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ABSTRACT

The development of a computer code was undertaken to
calculate the fission product nuclide concentration for
spent fuel discharged from a nuclear reactor, as a func-
tion of irradiation time, cooling time, neutron flux, and
element cross section. The necessary input data was pre-
pared from the basic nuclear data for fission of uranium-
235 and plutonium-239. Calculations are also made for to-
tal or selective element beta heating and total gamma flux
according to user selected input groups. These calcula-
tions would be useful in fuel clement shielding, cooling,

shipping and processing studies.
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I. INTRODUCTION

Knowledge of the fission product spectrum, with re-
spect to both atomic numbers and mass numbers, is often
necessary in the reprocessing of nucléar fuel and the
waste disposal industry. From this information, activity
levels for shielding requirements and heat generation
rates for cooling requirements may be calculated. These
will depend upon irradiation time, cooling time, half-
lives, cross sections, neutron energy, and decay energies
as major factors.

At the present time, although calculation methods
and equations are well known, the data required 1is far
from complete. The data that is known, if compared from
different reliable sources, may still vary. Although
the nuclear decay equations and their solutions are rel-
atively standard, the length and complexity of these equa-
tions lend themselves well to human error. The input data
and number of equations to be solved represent a momentous
task and the soclution of such equations might very well
prove economically unfeasible.

The technique described herein is incorporated in a
computer program that solves such equations as mentioned
above in a relatively short period of time with a minimum

chance of human error.



IT. PRELIMINARY RESEARCH

The importance of fission product concentration is
ever present in almost all phases of the reactor industry.
Glasstone and Sesonke (Ref. 1), Lamarsh (Ref. 2),
Meghreblian and Holmes (Ref. 3) and others indicate this
fact in their treatment of the different facets of the nu-
clear industry. Known fission product concentrations are
necessary for deducing effects of reactor mishaps and fall-
out from nuclear weaponry. Reactor control 1s dependent
oﬂ fission product buildup as is heat generation in spent
fuel. Handling of spent and partially spent fuel, fuel
reprocessing and waste disposal require knowledge of the
activity of the subject material so that human dosage and
processing techniques may be determined. Knowledge of
fission product concentrations and fission product activi-
ty can not only help the nuclear industry be more efficient,
but help save lives as well.

When reactors were in their infancy, fission product
calculations were a long and tedious process requiring
many man hours of computations involving the buildup and
decay equations. These equations were generalized and put
in symmetric form by Bateman (Ref..4). These formulae
were developed some time before the beginning of the nu-
clear age, and, although exact by theory, still required

many hours of calculation and were subject to human error.



As early as 1950, graphical representations were
given for general and specific irradiation and cooling
times (Ref. 5). Graphical methods are still employed to-
day, but are generally used for rough calculations rather
than accurate answers. Later editions of these graphs al-
so give average and total beta energy of fission products
in addition to fission product concentrations (Ref. 6).

As nuclear knowledge increased and digital computers came
into being, hours of calculations were condensed to sec-
onds with a minimum of human error. The more exact methods
of calculating fission product concentrations became eco-
nomically available to the user due to the great speed and
relative availability of large computers. Some of the
earlier programs written calculate only the fission product
spectra. One, which might be called the bredecessor of the
program presented in this paper, was written by W.D. Owengs
of Martin Company (Ref. 7), and calculates only the total
fission product activity. Another program along this line
is Delayne's method for specific calculations on individ;
ual isotopes (Ref. 8).

Later programs, such as FIP, written by G. Casadei

(Ref. 9), numerically solve the differential equations
~geverning the buildup and decay of fission products as

a function of irradiation and decay times only. Another
program along this line, by N. Harris of Atomics Inter-

national (Ref. 10) obviously written for nuclear fallout



Or reactor mishaps, calculates fission product buildup
and decay and then calculates dose rates to various or-
gans of the body due to inhalation of airborne centamin-
ations.,

Perhaps the best of the more recent programs in this
area 1s a computer code developed by Oak Ridge Laboratory
(Ref. 11) called PHOEBE. This code calculates fission
product buildup and decay as a function of neutron flux,
irradiation and ccoling times. Functions are also devel-
oped for beta and gamma release rates. The derivation,
usage, and modification for other purposes of these func-
tions are explained in this report.

By no means are the references noted a complete list
of available material. Literally hundreds of articles
exist on different methods of calculating fission product
buildup and decay, and beta and gamma release rates. Also,
many computer programs exist using many of these methods
and other shortened versions.

The Bateman equations are the basis of all decay
and production of radioisotopes in decay chains. These
equations, though simply solved, are tedious. They be-
~gin with the basic differential equatioﬁ for decay to a
daughter and pvoceed through z chain. Lvans (Ref. 4)
states that the solution of an accumulation of products

is5:
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Equation (1) can be stated in a more general sense
as follows: The number of atoms present of a given nuclide
(N) after any time (t) is equal to the number of atoms pres-
ent at the beginning of the chain (A.) times a sum of
probabilities of decay. The probabilities of decay is
the probability that the atom will decay (e-xjt) times
the probability that an atom belongs to this decay daughter
(h), i.e., the fraction of A, decaying by this mode. This

could be made more general by letting, '"probability that



something will happen to the atom', replace, "probability
that the atom will decay".

A, need not be the number of atoms beginning the chain,
but may be broken down into the number of atoms present at
each step of the chain (Y).

If we now follow closely the general solution of the
original decay equation letting each element be removed
(1) instead of just decaying (X) but considering the par-
ent only, decays to the daughter, then e-Ajt becomes e-A.t
and hj remains with u's replacing A's in denominator.

The Bateman solutions may then be written as follows

N = YghuPy + YphyPy + ccr Y RoPLo+ Y P (2)

where: Yj = yield of a node in a decay chain and is a
function of all Y's and h's whose sub-
script is less than j.
h. = has the same form except lambda in the
denominator becomes mu's with same sub-

scripts and since Yj is a function of

hx}j’ hj only contains parameters from

j to n.
P. = probability of some type of change (i.e.,
J -u.t -u.t

e J for decay, l-e 7 for no decay).
Remembering that the rate of production for an element
is Y;/ui from the previous element, using the step ahead

technique we may generalize the Bateman equations as is



done in the next section,

The complex interrelationships between nucleons when
they form medium and heavy nuclei will probably continue
to defy precise analysis for a long time to come. In the
absence of exact theory, a number of nuclear models have
been developed, each utilizing a different set of simpli-
fying assumptions. Each model is capable of explaining a
portion of experimental knowledge about nuclei. The two
models considered were the Nuclear Shell Model and the
Liquid Drop Model.

The Nuclear Shell Model, in contrast with the situa-
tion with atoms, assumes the nucleus contains no massive
central body which can act as a force center. It also
assumes that each nuclon experiences a central attractive
force due to the other nucleons present. This allows one
to think of each nucleon as moving independently in a
cloud with 1little interaction of other nucleons. From
this model (as described in Ref. 4) we obtain the theo-
retical calculations of the most stable atomic number
for a specified mass number.

The Liquid Drop Model, originated in Bohr's concept
of the compound nucleus in nuclear reactions, gives semi-
emperical forms predicting decay energies, binding ener-
~gies, and energetics of fission. This model assumes that

interactions between nucleons is strong. Levels of cnergy



are quantized states of the system rather than states of
individual particles. Encrgies of captured particles ap-
pear to be shared by target and captured particles almost
instantaneously and these particles have a small mean free
path. From this model (as described in Ref. 4) we obtain
the semi-emperical formulae for beta decay.

It is interesting to note that Geilikman (Ref. 12)
states that the Liquid Drop Model and Nuclear Shell Model
are not incompatible for fission analysis and gives cases
in point.

For the so called 'removal'" constant, p, substituted
in the Bateman equations we have p=A+¢o. Cross sections
(o) depend not only on the element considered, but also
on neutron properties. Westcott effective cross sections
(Ref. 13) were chosen to be included in this paper due to
their simplicity and good accuracy. Westcott defined his
cross section in terms of neutfon spectrum. If this spec-
trum is present, the effective cross section at a desired
temperature is simply a multiple of the 2200 meter cross
sections. Another method considered was the statistical
method for fission products by the GUNYA programs as out-
lined in Ref. 14. This method is reasonably accurate,
according to the author, but since it entails programming
and programs in itself, it was not chosen. Other avail-

able methods were considered but for ease of calculation



both by the author and user, Westcott effective cross
sections were thought most appropriate.

To perform the necessary calculations, it is necces-
sary to know the instantaneous fission yield spectrum as
a function of mass number (A) and atomic number (Z); that
is, the instantaneous partial fission yield Y(Z,A) is de-
sired. This three dimensional surface is sketched in
Figure 1, and experimental values may be taken directly
from Ref. 15, or calculated as follows.

For a given mass number, the distribution of fission
products with respect to atomic number is approximately
a Gaussian distribution centered about the most probable
atomic number, Zé[A). These curves are shown as slices
parallel to the Y,Z plane in Figure 1. A typical instan-

taneous fission yield curve, or spectrum, as a function of

mass number (A) is shown in Figure 2 and tabulated in Tables

I through IV taken from Ref. 15 for the four different
types of fissions considered in this paper. Figure 2
corresponds to a view of Figure 1 parallel to the Z axis.
From the total mass yield curve Y(A) and these Gaussian
distributions, the instantaneous partial fission yield
surface Y(Z,A) may be constructed. This surface will
give the probability of producing a nuclide (ZXA) from a

fission.
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Table 1
Fission Yield of UZ35
(ca. 1 MeV Neutrons)/20Q Atoms Fissioned

Mass . Yield Mass .. Yield . Mass . Yield
70 .000E 00 100 .O068E 01 130 .151E 00
71 .00CE 00 101 .599E 01 131 .308E 01
72 .000E 00 102 .525E 01 132 .440E 01
73 .000E 00 103 .396E 01 133 .655E 01
74 .990E-03 104 .274E 01 134 .773E 01
75 .198E-02 105 - .101E 01 135 .649E 01
76 .396E-02 106 .465E 00 136 .636E 01
77 .891E-02 107 .277E Q0 137 .624E 01
78 .198E-01 108 .161E 00 138 .606E 01
79 416E-01 109 .144E 0O 139 .619E 01
80 .743E-01 110 .782E-01 140 .574E 01
81 .131E 00 111 .703E-01 141 .525E 01
82 .247E 090 112 LJA06E-01 142 .514E 01
83 .378E 00 113 425E-01 143 .514E 01
84 .619E 00 114 .435E-01 144 .495E 01
85 .113E 01 115 .376E-01 145 L427E 01
36 162E 01 116 .445E-01 146 .383E 01
87 .286E 01 117 475E-01 147 .320E 01
&8 .346E 01 . 118 .475E-01 148 .225E 01
89 LA414E 01 119 .515E-01 149 .108E 01
90 .4G5E 01 120 .515E-01 150 .728E 00
91 .526E 01 121 .544E-01 151 A460E 00
92 .525F 01 122 .525E-01 152 .279E 00
93 .537E 01 123 .525E-01 153 .208E 00
94 .564E 01 124 .792E-01 154 .663E-01
95 L670F 01 125 .121E 00 155 .287E-01
96 L.668E 01 126 .178E Q0 156 L247E-01
97 .649E 01 127 .257E Q0 157 .603E-02
g8 .618E 01 128 .425E Q0 158 .Q00E 00
99 .604E 01 129 .782E 00 159 .000E 00
160 .000E 00

Yield Sum = 199.9999



Table II

Fission Yield of PU239
(ca. 2 MeV Neutrons)/200 Atoms Fissioned

—————

Mass Yield Mass Yield ' Mass Yield
70 .000E 00 100 .585E 01 130 .292E 01
71 .000E 00 101 .604E 01 131 .477E 01
72 .000E 00 102 .619E 01 132 .622E 01
73 L0C0E 00 103 .627E 01 133 .609E 01
74 .000E 00 104 .643E 01 134 .614E 01
75 .000E 00 105 .470E 01 135 .606E 01
76 .000E 00 106 .619E 01 136 .585E 01
77 .000E 00 107 468E 01 137 .663E 01
78 .000E 00 108 .321E 01 138 .546E 01
79 .000E 00 109 .165E 01 139 .516E 01
80 .000E 00 110 .819E 00 140 LA487E 01
81 .000E 00 111 .477E 00 141 .458E 01
82 .780E-02 112 .180E 00 142 .429E 01
83 .955E-01 113 .165E 00 143 .477E 01
84 .185E 00 114 .123E 00 144 .360E 01
85 .321E 00 115 .916E-01 145 .316E 01
86 .516E 00 116 .780E-01 146 .282E 01
87 .789E 00 117 .682E-01 147 .248E 01
88 .123E 01 118 .082E-01 148 .214E 01
89 .179E 01 119 .082E-01 149 .185E 01
90 .224E 01 120 .682E-01 150 .154FE 01
91 .270E 01 121 .877E-01 151 .126E 01
92 .321E 01 122 .107E 00 152 .877E 00
93 .365E 01 123 .124E 00 153 .468E 00
94 .409E 01 124 .175E 00 154 .292E 00
95 .513E 01 125 .253E 00 155 .175E 00
96 LA97E 01 126 .390E 00 156 .780E-01
97 .507E 01 127 .604E 00 157 .195E-01
a8 .546E 01 128 .107E 01 158 .000E 00
99 .575E 01 129 .175E 01 159 .000E 00
: 160 .000E 00

Yield Sum = 199.9999



Fission Yield of U235

Table III

(Thermal Fissions)

Mass Yield Mass Yield Mass Yield
70 .000E €O 100 .632E 01 130 .200E 00
71 .000E 00 101 .501E 01 131 .288E 01
72 .160E-04 102 .411E 01 132 .432E 01
73 .110E-03 103 .300E 01 133 .651E 01
74 .351E-03 104 .180E 01 134 .792E 01
75 .381E-03 105 .902E 00 135 .633E 01
76 .100E-02 106 .381E 00 136 .638E 01
77 .802E-02 107 .190E 00 137 .606E 01
78 .210E-01 108 .822E-01 138 .575E 01
79 .561E-01 109 .300E-01 139 .657E 01
80 .802E-01 110 .220E-01 140 .646E 01
81 .140E 00 111 .190E-01 141 .601E 01
82 .290E 00 112 .100E-01 142 .596E 01
83 .545E 00 113 .100E-01 143 .509E 01
84 .100E 01 114 .110E-01 144 .568E 01
85 .130E 01 115 .110E-01 145 .396E 01
86 .202E 01 116 .110E-01 146 .308E 01
87 .249E 01 117 .110E-01 147 .238E 01
88 .358E 01 118 .120E-01 148 .170E 01
89 L480E 01 119 .130E-01 149 .113E 01
90 .578E 01 120 .140E-01 150 .072E Q0
91 .585E 01 121 .150E-01 151 .451E 00
92 .604E 01 122 .160E-01 152 .285E 00
93 .047E 01 123 .170E-01 153 .150E 00
94 .642E 01 124 .190E-01 154 .772E-01
95 .629E 01 125 .210E-01 155 .331E-01
96 .635E 01 126 .501E-01 156 .140E-01
97 .611E 01 127 .130E 00 157 .802E-02
98 .579E 01 128 .371E 00 158 .200E-02
99 .607E 01 129 .902E 00 159 .100E-02
, 160 .461E-03

Yield Sum = 200.0000
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Table IV

Fission Yield of PU239

(Thermal Fissions)

Mass Yield Mass  Yield Mass Yield
70 .000E 00 100 .708E 01 130 .249E 01
71 .000E 00 101 .589E 01 131 .376E 01
72 .129E-03 102 .597E 01 132 .508E 01
73 .249E-03 103 .565E 01 133 .678E 01
74 .349E-03 104 .591E 01 134 .738E 01
75 .149E-02 105 .549E 01 135 .698E 01
76 .199E-02 106 .455E 01 136 .668E 01
77 .378E-02 107 .339E 01 137 .661E 01
78 .159E-01 108 .197E 01 138 .629E 01
79 .219E-01 109 .139E 01 139 .585E 01
80 .688E-01 110 .599E 00 140 .548E 01
81 .124E 00 111 .229E 01 141 .528E 01
82 .196E 00 112 .119E 00 142 .449E 01
83 .373E 00 113 .598E 01 143 .468E 01
84 .468E 00 114 .S508E 01 144 .388E 01
85 .6064E 00 115 .408E-01 145 .312E 01
86 .757E 00 116 .378E-01 146 .259E 01
87 .917E 00 117 .369E-01 147 .194E 01
88 .141E 01 . 118 .359E-01 148 .172E 01
89 .170E 01 119 .359E-01 149 .137E 01
90 .224E 01 120 .359E-01 150 .100E 01
91 .260E 01 121 L428E-01 151 .797E 01
92 .313E 01 122 .458E-01 152 .018E 01
93 .395E 01 123 .498E-01 153 .369E 01
94 446E 01 124 .797E-01 154 .289E 00
95 .501E 01 125 .119E 00 155 .194E 00
96 .515E 01 126 .194E 00 156 .109E 00
97 .563E 01 127 .388E 00 157 .807E-01
98 .587E 01 128 .997E 00 158 .418E-01
99 .608E 01 129 .197E 01 159 .209E-01
160 .897E-01

Yield Sum = 200.0000
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III. THEORY

The buildup and decay of a radiocactive nuclide (i.e.
burnup time) is governed by the first order differential

equation:

dCi
ar = *i-1%5-1 TRy ooy G (3)
where:

Ci = concentration of the i'th nuclide in a
straight line decay chain

Ai = decay constant

R. = productioﬂ rate

i-1 = parent of i'th nuclide

Ms =_ki + ¢oi = removal rate constant

where:

¢ = neutron flux
0. = microscopic cross section for neutron
absorption
Obviously for the period of time aftef reactor shutdown

(i.e. cooling time), Ri=0 and Uizli' Equation (3) reduces
to -

- A€, (4)

Equations (3) and (4) may be solved by conventional
techniques with a step ahead technique from the first nu-
clide in a straight line decay chain giving a condensed

form of the familiar Bateman equations. Using the initial



17

condition of zero concentration, the concentration of
the i'th nuclide (Ni) in the decay chain after burnup time

(T) from equation (3) is:

-u.t
1 1-1 1 H
- Q l1-e J
Ni(T) E_ Ym T Tm H; AR E_ 5
m=1 2=m j=m
e I (Mgmws)
I K=m
K#]
(5)
where:
Ym = yield fraction of m'th nuclide
Q = basis of calculation, number of nuclei fissioned
r. = equivalent straight line decay branching fraction

For the last nuclide in the decay chain kmax=0 and appli-
cation of L'Hospitals rule yields the following for the

terms in braces in equation (5).

when: 1 = IMAX i#m
or {rm Q}

when i=m=IMAX

where IMAX denotes last member of a chain.



