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MODIFICATIONS OF THE POINT-KERNEL CODE QAD-P5A: CONVERSION
TO THE IBM-360 COMPUTER AND INCORPORATTON OF
ADDITIONAL GEOMETRY ROUTINES

E. Solomito and J. Stockton

ABSTRACT

The point-kernel code QAD-PSA, used for both neutron and
gamma-ray shield penetration calculations, has been converted
to FORTRAN IV language for use on the IBM 360/75 computer. The
code has also been modified to use the generalized geometry
subroutines of the O5R code,as well as special O5R subroutines
for cylindrical and spherical geometries. With the increased
speed of the IBM-360 computer and the ability of the generalized
geometry to describe arbitrary shapes, the versatility of the
code has been increased. Another modification has been the
addition of a lithium hydride kernel for use in neutron cal-
culations; the kernel was obtained from moments method
calculations.

I. INTRODUCTION

The QAD codes are a series of point-kernel codes developed by Los
Alamos Scilentific Laboratory to calculate the fast-neutron and gamma-ray
penetration through various shield configurations. One of these codes,
QAD-P5, was later modified by G. P. Lahti of the Lewis Research Center
(Cleveland) to include gamma-ray and neutron data not in the original
code, the modified code being identified as QAD-PSA. In the work reported
here the QAD-P5A code has been modified to include LiH neutron kernel
and/or OSR geometry subroutines.® When the version with the geometry sub-
routines is used, the code is identified as QAD-GEOM. Another recent
modification 1s the conversion of QAD-PS5A, as well as QAD-GEOM, to FORTRAN-
IV language for the IBM-360 computer. This modification considerably

reduces the time requirements for a penetration calculation.

In general, the point-kernel method utilized by the QAD codes involves
representing the source volume by a number of point isotropic sources and
computing the line-of-sight distance from each of these source points to
the detector point. From the distance through the shielding region and
the attenuating characteristics of the shielding materials, the geometric

attenuation and material attenuation are determined. This technique, when
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adapted to machine calculation, provides a quick and inexpensive tool for
shield analysis. However, care and judgemeﬁt must be employed in the ap-
plication of the point-kernel method to particular problems. The accuracy
of the results obtained with the method will be strongly influenced by

such things as the choice of a buildup factor or the specification of the
Source volumes, etc. Therefore, the final answers are in many ways a
function of the experience of the user. A further word of caution in the
use of point methods: scattering effects can dominate in some shield con-
figurations and cause a serious underestimate of the dose. For example, in
some asymmetric shield designs for manned space applications, gamma rays
that are scattered by the lithium hydride into the crew direction and around
the edge of the thick shield located between the reactor and the crew can

control the design.

In this report a description of the point-kernel calculational tech-
niques used in the QAD codes for gamma-ray and neutron problems is given
in Section II, together with a description of how the QAD-PSA code cal-
culates buildup factors for the gamma-ray calculation and kernels for the
neutron calculation. The remainder of the report deals with the input to

QAD-PSA and QAD-GEOM, both with and without the lithium hydride kernel.

The general OSR geometry used in QAD-GEOM is capable of handling any
arbitrary shapes which can be described by quadric surfaces used singly
or in combination. The specialized cylindrical and spherical geometries
of O5SR may be used to optimize the QAD running time when such geometries

are sufficient to describe the physical situation.

Several sample problems, including both input and output, are pre-
sented in an appendix to illustrate the use of the various geometry
descriptions. Several other appendixes present FORTRAN IV listings of
QAD-PSA (360) and QAD-GEOM (360) and sample input data sheets.

A more detailed report on the calculational techniques used in the

code, along with general input information, may be found in Ref. 1.
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II. THE QAD-P5A (360) CODE

Calculational Techniques -

Gamma~Ray Calculations. For gamma-ray calculations the QAD codes use

the point-kernel ray-tracing technique. In this method, the point kernel
representing the transfer of energy by the uncollided flux along a line-
of-sight path is combined with an appropriate buildup factor to account
for the contribution from the scattered photons. With a distributed
source, the point kernel is integrated over the source volume for each
source energy considered. Expressed as an equation, the gamma-ray dose
rate at any point due to an isotropic source emitting S photons of energy

E per second per unit volume is

. s(zr) B(u|; - ;'l,E) exp(—ul; - ;'|)
D(r) =k | — av (1)
A b|r - 7|

where

T = point at which gamma dose rate is to be calculated,
r' = location of source in volume V,

V = volume of source region,

p = total attenuation coefficient at energy E,

I; - ;'| = distance between source point and point at which gamms

intensity is to be calculated,
B(u|r - T'|,E) = dose buildup factor,
K = conversion factor (flux-to-dose rate).

The buildup factors used in the QAD-PSA code are based on the Gold-
stein and Wilkins® moments method calculations for gamma-ray transport in
infinite homogeneous media. The code uses Capo's* fit to the Goldstein-
Wilkins data with bivariant polynomial expressions to calculate the ap-
propriate buildup factors as a function of the gamma-ray energy and the
number of mean free paths from the source to the detector. For high atomic

number materials, the polynomial fit has the form
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J=b i=3
Bu|r - 7'|,B) = z z ulr -t @Y, (2)
j=0 i=0

and for low atomic number materials it has the form
B(u|? - 7'[,B) = Z Z SelF =DM E] (3)
=0 1=0

where the Cij's are the coefficients of the expansion.

Using these infinite-medium buildup factors should result in an over-

estimate of the dose rate at a surface external to the source region since

it implies that reflecting material is located beyond the surface. However,

because of the strong preferential forward scattering of photons, the error
will usually not be more than a few percent and only in rather unusual

cases will it reach 20 or 30%.

Using single-material buildup factors for multilayered shields or for
shields made up of mixtures of materials can be another source of error.
For multilayered structures having an outer layer that is thicker than 2
or 3 mean free paths, the buildup factor used should be the one represent-
ing the outer layer, but the total number of mean free paths should be the
number along the line-of-sight through all materials in the structure.
This is a reasonable procedure since the gamma-ray spectrum would readjust
to the new medium and tend to approach the spectrum that would exist if
the whole structure consisted of the outer layer, particularly when a low
atomic number material is followed by a high atomic number material. For
homogeneous mixtures or compounds, the so-called equivalent Z (atomic

nunber ) method® can be used.

For multilayered structures in which each layer is less than 2 mean
free paths thick, no clear-cut procedure is available. It has been shown
that if one assumes that the structure is made entirely of the material
having the largest buildup factor, then the dose is overestimated. Con=~
versely, if one assumes that the material having the lowest buildup factor

is representative of the structure, then the dose is underestimated.
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The QAD code calculates the dose at a detector for each source energy
group J with the following equation, which is a finite difference form of
Eq. (1):

S, .
D, = K, -2 Y £ B
5 g: : unRi exp [ f? (uJ )y ] sk (4)

where
J = energy group index,
i = source point index,
k = region index,
K = flux-to-dose conversion factor (rads/unit flux),
S = volume-weighted gamma~-ray point source strength (photons/sec),
R = distance from source point to detector (cm),
B = dose buildup factor,
b = total attenuation coefficient (em '),
t = zone penetration distance (cm).

The total dose is obtained by summing the contribution from each of the

source energies.

Neutron Calculations. For neutron-penetration calculations the QAD

codes use either a modified Albert-Welton kernel® or kernels obtained from
the moments method solution of the Boltzmann equation. The Albert-Welton
kernel, which is applicable only to mixtures of hydrogenous materials and
heavy materials, assumes that a neutron which suffers a collision with
hydrogen is essentially lost. With the moments method kernels the neutron
spectrum penetrating a shield is determined on the basis of the equivalent
length of a reference material between the source point and the receiver
point. This equivalent length is calculated by weighting the penetrating
distance for each material (other than the reference material) in the struc-

ture in accordance with the removal cross section of that material. Thus

AT
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the equivalent reference material penetration distance Req. (in g/cm?) is
given by B
Z X 2(r)y oy
k

R = + (X
€q. Z(r)ref. mat. (xp)

(5)

where X is the path length through material k, Zk(r) is the removal cross
section (in cm?/g), and Py is the material density. The neutron kernel,
K(E,Req.), as determined by moments method solution for a point isotropic
fission source in an infinite medium is used to calculate the neutron flux

in the shield according to the equation

3 (E,X) = Z Siz K(E,R_ .) , (6)
9 hﬂXi eq.,1

where

i1 = source point-detector point index,
8 (E,X) = neutron flux of energy E at X (neutrons/cm®.sec.MeV),

S = volume-weighted neutron point source strength (neutrons/sec),
X = source-detector separation distance (cm),

K(E,Req. ) = LerRzeq. 3 (E, Req_ )

Il

neutron kernel (neutrons/sec-MeV per source neutron/sec).

The total flux at X 1s obtained by summing the contribution from each

of the energy groups:

3 (X) = z ?(E,,X) 08, (7)

where
@(Ej,X) = neutron flux at energy Ej (neutrons/cm®. sec.MeV ),

AE, = width of jth energy group (MeV).

d

The neutron calculations are made using the energy group structure in

Table 1.
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Table 1. Fit Constants® for LiH Kernel

Neutron
Energy Energy Group
(MeV)  Limits (MeV) A Ao Aq B, B Bs
10.0 12-9 1.557u-ub 3.9919-3 3.1305-3 7.8882 L4.7594 36.008
8.0 9-7 2.9793-4 1.4875-2 1.1189-2 71.145 L.0018 29.366
6.0 7-5.5 6.5803-4  6.4820-2 L4.5273-2 63.278 3.2786 22.755
5.0 5.5-4.5 1.0674=3  0.1347 9.7436-2 59.882 3.0226 20.126
k.o 4.5-3.5 1.6179-3  0.23834  0.19346  57.325 2.8459 18.300
3.0 3.5-2.5 2.7L431-3  0.45526  0.43045 55.181  2.7408 17.069
2.0 2.5-1.5 L.4618-3  0.8064k2  0.80253 53.206 2.7536 16.130
1.0 1.5-0.835  8.2709-3  1.345h  1.633%  51.610 3.1682 15. k477
0.67 0.835-0.5 1.0291-2  1.505k 2.1089 51.305 3.6208 15.360
0.33 0.5-0.1 1.2554 1.9358 2.7L486 52.033 L.7745 15.574
8.

For these constantsé the basis is one fission neutron and the units of R
in Eq. (5) are g/cm® (distance x density).

Read as 1.557h x 107% ) etc.
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The reference materials for which neutron kernels have been available
in QAD-P5A are H,0, beryllium, and carbon. The kernels were obtained by
fitting the NDA moments data’ by the exponential expansion

L ,
K(E,R_ ) = Z exp [An(E) qu_ ] , (8)

n=0

where Ah(E) is the coefficient for the exponential fit of the number spec-

trum of neutrons of energy E in H,0, beryllium, or carbon.

In the work reported here a neutron kernel for LiH has been added to
the QAD-PSA code. Trubey,® using the moments-method code RENUPAK,® cal-
culated the neutron spectrum as a function of distance in ILiH for a point
isotropic source with a Cranberé? fission spectrum, and QAD-PSA uses these

data to calculate the neutron kernel for LiH with an expression of the form
S A_(E)
K(E’Req.) - Req. E; BniE5 c*p [- Req./ ‘BniE: ] ’ 9)
n=

where R q is the equivalent distance in LiH, and A(E) and B(E) are the fit

constants for neutron energies corresponding to the average of the energy

groups shown in Table 1.

An agsessment of the accuracy of the RENUPAK calculations was made by
comparing single-collision doses calculated from the RENUPAK neutron spec-
tra as a function of penetration with the doses obtained from Monte Carlo
calculations by Kam and Clark,11 the latter calculations using the best
available cross sections. As shown in Fig. 1, the agreement is generally
very good up to about 70 cm, after which Trubey's calculations rise to
about a factor of 2 too high at 100 cm. Although this comparison is for
integral quantities, it does create confidence that the differential RENUPAK
results are reasonably good and will tend to produce an overesfimate of the

dose if the model used is reasonably good.
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Input to QAD-PSA (360)*

Much of the input to the QAD-PSA code is identical to that for the
original QAD~P5 code. Since this input has been presented in detail else-
where,1 it will not be repeated here. The listing given here consists only
of the revisions necessary to use QAD-P5A, the version of QAD-PS5 modified

by Lahti to include the following:

(1) Gamma-ray attenuation coefficients (em®/g) for all elements
(Z = 1 to 92) and 20 energy groups (0.05, 0.06, 0.08, 0.1, 0.15, 0.2,
0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.5, 2.0, 3.0, 40, 5.0, 6.0, 8.0, and

10.0 MeV). The attenuation coefficients for these energies are obtained
by linear interpolation of the data given in NBS-583 (Ref. 12) and LA-2337
(Ref. 13).

(2) Bivariant coefficients for buildup factors for energy absorption
and dose buildup in H;0, Al, Fe, Pb- QAD-type buildup factor coefficients
are calculated from the coefficients presented in APEX-510 (Ref. U4) for

the given input energies.

(3) Neutron removal cross sections (cm?/g) for all elements (Z =
1 to 100). The removal cross sections are taken from the Reactor Handbook

(Ref. 1L4) or calculated from fitted curves:

b2 ’
r _ :0.6lA, for A <15

o~ (0.1624°°%2°, for A >15

where A is the mass number.

(4) Coefficients from curve fits of neutron moments method spectra
for point fission sources in an infinite medium of H,0, Be, or C (curves

from Ref. 7, curve fits from Ref. 15).

(5) Conversion factors to convert from neutron flux to Snyder-

Neufeld'® rads and heating in Fe, Be, C, Al.

*The input included here is based on information provided by G. P. Lahti,
Lewis Research Center, Cleveland, Ohio. The data included in this input
was also added (by Lahti) to the QAD4 code (Ref. 1), and the modified
code is identified as QADHD: G. P. Lahti, QADHD Point-Kernel Radiation
Shielding Computer Code to Evaluate Propellant Heating and Dose to Crew
During Engine Operation, NASA TM X-1397 (June 1967).
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As a result of the above additions, the material attenuation coef-
ficient cards, the Albert-Welton coefficient cards, the neutron moments
method attenuation coefficient cards, and the buildup factor coefficient
cards required in the original QAD-PS code and are not needed for QAD-
PAA. New cards required by QAD-PSA are an Element card (a list of atomic
numbers of elements used), and a gamma EBAR card (a list of mean gamma-ray

energies for the various energy groups).
This input to QAD-P5A (360) consists of the following:

Card A: FORMAT (18AlL)

72 Columns of Hollerith Information

Card B: FORMAT 8 (IS5, IL)

Column Variable
1-5 LSO Number of increments along the R(cyl.),

X(cart.), or p(spher.) axis which
specify the division of source volume.
(1 = LSO = 100)

6-9 MSO Number of increments along the Z(cyl.),
Z(cart.), or 6(spher.) axis which
specify the divisions of source volume.
(1 = MSO = 100)

10-1L4 NSO Number of increments along the ¢(c¥1l.),
Y(cart.), or ¢(spher.) axis which
specify the divisions of source volume.
(1 = NSO = 100)

15-18 MAT Total number of elements used in prob-
lem. 1 = MAT = 20. (If MAT = 0, Cards
M through W not needed; cards of previ-
ous case are used; see list of options
below. )

19-23 NCOMP Number of compositions. 1 = NCOMP = LO.
(If NCOMP = O, cards O through W not
needed; Cards of previous case are used;
see list of options below. )

2h-27 NREG Number of regions. 1 = NREG = 50.
(If NREG = 0, use regions of previous
case; see list of options below. )

28-32 NRGY Number of gamma-ray energy groups.
1 = NRGY £ 30.




