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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commiasion, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’’ inciudes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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work. Neither the United States, nor the National Aeronautics
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behalf of NASA:
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The GAROL computer code is described herein as
it existed on August 24, 1965 .

General Atomic has exercised due care in preparation,

but does not warrant the merchantability, accuracy, and
completeness of the code or of its description contained
herein. The complexity of this kind of program precludes
any guarantee to that effect. Therefore, any user must

make his own determination of the suitability of the code
for any specific use, and of the validity of the information
produced by use of the code.
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ABSTRACT Ql‘ﬂq 4

A computer program, GAROL, has been written to study resonance
absorption. The program is an improvement over other programs, presently
in use, by virtue of its ability to handle overlap effects between resonances
of a resonance absorber and of mixtures of resonance absorbers. In addition,

a wide choice of geometry, energy mesh spacings, and cross section repre-

o

sentation is available to the user.



INTRODUCTION

Resonance absorption is a subject of considerable interest to designers
of nuclear reactors. Accordingly, a considerable amount of work has been
done in this area. For a good, up~to-date, summary the reader is referred

(1)

One of the assumptions which has been included in most treatments of

to the work of Nordheim.

resonance absorption is that, in a mixture of resonance absorbers, the total
absorption may be obtained by summing the absorptions in each resonance of
each nuclide, each being computed as if the other resonances were not present.
The GAROL computer program does not make this assumption; it explicitly takes
into account those effects which arise from resonance overlap of an individual
resonance absorber and of mixtures of different resonance sbsorbers. It is
conventional to consider the problem as a lattice of absorber imbedded in a
purely scattering medium in which the flux is taken to be %w Thus the flux
dips in the scattering medium due to absorptions in the lump are neglected.
For tight lattices, this approximation can be poor. The GAROL program does
not make this assumption; it solves two coupled integral equations for the
fluxes in each region.

It is in these respects that this work represents an improvement over
other computer programs used for computing resonance absorption; see for

instance reference (2).
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DESCRIPTION OF THE GAROL PROGRAM

General Features

The GAROL computer program is quite versatile. It allows an unlimited
number of energy points, with flexibility regarding the layout of the mesh.
The mesh may be chosen at equal energy or lethargy intervals; it may be
chosen to be proportional to the neutron velocity (AE ~:W/E), or it may be
an arbitrary table of mesh points. The program allows a choice of geometries:
homogeneous, cylindrical, plane, spherical, or it can accept an arbitrary
table of escape probabilities. Regardless of the geometry, a Dancoff
correction may be used to account for shadowing effects in a tight lattice.
The program can accommodate a mixture of up to ten isotopes. A cross section
tape generated in a GAROL run can be used again in subsequent runs, thus
allowing a saving of computer time. Cross sections may be %, constant,
computed from single level Breit-Wigner resonance parameters, or they may
be given in tabular form.

The output includes integrated fluxes over desired energy bands, for
each region and for the cell. It contains average microscopic cross sections
for capture, fission, and scattering for each isotope, for each region and
for the cell. At the user's option, one can obtain pointwise values for the
flux, source, total cross section, and collision density [EZt(E)@(E)] for
each region. Also at the user's option, he may obtain graphical results,

automatically generated on an electronic plotter.

Equations to be Solved

Consider a lattice of absorber lumps, denoted by the index 1, imbedded
in another medium, not necessarily a pure scatterer, which is denoted by
index 2. The average flux in the two media may be obtained as the solutions

of the integral equation

M Ela,
Nig tog(ED ,
t
ViEp@(E) = (- BV, ) g [ —r— ¢ (B)aE
i=1 B E
M B/o.
Noy [ Log(E) Ly (1)
+ P2V2 ——l C . E' QPQ(E )dE
3 1
i=1 E

+ Vl(l - Pl)Ql(E) + V2P2Q2(E)
3



and another one just like it, but with the subscripts 1 and 2 reversed. The

notation of Equation (1) is as follows:

Vk is the volume of region k.

% E) is the total macroscopic cross section of region k.

tk(

mk(E) is the average flux in region k.

P

Xk is the escape probability from region k.

Nki is the number density of isotope i in region k.

csi(E') is the microscopic scattering cross section of isotope i.

A1 -1 2
ai = K;—:_I , where Ai is the atomic weight of isotope i.

Qk(E) = source in region k.

We wish to restrict the energy range of interest to the interval
(El,EN), with E > EN’ such that below El’ we may ignore such high energy
processes as inelastic scattering, anisotropic scattering in the center of
mass coordinate system, and birth of neutrons from fission. 1In fact, we
would like this to be true even for an energy range above El so that in the
absence of absorption in that range, we would have a l/E flux. Above EN’
we assume that the velocity of the neutrons is sufficiently large so that
the scattering kernel may be obtained from the mechanics of neutrons
colliding with free and stationary atoms. In other words, upscattering and
binding effects may be ignored, as is already implied by Equation (1).

By use of the Heaviside function H(x), defined by

H(x) =1 for x 20

1

0 for x <O,

we can rewrite Equation (1) in a more convenient form,




A\ >

i:

N 1 o (")
21 si ! ! ! (2)
Vo) T — f = H(E - o E )cpg(E )aE
- 1
i=1 E

+V(l-P)S(E)+V

o (E)
VZm@ (B) = (1 - PV, 7 f H(E - o,E")o,(E')dE’
E

oPo85(E),

where we have removed the direct sources Qk’ and where

OSi(E') 1 T '
zg:l o, —-357——'H(E -o.B )@k(E )AE (3)

If we assume that in the interval (E., El/a) the flux has the magnitude

1
l/E, that it is spatially flat and isotropic, and that the scattering cross
section is independent of energy, we can easily evaluate the integral in

Equation (3) to obtain

M

s(E>=§H<—-—>H<E-aE> (%)
k 1
i l
i=1l
The quantity Sk(E) may now be considered as an external source which

is normalized so that

El El M
f Npi%s 1%
Sk(E)dE - 1 - o, (E_'_ 7§)dE - k1% 51 (5)
i 1
o i=1 aEl i=1

where gi is the usual

g. =1 + ————&—-ﬂnai (6)

From Equation (5), we see that the integrated source from each isotope
is proportional to ng for that isotope. 1In addition to this source, another
source of arbitrary energy dependence may be superposed on it by the user of
the GAROL program.



Collision Probabilities

The manner by which the collision probabilities (1.0 - Pk) are computed
is based upon the frequently used assumption that they may be computed for a
flat source in each region. For standard geometries, these are obtained

(3)

geometries it is possible to generate collision probabilities by other

directly from Case, de Hoffmann, and Placzek. For more complicated
means, usually with one velocity transport theory solutions, and to use
these directly in the GAROL program.

The collision probabilities for the two regions are related in a very
simple manner. In order to see this, let G(x, x') be the flux at the point
x due to a unit source at point x' in a one velocity problem. The well

known reciprocity theorem(S) states that
G(x,x') = 6(x',x) (7)

If we consider a two region problem in which region 1 has a source

Sl(x), the total flux at any point x will be

o(x) = J[ Sl(x')G(x,x')dSX'

V1

where Vl denotes that the integral is carried out over region 1.
The collision rate in region 2, which is equal to the escape rate
from region 1 since all collisions effectively remove neutrons from the

velocity of interest, is

jzt2°P(x)d3X =fd3xfd3x'2t2(x)sl(x')(}(x,x')
V2000 0

Vo
The escape probability is given by

f2t2cp(x)d3x fd3x fd3x'2t2(x)sl(x' )G(x,x")
V2 Vl

P = Yo - (10)

l f 5, (x)d%x [ Sl(x)d3x

Vl Vl

i~
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It Zt2 and Sl are constants, the escape probability becomes

(11)

X fd3x jd3x'(}(x,x') '
t2 7

1

7

or
P.V
deX deX'G(X,X') = —E:;.L—-]; (12)

In exactly the same way, we obtain

‘/é3x J[A3X'G(x,x'
iV

Now, by using the reciprocity relation, Equation (7), and comparing
Equations (12) and (13), we obtain

d3x J[d3x'G(x',x) = ;? 2 (13)

v

) —-
Vo 1

PiViZy = BoVoZyp (14)

So, once Pl has been computed, P2 may be obtained simply by use of
Equation (14).

The escape probabilities in the GAROL program are computed from the
flat source assumption. For the simple geometries, these have been developed
by Case, et. al.(S) We summarize their resﬁlts as they are applicable to
the GAROL program.

Let Zidenote the mean chord length of region 1, and Etl be the total
macroscopic cross section in the region.

For a sphere of radius r:

r= %'Ei (15)
With x = thl, we have for
x < 0.02
3x
Pl(x) =1-3 (16)



0.02 < x < 5.0

Pl(x) = _§§ [2x2 -1+ (1+ 2x)e-2x]
8x

x > 5.0

Py(x) = = [1 - 5]

2x

For an infinite cylinder with radius r:

r = fl
T2
With x = thl, we have for
x < 0.1
2 2
hx  x 2 . x° ,5
Pl(x)-l-——3 + 5 Ao+ (E-y)

in which Euler's constant v = 0.577216 . . .

0.1 <x<6.0

Interpolation from tables.

x > 6.0

P(x) =5z - —

For a slab of half thickness a:

With x = aZtl, we have for
x < 0.05
: 1 3 2x2

again with y = 0.577216 . . .

(17)

(18)

(19)

(20)

(21)

(22)

(23)
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0.05 < x € 5.0 .

Interpolation from tables.

x > 5.0
P (x) = L (24)
1 Ix
For an arbitrary geometry:
. ﬂlztl
with x = 5

we use for

0.0 £x <6.0

Interpolation from tables which are supplied by the user.

x > 6.0

C C C
a5

Pplx) =+ 5+ 3 (25)
X X

in which the constants Cl, 02, and C_, are supplied by the user.

3

A Dancoff correction factor, C, can be applied for tight lattice cal-

culations. It is used to modify the escape probability P, by the formula

1

p¥_ p 1-¢C
1 11 - (1 - zt?{lpch

(26)

where Ei is the mean chord length of region 1. Equation (26) is due to

(4)

If region 2 contains cross sections which vary with energy, the factor C

Nordheim. It is a good approximation for lumps of any degree of grayness.

depends upon energy. The GAROL program at present allows only one constant
number for C, so it should be used with reservation on a tight lattice

problem with a variable cross section in region 2.

Cross Sections

Cross sections may be used in a number of ways. These include:

1 .
l) one number, to represent a ;-capture cross section, or a constant

scattering cross section



2) a tabulated set of pointwise cross sections

3) a set of single level Breit-Wigner parameters, from which the
GAROL program computes pointwise cross sections.
If it is desired to have the program compute cross sections from
resonance parasmeters, the following computations are carried out within
the computer program.

The cross sections are given by the usual formulae,

Go¢(§,X); (27)

cow(ng)) (28)

r O/E |1/2
o, = —fF— cow(g,x) + {ooopg —E—;[:é’ x(€,x) + % (29)

where

AT?

IFRT (30)

r
§ -
1-lD

is the ratio of the natural width to the Doppler width,
o
_ 2.6 x lO6 g 1—‘n

o T (31)
o \/E;

is the value of the peak of the total cross section at zero temperature,

r = rn° VE (32)

is the neutron width, Fno being the reduced neutron width. FY, Ff, and T
are the capture, fission and total widths, respectively. g is the statistical

factor,

2J + 1

g = 35T + 1) (33)

10
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where I is the nuclear spin and J is the spin of the compound nucleus. o©

is the potential cross section and the shape functions { and ¥ are given by

e - - -(x - )PP/ . -
¢ §,X - ,—hn [ 14 ye Y
and
® 22
-(x - y)7E°/b
X(g,x) = = [ 1 — dy. (35)

\/Z; - l+y

X is given by

2(E - E)
X=—T’“o—: (36)

EO is the position of the center of the resonance, E is the neutron energy
and T is the absolute temperature.

The method used to evaluate the shape functions is one devised by
Triplett, Merrill, and Burr.(S)

Whenever accuracy permits it, five terms of an asymptotic series
eXpansion are used to evaluate the line shapes.

The asymptotic series for | is

® . _(2k+1) 1
¥(x,8) = Zak =+ 1) F Teml(ek + 1) sin NP + 1) 21 (37)
o g
=0
where
o, = 1
o = 230 :e(Br1) o (38)
2A
From the relation,
L
X(x,8) = 2x(x,8) + &5 2L (x,8) (39)
g

11



we obtain

_u_) (g_kil') -2 2k + 1) - -

cos[(2k + 1)sin ™ (x* + 1)77]

(o *e? £(1 + x°)
(ko)
1]
+ x(1 -2%25_:_}% sin{(2k + l)sin x + 1) 2 j
E7(1 + x7)
If we set
l l
Jk(x) = (x + 1) s1n[(2k + 1)sin” (x + l) (k1)
and
L , L
B (x) = (x + 1) “cos[(2k + Dsin Y2 + 1) 2], (k2)
we have
Wt =) : }%<) (43)
X,€) = o, |——s—— p'
Z’ k{§2(x2 T 1) K
and

, Lk 2 (2k +1)
X(x,€) = ) 2 [ * () - 2 (x3, () + () (b)
2:; % 2+ 1) K 2 (1 (1+x2) K iy

By using elementary trigonometric formulae, it can be shown that

Equations (41) and (42) are easily evaluated by the recursion equations

1
To0) = —— (15)
1,0 = —e5 (16)

H (x) (47)

2
-1 2x
3 (x) =% I (x) +
+
k+l X2 + 1 k x2 + 1

12




(23

2
H x -1

x + 1

2

g+ () = = H(x) - 5—— 3 (x) (148)

x +1

In the GAROL program, the first five terms of Equations (43) and (L4)

are used, and Equations (45) to (48) are used to compute individual terms of

the series.

When it is not sufficiently accurate to use the asymptotic series, a

convergent series is used. The latter is not used for all x and £ values

because of computer time considerations.

The convergent series for { is

¥(x,E) = exp [-xez]zg
k=0

where

and

[e=]

By using Equation (39), we also have

¥(x,€) = 2xz exp[-xgziEE:§% (
k=0

(x2)7T, (2) (19)
_(k+£)
2 du (50)

x2) T 4 (2) (51)

Fk(z) may be obtained from the recursion relation

o 1
T A = em— —_—
Fee1(7) = z37 [(’z)

and

k
- T (2)] (52)



The quantity Fo(z) may also be written as

vl

M(2) = 2% (V™ - v(z2)) (54)

o
where

Z

v(ia,z) = er'uua-ldu (55)

@)

is the incomplete gamma function, or it may be expressed in terms of the

normalized error function as

Fo(z) = W/E; e?(1 - erf(\/z)) (56)

In the GAROL computer program To(z) is computed from Equation (56) using

the expansion

erf(x) = == (x - 2= + X . X- Foaes) (57)

whenever z < 8.L4.

Fo(z) is computed from the continued fraction

I (z) =1
° T+1
Z

P27 + 2
z +3 (58)

2z + 6
z + 7
2z + 2.5

if z > 8.4,

When the convergent series is used for a given x and §, Fo(z) needs
to be computed only once. The remaining Fk(z) are obtained rapidly from
Equation (52).

The regions in the x,E plane for which the convergent or asymptotic
series are to be used must be determined experimentally. The division
which is given in Reference (5) has been found to be unsatisfactory. In

the GAROL program, the convergent series is used whenever

1k




(54

«?

0<x<1l.2 and 1%-2 0.275 x2 + 0.05
g
L 2
1.2 < x < 10 and — 2 0.12 x° + 0.28
g
L 2
10 € x < 100 and — > 0.08 x~ + 1.8
g
) (59)
100 < x < 500 and — > 0.0717 X + 83
g
L 2
500 < x < 2500 and - > 0.0635 x~ + 2100
g
X > 2500 and f% > 0.111 x93

un

For other values the asymptotic series has good accuracy and is
therefore used.
Cross sections are computed in this manner for a finite interval

around each resonance; that is, the method just described is used whenever
|x|min (£,1) < 150 (60)

Outside of this interval, the scattering cross section is taken to be
constant and equal to the potential cross sections. When computing the
capture cross section for x min (g,1) < - 150 the line shape ¥ is taken

to be first term of its asymptotic series, or

Wx,8) = —L . (61)

1 +x

For neutron energies such that x min (§,1) > 150, the capture cross

section is assumed to be zero.

The Numerical Flux Computation

Let us first evaluate the integral
l o (El)
S 1 t 1
‘[. —5 H(E - oF" )o(E' )aE

15



numerically. This integral is typical of the type which appears in

Equation (2). Break up the integral into a sum of integrals,

E/Q ' i Ej"l
| j’ o.S(E ) 1 1 1 f C)-S(E') 1 1
| ——ET——-H(E - aE")o(E')aE" = .EEZ — o(E')dE
‘ E J=p+1l Ej

(62)

+f % )H(E - o )(E)E'

E
b

where the discrete variable Ei replaces E, and Ep is the discrete energy
mesh point just below Ei/a. Note that if Ei/a > El, p=1, and the last
integral contributes nothing. For each interval (E., Ej-l) assume that

J
GS(E)@(E) is linear; that is

o (BYW(E) = g—=—5 L(E - E,)o

J-1 J

... . + (E, ; - E)o_ .9, 63
s,3-1%3-1 ( J-1 ) S;J¢J] (63)
where Os 3 and wj are the scattering cross section and flux at the energy
b
Ej'
For the integral whose limits are (Ep, El) assume that o is linear
in the interval (Ep, Ei/a),

E,

E,
o (E)o(E 7—— [(& - B, <—> () * (5 - Bk (64)

But E, /a generally does not correspond to a mesh point and so we express

(——J¢(——) s qu, by linear interpolation, in terms of its value at the
two surrounding mesh points p and p-1l. Then
E E
* * 1 i i
=—=-—[(E , - = + (= - . 65
s,pp Eo1- By L p-1 a)cs,pmp <a Ep)cs,p—lprJ (65)

Inserting Equations (63) and (64) into Equation (62) gives

16
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Y

E/o

f OS(E')
! 1 T
— H(E - oE")p(E')aE' = Gs,qusp + oy, 1%Ys

E
1.1 (66)
* %,5%3% T %
J=p+1
where
Bk -1 - Ek+l In Ek (67)
B = By B
-1 Ek-l
v, = in -1 (68)
KoBeg - B B
P
b = B * v (69)
and
E, ag. P o ¢*Q
_ 1,71 S,p'P S,PDP
Cp - é‘(? = Ep)( B + ’E. ) (TO)
D i
unless p = 1, in which case
C = O . (71)

Cp is the evaluation of the last integral of Equation (62).
The special case for which p=1 corresponds to mesh points that are

spaced sufficiently wide apart so that, for some isotope, QE, > Ei' For

i-1
this case, the integral on the left hand side of Equation (62) is
E/Qr '
o (E)
S 1 1 t 1,1 * *
— —— H(E - =C, = 5{= - NONEES . P,
J{. = H(E - oF )e(E')aE" = C, == 1)(0—8,1@1 cs’lqga) (12)
E
and, from Equation (65),
) S S S SR S 1 (13)
%s,i%1 TE -8 il T et Bty T 9% 5% [E




Insertion of Equation (73) into Equation (72) gives, for the special

case p=i,
E/o
[ OS(E‘) 1 1 1 )4
—5— H(E - oB")@(E')AE" = a0, @, + 00 5 1% (%)
E
where
B - E
l - i-1 i
8 = gy Lty og (75)
i- i
and
2 E
(1 - w) i
b, =Ty E . -E (76) .
i-1 i .

We are now ready to write Equation (2) in its finite differenced form.

IRl

The equation is

N

1k
ViZiy,i®y = (2 - PVy ) 9 % (Zypg * Wipi®g)
. Nok
¥ P2V2§ To o Poxs * Wors®s) (T7)
%=1 k

2 2 21
where

i-1

ani = cs,kpwpsp + }E; Gs,kjwjéj + Cpk (78)

J=p*l

and
Wiki = 9,kiV4 (79) '

if p#4. If p=1, that is if g E, . > E,, we have instead .
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re

(1 -«) E
_ k i
Zoei T Pix T o E. . - E, (80)
k i-1 i
and
1l -« o, B, - E.
_ k ki-1 i
ki T TEe Lt ) (81)
k i-1 i

In Equations (78) and (81) the subscripts n and k denote the region
and the isotope, respectively. With some additional abbreviated notation,

we can write Equation (77) in a more compact manner. Define

M
Nnk
Dy =V Ztn,i- (1 Pn) 1 - o Wk (82)
k=1
M
Nnk
Qni - VnPnZl - ak wl’lki (83>
k=1
and
M M
Nnk Nmk
Tnmi - Vn(l - Eh)jg:l - ani * Vﬁ;h 1 - o kai (8&)
k=1 k=1
+V(L-P)S. +VPS .
n n’"ni m m mi
In terms of these, Equation (T77) becomes
Dpj®ys = Q%3 = Tips (85)

As was mentioned below Equation (1), there exists another equation
like it, but with the subscripts 1 and 2 reversed. In the notation of
Equation (85) that second equation is

Dosos = 93915 = Togg (

QD
N
~~
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L
We may solve Equations (85) and (86) simultaneously to obtain
N -
0. . = TlEiDEi QQiTEli (87)
o DpiDyy - Q%
and
C Top3Pig * QT (88)
%21 TP, D., - Q.Q,. °
21711 1i21
The GAROL computer program evaluates Equations (87) and (88) for
each i, one at a time beginning with i=1, until the complete flux solution
has been obtained.
Averaging of Cross Sections
With the GAROL computer program, it is possible to obtain flux weighted ’
cross sections over any desired energy bands. In addition a one group average,
L
covering the entire range of the calculation, is always obtained. All of the
integrals are carried out by the trapezoidal approximation. Let Za denote
the cross section for any reaction. This may be capture, scattering, or
fission. Quite generally, a cell averaged macroscopic cross section may be
defined by
ﬁEﬁv dQZa(r,E)cp(r,E,Q)
T - : (89)
ar|av|dQe(r, E,Q)
where the angular integration is carried out over the full range, the volume
is taken over the entire cell, and the energy integration is carried out over
the energy group limits of interest.
For our two region cell, we define the integrated quantities
V,9,(B) = [ av]aqe(r,E,Q) (90)
Vl .
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Yx

V9, (E) =)/;VJ/;Qm(r,E,Q). (91)
Vo

The energy dependent fluxes cpl(E) and @2(E) are the fluxes of
Equation (1). If Z&(r,E) has the simple form

£ (r,E) = N0, (E) (92)

in V., and

£ (r,E) = N0 (E) (93)

in V2, in which the number densities of the isotopes of interest are constant
in each region, Equation (89) may be greatly simplified. Usually Equations
(92) and (93) are satisfied; in fact, most often N, = 0. Using Equations
(90) to (93) in (89) gives

N,Vy oa(E)@l(E)dE + NV, ca(E)qb(E)dE

™
Q |
|
%)
=
o

v, ml(E)dE + 7, ¢E(E)dE

If we define a flux weighted cross section for each region i by

~ B, (E)AE
Ot = - (95)
?.
1
where 5& is the group integrated flux
o, = /;i(E)dE, (96)
J :
Equation (94) becomes
= . N1V1%,1%1 * MaVs9y, o% (97)
o Vl¢i + ngg
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We wish to compute a cell averaged microscopic cross section such
that when it is multiplied by the number density of the isotope, homogenized
over the entire cell, we obtain the correct macroscopic cross section. Thus
we want 5& to satisfy
NpVy * NoVp

§ === _°°3 (98)
o Vl + V2 o

Hence, the cell averaged microscopic cross section is

= T1N1%,1% T MVe%, 0% Y1t Ve

o ) P NV, + N
Ve V% 1172

7 (99)

The GAROL output includes the groupwise averages of capture, scattering
and, if present, fission cross sections as given by Equations (95), for each
region, and by Equation (99) for the cell. 1In the presence of fission, the

quantity o, the ratio of capture to fission cross sections is also computed.

@

If, as is usually the case, N2 =0 (the resonance absorber is present only

in region 1), Equation (99) simplifies to

o .®
5 - @il (100)
o )
c
where 5& is the average flux in the cell given by
V.9, + V.o
% = T (101)
1 2

An Application of the GAROL Program

As an application of the GAROL computer program, we include a study
of the effect of overlap of the resonances of the thorium doublet on the
resonance integral and on the Doppler effect for thorium and thorium oxide

rods.

The two resonances which were investigated had the parameters
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EO = 21.8 ev Eo = 23.47

r =2.1mv I =54.0mv
n n

PY =24.5 mv FY = 24,5 mv

g =1.0 g =1.0

In order to compute the resonance overlap, the cross sections for
three thorium "isotopes" were computed: one isotope had both resonances,
another had only the 21.8 eV resonance, while the third had only the 23.47
eV resonance. Separate problems were run for each of these isotopes. The
resonance integral for the first isotope was compared with the sum of the
resonance integrals of the second and third isotopes. The latter corresponds
to the usual methods of computation. This comparison gives a direct indi-
cation of the influence of resonance overlap.

The results are summarized in Tables I to IV. All of the total
resonance integrals referred to have been evaluated by standard procedures.(h)
The GAROL computer program was used only for an energy range covering the
resonance doublet. It can be seen that the usual neglect of resonance overlap

is Jjustified for thin rods. But for larger rods the errors introduced can be

significant.
Table I
Resonance Integral of Thorium Doublet
in Th Metal Rods
T = 300%K T = 2000°K
% Diff.

Rod ~ in Total
Size No With % Resonance No With %
(Cm) Overlap Overlap Diff. Integral Overlap Overlap Diff.
0.138 6.05 6.00 1 0.25 9.08 9. 44 1
0.275 4,02 3.94 1.8 0.5 5.85 5.7h 1.9
0.55 2.72 2.62 3.5 0.8 3.58 3.45 3.7
1.1 1.87 1.75 6.7 1.3 2.24 2.09 7.3
2.2 1.30 1.15 12.6 2 1.45 1.27 13.6
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Table II

Doppler Effect in Thorium Doublet
for Th Metal Rods

(81)5000-300

(A1) 2000-300

With No With
Rod Size (cm) Overlap Overlap
0.138 3.h7 3.45
0.275 1.87 1.80
0.55 0.86 0.83
1.1 0.37 0.3k
2.2 0.15 0.12
Table IIT

% Diff.
0.9
L.5

10
23

Resonance Integral of Thorium Doublet in ThO2 Rods

T = 300°K T = 2000°K
% Diff.
in Total
No With Resonance No With
Rod Size (cm)| Overlap Overlap % Diff. Integral |Overlap Overlap % Diff.
0.25 6.35 6.28 1 0.3 10.0 9.9 . 1
0.50 4.30 h,21 2 0.6 6.33 6.18 2.4
1.0 3.02 2.90 L 0.9 4,09 3.90
2.0 2.21 2.05 8 1.6 2.78 2.55
Table IV
Doppler Effect in Thorium Doublet for ThO2 Rods
(81)5000-300 (81)5000-300
With No With
Rod Size (cm) Overlap Overlap % Diff.
0.25 3.66 3.62 1.3
0.50 2.03 1.97
1.0 1.07 1.00
2.0 0.57 0.50 14
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Output from GAROL

Standard output from a GAROL problem includes a description of the
nuclides present on the cross section tape, if one has been generated, and
a listing of the input options and limits specified for the calculation.
Further printed output is given if requested. This includes:

1. Pointwise cross-sections calculated from resonance parameters or

interpolated from input cross sections, by isotope.

