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; ABSTRACT D
Thic volume of the DELFIC (Defense Land Fallout '
‘ Interpretive Code) documentation deseribes the Particle :
3 Activity Module. This module computes the distribution of .
. Tiszlon-product and induced activities as a function of :
. m fallout particle size. Fractionation is accounted for by :
- a modified radial-~distribution model. Radiloactive decsy !
E . is computed from the Bateman equation. )
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DEFARIMENT UF DEFENSE
LAND FALLOUT PREDICTICN 3YSTEM

e et Pdud o

1. INTRODUCTTON

: The Pasticle Activity Module (PAM) assigns radio-
sctbivity to the fallout psrticles, Three sources of radio-
sctivily are considered in DEIFIC, (1) fission producta, (2)

- products of the n,vy reaction on 2%89 1n the device, and (3)

" neutron-induced activity in the soill swept up by the fireball.

; The fallout radiocactivity for a particular detonation is

agssumed o be a functlon only of particle size and of time

| after detonation.

The distribution of activity with particle size
i8 generated by s modified version of Freiling's radial-
distribution model (Rcferences 1 and 2)., Consequently, the
PAM tekes into account radiochemicel fractionaticn and can
output the activity of individual mass chains,

The PAM computes the decay of each individual
muclide fram the time of detonation to the time reguested
by the user by means of the Bateman equation. Thereby
DELFIC circumventsa the problem of selecting an exp~nent for
the power~law approximation to the decey of mixed fission
products, and can convert the activities to exposure rates
or exposures on the basis of the decay schemes of the nmuclides.

The computer program was written in FORTRAN TV for
- the IBM 7090/911. Its use on a computer Leving words of fewer
than 36 bits will require drastic and intricate modifications.

2. PHYSICAL AND MATHEMATICAL MCDEL3

The following watline of the approach taken in the
PAM will te confined to the computation of exposure rats.
The extension to accumlated exposure should be self-evident.

The user requests {ef. Vol VI, Cutput Processor)
the exposure rate at & specified time after detonation, The
PAM computes by means of a fractionation modei the distribu-
tion of the contributing muiclides with particle nize. The
decay of esech activity from detonation 4o the raquested time
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'S TAEGTGuSLy cumpuied, Eecn activity 18 multiplied by a
unique conversion factor (exposure-rate-maltiplier, ERM) to
obtain exposure rate. The ERM's were commuted from the gamma
enzrgy spectra of the corresponding nuclides.

The normalization factor (K-factor, megic number)
used in many fallout models does not appear in DEIFIC, However,
normalization factors can be readily derived from DEIFIC output
as described in Section 4.2,

2,1 Nuclide Abundauces,

2.1.1 Fission Products. The fis3ion products can
be grouped into a mumber of decay chains:

Nl..oN‘,d—-oN',_..n-...Nl "

One or more wembers (includirg, of course, N;) may be produced
directly by the fission eveni, and each member except N, decays

~A;
as e lt, while each member except Ny grows by e )\"‘11". The

complete growth and decay history for each member of a chain
is represented by the Bateman equation (Reference 3):

n n
_ . ) a “Akt r|
N (6) =) chm N e , £.1)
1=1 k=1
where
Nn(t) = atoms of the nth member of the chain at
time t,
N: = atoms of the ith number of the chain (1 < n)
at time 0,
and )‘k = disintegration constant of the kth member

of the chain (k < n), .

E'-ﬁl_ n
nck_l = =i )\J (E CXJ_RK) P » (2.2)
Ik
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The sctlvity in disintegrations per second is given by

= ) . NG
AL (E) = A N (t) (2.3)
. The mumber of disintegratlons that occur between times 7 and
tz is glven by
N A A
Aty =Nt
t = o xTy  ~Mela
Dn (t1,t2) }‘n >4 > ani Ni (e € ) )‘k - (2.1)
i=1 k=1

which is obtaincd by integration of Equations 2.1 sud 2.3. The
Bateman equation developn a singularity whenever A, = A—y.

This diffieculty is circumvenled in DEIFIC by slightly incremsnt-
5 ing one member of auch 4 pair,

2.1.2 Induced Activity in Soil. The model for the
contriobution of induced activit:r in the cloudhorne soil was
developed by Jones (Reference 4), Three basic assumptions are
made :

(1) All neutrons entering the soll are thermalized
and then captured.

(2) Only those ncutrons need be considered that are
seen by tha apparent crater.

[ TR

(3) All significant soil components are refractory
in the fractionatlion schene.

A detailed description is given in Reference 4, 4 :
data deck is currently avallable only for Nevada Test Site soil. I

2.1,3 Induced Activity in Device Materisls., The §
PAM current}g accounts for imduced nctivity in only one device :

component, “U. Neutrén capture by 238y producea 2389y, which §~

*aag 239 ) 5
decays to " “"Np and then Pu. The following equations are
usged:
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1. Activity cof **°v, dis 8™,
0o ~Nt " =N
A, - NN 1 s (ﬂ-Dl
1]
- where
f N1° = mumber of neutron captures,
i M = disintegration constant of *>%U, s,
{
i and t = time, B,
2. Activity of **°Np, dais a™*,
d
o
i Ag = Mdals eME -e-)\”t , (2.6)
) )‘H“Xl
B where
ro
E ! \a = dislntegration constant of “*°Np, s™*.
H { 3. Disintegrations of A3y occurring between t; and
1 ta,
.i : ta N
§ | =m (uehl) (e.7)
i 4, Disintegrations of °°°Np occurrin between t;
oo and ta,
” " ta o
: 1 AAg - i Aa (e-hltl_e-)q,ta A e-}\atlne—)\gtﬂ
o ts  Aa-M
i
;
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5. Disintegrationt of U from 4, to infinity,

| ®

AAy = N? e“)q't1 . (2-9)

ta

6. Disintegrations of **“Np frem t, to infinity,

@ 0 .
Mg - M (x.e'*ltl-he‘htl) . (2.10)
LOSE PR Y '

This mass chain is conasidered completely refractory
in the fractionation scheue,

2.2 Activity Varsus Particle Size.

The radial-distribution model of Freiling (Refer-
ence 1) categorizes a nuclide as volatile if its boiling point
is leas than the solidification tempersture of the soil particles.
The muclide is refractory if its boiling point is greater tian
the solidification temperature, Freiling then assumea thatl a
volatile nuclid: will condense on the particle surfaces, whereas
a refractory muclide will condense uniformly throughout the
particle., A fission-product mess chain, whose compositicn
changes with time, can then be characterized by the fraction
of its memberahip that represents refractory nuclidea at the
time the cloud cools %o the soll-gzolid’.lcation temperature.
This F reiling ratio is referred to a8 ¢;. Freiling has
postulated, on an empirical basis, thut Lhe specific activity
of fallout particleas is proportionai . thr (b, -1) pover of
the particle size, where b, is /¥, fur mass chain 1.

Freiling (Reference 2) has treated -ie relatlonship
of the model to the log-normal distribution of particle sizes,
In DEIFIC, however, it was desirable to generalize the model
for arbitrary particle-size distributions in tabular form.

The approach can be formulated as follows: )

|
Let i

dk = gecwetrlc meean diameter of kth particle-size
class,

11
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e fasLey Wl poelicles in ciBss K,

¥+ total nuuber of equivalent flsaions in all sime
* classss,

X g = fission yield of ith mass chwin,

oad r = index for perfectly refactory mass chain,
) The squivalent fissions of wmass chain i in size
clasg k 18
= ").
Fy (\de Fp ¥y %y (\,dk> , (2.11)
whare

n
Iy (d'k) = N ot T e ZNk dl'i‘ " e (2.12)
k=1

For the perfectly refractory chain (b, = 1), Equa-
tion 2.11 tekes the form

f G mna B) @39

where

n ' R
Ty (dk> =N di 2;1 N dl?: , (2.14)

i.e., the mass fraction in the kth size class.

The fractioration ratio is given by
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To obtain an algorithm that takes advantage of the
fact that particle size distribution consists oi' a table of
fM‘k~ versus d, , we note that

n
: b, +2
kadx
k=1
Taking
E1 =1

we can rewrite Equstion 2.16

e Stmpp——a— Sg———

-k gbt -1
(ri,r)k T % Ey ’

SRR PR O G AT S B %

At
Y r ngj :
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It follows from Equations 2,11, 2,15, and 2.19 that

F, <dk> Y, E d}:* -1 £y (dk> ) (2.20)

In this form of the radial distribution model, the specific
activity for any mass chain that 1s not perfectly refractory
decreases monotonically with increasing particle size. Observa-
tions of fallout, on the olher hand, provide strong evidence
that the apecific activity tenis to level off at about 100 to

200 u. To account for this effzct, the model was modified in
the following manner:

The upproach assumes a two-camponent system. One
component obeys the radial distribution model. The other has
s constant specific activity over the particle size distribu-
tion.

Let

Ri = fraction of fissions in ith mass chain that obeys
radial diatribution, and .

S g = fraction of filsaions in ith mssa chain that apvears
with constant specific activity.

Then Equation 2,20 is replaced by

Fy (d'k> = Foly CniEid;’ “les)n, (@ - (22)

Figure 2.1, an idealized vlst from fallout cbservations, shows
the two components,
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Figure 2.1 Relationship of equivelent fissions to particle

size.

The crossing point sets the criterion
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by = 1 _ o o
R,E,D =8, (2.22)
since
Ry +8, =1 , (2.23)
b, - I\ _ '
R, (1 +ED ) =1, (2.24)
then
R, = s (2.25)
11 Eibb’ -1
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and Il

EiDb‘ - L
. 8, = ———————— (2.26)
: Poaagph -t

A Finally .

v . F.,Y.E

T 1 1 -1, - I\ ‘
r () s (e D).

1 +E D

On the basis of fallout observations, D haz been taken as 100 W,
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3. COMPUTER FPROGRAM DESCRIPTION

The Particle-Activity Module conaists of 14 sub-
routines organlzed as shown ip Figure 3.1. The activity~
versus-particle-size tables generated by the FPAM are
requested by the Qutput Processor for specific times, There
may be any number of such requests. Consequently, the PAM
has been divided into two phases., Thase J reads the input
data and preprocesses them to the extent thet requested time
does not influence the computation. Fhase I is axercised only
once for a particular detonation., Phase II 18 exercised as
often as required to prepare the tables of activity versua
particle slze for requested tlmes,

Thaese I consists of

FAM1L XPRM
SETUP INDCDL
YIELD FRATI@

Phase II consists of

PAM2 . INDCD2
GXFSR MCHDE?
URAN

BATMAN is required in both Fhase I and Phase II. T/MSEC and
UNPACK are small utility routines. Table 3,1 shows the blocks
of labeled COMMON,

\

The individual subroutines are described mcre fully
:l.n the following sections.
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/FISHIN/11555 ,601;0

MmAMTY o v
LU Jed

CAMMPN BLPCKS

Total Storage 1204la, 515310

/DECAY /65 1610

ABEGNéTOO) TENTER
ABUND@('700) JD
BRANGH(130§ KDgS
CAFFIS TENTER
DCEN(700) TEXIT
IRRA TIME
INUC
MAXNUC
MULT(11)
NUCLID (700)

/UTILITY /6165 ,39810 /INDUCE/616s ,39810
XguT ALBFPgM
NPRNT(15) FAC(7,18) .

FPGRNY (7,18)
Is@g(18)

IMAX
XIAM(7,18)

/OUTRUL/ 3164 ,206, 0

FISNUM
FP(200)
W

ITAB
I3

MASCHN
STGMAS

/FRY LING/10474 ,5515 o
BSUBK(90)
ERM(185§
JRM (185

KRM

ECF(90)

/SET3/7251s,375310 (PAM uses nnly FMASS and PSIZE)

BZ Igr(18) MXREQ NS

BZ2 IP MYDUMY NTAPES
BZZ TRgUT NA NIAPET
B222 ITT(18) NBZX NTASK
DELTAX v NBZX2 NXMAP
DGX Jc(18) NBZY NYMAF
DGY. JIN NCL “MIN.
DIFC@N Jgire NE 18 (500)
DIFADJ - JPgUT NF PSIZE(200)
FMAS (500) KTR(50C0) NI PACT(200)
FMASS (200)  KTATE NMAP REPART
1C(18) IAST NMAX T(5C0)
ICEN MATRUN NgX T1

ICTR MARRAY NP(21) T2

IH MIK NREQ TLIMIT

X{500)

WEIR,

R BRI L NS — TV
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J.1 £xecutive Control.

2.1.1  Sobeomtdno PAML (HOB, STDTMS, MDD TW . ISIN, ISQUT,
1POUT, SIGMAJ.
Inputs ¢
Argument list Imput tepe

HOB CAPFIS
IPgUT EMITN
ISIN FISSTD
ISgUT IFTAFE (10)
SIGMA NPRNT%].S)
SIDTMP PAMID(12)
TMSD
™

Blorage requirement (ewclusive of CEMMAW)
15504, 87230

Calling program: LINK8, Sequence 312

Subroutines called: SETUP, YIRID, XPRM, INDCD1, FRATI@

Flowchart: PFigur- 3.2

Subroutine PAM1, the executive progrem for Phase I,
reeds control parameters and imput dats specific to the run.
It also sets file assignments for the invarient data and

managesa the restart feature. Finally, it calls the worker
subroutines of FPhase I.

The PAM uses five mnemonics for I/¢ flles.
the syatem output tape. ISIN is the system input tape, IPAM
1a the PAM restart tape. The invariant data set (transition
cards, fission-yield tables, and exposure-rate multipliers)
is read from INYP; the quasi-invariant data set (soil composi-
tion) is read from KRD. KPUT 1s identified with ISPUT, *the
mnemonlic used in the Output Processor., IPAM is ldentified
with IPUT, the binary output tepe from the Transport Module

(cf. Vol IV), INTP and:KRD are initially identified with
1ISIN,

K@UT is

20




PAML first reads a run identifier, PAMID(12), and
two control arrays, IFTATE(10) for file manipulation and
NPRNT(15) for printout options. If IFTAFE(M) = T, the program
branches to read restart data from IPAM, print the title page.
and return f.o LINK8. Otherwise FAML reads CAPFIS, FMITN, and
FISSID: prints the title page; checks IFTAPE(1) for the cor-
rect, assignment of INTP; checks IFTAPE(2) for the asaignment
of KRD,

The worker aubroutines sre then called sequentially.
If EMITN hes been set <0.0 to suppress the induced activity
calculation, IMAX is set to O as a flag for Phase II. If
TFTAPE(3) = T, restart infcrmation is written on IPAM (binary)
before the return to LINKS.
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ENTER
FROM

N\, Livny
\T/
//caLL iNDcol \ / o\
mm

L N CALL XE
i S (EMITN, 1B TR )

K@UT = 1SguT KRD, TW)
CALL YIELD

‘ IPAM = 1P@UT
! INTP = ISIN
{INTP, FISS10)

KRD = ISIN
3

Y
RE AD r
RUN JTDENTIFIER :
TAPE CENTRELS
PRINT CONTROLS LMAX =0
1

;
[F READ
HINARY

EMITN.LE.O.O0

bt

CALL SETYUP
(INTP, MAXMUL)

CALL FRATig
{SLOTMP , TMSD,
MCHN )

]

|
, KRD=INTF
READ TAPE :
' CAPFIS, EMITN, 1PAM
FISSID | y
x - F
25 WRITE
BINARY
PRINT RETURN TAPE
i TITLE 1PAM
C PAGE P
INTP =25

i

FA
T

v .

IFTAPE(4)

le \

;
IFTAPE(] — ] INTP =2 . FTAPE (1)
F

; Figure 3.2 Detailed flowchart for Subroutine PAM1,
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3.1.2 Fubroutine PAM2,

i A A et i

- e e

] Input:
;TJ COMMEN/@UTRUT/ CPMMPN/UTILITY/ C@MMPN/FISHIN/ C@MMBN/INDUCE/
. FP(200) K@uT . CAPF1S IMAX
_, 1TAB NPRNT(15)
’ Output:
CovMgN/ guTrRUT/
? FP(200)
r} Storage requirement (exclusive of CPMMEN): 153s, 10710 |
Calling progrems: LINK9, Sequence 189
: ) CAIC, Sequence 89 X;
Subroutines called: GXFSR, URAN, INDCD2, MCHDED
Flowchart: Figure 3.3

‘ This subroutine la the executive program for PAM
Phase 1I. The user should note that provision has been made
for an additional output option, JGF = 3, to compute induced
activity only. This option is not lmplemented in the presrent
Output Processor. PAM2 initializes the FP array so that the
worker subroutines can accumlste the contributions from
different kinds of activity.




LINK 9 @R

Y

FP (1= 0,0,
1=1,1TAB

PRINT
PSIZE(® RETURN
FPD,1=1,1TAB

. Figure 3.3 Detailed flowchert for Subroutine PAM2,

24
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3.2 Fission Product Abundances.

3.2.1 Approach., Computation with the Bulemai equa-
tion requires the Tollowlng 1nputs:

Subchain lists
Disintegration constants
bBranching ratios
Figsion yleldr

= VLIS I

Overall program effi:lency dlctated a compromise
between rapid access to this information and conservation of
core storsge., The approach taken was based upon the principles
of the packed word end the stocked array, with maximum pre-
processing during Phase I of the FAM.

Figure 3.4 shows a typical example of branching in
& meso chain (mass 115). The numbers in the circles are
stomic rumbers, numbers along the arrows are branching ratios,
and the asterisks represent isomeric stotes.,

Figure 3.4 Exeample of complex mass rhain (mass 115).
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Each of the nine posaible paths from 43 to 50 con-
stltutes a subchain. PAM Phase I catalogs the subchains,
branching ratios, and disintegration constants, The master
table of fission products is the array NUCLID('700). Each
entry contains in packed form the identification of the
nuclide, a pointer to its daughter (similar to self-relative
addressing in an assembly program), and a counter for scann-
ing the branching ratio table, BRANCH(130), which is stacked.
The disintegration conatants are listed in the simple array
DC@PN(700), parallel to NUCLID,

) A word in NUCLID is subdivided into 12 bytes of
3 bits each; i.e., o byte represents one octal diglt. These
may be mumbered so:

Mass Isomeric Branching
Number State Designator

12 j11|10j9¢8i7t6]|5|L]|3]2]|1
\

tox;ic Da.ug‘ilter
Number Locators

The mass pumber is placed in bytes 10-12, the atomic number in
7-9, and the isomeric state indicator in byte 6. A fission
product may have branching decay to at most 3 daughters. Each
of bytes 3-5 references one of the duughters by the appropriate
increment to the array index. (If the array 1s properly ordered,
this increment cannot exceed 7.) At most one of these increments
can be resstive, whereupon byte 2 contains the appropriste byte
number., The array BPANCH is stacked so that it contains entries
only where there 1s more than one daughter, When NUCLID and
BRANCH are scanned together, byte 1 provides (indirectly) the
information for indexing BRANCH., Specifically, the index is
incremented by 4-n, where n is the contents of byte 1. The
beginning of each subchain is flagged with a mimus sign.

Precautions must bhe takan to prevent redundancy on
members of a subchain having more than one arrow entering or
leuving (see Figure 3.4). Two steps are taken, Each fission
yield [array YIEID(700) peraliel to NUCLID] is divided in
Fhase I by the mumber of entering arrows, During the decoding
process in Phase II, the leaving arrows are accounted for by
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accumulating the branching ratios from right to lef{ in each
gubchain.

The packed words in array NUCLID require a minimum
of 36 bits. However, the program operates separately on two
groups of 21 and 15 bits, respectlively. Consequently, the
program can be run on a machine having a word length as short
as 21 bits by splitting NUCLID into twe parallel arrays snd
suitably modifying the program. Adjustments may be necessary
elsewhnere in the program to release the additional 700 words
of core memory required,
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3.2,2 Subroutine SETUP (INTP. MAXMUL).

» Inputas:

Argument list Input tape CAMMEN/UTTLITY
INTP BRAT Kgur

DATN@ NFRNT(15)

DISPM

DMASS

- HLIFE

IXEP

: IURLY

PATNg

PISEM

s PMASS

Outputs:

Argument 1ist CAMEN/FISHIN/

@'-1 MAXMUL BRANCH({130)

; DC@N (700)

: IBRA

: INUC

: MAXNUC

MCLT (11)

. NUCLID(700)

Storage requirement (exclusive of CEMM@N): 135210, 2510
Calling progrsm: Subroutine PAM1, statement 50
Swroutines called: TIMSEC (DEIFIC function)

DUMP (Syatem subroutine)

Flowchart: Figures 3.5s through 3.5h

$ This subroutine reads data on the nuclear transitions
s of the fission products and edits them into the arrays BRANCH,
DCPN, and NUCLID described in Section 3.2,1. The sequence of
input records i3 inconsequential,
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The program begins with a series of initiniioations
Noteworthy among these is the array MULT(11), which is get up
80 that MULT(I) = 8%*I,

Statement 10 1s ihe return point for successive
reading of transition caras. Before each card is resd a check
is made to ensure that the dimensions of the principal arrayu
will not be exceeded. After each card is reed, the contents
are checked for validiiy. Bad cards are printed out ard
rejected, PMASS = O signals the end of the transition deck
and causges & transfer to Statement 200 for a second pass
through the stored data.

At Statement 1Y% the half-life is converted to a
disintegration constant in s™'. Then a note is msde if the
transition involves branching. The parent and daughter are
compared to ascertain the type of transition, which is coded
into KTYP,

At Statement 22 FMASS and PATNO are packed into
bytes 2-6 of NAMPAR, The next block of coding determines
what position the new muclide should occupy in the master
teble of fission products, NUCLID(700). The first nuclide
is immedistely shunted to the general scheme for adding an
entry to the bottom of the table.

NUCLID is to be ordered by (1) increasing mass
pumber, (2) increasing atomic mumber, (3) decreasing lscmer
nunber., In the first scrt loop (1103 NAMPAR 1s compared with
the most significent bytes of each entry in NUCLID, If a
point is found where the new muclide should be inserted, a
transfer 1s made ocut of the loop to Statement 121 or 131.
Normal exit from the loop (to Statement 111) indicates that
the new muclide is to be added at the bottom of the table,

At Statement 111 the contents of NAMFAR are transferred
to bytes 7-12 of the next cell of NUCLID; PISgM and KTYP are
stored in bytes 6 and 5, respectively; the branching designator
(byte 1) is initialized at 4 and ihe sign bit 1s set negative.
The disintegretion constant is compiled irto the parallel
table, DCON(200). 1If there is no branching, control is
immediately returned to Statement 10 to read another card. If
there is branching, there is first a detour to Statement 112,
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At Qtatement 112, BRAT 15 compiled inbo the slacked
array BRANCH(130)}. The branching designator (byte 1 of NUCLID)
is decremented by 1. This branching designator is used to
maintain correspondence between NUCLID and BRARCH, which are
not psrallel. Duiing passes through NUCLID there appear
statements of the general form,

KBR = KBR + 4 ~ MOD (NUC,MULT(1}),
to effect this bLookkeening.

If the new nmuclide is found on the hasis of mass
yumber and atomic nmumber aloneg to fall bhetween two entries in
NUCLID, control is transferred from loop 110 immediately to
Statement 131. NUCLID and DCON are opened for the insertion
in a straightforwerd mammer, and the cell of NUCLID is packed
a8 at Statement 112, Agailn the paths diverge on the existence
of branching. In the event of branching it may be necessary
to make an Insertion in BRANCH.

If the new muclide bas the same mass number and
stomic number ss an old entry, the transfer firom loop 110 is
to Statement 121 for a closer look. Isomeric states are now
compared in the neighborkood of the exit point from loop 110.
If an ildentical entry 1s not found, the point of imsertion is
determined and control is transferred to Statement 131, If
an identical entry exists, the new ruclide is not really new
but represents another branch in tue decay scheme, Tranifer is
then to Statement 141, Note: The five statements following
121 comprise the most intricate coding an this subroutine.

At Statement 141, checks ere made for duplication
and for agreement of the dlsintegration constants. If sll is
well, the new KIYP is inserted in the highest order available
byte, the branching designaetor is decresmented, and BRAT is
compiled into BRANCH,

After all the cards have been read, further processing
beging at Statement 200. Except for initializatiom, this
segment of the program consists of loop 250 through the nuclide
table, now properly ordered. For each entry we examine each
decay branch (if any) in turn. The disintegration constants
ol each parent-daughter pair are compared, If they are equal,
one of them 1s incremented by 10 to avold e singularity in
the Bsteman equation. The type of decay is decoded from KTYF,
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% and the packed name of the 4daughter is computed., A search is
then made in NUCLID for the daughter. When a dsughter is found,
its sign 18 set positive. (Thus at the end a negutive value of
NUCLID indicates the begimning of a subchain), XTYP is replaced
in 1ts byte by the absolute value of the difference between the
perent and daughter indices. If this difference 1s negative,

. the byte mumber is inserted as the value of byte 2.

e e e e e i bR e

The following restrictions are placed upon the data
set input to this program:

1. There must be no more than three decay branches.

2. In a properly ordered table the absclute difference
between parent and daughter indices muat not exceed 7.

3. There must be no more than one branch per nuclide
ylelding & daughter lylng akove the parent in the table,
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ENTER
FREM
PAM |

¥

INUC=0
ioRA=O
BRTEST =.0001
MAXBRA=130
MAXMUL=11 .
MAXNUC =700

SSIGN 30D TE IS9P
ASSIGN 1212 TZ 1ISFULY
TOL=l E~i5

lﬁsmw 23 TAASIST

Y

NUCLID () =0
DCEN(I) =0.0,
4 I:1, MAXNUC

? ] INITIALIZATIZN

BRANCH (J)=00,
J=i, MAXBRA

[

] ' MULT(1)=8
' K=2

3 y
MULT(K) = MULT{1)

i
: #MULT(K~1)
; K= K+

Figure 3.5a Detailed {lowchart for Subroutine SETUP,
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% " INUC

ARRAT FILLEL | 1
—]

r AMATARL 4

READ
PMASS , PISEIM,

PATNG  HUIFE |
WUNIT, TEXP,
BRAT, DMASS
DIS@M D

ATNE

EQ. . P IANTY I\J\.ID.
W T¢ 1SFULL J

PRINT
— INPUT
PRIEIT +{ RECERD
NUCLIDIT,
DCAN{T,
14, INUC

ASSIGN 3B
¢ 1sTdP

-

PRINT

QOO NPRNT(2) zno PMASS - | ERRER
\/ MESSAGE |

+ {13D1)

G

MaIRE INPUT ? Igruz 1308 PRINT

ERRER

MESSAGE

{1308)

LAMBDA 0.0
KTYP =0

M=4
AS3IGN 10 T IBRAT]
ASSIGN 10 T9 JBRAT]

STABLE NUCLIDE i
?

HLIFE

()

~ 0

/

Figure 3.5b
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Detalled flowchart for Subroutine SETUP,
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| KTYP=DIS@M+ | |

 crve-omsanss |

 KTYP=DIS@M+3

KTYP= €

| KTYP=7

—®

Figure 3.5¢

PRINT
ERRER
MESSAGE
{1301)

LAMBOA =.633147

/TIMSEC (HLIFE
JUNIT, TEXP)

W

ASSIGN. 112
JASSIGN 133

T¥ TBRAT
Tg JBRAT

——_

-~ ~

N+B™
e >

[Fore ]

PRINT
ERRER

MESSAGE

Detailed flaowchart for Subroutine SETUP.
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IBRA=IBRA +1

KST = KBR +1

KS=KST ¢ [3RA
K=KST

)

KK=KS =K
BRANCH(KK)=
BRANCH{KK 1)
K=K H

b K3IHRA

BRANCH({KBS)
= BRAT

‘ ag | assiGn 99
8 15TRP

PRINT

ERRPR
MESSAGE
(1302)

PRINT

ERRZR
MESSAGE

(1304)

P ——reed

a4 pariny HTARC
ABNEC VI eV

INUCLID(INDRMULT(1)
NDAUT = 4 -1M

= NDAUTHKTYP

NUCLID (IND)=

Figure 3,5e

NUCLID {IND)
~KTYPrMULTIIMN|

Detailed flowchart for Subroutline SETUP,
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b ey el
E4EH

?|

000

., * o R

KBR =0 [ NHK [
. FIRST= TRUEL.,
? I=1 ]
: O PRINT
. 201 ERRGR
: NBR=I MESSAGE

BRSUM=1.0

ASSIGN 204 —/(;b‘ i
;

—

= BRSUM=0.0
A ASSIGN 203
; T NGB

y NTIMES=0
‘ 1H4=5-y i
=.F, . J JCTYP=ITRUNG/ ML)
FIRST=FALSE. | [ eactc=noanm ITRUNC :MO{TTRUNC,
~DCON(I) MULT (IM)
. oo To
ABS(FACTC) NGD
i
i - |
274} w_l
DCEN(I-i) = DCBN(I-1) = KBR = KBR + |
) BRSUM= BRSUM
) DCONG -1+ TPL DCEN(T }+TRL +BRANCH (KBR)
- N 274 204
NAME=IABS (NUCLID (1)}
TTRUNC = M@D (NAME,
MULT(3))
ML=M@D(ITRUNC, MULT (1)
NEWNAM =s{NAME /MULT(5))
aMULT (5 +MI
NBR= 4 -MI

Figure 3,5f Detailed flowchart for Subrcutine 3SETUP,
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INCR=K-~1

~

1ABS(INCR}
GT.7T

~

PRINT
E]RRZR y
MESSAGE NEWNAM=NEWNAMH
{1306 LABS (ING RIWVALT{IM)

' 04
ASSIGN 99 INCR >¢T

¥ iSTRP

@, BRANCH(IZ),
@=1,18RA

228
; NEWNAM-NEWNAM+
1 TMeMULT {1)

ASSIGN 99
™ ISTEP

PRINT
ERRGR
MESSAGE

1307)

Figure 3.5h Detailed flow:bart for Subroutine SETUP.
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3.2.3 Subroutine YIEID (INTP, FISSID).

Imput:

Argument 1ist  CgMMgN/FISHIN/  CAMM@N/UTILITY/  Input tape

FISSID INUC KguT FISTYP
INTP MULT(11) NFRNT (15) FYIDIN
NUCLID (700) NAT
NMAS
NSTAT
OQutput:
CAMMPN/FISHIN/
ABEGN('700)

Storage requirement (exclusive of CEMM@N): 13008, 70ho
Calling program: PAM], Sequence 127

Flowcharts: Figure 3.6a through 3.6e

This subroutine reads the requested table of filssion
yields and stores it in the array ABEGN, parallel to NUCLID.
The entries in ABEGN are then asdjusted to prevent redundancy

in decay calculations for miclides that are members of moxe
than one subchain.

There are three sets of input cards (or card images
on tape) for this subrcutine. Each set consists of a header
card containing a list of fission types (FISTYP(6)), a series
of data cards containing miclide identifiers and the fission
yields (FYIDIN, atoms/10" fissions) in columns ordered in
accordance with the header card, and a blank termination card.
The entire deck is terminated by an additionasl blank card,

The program searches the deck for the header card
containing the fission type requested (FISSID). It then sets
the reading FPRMAT for the correct card column and reade the

data cards. For any entry in NUCLID for which no card appears,
the yleld is set to zero.

Lo




After ABFGN has been compiled, the subchalns are
examined by a simplified version of the procedurs used in
BATMAN, Each entry in ABEGN isg divided by the rmumber of
arrous (of Figure 2,4) untering the corresponding subchain
member,

It any usder has an application for the PAM requiring
an unmodified figsion-yleld table, alternete versions of SETUP,
YIEID, and EATMAN are available in which the redundancy problem
is handled in a different, but less efficient, menner.
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»{ 204
K=\ .
1  E—
g _ ____,(> FMT (3)= XSPEC
E Jd =1 T
: ‘ ) -
' FISTYP(K) ~NYES| - —— i
Lo Ynssm
b )
v NOI
T 50 203 READ
: NMAS NAT, i
- ABEGN(J)=-1.0 Kz K1 NSTAT, FYLDIN
5 dd=JaH .
' \ »
I" s
; ASSIGN 18 |
. YE 9 IFLAG :
. i JSINUC KS6 7 '
4 . , .
-~ N
| NG Ng P
#
ASSIGN 213 ;
: T@ IFLAG !
: ! E
£ I
y :
\ PRINT . 3
ERRER bl
’ MESSAGE

h,///f_—d

Figure 3.6a Detalled flowchart for Subroutine YIEILD.




NSTAT =0

]

NSTAT= |

YES PRINT
g ERR@R }
MESSAGE ;

i
;
3
|
x
:
‘
|
|
]
:
!
]
i
i

NAMC =NMAS % J\

MULY(4)4NAT % | -
MULT(II )+ NSTAT
= |

PRINT
ERRER
MESSAGE

ABEGNQ)
= FY?LDIN

ABEGN(T}
= FYLDIN

Figure 3.6b Detailed flowchart for Subroutine YTIEID,
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JSINUC
!
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KM=t

\

;

Y

Y100

MEM{KM}=0
KM = KM++1

N

~
YES «“KM=INUC >

r

NG

JL =G
NUC{l) = IN

LIM(LsuB) =4

Figure “.6¢ Detailed flowchart for Subrowtine YIELD,
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[%F=NUC (LsuB) |
IM > LIM( L3UB)
INFZ =MID{IAES
NUCLIDIKPILMULTTSS,
INFERMILSUBIIF

IEJ:E(INFQ |

MULT (IM+1H/
MULT (LM)

Figure 3.6d Detailed flowchart for Subruitine YTRID,

g0 (INFJ,
Ty Y i Ty —
., *IM
~U
4
Yai4
YES o« Lsun=dL > INC=-INC
7
MEM(KP) =
MEM(KPH1
*1?_-—
NDAUT=
KP+INCxID
LSUB=LSUB-+i ey
/ d ",
YES
N NUC (LSuB)=
LSuBs il > NOAUT

——E2sug k0 7
“~

-~

LLAST=LSUB+1
L=2

LOAGK=LAST - L_
JL=LBACK
IM=LIM (LBACK)

o
TLBACKEMULT i)
\NU(%T(N 4

45

LSUB = LBACK
LIM(LESUB) =
LIM(LSUB)-I
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ABEGN (KA} =
ABEGN(KA)/DIV

]

1

- y )
PRINT
ERRGR

MESSAGE

e

o
A

[ KA= KA+1
|
L

— YES KASINUC
™~
~

ND

(ETU"(N

Fipure 31.6c Detailed flowchm t for Subroutine Y1RID.
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3.2.4 Subroutine BATMAN,

s T WO L SETIR,

Input: i
CPMM@N/UTILITL C@CWN/FISHIN/ C@MMPIN/DECAY / |
Kouz ABEGN (700) 1Gp ;
NPRNT(15) BRANCH (130) XD@gs '
DCEN(700) TENTER i
IBRA TEXIT i
INUC TIME
; MAXNUC
: MULT(11)
NUCLID(700)
Outyut:
CAMMPy/FISHIN/
ABUND@(700) !
g
' Storage requirements (exclusive of C@M@N): 1217s, 6550 3
| Calling programs: FRATI@, Seguence 67 ?
2
GXPSR, Sequence 62 g
; MCHDEP, Sequence 76 3
b Flowcharts: Tigures 3.7a through 3.7c¢ '
t This subroutine evaluates the Batemsn equation for :
each fisslon product. A cholce of four outpute is controlied
by three input parsmeters as follows: ;
6 | o |xpgs E
Atoms/1C* fissions at TIMF F T F i
|
Dis 587*/10° fissions at TIME T T F |
Dis/10* fissions from TENTER to TEXIT T F T ‘
'
Dj 13/10ﬁ fisslons from TENTER to infinity T F ¥ l
|
Yy i
3
i
:
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After initialization the program enters the main
loop, which acans the NUCTID array. The sign of each entry
is examined, If it is positive, the index, IBR, for the
BRANCH array is adjusted amnd the scan continues. A negative
sign initiates subchain processing at Statement 1l1. Subchrly
members are indexed by LSUB, cross-referenced to the index
of NUCLID bty the array NUC.

Fach decay path (cf' Figure 3.7) siarting from this
:ntry in NUCLID iz considered in turn. The brenchling points
conatitute a hierarchy in which the one farthest to the right
vearles most rapldly and the one farthest to the left least
rapldly.

The Bateman equation 1s evaluated from each memberxr
of each subchain, The output is stored in the array ABUND@,
parallel to NUCLID., For details of the logic, the user
~hould examine the extensive comments in the FORTRAN listing.
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ENTER
FROM [
FRATTA, v

GXPSR @R / LB LBR+5IM
SBR(LSUB)=1.0 SBR{LSUB) =
BRANCH (LB)

MCHOEP

ABUND@(I) =00,

I=1,INUC
[BR=0
IN=1

10=MZO{INFY,
MULT (IM+1))/
MULT (TM)

0 KL= |

INC=-INC

!

