 956
$57 XX7=0e 957
858 XX19=DUR* (DNR(1)®VO/PATH) 958
959 XX29=DUR% (DNR(2)*VO/PATH—=ALAMB(1)) 959
960 XX39=0oe 960
S61 G1=4%EQ(2)* (DNR(2)=DNR(1)}/PE 961
962 G2=4.,D0%EQ(1)*EQ(2)* (DNR(2)=DNR (1) I/ (PE*(EQ(1)=EQ(2))) 962
S63 IF(GlelTe=1e)LG(1)=eFALSEs 963
S€E4a IF(G2elLTe=16)LG(2)=eFALSE. 964
S65 IF(eNOTLG(1)eDReeNOTLG(2) )INS=eFALSES 965
S66 CALL FNCD2 966
967 IF{LDISP)CALL FWD2 967
568 DO 1060 J=1eIS 968
969 TO=THETA(J) 969
S70 DSM=AK*ETA+DUR¥VO/PATH . 970
S71 IF{1e=DSM/TDeGT el eE=7)LNDISP=sFALSEe. 971
372 IF{«eNOTLNDISP)SNOD2=0.0 972
|73 IF(LDISP)CALL BWD2(SWD1sSWD2+:SWD3s2+J) 973
S74 IF(LNDISP)CALL BNOD2(SNOD1,SNOD2sSNOD3s2+J) 974
§75 IF(«NOTLDISP)SWD2=5SNOD2 975
$76 SWD2=SWD2*ALAMB(2) 976
S77 SNOD2=SNOD2*ALAMB(2) Q7T
$78 IF(IPSEUD=2)1040,1050s 1050 . 978
$79 1040 CONTINUE 979
$80 BAND( J)=5SWD2 980
s81 BANDNOD( J)=SNOD2 981
s82 GO TO 1055 982
s83 1050 CONTINUE 983
S84 BAND(J)=BAND(J)-SWD2 ' 984
Ges BANDND( J)=BANDND( J)=SNOD2 ’ 985
586 1055 CONTINUE 986
s87 [IF(TDeLTeALeOReTDeGT e AK+DUR*VO/PATH)BANDND(J)=060 987
588 1060 CONTINUE 988
s$89 IF(IPSEUD=1)1100,1070,1090 : 989
$90 1070 CONTINUE . 990
991 IJ=INTNUK(PS3) 991
562 EQ(3)=EQ(1) 992
993 THALF(3)=THALF (1) 993
S$G4 DNR{3)=DNR(1) 994
G895 SWAP1=GAP(1) 995
G36 SWAP2=GAP(4) 996
S97 EQ{1)=RET(I1J) 997
598 THALF(1)=THALV(IJ) 998
999 ALAMB(1)=0.69314718/THALF (1) 9399
1000 IPSEUD=2 1000
1001 CALL VECTOR(NCHAIN,IPSEUD) 1001
1002 GO 10O 200 1002
1003 1050 CONTINUE 1003
1004 EQ(1)=EQ(3) 1004
1005 THALF (1 )=THALF(3) 1005
1006 DNR( 1 })=DNR(3)

1006
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1007 GAP(1)=SWAP1 1007
1008 GAP (4 )=SWAP2 1008
1009 1100 CONTINUE 1009
1010 CALL TOPDEF 1010
1011 IF(MIGOUT) CALL PRINTX(NCHAIN) 1011
1012 WRITE(14)(ENAME( I)sI=153)515 1012
1013 IF(IS«EQ.0)GO TO 9999 1013
1014 WRITE (14) (TIME(I),BAND(I)eI=151S) 1014
1015 IJ=INTNUK (ENAME(2) ) 1015
1016 ICONTR(IJ)=ICONTR(IJ)+1 1016
1017 NN=ICONTR(IJ) 1017
1018 TSTART(IJ,NN)=TBEGIN 1018
1019 TEND{IJoNN)=TFIN 1019
1020 TPEAK(IJsNN)=TT QPP 1020
1021 CMAX (I JoNN)=BMAX 1021
1022 9999 CONTINUE 1022
1023 RETURN 1023
1024 END 1024
1025 SUBROUTINE TRIPLE(INS.J3) 1025
1026 ¢ 1026
1027 C THIS ROUTINE CALCULATES THE RELEASE RATES FOR THREE-NUCL IDE CHAINS 1027
1028 C : 1028
1029 COMMON/PRINY/ MIGOUT 1029
1030 COMMON/FFFFF/ ENAME(3) s THALF(3)sAQ(3) s ALAMB(3) , EQ(3)sDNR(3 ), 1030
1031 * GAP(6) s TOsDURsPE ¢ETAsTD sV O »PA TH 1031
1032 COMMON/C2/ ISeBAND(304)s EANDND(304) s TIME (304),THETA(304) , 1032
1033 * TBEGINsTFIN,TTOPP ¢ BMAX s DINQO 1033
1034 COMMON /PEAKS/ ICONTR(7S)sTSTART(754+10) o TPEA (75510) s TEND(75510) s 1034
1035 * CMAX(75410) y DUSE2(75) : 103s
1036 COMMON/HALVA/ THALV(75)sRET(75) 1036
1037 COMMON / XXX/ XX59XX65s XX73sXX19sXX29 ¢ XX3Q 1037
1038 COMMON /DIV/ DSWsDSN 1038
1039 COMMON /LGTEST/ LG(6) 1039
1040 REAL*16 THALV 1040
1041 REAL*8 SWD1,SWD2,SWD3,SNOD1,SNOD2,SNOD3 1041
1042 REAL#*8 XXS¢XX6sXXT7sXX19sXX29 5 XX39 1042
1043 REAL*8 DSW,DSN 1043
1044 REAL*8 ENAMEsPS1,PS2,PS3,PS4,SWAPL ,Y 1044
1045 REAL %8 THALF s AQs ALAMBsEGsDNRsGAP s TOsDUR s PEsETAs TD VO s PATH 1045
1046 LOGICAL MIGOUT 4INS,INSCCN 1046
1047 LOGICAL LDISP,LNDISP 1047
1048 LOGICAL LG 1048
1049 DATA BS1/°0U 2389/,PS2/9TH230%/,PS3/'RA226%/,PS4/%y 2340, 1049
1050 DIMENSION Q(15) 1050
1051 NCHA I N=3 1051
1052 BMAX=0, 0 1052
1053 DINO=0.0 1053
1054 IPSEUD=0 1054
1055 AK=DMAX1(EQ(1)-EQ(2),EQ(3)) 1055
1C56 AL=DMINLI(EC(1)+EQ(2),EQ(3)) 1056
1057 TELENAME(1) eNEePS1o0Re ENAME(2) e NE oPS2+0R ¢ ENAME(3) eNEoPS3)GO TO 100 1057
1058 I1PSEUD=1 1058
1059 100 CONTINUE 1059
1060 CALL VECTOR(NCHAIN, IPSEUD ) 1060
1061 CALL TUIMIT(ENAME NCHAIN,Q,ICOND) 1061
1062 IF(ICOND) 641 4641 ,5599

1062



316=-CMPACK
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1€76
1077
1¢78
1079
1€80
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641
200

250

300

350

1040

1050

1060
1070

CONTINUE

CALL TIME23(NCHAINsQsJ3)
CONTINUE

INS=eTRUE e

LDISP=6eTRUE
LNDISP=eTRUE
XXS=DUR®(VO/PATH®*{(EQ( 1} )*D
XX6=DUR%{VO/PATH=(EQ(2) *D
XX7=DUR%X(VO/PATH%(EQ(1)*D
XX19=DURx* (DNKR{1 ) %*VO/PATH)
XX29=DUR* (DNR(2)*VO/PATH)
XX39=DUR*x (DNR (3 ) %*VO/PATH)
DO 250 [=1:6
LG(I)=eTRUES®
CONTINUE

CALL G1(1+293
CALL G3(1s2+3
CALL G2(1s2,L
CALL
CALL G2(2s3,L
CALL G
CALL G
CALL G
DO 350
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INS=eFALSE»

CONTINUE

CALL FNOD3

DO 1060 J=16IS

TO=THETA(J)
DSM=AK*ETA+DURRVO/PATH
IF(1e=DSM/TDeGT 6l e E=7ILNDISP=6FALSE.
FleNOTLNDISP)SNOD3=0.0
F(LDISP)CALL BWD3(SWD1 sSWD2:SWD3s3sJ)
F(LNDISP)ICALL UONOD3(SNOD1,SNOD2sSNOD3s3:J)
F(eNOTLDISP)SWD3=SNOD3
RIID=SWD3xaALAMB(3)
BRND=SNOD3*ALAMB(3)
IF(IPSEUD=2)1040,1050,1050
CONTINUE

BAND(J)}=BRIID

BANOND( J)=BRND

GO TO 1060

CONTINUE

BAND( J)=BAND(J)=BRIID
BANDND(J)=BANDND(J)=BRND
CONTINUE
IF(IPSEUD=1)1100510701090
CONTINUE

IJ=INTNUK (PS4)
SWAPZ2=DNR (1)

SWAPS=GAP(1)

SWAPG6=GAP (4)
SWAP3=THALF (1)

SWAPRP4=EQ(1)
THALF (1 )=THALV(IJ)
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ALAMB(1)=0.,69314718/THALF ()
EQ(1)=RET(IJ)