Column

33-36

37-41

L2-145

L6-50

51-54

55-59
60-63
6L-68
69-72

NOTE:

Variable

NBOUND

NSOPT

NZS0

ISRC

INEUT

NGPF

NGPL

NGPI

NGINT

-15-

Total number of boundaries. 1 = NBOUND
= 50. (If NBOUND = 0, use boundaries
of previous case; see list of options
below.)

Geometry of source:

Set NSOPT = 0 for Cylinderical.
NSOPT = 1 for Cartesian.
NSOPT = 2 for Spherical.

(See 1list of options below for des-
cription of additional input options
that may be used here.)

The most probable source region, i.e.,
the region most likely to contain the
source points.

Type of source:

ISRC = 0; source of the previous
case is used.

IBRC = 1; cosine-distributed source
is used.
ISRC = 23 source is computed using

the weighting values input
along each coordinate axis.

If INEUT > O, neutron calculation will
be made; if INEUT = O, no neutron cal-
culation will be made.

First source point for which ray
geometry printout is desired.

Last source point for which ray
geometry printout is desired.

The incremental step size used to
select additional source points for
ray geometry printout.

Number of additional gamma calcula-
tions to be made.

The ray geometry printout will give the distance traveled

through each region from the specified source point to the detec-

tor.

The first source point for which this is done is NGPF. The

next source point is selected by adding NGPI to NGPF. This is
continued until the last source point, NGPL, is reached. (The
ray geometry from the coordinate origin is always printed out.)
This is useful for finding errors in the geometry input.
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Card C: FORMAT (8E 9.L)

Column Variable

1-9 ASO The total source strength is fissions/
sec, captures/sec, or decays/sec.

10-18 X1580(1,1) Constants for cosine source distribu-

12-27 XIs0(2,1) tion (if ISRC = 1) as a function of
the R(eyl.), X(cart.), or ¢(spher. )
coordinate.

28-36 X1580(1,2) Constants for cosine source distribu-

37-L5 X180(2,2) tion (if ISRC = 1) as a function of
the @(cyl.), Y(cart.), or ¢(spher.)
coordinate.

L6-5U XI50(1, 3) Constants for cosine source distribu-

55-63 X150(2,3) tion (if ISRC = 1) as a function of

the Z(cyl.), Z(cart.), or o(spher.)

NOTE: Using this cosine-distributed source OPTION (ISRC = 1),
the code calculates the source strength at a point (A,B,C) as

Source Strength (4,B,C) = ASO cos [XISO(1,1)(A - XIS0(2,1))]
X cos [X150(3,2) (B - XI50(2,2))]cos [XIS0(3,1)(C - XIS0(3,2))]

where A, B, and C are the coordinates of the point in the appropri-
ate coordinates system. If all values of XISO are input as Zero,

a flat or uniformly distributed source will be obtained when using
this source option.

Card(s) D: FORMAT (8E9.L)
RSO Coordinates of source volume for

R(cyl.), X(cart.), or p(spher.)
(LSO + 1 values).

Card(s) E:
Z30 Coordinates of source volume for
Z(cyl.), Z(cart.), or 6(spher.)
(MSO + 1 values).
Card(s) F:

PHISO Coordinates of source volume for
9(cyl.), Y(cart.), or ¢(spher.)
(NSO + 1 values).

NOTE: The QAD code will select a point midway between the co-
ordinates specified as the midpoint of the source volume.
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Card(s) G: (If ISRC = 2) FORMAT (8E9.L)

Column Variable
FL Weighting factors for source strength

at each point specified on Card D.

[

Card(s) H: (If ISRC = 2) FORMAT (8E9.L)

™ Weighting factor for source strength
at each point specified on Card E.

Card(s) I: (If ISRC = 2) FORMAT (8E9.L)

N Weighting factor for source strength
at each point specified on Card F.

Card(s) J: FORMAT (IS, IkL)

1-5 Iv Number of boundaries used in describ-
ing this region; if region is an outer
region, a minus sign must precede the
number (1 = IV = 6).

6-9 NCOMPZN Composition number of this region.
Card(s) K: FORMAT (6 (I5,TIk) )

1-5 + LBD + Boundary number; a + or - sign
indicates whether this boundary is
+ or - with respect to the region
being described.

6=9 NTRYZN Probable region of entry if this
boundary is crossed.

10-1L4 + LBD + Boundary number.
15-18 NTRYZN Probable region of entry.
19-23 + LBD + Boundary number.
24-27 NTRYZN Probable region of entry.
28-32 + LBD + Boundary number.
33=36 NTRYZN Probable region of entry.
37-41 + LBD + Boundary number.
L2-45 NTRYZN Probable region of entry.
46-50 + LBD + Boundary number.
50-54 NTRYZN Probable region of entry.

NOTE: Up to 6 boundaries may be used to describe a region.
On Card K six pairs of numbers (+ LBD, NTRYZN) corresponding
to six boundaries are indicated; however, fewer boundary
numbers can appear on Card K.



Column

NOTE:

NOTE:

Card(s) L: FORMAT (IS5,IL,TE9.k)

1-5
6-9

1 = General Quadratic
AX® + BY?

5
6

10-18
19-27
28-36
37-45
L6-54
55-63
6h-72

Variable

-18-

Cards J and K are required to describe one region. A
similar pair of cards must follow for each region to be
described.

The J and X cards must appear in the order in which the
regions are numbered.

il

i

LBD
NEQ

Boundary number.

Boundary equation type number.

+ CZ% + %X + Yo + ZoZ - K = O,

Spheroid, Conic, or Cylinder
A(X-%5 )% + B(Y-Y, )?

+C(2-% )° - K =0,

Cylinder Parallel to Z Axis

(X-% P + (Y-Y)® - K =0,

X Plane,
Y Plane,

7 Plane,

ABD
BBD
CBD
XOBD
YOBD
ZOBD
DBD

]

Card(s) M: FORMAT (8 (I5,Ih) )

1-5

NBLD

G
0,

0.

A in above equations.

B in above equations.

C in above equations.

Xo in above equations.

Yo im above equations.

Zo in above equations.

K in above equations.

Buildup factor selection:

U FFw

[6)Y

I

Ho0 dose buildup factor,

Al dose buildup factor,

Fe dose buildup factor,

Pb dose buildup factor,

H,0 energy absorption buildup
factor,

Al energy absorption buildup
factor,
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Column Variable
T = Fe energy absorption buildup
factor,
8 = Pb energy absorption buildup
factor.
6-9 MATZ Atomic number of first element used.
10-14 MATZ Atomic number of second element used.
MATZ Atomic number of last element used.
Card(s) N: FORMAT (8E9.L)
1-9 COMP Density of first element in this
composition.
10-18 COMP Density of second element in this
. composition
CompP Density of last element in this com-
position.

NOTE: A similar 1ist of the densities (in g/cn?) must be included
for each composition. The density for each of the elements spe-
cified on Card M must be listed even though it may be zero for the
particular composition. The order of these cards must correspond
to the composition numbers. The list of densities for a particular
composition must begin on a new Card N.

Card(s) O: FORMAT (8E9.L)

EBAR Mean gamma energy for each group
(MeV).

Card(s) P: FORMAT (8E9.L)

GAMEN The gamma-ray source energy spectrum,
i.e., MeV/fission, MeV/capture, or
MeV/decay in each gamma-ray energy
group. (The units here depend upon
the units on Card C for ASO.)

Card(s) Q: FORMAT (8E9.L)
CONV Gamma, flux-to-dose conversion factor

for each gamma-ray energy group.
For example, (rads/hr)/(MeV/cm® sec).
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Column Variable
Card(s) R: FORMAT (8E9.L)
FEABSG Gamma, flux-to-heat conversion factor
in Fe for each gamma~ray energy group.
For example, (W/g)/(MeV/cn® sec).
Card(s) S: FORMAT (2AlL)

1-8 WIDTHT Total width of gamma-ray energy range
(Exemple, 0.1 - 4.0).

Card(s) T: FORMAT (6 (3AL) )

1-12 WIDTHG Width of first gamma group (Example,
4.0 - 3.0).
13-2L4 WIDTHG Width of second gamma group (Example,
3.0 - 2.0).
WIDTHG Width of last gamma group (Example,
0.5 - 0.1).

Card U: FORMAT (18Ak)

1-12 UNITG Units of gamma flux (MeV/cm® sec).
13-24 UNITG

25-36 UNITG Units for gamma dose according to
37-48 UNITG Card Q (rads/sec).

49-60 UNITG Units for gamma heating in Fe accord-
61-72 UNITG ing to Card R (W/g).

Card(s) V: FORMAT (8E9.%) (Use only if NGINT > O on Card B.)

1-9 WIG Conversion factor for first gamma-ray
energy group.
10-18 WIG Conversion factor for second gamma-ray
. energy group.
WTG Conversion factor for last gamma-ray

energy group.

NOTE: These are conversion factors to convert from gamma energy
flux to any other units one may wish to obtain. There must be
NGINT sets of these factors.
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Column Variable
Card W: FORMAT (6 (3A4) ) (If NGINT > 0)

UNITGI The units for each of these additional
quantities according to the conversion
factors of card V; these units will be
used to title the output.

Format is the same as for Card U.

Card(s) X: FORMAT (3E9.L, 2(IS,IL) )

1-9 RRC The R, X, or p detector coordinate

(em).

10-18 ZRC The Z, Z, or 6 detector coordinate
(em or radians).

19-27 PHIRC The ¢, Y, or ¢ detector coordinate
(em or radians).

28-32 NRCOPT Receiver Geometry Option:
0 = Cylindrical
1l = Cartesian
2 = Spherical

33-36 NGPF Same meaning as on Card Bj; if these

37-41 NGPL values are greater than zero, they

L2-45 NGPI override the values on Card B.

NOTE: One Card X must be used for each detector; any number of
detectors may be used.

Card Y:

31-32 A "-1" in these columns signals the
end of a problem set; additional
problems may be stacked after this
card.

NOTE: Receiver cards are read until a "-1" is encountered; then
the program returns to read Card A of the next case.

For the first case in any run, a full set of data cards (A through
Y) is required. For succeeding cases stacked behind the first case some
of the data cards may be omitted if various options are employed. De-

scriptions of these options are as follows:

Option 1. If ISRC = O on Card B, Cards C through I are not re-

quired. The source of the previous case is used.
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Option 2. If on Card B, NSOPT = 10 (cylindrical), = 11 (cartesian),
or = 12 (spherical), read Card P (gamma spectrum) next. This option is
useful with Options 1 and 3 for specifying capture gamma or decay gamma
sources which occur in the core. 1In this case Card B would be followed
by Card P and the detector Cards X. Option 2 may be used with Option 3
when the capture gamma source is to be specified in a region other than
the core. In this case Card P follows Card I. The detector Cards X then
follow Card P.

Option 3. If NREG = O on Card B, Cards J through W are not required.

Cards of the previous case are used.

Option L4 If NBOUND = O on Card B, Cards L through W are not re-

quired. Cards of the previous case are used.

Option 5. If MAT = O on Card B, Cards M through W are not required.

Cards of the previous case are used.

Option 6. If NCOMP = O on Card B, Cards O through W are not required.

Cards of the previous case are used.
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III. THE QAD-GEOM (360) CODE*

QAD-GEOM (360) is identical to QAD-PSA (360) except that the geom-
etry used is either the generalized geometry of the OS5SR code’ or a special
cylindrical or spherical geometry, all of which are given by the OSR sub-
routine GEOM.

When the generalized geometry is used as many as 16 distinct media
may be included, and the permissible boundaries may be of any shape which
can be described by quadric surfaces used singly or in combination. The
package of subroutines which accomplishes the tallying of neutron and/or

gamma-ray paths through such systems is called GEOM.

The initial step in the description of a system for GEOM is to enclose
the entire system in a rectangular parallelepiped whose faces are parallel
with the xy, yz, and xz coordinate planés. This parallelepiped is then
divided into several smaller parallelepipeds, called zones, by planes
parallel to the coordinate planes and extending entirely across the system.
The zones are, in turn, divided into smaller parallelepipeds, called blocks,
by planes which are also parallel to the coordinate axes but which extend
only across individual zones. The planes used as zone and block boundaries
need not necessarily be boundaries between media; however, if a boundary
between two media is a pléne parallel to a coordinate plane, it is ad-
vantageous to make it a block or zone boundary. The use of the zone-block
scheme allows complicated parts of the system under study to be divided
into smaller blocks than may be needed for simpler regions. If the whole
system is relatively simple or requires a similar description throughout,
the system should be composed of one zone divided into many blocks rather

than many zones of one block each.

Boundaries between media which are not also block boundaries may be
any quadric surface. A quadric surface, defined by the zeros of a qua-
dratic function, divides all space into two regions. In one region the
function defining the surface will be positive; in the other, it will be
negative. FEach block may contain a maximum of 18 such surfaces as medium

boundaries. The surfaces will divide the block into sectors, a sector

*Much of this section has been taken from Ref. 2.
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being defined as a volume positive to one set of quadric surfaces but
negative to another set. Each sector must contain only one medium which,
however, may be the same as the medium in another sector. Spatial volumes
containing a single medium that cannot be described by a single sector
definition must be divided into two or more sectors. It is not necessary
to mention every surface in the block in defining a sector. It is, in
fact, more efficient to include in a sector definition only those surfaces
which actually form the boundary of the sector. In addition, sectors con-

taining the same medium may overlap without error.