‘ L5uB=I - T
fb LBR=1BR NDAUT=KPHINCHIO | KLokp
KBR (i}: LBR KNA=NDAUT -t
NUC(1)=IN ‘
i ‘

LBR=LHR+4-1ABS

M@D{NUCLID(K),

MULTUN), K=K, KDA
;
: ¥ T
E LIM{LSUB)= 4
! KBR(LSUB+1)=LBR

LSUB=LSUB + |

PRINT

~

LSUB.GT.1I EMRAR 499
) KP=NUC|LSUB} MESSAGE
AT (30
(NUCLID! P, MULT(S)
m;glmnsua):mm
B LSUB)-DCEN{ NUC (LSUB)=NDAUT

INFZEG.4

-~

Figure 3.7a Detailed flowchart for Suhroutine BATMAN.
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g
b
21 é’
,@ |
( 500 LSUB.EQ.| ?
, N - ']
3 Jo d i
——— NEl b
~SSIGN 23 T3 Log 7 3
| JL=0 '
4 SCA{LSUBI= 1.0 ] ;
¥ LAST 2 LSUB+] .
£ Ls2 TENTER = TIME :
Y !
LBACKZLAST-L S — ;
SCAILBACK)=) 0 EFAC(N) = i
XP{-SDCINWTENTER :
1 - !
N ]
i |
i LG¥ i
I |
: Bl  Jzutl
EFACIN)=EFACN) !
; [ ~EXPI-SDOANWTEXIT) ;
: FLAG= TRUE. l
[M=LIM | LBACK} } i
z-, i
8200 '
I=| - E
I N !
K MULT(I) )
MUL :
- :
i
JL:= LBACK f
ASSIGN 22 TO LGE !
‘ .
o, ::
59R * N =NUC() :
% © 1 SCA(LBACK+1) SCA[I=SCAW) e '
; L=L+| #ABEGN (JNJ
o
K SCA(LSUB)=0.0
I bl YES sz SN FLAGE FALSE. i
¥ -
{ =l
Figure 3.7b Detailed flowchart for Subroutine BATMAN,
i L 50
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CNIJ= 1.0
L=l

CNIJ=CNIJ#SDC(L)

FACTC = SDC(L)-
SDC(K)

ABST( FACTC)

ICNIJ=CNIJ/FAC_TC__—}<—

106

Q=CNIJ »SCAIL)
L #EFAC(K)

s

-

SOC(K}

RETLD-‘~—]

PRINT
@b—‘ NUCLIDQ),

[ a=associky |

!

150 <

IBR=[BR+4~
ME0{TABS(NUCLID
IN)}, MULT(L)

ABUND@(1),

LsSuB=JL
LIM{LSUB) =
LIM (LSUB)-)

Libn=KoH (LSUB)

NK=NUC (N)
ABUNDZ (NK)=
ABUND@(NK)+B

Figure 3.7c Detailed flowchart for Subroutine BATMAN.
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3.3 Fractionation.

3.3.1 Subroutine FRATI@ (SIDTMP, 'IMSD, MCHN).

Input:
Argument liat CHVMBN/SET3/ covmMgN/guTrRUT/
SIDTMP FMASS 2003 TTAB
T™MSD PSIZE (200

CAMMBN/FISHIN/ CAMMPN/UTILITY/

ABUND@(700) K@uT
INUC NERNT(15)
MULT(11)
NUCLID (700)
Output:
Argument list, CMMPN/FRY LING/ CAMMPN/DECAY /
MCHN BSUBK (90) 1G9
ECF(90)

D
XDgS
TIME

Storage requirement (exclusive of CAMM@N): 1035, Shlo

Calling program: PAM1l, Sequence 134
Subroutine called: BATMAN

Flowcharts: Figures 3.8a and 3.8b

Tris subroutine computes the parameters for the radial
distribution model. It first calls BATMAN to compute the atomic
abundance of each fission product at the time (IMSD) when the
cloud ccoled to the condensation temperature of the soil, The
boiling pcint (BPIL(LO)) of emch fission product is compared with
the solidificatiin tempersture (SIDTMP) of the soil. Then the
refractory fraction (FE(90)) of each mass chain is computed.

FRATI@ then conputes BSUBK(90) (b, -1 in Section 2.2)
and ECF(90) (E, in Section 2.2).
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Lo o] S

TIME = TMSD
160 = FALSE
JD = TRUE.
KO@S = FALSE
MAXCHN =90

FR} =00 1= MAXCHNS

CALL
BATMAN

MCHN=0
RFRC =00
CAN=0.0
LAST=1ABS({NUC
LID{YMULT (9)
N@TO = FALSE.
MB=1

RFRC=

NAME =1ABS(NUCLID)

MB))/MULT (6]
S5=NAME MUL
NAT-M@D{ NAME

MUILT(3))

275NAT 266

RFRC=0.0
CHN = 0.0
N@TO = FALSE.
g

RFRC+ ABUND

ABUND=0.G

CHN:=
CHN -+ ABUND

PRINT
ERRQR

| MESSAGE o

YES M. 1INUC

NO
FR {MCHN) =
RFRC/ CHN

Figure 3.8z Detailed flowchart for Subroutine FRATIO,
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NRRTETRS,

G‘)
I MCHN =MCHN ¢ i

A

NGTO .

1
5' F

S YL RN T TGRS BT T T SRS S

r FRIMCHN} =
' RFRC/CHN

7N PRINT

P
NPRHT(6) Dh—-28i 4 FR),
J=1 MCHN

N

s Gk et n m -

RETURN

F
18

L=l

160 =. TRUE.

-

[ BSUBKIL) =
SQRY(FRIL)) -1.0
POWER=BSUBKL)
SUM=0.0
M=

PRINT
K, BSUBK(K)
K=1 ,MCHN

L.*MCHN

i

120

SUM = SUM +
FMASS (M)
PSIZE (M

A

ECF(L}=10/5UN
Lal+l

Figure 3.8b Detailed flowchart for Subroutine FRATIO.
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3,3.2 Subroutine GXPSR,

Input:
CAMMAN/FISHIN/ CAMMON/FRY LING/ COMMON/UTI LITY
ABUND@(700) BSUBK(90) Kgur
ECF (90) NPRNT{15)
ERM §185 ;
JRM (185
KRM
CAMMON/PUTPUT CPMMPN/SETS 3/
FISNUM FMAssﬁzoog
ITAB PSIZE (200
Output:
cvM@n/gurrut/
FP(200)

Storage vequirement (excluaive of CAMM@N): 50ls, 32Lio
Calling program: PAMZ, Sequence T2
Subroutine called: BATMAN

¥lowchart: ¥Figure 3.9

Tris subroutine computes the distribution of total
fission-product activity with particle size., It first calls
BATMAN to obtain the activity of each fission product. The
activity, ABUND@, is then multiplied by the appropriate
exposure-rate multiplier, ERM, and summed :rer each mass chain,

Finally, Equation 2.27 1s evaluated and the result:
ia mltiplied by XRT. The mnemonics are related to the symbols
of Section 2.2 a8 follows:

BNEX, BSUBK(IC) By ~1

CRISS pb1-1

i e

-

il TR LI T TR




SR A Rl s 1 ]

ST Ll i Ly ] 330 T i,

gl SH

ECF (1C)
FISNUM
FMA4S (1D)
PSIZE (D)
RADIAL

STHAIT
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LC =
}.,, . —
P
-0 - WRTO Y
. i -
~a e
~. >//
S
R 12
. BNEX = BSUBK {LC)
CRISS = CRASS &% BNEX
RADIAL = ECF (LC}/{UNIT
4 + CRISS #For(LC)
. MAYM(H = 90 S1ALT = RADLAL % CRISS
MCH=0 TNEX = FISNUM xx RT {LE)
ﬁnrm 200,12} MAXMUCH s |
+ ond
FP(LD)=FP{.0}+(RADIAL
* PUIZE (LI)#%n BMER +
K =JRM(J) STRAIT ) & TNEX »
FMASS (LD)
J\ Y 40
e P . _
- \”‘\
MCH = MCH+ | 4”—-( ERMI) D= 1D+
L + i T
12 \
[ XRT [MCH)=
XRT (MCH} + _YES s
ABUNDO (K) % Lo=iTag >
ABS (EXJ))
. NO
i0 20
JzdHi LCsLC+]
. >
) gskam - YRS ’\ LC $MCH YES
NO \[’NO
FRIN T N
PSIZELL), e = X7 NPRNTOO)
! FE(L), P
1:1,ITAB e e
T 7N ]’?
L’/ —— RETURN/ -
—
gure 3,9 Detniled flowehart for Subroutine CXIUR,
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curies,

3:3.3 Hubra tine MOUDEDR,

Inputi:
CPMMIN/FISHIN/ CPMMBN/UTLLITY /
ABUNDA('700) Kgur
INIC WERND (15 )
MUTT(11)
NUCLID (700)
COMM@N/FRYLING/  C@M0ayN/DECAY/
BSUBK(90) TIME
ECF (50)
Cutput :
CEMMEN/ QUTPTT
FP(200)

Camgy/gureur/
FISNUM
ITAR
MASCHN

CPvMPN/SET3/

TMASS (200)
BSIZE (P00)

Storage requirement (exclusive of CEMM@N): 362s, 2Uijo

Calling program: PAM2, Sequence 81

Subroutine celled: BATMAN

Flowchart: Fignre 3,10

This subrout.ne compates the distribution of a single,

user-selected mass chain with particle size,
computed in & manner similar to that of GXPSR,

Two options are available.

i. TIME = O.D

Equation 2.27 is

In this cese the FP array is equivalent to F,(d,)

nf Section 2,2 for a single value of i.
is required.

2., TIME > 0,0

No decay calculgtion

In this cese the FP array represents activity in

58

The disintegration rate is obtained by calling BATVAN
is converted to curies per fission, end is multiplied by F, (dkj.
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TR AL el 2 e s i st el o

D1 A & s e e e £t e ot e £

SRR

UMTER
FR@M

nALaN
Hhe-Sees

TZER@=FALSE,
TMINUS = FALSE.
FMTA (31} = UNITC (1)
FMTA (12)= UNITC{2)
FMTB(IE) = UNITC(1)
FMTR(7) = UNITC(2)

iy

| TMINUS = TRUE.

[TZERD = TRUE.
ABNDM = 1,0
FISNUM=FISNUMx LE4
FMTAGN =UNITF (1)
FMTA(12)=UNITF(2)
FM1B(16)=UNITF(1)
FMTB(i7)=UNITF(2}

J\

FRINT

HEADING NPRNT (13)

—

T7ERG

(3
CALL
BATMAN

ABNOM=0,0
Kisl

I.h |

//“\.»\ - /‘\\\
o .
.—~—Y£S/|nsnm ~NC ot fm\\s-.
\\ - ™ ~ F
e ~
134

R |

T

DSR= (RADIAL =
PSIZE{LD)ua BNEX +
STRAIT)% ABNDM#«
FMASS(LD)

FPLO)=FP(LDY+NSR

LD=LO+I

-

(BNEX =
BSUBK{MASCHN-71)
CRISS *CRESS %2 ANEX
RADLAL = ECFIMASCHN~
THAUNIT +CRISS %
ECF(MASCHN -71))
STRALT =RADIALACRISS

AENDM = ABNOM&FISNUM
D=1

ABNDM:=

ABNDM/3.7EI0

KL< INUC

~

220

Ki=Ki+ |

4

1
ABNDM = ABNDM
+ABUND@ (K1)

Figure 3.10 Detailed flcawchart for Subroutine MCHDEP,
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PSIZE (L), FP L),
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L

2.2 b "mbhrmitdinae YTROM (TN’T‘D;\
i nhrouitina YIWM (INIDY,

o rcaiaig Eodlertbia, A R I3

Input: %

Argument 118t  CPMMEN/FISHIN/ CPMM@N/UTILITY/ Tnput tape

INTP INUC KOUT NAT .
MULT(11) NERNT (15 ) NMAS
NUCLID(700) NSTAT ;
XBM g
Output : 5
COMMPN/FRY LING/ i
ERMElBS)
JRM(185)
KRM

Storage requirement (exclusive of CPMMEN): 1152¢, 618,
Cnlling program: PAM1, Sequence 129
Subroutine called: UNPACK

Flowcharte: Figures 3.1la through 3,1le

This subroutine reeds a table of exposure-rate multi- !
pliers !%RM,_g/hr 3 feet above an infinite, plane source emitting
1dis 8 * cm ) and orders it by mass number, IFission products
for which no card appears are assigned zero multipliers,  The
multipliers are entered in array ERM(185), cross-indexed to NUCLID
by the array JRM(185). The first entry in ERM for each mass chain
is flagged with a minus sign.
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MAXERM = 181

1= ;

L ERM{1)=0.0 ' .
E NAME (1)=0.0
: JRM{1)=0.0
I=T+{

=
=
~—
AR ST ) KB A 5

frrme T o

[*MAXERM
?

s d WO TV

st G e

;

NAME (KRM)=
READ NMAS % MULTI4]+
A NAT % MULT{I) + NSTAT= 0
NS T NSTAT
NSTAT, XRM ERM(KRM) = XRM

4 Pﬂxhg . / ,
4 ERR@R 2
MESSAGE M3
i301)
L

PRINT
ERRPR
sTee MESSAGE
{1302}

e

Figure 3.11a Detailed flowchart for Subroutine XPRM,

KRM=KRM+ i
MS= NSTAT + 1

KRM.EQ.

MAXERM -
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Laasting

o

——
el AN

e

NUCNAM:=]ABS
(NUCLID(KN/
MULT(5)

LeLTY

i

NAML = NAME(L)
L=L+l

A{N PN

NUMAS =
NAML /MULTH)

T

X

NUMAS-LAST

-t 0 !

TEMPz ERMIL)

i2

TEMP=-ERM(L}

LAST = NUMAS

MB=L
M7 =T+l
LL = MB+MT

Figure 3.11b Detaj' & flowchart for Subroutine XTRM.
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i
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A ——— e e e

s JuEne Lt

e ALAGEIPLITLTIT S 0E T T b atter

ERM(MM-1)
NAME ( MM) =

NAME (MM-1)

M=h+Hi

h—¢

ERM&LT) TEMP
NAM
JRM (LT) K

K-H_

PRINT

PRINT
ERRER
MESSACE
e N0 smuc YEL{ &

b

KRM = LT -|

¢

l JRM (KRM)=K

ERM (KRM)=TEMP
NAME {KRM)= 0

{ RETURN F T -

PRINT
1,IA1Z,18,
JRMD, ERMII)

v HEADING

JR = JRMII)
NAM@ = 1ABS
{NUCLID(JR3)/
MULT (5)

4

CALL UNPACK
(1A,1Z, 1S, NAM@)

1

I=I ¢}

Mgure 3.,11c Detailed flowchart for Subroutine XPRM.
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3.4 Induced Activities.

3,4,1 Subroutine INDCDL (EMITN, HOB, KRD, TW),

Input s
Aprument, 1ist CEAMPIN/UTILITY / Input Tape
EMITN KoUT FAI(7,18)
HOB NPRNT (15) FM(185
XRD Fga(5,7,18)
™ n1§7,185
I8 §18)
KEV(7,18)
14(7,18)
IMAX
NA(7,18)
N5 (18)
RNY (5,7,18)
£1e1 (7,18)
51GISC(7,18)
Output:
CgMM@N/ INLUCE /
ALBFgM
FAC (7,18)
F@PGRNY (7 ,18)
158(18)
IMAX
X1AM(T,18)

Storsge requirement (exclusive of CEMMPN): 6145¢, 317310
Calling program: PAM1, Sequence 131
Subroutine called: TTMSEC

Flowcharts: Figures 3,12a through 3.12c

This subroutine und INDCDZ2 ure & modirication of the
program described by Jones (Reference 4)., The principal modifica-
tion was eliminaticn of the separate pass through the program
for weapon casing. The program was split into time-~dependent and
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=1

time-independent phases for greater efficiency. A new
variable, ALBF@M = AIB*FgM, was introduced to facilitate
communicntion with LNDCDZ,
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e S
ENTRY
AN
~. -

T

HPEILMT = 36.0
DALMY =20

i

READ  1.MAX

RS RO U (Rl My

' —'——‘—'l_"'__'

lMAX \———@'THRN

700\

I_._

RiZAD
NZ(L), 1S0(0),
FML), Lst, LMAX

s

T 1 M LS

1S = 1S@(L)

Y
//rﬁ' READ

NA(LL), KEV (1,L),
FAULLY, SIGI(T,L),
HLILL), LHLL),
SIGISC (I,L},
=1, 1s

Y103
L=L+!
’ |

YES Lsimax SN0 (g

N

Figure 3.12¢ Detailed flowchart for Bubroutine INDCDI.
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e LRAROMIELL . s

©

i S

o

L

//\\. 5

SIGS =0.0
SIGSSC =00
SFWMAX = 0.0
L=

o e e e et e o

SA{L)=0.0
1S =1SP(L)
1=1

|
1S = 1S@IL)
B
A
1=
— ]

KE = KEV(1,L)

s

N=I

READ
FPG(N,I,L)
RNY (t4, I, L)

KE

[ 104

I=

I+1

YES

I%1S

NO

Ls

L+!

L ILMAX
/

-
-

A(T,L) = NA(L,L)
SA(L) = SAlL) v
Al L)% FATIL L)
I=1+1

10

1=18

NO

SFWMAX =
SEWMAX + FM(L}
/SAW
L=L+)

" EMITN — | RETURN
Y 700
*\qu//’ ~
t

P‘-——————T

Yes |

Vigure 3.12b Detailed flowchart for Subroutine INDCDL.
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| sisgn I !
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. L
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Y ! :
N\ FECRNY (ILF 0.0 b
G HE < REV L) P
Nzl P
- i o
T i
L= FBCRNY (1) = i
= FBGRNY (L) +
FBGIN]LI%RNY(NJL ]
Nz=N+| ! )
i ] |
FAT(U)=FM (L]/ 210 i
{SA(L) % SFWMAX) i
SFANL=0.0 YES !
SFAISC(L)=C D NSKE > i
3 IS = IS@(L) . i
) 1=l Ng b
| e j
9 H
| FAC {LL)= FAT (L i
| SFAISC{L)=SFAISC(L) M FA(Pﬁi.)*smfu )u 5
' SFAL(L)=SFAT (! ) + Tivn :
FAT(LL ) SIGA (1L) T{',f}jLﬂHT({r,fgﬁ‘“L
| L e dSLE XLAM= 693 /HL(IL]
I=1+1
/mo
3 - 200
ves |
SIGSSC=SIGSSC + | NO
FAT (L)% SFAISC{L) '
SIGS = SIGS4+FAT (L)
#SFAI(L) i
be Lt LzL+| |
- 150
YES
. . YES 1
) :
!
L=
A
Figure 3.12¢c Deballed flowchar. for Subroutine INDCDI. i
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A
¢
3
L
e
£
3

TR

T e T

Ty

L

HSCL = H@B/ l

Wit M RIS
19 AN Vi IDRI I

275
l F@nz= | -HSCL /
SQRT(4.24 % HSCL 278
#+HSCL -234 . ALB =10
HSCL + 4225.) F@M=1.0 =l
b ———m 4 FgM=1.0
! > 286
e ALE =1.155#%
Fgh:= 0.0 5QRT (SIGS/
ALB=0.0 i(smssc+ SIGS))
T -l
287
ALGFEM = EMITM
#FUMx ALB» LE4

PRINT
LMAX, EMITH

_/~

Figure 3.12d Detalled flowchart for Subroutine INDCDI1.

70




YE
I35 LMAX O
PRINT
FRG{KLD)
RNY {K,1])
K=2,KE
1=1+1
605
- T -
=
=2 KE = KEV{J])
YES
N PRINT
- FBG(K,J I},
4= 4+l RNY(K.J:{)
Kz2,KE
Figure 3.12e Detailed flowchart for Subroutine INDCDI.
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PRINT
1,1s,Facti,l
XLAM{LT)KEVILY
FOG (1,11}
RNY (111)

KZ = KEV(J])

PRINT
FAC(J,1}

KLAMUJD) KE,
FOG (1)

RNY (L) 1)

i

.

R R PRI ok et T AT T
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3.4,2 Subroutine INDCDz.

Input:
CPMMPN/ INDUCE / COMMBN/UTTILITY / cgvMgn/gurruT/
"ALERgM KguT FISNUM
FAC(7,18) NPRNT (15) ITAB
FAGRNY (7,18)
13¢(18)

IMAX
X1AM(7,18)

CPMMPR /DECAY / CAMPN/ET3/
- JD FMASS (200)
Xpgs
TENTER
TEXIT
TIME
Cutput:
i CAaM@N/pUTRUT/

FP(200)

Storage requirement (exclusive of CEMMEN): 262g, 1780
Celling program: PAM2, Seguence 76
Flowchart: Figure 3.13

See Subroutine INDCD1l for discussion,




1S=1S@IL)
L=1

DLAM:=

-XLAM{LL)

DRI=-FAC(LL)x
DUAMSK FAGRNY(I,L)
HEXP{DLAMSTIME)

DRI = FAC{L,L}#
FEGRNY(IL)k EXP
DLAMKTENTER-O®)

{DLAMGTEXIT)

4

DRl FAC{ILIn
PGRNY(LLI%EXP
TENTER)

151S

NO
24

()
&r

i

SDRE=SDRE
+ DRL

I=I+

Lab+l

Figure 3.13 Detuiled flowchart for Subroutine INDCD2,

SDRE=SDRE»
ALBFEM»FISNUM
MA=|

126

FP(MA)= FP{MA)
SORE % FMASS(MA)
MA=MAS|

b

PRINT
SORE

THEwmer

ol LT,
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3,.4,3 Subroutine URAN,

Inpnt.:

'c¢m¢n/u'.r1mm / COMMBN/@UTPUT/  CENMPN/DECAY/  CEMMPN/SET3/

- Kgur FISNUM JD FMASS (200)
NFRNT (15) ITAB XDgS ‘
S - UNIER
TEXIT
TIME
Output:
CpMMpN/ guTrPUT/
FP(200)

Storage requirement (exclusive of CAMEN): 357a, 23910
Calling program: PAM2, Sequence Th
Flowchart: Figure 3,1k

20 This subroutine coumputes the activity of *>°U and

Np produced by capture of neutrons by P38y in the device.
It evaluates the equations for decay of a parent-daughter
palr in a straightforward.manner,
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PLAM=.693147
/(23.5480.)
DILAM = 693147
/156.0%3600.)
ATER@sCAPFISK .E4
w PLAM
GLMP =DLAM/
{DLAM-PLAM)
GLUMPAZERY
#GLMP

ABURAN=AZERZ » EXP
{-PLAMX TIME)
ABNEP =GLMP #ABURAN
-GLUMP #EXP(-OLAM
% TIME)

ABURAN=AZERQ@/PLAM

#(EXP(-PLAMKTENTER)

-EXPEPLAMKTEXIT))

ABNEP=GLMFxABURAN

-GLUMP&(EXP{-DLAM

®TENTER}-EXP(-OLAM
% TEXIT})/OLAM

4

ABURAN = AZER@/PLAM
#EXP(-PLAM#TENTER)
ABNEP=GLMPAABURAN
~GUMMP/DLAMK EXP
{(-DLAM#TENTER)

N
\1J

ANEP=(ABURAN

327E-6+ABNEP

9B6E-6)xFISNUM
Jzl

FPW) = FP)+
ANEP # FMAS5(J)
J=d+1

NPRNT(12}

Figure 3.14 Detailed flowchart for Subroutine URAN,
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4.5 Ut1lity Frogrems.

'2,5.1 Funotion TIMSEC (TIME TUNIT, IEXP),

Input is the argument 1list
Btorage requirement: 113s, 7510
Calling programs:

pEedl, Scquencc 170
INDCD1l, Sequence 125
LINK9, Sequence 170, 171

This function converts time in various units to
seconds, The input is

TEX

TIME x 10 P in units coded

in TUNIT as follows:

1 seconds
2 mimutes
3 hours
Hl days

5 years




3.5.2 Subroutine UNPACK (IA, IZ, IS, NAME),

-

nput:

_—_— [

TS , ko

:

Do Output:
IA

. I3 :
1z '

: Storage requirement: 67a, 5510

Calling programs:

YIELD, Sequence 98
XM, Sequence G0
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L. 7ISER INFORMATION

4,1 Input,

The PAM normally ohtains date from three sources:
(1) the other modules of DELFIC via argument 1ist and CEMMEN,
(2) input cards, (3) mcgnetic tape (optionally replaced by
cards). The firat source comprises the following variables:

FISNUM iumber of fissions/10°
FMASS (200) Mass fraction in gize clasc
W . Fission yleld, kt

HOB Height of burst, Tt

IP¢UT Logical tape number

ISIN Iogical tape number

IsSguT Logical tape number

ITAB Fupher of particle-size classes
JD Control peremeter

JGg Control parameter

KD@s Control parameter

MASCHN User~requested mess chain
PSIZE (200) Midpoint of size class, @
SIGMA Not used

SIGMAS Not used

SLDTMP Velting point of soil, °K
TENTER User-requested time, 8
TEXIT User-requested time, s
TIME User-requested tima, 8
™SD Time of soll condensation, 8
™ Total yield, kt

The input to PAM from sources 2 and 3 2an be categorized
into three classes (1) specific (to the computer run), (2) invariant,
(3) quasi-invariant. The specific data are always on cards. Classes
2 and 3 are normally on mugnetic tape, but either one or both caa be
on cards. The invariant data are the fission-product-tables, the
exporure-rate miltipliers, and the fission-yield tebles. The soll
composition 18 classifiod as quasi-invarient because only one set
(Nevada Test Site) now exists. However, additional soil types may
become available in the future.

Figure 4.1 shows the flow of input cards to the FAM. The

squares represent card decks described on the pages following. The
invariant and quasi-inveriant data are Aescribed in the Appendix.

70

A R e Y VISPUSHINISIDURINSTSRAP .




R S P LI N O

NO

NO .

IFTAPE (4)

TRUE ond

2
Is IFTAPE (I}

ISIN=5 ?

IYES
Is
IFTAPE (2)

TRUE ?

T P SN T T S

P T S LT NI

PR T

N A IR

Figure 4,1 Input flowchart.
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Card tiequence Mnemonic Format

l 1 PAMID(J), J=1,12 1246
2 IFTAPE(J), J=1,10 1011

f 3 NIT®T (3), J=1,15 1511

- e s St o e T i T A AR e L ot R P T e i 8 A S A A O D e e e e 0 o B

- PAMID(J) : Arbitrary 72 character particle activity medule
identifier.

IFTAPE(J) : File control parameters’.
IFTAPE (1) : If FAISE, INTP = ISIN.

If TRUE and ISIN = 5,INTD = 12.
TRUE and ISIN # 5,INTP = 5.
IFTATE(2) : If FAISE, KRD = ISIN

TRUE , KRD = INTP

{ on the grounded particles file (logical 9). Be
sare 9 has ring in,

IFTAPE(4) : If TRUE, the PAM expects restarn informstion on
logical. 9.

AR WSRO AT
i~ =~
5 (-]

NERNT(J) : Printout Control Parameters. See Table k4.1

Deck 1 is read by subroutine PAML.
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1

Cord Sequence Mnemonic Format :

- 1 CAPFIS, EMITN 2F10.3 !

2 FISSID A6
CATFIS : Capture-to-fission ratio.

E EMI™ : Nuwber of neutrons emitted per fission.

% FISSID : Type of fission (See DASA~1800-V),

f} Dack 2 is read by subrcutine PAML. }
|
i
i} 3
i Card Segquence Mnermonic Format
E . Thia option sllows the invariant PAM data (on distrib-

uted Reel B) to be resd into the program on cards. For a detailed i

description of the duta deck required for this option see the ' :

R Arpendix. . -
' N
¥
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b2

communicated to the Qutiput Processor by C@MMEN/PUTFPUT/. The
units of F? may be any of four, depending upon user option.

multiplied by the mass fraction per unit area (m ) at each

grid point.

can be obtained from

wliere

3, = number of particle-size classes,

and

Printed cutput ls controlled by the array NFRNT. The efZect of
setting each entry .TRUE, is shown in Table L.1

Output.
The primary output of the PAM is the array FP(200),

1. Rm.h
2, R.m )
3. Ci

4., equivalent fissions.
In 44e Cutput Processor (Subroutine CAIC), FP is

The so-called normalization factor, K, (R.mi®.kt™.n™)

= 3.861 x 10~ -@%L—’l%-

?

Wy = fission yield in kilotons,

FP is obtained from option 1 abuve.




TABLE 4.1

PAM Printout Contrel

Index of Subroutine
Array NPRNT Invelved

Printout Resulting from
TRUE Value :

w

=N O\

10

12

13

N
15

SETUP
SETUP
SETUP

YIEDD
XPRM
¥RATIC
FRATIC
INDCDL

BATHAN

GXPSR
. INDCD2

URAN

 Refractory Fractions (FR)

- Part Size (Warriing - See 97

Transition Cards (Warning-
Produces some 700 pages)

Intermediste Form of Nuclide
Table (Octal)

Final Form of Nuclide Tamhle
(Cctal)

Fission Yield Table
Exposure Rate Mizltipliers

Square Root of FR (BSUBK)

Information Stored for Use by
INDCD2 ' '

Muclide Abundances (Warning =
This option combined with JD =
FAISE will bury you in paper)

Fission Product Activity va

Induced Activity (Scil) va
Part Size (Warnirg - See 9)

Induced Activity . (Mass 239; vs
Part Size (Wurning - See 9

Selected Mass Chain Activity vs
Pexrt Size

SPARE

Total. Activity vs Part Size
(Warning - See 9)
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FORTRAN LISTINGS
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i
? v
SIRFTC BAT: LIST,BECK,M94/2 BAil 0 B
SUBROUTINE BATMAN BAT1 1
c VERSION 1 BATL 2
c R C TOMPKINS == US ARMY NUCLEAR DEFENSE LABS BAT1 3 ;o
c AUGUST 1986 BATL 4 |
c THIS VERSION REPLACES SUBROUTINES INGEN, BATMAN, DECAY, AND DOSE OF BAT1 - B
c THE INITIAL VERSION OF DELF{C BATY & -
¢ BAT1 7 e
c BAT1 a
c THE FUNCTION OF THIS SUBROUTINE !S YO COMPUTE RADJOACTIVE DECAY BAT1 9
c CHAINS BY MEANS OF THE BATEMAN EQUAYION BAT1 10
CALLED 8Y FRATIO, GXPSR: AMD MCHDEP BAT1 11
- [» BAT1 12
C * » # &« =« « ® &« % QGUOSSARY % + & =+ e & & & + & & 8ATY 13
c ABEGN{700] INIT1AL FISSION PRODUCT ABUNDANCES IN ATOMS/30060 BAT1 14
c FISSIONS (PARALLEL TO NUCLID) BAT1 138
c ABUNDO({700) FISSI0N PRODUCT ABUNDANCES PER 10000 FISSIONS BAT1 16
c ATOHS AT TMSD IN FRAT]O 8AT1 17
c DISINTEGRATIONS/SEC AT TIHE [UDwmyi) BAT1 18
c DISINTEGRATIONS FROM TENTER TO TEXIT BAT1 19
C OR EINFINITY (JD=2] BAT1L 20
C Bl15¢ CONTRIBUTION OF ONE SUBCHAIN TO ABUNDO BATYL 21
c CNIJI[680) BATEMAN COEFFYCIENTS FOR ONE SUBCHAIN BATYL 22
c 18R COUNTER YO KEEP PLACE IN BRANCGHING RATIO TABLE WHILE BAT1 23
c SCANNING MUCLIDE TABLE BAT1 24
C 1F16Go ASSIGNSD GOTO PARAMETER CORRESPCNDING TO IGO0 BAT1 25
c IFJD ASSIGNED GOTO PARAMETER CORRESPONDING YO JD BATL 26
c 160 (LOGICAL] TRUE GJVES ACTIVITY. BAT1 27
C FALSE GIVES ATOMIC ARUNDANCES B8AT1 28
C INFORM{11) TABLE OF DAUGHTER RETRIEVAL INFORMATION FOR EACH BATiL 29
c : MEMBER OF A SUBCHAIN, OBTAINED BY TRUNCATING NUCLID BAT1 30
c FROM THE LEFT BAT1 31
C JD {LOGICAL) TRUE CCMPUTES EXPOSVRE RATE, BAT1L 32
c FALSE COMPUTES DOSE 8ri1 33
c KDOS [LOGICAL) TRUE COMPUTES DOSE FROM TENTER TO TEXIY, "BAT1 34
c FALSE COMPUTES DOSE FROM TENTER TO INFINITY BATL 35
c KF JD SEE 1FJD BATL 36
C LimiLel 3UBCHAIN TABLE OF INDICES FOR MULT TO FIND CURRENT AT 37
C BRANCHING PATH BAT1 Je
c LSy COUNTER FOR SUBCHAIN MEMBERS BAT1L 39 :
c Nuci1y) CROSS REFERENOE OF SUBCHAIM MEMBERS TG INDEX IN NUCLIDBAT1I 40 i
¢ SBri1l) SUBCHAIN BRANOHIMG RATIOS BATL 41
c SCAl15) FISSION YIELDS OF SUECHAIN MEMNBERS BAT1 42
c shci15) DISINTEGRATION CONSTANTS OF SUBCHAIN MEMBERS BAT1 43
C TENTER ENTRyY TIME (SEC) FOR DOSE CALGULATION NITH JUD = FALSE BAT1 44
c TEXIT EXIT TIME (SEC) FOR DOSE CALCWLATION BATL 45
c WITH JD = FALSE, KDOS = TRUE 8AT1 46
c TIME TINE (SEC) AT WHICH EXPOSURE RATE OR MASS CHAIN BATY 47
c DEPOSITE IS CALCULAYED NiTH JD = TRUE BATYL 43
.C ) - , , BATL 49
H &
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sCAPFIS
+ MAXNUC

+ TENTER

» KRM LECF190]

{111 ,SBR 111}

c
COMMON/DUTPUT/ ,
2 »MASCHN ,SIGMAS
"~ COMMONZUTILTY/
1 KOUT SHPRNT 135
COMMON/ INDUCE/
1 ALBFOM FAC 17,18),FOGRNY!7,181,+180 {18}
2 sLMAX SXLAMN {7.:16)
COMMON/FISHIN/
1 ABESN [700) ,ABUNDOI(760] »BRANCH{130)
2 sDCON [700) ,IBRA » INUC
3 LHULT 114) ,NUCLIDI7801]
C
COMMON/DECAY/
1 160 +JD +XDOS
2 STEXIV « TINE
t
COMMUON/FRYLNG/
1 BSUBK (907 LERM  [185) .JRM {1851
COMMON/SEY 3/DUMNY(3753)
DIMENSION EFAC (11) .KBR  [11)
1 LJINFORMI11) »LIM  (11) .NUC
2 »SCA  [11)} SDC  i11)
LOGICAL JD;KDOS,1GO0,FLAG,NPRNT
t

CC SET INITIAL VALUES
DO 1 1 = 1,INUC
1 ABUNDOI!) = 0,9
18R = 0

C
CC BEGIN MAIN LOGP THRCUGH THE NUCLIDE TABLE

10 DO 500 IN ® 1.INUC
IF INUCLIDIIN]111,500,499

MEMBERSHIP COUNTER
11 LSUB = 1
BRANCHING RATIO COUNTER
LBR = IBR
KSRI17 = LBR
c STARTING INDEX

(2] aao (¢ (2}

SET PARAMETERS FOR DEGINNING OF A SUBCHAIN

FIND THE NEXT NUCLIDE THAT BEGINS A SUBCHAINM

BATY
BATYL

BAtL
BATL
BATY
BATL
BATYL
BATL
BAT1
BATL
BATY
BATL
BATL
BATL
BATYL
BATL
BATL
BATL
BATi
BAT1
BATH
BATL
BATYL
BATY
BAT1
BAT1
BATL
BAT1
BATY
BATY
BAT1
BATY1
BATL
BAT1
BATY
8AT1
BAYL
BAT1
BAT1
B8AT1
BATY
BAT1
BAT1
BATY
BATY
BAT1
BATY
BATL
BATL

80
%51
L3
53
54
35
56
57
8
9
60
61
62
63
64

65 -

66
&7
68
69
70
71
72
73
74
75
76
77
78
79
a0
81
82
83
a4
a5
86
87
88
8¢
90
91
92
3
94
95
96
97
98




4
|
NUCILY = IN BAT1 99
12 LIMILSUB) = 4 BAT1 100
C PROCESS A SUBCHAIN MEMBER BAT1 101
13 KP = NUCILSUR) . 8AT1 102
i e LiriL5UB) PATL iU
INFO = MOD{IABSINUCLIDIKPY ), MULT{S}! BAT1 104
JNFORMILSUB) = INFO BAT1 105
iNG B8 i : GATL ide
i € SEY UP SUBCHAIN DISINTEGRAT{ON CONSTANTS BAYT1 107
SDCILSUB] = DCONIKP) BATL 108
CRECK FOR END OF SUBCHAIN . : BAT1 109
IF [INFO.EQ.4) GO YO 21 BAT1 110
CHECK FOR BRANCHING . BATL 111
- IF (MODIINFO,MULTI1)).LT.4} GO TO 14 BATL 112
ﬁ SBRILSUB] = 1.0 BAT1 113
G0 1O 5 : BAT1 114
C SET UP SUBCHAIN BRANCHING RATIOS BAT1 115
14 LB = LBR + 5 - INM ' BAT1 116 °
SBRILSUB) = GRANCH(LBI B8AT1 117
€ EXTRACT THE DAUGHTER INCREMENT BAT1 118
15 1D = MODEINFO.NULTIIHaL3IZRULTI N HAT1 119
C SEE IF THIS INCREMENT SHOULD BE NECATIVE BAT1 120
IF IMODLINFG,MULTI2))/MULT(11.EQ,INIGO TO 16 BATL 121
C SET PARAMETER TO LOOK AHEAD FOR BRANCHING RATIO OF DAUGHTER BAT1 122
Ki = KP BAT1 123
G0 To 17 BAT1 124
C SET PARAMETER TO LONK BEHIND FOR BRANCHING RATIO OF DAUGHTER BAT1 125
16 KI = 1 BAT1 12¢
LBR = 0 BAT1 127
INC = «INC BAT1 128
. COMPUTE DAUGHTER INDEX BATL 129
, 17 NDAUT = KP « INCelID 8AT1 130
g KDA = NDAUT - 1 BAT1 131
_ C STEP THROUGH THE NUCLIDE TABLE To ESTABLISH THE CORRECT INDEX FOR BAT1 132
C THE BRANCHING RATIO OF THE DAUGHTER BAT1 133
DO 20 K = KI,KDA ' BAT1 134
F 20 LBR 2 LBR + 4 ~ [ABS{MODINUCLIDIK]),MULT{L1]] : _ BAT1 135
‘ XBRILSUB+1) = LBR BAT1 136
c - BAT1 137
€  ACCEPT THE DAUGHTER FOR MEMBERSHIP IN THE SMBCHKAIN AND RECYCLE BAT1 138
LSUB = LSUB + i BAT1 139
4 1F [LSUB.GT.11) &0 TO 1304 BAT1 140
5 NUCILSUBY = NDAUY BAT1 141
L 60 10 i2 BAT1 142
C : BAT1 143
CC A SUBCHAIN HAS NOW DEEN SET UP AND CAN BE STUDIED [N TOTO BAT1 144
C  ELIMINATE UN]-MEMBERED SUBGHAIN BAT1 145
21 IF |LSUB.EQ.1} GG YO 500 BAT1 146
€ RUN BACK THROUSH THE SUBCHAIN TO ACCUMULATE BRANCHING RAT1OS BAT1 147
ASSIGN 23 T0 LGO BAT1 148
JL D BAT1 $49
SCA(LSUB] = 1,0 , BAT1 150
LAST = LSUB + 1 -BATY 151
DO 22 L = 2,L5UB BAT1 15%2
LBACK = LAST = L BATL 153
SCAILBACK) = 1.0 . BATY 154
G0 T0 LBO0,122,23) BATL 153
C FIND THE LAST BRANCK IN THE SUBCHAIN _ BAT1 156
23 M ® LIMILBACK] BAT1 157
IF IMOD(INFORMILBACK) sMULTLIMII/HULT(IM=1})22,22,24 BAT1 158
89
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24 Jl. = LEACK
AGSIGN 22 T0 L60O

22 SCAULLBACK) = SBR{LBACK)~SCA[LBACK+1)
SCA(LSUEB) = (,0

CORRECY FISSION YIELDS FOR BRANCHING

TLAU = JTALSE.