2. Pointwise flux, source, total macroscopic cross section, and

collision density, all by region.

3. Broad group averaged cross sections.

4. Plotting description.

Output from the sample problem selects all of these options.

Two types of plotting may be done automatically from a GAROL problem.
For region 1, the pointwise flux, total cross section, and collision den-
sity may be plotted. As an additional option, graphs of capture and fission
rates, for each material, may be obtained. Samples of each of these are
included. The plotting routines in GAROL were adapted from the two-

dimensional plot routine described in reference 6.

Efficient Use of GAROL

Some hints regarding the efficient use of GAROL are included here.
There are a number of ways in which the program may be used to do a
homogeneous calculation. The most efficient is to choose the no geometry
option, put the homogeneous mixture into region 1, and put 0.0 for the
mean chord length of region 2 and for the number density of all materials
in region 2. It is possible to run two homogeneous problems simultaneously
by using the no geometry option, and by putting one mixture into each
region. In such cases the mean chord lengths may be chosen to be equal

to unity.

Generally speaking, the computer time is greatest for lighter materials.

The only exception is for A=1.0 which is fastest of all because it is pro-

grammed differently. In practical applications, one frequently has a case

1))

in which he wants the flux to be % in region 2. In such a case, it can be

shown that the resonance integral of the isotopes in region 1 is independent

of the choice of moderator in region 2. Thus, to simulate a %- flux in
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region 2, it is best to let it be a large region in which the only material
present has A=1.0, a constant scattering cross section, and no capture

cross section.

OPERATING INSTRUCTIONS

Computer and Tape Requirements

The GAROL program is run on the IBM TO44 (32K) computer from a program
tape and a starter deck, behind which is placed punched card input describing
the problem(s) to be run.

In addition to the tapes required by the GA system, GAROL makes use of
three special tapes: B4 for the GAROL Program Tape, B5 for GAROL cross
section storage, and C6 for plotting. The B4 and B5 tapes must be mounted
in all cases, and the B5 tape may be saved for subsequent runs. Thus, the

tape configuration is as follows:

GA Fortran
Tape Logical
Unit Tape Number Tape Function
Cl 1 General Atomic version of the IBM TO4L IBSYS
Monitor (Version 9)
c2 5 Standard input tape
C3 6 Standard output tape
B4 T GAROL program tape
B5 9 GAROL cross section tape
c6 11 GAROL plot tape, if any

If any plotting is done, instructions for the Stromberg-Carlson S-C
4020 High Speed Microfilm Recorder are written on tape C6. The number of
graphs for which instructions have been generated will be printed on the
on-line printer and will be transferred by the GA computer operator to the
tape label provided by the user. The tape will then be sent to the S-C
4020 for plotting.

Thus, the deck setup for a sample GAROL problem consists of a six
card starter deck followed by data cards prepared according to the Input
Specifications for GAROL.
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INPUT SPECIFICATIONS FOR GAROL

CARD | COLUMNS | FORMAT NAME DESCRIPTION
1 12 I12 INDEX Source of cross sections for this
problem(s) .

0 = cross sections have been calculated
and written on tape during an earlier
run. This tape will be mounted on unit
(B5).

1 = cross-sections will be calculated
and written on tape (B5). This
tape may be saved and reused for
future calculations, if desired.

2 1-72 1246 TIABEL | Tape label for data tape (BS5). If
INDEX = 0O, this card must be identical
to that used when the data tape was
written.

If INDEX = 0, go to card;lS.

3 12 112 | NINDEX | Energy specification index

1l = Energies will be read from input
cards (card L4a)

2 = Energies will be calculated by
equal mesh spacing (card 4B)

3 = Energies will be calculated with
mesh spacing proportion to velocity
(card k)

4 = FEnergies will be calculated with
equal lethargy mesh spacing (card
LD)

5 = Energies will be generated by a
special subroutine ENRG (NPTS,E)
supplied by the user (card LE).

13-24 I12 NPTS Number of energy points. This value is
needed for NINDEX = 1, and may be used
when NINDEX = 5, if desired.

If NINDEX = 1, card 4A is needed.
L 6E12.6 | E(i) ' Energy points, in eV, from high to low.
; (NPTS entries)
If NINDEX = 2, card 4B is needed.
i
LB | 1-12 E12.6 EMAX | Maximum energy, eV
i
13-24 El2.6 EMIN | Minimum energy, eV
25-36 El12.6 DELTAE | AE, eV

2T



INPUT SPECIFICATIONS FOR GAROL

CARD COLUMNS FORMAT NAME DESCRIPTION
If NINDEX = 3, card 4C is needed.
L¢ 1-12 E12.6 EMAX Maximum energy, eV
13-24 E12.6 EMIN Minimum energy, eV
25-36 E12.6 | consT SﬁtZ?$§§s§i+l = B, - CVE, (equal velocity
If NINDEX = 4, card 4D ig needed.
LD 1-12 El2.6 EMAX Maximum energy, eV
13-24 E12.6 EMIN Minimum energy, eV
25-36 El12.6 DELTAU | Au

If NINDEX = 5, the user supplies his own ENRG (NPTS,E) subroutine to compute,
or read, his energy mesh. The number of energy points, NPTS, must not exceed
The array E, which must be dimensioned, contains the energy points
which are returned to the main program. If any input cards are required by

8000.
the us
LE

p)

Cards

1-12

13-2k4

1-12

13-42

- 1-12

| 13-2k

er's subroFtine, they are inserted here (card LE).

Variables and formats determined by the user.

T12 MAT Number of nuclides for which cross sections
will be calculated and written on tape (<20)

I12 JHYD Will an A = 1.0 isotope be included on this
tape?
0 = no
1l = yes

6 to 8 are repeated for each nuclide (MAT times).

Fl2.6 TID Identification number of this nuclide,
given by Z and A, in the form 92.235000
for uranium 235. Nuclides should be given
in ascending numerical order. Different
sets of data for one nuclide may be dis-
tinguished in the fourth through six
decimal places.

5A6 CNAME Nuclide description.
El2.6 AMASS Atomic mass

E12.6 ASYMSC | Asymptotic scattering cross section, used
for computing source only.
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CARD | COLUMNS

INFUT SPECIFICATIONS FOR GAROL

FORMAT

NAME

DESCRIPTION

25-36

37-48

L9-60

61-72

If SC&GKP = '200)

8 1-12

El12.6

E12.6

El2.6

El2.6

card 8 is

El2.6

SCAP

SFIS

SCAT

PRINT

ENPTS

Cards 9-11 (reso

nance par

ameters)

required.

Capture cross section index. If SCAP

> 0.0, SCAP is the value of the capture
cross section at 0.0253 eV, and the crass
section is 1/v.

If SCAP = -1.0, pointwise capture cross
sections will be calculated from resonance
parameters. If SCAP = -2.0, pointwise
cross sections will be read from cards
(card 12).

Fission cross section index. If SFIS

> 0.0, no fission. If SFIS = -1,0,
pointwise fission will be calculated from
resonance parameters. If SCAP = -2.0,
this index is not used; pointwise fission
cross sections will be read from cards
(card 12).

‘Scattering cross section index. If SCAT
> 0.0, scattering is constant at that
value., If SCAT = -1.0, pointwise scat-
tering cross sections will be calculated
from resonance parameters. If SCAP =
-2.0, this index is not used; pointwise
scattering cross sections will be read
from cards (card 12).

Print index, for this nuclide.

0.0 = no printing

1.0 = the calculated or read capture,
scattering, and fission (if
present) cross sections for this
nuclide will be printed. Up to
nine sets of cross sections may
be printed; if more than nine are
specified, only the first nine
will be printed. If any printing
is done, the computer time estimate
is doubled.

=3

fumber of energies at which cross sections
will be read.

are required for each material for which

any cross sections will be calculated, and in the order specified by cards

6 and T.
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CARD

COLUMNS

INPUT SPECIFICATIONS FOR GAROL

FORMAT

NAME

DESCRIPTION

10

1-12

36

E12.6

El2.6

E12.6

El2.6

I12

112

112

WGT

STAT

NFIS

NGN

Atomic mass. (This number will be checked
against card 7, col. 1-12, to be sure that
resonance parameters are given in the
order specified).

Statistical factor indicator. If the
statistical factor, g, is to have a
constant value for all resonances, then
STAT is the value used for the statis-
tical factor. If STAT < 0.0, the
statistical factor must be specified
for each resonance.

Potential scattering cross-section,
barns.

Temperature, OK.

Number of resolved resonances (maximum =
500),

Will fission widths be specified?
0 - No.
1 - Yes.

Fn form index.
0 - Neutron half-widths to be specified
are standard values, not reduced.
1 - Neutron half-widths tg be specified
are reduced widths, Fn.

Card 11 is given for each resonance. The format of card 1l is one of four

types, dependinﬁ

on the NFIS and

STAT values.

If NFIS = O and STAT < 0.0, supply one card 11A for each resonance.

11A

1-12

13-24

25-36

E12.6

E12.6

E12.6

EO

GI

GJ

Resonance energy, eV.

Either the spin (I) of the target nucleus,
or the statistical factor, g, for this
resonance, depending on the specification
for GJ in the next field of this input
card.

If GJ > 0.0, it is taken to be the spin
(J) of the compound nucleus for this
resonance, and the statistical factor
is calculated as:
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INPUT SPECIFICATIONS FOR GAROL

CARD ; COLUMNS | FORMAT NAME DESCRIPTION

1l (a3 + 1)
CE-N )
If GJ < 0.0, then GI in the previous
field is taken to be the statistical
factor, g, for this resonance.

37-48 El2.6 GG rY in millivolts. -

49-60 E12.6 |GN T, or Fg, mv, depending on NGN specified
on card 10, Col. 36.

If NFIS = O and STAT > 0.0, supply one card 11B for each resonance.

11B | 1-12 El2.6 EO Resonance energy, eV.
13-24 El2.6 GG ry, mv.
25_36 El2.6 |GN r_or rg, mv.

If NFIS = 1, and STAT <0.0, supply, one card 11C for each resonance.

11¢ | 1-12 El2.6 EO Resonance energy, eV.
13-24 El12.6 GI As on card 11A.
25-36 El2.6 GJ As on card 11A.
37-48 El2.6 GG ry, mv.
49-60 E12.6 |oN I or Fg, mv.
61-72 El12.6 GF Tps mV.

If NFIS = 1 and STAT > 0.0, supply one card 11D for each resonance.

11D | 1-12 El2.6 EO Resonance energy, eV.
13-24 E12.6 GG ry, mv.
25-36 El2.6 |GN | I or rg, mv.
37-48 E12.6 GF s mv.
If cross-sections will be read from cards, (SCAP = -2.0), for any nuclide,

card 12, repeated at each energy, is required.

Cross'sections for up to 3 nuclides may be read from cards, and must be in
the oner,specifﬁed by Cﬁrds 6 to 8.
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INPUT SPECIFICATIONS FOR GAROL

CARD | COLUMNS | FORMAT NAME DESCRIPTION
12 1-12 El2.6 E Energy, eV (high to low)

13-2k El2.6 CAP Capture cross section (barns)

25-36 El2.6 SCAT Scatter cross section (barns)

37-48 E12.6 FISS Fission cross section (barns)

Cross 'sections on the GARbL mesh are computed from this table by linear
interpolation. :
13 1-72 12A6 TITLE Problem description for flux calculation.
14 1-12 El2.6 EST Upper boundary of energy range of
interest (ev). If EST = 0.0, the first
energy point present on the data tape
will be used.

13-2k El2.6 EEND Lower boundary of energy range of
interest (eV). If EEND = 0.0, the last
energy point present on the data tape
will be used.

25-36 Fl2.1 GEOM Geometry

1.0 = none (homogeneous)

2.0 = slab

3.0 = cylinder

4,0 = sphere

5.0 = Read your own escape probability
table and coefficients (cards 18
and 19).

6.0 = Use the previously read tables.

37-48 Fl2.1 ELEMS Number of nuclides.

L49-60 F12.1 PRINT Shall pointwise flux, external source,
total cross section, and collision
density be printed?

0.0 = no
1.0 = yes

61-72 Fl2.1 PLOT Shall flux, total cross section and

collision density be plotted?
0.0 = no
1.0 = yes
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INPUT SPECIFICATIONS FOR GAROL

CARD | COLUMNS |FORMAT NAME DESCRIPTION
15 1-12 E12.6 ELBAR(1) Zi = Mean chord length, region 1
13-2k El12.6 ELBAR(2)[ %, = Mean chord length, region 2: Ié = uvg/s
where VE is volume and S is common surface.
25-36 El2.6 cc Dancoff correction factor, if any.
37-48 El2.6 XSORC Will extra source terms be read?
0.0 = no
1.0 = yes
16 1-12 Fl2.1 ENBG Number of broad groups. If ENBG = 0.0,
there is no group averaging. '
If ENBG # 0.0, card 17 is| needed.
ANE 6E12.6 BEG(1i) | Broad group lower boundaries in eV, from

high to low.

Card 18 is repeated for each nuclide.

18

1-12

13-24
25-36
37-48

F12.6

Bl12.6
El12.6

E12.6

TID

DENS(1)
DENS(2)

PLOTS

If GEOM = 5.0, cards 19 and 20 are

19

Tf XSORC = 1.0,

21

1-12
13-24
25-36

1-12

El2.6

£12.6

El2.6

Cl

c2

cards 21 and 22 ar

Z.50RC

Tape identification number for nuclide
wanted.

Density of this nuclide in region 1.
Density of this nuclide in region 2.

0.0 = absorption rate for this isotope
will not be plotted.
absorption rate for this isotope

will be plotted.

1.0 =

needed.

and C..

The constants Cl’ C2 3

Special escape probability tables as a
function of T.% (302 entries from

= 17t1 °
£lztl 2
5 = 0.00 to 6.02 in steps of
0.02.)
e needed.

Number of source points to be read. (ZSORC 22.0)
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INPUT SPECIFICATIONS FOR GAROL

CARD COLUMNS FORMAT |. NAME DESCRIPTION

22 1-12 E12.6 Energy of source point
13-2k El2.6 Source, region 1
25-36 E12.6 Source, region 2

Repeat card 22 fEr each source point.

Repeaﬁ input frﬂ card l% until a%l problems have been specified.
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GAROL Error Table

Link No.

1

Error No.

1

Description of Error

Tape label card (input card 2) and label
on data tape mounted on B5 do not agree.

Number of materials specified for data
tape is not between 1 and 20.

More than 3 nuclides have been specified
for the data tape with cross sections to
be read from input cards.

A nuclide, other than the first, has been
specified for the data tape with atomic
mass A = 1.0.

Fnergy index (input card 3) is less than 1.

Energy index (input card 3) is greater
than 5.

Number of energy points, using energy
option 5, is greater than 8000, the core-
contained limit.

Resonance parameters are either missing or
out of order for a nuclide for which cross

sections are to be calculated.

Number of materials for resonance calcula-
tion is not between 1 and 10.

Number of broad groups for averaging is
not between 1 and 50.

Nuclide requested for resonance calculation
is not present on data tape.
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$18BJCB GAROL

GAROL STARTER DECK

NOSOURCE

AND SAMPLE PROBLEM

$DUMP TYPEL,COOOD-T7777,ERROR
$ExMOUNT U7, (GARUL PROGRAM TAPE ON (B4))
$%MOUNT Un9, (GARDOL DATA TAPE ON (BS5))
$%HOLD Ull, (C6) PLOT TAPE
SRELOAD UNT yNAME=GAROL
1
THORIUM TAPL FOR GARDL SAMPLE PROBLEMS
4
29.023214 17.603469 0.00125
5 1
1.0 HYDROUGEN .
1.C 20,0 0.0 0.0 20.C
6.0 GRAPHITE ,
12.0 4,71C2 N.0 0.0 4,7102
80 OXYGEN
16.0 3.7 0.0 _ 0.0 3.7
- 90.232 TH232 300K, GAN=24.5, TWO RES
232.0 1246 -1.0 (a0 -1.0
90.2321 TH22Z 20C0K, GAM=?24.5, TwO RES
232.C 1246 -1.9 0N -1.0
222.0 1.0 . 12.6 300 .0
? N )
?21.8 2445 2.1
23,47 74,5 4.0
232.0 1.0 12.6 20000
» G o]
21.8 N4 L5 2.1
23,47 24,5 4,0
THORIUMA R=2,2 T=300
29.0237214 17.602409 3.0 2.0 1.0
bet LEDC G 0.0
2.0
22.603302 17.603469
1.C Iy 1.0 Lo
90.2370 NG NAN3T CL0 1.0
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GAROL

COMMON /A

»MAT, MFR

L ISTING OF THE GAROL PROGRAM

LIST+DECKREF
MAIN LINK FOR GAROL

L/

AME

7-15-65

C VvV SMITH

08-09-65MAINDOGC

COMMON /TABLES/ CS1,CS2,CS3sSLABT(505),CYLT{(305)

COMMON /PLOTT/ TLABEL{12),XLABEL{12),YLABEL{12),772{12) ,NFRAME

CALL CHAI
END

DUMFIL
EXTERN
ENTRY
ENTRY
ENTRY
*ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
BSS
END

ERRORS

WRITE {6,601} N14N2

PRINT 601

FORMAT {22HCERROR IN

CALL EXIT
END

BOOLER

N{1)

LIST,DECK,REF

UTVAR.
FILO4.
FILO7.
FI1L10.
FIL1l.
FIiL13.
FiL1l4.
FIL15.
FiLlé.

e R 2 ST N )

LIST.DECK,REF
SUBROUTINE ERRORS{N1,N2)

v N1.N2

LISTLREF

GAROL,

SUBROUTINE BOOLER{Al,A2)

A2=A1
RETURN
END

LINK I2414H,

65

NIN,NOUT,NDATA,NIN1,NIN3,JHYD, NEL ,NARRAYyNPAGE, L INESMAINGD 4D
1,NPROByNPTS, INDEXyNPLOT,TITLE(12),TID{10,20),CNAMEL5,20),LINEPP k

MAINQCIC
MAINCOZ0
MAINGCC 30

MATINGEG
MAINQC 6T
MAINCOTD
MAINCOBG
MAINCD9C
MAINGLCC

E=9-65DUMED

DU*Fu%
DUMFOO 20
DUMFQO 3T
DUMFQG 4
DUMFOD5D
DUMFOO ARG
DUMFO{ 74
DUMFOOED
DUMFQNen
DUMFOLCO
DUMFQ11C
DUMFO 120
DUMFC130
DUMFG 47
DUMFC 154
DUMF(140
DUMFC170
DUMFG180
DUMFC19¢C

08-09-65ERRSOLOQ

ERROR NUMBER 14y 1lH.

!

ERRSQC 10
ERRSDO2C
ERRSQGG3D
ERRSQO4D
ERRSGOG50
ERRSOC6HU

BOOLOCCC
BOGLOC1O
BOOLOO2C
BODLOOC30
BOOLOG4C
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DATA

DATA

DATA

TABSET L IST,REF
SETS UP SLAB AND CYLINDER TABLES

DATA FROM CASE, K.y F. DE HOFFMANN, AND G. PLACZEK (1953)

BLOCK DATA

COMMON /TABLES/ CS1,CS24CS3ySLABT{505).CYLT(305)

DIMENSION B1(89), B2{88), B3(881), B4(88), B5(88),

DIMENSION C1(79), C2{(78)y C3{78),y C4L(6T)

EQUIVALENCE (B1{1),SLABT(1)), (B2{1),SLABT(901}},
{B3(1),SLABT{178) )y (B4(1),SLABT(266) 1}, (B5(1)+SLABT{3541}),
(B6{1),SLABT(4423)

EQUIVALENCE (C1(1),CYLT(1)),
(Ca(1),CYLTI236))

DATA
0e224640.2427+0425979042759,0.291340.306040.32004C+3335,0.3464%,
0e35884043707+043821,043932,0.4036,C.4142+0.4242,0.4329,0.4432,
D0e4523940e461140.469690.4779406.485990.4937,0.5013,0.5087,0.5159,
0e5229+0e65298404536440.5429,0.54929045554104561490.5673,40.5730,
005786900 5841 '0"5895'0'5947’0.5998'0.6(’48000609710.614510.6’192’
0e6237y0.62B240463269046369,04641150.6453,0.6493,0.6533,0.6572,
0.6610,0.0664740.6684,0.672040.6755+0.6790,0.6824,0.6857,0.689C,
0e¢6922+0.6554,0.6985,047015,0.7045,0,707440.71063,0.7132+,0.7159
0eT18740.721440e7240,0.726640.7292,0.7317,40.7342,0.7366,0.7390/

B2/0eT41640.743730.746040.7482,0.7505,0.752740.7548,

07569307590 s0e761190.763140.765140.76T70,0.7690,0.7709,0.7727,

De7746+0e7T76440.7782,0.7800,0.7817,0.7834,0.7851,0.7868,50.788%»

0e790140.7917+047932,047948,0.7963,0.7978,0.7993,0.8008,0.8023,

0.8037,0.8051,0.8065,0.8C79,0.8093,0.810640.8119,0.8132,0.8145,
0.8158,0.8171+0.8183,0.819690.820240.822040.8232+C48243,0.82554
0e826690.8276+0.8289,0.8300,0.8311,0.8321,0.8332,0.8342,0.8353,
0.836340.8373,0.8383,0.8393,0.8403,0.8413,0.8422,0.8432,0.8441,
0e8450,0.84609048469,0.84T8,0.8486,0.8495,0.8504,0.8512,0.8521,
0e8529,0.853840.8546,0.8554,0.8562+0.857040.8578,0.8586,0.85937
B3/0.860140.58608+0.861640.8623,0.8631,0.8638,40.8645
0.8652,0.8659,0,8666,048673,0.8680,0.868740,8693,0.87C0C+0.8707,
0e871340.8720+0.87269048732,0.873850.8745,0.875140.8757,0.8763,
0.876940.8775,0.8781,0.8786,0.8792+0.8798,0.8804,0.8809,0.8815,
0.8820+0.8826,0.883150.8836,0.8842+0.8847,0.8852,0.8857,0.8863,
0.886840.8873,0.8878,0.8883,0.8887,0.8892,0.8897,0.8902,0.8907,
00891140.6851690.8921,0.8925,0.8930,0.8934,0.8939,0.8943,0.8948,
0e8352,0.855640.896140.8965,0.836990.8973,0.8977,0.8982,0.8986,
0.8990,0.,8994,0.8998,0.9002,0.9006,0.9010,0.9013,0.9017,0.9021,
0.9025,0.902940.9032,0.9036,0.904040.9043,0.9047,0.9051,0.9054/

B6{61)

{C2{1),CYLT(8BO)),

0.9082,0.,9085,0.9089+0.9092,0.9095,0.9C98,0.9102,40.9105,C.9108,
0¢9111+0.911440.9117+0.9120+0.9124,0.9127,0.9130,0.9133,C.9136,
0.9139'009141p'\)0914430-914790.9150’0.9153v0. 9156’0.9159,009162'
0e916490.916710.917040e9173,0.917540.9178,0.9181,0.9183,0.9186,
0.918990.0191+40.919440.919640.919%,0.9202+0.9204,0.9207:0.9209,
0.9212900921490.921790e921940.9221,04922410.9226,0.9229+0.9231,

66

(C3{(1),CYLT{(158)),

B1/0.0+0.04840,0.0831,0.,112740.1390,0.1629,0.1849,0.205%,

84/009058'0-9061 'O. 9065'009068’0‘9072y0.9075 10.9078'

08-09-65TABSOQ0C

TABSOQOC1G

TABSCO2¢C

TABS0C30

TABSCO040

TABSQOS50

TABSOC60

TABSGOTC
TABSC08C

TABSQC9C

TABSQ100
TABSO110

TABSQ120
TABS0130
TABSO14C

TABSO15¢C

TABSO16C

TABSQO170C
TABSC180C
TABSC1G0
TABS0200
TABSQ21¢C
TABSG22C
TABS0Q23C
TABSC240
TABS0250
TABSO260
TABSO27C
TABS028C
TABSQ2%0
TABSO3CC
TABS0310
TABS(G32C
TABS0330
TABS0340
TABSC350
TABSO360
TABSC37C
TABS(380
TABSG390
TABS0400
TABSO0410
TABS0420
TABS0430
TABSC44C
TABS045C
TABSG460
TABS0470
TABS0480
TABS0490
TABS0O500