As an example of the application of the preceding guidelines, consider
a single block consisting of a hemisphere of material 1 completely sur-
rounded by material 2, as sketched in Fig. 2. There are two quadric sur-
faces in the block: the sphere and the plane forming the base of the
hemisphere (for convenience we consider the linear equation of the plane
a kind of "degenerate" quadratic). It is assumed that the functions

describing the surfaces are written in such a fashion that the interior of

SECTOR A
MEDIUM 1

SECTOR B
MEDIUM 2

SECTOR C
i MEDIUM 2

Fig. 2.
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the hemisphere is negative to both surfaces. The block must be divided
into at least three sectors and the most efficient division is as follows:
sector A is the hemisphere, negative to both surfaces and containing medium
1l; sector B is that volume of the block that is positive to the sphere and
contains medium 2; and sector C is that volume of the block that is positive

to the plane and contains medium 2.

In addition to the material media which may be treated, two non-
material media may be specified: interior void and exterior void. Space
which is inside the enclosing parallelepiped yet outside the system of
interest, as well as all space outside the enclosing parallelepiped, is
assumed to be filled with exterior void. When a particle enters an
exterior void (denoted by medium number "O") it has escaped from the system
and is no longer followed. When a particle enters an interior void
(denoted by medium number "1000") it is treated as a medium within which
the mean free path is infinite. Any particle entering an interior void is
extended until it leaves the void, and the path length through the void is

taken as zero mean free paths.

Care must be employed in the use of cones as quadric surfaces, since
the quadratic equation describes a surface of two nappes. If, as is usual,
the desired surface is but one nappe of the cone, a block boundary through

the vertex must be used to cut off the surface.

When the geometry required is a cylinder or a sphere, considerable
savings in programming and computing time may be effected by using special
GEOM subroutines for these two cases. The cylindrical geometry is capable
of handling a maximum of 20 concentric cylinders, and internal voids (de-
noted by medium number "1000") are treated as in the generalized geometry.

The spherical geometry is capable of handling a maximum of 20 concentric

spheres centered on x =y = 2 = O.
number "1000") are treated as in generalized geometry.

Internal voids (denoted by medium

The input for all three subroutines, generalized, cylindrical, and

spherical, is given below.



=26~

Input to QAD-GEOM (360) -- Generalized Geometry

The input to QAD-GEOM is the same as the input to QAD-PSA (360) ex-

cept as follows:

CARD B:
Column Variable
24-27 NREG Generalized geometry input control. If
NREG > O geometry cards must be read in.
If NREG = 0, the geometry of the
previous case is used.
33-36 Leave these columns blank since NBQUND
is not needed.
hp-u45 Leave these columns blank since NZSO
is not needed.
CARD(S) J: Eliminate.
CARD(S) K: Eliminate.
CARD(S) L: Eliminate.

The input for GEOM, listed below, now follows Card B. * (Note: All alpha-
betic input must be left-adjusted.)

a g c
CARD A: FORMAT (IS,S5X,A6,IX,A7)
a. The integer "2".
b. **Sex of the programmer.

c. *AMarital status of programmer (may be omitted if item b is
"Male'").

CARD B: FORMAT [Al11,5(E10.5,A1)]

This card lists the zone boundaries along the X axis in increasing
order, including the boundaries of the parallelepiped including the entire
system. Since the number of boundaries depends upon the problem, commas
in the Al fields separating the boundaries are used to indicate that the
list continues; the absence of a comma following the last boundary indi-
cates that the list has ended. The All field is for the programmer's
convenience and will be ignored by the code.

*Note that the GEOM input cards are designated by the same alphabetic series
as the QAD cards. This duplication, which should not be confusing if
recognized, results from the QAD and GEOM input cards being prepared in-
dependently.

*¥*These somewhat surprising quantities arise from a moment of frivolity in
programming GEOM; ignoring both b and ¢ will produce an error message
but will not affect the running of the program.
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CARD(S) B': FORMAT [6(EL0,5,A1)]

If the number of boundaries exceeds the five allowed by the format
of Card B, the list is continued on as many Cards B' as are required.

CARD C: FORMAT [A11,5(E10.5,A1 .)]

TIdentical with Card B except that the listing is of the zone bound-
aries in order along the Y axis.

CARD C': FORMAT [6(E10.5,A11)]
Tdentical with Card B' but continues the Y axis zone boundaries.
CARD D: FORMAT [All,5(E10.5,A1)]

Identical with Card B except that the listing is of the zone bound-
aries in order along the % axis.

CARD D': FORMAT [6(E10.5,A1)]
Identical with Card B! but continues the Z axis zone boundaries.
NOTE: Cards E through P constitute a complete zone description. This
set of cards must be included once for each zone.
a {/ m n
CARD E: FORMAT (A6,15,15,I5)
a. The word Z@NE.
Z,m,n. FEach zone is located in the system by three integers:
Z, m, and n. These specify the zone as being the [th
zone in the X direction, and the mth zone in the Y
direction, and the nth zone in the Z direction. The
integers £, m, and n run from 1 to the maximum number of

zones in each direction.
CARD F: FORMAT [All,5(E10.5,A1)]

This card lists the block boundaries in this zone in increasing
order along the X axis, including the boundaries of the zone.

CARD(S) F': FORMAT [6(E10.5,A1)]

This is a block list continuation card similar to Card B' of the
zone listing.
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CARD(S) G,G':

The same as Cards F and F! except that the block boundaries along the
Y axis are listed.

CARD(S) H,H':

The same as cards F and F' except that the block boundaries along the
Z axis are listed.

NOTE:

CARD J:

Cards J - P: constitute a complete block description. This set of
cards must be included once for each block in the zone.

a [ m n
FORMAT (A6,15,15,I5)

a. The word BL@CK.

£,myn. Each block is located in the zone by three integers: [/, m,

CARD K:

a.

b.

and n. These specify the block as being the fth block in the
X direction, the mth block in the Y direction, and the nth
block in the Z direction. The integers f, m, and n run from
1 to the maximum number of blocks in each direction.
a b
FORMAT [A12,10(I5,A1)]
The word MEDIA.
A list of media, sector by sector, in the block. As with other
lists, a comma in the Al field indicates that the list continues;

its termination is indicated by the absence of the comma.

CARD(S) K': FORMAT [12(I5,A1)]

The continuation, if required, of the medium list.

CARD L:

Q.

b.

FORMAT [Alz,lO(IE,Al)]

The word SURFACES.

A list of the quadric surfaces appearing in the block. Commas in
the Al field indicate that the list continues; a blank indicates
the end of the list. The numbers appearing in this list derive
from the order in which the surfaces are mathematically de-

scribed on Card R, which will be described later in the input.
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FORMAT [8(I5,41)]

The continuation, if needed, of the list begun on Card L.

CARD M:

Qe

b.

a b
FORMAT (A6,1813)
The word SECT@R.
The designation of each sector with reference to its position
relative to the quadric surfaces. For every sector in the
block there must be a card M, which will have as many
references as there are surfaces in the block. The status of
the sector is listed according to the following key:
+1: The sector is on the positive side of the surface.
-~1l: The sector is on the negative side of the surface.

0: The surface is not needed in the definition of the sector.

The order in which each reference to a quadric surface appears on each

Card M must correspond to the order in which the quadric surfaces are

listed on Card L. If there is only one sector in a block, Cards L and M

should be omitted.

CARD N:

Qe

CARD O:

a
FORMAT (IS5,11A6)

The total number of quadric surfaces in the entire system.

The alphabetic data in the A6 fields is ignored by the code.

a b ¢
FORMAT [ 4(E10.5,A5,A1)]

Each quadric surface is described by writing the quadratic function

whose zeros define the surface in a fixed field format resembling the

normal manner of writing functions. Each term in the function is

specified by:

The coefficient of the term.

May be XSQ, YSQ, ZSQ (used for ¥, y°, and z°), XZ, YX, YZ, XY,
X, Yz, X, Y, Z, or blank.

A non-blank character in this field indicates the end of the

function. The next function must start on a new card.
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An example of a GEOM input is shown in Fig. 3. It will be noted that
the function is written (Card O) in such a fashion that the exterior of the
quadric surface is positive, in agreement with the sector designations of

Card M.

Use of GEOM Subroutine. GEOM is given the starting and ending points

of a particle path and returns with either the point where the path first
enters a different medium or an indication that the entire path lies in
the initial medium. The COMMON/GEOMC/ is used for communication between

GEOM and the calling program. The variables and their uses are:

COMMON/GEOMC/MARK, XTWO, YTWO, ZTWO, ZONE, YONE,
XONE, NMED, NREC, ETA, ETAUSD, BLZON

MARK is used on return to signal the type of intersection:

MARK = 1, completed particle path in initial medium,
= 0, normal medium boundary crossing,
=-1, entered external void,

=-2, entered internal void.

The calling program should set MARK equal to 1 at the beginning of each
new path. If, following a O or -2 return, it is desired to continue the
path by starting at the intersection just found and giving a new point

along the path, MARK should be left unchanged.

XTWO, YTWO, ZTWO are supplied by the calling program as the coordinates
of the end of the path. Upon return from GEOM they will be the coordi-

nates of the intersection point.

XONE, YONE, ZONE are supplied by the calling program as the co-
ordinates of the start of the path. They are unchanged by GEOM.

NMED is supplied by the calling program as the initial medium
number. Upon return from GEOM it will be the number of the new medium

entered at the intersection point.

NREG is the region number of XIWO, YTWO, ZTWO. It is supplied by
GEOM only at the end of particle path when MARK = 1.
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ETA is the length of the initial path supplied by the calling pro-

gram in whatever units desired. It is unchanged by GEOM.

ETAUSD is the length of the final path given by GEOM in the same
units as ETA; i.e., if D1® = (XONE-XTWO)® + (YONE-YTWO)® + (ZONE-ZTW0)Z,
where XTWO, YTWO, ZTWO have the initial values supplied by the calling
program, and if D2 is the same quantity when XTWO, YTWO, ZTWO have the
final values given by GEOM, then ETAUSD = (D2/D1) ETA.

BLZON is a packed word required by GEOM which gives the block and
zone location of a point. It should be treated as a fourth coordinate
necessary to the description of a point. It must be supplied by the
calling program and must refer to XONE, YONE, ZONE. It can be obtained
initially by calling LOOKZ. Upon return from GEOM it will refer to XTWO,
YTWO, ZTWO.

For particle paths through an internal void (i.e., when the initial
medium is 1000), the calling program should specify the direction of the
flight (by numbers proportional to the direction cosines) in the vari-
ables XTWO, YTWO, ZTWO and also set XONE, YONE, ZONE. GEOM will extend
the path in the direction specified until the path leaves the internal
void; it will then return with XTWO, YTWO, ZTWO which give the point for
entering the new medium, and with ETAUSD = O.

The calling sequences used with GEOM are:

l. To read in the input and initialize the routine:
CALL JOMIN (IDDR)
IDDR is an array that JOMIN can use to store the geometry input.
On return IDDR (1) will contain the number of cells of storage

used for input (fixed point).

2. To obtain NMED, NREG, and BLZON for a source point:
CALL LOOKZ (X,Y,Z)
NMED, NREG, and BLZON will be returned in the COMMON locations.

3. To analyze a path:
CALL GEOM
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GEOM Error Messages. During the operation of GEOM two types of error

may occur, each of which will cause the writing of an error message and

ERROR will be called. The possible errors are:
(l) The block and zone of a point cannot be found.

The first error listed is almost certainly due to GEOM being given a
starting point which is outside the system. The error message reads

"YOU ARE LOST."
(2) The medium cannot be determined.

The second error occurs when a path reaches a point that is not
contained within any of the sectors described in the input. Although
most errors of this type stem from input blunders, a few may be due to
machine roundoff. The latter fraction can be avoided by care in describ-
ing the configuration. For example, consider a block containing a cylinder

that has a sphere inscribed in it (see Fig. 4). This could be described in

Fig. 4
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two ways. In the first, Sector 1 is inside the sphere and inside the
cylinder. Sector 2 is outside the sphere but inside the cylinder, and
Sector 3 is inside the block but outside both the sphere and the cylinder.
AMthough the cylinder supposedly is tangent to the sphere, machine roundoff
may result in points which are apparently inside the sphere but outside the
cylinder. This could cause an error stop since such points would fit in

none of the sectors.

In the second method of describing this configuration, Sector 1 is
inside the sphere and the cylinder is irrelevant. Sector 2 is outside the
sphere but inside the cylinder, and Sector 3 is outside the cylinder and
the sphere is irrelevant. Now points apparently inside the sphere but
outside the cylinder can be placed by the routine in either Sector 1 or

Sector 3, and no error stop will occur.

There are several types of input error which will cause an error print-
out and termination of the job. The printouts are self-explanatory. The

error will usually be in the line of output preceding the error printout.

Input to QAD-GEOM (360) -- Cylindrical Geometry

The input for QAD-GEOM (360) for cylindrical geometry is the same as
the input for the generalized geometry except that special geometric input
cards must be included between Cards B and C. The cards which follow
Card B are given below:

a b
CARD 1: FORMAT (I5,5X,2AL)

a. The integer "2".

b. Sex of the user.

CARD(S) 2: FORMAT (E10.5)
The radii of the concentric cylinders are specified on
separate cards; i.e., there must be a Card 2 for each
radii. The radii must be input in increasing order. A

blank Card 2 ends the radii input (maximum of 20 radii).
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a b-u
CARD(S) 3: FORMAT (E10.5,12I5/815)
a. The height of the cylinder starting with the first height
above the x-y plane.
b. The number of the medium enclosed by the height given
in (a) and the first radius on Card 2.
c. The number of the medium enclosed by the height given

in a and the second radius of Card 2.

U. The number of medium enclosed by the height given in (a)
and the last radius of Card 2.

These cards are repeated for each height. A blank card ends this geometry

input for up to 12 radii and two blank cards end it for more than 12 radii.

Continue with Card C of QAD-GEOM (360) input for the generalized geom-
etry to complete this set of input.

Input to QAD-GEOM (360) -- Spherical Geometry

The input for QAD-GEOM (360) for spherical geometry is the same
as the imput for the generalized geometry except that special geometry
input cards must be included between Cards B and C. The cards which follow

Card B are given below:
a b
CARD(S) 1: FORMAT (IS,E10.5)

a. Medium number ( > 0).
b. Radius of medium. The radius is always the outer radius

of the spherical shell containing the medium.

Card(s) 1 must be input in order of increasing radius. Two blank Cards

1 signal the end of the input.

Continue with Card C of QAD-GEOM (360) input for the generalized geom-
etry to complete this set of input.
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IV. INPUT FOR ADDITION OF LiH KERNEL TO QAD-P5A AND QAD-GEOM

A lithium hydride kernel can be added to both QAD-P5A and QAD-GEOM for
use in place of the H;0, beryllium, or carbon kernel. With the LiH kernel
the spectral changes associated with neutron penetration are based on LiH

transport data.