IPSEUD=2
CALL VECTOR(NCHAIN, IPSEUD)
GO TO 200

1090 CONTINUE
ONR(1)=SwAP2
GAP(1)=SwAPS
GAP (4 )=SwAP6
THALF(1 )=Swar3
EQ(i)=SwAP4

1100 CONTINUE
CALL TYOPDEF
IF(MIGOUT ) CALL PRINTX(NCHAIN}

WRITE(1IS)(ENAME( I)olI=143),1S
IF(IS«EQ«0)GO TO 9999
NRITE(IS)(TIME(I)aBAND(I’:I=l¢IS)
IJ=INTNUK(ENAME (3}))
ICONTR(IJ)=ICONTR(IJ)+1
NN=ICONTR({(IJ)}
TSTART(IJANI=TBEGIN

TEND(IJeNNI=TFIN

TPEAK(IJsNNI=TTQOPP

CMAX(IJosNNJ=BMAX
9899 RETURN

END

SUBROUTINE TSING(PE,TH1)

THIS ROUTINE CALCULATES THE START POINT FOR SINGLE=NUCLIDE
RELEASE WITH DISPERSION

(alalale

REAL*8 PE
DATA PI/36¢14159/+EP/1eE=12/EPS/1.E=15/
FUNK(TH’PE)=0.5*TDERFC(0.5*(D$QRT(PE/TH)*DSORT(PE*TH))+TEXP(PE)*
*TDERFC(0+5%DSQRT(PE/TH) +DSART(PEXTH) ) )
DER(TH-PE)=0-5*DSQRT(PEIPI/TH**B)*TEXp(—PE/4-/TH*(1~TH)**2)
AK=}
BK=1 ¢E=5
10 CONTINUE
AM=0 e SE(AK+BK)
F=FUNK(AMPE)
IF(FelLTEPS)GO TO 20
IF{F«GT<EP)IGO TO 30
THE=AM
GO TO 40
20 CONTINUE
BK=AM
GO TO 10
30 CONTINUE
AK=AM
GO TO 10
40 CONTINUE
A=FUNK(THE s PE )
IF(ALT.EPS)IGO TO S0
B=DER(THE s PE )
THE=THE=A/3
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1175 GO TO 40
1176 S0 CONTINUE

TH1=THE

RETURN

END

ittt ot e B2
it ot e e B

SUBROUTINE TIME223(NCHAIN.QsJ3)

THIS ROUTINE CALCULATES A TIME VECTOR FOR DOQUBLE AND TRIPLE,
WITHIN THE LIMITS GIVEN BY TLIMIT

[alalsln

COMMON/FFFFF/ ENAME(3) s THALF(3) ¢ AQ(3) s ALAMB(3)sEQ(3)sDNR(3)e
* GAP(6)s TOs TLsPESETATDsV AL

COMMON/C2/ IB¢BAND(304 ) BANDND(304),T(304)sTDL(304),
*® THBEGIN, TFINs TTOPP ¢ BRPEAKDINO

REAL ¥*8 ENAME

7
8
9
o]
1
2
3
4
S
(&)
7
8
9
0 REAL*8 THALF s AQs ALAMBsEQsDNRsGAPsTOs T1sPESETATDsVoAL
i DIMENSION Q(15)
2 II=5%¥NCHAIN
3 N=[[=1
4 DO 400 JC=1ssN
S NQ=JC
6 D0 300 J=JCsell
7 IF(Q(J) LT Q(NQ) INO=J
8 300 CONTINUE
9 SWAP=Q(NQ)
o a(NQI=Q(JyC)
i Q(JC)I=SWAP
2 400 CONTINUE
3 J1=0 '
4 IF(Q(1)eGTe0e0)J1=1

DO 500 N=2s11

IF{Q{N)eEQeDe0s0OReQ(N)sEQsQ(N~1))G0O TO 500

Ji=Jl+l

Q{J1)=Q(N)
500 CONTINUE
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OENOULULN=OCODNOU
wn
-
m
T
l
L)

1
(JC=11)1)/743
)=TO )®V/AL

CONT INUE
CONTINUVE
I8=103=1
RETURN
END
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SUBROUTINE TLIMIT(ENAMEsNCHAIN, Qs ICOND)

THIS ROUTINE DEFINES THE LIMITS BETWEEN wHICH THE TIMESCALE FOR
THE CALCULATION OF DOUBLE AND TRIPLE CHAINS ARE TO BE LAID OUT.

DIMENSION GQG(15)+1J(3)

NN PO PO PO IO I N o 0t et e 0t s 0t e o 8
[aXaXala)

oCo~NOUiEWNn=O



316—=CMPACK PAGE 28
1231 REAL*8 ENAME(3) 1231
1232 COMMON/PEAKSY ICONTR(7S)sTSTART(7Ss10) s TREAK (7S5 10) s TEND(7510) ¢ 1232
1233 ® CMAX(75+:10)+sDOSEZ2(75) 1233
1234 COMMON Z/TMAXND/TNDLI(7S)sThRD2(7S) 1234
1235 1235
1236 ICOND=0 1236
1237 1237
1238 DO 10 I=1sNCHAIN 1238
1239 IJ(II=INTNUK{ENAME(I)) 1239
1240 IF(ICONTR{IJ(I))eGT«03GO YO 10 1240
1241 WRITE(6:7T) (ENAME(J) sJd=12) 1241
1242 IF{(NCHAINGSGEQe3IJWRITE(6:8)ENAME(3) 1242
1243 WRITE(6 +9IENAME(L ) 1243
1244 ICOND=1} 1244
12495 10 CONTINUE 1245
1246 C 1246
1247 7 FORMAT(*OWHILE EXECUTING TLIMIT FOR ®,2A8) 1247
1248 8 FORMAT(®+% ;43XsA8) 1248
1249 9 FORMAT(® NO PEAK WAS FOUND FOR ®%,A6) 1249
1250 C 1250
1251 IF{ICOND«ECel JRETURN 1251
1252 1252
1253 DO 20 =] sNCHAIN 1253
1254 Q(S%]=4 )=TSTART{(IJ(I}s1) 1254
1255 Q{S%[=3)=TNDL(IJ(L)) 1255
1256 Q(5%]=2)=TRPEAK( IJ{(I )L} 1256
1257 Q(5%]=1 }=TND2(I1J(I)) 1257
1258 Q(S®I)=TEND(IJ(I)sl) 1258
1259 20 CONTINUE 1259
1260 C 1260
1261 RETURN 1261

- ENS 1262
1263 SUBROUTINE VECTOR{(NCHAINsIPSEUD) 1263
1264 C 1264
1265 C THIS ROQUTINE IS USED BY DOUBLE AND TRIPLE FOR THE 1265
1266 C CALCULATION OF THE DECAY CONSTANTS 1266
1267 C 1267
1268 COMMON/FFFFF/ ENAME(3) s THALF{(3)eAQ(3) s ALAMBI{3)+EQ(3)+sDECAY(3), 1268
1269 & GAP(6) ¢ TOsTL s PESETATD sV s AL 1269
1270 REAL#8 ENAME 1270
1271 REAL*B THALFhAQoALAMBsEQoDECAY:GAP:TO.TloPE-ETAsTD.V:AL 1271
1272 SLASK=0,69314718 1272
1273 SLASKI=SLASK=®AL/V 1273
1274 DO 100 I=1]NCHAIN 1274
1275 DECAY (I )=SLASKI/THALF{TL) 1275
1276 100 CONTINUE 1276
1277 X1=TEXP(=ALAMB(1)%TL}) 1277
1278 X2=TEXP (= ALAMB{(2)%T1) 1278
1279 IF(NCHAINEQe3)X3I=TEXP(—=ALAMB(3)%T1) 1279
1280 GAP(1)=a4Q(L)/ALAMB( L) 1280
1281 IF(IRPSEUDGE e 1)GAR(1)=GAP(1)/2:44E5/(160/2:44ES5=160/4647E9) 1281
1282 GARP(2)=AQ(2)/7ALAMB(2) 1282
1283 GAP(3)=0.0 1283
1284 IF(NCHAINGEQs3)GAP(3)=AQ(3)/7ALAMBI(3) {284
1285 GAP(4 )=GAP (1 )%X} 1288
1286 GAP(S)=GAP(2}%X2+GAP(1)*ALAMB(Ll)/(ALAMB(Z2)=-ALAMB{1)