Using equation (5) for initial conditions, equation
(4) may be solved in similar manner to obtain the concen-
tration of the i'th nuclide (ni) in the decay chain after

cooling time (t):

i
ni(t) = I
m

2
=
—
—
p—
n 3
>
P)
M -
]
e —
~
@)
—

=m
7]

The instantaneous fission yield percentages (Ym) used
were taken from Refs. 15, 16 and 17, and tabulated in
Tables I through IV. Yields are given by mass number (A)
only and form the familiar "M" shaped curve of fission
products shown in Figure 2. No information is given here
with respect to atomic number (Z).

The most stable atomic number for a specified mass

number is taken from Ref. 18 and is a result of theoret-

18

ical calculations based upon the Nuclear Shell Model. Use is

then made of the fact that the deviation of the most prob-
able atomic number from the most stable atomic number is
the same for both the 1light and heavy fission fragments

to calculate the most probable atomic number for both

the heavy and light fission fragments. The terms heavy
and light fission fragments are arbitrary; they refer to
the upper and lower halves respectively of the fission

product yield curve for mass numbers. Calculations were
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performed using the relation:

= % - - = -
Loy =% [2g-(Zy-2 )], Zy = I (7)

where:
Zf = atomic no. of fissile material
ZSh = most stable atomic number for high mass
number (A)
Z = most stable atomic number for low mass
number (A)
th = most probable atomic number for high mass
number (A)
Z = most probable atomic number for low mass
number (A)
The atomic number has been found (Ref. 18 and 19)
from experimental data to have an empirical Gaussian dis-
tribution about the most probable atomic number, for a

specified mass number, of the form:

2
-(Z-2.)

P(Z) = 1 e (8)
m

From the relations (7) and (8), and yield data, the
instantaneous partial fission product yields may be cal-

culated by:

-1z-2_(a)17
Y(Z,A) = Y(AYP(Z) = Y(A) e p

(9)

A"



where:

Y(A) = absolute yield per mass number
Y(Z,A) = abéolute yileld per mass number and atomic
number
P(Z) = probability of distribution about Zp
Z = atomic number in question for specified
mass number
Zp = most probable atomic number for specified

mass number
Since the partial yields for a given mass number (A)
must sum to the total yield, any partial yield is not ac-
counted for, and is assigned to the progenitor of that
mass number. Thus:

Yprog (M) = YA - 2 Y(23,4) (10)

The progenitor corresponds to all nuclides that are
so unstable they decay almost instantaneously by B emis-
sion to the first member of the decay chain with a measur-
able half life. They are therefore added to the first mem-
ber of their respective decay chains,

For nuclides with two different isomeric states, meta-
stable and normal, or three different isomeric states, A,
B, and metastable, the pértial yield is divided equally

between the states.

Evans (Ref. 4) states that semi-emperical equations
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exist which predict the average beta energy released in
radioactive decay based on the liquid drop model. These
are: |
QB = 2y [t(Zo-Z) - %] for odd A (11)
+ 26 for odd Z

QB = 2y [£(Zo-Z) - %] for even A
- 28 for even Z

(12)
where:
* = chosen according Z-»(Zz1)
QB = energy of released electron (MeV)
Z = atomic number in question
Z, = most stable isobar for specified mass number

§ = pairing energy (MeV)

4a 2/3
A

Y2 g )

a/acﬂ
a. = (.595 = .02) MeV
a 2/3 M_-M,)

a J/ZOA _ A n H ~ "

5; 23K777:~z {A—ZZO} 4ac 32%*1(average)

It will be noted that pairing energy is not included

in the liquid drop model development. As is suggested by

- - C
Evans, a smooth function of § was chosen, i.e. §=— .

X
A
For the author's development, average values were

chosen for the entire spectrum. They are:
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Semi-emperical

to predict average
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2/3

17§-) MeV

33.5

MeV
A374

or emperical equations are available

gamma release from radioactive decay.

The author feels that due to the very complex nature of

these equations, exact determinations of gamma decay en-

ergies would be best left to a separate project.

For the

purposes of data for this paper, gamma decay energies

were used as follows:

Given QB as determined by equation (11) or (12)

If |Z-Zo]<1:

1f 1§IZ-Zo|j2¢ then

otherwise

then QY = .15QB (MeV) (13)
QY = ,55QB (MeV) (14)
Q = .5 (MeV) (15)



23

IV. APPLICATION

The actual intended purpose of this work was to de-
velope a 'single package type" computer program whereby
a minimum of input would be required by a user and a maxi-
mum number of options may be chosen. The author believes
this has been accomplished with a type of program control
that is, whenever possible, completely alphabetic.

The program, described in Appendix 1 and listed in
Appendix 2, once generated, requires a minimum of program
control input, as described in Appendix 3.

Available mass yield data is as varied as there are
types of operating reactors. Among other variables, type
of fuel and energy of neutrons causing fission determine
fission product spectra. Four curves were chosen as stan-
dards, they are: fissioning of the U-235 by thermal and
1 MeV neutrons, and Pu-239 by thermal and 2 MeV neutrons.
However, any of these curves may be altered or deleted and
others inserted in their place.

Neutron cross sections are only somewhat varied, but
are not complete for all isotopes. The cross sections
used by this paper were taken from BNL-325 (Ref. 20) when-
ever pessible and from Chart of the Nuclides (Ref. 21)
otherwise.

As stated above, the most stable atomic number for a



specified mass number was calculated by semi-emperical
formulas taken from Refs. 18 and 19.

Nuclear deéay chains are many and varied. The fis-
slon product decay chains have been summarized for urani-
um and plutonium in Ref. 22 and have been used in prepar-
ing this paper. A sample problem explaining breakdown
of complex chains to simple straight line decay chains
and ensuing calculations is included in Appendix 4.

A breakdown of the files used is included in Appen-
dix 5. Input and output of a sample run are included in

Appendix 3.



V. PROGRAM SUMMARY

The entire assembled program is named ZAP and is di-

vided into 4 major steps. ZAP will, beginning with basic

data, supply and make resident all work files, read and

interpret input data, do calculations and output specified

options, and rewrite all data sets to tape, or holding area,

and free resident work files. More specifically:

1.

Step 1 - STARTZAP

This step reads files prepared by the author
(or subsequent files after alteration by user) and
creates working files on units specified by the
user., Caution must be taken as two data sets
are direct access or update type of files, con-
sequently, at least these two data sets must re-
side on direct access volumes.
Step 2 - ZAP

This step reads and interprets program in-
put data and passes this data on to step 3. It
also checks positioning of characters, notes er-
rors detected, informs user of the number and
location of errors, and suggests to the user
whether or not to proceed.
Step 3 - SUPERZAP

This step does the actual input, calculations,

and output according to information from step 2.
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This step is broken into ten major sections, and
a detailed description of each section may be found
in Appendix 1.
4. Step 4 - ENDZAP
This step rewrites work files to tape or
other device specified by the user and deletes

work files.

Between any of these steps, permanent files may be
altered, deleted, or completely rewritten using the sup-
port utilities described in Appendix 1 and listed in Ap-
peundix 2; or by the user writing his own routines follow-

ing the file construction format listed in Appendix 5.



27

VI. CONCLUSIONS

The intention of this paper was to create and make
usable a computer program that would incorporate as much
useful output as possible concerning fission product build-
up and decay with a minimum of input and man hours of work;
this, the author believes, has been accomplished.

A number of program options have been included cover-
ing type of input and type of output desired. The user
may specify cooling and burnup times (except infinite) as
desired. He may choose yields specified completely by the
program, input his own mass yield curve and use the program
specified distribution, or input his own yields per mass
number and atomic number. He may choose to: negate neutron
burnup of fission products by using u=X instead of u=¢o+a
in equation (5), leave mu unchanged, let u=i+¢oc and choos-
ing between Westcott effective cross sections or input
his own cross-sections. Many more options are available
and are listed and explained in Appendix 3.

It is possible to minimize input to 9 cards cor make
the input as extensive as necessary to cover a particular
problem, It is entirely possible that a nuclear power
company or similar facility, after alteration of some per-
manent files, may calculate how much of any isotope is pres-

ent in their reactor after any time specified. The program



will also predict individual and total beta energy, and
photon energies by group up to 80 groups.

All this information can be obtained, if chosen, by
semi-emperical means rather than individual equations and
human mechanics. The savings in time, human effort, and

cost will be noteworthy.

28
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VII. RECOMMENDATIONS

Although a number of options have been included in
this initial coding, others may be introduced. Some sug-
~gestions are:

1. As the code now stands isotope concentrations
are calculated on the basis that the reactor is
being started for the first time, i.e. the con-
centration of fission products at program run
time is zero. An option may be included to in-
put concentrations, or take them from the output
of the last run, and include them in the present
run to predict concentrations for any number of
burnup and cooling times for the saue Teactor.

2. An option may be included for multiple outputs
such that more than one copy may be obtained at
once. At the present time, only one copy of out-
put is attainable when the program is run. To
obtain multiple copies, subroutines OUTPUT, SPCASE
HEAT, and/or SHIELD have to be run independently.

3. More options, for prediction of partial yields
from other sources than listed in Appendix 3.

4. Different methods of caléulating effective cross
sections.

5. Different methods of calculating and/or inputting

average beta and gamma decay energies.



6. A general update program may be written to update

any or all permanent or work files.

The author feels that a better method for predicting
average beta and gamma decay energies could be devised and

would recommend that this area be investigated first.

30
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APPENDIX 1
Program Description (ZAP)

STARTZAP

This routine reads such files from magnetic tape or
other storage unit as is specified (See Appendix 3 for
input format), and makes them resident on work files. The
routine is extremely simple consisting of essentially all
reads and writes and is very easy to follow (See Appendix
2 for listing).

ZAP

This routine essentially reads, interprets, and writes
input to SUPERZAP. The entire text of any one card is not
checked. Consequently, misspelled words will not neces-
sarily cause errors. In general, column one is checked
to determine the validity of the card. If confusion
could result from two adjacent cards having the same
character in column one, other characters are checked to
determine correctness.

Once a valid card is determined, equal signs or com-
mas are checked to ensure that numerical data is in proper
columns. Each time a new card is read, column one 1is
checked for a dollar sign denoting a comment.

Finally, data is tabulated and written to disk to
later be picked up by SUPERZAP from files 9 and 11. Cards

read are printed under column headings to help facilitate
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error analysis. If cards are properly written, notation
is printed specifying options chosen.

This routine calls ERR and REREAD as listed in this
appendix under utilities.
SUPERZAP

This routine does the actual calculations and final
output, and is broken into ten major subroutines. They are,
with theilr purposes:

MAIN. This section reads data written by ZAP, places

proper variables in common storage, and serves to call
other subprograms as many times as there are burnup times.
TIME. This subroutine converts input cooling and
burnup times to seconds for use in the other subprograms.
DTAPRP. This subroutine prepares work file 4 from
files 14 through 18 or inputs files (See Appendix 5 for
file construction) with yield data or input data as speci-
fied by ZAP. This routine prints the progenitor and oblong
tables as specified. (See Theory, equations (7), (8), (9),
and (10)).
CROSS. This subroutine calculates mu as specified
by ZAP. This subprogram also prints mu, lambda, and/or
cross sections with neutron flux as specified by ZAP.
This information is written to file 4 completing its con-

struction (Sece Theory, equation (3)).



ZEROFS5. This subprogram sets previous cooling time
answers to zero throughout file 5, (See recommendations
for suggested changes).

CALC. This subprogram reads file 4, does the actual
calculation concerning final concentrations and updates
file 5 with lambda and final concentrations. (See Theory,
equations (3), (4), and (5)).

OUTPUT. This subprogram ouputs the contents of file
5 when concentrations of all isotopes are desired. Op-
tions for printing individual concentrations, concentra-
tions by mass number, or concentrations by atomic number
are selected here.

SPCASE. This program outputs concentration of se-
lected isotopes. With proper option selection, this rou-
tine will output as many isotopes as desired by the user.

HEAT. This subprogram calculates and outputs the
individual and total average beta energy given off in one
second by the fission products predicted. Energy of beta
decay per isotope is input with subprogram DCYPRP (See
Theory, equations (11), and (12)).

SHIELD. This subprogram inputs gamma groups by en-

ergy, scans file 5 and outputs the number of atoms decayed
in one second per energy group. Energy of decay is de-

termined and filed by subprogram DCYPRP. (See Theory,

equation (13)).
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ENDZAP. This routine writes all work files as they
stand to tape or other specified device and frees the

space of work files to the computer.

Support Utilities

DATAL. This 7routine reads the straight line de-

cay chains and their associated data and records this data
in more compact form on file 4. From this information,

it also sets the format of file 5 with names, atomic num-
bers, and mass numbers. From other input data, it also
writes file 18 with highest, lowest, and most stable atomic
numbers per chain for all chains. This routine completes
files 4 and 18.

The input to DATAl consists of chain, branch, and
node cards in a perticular sequence. The branching frac-
tion (rm) indicated on node cards must be calculated as
shown in Appendix 4. The chain number is the mass number

of the first element in the decay chain,

Chain card
1 Chain 1 Branch Branch card
kChains | j Branches| i Nodes |1 Node [Node_card

Node card

Branch card
Node.card

Node card

Brangh card

Chain card

Trailer card




Data Cards

Information Columns Format

Chain card

Chain number : 1-3 I3
Number of branches in chains 10-11 12

Branch card

Chain numher 1-3 I3
Branch number 10-11 12
Number of nodes in branch 21-22 I2
Node Card
Chain number 1-3 I3
Branch number 10-11 I2
Node number 21-22 I2
Decay constant 48-61 514.8
Branching fraction.(rm) 62-69 F8.6
Element symbol | 71-72 A2
Element mass numbér 74-76 I3
Element state 77 Al
Atomic number 78-80 13

Trailer card

999 1-3 I3

DCYPRP. This routine calculates average beta and

~gamma decay per isotope (See Theory, equations (11), (12),

(13), (14), (15)) and records this information on file 5

completing file 5 input.
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DATA1X. This routine reads yields per mass numher
from cards and records the information completing files

14 through 17.

CRSPRP. This routine reads microscopic thermal cross
sections from cards and reéords this information on file
12.

This completes file input to entire program. Options
available in ZAP are explained in Appendix 3. The rest of
the subprograms listed print files so that they may be check-
ed for accuracy.

PYLD. This routine prints the contents of files 14,
through 17, as prepared by DATAIX.

PXSEC. This routine prints the contents of file 12

as prepared by CRSPRP.

PRT4. This routine prints the contents of file 4 as

prepared by DATA1l and DCYPRP.

F4BUG. This routine places a number as the first

position of a specified record in file 4 thereby shorten-

ing the input for tests runs or checking validity of rou-

tines.

CHKZAP. This routine prints the contents of files

9 and 11 as prepared by ZAP.

Each of the above routines may have to be modified
(i.e., limits of DO loops) to obtaln desired results.

See Appendix 5 for file formats.
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Program Listing



SUBROUTINES AND PPOGRAMS “AY RE NELIMITEC

THE

IF THIS PROGRAM IS TO BE COPIED FROM

MUST BE TAKEN IN THE TRANSLATION. 0ONLY &3

ARE PERMITTED ON A LINE IN THIS THES
WHEN AN '"X' APPEARS IN CGLUN 6, IT

[s.
IS

CONTINUATION OF THE PREVICUS CATD 37614

w2 THIS SECTION IS NCT A PART OF 747

THIS IS PROGRAM STRARTZAP

THE
R B

A
-~

By & /¥
LISTING,

CARy

CHARAZCTESS

THERcRURE,

40

DIMENSION CH{EC) SNNNOLIS) 1 IT(3)435 041" 5105) 2 (45),XS4

X25109,2),
tvLoc(1acs
DEFINE FILE 02420,17,U,14)
DEFINE FILE 5(15004,45,U,15)
REACUY,101) IRGN,IEND

1 READ(8,1CG0,END=10) CH
WRITE(3,102) CH
GO 170 1

1& CONTINUE
WRITE(3,1590)

11 REAC(8,1C0,END=21) CH

[F{2.LT.IB8GN.CR.2.GT.IIND) GO0 13 20

HRITE(3,102) CH
2C CONTINUE
GO TO 11
21 WRITE(3,151)
22 READ(R,1C0,END=28) CH

IF{3.LT.I306N.OR.3.GTLIEND) GG TN

WRITF(3,202) CH
25 CONTINUE

63 TO 22
28 WRITE(2,152)

T4=1

WRITE(3,175)
26 READI(S JEND=36) MSS,MAXA, NN

I;-:("’?QLT.IBGN.(}RJIQCGTOIK‘H\I{)) (;‘] TO

WRITE(4'14) MSS,MAXB,NNN
WRITE(3,105) MSS,MAXR,NNN
IF{M5S.EQ.999)GO TO 35
M=0Q
N 27 1=1,MAX8

27 M=M+NNN(I)
N 29 I=1,M

READ(S ) TIL1,0G,HN1,N2yN3yN&yNS

WRITE(3,1006) IIIQRGvN17N7?N37N4
29 CONTINUE
35 CONTINUE

G3 TO 26
36 WRITE(3,153)

15=1

WRITE(3,176)

N

i



40
37
41

45
44
406

407

53

60

101
102

41

BN 37 I=1,1051

REAC(B,END=41) Q
[FISLT.I3GN.OR.5.6GT JTEND) GO TO 40
WRITE{S'IS) Q

WRITE(2,1C8) Q

CONTINUE -

CONTINUE

WRITE(3,154)

WRITEL3,177)

0O 44 L=1’2

DD 44 1=1,42

READI(8 ) (XS{I,d,L),J=1,1(9)
[F{6.LTL.IBGN.OR.H.GT.IEND) GO TO 45
WRITE{12) (XSTIyJd,0)4J=1,109)
»3%[Tt(31110)(XS(InyL)szly].Cg)
CONT INUE