The modifications of the QAD code to include the lithium hydride kernel

requires changes in only two of the subroutines: Kernel and Moment.

The input for the code containing the lithium hydride kernel is identi-
cal to those for QAD-P5A (360) and QAD-GEOM (360), whichever is being used.
The neutron removal cross section for LiH is included in subroutines XSECO

as element 100 for use in conjunction with this kernel.
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ZONE

CVHWN -

BND

~NOWMP WUN =

QAD-P5A(360) EXAMPLE PROBLEM

CONTROL

SOURCE

R

PHI

BNDS

W w

-3
-1
-1

EQ

CcCoOCOCVLW

10 58 5
0

1.0000E 00 0.0
0.0 1.4330E
lel464E 01 1.2897€
2.,0000E 01 7.0000E
8.4000E 01 8.,6000E
1.0000E 02 1.0200E
1.1500E 02 1.1600E
1.2300E 02 1.2400€E
1,3600E 02 1.3800E
1.5200E 02 1.5400E
1.6800E 02 1.7000E
0.0 6¢2830E
camMp BND PK

1 1 2

2 2 3

3 3 4

2 -3 3

2 -7 3

2 4 3
PARAMETERS s e

-01

BND

~N~No o

SHIPPING

0.0

248660E
1l.4330E
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1le2566E
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U w W
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00
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-4

0.0

4e2990E
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1. 0600E
1.18C0OE
1.2600E
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1.5800E

1. 8849E
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oW W
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OCO0OO0ODDOO
® o ® & © o o
OCDOO0OO0OOO
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BND

0.0

T«1650E
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1.2000€E
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1.4600E
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3.1416E
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9.6000E
1.1200E
1.2100E
1.3200E
1.4800E
1.6400E

PK
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1.3400E
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COMP/MAT 0 FE PB U
1 4o5870E-01 7.2500E-03 0.0 3.4120E 00
2 0.0 0.0 0.0 0.0
3 0.0 0.0 1.1350E 01 0.0
GRP/MAT 0 FE PB U
NEUTRON REMOVAL CROSS-SECTION
3.7280E-02 2.1360E-02 1.0260E-02 9.11GCE-03
MATERTAL HYDROGEN DENSITY
N.0 0.0 0.0 0.0
GAMMA ATTENUATION COEFFICIENT
1 Te9130E-02 7.4730E-C2 1.0944E-01 1.2988E-C1
2 6e1240E-02 547300E-02 644960E-02 7.152CE-02
3 5.1070E-02 447890E-02 5.0650E-02 5.4160E-02
4 be b6 46E-N2  442522E-02 4.5810E-02 4.8528E-02
5 441232E-02 3.9968E-02 444332E-02 4.6918E-02
6 348050E-02 3476C0E-C2 443000E-02 445475E-02
7 364650E-02 3.5250E-C2 442075E-02 4.4375E-02
8 3.2400E-02 3.3900E-02 4.2030E-92 444150E-02
XNM PB D BUILDUP IS USED
GRP EPS/E DELTA/K Al/80 A2/B1
1 1.3860FE 16 141626E-03 1.0060NE 00 2.7584E-01
2 2.5650E 15 1.8397E-03 1.,0170E 0C 3.5220E-01
3 6e4300FE 15 2.4135E-03 1.0167E 00 3.8151E-01
4 le 36 20E 14 2.8691E-03 1.0111E 00 3.8l77E-01
5 4.1650E 14 3,2941E-03 1.0046E 00 3.6678E-01
6 5¢5040E 13 3.6476E-C3 9.9875E-01 3.4475E-01
7 4,18C0F 12 441234E-03 9.,9297E-01 3.0967E-01
8 2¢9520F 12 444810E-C3 9,9063E-01 2.78C4E-01
¢ 1.0000E-06 14CO00E-03 2.6550E-08 2.,9CC0E-01

6+3000E-01
1.100QE GO
1.5500E 00
1.9900E 00
2.3800E 00
2.7500E 00
3.2500E 00
3.70GJE 00

A3/B2

~1.6323E-02
—-1.0428E-02
-4,6882E-03

4¢9015E-04
4+4185E-03
7.3978E-03
1.0098E-02
le1151E-02
8¢3C00E-01

A4 /B3

5¢5169E-04
3.5658E-04
1.6523E-04
3.1201E-05

-1.4059E-05

2.0866E-05
1.9652E-04
4,7617E-04
5.80C00E-01



EG-

6.3000E-01

FE ABS G-

1.0000E €O

EN-

1.0C00E 01
3.3000E-01

FE ABS N-

2.2500E-15
4.6700E-17

WIDTH T~

WIDTH G-

WIDTH N~

UNIT G-

UNIT N-

1.1000E 00 1.5500E 00 1.9900E 00 2.3800E 00 2.7500E 00 3,2500E 00 3.7000E 00

1.0000E 00 1.0000€ 00 1.,0000E 00 1.0000E 00 1.0000E 00 1.0000E 00 1.0000E 00

8.0000E 00 6.,0000E 00 5.0000E 00 4.0000E OO0 3.,0000E OO 2.0000E 00 1.,0000E 00 6.7000E-01

9¢2700E-16 5.4700E-16 4.6800E-16 3.8000E-16 3.0700E-16 2.1600E-16 1,0400E-16 8¢3500E~17

0e4-4,0 12.0-.10

5 le35-1.8 1le8-242 2¢2-246 246-3,0

120=9¢0 9e0-74¢0 7e0=545 5¢5-2¢5 4¢5-3,5 3e5-445 2¢5-1.5 1le5-¢83 0483-,5

0.5“010

PHOTONS PER MRADS SQ CM SEC PER HR

RAD WATTS PER PER SEC GRAM RAD PER SEC
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O Ut -

Nt =

R COORDINATE

COORDINATE INTENSITY
7.1650E-01 1.0267€ 00
6e04485E 00 9.2407€E 00
1.2180E 01 1.7455E 01

PHI COORDINATE

COORDINATE INTENSITY
3.1415E-01 602830E-01
2.8274E 00 6.2840E-01

Z COORDINATE

COGRDINATE INTENSITY
445000E 01 T.7505E-04
7.7000E C1 3.1002E-05
8.5000E 01 3.1002E-05
9.3000E 01 3.1002E-05
1.0100E 02 3.1002E-05
1.0900E 02 3.1002€E-05
1.1550E 02 1. 5501E-05
1.1950E 02 1.5501E-05
1.2350E 02 1. 5501 E~-05
1.2900E 02 3.1002E-05
1.3700€ 02 3.1002E-05
1.4500E 02 3.1002€E-05
1.5300E 02 3.1002E-05
146100E 02 3.1002E-05
1.6900€ 02 3.1002E-05

COORDINATE TYPE O

COORDINATE INTENSITY
2.1495E 00 3.0802E 00
7.8815E 00 1.1294E 01
1l.3613E 01 1.9508E 01

COORDINATE INTENSITY
9. 4245E-01 642830E-01
0.0 0.0

COORDINATE INTENSITY
7.1000E O1 3.1002E-05
7.9000E 01 3.1002E-05
8.7000E 01 3.1002E-05
9.5000E Ol 341002E-05
1.0300E 02 3.1002E-05
1.1100E 02 3.1002E-05
1.1650E 02 le 5501 E-05
1.2050E 02 1. 5501 E-05
1.2450E 02 1.5501E-05
1.3100E 02 3.1002€E-05
1.3900E 02 3.1002E-05
1.4700€ 02 3.1002E-05
1.5500E 02 3.1002E-05
14 6300E 02 3.1002E-05
1.9500€E 02 7. T505E-04

SOURCE INTENSITY QOPTION 1

COORDINATE

3.5825E 00
9.3145E 00
0.0

COORDINATE

1.5707E 00
~4.5908E-54

COORDINATE

7.3000E 01
8.1000E 01
8.9000E 01
9.7000E 01
1.0500E 02
1.1300E 02
1.1750E 02
1.2150E 02
1.2550E 02
1.3300E 02
1.4100E 02
1.4900E 02
1.5700E 02
1.6500E 02
0.0

INTENSITY

5.1337E 00
l.3348E 01
0.0

INTENSITY

6.2830E-01
1.3586E-56

INTENSITY

3.1002E-05
3.1002E-05
3.10026-05
3,1002E-05
3.1002E-05
3.1002E-05
1.5501E-05
1.5501E-05
1.5501E-05
3.1002E-05
3.1002E-05
3.1002E-05
3.1002€-05
3.1002E-05
0.0

COORDINATE

5.0155E
1.0747E

COORDINATE

2.1990E

4.8302€E~

COORDINATE

7.5000E
8.3000E
9.1000E
9.9000E
1.0700E
l.1450E
1.1850E
1.2250t
1.2700E
1.3500E
1.4300E
1.5100E
1.5900E
1.6700E
3.7602E

00
01

~1.2763E-57

00
22

01
01
01
01
02
02
02
02
02
02
02

INTENSITY

T.1872F 00
l«5401E 01
2+5098E-01

INTENSITY

60 2830E~-01
~1.0597E-58

INTENSITY

3.1002E-05
3.1002€E-05
3.1002€-05
3.1002€-05
3.1002E-05
1.5501E-C5
1.5501E-05
1.5501E-05
3.1002E~-05
3.1002E~-05
3.1002€E-05
3,1002E-05
3.,1002E-05
3.1002€E~05
~5e4444E-51

—81-{-




QAD-P5A(36C) EXAMPLE PROBLEM SHIPPING CASK

RECEIVER NUMBER 1 COORDINATES - R 441537E Gl PHI 0.0 1 1.20C0E 02

GEOMETRY PRINT FOR PSEUDO SOURCE POINT AT THE COURDINATE ORIGIN

ZONE BOUNDARY DISTANCE X Y YA
3 3 ls2698E C2 34.2710E-04 0.0 9«4499E-0Q4
4 ¢ T.10C8E-C4 44.1537E 01 0.0 1.2000E 02

QAD-P5A(360) EXAMPLE PROBLEM SHIPPING CASK

RCVR 1 R= 4,1537E 01l Z= 1.2C00E 02 PHI= (.0 SOURCE POQINT
ZONE BOUNDARY DISTANCE X Y Z
1 1 2048530E 01 6481S1E-01 2.,2140E-01 4.5001FE 01
2 2 1.1854E Cl 1.4330E Ol 1.4744E-01 7.C055F 01
3 3 4¢5022E C1 2.0000E 01 1.1671E-Q1 8.0464E 01
4 0 4¢8l20E-04 441537E N1 —1.2517E-06 1.2000E 02
RCVR 1 R= 4,1537E 01 Z= 1.2000E 02 PHI= 0.0 SOURCE POINT
LONE BOUNDARY DISTANCE X Y z
1 1 1.098lE 01 3.4082E 00 1.107GE 00 1.2450F 02
2 2 5¢7238E 00 1.4309E 01 7.9050E-01 1.,2321E 02
3 3 20617C5E 01 1.9991FE 01 642554E-C1 14.2254E 02
4 0 2¢3T06E-04 441538E 01 -2,2233E-05 1,2000EF 02

..61-( -



QAD=-PS5A({360) EXAMPLE PROBLEM SHIPPING CASK

RECEIVER NUMBER 1 COORDINATES - R 4«1537E 0Ol PHI 0.0 z 1.2000& 02
|
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDuUP DOSE RATE HEATING RATES IN IRON
NO ENERGY GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP
MEV MEV PHOTONS PER MRADS
SQ CM SEC PER HR
TOTAL 1.8501 0.4-4.0 3.5118€ 04 6.0835E 00 9«5795E 01 5.8277E 02 3.5118E 04 241269E 05

W/8U l.8618

1 0. 6300 0.4-0.9 5.9018E-03 8.6893E 00 6.8614E-06 5.9621E-05 5.6018E-03 5.1282E~0G2
2 1.1000 0.9-1.35 1.6925E 02 5.9861E €O 3,1138E-01 1.8639E QO 1.6925E 02 1.0132E 03
3 1.5500 l.35-1.8 2.2404E 04 5.9415E CO 5.4072E 01 3.2127€ 02 2.2404E G4 1.3311E 05
4 1.9900 l1.8-2.2 1.8656E 03 6.0879E 00 5.3525€ 00 3.2586E 01 1.8656E 03 141357€ 04
5 2.3800 242-246 8.7035E 03 642733E 00 2.8670€ 01 1. 7986E 02 8+.7Q35E 03 54599 04
6 27500 2.6-3.0 1.6867E 03 6.3451E 00 6.1525E 00 3.9038E 01 1.6867E 03 1.0702E 04
7 3.2500 3.0-3.5 1.6806E 02 6.4893E 00 649297E-01 4.4969E 00 1.6806E 02 1.0906E 03
8 3. 7000 345-4.0 1.2132E 02 6.7389E 00 5.4363E-01 3.6635E 00 1.2132E 02 8e1756E 02

-09—




QAD-P5A(360) EXAMPLE PROBLEM SHIPPING CASK 2 1.2000E 02,

RECEIVER NUMBER 2 COORDINATES - R 5.00G0E 01 PHI 0.0

GEOMETRY PRINT FOR PSEUDO SOURCE POINT AT THE COORDINATE ORIGIN

ZONE BOUNDARY DISTANCE X Y VA
3 3 1.0800E G2 3.8462E-04 0.0 9.2308E-04
4 Q 2¢2005E 01 441537F 01 0.0 9.9689E 01
QAD-P5A(360) EXAMPLE PROBLEM SHIPPING CASK
RCVR 2 R= 5,0000E 01 Z= 1.2000FE 02 PHI= 0,0 SOURCE POINT 1 1 1
ZONE BOUNDARY DISTANCE X Y z
1 1 2¢4840E 01 648198E-01 2.2140E-01 4.5001FE 01
2 2 140321E Q01 1.4330F 01 1.6013E-01 6.5755E 01 i
3 3 3¢9199E C1 2.0C00E 01 1.3468E-01 7.4378E 01 -
4 0 1.5404E 01 4.1537E C1 3,7991E-02 1.0713E 02
RCVR 2 R= 5,0000E 01 Z= 1420C0E G2 PHI= 0.0 SOURCE POINT 3 34 1
ZONE BOUNDARY DISTANCE X Y z
1 1 1.0952E 01 3.4082E 00 1.1070E CO 142450E 02
2 2 571C4E CO 144306E 01 8.4807E-01 1.2345F 02
3 3 2e1655E C1 149988E Ol 741306E-01 1.2290F 02
4 n B8e5C55E DO 441537E 01 2.0107E-01 1,2082E 02



QAD-P5A(360) EXAMPLE PROBLEM SHIPPING CASK

RECEIVER NUMBER 2 COORDINATES -~ R 5.0000E 01 PHI 0.C z 1.2000& 02

GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE RATE HEATING RATES IN IRON
NO ENERGY GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP
MEV MEV PHOTONS PER MRADS
SQ CM SEC PER HR
TOTAL 1.8499 0.4-440 2.9113E 04 6.0798E 00 7.9407E 01 4.8278E (02 2.9113E 04 le7622E 05
W/8U 1.8615
1 0,6300 0.4-0.9 5+0008E~-03 8.6504E 00 5.8140E-06 5.0293E-05 5.0008E-03 463259E-02
2 1.1000 0.9-1.35 1.4082E 02 5.9806E 00 2¢5907E-01 1¢5494E 0OC 1.4082E 02 8.4220E 02
3 1. 5500 1.35-1.8 1.8580E 04 5.937€E 00 4,4844E 01 2.6626E 02 1.8580E 04 1.1032E 05
4 1.9900 1.8-2,2 1.5459E 03 6.0845E 00 4,4353E 00 2.6986E 01 1.5459E 03 9.4059€E 03
5 2. 3800 242-246 T«2096E 03 6.,2704E 00 2.3749E 01 1.4892E 02 7.2096E 03 4.5207E 04
6 27500 2.6-3.0 1.3970€E 03 6.3410€ 00 5.0956E 00 3.2311€E 01 1.397CE 03 848582E 03
7 3.2500 3.0-3.5 1.3917€ 02 6+.4846E 00 5.7386E-01 3.7212E 00 1.3917E 02 9.0247€E 02
8 3.7000 3¢5-4.0 1.0046E 02 647332E 00 4.5018E~01 3.0311E 00 1.0046E 02 64 T7T644E 02
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Fig. A2. Geometry for QAD-GEOM(360) Example Problem.