DO 25 4 =« 1,LSUB

JN = MUCIJ!

SCAILT & SCATJIv BEGNIJN

IF IFLAG) GO TO 25

"C MAKE A NOTE IF AT LEAST ONE VALUE OF SCA IS NONTRIVIAL

IF [SCALJ}Y25,:é5,.27
27 FLAG = ,TRUE.
25 SONTINUE

OMIT COMPUT/ TIONS FOR TRIVIAL SUBIHAIN
IF [.NOT.FLAG) GO TO 30

C THE CENTRAL CCMPUTATIONS BEGIN AT THIS POINT

aQaaon a0

pn 240 fo~ 1,808
COMPUTE EXPONENTIALS BEFORE ENTERING [NNER LOOFS
1IF [JD) TENTEM s TIME
EFACIN! = EXP(-SDCIN)*TENTER]
IF (KEOSI EFACIN]) = EFACIN) - EXPL-~SDCIN)#TEX1T]
g = 0.0

DO 15u I = 1,N
DO 150 K = [,

c
COMPUTE BATEMAN COEFFICIENTS
CNIJ = 1,0
U0 106 L = I,N
IF INSGT.LY CNIJ = CNIJ#SBCIL)
IF (LYEQ,.X) GD TO 106
FACTC = SDCIL) = SDCIK]
1IF (ABSIFACTC).LT.1.E~15) FACTC = SIGNI(1.E-15,FACTC)
CN:J = CNIJ/FACTC
10¢& CONTINUE
COMPUTE BATEMAN EQUATION. BRANCH T0 109 FOR INTEGRATED FORM
C
0 = CNIJeSCALI)*EFACIK)
1F {JD) GO TO 150
C PREVENT DIVIDE CHECK ERROR
IF (SDCIK)}¥150,1%0,110
110 @ = Q0/SDCIK]
150 6 = B8 + 0
C STORE RESULTS IN ABUNDANCE TA3LE
1IF (81200,200.151
151 IF {[1G0o} 8 = B+SDCIN]
NK = NUCIN)
ABUNDOEINK] = ABUNDO(NK] =+ B
200 CONTJNUE

(2 K]

SET UP A NEW SUBCHAIN STARTING FROM DEEPEST UNEXPLORED BRANCH
30 IF 1JL150G,499,31
31 LSuB = JL

LIMILSUB) = LIMILSUB) -1

LBR = KBR{LSUB)

G0 To 13

8AT1
BAT1
8T
BAT:
8AT1
BAT1
BAT1
BATL
BAT1
BATYL
BAT1
BATY
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
gAT1
BAT1
BATH
BATY
BAT1
BAT1
BAT1H
BATY
BAT1
BAT1
BATY
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT)
BAT1
BAT1
BAT1
BAT1
OAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BATY
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1
BAT1

159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
17%
176 -
177
178
179
i80
181
182
183
184
185
186
187
138
189
190
1914
192
193
1354
195
196
197
198
199
200
201
202
203
204
205
206
207
218
209
210
211
212
213
214
215
216
217
21




el T ——

Ty

[ N ir]

1301 WRITE (KOUT,1351) NUCLIDIIN)
c
¢ STEP UP BRANCH CBUNTER [N MAIN .LOOP

499 18R = IBR + 4 -~ MOD[IABSINUCLIDUINI},MULTI(1))

500 CONTINUE

lz 6:?RNT[9!) WRITE (KOUTs1000) [NLCLIDUI).,ABUNDOI1),I=4,INUC)
RETURN
1000 FORMAT [17HLOUTPUT OF BATMAN//B8X6HNUCLID11X6HABUNDD/
1 (5%01.2,5%xiPE12,4))
1354 FSRHAT (25HOSUBCHAIN BEGINNING WITH 012,8W TOO BIG!
END

SIBFTC VIMSEX LIST,DECK,M94/2
c FTIMSEC = 3/686 = TOMPKINS

¢
] FUNCTION TIMSEC {TIME, IUN¥T, IEXP)
60 70 [1,2,3,4,5).IUNIT
c
1 SCALE = 1.0
G0 T0 6
2 SCALE = 60¢0
G0 T0 & '
3 SCALE = 3.6E3 T
30 T0 6
4 SCALT = 8.64E4
60 T0 6
5 SCALE = 8,64E4¢365,25
¢
6 TIMSEC * TIME+SCALE#10.**JEXP
RETURN
END
SIBFTC UNPAX  LIST,DECK,M94/2
C. SRUNPACK = 3/66 - MEREDITM
e

SUBROUTINE UNPACK
1 t1A,12,15,NAKE]

BATY
BAT1
BATYL
BAT1
BATL
BATL
BAT1
BAT1
BAT1
BAT1
AATL
BATL
BAT1
TIHS
TIMS
Tin8
TINS
T1HS
TIMS
TIMNS
TIMS
TING
TIHS
T1MS
TInS
LALE)
T1ns
TiMS
1IMS
TInS
AL H]
TIMS
.TIn§
UNPA
UNPA
UNPA
UNPA
UNPA
UNPA
+ UKPA&
UNPA
UNPA
UNPA
UNPA
UNFA
UNPA
UNPA
UNPA

UNPA -

219
220
221
222
223
224
225
226
227

228 .

229

~ R
oA G
- o

VONCNDGEN D

TS B b b b BB pA b A
CO®NOMALN -

OOV NAE LN S

o

c
JX = 8
JY ¢ 49096
c
1A = NAME/JY
12 ® INAME = 1A*JY]/JX
1S = MOD INAME,JX)
[
10 RETURN
) END
9l
e _ [ — -si‘




SIBTTS PARiST  LISTsUECR.RFS/E FARAL v
SUBROUTINE PAML PAML i

1 (HOD +SLDTHP , THSD e TH FAML 2

£ s T30 N SISUUT S IPOUT JBiGHA | FAFL K]

c . PAM1 4
c R C TOMPKINS == US ARMY NUCLEAR DEFENSE LABS PAM1 5
c OCTOBER 196é¢ PAML 6
c PAML 7
c EXECUTIVE PROGRAM FOR TIME=yMDEPENDENT PART OF PARTICLE~ACTIVITY PAM1 8
Cc HODULE PAM] 9
CALLED By LINX8 PAM1 10
CALLS SSTUPY YIELD, XPRM, INDCD1, AND FRATIO ' PAML 11
C PAML 1?2
. C * w2 # « o o ¢ 0w o « o GLOSSARY # % & » & ¢ # @& PAML 13
. c ’ PAMYL 14
‘ C CAPF 13 CAPTURE-TO-FISSION RATIO PAH1 15
: C EMITN NUMBER UF NEUTRONS EMITTED PER FI!SSION CAML 16
c FISSID S1X CHARACTER JDENTIFIER OF FISSION TYPE PAM1 17
c IFTAPEI10) LOGICAL ARRAY TO CONTROL FILE MANIFULATION PAM1 18
c {1) TYRUE =~ SET INTP NOT EQUAL TO ISIN PAML 19
C FALSE - SET INTP = ISIN PAML 20
c {2) TRUE - SET KRD = [NTP PAM1 21
c FALSE = SET KRD = ISIN PAM1 22
C {3} TRUE - HWRITE FILE IPAM PAML 23
G (4] TRUE = READ FILE IPANK INTC MEMORY AND RETURH PAML 24
c {5-3.0] SPARES PAML 25
c 1PAM BINARY FILE OF PAM1I OUTPUT FCR RESTARTS PAML 26
c ISIN INPUT FILE 160D) USED BY OVHER DELFIC MODULES PAML 27
c Koyuv BCD FILE OF PAM OUYPUT FOR PERIPHERAL PRINTING PAM1 28
c KRB INPUT FILE (BCD) CONTAIMNING SOIL PARAMETERS : PAML 29
c NPRNT!(20) LOGICAL ARRAY Y0 CONTRCL WRIT{NG OF XOUT, TRUE = WRITEPAML 30
c (1) SETUP - TRANSITION CARDS (WARNING - PRODUCES SOMEPAM1 3t
c 700 BAGES) . PAML 32
c {21 SETUP =~ §NYERMEDI!ATE FORN OF NUCLIDE TABLE (OCTALPAM1I 33
c (3] SETUP = FINAL FORM OF NUGLIDE TABLE [OCTAL] PAML 34
(v {4) VYIELD - RISSION YIELD TABLE PAML 35
C [5) XPRM = EXPOSURE RATE MULYIPLIERS PAML 36
c {6) FRATIO = REFRACTYORY FRACTIONS (FRI PAML 37
c t7) FRATID - SQUARE ROOT OF FR (BSUBK} PAML 3B
Cc (B8) INDCDi ~ INFORMATIOM STOREP FOR USE BY INDCD2 FAM1 39
c (9) BATMAN - NUCLIDE ABUNDANGES [WARNING - THIS FAKML 40
Cc OPTION COMPINED WITH JD = FALSE WILL BURY YOU PAML A1
c IN PAPERY PAM1L 42
c 40} GXPSR - B1SSION PRODUCT ACTIVITY VS PARY SIZE PAHL 43
c [WARNING - SEE (9]) PAML &3
c t{11) INDCD2 = INDUCED ACTIVITY (SOJL) vS PARY S]ZE PAML 45
Cc [WARNING - SEE (91} PAMY 46
C {12) URAN = INDUGED ACTIVIYY | 9 2391 VS PART SI2E PAM1 47
c [WARNING - SEFE [9') PAML 48
c {13) MCHDEP = SELECTED M4 ~ CHAIN ACTIVIY VS PART SIZEPAML 49
c {141 SPARE PAML S0
c 145) PAN2 « TOTAL ACTIVITY VS PART SIZE IWARNING-SEE 9PAM1 53
c {16-20) SPARES PAML 52
c PAMIDI12) RYUN {DENTIFICATION FOR PARTICLE=-ACTIVITY HOGULE PAML 53

92




i g e e

C & & a » » [ ] * * 1 * - & ] - L] w PAMY
C PRM1L
COMMON/F ISHIN/ PAM]L

i ABEGN (7007 ,ABUNDO(7800] »BRANCHI130) »CAPFI1S PANL

2 +DCON  {(700) ,IBRA + INUC +HAXHUC PAMY

3 +JMULY  {11) ,NUCLIDLTOO] PAM1
COMMON/EINDUCE/ bius

1 ALBFOM sFAC [7+181,FOGRNY!7,18}),180 {18} PAML

2 sLMAX JXLAN  (7418) PAM1
COMHON/ZUTILYY/ PAmy

1 ¥ouvy +NPRNT ([15) . PAML
COMMON/FRYLNG/ PAMY

1 BSUBK (90} LERM (185) .JRM 1185) »KRM »ECFi90) PAML
COMMON/DUTPUT/ PAMY

1 FISNUM FP £500) »FH +ITAB »JBO PAMYL

2 s MASCHN + S51GMAS PAM1
DIMENSION PAMY

1 PAMID (112} PAM1
LOGICAL PAMY

i NPRNT SIFTAPEILD) PAM1

c PANL
A R I I I L I e e T L S T L A DR T T Y - F Y L
c PAML
1 FORMAT [12A6/10L1/20L1) PAMY

2 FORMAT (2F10.3/A6! PAM1

3 FORMAT [1H1/7/51X10He & » « 2 & « & & «//742%X401HT H E DEP AR PAML
ITMENT 6 F DEFENSE FaLLOuUT PREDTICY I PAKtL

20 o S Y S TE M//SLX1OHY * o & o« & o & & 9/7/7748X24HPARTICLE ACTPAML
JIVITY MODULE///5%5X11HPREPARED BY/43XJ4HUS ARHMY MUCLEAR DEFENSE LAB#AML
A0RATORY/47X26HEDGEWOOD ARSENAL. MARYLAKD////724X12A6) PAW1

4 FORMAT [////7A8X23HCONTROL VARIABLE ARRAYS//Z4ABXOHIFTAPE(L ) /730X10L5/PAN]
1//74BXBHNPRNTII}/20X15L5]) PAM1

5 FORMATY (//7/740%31HCAPTURE ~ t0 -~ FISSION RAIQC [S,F1D0.3] PANS

& FORMAT (//35X41HNUMBER OF NEUTRONS EMITTEBR PER FISSION I8,7F10.3) PAMi

7 FORMAY (/7/47X19HTYPE OF FISSION 1S A6 FAM1

® FORMAT (7/23X55HTHE CLOUD REACHED THE SOIL CONDENSATION TEMPERATURFANML

1E OF F7.1,4H4 AT F8.2,5H SEC.) PAMY

9 FORMAT (/7/42X14HTOTAL YIELD 1S5,1PEL2.4,10W KiLOTONS.) PAML

10 FORMAY [/7/741%16HF]SSION YLELD 1S,1PE12.4.,10H KILOTONS,) PAM)

11 FORMAT (//732Y9HTKERE ARE,34,36H PARTICLE OLASSES WITH SIGMA OF, PANL

1 F7.4.1H,) . PAHY
12 FORMAT [//41X22HTHE HEIGHT OF BURST i3.F9.3.6H FEET.) PAML
c PAMY

Rt e AR AN R IR ARG AN SR RS A TR IR SRR AN YRR NN NIV R RN RSN b s dowa bt andnPAML

c

Crarusedd IR dmdtdddid e d e b AN RO QIR RS NN SN U NI NI R b r SN AN GG NI NN R e o dPAM]
: PAK]L

KOUT = 1SouY PAM1
JPAM = IPOUY PAML
INTP = ISIN Pam1
KRD = ISIN PAML
‘READ [181IN,1) PAM1

i (PAMID(T1,134,12]1,(IFFAPE(J]),Us1,10],:{NPRNT[F],K=1,15) PAM1
IFLIFYAPE(4)] 60 TO 150 PAM1
READ (I1SINs2} PAMY

1 CAPFIS,EMITN,FISSID . . PAM1
25 WRITE [KOUT,3! PAM1
i lPANID!!ln!lioial PAN]
WRITE [KOUT,4]) PAN3

1 {IFTAPELJ) Jmi 10), (NRRNT(K!.KIiolBl PAMY
MRITE 'KOUT, 9) T FANY
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54

56
87
58
59

an
e

61
62

i W
v

64
65
66
67
68
69
79

73

7
73
74
7%
7o
77
76
79
a3
81
82
83
84
45
86
a7

89
90
91
92
23
94
95
96
97
ve
99
100
101
102
103
104
105
10¢
107
158
109
i10
111
112
213

AT KT
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WRITE (KOWUY,10) FW
WRITE (XQUT,7; F1SS1D
WRITE (KOUT,12) HWOB
WRITE (XKOUT,5) CAPFIS
KRITE (KOUT,6) EMITN
WRITE {KOUT,8) SLDTMP,TH53D
LURITE IMouT 441 1TAR . G1OMS
ITFEIFTAPE!4) ] RETURN
IFLIFTARELLY . aND, [SIN.EQ.S)INTP=12
TELICTARE LY ANE 1SI8 NE . 81INTORS
IFLIFTAPE(2]) XAD=INTP
50 CALL SETUP
1 [INTP  JMAXMUL)
cALL YIELD
1 [INTP,LFI551D)
CALL XPRM
1 LINTP)
CALL INDCD1
1 {EMYTN ,HOB SKRU +TH 1
1F LEMITN.LE.O.0) LMAXZO
CALL FRATIO
1 {SLDTMP ,TMSD  ,MCHN )
IF [IFTAPE(3)) GO TO 100
REWIAD 1PAM
REYURN
190 WPITE (IPAM]
1 CAPFIS,ALBFOM,LMAX,EMIIN.FISSID
WRITE (17AN)
1 INUG, 18RA, MAXMUL , KRM , MCHN
WRITE [IPAM)
1 (MULT (DY, D=1, MAXMUL] -
WRITE [1PAM} ez
1 INUCLID:J)DEONIJ),ABEGNEJS,J=1, IHUCH
WRITE (IPAM}
1 (BEANCH(K)»Kx1, IBRA)
WRITE [IPAM)
1 TERMILY,JRMIL !, Lx1,KRM]
WRITE (IPAL)
1 1BSUBKIM],ECF{M],M=1,MCHN]
WRIVE (1PAM]
i CIFACII,J),FOBRNY {1, JlaXLAMIT,J4)5158,71,180(J)sJ=1.18)
ENDF ILE IPAM
REWIND IPAM
RETURN
150 READ [[PAM]
1 CAPFIS,ALBFOM,LMAX,EMITN,FISSID
READ [[PAM]
1 INUC» IERA, NAXMUL , KRM,HCHN
READ (IPAM]
1 (MULTELD, 1o, HAXMYL)
READ (IPANM]
1 INUCLIDEJ).DEONTJ],ABEGN(J), J=1, INUC)
READ EIPAM!
1 IBRANCHIK) +Kwl, IBRA)
READ [1PAM]
1 (ERMILY,JRM!L],L=1,KRM]
RELD (IPAM) )
1 {BSUBKIM],ECF(M],He1, MCHN)
READ [fPANM)
1 (IFACT] o Ji-FOBRNY LT, JiexXLAMIT1, JYo54,70:1801J0}-0%1,181

ol

ey
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PAM1
PAK1
PAML
PAM1
PAM1
PAM1L
PAM1
PAML
PAML
PAMY
PAMYL
PAM]
PANM1
PAM1
PAM1
PAM1
PAM1
PAM1
PAMY
PAM1
PAM1
PAMY
PAML
PAMY,
PAM1
PAM1
PaMY
PAML
PAML
PAHA
PAML
PAM1
PAM1
PAMY
PANK1
PAM1
PAM1
PAM1
PAitld
PAM1
PAM1
PAM1
PAM1
PAM1
PAML
PAML
PAKL
PAML
PAM1
PAM1
PAMY
PAM1
PAML
PAM1
PAML
PAM1
PAM1
PAM1
PAML
PAMY

114
115
116
117
118
11¢
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
13¢
140
141
142
143
144
145
14¢
147
148
149
150
151
i52
153
154
155
156
1457
1658
159
160
161
162
163
164
165
166
167
1468
169
17
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172
173
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REWIND IPAM PEML 174
: G0 T0 25 PAML 175 s
i END PAML 176 E
i SIDFYC SUPL LIST,DECK,M94/2 supr 0 ! L
F SUBROUTINE SETUP suPr 1 |
I 1 LINTP, MAXMUL ) suPL 2 :
) c VERSION 1 suPL 3 |
[ c sUFL 4 vy
z c R C TOMPKINS =~ US ARMY NUCLEAR DEFENSE LABS SUP1L 5 ‘
, c SUPL 6 e
| CALLED BY PAM1 : SuPL 7 L
. c suPy 8 ]
{' C ® w % 8 w» &« & u o GUOSSARY « # & % » e « g« w @ +# RUPL 9 é
- c SUPL 10 Y
C  BRANCHI®50)  TABLE OF BRANOKING RATIO0S THAY LIE BETWEEN O AND 1, SUP1 11 ;1
c 1.E., REPRESENT NONtRIVIAL BRANCHES. 1T 1S ORDERED BUPL 12 F
c PRIMARILY BY INCREASING VALUES GOF NUCLID AND SECON~-  SUF1 13 :
c DARILY BY DAUGHTER POSITION WITHIN NUCLID. - 3UFL 14
C  BRAT TEMPORARY STORAGE FOR BRANCHING RATIG READ FROM INPUT SUPL 15
c RECORD SUP1 16
C  BRSUM SUM OF BRANCHENG RATIOS FOR A SINGLE PARENT SUPL 17
5 C BRTEST TOLERANCE FOR COMPARISON OF BRSUM WITH UNITY SUP1 18 i
? C DATNO {INTEGER) TEMPORARY STORAGE FOR ATOMIC NUMBER OF SUPL 19
c DAUGHTER READ FROM INPUT RECORD SUP1 20
C DCONI700) TABLE OF DISINTEGATION CONSTANTS PARALLEL TO NUCLID, SUFL 21 '
c SET t0 ZERO FOR STABLE NUCLIDES. (SECws#-1] SUP1 22 i
¢ DIsoM {INTEGER) TEMPORARY STORAGE FOR ISOMERIC STATE OF suP1 23
| c GAUGHTER READ FRUM INPUT RECORD. 8 FOR GROUND STATE, SUP1 24
g c 1 AND 2 FOR EXCITED STATES. sup1 25
‘ C DMASS {INTEGER] TEMPORARY STORAGE FOR MASS NUMBER OF SUPL 26 i
; c DAUGHTER READ FROM INPUT RECORD surt 27
, C KLIFE FRACTIONAL PART OF HALF-LIFE READ FROM INPUT RECORD SUP1 29
I € 1BRA NMNBER OF ENTRIES IN ARRAY BRANCH SUP1 29 _
' C  1BRAY ASSIGNED GOTO PARAMETER FOR EX!STENCE OF BRANCHING ON SUP1 30 ]
; c : RECORD BEING PROGESSED suPL 31 | ;
¢ 1EXP CHARACTERISTIO OF HALF~LIFE READ FROM [NPUT R:CORD SuP1L 32
C IM WORD POSITION INDICATOR FOR LDGCATING DAUGHYERS IN suP1 33
¢ PACKED WORD,» USED AS INDEX OF ARRAY MULT. SUPL 34
C IND INBEX OF INSERTION POINT IN ARRAY NUCLID FOR NEW ENTRYSUPL 35 |
' C  INPUT NAMEL IST NAHE FOR PRINTOUT OF INPUT RECORD SUPL 36
i C INTP INPUY FILE NUMBER. RORMALLY CORRESPONDS YO SYSINi sUPL 37
* C INUC NUMBER OF ENTRIES IN ARRAYS NMCLID AND DCON SuP1L 38
; c iumlr UNIT OF HALF-LIFE READ FRON INPUT RECORD sUPL 39
g c 1 - SECONDS SUP1 40
| c 2 - MINUTES SyPL 41 |
3 c 3. -« HOURS SuPL 42
: c 4 - DAYS SUPL 43
- c 5 - YEARS SUPL 44 :
s C  IS1ST ASSIGNED GOTO PARAMETER FOR SRECYTAL HANDLING OF FIRSY SUPL 45 +
| c INRUT RECURD SUP1L 46
i C ISTOP ASSIGNED GOTO PARANEYER TO SIANAL A DISABLING ERROR  SUPL 47
- c FOR PANIC EXIT AFTER PROCESSING SyYPy 48
! C iTRUNC TEMPORARY STORAGE FOR RIGHT-MOST 5 OCTAL POSITIONS OF SuP1 49
¢ ¢ NUCL 1D SurL S0
i C  :JBRAT ASSIGNED GOTO PARAMETER SIMILAR TO -{BRAT SUPL 5%
' C K2ND AS3IGNED GOTO PARAMETER FOR AGTION YO BE TAKEN IF SuPL  S%
r c FIRST SEAACH BOR DAUGHTER FAIUS sSuPL 53
z C  X%3RD ASSIGNED GOTO ~ARAMEYER FOR AGTION TO BZ TAKEN IF SUPL 54
; c £SCOND SEARCH FOR DAUGHTER FAILS SUFL 55
: € KBR COUNTER FOR ARRAY BRANCH DURING SCANS OF ARRAY NUCLID SUP1 56
95
I o 7 °




KEND DO=TERMINATGR FOR DAUGHTER SEARCH SUP1 67

KoyT QUTPUT FILE NUMBER, NORMALLY CORRESPONDS TO SYSOY1 SyryL 58

KSY DO~INITIATOR KOR DAUGHTER SEARCH SUPL 59

KTYP INDICATCR FOR TYPE OF NUCLEAR TRANSITION ON CURRENT SUP1 60

INPUT RECORD SUP1L 61

LAMBDA [{REAL. TEMPORARY STORAGE FOR DISINYFGRATION DIONSTANT SUP1 42

OF CURRENY INPUT PARENT. (SEUww-1} SUPL 63

MAXBRA DIMENSION OF ARRAY GRANCH SUPL 64

MAXMUL DIMENSION OF ARRAY MULT. MURT NOT FYOEED 131 ON I8M7004SUF1 45

o MAXNUC DIMENSION OF ARRAYS NUCLID ANP DCON SUPL 66
) MAXPNT DINENSION OF ARRAY NPRNT EUP1 67
5 MULTIL1) MULT{PLIERS FOR AGCESS TO OCTAL POSITIGNS OF KORD, SUP1 68
= MULTLII] = Bewy SUPY 69
E NAMDAU PACKED NAME OF DAUGHMYER NUCLIVE SUP1 70
- NAMPAR PACKED NAME OE PARENT NUCLIDE SUP1L 71
E NPRNT(20) LOBICAL ARNAY TO CONTROL PRODVUCTION OF OUTPUT RECOMDS SUPL 72
NTINES COUNTER FOR JTERATIONS OF DAUBHTER SEARCH SUP1 73

NUZLIDLI700} MASTER TAPLE OF NUCLILES. YVHE LEFT-MOST 7 OCTAL PQSI-SUPL 74
TIONS CONTAIN THE MASS NUMBER AND ATOMIC NUMBER N SUPL 75
ASCENUING DRDER AND THE ISOMER NUMBER IN DESCENDING SUPL 76
DRDER. THE 5 RIGHT-MOST POSITIONS CONTAIN DAUGHTER surtL 77
IBENYIFICATION. T7THE DIGET POSITION CONTAINS THE IN- SUP1L 78
DEX REQUIREX) ON MULY TO ACCESS THE LEFT-MCSY VACANT SUPL 79
POSITION, INFYIALLY THE MULT(2] TO MULT!4) POSITIONS SUPL B8O
ARE OCCUPIED BY KTYP VALUES, FINALLY THEY CONTAIN THESUP1L 81
INCRENENTS OF THE NUCLID INDEX REQUIRED TO FIND THE SUPL 82
DAUGHYERS: IF ONE OF THESE IS A DECREMENT, ITS POSI~- SUP1 B3
TIBN 1S TAGGED IN POSIVION MULTI1). [INETIALLY ALL SUP1 84
ENTRIES ARE SET WEGATIVE, BUT AT THE END A MINUS SIGN SUPL 85

oGO0 OOGRNOOAOOnN0O0O00000e

; DESIGNATES THE BEGINNING OF A SUBCHAIN, SUP1  &¢
: . PATNO CINTEGER] TEMPGRARY STORAGE FOR THE ATOMIC NUMBER OF SUPL 87
[ PARENT READ FROM INPUT RECORD SUP1 88
: PISOM {INTEGER) TEMPORARY STORAGE OF ISOMERIC STATE OF SUP1 B9
i PARENT READ FROM INPUT RECORD. SEE DISOM. SurL 90
; : PMASS {INTEGER] TEMPORARY STORAGE FOR THE MASS NUMSER OF SUPL 91
; ) PARENT READ YROM INPUT RECORD SUPy g2
] SUPL 93
E' * & * kA W ¢ * a W . * 2w ok e v & o« ® 4« w % ¥ SUPL 94
; - SUPL 95
3 COMMON/F ISHIN/ SUP1  9¢
f . 1 ABEGN (700! ,APUNDOC7803 ~BRANCH({13G] ,CAPFIS SUPL ¢7
2 +0CON  (7006) ,18RA » INUC +MAYXNUC SUP1 98
3 sMOLT (11} ,NUCLID{700]) SUPL 99
c SUP1 100
COMNON/UTILTY/ SUPL 101
1 KOUT sNPRNT [15) SUPL 102
c SUPi 103
INTEGER DATMO,DIBOM,DRASSoPATND,PISOM,PMASS SUPL 104
LUGICAL NPRNT,FIRST SUP1 1185
REAL LAMBDX SUP1 106
C SUP1L 147
NAMELISY FINPUT/ SUP1 108
: - 1 PRASS, PATND,PISOM.HLIFE, TEXP, IUNIT,DMASS, DATNO,DISOM,BRAT SUPtL 109
: C SUPL 1i0
; ‘ 1001 FORMAT (29HLINTERMEDIATE OUTRUT OF SETUP//! ‘ suPt 111
: 1002 FORMAT (6X4KINUC7X6HNUCLID11X4WDECHM/) SUPL 112
o 1003 FORMAT [6X13,5X012,5X1PE1N,3} SUPL 113
1004 FORMAT ([22HLFINAL OUTPUT OF SETUP//! SUPL 114
100% FORKAY [///6X4HIPRASX6HBRANCHY/] SUPL 115
1006 FCRMAT (6X13,5xF8.5] SUPt 116

; %

]
. |
X

o
.8
v
&
1
)
i
|
|
€




B ALl edbe

| c SUPL 117
{ CC INITIALIZE VARIABLES SUP1 118
c - NUCLIDE COUNTER SUPL 119
INUC = 0 SUP1 120
c BRANCHING RATFO COUNTER SUPL 121
iBRA = @ SUF1L 122
c TOLERANCE ON SUM OF BRANCHING RATIOS SUP1 123
BRYEST = 050001 SUP1 124
' ASSiGN 23 T0 i5i5T SUFL 125 |
§ ASSIGN 300 TO [STOP SUPL 126 |.° ..
¢ ASSIGN 1212 70 ISFULL . SUPL 127 S
{ MAXBRA = 130 SUPL 128 Sl
{ MAXMUL = 11 SUPL 129
D MAXNUC = 700 SUPL 130
| TOL = 1,E-15 SUPL 131
; c SUPL 132 i
. c SUPL 133 .
! CC INITIALIZE ARRAYS : SUPL 134
| DO 1 | = g,MAXNUC SUP1 135
| NUCLIDCI) = 0 SUP1L 136
i 1 DCONLE] = 0.0 SUP1 137
! DO 2 J = 1,MAXBRA SUP1 133 '
g 2 BRANCH([J) = 0,0 SUP1 139
g C SET UP WORD-POSITION MULTIFLIERS SUP1 140
MULTIL) = 8 SUPL 141
DO 3 K=2,MAXMUL SUP1 147
T MULTIK] = MULTI13#MULY(K-8] SUP1 143
c SUPL 144
C  READ AN INPUT RECORD AFTER CHECK OF AVAILABUE SPACE SUP1 145
‘ ¢ SUP1 146
i 10 IF [INUC,EQ.MAXNUC] ASSIGN 1308 TO ISFULL SUPL 147
; READ (INTP,11]) SUP1 148
x 1 PHASS,P1SOM,PATNO, HLIBE, IUN]IT, IEXP,BRAT, DNASS,DISOM, DATNO SUP1 149
11 FORKAY SUP1 150
1 (10X313,8XF9,4;1%213,3XF7.5,7X313) SUP1 151
' SUP1 152
IF [NPRNT(1)] WRITE [KOUTsINPUT) SUPL 153
CHECK FOR END=-0F=-FILE SENTINEL SUPL 154
‘ IF (PMASS)1301,200,12 SUPL 155
| 12 GO Tn ISFULL,[1212,1308) SUPL 156
i C SUPL 157
L C RESET PARAMETERS FOR NEW REOQRD SUPL 158
? € SUPL 159
; 1212 LAMBDA s 010 SUPL 160
| KTY® = @ SUPL 161
ASSIGN 10 TO IBRAT SUP1L 162
AGSIGN 10 TO JBRAT sSuPyL 162
. IM s 4 SUPL 164
CHECK FOR EXISTENCE BF DAUGHTER SUPL 165 :
; 1F (DMASS)1301,22,13 SuUP1 166 i
: c SUPL 167 i
- CHECK THE HALF-LIFE SUP1L 168 i
13 IF [HLIFE]1301,1301,14 SUPL 169
. 14 LAMBDA ® 03693147/TIMSECIHLIFE, IUNIT. IEXP} SUP1 170
? CHECK THE BRANCKING RATIO AND MARK THE :EXISTENCE OF A BRANCH SUP1L 171
1F [BRAT=130)15,16,1301" SUPL 172
c , , SUP1 173
15 ASSIGN 112 TO IBRAY , SUPL 174
ASSIGN 133 YO JBRAT SUP1 175
! CC DEYERMINE THE TYPE OF TRANS§TION : SUP1 176
| 97
]
]
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c SuUP1 177
c B8ETA EMISSION SUP1 178
16 IF [DATNO.EG.(RATNO+1).AND,DMASS,EQ.¥MASS) GO TO 17 SUP1 179

c ISOMERIC TRANSITION SUPY 180
1F [DATNO.EQ.PATNO,AND.DMASS,EQ.PMASS! GO TO 18 SUP1 181

C NEUTRON PLUS BETA EMISSION SUP1 182
1€ IDATMO £0_ 1DAYNCaL) AND DRASS,EQ, IPHASSE:LI) 35 TC i3 Sufi 1063

c POSITRON EMISSION OR ELLECTRON CAPTURE SUP1L 184
1F (DATNO.EQ.[{RAYNO~1).AND.DMASS,EQ.PMASS) GO YO 2¢ SUP1 185

c NEUTRON CHISSICN SUP1 ibto
1¥ [DATNO.EQ.PATNO,AND.DMASS,EQ. [PMASS=1]) GO TO 21 SUPL 187

C ERRCR TRACE FOR ILLEGAL TRANSITION SUP1L 188
GO Yo 1301 SUP1L 189

W SUPL 1990
c INDICATE THE TYPE OF TRANSIT|ON SUPL 191
17 KTYP = DISOM « 1 SUPL 192

GO0 T0 22 SUP1 193

18 KTYP = DJSOM « 3 SuUPL 194

GO To 22 SUPL 195

19 KTYP = & SUP1L 19¢

GO Ta 22 SUP1 197

20 KTYp = 7 SUP1 198

GO0 To 22 SUP1L 199

C SUPL 200
C *# % © o w o % o w CODE INSERTION POINTS & w» & w % w SUP1L 201
21 60 Y0 i301 SUP1L 202

C v & ¢ & « & ¢ o & &« & o @« & &« # % % & = * % SUP1 2103
C SUF1 204
c PACK THE PARENT NAME INTO THE 7 LOMEST OCTAL POSITIONS OF NAHPAR SUPL 205
22 HAMPAR = PMASS*MULT(4] ¢ PATNOWMULTI{1] SUPL 206

c IF THIS IS THE FIRST RECORD GO DIRECTLY TO 111 AFTER CHECHING IT OFFSUP1 207
GO TO 1S2i8T,{23,14001] SUP1 208

23 ASSIGN 100 TO IS1ST SUP1 209

GC TO 111 SUF1 210

c SUP1 211
c FIND OUT WHERE THE NEW ENTRY BELONGBS IN THE NUCLIDE TABLE WHILE SUP1 212
C KEEPING TRACK OF LOCATION IN THE BRANCHING RATIO TaBLE SUP1 213
100 3R = 0 SUP1 214
NG 11¢ [ = 1, INUC SUP1 215

IND = 1 SUF1 216
NUCYRY & ABSINUCLIDI(I)) SuP1 217

c INCREMENT THE INDEX OF BRANGH [F REQUIRED SUFP1 218
KBR = KBR + 4 ~ MODINUCTRY,MULTI1)}} SUP1 219
lFlNANPAR/NULTll)-NUCTRY/MULT(ﬂ)313101210110 SUP) 220

110 CONTINUE SUPy 221

G SUPL 222
c THE NEW ENTRY BELONGS NEXY JN SEQUENCE. INCREMENT THE NUCLIDE SUP1L 223
COUNTER AND PUT NAME IN HIGH ORDER POSITIONS OF NEW WORD. SuUP1L 224
111 INUYC = INUC »+ 1 SUP1 225
NUCLIDCINUCY s = INAMPAR » PISOM)«MULTIS) + KTYP+MULTI4) + 4] SUP1 226
DCONLINUCY » LAMBDA SUPL 227

GO TO léRAY,([1D,112) SUPL 228

c SUPL 229
c ADD NEW BRANCHINE RATIO SUPL 230
152 [BRA 3 BRA + 1 SUPL 231
BRANCHIIBRA) = BRAT SuUPL 232

c DECREMENT THE BRANCH INDICATOR SUPL 233
NUCLIDLINUC]Y = NUCLIDIINUG) « 3 SUPL 234

GO Y0 10 SUP1 235

c SUPL 236
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RTINS

c THE NEW ENTRY 1S EQUAL TO OR ISOMERIC WITH AN CLD ONE, !SOHEHQ MUSTSUPL

c BE ORDERED IN DwEwS#CeEwMwDe]eN+G SEQUENCE

121 IF [TABSI{NUCLIDUIND)I/MULTI5]) = [INAMPAR ¢ PISOM}I1131,141,122
c IF THIS 1S THE END OF THE TABLE WE MUSY STOP HERE AND GO TO 111

122 'F [IND.EGiINYC) GO TO 11t
IND 2 IND + 1
IF [IABSINUCLIDUIND}I/MULFI6).GY NAMPAR/MULTI1]]) GO TO 133
KBR = KBR ¢« 4 = MOD{{ABSINUCLIDIIND) ]}, MULT(11]
60 TO 121

THE NEW ENTRY MUST BE I#N#S4E#R«T+E«D ABOVE IND. MOVE THE
SUCCEEDING ENTRIES DONN TO MAKE ROOM.
131 INUC = INUC + 1
JST = IND » 1
JS ® JST « INUC
DO 140 J = JST,INUC
JU s JS -y
NUCLID{JJ) = NUCLID(JJ=1]
140 DCONLJJ] = DCONI[JJ=1)

aana

an

NOW INSERT THE NEN ENTRY

132 NUCLIDCIND) = «{INAMPAR + PISOM]IoMULT(5) » KTYP#MULT(4) + 4]

DCONTIND) = LAMBDA
GO TO JBRAT,[10,133)
c
c DECREMENTY THE BRANCH INDICATOR
133 NUCLIDIIND) = NUCLIDIIND) + %

CHECK POSITION IN BRANCHING RATIO TABLE, AND GO TO 134 [F INSERTION IS

c REQUIRED.,
134 IF (KBR.LYYIBRA) GO TO 135
c OTHERWISE EXTEND THE TABLE,
1BRA = IBRA + 1§
BRANCHIIBRA) s BRAT
GO TO 10

135 IBRA = IBRA + 1
c HAKE ROOM IN THE TABLE.
KST 2 KBR + 1
KS = KST -+ IBRA
DO 136 K = KST,12RA
KK = KS = K
136 BRANCH{KK) s BRANCHIKK-1]
BRANCHIKBR] = BRAT
GO To 10
c .
c THE NEW ENTRY REPRESENTS ANOTHER BRANCH GF AN OLD ENTRY.
¢ SET POSITION INDICATOR,
141 IM = MOD(iABSINUCLIDCIND)?,MULT(1}}
NDAUT 3 4 » M
CHECK FOR DUPLICATION
1F [NDAUT ¢ KYYP31302,1303,142
142 INDICT = MOD(IABS{NUCLIDIIND] ) MULTI51)
DO 150 L = 1,NDAUT
LM =5 « |
1F [INDICT/MULTYI|LM).EQ,KT¥P]) GO TO 1303
150 CONTINUE
c

CHECK AGREEMENT OF DISINTEGRATION OONSTANTS
IF (LAMBDASYNE.DCON(IND])) GO 10O 1306
c ENTER THE NEW TRANSITION AND DECREMENT THE POSITION COUNTER,
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248
249
252
291
292
253

254

455
256
257
258
259
260
261
262
263
264
255
266
a67
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
2e7
268
289
290
291
292
293
294
295
296
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NUCLIDUIND) = NUCLID(IND] - KTYP#MULTLIN] ¢ 1
GO BACK YD STORE THT BRAMCHING RAT!O
6O 70 134

THe RELATIONS HETWEEN THE PARENT AND DAUGHTZN INDICES.