CONTINUE

READI(S8 » END=407) CHAR

Gi) TO 4C6

CONTINUE

WRITE(3,155)

N3 51 KK=7,10

K<K=KK+7
WRITE{(3,178) KKK
REAL(S )} YLD

IFIKKLTLIBGNLORLJKKLGTLIENDY GO TO 59
WRITE(3,110) YLD
WRITE{KKK) YLD

CONT INUE :

READ(S ,END=4C9) CHAR
GO T 408

CONT INUE

WRITE(2,156) KKK
CONTINUE
[F{11.LT.IRGN.OR.11.GYT.IEND) GO TO 63
WRITE(3,179)

WRITE(3,111)

DI 53 [=1,2

REAC(S ) YLD
WRITE(3,113) 1
WRITE(3,114) YLD
WRITE(18) YLD

I=3

READI(R ) YLD
WRITF(3,113) 1
WRITE(3,115) YLD
WRITE(18) YLD
WRITE(3,157)

WRITE(3,158)

CALL EXIT

FORMAT(T 15,12,T30,12)
FORMAT (T 2,80A1)



7 *x
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100 FORMAT{8CAL)
103 FCRNMAT(1714)
104 FORMATU3I4,4E10.44204,214,612)
105 FORMATILIX,17(T4,43X))
106 FORFAT(1X,31444F1C0.492A49214)
107 FORMAT (L4, A4y1b A4, 12E100442T4, A%, 10E1G.4,214,12510.4)
108 FORMAT{IXy T4y Aby b At/ 12E12,4/214484/12012.4/214/12512
X.4) _
1GS FORMAT(4C(5E12.4))
110 FORMAT(10EL2.4)
L1l FORMAT(?1PART 1 CONTAINS ZLDW—=180 EACH®%PART 2 CONTAIN
XS ZHI-18C EA _
1CH¥%PART 3 CONTAINS ZSTABLE-180 EACH')
112 FORMAT(6C0{2014))
113 FORMAT(P1THIS IS PART',12//)
114 FORMAT(3CI4)
115 FORMAT(1CF12.4)
15C FORMAT(//T1C,"END FILE FTORFCOL11/11Y)
151 FORMAT(//T10,"END FILE FTGRFCQ21/111")
152 FORMATI(//TIC,YEND FILE FTOBFCO3'/01")
153 FORMAT(//TLIC,"END FILE FTGRFLC4!)
154 FORMAT{//T1C,"END FILE FTCBFOGSY)
155 FORVAT(//TL0,"END FILE FTC8FCO6")
156 FORVMAT(//TLICy"END FILL FTCRFCC',T24,13)
157 FORVAT(//TLC,YEND FILE FTUBFGLLY)
158 FARMAT(T 1Y, TIC, ' E£ND OF STARTZAP')
175 FORMAT(*1%,T5,VTHIS IS PROGRAM FILE &'//)
176 FORMAT(P11,T5,THIS IS PROGRAM FILE 5'//)
177 FORMAT(*?1%,T5,*THIS IS PROGRAM FILE 12'//)
179 FORMATI?1',T5,'THIS IS PROGRAM FILE 13%//)
178 FORMAT('1',TS,'THIS IS PROUGRAM FILE'+13,//)
END



cC TH

1C

15

C

16

43

IS 1S PROGRAM ZAP

DIMENSTION THLDCUIL)yPGTITL{R),CLTM?22),CUILT4(11),IRN
XTM(11), ‘
1IB8TM{22), IC{11),1S1(11)

INTEGER L/'L Y/ BLK/Y Y/ ,DOL/ s/, Y0¥/, /71 /,P/ P/,
XN/'NY/,
2OTYCY/SDEC/ Y oV 35/ VWY ZF /Y UL P/ V) L,EQ/ Y=/ A/ A ,C
XCHU7Z v,/
BE/VEV /L CC/YCH/yBIYRI/ G MPIMY L ZCOL/ VY /3y T/ TV, ,S/7YSY/,G/
X*Gv/,C{80)

DATA TER,IYLDIPROG,IOBL,IHU/ISRS/,CLTH/22:==¢ v/ C0LTYY
X11%0./,

ILCNAX,LBMAX, IPOUTy ICASE, ICASEN,, IHEAT, ICONOLM,NRCDS/83%0/
e IS/Z11IRC/
P2ISHLD, ISMAX,IGPHAX /3R /3y RURNTM/L1L X0,/ 3T%/22%x '/ ,1C/1
X1%0/

WRITE{3,120)

WRITE(3,121)

WRITE(3,122)

CALL REREAD

REAC(1,1C0) C

WRITE(3,101) C

IF{CI1)NELDOLY CALL ERP{14C48990,1ER)

[F{CI2YJNELDNLY CALL ER2(24,(+68690,1ER)

WRITE{3,103)

READ(Y1,100) C

WRITE{(3,101) C
CHECK FOR COMMENT CARDS

[F(C(1).EN.DOL) 60 TO 10

FIND PROPER IYLD

IF{C{1).NELY) CALL FR2(1,C,6500,1ER)
[FIC{12).EQ.1) GO TO 501
[F{C({12).NE,P)Y CALL ERR({12,0C,8502,1ER)
[F{C(33).EQ.1) GN TO 503
IFIC(33) ., NE.P} CALL ERRI(33,C,8504,1ER)
REAC(99,150) IYLD

WRITE(3,107) IYLD

REAC(1,1G0) C

WRITE(3,101) C

IF(C(1).EQR.DALY GO TO 15 )

CHECK AND SET IPROG AND I0ORL
IF(ClL1).NE.Y) CALL ERR(1,C4655C5,[ER)
IF(C(15) .NE.N} GO TO 16
I PROG=0
11BL=0
GO TO 25
[F(C{15) .NE.P) CALL ERR(15,Cy85C6,1FER)
IF(C(21).EQ.Q) GO TO 507
IF{C({21) .NE.P) CALL ERR(21,C,&508,TER])



25
C
c
27
28
238
C
C

29

209

31

303

33

306

32

I PROG=1

IFIC{39).EQ.BLK) GO TO 5C9
[FIC{3%).£Q.0 ) GO TO 510
WRITE(3,104) (CUI1),11=35,42)
WRITE(3,113) (C{KK),KK=1,7C)
[PL=IYLD+2

CECICE WHERE ACCORDIND TO IvLD

GU TC(27,2743€436,36,36),1PL
CONTINUE

REAL(1,4100) C

WRITE{3,101) C
[FIC(1).EQ.DOL)Y GO TO 23
WRITE(D,100) C

IFLIPL.EQ.L) GO TO 32
READ(1,100) C

WRITF(3,101) C
[F(C{1).ER.DOL) GO TO 208

CHECK COL 5 FOR FOR L

[F{C(5).NE.,L) GO TO 29

IF{C{41) JNELDEC) CALL ERRI{41,0,8511,IER)
IFIC(44).EQ.BLK)Y CALL ERR{44,C,6511,1ER)
WRITEL9,100) C

G TO 31

IF{C(5)NE.,F) CALL ERR{5,0,5512,1ER)
WRITE(D9, 1001) C

REAC(1,1C0) C

WRITE{3,101) C

IFIC{1).FQ.DOL) GO TO 209

IF{C{14) NELLP) CALL ERRI(144Cy8513,1ER)
[FIC{16) NELEQ) CALL ERR{16,Cs8&514,IER)
IFIC{22) .NELEC) CALL ERR{22,0,8515,1ER)
IF(C{49) NELEQ) CALL FRR(4G,C46516,1ER)
WRITE(9,100) C

WRITE(3,113) (C(KK),KK=1,80)
WRITE(3,108)

DO 33 I=1,18

REAC(1,100) C

WRITE(3,101) C

IF{C{1).EQ.DOL) GO TO 303

WRITE(9,100) C

[F{C(78) .EQ.E) GO TO 3C6

CONTINUE

GO TC 36

IF{II.EQ.18) GO TQ 36

WRITF(3,109)

T1ER=]IFR+1

GO TO 36

DO 34 1I=1,10C00

READ(1,100) C

WRITE(3,101) C

44



C

C

34

END DTPAR INPUT - REGIN CROSS INOUT

IFIC(1).EQ.DGL) GO TO 34

IFLC{1)Y.NELA) CALL ERR{1,0,5517,1ER)
IFICI8)NELFQ) CALL ERR{83,0,551R,1ER)
CaCyn
REEEN

[F{C{2C) . NELJEG) CaALL ERR;Zd
[IF(CI30) NELEQ) CALL ERR{
NRITE(G, 10G) C

IFICU45) .eR.COMY GO TO 36
CONT INUE

36 READ(1,100) C

37

313

401

WRITE(3,101) C

IFIC{1).EQ.DOL) GO TO 26
IF(C(3).NELEQ) CALL EPKI(3,(,68521,1EFK)
[F{C{4)Y.EQ.C) GO TO 522

IF{C{4).EQ.L) GO TO 5H23

IF{C{4)YNE.P)Y CALL EPR{4,L,8524,]1ELR)
14U=3

WRITE(3,112)

REACI1,1CO) C

WRITE(3,101) C

IF{C{l1).EQR.DDL) GO TOQ 37

IF{C{1) NE.VWAMDLCU1).NELT)Y CALL ERR{1,0,5525,1ER)
WRITE(9,10C) C

WRITE(3,114) (C(KK},KK=1,25)

CHECK PHI CARD

REATC(1,100) C

WRITE(3,101) C

IF{C{1}).EQ.DGL) GO TO 38

IF{C{1)«NELP) CALL ERR{1,(C,8526,1ER)

IF(C{4) NF.EQ) CALL ERRI(4,0,6526,1ER)

IFIC(62) NELLPJANDLCIE2) JNELRLKY CALL ERRIB3, 1244527, IF
XR)

WRITE(9,100) C

WRITE(3,113) {C{KK),KK=1,18),(C{KK},KK=31,38),{CIKK),K
XK=62,69)

WRITE CROSS SECTIONS TU DISK

WRITE(3,127)
D3 4C 11=1,1C000

39 READ(1,100) C

WRITE(3,101) C

IF{C(1).EQ.DOL) GO TO 39

IF(r{2).NE.EQ) CALL ERR(2,C,840,[ER)

IF(C(S).NE.EQ) CALL ERR(8,C,840,1ER)

[F(C(15) NE.EQ) CALL FRRI15,04+840,1ER)

[FIC(35) .NE.EQ.AND.CI35).NELBLK) CALL ERR(35,0,84C,IE
XR )

LFIC{55) JNE.CO.AND.CI55) .NE.BLK) CALL FRR(55,C,R4C,1E
XR )

WRITE(9,100) C
IF{C(T2).EQ.E) GO TO 41

45



aNeNe!

46

40 COUONTINUE
END CROSS INPUT — REGIN OUTPUT INPUT

41 READ(1,100) C
WAITE(3,101) C
IF{C(1).EQ.NC0L) GO TO 41
REAC(S9G,151) PGTITL
WURTITEF(3,123) PCTLITL .
REAC CLTM,COCLMX,LCMAX
N 45 T1=1,11
42 READR(1,1GC) C
WRITE(3,101) C
IF{C{1l}).FQ.DOL}Y GO TO 42
[F{CUIC) NELCC) CALL CHR(104,048528,1IER)
REAC(99,152) CLTM{2=TTI-1),,CLYM{2FTTI),IHLDCA{L )
READ{79,153) cCoocLImiIn)
WRITE(3, 124) C{23),0(246),C(8)y{C{XKKY,KK=1,8)
LCMAX=11
IF{C(25).EQ.CUM) GO T0O 47
45 CONTINUE
1FR=TER+1
WRITE{3,115)
47 DN S50 II=1,11
48 WLEALC{1,1006) C
WRITE(3,101) C
IF{C(1).FQ.DOL)Y GO TG 48
IFICLIC)Y J.NFLT) CALL EPRI{1C,0,68529,1ER)
READ(90,152) BTM(2xTII-1),BTM{2%I1)
READ(9G, 153) RURNTM(IT)
WRITE(3,125) C{27):C128),C(9) s {CIKK) KK=1,8)
L 3MAX=11
IF{C{29).EQ.COM) GO TO 52
50 CONTINUE
JEeR=TER+1
WRITE(3,116)
END READ BURNTM,BTM,LBMAX
READ QUTPUT FORMAT
52 REAC(1,100}) C
WRITE(3,101) C
[F{C{1).EN.DOL) GO TO 52
IFIC{1).NELO) G T0O 6C
IFIC{1h).NE.T) GO TO 53
I1POUT=3
51 WR[TE(3y113)(C(KK),KK=1,40)
GO TO 55
53 IF(C(15).NE.M) GO TO 54
IPOUT=2
GO TO 51
[FIC(16).NF.L) CALL ERR(14,1648530,1ER)
1POUT=1
GO TO 51



O

60

- O

93
[ ]

W N

63
64

65
66

68

609

70
71

72

74

47

REAC CPTION

REAC(1,1CC) C
WRITE(3,1C1) C
IFIC({1).EQ.BOL) GO THD 5%

[CASE=C
IF(C{7}.NE.CCOL) GO TO 565
[ICASE=1

WRITE(3,113) (C{KK),KK=1,6C)
50 TO 602

[IF{C({1).NEJN) CALL ERR{1,+G,8531,1ER)
WRITE(3,113)(C{KK),KK=1,T78)
IF(C{11) .NELBLK) GO TO 62
[CASE=0

IPOUT=0

GO TQ 64

[F{C(11).MF.L) CALL ERR(11,0,8532,1ER)
ICASE=1

[PCUT=C

DN &3 11=1,10C00
READ(L,1C0) C

WRITE(3,101) C
IF{C(1).EDQ.DOL) GO TO &C3
WAITE(9, 10C) C

[CASEN=TI

IF(C{27) .EQ.CCM) GO TO 64
CONTINUE -
REACI(1,100) C

WRITE(Z,101) C
IF{C(Y).EQ.00L) GO TO o4

END OQUTPUT INPUT - REGIN HEAT INPUT

CONTINUE

IF{CI1).NE.N) GO TO &8

IHEAT=0

G3 TO 545

IF{C(1l).NE.CC) GO TO 74

IHEAT=1

GO TO 546

IFIC(38) .NELEQ) CALL ErRR(38,C,6533,1ER)
[KP=0

IFIC{39).EQ.A) GO TO 534

DN 70 I1=1,11

IF(C(38+3%I1).,NE.CCM) GO TO 71
[KP=1IKP+1

CONT INUE

ICOCLM=TIKP+1

READ(99, 154) (IC(I1),11=1,ICCOLM)

pn 72 I11=1,1C00LM

Do 72 1I=1,LCMAX
[F(IC(ITI).EQ.IHLDC(IT)) IC(IT) =11
CONTINUE

GO TO 80 ]
IF(C(1).NE.S) CALL FRR{14C4£535, [ER)



140

75
76

79

77

880

5G

81

82

84
85

860
86

GO T 547

IF{C{38).NE.CQ)Y CALL ERR(3%,3,6533,17R)
IKP=0

IF(C({29).ED.A) GO FTO 536

DD 75 1II=1,11

IF(CI38+3%[[)NELCOM) GO T 76
IKP=IKP+1

CCONTINUE

ICOCLY=IKP+1 ,

READ({99, 154) (ICUII),T1=1,1C0CCLY)

NO 79 Ill=1,1ConL™

D3 79 II=1,LCNMAX
IF{ICIITIIYLEQ.IHLDC(IT)) IC(IIry=11
CGNTINUE

N3CDS=0

READ(1,100) C

ARITF{3,1C1) C

IF{C{1).EN.DOL) GO T 77

IF(CLL).NEWA) CALL ERR(14C,48539,17%)
IS(CL11) JNELEQ) CALL TRR(11,746501,1ER)
IF{CIL19) NELFQ) CALL ERRI1C,2,85%52,1:R)
WRITE(9,100) C

NRCDS=NBCDS +1

[F{C{23).EQ.CLM) GO TO 893

GO TO0 77

END HEAT INPUT - BEGIN SHIELD INPUT

REACI(1,100) C
WRITF(3,101) C

[FICI1).EQ.DGLY #C TO 80
IF{C(1).NE.N) GO TO 81

ISHLD=0

WRITE(3,113) (CUKK},KK=1460)

G TO 89

[F{C{1).NE.G) CALL ERRI(1,C,&a537,1FER)
ISHLD=1

GO TO 544

[F{C{35) NELEQ) CALL ERR(35,0,6532,1ER)
[F{C({36).EQ.A) GO TO 539

ISMAX=0

DO 84 I1=1,11

IF{C{35+3%11).NE.COM) GO TO 85
[SMAX=ISMAX+1

CONTINUE

[SMAX=ISMAX+1

READ(99,156) (IS(II),11=1,ISMAX]

D3 860 I11I=1,ISMAX

DO 860 II=1,LCMAX
IECIS(IT1)YEQ.THLDCLIT)) ISCITIN=TI
CONT INUE

IGPMAX=0



27

38

89

94

502

503

5C4

505

506

507

508

509

49

REAC(1,100) C

WRITE(3,101) C

IF{C{1).EQ.DOL) GO TO 87

IF{C{1)Y.NE.G) CALL ERB (14048540, 1ER)
ITFLIC{1I0) NELEQ) CALL EFPLIC,C,6541,101)
IF{C(25) JNELEQ) CALL FPRAU25,C,5542,1ER)
IF{C{47)  NELEQ) CALL EPR{47,(C,6543,1ER)
WRITE{9,130) C

[GPMAX=IGPMAX+]

IFIC{57).EQ.COM) GO TO 89

GO T0O 87

READ{1,1CO,END=94) C

WRITE{(3,101) C

IFIC{1)Y.NE.DOL Y)Y CALL CRRA1,CEHAB,1ER)
IF{CI2)NELDDLY GO T3 89

WRITE(3,126)

ENCFILE 9

WRITE{LIL) TERSIYLD,,IPROG,IORL, IV, PO TL,CLT,CiL 1ML
XC*AX,

ABUPRNTM, BT, LOYAX, IPOUT y ICASE y ICASEN, THEAT, I0000L ", 1€, 5R

XCOSy ISHL Dy
BISy TSMAX, IGPMAX

ENDFILE 11

IF{IER.EQ.C) GO TO 98
WRITE(2,118) IER

CALL FXIT

WRITE(3,119)