1286
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1287 *)x(X1=X2) 1287
1288 IF(NCHAINEQe3)GO TO 200 1288
1289 GAP(6)=0.0 1289
1290 GO TOa 320 1290
1291 230 GAP(6)=GAP(3)eX3+GAP(2)*ALAMB(2)/ (ALAMB(3)=-ALAMB(2) 1291
1292 )% (X2=X3)¢+GAP(1 ) *ALAMB(1)*xALAMB(2)* 1292
1293 kXL /(ALAMB(2)=ALAMB(1)) /(ALAMB(3)—=ALAMB(1 )]} 1293
1294 GAP(6)=GAP (6 )+GAP (1 )*ALAMB(1)*ALAMB(2)%X2/( ALAMBI(1) 1294
1295 k= ALAMB(2) )/ (ALAMB(3)=ALAMB(2)) 1295
1296 GAP(6)=GAP(6)+GAP (1 ) *ALAMB(1)*xAL AMB(2)*%X3/(ALAMB(2) 1296
1297 *=ALAMB(3) )/(ALAMB (1 )=ALAMB(3)) 1297
1268 300 CONTINUE 1298
1299 RETURN 1299
1300 END 1300
1301 SUBROUTINE GTEST (ARGDUM) 1301
1302 C 1302
1303 C THIS ROUTINE TEST FOR NEGATIVE SQUARE ROOT ARGUMENTS 1303
1304 C 1304
1305 IMPLICIT REAL*8 (A=Hs0-2) 1305
1306 COMMON /FFFFF/ENAME(3) s THALF(3)5AQ(3) s ALAMB(3)EQ(3)eDNR(3) 1306
1307 # GAP(6)s TOsDURSPESETAsTDs VO sPATH 1307
1308 LOGICAL LGLsLG2sLG3:L.G4oLGS 1308
1309 LGl=e TRUE » 1309
1310 LG2=6e TRUE e 1310
1311 LG3=eTRUE o 1311
1312 LG4=TRUE e 1312
1213 LGS=eTRUE » 1313
1314 ENTRY GI(IoJsKslL Gl o) 1314
1315 GlA=1 e D0+4 o DO*EQ(K)*DNR(KI/PE-4 o *EQ(KI*X(EQ( [ )*DNR{I)=EQ(J}* 1315
1216 *DNR(JI I Z7(PEX(EQ(I)I-EQ(J)])) ‘ 1316
1217 IF(G1A«GE 06 ODOYRETURN 1317
1218 LG1l=6eFALSESs 1318
1219 RETURN1 1319
1320 ENTRY G2(IsJsLG2) 1320
1221 G2A= lDO+QDO*EO(I)*EQ(J)*(DNR(J)*DNR(I))/(PE*(EQ(I) EQC(JY ) ) 1321
1322 IF(G2A.LTe0s0D0ILG2=eFALSES 1322
1323 RETURN 1323
1224 ENTRY G3[IsJeKslLG3s%) 1324
1325 G3A=PE/ (4DO%EQ(K) )#DNR(K)=(EQ(I )*DNR(I}=EQ(JI*DNR(JI)I )}/ 1325
1326 ®*{(EQ(I)}=EQ(J)) 1326
1327 IF(G3A«GE « 0 ODOJRETURN 1327
1328 LG3=eFALSES® 1328
1229 RETURN1 1329
1330 ENTRY G4(IleJsKel oG4 1330
1331 G4A=PE/ (4D0*EQIK) ) +EQ(LI*(DNR(JI=DNR(I}I/Z(EQ(I)=EQ(J)) 1331
1232 IF(G4AeLTe00D0)LGa=eFALSES 1332
1333 RETURN 1333
1334 ENTRY GS(IsJsLGS) 1334
1335 GS5A=100+4D0*EQ(J )= (DNR(JI)=DNR(I )} }/PE 1335
1336 IF(GSAsLTe0e0D0ILGS=sFALSES, 1336
1337 RETURN 1337
1238 END 1338
1339 FUNCTION F(DUMDUMY}) 1339
1340 IMPLICIT REAL*3 (A=-H,0-2) 1340
1341 REAL*8 NO 1341
1242

COMMON/FFFFF/ ENAME(3) s THALF(3)sAU(3) s ALAMBI(3) s ACI3)sR{3)eNO(SE)
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1343 #T0eToPsETA, THETA,VSCL 1343
1344 F=0 1344
1345 ENTRY Fal(lsJsKsl) 1345
1346 Fa=(AC(K) #*R{K)=AC(L)I*R(L) I/ (ACIK}=ACIL) }J=(AC(I)*R(I})=AC{JII%RR(I}) / 1346
1347 ®(AC(I)=AC(J)) 1347
1348 RETURN 1348
1349 1349
1350 ENTRY Fli1(ledJd) 1350
1351 Fli=No(I)/¢( DO*T)*R(I)/(R(J)‘R(I)) 1351
13€2 RETURN 1352
1353 1353
1354 ENTRY F12( JY 1354
1358 F12=N0(1)/ e DOET)%RR(IIER(J) 1358
1356 RETURN 1356
1357 1357
1358 ENTRY F13(1I Kb 1358
1359 FL13=NO(I)/( O%TI*AC(JSIER(IIRRIIIZ(AC(I)=ACIK])} 1359
1360 RETURN 1360
13¢€1 1361
13€2 ENTRY Fl14(lsJeKel) 1362
1363 F14=NO(I)}/(2.D00%T)*AC(I)RAC{JII*REIIER(JII/ILACLI I=ACCI)I®(AC(L)~ 1363
1364 ®AC(K))) 1364
1365 RETURN 1365
1366 1366
1367 ENTRY Fi15(1sJ) 1367
1368 Fi15=1eD0=ACUI{I)/7AC(J) 1368
1369 RETURN 1369
1370 1370
1371 ENTRY Fl16(1sJ) 1371
1372 F16=AC{I)/7AC{J) 1372
1373 RETURN 1373
1374 1374
1275 ENTRY FL17(lesJ) 1375
1376 Fi7=R{(J)=R(T) 1376
1377 RETURN 1377
1278 1378
1379 ENTRY F18(lsJeK}) : 1379
1380 F18={AC(J)*R(J)=ACI(K}I*R(K)I/(AC(JI)=AC(K) }=R{I} 1380
1381 RETURN 1381
1382 1382
1383 ENTRY F34(1) 1383
1384 F34=0.0D0 1384
1385 IF(AC(I)*ETA/THETA=126GTel e D=7)RETURN 1385
1386 F34=1.D0 1386
1387 RETURN 1387
1388 %%% 1 388
1289 ROUTINE FF{DUM) 1389
1390 IMPLICIT REAL¥8 (A~He(O=2) 1390
1391 REAL*®8 KNO 1391
1392 COMMONZFFFFF/ ENAME(3) s THALF(3)sAQ(3) s ALAMBI(3)sAC{3)eR{3) s NO(6)>» i392
1393 ¥TO0eTePsETAsTHETA sV oSCL 1393
1394 COMHMUON/NEGXER/ ERFCM] ¢ EXPCMY 1394
13¢5 1398
13496 ENTRY FFS(IsJsFSE) 1396
1397 FSE=s=THETAX(AC(I ) #R{(I )=AC(JIIXR(JI) I/ (AC(I)=AC(I}) 1397
1398 RETURN

1398
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1399
1400
1401
1402
1403
1404
1405
1406

C

PA

20

30

35

40
S0

60

70

80

S0

100

GE 31

ENTRY FFO6P(1sJeKFO6PE)

N=1

GO 7O S0
FOPE=P*ETA/2D0%(1DO+FOPMT )
RETURN

ENTRY FFOM(IeJsKsFEME)

N=2

GO TO 50

CONTINUE

IF(GelLEe3s0-9)G0 TO 35
TERM=1e=F 6PMT

GO TO 40

G==G/4.00
TERM=2.D0%G*(1.D0+G%(1sD0+G*
2¥(14.D0+G*(42.D0¢G*x132.D0))))
FOME=P*ETA/2. DO%XTERM

RETURN

CONTINUE
G=?.???AC(K)*R(K)/P—4.*AC(K)*(AC(I)*R(I)—AC(J)*R(J))/(P*(AC(I)*
®*AC(J

IF{GelTe=1eD0)G==1.00

F6PMT=DSQRT(1.D0¢+G)

IF(N«EQel1)GO YO 20

IF{(NsEQe2)GO TO 30

(?0 DO+G* (S« DO+ G*
)

ENTRY FF7P(1sJsF7PE)

N=§

GO TO 100

CONTINUE
FTPE=P*ETA/2eD0%(1eDO+F7PMT)
RETURN

ENTRY FF7M{IeJsF7ME)

N=2

GO TO 100

CONTINUE

IF(GeLEe3¢D=9) GO TO B8O

TERM=1 ¢D0O=F 7PMT

GO YO 90

G==G/4 .00

TERM=2eD0%G%(1eD0+G*(1.D04¢G*(2 oDO+G*(5-DO+G*
¥(14eD0O¢G*¥{42sD0+G*132s003)3101))
FT7TME=P*ETA/2.0D0%TERM

RE TURN

CONTINUE
G=4eDO*AC(I)®*AC(J) R (R{JI)I=RUIVI/{(PR{AC(I}=AC(J)}))
IF{(GelLTe=1e0D0)G==1eD0

F7PMT=DSQRT(1D0+G)

IF{N<sEQe1 )GO TO 60

IF{NeEQe2)GO TO 70

ENTRY FFBP(I1sJsK+FB8PEF8PA)
N=1
GO TO 150
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14595
1456
1457
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1476
1477
1478
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1480
1481
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1488
1489
1490
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1493
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1496
1497
1468
1499
1500
1501
1502
1503
1504
1505
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110 CONTINUE
ARG=ETA/2 e DO#DSQRT(AC(K ) *P/THETA ) +FB8PMT
CALL FERRNT (ARG ERF¢ERFCEERFCA)
FBPE=ERFCE
FBPA=ERFCA
RETURN

ENTRY FF8M(I+JsKoFBMEsFB8MAs FBMARG s FBMME s F8MMA )
N=2
GO 7O 150
120 CONTINUE
ARG=ETA/2 «DO*DSQRT(AC(K ) *P/THETA )=F 8PMT
CALL FERRNT(ARG.ERFsERFCESZERFCA)
FBME=ERFCE
FBMA=ERFCA
FBMARG=ARG
FBMME=EXPCM1
FBMMA=ERFCM]
RETURN

150 CONTINUE
G={(P/(4.DO0*%AC(K) I +R(K)=(AC(I)*R{I)=AC(JII%XR(JI))/
®(AC(I)=AC(J)) I®*THETA)
IF(GelLTe00D00)G=06D0
FBRPMT=DSQRT(G)
IF(NeEQel1)GO TO 110
IF(NeEQe2)GO TU 120

ENTRY FFOM(IsJoKs Lo FOMEsFOMAsFIMARG s FOIMME s FIMMA )
N=1 )
GO TO 200
160 CONTINUE
ARG=ETA/2 e DO¥DSURT(AC(KIXP/THETA)=F9PMT
CALL FERRNT(ARGsERFSsERFCESERFCAY)
FOME=ERFCE
FOMA=ERFCA
FIMARG=ARG
FOMME=EXPCM1
FOMMA=ERFCM}
RETURN