QAD-GEOM(360) EXAMPLE PROBLEM

CONTROL 10
2 MALE
XZCNE B -0 60000D
YZONE B -0.60000D
ZZCONE B -012000D0
IONE 1 1 1
=0460000D
~0,60000D
-0.12000D0
B8LOCK 1 1 1
MEDIA 0y
SURFACES 3
SECTOR 1
SECTOR =1
BLOCK 1 1 2
MEDIA Oy
SURFACES EX)
SECTOR 1 0 O
SECTOR -1 1 ©
SECTOR 0 -1 1
SECTOR 0 O -1
BLOCK 1 1 3
MEOIA 0,
SURFACES 3
SECTOR 1
SECTOR -1
3 QUADRIC SURFA

0.,10000D0 01XSQ
04100000 01XSQ
0100000 01XxSQ
SOURCE 1.0000E
R 0.0
1.1464F

7 -1.0000E
-3.6000E
~2.0000E
~50000E

3.0000E
1.6000E
3.2000E
4+8000E

PHI 0.0

58 5 4

0 -9
02y 04600000
02y 0600000
03, 0.120000
02y 0.60000D
02y 0.60000D
03, -0.100000
2

2y 1000, 1
2y 1
2

CES

0.100000 01YSQ
0.100000 01YSQ
0.100000 01YSQ

00 0,0
1.4330E 00
01 1.2897E 01

02 -5.000CE 01
01 -3,4000E 01
01 -1.8000E Ol
00 -4.0000E 00
00 440000 00
01 1,8000F 01
01 3.4000E 01
01 5.0000E 01

642830E-01

SHIPPING CASK

2
1

02
02
03

02
02
03,

-0.20535D
-0,40000D
-0.17253D

0.0

2+8660E
1.4330E

-4, 8000E
~342000E
~1.6000E
~3.,0000E
540000E
2.0000E
3,6000E
1.0000E

1.2566E

1
10

0.100000 03,

03
03
04

0.0

442990F

-44.6000E
-32,0000€
~1.4000%
~2.0000E
€.0000E
242000F
3.8000E

1.8849E

00

0l
01
o1
00
00
01l
()

00

00120000 03

0.0

S.7320E

~4.,4000E
-2.8000E
~-1.2000E
-1,0000E
8, 0000E
2.4000E
4,0000E

2.5132E

00

n1
0l
01
00
00
01
01

00

0.0

Tel650F

-44,2000F
—2.600NF
-1.0000E
0.0

1. 000NE
24 6000E
44 2000F

3e1414F

00

bR
01
(821

01

01l
c1

oe

0.0

8o5980EF

-4,0000F
=D, &NONE
—RgONNQOF
1. 0000
1.20008
24 RODOF
4,4000F

150
0

nn

149
n

1.NN31F

-2,80090%
-2.2000%
—£.NN0DNE
2.0N0NF
1. 40N00F
3,0000%
445000%

n1

o1
mM
nn
nn
0l
nl
o1

_Lg..



CCMP/MAT
1
5

GRP/MAT

O~ O VP D)0 -

XNM PB

GRP

QO -1 AP WY

2,7280E-02

0.0

Te9130F-02
6e1240E-02
51070E-02
4e 4646502
4e1232E-02
3.8050E-02
3e4650E-C2
2.2400E-02

BUILDUP IS

EPS/E

1.3860F 16
2.5650F 15
664300F 15
1.3620F 14
441650E 14
55040E 13
4,1800c 12
2«9520E 12

FE
7.2500E-02
0.0

FF

U
3.4120F NO
0,0

NEUTRON REMAOVAL CROSS-SECTINN

2012¢€0E-02

1.02605-02

9.1197nE-02

MATERTAL HYDRNGEN DENSITY

0.0

Qa0

0.0

GAMMA ATTENUATION CQOEFFICIENT

Te4730E-02
547200FE-02
447890E-02
4e?2522E-02
24CCEBE-D2
3e750CE-02
365250E-02
342C00E-02

USFD

DELTA/K

l.162¢E-03
1.83297£-03
2¢4125E~-03
2e8691£-03
362941E-03
3e647LE-03
441224E-03
4e4810E-03

ALBERT-WELTON COEFFICIENTS

25550E-08

2.500CE-01

2. 3000CE-01

1, 0944F-01
6ot S60E-02
F e DAEQF-~-N?
445 810F-02
4 ob22PE-02
4o 2000CE-0?
Lo ?2075F-02
447030E-02

AY/RO

1. 006CFE OO
1.0170F 00
1.01&67E 0O
1.0111E 0O
1. 0046F 00
CeG875E-01
Q, G29T7E-01
Ge 90€2E~-N]

1.7¢88E-01
Te1E20F-N2
564140NE-N2
448F28F-07
4e6C12FE-02
405475502
4e4275FE-02
44415NE-N2

A2/81

e T584F~-01
2, 5220E-01
2.2151F-01
2.8177E-01
3eFATRE-01
244477 F=0]
3.00675-01
20 7R04FE-M

5.800CE-01

6 20COF-M
1,1000F OO0
1.5500F Q0
1. 990N0F 00
2038NP0F OO0
2o 7500E DO
3.250C0E MO
3. 7N0ONE NOC

A2/B?

-1.63?3E~02
-1.0428F-072
—446882%-03
49015 E~C4
444185E~-07
Te3C7RE-03
1.00G8F~-07
1.1181F-0n?

Aa/R?

5¢516CF-04
R 568RAF-04
1.65??E—04
3.1201F-05
-1.4050F-05
2 0REAR-NF
1,QF(R2F-04
Lo TRLTRE-N4

-gG-




EG-

6.3000€E-01

FE ABS G-

1.0000E 00

EN-

1.0000E 01
3.3000E-01

FE ABS N-

242500E-15
406700E-17

WIDTH T-

WIDTH G-

WIDTH N-

UNIT G-

UNIT N-

1.1000E 00 1.5500FE 00 1.9900E 00 2.3800F 00 2.7500F 00 32500E 00 2,70N0F o0
1.0000E 00 1.,0000E 00 1.0000E 00 1.0000E 00 1,0000E 00 1.0000F 00 1.,0000F OC
840000E 00 6,0000E 00 S5,0000E 00 4,0000E 00 3.000CE 00 2,0000E N0 1.0070F on
9¢2700E-16 5¢4700E-16 446800E-16 3,8000E-16 3,0700E-16 2.1600E-16 1. 0400F=-1¢

0.4-4.012.0-.10

0.4‘0.9 0.9‘1.35 1.35‘108 le8-2.2 2.2—206 2e6-2,0C

360-3,5 3e5-440

12.'900 9.0‘1.0 Te0-5¢5 5e5=445 4e5-3,5 3.5“2.5 2'5-1.5 Jo5-eB2 Ne PR3-, R
0.5-010

PHOTONS PER

RAD

WATTS PER

MRADS

PER SEC

$SQ CM SEC

GRAM

PER HR

RAD PER SEC

o TANOE-N)

e 250NFE-17

-69-



O Tt

R COORDINATE

COORDINATE INTENSITY
7.1650E-01 1.0267E 0O
6.4485E 00 9. 2407E 00
1.2180E 01 1.7455€E 01

PHI COCRDINATE

COORDINATE INTENSITY
3.1415E-01 6.2830E-01
2.82T74E 00 6.2840E-01

Z COORDINATE

COORDINATE INTENSITY

-7.5000E 01 Te 7505E~04

-443000E 01 3.1002E-05

-345000E 01 3.1002E-05

-2.7000E 01 2.1002€E-05

~1+9000E 01 3.,1002E-05

-1.1000E 01 3+1002E-05

~445000E 00 1.5501E-05

-5.0000E-01 1.5501€E~05
3.5000E 0O 1. 5501E-05
9,0000E 00 3¢1002E-05
1.7000E 01 341002E-05
2.5000E 01 3.1002E-05
3.3000E 01 341002E-05
441000E 01 3+1002E-05
4.9000E 01 341002E-05

COORDINAYE YYPE O

COORDINATE

2.1495E 00
7.8815E 00
1e3613E 01

COORDINATE

9.4245E-01
0.0

COORDINATE

-4,9000E 01
-441000E 01
~3,3000E 01
~2.5000E 01
-1.7000F 01
-9,0000E 0O
~345000E 00
5. 0000E-01
405000 00
1.1000E 91
1.9000E 01
2.7000E 01
3.5000E 01
443000€E 01
T.5000E 01

INTENSITY

3.0802E 00
le1294E 01
1.9508E 01

INTENSITY

6.2830E-01
0.0

INTENSITY

3.1002E-05
2,1002€E-05
3.1N002E-05
3.1002E-05
3.1002F-05
3.1002E-05
1.,5501E~05
1.5501E-05
1.5501E-05
3.1002E-05
3.1002E-05
2.1002€E-05
3.1002E-05
3.1002E-05
7¢7505E-04

COORDINATE

2.,5825E NO
9.3145E 00
0.0

COORDINATE

1.5707€ 00
-841522E~-59

COORDINATE

-4,7000E 01
-3,9000E 01
-3.1000E 01
-2.2000F 01
-1.5000F 01
~7.0000F 00
-2+.5000E 00
1.5000E 00
5.5000€ 00
1. 300CE 01
2.1000E 01
249000E 01
3. 7000E 01
44,5000E 01
0.0

SOURCE INTENSITY OPTION 1

INTENSITY

561337E 00
1.3348F O7
0.0

INTENSTTY

e 2830E-01
1.6825€ 08

INTENSTTY

3.1002E-05
3.1002E-05
3.1002E-05
2,1N07F-NSK
3.1N02F-08
3.1002E-058
1.5501E-05
1.5501E-05
1.5501E-05
3.1002FE-05
3.1002E-05
3.,1002F-05
2,1002E-05
3.1002E-0F%
0.0

COORDINATE

5.C0155E 10

1.0747F 01

—he4BBOE-S5

COORD IMATE

2+1990F 00
1.3482F 08

CONRDINATE

~4,5000F O

-3.7000% 01

-2.S000F 01
—2+.1Nn00F 01
-1,2000F 01
-5.5000£ 00

~-1.5N00F 00

245000E 90

T«.0000F 0N

1.5000F N1
2.3000E 01
23,1000 N1
3.9NC0E 01
447000E 01
-1.8886E-01

INTENSTTY

T1872E QC
1.5401F 01
1.6982E 3¢

INTENSTTY

60 2R30F-M

~le BRA4SFE-AT

INTENSTTY

2,1002E-05
2,1N02E-05
2,1N02E~NS
3.1002F-0%
3,1002F N5
1.SS01F=N5
1.5501E-N5
1.5501E-05
3.1002F-05%
3,1002F-05
3.1002F-05
341002E~-0F%
3.1007E-0F%
3.1002E-05

-1,6621E-02

—09—




QAD-GECM(36C) EXAMPLE PROBLEM SHIPPING CASK
RECEIVER NUMBER 1 COORDINATES - R 441537€ 01 PHI 0.2

GEOMETRY PRINT FOR PSEUNDO SOURCE PRINT AT THE CCORDINATF QRTIGIN

ZONE BNUNCARY DISTANCE X Y z
1 1.4320D0 01 0.0 C. C 0.0
1000 5467C0D 00 144320D 01 CoN 0. 0
2 215370 01 2,00C0D0 N1 Q.0 Ce0

QAD-GEOM(3¢0) EXAMPLE PROBLEM SHIPPING CASK

RCVR 1 R=  44,1537F C1 7= 0,0 PHI= (40 SOURCE PRINT 1 1 1
ZCONE BOUNCARY DISTANCE X Y z
1 2485300 01 6.8142D0-01 2,2140D-01 -7.500CD N1
1000 118540 01 1443290 01 144744D-01 -4,95450 OY
2 4450230 N1 2.000CD 01 1,1671D-21 -3,9527D 01
RCVR 1. R= 4,1537F 01 7= 0.0 PHI= 0,0 SQURCE POINT 2 24 1
ZONE BOUNDARY DISTANCE X Y 4
1 1.0S81D 01 344072D 00 141779D 00 4.,5000D Q0
1000 5672380 €0 1443C8D 01 T7.°052D-N1 2,21280 AN

2 2417050 01  1.9990ND 01 £4.?2557ND-01 ?.,547¢D 09

B

-‘[9—




QAD-GEOM(360) EXAMPLE PROBLEM SHIPPING CASK

RECEIVER NUMBER 1 COORDINATES - R 441537E 01 PHI 0.0 z 0.0
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE RATE MEATING RATES IN TRON
NO ENERGY  GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP
MEV MEV PHOTONS PER MRADS
_ SQ CM SEC PER HR
TOTAL 1.8501 0e4=440 3.5114E 04  640836E 00 9.5782E 01  5.827GE 02 3.5114E 04  2,1267E 05