CALL FXIT

WRITE(3,102)

CALL EXIT

WRITE(3,104) (C(TI1),11=1,5)
GO TO 15

IYED=-1

WRITE(3,105)

GO TC 15

WRITE(3,104) (CUIT),11=9,15)
GO T0 15

WRITEL3,1006)

IYLD=0

GO TO 15

WRITE{3,104) (C(II),11=30,35)
GO T0 15

WRITE(3,104) (C(I1),11=1,5)
G TO 25

WRITE(3,104) (CUII),11=11,18)
GO TO 25

IPRCG=0

108L=1

GO T0 25

WRITE(3,104) (CLI1),11=17424)
GD TO 25

[0BL=0



518

516

520

521

522

523

524

525

526

527

528

529

531

532

533

534

GO T0O 25
[08L=1

GO T0O 25
HWRITEL(3,104)
GO TN 2C9
WRITE(3,104)
G TO 209
WRITEA(S,104)
GO TN 31
WRITEI3,1C4)
G3 70O 31
WRITE(3,104)
G2 1D 31
WRITE(3,104)
GO 70 31
WARITE{(3,104)
GO 10 34
WRITE(3,104)
G0 TO 324
WRITE{3,104)
G TO 34
WRITE{3,104)
G TO 34
WRITE(3,124])
GO T 37
I4U=2
WRITE(3,111)
GO T8 41
=1
WRITE(3,11C)
G TO 41
WRITE(3,104)
GO T3 37
WRITE(3,104)
GJ TO 38
WRITE(3,104)
GO TO 401
WRITE(3,104)
GO T0O 401
WRITE(3,104)
GO TO 45
WRITE(3,104)
GO TO 50
WRITE{3,1G4%4)
GO TO 55
WRITE(3,104)
GO TO 55
WRITE(3,104)
GO TO 64
WRITE(3,104)
GND 1D 80

(CtIil),11=35,4R)
(CCIl),I1=2,8)

(CeIt),11=11,17)
{(C{IT),11=14,20)
(C(r1),11=19,2%)
(CLIT),11=46,54)
(CIKK),4xK=1,5)

(CIKK)yKK=5,13)

(CIKK)},KK=17,24)
{CIKK ) yKK=2T7,324)

{CIKK)yKK=1,0)

(CIKK),kKK=1,T7)
(CIKK),KK=1,¢6)
{C{KK),KK=1,9)
{CIKK),XKK=60,£6)
(CUKK) 4KK=T,1%)
(C{KK) KK=T,14)
{C{KK),KK=13,18)
(C{KK)yKK=1,7)
{C{KK) KK=T,14)

{C{KK),KK=35,42)

DO 604 I11=1,LCMAX

50



OO0

6C4 1C(IIT)=11
[CoCL¥=LCMAX
GU T0 8C

535 WRITE(3,104)
57 T3 380

536 1CUCLY=LCHMAX

[(C{KK)yKK=1,T7)

D3I €605 I1=1,LCHAX

605 IC(II)=11
59 10 77

537 WRATITE(3,113)
50 TO b6

£33 WRITE(3,104)
G} TO 86

535 ISHMAY=LCMAX

(C(Kf‘f)yxl’(:1735)

(C{KK)yKK=147)

DO 801 1I=1,LCMAX

8301 ISU{II¥=11
GO TO Ré6
540 WRITE{(3,104)
50 T0O €8
541 WRITE(3,104)
. GO TO 88
542 WRITE{(3,104)
G TO 88
543 WRITE(3,104)
57 TO 838
S44 HRITE(3,113)
G T B2
545 WRITE{(3,113)
G0 T 80
546 WRAITE(3,113)
G0 TN 6C9
547 WAITE(3,113)
IHEAT=2
G 10O 740
548 HYRITE(3,117)
GO TO 89
561 WRITE(3,104)
G3 TN 3880
562 WRITE(3,104)
GO TO 880

FCRMAT STMTS

10C FORMAT{8CAL)

(C{KK) s KK=1,7)

(CIKK})  KK=7,15)
{CIKK),KK=22,29)
(C{KK) 4KK=44451)
(C{KK) KK=1,803)
(C{KK)4KK=1,80)

(CIKK),KK=1,80Q)

{CIKK)+XK=1,80)

{C{KK),KK=8,15)

(CLKK) KK=16,22)

51

101 FORMAT{T41,8CA1) - ,
102 FGRNAT(//T;C,'SUPERZAP ENTRY CARD MISPLACEN-JUIB TERMAIN

XATED') oy
103 FORMAT(T 2, '=%% BEGIN SUPERZAP INPUT =x%=x1)
104 FORMAT(T2,'*xMISPLACED CHARACTER IN..',10ALl,'CARD SKIP

XPEDR%:T) )
105 FORMAT(T2,'# PARTIAL YIELD INPUT CHOSEN')
106 FORMAT(TZ2,'# USER YIELD CURVE CHOSEN-PROGRAM NISTRIBUT

XION CHUSEN')



52

igg ?gi:ii:;;’:ﬁzlft}?iofm TA;f&N FROM PROSRAM CURVE',12)
~7 y FREE NOT CHECK POSITICNS OF YIELD CHARA

XCTERS==%1)

109X§ORHAT(T2,'**IMPRGDER NO. OF INPUT YIZLD DATA CARDS=x1

110 FUORMAT(TZ2,'s SET MU=LAMRDAY)

111 FORMAT(T2,'# LFAVE MU UNCHANGED?')

112 FORMAT(T 2, %% SET I'U=PHIZSIGHA+LAMBDAY)

113 FORMAT(T2,'# *,8CA1)

114 FORMATI(T2,%# '42541)

115 FOFRMAT(TZ2,'=xTO0 MANY COOLIMNG TIMES CR V',END®*' MISSIN
XGx%")

116 FORMAT(T 2, *xTO0 MANY BUARNUP TIMES OR PP ,END'Y MISSING
Xx )

117 FORMAT(T 2, xTO0 MANY CARDS IN DECK=#*?T)

L18 FORMAT(//T22, vxkxTHIS DATA CHECK HAS ', 14, ' TERMINAL E
XRRORS-DATA M
cAY CR MAY NOT BE ON FILE IN PROPER ORDER =T /TAO, taxkks
X% SUGGEST NO
DGO STATUS TO SUPERZAPs&Ikek?)

119 FORMAT(//7T4C, ' *u3ND ERRORS DETECTED-SUGGEST G0 STATUS
XTC SUPERZAP*
JE 1)

120 FORMATI'1',T51,'PPOGRAM=ZAP IN?UT DATA CHECK MADEY/T
X511, *LEGENDS?
E/TS1, txxk DENOTES INFGRMATION®'/TS51, '*x% DENOTES ERROR
XCONDITION MA
FRKED RY "341 00 /75],04# NENQTES PROGRAM SETTINGS?')

121 FORMAT{/T33 4 xxxF[RST ERROR DETFCTED IS CERTAIN-OTHER
XERRCRS MAY R
1ESULT FROM THIS#*xx1')

122 FARMATU(//T75,'CARD COLUMNS'/T41,'00c{0o00Cu111111111122
X222222223333
G333333444444444455555555556666E0606C6TTITTTTTTT3" /T4,

X123456789012
H3456T78201234567839C123456789012345673231234567R8301234556
X7895012345618
[301'7)

123 FORMAT(T2,'# PAGE TITLE IS 11, 3A4,1 0100

124 FORMATI(T2,'# CODLING TIME NO. ',14A1)

125 FORMAT(T2,'# IRRIDIATION TIME NO. 'y 14A1)

126 FORMAT(T2,%%%% END SUPERZAP INPUT xxx1)

127 FORMATI(TZ2, ' #%*CROSS SECTICN DATA-CRRCRS MARKED YWITH §

XONLYxXx? )
150 FURMAT(TS2,12)
151 FORMAT(84A4)
152 FORMAT(2A4,T23,12)
153 FORMAT(F4.1]
154 FORMAT{T39,11(12,1X))
155 FCRMAT(T38,11(12,1X))
156 FORMAT(T36,11(12,1X))
END



/%

30

35

1G0

/¥

REREA
REREA

227

CHK99

INIT

[TISS

LEAVE

SUBRDUTINE
INTEGER C18GC),00L,3LK

53

ERR{I4Jy%,IER)

DATA C/780=Y 'V /,DOL/'8Y/,BLK/Y v/
ND 320 K=1,4
C{X)=DOL .
HRITE(3,106) C
DI 35 K=1,J
C{K)=8LK
IER=TFER+1
RETURN 1
FORMAT(T41,8GA1)
END
D% CSECT
G ENTER
L 1,=A(221)
L 15,=V{IHCFCOMH)
MV 1 T4{15), X*50°
EX 0,74{15})
MV 1 T4{15),X'58¢
RETRN
SPACE 3
USING *,1
STM 4,15,SAVE
DROP 1
USING 227,11
LR 11,1
LR 44,0 _ GET ADDR. OF TYPE OF CALL IND
cLC {244, INIT IS THIS & READ INITIALIZATION
xX?
BE CHK99 R IF YCS
L 1,=V(IHCFIOSH)
LR Os4
LM 44154SAVE
BR 1
cLC Ola,14),=F'99" (NO [0OF, NGO ERR, UNTI T= CCNSTAN
X7 g9}
BE ITIS99 3 IF DSRN = 99
LR 2,14 PUT NSRN OR A(DSRN) INTO 2
L 1,=V{IFCFIOSH)
BALR 0,1 * SIMULATE THE CALL FR3Y [RBCUM
oC X*QCFQO* ¥ TO FIQCS= FOR INIT.
STM 293,5V1 STORE A3UFFER ADDRESS & DUFFER
XLENGTH
B LEAVE
SPACE 3
9 LM 2+3,5V1 RESTORFE 2 & 3 AS THEY WERE AFT
XER ‘
SPACE 1
LA 1,2(4) CET RETURN ADDR.
LM 4415,SAVE -



54

BR 1
EJECT
SAVE DC 18F*'Q?
Svl DS F
Sv2 (B F
LTORG
END
/¥
MEMBER NAME ENTER
MACRO
ENAME ENTER EBASE=12
LCLC &C1
&C1 SETC *SVRESYSNDX?
AlF {P6£RASEY GT *2' AMD PA3ASEY LT *130).288510K
MNOTE 13,'REGISTER &LBASE MAY NOT P USEND [ 3= A BASE
X REG.!
MEXTT

+BASECK  ANOP
MNOTE %,' £3ASE [S THE 8ASE RESGISTES FOR THIS FUT RS
MNOTE %,9% £§C1 IS THE 18 WDRD SAVE ARCA FOR THIS FOurllng?
*7

MNOTE tOENAME IS THE LOGICAL FNTRY POIKNT FOR TS RuUuTin
XE?
ENTRY &NAME DEFINE ENUTRY 20INT
USING *,E£BASE SET UP 3ASFE DEGISTFRRING
LNAME SAVE {14412)4+% SAVE SRESISTERS 14431547 31500 eyl
X2
LR ERASE,15 DEOVIDE AD02ESSARILITY
LA 2,6C1 PICK UP ADDR I THIS SAVE AILA
ST 2:,81C,13) STCGPRPE A{SAWE)Y N CalLeE=1S SAVFE
X AREA, o
ST 13,4{C,y2) STOFE CALLZERYS SAVE AT A ANOR
XIN SAVE ) S
LR 13,2 SET UP SAYS AREA PUINTER TQ6G,
8 BYPLSYSNDX AOUNCE AROUND SAVE AREA
CS oD ‘ _
&C1 DS 18F 18 WNARD SAVE AREA
BYP&LESYSNDX EQU =
MEND
VK
MEMBER NAME RETRN
MACRO
&ENAME RETRN &RC= )
ENAME L 13,4(GCy13) PICK UP THE (LD SAVE A2CA ADOR
Xe
LM 14,15,12(13) RESTORE THE FPESGS. 14,15
LM 2,12,28(13) RESTORE THE REGS. 2733 4.0e912

MV I 12(13),X'FF? SET RETURN IMOICATIGN
AlF (T*6RC EQ *0%').NORC
AlF {*&RCTY LT 14096%) JPCOK o
MNOTE 1, 'RETURN CODE RC=ERC 1S > 409%, 2C ISNURED!
AGO +NORC -

«RCOK LA 15, &RC.(C,C) LOAD RETURN CODE



«NORC

A

RR
MEND

14

RETURN

55

g e
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DATA SEC,MIN,HR DAY YR/® SEC',* AINT,v HTSI, 154y
XRS?/
BYHM=ALPHA BURNUP TIMES
CLTM= ALPHA COOLING TIMES
LB¥AX=YAX RURNUP TIMES
LCMAX= MAX COOLING TIMES :
BURNTM=RETURNED BURNUP TIMES IN SEC/INITIAL AS °F An
COSLTM=RETURNED COCLING TIMES IN SEC/INITIAL AS <EAD
TOAY=360C.%24. :
TYRP=TDAY%*365.25
DO 1G I=1,LCMAX
A=CLTM(2%1)
[FIALEQL.YR) COOLTMUII=COOLTH(LI)=TYR
IF(ALEQLDAY)Y  CROLTHIII=COOLTM(I Y =TOAY
IF(ALEQ.HR) CONLTM(II=CONLTMITI%3600,
IF{ALEQLMIND COOLTM{I)=CAnLTHL [) =50,
10 CONTINUE
50 20 I=1,LBMAX
A=BTH(2% 1)
IF(ALEQLYR) BURNTM(I)=RURNTY (T }%TYR
TFIALEQLDAY)  BUANTMIL)=BURNTMIL) *TDAY
IF{ALEQ.HR) BURNTM (I I1=RURNT¥(I)*3600.
[F{ALEQ.MINDY RURNTM(I)=RUBNTM( 1) %52,
20 CONTINUE
RETURN
END

v

-
-

<

OO0

DTAPRP

(%3]

UBROUTIN

T

FHIS ROUTINE PREPARES RECORD TYPE B WITH My AND YI&LDS

OGO

COMMON PTRG . X904G),1YLD, I03L,X3{23),1PR0OG0

DIMENSION QU17),7SELRCY Y68, 130),4XN{15),YINT{143),TI
XTLE{20)

INTEGER ALOW AHT, ZLOWE1BC), ZHT (L 18C) , P TRA

REAL LAMBDA

REAL LIBR

EQUIVALENCE (Q(1)5MASS), (Q(T),YLD) , {Q(13),NATOH) L (G (L1
XYy NSTATE),

1(0(4),LAM3DA) |

DATA YTOT/lBO*C./yITITLE/C/,END/'END /L LIRR/VLIABRYY/
DATA ALOW,AHI/72,161/

Nno 10 1=1,68

DO 10 J=1,180

10 Y(1,4)=0.
AHI=161
ALCW=T72

DATA ODEFINITIONS
Q) ELEMENTS OF RECORD A CAUIVALENCED

C
C
c Zs () MOST STABLE ATOMIC NO PER MASS NO.
C JHI() HIGHES MASS NO PER CHAIN
C ZLOW() LOWEST MASS NO PER CHAIN



OO0 OO

OO

c
c

58

YTICT{() TOTAL YIELD GF FISSION(A3SOULTE) PER “ASS NO.
Y{,) PARTIAL YIELD OQF FISSION PER AT. NO. PER MASS
X NQC.

ALOW LOWEST MASS NO. CONSIDERED

AHI HIGHEST MASS NO. CUNSIDERED

AF COMPOUND FISSION NUCLEIL MASS

LF COMPUND FISSICON NUCLET AT. NO.

ALH AF MINUS FISSION ROUTRONS PRUONDUCED

IPROG SWITCH 1-PRINT PROGENITORS OG- MO PRINT
IYLD SWITCH >0 — USE LIBRARY, =3 - USE PRUGRAMMERS TN

XTAL YTELDS

«C — USE PRCGRAMMERS PARTIAL YIELDRS

[TITLE SHWITCH =C — PRINT PROGEZNITOR HEADING, -~=0 - SK
X1P HEADING

CFECK T
IF{1
14 IYLD
READ

Q SEE IF READ YIELDS FRCM TAPE OR CARDS
YLD)YSJC 550,14

=IYLD+13

{IYLDY AFZFALHLIYTOT(I),1=4,18C)

15 REAC(18) ZLOW

READ
REAC

BEGIN
n 2
AL=T
AH=A

INTERPD
[AH=

(13) ZHI
(13) 75

PARTIAL YIELD CALCULATIONS
N0 TAL=ALOGW,AHI

AL

LH—-AL

LATE TO FIND 7HI STABLE - FIND ZLOW STABLE
AH

FIAR=TAH

ILS=
IHS=
FIND 7

ILP=

7HpP=
YICL
J=7L

ZS(TAL)
7S(TAHI+(ZSTIAH+1)I=ZSUIAH) )R LAH-FTAH)

LCW AND ZHI PROBABLE AND FINAL YIELD
(ZLS—ZHS+ZF) /2.

7F-2LP

D=YTOT(IAL)

CW(IAL)

K=ZHI(TIAL)

SUM=

.

PO 98 TANO=J,sK

A=TANO .
YHOLD=YI ELD*EXP{—(A=ZLP)**2}/

1.772454

[F{YHOLD.LT.0.) YHOLD=C.
Y{IAND, IAL)=YHOLD

98 SUM=

SUM+YHOLD

YPROG=YIELD-SUM

IF(YPROG.LT.0.) YPROG=0.