ENTRY FFOP(1sJsKsL FIPESFOPRA)
N=2
GO TO 200
170 CONTINUE
ARG=ETA/2:DO0%DSQRT(AC(K)*P/THETA) +F9PMT
CALL FERRNT{ARG,ERFERFCE,ERFCA)
FOPE=ERFCE
FOPA=ERFCA
RETURN
200 CONTINUE
G={(P/(4.D0*¥ACIK) I+ACIL)*(R(JI=R(III/(AC(II=AC(I)))
*%THETA)
IF(GelLTe0e0D0)IG=060D0
FOPMT=DSQRT{(G)
IF(N.ENQ.1)GO TO 160
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1525
1526
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1540
1541
1542
1543
1544
1545
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1556
1557
1558
1559
1560
15€1
1562
15€3
1564
1565
1566

C

PAGE 33

210

220

230

240

250

[F{NsEQe2)G0O TQ 170

ENTRY FF19(IsF19E)
FI19E==R ([ ) *THETA
RETURN

ENTRY FF20P(I+JsF20PE)

N=1

GO TO 250

CONTINUE
F20PE=P*ETA/2.D0%(1D0O+F20PMT)
RETURN

ENTRY FF20M(I sJF20ME)

N=2

GO YO 250

CONTINUE

IF(GelLEe3sD~9)G0 TO 230

TERM=1eDO=F20PMT

GO TO 240

CONT INUE

G==G/4+D0

TERM=2.DO*G*(1.DO+G*(1.DO+G:(2.DO+G*(5.DO+G*
IRRD

*¥(14.0D0+G¥(42,00+G*¥132.00))

CONTINUE
F20ME=P%#ETA/2«*TERM

RETURN

CONTINUE

G=4 eDOXAC(J)R(R(JII=R(III/P
IF(G.LT."I.DO)Gz-lQDO
SARG=1D0+6G
F20PMT=DSURT(DABS({SARG)} )
IF(N«EQel1 }GO TO 210
IF(N«EQe2)G0O TO 220

ENTRY FF21P(1F21E.F21A
ARG=ETA/2 «DOX¥DSART(AC(I
CALL FERRNT (ARG sERFsERF
F21E=ERFCE

F21A=ERFCA

RETURN

) .
) %P/ THETA) +DSQRT(P*THETA/(4.D0%AC{TI) 1))
CEsERFCA})

ENTRY FF21(1sF21E+F21A4F21ARGsF21MEsF21MA)
ARG=ETA/2.DO*DSQRT(AC(I)*P/THETA)-DSQRT(P*THETA/(4.DO*AC(I)))
CALL FERRNT(AKGsERF,ERFCEsERFCA)

F21E=ERFCE

F21A=ERFCA

F21ARG=ARG

F21IME=EXPCMI

F21MA=ERFCMI

RETURN

ENTRY FF22([+:F22E+F22A)
ARG=ETA/2.DO*DSQRT(AC(I)*P/THETA)+DSQRT(P*THETA/(4.DO*AC(I)))
CALL FERKNT (ARG, ERFsERFCEZERFCA)

F22E=ERFCE+P*ETA

P
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1567 F22A=ERFCA 1567
1568 RETURN 1568
1569 C 1569
1€70 ENTRY FF23P ([ sJ+F23PEF23PA) 1570
1571 G=((P/A.DO*AC(J)+R(J)~R(I))*THETA) 1571
1572 IF{(GelTe0000)G=0,0D0 1572
1573 PMT=DSQRT (G) 1573
1574 ARG=ETA/2QDO*DSQRT(AC(J)*p/THETA’+pMT 1574
1575 CALL FERRNT (ARG s ERFsERFCEERFCA) 1575
1576 F23PE=ERFCE 1576
1577 F23PA=ERFCA 1577
1578 RETURN 1578
1579 C 1579
1580 ENTRY FFZ3M(I.JpF23ME-F23MA,F23MAR,F23MME’F23MMA) 1580
i581 Gz((p/(QoDO*AC(J,)fR(J)“R(I))*THETA) 1581
1582 IF(GelLTo0s0D0)G=00D0 1582
1583 PMT=DSQRT (G) 1583
1584 ARG=ETA/2 «DO*DSQRT(AC( J)%*P/THETA)~PMT 1584
1585 CALL FERRNT(ARGsERFsERFCESERFCA) 158S
1586 F23ME=ERFCE 1586
1587 F23IMA=ERFCA 1587
1588 F23MAR=ARG 1588
1589 F23MME=EXPCM1 1589
1590 F23MMA=ERFCMIL 1590
1591 RETURN 1591
1592 C 1592
1593 ENTRY FF30(IsJsF30E) 1593
1594 F3OE='AC([)*AC(J)*(R(J)-R(I))*ETA/(AC(I)‘AC(J)) 1594
1598 RETURN 1595
1596 C 1596
1597 ENTRY FF31(leJsKeF31) 1597
1598 F31:“ETA*(AC(K)*R(K)-AC(K)*(AC(I)*R(I)‘AC(J’-R(J)’/(AC(I)‘AC(J))) 1598
1599 RETURN 1599
1600 C 1600
1601 ENTRY FF33(I+JsF33E) 1601
1602 F3ZE==AC(J)*(R(JI)=R{I))*ETA 1602
1603 RETURN 1603
1€£04 END. 1604
1605 SUBROUTINE SUM2( A BsCoeDsEF ) 1605
1606 C . 1606
1607 C THIS ROUTINE COMPUTES THE SUM OF TwO EXPCNETIAL FUNCTIONS 1607
1608 C EXP(E)*F=EXP(A)%*B+EXP (C)%D 1608
1609 C 1609
1610 IMPLICIT REAL*16 (GoT=2Z) 1610
1611 REAL*8 AsBsCeDosEgF 1611
1€12 IF(BeEQe0sDO)IGU TO 30 1612
1613 IF{D«EQe0esDO)IGO TO S50 1613
1614 C wmeeBeNEe De e ANDeDeNF o0 e 1614
1615 ZB=8B 1615
1616 Z8B=0ABS(28) 1616
1617 ZLB=QLOG(2ZBB) 1617
1618 ZILB=QINT(2LB) 1618
1619 Zi=72.B=21IL8B 1619
1620 TL=QSIGN(QEXP(ZL )+28B) 1620
1621 XL=A+2Z1ILB 1621
1622 20=D
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1623 Z00=QABS(2C) 1623
1624 ZLD=QLOG( ZDD) 1624
1625 ZILD=QINT(2Z2LD) 1625
1626 ZR=ZLD=-ZILD 1626
1627 TR=QSIGN(QEXP(ZR) +2D) 1627
1628 XR=C+ZILD . 1628
1629 ZE=XR 1629
1630 IF(XL eGT e XR )} ZE=XL ' 1630
1631 G=XR=ZE 1631
16322 IF(GeGTe=174D0) GG TO 10 1632
1€33 E=XL 1633
1634 F=TL . 1634
1635 RETURN 1635
1636 10 CONTINUE 1636
1637 IF{(GeNEsOeDOITR=QEXP(G)*TR 1637
1638 G=XL=-2E 1638
1639 IF(GeGTe=174D0JGO TO 20 1639
1640 E=XR 1640
1641 F=TR 1641
1642 RETURN 1642
1643 20 CONTINUE 1643
1644 IF(GeNEsOeDO)ITL=QEXP{G) *TL 1644
1645 E=ZE 1645
1646 F=TL+TR 1646
1647 RETURN 1647
1648 30 IF(DeEQe0DOIGO TO 40 1648
1649 C ===e— BeEQeOeAND DeNEsOo 1649
1650 E=C 1650
1€51 F=0 1651
1652 RE TURN ) 1652
1€€3 C e B EQe Qo AND DeEQeOs . 1653
1654 40 E=0eDO ) 1654
1655 F=0eD0 16S5S
1656 RETURN 1656
1657 C | e BeNEoOse AND DeEQeOe 1657
1658 50 E=A - 1658
1659 F=B 1659
1660 RE TURN 1660
1661 END _ - 1661
1662 SUBROUTINE FERRNT(XsERFLs EXPCLSERFCL) 1662
1663 IMPLICIT REAL%8 (A-Hs0=2) ’ 1663
1664 COMMON /NEGXER/ ERFCML s EXPCML- 1664
1665 IF(XeEQe0.0DOIGO TO 10 1665
1666 IF(XeGTe130)GA TO 20 1666
1667 Y=DABS(X) 1667
1668 ERFCMI=DERFC(Y) 1668
1669 EXPCM1=0,0D0 1669
1670 ERFCI=ERFCMI1 1670
1671 EXPCI=EXPCMI1 1671
1672 ’ IF{XeGTe0sODOIRETURN 1672
1673 ERF1==ERF1 1673
1674 ERFC1=2,00D0~ERF CM1 1674
1675 RETURN 1675
1676 10 CONTINUE ) 1676
1677 ERF1=0.0D0 1677
1678 ERFCi=1,000