I}
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7 0.9233,0.9236+0.9238+0.9240+0.924340.9245,0.9247+0.9249,0.9252,
8 04925490.925690+925840.9261+40.926350.926590.9267+0.9269+40.9271,
9 0.,9273,0.9276,0.9278,0.928090.9282,0.9284+0.9286,0.9288,0.92507/
DATA
0.930640.9308+0.930990.9311+40.931340.9315,0.9317,0.9319,0.9321,
0.932390.9324+049326+9049328+04+93304+0.9332,0.933350.933550.9337,
049339,0.9340,0.9342:0.934490.93465009347,0.934970.9351+0.9352,
049354504935690649357504935990.9361900936250.9364,0.93665,0.9367,
0.9369504937090.937290.9373,0.9375+0.937790.9378,0.93804C.9381,
0.938390.938490.938650.938790.9389;0.939040.9392,0.9393,0.9395,
0.939630+.939890493994049401,0.9402,0.9403,40.9405,0.9406,0.9408,
0.940990.9410+049412+0.9413,0.9415,0.941690.9417,0.9419:C.9420,
0494215049423, 0.9424+0.9425,04942750.9428,0.9429,0.9431,C.5432/
DATA B6/0.943390.9434490.943640.9437,0.9438+0.9439,0.9441
0.94425 0.944390.944490.9446+0.9447+0.94489049449,0.94510.9452
0e945340.945490.945510.945750.9458+0.9459:0.9460+0.9461,0.9462,
0e946440.946510.946690.9467+90.9468+04946990.9470,C.9471,0.9473,
0e947440.947540.947640.9477+40.94785,0.9479,0.9480,0.6481,7.9482,
0.948340.948590.9486490.9487,0.9488,90.948990.9490+0.9491:0.9492,
009493,404949490.949590.949640.949740.9498+0.9499,0.9500,0.,9501/
DATA C1l/0.050.256150.04967+0.07248,0.0942140.1149¢:7.13487,
10.15396,30.1723140.18996,0.2069770.22336,0423918,0.254456,:0.26923,
2042835150.29733+0.31070+043236640.336214+0.34838,0.360195,0.37164,
3043827640.3935690.40405+0e4142490.42414+0.43377,90.4431440,45225,
40446112,50.46975,0.47816,0.48634,0.49432,0.5020930.50966:0.51704>
50¢5242490.5312640453811,0.5447940.55131+40.55767+40.56389,0,56996,
60.57588,0.58167,0.58733,0.59285,0459826,0.60354,0.60870,0.61375,
70.6186940.6235250+62825,0.6328740.63740,0.64183,0.6461650.65041,
B0e6545740.6586470.66263,046665490.67038,0.67413,0.67781,0.568142,
90.68495,0.6884240.69182+046951610.69843,0.70164+0.70479,0.70788/
DATA €C2/0.71091,0.7138950.71681,0.7196840.7225040.72526,
10.72798,0.7306540.73327,0.73585,0.73833,0.74087,+0.74331,0.74572,
207480890, 75040+0.7526990.7549340.7571450.75931+0.7614530.76355,
30476562404 7676590 7696690 T77163,40.7735740.775484+0.77736,0.77921,
40.,78103,0.7828250.78459,0.78633+,0.78805+0.78974,0.79140,0.79304,
50.7946540.79624,0.79781,0.79936,0. 80088+0.80239,0.80387,0.80532,
60.80677,0.80818,0.80958,0.81096,0.81233,0.81367,0.81500,0.81630,
70.81759,0.818856,40.8201240.82136,0.82258,40.82379,40.82498,0.82616,
80.82732,0.82847+40.82960,0.83071,0.83182,0.83291,0.83399,0.,83505,
90.8361050.83714,0.83816,0.83917,0.84017,0.84116+0.84214,40.84310/
DATA C3/0.8440540.8450040.84593,40.8468540.847764+0.84860,
10.84955,0.85043,0.85130,0.8521650.85301,0.85385,0.85468,0.85550,
20.85632,0.8571290.85792+0.85870,0.85948,0.8602540.86101+0.86177,
30.8625150.86325,0.86398,0.8647140.86542,0.86613,0.86683,0.86752,
40.86821,0.86889,0.86956,0.87023,0.87089,0.87154+0.8721950.87283,
50.8734640.87409,0.87471,0.87533,0.87594+40.87654,0.8771450.87773,
60.87832,0.87890+0.87947,0.88004,0.88061+0.88117,0.88173,0.88228,
70.88282;0.88336;0.88389,0,88443,0,88495+0.88547+0.88598,0.88650,
80.88701,0.88751,0,.88801,0.88850,0.88899,0.88948,0.88996,0.89044%,
90.89091+40.89138,0.,89184,40.89230,0.,89276,0.89321,0.89366,0.89411/
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B5/049292+1049294+0,929690.929840.9300,0.9302+0.9304,

-

TABSC510
TABSG520
TABSCS53C
TABS0540
TABSO550
TABSO560
TABSOS570
TABSO580
TABSO590
TABSQO60C
TABS0610
TABSC620
TABS(630
TABSC640
TABSD650
TABSO66C
TABSO6TO
TABSO&80
TABS0690
TABSQT7CH
TABSOT710
TABSO72¢C
TABS(G730
TABSCT 40
TABSCG75C
TABSO76D
TABSC770
TABSO780
TABSQO730
TABS080D
TABSO810D
TABS(C82C
TABS0830
TABSO840
TABSO850
TABS0860
TABSOBTO
TABSO88C
TABS0890
TABS0S00
TABS0910
TABS0920
TABS0930
TABS0940
TABS0950
TABS(O9460
TABSO970
TABS0980
TA8S0990
TABS1000



DATA C470.89455,0.8949990.8954240.895855,0.8962840.89671,
10.89713,0.89755,0.89796,0.89837,0.89878,0.89919,0.89959,0.89999,
20.90038,0.9007740.90116+0.90155,0.90193,0.90231,0.90268,0.90306,
30.90343,0.90381,0.90417,0.90453,40.90489,0.90525,0.90560,0.90595»
40.90631,0.90665,0.90700,0.90734,0.90768,0.90802,0.90835,0.90868,
50.9090290.90934,0.9096740.90999,0.91031,0.91063,0.9109540.91126»
60.91157,0.91188,0.91219,0.91250,0.91280,0.91310,0.91340,0.91369,
70.9139940.61429,0.9145790.91487,0491515,0.91544,0.91572,0.91600,
80.9162840.9165640491684,0.91711,0.91738/

END

68

TABS1010
TABS1020
TABS1030
TABS1040
TABS1050
TABS1060
TABS1070
TABS1080
TABS1090
TABS1100
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$1BMAP

+* 9 % 26 3¢

* 3

LERD
NERR
TEN

B6
BB
8C

XX4&

~ 71

T2
13
T4
F1
F2
Yl
Y2
Y3

PT1

TIDCO

TiDCO

ENTRY

EXTERN
EXTERN

0oCcT
5100 |
OCY

oCcT
0CcT
OC7

BSS
BSS
BSS
BSS
BSS
BSS
BSS
TRA
TRA
TRA

PLE

SAVE
STZ
STz
STz
STz
CAL
SLW
CAL
STA
STA
ADD
STA
ADD
STA
LXA

LIST.DECKREF
CALLING SEQUENCE =
CALL TIDCO{TID{(1))
TiDCO

ERROR
EXIT

CONSTANTS NEEDED
¢]
3
12

TEST SYMBOLS
60
606060606060
006060606060

INDEX REGISTER AND INTERIM STORAGE

ENTRY FOR ID CONVERSION
14244
71
12
T3
T4
BB
Fl
344
PC1
Al
=1
A2
=1
Bl
NUMB-1,1

69

08-09-65T1DCOOO0O

TIDCCOLC
TIDCOG2C
Tipcoeonz2n
TIDCOL4D
TIDCOGSO
TIBCOUSD
TIDCOOTO
TIDCOCBO
TIDCCOSC
TIDCOL100
TIDCO11D
TIiDCO120
TIDCG120
TIDCO140
TIDCO150
TIDLO140
TIDCOLT
TIDLO180
TIDCOYI=D
Tidcoaae
TIBCO21C
TIDLR22¢
TIDCG230
TIDCO24D
TIDCO25C
TiDCO260
TIDCD270
TIGCO282
TIBCO29G
TIDCO3GD
TIDCO310
TIDCO320
TIBLO33¢C
TIDCO340
TIDCO350
TILCO360
TIDCO37C
TI1DC0380
TIDC0390
TIBCO400
TIDCO410
TIDCo420
TiDC0430
TIDCO440
TIDCO4SN
TIDCO460
TIDCO470
TiDC0480
TIDC0O490
TIDCOS00



LP2
1Pl

PC1

CONT

DEC

NUMB

MPLY

SXA
SXA
X1
SXA
LXA
LXA
PXA
SAC
PXA
PCS
PAX
TXL
TXH
TXH
TXH
TXH
TXH
TXH
TRA
X1
TXL
TXI
TXH
TRA
ST0
STO
TSX
STz
CAL
STA
CAL
STA
CAL
SL¥M
CAL
SLW
TRA
STO
TSX
TSX
CLA
TNZ
CAL
STA
STA
TRA
L0Q
MPY
STQ
CLA

Y2.1
Y3,1
*+14145
Yi,1
LERG, 2
ZERO,1
»1
PClye2

2 O

Kk, 2,40
4

NUMB 44,9
MISPy 4,48
Y3s4447
MISP 44,27
Yiy94426
MISP,4,16
Y294415
MISP
*+1y1,1
LP1s1,5
*¥+1492,-1
LPZqu“Z
FINAL

T1

12

SET+4

T3
PCl+3

Y1

DEC-1

Y3

Fl

£2

8B

Fl

CONT

71
MPLY, 4
SET .4

T2

CONT
PC1+2

Y2

Y3

CONT

T4

TEN

T4

T4

70

TIDCOS510
TIDCC520
TIDLO530
T1DCO540
TIDCO550
TIDCO560
TIDCO570C
TIDCOS580
TIDCO590
TIDCO6CO
TIDCO610
TIDCO620
TIDCO630
TIDCO640
TIDCO650
TIDCO660
TIDCO6TO
TIDCO680
TIDCO690
TIDLCOT700
TiDCO710
TIDCOT20
TIDCO730
TIDLCO740
TIDCO750
TIDCO760
TIDCO770
TID0CO780
TIDCO790
TIDCOBOO
TIDCO810
TIibCO820
TIDCO830
TIDCO840
TIDCO0850
TIDCOB6D
TiDCO870
TIDC0880
TIDCO0890
TIDCO0900
TI1DCO0910
TIDCOS920
T10C0930C
TIDCO0940
TIDCO950
TIDCO960
TIDCO970
TI1DC098C
TIDCO99C
TIDC106C0




SET

FINAL

REPL

FIX

LP4

P12

PT3

PT4
cc2
out
A2

ADD
ST0
TRA
CLA
ADD
STO
CAL
ALS
ADD
SLW
TOV
TRA
LXA
TXH
STZ
CLA
SuB
PAX
SXA
TSX
TIX
CAL
SL¥
L XA
TXH
TSX
TIX
TRA
CAL
SLW
TRA
cLA
PAX
PXA
SAC
SAC
SAC
CAL
£Cs
TRA
TRA
PXA
PCS
TNZ
CAL
SAC
TIX
CAL
SLwW
CAL

T1

T4

1+4

T3

=1

T3

Fl

6

T1

Fl

*+1

1,4
T3,1
FIXy1ls5
T1

=6

T3

y 1
PTl1l,1
MPLY 4
*—191,1
B6

T1
PT1,1
REPLs1,»5
SET»4
*¥-149151
FIX

BO

F1

ouT

=5

v 1

»1
PT2992
PT3442
PT4442
Bé&
Fly,45
*42

L2

» 0
Flss5
OuT

Bo6
Fley5
LP441,1
F1l

b3 3

F2

T1

TIDC1C1D
TidCioz2¢
TIDC1C3D
TIDC104C
TIDC1C50
TIDC10ED
TIDC1070
TIDC1G8LC
TIDC10S0
TIDCLICO
TIDC111C
TIDC1120
TIDC113C
TIDC1140
TIDC1150C
TIDC1160
TIDCL1ITO
TidC11l80
TIDC119C
TIDC12C0
TIDC121¢C
TIiDC1220
TidC1234%
TIBC 1240
TIDC12:50
TIDC1240
TIDC1276
TiDC1280
TIDL129¢C
TIDC1z2CC
TIDC1Z21G
TIDC1320C
TIDC133D
TIDC1340C
TIDC1350
TIDC1360
TibDC137C
TIDC1380
TIDC1390
TIDC14C0C0
TIDC141C
TIDC1420
TiDC1430
TIDC1440
TIDC1450
TIDC1470
TIDC1480
TIDC1495¢C

TIDC1500



Al SLW ¥k
CLA T4
Bl S10 &
RETURN TIDCD
MISP CALL ERROR{NERR)
CALL EXIT
END

$IBFTC ERROR LIST,.DECK,REF
SUBROUTINE ERROR{N)

C ERROR SUBROUTINE FOR TIDCO

WRITE (6,51)

1 FORMAT {1HO///34HODERROR STOP-—--MISPUNCHED ID NUMBER

CALL EXIT
END

T2

TIDC1510
TIDC1520
TIDC1530
TIDC1540
TIDC1550
TIDLC1560
TIDC1570

08—-09-65ERR

ERR
ERR
ERR
ERR
ERR
ERR

0000
0010
0020
0030
0040
0050
0060




$IBMAP COMSET LIST,
"B BOOL 37333
BSET CONTRL A,C
A BSS B
C EQU *
END

REF

$IBFTC LINKI1 LIST,DECK,REF

08~09-651L0MU00D0
1C0MOC 10
1C0OM00 20
1COMCO30
1C0MO00 40
1COMOC 50

0E-D9-651LNKOOCO

C 1LNKGO10
C LINK 1 1LNKDO220
C SET UP CONSTANTS AND INITIALIZE DATA TAPE 1LNKO0 30
c 1L NKGO4E
COMMON /ALL/ NINJNDOUT,NDATA,NIN1,NIN3,JHYD,NEL,NARRAY ,NPAGE, LINESILNKODSE
1+NPROByNPTS, INDEX,NPLOT,TITLE(12),TID(10,20),CNAME{5,2C),LINEPP ILNKQC 60

2 sMAT,MFRAME 1LNKQOOT70
COMMON /TABLES/ CS1+4CS2+4CS345LABT1505),CYLT(305) ILNKOGSO

: COMMON /BSET/ LIMST,LIM1,LIM2,NPRINT,JPRINT(10),DUM(20C),DE1,DE2 1LNKQOSC
1 +DE3,.EEZERO.E(8000),SCAP{20),SF{203,55C120),SA(20),ALPHA{2C) 1ILNKOLCD

2 +KTAPE{3),KPTS{10) ILNKC11C

- 3 +NORES{20) ,LLIM{20),SP0{20),EZERD(600),RHGT{600) 1LNKQ1 20
4 sFACT1{6CC),FACT2{5600)FACT3{600),FRAT{600),XI1600) 1LNKO13D

5 2 GI{500),63{500),GF{500)+EQ{500),GG{500),GN{50C} ILNKC140

6 ySPIN{500) 1LNKQL150
COMMON /PLOTT/ TLABEL{12),XLABEL{12),YLABEL{12),TT2{(12),NFRAME ILNKO16D
EQUIVALENCE {(TIDoNTID),{DUM,LIM}{NPT4NPTS),{NDATA,NDATAL} ILNKO170
DIMENSION NTID{(10,20), LIM(200) 1LNKO180
DIMENSION KT(3) 1LNKO1G90
DIMENSION FMT(12) ILNKG20C

c 1LNKG210
C SET CONSTANTS 1LNKD220
NIN=5 1L NKQ 232
NOUT=6 1LNKO240
LIMST=8000C 1LNKO250
NPROB=0 1LNKQ260
CS1=0.5 1ILNKO270
€S$2=0.0 1LNKQ280
CS83=-0.09375 ILNKG290
MFRAME=0 1LNKO300
NPAGE=0 1LNKG310
LINEPP=52 1LNKO320

NKT=0 1LNKO330
KT{1)=NIN 1LNKO 340
KT(2)=3 1LNKO350
KT{3)=2 1LNKO360

) NDATA1=9 1LNKO370
READ (NIN,902) INDEX 1L NKO380

T3



901

902

903

1

REWIND NDATAL

READ 15,901} {TLABEL(I),I=1,12)

FORMAT {12A6}

If {INDEX.LE.C) GO TO 710
START PREPARING A NEW DATA TAPE

READ {NIN,902) NINDEX,NPTS

CALL ENERGY{NINDEX)

CALL BOOLER{6H{2A6, ,FMT{(1))

CALL BODLER{6H2X5A64FMT{2})

CALL BODLER(6HOPF1D.,FMT{(3))

CALL BODLER{(6H3,F12.FMT{4))

CALL BODLER{6HS,2X1PsFMT{(5})

CALL BOOLER{6HIIO0) +FMT(12))

CALL BODOLER{6HE13.544EFMT)

CALL BOOLER{6HI1X » XFMT1)

CALL BOOLER{HHZX + XFMT 2)

CALL BODLER{6H2A6y 4 AFMT)

CALL BOOLER{6H Co,C1)

CALL BOOLER{6HMPUTED,C2)

CALL BOOLER{6H INPUT,C3)

CALL BOOLER{&6H CARDS,C4)

CALL HEAD

READ {NIN,9023) MAT,JHYD

FORMAT (6112}

IF (MAT.LT.1.0R.MAT,.GT.20) CALL ERRORS{1,2)

NEL=MAT

NSUM=0

NPRINT=0

DG 10 K=1,NEL

KPTS(K)=0

1LNKQ390
1LNKQO4GO
1LNKO410
1LNKO420
11 NKG430
1L NKO440
1LNKO450
1LNKO460
1LNKO4TD
1L NKO480
1LNKO4S0
1LNKO500
1LNKOS510
1LNKO520
1L NKO530
1LNKO540
1LNKO550
1LNKO560
1LNKOS570
1LNKO580
1LNKO590
1LNKO6CC
1LNKO610
1L NKC620
1LNKO630
1LNKO640
1LNKO650
1LNKO 660
1LNKO670
1LNKO680

READ {54503) TID(1,K)},»TID(2,K}{(CNAME{I K),I=1,5)4(TID{JsK)+J=4+8) 1LNKC6IC

+ TIDI10,K}
CALL TIDCOA(TID(1,4K))
FORMAT {(2A6,5A6/6E12.6)

IF (TID(6,4K).6T.-2.0) GO TO 5
TID{7,K¥==2.0
TID(84K)==2.0
NKT=NKT+1
READ {NIN,902) KPTSINKT}
NT=3
GO 10 6
NT=0
IF (TID(6yK) el Ta0.0) NT=NT+]1
IF {TID(74K) el To0e0) NT=NT#+1
IF {TID(ByK)elLT.0.0) NT=NT+1
NTID(9+,K}=NT
NSUM=NSUM+NT
IF {TID{10,K).LE.O0.0) GO TO 10
IF (NT.LE.O0) GO T0O 10
NPRINT=NPRINT+1

Th

1LNKOT700
1LNKO710
1LNKO720
11 NKOT730
1LNKG740
1LNKO750
1LNKOT60
ILNKO770
1LNKO780
11 NKOT790
1LNKO800
1LNKO810
ILNK0O820
1LNKO830
1LNKO840
1LNKO850
1LNKOB6O
1LNKOBTC
1ILNKO88O

-

<



10

11
12

9C4 FORMAT (26HUONUCLIDE TABLE OF CONTENTS/13HONUCLIDE I.D.
1 26X 1HA 5X 10HASYMPTOTIC 7X THCAPTURE 7X 7THFISSION 7X 7HSCATTER
2 5X SHNUMBER OF/56X 10HSCATTERING 48X 6HARRAYS/)

31

32

JPRINTINPRINT)I=K

CONTINUE

IF INKT.LE.O) GO TO 12

IF {NKT.GT.3) CALL ERRDRS{1,3)
DO 8 K=2,NEL

IF {TID{4+K).EQ.1.0) CALL ERRDRS{(1,7)
CONTINUE

N=1

DO 11 K=1l,NEL

IF {TID{6+4K).GT.~2.0) GO TO 11
KTAPE(N)=KTINKT)
MTAPE=KTAPEIN)

IF (NKT.GT.1) REWIND MTAPE
N=N+1

NKT=NKT-1

CONTINUE

CONTINUE

NARRAY=NSUM

WRITE {6,904)

DO 30 K=1,NEL
N=0

L=6

DO 25 JK=6,8

IF (TID{JKHK)LTL.G.0) GO0 TO 31
N=N+1
DUMINI=TID{JK,4K)
FMT{L)=EFMT
FMT{L+1)=XFMT1
GO TC 34
FMT{L)=AFMT
FMT{L+1)=XFMT2
IF (TID(JKWK}LT.~1.0) GO T0 32
DUMI{N+1)=C1l
DUM{N+2)=C2

GO 1O 33
DUM{N+1)=C3
DUM{N+2)1=C4
DUMIN+3)=C3
DUMIN+4)=C4
DUM{N+5)=C3
N=N+6

DUMIN)=C4
FMT{L+2)=AFMT
FMT{L+3)=XFMT?2
FMT{L+4)=AFMT
FMT{L+5)=XFMT2
GO0 TO 36

™

11X s 4HNAME

ILNKGR9D
1LNKC900
ILNKCOLI0
1LNKG920
1LNKGG30
1LNKO940
1LNKGS5 2
1L NKDS 60
1LNKC97D
1LNK G980
1LNKQ99L
ILNKI1GECO
ILNKIC1D
1LNK 13620
ILNKL1C30
1LNK104C
ILNK1052
1LRKIG6D
ILNKIGTO
ILNK 108"
ILNK 1GSH
ILNK11CS
ILNK111C
ILNK112D
1INK 11232
1LNK1140
ILNK115¢C
1LNK1160
1LNK117O
ILNK1180
1LNK11 90
ILNK1206D
1LNK1210
1ILNK1220
1LNK1230
1LNK1240
1LNK1250
ILNK1260
1ILNK1270
ILNK1280
1LNK1230
1LNK13C0
1LNK1310
ILNK 1320
1ILNK1330
ILNK 1240
ILNK135¢C
ILNK1360
ILNK1370
1ILNK1380D



33 N=N+2 1LNK1390
34 L=l 42 1LNK1400
35 CONTINUE 1LNK1410
36 NO=N 1LNK1420

WRITE {6,FMT) TID{14K)oTID{24K) o (CNAMEL T, K)41=145),TID{40K), 1LNK 1430

1 TID(5,K), (DUMIN),N=1,NO) yNTID{9+K) 1LNK1440

30 CONTINUE 1LNK1450
1LNK1460

1LNK1470

40 IF {INDEX.6T.1) GO TG 50 1LNK 1480
WRITE (NDATA)(TLABEL{(I),I=1,12) 1LNK149C
WRITE (NDATAL1) NPT ,NEL,NARRAY,JHYD 1LNK1500
WRITE {NDATAL)({TIDII,K),I=1,10), (CNAME(J,K),J=1,59,K=1,NEL) 1LNK1510
WRITE (NDATA}{SLABT(I)51=1,505)+{CYLT{J),J=1,305) 1LNK 1520

GO TO 100 1LNK1530

50 READ (NDATA) {DUM{I},I=1,12) 1LNK1540
00 60 I=1,12 1LNK1550

If (TLABEL(I).NE.DUM(I)) CALL ERRORS{1,8) 1LNK1560

60 CONTINUE 1LNK1570
DO 70 I=1,3 1LNK1580

70 READ (NDATA) DUML 1LNK1590
READ (NIN,902) JPT 1LNK1600
JHYD=JPT 1LNK1610

DO 80 J=1,JPT 1LNK 1620

80 READ {NDATA) DUM1 1LNK1630
READ (10,500 (DUM2,4=1,JPT) 1LNK1640

500 FORMAT (E12.6) 1LNK1650
IF {ABS{DUM1-DUM2) .GT.1.0E-5%DUMl) CALL ERRORS(1,9} ILNK 1660

100 CALL CHAIN{2) 1LNK1670
READ FROM A DATA TAPE PREVIOUSLY PREPARED 1LNK1680

710 NERR=1 1LNK 1690
CHECK LABEL ON A DATA TAPE WRITTEN ON AN EARLIER RUN  1LNK1700

READ (NDATA) (DUM{TI),1=1,12) 1LNK1710

DO 720 I=1,12 1LNK1720

IF [DUM(T).NE.TLABEL(I)) CALL ERRDRS{1,1) 1LNK1730

720 CONTINUE 1LNK1740
NERR=2 1LNK1750
STORE -TABLE OF CONTENTS- AND OTHER DATA FROM 1LNK1760

BEGINNING OF DATA TAPE 1LNK1770

READ {NDATAL) NPT,NEL,NARRAY,JHYD 1LNK1780
READ (NDATAL) €(TID{(J,K)4J=1,10)(CNAME(I4K)I=1,5)+K=1,NEL) 1LNK1790

DO 730 K=1,NEL 1LNK1800

IF (TID(6,K)o6T.0.0) TID{6,K)=TIDI6,K)I*0.159 1LNK1810

IF (TID(6,K).GT.-2.0) GO TO 730 1LNK1820
TID(7,K)=-2.0 1LNK 1830
TID(8,K)=-2.0 1LNK1840

730 CONTINUE 1LNK1850
READ (NDATAL) DUMMY 1LNK1860
CALL CHAIN{4) 1LNK1870

END 1LNK 1880

76




Y $IBFTC ENERGY LIST.DECK,REF

C
C
C

100

901

101

102

loNPRBBgNPTS,INDEXvNPLBTvT!TLEilZ},I!D(lOoZO)yCNAMEISyZO),LINEPP

2

SUBROUTINE ENERGY(NINDEX)

SET UP ENERGY MESH

08-09-65ENERDOCO

ENERLOLOD
ENERGCO2C
ENERGO 30
ENEROO4O

COMMON /7ALL/ NIN,NGUT,NDATA,NINl'NINB,JHYD,NEL,NARRAYyNPAGE;LINESENEROGSQ

+ MAT, MFRAME

COMMON /TABLES/ €51,0S2,CS3,SLABT{505),CYLT{305)
COMMON /BSET/ LIMST,LIM1,LIM2,NPRINT,JPRINT{10),DUM{200),DEL,DE2
1DE3-EEZEROyElBOOO);SCAP(ZG%vSFiZO)vSSC(ZOQySA(20§.AiPHA(2G3

s KTAPE{(3),KPTS(10}

+NORES120) ,LLIM(20),SP0120),EZERD16C0)RHGT{60L0)
LFACT1160C),FACT2({600)+FACT3{600),FRAT{600)+XI1{600)
,GI{500)+6J31500) 4GF{5001,EC{500),GG{500%,GN{50C)

» SPIN(500)

COMMON /PLOTT/ TLABEL{12)y XLABEL{12),YLABEL(12),TT2{12),NFRAME
EQUIVALENCE {(TIDsNTID),{DUM,LIM),INPT,NPTS),{NDATA,NDATAL)

DIMENSION NTID110,20), LIM{200)

IF (NINDEX.LT.1) CALL ERRORS(1.+4)
IF {NINDEX.GT.5) CALL ERRORS{1,5)
1 IMST=7998

M2=L IMST

NT=1

LIM1=M2

INTERMEDIATE STORAGE OF ENERGIES ON INTERMEDIARY TAPE 8

NIN1=8
REWIND NIN1
GO TO {142+3+495+5)2NINDEX

READ ENERGIES FROM INPUT CARDS

M2=MINO{NPTS,LIMST)
LIM2=NPTS
READ {NIN,9OWI{E{I),I=1,M2)
FORMAT {6E12.6)
IF {M2.GE.NPTS) GO TO 10
WRITE ININIME{I},I=1,M2)
NT=NT+1
M2=MINO{NPTS—{NT-1)*LIMST,LIMST)
READ {NIN,SOLI{E{I).1=1,M2)
DO 102 I=1,M2
WRITE (NINl) E(I)
CONT INUE
IF {M2,LT.NPTS-NT#LIMST) 60O T0O 101
GO 10 8