Y{J,

GCPTION
IF{I
1IF(1

[AL)=Y(J, IAL)+YPROG

- PRINT PROGENETORS
PROG.EQ.0) GO TO 200
TITLE.GT.0) GO TO0 99



WRITE(3,600)

ITITLF=1
99 WRITEL 3 ,601)1AL,YPROG
200 CONTINUE
201 PTR4=1

READ FILE 4 ANC UPDATE RECORD A
210 READ(4*PTR4) MASSN,MXB,MXN
[F{MASSN,L,EQ.3G9) GO TG 400
K=0
Ng 215 J=1,MXB
215 K=K+MXN{J)
DO 3C0C I=1,K
READ(4'PTR4) Q
PTR4=PTR4-1
YLD=Y{NATOM,MASS)
[FLIYLDLLTL.G) GO TO 30C
G=NSTATE
IF(NSTATEL.GT.1) YLD=YLD/G
3CG0 WRITE(4'PTR4) Q
GO T 210
400 PTR4=1
IF(I0RL.NEL. 1) GO TO 45C
WRITE(3,609)
DI 410 I=ALCW.AHI
JK=ZLCWI(T)
JLU=ZHI(I)
DN 4Ca J=JK,JL
WRITE(3,610) 1,4,Y(J.1)
4CG9 CUONTINUE '
410 CONTINUE
450 CONTINUE
WRITE( 3 ,602)
REWINDG 14
REWIND 18
RETURN
500 READ(1,605) TITLE

WRITE(3,606) TITLE '
501 REhD(l,éOB) NATUM,MASS.Y(NATUM,MASS),ENDCK

WRITE(3,603) NAT(M,MASS, Y{NATOM,MASS)
[F(ENDCK.EQ.END) GO T0 2C1
GO 70 501 .

550 READ{1,605) TITLE

WRITE(3,606) TITLF
READ(1,608) (TITLE(KK),KK=1'4),IDTA

IF(TITLE(2)Y.EQ.LIRR) GO TO 552
REAC{1,607) [AF,1Z5AA
AF=TAF
LE=17F
ALH=AF-AA
GO TO 551
552 IDTA=IDTA+13



/¥

OO 000 0000

551

65C0
601

602
603
6C4
605
606
65C7
608
609
610

60

READUIDTA) AF,ZF,ALH

REACI1,604) (YTOT(I), I=ALOW,AHI)

GO TO 15

FORMAT(*1',T55,'PROGENITUR GPTION FFTCTEDNY//)
FORMAT(T45, '*PROCENITOR TO CHAIN *,13,' IS *,il4.5,% AT
X0MST)

FORMAT(®*1 END SURRODUTINME — DATA PRCDI)

FORMAT (TS, 12, T21413,T31,E14.R,T45,A4)
FORMAT{S{ELl4.8,2X))

FCRMAT {20A%)

FURMAT(Y 1,20A4)

FORMAT(T17,13,T23,12,T5C,F3.1)

FORMAT(4A%,T43,12)

FORMAT (19, T54,'0RLONG TARLE OPTION FFERECTIDN//)
FORMAT (T35, "PARTIAL YIELD T0 MASS NN, 0 14, ', ATOYIC "id,
XV, 13,

1' IS *,E14.8," ATOMS")

END

SUBROUTINE CROSS
COMNCON PTR4A,PTRS5,X9(53), IMU
DIMENSTON Q(17),TITLE(20),¥AXNTLO)
REAL MUI{42,109,2),%ULsLMDA,MS
INTEGER PTR4,E,Z ) o
ENUIVALENCE (0010 ,#ASS) (0 (4) L3021, (308, L), i)
Xy NATDOM), '
1{0(8),NAME), (Q(S),STATE) - -
DATA  MU/O156%Ca/ oEND/VEND '/ ENRCH/T M/, LTRE/L /12l
XNT/G/ _ i » o
DATA TITLE/ $CONVT, PERT 1, 0= LAT, TVEOAT, 1=y vy lnst Y/
DATA [NDE/' INGE'/,PHI/O-/vB/'R'/"’"S/""'/’//‘ l/'(t/lwl/
DATA DEFINITIONS i
LINE O-PRINT HEADING, ~=C — SKIP HEADING
PHI FLUX ] . .

XKTP PRINT

X(y) X-SECTION HOLD AREA

MUL FINAL MU . o
IMU =2-USE OLD MU =1-AU=LAM3DA MOTL 0D 2-F1ND RN
X MU X

JXSEC =1-PRINT X—SECTIONS, =U SKIg

JMU  =1-PRINT MU'S ) =O;SKI

JLMDA =1-PRINT LAMEDA, =0 SKI

IF(IMU.EQ.2) GO TO 106CC

IF{IMU.EQ.1) GO TO 198

READ(1,1C0) TITLEE

WRITE(3,103) TITL

READ(l,iCZ) PHI,JMU,JXSFC,JLMD? )
IF(JMU.NE.E.AND.JMU.NE.Z) IPRINT=1 el
iF(JXSEC.NE.E.AND.JXSEC.NE.7) Ipfi—l_
IF(JLMDA.NE.E.AND.JLMDA.NE.Z) [PRINT=



OO aNe

USE INDEPENDENT CRUSS SECTIONS R WaESTCUTT Apes *w] v

IFITITLE(L)YLECLINDE)Y GO TQ 60

READ 2200 METER CROSS SECTICNS FRiEY¥ LIARARY
DO 2 L=1,2
Dﬂ 2 I=1,42
2 READ(12) (MUl1,J,0),J=1,1C3)

READ INPUT DATA IF S=C, R CONTAINS 8§ - IF 249-1,
XTAINS G+RS
IF MASS=C WJSE SAM G+#RS FOGR ALL MASS RNOL'S T+ S AT,
4 ITF{ENDCK.EQ.ENDY GO TQ 2CC0
READ(1,1C1) NATCM4MASS,STATE,T,7,S,tNICK
IF(S'EQOC.’ S=1.
A=T+R*S
IF{MASS.EN.C) GO TO 49
IF(NATOM.NE.S51) €O TO 20
I={MASS.NE.124) GO 10 20
IF{STATE.NE.MS) GO TO 20
L=1
NAT(OM=68
MASS=180
GO T0O 21

20 L=1
[IF((STATELEQ.B).ORL(STATE. %0.“5)) L=2

21 MUINATGM=26,MASS=T1,L)="UlNATC =26, 255=-71,1L1 31
G3 TO 4

49 DO 50 K=1,109
DY 50 L=142

50 MU(NATOM=264K, L)“U(“ TO"—=26 3K, L) A
[F(NATCM.EQa51) HU(42,105,11="142,129, 1)=A

GO 10 4

INDEPENDENT CROSS SECTION RECADIN SAME FORMAT AS

X S&T QuMpMy o
60 IF{ENDCK.EQ.END) GO TO 2¢ N
READ(1,101) NATOM,MASS, STATESR Sy THENDCK
IF{MASS.EQ.0) GO TO 65
[F(NATOM.NELS1) GO TO 62
IF(MASS.NEL.124) GO TO 62
IF(STATE.NE.MS) GO TO 62
L=1
NATGM=68
MASS=180
GO TO 63
62 L=1 ) B
IF{{STATE.EQ. MS).OP.(STATE.FO.B)) L=2
63 MU(NATCM—26,MASS-T1, L}=R
GO TN 60
65 DO 656 L=1,42
NO 66 X=1,109

01

ATTENS

w ST

T7
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200
198

202

MUINATCM-264K,L)=R
IF{NATOM.EQ.51) MU(42,109,1)=R
50 TO 60

WRITE(3,104) PHI,,IJMU,JXSEC,JL¥NA
PHI=PHI®*1.E-24

PTR4=1

READ({4'PTR4) MASS,YAXB,MAXN
IF{MASS.D.33¢) GO TO 999

M=0

DN 2C2 I=1,MAXB

M=M+MAXNA(T)

READ MASS & PRRANCH CARDS
READ CHAIN NODE CARDS REPLACE My CHECK CPTINNS

4CO

4C1
402
250
999
1C00
10C
101
102

103
104

DN 25C I=1,M
REACI4'PTRS4) Q
PTR4=PTR4~-1

FIND{4'PTR4)

NN=NATOM

M=MASS

IF{NNJNELBL) GO TO 220
[FI{MM,NEL124) GO TO 220
IFISTATE.NEL.MS) GO TO 220

XBDA)={',2(Al

02

L=1

NN=68

Mv=180

GYY TN 222

L=1

[F((STATE.EO.VS).QR.(STATF.EQ.%)) L=2
MULINU(NN-Zb,MH—71'L)*PHI+LMUA
WRITEL4*PTRA) Q

iFI{IPRINTL.EQ.C) GO TO 250
IF{LINE.NEF.O) GO TO 4CO

LINE=1

W -{3,105)

;§}¥g23:106) MASS;STATE;WATCVvNAWE
IF{JMU.EQ.E) GO TO 401

WRITE(3,107) MUL

IF{JXSEC.EQ.E) GO TO 4C2

WRITE(3,108) MU(NN—Zb,MW—71,L)
IF{JLMDA.ER.E) GO 1O 250

WRITE(3,109) LMDA

CONTINUE

GO TOo 201

NRITE(3,103) END,TITLE

WRITF(3,110)

RETURN
Eggxg;:%g??;,TQ,I},Al,TIé,El&.ﬂyT367E14.9;T56y714.8,f7
xééétiT(4X,E14,8,T64,3(A19YX))
igiﬁi;::léaiieiéla,e,',OPTIUNS—PRINT(WUyX-SFCTIGWS,LAW
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/*

c
c

LOS

1C6
107
108
1G9
110

10

lE

20

1y',%')s4A1,%)")

FORMATL® ', T42,'CPTICN TO PRINT SOME OR ALL X-STCTION
XDATA FEFFECTE

1D, /T3, " ALL TSOTSPES PRINTED — (V1S UNNER MASS DTNOTE
XSAME X—-SECTI

20N USED EOR ALL MASSES THAT FLEMENT — RLANKS O£50TE 09
XTICN NOT EFF

2ECTEDY /7))

FORMATHLY MASS=",14,A1,T11, AT . NDe=1,13,122,0A%0=1,142)
FORMAT {4+, 732, MU(1/SEC)="E14,8)

FORMATA{ Y+, T58, * X—SECTINN{BARNSI=",F14,.3)

FORMAT (Y 4+, TO 1, 'LAYBDA(1/SEC)I=",E14.8)

FORMAT (*1 END SURROUTINE CRCSS - CALCULATION 00F ipr)
END

SURROUTINE ZEROFS

CO4MCON PTR4,PTRS

DIMENSION A(11),2{11)+0(045)
INTEGER PTR5

EQUIVALENCE (ALL),Q(6)),(8L1),0021))
0O 1C I=1,42

DA 10 J=1,25
PTRS=(I-1}%25%J
REAC(S5'PTRS)Y Q

PTR5=PTR5-1

FIND {(5'PTRS)

DO 5 K=1,11

A{K)=GC.

B{KI=C.

CONTINUE

WRITE{SYPTRS) 9

CONTINUE

RETURN

END

SUBROUTINE CALC . e v
COMMON PTR4,PTRS,X9{11),CO0LTMI11),XA024) ,CUNLMX, X7 (42

X}, BURNTM - gL

INTEGER PTRA,PTRS'BQNCH'DCHK'Dmczll'ggdL:X

REAL LMDA(LS5),LMDAFL(2),¥ULLS), ASTATE 0

DIMENS ION MNCHK(451,R{15), YLD(15},/AFFILS)ANSE2,11),ST
XATE(2)

DIMENSION AFF{L1),MAXN(L15),0017) v/

DATA MSTATE,ASTATE,BSTATE/'M','A"+'8

NATOML=26

PTR4=1

PTRS=1

RO OUT MNCHK FILE
DN 20 I=1,45
MNCHKI{I)=0

63
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REAT AFILE  FOR CHAINy MAX BRIANCHES, NJIDES EACH BRANCH
L REAC({4*PTRAY MASSC 3 HAXB p MAXN
[F{MASSC.E20.969) GO TO 10CC

BEGIN PRANCH ANC NODE DO LO3PS
DY <2 KKK=1,MAXB
MR =MAXN (KKK
N ALl I=1,KK

FEAD NOBE DATA
READ({A4TPTRA4IMASS BRNCHWNODE,LMDALTY o #U{T)R{T),YLO(I),
XNAME,STATEL,
INATCY, (Q0J) sd=1,7)

CHECK FCCR 51 SB 124M
[F{”ASS.NE.124) GO TO 20
IF{NATOMONELSL) GO TO 20
IF{STATEL.NELMSTATE) GO TO 3¢
PTR5=1C50
G TN 35

CALCULATFE RELATIVE RFCORD NO.

30 NB3RRP=NATIEM-26
[F {(¥NCHK (NBER ) FQ.0) MMOHKINBRR)=MASS
MASSR=MASS-HNCHK (NBRR) +1
PTRS=25% (NRRR-1)+MASSR

35 FIND(S5*PTRS)

REGIN ACTUAL RURAMUP CALCULATIONS
150 B3AN=C.,

SIGMA SUMMATION M=1 T0O 1
DD 475 M=1,1
[1=1
SUM=0.
CHECK KK AND/GR M =1 [IF SO OIFFERENT EQUATTONS
IF(I.NE.KK) GO TO 398
1I=11-1
IF(I.NE.M) GO TO 398
BAN=10C %R (M) XYLD(M) +BAN

GO TO 475

SIGMA SuM J=1 TO I NR I-1
398 DO 450 J=M, 11
DPON=1.

PI SUM UNDER SIGMA SuM ON J
N 401 K=Myl
IF(K.EQ.J) CO TO 401
HLDDD=MU (K)-MU{J)
[F{HLECDD.EQ.O ) HLDDD=6.3



OO0

OGO

OO0

OO0

C
C

DPCD=DPOL*HLDDD
4C1 CONTINUE

END PI SUM
CHECK SATURATION FACTORS
EXPP=MU(JI*BUPNTHM
IF{EXPPLTL.1.E-C4) GD
[FLEXPP,.GTL.10.) GO TO
EXPP=1.-EXP{—EXPP)
GO TO 405
404 EXPP=1
4C5 SUM=SUM+EXPP/{ MUY
450 CONTINUE

END OF SIGMA SUM ON J
PL SuUM GF LAMBDAS
L=I-1
PlAMD=1
IF(M.GTL.L) GO TO 471
DO 470 LL=M,L
47C PIAMD=PIAMDRLMDA(LL)

FINAL SuUMS
471 IF{T1.EN.KK) GO TO 474
RAN=RAN+YLD{A)&R (MY (P
GO T 475
474 BAN=RAN+YLD ()%= ((100.
XHER (M) ))
475 CONTINUE

END OF BURNUP TIME CALCUL

CHECK AND TEMP STORE ANSW
[F(RAN.LE.O.) GO TO 90
BFEF{I1)=8AN

END  RURNUP CSECT — BEGI

ng 601 LC=1,C00LMX
[F{COOLTM(LC) JNE.C.) G
AFF{LC)=B8BAN
GO 70 806

502 SSUM=0.

SIGMA SUM M=1 70 1
N 600 M=1,1
ASUM=0.

SIGMA suM J=M TO I
DO 559 J=M, 1

PI SUM QOVER K=1 TOI AND C
oPOD=1 .

65

TD ASSUMPTIONS

T0 4CS
404

*POD)

[AMD=SUM)I*100./3URNTH

JRUBNTMYRR(M)=(P1AYDESUM) Y+ (100,

ATIONS
ERS
G

N Cconu TiME CSECT

0 TO 5C2

HECK ATTENUATION FACTOR
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DO 525 K=M, 1
IF(K.EQ.J) GO TO 525
HLOCD=LMDAIK)I-LMDALY)
IF(HLCED .EQ.0.) HLDDD=6.3
DPCL=NPOLC*HLDDD

525 CONTINUE -
EXPP=EXP{-LMDA(J)XCOOLTHMILC))

END PT SUM
550 ASUM=ASUM+EXPP/DPOD
END SIGMA SUM OVER J
PI SuUM 0OF LAMBDAS K=1 TO I-1 AND CHECK VALUE
L=1-1
PIAMD=1.
IF(¥.GT.L) GO TN 60C
D3 575 LL=M,L
575 PIAMD=PTAMDRLMDAILL)
END PT SUM
6G0 SSUM=SSUM+BFF{M)x{ASUM:PIAMD)
IF{sSUM.LT.C.) SSuM=C.
6C1 AFF{LC)=SSUM
DO &2C LC=1,CCCLMX
[F(AFF(LC).GT.C.) GO TO 621
673 CONTINUE
GO 70 900
&21 CONTINUE
TND  CCCULING TIMC  CSECT

WRITE ANSWERS TO DISK o -
FO6 REAR(S5YPTRS JNATOMy NAME ¢ MASS, STATECL) , L DAFLUL) , (ANSET,
XL)yL=1,11)
LDCEK ) NREC, STATE(2) yLMDAFLE2), (ANS{2,L),L=1,11),100J)4J
X=1,14)
PTR5=PTRS-1
FIND(5'PTRS)

K= POSITION IN RFCORD L=SURRECED

CHECKX STATE OF FLEMENT
XS WRITTEN
TF}(STATEl.EQ.MSTATE).OR.(STATEl.EQ~3$TATE)) K=2
DN 65C LC=1,C00LMX
650 AVS(K'LC)=ANS(KyLC)+AFF(LC)
STATF{K)=STATF1
LMDAFL(K)=LMDA(I)
NQITE(5'PTR5)NATDM
XyL)yL=1911)»
1ONE,NREC,STATE(2)
X1,14)
900 CONTINUE
902 CCUCNTINUE
GO 10 1

vNAME,MASS,ST&TE(I),LMDAFL(I),(ANS(L

LMDAFL(Z),(/‘\'\'S(Z’L’yl-:lrl’-’1(Q(J)7J=

1000 PTRs=1
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800

5C3
504

10

12

67

PTR4=1

WRITE(3, 8C0)

RETURN

FCRMAT (/7% NOTE:COMPLETION — CALCY)
END

SUBRCUTINE CQUTPUT

COMNON PTRG,PIRSyXG{22),CLTM{22) 4 BURIKNTM(2),LLMAX X8 (%)
Xy

IPGTITL(8),1POUT

DIMENSTON SUM(ILY,,STATE{2) LANS(2,11),5014),LLLL02),HLD
X4AS{161s11),

IN7ASS(161)

REAL LMPA{2)

INTEGER CCHK,PTIRS

DATA SEC, AMIN,HRSyDAYS YRSHALL/ IS gt M, 11,100, 'Y, AL
Xee/s,
AHLDMAS/1771%C ./ ¢ NMASS/161%0/ 3 1PLACE, IPAGE/S 1/ KV TR/ G/
LCMAX = ¥AX CUOLING TIMES