1678
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1679 EXPC1=0.0D0 1679
1680 ERFCMI=ERFC1 1680
1681 EXPCMI=EXPC1 1681
1682 RETURN 1682
1683 20 CONTINUE 1683
1684 ERF1=0.0D0 1684
1685 ERFC1I=0.00D0 1685
1686 EXPC1=0.,000 1686
1687 ERFCMI=ERFCI 1687
1688 EXPCMI=EXPC1 1688
1689 RETURN 1689
1690 END 1690
1691 SUBROUTINE DIFERF(X1+sElsAl ¢ X2:E25A25EsA) 1691
1662 C 1692
1663 € W  =—weew THIS ROUTINE COMPUTES E AND A SUCH THAT 1693
1694 C EXP(E) * A = ERFC{X1) = ERFC(X2) 1694
1665 C 1695
1686 C WHERE: ERFC (ABS{X1)) = EXP(EL) * Al 1696
1697 C ERFC (ABS(X2})) = EXP(E2) * A2 1697
168 C 1698
1699 IMPLICIT REAL*¥8 (A~Hs0=2) 1699
1700 J=1 1700
1701 IF(X1) 35261 1701
1702 1 J=Jd+l 1702
1703 2 J=J+1 1703
1704 3 IF(X2) 65554 1704
1705 4 J=J+3 1705
1706 S J=J+3 1706
1707 C 1707
1708 € |  =cmeceew X1 X2 J 1708
1709 C - - 1 1709
1710 C 0 - 2 1710
1711 C + - 3 1711
1712 C - 0 4 1712
1713 C 0 0 5 1713
1714 C + 0 6 1714
1718 C - + 7 1715
1716 C 0] + 8 1716
1717 C + + 9 1717
1718 C 1718
1719 (&) GO TO (10s20+2052053051052010510) oJ 1719
1720 10 Al2=A1—-A2 1720
1721 11 GO TO (129s13513912613513612513613)J 1721
1722 12 Al2==A12 1722
1723 13 E=0.D0 1723
1724 A=A12 1724
1725 RETURN 1725
1726 C 1726
1727 20 Al2=A1+4+A2 1727
1728 Al2=A12=2,D0 1728
1729 GO TO 11 1729
1730 C 1730
1731 30 E12=0.,D0 17318
1732 Al2=Al=-A2 1732
1733 GO TO 13 1733
1734 END
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1735 FUNCTION BATE(T«TOoIII) 1735
1736 C : 1736
1737 C THIS ROUTINE CALCULATES THE DECAY OF TwWO— AND THREE= NUCLIDE 1737
1738 C CHAINS WITH EQUAL RETENTION COEFFICIENTS 1738
1739 C 1739
1740 COMMON/FFFFF/ ENAME(3) s THALF(3)sAQ(3) o, ALAMB(3)EQ(3)sDNR(3), 1740
17414 % GAP(6) ¢ BREAK s DURSPEsETAs TOs WATVEL s PATH 1741
1742 REAL*8 ENAME 1742
1743 REAL*8 THALFsAQesALAMBsEQsDNRsGAPsBREAK ¢DURSPESETAs TDsWATVEL s PATH o 1743
1744 *® ARG1 s AKG2 s ARG3 1744
1745 BATE=0.0 1745
1746 ANI=AQ(1) 1746
1747 IF(AN] e LEe 0« O)RETURN 1747
1748 ALI=ALAMB (1) 1748
1749 AL2=ALAMB(2) 1749
1750 ARGI==AL1%(T=TO) 1750
1751 ARG2==AL2%(T=T0) 1751
1752 Xi=TEXP(ARG1) 1752
1753 X2=TEXP(ARG2) 1763
1754 IF(III«EQe3)G0 TO 10 1754
1755 BATE=ANI*AL2/ (AL2=ALL )% (X1=X2) 17595
1756 RETURN 1756
1757 10 CONTINUE 1787
1758 AL3=ALAM3(3) 1758
1759 ARG3==AL3*¥(T=TO0) 1759
1760 X3=TEXP(ARG3) 1760
1761 BATE=ANL*AL2*AL3*(X1/(AL2=AL1)/(AL3=AL1)}#X2/(AL1=AL2)/(AL3=AL2)+ 1761
1762 *X3/7(ALL=AL3)/(AL2=AL3)) 1762
17€3 RETURN ) 1763
1764 END 1764
1765 SUBROUTINE TOPDEF 1765
1766 C 1766
1767 C THIS ROUTINE SORTS OUT ALL ZERO DISCHARGE RATES. IT ALSO 1767
1768 C IDENTIFYS THE MAXIMUM DISCARGE RATE. 1768
1769 C 1769
1770 COMMON/C2/ IS+sBAND(304) s BANDND(304) s TIME(304)s THETA(304), 1770
1771 * TSTART s TFINSsTPEAK s BMAX s DINO 1771
1772 DATA C /1.E=15/ 1772
17273 J1=0 1773
1774 J2=0 1774
1775 TSTART=0.0 1775
1776 TFIN=0,0 1776
1777 TPEAK=060 1777
1778 BMAX=0¢0 1778
1779 AMAX=0.0 1779
1780 IF(BAND(1)eLEel ¢E=15)G0O TO 1120 1780
1781 Ji=1 1781
1782 TSTART=TIME(1) 1782
173 1120 CONTINUE 1783
1784 DO 1160 J=2,15S 1784
1785 IF(BAND(J=1) ¢eLEsCeANDeEAND(J)}sGT «CoANDoJ1l eEQeQ)J1=d 1785
1786 IF(BAND(J=1) eGT 0o CeANDeBAND(J) eLEC) J2=J=1 1786
1787 IF(BAND(J)sLE«BMAX)GO TO 1140 1787
1788 TPEAK=TIME(J) 1788
1789 BMAX=BAND(J) 1789
1790 1140 CONTINUE