WRITE INTEHMEDIATE OUTPUT I¥ REQUESTED
200 JFI.NOT,NPRNT[2]) GO TO 2000
WRITE [KOUT,1001)
WRITE [KOUT,1002)
WRITE (KOUT,10033 (10.NUCLID(10),DCONIIOD),1021,INUC]
2000 XBR = D
FIRST = ,TRUE.
c BEGIN THE MAIN L00P THROUGH THE NUCLIDE TABLE.
DO 250 1 = 1,]NUC
BRSUM = 0.0
_ ASSIGN 203 TO NGO
[ UNPACK THE NUCLIBE WORD
C ENSURE THAT SUCCESSIVE DISINTEGRATION CONSTANTS ARE NOT EQUAL
IF (FIRST) GO TO 2743
FACTC = DCON{I] - DCONILIl-%)
IF [ABSIFACTC)}.GE.TOL)! GO TO 274
IF (FACYC) 2741,2742,2742
2741 DCONCI=-1) = DCON(I-1} + TOL
GO TO 274
2742 DCON(I) = DCONILY + TOL
GO TO 274
2743 FIRST = ,FALSE.
274 NAME = JABSINUCLIDII})
ITRUNC = MODINAME,MULTIS))
Ml = MOD({ITRUNC,MULT(1))
NEWNAM @ [NAME/MULTIS})*MULTLIS5) « M)
NBR = 4 « M}
CHECK FOR EXISTENCE OF DAUGHTERS
IFIITRUNC.EQ. ML 160 TO 250
IF [NBR)1305,201,202
201 NBR = 1
BRSUM = 1.0
ASSIGN 204 TO WGO

CroOoOCIaann (4]
1

c
CONSIDER EACH BRANCH IN TURN
202 DO 210 J = 1,NBR
NTIMES = 0
IM =5 =y )
KTYP 3 [TRUNC/MULTIIM)
JTRUNC = MOD[ITRUNC, MULTI¥M]}
GO TO NQ0,1203,204)
203 XBR = XBR + 1
SUM THE BRANCHINS RATIOS FOR CHMECKING
BRSUM = BRSUM ¢ PRANCHIKBR)
BRANCH ON THE TRANS{TION MODE TO SYNTHESIZE THE DAUGHTER NAME
204 0 TO (211,211,212,212,212,213.,214,215),KTYP .

BETA EMISSION
211 NAMDAY w tNAHE/HULlell'HULTlil ¢ HULTLL1) + KTYP - 3
SET DO PARAMETERS FOR SEARCH IN NEXT 7 ENTRIES
KST = | ¢ 1

oo o o

(2]

100

NOW THAT ALL THE INPUT RECORDS HAVE BEEN READ, IY IS TIME TO SET UP

SUP{
SuP1
SuP1
SUP1
SuUPy
SUPyY
SUPy
SUPL
SUPL
SUP1
SUP1
SuP1
SUP1
SUP1
SUPL
SuP1
SuP1
SUP1
SUP1
SUPL
suP1
SUP1
SUP1L
suP1
SUP1
SUP1
SUP1
SUP1
SUP1L
SuPy
SUP1
SuPt
SUF1
SUP1L
SuP1
SuP1
SUP1
SUP1
SuP1
SyP1
SUP1
SUP1
SUPL
SUPL
SUPL
SUP1
SUP1
SUPL
SuPy
SuP1
SUr1
SuP1
SuPy
SuP1
SuP1
SUP1
SUP1L
SuP1
SuPy
SUP1

297
298
299
300
301
Joe2
303
304
305
306
307
308
309
311
311
312
313

314

315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

333 -

334
335
336
337
338
339
340
341
342
343
344
345
3406
347
348
349
350
351
352
353
354
355
356
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KEND = KST ¢ 6 SUPL 357
SET MODE FOR FURTHER SEARCHES SUPL 358
ASSIGN 221 YO K2ND SUP1 359
ASSIGN 219 TO K3IRD SUPL 360
GO T0 216 SUPL 361
SuUP1 362
ISOMERIC TRANSIYION SUPL J63
212 NAMDAU s [NAME/MULTIG6)1*MULTI1) + KTYP = 3 SUP1 J64
SET DO PARAMETERS FOR SEARCH [N NEXT 2 ENTRIES 8UP1 345
KST = | + 1 SUPL Jas
KEND = KST +1 SUP1L 387
SET MODE FOR FURTHER SEARCHES SUPy 368
ASSIGN 222 TQ K2ND SUPL Jo9
ASSIGN 221 YO K3RD SUP1L 370
G0 To 216 SUP1 371
SUP1 372
NEUTRON PLUS BETA EMISSION SUPL 373
213 NAMDAU s (NAME/ZMULTIG))eMULTI1Y = MULT{4) + MULT[1} SUPL 374.
SET DO PARAMETERS FOR SEARCH [N PRECEDING ENTRIES SUPL 379
KSY = 3 SUPL 376
KEND = 1 =% SuPy 377
SET MODE FOR FURTHER SEARCHES SUPL 378
ASSIGN 223 YO0 K2ND SUPL 379
ASSIGN 219 TO KJIRD SUPL 380
GO To 216 SUPL 381
SUPL 382
POSITRON EMISSION OR ELECTRON CAPTURE SUP1L 383
214 NAMDAU ® [NAME/MULTIS))*HULTIL) « MULTI1] SUPL 384
SET DO PARAMETERS FOR SEARCH IN PREVIOUS SEVEN ENTYRIES SUPL 38%
KEND = | - § SUPL 386
KST = KEND = 6 SUPL 387
SET MODE FOR FURTHER SEARCHES SUPL 388
ASSIGN 221 TO K2ND SUPL J8¢9
ASSIGN 219 TD K3RD SUPL 39¢
G0 TO 216 SUPL 3913
SUPL 392
* w ® « w w % w CODE INSERTION POINTS ¢ » ¢ *SUP1 393
215 GO To 210 SUPL 394
* ok ® N & * * k& ¥ b & & ® A h N e & SUPL Y98
SUP1 398
SEARCH FOR THE DAUGHTER IN BHE NUCLIDE YTABLE SUP1 397
216 ITIMES @ NTIMES « 1 SUP1 398
DC 220 K = KST,KBND SUP1L 399
IF [NAMDAUTEQ,IABSINUGLEDIKII/MULTISII GO TO 223 SUPL 40c
220 CONTINUE SUPL 401
SUP1 4¢2
SEARCH FAILED, TRY LONGER SEARCH ¥F POSSIBLE SUP1L 403
GO 70 (217,216,219),NTIMES SUP1 404
SUP1L 405
217 GO 'TD K2ND, (221,222,223} SUPL 406
221 KST =4 SUPL 407
KEND = INUC SUPL 408
GO '70 218 SUP1 409
SUP1 410
222 KST = KEND + 1} SUPL 411
KEND ® KST ¢ 4 SUPL 412
G0 YO 216 SUPL 413
SUPL 414
223 KST = KEND + 1 SUP1 415
KEND = INUC SUP1 416

101
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GO TO 216 SUPL

¢ SUPL
216 60 T0 K3RD, (219,221} suP1

c DAUGHTER IS MI3SING SUPL
219 GO TO 1306 SupPt

¥ SUP1
Sounruts tmancueny an ReOBCuENT Or BAnBLY TABEY TN CIMD DAURHTER. iND supy
c WAKE SURE 17 DOES NOT EXCEED 7 SUPL
© 225 INCR = K = | SUP1
TooaF LiapStingRlLGYL.YY G0 YO tU0g sUPy

¢ REYISE THE NUCLIDE NAME SuPl
© 0 NENHAM ® NEWNAM « TA3SCINGR)#MULY(IM] SUFP1
c HMARK THE POSITION IF IT BE A DECREMENT, SUP1
I¥ (INCR)226,227,227 SUF1

226 NEWNNAM ® NEWUHAM + 1M«HULTIZ) SUPL
227 NUCLIDIS] = ISIGNINEWNAM,NUCLIDI1)IN SUP1

c MARK THE DAUGMTER AS Nw#O+T FHE BEGI{NNING OF A SUBCHAIN. SUP1
NUCLID(KY = IABSINUCLIDIKY) SUP3

210 CONTEINUE SUP1

c : i sUP1
CHECK WMETHER BRANCHING RATIDS ADD UP 70 §. SUP1
1F [ABS(BRSUM~1.8]1.GT.BRTEST) GO Y0 1367 ) SUP1

c SUP1
259 CONVINUE SUP1L

€ SUP1
1¥ {.NOT.NPRNT(31! GO TO 2500 SUP1

WRITE (KOUT,1004) SuUP1

WRITE [KOUT.1302) SUPs

WRITE [KOUT,1003) [10,NHCDIDI10),DCONLIO)s10m1, INUC) SUP1

WRITE (KOUT.1005) SUPL

WRITE [XOUY.1006) (1D,BRANCHIIO), 10=1, [0RA] SUPL

2500 GO TO ISTOP.(99,300] SUP1L
300 RETUAN . ' SUP1

. . SUP1

# &« ® % % w #* s ERROR FORMATYS w # # » % & & » & & EUP

' R : SUPL

1351 FORMAT [37HGFAULTY INPUT RECORD WAS BEEN OMITTED//) SUP1
1352 FORMAT [22HOKTYP « NDAUT MNEGATIVE//) suP1
1353 FORMAT [4JHODUPLICATE INPUT RECORD HAS BEEN OMITTED//} SUP1
1154 FORMAY {7HODCON, 1PE10-3+13H FOR NUCLID, 012,274 INCONSISTENT WITSUP1
"1H LAMBDA, 1PE10.3//] SUP1
3355 FORMAT [21HOTOO0 MANY DAUGHTERS, 0121 ’ SYP1
13%6 FORMAT [11RUDAUGHTER, G7,28H NCY FOUND OR INCR EXGEEDS 7) sSUP1
1357 FOGRMAT (23HOBRANCHING RATY0S FOR, 012,20H, DO NOT ADD UP TO 1l suP1
13%8 FORMAT {40HODIMENS{ONS OF NUCLID HAVE BEEN EXCEEDED] SUPL
c o suPy
C # # ¢ « w « ¢ «» ERRDR TRACES * + & % @« & « & * o 5P
c SUP1
1301 WRITE [XOUT,1331) SUP1
1310 HRIVE (KOUY,INPUT) ‘ SUP1
60 ¢ 10 SUPL

c SUP1
1362 WRITE (KOUT,1352} SUP1
ASSIGN 99 7O 1STOP SUP1

60 To 13id - SUP1

c SUP1
1303 WRITE [KOUT,1353) 5UP1
0 TO 1310 o i SUP1

c SyP1
1304 WRITE iXOUT,1354) DCONITIND],NUCLEDIINDI-LANBDA SUP1L

102

417
418
419
470
42
422
423
424
425
424
427
428
429
430
431
432
433
434,
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
662
463
464
465
4%
467
468
469
470
471
472
473
474
475
476




ASSIGN 99 T80 1570P SUPL 477

60 TO 1310 SUP1 478

s SUPL 479
1305 WRITE (KOUT,1355) NucLIDI{) SUPL 480
ASSIGN 99 TO 1570P SUP1 481

60 70 250 SUP1 482

? SuP1
1306

WRITE [KOUY.1356) NAMDAU SUPL1 484
ASSIGN 99 TD 18TOP SUP1 485
60 TO 210 SUP1 486
1307 WRITE [KOUT.1357) NUCLIDIIS SUP1 488
ASSIGN 99 YO 1STOP SUP1 489
60 TO0 25¢ SUP1 490

R ST B

1308 WRITE {KOUT,1358) SUP1 492
ASSIGN 99 Y0 ISTOP SUPL 493

GO TO 1212 SUP1 494

SUP1 495

99 CALL DuUMP SUPL 496
5TOP SUPL 497

c SUP1 498
END SUPL 499
SIBFTC YLD1 LIST.DECK,M94/2 YLD 0
SUBROUTINE YIELD YLD1 1

1 [INTP,F1SSIDY YLDL 2

C VERSION 1 YLD1 3
C R C TOMPKINS == US ARMY NUCLEAR DEFENSE LABS YL.P1 4
c 14 SEPTEMBER 1966 YLD1 5
C YLTY 6
CALLED BY PAML YLD1 7
c YLDY 8
C ® &« % o« w %« ® & & QGUOSSARY * * ¢ &« % &% » % » » & YLD1 9
c YLd1 1o
c ABEGN(700]) INITIAL FISSION PRODUCT ABUNDANCES IN ATOMS/10000 YLD1 11
c FI1SSIONS [PARALLEL TO NPARNT] ' yLni 12
c FISSID TYPE OF FISSION REQUESTED BY WSER YuD1 13
c FISTYP(6) TYPES OF F1SSVON CORRGSPONDING 10 DATA FIELDS ON YLD1 14
c FI1SSION YIELD CARDS YLbi 15
c FYLDIN F1SS1ON YIELD ON INPUT CARD (YIELD! YLDL 16
c NSTAT 158HMER NUMBER ON YLD1 17
c FISSION YIELD CARD [YIELD), CF. LISOM YLD1 18
c ERM CAKD [(XPRM) .- YLDL 19
¢ GROUND STATE 0 OR 2 YLDt 26
c EXCITED SYATE 1 YLDyL 21
c yLD1 22
C * w ® # & w % & & * & 4 & & & & * ¥ * &« & ¥ « Y. D1 23
< YLD1 24
‘COMMON/F I SHIN/ YLby 2%

1 ABEGN [700) ,ABUNDO(700) ,BRANCH{13C) ,CAPFIS YLD1 26

2 +DCON (700) ,IBRA s INYC » MAXKUC YLb1 27

3 SMULT  (11) ,NUCLIDL70O) YLDi 28
COMMON/UTILTY/ YLpi 29

i KOUY SNPRNTY {15) YLDL 30

c YLDL 31
DIMENSION FMY[4).XSPECIO)aFISTYPLGY Wwp1 32
DIMENSION INFORMI11) . LIMIZL) MEMI700),NUCI1L] YLD 33
‘EQUIVALENCE [MEM,ABUNDO) YLDL 34

YLD1

INTEGER A,B.BLANK,FISSID,RISYYP YLD1
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LOGITAL NPRNY

DATA FHTIAD).FHMTI2).FMTI4)/6HTI9,14,0Hsk0, L6HEL0.D]/,
1 {XSPECII).1x1,6])/6H 16HL10X s 6H20X »6H3DX
3 6H40X » 8HS X /

DATA BLANK.A.B/71U .1HA.IHBZ

Do 80 JJsi,INUC
50 ABEGNIJJY = =1.0
ASSIGN 213 YO IFLAG
c FIND THE RIGHY DATA
" 202 READ (INTP,101) (FISTYRP(I},151,6)
C GO AMEAD IF WE FOUND 1T, ELSE STOP
IF (FISTYP{1).EQ,BLANK) GO TO IFLAG,[213,16)
DO 203 K=i,é
IF (FESTYPIK).EQ,FISSID] GO TO 204
203 CONTINUE

2031 READ {INTP,103) NMAS
IF (NMAS)1202,202,2031
204 FMTI3] s XSPECIK)
1 READ [INTP,FMY] NMAS,NAT,NSTAT,FYLDIN
c MAKE A NOTE THAY WE FOUND IT
ASSIGN 16 YO IFLAG
IFINMASY17,202,2
213 WRITE (KoUT,1304) FISSID
STOP
COMPATIBILIZE THE [SOMERIC STYATE INDICATORS
2 IF INSTAT.EQ.BLANK] NSTAT®0
IF INSTAT.EQ.A) NSTAT=g
IF [NSTAT.E0Q.B) NSTAT=2
IF INSTAT.GTV.3) WRITE {OUT,1305) NMAS,NATNSTAT,FYLDIN
NAMGC = NMAS*MULT(4] + NATEMULT(1) + NSTATY

D0 10 I=1,INUC
10 IF (TABSINUCLIDI!II/MULTIS),EQ,NAMC] GO TO 12
60 0 1
CHECKX CONTENTS OF ABEGN
12 IF [ABEGNI11)14,13,13
COFPILE FYLDIN INTO ARRAY
14 ABEGNII) = FYLDIN
GO To &
c
13 WRITE (KOUT,1304)
1 NUCLIDIL)»ABEGN(1]
IFLABEGNIT1-FYLDIN]L14,2,14
17 WRITE (KOUT,1302)
BACKSPACE [INTP
READ [INTP,1303]
WRITE (INTP,13C3)
60 70 1
CHECK FOR COMPLEVENESS
16 DO 18 J=1,)NUC
IFIABEGNIJ] 115,138,138
15 CONTINUE
ABEGNIJ)Y = 0.0
19 CONTINUE
IF [.NOT.NPRNTI4!] GO T0 929
H¥RITE (KOUT,1001) Fi{SSID
D0 1000 JO = 1, INUC

YLD1
YLD1
YLL1
YLD1
YLD1
ving
YLD1
YLD1

yLns
YLD1
YLDy
YLDt
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLDy
YLD1
YD1
YLb1
YLD1
YLD1
YLD1
YLD1
YLR1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLDt
YiLO01
YLD1
YLD1
YLD1
VL1
YLD1
YLD1
YLDi
YLD1
YLD4
YLD1
YLb1
YLD1
YLD1
YLD1
YLD4
YLb1
YLD
YLD1
yLD1




L

NAME =2 JABSINUCLIDIIO}I/MULTLS)
CALL UNPACK [NMAS,NAT,NSTAT,NAME!
1000 WRITE [KOUT,1002) NMAS,NAT.NSTAY,ABEGN{]O}
CODING TO PREVENT DUPLICATICN OF FISSION YIELDS FOR NUCLIDES THAT ARE
c MEMBERS NF MORE THAN ONE SUBCHAIN
99 DO 100 ¥M =1, INUC
100 MEM{KM) = 3
DG 50u IN = 1,INUC
FIND THE NEXT NUCLIDE THAT BEGINS A SUBCHAIN
IF [NUCLIDTIN)I411,411,500

SET PARAMETERS FDR BEGINNING OF A SUBCHAIN
MEMBERSHIP COUNTER
411 LSUB = }
ot 2 0
c STARTING [INDEX
NUC{1] = [N
412 LIMILSUB) = 4
c PROCESS A SUBCHAIN MEMBER
433 KP = NuC(LSuB]
M = LIMI{LSUB!
INFG = MODIYABSINUCLIDIKP®) ,MULYLS))
INFORMILSUBR) = INFO
INC =2 1
CHECK FOR END OF SUBCHAIN
IF (INFO.EQ.4) GO TO 2%
C EXTRACT THE DAUGHTER INCREMENT
ID % MODI{INFO,MULTIIM+1)J/MULTIIM)
c SEE IF THIS INCREMENT SHOULD BE NEGATIVE
IF [MODUINFG,MULY{2))/MULTI1).EQ,IM} GN TO 414
IF [LSUB,.EQ.,JL) GO TO 415
C RECORD THE MEMBERSHIP OF NUCLID(KPY IN THIS SUBCHAIN
MEMIKP] = MEM[KP) «1
GO TO 415
414 INC = ~INC
COMPUTE DAUGHTER INDEX
415 NDAUT = KP + INCe]D
c ACCEPT THE DAUGHTER FOR MEMBERSHIF AND RECYOLE
LSUB = LsSuB + 1
1F (LSyB.GT,21) GO YO 500
NUCILSUB) = NDAUT
GO To 412

Qo0 3

c
421 IF (LSUB,ER.1) &6 TO 500
c FIND THE LASYT BRANCH IN THE SUBCHAIN
LAST = LSUB + 1
DO 422 ( = 2,L5UB
LBACK = LAST = L
‘JL & LBACK
IM = LIMILBACK)
IF [MODIINFORMILBACK) MULPIIM)I/MULTIIM=111422,422,431
422 CONTINUE
GO Yo 500

c
C SET UP A NEW SUBCHALIN STARTING FROM THE DEEREST UNEXPLORED BRANCHM
431 LSUB = LBACK
LIMILSUB) = LIHILSUB) -1
GO YO 413 :
500 CONTINUE
c

105

YLD1
Yi.D1
yLD1
YLD1
YLD1
YLDl
TYLD1
YLDl
YLD1
YLD1
YLD1
YLD
YLD1
YLD1
YiD1
yLb1
YLD1

YLO1 .

YLD1
YLD1
YLDl
YLD2
yLD1
YLD1
YLD1
vLD1
YLD1
yLb1
YLD2
YLD1
YLD1
Yip1
vLD1
YLD
YLD1
YLDl
YLD1
YLD1
YiD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLD1
YLDl
YLD1
YLD1
YLD
YLD1

YLDy

YLD
YLD1
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601

211
A130
600

101
1063

0 ¢00 KA =1, INUC

DIV = MEMIKA)

¥ (olv) 613,600,601
ABEGNIKA) x ABEGNIKA)/DIV

G0 10 600

uRITE ta LiTar MA

FORMAY {15HOMINU3Z MEM FOR 13)
CONTINUE

Sk Tiine
iR R H e

“ORMAT(BAS)
FORMATLLIS)

YLD
YLpt
YLD1
YLO1
YLD1
LUl
YLD1
LDl
YLD1
YLo1
YLD1
YLD1

1001 FORMAT [20H4F13510N YIELDS FOR A&//5XAHKAESSX6HCHARGESXON I SOMERSX2YLDL

1

SHYIELD PER 10,000 FISSIONS/)

1002 FORMAT (5X13.7X13,9X11,14X1PE12,4)

1301 FORMAT [9HONUCLIDE 012,11H WITH YIELDIPE1Z2.4,14H IS DUPLICATED!
1302 FORMAT (24HUCARD WITH NEGAYIVE MASS!

1303 FORMATI(DOH

i

]
1304 FORMAT [32HONO FISSION YIELD AVAILABLE FOR sl
1305 FORMAY [CHOBAD CARD/SX2ID2,A3,5X1PE12,4)

END

SI18FTC ®BRMX LYST,DECK,H94/2

OO aAONR OO QAaan

c

i

SUBROUTINE XPRH
LINTP)

R C TOMFKINS = US ARMY NUOLEAR DEFENSE LABS
MUVEMBER 1966

ALLED BY PAML

*

* ¢ % &« w w o w GUOSSARY & * % # © W & & ¥ & #

ERM{181? EXPOSURE RATE MULTIPLIERS FOR GAMMA-CMITTING FISSION

PRADUCTYS (C¥. XPRM AND GXPSRI

JRMI10827 CROSS REFERENOE YO INDICES OF NPARNT [XPRM AND GXPSR]

P~RALLEL YO ERM

HRM KUNBER OF FISSION PRODUCTS CONTRIBUTING TO GAMMA DOSE

(XRRM AND GXPSR)

NSTAY 1SOMER NUMBER ON

FISOION YIELD CARD (YIELDI, CP. LISOM
ERN CARD [(XPRM) -~

GRCUND STAYE 0 OR 2

EXCITED STATE 1

XRM EXPGSURE RATE MULTIPLIER ON EBM CARD [XPRM)

1

1
2
3
1

- - L] v 4 L] ] ) - 1 4 w » » | ] * L] [ ] ] ] ] 1 *

CCMMON/FRYLNG/
BSUBK ($0] ,ERM (185] »JAM {135]) »KRM SJECFL90]
COMMON/F ISHIN/

AJEGN (700) ,ABUNDOI780) ,BRANCH(130) -CAPFIS
«DCON  (700] ,1BRA + INJC +MAXNUC
+HULT  (11) LNULLIDLZ00)

COMMON/UTILTY/
Kour +NPRNT (153

DIMENSION NAME(181)
LOGICAL JD,1GO.,KDOS:NPRNT

1901 FORMAT ([2x213,12,E8.3])
1002 FORMAY

7LD
YLD1
YLD1
YL.D1
YLD1
YLD
YLD
YLD
YLD1
XPRM
XPRY
XPRH
XPRN
XPRM
XPRM
XPRM
XPRM
XPRM
XPRH
XPRM
XPRM
XPRN
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XFRM
XPRM
XPRH
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM
XPRM

157
158
159
150
1481
162
163
164
165
166
167
168
169
170
171
132
173

174

175
176
177

[¥Y
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1 {15HL0UTPUT OF XPRM//5XBHINDEXSXZHIASXZHIZSX2HI S5 XIHJRMIX IHERMX PR

2 /i’ XPRM

702 FORMAT XPRM

s 16X13,5%13,5%12,6%X11,5%X13,5X1PEL0.3] XPRM

1311 FORMAT [22HONEAATIVE MASS [N XPRM) XPRM
:3.&2 ?u'r?%ﬁ? lL?ﬂVIUV H':""‘ :Rn 31;;:3:: VBDM
313 FORMAT [S5HOTYHE FOLLOWING ERM CARDS HAVE NO COUNTERPARTS IN NUCL IDXPRH

1} XPRM

1323 FORMAT ISKC7,5%E5.33 xShu
c XPRM
c INITIALIZ2E VARIABLES XPRHU
LY = 3 XPRM
MAXERM = 181 XPRM

DO 1 ¢ = 1yMAXERM XPRM
ERMIT) = ¢r0 XPRM
NAME[T) = 0.0 XPRM

1 JRMI1) = D XPRM
LAST = 0 XPRM

KRM = ¢ XPRM

c XPRM
c XPRM
c XPRM
C READ A CARD %PRM
2 READ (INTP,1001]) XPRM

1 NMAS . NAT,NSTAT,XRM XPRM
CHECK FOR END-OF=FILE SENTINEL XPRM
IF (NMAS:11301,6,3 XPRM

3 IFIKRM.EN,MAXERMY GO YO 1362 XPRM

KRN 3 KRM + 1 XPRM
COMPATIAILIZE THE {SOMERIC STATE INDICATORS XPRM
H3 = NSTAT + 1 XPRM

GO TN 15,5,4),M8 XPRM

c XPRM
4 NSTAT = ¢ XPRMN

C PACK THE NUCLIDE WNAME XPRM
5 NAME({KRH] = NMAS#MULT(4) & NAT«MULTI1] « NSTAT XPRM
ERMIKRM) = XRM XPHM

c XPRM
60 T0 2 XPRM

C MATCH THE NAMES XPRM
6 DO 100 K = 1,1NUC KPRM
NUCNAM = 1ABSINUCLIDIX]I/MULTIS) XPRM

DO 10 L = LT,KRM XPRHM

NAML = NAMELL) XPRM

7 IF INAML.EQO.NUCNAM) GO TO 11 XPRM

10 CONTINUE XPRM

60 TO 100 XPRM

c , XPRM
11 NUMAS = NAML/MULT(4) APRM
CHECK FOR BEGINNING 9F MuSS CHAIN XPRM
IF [NUMAS « [ ASTI12,13,12 XPRM

12 TEMP = =ERMIL] XPRM

GO TO 34 XPRM

13 TEMP = ERMIL) XPRM

IF [LT.EQ.KRM} GO TD 103 XPRM

14 LASY = NUHAS XPRM

C ORDER THE ARRAYS XPRY
MB = | XPRM

MT 8 LT « 4 XPRM

tL s HB + MT XPRM
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38
39
49
41
42

ot
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44
45

A4
o

47
48
49
50
51
52
53
54

55 -

56
a7
58
79
60
61
62
63
64
65
66

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
1]
86
az
88
89
90
91
92
93
94
95
96
97
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c XPRM 98
PO 20 M = MT,.HB XPRM 99
MM 3 LL - M XPRM 1010
ERAMIMM) =z ERM{MM-1] XPRM 101
20 NAMELKM] = NAME [MM=-1) XPRM 102
C APRM 103
eqAMILYY = TEwe AMKE 104
NAMEILT! = APRH 105
JRMILY) = K XPRN 106
LT = ny XPHR 107
Cc . XPRM 108
100 CONTINUE XPRM 109
C ERROR TRAGE ON NORMAL EXIT XPRY 110
GO TO 1303 XPRWM 111
c PROCESS THE LAST ENTRY XPRM 112
101 JRMIKRM! = K XPRM 113
ERMIKRM) = YEMNP XPRM 114
NAME[KRM] = 8 XPRM 115 -
C QUTPUT RESULTS ON REQUEST XPRM 116
tF [.NOVT.NPRNT[5)) RETURN XPRM 117
WRIVE [X0UT,1002) XPRH 118
B0 700 Is1,KRM . XPRM 119
JR = URMII) KPRM 120
NAMO = [ABSINUCLIDCJRII/ZMULTES! XPRM 121
CALL UNPACK(TIA» 12,15, NiMOY XPRH 122
700 WRITE [KOUT,702) XPRH 123
1 1o1AIZ,1S»JRMIL)ERMIY) XPRM 124
RETURN XPRH 125
C# % v &« «# « ERROR TRACES # & » # »  » - YPRH 126
. 1301 WRIVE [KOUT,1311) XPRM 127
u WRITE (KOUT,10%2) NMAS,NAT.NSTAT,XRHM APRM 128
. 60 To 2 XPRM 129
1302 WRITE [KOLT,1312) XPRK 130
sTNP 1302 XPRM 131
1303 WRITE (KOUT.1313) XPRM 132
i WRITE [KOUT,1323] (NAMEILI,.ERMIL), LILT KRN XPRM 133
i KRK = | T = 1 XPRM 134
5 ) 60 Yo 3101 XPRM 135
" - END XPRM 136
$IBFTC INDX LIST,DECK.M94/2 INDX 0
1 SUBROUTINE INDCDy INDX 1
7 1 {EMITN , HOB + KRD s TH ] INDX 2
L CALLED BY paAM1 INDX 3
E . Cc INDCD 1S MODIFIED VERION OF JONES-MOFFMAN INDUCED INDX 4
- c COMPUTER PROGKAM, USNRDL LR- INDX 5
c INDX 6
C NOVEMBER 1966 INDX 7
c INDX 8
C * w ¢ & w w w & % GLOSSARY & « ¥ & % & + w w & « INDX 9
c INDX 10
C ALB WEUTRON ALDEDO OF SOIL INDX 11
C FAC{7,18) NUMBER OF ATOMS OF ISOTOPE | OF ELEMENT J ACTIVAYED INDX 12
(v PER NEUTRON [OF. INDCD1 AND INBCD2) INDX 13
c FA}(7,18) ATOKS OF ISOTGPE | OF 4 PER AYOM OF INDX 14
; c FAT{18) ATOHS OF ELEMENTY | PER AY2M OF SGIL: INDX 15
g C FM[18) MAS3S FRACTION OF -ELEMENTS IN SOIL INDX 16
2 c (CF. CASSIDY/JONGS FH} NDX 17
] c FOQIS, 7318} PHOTONS PER DISINTEGRATION OF ENERGY | OF ISOTOPE OFINDX i8
[ ELEMENT K [INDCDt AND INDCD2] INDX 19
(o FOM FRACTIONS OF NEUTRONS SEEN BY APPARENT CRATER INDR 20
- 108
: |
. |
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s s NrloNesRsNyisNrEolvNoN s RoNsRe R No R N R Ro N Ne

ao0a

HL{7.18!
HOB

HSCL
150{18)
KEvE7,181%

LH(7,18]
NA{7,18}

naris)

RNY(5,7718)
SIgl(7,18)

HALF LIFE OF OAPTURE PRODUCT OF [SOTOPE 1| OF ELEMENT JIHWDX
HETGHT OF BURST M FEET INDX
SCALED HEIGHT OF BURST (Wee1/3 IN INDCD2) INDX
NUMBZR OF ITEOTOPES OF EACH ELEMENT OCCURRING IN NATUREINDX

NUMBER OF PHOTON ENERGJES EMIFTED BY CAPTURE PRODUCY INDX
srover ol iNVK
UNITS OF HL.CR, IUNIY INDX
HASS NUHBER ] 1sovOPE 1 OF EUEHENT J INDX

ATOMIC NURBCGRS OF 50iL ELEHENYS INUX

EXPOSURE RATE MULTIPLIERS FOR PHOTON ENERGIES PARALLELINDX

Ta FoG INDX
THERMAL NEUTRON ABSORPT]ON CROSS SECTION OF ISOTOPE 1 INDX
OF ELEMENT J LBARNS) INDX

SIGISC[7,1B8) THERMAL NEUTRON SCATYERING CRQSS SECTION OF ISUTOPE I INDX
OF ELEMENT J [BARNS] INDX

SIGS THERMAL NEUTRON ABSORPTION CRUSS SECTION OF SDXL INDX
[BARNS INDX

SIgSsce TKERHAL NEUTRON SCATYERING CRESS SECTION OF SOIL INDX
(BARNS ) 18DX

XLAMI7,18) DISINTEGRAT'IN CONSTANT OF CARTURE PRODUCT OF ISOTPPE INDX
1 O6F ELEMENT d INDX

. INDX

* % * ¥ @ ®* W w ¢ o ¥ & & w & * ok e ¥ b X w @ INDX
INDX

COMMON/ INDUCE/ INDX

i ALBFOM +FAC {7»18),FOQRNY(7,18),1S0 i18) INDX

2 sLHAX SXLAM (75181 INDX
INDX

COMMONZUTILYY/ IRDX

1 KOouT +NPRNT [i5] INDX
INDX

DIMENSION INDX

1 A (7, 18), FAL1 (7, 18), FATY(18]), FMl18]), FOGlS5,7:18}, INDX
2HL 17,28%, NZi18), LH [7, 18)s NA (7, 18), RNY[5,7,18), INDX
IxkeEvVi7i18), INDX

4 SA (18), SFAY [18)., SFAISC (18), SIGI (7, 18}, S1GISC (7, 18) INDX
INDX

LOGICAL NPRNT INDX
INDX

10 FORMAT(I12,8X.,F10,0) INDX
14 FORMAT (12,15,E13.3) INDX
016 FORMAT ( INDX
1 13, 12, F9.5, F15.%, E10.3, 13, F15.5) iNDX
18 FORMAT {F10,0,E10.0) INDX
601 FORMATY INDX

1 [17WH10UTPUT OF INDCD1/22HONUMBER OF ELEMENTS = [2/42HONUMBER OINDX

2F NEUTRONS E41YTSD PER FISSION 3 F5.2/ INDX

4 4 9HB  INDEXSXIHISO18XIHFACL2XAHXLAMOXINKEVOXIHFOG12XIHRNY/) [NDX
602 FORMAT INDX
1 (//6X12,8%11,6X1PE12,3,5XE10,3,6X11,6X0PF10.5,5X1PELD,3) INDX
633 FORMAT INDX
1 (6IXOPF10.5,9X1PEL0.33 INDX
604 FORMAT INDX
1 [1HOE2X1PE12,%,5XE10,3,6X11:6X0PF10.%:5X1PEL0,3) INDX
ELEMENTS OF CASING ARE INDX