3UFNTY= ALPHA BURN TIME CONSIDERED

PGTITL= ALPHA TYPE REACTION

CLTM= ALPHA ALL COOLING TIMES

[20UT = TYPE CF GUPUT DESIRED

1-ALL ELEMENTS 2-8Y ™ASS NO. 3-3Y ATOMIC N,

ICASE = SPECIAL DPTION 1-TAKEN O-NOT TAKEN
[CASEN= NO. SPECIAL QPTION CUTPUT
PTR5=1

ANY=340C %24,
AYR=ADY% 365,

WRITE(3,20G) IPAGE

WRITE(3,201) PGTITL,BURNTM

G TN (5C1,502,503), 1P0UT )
WRITE(3,202) ((CLTMI2%K-1),0LT4(2%K)),K=1,L0
50 TN S04
WAITE(3,210)
G TN 504
HRITE(3,211)
LINE=5
IPAGF=IPAGE+1
GO TN (48,49,90,4C4y5), IPLACE
D 400 KKK=27,66

N 10 T=1,11
SUM(T)=0.
KCHK=0

NCHK=1

DO 390 KK=1,25
READ(5'PTRS) N
X)eJd=t,11),
1DCHK ,NREC,STATF(2)y
DO 90 1=1,2
IF(DCHK.NE.L1) GC TO 48
LLL(T)=0

MAX)

((CLTM(Z*K—l),CLTW(Z*K)),K=1,LCHAX)

((CLTH(Z*K—I),CLT“(?*K)),K=lyLCMAX)

ATOM,NAME MASS ¢ STATE(L) , LMOALLYy (ANS (1)

LMDA(Z,,(ANS(ZvL)yLzlyll)vQ
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D3 15 J=1,LCMAX
TF(ANS(T4J).067.0.) LLLII)=1
15 CONTINUE
TF{LLLII).EQ.C)Y GO TO 48
D) 20 J=1,LCMAX
2C SUMIII=SUAIIY+ANS(T,4J)
GO TO (3G,50,7C), 1P0UT
30 IF(LMDALT)LEQ.C.) GO TO 45
35 THALF=.6G3/LMDA(T)
[S(THALF ,GT.60.) GO TO 36
TM=SEC
GO TO 40
36 [F{THALF.53T.360C.) GO 70 37
TM=AMIN
THALF=THALF/6C.
50 TN 40
37 [F(THALF.GT.ADY) GO TO 38
TU=HRS
THALF=THALF/3600.
Gl YO 40
38 IF(THALF.GT.LAYR) GO TO 39
TH4=DAYS
THALF=THALF/ADY
GO TN 40
39 THALF=THALF/AYR
T4=YRS
40 IF{LINCTQ.5.CRNCHKLEQLT) GO T0 43
NRITE(3,203) MASS’STQTE(I),THALF,TFH('\’\'S(IVJ)9J‘:1ql_C"“‘./\
XX)
GI TO 47 ,
43 ‘,JQITE(E"ZQQ’ NATCM,NA;"-‘;E,:“{ASS,STATE{I)vrH.’\LFyTU‘,
l{f‘.NS(IaJ)szleCMAX’
GO TO 47
45 IF(LINFeEN.5.0RNCHK,EQ.1) GO TO 46
WRITE(3,205) MASS,STATE(I){ANSIT J) =151
50 T 47
46 WRITE(3,20A) NATUM
AMAX)
47 NCHK=NCHK+1
LINE=L INE+1
IPLACE=1
IF{LINE.GE.58) GO TO 500
48 JF{KK.LT.25) GO TC 4S5
KCHXK=KCHK+1
1E(KCHK JNEL2) GO TO 4S
LINE=LINE+2
WRITE{3,207)
IPLACE=2
MRITE(3,213)
IF{LINE.GE.S58) 60 TO 500
49 GO TO 90
50 NY 53 J=1,LLMAX

crax)

'NAME,MASS,STATF(I),(ANS(IyJ)yJ:[,LC

NATCN.,NA.“.Ey(SU?"»(J),le » LCMAX)
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53 HLDMAS{MASS,yJ)=HLDYMASIMASS , JV+ANS{T,, J)
NAASS{MASS)I=NMASS(MASS)+1
GO TO 90
7C NOCHK=NCHK+1
IF(XK.LT.25) GO T0O 90
WRITE(3,2C8) NATOM,MAME,ALLyNCHK, [SUM(J)4J=1,LC"AX)
IPLACE=3
LINE=LINE+2
IF(LINE.GE.58)Y GO TO. 560
90 CONTINUE
[FINATCM,NE.S51) GO TO 390
ICE(MASS.NEL124) GO TO 350
IF(YPTR.EQ.1) GO TO 260
KPTR=1
KHLD=PTRS
PTRS=1(50
G TO 12
360 PTRS=KHLD
KPTR=0
390 CONTINUE
400 COCHNTINUE
IF(IPCYUT .NEL2) GO TO 45C
IPLACE=4
NN 4CS T=T72,161 ‘
WRITEL(3,2C09) ALLy T NMASS{T ), (HLDMASTT, I 43=1,LCVAX)
LINE=UINE+2
IF{LINF.GF.583) GO 7O 5C0
404 CONTINUE
405 CONTINUE
450 WRITE{3,212)
RETURN LEv, 130
2C0 FORMAT(TLl,'1% 4764, 'TABLET,
201 FQP;AigTé;,}F;SSION PROCUCT SPECTRA FOR CA. ',
£ L [ ] . - .-
TAQ:: IR;IDIATION)'/T43,'ATGMS PER 200 ATCMS FISSTONED
XAFTER COOLIN

RAg, v (1

2G FOR'/)
202 FURMAT(T3,'ELE'.78.'MASS-,T14,'HALF~LIFF'vT24,11(' oA
Xbot '1A%]) 3,1 v, T24,1P11E1GC,3)

- - 113

203 FORMAT(T7,14,A1,T13,E9.3,AL,T1 ’

204 FORMAT(TI:IB:T51A27T79Ié?Al’T13'EQ'3'A1’T13" VL, T24,41P
X11E10.3)

205 FORMAT{TT7,14,A1,T15,

206 FORMAT(TL,13,T5¢A2,TTs14,AL

X) o e
207 FORNMAT (T4, 1 TOTALS FOR®, 131X A2, " =t 7241 1P1LELC. 3]

A3,Tlé I3yr2411911§10.3)
208 FORMAT(T11139T5,A29T89 ' ? Ter0.3)

‘ 4,T164,13,T24, .
5?3 ﬁgﬁlezlz,?giz?:§8:'MA;S',Tlé,'ISOTOPtS',TZ&,II(' 'y A%
- ‘ B
Xo' 'yA4))
211 FORMAT(T3,'ELE"
XAG4yt ¥ ,A4))

ALEYT24,1P11E1C.3) ]
'STA 115, 'STABLEY 4T24,1P11EL0.3

18 rMASSt,T13,'AT. NOQ, 1S, T24,1100 7,
g 189 70
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212 FORMATA(*1',T14,'END SUBRJUTINE DUTPUTY)
213 FORMAT(' V)
END

SUBFOUTINE SPCASE(ICASEN)
CCYMON PTR4,PTRS5,X9(22),CLTM(22)yBUSNTA{2),1.C4AX
DATA BLK /' v/4S/v/S1/
DIMENSION STATEA(2),ANS{2,11),01(14)
INTEGER PTRS5,DCHK
REAL LMDA(2)
DATA IPLACE,IPAGE/1,1/
VARIARLES AS IN CALC AND QUTPUT
VAR ARE BURNTM,LCHMAX,CLTM, ALL OF FILE 5
20 WRITE(3, 10C) IPAGE,BURNTH
WRITE(3,101) ({CLTM{2%K=1),CLT*{2%K)},K=1,LC"AX)
LINE=5
IPAGCE=IPAGE+1
GO YO (21,5C),IPLACE
21 IPLACE=?2
NN 99 I=1,CASEN
READ(1,107) NATOM,MASS
PTRS={NATOM=27)%25+1
FIND (5'"PTRS)
iL=C
IF(NATOM.NE,L51) GO TO 25
LL=LL+1 ‘
[T (MASS.NE.124) GO YO 25
LL=LL+1
25 REAC(SITPTRS) NATOU1yNAME,MASSL
MASSR=MASS-MASS]
IF{MASSR.GF.0) GO TO 27
WRITE(3,105) NATOM,NAME,MASS
GO 1O 99

27 PTRS= -1 +M4ASSR . .

;c Réig(grgiRé) NATOM, NAME,MASS, STATECL) s LMDATLY, (4TS (L,
X)szlyll),
ADCHKyNREC,STATE(2),LM

DD 81 J=142

IF(DCHKNEL1) GO TO 62

DN 35 K=1,LCMAX

[F(ANS(J,K) LNE.O.) GO TO 36
35 CONTINUE

GO YO 48

36 WRITE(3,102) NATOM

1OANS(J oK) K=1,LCMAX])
GO TO 49 o1
48 IF{LL.FQ.3) GO TO 4
IF(STATE(J) .EQ.BLK.AND.J.EQ.2) Q?E(S? +9
WRITE(3,103) NATOM,NAME,HASSsST!
49 LINE=LINE+1
IF(LINE.GE.58) GO 70 2C
50 IF{LL.EQ.3) GO TO 51

DA(Z’y(ANS(ZyK)erlvll,

,NAME,MASS,STATE(J)yLMDA(J)vgv
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IFILL.EQ.2) GG TO 60
51 C3NTINUE
99 CUONTINUE
WRITE(3, 104)
RE-TURN
60 PTRS=1050C
LL=2
GO TO 30
62 WRITE(3,106) NATOM,NAME,“ASS
50 TO 99
100 FORMATH(T 1 ,%1',T64,"'"TARLE',I3/T54,YISNTGRES $F SPECTAL
XINTERFST Y/
CTH4G,"{IRRIDIATIDON TIME=Y,A4,Y ", A4y,t)1])
1C1 FORMAT (T 3, v ELE Y, TR, "MASSY ,T14, 'NCY CUNST?,T24,11(" *,A
Xhget Vo AL))
102 FORMATU(T 1,13, T53A23T 7,314,481, T13,1PED.2,A2,T24,1151(43)
103 CORMAV(T L I3,T59A2,T7,14,A1,T48,"THIS STATE HAS CAONCEN
XTYRATLICNS OF
XZERC FOR ALL COCLING TIMES?Y)
104 FORMATITL1,?1%,T14,'END SURROUTINE SPeCIAL ISOTOPE GYTH
XUyTt")
105 FORMAT{T 1913, 75422, TT7414yTb4,'THIS ELEMENT NOT RO 1
XN ANY CECAY
YSCHEYE — ELEMENT CUuTPUT IGNORED')
106 FORMAT(T1,13,T54A2,T7,14,T44,'THIS
XCONCENTRATIO
JNS CF ZEROD FOFR ALL CCOLING TIMES')
107 FORMATI(T12,12,T24,13)
END

ENTIRE CLE“ONT HAS

/*
SUBRGUTINE HEAT - -
CCHMMON erQ,pTR5,x9(22),CLTF(22),%URNT%(Z),X%(la),lﬁﬁa

XT,1CN0OLM,
1IC{11),4NBCDS
INTEGER DCHX y PTR4,PTRS
DIMENSION A{11),B3ANS(11)
DATA BANS/ll*O./,HCONV/l./
WRITE(3,101) BURNTM
[F{IMFAT.EQ.1) GO TO 2G0
[PLACE=1
WRITE(2,102) NPT B
S;}§E§3:104) ((CLTM(Z*IC(K)—I),CLTw(ZvIC(h))),Kul,lcn
XOLM)
NGO 30 I1=1,NBCDS
5 READ(1,100) NATH,MAS

PTRS=(NATM ~27)%25+1
REAC(S5*PTRS) NATUM, NAMEyMASS
MASSR=MAS —MASS

[FI{MASSR.GE.O) GO T0 8.— .
WRITE(3,107) NATOM, NAME s MA

GO T0O 30
8 PTRS5=PTRS5-1+MASSR
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CALL HEAT2(AZBANS,PTRS yIC, ICOOL Y, nCoMY , vAT M, YAS
XS)

20 WRITE{2,106) NATGM,NAME,MASS,(AIK),K=1,IC0rLY)

30 CONTINUE

GO TN 50¢C

200 IPLACE=2Z2 -
WRITE(3,103)
WRITE(3,104) (ICLTMALZ2HTCIKI=1) ,CLTV{25TIC(X)) ) 4&=1,1C

XCotM)

0N 205 1=1,10650

PTRS5=1

CALL HEATZ2{A,BANS,PTRS 4 IC, [COCL M, WCTNY ,WATON, 4AS
XSy

204 CONTINUE
205 CONTINUE
500 WRITE(3,105) (BANS{K),K=1,1CCOLM)
PTRS5=1
PTR4=1
WRITE(3,108)
RETURN
100 FORMAT{(T12,12,T20,13)
101 FORMAT(I 10, T4, BETA HEATING OPTION EFFECTED (1 ,A4,0 ¢

Xy Ak, -
1' IRRIDIATIGON)'/TSL, 'OUTPUT 1S PER 207 ATGHS FISSIOWED
X')

102 FORMAT(/T41,"SELECTED ELEMENTS LISTED FOR HETA DECAY |
XN MEV '

L//T3,VELE", TR, "MASSY)
103 FORMAT(/T4T7,'TOTAL HEATING FOR SETA DECAY I[N ¥LV
X1/ 7/
104 FORMAT('+1,T13,7C00L TIMES=1,T24,110" ', A4,"' ', A4))
105 FORMATU{T4,'TOTAL PETA HFATING=',T24,1P11F10.3)
106 FORMAT(T1,13,T59A2,T7,14,724,1P11€10.3)
LCT7T FORMATITL,I13,T59A2,T7414,T27,"ELEMENT NOT FOUND T% ANY
X DECAY SCHEM
1E-ELEMENT DELETED')
108 FORMAT(?1')
END
/¥
SUBRCUTINE HEAT2(A,RANS,PTR5,1C, ICOCL™, WCONV ,NATCH, 4AS
XS)
DIMENSION A{11),BANS{11),IC(11)
INTEGER PTRS,DCHK
REAL LMDA(2) |
OIMENSION Q{14),CT(2,11),NDCY(2)4RD(2),5B1(2),5%2(2)
EQUIVALENCE  {QU1),NDCYU1) ), {QC23),RD(LII,(2(5),RL{1)),
X(019),B2(1))
300 READ(S5'PTRS) NATOM, MAMEMASS ySToLMDACL) g (CTUL,L) sL=141
X1) 9 DCHK, NRR
1ST,yLMDA(2) 4 (CT{2,L),L=1,11),0
D 306 LC=1, ICOOLM
306 A(LC)=0.
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33¢C
331
333
334
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IF{DCHKWNESL1) GU TO 334

[FINDCY (1) .EQ.0) GO TO 321

D2 3220 LC=1,ICconLM

HLD=CT (1, ICILC)I-CTUL, [CLLCII*EXD(=L>IA(1))
A(LCI=HLDHRO(1) =R1I{1)=uCONMVEAILL)
TF(NDCY{1).EQLL) GO TO 32C
ALC)=ACLC) +HLDHF {1 =20 1)) =P 1 { 2) =al 0Ny
CUNTINUE

[FINDCY(2).FO.C) GO TO 331
D3 330 LC=1, ICOCLM
HLE=CT{2, IC{LCH)-CT(2,1C(LC)
ALLCI=ALLC) #HLDERD{2)*R2(1 ) %%
IFINDCY(2).EQ.1) GO TO 3230
ALCI=ALLC)Y +HLD= (] .=ROT2) )R 2( 2)=nCONY
CONT INUE

DN 333 LC=1, ICCOLM
BANS(LC)I=8ANSILC)+A(LC)

RETURN

END

)FEXP{=L"DA{2))
C ANV

SUBROCUTINE SHIELD
COMMOUON PTR4yPTRSyXO([22),CLTM(22) 7 UTNTY (7)Y X 727, ] SHL

XD,

LESOIL), ISHAX, IGPMaX

INTEGER DCHK,,PTR4,PTRS

REAL LMCA(2) '

DIMENSION NDOY(2),RD02),G02,2),CT(2,11}),5PAX("0),
1GPHMIN{R0), IGP{ECY,ANS(R0,11)437R10(2) 472 (2)

DATA ANS/380%C o/

D3 10 I=1,1GPMAX

REAR(1,103) [GP{T),GPMAX(T),GPMINTT)

Do 2060 I=111050

PTES=1

READ(S*PTRS) NATOMZMNAME,MASS,yST,LMDA(L)Y,(CT(T,),L=1,1
X1)yDCHK,,NRR,
AST yLMDA(2), {CT{2,L),L=1,11),8DCY,R2,720,(5(1,L),L=1,2)
Xy IRy

B(G(ZvL’rL=112)'QQ7OQQ

IF{DCHK.NE.1) GO TO 2CC

DN 90 K=172

IFINBCY(K)L.EQ.G) GO TO 90

NU 20 J=1,IGPMAX

[FIG{Ky 1) eGEJGPMIN{JI)IJAND.GIK,y L) LELGPYAXTI)) 50 1C 18

0 TO 20

18 N3 19 LC=1, ISMAX ‘
19 ANS(IGP (J),LCI=ANSUIGP (I ) LCI+#RDIKIH(CTIK,ISILCY)-CTHK

Xy IS(LC) ) *
1EXP{-LMDA(K)))
G0 T 21

20 CCONTINUE

21

IE(NCCY(K),.EQ.1) GO TO SO
D0 4G J=1, [GPMAX
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TE{GIKY2) e GELGPYINIJIANDLGIK, 2) JLE.GPHYAX{J)) 0O TO 383
5 10O 40
38 D) 39 LC=1, ISMAX
39 AWS(IGP(J)yLC):ANS(IGP(J)yLC)+(1.—PD(K))*(CT(K;IS(LC))
X -
ICT UK TS{LCY )®=EXP{~-LVDA(K)))
4Q CONTINUE
9C CCANTINUE
200 CONTINUE
WRITO(2y101) FURNTHM
WRTTEC(3,102) (LOCLTME2%TIS{I)-1),CLTHMLISCI)=2) )y I=1,1I5MA
XX
6 226G J=1, IGPMAX
D23 212 I=1, IGPMAX
IFLJ.NELIGP(TY) GO TO 218
WRITE(3,103) 1, GPMINUI), GPMAX({I)},(ANS{I,IS{LCY)Y,LC=1
Xy ISMAXY)
63 T0O 220
218 CUNTINUE
220 CINTINUE
RETURN
1CC FORPMATI T 11, 12,T204F5.2,T48,FE,2)
101 FORMAT(T 10,740, ' GANYA ENERGY GROUP OPTION EFFECTED(',A
Mgt U Aby
17 IPRISIATICN)IY/TA41,2UTPYT IS ATONMS PER 200 ATLMS IFIS
XSTURNED IN EN
ZERCY GROUPY)
LU2 EOSMAT{/ T8, 'LOWERY ,T17,YUPPERY /TR, YENERGY ', TL 7, YENERGY
XV/T2,'GP .Yy
AT3,v00UNDY, TIT7,"RCUNDY 3 T26,'COLING TIMES = /72, 'NO,
Xt, TRy {MEVv)?
BeT174 {MEVIY,T24, 110" ",A4," ',A4))
103 FORMATIT 1,13, T63F7.33T153F7435T724,1P11E10.3)
104 FORMAT(*1',T12,'EMD SURROGUTINE SHIELDY)
END