EQUAL ENERGY SPACING

READ E-MAX AND DELTA-E
READ {NIN,901) EMAX,EMIN,DELTAE
E{1)=EMAX
DO 201 1=2.,M2
E{I1)=E(I-1)-DELTAE

T

ENEROCOEC
ENERCCT7C
ENERQOBO
ENEROOSGC
ENERQ1CC
ENEROC110
ENER0O12C
ENERO 130
ENERO140
ENERC150C
ENERC1EC
ENEROL1YO
ENERC1EC
ENERC1SC
ENERGZOUD
ENERQZ210
ENERQ22D
ENERG23C
ENERC240
ENERQ250
ENERC260
ENERG27(
ENERQZ280
ENERQ290
ENERG300
ENERQ310
ENERC320
ENERC33C
ENERO340
ENERO350
ENERO360
ENERQO370
ENERO380
ENERD3SC
ENERQO4CC
ENERC410
ENERC420
ENERC43C
ENERC44C
ENERO4SC
ENERD460
ENERC4TC
ENER(C48C
ENERGO490
ENEROS500



201

202

301

302

IF {E{1).GT.EMIN) GO TO 201
NPTS=1
IF (E{I).LT.EMIN) E{I)=EMIN
GO TO 10
CONT INUE
WRITE ANIN1){E{I}),1I=1,M2)
ENEXT=E(M2Z)
M3=20000
DB 202 I=1,M3
ENEXT=ENEXT-DELTAE
IF {ENEXT.GT.EMIN) GO 7O 202
NPTS=M2+1
IF (ENEXTL.LTL.EMIN) ENEXT=EMIN
WRITE {NIN1) ENEXT
GO YO 7
WRITE {NIN1) ENEXT
CALL ERRDRS(1,7)
EQUAL VELQOCITY SPACING
READ EMAX AND CONSTANT
READ {NIN,901) EMAX,EMIN,CONST
E(1)=EMAX
DO 301 1I=2,M2
E{I1)=E(I-1)-CONST*SQRT{E{(N-1))
IF (E(I).GT.EMIN} GO TO 301
NPTS=1
IF {E{1).LT.EMIN) E{I)=EMIN
GO 10 10
CONTINUE
WRITE (NINIJ{E(I},I=1,M2)
M3=20000
ENEXT=E{M2)
DO 302 I=1,M3
ENEXT=ENEXT-CONST#SQRT{ENEXT)
IF {ENEXT.GT.EMIN) GO TO 302
NPTS=M2+1 ‘
IF (ENEXT.LT.EMIN) ENEXT=EMIN
WRITE (NIN1) ENEXT
G0 10O 7
WRITE (NIN1) ENEXT
CALL ERRODORS{(1,7)
EQUAL LETHARGY SPACING

READ EZERO AND DELTA-U

READ (NIN,901) EMAX,EMIN,DELTAU
E{1)=EMAX

EDU=EXP{-DELTAU)

DO 401 I=2,M2

E{I¥=E(I-1)*EDU

IF {E{1)1.GT.EMIN) GO TO 401
NPTS=1

IF {E{I).LT.EMIN) E{I})=EMIN

T8

ENEROS510C
ENEROS520
ENEROS30
ENEROS4C
ENEROS550C
ENEROS60
ENEROSTO
ENEROSE0
ENEROSQ0
ENERO60CC
ENERO610
ENERO620D
ENEROS30
ENERO 64D
ENERO&50
ENERCO660
ENERQOG6TO
ENERO68O
ENERCESO
ENERCT7CO
ENERO710
ENEROT20
ENEROT30
ENERO740
ENERGT50
ENERC760
ENERGTTO
ENERO780
ENERCT9C
ENEROBOC
ENEROB1C
ENERC820
ENERG830
ENERQ840
ENERCB50
ENEROB60
ENEROBTO
ENEROBBO
ENEROBOC
ENEROSOO
ENEROS10
ENEROS20
ENER(G9 30
ENERO940
ENERO950
ENERQI6C
ENERD9T70
ENEROGBD
ENERQOSI0
ENER1OGO



GO 710 10 ENER1C10

401 CONTINUE ENER1G2C
WRITE (NINIME(I),I=1,M2) ENER1C 30
M3=20000 ENER 104D

) ENEXT=E{M2) ENER1OS50
DD 402 1=1,M3 ENERLOAD
ENEXT=ENEXT*EDU ENER1OTO
If {ENEXT.GT.EMIN} GO TO 402 ENER1GBO
NPTS=M2+1 ENER109C
IF {ENEXT.LT.EMIN) ENEXT=EMIN ENER110C
WRITE {NIN1) ENEXT ENER1110
GO 1O 7 ENER1120

402 WRITE (NIN1) ENEXT ENER1130
CALL ERRORS{1,7) ENER1140

o USE YDUR OWN SUBROUTINE ENRG TO GENERATE ENERGY PUINTS ENER1150

c WHERE NPTS IS LESS THAN 8001 AND ENERGIES ARE CORE CONTAINED ENER1160

5 CALL ENRGINPTS,E) ENER1170
LIM1=NPTS ENER 1180
LIM2=NPTS ENER1190

IF {NPTS.GT.8000) CALL ERRORS{1,6) ENER1200

60 TO 10 ENER121C

7 REWIND NIN1 ENER1220
READ (NIN1) DUMMY ENER1230

G0 TO 10 ENER1240

- 8 REWIND NIN1 ENER1250
9 READ {NINL)I{E{I),I=1,LIM1) ENER12&D
10 RETURN ENER1270

. END ENER128C

$IBFTC ENRG LIST,DECK,REF 0B=-09-65ENRGOONG
SUBROUTINE ENRGINPTS,E) ENRGOO10
DIMENSION E{8000) ENRGOO20
WRITE {6,601) ENRGOC30

601 FORMAT (39HODUMMY SUBROUTINE ENRG HAS BEEN ENTERED/113HOIN OURDER TENRGOQ4O
10 USE THE OPTION OF GENERATING YOUR OWN ENERGIES, PLEASE REPLACE TENRGOOSO

2HIS SUBROUTINE WITH ONE DF YOUR OWN. ) ENRGGO60

CALL ERRORS{1,6) ENRG0OO70

END ENRGOOS8O
$IBFTC HEAD LIST,DECK,REF 08-09-65HEADOCOC
SUBROUTINE HEAD HEADOC10

COMMON /ALL/ NINyNOUTSNDATA,NINY,NIN3,JHYD,NEL+NARRAY,NPAGE,L INESHEADQO20
1,NPROB,NPTSy INDEXNPLOT, TITLE{12),7TID{10,20),CNAME{5,20),LINEPP HEADCC 30

2 yMAT,MFRAME HEADQG40
COMMON /PLOTT/ TLABEL{12),XLABEL(12),YLABEL(12),T2{12) HEADOOS0
NPAGE=NPAGE+1 HEADOO 60
WRITE {6,601 ){TLABEL{I),I=1,12),NPAGE HEADOG 70

" 601 FORMAT{26H1GAROL DATA TAPE, LABELED 12A6, 22X 4HPAGE 16) HEADOOSO
RETURN HEADOCSO
END HEADO100

9



$1BMAP COMSET

8 BOOL

BSET CONTRL

A BSS

C £EQU
END

$IBFTC L INK2

LIST,REF
37333
AyC

B

%

LIST,DECK,REF

* ¥ %
R OL
* % X%

80

08-09-652C0OM0000C
2C0OMCC10
2C0M0020
2C0M0030
2C0M0040
2C0M0O05¢C

08-09-652LNK0O0CO

C LINK 2 2LNKOO10
iC READ RESONANCE PARAMETERS 2L NK0O0 20
k COMPUTE RESONANCE VARIABLES AND INDICES 2LNK0O030
C FOR CALCULATING CROSS SECTIONS 2LNK0OO 40
C 2LNKCO050
COMMON /ALL/ NIN,NOUT,NDATA,NIN1,NIN3,JHYD,NEL,NARRAY,NPAGE,L INES2LNKOO60O

19y NPROByNPTS, INDEXNPLOT,TITLE{(12),TID{10,20)+CNAMEL(5,20),LINEPP 2L NKOO70

2 #+MAT,MFRAME 2LNKOC 80
COMMON /TABLES/ CS1,CS2,CS3+SLABT{505),CYLT{305) 2L NKOC90
COMMON /BSET/ LIMST,LIM1,LIM2,NPRINT,JPRINT(10),DUM{200),DEL1,DE2 2LNKO100

1 4DE3,EEZERC,E(B000),SCAP(20),SF{20),SSC{20),SA{20),ALPHAL2C) 2LNKO110

2 +KTAPE{3),KPTS(10) 2LNKO120

3 +NORES(20),LLIM(20),SP0{203,EZERD{600),RHGT{600) 2LNKO0130

4 JFACT1{600),FACT2(600),FACT3{600),FRAT{600)4XI1{600) 2LNKO140

5 »GI{500),GJ{500)GF(500),E0(500),+GG{500),GN{50C) 2LNKO0150C

6 +SPIN(500) 2LNKO0160
COMMON /PLOTT/ TLABEL{12),XLABEL(12),YLABEL{12),TT72{(12),NFRAME 2LNKO170
EQUIVALENCE {TID,NTID),{DUMyLIM)4{NPT,NPTS),{NDATA,NDATALl) 2LNKO18¢C

k DIMENSION NTID{10,20}, LIM{200) 2LNKO1390
2LNKO2GO

LIM3=LIM] 2UNKQ210
LIM1=0 2LNKO220C

NKT=0 2LNKQ230

DO 10 K=1,MAT 2LNKD240

IF (TID{6+K) eGEL0eOJANDLTID(74K)eGE.O.O.AND.TID{B8+K).GE.O.0} 2LNK0250

1 60 70 10 2LNKO 260

IF {(TID16+K)<EQ.-1.0) GO 70O 5 2LNKO270

IF (TIDI(84K}.EQ.—-1.0% GO TO 5 2LNK0280

IF (TID{74K).EQ.-1.0) GO TO 5 2LNK0290
NKT=NKT+1 2LNKO300

GO 70 10 2LNKO310

5 CALL DSET(K) 2LNKO0320
LIM1=234 2LNK0330

10 CONTINUE 2LNKO340
LIM1=L1IM3 2LNKO0350

IF (NKT.LE.1) GO TO 30 2LNK 0360
NKTM1=NKT-1 2LNKO370

DO 25 J=1,NKTM1 2LNKO380
JTAPE=KTAPE{ J) 2LNK0390
KTO=KPTS{J) 2LNK0400




$IBFTC DSET

e NaEeRaRa]

500
20

25
30

2
3

1,NPROByNPTS, INDEX NPLOT,TITLE(12),TID{10,20),CNAME{5,20) LINEPP

2

VB W

DO 20 I=1.KTO

READ {NIN,500)EE, CAP, SCAT, FIS
WRITE {(JTAPE,.S0C)EE, CAP, SCAT, FIS
FORMAT {4E12.6)

CONTINUE

REWIND JTAPE

CONTINUE

CALL CHAIN{3)

END

LIST,DECK,REF
SUBROUTINE DSET{NMAT)

READ AND SET UP RESONANCE PARAMETERS AND CONSTANTS
FOR DDPPLER BRUOADENING CALCULATION
ADAPTED FOR GAROL FROM THE FASDOP PROGRAM

{GAMD-6562)

2LNKU410
2LNKO420
2LNK (0430
2LNK G440
2LNKO450
2LNK0O460
2LNKQ470
2LNK0Q480
2LNK G490

08-09-65DSETO0CO
DSET0010
DSETQ02D
DSETO03C
DSETOCA4A0
DSETO050
DSETCO60

COMMON /ALL/ NINJ,NOUT,NDATA,NIN1,NIN3,JHYD,NEL,NARRAY,NPAGE,LINESDSETOO7C

s MAT, MFRAME

COMMON /TABLES/ CS1+CS2+CS5S3,SLABT(505),CYLT{305)

DSETO08C
DSETO009C
DSETO10C

COMMON /BSET/ LIMST,1LIM1,11M2,NPRINT,JPRINT{10),0UM(200),DE1,DE2 DSETO11l0Q

+DE3,EEZERQ,E{(B000),SCAP{200,SF{20)+SSC{20),SA120),ALPHA{20C)

+KTAPE{3) ,KPTS{10)

oNORES{20) ,LLIM{20),SPO(20)EZERD{600) ,RHGT{60C)
+FACT1{6003:,FACT2{600),FACT3{600),FRAT{600)+XI{600]}
s GI{500),6J{500) +GF{500),E01(500),GG{(500)+GN{50()

s SPIN{500)

COMMON /PLOTT/ TLABEL{12)XLABEL{12),YLABEL(12),T721{12) 4NFRAME
EQUIVALENCE (TID,NTID),{DUM,LIM),{NPT,NPTS),{NDATA,NDATAl)

DIMENSION NTID{10,20), LIM{200)
INTEGER GAMN

DIMENSION GAMN{1)

IF (LIM1.EQ.234) GO 71O 2

KST=1

GO 10 3

KST=KEND+1

CONTINUE

20 READ {5,510) WGT,STAT,SPOT,TEMP

IF {WGT.NE.TID(4,NMAT)) CALL ERRDRS{2,1)
READ {(5,52C) NEZ,NFIS,NGN

NRR=NEZ

NORES{NMAT )=NRR

LLIM{NMAT)=KST

KEND=KST+NRR-1

AMASS=MGT

SPO(NMAT)=SPOT
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CALL HEAD DSET0370
WRITE {6,602) {(CNAME{I,NMAT),I=1,5)+AMASS,SPOT,TEMP DSETO0380

602 FORMAT (1HO8X,37H DOPPLER BROUADENING CALCULATIONS FOR 5A6/ DSET0390
118X,24H ABSORBER MASS = F8.3/ DSETO0400
318Xy24H POTENTIAL SCATTERING = F8.3,8H (BARNS)/ DSETO0410
418X 24H TEMPERATURE = FBes394H (K)//) DSET0420

DO 30 K=1,NRR DSET0430
GI{K}=0.0 DSETO440
GJI{K}=0.0 DSET0450

30 GF{K)=0.0 DSET0460
IF (NFIS.GT.0) GO TO 80 DSETO0470

IF {STAT.GT.0.0) GO TQ 70 DSETO0480
READ (54530) (E0{J)yGI{J)+GILY)GG(I)»GNLJ),I=1,NRR} DSET0490

40 DO 60 K=1,4NRR DSETO0500
IF {GJ(K).GE.C.0) GO TO 50 DSETO0510
SPINIK)=GI{K) DSET0520

GO 1O 60 DSET0530

50 SPIN(K)=12.0%GJ{K)+1.0)/7{2.0%GI{Ki*+#1.0)%0.5 DSET0540
60 CONTINUE DSET0550
GD T0 120 DSETO0560

70 READ (5,540) (E0(J},GG(J)+GN(JI)sJ=14NRR} DSETOS5TC
GO TO 100 DSET0580

80 IF {STAT.GT.0.0) GO 7O 90 DSETO0590
READ (5,510) (E0{J)+sGI{JI+GG(I)+GN{I)+GF{I}»JI=1,NRR) DSETO06C0

GG 1O 40 DSETO0610

90 READ {5,4550) {EOQ{J)+GG{J)},GN(I)+GF{J}yI=14NRR} DSET0620
100 DO 110 K=1,NRR DSET0630
110 SPINIK)=S5STAT DSET0640
120 IF (NGN.GT.0)} GO TQO 302 DSET065C
301 GAMN{1l)=- 4903602544 DSET0660
GO TO 303 DSET0670

302 GAMN{1l)=— 4903602496 DSET0680
303 CONTINUE DSET0690
304 WRITE{£,305) GAMN(1) DSETO700
305 FORMAT(39X,26H RESONANCE PARAMETER INPUT//17X,11H RESONANCE 5X,21HDSETO710
1 STATISTICAL FACTORS 12X,17H HALF-WIDTHS - MV/11X,49H NUMBER ENDSET0720
2ERGY-EV I J G GA A6427H GAMMA GAMMA GADSETO0730
3MMA F//) DSETO0740
WRITE{6,306) {KsEOQO(K)sGII{K)yGIIK) ySPIN{K)GNI{K) +GG{K) yGF(K) DSETO75C
1+K=1,NEZ} DSETO760
306 FORMAT(I1164F13.3,F10.14F6.19F8.342F13.4,F14.4) DSETO770
IF (NGN.LE.O) GO TO 142 DSETO78C

DO 141 K=1,NRR DSET0790

141 GN{K)=GN{KI*SQRTI{EO{(K)) DSET0800
142 DO 143 K=1,NRR DSETC81C
GG{K)I=GG{K)}*0.001 DSET0820
GN{K)=GN{K}*0,001 DSET0830

143 GF{K)=GF{K)}*0.,001 DSET(0840
RAKT=SQRT({AMASS/{B.616TE-05%TEMP)) DSET0850
CON1={ {AMASS#1.0)/AMASS)**2 DSET0860
CON2=2.6029E+06*CON1 DSETO87C
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CON3=1.6133505E+03%CON1
RSPO=SQRTISPOT)
DO 200 J=1,NRR
JJ=KST+J-1
EZERO{JJII=EOLJ)
GPF=GG{J)+GF{J)
REO=1.0/E01J)
GT=1.0/(GN{J}+GPF)
RREO=SQRT{RED)
GNGT=GN{JI*GT
FACT=GNGT*RREO*SPIN{J}
FACT1{JJ)=FACT*RSPO*CON3
FACT2{JJ)=FACT*GPF*GT*CON2
FACT3{JJ)=GNGT*GNGT*SPIN(JI*REO*CON2
FRAT{JJ)=GF{J)}/GPF
HGT=0.5/GT
RHGT{JJ1=2.0%6T
XI{JJ)=HGT*RREO*RAKTY

200 CONTINUE
RETURN

160 WRITE {6,560)
CALL EXIT

510 FORMAT{6E12.6)

520 FORMAT{6112)

530 FORMAT{5El12.56)

540 FORMAT{3E12.6)}

550 FORMAT{4E12.6)

DSET(CBS80O
DSET0890
DSETO9CO
DSETC910
DSETCS20
DSETG930
DSETGS40
DSETCS50
DSETO0960
DSET0ST70
DSET0S80
DSETO0990
DSET1G00D
DSET1C10
DSET1020
DSET1030
DSET1040D
DSET1050
DSET1CHC
DSET1C7D
DSET1CS8C
DSET1CG0
DSET1100
DSET111C
DSET112D
DSET112¢
DSET1140

560 FORMAT{1H1///10X,54H * % ¥ % % ERROR STOP - INPUT LIST TOO LARGE *DSET1150

1 % % % %)
END

$IBFTC HEAD LIST,DECKREF
SUBROUTINE HEAD
COMMON 7ALL/
1+NPROB,NPTS, INDEX,NPLOT,TITLE{12),TID(10,20),CNAME{5,20),LINEPP
2 sMAT,MFRAME
COMMON /PLOTT/ TLABEL{12),XLABEL{12),YLABELI12),T2{12)
NPAGE=NPAGE+1
WRITE {64601 ){TLABEL{1),1=1+412)+NPAGE
601 FORMAT{26H1GAROL DATA TAPE, LABELED 12A6, 22X 4HPAGE 16)
RETURN
END
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s Naka Xz

+KTAPEL3)

U H WIN e

+ SPIN{500

DO 20 JK=1
GI{JK)=0.0
GJ{JK}I=0.0
20 CONTINUE
IF {NPRINT

GO TO 22

CALL HEAD
22 CONTINUE

JST=JHYD
JHYD=1
24 IF (JST.LE

NT=NT+1
GO T0 24
23 JST=1

COMMON /7ALLY/

$IBMAP COMSET LIST,REF

8 BOOL 37333
BSET CONTRL A,C
A BSS 8
C EQU *
END

$IBFTC LINK3 LIST.DECKREF

LINK 3
CALCULATE CROSS SECTIONS
AND WRITE DATA TAPE ON {B5)

+KPTS1{10)

yNORES120),LLIM{20),SPO{20),EZERD(60013 +RHGT (600)
+FACT1{600),FACT2{600),FACT3(600) ,FRAT(600),XI{600)
+»GI{500),GJ{500),GF{500),E0{500),GG(500),GN{50C)

)

» 50

+GT«0) GO TO 21

ASSIGN 4 TC NGO

21 ASSIGN 10 TC NGO

IF {JHYD.LE.1) GO 7O 23

«LIMST) GO TO 25

JST=JST-LIMST

8k

COMMON /PLOTT/ TLABEL{12),XLABEL{12),YLABEL{12),TT2{12)NFRAME
EQUIVALENCE {(TID,NTID?,{DUM,LIM)INPT,NPTS},(NDATA,NDATAL)
DIMENSION NTID{10,20), LIM{200}

08-09-653C0M0000

3C0M0010
3C0M0020
3C0M0030
3C0M0040
3C0M0050

08-09-653LNK0Q00O

3LNKOO10
3LNK0020
3LNKOGC30
3LNK0040

NINy NOUT,NDATAsNIN1,NIN3, JHYD,NEL ,NARRAY NPAGE,LINES3LNKOOS50

1+NPROByNPTS, INDEX,NPLOT,TITLE{12),TID{10,20) sCNAME{5,20),LINEPP

2 +MAT,MFRAME

COMMON /TABLES/ €51,CS52,CS53,SLABT{505),CYLT{305)

COMMON /BSET/ LIMST,LIM1,4LIM2,NPRINT,JPRINT{10),DUM{200),DE1,DE2
+DE3,EEZERD,E{8000),SCAP(20),SF{20),5SC{20),5A(20) ,ALPHA{20)

3LNKOC 60
3L NKOOCT70
3LNKOO080
3L NKOOSO
3LNKO10C
3LNKO110
3L NKO120
3LNKO130
3LNKO140
3LNKO150
3LNKO160
31 NKG170
3LNKO180C
3LNKO190
3LNKG200C
3LNKC210
3LNKO220
3LNKO23¢C
3LNK0240
3LNKO250
3LNKO260
31 NKO 270
3LNKD280
3LNK0290
3LNKO0300
3L NKO310
3LNKO320
3LNKO330
3LNK0340
3LNKO0350
3LNKO360



25

30

31

33

34

35

40

I=J457

JEND1I=MINOINPTS,LIMST)

NT=1

NTLIM=0

NTLIMP=LIMST

DO 1 K=1,MAT
ALPHALIK)I={{TIDI4,K)=1.0)/{TID{4,K)#1.0))%%x2
CONT INUE

IF {JEND1.LT.NPTS) GO TO 2
ASSIGN 6 TO NP1

ASSIGN 8 TO NP2

GO 10 3

ASSIGN 5 TO NP1

ASSIGN 9 TO NP2

EEZERO=E(L IMST)

CONTINUE

IF {(JST.GT.1) GO YO 4

DE1=0.0
DEZ2=E{2)/7{E{Y1)-E(20)*=ALOGIE(1) /E(2)})
DE3={E{1)-E{2))%*,5

ND=1

CALL FASDOPI 1)

DO 40 K=1,.NEL
ETO=E{ 1 )*ALPHALK)

DO 30 J=1I,NPT

IF {E{J3).GT.ETQ) GO TO 30
LIMI(ND)=J-1-1

JI=J-1

G0 T0O 31

CONTINUE

LIMUIND)=NPT-1

JJ=NPT

ND=ND+1

NCORT=0Q

LIM{ND)=NCORT

ND=ND+NCORT+1

IF {TID{6,K}.GE.D0.0) GO TO 34
DUMIND )=SCAP{K)

ND=ND+1

IF {TID(7+4K).GE.0.0) GO TO 35
DUM{ND)}=SF{K)

ND=ND+1

IF (TID{(8yK).GE.D0.0) GO TO 40
DUMIND }=S5C(K)

ND=ND+1}

CONTINUE

ND=ND-1

WRITE {NDATALl) E£{1),DE1,DE2,DE3,ND,{DUM(J),J=1,ND}
IF {NPRINT.GT.0) CALL PRINT{JSTLE{JST))
JST=yST+1
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3LNKG370

3LNK(380
3LNK2390
BLNKO4C0
3LNKO410
3LNKO420
3LNKO430
3LNKO440
3LNKO450
3LNKO460
3LNKO4T0
3LNKGC4R0
3LNKD490
3LNKQ500
3LNKO510
3LNKO520
3LNKG530
3LNKD540
3LNKQS5C
LNKOS56D
3LNKO57C
3LNKG58C
3LNKO590
3LNKO60D
3LNKO610
3LNKO620
3LNKO630
3LNKQ640
3LNKD650
3LNKG660
3LNKO670
3LNKO680
3LNKO69C
3LNKOT700
3LNKDT10
3LNKO720
3LNKO730
3LNKO740
3LNKO750
3LNKDT760
3LNKOT770
3LNKO780
3LNKO790
3LNKG800
3LNKOS810
3LNK0820
3LNKO830
3LNK0840
3LNK0850
3LNK0O860C



I=4S87 3LNKO8T0

GO TO NP2,18+9) 3LNKD88O

9 IF (JST.LE.LIMST) GO 70 8 3LNKO8S0
JST=1 3LNKO900
I=4ST 3LNKO910
NT=NT+1 3LNKQ920
NTLIM={NT-1) =L IMST 3LNKO930
NTLIMP=NTL IM+LIMST 3LNKDS40

8 CONTINUE 3LNKO950
IF (JSTH+NTLIM.GE.NPTS) GO TO 11 3LNKQ960
DEI=E{I-1) /{EL{I-1)-ECI 1 )*ALOGIE{I-1) JELIY) 3LNKO9S70
DE2=E(I+#1)/(EL{I1}-E(I+1 ) ¥ *ALOGIEA(I}/ELI+]1)) 3LNK0O980
DE3={E{I1)-E{I1+1))%0.5 3LNK0O990
CALL FASDOP{JST) 3LNK1G00
CALL NUTZ{JST,NT) 3LNK1010
GO TO NP1, (546} 3LNK1020

5 IF {NTLIMP+JST-1.GE.NPTS) ASSIGN 6 TO NP1 3LNK1030
READ {NIN1) E(JST-1) , 3LNK1040
IF (UST.EQ.1) E{LIMST)=EEZERD 3LNK1050
IF (JST.EQ.2) E(LIMST+1)=E{1) 3LNK1C60