IGNORED IN THIS CONPUYATIONS INDX

INDX

HOBLMY = 36,0 INDX
DOBLMT = =2,0 INDX

100 READ (xRD,s 10} INDX
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32
32
34
35
36
17

3€ -

39
40
4
42
43
<4
45
46

48
49
59
51
52
3
54
55
%6
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
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78
79
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1 LMAX
IFILMAX]700,700.202
102 READ (KRD, 14)
1 INZIL), 1SOfLis FMIL)s Lsi, LMax}
DO 203 L = 1, LMAX
1S & 1801{L)
103 READ IKRD. 164}
1 INACI,L), KEVIIWLI, FAILTSLI, SIGHIT,Le HLITLLE, LHLELL]
2 SIGISC (!, L)» 1 =1, IS}
DO 104 L = 1, LMAX
1S & 1SOIL!?
DO 104 ] = 3, IS
KE = KEVI{I,L)
104 READ (KRD, 18]
1 IFAGIN,E.L1» ANYIN,1,0L0» N=si, KE!
IFIEMITNIZ700.,700,105
105 SIGS= 0.
SI1GS55Gs 0.0
SFWMAN=D.
00 120 L31, LMAX
SAlL)=0,
1Ss1SOIL)
DO 110 I=t, 1S
YSTIRELTYSTIN
110 SAIL]s SACLY+ALI,LIwFAI[LsL])
120 SFUMAXSSFWMAX+FMEL]/SALL)
DO 150 L=1, LMAX
FATILY = FMILI/Z(SAILI*SFWHAX)
SFAI(L)=Q,
SFAISCIL]I=0,.0
15={S01{L}
D0 140 1s=1, IS
SFAISCIL) = SFAISC TLJ+FAS(I,Ltn SIGISCII,L]
140 SFAJILY = SFAIILYSFATIT.L3eSIGILT L)
SIGSSCaSINASSCoFATILISFAISCIL]
150 SIGS=2SIGS+FAT{L)eSFALIL}
152 DO 200 L=1, LMAX
1S=1801{L1
po 200 I=1, IS
FOGRANY({].L)} = 0.
KE = KEV(I,L)
p0 210 N = 1, KE
210 FOGRNY{1,L) = FOGANY([Il.L] + FOGIN,I,LIvRNYIN,I,L)
FACIIZLI=FATILIOFALI(].L)*SIGI(1,L)/8]GS
MLEL,LISTIMSECIRLET L) LHILSL],0)
200 xuAMIR,L)=v893/HLII.L]
REDUCTION OF SOIL EXP. RATE 1S NOW MADE AC
"THE SQLID ANGLE FRACTION OF THE FIREBA:L JOUCHING THE GROUND AT
THE TEME OF HYDRODYNAMIC SEPARATION, ANU THE FRACTION OF
NEUTRONS THAT REMAIN IN THE SOIL AFTER ALBEDO.
HSCL2HOB/ THWew). 33333333
272 1F (HSCL.L.T.HOBLMT) GO YO 274
273 FON=0%C
ALB=0790
GO TO 287
274 IFIHSCL)276,277,275
275 FOMS1T<NSCL/SQRT(4,24%HSCLUKSCL ~234, wHSCL 24225,
GO To 286 :
‘276 IF [WSCL.LT.DOBLMT) QG YO 278
277 rFON=1%0
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INDX
INDX
INDX

18w
AL

INDX
iINDX

Y MN W
VM N

INDX
INDX
INDX
TNDX
§NDX
INDX
INDX
INDX
INDY
INDX
INDX
ENDX
INDX
INDX
INDX
INDX
IWDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
TNDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX

81
ez
&3

o=
8s
04

o
o

a8

a9

90

91

92

93

94

95

96

27

98

99
100
101
102
103
104
105
106
107
108
109
19
1i1
112
113
114
115
116
117
118
119
120
124
122
123
124
125
126
127
128
129
1390
131
132
133
134
135
136
137
138
139
140
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G0 "0 286
278 aLB=2170

FOM=1TD

G0 Yo 287
286 ALBE17155+450RYISIGS/ (5 ]GSSC+S1GS)Y)
287 ALBFOM w EMITN*FOM~ALB*1,EA

IF [.NOY,.NPANTi8)] RETURN

6 WRITE [Kouv,601)
1 LMAXLEMITN

DO 05 lw1, MAX
1S = 1S0[])
WRITE (KOUT,6C2)

1 T*IS,FACIL, T1oXLAMIL, Yo KEVL,E),FUGIL 2. 01, RANYLS 1,11

KEaKEVIL, )

IFIKETGY.1)
LURITE IKOUT,603])
1 (FEsiNs1.1YsRNYiN10 19, K82,KE]
1IF1ISTEQ.1) B0 To 605

PO 600 J=2,18
KE = KEV{J.i?
WRITE (KOUT,&04%
1 FACUJ, 1, XLAt{Js11,KE,FOGE1, JalisR2YILsJu] ]
IFIKESGT,.13
INRITE (KOUT,603}
1 (FOGI{Xeds1)sRNYIK, Jo 1D, Ke2,KE]
600 CONTINUE
605 CONTINUE
700 RETURN
£ND
SIBFTC ¥ RTAB LISY,0Cinx,n14/2
SUBROUTINE FRATIG
i [SLDPTUP, TMSD,HEHN]

C
C R C TOWPKINS == US AHMY NUCLEAR DEFENSE LABS
c SHYYEMBER 1964
c
‘COMMON  /SETI/
1 g2 ,822 sRI2
2 »DELTAX »DGX ,DGBY
3 +DIFADJ +FMAS[580) +FMASS{200)
4 + ICON » ICTR IR
5 » I[P » IPOUT JITTIL8)Y
(] »JCL18) »JIN »JOUT
? »KTR(S00) +KTAPE +LAST
8 s MARRAY +MIN +MXREQ
L] N +NA +NBZX
1 sNB2Y s NCL +NE
2 oNIJ + NMAP » NMAX
3 +NPL21) +NRED +NS
4 sNTAPET +NTASK +NXMAP
5 sYMIN +PSI5004% +PBIZE(200)
8 + ROPARTY »T1500!
? ' 72 STLINMLY +X1500)
8 + X0 +» XMAX +XMIN
9 » X1 » X2 X3
1 2YI5001 »YF »Y0
COMMON/ZOUTRUT/
1 FISNUM FP. [260) sFW + ITAB
111

» 8222
+DIFCON
s 1C118)
210T7118)
1V

s JPOUT
»MAPRUN

»NBZXN2

» NF

+ NOX

» NTAPES

+ NYMAP
+PACT(200])
oT1

‘o XF

» XNMAP
» X4
» YHAX

»JGO

INDX
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INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
1NDX
INDX
INDX
INDX
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INDX
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INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
INDX
18D
FRTA
FRTA
FRYA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRYA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
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30

+MASCHN + S1GMAS
COMMON/F 1 SHIN/

ABEGN [700) ,ABUNDODI7801 ,BRANCH(130)

2
1
2 +DCON {700) ,I1BRA » INYC
3 sMULT [11) ,NUCLIDI780)

COMMON/UTILTY/

1 Kouy +NPRNT [153)
CIMMON/FRYILNG/

1 BSUBK (901 LERM 11853 ., JRM {1851
COMMON/DECAY/

1 169 +JD +XKDOS

2 fTEXIT + TIME

DIMENSION FRI90)
DIMENSION B0JLI40)

EQUIVALENCE ({FR,BSUBK)
LOGICAL NPRNT,s1G0.JD,NOTO+KDOS

2CAPFI3
» MAXNUC

» KRM +ECFl90!}

» TENTER

FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRYA
FRTA
FRTA
FRYA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRYA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA

DATA 90IL/2#3173,0,2907.0+3000.0.2976.0,1764,0,1010.0,1026.0,331.8FRTA
1,120,1,1656,0,3497.0,4695.0,4808,0,3300.0,13%1,0,583.0,4505.0,4149FRTA
2.0,3436,0,2451.0,1832.0,2823,0,2247.0,1832,0,1534.0,457.4,165.9,15FRTA
355.0,3003.,0,4608.0.4367.0,4252,0,4464.0,4348.0,5+4300.0/

TIME = THMSD

160 = ,FALSE.

JD = STRUE:

kD0OS = .FALSE,
MAXCHN = 90

DC 30 1 = 1,MAXCHN
FRI1] = 0.0

CALL BATMAN

MCHNN = 0

RFRC = 0.0

CHN * 0.0

LAST = Jap3IMUCLIDILII/ZMULTIO]
NOTO = ,FALSE,

DO 10 MB = 1,INUC

NAME 3 1ABSINUCLIDIMB)1/MULTL6)
MASS = NAME/MULT(3)

NAT = MOD{NAME,HULT(3))

IF [NAT.GE927,AND.NAT.LE.66) GO TO 1
WRITE [KGUT,513) NAT,MASS

ABUND = 0.0

GO TO 10

IF (MASS.EQ.LASTIGO TO 3

MCHN = MCHN + 1

IF INOTO] FRINCHN) = RFRC/CHN
RFRC = 0.0 '

CHN = 0,0

NOTO = .FALSZ.

132

FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRYA
FRTA
FRTA
FRYA
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FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA
FRTA

29
30
n
32
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34
35
36
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40
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43
44
45
46
47
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51
52
53
54
55
56
57
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59
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63
64
65
66
67
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69
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74
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85
86
87
88




I o

)

aaoOonoaoonooaonaaaoaan

FRTA 89
3 ABUND = ABUNDO(MB} FRTA 90
LAST = MASS FRTA 91
IF LABUND)10,10.,4 FRTA 92
4 NOTD = , TRUE, FRTA 93
1€ (BOIL(NAT-26],GE,SLDTHR) RFRC 2 RFRC + ABUND FRIA 94
CHN = CHN ¢ ABUND FRTA 95
10 CONTINIIE ravs oy
MCHN = MCHN + 1 FRTA 97
1F (NOTO] FRIMCHN] = RFRC/CHN FRTA 98
FRTA 5%
IF INPRNT(61) GO TO 22 FRTA 140
19 B0 32 L = 1,MCHN FRT& 101
BSUBK(L) = .SORTIFRILI) - 1.0 FRTA 202
POWER = BSUBKIL) FATA 1€3
SUM = 0.0 L) 1TAB FRYA 104
DO 20 M = 1, FRTA 10%
20 SUM = SUM +'FHASS(NE"PS!ZE(H'tiPouE’R FRTA 106
32 ECFIL) = 1v0/SUM - FRYA 107 .
IF INPRNTL7))] 80 YO 03 FRTA 108
21 160 = .TRUE. FRTA 109
RETURN KOUT.501] FRTA 110
22 WRITE 'KOUT, . FRTA 1it
60 To 1: 5031 FRTA 113
23 WRITE [KOUT, . \ FRTA 114
WRITE (KOUT,502) (K,BSUBKIK],Knl,KCHN) FRTA 115
60 To 21 FRTA 116
CRNAT ii?
PO R L 7H10UTPUT OF FRATION/6X4HMCHN 10X2HFR//I FRTa
502 FORMAY i FRTA 119
: (7xIZ'GXAz:iﬁﬁgisuasuax//n FRTA 120
ORMATI///6X4HNG . .
-ggg ionnar [44HOROILING POINT 1S NGT AVAILABLE FOR ELEMENT 13, ':;: igé
1 GHIMASS §3,1H1) FRTA 123
END FRTA 122
1 GHIMASS 13,1H1]
SIBFTC PAM2ND LIST,DECK.N94/2 :ﬁ:g :
SUBROUTINE PAM2 PAMZ 2
R C TOMPKINS ~- US ARMY NUCLEAR DEFENSE LABSY :::g 3
DCTOBER 1966 Ticy PaNZ &
EXECUTIVE PROGRAM FOR THE TIME~-DEPENDENT PAKT OF THE PARTICLE banz 8
ACTIVITY MODULE PAM2 7
ALLED BY LINK9 AND BY CALC PAMS &
* & % % # # ® & w GEOSSARY & & @« e # & ‘% W & :::g 1:
PAM2 13
FP1200) ACTIVITY DENSETY IN EACH PARTICLE SIZE FRACTION
IT:B NUNBER OF PARTICLE SIZE CLASSES . PAMZ 12
HASCHN MASS NUMBER REQUESTED FOR OUTRUT WITH JU0 = 2 PAM2 13
svi200) FRACTION OF TOTAL SURFACE IN ZACH PARTICLE SIZE CLASS PAM2 14
DIVIDED BY FRACTION OF TOTAL VOLUME s::g 13
P T T AR ST T SN R S R AN B R :::: i;
PAN2 19
CMMON/F ISHIN/ .
1c ABEGN (700) ,ABUNDOC700) »BRANCHIL134) ,CAPFIS ganz 20
2 .DCON (700} ,!BRa » INUC S HAXNUC P::g g;
3 LMULT 111} ,NUCLIDIVO00} ANS 2%
COMMON. INDUCE/ TAM2 24
113
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»FAC (7:18),FOGRNY17,18]),}5¢C {181

»kDOS

»iTAG F¥icly)
s TENTER
¥ ¥4 8222
sDGY »DIFCON
+FMASS[200) s1ct18)
+ IH »107018)
2177018) oIV
» JOUT »JPOUY
sLAST SHAPRUI
«MXRZ0
+ NBZX +NBZX2
+ NE » NF
o NMAX s ROX
NS »NTARES
»NXHAP s NYMAP
+PSIZE[200] «PACTL2009
2 Ti500) o T1
+XE300) + XF
s XMIM + XNMAP
+23 " X4
» Y0 s YHAX

1 ALBFOM
2 s LMAX YXLAM [7018)
C
COMMON/UTILY Y/
L vourT SHoANT ik
C
COMMON/CUTPUT/
< L1 I {205}
2 » MASCKHM s S1QMAS
c
: COMMOM/DECAY/
i 1G0 + D
2 2TEXIT » TIME
c
COMMON /SET3/
1 87 1B22
2 »BELTAX »DGX
3 +GIFADY +FHASI500)
4 + ICON +ICTR
5 o 1P » 1POUY
é »JCE18) +JIN
7 +KTR(500) +KTAPE
8 ¢ MARRAY sMIN
- s AYDUNY +NA
1 sNBZY +NCL
2 ' NIJ +NMAP
3 +NPE211) +NRED
4 s NTAPET +NTASK
5 ~ JYMIN PSI500%
é +ROGPARY
7 ' T2 2TLIMIT
8 » X0 + XMAX
9 s X1 + X2
i vi5A0) ' YF
LOGIC, JD,iG"»KDOS,NrRNT
100 FORMAT
1 [17HLTOTAL PAM OQUTPUT/OXSHPSIZE2ZXZHFR!?
103 FORMAT
1 5 12.4,14XE12.4)
C
DO 101 = 1,17AB
10 FPLI) = 0.0
c
G0 YO (1,2,3),JG0
c
1 CALL GXPSR
IF [CAPFi1S13.,3,4
4 CALL URAN
3 1F ILMAX)S5,5,6
6 CALL INDCD2
% IFL.NOT.NPRNT{15)1] RETURN
WRITE {KOUT,100)
WRITE (KOUT,101) [PSIZELIF#.FPI1),11,1TAB)
RETURN
2 CALL MCHDEP
60 T0 5
END
60 Y0 5
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PAM2
PAM2
PAM2
PAM2
FARE
PAM2
PAN2
FARZ
PAM2
PAH2
PAM2
PAM2
PAH2
PAM2
PAK2
PAM2
PAM2
PAM2
PAN2
PAM2
PAM2
PANZ
PAM2
PAM2
PAMZ
PAMZ
PAMZ
PAM2
PAM2
PANZ
PaM2
PAM2
PAMZ
PAM2
PAM2
PAN2
PAM2
PAM2
PAM2
PAM2
PANZ
PANT
PAN2

‘PAN2

PAM2
PAM2
Pap2
PAM2
PAM2
PAN2
FAM2
PAM2
FAM2
PAM2
PAM2
PANZ
PANZ
PAM2
PAK2
PAN2

25
26
27
28
v
30
J1
32
33
34
35
36
37
38
39
40

42
43

45
46
47
48
49

51
52
53
54

56
£7
58
59
60
61
62
6d
64
45
66
67
68
&9
70
71
72
73

75
76
77
78
79
80
a1
82z
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$1BFTC GATS  LIST,DECK,M94/2 axXTs
SUBROUTINE GXPSR GXTS

¢ 6XTS
c CASSIDY - NRDL / TOMPKINS - NDL GXTS
c GXTS
e NOVEMAED 3ot GXTS
CALLED BY PANMZ GXTS
COMMON/F ISHIN/ GXTS

1 ABEGN €700) ,ASUNDGI?S0) ,BRANCHILS3G sCAPFIS 6XTS

2 ,DCON {706) ,1BRA » INUC » HAXNUC GxTs

3 JMULY (111 LNUCLID(700) GxXTS

¢ GXTS
COMMON/FRYLNG/ GXTS

1 BSUBK 190) LERM  [185) ,JRM  118%) ,KRM  ,ECF{90) GXTS

¢ GXTS
COMMON/UTILTY/ GXTS

1 KouT JNPRNT (151 GXTS

c GXTS
COMMON/OUTPUT/ GXTS

1 FISNUM JFP 1200) LFM » 1TAB »JGO GXTS

2 LMASCHN S1GMAS GXTS

c GXTS
COMMON/DECAY/ GXTS

1 160 2 JD »KDOS » TENTER GXTS

2 LTEXIT +TIME GXTS

c GXTS
CUMMON  /SET3/ GXTS

1 62 ,822 822 ,8222 GXTS

2 JDELTAX :DGX »NGY ,DIFCON GXTS

4 +DIFADJ ,FMASI500) JFHASS(200) ,1C118) GXTS

&« ,ICON L ICTR 1M ,10T113) GXTS

5 LIP , 1POUT 177118} o1V GXTS

6 ,uCl18) +JIN +JOUT »JPOUT GXTS

7 JKTRI500} +KTAPE JLAST »HAPRUN GXTS

8  /MARRAY MIN + MXREQ GXTS

9 ,MYDUMY +NA »NBZX »NBIX2 GXTS

1 .NBZY +NCL «NE NF GXTS

2 NI +NHAP NMAX +NOY GXTS

3 LNPl21) +NREGQ o N3 +NTAPES GXTS

4 ,NTAPET NTASK +NXMAP sNYMAP GXTS

5  LYMIN »PSI500% +PSIZE(200) +PACT(200) GXTS

6  JROPART 755001 2T GXTS

7 T2 STLIMIT »X1500) »XF GXTS

8 X0 2 XMAX PXMIN s XNMAP GXTS

9  xi X2 X3 X4 GXTS

1 ,v1500) »YF . ,v0 + YMAX GXTS
GXTS

DIMENSION XRTI90} GXTS

c GXTS
LOGICAL JD,100,KDOS,NPRNT GXTS

DATA CROSS»UNIT/100.051.0/ GXTS

¢ GXTS
901 FORMAY GXTS

1 (16HLOUTPUT G GXPSR/5X13HPARTICLE SIZE7X24HFISSION PROCUCT ACGXTS
2T1iVITY) GXTS

902 FORMAT N GXTS

t [BX7HMICRONS16XL1H R *New2) /HP// ) GXTS

903 FORMAT ‘ GXTS

1 (EX1PE12.4,14XEL12.4] GXTS

912 FORMAT GXTS

CONOREGGNF O
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1 (BXTHMICRONSLBX6HR*Kn®2/ /) GXTS

GXT1S

CALL BATMAN GXTS
MAXMCH = 90 GXTYS

MCH = N SH73

0O 1 | = 1,MAXMCH GXTS
XRY(1] ~ @Gv0 GXTS

GA7S

DO 10 J = 1,KXRM GXTS

K = JRMIJ]} GXYS

1F (ERMLJYIL11,10,12 GXTS

11 MCH s MCH ¢+ 1 GXTS
COMPUTE MASS CHAIN NORMALIZATION FACTOR GXTS
¢ GHTS
12 XRTIMCH) = XRTIMCH] + ABUNDOCKIwABS[IERMIJ) ] GXTS

c GXTS
10 CONTINUE GXTS

c GXTS
DO 20 LC = 1,MCH GXTS

IF (XRT{LC))20,20521 GX1S

21 BNEX = BsSUBK(LC) GXTS
CRISS = CROSSe~BNEX GXTS
RAUIAL & ECF{LC)/IUNIT + CRISS+ECF(LCI! GXTS
STRAIT = RADIALYCRISS 34VS

TNEX = FISNUMeXRYILC) GXTS

DO 40 LD = 5,]1TAB GXTS

40 FPILD) = FP{LD) + {RADIAL2PSIZEILD)w##BNEX ¢ STRAITIwTNEX#FMASSILDIGXTS

20 CONTINUE GXTS

c GXVS
C GXTS
IF (.NOT,NPRNTI110])) RETURNM GXTS

c GXTS
WRITE (KOUT,901) GXTS

IF (4h) GO YU 103 GXTS

WHITE (KOUT,912] GXTS

GO To 102 GXTS

101 WRITE (KOUT,902! GXTS
102 CONTIRUE GXTS
DO 103 Is1,1TAB GXTS

) KRITE LKCUT,903) FSIZELL)aFPIL) GXTS
103 CONTINUE GXTS

c GXTS
RETURN GXTS

END GXTS
$iBFTC URARX LIST.DECK.M94/2 URAN
) SUBROUTINE URAN UIAN

c UAKAN
c R C TOMPKINS « U5 ARMY NUCILEAR DEFENSE LABS URAN
c MAY 1966 URAN
CALLED BY PAM2 URAN
c URAN
¢ DLuM DISINTEGRATION CONSTAMT OF NP239 URAN
c FLAM DISINTEGRATION CONSTANT OF U239 URAN
c URAN
COMMON/F I1SKIN/ URAN

1 ABEGN (700} ,ABUNDOL7M0) ,BRANCH(130! ,CAPFIS URAN

2 +DCON  (700) ,1BRA »18UC s KAXNUC URAN

3 +MULT (11) ,NUCLID(7d&0) URAN

URAN

COMMONZUTILTY/ URAN
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1 KoUT
COMMON/OUTPUT/

1 F1SNUM

2 +MASCHN
rOMMON/DRCAY/
1 160

2 e TEXIT

COMMGN /SET3/
BZ
» DELTAX
+NIFADY
+ JCON
s 1P
+JC[18)
+KTR(S00)
cMARRAY
s MYDUMY
+NBZY
+NIJ
+NP(21)
sNTAPET
s YMIN
+ ROPART
T2
+ X0
X1
2 Y1500

B ORNON RGN WO~ O kN

ccccc

NPRNT (15)

FP (200)
» SIGMAS

' J0
+ TIME

B2

» DGX
»FMAS(500)
»ICTR

s IPQUT
»JIN
'KTAPE
+MIN

yNA

yNCL

» NMAP
»NREQ
yNTASK
»PS({5001%

yTLIMIT
» XMAY,

' X2

4

LOGICAL JD,!G0,KDOS,NPRNT

c

COMPUTE U239 DISINTEGRATION CONSTANT

PLAM = 0.093147/123.5%60.0})

COMPUTE NP239 DISINTEGRATION CONSTANT
DLAM = 0.693147/156.0+3600,0)

»KDOS

+1TAB » GO
»TENTER
822 8222
»0QY »DIFCON
+FUASSI200) »1C118)
e IH »J0T118)
S1TTi18Y IV
»JOUT »JPOUT
+LLASY +MAPRUN
+MXREQ
LNBZX W»NBIXR2 -
+NE o NF
+NMAX » NOX
+NS +NTAPES
sNXMAP »NYMAP
»PSIZELR0Q]) »PACY (200}
»T1500) ' 71
+%X1500) » XF
2P XMIN » XNHAP
nK3 px4
Y0 s YMAX

ABNEP = GLMP*ABURAN = GLUMP#EXP {-DLAM®TINMNE]

ABURAN = AZERO/PLAM®[EXP [-PLAMNTENTER) ~ EXP {=PLAM®TEXIT)]

= EXP [-DLAM*TEXIT)|/DLAM

ABNEP = GLHP*«ABURAN - GLUMP/DLAMCEXP [=RLAN«TENTER]

7 ANEP = (ABURAN®.327E«6 ¢ AGNEPw.966E=6]aF§SNUMN

c
‘2 AZERO = CAPFIS*1i E4ePLAN
GLMP = GLAM/IDLAM - PLAM]
GLUMP = AZERO+*GLMFP
C
IF [.NOT.JD) GO YO 3
ABURAN = AZERO*EXP [-PLAM*TIME)
G0 TOo 7
C
3 I¥ [.NOT.KDDS) GO TO 4
ABNE? = GLMP~ABURAN -
1GLUMP# (EXP [=-DLAMYTENTER;
GO To 7
c
4 ABURAN = AZEROD/PLAH*EXP (<PLAWSTENTER]
c
D0 8 J=1,17AD
8 FPLJY = FPLJ) + ANEP«FHASS(J]
c i

1F (NPRNTI12)! WRITE (KOUY.100) ANEP

100 FORMAT
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URAN
URAN
URAN
URAN
URAN
URAN
URAM
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
URAN
UKAN
URAN
URAN
URAN
URAN
URAN
URAN

14
17
18
19
20
21
22
23
24
25
26
27

29
39
31
32

33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

86
&7
68
69
70
71
72
73
74
75
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1 {15M10UTPUT OF URAN/5X21HMASS 239 CONTRIBUTES 1PE12.4, URAN

2 23H TO EACH PARTICLE SIZE.) URAN

RETURN URAN

END URAN

$18FTC INDY LIST,.DECK,M94/2 1uny

] SUBROUTINE INDCD2 INDY
c INDY

¢ NOVEMBER 1966 INeY
COMMON/Z INDUCE/ . INDY

t ALBFON FAC  (74181,FOGRANY(7,18},150 (18} INDY

2 LLHAY JXLAM  [7018) . INDY

c INDY
COMMONZUTILYY/ INDY

1 KOUY +NPRNT (15] INDY

c INDY
COHKON/QUTPUT/ INDY

1 F1SNUM JFP (200]) s 1TAR »JGO INDY

2 L HASCHN »S1GMAS INDY

c INDY
COMMON/DECAY / INDY

1 160 D »KDOS » TENTER INDY

2 LTEXIT L TIME INDY

c INDY
COHMON /SET3/ INDY

1 ,822 »822 ,B222 INDY

2 JDELTAX ,DaX +DGY ,DIFCON INDY

3 .DIFADY yFMAS 560 ) LFHASS[200) »10118) INDY

,’ . » ICON »ICTR s 1H plOTlial INDY
; 5 ,1p » IPOUY P1TT118) 1V INDY
: 6 , n[18) WJiN »JOUT »JPOUT INDY
j 7 . R(500) +KTAPE +LAST » MAPRUN INDY
; 8 L MuRRAY JMIN »MXREQ INDY
; 9  LHYDUMY +NA +NBZX +NBZX2 INDY
1 ,N8ZY »NCL »NE »NF INDY

2 WNIlJ s NNAP » NMAX » NOX INDY

I LNPL21) ~NREQ +NS »NTAPES INDY

4 L NTAPET +NTASK +NXMAP +NYMAP INDY

S ,YMIN »PSI%500% »PSIZEL200) LPACTI200) INDY

6  JROPARY »T1500) » TH INDY

. 7 .72 JTLIMIT SX15001] o+ XF INDY
‘ 8 .x0 » XMAX SXMIN » XNMAP INDY
' 9 » X1 - X2 + X3 1 X4 INDY
| 1 ,viodo! Y Y0 » YHAX INDY
i INDY
LOGICAL JD,1G0,KDOS,NPRNT INDY

c INDY
1000 FORMAT INDY

i 1 [17H1CUTPUT OF INDCD2/%XS3HINDUCED ACTIVITY IN YHWE TRANSPORTEDINDY
| 2 SOIL CONTRIBUTES 1PE12.4423H TO EACH PARTICLE SIZE.) INDY
¢ INDY

| SDRE = 0.0 INDY
ic INDY
; D3 24 L = 3,LMAX INDY
; IS » (SDIL} INDY
o INDY
: DD 22 1 ® 3,1S , INDY
i PLAN = =X AM{I,L} INDY
j iv [LNOT,JD) RB YO 12 INDY
\ DRI » ~FACI1,LI*DLAM*FOGRNY{1,L)*EXP (DLAH®T|ME} INDY
| co TG 22 INDY

L

|
|



c INDY
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12 IF [.NOT.KDOS) GO TO 14 INDY
DRI = FAC(I,L)*FOGRNY(1,LIn{EXPIDLAMYTENTER] = EXPIDLAMWTEX]T ] INDY
G0 Tn 22 INDY
c INDY
14 DRI = FAC{I,L)*FORRNY[1,Lt«EXP[DLAM*TENTER] INDY
c 14DY
22 SDRE = SDRE + DR} INDY
24 CINTINGE INDY
C ILDY
c INDY
SDRE = SURE*ALOFQM#F ISNUM INDY
c INDY
DO 26 MA = 1,1TAB INDY
26 FPIMA] = FPIMA) ¢ SDRE+FMASS{MA] INDY
c INDY
IF INPRNTI[411]) WRITE {KOUT,1000) SDRE INDY
RETURN INDY
END INDY
RETURN INDY
S{BFTC NCTYS LIST,DECK,M94/2 MCYS 0
SUBROUTINE MCHBEP v MCYS 1
c MCTS 2
c R C YOMPKINS = US ARMY NUCLEAR DEFENSE LABS HCYS 3
c NOVEMBER 19066 KCTS 4
CALLED BY PAM2 MCTS 5
¢ MCTS 6
COMMON/F ISHIN/ MCTS 7
1 ABEGN (700) .ABUNDO{700) ,BRANCH{13G) »CAPFIS : MCTS 8
2  .DCON 1700) ,LBRA » INUC + MAXNUC MCTS 9
3 LMULT (11) ,NUCLIDI700]) MCTS 10
CONMON/UTILTY/ MCTS 11
1 KOUT JNPRNT [15) MCTS 12
COMMON/OUTPUT/ MCTS 13
1 FISNUN o FP (2001 +FW s 1TAB »JGO MCTS 14 |
2 JMASCHN »SIGMAS MCTS 35 !
COMMON/FRYLNG/ MCTS 16
1 BSUBK (90) LERM  [185) .JRM  (18%) .XRM SECFL91] NCTS 17
COMHON/DECAY/ MCTS 18
1 100 »JD .kDOS + TENTER MCTS 19 |
2 LTEXIT »TIME WCTS 20 |
COMMON /SET3/ MCTS 21 |
1 B2 ,B72 821 6222 RGTS 22 !
2  JDELTAX »DOX »DGY »DIFCON MCTS 23 |
3  LDIFADY JFHASI500) »FMASSI200] »1C1181 MCT5 P4 |
4 ,ICON :ICTR . 1K ,1077118) #CTS 25
5 LIP » 1POUT »1TT 18] SV MCTS 26
6  +JCI18} »JIN »JOUT »JPOUT MCTS 27
7 +KTR(500]) JKTARE +LAST »MARRUN MCTS 28
8 +sHARRAY sMIN s KXREQ MCTS 29
9 JMYDUMY »NA +sNBIX »NBIX2 MCTS 30
1 .NBZY +NCL «NE oNF MCTS 31
2 WN1J »NHAP »NMAX +NOX MCTS 32
3 LNPl21) »NREQ +N§ »NTAPES MCTS 33
4 JNTAPET yNTASK sNXMAP SNYMAP MCTS 34
5  LYMIN +PSI5004 PSIZE1200) sPACY 200! MCTS 35
6  JROPART »TI500]) »T1 HCTS 36
7 W12 STLIMIT 2% 15001 2 XF MCTS 37
8 X0 ) XMAY JXMIN » XNNAP MCTS 38
9 o1 $X2 X3 SR4 HRTS 39
119
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1 .Yi500]} > YF Y0 s YMAX MCT
c MCTS
DIMENSION FHTALL2],FHTBLLBI,UNITCI2}, JHITF{2) MCTS
c MCTS
LOGICAL NPRNT,YZERI,TMINUS nc;g

o He
DATA EFMTATI)»134+10)/76H{/14X3,6HAH YOT,6HAL ABU, 6HNDANCE, 6H OF MAMCTS
1,6HSS CHA,6HIK 13,5, 6H4H WAS,6H1PEL2.,6HA, 9K/ MCTS
2,IEMYBITY, Twe 1B /AMIITHIN, ALUTYPUT 4HOF MCH,.AKDEP/ /7. AW5X13HP MLTS
3.6HARTICL, 6HE S12E,6HOX22HA,SHCTIVIT.6HY OF Ms6HASS CH,G6HAINI4/  HCTS
4,6HB%7HM] , 6HCRONSL, 6HRY  9H/ MCTS
S,(UKITCLI),1%1,21/6H CURIE,GHS /] / MCTS
6, LUNITFII),121,2)/76H FISSL,6HONS/] / MCTS
DATA CROSS,UN17/100.0,1.0/ MCTS
c MCTS
903 FORMAT MCTS
1 (5XLiPE12.4,14XE12.4] MCTS
c MCTY
T2ERD = .FALSE. MCTS
TMIKUS ® .FALSE. MCTS
FMTA[11) = UNITCIY) Y "8
FMTA[12) = UNITCL2) MtS
FMTBI165 » UNITCI1) L.3
FMTB(17} = UNITCL2) MCTS
IF [TIME)L11,1,2 MCTS
1 TZERO = .TRUE. MCTS
COMPUTE SQUIVALENT FISSIONS MCTS
ABNDNM = 1.0 MCTS
FISNUM = FISNUM®{.E4 MCTS
FMTALL11) = UNITF (1) MCTS
FMTA{12) = UNITF (2] MCTS
FMYBi{16]1 = UNITF (1) HCTS
FMTHIL?) = UNITFI2) MCTS
2 IF (NPRNT{13)] WRITE (KOUT,FMTE] MASCHN MCTS
If [TZERO) GO 1O 10 MCTS
COMPUTE ACTI'ITY IN CURIES MCTS
CALL BATMAN MCTS
ABNDH = 0.0 MCTS
DO 220 Kis1,INUC HCTS
1F (MASCHN.NE . 1ABS(NUCLID(K1)1/HULT(9Il GO TO 220 MCTS
c SUM THE ACTIVITIES IN ONE MASS CHAIN AND-CONVERT TO CURIES MCTS
ABNDM » ABNDM + ABUNDO{K1Y NCTS
220 CONTINUE MCTS
ADNDM = ABNDM/3.7E10 MCTS
c MCTS
tF LABNDH19.9.10 MCTS
c THE REST IS AN ABRIDGEMNENT OF GXPER MCTS
10 BNEX s BSUBK(NASCHN-711 MCTS
CRISS = CROSSe*BNEX MCTS
RADIAL ® ECFIMASOHN=71)/(UNIY ¢ CRISS*ECF(MASCHN=71]] MCTS
STRAIT = RADTAL®CRISS MCTS
ABNDM = ABNDMeF ISNUM MCTS
PO 134 LD = 1,[TAB MCTS
DSR = [RADIAL*PSIZE(LD)#«BNEX + STRAIT])*ABNDM*FMASS{LD) MCTS
! 134 FPILDI = FPILD] ¢ DSR MCTS
s 1F [.NOYT.NPRANTI[13]) GO TO 9 NCTS
WRITE [KOUT,903) MCTS
1 (PSIZE(L),FPLIT. 131, 17AB) MCTS
9 WRITE [KOUT,FHTA) MASCHN,ABNDM HCTS
RETURN MCTS
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11 TMINUS =
RETURN
* * * »

END

+ « CODE
+TRUE,
- - =+ =

INSERTION POINT
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MCTS
MCTS
MCTS
MCTS
MCT3
MCTS
HMCTS
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THE DEPARTMENT OF DEFENSE FALLOUT PREDICTION SYSTEM
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PARTICLE ACTIVITY MODULE

PREPARED BY
US ARMY NUCLEAR DEFENSE LABORATORY
EDGEWOOD ARSENAL, MARYLAND

PARTICLE ACTIVITY MODULE 26 JUN 67

: CONTROL VARIABLE ARRAYS

IFTAPE(T)
! T T F F F F F F F F

: NPRNT(I)
i F T T T T T F T T T T T T F T

E TOTAL YIELD IS 2.0000E 00 KILOTONS.
i FISSION YIELD IS 1.0000E 00 KILOTONS.
[

TYPE OF FISSIOR IS P239HE

THE HEIGHT OF BURST IS 10.000 FEET.

CAPTURE - TO - FISSION RATIO IS 0.000
NUMBER OF NEUTRONS EMITTED PER FISSION IS 1.400- :
THE CLOUD REACKED THE SOIL CONDENSATION TEMPERATURE OF 2200.0 AT 3.86 SEC. - |

THERE ARE 10 PARTICLE CLASSES WITH SIGMA OF 1.3863.
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INTERMCDIATE OLTPUY OF SETUP

INUC

NUCLID
510033010004

- 510034010004

510025010004
510036010004
510037016004
51004000000+
511033010004
511034010004
511035010004
511036010064
511037020004
511040130004
511040000004
512037010004
512034010004
512035010004
512036010024
512037010004
51204000C004
513032010004
513034010004
513035010004
513036010004
513027020004
513040130004
513040010004
513041000004
514034010004
514035010004
514036010004
514037010004
514040000004
514041010004
514042000004
515034010004
5150635010004
515036010004
515037021002
515040131002
515040010004
515041010004

513042000004

516034010004
516035010004

516036010004 -

516037010004
516040021002

516041130004

516041010004

5156042000004 =

557035010004

517036010004

517037010004

317040010004

517041020004
517042130004
517042010004

LOCON
6.,931E 01
1»980&‘01
Ge9ILE~VL
‘ol*lE"O&
1.34646E~05
0.000E-39
6.931E 01
3.466E£-01
9.902FE~02
5,TT6E-03
1.308E 00
0.000&‘39

 64931E Ol

4.621E-01
1.733E=-04
2.56TE=03
1.481E-03
0.000E~39
6.931E 01
6.931F 91
2.773E-01
1.296E-02
54TT6E~03
le4156-02
1.409E-04

0,000E=39
6.931E 01

3488E-0)
8.664E~02
2.3106=02
0.000E-29
T.266E-06
0.000E~39
6.931E 01

 4.621E-01

1.,980E~01
4.621E-02
1.284E~-02
1.704E-05
4.975:~96
0.000E=39
6,931 0}

6.931€ 01

2.T73E~01
B.664E~02
9.169E=05%

. §e925E-03

1.289E-04

0.000E~39

6.931E 01

. %.621£-01

1.540€~01

2.T73E-02 .