THIS IS PROGRAM ENDZAP
NDEFINE FILE 4(24CC,17,U,14)
DEFINE FILE 5(15CCy45,U,15)
DIMENSTON NNN(IS), TIT(23)sBGL4)},N5(6),2045) 4 XS142,109,2
X),YLD{18C(C) 2
T4=1 :
2C REAT(4Y[4) MSS,MAXR,NMNN
WRITE(B ) MSS,MAXB,NNN
IFIYSS.EQ.G99) GO TO 24
4=Q
D2 21 I=1,MAXR
21 M=i+NNN(T)
nn 2? I=11M
REAC(4'14) IT1,3G4MN14N24N3,N4,N5
WRITE(SB ) II1,BGyN14N2,N3,N4,N5
22 CONTINUE
GI 1O 20
24 END FILE 8
[5=1
Do 25 [=1,105C
REAC(5'IS) Q
WRITE(S8 ) Q
25 CIONTINUE
END FILE 8
DD 44 L=1,2
NI 44 [=14,42
READ(12) (XSt
WRAITEL(S Y (XS({I
44 CONTINUF
END FILE 8
D7 51 KK=7,10

rJeL)ed=1,1093)
1 Jel)ed=1,109)

W

’
A

KKK=KK+7T
READ(KKK) YLD
WRITE(S ) YLD
END FILE 8

51 CONTINUE
DD 55 I=1,2
REAC(18) YLD
WRITE(S8 ) YLO
55 CONTINUE
READ(1IR)Y YLD
WRITE(8) YLD
END FILE 8
WRITE(3,150)
CALL EXIT
103 FORMAT(1714)
104 FORMAT(3[4,4E10.4v2A47214p6[2)
197 FORMAT(141A41I41A4112510-412141A4v
109 FORMAT(40(5E12.41))
112 FAORMAT{60(3014))
150 FORMAT(*1',T1C,'END OF END7APY)

END

12E1C 44214,12E1C.4)
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THIS IS CHKZAP

DIMENSTION PGTITLI(R),CLTM{22),CR0LTHILLY,2URNTI(1L1) 4T
X{22),iC(11),
11S{11)
REAL C(80)
WRITE(3,103)

30 REAG(9,1C0,FND=6S) C
WRITEL3,101) C
G0 TO 30

99 READ(LL) IER,IYLC,IPROG,I02L 14U, P5TITL,CLTH,C00LTY,LC
XMAX, BURNTM,
23TN,LAMAX, IPOUT, ICASE, ICASEN, IHEAT,ICO0DLY, 1C,NACOS, 15
XLD, IS,
3ISMAX, [GPMAX
WRITE(3,104)
WAITE(3,102) TER,IYLD,IPROG,IG3LIMU,PSTITL,CLTY,COCLT
XMy LCMAX,
GRURNT My BTN, LAMAX,, [POUT 3 ICASE,ICASEN, [HEAT,ICO0LY,1C,NA
XCDS, ISHLD,
SIS, [SMAX, IGPMAX
CALL EXIT

10C FORMAT(80CAL)
101 FORMAT{' ',80A1)
102 FORMAT(5(2X, 1439 BAG/2Xy LIL2A4,2X) /2%y 11 {F1Ca4,1X)/72X,1

X4/ 11{F10.4,1
BXY/2X 111244, 2X)1/719(2X,14)/12(2X,14))

103 FORMAT(®10UTPUT FROM 9 (3CAL)Y)
104 FORMATLYLICUTPUT FROM 11%)

END

THIS IS F4BUG
DIMENSION N{1T7)
INTEGER PTR4
DEFINE FILE 4(240C,17,U,PTR4)
PTR4=15
FIRST WORD IN RECURD 15 SHOULD BE 77 - 1S CHANGED HERE 10
X 999
READ(4'PTR4) N
NULY=T77
PTR4=15
WRITE(4'PTR4) N
catt EXIT
END

THIS IS PFILES
DIMENSION Q(45)
INTEGER PTRS
DEFINE FILE 5{15C0y45,UsPTRS)
DO 50 [=5,8
0O 10 J=1s5
PTRS={1-1)%25+J
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REACIS'PTRS) Q
WRITE{3,101) (Q(L),L=1,431)
WRITE(3,100) {QUL)Y,L=1,3),(Q(L),L=232,43)
10 CONTINUE
50 CONTINUE
CALL FXIT
10C FDORMAT(I3,A2,14,212,1CF10.3)
101 FORMATI(IBZ,A2,14,A1,12E10.4/212,A1,12E17.4)
END :
J %
C THIS IS DCYPRP
DIMENSION Z(OC0) 3 GAMIST)yDEL(OC)  L{6),X{4),004),0{4)
DIMENSINON OUT(31)
[NTEGFR PTRS5
DATA RLK/? Y/ L /1274128,1464152/743K751,53,51,63/
DEFINE FILE 5(15004+45,UyPTRS)
DN 10 I=72,161
B=1
CAMII~=T1)=(1.,4B%%{,6667)/128,)%7A,%2,/3
ZUI=71)=T77./GAM{I=-T71)
150 DELLI-71)={33.5/(R¥*%x,75))%2,
N3 5 T=1,4
B=L{1) ~
N=AAMILLI)=TId%(B=7{L(I}=-71)-,.5)
D=ABSH{Q+CEL(LII)-71))
3=2(L{I)-71)
IF(ABSIB=K{I)}YLELL) GO TO 2
[F{A3S{A-K{I)).LE.2) GO TO 3
ClL1)=0
D{I)=0
GO YO 5
2 C{I)=.85%Q
PD{I)=.15%Q
0 TO 5
CLI)=.45%Q
D{I)=.55%Q
CONTINUE
M=T72
12 READ(1,100,END=999) M1yTI,NoNPL,NRZ,R14R2
IF(M1.NEL.O) M=M1
KKK=0
IFIM.NE.99) GC TO 14
M=61
KKK=1
14 B=M
PTRS=(M—-2T7)%25+1
READ(S'PTRS) NATOM,NAME,MASS
MASSR=N-MASS
PTRS=PTRS—-1+MASSR
FIND (5'PTRS)
N=GAMIN=T1) % (Z(N=-71)-8-.5)
15 IF{MOD{2,N).EQ.1) GO TO 20

(O]

(%2}



[E(MADI2,M) JEQ.1) Q=Q+2.%DELIN=-T1)

Q=Q-9FL (N=T71)

Q=ABS(Q)

B=M

[FTARS{B-ZIN-T1)).LELL) GO TO 25

IFLARS (8=ZIN-T1)).LEL2) GO TC 27

R=0.5

6D TO 3G

Q=.85%Q

R=,15%Q

GO TN 3Q

Q=.45%Q

R=,55%Q

311=0.

REAC(S'PTRS) 0OUT

PTR5=PTRS5-1

FINDUS'PTRS)

312=0.

321=0.

R22=C.

G11=0.

G12=0.

521=0C.

G22=0.

IF(M.EQ.S51.ANDNGEQ.122) GO TO 35

IF(M.FQ.53.ANDNLEQ.128) 6O T0 36

IF(M.FQ.61. ANDLNLEQL146) GO TO 37

IF{M.EQ.63.,AND.N.EQL152) GO TG 33
50 TO 41

> 311=Q

B12=C(1)

G1l1=R

Glz=0(1)

GO T0O 66

A11=0

312=C(2)

G1l1=R

G12=D(2)

50 T0O 66

Bl11=Q

B12=C(3)

Gl1=R

512=D(3)

GO TO 66

RL1=Q

Bl12=C(4)

G11=R

G12=0(4)

321=Q

B22=C(4)

G21=R

G22=014)



/=%

C
C

C

41

57

58

65

b6

999
100
101

T

_CNS{99,43) yNSTL10C+41)
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GO TO 66

IF(NRI.EQ.C)Y) GO TO 55

B11=0

511=R

[F{NRI.EQ.1) GO TN 55
312=ARS(0Q~-.31)

Gl12=R

[F{NR2.EQ.C) GO TO 65
IF(TI.EQ.BLK)Y GO TO 58
B21=A35{0-.25)

521=R

IF(NR2,EC.1)Y GO TO 65
R22=ARS{(~,25)

G22=R

53 T3 65

G21=.5%Q

[F{Q.GE. 1) G21=1./0

GO 10 57

[F{KKK,EQ.,1) M=G9

WRITE(3,4101) MyN,NR1,NR2yR1,4R2,811,%12,511,G172,821,322
Xy G21,G22
WRITE(STPTIRSICUTARLZJNR2,4,R1,FR2,3114812,6G11,612,8821,022
Xy G21,522

GO TO 12

CALL EXIT
CORMAT(IZ,A1,13,212,2F5,.2)
FORMAT(2X s 1 241Xy 13,212:,1CE1C.3)
END

IS 1S DATAL
THIS POUTINE INITIALIZES AND READYS FILES 4 AND 5 + Z

XHI»7ZLOW, 2S

DIMENSTION NS{166472) NODFE{2CC),RE2C0O)+STATE(22G) yNATCH
X(200),
lNAMF(72’,MASLDW(TZ)yZFRQ(12),IZERO(2)yZS(IRO)'VAXN(IS)
Xy 2(16),
2MNN{LT)y NAMEE(2CO ), MASSAL2CO)

REAL MU, LMDA(200)

INTEGER BRNCHI{?2C0)YZHI{130),7L0w(13C),PTR4,PTRS

DATA [ZERQ/2%C/,IFRO/12%0./ ¢ MASLOW/T2%2/ 43LK/T Y/ 4NS/1

X1952%1/ )
DATA NS(75,32) yNS(T77,32) NS({T77,34) yNS(78,32)

X )
ANS(79,34) s NS 183, 34) s NSUE3,3€) #NS{84,35) +NS

X{(85,436) '
BNS({83,37) +NS(91,39) 1 NS193,41}) yNS(95,41) » NS

X{3Te41)
: ’ +NS(102,43) #NS(1C3,45)

X
DLS(IOé,éS) +NS{1C5,45) yNS(1CE,45) sNS(109,45)

Xy



ENS(1C3,446)
X 'y
FNS({111,46)
X
GNS(115,48)
X 4
HNS (1184 49)
X 9
INS{121,49)
X 9
JNS{(125,52)
X
KNS {128,451)

yNS(109,47)
JNS(113,47)
fNS{115,40%)
yNS{119,48)
+NS({123449)
yNS{126,451)

+NS{129,5C)

+NS(11C,4T)
+NS(113,48)
s NSL117,448)
P NS{116G,4%)
$NS{123,5(0)
P NS(127,5C)

P NS{129,52)

80

s NSI111,47)
sNSULLS,4T7)
P NSO1LT744G)
s NS{120,4¢)
yNS(12%,50)
s NSUL27,52)

PNSLULZ29,54)

@]

X
LNS(120,51) #NS(131,+52) s NS(131,54) yNSL132,52)
X
MNS(132,54) s NS{134,55) yNS(135,54) WNS(137,96)
X s

NNS(148,62) JNS{151,€3)/6C%2/ JNS(152,63)/3/
DATA YLD, MU/2%0 .7 ¢ MEND, ISy MS/G39,51,124/7 MCHK/ T2/
DATA Q/716%0./

CATA FOR NSTATE RECORD B NOW2

OATA  NSU78,33),NS(10T,47)/2%2/4PTR4,PTRS/2%1/
DATA NAME/T2%Y '/

FOR ZHI,ZLOW,ZISTABLE RECORD TYPE C
DATA 75/69*0.’31.?,31.g94y31.95%732.357137.736y33.120
Xy 33.504%,
A33.9Q5734.272134.656,35.O4Qy35.424,35-9C9y35.lQ?,3F.57
X{>93«‘5.960, '
837.344y38.164138.555y38-945,39.336,4C¢lB?,QO.SR?,#C.Qd
X2y41.379, »
541.776'42.173,42.57Cy42-967743.364,%3.751'44.159,44.65
XS'QQ.QSZ'
045.34q145.746146.143y46.54@;46.937'47.334,47.731,48.12

X8y 48,525, X _ ]
E#ﬂ.922,40.319,49.716,49.557.49.93L,SC.EC4,%Q.677,51.05

X1950.750, ) - )
F51.100151.450151.9CC,52.15C,52.500,52.850,b3.2LL,53.55

X0, 53.900, o .
654.250,54.600,54.950,55.3CO,55.65C,56.Cuu,)7.07,,57.42

X9457.782, '
H58.136959.228y59.585,55.94216C.299,60.656,01.013,61.37
XO0s61.727, ]
162.081,62.441,62.798763.l55,63.512,
XTy64.640,
J65.001165.080,65.450,65.82C1
X0,15%0./

DATA ZHI/71*O'3*32933:3*34v35:36v
X460 ,61,5%42,
A4*44,45,3*46,47,46,47,4612*48
x113*521 53’

DATA

63086Qy630913’64.27
66.8320,66656C166.930,67430
35,3%36,37,3%38,36,3%

14(;1/08'5374874*60 'clySZ's



C
C

OO0,

OO

81

& 9 - .- . . - ) .
3,)*541‘5514*55'5R15795?‘,,5()'.)9,);,:4)J,:);;.,_)2’()4 A T A S AP NN

Xy2%66,19%0/
DATA ZLOW/T1%C,4%27,3%20,3500, 0530, 031,317,
Xy 3%35,2%36,

(:37, 3‘«‘!38' 4*39,3*41:, 7:::/*1’ XL D, XEL D

XE48, 2549,
D5393*51v2*
X3%0/

WRITE IHT,
WRITE(18)
WRITE(18)
WRITE(LS)

5292%53433%54,42%55,2555,3%

Lo
7L0OW
7HI
7S

2 & ZSTARLE

DEF INE
DEF INE
PTR5=1
PTR4=1
1 REAC(1,6C0)ASSC,MAXB
[IF{MASSC.ER.MEND)Y GO TO 80
[IF(¥ASSC.NELMCHEK) CU TO 400
NN s [=1,15
5 YAXN{TI)=0
W=
2eAD

FILE S5{185CCy45,U,PTRS)

CHAIN CARDS N IVES  TATAL i heS THIS
REAC  PRAMNCE CARDS

5N 5C I=1,MAXB

REAC({ 1,460 LYMASSR, PAXSC , AAXN(CT)

FLLMAXBC JNE W IYORGEMASSR L IE LIASST Y)Y 5 T 40
5

DATA IN CORE

READ NODE CARES ANE STORE i
no 5C J=1,K
M=Mt1

READ(I1,6C2) MASSN,, BANCHE ) MR (Y LYDAT), P (),
INAMEE (M) p AASSAIM) g STATE(H) AT 1)
[E{{ “ASSN «NFoMASSR)NR(RENCHEM) NE LT 0
XE.J)IGO TO 2
NNATCM=NATOM (M)
HOLD DATA FOR RECORD TYPE A
NAME ( NNATCM)I=NAMEE (M)
IF(MASLOWINNATOM).EQ.C)
SO0 CONTINUE

MASLCwW [ NNATDY ) =ASSN

WRITE CUT RECORDS IN USEARLE FARM TO MASTER U4IT
WRITE(4TYPTRA) MASSCyMAXR, HAXN
WRITF(3,700) MASSC,“AXD,MAXN
MA=FASSA(L])
N=NATOM(T)

WRITE(3,701) NASSA{I),BRNCH(I)yNUDF(I)pLVDA(I)v”J,Q(I)

Xy YLD,

TRATN

ERETEES I



INAMEECT ) o STATE(T Y, N,NS(HA PN LT =1 ,5)
WRITE{G'PTR4) MASSALT) o BRNCHTTI ) oNODE(L) yLVOALT ), 11 ,R (1]
X} a¥YLD,

INAMEECT )y STATELT )y N, NSIMA SN (DL =1 ,5)

60 CONTINUE
MOCHK=MCHK+1
Gl 7O 1 .
80 WRITE{4'PTR4) MEND,Q
C :
C WRITE QUT FORMAT FOR A TYPF RECORDS
C
DO 18C 1=27:66
M=MASLOWI(IT) -1
WRITE(3,700) MASLCW(T)
DO 10L J=1,25
M=M+ ]
WRITE(SEPTRE) [ZNAME(T) ™M, BLK, ZERO, T ZERL,BLK, 75U, 17
XERO,y
I(Qil.)y!.:ly 12)
100 CONTINUE
DO 105 I=1,49
WRITE(SIPTIRS)IIZFROLL) yBLKS TZCRPOL L), 8L, 2000, 1705 0,710%,
XIERO, 1ZERO
Ly (RIL),L=1,12)
105 CONTINUE
GRITE(STPTRS) IS,NAZELIS) Sy RLKy/Z7ERMND, [/7ER,7LK, 200,
X [ ZERQ,
1{atL),L=1,12)
993 CALL EXIT
400 WRITF(3,603)4CHK
GN TO 999
401 WRITE(3,604)IMASSC, 1
GO 7O 999
2 WRITE(3,¢605)IMASSC, 1,4
GO TN 999
600 FORMAT(I3,T10,12)
6C1 FORMAT(I3,710,12,T721,12)
6G2 FQRMAT(I3,T10,IZ,TZ],IZ,TQS,EIZ.Q,TBPqFF.byT71'ﬁR,lx,I
X3,A1,13)
6503 FORMAT(6X, ! ERROR HALT - INPUT CHATINY y14)
6G4 FORMAT(6X,'ERPOR HALT - INPUT CHAINY 3 T4, "3RNCHTY,12)
605 FORMAT(6X, 'ERROR HALT-INPUT CHAINY s 14, PBRICHY, 12, " NIDE
X',12)
700 FORMAT(17(2X,14))
7C1 FGQMAT(3(2X,iﬁ),4(3X,E12.4),2(2XyA4),
END