1790
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1761 IF(BANDND(J) e LESAMAX)GO TO 1160 1791
1792 AMAX=BANDND(J) 1792
1793 1160 CONTINUE 1793
1794 IF(AMAX)120051200+1180 1794
1765 1180 DINO=BMAX/AMAX 1795
1796 1200 CONTINUE 1796
1797 . IF(Jl 6EQe0eANDeJ2sEQe0)GO TC 100 1797
1768 IF(J1 eGT 606 ANDe J2sEQe0)JS=1S 1798
1799 IF(Jl 6EQe D ANDeJ2eGT 0)}J1iI=1 1799
1800 TSTART=TIME(JL) 1800
1801 TFIN=TIME(J2) 1801
1802 100 IF(JLeGTe1l)GO TO 200 1802
1803 IS=J2 1803
1804 GO T0O 9939996 1804
1805 200 IS=Jd2=Jl+1 1805
1806 DO 300 I=1,1IS 1806
1807 [I=J1+]=1 1807
1808 TIME(I)=TIME(I]L) 1808
1809 THETA(I )J=THETA(ILI) 1809
1810 BAND(I )=BAND(II) 1810
1811 BANDNDO({ I )=BANDNDI(II) 1811
1812 300 CONTINUE 1812
1813 9999 CONTINUE 1813
1814 RETURN 1814
1815 END 1815
1816 SUBROUYTINE PRINTX(NCHATIN) 1816
1817 C 1817
1818 C THIS ROUTINE wWRITES THE LINEPRINTER QUTPUT FOR THE CHAIN FRAGMENTS 1818
igit9 C i819
1820 COMMON/FFFFF/ ENANE(3)s THALF{(3) sAQ(3) s ALAMB(3)+EQ{(3)sDEC(3)+ 1820
1821 * GAP(6) s TOsDURGSPESETAsTD:VO s PATH 1821
1822 COMMON/C2/ IS;BAND(304)oBANDND(304)-TIME(304) THETA(304) 1822
1823 * TSTARTsTFINSsTPEAKs BMAX s DINO 1823
1824 REAL*®8 ENAME,TEXT1(3) 1824
1825 RE AL %8 THALF.AQ-ALAMB.EO,DEC-GApgTO.DUR:PE.ETA.TD.VOoPATH 182%
1826 DATA TEXTL /*SINGLE® *DOUBLE®s *TRIPLES®/ 1826
1827 WATTIM=RATH/VO 1827
1828 1 FORMAT (®1® A6 ¢~=CHAIN MIGRATION CALCULATION®/® € ,34( %% ) /8 ONUCLIDE 1828
1829 ®T C5A6) 1829
1830 2 FORMAT(® +°® ,T17s FRCM ¢ 4A6) 1830
1831 3 FORMAT (®+°,T28y *DECAYING VIA °,A6) 1831
1832 WRITE(9s1) TEXTI (NCHAIN) sENAME(NCHAIN) 1832
1833 IF(NCHAINGGTLIWRITE(9+:2) ENAME(1) 1833
1834 IF(NCHAINGCEQe3IWRITE(9:3)ENAME(2) 1834
1835 4 FORMAT(*ODESCRIPTION OF LEACH SCENARIQ: /048 ,29(®_ ¢ )/0QTIME OF LEA 1835
1836 #CH INCIDENT:® g1PG1l6Be& ¢ YEARS AFTER REACTOR DISCHARGE ®/ ¢ LEACH D 1836
1837 *URATIONC® 41 0XsG14664° YEARS®* /¢ MIGRATION PATH LENGTH:® 3XeGid 6 1837
1838 * € METERS®*/®* GROUNDWATER VELOCITY:®*34X3Gl4665¢ METERS/YEAR® /¢ GRO 1838
1839 *UNDWATER TRAVEL TIME:® 31XsGl4ebHs® YEARS®*/¢ PECLET NUMBER:>®,11Xs, 1839
1840 #Gl4 «6/ ONUCLIDE DATAl /848 ,12(%_®)340XA6+6X3A66XsA6) 1840
1841 WRITE(954) TOsDURPATHsVOsWATTIMIPES(ENAME(I)sI=1 NCHAIN) 1841
1842 S FORMAT(®OACTIVITY AT THE TIME OF LEACH INCIDENT (CURIES)®elXslPE1L12 1842
1843 *o282E1262) 1843
1844 WRITE(9¢5)(AQ(I) sI=1 s NCHAIN) 1844
1845 DO 15 I=1 e NCHAIN 1845
1846 GAP(I+3)=GAP(I+3 ) %1 93729E-6
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1847 15 GAP (I )=GAP(1)%¥] «93729E=6 1847
1848 6 FORMAT(® MASS AT THE TIME OF LEACH INCIDENT® 95X ¢ (MOLES)® 42X 1PEL2 1848
1849 ¥olp 2EL262) 1849
1850 WRITE(Q9s6)(GAP(I)eI=1sNCHAIN) 1850
1851 7 FORMAT(® MASS AT THE END OF LEACH INCIDENT® 36Xe * (MOLES)? 32X 1PEL1 26 1851
1852 ¥292E1262) ’ 1852
18€3 NN=NCHAIN+3 1853
1854 WRITE(9s7)(GAP( 1)sI=4sNN) 1854
1855 FORMAT(® DECAY NUMBER® 336Xy IPEL12.252E1262) 1855
LESGE WRITE(9s9)(DEC( L) oI=1sNCHAIN) 1856
1857 8 FORMAT(® RETENYION COEFFICIENT® 427Xs3F12.0) 1857
1858 WRITE (9s8)(EQ(I)sI=1sNCHAIN) 1858
1859 10 FORMAT(®*0BRIEF PEAK INFORMATION®/® 48 ,22(¢ _®)/e0TIME OF INITIAL DIS 1859
1860 *CHARGE® s1PG19+6 ,*' YEARS AFTER REACTOR DISCHARGE®/® TIME OF PEAK 1860
18€1 ¥TAIL®913XGl4eb 4t YEARS AFTER REACTOR DISCHARGE®/® TIME OF PEAK M 1861
1862 KAXTMUM® 410X sGl4e6 g ® YEARS AFTER REACTOR DISCHARGE®/¢ MAXIMUM DISC 1862
1863 ¥HARGE RATLE® 98Xs 1PE1462°¢ CURIES/YEAR®/* NUMBER OF TIMESTEPS USED® 1863
1864 *915XsIS/® DISP TO NO=DISP PEAKS® ;9X ¢0PF1468) 1864
1865 WRITE(9+10) TSTARTSTFINSsTPEAK; BMAXy ISeDIND 1865
1866 11 FORMAT(////6Xe " TIME® 411X *DIMeLESS TIME® s 2X 5 * BAND RELEASE®3Xs *°D:0 1866
1867 * NO=DISPi/) 1867
1868 IF{IS.EQ.0)GO TO 100 1868
1869 WRITE(9s11) 1869
1870 12 FORMAT(1XsIPE1S¢4,3E1564) 1870
1871 DO 20 I=1,1IS 1871
1872 20 WRITE(9s12) TIME(I) s THETA(I)+BAND(I ) BANDND(I) 1872
1873 100 CONTINUE 1873
1874 RETURN 1874
1875 END 1875
1876 SUBRUUTINE SPECIGNAME sENAME s IFILEs IAPPR-FACT s ¥) 1876
1877 ¢ 1877
1878 C THIS ROUTINE CALCULATES SPECIAL NUCLIDE CONTRIBUTIONS BASED ON 1878
1879 C EITHER OF TwWO DECAY APPROXIMATICNS: 1879
1880 C IAPPR=1: SHORTLIVED DAUGHTER NUCLIDE IN RADIOACTIVE EQUILLIB- 1880
1881 C RIUM WHITH ITS PREDECESSORe 1881
1882 C IAPPR=2: SHORTLIVED PARENT NUCLIDE WHICH IS ASSUMED TO DECAY 1882
1883 C CCMPLETLY BEFORE LEACHING 1883
1884 C GNAME IS THE CONTRIBUTION TO BE CALCULATED. ENAME IS THE ALREADY 1884
1885 C CALCULATED CHAIN UPON WICH THE APPROXIMATIVE CALCULATION 1885
1886 C OF GNAME IS BASED. ENAME IS TO BE FOUND IN DATASET. NR 12+IFILE 1886
1887 C IF TAPPR=2 THE DISCHARGE RATE FOR GNAME IS CALCULATED BY MULTI- 1887
1888 C PLYING THE DISCHARGE RATE FOR ENAME BY FACTe. IF NO DISCHARGE 1888
1889 C RATE CAN BE CALCULATED THE CONTROL IS TRANSFERRED TO THE STATE- 1889
1890 C MENT LABELED * IN THE CALLING ROUTINE. 1890
1891 C 1891
1892 COMMON /PRINT/ MIGQUT 1892
1893 COMMON /C2/ NSTEP;B(304),DUMI(304)sT(304) 4DUM3(304), 1893
1854 * TD1+sTD2+,TD3,30,DD 1894
1895 COMMON /PEAKS/ ICONTR(75) s TSTART(75510) s TPEAK{75s10) s TEND(75510) » 1895
186 * CMAX(75510) ,DOSE2(75) 1896
1897 REAL*8 GNAME(3) sENAME (3) s ANAME(3)sTEXT(2) s BLANK 1897
1898 LOGICAL MIGOUT 1898
1899 DATA BLANK/® " /s TEXT/*DAUGHTER® s *PARENT 8/ 1899
1800 C 1900
1901 IF=IFILE 1901
1902 ID=12+IF

1902
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CONTINUE
READ(IDSEND=GO0)ANAME IS

DO 20 I=1,IF
IF(ANAME( 1) e NESENAME(I))GO TO 30
CONTINUE

o @

et B @ e @

WRITE(
BMAX=8

(T{I)eB(I)sI=1,1I9)

= AMM= | TO~0 OO0

= [ [\ S’ G

s1S
IF(B(I EeB
BMAX=B
IMAX=]
CONTINUE
IJ=INTNUK (GNAME (1))
ICONTR(IJ)=ICONTR(IJ) 41}
NN=JCONTR(IJ)
TSTART(IJsNNI=T (1}
TRPEAK{IJsNNI=T(IMAX)
CMAX(IJsNN)=BMAX
TEND(IJ+NN)=T(IS)
REWIND ID
IF{ eNOTMIG
WRITE(9s91)
IF(GNAME(3)
P
1 ]
)

MAX)GC TO 80

~—tt meCCm=~T=OMe=Om

OUTJIRETURN

GNAME (1) s GNAME(2)

e NEeBLANKIWRITE (992 JGNAME({3)
(o)

FORMAT(® ]APPROXIMATIVE DISCHARGE RATE FOR
FORMAT(®+°®s51Xe® AND ¢5AG6)

WRITE(9+s93)TEXT (I APPR) s ENAME

FORMAT(® A
* BASIS OF THE CHAIN ®43A8/)

WRITE(9594) '
FORMAT(®0®ySXs*TIME® 311X *BAND=RELEASE®/ )
DO 95 I=1,41S

WRITE(9+,96)T(I1).B(I)

CONTINUE '

FORMAT(IPE1€645E1564)

RETURN

CONTINUE

WRITE(6+s801 JGNAME( 1) sGNAME(2)
IF(GNAME({3) e NEe BLANK)WRITE(6:802)GNAME(3)
FORMAT(®O0THE CHAIN ®,A64® FROM ® 4A6)
FORMAT(*+ % 429X, ¢ AND ¢ ,A6)
WRITE(6s803)IDs (ENAME(I) sI=1,1F)

FORMAT (¢ WAS NOT CALCULATED BECAUSE OF ZERO RESULT IN DATASEYT NR
*313s% FOR *,3A8/)

*sAGs "

FROM

8y AE)

SHORTLIVED ®5sA8,s *=NUCLIDE APPROXIMATION WAS MADE ON THE



316-CMPACK PAGE 41

1959 REWIND ID 1959
1960 RETURN 1 1960
1561 900 CONTINUE 1961
1s62 WRITE(G69s 901 )GNAME (1) ¢GNAME(2) 1962
1563 IF(GNAME(3).NE.BLANK)WRITE(6.902)GNAME(3) 1963
1864 901 FORMAT(* OWHILE EXECUTING SPEC FOR ® A6, * FROM A6} 1964
1865 go2 FORMAT(®4+°% ,44Xs®" AND ¢ ,A6) 1965
1666 WRITE(65903)IDs (ENAME( 1) sI=14IF) 1966
167 903 FORMAT (®* DATASET NR *,13,* DID NOT CONTAIN THE CHAIN ¢43A8/) 1967
is68 REWIND ID 1968
1569 RETURN 1 1969
19720 END 19720
1971 SUBROUTINE CHAIN(NAMEsN,ICi512) 1971
1672 C 1972
1973 ¢ THIS ROUTINE RULES THE ADDITION OF DIFFERENT DECAY CHAIN 1973
174 C FRAGMENTS TO A NUCLIDES TOTAL DISCHARGE RATE 1974
1675 ¢ 1975
1676 coMmMOonNsC2/ NSTEP‘T(3O4)-Y(3O4)-BAND(304).TIME(3O4)3 1976
1977 *® TBEGINsTFINSTTOPP ¢ BRPEAK, D INCG 1977
1678 COMMDN/PEAKS/[CONTR(75).TSTART(?S-lO)-TPEAK(75.10).TEND(75.10)0 1978
1979 *® CMAX(75510)sDOSE2(75) 1979
1980 REAL*X8 NAME,IC1(20)sIBLsNN(3) 1980
1981 DATA IBL/® ¢ s 1981
1682 DO 15 I=1 N 1982
1983 15 Y(I)=0e0 1983
1584 IJ=INTNUK ( NAME ) 1984
1585 NJ=ICONTR(IJ) 1985
1986 DOSE=DQOSE2(1J)}) 1986
1687 I2=0 1987
1588 J2=0 1988
1689 DO 150 JJJ=13,16 1989
1990 JI=JJJ 1990
1991 II=JJy=§2 1991
1662 IF{JJeGTe15)1II=1 1992
1993 110 CONTINUE 1993
1964 IF(J2.GE«NJIGO TO 155 1994
18858 READ(JJsEND=1S0)(NN(I),I=1,3)4ISTEP 1995
1896 IF(ISTEP«EQ.0)GO TO 110 1996
1867 READ(JJ ) (TIME(I)sBAND(I)sI=1,ISTEP) 1997
1998 IF(NN{II)eNEeNAME)GO TO 110 1998
1999 CALL INTPOLIN,ISTEP) 1999
2000 IF(JJ«GTe15)GO TO 120 2000
2001 Ja=J2+1 2001
2002 [2=]12+1 2002
2003 ICL1{(I2)=NN(1) 2003
2004 GO TO 110 2004
2005 120 CONTINUE 2005
2006 Ja2=J2+1 2006
2007 I2=12+1 2007
2008 ICI(I2)=NN(2) - 2008
2009 IF{NN(3).EQsIBL)GO TO 110 2009
2010 I12=]12+1 2010
2011 ICL(I2)=NN(3) 2011
2012 GO TO 110 2012
2013 150 CONTINUE 2013
2014 155 CONTINUE