W/BU 1.8618

1 0.6300 0.4-0.9 5.9001E-03 B« 6895E 00 6.8594E-06 5¢9605E-05 5.9001E~03 5e1269E-02
2 1.1000 0.9-1,35 1.6922E 02 5.9861E 00 3.11322€E-01 l.863¢E 00 1.6922F 02 1.0130F 03
3 1. 5500 1.35~1.8 2.2401F 04 5.9415E 00 5.4064F 01 3e2122F 02 2.2401F 04 1.3309F 08
4 1.9900 1.8-2.2 1. 8654E 03 6.0879E 00 53519E 00 3.2582F 01 l.8654E 03 1.1356F 0&
5 23800 202-246 8.7024E 03 6.2733E 00 2.8667E 01 1. 7984E 02 8.7024E 03 Se4593F 04
[ 24 7500 246-340 1. 6865E 03 6¢3451E 00 6.1517€ 0O 249033E 01 1.6865E 03 1.070)E 04
7 3.2500 300-3,5 le6804E 02 644894E 00 6.9289E-01 4e4964E 0O 1l.6804E 02 1.0905F n3
8 3.7000 3e5-4,0 142130E 02 6. 7389E 00 5¢4357E-01 3.6631E 00 1.2130E 02 Be1746E 02

—29_



QAD~-GECM(36C) EXAMPLE PRCBLFEM SHIPPING CASK
RECEIVER NUMBER 2 CRORDINATES - R 1.0154E 02 PHI 0.0

GEOMETRY PRINT FQOR PSFUDOD SCURCE POTNT AT THE COORDINATFE QRIGINM

ZONE BOUNDARY DISTANCE X Y z
1 l.433CD C1 1.0 0.0 Ce 0
1600 5.670C0 N0 144320D 01 Co.N C.0
? 2415270 01 2.00000 01 0.0 Ce O

QAD-GEDOM(360) EXAMPLE PROBLEM SHIPPING CASK

RCVR 2 R=  1.0154F 02 7= "0 PHI= 04N SNURCE POINT 1 1 1
LONE BOUNCARY DISTANCE X Y z
1 1., 7C07D 01 6.8143D-01 2,2140D0-01 -7.5000D 021
1000 Te0€64D 00 144326D 01 1,°1450-N1 —£,4852D0 N1
? 268400 01 1.,¢9¢cD 01 1,7670D-N1 -€.0535D 01
RCVR 2 R= 1.0154FE 02 Z= 0.0 PHT= 0.0 SOURCE PCINT 2 24 1
LONE BOUNDARY DISTANCE X Y z
1 1,0901D N1 24,4C72D0 00 1.,1070D 00 4.5nN0D NO
100N 568SCD 0C 1.42¢6D 01 9,84180-91 4,00C7D OO

2 2615770 01 1,9G7G60 01 0,2CNEN-NY  2,74010H 09

-€9_




QAD-GEGOM(360) EXAMPLE PROBLEM SHIPPING CASK

RECEIVER NUMBER 2 COORDINATES - R 1.0154E 02 PHI 0.0 z 0.0
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE RATE HEATING RATES IN IRON
NO ENERGY GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP
MEV MEV PHOTONS PER MRADS
SQ CM SEC PER HR
TOTAL 1.8490 0e4-4.0 1.3892E 04 6.0675E 00 3.7877E 01 242982E 02 1.3892F 04 B¢ 3921E N4

W/8U 1.8604

1 0.6300 0e4-0.9 2.5087E~03 845799E 00 249166E-06 2.5024E-05 2.5087E-02 2¢1524F-02
2 1.1000 0.9-1. 25 6.8074E 01 59625E 00 1.2524E-01 Tet671E-01 5.80T4E C1 440509t 0?2
3 1.5500 1.35-1.8 84 8784E 03 59290F 00 2.1428E 01 1.2705€ 02 8.8784F 02 5¢2640F 04
4 1.9900 1.8-2.2 7.3606E 02 6,0719E 00 2.1118E 00 1.2823E 01 T.3606F 02 4e4692F 02
5 243800 242-246 3.4318E 03 64.2523E 00 1.1305E O TeCE6TGE 01 3e4318F 03 21456F 04
6 27500 206-340 6+6386E 02 €e328°E 00 2.4215E 00 1.532°E 01 6.6386F 02 442015F 02
7 3.2500 3e0-345 646100E 01 6446TTE 00 2. 7256E-01 l.762RF 00 64610NE 01 4e27S1E 0?2
8 37000 3e5-440 4¢ T7T11E 01 6¢7145E 00 2¢1379E-01 1.4355€ 00 4.7711F 01 2, 2025E 02

_1-(9_



CODED BY PROBLEM
DATE . REQUEST NO. F 0 R T RA N PROGRAM
STATEMENT PAGE OF

| omece |2 - GEOM(260) - CHLTH. (aatnrie - Swrepre Cocr 3
W0-€£M(Jéo) ~CYLINORIOAL EXBAPLE PREBLEM  SHTPPING CHSK | cmp ﬂ_

/o 58 'S 4 & | & 0 /O | /$0 149 0CHRD B
2 mhLE '
/4. 33
20 .00
4/.537
/00 . 000
QLown Coro)
/00,000 o o
120,000 2 R
. 32%&&0 AYY,
| 340.000 2 2
 940.000 0 0
();’?,(,.’,{’fﬂl?ﬂ) RS SO N IR SO S SRS L G
O 0o 00 oo oo 0.0 0.0 Il C
O 437 2.84¢ L z79 | 5.732  7./é5 %598 o031 | lmp o
“““ L Carn 02

S N bSO
o QW o

7 /zm ,/f/.;:;;._
20. 0 /70.0.  [72.0 1740 1760 78.0 1/‘8;444331&/::4.“0;,fu,,‘m,eo El

ot 0 | /PO J38.0 1700 JI2.0 [0 /9.0 116.0 | (okd Fe
po.0.| 2020 9.0  polo 2080 200 220 490 | cgR0 £3

N N
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T FORTRAN e
_Qﬁ’LM%&) CHLTNDRZ AL . Lapmpis  Zoper - Swrppraye Cosx : |
E T FORTRAN STATEMENT IDENTIFICATION
2/5.0 2/6.0  2/7.0  2/8.0  2/9.0  220.4  R2/.0  2P2.0  (aRbH K4
223.6 224.0 1250 2260  Pp.O  230.0  232.0 234.0 CARD £S5
236 .0 F3%. 0 £40,0 22,0 244, 0 244 ,0 2#L.0 250.,0 CARY £4
252, 0 25%, 0 25¢.0 258, 0 289.0 262, 0 244,0 244, 0 LARD £7
268, 0 270 .0 320.0 CARO £&
d.0 . 62530 /. 2546 /. E549 2.5/37 3.74/¢ CARD F
4 § 26 82 92 CARD M
0.4587 .007PS 0.4 3. 412 CARD X/
0.0 0.0 [1.35 0.0 CARD Na
0. 630 /./00 /.550 /.7%0 2.380 Z, 750 3.250 3.700 CARD O

| 36GEFIGE.5USEFISL, #I0E+IS] FLAEL 194, /L SEFIHE, SOREL 24. /B0F 41 22.9526+4/2 LARD P
/, 1426 F-31, F377E-32.4/35E-32. 547 16-33. 294/£-33, £47(E-3% .| 234/E- 3. 481062 CARD @

/.

s yass.

9. .

L
83

44
/4,“0 .
L0~ 3

Y. A\’\ SQA‘Q

J}ZZOO

/d /.0
07/3
3540
/’£K$4Jcmsfc

Z,Zﬂo 00

S VOV S S

/o 1.4 /.0
/ 35—/ 7 ;/., 5’—22
('Ikﬂo Pfxﬂﬁ.f,x”
S-S ERIEN

1.0

Rz-ZE 2407

A B

/09

‘.,
B e

CARO R
CARD S

a7/

Cﬂk@ {'f-’
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Fig. A3. Geometry for QAD-3EOM(360) Cylindrical Example Problem.



QAD-GEOM(360)~CYLINDRICAL EXAMPLE PRGOBLEM

CONTROL 10
2 MALE
RADI1
0.14330D0 02
0.20000D0 02
0.41537D 02
0.10000D 03
HEIGHT RADIUS
0.10000 03
0.12000D 03
0.32000 03
0.3400D 03
0.4400D 03
SOURCE 1.0000E
R 0.0
l.1464E
Z 1.2000€
1.8400E
2.0000€E
2.1500E
2.2300E
2.3600E
2.5200E
2+6800E
PHI 0.0

58 5 4 2
0 -9 1
1 RADIUS 2 RADIUS 3
0 0
2 2
1000 2
2 2
0 0
00 0.0 0.0
1.4330E 00 2.8660E
01 1.2897E 01 1.4330€
02 1.7000E 02 1.7200E
02 1.8600E 02 1.8800E
02 2.0200E 02 2.,0400E
02 2.1600E 02 2.1700E
02 2.2400E 02 2.2500E
02 2.3800E 02 2.,4000E
02 2.,5400E 02 2.5600E
02 2.7000E 02 3.2000E
642830E~-01 1.2566E

co
01

02
02
02
02
02
02

02
00

SHIPPING CASK

CYLINDRICAL GEOM

0.0

4.2990E

1. 7400E
1.9000E
2.060CE
2.1800E
242600E
2.4200E
2.5800E

1.8849E

MEDIA

RADIUS 4 RADIUS 5

0.0

5.7320€

1l.7600E
1.9200E
2.0800€E
2.1900E
2.2800E
2+.4400E
2.6000E

2.5132E

RADIUS 6

RADIUS

0.0

T«1650E

1.7800k
1.9400¢Z
2010007
242000E
243000E
244600E
2.6200¢

3.1416E

7

00

02
02
02
02
02

02

00

1

RADIUS 8

0.0

§.5980¢E

1.8000€
1.9600€
2.120CE
2.2100E
2.3200E
2.480CE
2.6400E

150 149

0 0

RADIUS 9
00 1.0031E
02 1.8200¢
02 1.9800E
02 2.1400¢
02 2.2200t
02 2.3400E
02 2.5000E
02 2.6600E

0

RADIUS 10

-89—



COMP/MAT 0 FE PB U
1 445870E-M Te250CE-03 (.0 34412CE OO0
2 0.0 C.0 1.1350E 01 G.0
GRP/MAT 0 FE PB U
NEUTRON REMOVAL CROSS-SECTION
3.7280E-02 2.1360E~C2 1,0260F-02 9,.,1100E-03
MATERTAL HYDROGEN DENSITY
0N 00 C. 0 d.C
GAMMA ATTENUATION COEFFICIENT
] Te9120E-02 To4730F-02 1.0944E-0 1.2988E-Cl 64,3000F-01
2 6.1240E-"2 5,73C0E-C2 6.4960E-0 Tel520E-02 1.1000FE GO
3 5 10T0E-02 4,789CE=-C2 5.0650E-02 5.4160E-02 1.55C0E 00
4 4e4646E-02 4,2522E-C2 4.5810E-02 4.8528E-02 1.9909E CO
5 4.1232E-02 3.9968E-02 44.4332E-N2 4,6918E-02 2.38C0E Q0
6 3.8057%E-02  3.7600E-C2 443CCO0E-02 4.5475E-02 2.7500F 0D
7 3.4650E-02 3.525CE-02 4.2075E-02 444375E-02 3.25C0E QO
8 3.2400E-02  3,3900E-02 4.2037E-02 4.4150E-02 3.,70C0E 00 (5
¥
XNM PR D BUILDUP IS USED
GRP EPS/E DELTA/K Al/BO A2/81 A3/B2 A4/B3
1 1.3860F 16 1.1626E~03 1.006CE 00 2.7584E-01 —-1.6323E-02 5.5169E-04
2 2.5650E 15 148397E-03 1.0170E 00 3,5220F-01 —1.,N0428E-02 3.5658E-04
3 6.4300FE 15 244135E~C3 1.0167E 0N 3,8151E-01 —4.6882E-03 1.6523E-04
4 1.3620E 14 2.8691€-03 1.0111F 00 3,8177E-01 4.9015E-04 3.1201E-05
5 4¢1650E 14 342941E-03 1.0046E 00 3.6678E-01 4.4185E-03 -1.4059E-05
6 5¢5040F 13 3,6476E-03 9.9875E-01 3,4475E-01 7.3978E-03 2,0866E-05
7 4¢1800F 12 4,1234E-03 9.9297E-01 3.,0967TE-01 1.0098E-02 1.9652E-04
8 2095208 12 4,4810E-03 9.9063E-01 2.7804E-01 1.1151E-02 4.7617E-04
ALBERT-WELTON COEFFICIENTS
24655NE=08 2.900CE-01 8.3CPCE-01 5,800CE-01




EG-

6.3000E-01

FE ABS G-

1.0000E 00

EN-

1.0C00E 01
3.3000E-01

FE ABS N-

2.2500E-15
4.6T7T00E-17

WIDTH T-

WIDTH G-

WIDTH N-

UNIT G-

UNIT N-

3.700GE 00

1.0060E 0O

1.00C60E 00

1.040CE-16

1.1000E 00 1.5500E 00 1.9900E 0C 2.3800E 00 2.7500E 00 3.2500F 00
1.0000E 00 1.0000E 00 1.0000E 00 1,0000E 00 1,0000E 00 1.0000E 00
8.0000E 00 6.,0000E 00 5.0000E 00 4.,0000E 00 3.0000E 00 2.0000E 00
942700E-16 5.4700E-16 446800E-16 3.8000E-16 3,0700E-16 2.1600E-16

0.4-4.,0 12.0-.10

0.4-0.9 0.9-1.35 1.35-1.8 le8-2.2 2.2-2.6 2.6-3.0

3,0~ 5 3e5~4.0

120-900 S40-7e0 7e0-5¢5 5e65-4¢5 465=3e5 3.5-2.5 245~125 145-¢83 0.83-,5

0. 5-. 10

PHOTONS PER MRAD SQ CM SEC PER HR

RAD WATTS PER PER SEC GRAM RAD PER SEC

6. 7000E-01

8.3500E-17

-OL_



O N -

(%, e

COORDINATE TYPE O SOURCE INTENSITY QOPTION 1

R COORDINATE

COORDINATE INTENSITY COCRDINATE INTENSITY COORDINATE INTENSITY COORDINATE INTENSITY
7.1650E-01 1.0267E 00 2+1495E 00 3.0802E 00 3.5825E 00 5.1337c 90 5.C155E 00 To1872L QC
6.4485€E 00 9.2407E 0OC 7.8815E 00 le1294E 01 9.3145E 00 1.3348E 01 leC747t 01 l.540If C1
1.2180E 01 1. 7455E 01 1.3613E 01 1.9508E 01 0.0 0.0 —6.4880E-55 le6982E 36