1.284E-03

£29706-03

3:6615-13
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517042000104
520035010G04
52003601C004
520037010004

. 820040010C04

KI/041010NNA

520042000004
521035010004
5210356010004
52103701C004
521040010004
521041021002
521042130004
521042010004
521042000004
522036010004
542037010004
52204C010004
522041010004
522042000004
522042010004
5220440065004
523036010004
52303701C004
523040010004
523041021¢02
523042131002
523042010004
523043020004
523044130004
523044000004
524037010004
524040010004
524041010004
524042010004
524043010004
524044000004
52503701C004
525040010004
525041010004
525042010004
523042020004
525044131002
525044010004
525045000004
526040010004

526041010004

526042010004
526043010004
526044000004
926045130004
526045010004
526046000004
527040010004
527041010004
527042010004
5270430561002
527044010004
527045017004
527046000004

0,000E-39
6.931F 01
4.621E~QL
2,310€~01
20773&'02
1.92&£-n2
0.000£-39
6.931¢ 0}
9e93LE i
3.466E~01
9,902L~02
2+100E-0¢
44027E~-04
6.4185~-04
0.0005-39
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109 45 1 $.5034E 00
109 45 S0 _6,3034E 00 _
109 46 1 -0.0000E~39
109 . _ 46 —1 -0,0000E-39 - e
108 47 1 =0, 0000E~39 )
109 &7 . 0 __=0.,0000E-39
110 41 0 -0,0000E~39




110 42

117 48

110 43
1i90 a8
110 45
110 . 46
ill 41
111 42
111 43
111 44
111 45
i1l 46
111 46
ill 47
111 47
111 48
112 42
112 43
112 44
112 45
112 46
112 47
112 48
113 42
113 43
113 44
113 45
113 45
113 47
113 A7
113 AB
114 42
114 43
116 o
114 45
1i4 46
114 47
114 48
115 43
115 4
1195 45
115 46
115 47
115 47
i18 48
11% . 48
113 49 .
115 49
115 30
116 43
116 44
116 . -
11¢ 46
116 47
116 48
v 43
117 44
N _ 4
117 46
117 R X £

8.120Ct Q0
4.2700€ 01
6.3900E 01
2.45C0E 01}
B8.2600E-01
-0.0000E~39
v.5000E-01
2.2300E 01
5. 7800E 01
3.8800E 01
3.2324F Q0
3.2324E 00
-0.0000E-39
=-0.0000E-39
0.0000E-39
~0,0000E-39
9,.6900& 00
4.4360E Cl
5.0200¢€ 0!
1.4600E 01
1.5500f-01
0.000CE~-39
-0.,0000£&-39
2.8000E 00
2.7000C 01
4.810CE 01
2.700GE 01
1.4231iF Q0
1.4231E 00
0.0000E-39
~0,0000€E-39
1.5200E~-Q1
1.3300€ 01}
4.5600& Q1
4.0200€ O1
8.8000E GO
=0.0000E~39
-0.000CE~-39
5-.300CE Q0
3.2300E O1
4.8200E Q1
9.4532€ Q0
9.4532€ 00
3.1770E~-01

 ~0.0000E~39

-0,0000€-39
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0.0000€E-39

=0.0000E-39 .

6.2000€-01

- 1,8400E 01

4.780CGE 01
3.2000E 01

T 5,2500F 00
_ =0.0000€E-39

-0.0000€-39
9.1800E 00
3.9700€ 01
4.2800E 01

- 5.7431€ 00
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124 51

117 48
117 49
117 49
117 S0
117 . S0
11 L4
118 45
118 486
118 47
118 48
118 49
118 49
118 50
119 55
119 45
119 46
119 47
119 48
119 48
119 49
119 49
119 50
119 50
12¢C 45
120 46
120 47
120 48
120 49
120 50
121 45
121 46
121 47
121 48
121 49
121 49
121 50
121 50
121 51
122 . 46
122 47
122 48
122 . 49
122 50
122 51
122 .5
122 52
123 , 46
123 47
123 43
122 49
123 49
123 %0
123 . 50
123 -}
124 46
124 47
124 __ 40 _ .
124 49
124 . . __5%0

!
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_ =0.000CE~39

5. T421E 00
-0,0000€E-39
-0.0020E=-20
-0.0000E~39
-0,000CE~39
-8.G0030E-595

3.1400E 00

2.5890€ 01

4.7600c Ol

2.2600E 01

9,1480t-01

9.148CE~-C1
0.0000€E-39
~-0.0000E-39
1.9000€-01

1.3300t 04

4.2900€ 01

1.7991E C1

1.7991t 01

4.2082€E 00

4.2082¢ 00
~0,.0000E-39
-0.0000E-39
~0.0000E-39

5.7900E 00

3.2800% 01
4.5800t 01

1.6300€ 01

~ =0,000CE-39

-0.0000€E-39
8.T60CE~-01
1.9500€E 01
4.7300c 01
1.5145€ 01
1.5145€ 0Ol
2.2464F 00
2.2464E 00
0.0000E-39

=0.0000E-39
7.7T20CE €O

'3.7500E 0.
4 .5400E O1
1.4100€E 01
1.0220£-01
1.0220€=-01

0.0000E~39

_ _=0.0000E-39

3.4000F 00

__2.790CE 01

Z2.6123E 01

2,6123E 01

1.2401E Ol
. 1.2401E 1
1.9400E 00

2.22006-01

5.0200€ O1
_4.140GE 01

nvooloo

..15500€ O1

2.8902E 00
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124 51 1 2.68902E 00
124 51 0 2.8902E 00
124 82 .0 -0_onancc-30
125 47 0 -0.0000E~39
125 : 48 0 7.0000E-01
12% 49 0 4.1300E 01
125 50 1 2.,9173€ o0l
128 50 0 2.9173¢ O}
12% 51 Q. 2.0400E 01
128 82 1 5.9470E-01
125 52 0 5. 0470E-01
126 47 0 -0.0000€~39
' 126 48 0 1.0900E 00
126 49 0 2.4600C 01
126 30 0. 5.9400E 01
126 51 1 1.9059€ 01
126 s1 0 1.9059€ 01
126 52 0 $.5500E 00
127 47 0 «0.0000E=39
127 48 0 -0,0000€E-39
127 49 0 1.4200€ 01
127 50 1 0+ 0000E~39
127 50 0 6.1600E 01
127 51 0 6.6500C 01
127 52 1 8.9449E 00
127 52 0 8.9449E 00
127 53 0 -0,0000€-39
1z8 48 0 ~0,G000E-39
128 49 0 1.2900E o1
128 50 0 6.7300€E 01
128 51 1 4.4267E 01
128 51 o 4.4267E 01
126 52 . ) 2.9100€ 01
128 53 0 5,5500€-01
128 sS4 c 0.0000E=-39
129 48 (4} -0.000CE-39
129 49 0 1.0500E 01
129 50 0 7.0700€ 1
129 5§ 0. 1.12C0E 02
129 52 1 2.3531€E 01
129 52 0 2.3531E 01
129 53 0 2.07T00E 00
129 54 1 ) -0.0000E-39
129 sS4 1] «0,00GCE=-39
130 48 0 _ ) -0.0000E~-39
130 49 . i} 1.0900E 01
130 .50 _ .0 _ 8.09060€ 01  _ R
130 51 1 0,C00CE-39
130 _ 5. ___0 . 1.3800E 02 = .
130 52 0 6.0000€ 01
130 .- . 83 ... O __ o ... .3.0200E 00
130 sS4 0 0.000CE~39
131 48 o B ~0.0000E~-39
i3l 49 0 2.0700€ 00
131 %0 - 0 o  6.1300€ 01
| 131 51 o 1.6000E 02
: 2. . .82 . . ..__._ 3.438lE 01
: 131 52 0 5.4381E 01
| 137 2 s3 0O o 1. T600€ 01 i

131 84 1 T T=0,0000E-39




1

131 54 C -0.000CE-39
132 48 0 -0,0000E-39
132 49 o . -0.00006=39
: 132 50 0 3.2900€ 01
* 132 .8 0 1.5100€ 02
132 52 0 1.7100€ 02
X 132 %3 o 4.0400E 01
g 132 54 0 5.2900E-01
i 133 49 c ~0.0000E~239
€ 133 50 o 1.4800E 01
: 133 51 0 1.2200E 02
< 133 52 1 1.1435¢ 02
: 133 52 0 1.1435€ 02
£ 133 53 0 1.0600E 02
133 54 1 -2948E CC
133 54 0 4.2946E 00
133 55 0 0.0000E-39
134 49 0 -0.000CE~39
134 50 0 -0.0G000€ -39
134 51 e 4.7400E Ol
134 52 0 2.0500€ 02
134 53 o 2.210GE 02
134 54 0 5.8600E Cl
134 55 1 -0.0000E-29
134 55 0 -0.0000E-39
134 56 0 0.0000E~-39
135 50 0 ~0.0000E-39 _
135 51 o 4.790CE 00
135 52 0 1.0700€ 02
135 53 0 2.5900E 02
135 54 1 8.2842E 01
135 54 o 8.2842E 01
135 55 o . 2.4200E 01
138 56 0 0.000CE-39
136 51 0 ~0.0000E~39
136 52 o 2.1500€ Q1
136 , 53 0. __ 1.7800E 02
136 54 0 2.4900C 02
136 .. .3 __ 0. . . 8.8200E 0l
136 s6 0 2.2700€ Q0
137 51 o _ =0.0000E-39
137 52 0 6.6900€ 00
137 53 0. _ 1.1300E 02
137 S4 0 2.5500E 02
137 .35 . Q..o 1.5000E 02 -
137 56 . 1 1.0165E 01
137 .56 o _ 1.0185F 01
138 51 0 -0.0000£-39
138 .. %2. . 0 = =0,0000E-39
138 53 0 5.2%00E ©1
e . ...54 . 0 . _20700EG
138 55 0 2.0700E 02
138 36 0 .5.,2%00€ 01 R
138 57 o ~0.0000€E-39
138 . S8 0. — ... 0,0000E-39 N
139 s2 0 ~0.0000€~-39
M3 % 0 1.81006 01 = N
139 54 0 1.3600€E Q2
139 55 Q _2.32006 02
139 56 0 1.0200€ 02
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139
140
140
140
140
140
140
140
141
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141
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141
141
141
142
142
142
142
142
142
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142
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143
143
143
143
143
144
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144
144
144
149
148
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1498
145
148
145
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146
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14¢
147
247
147
147
147
147

147
148

148

*OOIOO'OOQOOOOOOOOOOOOOOOOOQOOOOOOQOOQOOOOOOOOOOQOOQOO

oooPonoco

6.0200E 00
-0.0000E~39

1e9B00E UL .

7.7400E Ol
2.1700E 02
1.5700€E 02
2.7600E O}
0.0000E~39
-0,n000E~39
3.2800€ 01
1.5900€ 02
1.9300€ 0¢
5.9600t 01}
8.5300E-01
0.0000€E~39
«0,0000E~-39
7.4800€ Q0
9.4100E 01
1.9800€ Q2
1.0700F 02
1.310C6E Q)
-0.9000CE-39
5.1400E-01
4.8200E 01
1.6600E 02
1.4600E 02
3.2100E Ol
-0,0000E-39
0.0000€E-39
- =0.0000E~-39
1.8600E 01
1.1300E 02
1.700CE Q2
6.51C0€ 01
2.2000& 00Q
0.0000&-39
=0.0000€E~39
1.890CE 00
5.5300E 01
1.4400E 02
9.6300E 01
1.5800€ O1L
0.0000€=-39
=0.0000E~39

=0.0000E=39

2.3800€E 01
1.0300E 02

T

~0.0000€E-39

—ree =0.0000€=39
6.8100k CO
5.6000€ 01

1.0300€ 02
 4.9000€ 01
3.8900€ 00
0.0000€~39

T 0.0000E-39

~0,0000€-39
3.3900E-01

"1.0900& 02
_ 2.9400E 901

——ee
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163

148 57 0 2.3800€ Ol
148 58 0 7.6700E 01
148 59 0 6.3200E 0Oi
148 60 0 1.3000E 01
148 61 0 ~-0.0000€E~39
148 62 0 0.0000E-39
1a0 ce o -0,00005=22
149 57 0 6.6200E 0Q
149 58 0 4.0307% 0i
iad 55 U 56,0200t Oi
149 60 0 2.3200€ 01
149 61 0 7.80006~01
149 62 0 0.C000E~39
150 56 0 ~0,0000€~39
150 57 0 3.8600€~01
156 L] 0 1.5100€ G}
15¢ 59 0 4.2400E 01
150 60 0 3.0400E €}
150 61 0 5.3T00E 00
150 62 0 0.0000€E~39
151 57 0 -0,0000€~39
151 58 n ~0.0000E-39
151 59 n -0.0000E-239
151 60 n -0.0000€E~39
151 61 0 -0,0000€E-39
151 62 0 ~0.0000E=39
151 63 0 0.0000€E-39
152 57 0 -0.0000E-39
152 58 0 =0.0000E~=39
152 59 0 -0,0000E-39
152 60 0 ~J.0000E-39
152 61 0 -0,0000E~39
152 62 0 ) -0.0000E-39
152 63 1 ~0.0000€~39
152 63 0 ~0.0000E=-39
152 64 0 0.0000€~39
153 57 0 -0.0000E-39
153 %8 o -0.0000€E-39
153 .59 o e =0.0000E-39
153 60 0 «0,0000E-39
153 61 o i -C.0000E~39
153 62 0 ~-0.0000E-39
153 83 0 o C.0000E-39
154 50 0 =0.0000E-39
134 59 .. Q =0,0000E~-39 . __
154 60 - 0 -0.0000E-39
134 61 .9 _=0.0000E-39
154 62 0 -0.0000E-39
154 63 0 -0,0000E~39 ) .
154 64 0 0.0000E~39
198 _ . . .88 1) -0.0000€-39
153 59 0 -0.0000E~39
185 60 _ 0 =0.0000E-35 .
185 61 0 -0,0000E-39
185 . _ 62 L) oo =0.0000€E-39
1%5 63 0 -0,000CE~39
_15% 64 o 0.0000€-39 =
156 £9 0o =0.0000E-39 ' o
156 60 0 =0.0000E-39
156 o -0.0000E-39
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156
156
: i56
] 157
157
157
157
157
157
159
158
158
158
158
158
159
159
159
15¢
159
159
140
160
150
160
160
160
160
161
lel
161
161
161
1.3
161
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OO0 ONCOO0VLOOSTVCOI000ICDOD

-0.0000E~-39
~0.,0000E~29
-0.0000E-29

- Lo bedaiale - n
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-0.0000E~39
-0.000CE~39
+0.0000E-39
-0.0000€-39
=0.0000E~39
-0.0200€E-39
-Q.0000€~-39
-0.0000€~39
-0.0006E-39
-0.000Ct~-39
-0.0000€E-39
- 0.0000£-39
-0.0000E-29
-0.0000E -39
-0.000GE~-39
~0,000CE-39
«0.0000E-3%
-0.0000E-29
~0.0000€-39
-0.0000E-39
~0.0000E-39
~0.0000E-39
-0.0000€E-39
0,0000€-39
-0.,0000E=39
-0.0000E~39
-0.0000E-39
-0.00600E~39

. =C.0000c-23

-0.0000€E-39
0.000GE-39




OUTPUT OF XPRM

INDEX 1A 117 18 JRH ERM
1 72 30 0 4 ~8.400E-07
? 12 2 e 5 1.170E-05
3 73 31 0 11 -1.890€E-06
4 13 32 1 12 7.790€-08
s 15 30 ] 17 ~3.4%0F~04
6 14 31 0 18 1.800€-05
7 15 32 i 25 -3,030E~07
8 15 22 0 6 1.990E-07
9 16 33 0 33 ~2.10CE~-06
10 17 32 1 39 ~-4.G40E~07
11 17 32 C A0 5. T40L-06
12 17 33 0 41 5. 3NE-00
13 78 2 o &7 -2.430E~0%
) 18 33 1 48 2.710E~-06
15 18 33 0 49 4.280E~06
16 19 34 1 56 -1.080E-07
17 el 34 1 70 -1.150€-07
18 82 as 0 78 -1,430€E~05
19 83 34 1 84 -6.660E-07
29 83 24 0 85 1.490E~05
21 83 s 0 - 8¢ 2.T706-07
22 e3 36 1 87 2.320€-07
23 84 35 0 93 -9,1T0E-C4
24 85 36 1 109 -9.09Q€E~07
25 es 36 0 101 2.170E-C8
26 86 37 1 108 -2.990E~-06
27 86 37 0 109 4.T50E~-07
28 87 34 0 115 -4,100E-06
29 88 36 0 _ _J22 -7.680E-06
30 8e 37 ] 123 3.120E-06
3l a3 36 0 128 =1.690E-05
32 Ly 37 ¢ 129 1.100E-05
33 9% 36 ] 136 -8.,9908-06
34 a1 33 ] 145 ~6.180E~06
35 91 a9 1 146 2.820E-06  _
36 91 39 ¢ 147 1,730E~08
37 92 38 ] 152 -5.880€--06
38 92 39 (] 154 1.22CE-06
39 93 32 0 160  =1.140E-0% i
40 93 39 (] 161 4,880E-07
43 93, 4] Y183 1.6e0E-Q7_
42 9¢ - 39 0 169 ~3,480E-06
43 95 40 9 176 -3.T780E-06
&4 95 41 1 177 1.330E-06
45 _ 95 23y 0 L78  3.910E-086
44 96 4t 0 186 =1.130E-0%
47 .9 . 40 0 __ 192 == -g.380E-07 =
48 97 41 1 193 3,820E-06 o
49_ __ 91 i 6 194 3.3005-06
50 99 42 0 20¢ -6.580E~-07 i
S1 99 _ 43 1 210 = T.450E-07 =
52 100 43 [ 218 -6,0706-06 -
.53 180} 42 0 220 =T.92VE-GE
54 101 43 0 225 1.930E-068 i
85 _ . __AG2_ 43 1 232 =5.230E-06
0 230 ~2.610:-06 T

56 193 A4
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106
107
108
109
119
111
112
113
114
115
1o

123
104
14
1G5
1C5
i3
itn
1Cs
17
67
1ce
108
1c9
147
1C€9
162
111
111
111
111
112
1i2
115
11%
11%
116
117
117
17
117
118
119
119
119
12

171
122
122
123
123
123
124
i25
125
125
125

i26

127

127

127
1286
128
128
129
129
129
129
326

131

oo»-o-cow-o;o—ofooo.—oor-oon-ooo-oco-ov-eoaao.--—c.—ac.—-ooowcw.—-opwooooo-c»a—oo-»

{

1

241
249

T8RN

- v

257
258
159
&
268
274
276
283
284
291
293
294
295
308

1,22UCE-C7
-2.150e-C7

T NANNC_NL

- e ww

4,17CE-0Q7
lafBCE=CT
-8,68CE~06
1. 43CE~-Q6
-14,24CE-C6
L« TACE~06
~2.,650F=-07
2.36CE~96
~0.37CE~-0Q7
6.910E-07
1e69CE-07
8.,C50t-08
-3+ 40GE~QT
84900E~07
3, 17QE-07
l.310E-C7
-1.25C=-07
-1.T70E~-07
l.04CE~C6
1.02QE~0Q6
-4 +4%430E-06
~7.080€~-06
54250E-07
3.850E~006
l.220E~-06
=2.690E~07
¢<,07CE~-D6
1.47CE-Q7
-2.T1CE~-06
-4 ,690E~-Q6
—4.840E-07
2.020E-06
=5.350c-06
1.050E~-0Q7
8.,320E-C7
-8,960E~-06
=1.960E-06
3.,980E-0T7
2+54CE-Q8
3.27V0E-N7

~9.39LE-ub

~2.750E-06
2.6300-06
5.14GE~07
2.340E-08
~2.3905-C6
9,.28GE-06
4.900E~07
~5.4G0E=-06
14830E-07
1.250E=06
4.3G0E~07
-7.EAGE-06
~3.18GF-06
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38

117
118
11°
120
ALA
122
123
124
125
126
127
128
i29
130
131
132
133
13¢
135
136
137
138
139
140
141
142
143
164
148
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
172 _
172
' ¢ I
174

176

]
' !
121 52 1 AT4 9.300£-06 ?
121 52 o 475 2.130E-06 !
121 53 0 AT6 2.210E-06 §
131 54 1 477 1.980E-07 :
is5é 52 S 103 =1.4408=0¢ i
122 53 0 484 1.120E~05 !
133 52 1 489 =-1.120E-CS5 ]
133 57 o 49U 1. 880E-00 :
133 53 ) 491 3.140E-08 -
133 54 1 492 3.840E-07 !
133 54 G 493 3.060E-07 ;
124 52 0 498 -6 .840E-06 ;
134 53 0 499 1.22CE-05 i
134 55 1 501 7.540E-07 ;
134 55 0 502  8.130E-06
135 53 0 s37 ~1.560F~05 ;
135 54 1 508 2.390E-C6 ;
135 54 a 509 1.49CE-06 A
136 53 ] 514 ~1.210E-05 |
126 55 0 516 1.17TCE=05
137 56 1 523 -3,180E-06
138 54 0 528 -4 .410E-04
128 55 0 529 9,790E=06
139 54 (] 535 ~1.460€E-06
139 55 ¢ 536 1.100E~06
139 LTS 0 537 2.550E-01 .
140 55 0 542 -3,230€E-06 :
140 55 0 $43 L.160E-06
140 57 0 Sh4 1+140E-0%
141 56 0 %49 -3,650E~0¢
141 57 0 550 1.270€=-07 , , |
141 58 0 551 4,6T0E~-07 : |
142 56 0 556 ~4,950E~08 :
142 57 0 857 6.010E=06
143 57 0 853 ~5.T&40E=00
143 58 0 o b 3.,5006~06
144 58 0 571 -1.230E-07
144 59 0 572 1.400€-07 |
145 58 ¢] 578 ~3,650E-06 t
145 59 G 5719 4.,990E-06 g
146 58 0 585  ~1.5008-06 )
144 89 0 586 6.530E=-06 ’
147 60 0 593 -~9,6006-07 |
148 61 0 802 -5,280€E-04 i
149 60 .C . 608  -1.220€-06 -
149 . 61 0 609 2.800E-08
150 61 0. _6816 ~-8,040E~06
151 &0 0 621 ~5.600E-06
151 61 0 = 622 = 1,290F-06 i
152 61 0 6293 =3.40CE-04
152 .63 1 631 1.920E-06 , :
1%2 63 0 632 5,800E-06
153 61 0 638 = -8,040E-07
153 62 0 639 1.860E~07 i
1%4 &3 0 2 6A6 =6.0108-086 20020
185 62 0 652 -7.260E=07 ,
ASS . 83 Q 633  2.890E-07 S
156 63 () 659 -3.0206-0% ' -
187 83 ) 665 =3,380E-06 ==
158 62 0 670 =2, T10E~08 .
167




117
17a
179
1¢0
1481

158
159
160
161

161

63
64
6%
64
65

OADOD

671
677
664
690
631

5.300E-00
~3,950€E-07
=2.02CE-06
"8.030&"06
2e430E-07

VSN SERAER TR




i
:
CUTPUT CF InDCL] ;
NUMRER OF CLEMENTS = 18 %
x
ANUMBER UF NEUTRGNS EMITTEC PER FISSION = 1,40 !
+
:
INDEX 15¢C FAC XLAM KEV FOG RNY [
i 1 4 1.0C2e-02 1.419€-C9 ! €.00€00 0.GJ0E-39
5
H 1.4€96-01 1.4646-35 1 €.00600 C.N0NE-39
i 3,2¢36-03 €.932E-31 1 €. 00000 0,000E-47
‘B 2. 155E~% 1.744E=-07 3 £.43000 6.14)E-CH
s 0.02000 5, 7TTCE-Go i
: €.57000 5,380E-C4 i
;.' 2 7 0.0C0E=-39 3.487E~08 1 €.0000G C.Cunr=29
i C.GCOE~3Y €,53CE-21 1 ¢.000C0 0.900€-39 !
-4 ]
- C.UCOE=39 ¢.935E-31 1 0.00G0" 0. G60E~39 :
g . |
£ C.0C*E-29 €.53CE~11 1 0.¢no0n 0.00CE-39 :
4 0.0CCE=39 €.93CE~31 1 £.00000 9,030E-39 %
Z.0fRE=19 1.069E=05 1 €.000C" 0.,00CE-39 !
0.UCE-39 3,208E-02 i 0.03000 C.G30E-39 i
E] 3 4.829E-02 £.930E-31 1 6.00000 0.000€-29
8.615€-02 €.936E~31 1 €. 00000 €.000E-3¢
2.225€=-n3 1.247E-05 1 C.00700 6.040E-06
4 3 8.961E=C2 1.£89E-17 1 Q.110¢C 6.T7C3E-24
6.15CE~04 £.930E-31 1 $.00000 C.00CE-39
3,325€=03 1.6526-05 1 0.12000 6.950E~C¢
, 5 1 2.714E=03 € L22E-03 1 1.00000 7.7506~0¢
6 1 7.4656=-C3 1.283E-05 2 1.00000 1.C70E~-C"
? 1.00C00 6.40CE-08
7 5 2.899E-04 t.930E=31 1 0. 00000 0.C00E~39
i
’ T.541E=-0¢4 €.930E=3} 1 0.00000 0.000E-39
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-4

3.6Q04E-02
G I9E=~UN

4.556E-0%

5.7719€-01

1.498E=-07

1.1¢7€~02
1.549E-02
B.876E~04

1.191€E-04

1.97)e-02
8.120€E-05

C.0L0E~29
C«NHCCE-39
0.0COE=-39
0.000€-39
C.0CVE-39
0.0€CE~29
0.000€-239

1.5¢0€E=03
1.911E~04

e e

€.930€-31
te93)L~-31

1.591£-03

¢.930t-31
1.771€=-09

€.530E-31
€.930€-31
$.2T7E-08

1.259E-03

T130E~-14
2.C8JE-04

4.C05€~08
€.933£=-31
£€.93CE~31
€.530E-31
€.930€-31
4.C946E=-06
4,813E-04

1.661E-05

1.283E-34
€.93(€e-31
1.216E-03
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0.00000
e UUGLT
0.0&420G
C.Cl300
0.94500
0.00000

4. 00009

0.0000¢
0.C200"
€¢.000C0
0.00600
C.0QlCn0
0.89000
€. 00000
Ce 470730
0.131¢00
C.0000C
C. 00000
0.00000
0. 000C0
0.000Q0
¢.20000
€. 00000
0.00500
0.01800
0. 19500
0.28200
0.97700
€. 00000
0.02000

0.30C00
C. 70000

0,CV.E~39
CeUUUL=3Y
4.6380E~06
3.230E 06
L.750¢~-06
Q.4600E-39

J+000E=239

0.CONE-29
G.C00E=-29
0.C00€-39
1.576€-C5
1.410€E~05
1.168E-G5
G.GGOE-Y9
8.920t-C6
T.140E-0S
Q.000E~39
0.C00€E-39
C.0J0E-39
C.J0CE-239
0.000E-39
0.000E~39
0.C00€-39
1.234€E-05
1. 0840 ~C5
8,840E-06
T+350€~06
4.550€-0%
0.J00€E-39
0,000€-39

S.050E~C6
4.330E-06

Y R




i4 2 0.0C0E~39 ¢« 930E=-31 1 34.00000 0.00CE~29

i
n.ncngaa 3.310F M > 0.62600 1.513E-05 i
|
1% 2 0.0C0E-39 ¢€a93CE~3] 1 0.00000 0,200k -39 4
H
, 0.0CNE~39 3.C72E~03 i 1.00000 6.620E-06
: !
g ¢ 4 1.889E~4 2.8856~07 1 €.09000 1.750€-Cé !
E 1,7C9E-04 £ .93CE-31 1 0.00000 0.000fF -39 ;
44384E-G4 6.93GE-31 H ¢.00000 0.007E-29 ;
i 2.3C6€E=36 2,208E~G2 1 0.00000 C.000E-39 [
7 1 4,801E=~04 2 _L09E-UT 1 0.00000 0.C00E-39
H
: 18 i 4.539€=04 €.93GE=-31 1 -0.00000 ~0.000E-35
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UUTPUT OF BATMAN

NUCLID ~ . ABUNCO . __
$10033010004 0.0000E~39
1100340100C4 0.0C00E-39
110035610004 G.0000E~39
110036210004 0,0000€-39
110637010004 0.0000€=39
110040000004 0.00000-29 . -
5110330100C4 N.000CE-39
1110340100C4 { +000CE=39
111035010004 0.0000E~39
111036010004 0.0000€-39
111037010004 0.0000E~-39
111040110004 . . . 0,0000E-39 _ e
111040000004 0.0000E-39
512033010006 0.,0000E~39
112034016004 0.000CE~39
112035010004 0.0000E~39
112036010004 0.0000E~39
1120370100C4 0.000CE-39
1120450000G4 0.0600E=39
513033610004 0.0000E-39
113034010074 0.0000E=37
113035010004 0.000GE=39
113036010004 0.0000E-39
113037010004 0.00GOE=39
113040110004 0.0000E=39
113040010004 0.0000E=39
113041000004 0.0000E~39
514034010004 0.0000E-39
114035010604 0.0000E=39
. 114036Q10QC4 - 0.0000€E-39.
114037010004 0.0000E=39
114040060004 _ 0.0000€-39
514041010004 0.0000€=39
114042000004 0.0000E-39
£15034010004 0.0000E~39
-1130250100Q4___ . _ 0,Q000€~-29 . _ .
115036010004 0.0000E-39
115037012002 0.0000£-39 .
115040112002 6.0000€~39
115040010004 0.0000E=39
115041010004 0.0000E~39
1135042000004 ... 00000€-3y = _ _
518034010004 . . 0.0000E~39
116035010004 _ . 0.000Q€-39 -
116036010004 0.0000€~39
1140370310004 . = 0.C00QCE-39
116040012002 0.0000€=39
216041110004 = .  _Q.000CE-29
116041010004 0.0000€~39
11605200004 = 0.0000€-39 .
517035010004 0.0000€~39
117036010004  0.0000E=39
117037010004 0.0)00€-39
117040010004  _  0,0000E-39 )
117041010004 0.0000€6-39
117042110034 ___0.0000E-39
0.0000E-39

117042010004
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127046000004

le2464E-Q0 . =

1170430000C 4 0.0C00E-39
£20036010004 €.0D0CE-239
1200360100C4 1.0416€E-01
1200370100C4 1.0541E 00
120040010004 5.5232€ 00
120041010004 3.5188€ 00
120042000004 2.49T71E-01
521035010004 0.0000E~39
1210360100C4 0.0000€~39
121037010004 3.3851€~01
121040010004 4.7978E 0OC
12104610120C2 8.1857€ 00
121042110004 1.0319€ 0C
121042010004 1.56545 00
121043000004 2.1509€-03
5220360100C4 0. 0000€-39
1220370000C4 9.2231£-02
1220400130C4 3.4370€ 00
1220410100C4 1.1289€ 01
122042000004 1.6407E 00
522043010004 5.4899E-01
122044000004 1.1370£-05
523036010004 0.000CE-39
123037010004 0.000CE-39
1230400100C4 9.1843E-01
123041012002 1.1064€ 01
123042112002 6.4484E 00
1230420100C4 1.0459€¢ o1
1230430100C4 3.0394E 00
123044110004 9.N626E-04
123044000004 1.14TAE-06
5240370100C4 0.0000E-39
124040010004 2.8224E-02
124041010004 6.5470E 00
124042910004 2.7226E O1
1240430200C4 9.7931E 00
124044000004 1.3393E=02
525037010004 0.0000€=39
1250400100C4 8.1941E=-04
125041010004 1.7703€<02
125642010604 3.4181€ 01
12504 3G10004 2.49T6E 0L
125044112002 3.420%€ 00
125644010004 3.0648E 00
125045000004 = == 4.4549€E-04_
526040010004 - - 0.0000E-39
1260641010004 1.5587€ 00
12604 2010004 3.0272€ 01
126643010004 4.3540€_01
126044000004 1.958%€ 00
.5260435110QC4
12604 50100C4 1.3556€-01
126046000004  2.2724E-07
$2704005C004 0.0000E=-39
127041010004 . 206844E-01
127042010004 2.37T7CE 01
127042071042 . . _ 6,1741€ O}
127044010004 3.9174€ 01
1270450100C4 = _4.7713E 00
9.53¢TE~07
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530040010004 0.000CE=39
130041010004 0.0000E~39
130042010004 5.7809E 00 - _
130043061042 6.7062¢ 01
130044010004 8.0855E Ql
130045010004 1.6776€ 0l
1300460000C4 4.1600C J2
531041010004 0.0000E-39
131042010004 2.0100E GO
131043051042 3.5152E 0Ol
131044010004 1.2562€ 02
| 131045010004 4.4452E Ol
| 131046020004 2.6665%E 00
| 53104 71100C4 0.0000€-39
131047000004 _ 1.0639E-05 .
532041010004 0.0000E-39
| 132042010604 0.0000E~39
| 132043071042 7.9945E 00
132044010004 1.3488E 02
132045010004 9.2644E O1
132046010004  1.6254E 0l
13204 70100C4 4.69156-08
132050000004 8.9407E-06
533042010004 0.0000E-39
133043010004 5.9042E 00
133044010004 9.7553€ 01
133045010004 1.5778E 02
133046012002 4.6553€ 01
133047110004 3.0014E-01
133047010004 3.0001£-01
133080000006 1.3046E~05
534042010004 0.0000£=~39
134043010004 . . 1.0769€ 90 _ . -
134044010004 3.6137€ 01
134045010004 1,40426 02
134046010004 1.7154€ 02
134047010004 1.1234E Gl
134050000004 2.3264E-03
8350420100604 = 0.0000E=39 _. )
135043010004 0.0000E-39
135044010004 1.3579€ 01
135045010004 1.3856E 02
135046010004 2.30526 Q2 _
135047610004 3.4981€ 01
135050012902 . .. 2,5632€=03 __ . . _ __ .
135051110004 1.1369€-11
133051000004 _ _  5,1260€=06
536043010004 0.0000E=39
136044010004 3.4756E 00 o 3
136045010004 7.0155¢ 01 —
1230%6010008  2.9693€ 02 .. .
136047010004 9.0949€ 01
136050000066 = 1.9252€-01 o
537053010004 0.0000€=-39
137044010006 -  0.00006=3¢
13704500004 2.3712€ 01
LA37046Q10006 2.7630€ 02 . _
; 137047016004 1.6062E 02
§ 137030012002 _ 2.5734€E 01

i 137031116004 2.A214E-07
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é
%
1370510100C4 1.1683E-05 %
137052C000C4 2.6561E~05 P
540043010004 0.00G0E-39 ;
140044010004 0.0000E=39 i
= 140045010004 1.6721€ 01 g
5 140046010004 1.8828E 02 .
i 140047010004 3.2500E 02 i
g 2.420500000C4 3,9119€ 00 @
g 540051010004 0.0000E-39 -
2 140052000004 0.00005~-39 .
: 541C44010004 0.0C00E~39
. 141045010004 0.0000E-39
i 1410460100C4 2.8560% 00
o 141047010004 9.2709€ o1
# 141050012002 3.2142€ 02
H 141051110004 5.9798E 01
1 1410510L00C4 6.5201€ 01 }
“ 141052000004 3,9028E-02 i
¢ 542044010004 0.0000E~39
: 1420450100C4 0,0000€-39
£ 14204 60100C4 3.7734E 00
& 1420470100C4 1.0013€ 02
- 1420500200C4 3,7513€ 02
; 542051120004 2.7827€ 01
1420510100C4 4.0863E 01
1420520000C4 7.7807€-01
5430435010004 0.0000E~-39
1430446010004 4.5479E-01
14304T70100C4 2.1159€ 01
1643050010004 8.6%4SE 01
143051010004 A,1453E 62
143052012002 2.6154€ 01
1430531100C4 2.2095E-C4
143053010004 5.4389E-05
143054000004 1.7732€-05
54404 60100C4 0.000CE-39
16440470100C4 6.7199€ 00
144050010004 1.111%€ ¢2
144051010004 3.4771E 02
144052000004 4.4204E 00
$440530100C4 8.8830E-01
144054000004 1.617GE-01
54 ;046010004 0.000CE-39
14504 70100C4 2.1484E-01
145050010004 3.3179€ 0}
145051010004 2.9122€ 02
145032010004 1.7260E 02 _
145053010004 2.6924E Ot .
145054000004 8.5071E-02 :
5446046010004 0.0000€E-39
146047010004 0.0600E=39
146050010004 1.1913E 01
. 146051010004 1.6043E 02 e
146052012002 2.7911E 62 T
146053120004 2.8706E 01 L o
146053010004 1.7070& 0% T
146054000004 . 1,220¢€ 0} . —
S47G64 7010004 0.GC00E~39 : ‘ -
147050010004 3.4607E 00 o
147051010004 s.28%su 0 /"
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147052010004 2,6712€ 02
147033010004 1.1357€ Q2
147054012402 7.8563E Q0
14705%1106004% 4.5%94E-06
147035000004 2.4044£-05
550047010004 0.0000€~-39
1306050010004 6.0000£E-39
1500510310004 2.6898€ 01
1500520100C4 2.2693E Q2
150053010004 1.5241E€ 02
1500540200C4 3.7326E-01
55005521C004 0.000CE-39
150055010004 0,0000E-39
1500560900C4 0.0000€E~-39
551047010C04 0.9000E~39
151050C100C4 0.,0000E~39
151651010004 1,2863E 01 .
151052010004 1.9899E 02
151053010004 1,5043F 0z
151054012002 3.2931€ 01
1510551100C4 5.0943E~03
1510550100C+ 4.4107E~03
1510560000C4 1.5616E-05
552047013CC4 C.0000E-39
1320500100C4 0.,0000E~-39
1520510100C4 5.8463E QO
152052010004 8.9860E O}
152052010004 1.6849t 02
152054020004 8.1408E 01
5520551200C4 0.G000E=-239
152055010004 4.5803E-05
152056000004 1.6212E=05
553050010004 0.0000E~39
1336510100C4 1.6250E 00
153052010004 4.7814E 01
153053010004 1.9679E 02
153054012002 4.2561€ 01
153055110004 1.8287€-01
153055010004 1.9332E=01
153056010004 1.9574E-04
153057000004 2,3842E-06
554050010004 0.0000E~39
154051010004 0.0000E~39
134052010004 1.3%543€ 01
154033010004 . Le3263E 02 .
154054020004 . . 5.9430E 01
154035010 04 . 6.2748€ 00
154056000004 9.5837E=\1
§5503Q010Q0C4 . 0.,0000€~39
155051010004 "0.,000CGE~39
135052010004 . _3.
155053010004 3.1265€E 01
155054012002 9.612%€ 01
155055110004 1.277T2€ 01
155055012002 1.2933€ 01
155056110004 4.2093€-01
-.133056010004 _ _ ‘_.Zﬁ_ék“
155057110004 9.7819E~06
1520570000064 _ 8,4043E=0¢6
556051010004 0.0000E~39
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156052010004
156053010004
156054010004

VELAECAYAANL
oA NNS N e T2 T

1560560000C4
557051012004
157052010004
1570536100C4
15705401000 %
157055012002
157056112002
1570560120C2
157057110004
157057010004
157060000004
560052016004
160053010004
1600540100C4
150055010004
1600560100C4
160657010GC4
160060000304
5L1052010004
16105301000
161054010004
1610550200¢ 4
1610560105C4
1610571120C2
161057010004
1610600600C4
$62052010004
162053010004
162054010004
162055010004
162056610004
162057010004
162060000004
563053010004
1630540190G4
163055010004
163056012002
163057112301
163057012002
163060130004
163060030004
163061112002

163061010004

1630620000C4
564053010004
164054010004

164055010004

164056010004

164057010004

1640600800C4

56%053010004

1650540100C4

. 163935010004

165056010004
165037012032

165060112301

4.4612E 01

123422€ 00

5.5912E~01
1.4348€ O1
7.9662€ 01

T AALTIC NAY
e UV IY WA

1.4564€ QL
0.0000E-39
0.0000kE-39
3.8732€ 00
4.2305€E Ol
6.1937€ 01
3.3473k 00
l.4635E OL
B.2T725E~C3
8.2635€E~C3
5.4YBSE~-06
¢.,0000t~39
1.6279E 00
2.2845€C 01}
5.8272t Q!
3.6044E Ol
1 .5585€E-01
4,1123E~05
u.000¢c~-39
0000005-39
7.8235¢ 0G0
3.9520€ 01
5.6202E Ol
2.6937¢€ 00
1.4893€ 00
t560TE~-03
0.0000€E~3Y
0.0000E-39
2.2501€E 00
2.5198E 01
T.N0734E 01
5.9938E& OG
3.85867€ 06
0.00CGUE~3?
3.6495E~01
1.3497E 01
6.8365E 01
2.94T7E 00
1.2147E 01
5.0062E~-01

- 5.1933€~01

5,7707€~06
3.8529E=-06
1.0825€~06

0.0000€-3%

0.0000E-39
4. 9918€ Q0

4.8533€ 01
6.8354E~01
0.0000E=-39_

0.0000E~39

2.8T24E 01
5.9321E 01
6.T880E 00
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165060010004
16%50¢11122C1

1650610200C4 .