2014
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2015 DO 160 JJu=13,16 2015
2016 REWIND JJ 2016
2017 160 CONTINUE 2017
2018 RETURN 2018
2019 END 2019
2020 SUBROUTINE INTRPOL{(N,ISTEPR) 2020
2021 C 2021
2022 C THIS ROUTINE IS USED BY CHAIN FOR THE ADODITION QF 2022
2023 C DIFFERENT CHAIN FRAGMENTS 2023
2024 C 2024
2025 COMMON/C2/ NSTEPsT(304),Y(304) sBAND(304) s TIME(304) 2025
2026 ® TBEGINs TFINTTOPP, ERPEAK DING 2026
2027 Ji=1 2027
2028 DO 120 [=14N 2028
2029 116 IF(J1eGTISTEP=-1)GC TO 125 2029
2030 IF(T(I) eGEeTIME(JL1) e ANDeT{I )l TeTIME(JLI+1)sANDoBAND{(JL1)}eGT 060 2030
2031 ¥ 6 ANDoeBAND(JL+1)oGTe00) GO TO 117 2031
2032 IF(T(I)elLTTIME(JL))IGO TO 120 2032
2033 Ji=Ji+l 2033
2034 GO 70O 116 : 2034
2035 117 Y(I)=Y(I)+BAND(JL I+ (T(I)=TIME(JLII/(TIME(JIL+L)=TIME(JIL) ) =* 2035
2036 *({BAND{JL +1)=BAND(JL1)) 2036
2037 120 CONTINUE 2037
2038 125 CONTINUE 20 38
2039 RETURN 2039
2040 END 2040
2041 SUBROUTINE VTSCALE(YMAXs TIMY o NNs TIMAX s TIMINsUsNT %) 2041
2042 C 2042
2043 C THIS SUBROUTINE CALCULATES A LOGARITHMIC TIMESCALES, BETWEEN 2043
2044 C THE POINTS T1 AND T2, T1 ANL T2 ARE CHOSEN TO BE SO CLOSE TO 2044
2045 C TMIN AND TMAX RESPECTIVILY AS POSSIBLEe. ONE OR TWO POINTS IN U ARE 2045
2046 C FORCED TO BE PLACED AT TPi AND TP2Z2e 2046
2047 REAL*8 THALFsAQsALAMBsEQsDNRsGAPsTOeT1sPESETAsTDs Ve AL 2047
2048 C 2048
2049 DIMENSION U(304) 2049
2050 DIMENSION VMAX(1)TIMY (1) 2050
2051 DATA [S/100/ 2051
2052 REAL*8 BASE«TsTPlsTP2sTMAXs TMIN,TL 2052
2053 AMAX=0e0 2083
2054 IMAX=0 2054
2055 TMAX=TIMAX 2055
2056 TMIN=TIMIN 2056
2057 DO 10 I=1sNN 2057
2058 IF(YMAX(I)LE<AMAX)}GO TO 10 2058
2059 AMAX=YMAX(I) 2059
2060 IMAX=1 2060
2061 10 CONTINUE 2061
2062 IF{(IMAXEQsO)JRETURN 1 2062
c0€3 JMAX=0.0 2063
2064 BMAX=0,0 2064
2065 DO 20 I=1sNN 2065
2066 IF(YMAX(I)sLE«BMAX)GO TO 20 2066
2067 IF(I.«EQ«IMAX)GO TG 20 2067
2068 JMAX=] 2068
2069 BMAX=YMAX(I) 2069
2C70 20 CONTINUE

2070
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2071
2072
2073
2074
2075
2076
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30

50

60

70

IF{JMAXeEQoO0eOR e BMAX oL TeleE~=20)G0 TO 30
TP2=AMAXLI(TIMY({IMAX) s TIMY(JIMAX))
TPI=AMINI(TIMY(IMAX) s TIMY(JMAX]) )

CALCULATE TIMESTEPRPS FOR Tw(O NON=SIMULTANEOUS PEAKS

ALl=DLOG(TP2/TPL ) /DLOG(TMAX/TMIN}*IS
IF(A1.LT«0e5)GO TO 30
NiI=IFIX(AL)+1
BASE=(TP2/TP1 ) %% (1 /FLOAT(NL))
A2=DLOG(TPI/TMIN) /DLOG(BASE)+1
N2=IFIX(AZ2)

TI=TPI/BASE*®%(N2)
A3=DLOG(TMAX/TP2)/DLOG(BASE ) +1
N3=IFIX(A3)

T2=TP2%UASE*%N3

NT=N1+N2+N3

GO TO 70

CALCULATE TIMESTEPS FOR SINGLE OR SIMULTANEQUS PEAKS

CONT INUE

TP2=TIMY(IMAX)
[IF(TP2.EQeTMINORTP2EQsTMAX)GO TO 60
Al=DLOG(TP2/TMIN)/DLOG(TMAX/TMINI*IS
IF(ALleLTe0e5)GU TO SO

Ni=IFIX(AL)+1
BASE=(TP2/TMIN) **%x { L/FLOAT(NL1})
A2=DLOG(TMAX/TP2 )} /DLOG(BASE)+1
N2=IFIX(A2)

T2=TP2%*BASE®*%®N2

Ti=TMIN

NT=N1+N2

GO TO 70

CONTINUE
A2=DLOG(TMAX/TP2)/DLOG(TMAX/TMIN)*IS .
N2=IFIX(A2)+1

T2=TMAX
BASE=(TMAX/TP2) = (1/FLOAT(N2))
Ti=TP2/BASE

NT=N2+1

GO TO 70

CALCULATE TIMESTEPRPS WHEN PEAKS COINCIDE WITH MAX OR MIN

CONTINUE
BASE={TMAX/TMIN) *% (1 /FLCAT(IS)=1)
Ti=TMIN

T2=TMAX

NT=1S

CALCULATE TIMESCALE
CONTINUE

u(L)=T1
T=T1

o
@
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200
300

AREADY=eTRUE &

I1=1+1

GO TO S0

CONTINUE

Ii=]1+1

CONTINUE

IF{AKEADY ) RETURN

CALL pLOTY(Il’IZDNPC'YNAME’YIMINoYlMAX:YLwO-:N(CL.IU.IS'
¥ WRITEX s IDEC s NRsYREAL )
RETURN

END

FUNCTION TERFC( X}

2127 DO 100 J=2NT 2127
2128 T=T*3ASE 2128
2129 100 UlJ)=T 2129
2130 RETURN 2130
2431 END _ 21314
cl132 SUBROUTINE PLOT1(NAMEsNNsNRsNSsYMAXs WRITEX) glgg
2133 C 1
€134 C THIS ROUTINE ARRANGES THE DIFFERENT VARIABLES BEFORE PLOTTING 21%4
2135 C 2135
2136 COMMON/C2/ NSTEPsX(304)sY{304)DOSEL1{(304)sY1(304), 2136
2137 * TBEGINSsTFINSsTTORP s BMAX s DINU 2137
£138 DIMENSION YREAL(304) 2138
2139 REAL*8 YNAME(21) s NAME sNN(20) 2139
2140 LOGICAL WRITEXs AREADY 2140
2141 DATA NCOL/110/+IU/20/ ¢NPC/L/ 9 IDEC/2/ 2141
2142 YNAME( 1 )=NAME 2142
2143 DO 1 I=1e¢NR 2143
2144 I YNAME(I+L )=NN(I) 2144
€145 NR=NR+1 2145
2146 AREADY=oF AL SE 2146
2147 [S==1 2147
2148 YIMIN==12 2148
2149 YL=3e 2149
2150 IF{YMAXLE o0 O)WKITE(6,3)YNAME( 1) 2150
2151 3 FORMAT(®*0OYMAX.LE«O IN PLOTI FOR ¢ 446) 2151
2152 IF(YMAXLE «OoO)RETURN 2152
2153 YIMAX=ALOGLIO(YMAX) 2153
2154 IND2=NS 2154
21585 [i=1 2155
2156 12=NS 2156
2157 50 CONTINUE 2157
2158 INDLI=I1} 2158
2159 IF(I]l «eGEe IND2)RETURN 2159
2160 DO 300 I=INDisIND2 2160
2161 IF(Y(I)elEeOeOsANDsI«EQeI1)GO TO 200 2161
2162 IF(Y(I).LE.0.0)GO TO 100 2162
2163 YI(I)=ALOGLO(Y(L}) 2163
2164 YREAL(I)=Y (1) 2164
2165 GO YO 300 2165
2166 100 CONTINUE 2166
21€7 [2=1-1 2167
2168 CALL PLOTY(I1sI2sNPCyYNAMEsYIMINGeYIMAX3YLs0osNCCLsIUISS, 2168
2169 * WRITEXs IDECsNRy YREAL) 2169
2170