& CONTINUE 3LNK1070
GO T0 NGO,.14,10) 3LNK1080
10 CALL PRINT{JST,LE{JST)) 3LNK1090
GO 10 4 3LNK1100
CONTINUE 3LNK1110
DE1=(I-1)/{E(I-11-E(1)i*ALOG(E(I-1)/E{1}) 3LNK1120
DE2=0.0 3LNK1130
DE3=0.0 3LNK1140
CALL FASDOP{UJST) 3LNK1150
CALL NUTZ{JST,NT) 3LNK1160
IF (NPRINT.GT.0) CALL PRINT{JST,ELJSTH) 3LNK1170
EE=0.0 3LNK1180
ND=1 3LNK119¢C
WRITE {NDATA) EE,DEl,DEl1,DE3,ND,EE 3LNK1200
END FILE NDATA 3LNK1210
CALL TICKER{TIME) 3LNK1220
TIME=TIME/216.0 3LNK1230
PRINT 601, TIME 3LNK1240
601 FORMAT {1HO/15HOTAPE COMPLETE. 15X46HTIME = F10.3,3H MH ) 3LNK1250
REWIND NDATA 3LNK1260
DO 12 I=1.4 3LNK1270
12 READ {NDATA) DUMMY 3LNK1280
CALL CHAIN({4)} 3LNK1290
END 3LNK1300
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*$IBFTC FASDOP L IST,DECK,.REF 08-09-65FASDC000

SUBROUT INE FASDOP(JK) FASDOO10

C FASDCD20
-C FAST AND EPITHERMAL ENERGY RANGE DUOPPLER BROADENING CALCULATION FASDQO30
Cc ADAPTED FOR GAROL FROM THE FASDOP PROGRAM (GAMD-6562) FASDUGO40
C 1FASDOP? COMPUTES THE TOTAL CONTRIBUTION FROM ALL RESOLVED FASDOOSO
c RESONANCES TO THE ABSORPTION, FISSION, AND SCATTERING FASDOOGO
C CROSS—-SECTIONS AT SPECIFIED ENERGIES. FASDOOT70
C OR CALCULATES CROSS-SECTIONS BY INTERPOLATION FROM INPUT FASD0O08O
C FASDCGSO
COMMON /ALL/ NINoNOUToNDATAsNINL,NIN3,JHYDyNEL,NARRAY NPAGE,LINESFASDOL0C
1,NPROB,NPTS, INDEX,NPLOT,TITLE{12),TID{10,20),CNAME{5,20)LINEPP FASDO110C

2 JMAT,MFRAME FASDO120
COMMON /TABLES/ CS1,CS24CS53,SLABT{505),CYLT{305) FASDC130
COMMON /BSET/ LIMST,LIM1,LIM2,NPRINT,JPRINT(10),DUM{200),DE1,DEZ FASDO140

1 ,DE3,EEZEROE{8000)4SCAP{20),SF{20),SSC(20),SA(20),ALPHAL20) FASDO150

2 +KTAPE{3),KPTS(10) FASDO160D

3 +NORES{20),LLIM{20),SPO120},EZERO(600) 4RHGTT&00) FASDOLTD

4 4FACT1{600),FACT2{600),FACT3{600),FRAT{600),X1{600) FASDC1120

5 2GI{500),6J{500),GF{500),E0(5003,GG{50C0),GN(5C0) FASDOLST

6 »SPIN{(500) FASDOZ20U
EQUIVALENCE {(TIDyNTID),{DUM,LIM),{NPT,NPTS),{NDATA,NDATAL) FASDC21C
DIMENSION NTID(10,20), LIM{200) FASDOZ220
DIMENSION Al4) FASD0O230C
EQUIVALENCE (GI{1),ELASTE{1)), {GI{11),SCAPL(1)}, {GI{21),SS5CLL1}) FASDD240

1, (GI{31),SFLL1)), {GI{41),JPTSI{1)) FASD(O250
EQUIVALENCE {GJU{1),ENEXT{13), (GJ{11),SCAPN{1)), 16J{21),5SCNI1}) FASDO26G

1 5 {GJU31),SFN{L)) FASDO270
DIMENSION ELAST{10), SCAPL{10), SSCL{10}, SFL{10), JPTSI{10) FASDC28C
DIMENSION ENEXT{10), SCAPN{10}, SSCN{1l0), SFN{10) FASDG2950

c FASDO300
RE=SQRT{1.0/E{JK)) FASDO310

N=0 FASDC3 20

DO 3CC I=1,MAT FASDO330

IF {TID{641).LE.~-2.0) GO TO 245 FASDO340
SA{1)=0.0 FASDO350
SF{11=0.0 FASDO360
SSCi{I1)=spot1) FASDO370

IF {TID{6+1)eGEeO.O.AND.TID{7,41}+.GE.0.0.AND.TID(8y13.6E.0.0) FASDO38C

1 GO 1O 300 FASDO390
JST=LLIM(D) FASDO40CO
JEND=JST+NORES{I)-1 FASDO410

DO 240 J=JST,JEND FASDO420
X=RHGT{J)*{E{JKI-EZERDO{J)) FASDO430
XTEST=ABS{X) FASDO440

IF (XI{J)eLT.1.0) XTEST=XTEST*XI{(J) FASD0450

IF {XTEST.LE.150.0) GO TO 220 FASDO460

If {X.GT.0.0) GO TO 240 FASDO4170
PSI=1.0/{1.C+X*X} FASDO48GC

GO TO 230 FASDO490C
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[ 2N 2% I

220

12
14
16
18
21
23
25
27
29
31

59

10

78

81

82

CALCULATE PSI{X,XI) AND CHI{X,XI)
SHALL WE USE ASYMPTOTIC OR CONVERGENT SERIES
THE=4,0/{XI{J)%X1{J))

AXI=ABS{X )

IF{AXI-1.2)21,12,12
IF{AXI-10.0)23414+14
IFIAXI-100.0)25916,416

IF {AXI-500.0) 27,18,18

IF {AXI-2500.0) 29+29,31

IF{0.275%AX I*AXI4+0.05-THE }78,478+59
IF{0.12%AXI%AX] #0.28-THE )78,78459
IF {0.O08%AXI*AXI+1.8-THE) 78,78,59
IF {0.0717*AXI*AXI+83.0~-THEY 78,78,59
1f (0.0635%xAXI*AXT1+2100.0~-THE) 78,78,59
IF {0.111%AXI%%1,93-THE) 78,478,595

T0 59 FOR ASYMPTOTIL SERIES

SQ = X%X+1.0

AJ=1.0/5Q

BR=THE*AJ

A{1)=0.5

A{2)=0.75

A{3)=1.875

Al 4)=6,5625

AH=X%AJ

T1={SQ-2.0)%AJ

T2=2.0%AH

PSI=AJ

CHI={1.0-BB)*AH

B=1.0

DO 10 K=1,4

B=B*BB

AB=A{K)}*B

AT=T2%AJ

AJ=AJRT1+T2%AH

AH=T1%*AH-AT

PSI=PSI+AB¥*AJ

S1=2%K+1

XAJ=X*AJ

CHI=CHI+AB¥*{ XAJ-0.5%S1*BB*{ XAJ+AH))
CONTINUE

CHI=CHI*2.0

GO 10 230

YO 78 FOR CONVERGENT SERIES
CALCULATE GAMMA INCOMPLETE(O)
TT=1.0/THE

IF{TT-8,4)81,81,82

CALL GAMINC{TT,FR}
GlC=FR¥XEXP{TT)}*SQRT{(TT)

GO 70 83

V=0.5%X1{J)
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FASDOS500
FASDOS510
FASDO520
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FASDOS40
FASDO550
FASDO560
FASDOS570
FASDO580
FASDO590
FASDO60OO
FASDOS10
FASDO620
FASDO630
FASDO64D
FASDO650
FASDO660
FASDO6T0
FASDO680
FASDO690
FASDOT700
FASDOT10
FASDO720
FASDO730
FASDO740
FASDOT50
FASDO760
FASDO770
FASDO780
FASDO7S0
FASDO80O
FASDOB10O
FASD0820
FASDO830
FASDO840
FASDO850
FASDOB60
FASDO870
FASDOBSBO
FASDO8S0
FASDOSQO
FASDOS10
FASDO920
FASDOS30
FASDO940
FASDOS50
FASDO960
FASDOST0
FASDO980
FASDO990




TWOV=XI1{J}
GlC=V/(V+1.0/{THOV+2.0/(V+3.,0/{THOV+4,0/{V+5,0/(THOV+6.0/

1 (V+#7.0/{THOV+2.50))0)0)0))

83 RAT=X*X

91

G2C= 2.0*(1.0-G1C)
Cl1=RAT*7T

Cli=C1
TEP=GIC+C1l*TT%G2C
TEC=G2C

fFQl=1.0

C2=X /THE
C3=EXP{-X *C2)
T9=1.0

DO 91 KZ=1,100
FQ1=FQ1+1l.0
T9=79+2.0
G2C=2.0/7T9%{1.0-TT%G2C)
TR=C11%G2C
C11=C1%C1l1/FQ1}
TR1=C11%TT*G2C
TEP=TEP+TR1
TEC=TEC+TR
IF{ABS{TR/TEL)-0.00001)93,93,91
LONTINUE
WRITE {6,603)

FASD10GO
FASDIO1C
FASD1O20
FASD1030
FASD1040
FASD1050C
FASD1060
FASD1070
FASD1080
FASD1090
FASD110C
FASD1110
FASD1120
FASDLI130
FASD1140
FASD1150
FASD1160
FASD1170
FASD118%
FASD1190
FASD120CC
FASD121C
FASD1220
FASD1230
FASD124G

603 FORMAT {83HOIN CALCULATION OF PSI AND CHI, CONVERGENT SERIES UNCONFASD125C

93

230

240

245

246
500

247

248

1VERGED AFTER 100 ITERATIONS. }

P51 =C3%TEP

CHI =C2¥%(C3*TEC*2.0

Y=FACT2{J}*PSI*RE

SA{I}=SA{I)+Y

SFII)=SF{I)+FRAT{J)*Y

IF {XTEST.GT.150.0) GO TO 240
SSCUI)=SSCU{I)+FACT3{J)*PSI+FACTL(J)*CHI
CONT INUE

SCAP(I}=SA{I)-SFLI}

IF {(SSCU{I).LT.0.0) SSC{I}=0.0

GO TQ 300

READ CROSS—SECTIONS FROM CARDS AND INTERPOLATE
CONT INUE

N=N+1

JTAPE=KTAPE{N)
IF {ELAST{1).GT.0.0) GO 1O 248

READ (JTAPE,500) ELAST{I#,SCAPL{I),SSCL{I},SFLLI)

FORMAT (4E12.6)
JPTS{I)=3PTS{1)+1

READ {(JTAPE,500) ENEXTULI),SCAPNIIisSSCNII},»SFNLI)

JPTS{1)=JPTS{I)+1
IF {ENEXT(I).GT.E(JK)) GO TO 250
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FASD1260
FASD1270
FASD1280
FASD1290
FASD1300
FASD1310
FASD1320
FASD1330
FASD1340
FASD1350
FASD1360
FASD1370
FASD1380
FASD1390
FASD1400
FASD1410
FASD1420
FASD1430
FASD1440
FASD1450
FASD1460
FASD1470
FASD1480
FASD1490



249

250

251

252

253

254
300

IF {ABS{ELAST{(I)-E{JK)).LE.1.0E-S*¥ELAST{I}) GO TO 252
IF (ELAST{I).GT.E{JK)IGO TO 251

GO 1O 252

ELAST{I}=ENEXT(I)

SCAPL{T)=SCAPNI(I)

SSCL{I) = SSCN{I)

SFL{I} = SFN(I)
IF {JPTS{I).LT.KPTSIN)}) GD TO 247
GO TO 252

ERATIO = (E{JKI-ENEXTLI)I/LELASTCI)-ENEXT(I))
SCAP{I)=SCAPN{I) + ERATIO*(SCAPLII}-SCAPNLIM)
SSC{I) = SSCN{I) + ERATIO*(SSCL{I)-SSCN(I))
SF{I) = SFN{I) + ERATIO*(SFL(I)-SFN{I1))

GO TO 253

SCAP{I)=SCAPL{I)

SSCH(T) SscLtrni

SF(I1} = SFULII)

IF {JK.LT.NPTS) GO TO 300

IF {JPTS{1).GE.KPTS{N))} GO TO 300
J1=J4PTS{I)+1

J2=KPTS(N)

D0 254 K=J1,J2

READ (JTAPE)} DUMMY

CONTINUE

RETURN

END
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FASD1500
FASD1510
FASD1520
FASD1530
FASD1540
FASD1550
FASD1560
FASD1570
FASD1580
FASD1590
FASD1600
FASD1610
FASD1620
FASD1630
FASD1640
FASD1650
FASD1660
FASD1670
FASD1680
FASD1690
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FASD1720
FASD1730
FASD1740
FASD1750




JSIBFTC NUTZ

2NaNaNel

25

31

320

32

1»NPROB,NPTS, INDEX NPLOT,TITLE(12),TID{(10,20),CNAME{5,20)LINEPP

2

P WA

LIST,DECK,REF
SUBROUTINE NUTZ(I,MT)

COMPUTE NUMBER OF DOWNSCATTERINGS
AND WRITE DATA ON CROSS SECTION TAPE (NDATA}Y

08-09-65NUTZE00

NUTZGO10
NuTZa62¢C
NUTZ2G3G
NUTZ0040
NUTZ0C50

COMMON /ALL/ NINJNOUT NDATA,NINLsNIN3,JHYD,NEL 2 NARRAY ,NPAGE, LINESNUTZOC60

+MAT, MFRAME

COMMON /TABLES/ CS1,CS2,CS3,SLABT(505),CYLT{305)
COMMON /BSET/ LIMST,LIM1,1LIM2,NPRINT,JPRINT{10),DUM(200),DE1,DE2
+DE3,EEZERO,E(8000), SCAP{20)+SF(20)+S5C(20) 4SAL{20) ,ALPHAL2()

yKTAPE(3) ,KPTS(10)

+NORES{20),LLIM{20),SPO{20),EZERO{600) yRHGT{6C()
+FACT1{600)+FACT2{600),FACT3(600),FRAT{600),XI{600)
1 GI{500),GJ1{500) ,GF{500) ,EQ(500)+GG{500),6N{500)

+SPIN{500}

EQUIVALENCE {TID,NTID),(DUM,LIM),(NPT,NPTS),{NDATA,NDATAL)

DIMENSION NTID{10,20), LIM{(200)
ND=1

NT=MT

LIMMI={ IMST#(NT-1)

PO 40 K=1,NEL

ETO=E{ I )*ALPHALK)

ETL=E{ I-1)1*ALPHALK)

NST=1
NEND=MINO{LIMST,NPTS-LIMM1)

CO 30 J=NST,NEND

IF {E4J).GT.ETO) GO T0 30
LIMIND)=J-1-1

IF (LIM{ND).LT.0) LIMIND)=LIMIND}+LIMM]
Ji=Jd-1

GO 10O 31

CONTINUE

I+ (NEND.GE.NPTS-LIMM1) GO 7O 25
IF {NEND.EQ.I-1) GO TD 25

NST=1

LIMM1=LIMST*NT

NEND=MINO{ I-1,NPTS~LIMM1)
NT=NT+1

GO 70 20

LIM{ND)=NENC-I

IF (LIMIND).LT.0) LIMINDI=LIMINDI+LIMM]
JJ=NEND

ND=ND+1

NCORT=0

IF {JJ.GE.1) GO TO 32
JJ=L IMST

IF {ETL.LTL.E{JJIIGO TO 33

91

NUTZ0G70
NUT Z00 80
NUTZ0090
NUTZO100
NUTZ0110
NUTZ0120
NUTZ0130
NUTZO0 140
NUTZ0150
NUTZO160
NUTZ 01T
NUTZO187
NUTZO1S"
NUTZ027¢
NUTZ021°7
NUTZG227
NUTZ023¢
NUTZ G240
NUTZ0250
NUTZ0260
NUTZO0270
NUTZ0282
NUTZ0290
NUTZ 0300
NUTZ0310
NUTZ0320
NUTZ0330
NUTZ0340
NUTZ0350
NUTZ0360
NUTZ0370
NUTZ0380
NUTZ 0390
NUTZ0400
NUTZ0410
NUTZ0420
NUTZ0430
NUTZ0440
NUTZ0450
NUTZ0460
NUTZ0470
NUTZ0480



33

34

35

40

NCORT=NCORT+1

NDC=NCORT#ND

DUMINDC)I=E{JJ)

Jd=JdJ-1

GO TC 320

LIMIND)=NCORTY

ND=ND+NCORT+1

IF {TID(64K).GE.0.0) GO TO 34
DUM{ND)=SCAP{K)

ND=ND+1

IF (TID{7.,K).GE.0.0) GO YO 35
DUMIND)=SF{K)

ND=NC+1

IF {TID{8yK).GE.0.0) GO TO 40
DUM{ND}=SSCI{K)

ND=ND+1

CONTINUE

ND=ND-1

WRITE {(NDATAl) E{1),DE1,DE2,DE3,ND,{(DUM(J) +I=1,ND)

RETURN
END
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NUTZ0450
NUTZ0500
NUTZO510
NUTZ0520
NUTZ0530
NUTZ0540
NUTZ0550
NUTZ0560
NUTZ0570
NUTZ0580
NUTZ0590
NUTZ0600
NUTZ0610
NUTZ0620
NUTZ0630
NUTZ0640
NUTZ0650
NUTZ0660
NUTZ0670C
NUTZ0680
NUTZ0690




3
$ IBFTC PRINT LIST.DECK.REF

c

C
¢

SUBROUTINE PRINTUJST,EE)

PRINT ROUTINE FOR GAROL DATA

0B8~-09—-65PRINCOQO

PRINUOGLO
PRINQOZO
PRINDOO30O
PRINOD4C

COMMON /ALL/ NIN¢NOUT,NDATANINLyNIN3,JHYD,NEL NARRAY,NPAGE,LINESPRINOOS0

Lo NPROByNPTS,y INDEXoNPLOT,TITLE{12),TED(10,20),CNAME(5:20)4LINEPP

2 o MAT, MFRAME

COMMON /TABLES/ CS1,(52,053,SLABT{505),LYLT(305)
COMMON /BSET/ LIMST,LIM1,LIM2,NPRINTJPRINT(10),DUM{200)+DE1,DE2
+DE3,EEZERD,E(8000),SCAP{20),5F(20),SSC{20),S5SA{20) ,ALPHA{20)

+KTAPE(3},KPTS(10)

VNS WRN -

2 SPIN{500}

EQUIVALENCE (TIDJNTID),(DUMyLIM),{NPT,NPTS), (NDATA,NDATAL)

DIMENSION NTID(10,20)y LIM{200)

DIMENSION FMT(24), DUM11{9), DUM2{9), NSUBI(9)s NFMT{1;

1 5 T7(202

EQUIVALENCE (FMT,NFMT)

IF (NCODE.EQ.2345) GO 70 100
CALL BOOLER{SHCAPTUR,CAP)
CALL BODLER{6HE » TURE)
CALL BOGLER{G6HFISSID.FIS)
CALL BOOLER(6HN +SION)
CALL BODLER{6HSCATTE,SCAT)
CALL BOGLER{6HR 2 TER)
CALL BOOLER{6H{20X, JFMT(1))
CALL BDOLER{6HAG,A%,:ABA4) .

CALL BOOLER{®&H + BLANK)
CALL BOOLERI6H2X » TWOX)
CALL BOOLER(6H X e X}

CALL BQOOLER{b6H ) » ENDFMT)
NCODE=2345

N=1

NF=2

ND=0

L=0

DO 50 K=1,MAT

IF {K.NE.JPRINT(N)) GO TO 50
FMT{NF)=A6A4%

FMTINF+1)=TWOX

NF=NF+2
NSPACE=(NTID(9,K)-1)%12
NS=NSPACE/10

NFMT { NF )=NS*64+NSPACE-NS*10
IF {(NFMT(NF).EQ.0} GO TG 10
FMTI{NF+1)=X

NF=NF+2

93

sNORES{20)41LLIM(20),SP0{20),EZERB(600) 4RHGT{600)
+FACT1{600),FACT2{600),FACT3{600) ,FRATI{600) 4XI(600}
1GI{500)+GJ1500),6F{500),E0Q(5001) ,6G{500),GNI1500)

PRINOOGO
PRINOO70
PRINOOSO
PRINOOSC
PRINO1OO
PRINO110C
PRINO120
PRINO130
PRINO140
PRING150
PRINO160
PRINO170
PRINC18C
PRINO190
PRINOZ20O
PRINO21C
PRINO220
PRINDOZ230
PRINOC240
PRINO250
PRINDZ260
PRIND270
PRING280
PRINOZ290
PRINO30O
PRINO310
PRINO320
PRINO330
PRINO340
PRINO3S50
PRINO360
PRINO370
PRINQO380
PRIND390
PRINO40OO
PRINO410
PRINOD420
PRINO430
PRING440
PRINO4&50
PRINO46D
PRINC4T0
PRINO480
PRINO49S0



10

20
21

30
31

40

50
60

70
80

100

105

110

601
115
600

120

IF (TID{6+K)aGE.0.0) GO TO 20
ND=ND+1

NSUB{ND2=K

TiL+1)=(AP

T(L+2)=TURE

L=L+2

IF (ND-GE.9) GO TO 60

IF {TiD{6sK)elLE.—2.0) GO TO 21
IF (TIDI7:,K).GE.C.0) G3 TO 30
ND=ND+1

NSUB{ND}=K+20

T{L+#1)=FIS

T{L+2)=S1I0N

L=L+2

iIF {ND.GE.9) GO TO 60

IF (TIBI6,K).LE.~2.0) GO TG 31
IF (TID{8,K).GE.0.0) GO 70 40
ND=ND+1

NSUB{NDJ)=K+4D

T(L+1)=SCAT

TIL+2)=TER

L=1L+2

IF {ND.GE.9) GO T0 60

CONTINUE

N=N+1

IF {N.GT.NPRINT) GO TO 60
CONTINUE

IF {(FMT{NF-1).EQ.X) NF=NF-2
FMT{NF)=ENDFMT

IF{NF.GE.24) GO YO 80

NF=NF+1

DO 70 NJ=NF,24

FMTINJ)=BLANK

CONTINUE

GO TO 105

IF {MOD{JST,52).6T.0) GO TO 115
CALL HEAD

DG 110 I=1sNPRINT

J=JPRINT{I]

DUMLI{ I}=CNAME{1l,J)
DUM2{13=CNAME{2,J!}

CONTINUE

WRITE {6,FMT){DUMLI{),0UM2{1},1I=1,NPRINT)
WRITE (6,6013{T{I)eI=1sL)
FORMAT [8X,9HENERGY—EV 3X 18A6)
WRITE (6,600)

FORMAT {1X)

D3 120 I=1+ND

J=NSUBL 1)

DUML{T)=SCAPLJ)

ok

PRINOS500
PRINOS510
PRINOG520
PRINO530
PRINOS540
PRINOS50
PRINOS560
PRINOS70
PRINO580
PRINOS590
PRINO6GO
PRINO61O
PRINO620
PRINO630
PRINOH4O
PRINO650
PRINO66O
PRINOG670
PRIND680O
PRINO6SO
PRINDT00O
PRINO710
PRINO720
PRING730
PRINQO740
PRINO75C
PRINO760
PRINO770
PRINO?80
PRINO790
PRINOSBOO
PRINOB1O
PRINO820
PRINO8B3O
PRINO840
PRINO8B50
PRINOBSEO
PRINOB7O0
PRINOBBO
PRINOB90
PRINOS0O
PRINOS10
PRINO920
PRINO930
PRINOS940
PRINO950
PRINO960
PRINO970
PRIN0980O
PRINOS90




602

$IBFTC

OO OH

15

20
22

$IBFTC

1o NPROByNPTSs INDEXoNPLOT,TITLE(12),TID(10¢20),CNAME(5420)LINEPP

2

601

WRITE (6+602) JSTLEE«{DUML{LL)+1L=1,4ND]}

FORMAT (16,1P10E12.5)
RETURN
END

GAMINC LIST.DECK.REF
SUBROUTINE GAMINC{X1,FR}

CALCULATE INCOMPLETE GAMMA-FUNCTIGN » GUA,X)

ADAPTED FOR GAROL FROM THE ZUT PROGRAM

C=0.0

EX=1.0

SUM=1.0

DO 20 K=1,20

DG 15 J=1,+5

C‘—-‘C*l 0

EX==X1%EX/C
TERM=EX/{2.0%C+#1.0)
SUM=SUM+TERM

IFIABS{ TERM/SUM)—1.0£E-5)22,22,20
CONTINUE |
FR=2.0%SQRT{X1)%SUM
FR=1.7724539-FR

RETURN

END

HEAD LIST DECK.REF
SUBROUTINE HEAD

FOR A=0.5)
{GA—-2525)

PRIN10OOO
PRINIOLO
PRINIOZC
PRIN1O3O

08—-09-65GAMIQ0CO

GAMIOO01G
GAMIO0020
GAMIQO03G
GAMIOO040
GAMi{0050
GAMIQ060
GAMIQO070
GAMIOO80
GAMIGCSO
GAMICLOO
GAMIO11D
GAMIOD12C
GAMIO133
GAMIC140
GAMIO150
GAMIOL60
GAMICLTO
GAMIO180
GAMIO190
GAMIC200

0D8-09—-65HEADODOC

HEADOO1G

COMMON /ALL/ NINyNOUToNDATA,NIN1,NIN3,JHYD,NEL ,NARRAY,NPAGE,LINESHEADOOZC

¢ MAT , MFRAME

COMMON /PLOTT/ TLABEL{12).XLABEL(12),YLABEL{12),T72(12)

NPAGE=NPAGE+1

WRITE {(6,601)(TLABEL(I)sI=1,12)NPAGE

FORMAT{26H1GAROL DATA TAPE, LABELED

RETURN
END

12A%6,

95

22X 4HPAGE 161}

HEADOO30
HEADOO4O
HEADOOSO
HEADOQOO&0
HEADOCYO
HEADOOBO
HEADQOOSC
HEADO10O



$IBMA
B
BSET
A
C

$IBFT

oo o

100

* * ¥ ¥ % * *¥ %

P COMSET LIST,.REF

860L 7022

CONTRL ALC

BSS 8

EQU *

END
C LINK4 LIST,DECK,REF

LINK &
RESONANCE OVERLAP CALCULATION

COMMON /ALL/

2 $MAT ,MFRAME

COMMON /BSET/ V(2), Ry IGEOM, EC, EST, EEND, NHYD, HYD{(2)
» E» DEl, DE2, DE3, DE4, SUM{2), SUMA, SUMB, T{2}, S{2)
TERM, CCy MORDER{10}, ELBAR{2)

210{10,10), CAP{10), SCAT{10), FIS(10}, LIM{10},
DENSTY{10.,2), ALPHA{10), TOTAL{2}, P2}, D(2),
PHI(2), SORC{2)

NBGs, BEGIS50), BPHI{5042),
BFIS{50,410+2)y CELLS{50),
s OGSCAT(3), OGCAP{3),
2 TNAME({(5,10)

COMMON /PLOTT/ TLABEL{(12)+.XLABEL(12),YLABEL{12),TT2(12),NFRAME
EQUIVALENCE (TID,NID), {ZID,ID), (DUM,NDUM), {NDATA,NDATAl)
DIMENSIGN DUM{100)