165062110004
163062000004
566054010004
1680550100C4
138056CL0004
166057910004
166060020004
566061120004
168061010004
156062000004
567054010004
167035010004
167056010004
167957012002
1670460120004
1676600100C4
167061112301
167061010004
L673621100C4
167C0620000C4
5700550100C+4
1700560100C4
1700570100C4
1700600100C4
170251010084
170062000004
571055010CC4
171056010004
171057010004
1710600312002
L7106113G004
171061020004
5710621200C4
171062010004
171663000004
572056010004
172057010004
1720600100C4
172061010004
172662000004
572063110004

172063021042,

172064000004
573056010004
1730570.0004
173060012002
173061130004
173061020004
%73062120004
173062010004
173053600004
574056010004
174057010004

174060010004

174061010004
174062000104
574063230004

1.2001E 01

H.T849T QG
5.715715-03
4.03H83E-C4%
4, 8564E~09
7.8356E~06
0.0000E=3Y
5.2751E-9
1.6044E 01
5.4449C 01
2.8097€ 01
9.0578E-01
5.5333E-00
3.930%€-01
0.0000E~-39

3.192Q0E-Q2. .

5.5433E Q0
4£+3893€ 01
2.1129€ 01
2.136CE 01
4.6127€ OC
4,1159€ 00
9.8258E~02
4.91423E-03
0.000CE~-39
1.5193E 00
2.428CE 01
5.839¢E 01
1.5641E 21
8.5427E-01
0.0000€E-39
1.4717€-01
1.0472C 91
4.4639€ Q1
2.1093€ 01
1.9791€ 01
2.2454F 0O
4.9713E 00
B8.8662E~-05
0.0000€-39
3.1642€E 00
3.9459E 01
4.5301€ 01
2.69%9€ 00
1.0111E-01
1.0329&-01
1.10556=-06
0,0000€E-39

1.1659€ 00 )

2.2607E 01

2.TBT4AE Q1

1.2401€ 01
2.100%€ 01
1.8231€-02
0.0000E-39

5.825%E~-02

4.7333€ 01
6.5304E 00

2.88A1E 00
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~ 602065010004

574063120004
374063010004
174064000004
575057010004
175060010004
175061012002
175062120004
175062010004
175063012002
175064110004
175064000004
576057010004
176060010004
176061010004
176062010004
176063112002
176063010004
176064000004
577057010004
177060010094
177061012002
177062120004
177062010004
177063012002
1776¢41120C2
177064010004
177555000004
600060019004
200061010004
200082012002
200063120004
200063010004
200064006004 _
600065011042
200066000604
6010600200C4
201061010004
2010620100C4
2010630120C2
201064112002
201064010004
2010650200C4
601066110004
201066000004

6020600100C4

202061010004
2020562012002
202063120004

202064000004

2020666000064
603060010004
203061010004

203062010004
203042012002

.- 203064112002

203064010004

203065012002 _ _

203066110004

... 2.6198E Q0

2.7921E 00
2.8902€ 00
1.0360E-01

0.00800E=39

4.0991E-C1
3.4816E Ol
3,2418E 01
IL28%59F O
2.0542E 01
5,9470€~01
4.8502E-06
0.0000E~39
4.46T6E-01
1.7205%€ 01

6,7338E Q1

1.9014E 01
1.9103E 01
4.,9713717=04
¢.0000E-39
C.N0QOE-39
5.,8202€ 00
4.1645E OO
6.,5769E 01
6.6546E 01
8,9450€ 00
8.9446E 00
7.2003E-04%
0.,0000c-=39
3,.3851€ 00
T.6758€ 01
4.4143€ 01
4.4265E Qi
1.8310E-01
5.5401£E-01
9,24823E=-04
0.0N00E=39
1.764CE 20
7.9405E 01
1.1201€ 02
2.3534€ 01
2.3532E 01
2.0846E 00
0.0000E~-39
1.04T7E~0%
0.00Q0E~=3

1.8312E 00

8.8474E 01

1.3225E 00

- 1.3798E 02

——

FETS

- e e s e m———— = = = e e a e v

1.7117E-01

2.1523E-04
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55505C010004
155051L0100C4
135032010004
155053010004
155054012002
155055110004
1355055732002
15505611C004

133056010008

1550571103504
155057000004
336051010004

..0,0000E=39

0.,0003E-39
5.87TRA4E~15
9.5833E~05
$.8124E-05
0.000CE~39
0.0006E~31%
0.000CE~2",
0.0000E-39
7.1326E-08
2.8331E-02
0.0000E~39
0.0C00E-39
©.0000E~39
0.000CE-39
0.0000E~39
0.0000E~-39
6.0000€E-39
1.1665€E=09
1.5127E-02
3.1208E-03
2.3953E-04
0.000CE~39
0.0000E~29
0.0000E-39
0.0000E~39
0.0000E-39
0.0000E-39
7.5903E~06
0.0000QE~39
T7.5903E-06
0.0000E-3y
0.000QE-39
0.0M000€E~39
0.0000E~39
2.6027E-18
1.07T47E-04
6.4204E-05
3.0737€-02
T.2363E~13
0.0000E~29
0.0000E-39
0.0000E=-39
0.0000E-39
.1¢5468E-18
4.3008E-~05
4.6233€-05
0.000C0E-39
0.0000E-39
4,0000E--39

0.0Q00E-29
0.0000E=39
3.4159E-22
8.5373E~22
_240662E-03
2.06T0E-0)
0.,0000E=-39

0.0000E-39
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156652010004
1560530100C4
1%60540100C4
155055010004

TP AmE s AARAANS
A PUV AUV VYT

5€70510100C4
151652010004
157052010004
1570540100¢C4
157055012002
15705.1120C2
15705 61120C2
157057110GC4
157057010004
137060000004
560052010004
160053010004
16005401NGC0 4
1600550100C4
1600556010004
1600570100C4
1600600000G4
5610520100174
161053010004
161054010004
161055171000 4
161056010004
161057112002
1610570100C4
161060000004
5620520100C¢4
1620530100C4
162C540100C4
162055010004
162056010074
1620570100C4
162060G000C4
5630530100C4
163054010004
1630550100C4
163056012002
163057.123C1
1630570120C2
1630601300G%
1630600,C004
16306:1124002
1630610.00C4
163G&£2000CC4
S6ACG53010004
164054010004
164055210004
164056C100C4
164057010004
16406GL00004
56505301009
165054710004
1650350100G4
13505601G004
1650587412002
1650601212301

0,0000E~39
0,0000€-39
0,0000E-39
0.0000E-39

A NANAAC _ 30
NERA A A L NN

0.0000€-~39
0.0009E=39
Q0.0000t~-3Yy
0.000CE~139
0,0000€-39
1.36716~-04
1.0209€-02
5:.43495-02
1.0668E~04
0.000CE~39
0.0000E-39
0.0000E~39
0.0000£-39
g.n0uoGC-39
1.0539E-03
2.,1548E-0%
1,0000&£=39
0.0000z~-139
0.000"E=39
0.0000E~239
0,0000E-39
1.1348E-13
7.8869F~13
3.1210€-03
0.0000E~39
0.0000E-39
0.0000E-39
0.0000C-39
0.G000%-=39
1.4439E-08
1.49596-08
0.0C0CE-29
0.0000€E~39
0.0000E-39
0.0000E-"9
1.1230E-24
1.01u7€~-2¢4
T.N970E=-03
2.7206E-06
28034504
2.T464E~DS
4.5280E-17
0.7000E-39
0,0000€-39
0.0000£-39
040000E=39__.
0.0000E~39
2.8609E-08
0.0000E~39
0.0000E~39
0.G000E=-39
0-0000E-39
G.0000E-39
3.8319E-17
2.6426E-63

- e g
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165%50600100C4
16%061123201
1850610200C4
1650621100C4
1650620000C4
546054010004
10007501000y
1660G540100C4
16605701000C4
166060020004
566041120004
1660610100C4
166062000004
567054010004
1670550100C+
L6705601G0C4
167051012002
137060120004
167060010004
167061112301
167C561010004
167062110004
167062000004
570055010004
170056010004
170057010004
170060020004
170061610004
170062000004
5710550100C4
171056010004
171057010004
171060012002
171061130004
171061020004
571062120004
171062010004
171063000004
572056010004
172057910004
172060010004
172061010004
172062006904
572043110004
172063021042 .
172064000004
573056010004
173657010004
173060012002
173061130004
173061020004
573062120004
173062010004
172063000004
574056010004
174057010004
174060010064 _.
174061010004
174662000004
576063230004

6.,2691E~Q2
2.5464E-003
7.3875E=-04
3.0250€E-09
0.0000F~-39
0.0000E-39
0.U000€-39
0.0000C~-39
1.0040£E~02
2.27154E-07
1.0057E~-0Q2
0.0000E-3%
0.0000E-39
0.0000E-39
0.0000E-239
0.0000&~39
4.3406E-08
7.1885E-04
9.7509€~03
S.146T7TE~Q4
1.403%€-06
0.0000k-33
G.0000E-39
0.0000E-39
2.5491E-03
2.7393:-03
0.0C00E=-39
0.0000E~39
0,0000k&-39
¢.0000E~39

0.0000E-39

2.8428E-07
1.1872E~36
1.9736E-09
6.9733E=04
0.00006-39
0.0000E~-39
0.0000E~39

6.4176E-28

5.8221E~24
0.0000E-39
1.2643E-08
5.7992E=-07

0.0000E=-39
0.0000E~-39

0.0000E-~39
0.0G00E-39
7.1630E-31
0,0000E~39

T.9571€-07

9.89685~03

0.0000€~29
.0.0000E-139

0.005GE-29

- D+Q0Q00E~=39

U.0008F~39
0,00G0E~39

T 2.1943E-04
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574063120004
5T40630100C4
174064000004
575057010004
1750600100C4
175061012002
175062120004
1750620100C4
1750641100C4
1750640000C4
$760570100C4
1760560010004
176061010004
176062010004
1760631120C2
1760632000004
176064000004
577057010004
177060010004
177061012062
1770621200C4
177062010C04
177063012992
1770641120C2
1770640100C4
17706500045C4
600060010004
200061L0L00C4
200062012002
2000631200C4
200663010004
20006400G0UC4
500065311042
2000660000C4
601060010004
201061010004
201062010204
201063012002
201054112002
261064010004
201065020004
6N1066110004
2010660000C%
602060010004
2020610100C4
202062012092
2020533120004
202663030004
20206 %090004
60206 50100C4
7020664500004
6010600103C4
203361010004
203062010004
2030639012002
203064112002
203064010004
203065012002
203066110004

3,28076-16
3,5626E~-07
0.0000€-39
0.00030-39
0.Q000€E-39
€.0000E=29
8.3011c-04
&§.2689E-05
5.69605=~C7
8.22655-0F8
0.00908~239
4.,0000E-39
0.0000E-39
9.344BE"12
1.2584€E-03
2.294CE-05
0.000GE-39
0,000CE -39
0.002GCE~39
0.0003€E-39
4,3204E-072
1.8801€-04
6.9349E-07
0.0000C~39
0.C00CE~39
0.000CE~-239
7.8363€-03
1.0034E~-Q2
9.41G0E~04
0.000CE~39
4,8591E-05
0.000CE~29
0.000CE-29
0.000CE-39
€,9099E-03
5,0357€~03
5.1982E-06
3.9047€-03
2.1791E=14
0.GO000E~39
0.0000E-39
0.00C0E-3Y
0.0000E-39

4.6153€E~08_

2.T425€E-04
iQSOO‘E'QZ
0.0000E~-39

5027152€-05

C.000CE~39
0.0000E~39
0.,0000E-3Y
2+9%3286E~17

" 1.5837€-02
5421359€E=-04_

3.339%€-02
1.TOTAE-Os
1.82005~-09
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203066000004 0.0000E~39
604060010004 0.0000E=39
2040610100C4 0.0000€E-39
204052010004 9.6582¢=23
204063010004 1.226NE~-06
2040640100C4 8.,6862E-04
2040650100C4 3.2906E-03
20404 60000C¢ 0.0U00E=39
6030610100C4 0.0000F-2a
2050620100C4 4.2919E=29
205063012002 8.9258€E~08
205064112002 2.1973E-02
205064010004 8.8780€-03
205065012002 3.2122E-03
20%0661100C4 1,5541E~05
2050656010004 1.9903E-C5
205067000004 0.0000E~39
6060610100C4 0.00005=-39
20606010004 0.0000E~3%
206063C10004 0.0000E-39
2060640100G4 2.5794E-02
2060550100C4 & . 4A48E-02
206066000004 0.0000E-~39
406067110004 ) «0000E-39
20606T0100C4 0.0000€E~39
206070000004 0.0000E~-39
6070620100C4 7.0000E=39
207063010004 0.0000€~239
207654010004 1.159CE~13
207065012002 9.6184E-03
207066110004 £ .9016E~03
207066010004 3.7985E-03
207067Q0100C4 3.8804¢-13 | _
207070000004 0.0000£~39
610063010004 n.0000E~39
210064010004 0.0000E-39
210065010004 1.5534E-13
2100466000004 0.0000E=~39
$1€067010004 5.4309€-05_  _
210070000004 0.0000E=-39
6110630310004 C.0000E=39
211064010004 0.0060E~39
211065051042 0.0000E-39
211066010004 2+5650E-05%
211067012002 . . _3.92256-07 e .
211070110004 3.8896E=07
211070000004 = 0.000¢E~29 e
612063010004 0.0000E=39
212064010004 0.0000E~-39 .
212065061042 0.0000F-39 - - T
212066010094  _ __ 1.09%9E-02 . _
212067010004 5_T132€E-02
212070000004 ___ 0.C000E-39 I
612371010004 0.00005~39 T
212072000004 = 0.,00008~39 o N
613064010004 0.0000E~39
213063061042 =39 _
213055010004 9.6476E~-27 - T
223067030004 61,0634 E-03 o o
213070010004 4 AG04E~02 T -
1%
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o e —_ A 4 A
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2130710000C4
614064010004
214065010CC4
2140660100C4
214067C100C4
2140700310004
2140710100G4
214072000004
615065010004
2150660100C4
213067010004
2150705100C4
2150710100C4
215072010004
215073000004
6160650100C4
216066010004
216067010004
21460700100G4
2160T710100C4
216072000004
617065010004
217066010094
217067010004
2170700100C4
217071916004
217072010004
217073010C04
217074000004
620066010004
220067110004
220070010004
220071010004
220072010004
22G0730100C4
2200740000C4
621066010004
221067010004
2210700106004
221071010004
221072010004
221073010004
221074000004
622066010004
222067010004
222070010004
222071010004
222072010004
222073010004
222G74000004
623047Q10004
223070010034
22307101C Q4
223072010004
223073010004
223074010004
223075010004
2230760000C4
624G670.0004
224070010004

|

0.000CE~39
0,0000E-39
0.0C00E-39
0.,0000€E-33
1.,2656E-16
2,8353E~-04
1.3470€E-04
0.0000E-39
0,0000€-39
0.0000€E~239
0,.,0000£-39
2.4795E~0Q2
1.805%E-02
1.2270€-C5

0.000CE-39 _.. ..

0,000CE~239
0,0000E~39
0.0000€E-39
%.4328E-03
3,68757E-02
0,00G0Eg=-3°
H,0000E=39
0.000QE=39
0.0000€-39
0.0000£-39
2.3141€E-02
2,0510€E-03
3.038%€~06
0.000QE-39
0.000CE=~-39
C.0000E-39
0.0000E~39
0.,0000€~39_ .
1.0321€E-05
1.4212E-04
0.000GeE-39
0.0000€E-39
0.00064E~-39
0.0000E=-39
0.0000€-39
1.1339€-06
9.0577€E~-03
0 .00005'39_ .
0.,0000€~39

0.000Q6-39 _

0.00G0E-39
U.0000E~-39

9,.,8427E-G3

3,67336-02

0.0000E-39

.- 9,0000E=39

0.0000E~39
0.0000E=39

1.4340E-15
7.0229€-03

1.52%0E~-04

. 3.2812E-09

0.0000€-39
0,0000€-~39
0.0000E-39
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2240710100C4
2240720100C4
224073010004
224074000004
4240750100104
224076000004
623070010004
£25UTi0iUTLS
223072010004
223073010004
225074010004
2250750100C4
2250760000C4
526070010004
2260711110004
226072010004
2260730100C4
226074000C04
6260750100C4
226076000C04
6270710100C4
227072010004
2276730109C4
227074010004
227075010004
227074010004
2270770000C4
630371010004
230072019G04
230073010004
230074010004
230075010004
230076000004
630077112042
637077021042
230100000GC4
631071010074
231072012004
231073010CC4
2310740100C4
231075010024
23107601004
231077 .000C4
632072010004
232073010004
232074010004
232075010004
232076000004
632£77010084
232100000004
£33972010004
223073010004
733074010004
233075010004
233076010004
223077010004
233100000044
634073010004

234974010094 .

233075010004

0.000QE=~39
1.4298E=-27

7.0270E~}+)

0.,0000E~39
€.noacc-20
0,0000€-39
0.0000€E-39
U.UGOUE~3Y
0.0000c-39
1.9766E-36
8.903%€-03
1.2905E-04
0.0000E-29
0.0000E~39

0.0000€-39 = .

0.,0000E~39
0.0000E=-32
0.0000E%+
2.9624E-04
G.0000E~32
0.,0000€~39
0.C000E-39
0.00NQE-39
0.0000E~39
0.0000E-39
0.0000E~39
0.0000E-35
0.000CE=5¢
C.0000E=3%
V.0000E~59
0.0000E~39
0,0000E-29
000000 E"aq
0.7000E=39
0.0000E-39
0.,0000E~-39
0.0000QE-39
0.0000E-39

0.U0Q0E~39

0,00CQE-29
0.0000E-39
0.000CE~39
0,0000E-39
0.0000E-39

C.0000g~39

0.,00C0E-~39
0.00C0E~39

2.,0090E-39

0.0C00E-39
0.0003€E-39

0.0020E~-29 _

0.00C0E-39
0.0000E-3% _
0.0000E=-39
0.000S£~33

0.0000&-39

0.0000E=-39
0.N000E=29

" 6,0000E-39

. 0,00005-39

"




234076010004
234077010004
2341000000C4
8350720100C4
2350740100C4
235075010004
235076010004
2350770100C4
228160000064
636073010004
236074010004
2360750100C4
236076010004
236077010004
236100000004
637074010004
237075010004
2370760100C4
2370710109C4
2371000100C4
2371010309C4
6400740100C4
240075010004
2400760100C4
2400770100C4
240100000004
640101010004
2401020000 4
641074010704
241075010004
241076010004
2430770100C4
241100010004
241101010004
2411020C0004

0.,000CE~-29
0.0000€&~29
0.0000E-~29
0.0000E-39
0.000CE~29
0.0000E-39
0.0000E~39
0.0000E-39
0.000CE-39. _
0,0000E-39
0.0000E~39
0,0000E~39
0.000CE-~39
0.000CE~39
0.00Q0E~39
0.0000€~32
0.,0000€~39
0.0000€~39
0.0000E~39
0.0000E~35
0.,000GE~29
0.000GE~39
0.000QE~-39
0.0000E-39
0.0000E-39
0.0000t-39
0.0000E-39
0.0000E~-39
0.0000E~-39"
0.0000E=39
0.0000E-39
0.0000E-33
0.,000GE=-39
0.0000€-39
0.0000E-39

e
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QUTPUT OF GAPSR
PARTICLE SIZE FISSION PROCUCT ACTYIVITY
MICRONS (ReMue2 ) /HA i
- 7.7965E C3 2.6227€ €8
A 4_asv3c 2 2.12780 23
: 2.5825E 02 3,408%¢ C8 , l
1.7T168E €2 3.6162E €9 '
e} ¥H0E U2 EPXLEL TN
8.4075E 01 4,1113¢ C8
5.8469E C1 4.4332€ C8
3.8870€ 01 4.9397€ C8
2.2965€ 01 _ S.7853¢ (8 .
1.2875E 00 2.4852¢ 09
|
|
\]
13
. I } — e .
- T o o’
198 it
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CUTPUT CGF INDCE2
INOUCED ACTIVITY IN THE TRANSPORTED SOJL COMTRIBLYES

199

e S

1.6528E Q7 TO L£ACH PARTICLE SIZt.

2.

AHCI, i 10

Sl OO ) WS 5 i s




L A ) AL

- -

L —

(Y.

TOTAL PAM OUTPUT

PSIZE
7.7965E
4.3673E
2. 5825
1.7168E
1. 1940F
8. 84073t
5.8469¢
3.8870F
2.2985E
1.2875€

03
02
02
02
02
01
01
)
01
00

FP
2,6392E 08
3,2141€ 08
3,1250E LY
3.6327E 08
3.8599E 08
4.1278¢t 08
4.4698E 08
4, 9563F 08
5.8018E 08
2.4869E 09
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OUTPUYT OF MCHD

PARTICLE SIZE

MJCRONS
TaYweS5E
4.35013¢
2.5825E
1 .T16AF
L.1940C
8.4075¢
5eB8469E
2.,8870€
2 «29B5E
1.2875¢

Ep

€3
e
Q2
02
c2
Cl
Ql
Q1
21

00
TGT AL

|

ABUNLCANCE OF+HRASS CHAIN 895 WAC 1.4500¢ 23 FISSIONS

Al oot A a1 s, ]

ACTIVITY OF MASS CHAIN 89 i
F1SS1ONS ‘
2.1632F 21
240ILIE Zi : ’
3,0321€ 21 o
3.4307€ 21 z
3,9293F 71
4,5698F 71 :
5.5290F 21 t i
7,0169E 21 ,
9.9243E 21
1.0269€ 23

ailkda
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Frelling, E. y Fractionation I. High-Yicld Surface
Burst oorre_atim USNEDL~TR~385, US Naval Raliological
Defense Ibboratoxy, San Frencjsco, California (1959).

Frelling, E. C., Fractionation ITI. Estimution of Degree
of Fractionatton and Radionucllde Partition for Nuclear
Debris, USNRDI~TR-680, US Naval Radiclogical Defense
Laboratory, San Franciaco California (1963).

Beteman, Proc Camb Phil Soc, 15, L23 (1910).

Jones, T. M., A Prediction System for the Neutron-Induced
Activity Contribution to Fsllout Exposure Retes, USNRDL-
TR-1056, US Naval Radiologicel Defense Leboratory, San
Francisco California (1966).
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APPENDIX

DETAILS OF PAM DATA TAPE

The data cards for this tape were obtained from
Messars, 5. H, Casridy und G. R. Crocker of the US MNaval
Radiological Defense Laboratory.
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TABIE A.l

Transition Cards

Cards
Sequence

Mnemonic

Format

1

Terminator

PMASS ,PISOM, PATNO ,HLIFE , TUNIT , IEXP
BRAT ,DMAS: ,DISOM ,DATNG

Same &3 Curd 1

.

Blank

3

(10X, 313, BX,
Fo. 4, IX, 213, 3%,
F1.5, X, 3130

Miemonics explained in Glossary of Subroutine SETUP,

Deck is read by SETUP.
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]
P TABLE A.2 ]
; Finsion Yic1d Cards !
?
{
|
Card Mnemonic Format
Sequence
I
! -~ 1 FISTYE(I) = I=.,6 1246
2 NMAS ,NAT ,NSTAT ,FYLDIN(1),I = 1,6  (I5,Ik,A1,6E10.0)
g 3 Same as Card 3
59 :
M
o
<] s ]
Set Blank
Qerminator
Second Set Same sequence as first set :
Third Set Sams sequence as first set
. . ;
Deck Blank '
| Terminator i
| |
Mnemonics explained in Glossery of Subroutine YIELD, -
Deck 18 read by YIELD,
208 g
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TABIE A.3

Sxpusure - RAte Mulcipllers

Caxd Sequence Mnemonic Format
1 NMAS ,NAT ,NSTAT ,XRM (2X2r3,I2,E8.3)
2 : Same as Card 1

Terminator Blank

Mnemonics explained in Glossary of Subroutine XFPRM.

Deck is read by XFRM.
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2
i
72 0 27 1.0000 1 =2 1.00000 72 0 28  TRAN
72 0 28 3.5000 1 0 1.00000 72 0 29  TRAN 2 ,
72 0 29 10.0000 1 0 1.00000 72 0 30 TRAN 3
72 0 30 45.5000 3 0 1.00000 72 0 31 TRAN 4
72 0 31 14.3000 5 0 1.00000 72 0 32 TRAN 5 ;
72 0 32 TRAR 6 )
73 0 27 1.0000 1 =2 1.00090 73 0 28  TRAN 7 : ]
73 0 28 2.0000 1 0 1.00000 73 0 29 TRAN 8 1
7T o 29 7.0000 10 1.0000n0 7% 0 38 TRAN 9
73 0 30 2.0000 2 0 1.00000 73 0 31 TRAN 10
730 J1 4.8060 3 0 1.00009 73 1 32 TRAN 11 -
73 1 32 0.5300 1 0 1.00000 73 0 32  TRAN 12
73 0 32 TRAN 13 ;
74 0 27 1.0000 1 =2 1.00000 74 0 28 TRAN 14 ;
74 ¢ 28 1.5000 1 0 1.00000 74 0 29 TRAN 15 .
74 9 29 4.0000 3 0 1.00000 74 0 30 TRAN 18
74 ¢ 30 4.5000 2 0 1.00000 74 0 31 TRAN 17 -
74 0 31 7.8000 2 0 1.80000 74 0 32 TRAN 18 ;o
74 0 32 TRAN 19
75 0 27 1.0000 1 =2 1.30000 75 0 20  THAN 20
75 0 28 1.0000 1 -2 1.90000 75 0 29 TRAN 21
75 0 29 2.50600 1 0 1.00000 75 0 30 TRAN 22
7% 0 30 9.5000 1t 0 1.00006 75 0 31 TRAN 23
75 0 81 2.0000 2 0 1.00000 75 1 32 TRAN 24
75 1 32 49.0000 1 0 1,00000 75 0 32 TRAN 25
75 0 32 82.0000 2 0 1.00600 75 0 33 TRAN 26
75 0 33 TRAN 27
76 0 28 1.0000 1 =2 1.00000 76 0 29 TRAN 28
76 0 29 2.0000 1 0 1.00000 76 0 30 TRAN 29
76 0 30 8.0000 1 0 1.90000 76 0 31 THAN 30 .
76 0 31 30.0000 1 0 1.00000 76 0 32 TRAN 31
76 0 32 TRAN 32
76 0 33 26,5000 3 0  1.00000 76 0 34  TRAN 33
e ¢ 14 TRAN 34 i
77 0 28 1.0000 & -2 1.00000 77 0 29 YRAN 35
77 0 29 1.5000 ¢ 0 1.05000 77 0 30 TRAN 36
77 0 30 3.5000 1 0 i.o0gcen 77 0 35 TRAN 37
77 0 31 15,0000 1 0 0.60000 77 1 32 TRAN 38
77 0 31 15.0000 31 Q0 0.40000 77 0 3z TRAN 39
77 1 32 54.0000 1 0 0.36000 77 0 32  TRAN 40
77 1 32 54,0000 1 0 0.64000 77 0 33  IRAN 41 ¢
77 0 32 11.3200 3 o0 1.00000 77 0 33 TRAN 42 ;
77 0 33 38,7000 3 0 1,006000 77 0 34 TRAN 43 i
77 0 34 TRAN 44 :
78 n 28 1.0006 1 =2 1.00000 78 0 29 TRAM 45 :
78 0 29 01,0000 1 -2 1.00000 78 0 33 TRAN 46 P
78 0 30 2.5000 1 0 1,00000 78 G 31 TRAN 47 i
78 0 31 8.,0000 1 € 3.00000 78 0 32 TRAN 40 :
78 0 32 2.4000 3 0 0.500060 78 1 33  TRAN 49 .
78 0 32 2.4000 3 0 0,5000¢ 78 0 33  TRAN 50 IR
7& 1 33 6.0000 2 0 1,00000 78 0 33 TRAN S1i -
78 6 33 91,0000 2 0 1.00000 78 0 34 TRAN %2
78 0 34 TRAN S3 :
79 0 29 1.0000 1 -2 1,00060 78 0 30 TRAN 54 T
79 0 32 1,000 1 6 1.00000 79 0 31 TRAN 55 :
79 0 31 4.8G00 1 0 1.00000 79 0 32 TRAN 56 :
79 0 32 25,0000 1 6 1.00000 79 0 33 TRAN 57 :
79 0 33 9,00600 2 0 1.,00000 79 1 34 - TRAY %8 -
7% 1 34 3.8900 2 0 1.00000 79 0 34 TRAN 959 i
79 0 34 6.G000 S5 4  1,00000 79 € 3% TRAN &0 i
213 §
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1.0000
1.5000
3.0000
25.0000
36,0000

1.0000
1.0000

2.,0000
7.0000
33.0000
33.0000
57.0600
18.0000
l1.00600
1.5000
5.0000
18.0000

35.9000

1.0000
i.0009
2.0000
7.0v0%9
7.0000
59.0000
69.0000
25.0000
2.4000
114,.0000

1.0000
1.5000
4.0000
3.0009
32.0000

1.0000

¢ Aan~n
- v e

0.4300
39.0009
3.0000
4,4000
4.4000
10.6000

1.0000
2.0800
16.0000
1.0000

1.0400
18.6000

1.0000
i.3000
16.000%8
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1.083500
1.00000
1.00000
1.00000
1.00000

1.00000
1.00000

1.00000
1.00000
0.06000
0.94900
1.00000
1.00000
1.00000
1.00000
1.009000
1.000060

1.00000

1.00000
i.00000
1.00000
0.44000
0.56000
0.40000
0.90000
1.00000
1.00000
1.00000

1.00000
i.00000
1.09000
1.00000
1.00000

1.00000
1.00935¢C
1.00000
1.00000
i.0000¢
0.19000
0610380
1.00€690

1.,00000
1.00030
1.00900
1.00000

1.,00000
1.05000

1.00000
1.00000
1.00000

8o
a0

ac
80

[ N =l v I o B = }

(=1 == el = g e Y = I ] (=] OO OO [0 =]

oo O

o0 L= — = N =] COoOTIT=OoO0oOCO

LD2o00

TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
THAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TAAN
TRAN
TRAN
THAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAM
TRAN
THAN
TRAN
TRAN
TRAN
THAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAM
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
THAR
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN

118
119
12¢

Il

|

Yo
il

z
?