ci71

2172

2173

€174

cl75

2176

2177

2178

cl79

2180

2181

2182

IF(XeGTs12.0)G0 TO 1§
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2183 TERFC=ERFC(X) 2183
2184 GO TO 2 2184
2185 1 TERFC=0,0 2185
2186 2 CONTINUE 2186
2187 RETURN 2187
2188 END 2188
21.89 SUBROUTINE PLOTY(IL1sI2sNPCs NAME oYMI 6 YMASYL oFI s NCCLsIUsISS 2189
2190 * WRITEXSsIDECs NRyYRE AL ) 2190
2191 COMMON/ZC2/ NSTEP¢X(304)s2(304)sTIME(304),Y{304), 2191
2192 * TBEGINs TFINs TTOPP s BRPEAK s DINO 2192
2193 C 2193
2194 C LINE PRINTER PLOTTING ROUTINE WITH VERTICAL X=AXISe 2194
2195 C THE STEP IN X=DIRECTION IS CONSTANT = ONE LINE. 2195
2196 C Y = THE ARRAY CONTAINING THE VALUES TO BE PLOTTED 2196
2197 C 11 = THE FIRSYT Y=-ELEMENY TO BE PLOTTED AND THE FIRST LINE 2197
2198 C NUMBER AS WELL e 2198
2199 C [2 = THE LAST LINE NUMBER TO BE PLOTTED AND THE LAST 2199
2200 C Y=ELEMENT AS WELL s IF NPC=1le 2200
2201 C NPC = THE NUMBER OF CURVES TO BE PLOTTED SIMULTANEQUSLYe 2201
2202 C NPC MAY NOT EXCEED NPMAXeo e 2202
2203 C IF FOR INSTANCE NPC=3 AND THE VARIABLES TO BE PLOTTYED 2203
2204 C ARE As B AND Cy THE VALUES SHALL DBE STORED IN THE 2204
2205 C Y=ARRAY AS FOLLOWS: Al sBlsCls A2+B23sC29s A39sB3sC3s ovee 2205
2206 C NAME = THE NAME(S) OF THE PLOTTED VARIABLE(S) (6H=HOLLERITH) 2206
2207 C IF NPC>1, THIS PARAMETER IN THE CALLING PROGRAM MUST 2207
2208 C BE AN ARRAY» WHERE THE NAMES ARE STORED IN THE SAME 2208
2209 C CRDER AS ARE THE VALUES IN THE Y=ARRAYe 2209
2210 C YMI = EXTERNALLY SET LOWER VY=LIMIY (FOR THE SCALE-=CALCes) 2210
2211 C YMA = EXTERNALLY SET UPPER Y=LIMIT (FOR THE SCALE=CALCs) 2211
212 C YL = 0 IF YMIKYMA, THE LIMITS ARE TAKEN FROM YMI AND YMA, 2212
2213 C ELSE THE LIMITS ARE COMPUTED FROM Ys INDEPENDENTLY 2213
ccl4 C OF YMI AND YMAe 2214
215 C = j¢ TAKING THE LIMITS FROM YMI AND YMA, BUT ADJUSTING 2215
2216 C YMINg IF ANY Y<YMIo 2216
2217 C = 2¢ TAKING THE LIMITS FROM YMI AND YMAs BUT ADJUSTING 2217
2218 C YMAXs IF ANY YDYMAe 2218
2219 C = 3% le AND 2 2219
2220 C FI > 0: THE SPACE BETWEEN X=AXIS AND THE Y=-POSITION IS 2220
221 C FILLED WITH XMARKS (STAPLE DIAGRAM) s 2221
z222 C ORIGO IS POSITIONED AT Y=0e NO XMARK FOR Y=0e 2222
2223 C THE EVERY 100 LINES NUMBER MARKING IS SUPPRESSEDe. 2223
2224 C THE STAPLE DIAGRAM IS POSSIBLE ONLY IF NPC=1se 2224
225 C NCOL = MAXIMAL NUMBER OF COLUMNS AVAILABLE DURING PRINTING 2225
2226 C 1U = OQUTPUYT UNIT NUMBER 2226
cee? C IS = A SWITCHs THAT SHALL BE SET EITHER <0 {XPLOT THEN 2227
2228 C STARTS ITS PRINTING ON NEW PAGE) OR =0 (THE PRINTING 2228
2229 C STARTS AFTER A SINGLE LINE=SKIP) BEFORE THE FIRST 2229
2230 C CALLe PLCTY RESETS IS ITSELFe AT A REPEATED CALL THE 2230
2231 C PLOTTING CONTINUES ON THE ORIGINAL X=AX1Se 2231
232 C THE SUBROUTINE SCALE(A+BsCs1I) COMPUTES THE SCALE OUT OF THE 2232
2233 C PRELe VYALUE As AND PUTS THE RESULT IN Be € IS THE PRINTED 2233
2234 C SCALE AND I IS THE POWER OF 10 2234
2235 C THE SUBROUTINE DECODH(NsA,I yJ) DECODES THE INTEGER NUMBER N 2235
2236 C AND PUTS THE J RIGHTYMCSY FIGURES CONVERTED INTO 1H-HOLLERITH 2236
2237 C INTO THE ARRAY A FRCOM A(I) TO A(l+J=1)e LEFT ZEROS BLANKEDs 2237
2238 C

2238
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LOGICAL WRITEYWRITEX
LOGICAL JUMPOUT «FILLsSINGLE
DIMENSION IX{(16)e (15) e XD( 23 s YAXISE2) s HNXO(3) o FMX( O I FML (9} s
i FM2(8), (L4 ) FMG{ 14 ) s FMS(T)eFMOB(LL)sFMT(S)FMBI9),
2 NAME( 1)
DIMENSION YREAL (1}

&

10

1
2
3

1

2
3

) b=

CUme LN

REAL*8 NAME

REAL*8 FMG(LlL)eFMIL

REAL*®8 DUML (3),DUM2
FMEsFM7 g FMBogFMX s
s YMARK s XMARK s DCT
s HNXQ s XD

EQUIVALENCE (FMi(7)DUML(L) ) (FM2(7)sDUM2(1) ),

(FMS(6)sDUM3 (1)}

{11V RUBR(3) sFME{2) ¢ FMT(2)sFMS(3}
(2) s DUM3 (2 ) s FML o FM2 s FM3 s FM&sFMSe
YAXISeBLANK s Se PLURAL

EQUIVALENCE (YMARK(1)sXMARK)

TO INCREASE THE PERMITYED NUMBER OF SIMULTANEQUSLY PLOTTED
CURVESs JUST INCREASE NPMAX AND EXTEND THE YMARK DIMENSION
AND DATA [TEM LISTee

DIMENSION YMARK(4)

DATA NPMAX/4/¢ YMARK/LIHX 3l HOs1HHsIHS/

DATA FMI(1)/SH(1H+s/sFMI(S)/2HX s/ sFMI(E) /BHTHX=VALUS s
FMO(7)/2HE o/ s FMI (D) /BHXs THY=VA/ +FMI (L0} /4HLUE)} /
oFMG(1L1)M/1H /FME/SHZ2(IPE ¢2H) }/

s FMS/3HIPE s 1H) s 2HE )/

DATA MAXCOL/132/

DATA DOT/iHe/s I[AST/IH%*/, IPLUS/LIH4+/, BLANK/LIH /s PLURAL/LIHS/

YAXIS/BH*% 0000 9DHoeosse/ s FMX/2HXs s OH(SXs Al s SHed X} o 3IH(I6 s
4H(AL s 4HIX ) 9 s 2HA L o 4H( 4 X 4 s 3HISE) /

DATA FMLI(1)/SH{IH /s DUMI/ZOH{I6s4XeSH) s85Xp s 8HIHY I/
FM2(1J)/S5H{LH s/sFM2{(4)/2HXe /s FM3{ 1) /SH{ LH o/ sDUM2
ZO6H(2AS) e s 4HIHD Y/ s FM3(1)I/8H(1IH /¢ FM3(9)/3HISes/s FMI(14)/
3HAL )/ e FM4(L)/SH{1H®¢s /s FM4(9) /3HEXe /s FME(14)/1H)/s FMS(L )/
SH{IH ¢/s DUM3/3HISs s4HIHe )}/ s FMO(1)}/SH{LH o/
FMO(SI/SHX s ALls /e FMO{ 1L/ IHI/ sFMT{L1)/SHUIHb e/ e FMT{(S)/SHX AL }/
o FMB{1)/SH(1H+s/9s FMB8(S)/2HXe/s FMB(9)/3HAL)}/

INDEXY = I}

INDEX2 = 12

IF{(IS«GT«0) GOTO 300

[F(NCOLoGEe19eANDoIUeGT 60 e ANDeNPColLE e NPMAX ) GOTO 10
PRINT 801 NAME

RETURN
NP = MAXO(1sNPC)
I0 = 1V

SINGLE = NP+EQs1
WRITEX=WKRITEXeANDeMAXCOL=NCCLeGTIDEC+7

WRITEY=WRITEX e ANDeSINGLEcANDe MAXCOL=NCOL «GT 2% IDEC+1 6
FMT(L)=FME(1)
FMT(2)=FME(2)
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