DIMENSION NID(10,50), ID{(10,10), NDUM(1)
DIMENSION EJ{5,10), NCORT{10),PHIL{2), SCATL(10},
1 ,DETP{2), TA(8000,2)

DIMENSION XS{2)

DENS{10,2})
Q{23, DDQQ

BCAP{50,10,2)+ BSCAT(50,10,2)
CELLC{50), CELLF{50), OGPHI{2)
OGFIS{3)

" I JE NI« S I S VVR N
. % @ @ ¢ w

LINML(10O)

READ PROBLEM INPUT CARDS
LIMST=8000
CALL INPUT
NPRINT=INDEX
NXSORC=NHYD
IF {NXSORC.GE.1) CALL XSORC{1l,DA,DA)
IF (NPLCT.LT.1) GO TO 160
NIN3=3
REWIND NIN3
WRITE (NIN3)({TNAMEII K}»I=1s5),K=1,MAT)
NIN1=2
REWIND NIN1

96

08-09-654C0M0000

4COM0O010
4C0M0020
4C0OM0030
4C0OM0040
4COMO050

08-09-6541LNK0O000

4L NKOO10
4LNKOO20
41LNK0030
41 NKOO4O

NINyNOUT yNDATA NINL,NIN3, JHYD,NEL.NARRAY,NPAGE L INES4LNKOOS50
1s NPROByNPTS,y INDEX NPLOT,TITLE{(12),TID{10,20) +CNAME(5,20) ,LINEPP

4L NKO060
4LNKOOTO

4LNKOOS8O .
4LNKOO90

4LNKQO100
41 NKO110

4LNKO120 °

4LNK0130
4LNK0140
4LNKO150

4LNK0160
4LNKO170
4LNK0180
4LNK0190
4LNK0200
4LNK0210
4LNK0220
4LNK0230
4LNK0240
4LNK0250
4LNK0260
4LNK0270
4LNK0280
4LNK0290
4LNK0300
4LNK0310
4LNK0320
4LNK0330
4LNK0340
4LNK0350
4LNK0360
4LNKO370




160

170

180

ASSIGN 321 TO NGOP
ASSIGN 400 TO NGOQ
60 70 170

ASSIGN 326 TO NGOP
ASSIGN 500 TO NGOQ
NERR=4

NHYD=0

ASSIGN 771 10 JGO
DO 180 N=1,LIMST
DO 180 NR=1,2
TA(NyNR}=0.0

" DE4=0.0

185

190

195

201

202

203

204

3001

DEC=1.0/EC

00 185 NG=1,NBG

DO 185 NR=1,2

BPHI {NGsNR)=0.0

DO 185 K=1,MAT
BCAP(NGﬂ(vNR)=DoO
BFISING+KyNR}=0,0
BSCAT{NGsKyNR)=0.0
CONTINUE

IF (JHYD.GT.0.AND.MORDER(1).EQ. 1)
GO TO 195

NHYD=1

HYD(12=0.0

HYD{2)=0,0

READ THROUGH DATA TAPE UNTIL STARTING ENERGY {EST) IS FOUND

IF (EST.6T.0.0) GO TO 201

READ (NDATAl) E,DE1,DE2,DE3,NENTRY, {DUM{J) s J=14NENTRY)
EST=E

EC=E

DEC=1.0/E

GO TO 203

READ (NDATAl) EDE1,DE2¢DE3,NENTRY, {DUMLJ) 4 J=1,NENTRY)
IF {E.GT.EST) GD TO 201

JST=0

EC=E

DEC=1.0/EC

JPRINT=0

NG=1

DE12=1.0-DE2

DO 204 K=1,MAT

LIMLIK}Y=1

CALL TICKER{TIME)

TIME=TIME/216.0

WRITE {6:3001) TIME,NHYD

FORMAT {90X 26HSTART SPECTRUM CTALCULATION F8,.3,3H MH/ 90X
1 6HNHYD = 13)

ASSIGN 221 TG NGO1

ASSIGN 231 TO NGO2

GO 10 190

97

4LNKO380
4LNK0390
4LNKO400
4LNKO410
41NK0420
41 NK0430
4LNK0440
4LNK0450
4LNK0460
4LNK0470
41LNKO480
4LNK 0490
4LNKC500
4LNKOS510
4LNK0520
4LNKC530
4LNKO540
4LNKD550
4LNKO560
4LNKO57C
4UNKO580
4LNKO590
4LNK0600
4LNK0610
4LNK0620
4LNKO630
4LNK0640
4LNK0650
4LNKO5660
4LNKO6TO
4LNK0680
4LNK0690
4LNKOT00
4LNKOT10
4LNKOT20
4ULNKO730
4LNKOT40
4LNKOT50
4LNKOT60
4LNKOT70
4LNK0T80
4LNKO790
4LNK0800
4LNK0810
41NK0820
4LNKO0830
4LNK0840
4LNKO850
4LNK0860
41 NKOBT0



2649
205

206

210

211
212

213

214
215

216
217

2191

ASSTGN 2451
ASSIGN 291

DO 206 AR=1
SUMINEI=C.0
TOTAL {NR1=040

JET=357+1

IF 45T .6T.LIMST) 45T=1
MICROSCOPIC DATA

NN=O
Ma

DO 220 K=1,/AT
MC=MCROER{K)

NN=HN+1

LIMIKE=NDUMIM)

M=M+1

NCORT (=) =NDUMIM)

M=M+]

If {NCORTI(K).LE.O) GO TO 212
NC=NCCRT{X)

B0 211 u=1,4NC

EJ{J.K}=DUMIM]

M=M+]
CONTINUE

IF {MDLLEL 1}

MO=ME-1

M=MaNIDIGeNN)

GC TC 210

IF 1£iD{64K).GE.0.0)
CAP{K)=0UMIM)

M=M+1
GC T4 215

CAPIRI=ZID{6&4K)/SQRTILE)
I# (ZTD{7,K).GE.D0.0) GU TOQ 216
FISIKI=0UMIM)

M=M+ ]
GU 70 217

FISIK}=C.0
IF {ZID{84K)aGEWL0.D}
SCAT(KI=DUM(M)

M=M+1]
GG 73 219

SCATIKI=ZID(8,K)}
COMPUTE TOCTAL CRCSS SECTION FOR REGIGNS 1 AND 2
S1=CAP{KI+FIS{K}+SCAT{K)
IF {LIML{K}«LEL.D) GO TO 2191
SS5=SCAT{K)*{DE1-1.0)
GO 10 2193
AA=]1,0-8LPHA{K)

GC 70 213

GO T0O 214

GO 10O 218

41 NKOB8O
4LNKO8SO
4{ NKOSOO
4LNKOS10
4LNKO920
4LNK0930
4L NKO340
41 NKG9SG
4L NKO960
4L NKO9T0
41LNKC98O
4LNKO950
41LNK1000
4{NK1010
41NK1020
4LNK1030
4{NK104C
41 NK105G
41 NK1060
4LNK1CT70 -
41LNK1080
41LNK1090
4L NK1100
4LNK111D
4iNK112D
41 NK1130
44 NK114GC
4LNK1150
4LNK1160
4{NK1170
41NK118C
4LNK119Q
41 NK 1200
4LNK1210C
4iNK1220
4LNK1230
41NK1240
4LNK1250
4LNK1260
4INK1270
4LNK128C
4INK1290C
41LNK1302
41NK1310
4LNK1320
4L NK1330
4LNK1340
4L NK1350

SS=(SCAT{KIFAAXLELASTH{ 1oO+ALPHA{K) }1=2.0%E)) /{2, O*ALPHALKI ¥ {ELALST~41LNK1360
1 e}

98

LNK1370




2192
2193

220

[
+»

221

222

223

230

© 2300

BB=0o5%{E/{ELAST-E) ) *AA%¥2/ALPHA(K)}*SCATL(K])
DO 2192 NR=1,2
IF (DENS(K¢NR).LE.D.0) GO TO 2192
TA(JSTyNR)=TA{JST NR)+BBEPHIL{NR)*DENSTY(K,NR)
CONTINUE
DO 220 NR=1,2
IF {DENS{K¢NR}-.LE.O0.0) GO TO 220
TOTAL{NR)=TOTALINR}+S1*¥DENS{K,NR)
SUMINR) =SUM{NR} +SSEDENSTY{K¢NR)
CONTINUE
ARG=ELBAR({1)*TOTAL(1)
COMPUTE ESCAPE PROBABILITY FOR REGIONS 1 AND 2
GO TO (49691+24¢1515222)41GEOM
ARG1=ARG*0.25
GO TO 3
ARG1=ARG*,5
G0 10 3
ARG1=ARG*,75
CALL PROB{ARG1l,IGEOM,P(1))
APPLY DANCOFF CORRECTION, IF ANY, TO ESCAPE PRCUGABILITY TERM
IF {CC.GT.0,0) P{1)=P{1)*{1.0-CC)/{1.0-CC*{1.0-ARG*P{1)}}
PL21=P{1)*ARG/{TOTAL{2)*ELBAR{2))
60 70 5
P{1)=0.0
P{2)=0,0
ASSIGN 772 T0 JGO
I1GEQM=7
GO TO NGD1+12215222)
IF {MORDER(1).GTc1.AND.LIM{1}.GT.LIMST) GO TO 350
ASSIGN 222 T8 NGOl
COMPUTE FLUXES FOR REGIONS 1 AND 2
DO 223 NR=1,2
MR=3-NR
DINR}=VIMR ) F{TOTAL(MR)-{1.0-P(MR) ) %=SUM{MR))
QINRJ=V{MR}*SUM{MR ) *P(MR)
SORC{NR)=0.0
CONTINUE
DDQR=1.0/(D(1)*D{2)-QL11*Q( 2))
DO 230 K=1,MAT
DO 230 NT=1,2
IF (DENS{KsNT)oLE.O0.0) GO TO 230
IF (E.LT.ALPHA(K)I®*EC) GO TO 230
SORC{NTJ=SORCINT)+DENSTY{KyNTI*ZID{5,K) *{ DEC-ALPHA(K) /E)
CONTINUE
IF {NXSORC.NE.1) 6O TO 2300
CALL XSORC{2¢E¢XS)
SORC{1)= SORC{1)+XS{1)
SORC{2)= SORC(2)+XxS{2)
SORC{1)=SORC{1)=*xV{])
SORC{2)=SORC(2)*Vv{2)
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C
c

231

2310

232
233
2330

234

240

172

771
773

2400

2401

603

242

244

2440 HYD{NR)=HYD{(NR)+SCAT(K)*DEVTP (NR)*DENSTY (K,NR)

SPO=SORC{1)*P{1)-SORCL(2)*P(2)
60 TO NGO2,1(231,233,234)
T{1)=SORC(2)+5PD
T{2)=SORC{1)-5PD

D0 2310 NR=1,2

MR=3-NR
DINR)=TOTAL{MR)*V{MR)
PHI{MR}I=T{NR)/D(NR)
S(MR)=E*PHI (MR}*TOTAL{MR)
DETP{MR )=DE12%PHI(MR)
CONTINUE

LINES=60

IF (NHYD.GT.0) GO TO 232
ASSIGN 234 TO NGO2

GO TO 2401

ASSIGN 233 TO NGO2
ASSIGN 244 TC NGO4

6O TO 2401

DO 2330 NR=1,2

TA{JIST NR)=TA(JSTHNR)+HYDINR)}
ASSIGN 244 710 NGO4

T{1)=TALIST s 2%V {2)%{1.0-P{2) ) +TA{JST, 1 1%V{1)*P {1 )+SORC{(2)+5PD
TL2)=TALIST, 1I*VIL1)x{1.0-P{1} ) +TA{JST,22%VI23%P(2}+SORC{1)-SPD

TALJST,1)=0.0
TA{JST,2)=0.0

DO 2400 NR=1,2
MR=3-NR

GO TO JGO1771,772}
PHI(NR)=T({MR)/D{MR)
GO T0 773

PHIINR)I=(QINR)*TI{NR)+T{MR)I*D{NR})*D0OQQ

S{NR)}=E*PHI(NR)*TOTAL{NR)
DETP{NR )=DE12%PHI{NR)
CONTINUE

PRINT FLUXES FOR REGIONS 1 AND 2

IF (NPRINT.LE.QO) GO TO 242
LINES=LINES+]1

JPRINT=JPRINT+1

IF {LINES.GTLLINEPP) CALL HEAD

WRITE (NOUT,603) JPRINTLE,PHI(1),PHIL2),SORC(1),SORC{2),TOTAL(1),
1 TOTAL{2),S(1).5(2)

FORMAT {15,1P9E14.6)

COMPUTE SOURCES FROM THIS ENERGY TO ALL SUCCEEDING
ENERGIES FOR THIS MATERIAL

DO 250 K=1,MAT

GO TO NGD4y(243,244)
ASSIGN 243 TO NGO04
DO 2440 NR=1,2

GO TO 250
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243

245

246

247

248

2500
250

260

IF (LIMI{K}.LE.O) GO TO 250

DO 2500 NR=1,2

IF {DENS{KoNR)}.LE.0.0) GO TO 2500
SUMA=SCAT(K) *DETP(NR)*DENSTY (K, NR)
NST=JST+1

IF (NST.GT.LIMST) NST=1
NEND=NSTHLIM{K)~1
IF (NEND.LEoLIMST)
DO 246 N=NSTLIMST
TA{NoNR)I=TA{N,NR}+SUMA
CONTINUE

NST=1

NEND=NEND-L IMST

DO 248 N=NST NEND

TA{N NR)I=TAINoNR}+SUMA
CONTINUE

JJd=0

NC=NCORTIK}

GO TO NGO5,{2481,249}
ASSIGN 249 TG NGOS

GO TO 2500

GO YO 247

COMPUTE CORRECTION TERMS,
IF INC.LE.O} GO TO 2500

COMPUTE CAROL~-S CORRECTION
R1={1.0-DE1}*SCATIK)
TACNEND NR)=TAINENDsNR)+R1*PHI{NR}*DENSTY{(KyNR)
JJd=dd+1

IF ANY, AND ADD THEM IN

COMPUTE CHARLIE-S CORRECTION
EBAR=EJ(JJyK)/ALPHALK)
FLAST=SCATU{K}*PHIL{NR)
F=SCAT{K}*PHI{NR)
FBAR={{EBAR-E)*FLAST+{ELAST—EBAR)*F)}/(ELAST-E)
CTERM={ EBAR-E}*0,5%(FBAR/EBAR+F/E)
TAINEND NR)=TA{NENDyNR) +CTERM*DENSTY{ K, NR)
NC=NC-1
NEND=NEND~-1
IF (NEND.LE-O) NEND=LIMST

GO 70 249

CONTINUE

CONTINUE
ADD TERMS FOR THIS ENERGY INTO SUMMATIONS FOR
BROAD GROUP AVERAGES

DE=DE3+DE4

IF {E.GT.BEGI(NG)} GO TO 280

IF {E.EQ.BEGING}} GO TO 270

NG=NG+1

IF {NG.GT.NBG} GO TO 290

IF (E.LT.BEGI{NG)) GO TO 260
DO 255 NT=1,2
DETPX=PHI{NT)}*DE3
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255

270
280

285

290
291

310

320
321

325

326

327
328

341

329

BPHI{NG.NT )=DETPX
DO 255 K=14MAT
BSCATINGyKyNTI=SCAT(K)*DETPX
BCAPING Ky NT)=CAP{K) *DETPX
IF (ZID{74K)eLTo0.0) BFISINGyKyNTI=FIS{K)*DETPX
CONTINUE
60 TO 290
DE=DE4
DO 285 NT=1,2
DETPX=PHI{NT)*DE
BPHIING,NT)=BPHI(NG, NT)+DETPX
D0 285 K=1,MAT
BSCATINGsKy NT)=BSCATING+KyNT)+SCAT(K)*DETPX
BCAP{NG 4Ky NT)=BCAPING+KyNT }+CAP{K)*DETPX
IF (ZID{7+K)eLTo0.0) BFISINGyKyNT)=BFISINGKoNT)+FIS{K)*DETPX
CONTINUE
IF (E.EQ.BEGING))} GO TO 260
STORE ENERGY,
AT NEXT ENERGY
G0 TO NGG6,1291,2049,329)
DE4=DE3
ELAST=E
DO 310 NR=1,2
PHIL(NR}=PHI{NR)
DO 320 K=1,MATY
LIMLIK)=LIM{K)
SCATLAIK}=SCAT{K]
GO TO NGOP,{321,326)
D0 325 K=1,MAT
CAPIK)=CAP{K}*PHI{1)
FIS(K)=FIS{K)*PHI{1)
CONTINUE
WRITE {NIN3) E.PHI(1),TOTAL{L)
WRITE (NIN1I{(CAP(K) oFIS(K}sK=1,MAT)
CONTINUE
READ (NDATAl) E+DE1,DE2+DE3,NENTRY 4 ({DUM{J) 9 J=1+NENTRY)
DE12=DE1-DE2
IF (E.LE.EEND) GO TO 327
IF (E.GY.BEGING)) GO TO 205
IF {ELAST-BEGING).GT.BEGING)-E) GO TO 341
ASSIGN 2049 TO NGO6
GO 10 328
ASSIGN 329 TG NGO6
BEGING) =ELAST
GO TO 260
BEGING) =E
GO 10 205
FINISH COMPUTING BROAD GROUP AVERAGES AND PRINT RESULTS
CONTINUE
CALL TICKER{(TIME)

FLUXESs AND SCATTERING TERMS FOR USE
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3002

330
300

400

500

350

600 FORMAT{113HOCHAIN 3 IS NOT YET AVAILABLE.
1HEREFOREs TO MATERIALS FOR WHICH SOURCES AFFECT LESS THAN/
2 62HO08000 SUCCEEDING ENERGIES. FOR MATERIAL 1,

TIME=TIME/216.0
WRITE (6,3002) TIME

FORMAT {90X 26H END SPECTRUM CALCULATION FB8.3,3H MH)

IF I(NG.GE.NBG) GO TG 300
NGP1=NG+1

DO 330 N=NGP1l,NBG

DO 330 NT=1,2
BPHI{NyNT}=0.0

DO 330 K=1,MAY

BCAP (N KyNT2I=0,0
BSCAT{NsK;NT)=0.0
BFIS{N;KyNT)=0.0

CONTINUE

IF {(NXSCRC.GE.1) CALL XSORC{(3,DA,DA}
GO TO NGOQ,{400,500)

REWIND NIN3

NPTS=JPRINT

IF INBG.LE.O) CALL CHAIN{6)
IFf {(NBG.LE.O} GO TO 100
CALL CHAIN{S)

WRITE (6,600) LIM{1}

3 18¢ B8HENERGIES)
CALL EXIT
END
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$IBFTL INPUT LIST,DECK,REF 08-09-65INPT0000

Y,

901

902

SUBRCUT INE INPUT

READ PROBLE™ INPFUT CARDS AND PRINT PROUBLEM SPECIFICATIONS
CHECK SOME QF THE INPUT AGAINST DIMENSIUNED LIMITS

INPTOO10
INPTO020
INPTOC3C
INPTO04C
INPTOO5G

COMMON /ALL/Z NIN NOUT,NDATA,NINLoNIN3y JHYD 9 NEL o NARRAY,,NPAGELINESINPTO06C

1, NPROByNPTS, INDEXsNPLOT,TITLEL12)4TID(10420) +CNAME({5,203 »LINEPP
2 oMAT  MFRAME
COMMON /YABLES/ £S14C82+,C53,SLABT{505),CYLT(305}
COMMON /BSET/ Vi2}, R, 1GEOM, EC, EST. EEND, NHYD, HYD{2)

o Ey DEl, DE2, DE3, DE4, SUM{2), SUMA, SUMB, T{2}, S{2)
TERM, £C, MORDER{10), ELBAR{2)
Z1C{10+4103}y CAP{10}y SCAT{10), FIS{10)}, LIM{103, DENS{10,2)
DENSTY{10,2)s ALPHA{10), TOTAL{2), P2}, D{2)s 912}, DDRQG
PHI{21s SCRC{2)
NBGs BEG(50), BPHI{50,2%y BCAP{50,10,23, BSCAT{50,10,2)
BFIS{50410,2), CELLS{503, CELLCIS0), CELLF{50), UGPHI{2])

s OGSCAT(3), UGCAP{33, OGFISI{3)

p TNAMEL{5,10)
COMMON /PLOTT/ TLABEL{12),XLABEL{12),YLABEL(12),7TY2{12},NFRAME
EQUIVALENCE {TID,NIDY,y (ZiD,ID}, {DUM,NDUM), [(NDATALNDATAL}
DIMENSIGN NID{10,50), ID{10,1C:

* @ @ w @

Do~ DN e

READ ININ.,GOYI{TITLE{I),1=1,12)
FORMAT (12A¢€¢)

NPRCB=NPRUB+1

NCT=0

IF {NPRCB.EG.1) GC TC 3

REWIND NDATAL

DC 2 J4=1,3

REALD (NTATAl) DUMMY

IF {GECM.GE.5.0) NLT=1

READ {NIN,902) EST,EEND,GEQM,ELEMS,,PRINT,PLOTTZ
INDEX=PRINT+.1

NPLCT=PLOTTZ+.1

IF (NPLCT.0T.0) NPLOT=10

FORMAT {6El2.6}

MAT=ELEMS+.1

1GEOM=GEOM+. 1

NERR=1

IF (MAT.GT.10.0R.MAT.LTL1) GO TC 420
READ {NINs902) {ELBAR{L) pL=142})4+CL+ZXSCRLC
NHYD=ZXSCRC+.,1

Vil)=1.0

VE2)=ELBAR{2)/ELBAR{ L)

R=v{2}

READ ININ,902) ENBG

NBG=ENBG+a.1

NERR=NERR+1
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LR

IF (NBG.LE.O) GO 70O 14

IF {NBG.GT.50) GO TO 420

READ (NIN+902)(BEG(I)sI=1,NBG)
G0 10 15

14 BEG{1})=0.0

15

903

110
120

130

140

145

150

611

155
160

165

CONTINUE

READ (NINsGO3M{LZIDINgK)yN=1,2) {DENST{KNTIsNT=1,42),TT2{K)},
1 K=1,MAT]}

FORMAT {2A6,3E12.6)

PL=0.0

DO 4 K=1,MAT

PL=PL+TT2(K)

NPL=PL+,1

IF {(NPL.GT.0) NPLOT=NPLOT+1
NERR=NERR+1

J=1

NSP=1

DO 150 K=1,MAT

CALL TIDCO(ZID{1,K})

IF {(NID(3,J)-ID{3,K)) 120,130,420
J=J+1

NSP=NSP+1

IF (J.GT.NEL} GO TO 420

G0 70 110

MORDER{K)=NSP

DO 140 1=4,10

LID{IK}=TID{I,J}

CONTINUE

DO 145 1=1,5

TNAME(1,K}=CNAME(I,J}

J=Jd+1

NSP=1 ’
ALPHALK)I={{ZID{4¢K)=1.0)/(ZID{44K)#1.,0})¥%*2
D0 150 NT=1,2
DENSTY{KoNT )} =DENS{K¢NT)/7{1.0-ALPHA(K})
CONTINUE

NPAGE=NPAGE+1

WRITE {NDUT,611) NPROB,{TITLE(I),I=1,12)4NPAGE
FORMAT {15H1GAROL PROBLEM I4,1H,3X 12A6,27X 4HPAGE 16)
IF {IGECM.GT.4) GO TO 175

IF {IGECM.GE.3) GO TO 160

IF {IGEOM.GT.1) GO TO 155

CALL BCOLER{6HNONE +Al)

GO 10O 170

CALL BCOLER{6HSLAB +Al)

GO 10 170

IF (IGECM.GT.3) GO TO 165

CALL BOOCLER{6HCYLIN.yAl)

GO 70 170

CALL BCGCLER{6HSPHERE,Al)
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170 WRITE (NOUT,612) Al INPT1000
612 FORMAT (14HOGEGMETRY = A6} INPT1010
175 WRITE (NOUT,6121) ELBAR{1),ELBAR(2)},CLC INPT1020 -
6121 FORMAT {36HOMEAN CHORD LENGTH OF REGION 1 = 1PEl4.6/ INPT1030
1 1HO 21X 14HREGION 2 = 1PEl4.6/ INPT1040
2 24HODANCOFF CORRECTION = 1PEl4.6) INPT1050
IF {NHYD.EQ.1l) WRITE (NOUT,701) INPT1060
701 FORMAT {108HOEXTRA SOURCE TERMS WILL BE READ FROM INPUT CARDINPTIOT7O
1S, INTERPOLATED WHERE NEEDED, AND ADDED TO COMPUTED SOURCES. ) INPT1080
IF (NPLOT.GT.0) WRITE (NOUT,702) INPT1090
702 FORMAT (61HOPLOTTING OF THE RESULTS OF THIS PROBLEM HAS BEENINPT1100
1 REQUESTED. 1} INPT1110
IFf (EST.LE.0.0) GC TO 210 INPT1120
WRITE (NOUT,613) EST INPT1130
613 FORMAT {24HOUPPER ENERGY LIMIT = 1PEl4.6,4H EV) INPT1140
GO0 70 220 INPT1150
210 WRITE {NDUT,211) INPT1160
211 FORMAT (62HOUPPER ENERGY LIMIT WILL BE THE FIRST ENERGY ON TINPT1170
1HE DATA TAPE. ) INPT1180
220 IF {EEND.LE.O.0} GO TO 230 INPT1190
WRITE (NOUT,221) EEND INPT1200
221 FORMAY {24HOLOWER ENERGY LIMIT = 1PEl4.6,4H EV) INPT1210
GO TO 240 INPT1220
230 WRITE {(NOUT,231) INPT1230 °
231 FORMAT (61HOLOWER ENERGY LIMIT WILL BE THE LAST ENERGY ON THINPT1240
1E DATA TAPE. } INPT1250
240 IF (NBG.GT.0) GO TO 250 INPT1260
WRITE (NOUT,245) INPT1270
245 FORMAT { 60HOBROAD GROUP AVERAGED CROSS SECTIONS WILL NOT BE INPT1280
" 1CALCULATED, ) INPT1290
60 TO 260 INPT1300
250 J=1 INPT1310
IF (NBG.GT.1l) GO TG 255 INPT1320
WRITE (NDUT,615) NBGoJ+EST,BEG{]) INPT1330
60 TO 260 INPT134C
255 CONTINUE INPT1350C
WRITE (69615) NBG4J,EST,BEG{1),{I+BEG({I-1),BEGI{I},I=2,NBG) INPT1360
615 FORMAT {26HONUMBER OF BROAD GROUPS = [4/1HO 7X 27THBROAD GROUINPT1370
1P BOUNDARIES {(EV)//7( 16,1PE1l4.694H TO 1PE14.6)) INPT1380
260 CONTINUE INPT1390
’ WRITE (NOUT+614) MAT {KeZIDU1 o K1oZID{29K)y {TNAME{ ToK)sI=145)s INPT1400
1 DENS{Ks1)+sDENS(Ky2)+K=1,MAT) INPT1410

614 FORMAT{1HO 22HNUMBER OF MATERIALS =
1 5X 11HDESCRIPTION 27X 13HD E N S I T Y /55X SHREGION
20N 2//11332X32A642X45A641P2E15.6))

IF {(IGECM.LE.4) GO TO 180

IF {IGECM.GE.6) GO TO 185

READ (NIN,902) (CS1,CS52,CS53
READ {NINs902){CYLT{I)+1=2,305)
CYLT{1)= 0.0
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NPAGE=NPAGE+1 INPI 1500

WRITE {NOUT,611) NPROB.{(TITLE{(1),I=1,12),NPAGE INPTISID
WRITE {NOUT,616) INPTLE2C

616 FORMAT(4THOSPECIAL ESCAPE PROUOBABILITY TABLES WILL BE USED /) INPTLIEZ2D
DO 176 I=1,50 INPTIOAC
12=1+50 INPT1550D
I3=12+50 INPT1S5&D
14=13+50 INPTL1SVC
I15=14+50 INPT158C
16=15+50 INPT15GD
WRITE (NOUT617)1,CYLTCI)»I2,CYLT(I2),13,CYLTUI3)14,CYLTE14),15 INPT1E0G
1CYLTLIS),16,CYLT(16) INPT1610
617 FORMAT {I5,F10.5,5(164F10.5)) INPT162C
176 CONTINUE INPT1630
I=301 INPT1640
12=302 INPY165C
WRITE (NOUT,618) T,CYLT{(I)4CS1,C52,CS53,12,CYLT{I2) INPT 56T

618 FORMAT (79X,164F10.5/22H COEFFICIENTS=~- (CS1 = E12.6,3X 5HCS2 = INPTYETE
1E12.643X SHCS3 =E12.695X316,F10.5) INPTISZN

IF {NPRCB.GT.1) GO TO 190 INPT16GC

GO TO 200 INPTLT7OC

180 IF (NPROB.LE.1l) GO TO 200 ‘ INPT17:iC
IF {INCT.LE.O) GO TO 190 INPT172C
READ (NDATAL){SLABT{I)sI=1,505)4CYLT{J)+J=1,305) INPT1730
€CS1=0.5 INPT1740
C52=0.0 INPT1750
CS$3=-0.09375 INPT1760

GO 10 200 INPT1T7TO

185 WRITE {NOUT,186) INPT178C
186 FORMAT {T71HOSPECIAL ESCAPE PROBABILITY TABLES FROM PRECEDING PROBLINPT17950
1EM WILL BE USED. ) INPT1800
190 READ {(NDATAl) DUMMY INPT1810
200 RETURN INPT1820
420 CALL ERRORS{44NERR) INPT1830
END INPT1840
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PIBFTC XSORrC LIST,URCK,REF

C
C

10
500

15
2C
21

22

23

24
ac

31
4(

SUBROUTINE XSURC{N,E,XS)

READ AND INTERPOLATE BACKGROUND SOURCE FROUM

DIMENSTUN XS(€2)

NIN=5

GO 10O (12,204+30) 4N

READ (NIN,S5C) SORCES
FORMAT (6E12.6)
KPTS=SORCES+.)