202¥,14),6F4.0)

/*
C THIS IS DATALX
PDIMENSION YLD{(180)
NATA YLD/18C¥0./
00 6C K=14,17
REAC(1,99) {(YLD(I),1I=1,3)
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READ(1,100) (YLDUI),.1=7Cy160)
DO 15 I=730,160
15 YLO(I)=YLO(I)*1.E-02

WRITEIK) YLD

60 CONTINUE
RETURN

160 FORMAT(5E14.8)

99 FORMAT([3F9,2)
END

C THIS 1S PXSEC
DIMENSION X{(4241C9,2)
D3 10 L=1,2
N 1C I=1,42
1C READ(L2) {(X{I,J,L)4J=1,109)
NN 20 I=8,14
N 2¢ J=1,10
JJd=J+71
1I=1+26
20 WRITE(3,100) T1,3J,0X{I »3 yL)1,L=1,42)
CALL EXIT
FORMAT(2(14,2X)42{F16.%4,3X))
END

)
[
[ew]

C THIS IS PRT4
DIMENSION MAXN(15),0€17)
[NTEGER PTR4
DEFINE FILE 4{240C,174U,PTRS)
PTR4=1
Dy sC 1=1,89
READ(4'PTRSG) MyN,yMAXN
WRITE(3,7CC) MyN,MAXN
MX=0
DO 5 J=1,N
5 MX=MX+MAXN({J)

N 20 J=1,MX
READ(4'PTR4) Q
WRITE{3,701) ©

20 CONTINUE

50 CONTINUE
CALL EXIT

700 FORMAT(1T7{2X,14))

7C1 FORMAT(3{2X, 14)44{3%X,E12.4),
END

Z(ZX,A4),2(ZX'IG).6F4.C)

/*
C THIS IS PYLD
DIMENSION Y(180)
DO 60 KK=14417
READ({KK) Y
WRITE(3,100) (Y(I),I=1y3)'(Y(J)9J=72v79)
60 CONTINUE
CALL EXIT



100

/%

FORMAT(11E11.4)
END

C THIS 1S CRSPRP

50

55

100

/*

DIMENSTON X(424109,2)
INTEGER B

DATA X/S156%C ./ e XU1S,33,1)/4C4/ 3/ R0/ 48/ a0/

DATA X(42,1C39,1)/15./
READ{141CCH,END=50) T.adK,Y
L=1 ’
IF({J.EQ.3).0FR{J.EQ.HMY) L=2
X{K=26,1-71,L)=Y

GO 10 1

N 55 L=1,42

DO 55 I=1442

WRITEL12) (X(T1,J4,L),J=1,1C09)
CALL EXIT

EORMAT (T4, 133TT9yA1,T11,12,T174F9.4)
END

KNOWN ERRORS IN PROGRAM

irri i i jati in broutines
1. Change irridation to irradiation 1n sud

OUTPUT, SPCASE, HEAT, SHIELD and ZAP.

84
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APPENDIX 3
Description of Input

Input to ZAP is done on alphanuméric coded cards. At
least one card must be chosen per group. Comments may be
placed on any input card when it does not overlay an option
field. The " ,END" where specified may be extended into com-
ments (i.e., Group 7 last cardmay be ...TIME 09,END COOLING
TIMES). Comment cards may be placed anywhere in data deck.
They are denoted by a dollar sign in column one and any le-
gal character including blank other than a dollar sign in
column two.

It will be noted that cards should be written exactly
as shown because of spacing. ZAP checks key characters
in input and not the entire card. Therefore misspelling
will not necessarily cause errors. Key position will be

explained below. CAUTION: begin all cards in column 1

as this position is always checked. "END" or ",END" must

be properly placed to denote end of sections.
Lower case '"b'' denotes blank. Lower case "x" denotes

data. "x'" fields without decimal point are fixed point

numbers and must be right justified. "x" fields with a

decimal point are floating point fields and a decimal point

may be anywhere within a field. "A" fields are alphanumer-

ic character fields and letters must be right justified.

s .oy te neces -
"yt Jenotes column 1; '"]'" denotes options; )" denote ces

sary cards under an option (See INPUT CARDS).
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1st card - has dollar signs in columns 1 and 2. User

comments in columns 3-80.

Group 1 - Key checks are columns 12 and 33

If 1] is chosen the program calculates partial

1f 2]

yields from the distribution shown 1n equa-
tion (9) of theory and chooses a mass yield
curve as specified in column 53. Yield
curves 1 and 3 denote fissioning of U-235
by 1 MeV and thermal neutrons respective-
ly. Yield curves 2 and 4 denote fission-
ing of PU-239 by 2 MeV and thermal necutrons
respectively.

is chosen, the program distribution is
taken, but mass yields are read from cards.
2a) is a title card. It must be present
and all 80 columns are a comment. 2b) de-
notes type of fission reaction constants
used. If constants are desired from a
yield library, (reference yields of pre-
ceeding paragraph) choose desired curve
data and place number in column 44 of card
2bl). If all data is to be recad, use cards
under 2b2). Key checks in 2bl) and 2Zb2)
are columns 5-8. Key checks in 2b3) are

columns 14, 16, 22, and 49. 2c¢) are input
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yields per mass number. Card format is
5(E14.8,2X). There must be exactly 18
cards with an "END" in columns 78-80 of
the last card.

If 3] is chosen, the program expects partial
yields (i.e., yields per mass number and
atomic numbers) as input. Card 3a) is a
title card and is identical to 2a). There
may be as many 3b cards as necessary to
complete input. The ",END" must be pres-
ent to denote end of scction. Key posi-
tions in card type 3b) are columns 8, 20
and 30.

Group 2 - Key checks are columns 14, 15, 21, and 39.
The card$ themselves are self explanatory.
Progenitor yields are the different between the sum
of the calculated partial yields in a chain and the
actual input yield. These progenitors correspond to
elements which decay instantaneously to the first

member of the input chain and are thus treated.

The so-called 'oblong table" is a table of cal-
culated partial yields.

Group 3 - Key check is column 4

If 1] is chosen, the program skips calculation

of mu and leaves mu's unchanged.



If 2]
If 3]

Group 4 -

Group S5 -

1s chosen, the program uses lambda for mu.
is chosen, the program calculates mu as
shown from input information. Choose

either Westcott averaged effective cross

sections (card 3al) or input cross sections

(card 3a2). 3b gives neutron flux and op-
tions may be chosen. If any character
other than a zero or blank is in columns
64, 66, or 68, the corresponding option
of printing mu, cross scctions, and/or

lambdas 1s effected. The entire text be-

~ginning with '",OPTIONS'" need not be pres-

ent. 3c) is a double purpose card used
with both 3al and 3a2. See listing under
"input cards' for details.

No positions checked

This card is a user inserted page title
heading. Only 32 columns are used how-
ever all columns may be filled.

Key column checked is 9

These cards (from 1 through 11) are the
cooling times (i.e., time after reactor
shutdown). Columns 1-4 contain the time.

Columns 5-8 contain the units of time.

88



Group 6 -

Group 7.-

89

Units are to bg.chqsgn from "SEC", "MIN",
fDAYS”; or "YRS", (right justified).

The cooling times must be sequentially
numbered beginning with 01. These sequence
numbers to be placed in appropraite columns.
Again, " END" denotes end of section.

Key columns checked are none

Identical to Group 5 except that these
cards indicate irradation time (i.e., time
for which reactor is at power)

Key cqlumns checked are 7, 11, and 15

This group indicates type of output de-
sired. If no output is desired, choose
card d]. If only selected isotopes are
desired, chqose card ¢] with as many b2
cards as necessary to obtain desired out-
put. Card al determines how output is
collected. "ALL ELEMENTS" outputs each
isotope with non zero concentration by
atomic number and sums concentrations for
that atomic number. '"MASS NUMBER ONLY"
outputs sums of all concentrations by

mass numbers. ''ATOMIC NUMBER ONLY'" out-
puts sums of all concentrations by atomic

numbers. If selected isotopes are also



S0

desired, use card bl with as many b2 cards
as necessary in addition to card al to ob-
tain desired output.

Group 8 - Key columns checked are 11, 19, 38, 39, 41
44, 47, 50, 53, 56, 59, 62, 68 and 71

If 1] is chosen, no beta heating is calculated.

If 2] is chosen, beta heating energy from all
elements for indicated cooling times is
calculated and printed out.

If 3] is chosen, beta heating energy from iso-
topes listed on cards 3b) and for cooling
times'indicated is calculated ana printed
out. There may be as many 3b) type cards
as necessary to obtain desired output.

Group 9 - Key columns checked are 10, 25, 35, 36, 38,
44, 47, 48, 50, 53, 56, 59, 62, 65,

2

41,
and 68.

If 1] is chosen, no gamma grouping is done.

If 2] is chosen, gamma grouping for all cool-
ing times indicated is done. Card type
2b) gives group number, upper and lower
energy limits in MeV. Group numbers must

be sequential beginning with 01, but need

not be listed in sequential order.
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APPENDIX 4

Example of Program Procedure

The calculation of T and Ym from basic nuclear data

is demonstrated for the mass number 133 in a fission of U-

235,
1. Reference 22 yields the decay chain;
(.018) 555 Stable
In . Sn ce
2. The multibranch decay scheme may then be broken
into the six equivalent straight line decay branches
015 L0155 oy .015 m .020
1 In ‘—=& Sn =% Sb>~—= Te -
T 2 3 4
015
I .013 Xem .626 Xe .611 Cs !
s 6 7 8
611 611 o 611 oo .849
e n —— fadiind
2) In ) T, Ty T,
' .611
I ;Qll Xe LQLl Cs



3) In ;9%& Sn 022 sh 292 pem .005 . .008
1 2 s - Ty e
I .ogz xe™ =094y, .00z . .002
6 7 Tg Tg
4) n 2091 g :091 o 091 o om .126
1 R) 3 Ty
Te =245 1 -091 y  .091 . .091
I‘S I‘6 I-‘7 I‘8
5) In .026 oy 2006 o .006 . .017
1 ) I's 4
. .026 o™ .is Yo ;g%g_ Cs .026
5 6 7 8
6) 1In 273 oo .213 - .213 T .7iL
1 2 3 4
2273 g 2273 g .273
5 Tg Ty

Branching fractions, r,, are then utilized in the

nuclide concentrations for each decay branch. The ter-

minating r, of a branch is determined by the product of
| i

all branching fractions in that branch from the element

of interest to the end of the branch. It is important

to note that the r; for a given nuclide must sum to unity

£ the chain are considered. The

when all the branches o

equivalent branching fractions for the fourth branch of

the chain are:

118



T, = rg = (1)(l)(.?Z](.lS)(l)(.976)(l) = .0913536
(Only 1st 3 digits noted on branches)

17Ty "T3=rc=Tr,=Ty since all atoms beginning this
chain must pass through the nuclides repre-

sented by 1,2,3,6,7, and 8 of this branch.
= T =
ry = 3/.72 = ,126875

_ T
Ts = 3/ 1(.72)(.13) + .28] = .2445128
for a check
T, = r6/[6024(1) + .976] = .0913536
The equivalent branching fractions for branches 1 to
6, respectively, of the chain for 1133 have the values:

0150236, .6113664, .0022464, .0913536, .00672, .27328,

which sum to unity.

3. The total mass fission yield for A=133 from

Table T is ,06558.
4. To calculate the most probable atomic number for
the heavy fission fragment, the nuclear reaction for the

fission of U-235 by 1 MeV neutrons is used:

235 1 _ _ 1
92 Yo Ap = Ag * A+ 2.0 0

where: Af = 236, Zf = 92, Ag + Ah = 236 - 2.6 = 233.4

since Ay = 133, then A, = 100.4

The most stable atomic number, for both heavy and

light fission fragments is

119
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Zsh,='54'950 QAh = 133)
Zgg 5,43.916 (A2 = 10Q.4) by inter-
polation

The most probable atomic number for the heavy fis-

sion fragment is (from equation (7)).
th = 1/2[92 + (54.95Q0 - 43.916)] = 51.515

5. The partial fission yields may then be calculat-
ed from each nuclide in the decay scheme from equation (9)
in theory.

2
Y(2,4) = Y(A)P(Z) = Y(A) 3= o [ZZ,(N)]

Element Z-1 (A) P(Z) Y(Z,A)
2.515 0009 7319x10" %
n —
s 1.515 0563 3726x10 "2
52 .515 4327 2838x10 1
T M 485 L 4458/2 .1462x10'1
T 485 _4458/2 .1462x10‘2
L 1.485 0622 .4084x10’4
X 2.485 0011 385110 :
. 3.485 000015 .1968x10
S
sum= .06554

fore the yield is divided equally between them.
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APPENDIX 5
File Construction

File 4 Fortran FT04F001 dename=BEKLIB.RECA11.PERM4

This file is constructed as a direct access file for
update purposes. There are two separate types of records
(a and b) which are borken into 17 words and written in
binary .

Record type a) (1 per chain

Word No. " Information
1 Mass or chain number
2 Maximum member of straight line

decays in this chain

3-17 Makimum number of nodes in branches
1-15 respectively

Record type b) (1 per each node of entire chain)

Word No. Information
1 Mass ér chain number
2 Branch number
3 Node number
4 Lambda
5 Mu
6 Branching fraction
7 partial yield
8 Element symbol
9 Element state
10 Atomic number
11 Number of elemental states of this

element



file written in binary.

-Word No

—

12-17

Information

Blank

Trailer Card (1 each)

1

File 5 Fortran FTOS5F001 " ‘dsname=BEKLIB.RECB12.PERMS

999

There are 1050 of these records on a direct access

There are 25 records allotted

to each element with two states being contained in each

45 word record.

51Sb

124m

Word No.
1
2

6-16

17
18
19-31

32

Record 1050 is reserved for the element

Information

Atomic number

Element symbol

Mass number

State (1 of a possible 2)

Lambda (1 of a possible 2)

Final concentrations for cooling
times 1-11 respectively (1 of a
possible 2)

Check word - 0 if no data here,
1 if data is present

Check word - number of states in
this record

Identical to words 4-16 for Znd
state if present

No. of possible decays (0,1,2)
of 1st state

122



Word No.,

33

34-35

36-37

38-39

40-43

44 -45

Information

No. of possible decays (0,1,2) of
2nd state :

Decay chain branching ratio to
next element or elemental state
(states 1 and 2 of this record
respectively)

Beta decay energies to elements
or element states from 1lst state
of this record

Gamma decay energy to elements or
element states from 1lst state of
this record

Identical to words 36-39 for 2nd
state of this record

Blank

File @ Tortran FT09FC01 dsname=BEKLIB.INSTREAM (in

ZAP)

File 1 Fortran FT01F001 dsname=BEKLIB.INSTREAM (in-

SUPERZAP)

This binary file contains 1 record of 112 words of

const
SUPERZAP. They are:

Word No.

1
2

ants and control parameters for the subprograms

of

Information

Numher of errors detected in ZAP

Code number specifying yield data
to he used

Code number specifying progenitor
option

Code number specifying oblong table
option

123



Word_ﬁg.

14-35

36-46
47

48-58
59-80

81

86
87-97
98
99

100-110

124

Information

Code number specifying how mu is
to be calculated ‘ |

Alphameric output page title given
by user '

Alphameric cooling times (2 words
per time)

Numeric cooling times

Maximum number of cooling times
(< 11)

Numeric burnup times

Alphanumeric burnup times (2 words
per time)

Maximum number of burnup times
(< 11)

Code number specifying output format

Code number specifying special out-
put case

Maximum number of elements in special
output case

Code number specifying type of beta
heat calculations desired

Maximum number of cooling times to
be calculated by beta heating

Cooling time code numbers to be
used in beta heating calculations

Maximum number of beta heating
cards read

Code specifying type of gamma cal-
culations desired

Cooling time code numbers to be
used by SHIELD



Word No. Information
111 Maximum nunher of gamma energy
_groups | | ‘

File 11 Fortran FT11F0Q1 dsname=BEKLIB.ZAPDATA

This file contains all other data needed by SUPER

ZAP that came from ZAP. It is written 80 character card

images with number of records determined by options chosen.

File 12 Fortran FT12FQ01 dsname=BEKLIB.XSEC.PERMI12

This machine language file contains the thermal cross
sections for evaluating Westcott effective cross sections.
This binary file contains 84 records of 109 words each.
Cross sections are arrang@d as follows:

DO X STATE

1,2

1

DO X NATOM 27,66
DO X MASS = 72, 161
X Cross section (NATOM, MASS, STATE)

File 14 Fortran FT14F001 dsname=BEKLIB.YLD1l.PERM14

File 15 Fortran FT15F001 dsname=BEKLIB.YLDZ,PERMI15

File 16 Fortran FT16FQ01 dsname=BEXLIB.YLD3,PERM16

File 17 Fortran FT17F001 dsname=BEKLIB.YLD4.PERM17

These four files contain the ianrmatiqn for each of
the four resident mass yield curves. (Sce Appendix 5).
They each contain one record of 18Q words. They are:

Word }nformation

1 Compound fission nucleus mass number
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Word Information
2 Compound fission nucleus atomic
' number
3 Work 1 minus average neutrons re-

leased per fission

4-180 Yield in atoms normalized 200 atoms
per mass numbers 4-180 respectively

File 18 Fortran FT180F001 dsname=BEKLIB.RECC18,PERM18

This binary file contains 3 files of 180 words each
corresponding to the lowest, the highest, and the most stable
atomic numbers per mass number 1 through 180 respectively.

File 3 TFortran FTO03F001 SYSOUT=A

This file points to the output device to be used.
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