PHI COORDINATE

COORDINATE INTENSITY COORDINATE INTENSITY COORDINATE INTENSITY COORDINATE INTENSITY
3.1415€E-01 6.2830E-01 9. 4245E-01 6.2830E-01 1.5707E 00 5.2830E-01 2.1990E 00 6e 2820L-01
2.8274E 00 6.2840E~-01 0.0 0.0 —-841522E-59 1.6825E 08 le3483t 08 —ledb4ot -7

Z COORDINATE

COORDINATE INTENSITY COCRDINATE INTENSITY COORDINATE INTENSITY COORDINATE INTENSITY
1.4500€ 02 7.7505E-04 1.7100E 02 3.1002E-C5 1.7300E 02 3.1002E-05 1.7500E 02 3.1G02E~-05
1.7700€E 02 3.1002E-05 1. 7900E 02 3.1002E-05 1.8100€ 02 3.1002E-05 1.8300t 02 3.1002t-05 JH
1.8500E 02 3. 1002E-05 1.8700E 02 3.1002E-C5 1.8900E 02 3.1002E-05 19100t 02 3.10CGZE-05 -
1.9300€ 02 3.1002E-05 1.9500E 02 3.10C2E-05 1.97C0E 02 3.1002E-05 1.9900E 02 3¢1C02E-05 !
2.0100E 02 3.1002€-05 2.0300E 02 3.1002E-05 2.0500€ 02 3.1002€E-05 2.070GE 02 3.1002E-05
2.0900E 02 3.1002E-05 2.1100E 02 3.1C02E-05 2.1300E 02 3.1002E-05 241450E 02 1a55C1E-C5
2.1550E 02 1.5501E-05 2.1650E 02 1.5501€-05 2.1750€E G2 1.5501E-05 2.1850E 02 le5501E-05
2.1950E 02 1.5501€E-05 2.2050E 02 1. 5501 E-0C5 2.2150E 02 1.5501E-05 2.2250E 02 1. 5501E~05
242350E 02 1.5501E-05 2.2450E 02 1.5501E-05 2.2550E 02 1.5501E-05 2.27T00E 02 3.1C02E-05
2.2900E 02 3.1002E-05 2.3100E 02 3.1002E-05 2.3300E 02 3.1002€E-05 2.3500E 02 3.1002E£~05
2.3700E 02 341002E-05 2.3900E 02 3.1002€E-05 2.4100E Q2 3.1002E-05 244300E 02 3.1C02E~-05
2.4500E 02 3.1002E-05 2.4700E 02 3.1002E-05 2.4900E 02 3.1002E-05 25100E 02 341G02E-05
2+5300E 02 3.1002€E-05 2.5500E 02 3.1002E~-05 2.5700E 02 3.1002E-05 2.5900& 02 3.1002c-05
2+6100E 02 3.1002€E~05 2.6300E 02 3.1002E-05 2.6500E 02 3.1002E-05 2.6700E 02 3.1002E-05
2.6900E 02 3.1002E-05 2.9500E 02 7+ 7505E-04 0.0 0.0 -1.8886E-01 -le662.E-02




QAD-GEOM(360)-CYLINDRICAL EXAMPLE PROBLEM SHIPPING CASK
RECEIVER NUMBER 1 COORDINATES = R 441537E 01 PHI 0.0 Z 242000E 02

GEOMETRY PRINT FOR PSEUDO SOURCE POINT AT THE COORDINATE ORIGIN

ZONE BOUNDARY DISTANCE X Y z
0 1.01770 02 0.0 0.0 0.0
2 122120 02 1.8880D 01 0.0 1.00000 02

QAD-GEOM(360)-CYLINDRICAL EXAMPLE PROBLEM SHIPPING CASK

RCVR 1 R= 4,1537E 01 1I= 2,2000E 02 PHI= 0,0 SOURCE POINT 1 1 1
LONE BOUNDARY DISTANCE X Y z
1 2.8530D0 01 648143D-01 2.21400-01 1.4500D 02
1000 1.1854D0 01 1.4329D0 01 1.4744D~01 1.,7005D 02
2 4450230 01 2.00000 01 1.16710-01 1.8046D 02
RCVR 1 R= 4,1537E 01 2= 2.2000E 02 PHI= 0.0 SOURCE POINT 3 34 1
ZONE BOUNDARY DISTANCE X Y z
1 1.09810 01 3.4072D 00 1.10700 00 2.2450D 02
1000 5.7238D0 00 1.4308D 01 7.9053D-01 2.2321D 02

2 2.1705D0 01 1.9990D0 01 6.2557D-01 2.2254D 02

_ZL_



GRP

TOTAL
W/8U

O~NOWPHWN -~

RECEIVER NUMBER 1

MEAN
ENERGY
MEV

1.8501
1.8618

0.6300
1.1000
1.5500
1.9900
2.3800
2.7500
3.2500
3.7000

QAD-GEOM(360)-CYLINDRICAL EXAMPLE PROBLEM

ENERGY
GROUP LIMITS
MEV

0.4-4.0

N=-~OO

e & Ore o s o o

w o Ina?\»d>¢

W we

COORDINATES -

DIRECT BEAM
FLUX
PHOTONS PER
SQ CM SEC
3.5114E 04

5.9001E-03
1«6922E 02
2.2401E 04
1.8654E 03
8.7024E 03
1.6865E 03
1.6804E 02
142130E 02

R 441537E C1

MEAN BUILODUP

FACTORS

6.0836E

8.6895E
5.9861E
5.9415E
6.0879E
6.2733E
6+3451E
6.4893E
647389E

00

00
00
00
00
00
00
00
00

SHIPPING CASK
PHI 0.0

DOSE RATE
DIRECT BEAM WITH BUILOUP

MRAD

PER HR
9.5782E Ol 5.8270E 02
6+8594E-06 5.9603E~05
3,1132E-01 1.8636E 00
5.4064E 01 3.2122E 02
5.3519E 00 3,2582E 01
2.8667E 01 1. 7984E 02
6.1517E 00 3.9033E 01
6.9289E-01 4e4964E 0O
5.4357E-01 3.6631E 00

z 2.2000E 02

HEATING RATES IN IRON

DIRECT BEAM

3.5114E 04

5.9001E-03
1.6922F 02
2.2401E 04
1.8654E 03
8.7024E 03
1l.6865E 03
1.6804E 02
1.2130E 02

WITH BUILDUP

2.1267E 05

5.1269E-02
1.0130E 03
1.3310€ 05
l.1356E 04
54593t 04
1l.0701E 04
1.0905E 03
8.1746E 02

- )=




QAD-GEOM(360)-CYLINDRICAL EXAMPLE PROBLEM SHIPPING CASK

RECEIVER NUMBER 2 COORDINATES - R 5.0000E 01 PHI 0.0 z 2.2000E 02

GEOMETRY PRINT FOR PSEUDO SOURCE POINT AT THE COORDINATE ORIGIN

ZONE BOUNDARY DISTANCE X Y z
0 1.02550 €2 0.0 0.0 0.0
2 8.48730 01 2.2727D 21 0.0 1.0000D0 02

QAD—-GEOM(360)-CYLINDRICAL EXAMPLE PROBLEM SHIPPING CASK

RCVR 2 R= 5,0000FE 01 2= 2.2000E 02 PHI= Q.0 SOURCE POINT 1 1 1
ZONE BOUNDARY DISTANCE X Y z
1 2.4840D 01 6.8143D-01 2.2140D-01 1.4500D 02
1000 1.0321D0 01 1.43290 01 1.6014D~01 1.6575D0 02
2 3,91990 01 2.00000 Ol 1.3468D-01 1.7438D 02
RCVR 2 R= 5.0000E 01 2= 2.,2000E 02 PHI= 0.0 SOURCE POINT 3 34 1
ZONE BOUNDARY DISTANCE X Y z
1 1.0951D0 01 3.40720 00 1,1070D0 00 2.2450D 02
100¢C 5,7104D CO 1.4305D 01 8,4810D-01 2.23450 02

2 2.16560 01 1.99870 01 7.13C9D-01 2.22990D 02

-nL-



QAD-GEOM(360)-CYLINDRICAL EXAMPLE PROBLEM SHIPPING CASK

RECEIVER NUMBER 2 COORDINATES - R 5.0000EF 01 PHI 0.0 z 2.2000E 02
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE RATE HEATING RATES IN IRON
NO ENERGY GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP
MEV MEV PHOTONS PER MRAD
SQ CM SEC PER HR
TOTAL 1.8499 0.4-4.0 249109E 04 6.0799E 00 7.9396E 01 4.8272E 02 2.9109E 04 l.7619E 05

W/BU l.8616

1 0. 6300 0.4-0.9 4,9993E-03 8.6506E CO 5.8121E-06 5.0279E-05 4.9993E-03 4e3247E-02
2 1.1000 0.9-1.35 1.4080E 02 5.9807E 00 2.5902E-01 1.5491E 00 1.4080E 02 8.4206E 02
3 1.5500 le35-1.8 1.8578E 04 59377 00 4.4838E 01 2.6623E 02 1.8578E 04 1.1031E 05
4 1.9900 1.8~242 1.5457E 03 6.0845E 00 444347E 00 2.6983E 01 1.5457E 03 9.4048E 03
5 2.3800 202-246 2 7.2087E 03 6.2705E 00 2¢3746E 01 1.4890E 02 7.2087E 03 4¢5202E 04
6 2.7500 «6-3.,0 1.3968E 03 6.3410E 00 5.0950E 00 3.2308E 01 1.3968E 03 8.8572E 03
7 3.,2500 3.0-3.5 1.3916E€ 02 6.4847E 00 5.7379E-01 3.7209E 00 1.3916E 02 9.0238E 02
8 3.7000 3¢5-4.0 1.0045E 02 6.7334E 00 4+5012E-01 3.0308E 00 1.0045E 02 6+7637E 02




e FORTRAN e
N wowsen || _ QD= 6EOND (260) = SPHERTCHL Va7 Za 1 ]
QHD-GERM(260)— SPHERICAL ~ EXAMPLE PRPBLEM - CARD #
7 20 4% 7 3 | 9 2 I 0 | 200 199 O ChRD B
/ 10.0
2 /5.0
3 50,0
(BLANK CRRD )
( BLANK CrRD)
/.0 a.0 0.0 0.0 0.0 0.0 0.0 Cano ¢
0.0 /.0 2.0 3.0 4.0 6,0 7.0 .0 CARD 0]
9.0 /0.0  CARD D2
0.0 | L/ST/ 342 47s  ezek ]85S 9486 /.]40 CARD F/
VE574, 142 1573 17284 [.8758  r.e%ed 2,200 2,257/ | [ARD E2
2.5/42  2.47/3  2.028F | 2,9455  p./#< o L AR £3
0.0 | . 07350 ;‘,./57/ 2350 .3ME2 3927 4772 5498 | caRp FI
,ézys’ 7067 7354 5637 RS 102/ 478 L] Rl F2
Nt . 3352 / «//37 / 4723 1. 5708 1. m:» L7 ‘ ;'io%é%_ | ¢caro ﬁB
8580 /.9635 g Okzo| 2.)20F  2./998 2. 2776 2.3 y’gH? M,\cw,ed F4
25758 2,59 /‘z 2 4704 2 Mz?} 2. 227{1 2 9060 3.063/ . “,[m ’fp"
sl o e ¢ ok FL
AT s e e i L L esom
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CODED BY

PROBL EM
DATE REQUEST NO. F 0 RT RA N PROGRAM
STATEMENT PAGE OF
T c )
: o gBp- (360)~ SPHE
] NumBER |
E T - FORTRAN STATEMENT IDENT|FICATION]

d. 041
0. 0
0.0
d.630

0.5/3 0.172
0.0 2,0
o.0 0.0
/. /00 /. §50

0.770

d.9
2.0

/.990

4.0¢5
0.9
2.0
2. 780

/.
0.0
. 2. 750
/2 38GF+/C2. 56564156 . 420E41S/. 36264144, [ SEHI4S , SOLEFI 34 180OEF122, 9SPEL/2

/.37
o.4
J.0
7,250

35

3,700

o wy

- CARD A2
A NP
- CARO O
CARY P

[ 1G2CE-31.8397E-32.413SE=-32. 849/ F~ 33, 274/£-33.bg HE-38. | PIJE=TF, 29/ 0E~3 LAKD §

/.0

0.4-4. 0
0.94-0.9
3.0-3.5
FHITINS
/6.0
39.0

; oo by
I~ 1 ek ooy 4
S .
P ;
i I i
. - sl i - | . -
. b |oideb | ISR Py joi
[ [ S '
; | | i o
| i ;
[ SR SO S - s
§ i : i 1 i 1
i I ! I
| i : i i
i H T H A
L I -

/.0 /.0
0.9-/. 35 !
7.5-4.0

fFK S¢ Cm se¢
0.9 L0.0
0.0 0.0

35~/

MRAD

/,0

’ 2

3

z

/,0
/., 3-2,2

PER KR

/.0

/.0 /.0

212"2,6 'eré’.g.a

CCARD R
Cory S
L CaRD T
CORD 72
CARD U

| o ar

L L CARD A

Sy oy

i H ‘ i . b ! i |

b B A e
L | | S8aEn
e ; l—uw . ;,j,ai._’ | T,? ,I ‘r ‘ ; AI,, _!LA_“
Sl ] IR 1 iy
L e HERERENRE
T e
Ly | 4 [
P ! “ |
Ll o . i !
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ORNL-DWG 67-7852
(O MEDIA NUMBER

Fig. Al4. Geometry for QAD-GEOM(360) Spherical Example.