READ (MNINGSQC) E1,SAL,SB1
REAC (NInN,5CGC) E2,SA2,582
JP1S=2

GC T 40

READ (NINLSTG) L£2,SA2,5RB2
JPTS=4PTS+1

IF (E2.GY.E)Y GU T 22

TF (ABS{EL-E) LEL1.06=5%E1) GO TO 24
IF (E1.GT.F) GO T 23

GO 10 24

EY=b2

SALI=SA2

581=512

I (JPTSLLTLKPTS)Y GO TO 15
GO T 24 ‘
CRATID=(L=-F2)/(F1-12)
XSU1Y=0A2+ERATIUM(SAL-5A2
XS5(2)=Sh 24 ERATIONN{SKHI-5132)
GO 10 40

XS {(2)1=831

GO T 40

IF {JPTSJGELKPIS) GO TO 40
J1=JPT7S5+1

D31 J=J1,KPTS
READ (NIN,S52C) DA
RETUIRN

END

108

INPUT CARDS

06-09-65XSORCLOG

XSORGO10
XSUOROC20
XSORZ0R0
XSNHROC 4N
XSOROGS0O
XSOROC K0
XSOROCTO
XSORQC80
XSNDRQO90
XSORG100
XSOROL10
XSOR0120
XSOR0130
XSOR0D140C
XS0KQ1LSO
XSURO160
XSOHO170
XS0ORrR0180
XSORC 190
XSOROQ2CO
XSORCZ210
XSOR0220
XSOk0230
XSORC240
XSOR0250
X50RG260
XSORO27T0
XSOPrQ280
XS{URC 290
XSORC3CO
XSORA310
XSORO32C
XSORO330
XSORC 340
XSORO0350
XSORD360
XSORO37C




-$IBFTC PROB

sz s aks

[ Nal

C

oo

620
640
660

680

700

720
740

760

780

800

820
840

860

LISTDECK,REF
SUBROUTINE PROB{ARG,IGEOM,PZERO)

COMPUTE ESCAPE PROBABILITIES FOR REGION 1
ADAPTED FOR GAROL FROM THE ZUT PROGRAM (GA-2525)
THE CONSTANT 0.577216 DEFINES EULERS NUMBER

COMMON /TABLES/ CS1,C52,CS3,SLABT{505),CYLT{305)

GO TO (940+720+620+820,9640+640+640)y IGEOM

CYLINDRICAL GEOMETRY
IF {ARG-0.1) 660,6804640
IF {ARG-6.0) 680,680,700
/ARG LESS THAN 0.1/
PZERO=1.0-1.3333333%ARG+0.5%(-ALOG{ARG) +1.3659312) *ARG¥*ARG
GO0 70 %20
/ARG GREATER THAN OR EQUAL TO 0.1,
CALL NEWCYL{ARG,PC)
PZERO=1.0-PC
GO 10 920
/ARG GREATER THAN 6.0/
PZERO={CS1+CS2/ARG+CS3/{ ARG*ARG) ) /ARG
GO 70 920

LESS THAN OR EQUAL TO 6.0/

SLAB GEOMETRY
I¥ {ARG-0.05) 760,780,740
IF {ARG-5.0) 780,780,800
/ARG LESS THAN 0.05/
PZERO=1.0+ARG*{ +ALOGIARG)-0.66666667T*ARG-0.2296368)
GO 10 920
/ARG GREATER THAN OR EQUAL TO (.05,
CALL NEWSLB{ARG,PC)
PZERO=1.,0-PC
GO TO 920
/ARG GREATER THAN 5.0/
PZERC=0.25/ARG
G0 TO 920

LESS THAN OR EQUAL TO 5.0/

SPHERICAL GEOMETRY
IF {ARG-0.02) 860,860,840
iF (ARG-5.0) 880,900,900
/ARG LESS THAN OR EQUAL T0 0.02/
PZERG=1.0-0.75%ARG
GO 10 920

/ARG GREATER THAN 0.02, LESS THAN 5.0/

880 PZERO=3.0%{{2.0%ARGI*ARG—1.0+{1.0+{2.0%ARG)I*EXP{—-(2.0%ARG))})

1

/{2.0%ARG)*%3
GO T80 920
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08~09-65PROBLGED

PROBOO1O
PROBCO 20
PROBGO 30
PROBOCAC
PROBOCS50
PROBODSO
PROBOCTO
PROB0OOBO
PROBOG ST
PROBO10CO
PROBO110
PROBO120
PROBC130
PROBO14D
PROBO150
PROBO1&0
PROBGLTG
PROBG18C
PROBO1GG
PROBO2CE
PrOBCZ217
PROBO220C
PROBO23C
PROBO24C
PROBC250
PROBO26&0O
PROBG270
PROBOZ28O
PROBO0O2S0
PROBO3GO
PROBO310
PROBO320
PROBO330
PROBO340
PROBO350
PROBO360
PROBO3T0O
PROB0O380
PROBO390
PROBO4CO
PROBO410
PROB0420C
PROBO430
PROBO440O
PROBO4SO
PROBO460
PROB0O470
PROBO480



c
C
c
c

/ARG GREATER THAN OR EQUAL TO0 5.0/

900 PZERD=3.0%{{2.0%¥ARGI*ARG-1.0})/12.0%ARG) **3

920 RETURN

NG GEOMETRY
940 PZERO=0.0
GO 70 920
END
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PROBO490
PROB0OS500
PROBOS10
PROBO520
PROBOS530
PROBO540
PROBO550
PROBO560
PROBOSTO




“$IBFTC HEAD
SUBROUTINE HEAD
COMMON /ALL/ NIN,NOUTyNDATAoNINI,NIN3,JHYD,NEL yNARRAY,NPAGE,L INESHEADOG 20

~

1+NPROB,NPTSy INDEX,NPLOT,TITLE(12),TID{10,20),CNAME{5,20),LINEPP

2

s MAT

LIST,DECK,REF

PAGE HEADING ROUTINE

NPAGE=NPAGE+1

WRITE (NOUT,6C1)
601 FORMAT {15H1GAROL PROBLEM 14,1H,3X 12A6,
1 6HOPOINT 4X SHENERGY-EV 8X 4HFLUX 10X 4HFLUX 8X 6HSOURCE 8X
2 6HSOURCE 9X 19HTOTAL CROSS SECTION 9X 18HCOLLISION DENSITY/
3 24X 9HREGIGN 1 5X 9HREGION 2 5X 9HREGION

4 SHREGION

LINES=1
RETURN
END

$IBFTC NEWCYL
SUBROUTINE NEWCYL{ARG,FARG)

ADAPTED FOR GAROL FROM THE ZUT PROGRAM
COMMON /TABLES/ CS1,CS52+CS3,SLABT{505)+,CYLT{305)

C

DEL=0.02

NPROB,{TITLEL(I),I=1,12

1 5X SHREGION 2 5X 9HREGION

LIST DECK,REF

RINK=ARG/DEL

IN=RINK
FIN=IN

RINK=RINK-FIN
FARG=CYLT{IN#1)+RINK*{CYLT{IN®2)-CYLTLIN+1} ) -RINK*{RINK-1.0)/4.0
I*{CYLTCIN#2)4CYLTOIN# D) -CYLT{IN)-CYLT{IN+3}}

220 RETURN

END

$IBFTC NEWSLB LIST,DECK,REF
SUBRDUTINE NEWSLB{ARG,FARG)

} o NPAGE

{GA-2525)

ADAPTED FOR GAROL FROM THE ZUT PROGRAM {GA-2525)
COMMON /TABLES/ €S1,052,CS3,SLABT{505),CYLT{305])

DEL=0.01

RINK=ARG/DEL

IN=RINK
FIN=IN

RINK=RINK-FIN
FARG=SLABT{ IN+1)+RINK*(SLABT{IN+2)-SLABT{IN+1) ) -RINK*{RINK-1.0)/4.NEWSC1CO

END

111

10%{SLABT{IN+2)+SLABT{IN+1)-SLABT{INI—SLABT{IN+3})
220 RETURN

27X 4HPAGE 16/

08-09-65HEADLICGD

1 5X 9HREGIGON
1 5X 9HREGION

273

2

5X

HEADTO10

HEADOG30
HEADOD40
HEADOCS0
HEADCC 60
HEADQCTC
HEADOOBD
HEADQOS0
HEADO1COC
HEADO11i0
HEADO120
HEADO13C
HEADC140
HEADO150

08-09—65NEWCCOLC

NEWCGO1Z
NEWCDOZ0
NEWC 0030
NEWCO04D
NEWC 2054
NEWCO0£Q
NEWCOCTO
NEWCQOBD
NEWCOGS0
NEWCG0100
NEWCO110
NEWCO120

08-C9-65NEWS0O000

NEWSO001G
NEWS0020
NEWSO0030
NEWS0040
NEWS0050
NEWSO0060
NEWSO0070
NEWS0080
NEWSQC090

NEWS0110
NEWSC0120
NEWSD0130



$I1BMAP COMSET
8 BOOL

BSET CONTRL
A BSS
C EQU
END

$IBFTC L INKS

CALL AVRG

END

LIST,LREF
7022
A,C

8

*

LIST.REF
COMMON /ALL/

IF {NPLOT.LE.O) CALL CHAIN {4)
TRANSFER TO PLOT ROUTINES
CALL CHAIN {6}

{LINK 6}

112

08-09-655C0OM0000

SCOM0010
5C0OM0020
5COM0030
SCOM0040
SCOM0050

08-09-655LNK0000O
NIN,NOUT'NDATA'NINI:NIN3,JHYD,NEL,NARRAY.NPAGE'LXNESELNKOOIO
1'N?RDB'NPTS,INDEX'NPLOTyTITLE(12),TID(IO'ZO).CNAME(S.ZO),L!NEPP
2 +MAT,MFRAME

5LNK0020
SLNK0O30
5LNK0040
5L NKOO50
SLNKOO 60
SLNKOO70
SLNKO080



S$IBFTC .AVRG LIST,DECK,REF

w

OO

SUBROUTINE AVRG

COMPLETE BROAD GROUP AVERAGES, COMPUTE CELL AND ONE-GROUP

AVERAGESs AND PRINT RESULTS

08-09-65AVRGLL00

AVRGHO10
AVRGOO 20
AVRGD0O2G
AVRGOD 40
AVRGOC50
AVRGCC60

COMMON /ALL/ NINsNOUT,NDATA NIN1,NIN3,JHYD,NEL NARRAY,NPAGE,; LINESAVRGOOTO
1+NPROBoNPTSy INDEXoNPLOT, TITLE{12),TID(10,20),CNAMEL{5,20); LINEPP

2 +MAT,MFRAME
COMMON /TABLES/ CS1,0S2,CS3,SLABT(505),CYLT{305)
COMMON /BSEY/ Vi2)y Ry IGEOM, EC, EST, EEND, NHYD, HYD{2)
E. DEl, DE2, DE3, DE4y SUM(2), SUMA, SUMB, T(2), Si{2)
TERM, CCs MORDER(10), ELBAR{2)
ZID{10,10)y CAP{10), SCATI(10), FIS{10), LTIM{10), DENS{10,2)
DENSTY{10,2), ALPHA{10), TOTAL{2), P{2), D{2}, Q(2)5 DDQQ
PHI{2}, SORC{(2)
NBG, BEG{50), BPHI{50+2), BCAP{50,410,2)y BSCAT{50,10,2}
BFIS{50+1042), CELLS{503, CELLC(50), CELLF{50), OGPHI(2)
+ OGSCAT{3), OGCAP(3), OGFIS{3)
s TNAME{5,10)
COMMON /PLOTT/ TLABEL{12) XLABEL{12),YLABEL{12),TT2{12) sNFRAME
EQUIVALENCE (TID,NID), {ZID,ID)
DIMENSION NID{10,50}, 1ID{10,10)
DIMENSION CPHI{50}
NPAGE=NPAGE+1
VA=V{1l}
VB=V{2)
WRITE (6,601) NPROB,{TITLE(I),I=1,12),NPAGE
601 FORMAT (15H1GAROL PROBLEM i4,1H, 3X 12A6,27X 4HPAGE 16}
DO 3200 NT=1,42
OGPHIINT)=0.0
BO 300 N=1,NBG
OGPHI{NT )=0GPHIINT ) +BPHI(N,NT)
300 CONTINUE
AK=1.0/{VA+VB)
OGPHI3=0,0
DG 301 N=1,NBG
CPHIIN}={BPHI{N,1)*VA+BPHI (N, 2)*VB) *AK
CGPHI3=0GPHI3+CPHI{N)
301 CONTINUE
WRITE {(6,602)
602 FORMAT {13HOGROUP FLUXES/&6HOGROUP 3X 9HENERGY-EV 5X 9HREGION
1 5X SHREGION 2 4X 12HCELL AVERAGE/8X 11HLOWER LIMIT/)
WRITE {696033(1,8EG{1),BPHI{1+41},BPHI{I+2},CPHI{I}+I=1,NBG)
603 FORMAT {(14,1X,1P4E14.6}
WRITE (6,604){0GPHI{1),1I=1,2),0GPHI3
604 FORMAT {15HOONE GROUP FLUX 1PE1B.6,2El4.6)
DO 400 K=1,MAT
NPAGE=NPAGE+1

“* O @ W v ¢ -

WONO ! PN~
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1

AVRGOCSED
AVRGOOSYC
AVRGO1CO
AVRGO11D
AVRGO120
AVRGO130
AVRGO140
AVRGO150
AVRGO1s0
AVRGG174
AVRG(G18%
AVRGO1G2
AVRGGZ2LC
AVRGO21{
AVRGG220
AVRGO234G
AVRGD24C
AVRGO25(
AVRGO260
AVRGO270
AVRGO280
AVRGO29¢
AVRGO3G0O
AVRGO31LD
AVRG0320
AVRGG330
AVRG(G340
AVRGO350
AVRGO360
AVRGO37C
AVRGC380
AVRGO390
AVRGO 40O
AVRG0410
AVRG0420
AVRGO0430
AVRG0440
AVRGU 450
AVRG0460
AVRGO470
AVRG0480
AVRG0O490



305

310

315

316

319

320

325

701 FORMAT (36HOBROAD GROUP AVERAGED CROSS SECTIONS /10HOMATERIAL 12,
1 2X92A625X45A6)

WRITE (64601) NPROB,{TITLE(I),I=1,12) NPAGE
RR=DENS{K,2}*R

TERM={1.04R)/{DENS{Ky1)4+RR)

DO 305 NT=1,3

DGSCATI{(NT)=0.0

OGCAPINT)=0.0

OGFIS{NT}=0.0

CONTINUE

DO 310 N=1.NBG

BBR=1.0/{BPHI(N,1)+BPHI(N,2)*R)
CELLS{N)={DENS{Ky1)*BSCAT{NsKy1)}+RR*BSCATIN,K,2)) *TERM*BBR
CELLCIN)I={DENS{K,1)*BCAP{NsKs1)+RR*BCAP (NyK,2) ) *TERM*BBR
DO 310 NT=1,s2

OGSCATINT)=0GSCAT{NT)+BSCAT{NsKsNT)
OGCAPINT)I=0GCAPINT ) +BCAP{N,K,NT)
BSCAT{NsKyNT)=BSCAT{NyK,NT)/BPHI{N,NT}
BCAP({NsKyNTI=BCAPIN,KsNT)/BPHIINsNT)

CONT INUE

B8BR=1.0/7/{0GPHI{1)+0GPHI{2)*R)
OGSCAT{3)={DENS{K,1)*0GSCAT (1) +RR*OGSCAT{2) ) *TERM*BBR
OGCAP{3)={DENS{K,1)*0GCAP{ 1) +RR*0OGCAP({2) ) *TERM*BBR

DO 315 NT=1,2

OGCAP{NT)=0GCAP{NT) /OGPHIINT)
OGSCAT{NT)=0GSCATINT)/OGPHI{NT)

CONTINUE

IF {ZID{7,K).GE.0.0) GO TO 350

IF (ZID{7+K).EQ.-1.0) GO TO 319

DO 316 NT=1,2

DO 316 N=1,.NBG

IF {BFIS{NsK,NT).NE.O0.O0) GO TO 319

CONTINUE

GO TO 350

DO 320 N=1,NBG

BBR=1,0/{BPHI{N,11+BPHI{N,y2)*R}
CELLF{N)={DENS(Ks1}*BFIS{NsKs1)+RR*BFISI{NsKs2) ) *TERM*BBR
DO 320 NT=1,2

OGFIS{NT)=0GFISINTI#BFISI{N,K,NT)
BFISINyKyNTI=BFIS{N,K,NT)/BPHI{N,NT}

CONTINUE

BBR=1.0/(0GPHI{1)+0GPHI{2)*R})
OGFIS{3)={DENS{Ks1)*0GFIS({1)+RR*0OGFIS{2))*TERM¥BBR

DO 325 NT=1s42

OGFISINT)I=0GFIS{NT)/OGPHIINT)

CONTINUE

WRITE {NOUT,701) KeZIDI1yK)yZIDE29K) s {TNAME{JKL K} 9JIKL=1,5)

WRITE (NOUT,702}

11k

AVRGOS500
AVRGOS510
AVRG0520
AVRG0530
AVRG0O540
AVRGO550
AVRGO560
AVRGOS570
AVRG0580
AVRG0590
AVRGO600
AVRG0610
AVRG0620
AVRGO0630
AVRGO 640
AVRG0O650
AVRG0660
AVRGO6T0
AVRGO680
AVRG0O690
AVRGO700
AVRGOT710
AVRGO720
AVRGO730
AVRGO740
AVRGO750
AVRGO760
AVRGOT70
AVRGO780
AVRGO790
AVRGO800
AVRGO810
AVRG0820
AVRG0830
AVRG0840
AVRG0850
AVRGO0860
AVRG0870
AVRGO880
AVRG0890
AVRG0 900
AVRGOS10
AVRG0920
AVRGO0930
AVRG0S40
AVRG0950
AVRG0960
AVRGO970



702 FORMAT {6HOGROUP 3X 9HENERGY-EV 18X 22HR E G I O N 1 34X AVRGUYBO

1 22HR E G 1 0 N 2 78X 11HLOWER LIMIT S5X 7HCAPTURE 7X AVRG: 99D

2 THSCATTER 7X THFISSIDON 8X S5HALPHA 8X THCAPTURE 7X THSLCATTER 7X AVRG.O00

3 7HFISSION 8X S5HALPHA /) AVRGIC1O

DO 330 N=14NBG AVRG1020
Al=BCAP(NsyKs13)/BFIS{N+Ky1) AVRG1G30C
A2=BCAP{NsKs2)/BFIS{Ns+Ks2) AVRG 1040
WRITE (NOUT703) NyBEGIN)»BCAPINyK+1) sBSCAT{NsKsl) sBFISINsKs1) Al AVRG1050

1 BCAPINsKy2) oBSCAT{N;Ky2) sBFISINsKs2)¢A2 AVRG1CHE
703 FORMAT (14,1X,1P9E14.6) AVRG 1079
330 CONTINUE AVRG1080
Al1=0GCAP{1)/0GFIS(1) AVRG10SO
A2=0GCAP{2)/0GF1IS{ 2} AVRG11CO
WRITE {NOUT,704) OGCAP(1),0GSCATI{1),06FIS{1),A1,0GCAP(2),0GSCATI2)AVRG111D

1 s0GFIS{2),A2 AVRG1120
704 FORMAT {19HOONE GROUP AVERAGE 1P8El4.6) AVRGL13(
WRITE {NOUT,705) AVRG114n

705 FORMAT {6HOGROUP 3X 9HENERGY-EV 18X 25HC E L L AV ER A E/ AVRGL1ISBC
1 8X 11HLOWER LIMIT 5X THCAPTURE 7X THSCATTER T7X THFISSIGH 8% AVRGL11el

2 SHALPHA/ ) AVRGI17C

DO 340 N=14NBG AVRG118¢
Al=CELLCI{N)/CELLF{N) AVRG1igo
WRITE ({NOUT 703} NSBEGIN),CELLCIN)CELLSIN) sCELLF{N);Al AVRG120¢C

340 CONTINUE AVRG12Z10
Al1=0GCAP{3)/0GFIS{3) AVRG1Z220
WRITE {(NOUT,704) OGCAP{3},0GSCAT{3),0GFIS{3),A1 AVRGLZ3D

GO 10O 400 AVRGL1240

350 CONTINUE AVRG 1250
WRITE (NOUT701) KeZIDL14K)ZIDI{2,4,K) o { TNAME{JKL K} s JdKL=1,5]) AVRG126C
WRITE {NOUT,706) AVRG1270

706 FORMAT {6HOGROUP 3X 9HENERGY-EV 9X 15HR E 6 I O N 1 13X i5HR E GAVRG1280
1 I 0N 2 14X 13HCELL  AVERAGE /78X 11HLOWER LIMIT 5X THCAPTURE T7XAVRG129C
2 THSCATTER 7X THCAPTURE 7X T7THSCATTER 7X THCAPTURE 7X THSCATTER /) AVRG1300

DO 360 N=1,NBG AVRG1310
WRITE {NOUT,703) NsBEGIN),{BCAPINyK,NT? ,BSCATIN,KyNT) NT=1,2), AVRG1320
1 CELLCIN),CELLS(N} AVRG1330
360 CONTINUE AVRG1340
WRITE (NOUT,704) (OGCAP{NT),0GSCATINT} sNT=1,3}) AVRG1350
400 CONTINUE AVRG1360
RETURN AYRG1370
END AVRG1380
115




s IBMAP CCMSET LIST,REF 08=-C9-656L0LM0000
BSET CONTRL A,C 6CCM0010
A B8SS 18050 6L0M0020
¢ EQU ¥ 6CCMOC30

END 6CCM0040
$ IBFTC LINK6 LIST,REF 08-06-656LNKO0CC

» LINK 6 6LNKOU1G

C PLCT ROUTINES 6LNK0O020

C 6LNKGO30

COMMON /ALLY NIN,NGUT'NDATA,NINI,NINB'JHYD,NEL,NARRAY.NPAGE,LiNESbLNKCO4O
lgNPRDB»NPTS,INDEX,NPLOT,TiTLEi12)9TID(1C¢205,CNAME(512O)'LINEPP 6LNKO050

2 +MAT,MFRAME 6LNKOG6E0
COMMON /PLOTT/ TLABEL{(12)¢XLABEL{12),YLABELL{12), T2{12)+NFRAME 61LNKUOOTC
COMMON /BSET/ TNAME(5,10)9E(1000)sCAPL1C00,8),F15{1000,3) 6LNKCE80
EQUIVALENCE (PHI{1)sCAP(1s1)) ¢{TOTALL{1} yCAP{1+2)) o{CD(1)+CAP(1,3))6LNKOOTO
CIMENSICN PrI{1000),T0TAL{1000),L0(1000) 6LNKO10G
DIMENSIGN KPLOT{10) 6LNKO11C

C 6LNKO12C

REWINC NIN1 6LNKC130
NTwWi=2 6LNKO140
DC 5 K=1.MAT 6LNKO15C

5 KPLCT(K)}I=T2(K)+.1 &LNKO160D

READ (NIN3){{TNAMEL I K) I=1,+5)+K=1,MAT) 6LINKOLI7C
CALL TPLUT{1l+NsNyN+D»C,4D) 6LNKG18E
CALL BCCLER{GH s BLANK) 6LNKC19C
NXSCL=2 6LNKOZ200
NYSCL=1 6LNKOZ21C
MPTS=NPIS 6LNK0Z220
KMAT=MINO{MAT,8) 6LNK0230