ST R MO S T T T s T em e T e R sy

Puladie IS o it

OO0 R OO0 COOODO0O00O0OHROO0OOCOODIDOODOOCOHOO0O0DDODO0OMNMODCOO0DOODT ODOOD COOO

8 A T8 L LR R B U A NIRRT [ TR I

54.5000
54.5000
78.0000

4.3000

1.0000
1.0000
£¢D000
16.3000
16.3000
2.80c00
18.0000

1.0000
2.0000
“ed4Qiu
4.400°
3.206)
15,4000
50.5000
16.0000

1.0000
1.0000
1:.6000
1.6000
53.0000
2.7000
28.p000
64.3003

1.0000
2.0400
10.0000
72.0000
9.7000
e.7000
50.0000
58.0000

1.000C
1.5000
3.0060
5.3660
2.7000
3.6000

1.0000
1.0300
2.0000
5.,6000
8.0000
i6.0000
5.5000
2.5000
3.7000

1.0000
1.4008
3:.0080
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TRAN
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TRAM
TRAN
TRAN
TRAN
TRAN
TRAN
TRAK
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
YRAN
TRAN
TiiAH
TRAN
TRAN
TRAN
TRAM
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
THAN
TRAW
TRAN
TRAN
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TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAR
TRAN
TRAN
TRAN
TRAN
TRAN
TRAM
TRAN
TRAN
TRAN

12¢
122
s
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12y
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127
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129
130
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132
133
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176
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’ ! 94 0 33 1.3000
= ) ya 0 40
R i 95 0 35 1.0000
95 9 36 1.0000
i 73§ 37 €.0000
! 95 0 38 40.0000
i 95 0 39 10.0000
| 95 0 40 £5.00800
. 95 J§ 40 65.0000
95 { 4% 9c.0000
9% 0 4: 35.0000
95 0 42
96 9 35 1.0000
96 0 36 1.0000
96 0 37 1.0000
96 0 38 2.5000
96 0 39 2.3000
96 ¢ 40
! 96 n 41 23.p000
94 D 42
37 0 36 1.6000
$7 1 3 1.000¢
97 ¢ 38 1.,5000
97 0 39 5.0000
! 97 0 49 17.0000
: 97 0 49 17.0000
: 37 1 41 1.0000
! 97 ¢ 41 73.0000
| 7 0 42
°8 0 3¢ 1.0000
98 o0 37 1.0000
%8 0 38 1.0000
98 ¢ 3¢ 2.5000
98 0 40 60.0000
98 1 41 51.0009
98 0 41 2.0000
98 0 42
99 9 37 1.0000
99 0 38 1.0000
99 0 3¢ 1.5000
99 0 40 1.6000
99 0 41 2.3000
90 0 &z 66.5000
9% 0 42 66,5000
! 99 1 43 6,0000
; 99 0 43 2.1000
j 99 0 44
i 100 0 38 1.0000
’ 100 0 39 1.50350
100 8 40 3.5000
l 107 0 41 3.0000
100 0 42 :
100 ¢ 42 i6.0060
I 100 0 44 :
101 ¢ 3¢ 1.0000
' 101 0 39 £.0000
! 101 0 40 2.5000
: 108 0 41 1.0000
101 o 42 14.4000
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i.0c000
i.0p000

1.00000
1.00000
1.00002
1.00000
1.00630
0.02000
0.98000
1.00000
1.00000

1.00000
1.03000
1.30000
1.09000
1.60000

1.00000

1.00000
1.00000
1.00000
1.00000
2.98000
N.0408(0
1.00000
1.00000

1.00000
i.00000
1.00000
1.00090
1.00000
1.00000
1.00000

1.0000¢
1.00000
1.00000
1.00000
1.00000
0.87000
0.13000
1.00000
1.00000

1.00000
1.00000
1.008000
1.0Ga00

1.00000

1.00000
1.00000
1.00000
1.00000
1.00000

101

o

COOHDOCOOD

o ocCc Oooo

oo0oo COoOoOMRDOOOO cCoooococ ODoOoOoOT OO

<

COoOOoOoO

TRAN
TRANM
TRAN
TRANR
TRAN
TRAN
TRAN
TOAM
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAKW
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAM
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TR4N
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
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181
182
183
184
185
186
187
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18¢%
19¢0
i9
132
193
154
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
20
221
222
223
224
225
226
227
228
229
230
231
432
233
234
235
236
237
238
239
240
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101
101
132
102
102
102
102
102
102
102
102
103
103
103
103
103

103

103
103
103
104
104
104
104
104
104
104
204
104
10%
105
105
105
105
108
105
105
105
105
106
106
106
106
106
106
106
106
106
107
107
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107
107
107
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107
107
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14.(090

1.0000
1.0000
2.0000
7.0000
11.50¢00
11.5000

uuuuuu

39.7000
57.0000

1.0000
1.0000
3.0000
2.5000
18.0000

4.4000
42.0000

1.0000
1.0000
2.0000
2.0000
9.0000
4.4000
4.4000
38.0000
36.0600

1.0000
1.0000
1.5000
4.0000
9.0000
1.0000
2.2000
30.0000

1.0000
1.0000
2.5000
1.0000
448000
4.6000
45.0000
22.0000
7.0000

1.0000
1.0000

2 0
1 =2
1 =2
1 0
1 0
2 0
2 0
2 ¢
1 0
1 -2
10
10
1 0
2 0
4 0
4 0
2 0
1 -2
1 -2
1 0
2 0
2 0
2 0
1 0
1 -2
i -2
1 ¢
2 0
2 0
3 0
3 0
1 0
3 0
1 -2
1 -2
1 0
1 0
1 ¢
S ©
3 0
1 0
i -2
1 0
1 0
2 0
2 0
2 0
1 o0
2 0
5 6
1 -2
1--2
217

1.00000

1.00000
1.00000
1.0000r
1.00000
0.50000
g.50000

4. .5a0N0N0

uuuuuuu

1.60000

1.000600
1.00000
1.00000
1.00000
i.00000
0.99500
0.00500
1.00000

1.00000
1.00000
1.00000
1.00000
1.00000

1.00000
1.00000

1.00000
1.00c00
1.00000
1.00000
1.00000
0.20600
0.79400
1.00000
1.00000

1.00000
1.00000
i.00000
1.00000
1.00000
1.00000
1.00000
l1.00000

i.00000
1.,00600
1.00000
1.00000
0.50000
0.50000
1.00000

00000
2400000

1.006000
1.00000

101

102
102
102
102
102
102
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103
103
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104
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TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TaaN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN

TRAN

TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN

" TRAN

TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
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241
242
243
244
245
246
247
248
240
250
251
252
253
254
255
256
2%7
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275 y
276
277
278
279
280
281
282
283
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108
108
108
“08
108
109
109
109
109
109
109
109
109
109
109
109
109
109
110
110
110
110
119
110
111
111
112
111
111
111
111
111
111
111
111
111
i1
111
112
112
112
112
112
112
113
113
113
183
113
113
113
113
143
114
114
114
114
114
114
il4
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2.0000
2.0060
4.3000
18.0000

1.0000
1.0000
1.5000
2.5000
16,0000

16.0000

50.0000
30.0000
30.0000

4,7000
14.0000
39.0000

1.0000
1.0000
£.0000
i6.0000
5.0000

1.0000
1.0000
1.0000
1.5000
4.0000
12.0000
12.0000
5.9000
5.5000
23.0000
23.0000
74.0000
7.6000

1.5000
3.0000
7.0000
21.0000
3.2000

1.0000
1.0000
2.0000
4.9000
1.4000
1,2000
1.2000
15,3000

1.00090
1.0000
1.5000
3.0000
2.4000
5.0000
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1.00¢000
1.00000
1.00000
1.06500

1.Gu009
1.02000
1.00000
1.00000
0.50000
0.-50000
1.00000
0.50000
0.50000
1.00000
1.00000
1.00000

1.00000
1.00000
1.00000
1.00000
1.00000

1.00000
1.00000

‘1.00000

1.00000
1.00000

“0.01000

0.99000
0.68000
0.32000
0.50000
0.50000
1.00000
1.00000

1.00000
1.00000
1.00000
1.,00000
1.0000¢

1.00000
1.00000
1.000600
1.00000
1.00000
0.90000
0.10000
1.00000

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
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108
108
108

109
109
109
109
109
10¢
109

109

109
109
i09
109

110
110
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110
110

111

112
111
111
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TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAR
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRA

TRAK

TRAN
TRAN

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
3N
332
333
334
335
336
337
338
339
14§
341
342
343
344
345
346
347
J48
349
350
3591
352
353
354
355
356
397
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115
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115
115
11
115
115
115
115
115
115
115
115
115
116
116
116
116
116
116
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
118
118
118
118
118
118
118
118
119
119
119
119
119
119
119

119
119
119
119
119
120

1.0000
1.0000
2.5000
4% .0000
45.0000
20.0000
25400670
20.0000
21.0000
21.0000
43.0000
53.0000
4.5100
4.5100
6.0000

1.0000
1.0000
2.0000
10.0000
2.5000

1.0000
1.0000
1.5000
5.0000
1.1000
1.1000
3.0000
3.0000
3.0000
50.0000
2.,0000
2.0000
2.0000
45.0000
14.0000

1.0000
1.5000
4.5000
25.0C000
50.0000
4.5000
5.0080

1.0000
1.5000
3.0000
17.0000
17.¢0000
2.7000
9.5000
18.0000
18.0000
16.0000
2.0000
245.0000

1.0000
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1.00000
1.00000
1.,00000
0.50000
0.50000
6.72000
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0.14000
0.09000
0.92060
1.00000
1.00000
9.95000
0.05000
1.0000C

1.00000
1.00000
1.00000
1.00000
1.00000

1.00000
1.00000
1.00000
1.00000
0.50000
0.50000
0.60000
0.10000
0.30000
1.00000
0,21500
0.78000
0.00100
1.00000
1.00000

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

1.00000

'1.00000

1.09000
9.50000
0.50000
1.00000
1.00000
0.0%000
0.59000
0.45000
1.00000
1.00000

1.00000

115
115
115
115
115

115
146

115
115
115
115
115
115
115
115

116
116
116
116
116

117

117
117
117
117
117

117

117
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117
117
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118
118
118

119
119
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119
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119
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TRAN
TRAN
TRAN
TRAM
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
TRAN
YRAN
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364
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367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
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397
358
399
400
401
402
403
404
405
406
407
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411
412
413
414
415
416
417
418
419
420
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-~ 120 0 46 2.0000 1 & 5. 00828 128 £ 47 tAan 421
- 120 0 47 6.0000 1 0 1 00000 120 0 48  TRAN 422
120 0 48 12,0000 2 © 1.00000 120 0 49  TRAN 423
125§ 8s 26:0606 i 0 a.00000 120 0 55U 1HMAN 424
120 0 50 TRAN 425
121 0 45 1.0000 1 -2 1.00000 121 0 46 TRAN 426
121 0 46 1.5000 1 0 1.00000 121 0 47  TRAN 427
121 0 47 £.0000 1 0 1.,00000 121 0 48 TRAN 428
121 0 48 10.0600 1 0 0.50000 121 1 49  TRAN 429
121 0 48 10,0000 1 0 0.50000 121 0 49  TRAN 430
121 1 49 3,1900 2 0 1.00000 121 0 50 TRAN 431
121 ¢ 49 30,0009 1 0 1.00000 121 0 50  TRAN 432
121 1 50 25.0000 5 0 1.00000 121 0 51 TRAN 433
121 0 5o 27,0000 3 0 1.00000 121 0 51  TRAN 434
121 0 %1 TRAN 435
122 0o 46 1.5000 1 0  1.00000 122 0 47  TRAN 436
122 0 47 3.0000 1 0 1.00000 122 0 46 TRAN 437
122 0 48 40.0000 1 0 1.00000 122 0 49  TRAN 438
122 0 49 45.0000 1 0 1.00000 122 0 50 TRAN 439
122 0 50 TRAN 440
122 o 51 2.8000 4 0 0.03000 122 0 50 TRAN 44
122 1 51 4.1500 2 0 1.00000 122 0 51 TRAN 442
122 9 51 2.8000 4 0 0.97000 122 0 52 TRAN 443
122 ¢ 52 TRAN 444
123 0 46 1.0000 1 -2 1.00000 123 0 47  TRAN 445
123 0 47 2,5000 1 0 1.00000 123 0 48 TRAN 446
123 0 48 9.0000 1 0 0.50000 123 1 49 TRAN 447
123 0 48 9.0000 1 0 0.50000 123 0 49  TRAN 443
123 1 49 36,0000 1 0 1.00900 123 0 50  TRAN 449
123 0 49 10.0000 1 0 1.00000 123 0 50  TRAN 450
L 123 1 90 125.0000 4 0 1.00000 123 0 51 TRAN 451
. 123 0 50 41,0000 2 0 1.00000 123 0 %1 TRAN 452
L 123 8 %1 TRAN 453
124 0 46 $,0000 1.2 1.00000 124 0 47  TRAN 454
124 0 47 2,0000 1 G  1.09000 124 0 48  TRAN 455
124 0 48 10,0000 1 0 1.00000 124 0 49  TRAN 456
124 0 49 26,0000 1 0 1.00000 124 0 50  TRAN 457
124 0 50 : TRAN 458
124 2 51 21.0000 2 0 1.00000 124 0 52  TRAN 459
124 1 51 1,3000 2 0 1.00000 124 0 52  TRAN 460
124 0 51 60,0000 4 0 1.00000 124 0 52 THAN 461
124 0 %2 ~ TRAN 462
125 0 47 . 2.0000 1 0 1.00000 125 0 48 TRAN 463
125 0 48 5.0000 1 0 1.00000 125 0 49  TRAN 464
125 0 49 25,0000 1 0  0.50000 125 1 50 TRAN 465
125 0 49 15,0000 1 0  0.50000 125 0 50 TRAK 466
125 1 50 9.7000 2 0 1.00000 125 0 51 TRAN 467
125 0 50 9.4000 4 0 1.00000 125 0 51  TRAN 468
125 0 %1 2.7000 5 0  0.21500 125 1 52  TRAN 469
125 0 51 2.7000 5 0 0.78%00 125 0 52  TRAN 470
125 1 52 56.0000 4 0 .1.00000 125 0 52 TRAN 471
125 0 %2 TRAN 472
126 0 47 1.6000 1 -2 1.00000 126 0 48  TRAN 473
128 0 48 3.0000 1 & 1,00000 126 0 49  TRAN 474
126 0 49 7,00080 1 0 1.00000 126 0 50 TYRAN 475
126 0 50 2.0000 S5 5  1.00000 126 1 51 TRAN 476
126 1 51 19.0000 2 0 0.99000 126 0 51 TRAN 477
126 1 851 19.0000 2 0  0.01000 126 0 32  TRAN 478
126 0 51 12.5000 4 0 1.50000 126 0 52  TRAN 479
127 0 47 1.0000 1t -2 1,00000 127 0 48 TRAN 480
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3590

415
2.02
1.2191
1.2191
23787
03767
1.07

- ‘709

- 32.0
‘25025
-2

- ’018

- 3’07

- ‘20.

- 5.7421
- 5.7431

3.14
2%.8

-
-
-
-
-
-
-

- a7.6

- 22.6
- 9148
- 9148

2.190
13.3
42.9
17.9915
17.9915
4,2082
4,2082

- 5,79
- 32.6
- 45.3
- 16-3

876
19.5
47.3
15.1454
15.1454
2.2464
2.2484
-3
7.72
37.5
45. 4
14.1
1022
.1022

3.40

27.9

26.1232
2¢.1232
12.4009
12,4009
'2109‘

iFY
1FY
iFyY
1FY
1FY
iFyY
1FyY
iFY
1FyY
1FY
1FY
1FYy
1FY
1FY
1FY
1FY
1FY
1FY
1FY
1fY
iFY
iFyY
iFY
iFy
1FY
iFyY
1FY
iFy
ifyY
1FY
1FY
1FY
1FY
iFY
1FY
iFyY
1ry
iFy
1FY
1FY
1FY
iFY
1FY
iFyY
1FY
1FYy
ifFyY
iFY
iFY
1FY
iFY
iFyY

1FY

1FY
iFY
1FY
1FY
1FY
FY
1FY

3z2
323
324
325
326
327
328
329
330
331
332
333
Ji4
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
396
357
358
359
LY]
361
362
363
364
365
Joo
367
Jo8
369
370
371
372
373
374
375
376
377
378
379
380
st




124 4% - - - - - - 1FY 382

124 47 7710 2,011 “ 1.8 -2 - .12% - J222 = 1FY 383

124 43 ,520 - 23.4 - 812 - 10,1 = 1.57 - 15.% - 1FY 384

124 49 ,02¢ -« 59.1 * 243 - 44,1 - J.31 ~ %0.2 - 1FY 385

124 50 .34¢ - 39,4 - 1.00 - 52,4 - 1.80 - 41.4 - 1FY 3Jas

ie24 528,857 - 40336 = Ji1v8 ‘® 2.1873 = ,0723 - 2.8902 -~ IFY 387

124 031A.0097 - 2,0332 - ,1198 * 5.18723 =~ 0723 - 2.8902 - 1FY Ja8

124 051 .0097 - 2.0332 =~ ,1198 - 9,187 - ,0723 - 2.8902 <~ 1FY 389

is2 =2 - - ° Jisz - - = 1FY 390

129 47 6% -2 - - - - - {FY Jot

128 48 ,329 - 11.2 - ,974 - 3.29 - 1,08 - 70 - 1FY 392

12% 49 9y7 - 50,4 “ 5,09 - 31.5% -~ 3.9% - 44,3 - iFY 393

125 0%0A.3497 - 27,2598 + 3.2973 - 31,9939 - 1.8211 - 29.1726 - 2FY 394

123 050 .3492 = 27,2996 = 3.2973 ~ 31,9939 - 1.8211 - 29.1726 - 1FyY 395

129 931 .1298 - 14.0 - 2.20 - 33.5 - .47 - 20.4 - 1FY 396

125 0952A - ,0822 - ,02%0 « 1,6637 - - 5947 - AFY 397

125 0%2 - 0822 - (0210 - 1.6837 - = «8947 - 1FY 398 : '

126 47 - - - - - ' - 1FY 3%9 .

126 48 .22§ - 5-05 - 0395 - ,203 - 0827 he 100’ - iFY 400

1286 49 1%¥13 - 44,98 e 6.66 - 19,0 - 5,05 - 24.6 - 1FY 401

126 50 1°39 - 87.9 - 15,4 - 65.5 = 7.5 - 55.4 - 1FY 402

126 0%1A.2196 v 21,2180 = 4.4331 . 20,48%5 - 1.4430 - 19,0568 = {fy 403

126 551 .219¢ = 21.2180 - 4.4331 - 29,4856 - 1.4430 - 19,0588 - 4FY 404

126 52 497 -34.30 = 1.19 - 12.6 - 9.75 -25,59% = 1FY 405

12?7 47 - - - - - - 1fY 406

127 48 .130 - ,323 - - = .22% - - 1FY 407

127 49 1,78 - 28,3 - 5,88 = 9,33 - 6.81 - $4.2 - 1FY 403

127 %0 8776 - 97,4 - 23.5 - %56.9 = 17,7 - 61,6 - 1ry 409

127 51 2%07 - 84.5 ~ 23.5 - 34,9 - 1i.9 - 66.5% - 1FY 410

127 052A.1301 = 5.8999 < 2.9042;i - 16,7392 - %703 - 8.9449 - {FY 411

127 0%2 .130% * B.6999 - 2,041 - 16,7392 - 9703 - 8.9%49 -~ 3FY 412

127 33 - - - 1.1% . - - 1FY 443
o 128 48 .190 - - - - J111 - -~ AFY 414
; 128 49 6;4% - 25.9 * 6.99 - 6,42 = 10.4 - 12.¢ = AFY 419

128 590 17.2 - 109, - 33.9 - %2.8 - 3%.9 = 873 - 1FY 416

128 091AST8504 - 55,5824 o 26.614% - 49,654% - 1%,723¢0 - 44,2672 - 1FY 17

128 91 5%852¢ - 55,5824 = 20,6445 < 49,6545 - 19,7230 - 44,2672 - 1FY 418

128 982 1°97 - 30.1 - 12,7 -~ 46.1 > 6,93 - 2%.1 - 1IFY- 419

128 53 - .- 0102 « J.66 - - 456G et ifFY ‘20

129 48 .13 - - - - - - 1ifFyY 421

129 49 11.0 « 21,3 - 8.59 - 2.81 - 15,1 - 10.5 - 1iFY 422

129 50 33.8 - 111. - 52,3 - 47,2 ~ 65,5 - 79.7 ~ 1FY 423

129 91 29.% - 144, - 78,0 - 107, - 70.¢ - 112, - 1FY 424 g
' 129 0524370963 - 23,2983 - 15,0105 = 32.1986 - S,.3044 - 23.5312 - 1FY 42% .
K 129 032 320963 - 23,2983 - 15,0105 « 32,1985 - 9,3044 < 23,5332 «~ 1FY 428 o

129 53 - ,917 = 1.01 v B.44 - - 2.07 - 1FY 427 J

129 0944 - - - A - - 1FY 428 e

129 054 - - - - - » 1FY 429

130 48 - .- ‘. - - = 1FY 439

130 49 18.3 - 15,8 - 86.84 - 816 * 37,7 - 10.% - 1FY 431

130 50 77.0 - 107. - 56,2 - 42,8 - 2.6 - 80.9 - 1FY 432

130 ’1 0102 - 1730 '1041 - 1280 - 119, - 138. - AFY ‘33

130 952 21.7 - 71,2 - 49,2 - 99.1 ~ 40,0 - 60.0 - 1FY 434

13¢ 53 .562 - 3.33 - J.90 « 16.9 -~ +762 - 3.82 -~ 1FY 43%

131 48 - - . - - - 1FY 43¢

131 49 17,7 - 7.80 v 2.91 - 37,8 - 13,9 - 2.07 + 1FY 437

1314 50 97.4 - 95,8 - 64,9 - 182, - 104, ~ 81.3 - ifFy 438

131 ’1 1310 - 203- - 1'70 . 1320 - 177| - 160. - 1FY ‘39

131 0%2423.0092 -~ 53.1658 = 49,5847 - 15.96318 - 38,.8%96 - 54.3€10 - 3FY 440

131 092 23.0092 ~ 53,1658 « 49,5847 - 15.5618 - 38,8596 - 54.3R10 - tFy 443
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131 53 ,.945 - 13.1 - 14.7 - - 4.65 - 17.6 - FY 442
131 0544 - - - - - - 1FY 443
131 054 - - - - - - 1fY 444
132 48 - - d - - - AFY 445
132 49 4786 - .55%7 - - - 2.16 - - 1FY 445
i3 56 58.3 - 38.2 - 41.3 - i7.% T 8% = 3&.5 - ifY 447
132 51 206, - 208, - 179, - 117, - 237, - 151, - 1iFY 448
132 52 122. - 191, - 193, - 186. - 170, - 171, - 1FY 449
132 53 16.7 = 93,8 = 58.1 = 76.5 - 38,8 - 4%.6 -~ iF7 450
132 54 - - - 3,44 - - 529 - 1FY 451
133 49 - - . - - - 1FY 452
132 50 66.4 - 27,2 - 21,2 « 1.92 - 50,5 - 4.8 - 1FY 453
' 133 51 2660 - 16!0 hd 1590 - 7‘.7 d 2460 - ‘220 bl 1FY 454
. 133 052A130.,5522- 120.8313~ 135.0946~ 107.,4994- 148,2735~- 114.3%25 1FY 455
' 133 052 130.5522~ 120.8313~ 135,0946- 107.4694~ 148,2735~ 114.3525- 4FY 45
, 133 53 64,4 - 6,7 - 118, - 151, - 92.1 - 106, - 1FY 437
. 133 0544 - 11,5950 <« 4.9935 < 13,6678 - ,6518 - 4.2946 - LFY 458
133 054 « 1.%950 =~ 4.9935 < 13,6678 - 6518 - 4.2946 - iFY 439
. 134 49 - : . : - - . ‘- - = LFY 400
134 50 10.5 - 744 . - - 3.07 - - 1FY 461
, 134 51 170, - 70.2 « 59,5 - 22.6 - 121, - 47.4 = LFY - 462
134 52 378, - 247, - 238 - 1%2. - 339. - 205, - 1FY 463
‘. 134 53 217- - 224, ’2380 i 241' - 242- - 221' - 1FY 464
! 134 54 27.% - 48.7 - 59,5 - 99.9 - 42.8 - %8.6 = 1FY 465
' 134 0554 - . - 2.2831 - - - 1FY 466
[ 134 055 - - - 2.2831 - - - 1FY 447
| 135 30 - - . - - - 1FY 468
| 135 51 43.7 - 13, v 7.41 . - 30.8 - 4.79 - 1FY 4469
3 135 52 225. - 135, - 125, - 59.9 - 208. - 107, - 1FY 470
135 53 285, - 270, - 282, - 227. - 331, - 259, - 1FY 471
135 054446.5186 - 66,2156 - 83,5585 - 107.4994~ 67.6684 - 82.8421 - 1FY 472
135 054 46.%186 - 66,2156 - 83.5585 - 107.4994~ 67,6684 - 82.8421 - (FY 473
135 55 - 15,0 - 22,1 - 48.6 - 6.10 - 24.2 - 1FY 474
136 51 2327 - - - - ,867 - - 1FY 475
136 52 102, - 43.3 - 43.3 - 13.5 - 81.3 - 31.9% = 1FY 476
136 53 288, - 198. - 226. - 130. - 279. - 178, = ARY 477
136 54 211. - 217. - 294, - 259, - 246, - 249. - 1FY 478
136 55 37.7 - 60,9 « 98.0 -« 130, - 54,0 - 868.2 - 1FY 479
138 56 - .581 - 1.87 - 13,5 - - 2.27 - 1FY 480
137 51 - - . - - - 1FY 401
137 52 45.0 - 15,2 - 11,6 e 44693 - 33,9 > 6.69 - 1FY 452
137 53 2200 - 1280 - 147- - 6501 - 20‘. - 113- - 1" 483
137 54 D68, - 2490, - 309. - 224, - 304, - 259, - 1iFY 404
137 55 81.5 - 116. « 168, . 197, - 117. = 150. = 1FY 485
137 0%64,58%3 = 3.1996 = 18,2072 - 22,1142 - 1.9604 ~ 10.1647 - 1FY 486
137 05¢& .5853 = 3.1996 <~ 10,2072 - 22,1142 = 1.9604 - 10.1647 - 1FY 487
138 51 - - ‘- - - - 1iFY 488
. 138 52 12.7 - 1.64 = . - 3.76 - - 1FY 489
1386 53 133, - 68,7 « 70.1 - 29,7 - 112, - 52.5 - 1FY 490
138 54 275, - 218. - 205, - 167, - 290. - 207. - 1FY 491
130 55 149, - 179. - 245, - 234. - 194, - 207, - 1FY 492
- 138 S¢ 12,7 - 36.1 - 56,8 - 83,2 - 31,9 - 52.% = 1FY 493
138 57 - . - 2.13 - - - FY 494
139 52 .757 - . M - - - 1FY 49%
139 53 77.7 - 30.3 - 27,9 - 4,18 - 52,3 - 18.1 - 1FY 496
439 54 275, - 167, - 188, - 93.0 - 226. - 136. - 1FY 497
139 55 244, -« 223. « 300, - 226, - 244, - 232. - 1FyY 498
139 56 54,7 v 78.4 - 124. -« 143, - 64,7 - 102. - 1FY 49
139 57 - 1.70 = 3.52 + 21,1 - - 6,02 « 1FY 500
140 52 - - - - - « 1FY 501
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3 140 53 28.¢ e 5.45 - 3.86 . “ 17.% - 1.98 - {FY 502
140 54 202, - 93,0 - 114, - 41.5% - 144, - 77,4 - 1FY S03 ]
140 5% 296, - 216, - 298, - 180, - 265, - 217, - 1FY 504
it %o iic. - 123, = 123, = %8, - 12, - emy, e FY  &aR
14 57 37 - 17,4 - 33.7 - 51,9 - 9,98 - 27.6 - 1FY %06
~ 141 53 4°%43 . . - » 1.02 - - 1FY %07
141 56 iie, - 45,0 - 53.% - 183 = Ti.4 - 32.8 - aFY ana
141 35 294, -~ 179, - 249, - 122, - 231, - 1%9. - {FY 509
1‘1 56 193u - 1700 - 2790 -« 207, ~ 191. - 193. - IFY 510
141 57 34.1 - 43.2 - 81.1 - 91.6 - 39.1% - 59,8 - 1FY 51
141 50 - . 884 - 85,45 - - .853 - AFY %12
142 53 . . - - - - 1FY 513
142 %4 51,8 - 16.0 - 16,8 - 1,18 - 32,8 - 7.48 - 1FY 514
142 5% 232, - 116, - 163, - 61.9 - 171, - 94.1 - 1FY 515
14z 56 249, - 195, - 323. - 185, - 224, - 198, - 1FY 516
142 %7 67.0 - 83.0 - 163, - 143, - 74,2 -107. - AFY 517 - *y
142 958 - 4.63 - 16,8 « 27.4 - 1,41 - 13.1 - 1FY 518 f
143 53 - - - - - - 1FY %319 . |
143 54 19,0 - 1.48 « 1.14 ‘. - 5,6 - .514 - 1FY 320 .
143 5% 151, - 61.8 - 89.2 - 25,6 - 94,1 - 48,% - 1FY . S21
143 58 277, - 177, - 259, - 134, - 214, e 166, - 1FY 522
143 57 143, - 127, - 2185, - 173, - 126, -~ 146, - 1FY 523
. 143 58 12,5 - 22,7 - 43,9 - 87,8 - 16,8 - 32.1 - 1FY 524 I
141 59 - : - e 1.11 - - - 1FY  225% '
144 54 128 - . - - - - 1FY 826 i
144 5% 77,6 - 24,1 ~ 26,3 o 6.43 - 38,2 - 18.6 « 1FY 527 |
144 56 244, - 118, - 149, - 80.9 - 156. - 113, - 1FY S28 ;
144 57 196, - 143, - 207, - 171, - 156, - 170, - 1fY 329 |
144 958 38.% - 44,0 - 73.8 . 92,5 - 39.2 - 6%.1 - 1FY 530
144 59 - 632 - 1.89 - 11.2 - - 2.20 - 1FY 531
14% 83 - . - - - - LFY 832
145 %4 - . ‘- - - - 1FfY 833
1‘5 55 25.6 - 6050 - 209‘ .- - 1305 b 1-’9 - 1F' 534
145 56 134, - 68.9 - 66,6 - 34,3 - 90.9 - 85,3 - 4FY  53% 1
14% %7 175, - 142, - 161, - 129, - 144, - 144, = AFY 536
145 58 59.5 - 74,0 - 101, - 11%. - 59,68 - 96,3 - 1FY S¥7 j
145 59 1°%114 - B8.46 - 15.1 - 27,6 - 2.66 - 1%.8 - AfY 538
146 54 . - . - - - {FY 539
146 955 3% - .309 - ‘. - 1,00 - - 1FY 540
146 56 64.8 « 29.1 - 29,9 - 11,0 - 42.0 - 23,8 - §FY 54y
146 57 145, - i14. - 104, - 74,% - 118. - 103, - 1FY 542
145 952 83.7 - 93,1 - 124, - 118, ~ 84,8 - 109, - 1FY 543
146 59 11.2 - 20,2 - 29,9 - 48,9 = 14,9 - 29.4 - 1FY 544
146 60 - . . 2418 - - - 1FY 545
‘147 %9 - - : . - - - {FY 546
147 56 26.0 - 10.5 “« 7.14 - 1.24 - 14,9% -~ 6.81 - {FY 547 |
147 97 98.3 - 63,7 - 53,4 ‘- 35.0 - 72.,71% - S6.C - 1FY 548 1
147 58 92./ - 92,4 - 90,9 - 93.2 - 88,107 - 103. - 1FY 549
147 59 22.1 - 35,2 = 48.% . 62,5 ~ 27.334 - 49.0 - 1FY 550
147 60 - 1.13 - 2.39 - 10.2 - 3.8902 - 3.89 - 1FY 5851 -
148 95 - . , . - - - 1FY 582 }
148 56 7°04 - .883 - ,374 - - 4,20 - .3239 - 1FY 5953
148 957 49.3 - 24,9 - 19,6 . 13.2 - 4046 - 23.8 - 1FY 5%4 .
148 58 79.9 - 64,8 - 58,8 - 60,3 - 80.4 - 76.7 - 1AFY 555 ;
148 59 33.2 - 42.8 - 4%.5 - 68,4 - 4046 - 63.2 - 1FY  5%6 |
148 60 155 .- 6.69 - 8.60 - 19,8 - 4,20 - 13.0 - LFY 5% |
148 61 . . - 212 - - - 1FY 598
149 58 .206 - - - - - - LFY  5%9
149 57 16,3 . 4,31 - 4,31 - 2.28 - 14,5 - 6.62 - 1FY %63
149 58 %0.0 = 20.4 - 24.4 - 28,6 - 54,3 - 40.3 - 1FY Ss&i
: 1
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149 59 3.3 . 24,14 - 3¢.1 - 60.4 - 50,9 - 60.2 = 1FY D62
149 &0 77%4 - 7.0¢ - 12.2 - 32,0 - 11.8 - 23.2 - tFY 963
149 832 - 9.0% -2,311 - 3.00 - - 780 - 1IFY 544
150 56 . . - - - - IFY 5% ,
150 57 .83% - 386 - .326 . 9,59 -~ 5,08 - 386 - §FY B5bs l :
150 %8 13.9 - 6.24 - 9.88 - 38,2 « 30.8 - 15,1 - AFY 867 ]
_ 1% %9 30.2 . 13,9 - 28.2 - 38.2 - 46.0 - 42,4 - 1FY 568
150 60 17,0 . 7.85 - 10.9 - 9,58 -~ 17.7 - 30.4 - AFY %69
‘“ 1%0 61 2%12 . 979 - 2.76 - - 596 - 85,37 - iFY 870
1%1 57 ,236 - - - - .154 - - {FY 571
151 58 77:% - 1.97 > 0,458 - - 10.7 - - {FY 972
151 5% 20.3 - 8,21 - 11.9 . - 34,7 - « 1FY 573
. 151 60 13.8 - B.41 .- 14.4 - - 28,7 - « {FY 574 )
- 151 61 2732 - 2.21 . 4,46 . - 5,99 - « AFY 878 - 8
. 151 62 - . 3,67 -2 - - - 1FY 37 , _
- : 132. 87 - - - - - . LFY 877
. . . 1%7 58 1798 - .408 - 267 - - 3.1 - > 1FY 578
. 152 59 9388 .« 3.77 . 4,49 . - 19,0 - - 1FY 879
152 60 12,1 - 7.38 - 10.2 - - 28.3 - - 1FY S8
152 61 3383 - 3.6Y - 5.98 - - 10,9 - - 1FY 3261
1%2 62 5%92 *2.361 - 799 . - 367 - - {FY %82
152 0634 - - . - - - 1FY 583
152 063 - . - - - - 1FY Se4
153 57 - - - - - - 1FY  S8s
] 153 58 .224 . 9.35 -2 . - 161 - - LFY S84
' 153 %9 3Ji6% - 1.4% e 1.29 - “- 4,23 - - iFY %587
- 153 60 8905 - 5.03 . 5,14 . - 17,7 - - 1FY 588 |
o 153 61 4763 - 4,49 - 5.14 . - 12,7 - - 1FY 589 i
s 153 62 .603 - .980 - 1,29 - - 2.24 - - 1FY 590
154 58 - . . - - - 1FY 591
154 59 .B24 . 480 - ,363 - - 2.14 - - 1FY %92
154 60 3%10 - 2.92 - 1.22 - - 10,4 - - 1FY 593
154 61 2797 . 4,23 .- 2,07 - - 12,6 - - 1FY 594
154 62 .716 » 1.62 - .91% - - 3.90 - - 1FfY 595
154 63 - %.08 «25.44 .2 - 5.57 -2 - AFY %96 -8
1%5 58 - - - - - "« 1FY 597 :
155 59 ,14% - 6,00 21,11 -2 - ,571 - - 1FY 598
155 60 .960 - 1.40 . 439 . - 5,52 - - 3FY S99
155 61 1751 e 3.44 . 1.24 - - 10.9 - - 1FY 600
155 62 .61¢% - 2.17 - ,886 . - 5,52 - - 1FY 801
155 63 2:‘9 .20329 - ,15%0 - - 05?1 - - I‘Y 602
156 %9 8792 -3 - - - 1.44 -2 - 1fY 803
R 156 60 243 . 556 - 8.1 -2 - 1.3% - - 1FY 604
156 61 .646 - 2.14 - .395 . - 4.66 - - 1FY 605
_ 156 62 44D - 2,26 . 477 - - 411 - - 1FY 606
I 156 &3 7738 '2'600 - ,147 - - 0099 - - 1FY 507
. 156 64 . . 2.1 -3 - - - 1FY 608 :
- 157 59 - - - ~ - 1FY 689 -
157 60 8747  «2.159 .~ 1.16 -2 - ,437 - - 1FY 610 i
157 61 .291 - 1.19 - J112 - 2,47 - - 1FY 611 !
157 62 .324 - 2.07 . .223 . - 3.44 - - AFY 612 ;
- 157 63 9%2 «2.903 - ,112 . - 1.22 - - 1FY 613 v §
157 64 9% 45,37 «21416 .2 - 3.14 -2 < 1FY 614 o
N 1%8 59 - - - - - -~ 1FY 615 - |}
1%8 60 670 -39,8 -33, .l - 5,23 -2 - 3FY 616 :
158 61 5308 2,447 e 2.2 2 - ,879 - < 1FY 617
158 62 9754 «21.39 -~ 7.%9 2 - 1.99 - - 1FY %18 i
153 63 4783 -21.04 < 6.71 -2 - 1.17 - - 1FY 619 : }-
158 64 3% .3.19% - 1,46 -2 - 156 - - 1FY 620 i3
159 6p 2°¢ -4 - - - - - 1FY 62t .
L
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139 631 1%45 v2.1%1 - . - 211 - - iFY 622
139 62 4956 2,744 - . - 842 - - 1FY 623
: 199 63 3171 -2.914 . . - 842 - - 1FY 624
"1%9 o4 779 -3. 2087 . . - J211 - - 1FY 625
1 1%¢ 6% - 4.3 -2 . - - - 1FY 626 l
] 160 690 - . . « 4,30 -2 - AFY 627
: 133 61 271 -3 - . - J290 - - 1FY 628
160 62 1112 -2 . . . (459 - - AFY 629
160 63 1747 -2 o . - .189 - - 1FY &30
160 64 459 -3 - . - 8.5 -3 - 1FY 631
160 63 2% - - . - - - AFY 832
1861 60 - .- - . - = AFY 633
161 631 17 -4 - . - 1.6 -3 - 1FY 834
161 62 1'6 -3 - . - 6.29 -2 - 1FY 635 -
161 63 376 -3 . - - 177 - - 1FY 636
161 64 270 -3 - - - 127 - - 1FY 637
163 6% 3? -4 - . -~ 2.24 -2 - 1FY 638 .
162 61 - - . - - - 1FY 630 - .
162 62 - . - - 1.98 -2 = 1FY 640
162 63 - - - - 9,03 -2 - AFY 64y
162 64 - . . - 103 - - 1FY 642
162 6% - - - - 2.98 -2 - AFY 643
162 a8 - - - - 3. -4 = 1FY 644
163 62 - - . .« 4,3 -3 - 1FY 645
163 63 - - - - 2,89 -2 = 1FY 646
163 84 - - - - 4.59 Y - 1FY 647
163 6% - - - - 1.90 -2 - AFY 648
163 66 - - . - 9. -4 - 1FY 649
164 62 - - . - 4, -4 - 1FY 650
164 63 - - . Y -3 - 1FY 631
164 64 - - . - 1,73 -2 - AFY 652
164 6% - - . - 1.01 -2 - AFY 653
164 36 - . - - 1.4 -3 = 1FY 654
168 62 - . . - - - AFY  63%
168 63 - . - . 1.9 -3 - 1FY 656
169 64 - - . - 6.3 -3 - {FY  &%7
165 63 - - . - 5,2 -3 - 1FY  6%8
16% 66 - . . - 1. -3 = 1FY  69%9
FY 660
U23BHEY. 35FIU233FIUZIBFIP239F] FY 661
12 27 - - - - - - 2FY 482
12 28 - . - - - - 2FY 663
2 29 . . . . - - 2FY 664
72 3¢ - - . - - - 2FY 665
72 31 . - . - - = 2FY 6466
3 27 - - . - - - 2FY 687
73 28 - - . - - - 2FY 668
73 29 - . . - - -~ 2FY 669 .
73 30 - . . - - - 2FY 470
© 7% 3t - - . - - - 2FY 671
073 0324 - - - - - - 2FY 672
073 032 - . . - - - 2FY 673 -
74 27 -« 1. o4 ‘. - ~ = 2FY 674
74 28 - 1.61 -2 . - - - 2FY 675
74 29 - 5,92 -2 ‘. - - - 2FY 676
74 30 - 5.99 -2 . - - - 2FY 477
74 31 « 1.30 2 . - - - 2FY 678
74 32 - - - - - - 2FY 679
% 27 - - - - - - 2FY 680
75 28 8171 -28.02 -2 . - - - 2FY 681
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81
82
- 82
82
a2
82
82
83
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