10 JEND=MPIS 6LNKG240
If [JEND.GT.1000) JEND=1000 6LNKC25C
DC 30 J=ls12 6LNKG260

TLABELL{JI=TITLEL(J) 6LNKO27C
T2{J)}=BLANK 6LNKGZ280
XLABEL{J)=BLANK 6LNKG2GC
YLABEL(J)=BLANK 6LNKO3G0

30 CONTINUE 6LNKC31C

CALL BCCLER(G6HENERGY,XLABEL(6)) 6LNKO320
CALL BCCLER(6H —= EVXLABELI(7)) 6LNKO330
If (NPLCT.EGQ.1)GO TO 49 6LNKG340
OC 20 [=1+JEND 6LNKO350
READ {NIN3) £{(1)yPHI{I),»TOTAL(I) 6LNKG360
CO{IY=E{1)*PHI{T)*TOTAL{I) ELNKU3TC

20 CCNTINUE 6LNK0380

116




40

49
50

60

160
0

200

sQ8

CALL BCCLER{6H FLUX,YLABEL{5)})

CALL BCCLER(6H IN SYLABEL(T))

CALL BCCLER{6HREGICN,YLABEL(S))

CALL BCCLER{EH 1 s YLABEL{1C))

CALL TPLOT{29NXSCLyNTWU »JENDyE,PHL,PHI)
CALL BCCLERI{6HTOTAL ,YLABEL{(1))

CALL BCCLER{6HCROSS—-,YLABEL{3))

CALL BCCLER{6HSECTIC,YLABEL(5))

CALL BCCLER({6HN yYLABEL{6))

CALL TPLOT(2,NXSCLyNTKO3JENDSELTOTAL,PHIL)
CALL BCCLER{G6HCOLLIS,YLABEL{(3))

CALL BCCLER{&FIGN s YLABEL{4))

CALL BUCLER{O6HDENSIT,YLABEL{5))

CALL BCCLER{6HY yYLABEL{G)])
YLABEL(1)=BLANK

CALL TPLOT{2sNXSCLsNYSCLsJIENDyE+CDoPHI)
DC 40 J4=1,12

YLABEL{J)=BLANK

CONTINUE

IF (NPLCT-10.LE.O) GC TO 70

DC 5C I=1,JEND

READ (NIN12{CAP({I K} oFIS{IsK}+K=1:KMAT)
CALL BCCLERI{IEHCAPTUR, YLABEL{51)

CALL BCCLER{6HE P YLABEL (6]

CALL BCCLER{6FE RATE,YLABEL{7)}

0C 10C K=1,MAT

IF {KPLCT{K}.LE.O) GG TG 100

DG 66 J=1+5

T2{J)}=TNAME(J,4K)

CALL TPLUT(2¢NXSCLoNYSCL+JENDJECAP{14K)¢FHI)
If (TIL{7+K).CE.0.0) GO TO 10¢C

CALL BUCLERIGHFISSIC,YLABEL(5))

CALL BCCLLER(6HN s YLABEL{G6))

CALL TPLOT(2)NXSCLaNYSCLpJENUJEFIS(1eKY,PHI)
CALL BCCLER{6HCAPTUR,YLABEL{5})

CALL BUCLER{6HE P YLABEL{63)
CONTINUE

IF {JEND.GE.MPTS) GU TO 2GO
MPTS=MPT5-1CCO

GC 70 1¢

CALL EANDLL)

CALL BACK

MFRAME=NFRAME

PRINT GC8,MFRAME

FORMAT (1HO 16,26H FRAMES HAVE BEEN PLGTTED. )
CALL CHAIN{4)

END
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SUBROUTINE TPLOTINNNNJNXSCLsNYSCL)NPT ¢ XWX9YQY,Y)

ACAPTED FUR GARCL FROM THE TPLCT PRUGRAM {CAMLC-4346 REVISED)

s Cr

CUMMON /PLOTT/ TITLE{12)4XLABEL{12)sYLABEL(12)T21123+9FRKAME
DIMENSICN X{(1000), Y{1000), A{682)s CHR{3}, HEAD(1C)
1eXQX{1G00)s YGY(10GO)

CIMENSICN ZNAMELS5)

DIMENSICN TYPI{2)

GG TO (100G,2000) 9 NNNN
160C CF=0.43429448
NTAPE=6
IF (MFRAME.GT.1) NTAPE=-¢
CALL BCCLER (6HX-MAX=,BXMAX)
CALL BCOLER (6HY-MAX=,BYMAX)
CALL BLCLER {6HX-MIN=,BXMIN)
CALL BCCLER {6HY-MIN=,BYMIN)
CALL BCOLER {6H XeBXAX)
CALL BCCLER {(éH Y .BYYY)
NCHRS=8
INEEX=4
INTENS=3
AKAR=BXXX '
ICHAR=55
CALL SEfUP(A,€82,NTAPE)
CALL RST
CALL SC1
LALL KEALER
I+ (MFRAME.CT.1) GU TC 101
MFRAME=]
CALL EBIGBEN{(LCATE,INAME)
CALL BCODCON{EEAL)
WRITE (C,205) CATE»{ZNAMEL1)v1=14+4)
205 FORMAT {23H GENERAL ATONICy TPLLT, A642H, 446)
CALL FRAME(GC.0+5+045.0+0G.0)
CALL TSP(leCy2.5+HEAC(1),60)
WRITE (€4S02){HEAD(I),I=1410)
WRITE {(€,91C)IMFRAME
CALL ADF
101 RETURN

2000 CALL TICKER{TIME)
TIME=TINME/216.C
VFRAME=NMFRAME+1]
NPTS=NPT
CC 116 I=14NPT
X{I)=x@x{I)
Y{1)=YQY{I)
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SIBFTIC TPLOT LIST,CECK,REF 08-10-65TPLLCCCO

TPLOCOULO
TPLGCCZ2C
TPLUCO3C
TPLUCO4T
TPLUOGSU
TPLOOUGC
TPLGGOTG
TPLGGGBC
TPLEOOSGC
TPLECLCGO
TPLGOLLC
TPLUGLI2C
TPLOCL3C
TPLUOG14C
TPLUGLLE
TPLOOL10C
TPLGCLTU
FPLUCLEDE
TPLOGLGC
TELOC200
TPLUGZ1C
TPLUCZ220
TPLUGCZ3C
TPLEC24C
TPLUGZ5C
TPLOCG26C
TPLUL2TC
TPLLEZBO
TPLUSZ2SGC
TPLUGC3C0C
TPLCC310
TPLLUG320
TPLOULCZ3C
TPLOU34C
TPLLG35C
TPLUCAGE
TPLLUU3TU
TPLGO3BU
TPLUG3SO
TPLUCACC
TPLUCALO
TPLUCSGZ20
TPLUGASU
TPLUG4A4T
TPLUG4SC
TPLGC4ED
TPLECATC
TPLUOA4ELD
TPLULAST




14

116 CONTINUE
117 XMAXX=-1.E+35
XMINN=1.E+35
YMAXX==1.E+35
YMINN=1.E+35
DO 118 14=1,NPTS
XMAXX=AMAXL I XMAXX e XTI u))
XMINN=AMINL{XMINN,X{IJ))
YMAXX=AMAXL{YMAXX,Y{14)}
YMINN=AMINL{YMINN,Y({IJ))
118 CCNTINUE
IF (XMAXX=XMINN) 120,120,121
12C WRITE {£,;941)XMAXX
941 FCRAMATI{SBHONC PLOYTING FCR THIS FRAME. X 14 CUNSTANT FOK ALL Y
1AT 1PE12.6)
GO 10 1c¢0
121 IF [YMAXX=YMINN} 122+122,13C
122 WRITE (€,942)YMAXX
S42 FCRMAT (58HCNC PLUTTING FUR THIS FRAME. Y iS5 CUNSTANT EUR ALL X
1AT 1PE12.6)
GL TC 1060
130 X1PR=XMAXX
X2PR=XMINN
Y1IPR=YMAXX
Y2PR=YMINN
132 GC TO {11,21)NXSCL
11 Z1=ABS{XMINN)
L2=ABS{XMAXX)
I=ALCGIC{AMAX1{Z1,22))
N==2
IF (N) 15413,14
13 1IF (Z) 14,1€,15
14 N=N+1
15 SCFX=10,0%%N
If {XMAXX.LEL.0.0) GC TO 1511
LX2=XMAXAESCFX+,9599
GG TO 1512
1511 LX2=XMAXX®SCFX
1512 X2=FLCAT{iLXZ)
GC 10 17
16 SCFX=10.0%%N
X2=XMAXXx2SCFX
LX2=X2+.999
17 DC 18 J=1,NPT
18 X{J¥=XxX{J)%SCFX
I£ (XMIANN) 1811,1810,1812
1810 LXMIN=0
XX=0,0
GG TO 1813
1811 LXMIN=XMINN*SCFX=-.95S
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TPLEGS00
TPLUCSLC
TPLLGLER2G

TPLUCS3O

TPLGC54C
TPLEOSS0
TPLUGREC
TPLUGHTL
TPLUGSEC
TPLUCSSC
TPLGCOGO
TPLUGK1O
TPLGOEZ2C
TPLUGE3C
TPLCRGAC
TPLUUGHE
TRPLOGGED
TRLOQET7L
TPLLCHERT
TPLUGHSE
TPLUCT7OG
TELUOT7!C
TPLOCT7ZC
TPLUCTZG
TPLGLT4L
TPLGLT S

TPLUGTEC

TPLUCTYC
TPLEOY7EC
TPLECTSO
TPLUOBCE
TPLOCBLC
TPLLGBZO
TPLEC8B3C
TPLEGBAT
TPLUOGBSC
TPLUCBEC
TPLGOBTO
TPLGUBSEC
TPLLCBSC
TPLUGSOD
TPLCOS1C
TPLECO20
TPLLEY 3L
TPLLCOG4E
TPLUCY950
1PLEGS60
TPLEGSTC
TPLGGS8CE
TPLECCOSOC



1812

1813

20
21
210

212
22

23
24
25

26
27

30
31

33
34
35

3511
3512

XX=FLCAT{LXMIN)-.2E-6
GC 70 1813
LXMIN=XMINN®=SCFX
XX=FLCAT{LXMINI+.2E-6
X10=ABS{X2-XX)
X1=XX-0.1%X10
X1TYP=XX-0.C8%X10
NEIST=LX2-LXMIN

IF {NDIST=-5) 19,20+20
ANX=NDIST#10+1

SX=0.1

6C TO 30

NX=NDIST%5+1

SXx=0.2

GL TG 3¢

IF {XMINN) 21002104212
BRITE {£€45211)BXXXsBXXX
GC TG0 101

LG 22 J=14NFPT
X{33=ALCG1O(X(J})
XMAXX=ALCGLO{ XMAXX)
XMINN=ALOGLICIXMIANN)
IF (XNMINN)24423,23
NXLI=XMINN

GC TO 25
NX1=XMINN-1.C

IF {XMAXX) 26425425
NX2=XMAXX+1.C

GL TO 27

NX2=XMAXX

NXC=NXZ2-NX1
XX=FLCAT{(NX1)
X2=FLCATINXZ2)
X10=X2~-XxX
X1=XX-0e1%X1C
X1TYP=XX-0C.C8%X10

GC TO {31+41)sNYSCL
L1=ABS{YMINN)
22=ABS{YMAXX)
ZY=ALCGLlO{AMAXI(Z1,42))
NY==-2Y

IF (NY) 35,433,334

IF (1Y) 34,3€6,35
NY=NY+1

SCFY=1C.0%%xNY

IF {YMAXX.LESO.) GU TU 3511
LY1=YMAXX*SCFY+.999
GC TO 3812
LYI=YMAXX*SCFY
Y1=FLCAT{LY1l)
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TPLU1GOG
TPLLC1C1OC
TPLULC2C
TPLL1G3G
TPLU10G4C
TPLOL1GS5C
TPLO106C
TPLO1OTG
TPLO1GS8C
TPLC1GSC
TPLO11GC
TPLU1110
TPLO1120
TPLO113G
TPLUL1140
TPLOLLSO
TPLG116€C
TPLC117C
TPLO118C
TPLOL1LSO
TPLULZQO
TPLOLZ21O
TPLU1220
TPLU123C

TPLUL1L50
TPLULYZ6U
TPLG127¢C
TPLC1ZBC
TPLEL12SC
JPLGL33C
TPLUL1310
TPLELI32C
TPLLUL1330
TPLL134C
TPLU135C
TPLU136C
TPLULBTG
TPLUL138C
TPLU13SC
TPLU140C
TPLO1410Q
TPLLL142C
TPLOL43C
TPLUL44C
TPLUL450
TPLELl46C
TPLE1470
TPLUL148BC
TPLUO14SO



36
31
38

380

3€1

382

383

39

4C

41

410

412
42

43
44
45

46
47

60

GG TO 37
SCFY=10.0%%NY
Y1=YMAXX%SCFY
LY1=Y1+.999

DG 38 J=1.NPT

Y d)=Y{JI*SCFY

IF {YMINN) 381,380,382
LYMIN=0

YY=0.0

GC TG 383
LYMIN=YMINN*SCFY-,999
YY=FLCAT{LYMIN)-.2E-6
GG TO 383
LYMIN=YMINN*SCFY
YY=FLOAT(LYMIN) +.2E-06
Y10=ABS(Y1l-YY)
¥22=YY-C.1%Y1C
Y2TYP=YY-0.02%Y10
MOIST=LY1-LYMIN

I# {MCIST-5) 39,39,40
NY=MDIST*10+1

S$Y=0,1

GC T4 60

NY=MDIST*5+]

SY=0,2

GC 70 6C

IF (YMINN) 41C,410.412
WRITE 16,211)BYYY,BYYY
GG TO 1C1

LCC 42 J=1.NPT
Y{J)=ALCG10{Y(J))
YMAXX=ALCG1G0{ YMAXX)
YMINN=ALGG1C{YMINN)
IF {YMIRNN) 44,43,43
NYZ2=YMINN

GG T4 45
NY2=YMINN=-1.0

IF (YMAXX} 46445,45
NY1=YMAXX+1.0

GG T8 47

NY1l=YNMAXX

NYC=NY1-NY2
Y1=FLOCAT(NY1)
YY=FLCAT{NYZ2}
Y10=Y1l=-YY
¥22=YY-0.1%Y10
Y2TYP=YY-0,C2%*Y10
Y1T=0.01%Y1C+Y1
XRSIDE=X24+0,.01%X1G
WRITE (64522)T1IME
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TPLG151C
TPL0O1520
TPLOLS30
TPLO1540
TPLOL55C
TPLU1560
TPLL1570
TPLO1580
TPLO1590
TPLG16GO
TPLOL61C
TPLG1620
TPLOLG30
TPLULE4O
TPLUL1650
TPLULGGC
TPLOLG6TC
TPLO168C
TPLE16GY
TPLG17C0
TPLO1710
TPLD172C
JPLGL173C
TPLGL174C
TPLGL1750
TPLE1760
TPLULTTO
TPLB1780
TPLOL1T7SC
TPLOLBOO
TPLOLSBIC
TPLO1B20
TPLO1830
TPLU1B4C
TPLL1850
TPLULB6O
TPLG18BT70O
TPLO188OC
TPLU1890
TPLO190C
TPLOL191C0
TPLE1920
TPLU193QC
TPLU1G40
TPL{1S50
TPLG1960
TPLULSTO
TPLG1980
TPLO199C



6C3

61

€2

63

64

65
70
71
12

13

14

75
7€

1235

CALL TICKER ({TIME)
TIME=TIME/216.0

WRITE (€,923)TIME

CALL FRAME (X1,Y1T,XRSIDE,Y22)
GO TO {61.62)4NYSCL

CALL ©XA (NY¢XXsYY,SY)

GC 16 7C

SY=Y1C/FLOAT{NYC)

IF INYC-5) 644644063
NY=NYC+1

CALL GXA (NY9XXsYY,ySY)

GC TO 7C

NY=NYC+1

vVY=YY

LC 65 J=14+9

CALL GXA INYoXXyaVYySY)
NY=NYC

AK=J+1

VY=YY+ALCG (AK)*CF*3Y

GG TO (71,721 4NXSCL

CALL GYA (NX¢XX2YYySX)

GC TO 7¢

SX=X1C/FLOAT{NXC)

IF {NXC=5) 74974473
NX=NXC+1

CALL CYA (NXyXXsYYsSXi

Ge T1Q 17¢

Nx=NXC+1

VX=XX

CC 75 J=1+9

CALL GYA [NXaVXsYY,45X)
NX=NXC

AK=J+1

VX=XX+ALCG(AK)*CF*5X
XCENT=XX+042%X10

CALL TSPUXCENT YLT,TITLE(L) 72}
XL=X1

Y11=Y1T-0.02%{Y1T-YY)

CALL TSP{XCENT,Y1l1,T72{1)+72)
Y11=0.05%{Y1T-YY)
YL=Y1T-Y11%5.0

CALL TSP(XCENT,Y22,XLABEL(1),172)
LC 1235 J=1s1242

YL=YL-Y1l

CALL TSP{XL,YL,YLABEL(J),12)
XPT=XX+(+85%X10
YPT=Y1-C.05%Y10

CALL ECUCON{CHR)

WRITE 1Cy911) BXMAX,X1PR
CALL TSP{XPT,YPT4CHR{1),18)
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TPLUZ20O0C
TPLEZOLCE
TPLG2020
TPLU203C
TPLO2040
TPLCZ05C
TPLEO20G6C
TPLL20OTC
TPLG208O
TPLU2C90
TPLO21CC
TPLO211C
TPLOZ212C
TPLUZ2130
TPLL214C
TPLD215C
TPLOZ2160
TPLG21TG
TPLUZL1BO
TFPLOZ21SC
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TeLozzco §

TPLO221C
TPLOZ222C
TPLG2230
TPLUZ2240
TPLG225C

TPLO226C -

TPLL22TC
TPLUZ280
TPLU2290
TPLUZ300
TPLO231C
TPLG2320
TPLO233C
TPLU234C
TPLE2350
TPLOZ36C
TPLU23T0
TPLL238C
TPLOZ39C
TPLU240C
TELO241C
TPLD242C
TPLUZ430
TPLU244C
TPLUZ450
TPLU246C
TPLU24TG,
TPLGZ48BC
TPLUZ24SC




)

80

82
821

822
823

824
825

826
827
830
829

83

81

183
90
22

1921

1922
1923

1924
1925

WRITE (05911) BXMIN,X2PR
YPT=YPT-0.05%Y10

CALL TSP(XPT,YPT,CHR(1),18)
WRITE (0,911) BYMAX,Y1PR
YPT=YPT-0.05%Y10

CALL TSP{XPT¢YPT,CHR(1),18)
WRITE (0,911) BYMIN,Y2PR
YPT=YPT-0.05%Y10

CALL TSPUXPT,YPT.CHR{1),18)
CALL BCOCON(TYP) ‘

GO TO 182,81)sNXSCL

IF (NX-10) 821,821,822
NQXJ=2 '

GO TO 825

IF (NX-40) 823,823,824
NQXJ=5

GO TO 825

NQXJ=10

DO 83 IK=1,NX,NQXJ

QX  =XX+SXXFLOAT(IK)-SX
X2TYP=QX-X10/16.0
QX=QX/SCFX

IF [ABS{QX)-999.0) 827,827,826
WRITE (0,1006) QX

GG TO 83

IF (ABS(QX)-.1) 830,829,829
TTX=ABS{QX)*SCFX

IF (TTX-.2E-6) 829,829,826
WRITE (0,1008) QX

CALL TSP (X2TYP,Y2TYP,TYP4NCHRS)
GO T0O s0

JNX=NXC+1

DG 183 IK=1,JNX
X2TYP=XX+SX*FLOAT{IK)~-5X
IX={X2TYP)/SX

XLX=10.0%%[X
X2TYP=X2TYP-X10/16.0

WRITE (0,1006) XLX

CALL TSP (X2TYP,Y2TYP4TYP,NCHRS)
GO TO (92+91)sNYSCL
IF(NY-1001921,1921,1922
NQYJ=2 ' '

GO TQ 1925
IF{NY-40)1923,1923,1924
NQYJ=5 ‘

GO TO 1925

NQYJ=10

DO 93 IJ=1,NY,NQYJ
YITYP=YY+SY*FLOAT{1J)-SY
QYsYLTYP
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TPLU2500
TPLG2510
TPLD2520
TPLO2530
TPLO2540
TPLO2550
TPLO2560
TPLO2570
TPLO2580
TPLO2590
TPLB2600
TPLO2610
TPLO2620
TPLO2630
TPLB2640
TPLO2650
TPLO2660
TPLO2670
TPLO2680
TPLD2690
TPLO2700
TPLO2710
TPLO2720
TPLO2730
TPLD2740
TPLO2750
TPLO2750
TPLO2T70
TPLO2780
TPLO2790
TPLO2800
TPLO2810
TPLO2820
TPLO2830
TPLD2840
TPLO2850
TPLO2860
TPLO2870
TPLO2880
TPLO2890
TPLO2900
TPLO2910
TPLO2920
TPLO2930
TPLO2940
TPLO2950
TPLO2960
TPLO29T0
TPLO2980
TPLO2990
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1526

1827
1930

1929
93

S1

153
889

98

10C
59

600

501
902
90s
S10
911
922
923
924
1001
1002
1006
1008
211

GY=QY/SCFY

IF {ABS{QY)-699.0) 1927,1927+1526
WRITE {(C,1006) QY

GC 70 63

IF {ABS{QY)-.1) 1930,41925,1626
TTY=ABS{QY)*SCFY

IF {TTY-.1E-3) 1929,1929,15926
WRITE (C,1008) QY

CALL TSP (X1ITYP,YLTYPTYP,NCHRS)
GC TO 889

JNY=NYC+1

DO 193 1J=1,.4NY
YITYP=YY+SY¥FLOAT{1J)-SY
IY=(Y1TYP)}/SY

YLY=10.0%%]Y

WRITE 1C410C6) YLY

CALL TSP {X1TYP,YITYPTYPsNCHRS)
CONT INUE

NVRS=NPTS-1

DC S8 JKL=1,INTENS

CALL DVR{NVRSs13XsYsl)

CALL END

CALL ADF

CALL TICKER (Ti{ME)
TIME=TIME/21€.0

WRITE (6+924)TIME

WRITE {(€,90SIMFRAMEL{(TITLEL(L)yI=1y12)
GG TO &S

MFRAME=MFRAME-1

WRITE {6,60CH(TITLE{1),I=1,412)
LONTINUE

WRITE {€,600){YLABEL(I1,1I=1,12)
FCRMAT {22X 12A6)

GG 10 101

FGRMAT(12A¢])

FCRMAT {1HG 20X 12A6)

FORMAT {1HO4X,10H FRAME NGC. 14+3X41246)
FCRMAT (1HO4X,10H FRAME NO. [4+3X,22H SERIES IDENTIFICATIUON )
FCRMAT {A6,1PEL1OQ.<y2X)

FORMAT{80X4,17H BEGIN PLCT SETUP F1GC.4,3H MH)
FORMATI80X»17H BEGIN PLOTTING F10.443H MH)
FORMAT{80X,17H END PLOTTING Fl0.4,3K MH)
FCRMAT (16)

FCRMAT (A6)

FURMAT (1PE8.2,4X)

FORMAT (F8.394X)

TPLG3000
TPLO3C10
TPLO302C
TPLO3030C
TPLLE304C
TPLE3050
TPLUZ2CGC
TPLO3V7C
TPLU30BC
TPLUZOSC
TPLO3100O
TPLOZ11C
TPLU3120
TPLG3130
TPLO3140
TPLU3150
TPLG316C
TPLG317C
TPLO318C
TPLG31GE
TPLG3200
TPLG3Z210
TPLU322C
TPLO323C
TPLU3Z24C
TPLUZZ25C
TPLU3Z26C
TPLUG227C
TPLU3260
TPLU3ZSG
TPLE330G
TPLG331C
TPLL332C
TPLG3330
TPLO3340
TPLG3350
TPLU336L
TPLU33TO
TPLU3380
TPLO3350
TPLU340OC
TPLU341C
TPLO342G
TPLO3430
TPLU344D
TPLG3450
TPLU34EC
TPLU34T(

FORMAT (1HO/1HO19X,20H * % ¥ ERROR % % % //20X,16H THE LUGARITHMIPL(G348(C

11C A6+431H-SCALE OPTION HAS BEEN SELECTED//20X,15H 8UT A VALUE CF
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A
’

L 4

$IBFTC HEADER LIST;DECK,REF

601 FORMAT (15H1GARCL PRCOBLEM 14,41H,

$IBMAP BACKUP

BACK

AXT

81

2 A6549H LESS THAN OR EQUAL TO ZERO HAS BEEN ENCUUNTERED./ /20X,

332H THIS GRAPH CANNOT BE CONTINUED.)

2

END

SUBROUTINE HEADER

COMMCN /ALL/

v MAT  MFRAME
NPAGE=NPAGE+1
WRITE {(6,601) NPROBUTITLEL{I) 1=14512)+NPAGE

RETURN
END

ENTRY
X1
SXA
TSX
I0SKP
PZE
AXT
TRA%
MZE
END

LISTDECKREF

BACK
¥*%50,0
AXT o4
S.100P 4
Bl
S5.SuUll
% .4
BALK

1

3X 12A¢,

125

27X 4HPAGE 16)

TPLU3500
TPLO3510
TPLO3520

08-09-65HEADCOOO

HEADOG1GC

NINy NOUT s NDATA9NINLyNIN3 s JHYD s NELsNARRAY;NPAGE:LINESHEADOO2G
1sNPROBoNPTS ¢ INDEXyNPLCT TITLE(12),TID(10520) 9CNAME{5,20) 3 LINEPP

HEADOO30
HEADGO4O
HEADOOS50
HEADOCO60
HEADOCTO
HEADCOB8O
HEADOGSO

C8-11-65BACK0QGCO

BACKQO1D
BACKO020
BACKOG30
BACKG040
BACKGC50
BACKO0060
BACKOG70
BACKCG80
BACKQOSO
BACKC100



A number of routines which are used in GAROL are not included in the

listing. These are machine language subroutines which are part of the

General Atomic Plot Package.(T) These routines are:

ADF
DVR
END
FRAME
GXA
GYA
RST
SCI
SETUP
TSP

advances film

draw vector

writes end of file on plot tape
establishes frame limits
generates x-axes

generates y-axes

reset

select camera 1

sets up plot buffer storage

types information on frame.
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