QAD~GEOM(360)-SPHERICAL

CONTROL 9 20

SPHERICAL GEOM

MEDIUM RADIUS
1 0.10000D0 02
2 0.150000 02
3 0.500000 02

REGION RADIUS

NO REGION GEOMETRY

SOURCE 1.0000E 00
R 0.0
9.0000E 00

Z 0.0
1.2571E 00
2.5142E 00

PHI 0.0

642830E-01
1.2566E 00
1.8850E 00
2.5133E 00
3.1416E 00

40 7
0 -7

0.0

1.0000E 00
1.0000E 01

1.571 CE-~01
1.4142E 00
246713E 00

7.8500E-02
T 0690E~01
1.3352€ 00
1.9635E 00
2.5918E 00

EXAMPLE PROBLEM

3 1
1 10

0.0

2.0000€ 00

341420E-01
1.5713E 00
2.8284E 00

1.5710E-01
T«8540E-01
1.4137E 00
2. 0420E 00
26704F 00

0.0

3.,0000F 00

4,7130E~-01
1.7284E 00
2.9855€ 00

2.3560E-01
8.6390€-01
1.4923E 00
2.1206F 00
2.7489E N0

0.0

4.0000F 0N

6.2840E-01
1.8858€ 00
3.1416E 00

3.1420E-0)
9,4230F-01
1.5708E 00
2.1992E 00
2.8274E 00

0

N.0

6.0000F 00

7.8550E-01
2.0429E 00

3.9270%-01
1,0210E 0O
1,6492F 00
262776F 00
2.9060F 00

0.0

7.0000€ 00

Q.4260F-01
2.2000F 00

4e7T120E-01
1.0996E 00
1.,7279E 0N
243562E 00
2.9845E 00

1

200

8.0000F 0O

1410005 00
2.3571F 00

5.4980E~01
1.,1781€E 00
1.8064% 00
2¢4347E 00
3.0631E 00

0

-5~



COMP /MAT
1
2
3
GRP/MAT

@ JOWNDWN -

H
4.1000E-02
0.0
0.0

H

6+0200E-01

1.0000E 00

1e 5700E-01
1. 21 40E-01
1.0146E-01
BeT9OBE-02
8.0570E-C2
T.3725F-02
6¢6300E~02
6.1260E-02

0 CR FE
5¢1300E~-01 1.9200E-01 7.°000F-01
0.0 0.0 C.C
0.0 0.0 0.0

0 CR FE

NEUTRON REMOVAL CROSS-SECTION
347280E-02 2,1090E-02 2.1260E-02

MATERTAL HYDROGEN DENSITY
0.0 0.0 C.0

GAMMA ATTENUATION COEFFICIENT
Te9130E~02 7.3690FE-02 7T+4730E~N2
641240E~02 S.6760E-02 5.73005-02
5¢1070E~02 4,7570E-02 4,7890E-02
444646E~02 442026E-02 442522E-02
4e1222E-02 3,9430E-02 3,9968BE-02
3.80505-02 34T025E-02 3,7600E-02
3¢4650E-02 3.,4600E~02 3.5250£E-02
3¢2400E~02 3,2160E-02 3,43900E-N2

I
5000E-02

- OO

1.9400E-02

0.0

Te6785F-02
S« 8860E-02
4.9280E-02
4.3824E-02
441220E~-02
3.8825F-02
3464T5E-02
3.5170E-02

PR
0.0
1.1250¢ 01
0.0

4]

1.0260F-07

2.0

1409445-01
be4QbNFE-02
5.0650F-07
445810F~-07
4eH222F-07
443N0NE~02
4,20755-02
442030802

u

1.?2780F N0O
0.0
0.0

U

Se1100E-G2

000

1. 2988E-01
7.1520F-02
504160F-07
4,8R2RF~07
4, 6010602
4,5475F-07
444375€-07
4,4150F-02

643000E-01
1.100N0% 00
1. 5500F 00
1.9900E 0O
2.380NE QO
7« 75N0F 00
3.250NE 00
2, 70N0OE 00

-08—



XNM

GRP

O~ PHWN

PB D BUILDUP

EPS/E

1.3860E
245650E
6+4300E
1. 3620E
441650
5 5040E
441800E
249520E

1S

16
15
15
14
14
13
12
12

ALBERT-WELTON COEFFICIENTS

246550E-08

20 9000E-01

USED
DELTA/K A1/BO A2/R1
1.1626E-03 1.0060E 00 2.7584E-01
1.8397E-03 1,0170F 00 3,5220E-01
264135E-03 1,0167E 00 3,8151E-01
2¢8691E-03 1,0111FE 00 3,81775-01
342941F-03 1,004€E 00 3.6678F-01
3464T6E-03 9,9875E-01 2,4475E-01
441234E-03 9,9297E-01 3.0967E-01
44481 0E-03 9,9062FE-01 ?2.7804E-01
84 3000E-01 5.%8000E-01

A3/8B2

-1.6373E-02
-1.0428E-02
-4,6882E-02

4,G015E-Nn4
4e4185E-03
743978E-03
1.0098F-02
1,1151E-0?

A4/B3

5¢5169E-04
2,5A585-04
1.6523E-04
3,1201F-05

-1.4059F-05

2. 0RAEE-0F
1,965 2E-04
4, T61T7E-04

-'[8-




EG~-

6¢3000E-01 1.1000E 00 1.5500E 00 1,9900FE 00 2.,3800FE 00 2.7500F 00 3.2590F 0N 2,70008 on
FE ABS G-

1.0000E 00 1.0000E 00 1,0000E 00 1.0000F 00 1.,0000EF 0N 1.0000F 00 14,0000F AN 1,0000F NO
EN-

1.0000E 01 8.0000E 00 6.0000E 00 5.0000E 00 4.,0000F 0N 3.0000F 0N 2.NNCNE 0N 1,0N00F N0 £, 70N0E=-M
3.3000E-01

FE ABS N-

242500E-15 942700E-16 5¢4T00E~16 4.6800E~16 3,8000E-16 3.0700FE~16  2,1600F-16 1,N400F=-16 R,.350NF=17
4e6700E~-17

WIDTH T~ 0.4-4.0 12.0‘.10

WIDTH G- 0e4-0s9 0.9-1.35 l1.25-1.8 le8-2.2 242=246 2e6=2,N
3.0'3.5 3.5’4.0

WIDTH N- 12690 9¢0~7e0 740-5e5 5¢5-445 445-3,5 3,5-2.5 205-1e5 1e5-a83 (,83-,5
0e5-¢10

UNIT G- PHOTONS PER MRAD SQ CM SEC PER HR

UNIT N- RAD WATTS PER PER SEC GRAM RAD PFR SEC




O v =

-
~ WO N

RHO CODRDINATE

COORDINATE INTENSITY
S5+ 0000E-01 343333E~01
5.0000E 00 S« 0667E 01
9.5000E 00 9,0333E 01

PHI COORDINATE

COORDINATE INTENSITY
3.9250E-02 7+ 8500€E-02
32, 5345E~01 T7.8500E-02
6.6760E-01 7. 8600E-02
9.8165E-01 7.8700E-02
1.2959€E 00 T+8600E-02
1. 6100E 00 7.8500€E-02
1.9242€E 00 7.8500E-02
20 2384E 00 7.8400€E-02
24 5525E 00 7.8500E-02
2.8667E 00 7.8600E-02

THETA COORDINATE

COORDINATE INTENSITY
T«85505-02 5S¢ 8799E~N6
Te0695E~01 4 86T0E-05
1.3356E 00 Te2871E-05
1.9643E 00 6¢9204E-05
245927E 00 349093E-05

COORDINATE TYPE 2

CODRDINATE

1, 5000E 00
6+5000E 00
0.0

COORDINATE

1,1780E-01
443195E-01
Te4615E~01
1.0603E 00
1.3744E 00
1.6886E 00
2.0027E 00
23169E 00
2.6311E 00
249452E 00

COORDINATE

243565E-01
846405E-01
1.4927E 00
241214E 00
2¢7498E 00

INTENSITY

2¢3333E 00
442333E 01
0.0

INTENSITY

7.8600F-02
7.8%00E-02
T+8500E-02
7+8600E-02
7.8500E-02
T7.8600E-02
T«8501E-02
7.8600E-02
7.8600E-02
7.8501E-02

INTENSITY

1.7495€E-05
5¢6985E-05
Te4704E-05
6¢3857E-05
248609E-05

COORDINATE

?.5000E 00
T7.5000FE 00

~4o1140E-50

COORDINATE

1.9635E~01
5«1050E-01
842465E-0
le1388E 00
1. 4530E 00
1. 7671E 00
2.0813E 00
202954E 0N
2« 7T096E 0N
3.0238E 00

COORDINATE

2,9275E-01
1.0212F 00
1. 6498E 00
2.2785E 00
24G069FE 00

SOURCE INTENSITY NPTION 1

INTENSITY

6o37232Cc QN
5.6332F M

%¢G105E 57

INTENSITY

Te REQNF-C?
T 8600F-0"
T48800E-02
Te850NE-0?
TeBAONE-N?
T«REOCE-N2
TeBEONE-OD
TeB500E-07
T+8500E-07
T.8A00F-C?

INTENSTTY

2867GE~-N5
£.4023E-0F
Te46ORE-NS
Feb6C36E-CH
1.7421F-05

CONRDINATE

R, EN00E 00
Re ENONE ON

~Te49€60F=5S

CONRDINATE

2o T4CNE=N
5o ROQFE=N1
0,031 NnE-N1
1.7172F nn
1,5315F nn
1,8457C 00
?.1599F n0
26 LT40F NN
2. 7RPIE 00
2,1022E NG

CONRDINATF

B 4CPRE-0
1.17R5F nn
1.8071F 90
2443565 00
3,0625F 0N

INTENSTTY

1,7233F M
7,23220 N1
R, 0404F 17

INTENSITY

T, FANNT—ND
ToPEONT =02
T, P4ONE-N?
T, PENMAF-C?
T PENTF -1
7o RANPE 0D
Te RANQF =07
T FEMPIF-0?
Te £5O0NF=N7
7.8500F-07

INTENSITY

2, C1RTF-N8
64 C242F~0F
7.2080F =05

44 RRTAF-NS

50 804CF-0N6

_€8_



QAD-GEOM(360)-SPHERICAL EXAMPLE PROBLEM
RECEIVER NUMBER 1 COORDINATES - RHO 1.5000E 01 PHI 0.0 THETA

GEOMETRY PRINT FOR PSEUDO SOURCE POINT AT THE COORDINATE NRYIGIN

Z0NE BOUNDARY DISTANCE X Y b4
1 1.00000 01 0.0 0.0 0.0
2 5.0000D0 00 0,0 C.0 1.00000 01

QAD-GEOM(360)~SPHERICAL EXAMPLE PROBLEM

RCVR 1 RHO= 1.5000E 01 THETA= 0,0 PHI= 0.0 SOURCE POINT 1 1 1
ZONE BOUNDARY DISTANCE X Y z
1 9450160 00 349204D-02 1.5396D0-03 4,9846D-01
2 5,00000 00 1,35170-02 5,3083D-04 1,0000D 01}
3 8.8818D-16 246021D-18 1,0842D-19 1.5000D0 O

N0

—1-{ 8_



GRP

10"
W/t

)

[0 RN o SRV, BB RPN

RECEIVER NUMBER 1

MEAN
ENERGY
MEV

1.5864
1.5808

0.6300
1.1000
1.5500
1.9900
243800
207500
3,2500
3.7000

QAD-GEOM(360)~SPHERICAL

ENERGY
GROUP LIMITS
MEV

0.4‘400

0e4=0e9
0.9‘1.35
1.35‘1.8
108‘202
2.2-2.6
246=340
340-3.5
345-4.0

COORDINATES -

DIRECT BEAM

FLUX

PHOTONS PER

SQ CM SEC

4e1439E

8e 4382E
440702E
361472 2E
1.0008E
3.5038E
5¢2322E
443682E
341475E

10

RHO 1.5000E 01

MEAN BUILDUP

FACTORS

2.5010E

244328E
245826E
2.5172E
2.4562E
2e3S20E
243151€
2.1967TE
2.1049E

00

EXAMPLE PROBLEM

PHT 0.0

DOSE RATE
DIRECT BFAM

MR AD

PER HR
1.0095E 08 245247TF
9,8102E 05 242864F
7+.4880E 06 1.93238F
7+5828E 07 1.9790E
2.8715€ 06 7.0522¢€
l.1542F 07 2 TH89E
1.9085E 06 444182F
1.8012E€ 05 2.9567F
1l.4104E 05 249687F

WITH RUTLDUP

ng

06
n7
08
06
07

ns
05

THETA 0.C

HFATING
DIRECT REAM

4o 143 0F

8e4282F
4.0707E
3.1 422F
1.N008F
2,5028E
5e2322F
443A82F
?.1478E

RATES IN IRQON

10

of
09
10
ne
Qo
cs
o7
07

WITH BUILDUP

1. 03060F

2.0529E
1.0512¢%
7o 9005F
2.4583F
Be&0S7F
1le.2113E
9.5658¢F
be67251F

11

no
10
10
na
no
09
07
07




QAD-GEOM(360)-SPHERICAL EXAMPLE PROBLEM
RECEIVER NUMBER 2 COORDINATES - RHO 2,0000€ 01 PHI 040 THFTA

GEOMETRY PRINT FOR PSEUDO SOURCE POINT AT THE COONRDINATE ORIGIN

ZONE BOUNDARY DISTANCE X Y z
1 1.00000 01 0.0 0.0 0.0
2 5400000 00 0.0 0.0 1.0000D 01
3 1.50000 01 0.0 0.0 1.5000D0 01

QAD-GEOM(360)-SPHERICAL EXAMPLE PROBLEM

RCVR 2 RHO= 3,0000E 01 THETA= 0.0 PHI= 0.0 SOURCE POINT 1 1 1
IONE BOUNDARY DISTANCE X Y z
1 9450150 00 3,92040-02 1.5396D0-03 4,9845D-01
2 5¢0000D0 00 2.6578D-02 1.04370-03 1,00000 01
3 1.50000 01 1.9933D-02 Te8279D-04 1.50000 01

-98_



GRP
NO

TOTAL
W/BU

® NP WN -

RECEIVER NUMBER 2

MEAN
ENERGY
MEV

l.5860
1.5803

Ce 6300
1.1000
15500
1.9900
243800
27500
3. 2500
3.7000

QAD-GEOM(360)-SPHERICAL

ENERGY
GROUP LIMITS
MEV

Oeb4~4e0

Oe4-0.9
0.9-1.35
1. 35-1.8
1e8-242
2e2~246
2.6-300
340-3.5
3e5~440

COORDINATES -

DIRECT BEAM

FLUX

PHOTONS PER

SQ CM SEC

9.6547E

1.9869E
9.5103FE
Te3177E
243308E
B841496E
1.2180E
1l.0168E
Te3277E

09

o8

09
08

08
07
06

RHO 3.0000E 01

MEAN BUILDUP

FACTORS

244981E

2442S5E
2.5815E
2.5142E
2e44094FE
243S71E
242102F
2.1910E
2.1009E

00

EXAMPLE PROBLEM

PHI 0.0

DOSE RATE
DIRECT BEAM

MRAD

PER HR
242514E 07 Se 8747E
2+3099E 05 546121E
1.7496E 06 4e5166F
le7661E 07 4o 44N4E
6.68T2E 05 le 6379E
2+6845E 06 604350E
4e4427E 05 1l.0264F
441929E 04 Fe1866E
3¢ 2836E 04 6. 8983F

WITH BUILDUP

07

THETA 0.0

HEATING RATES IN TRON

DIRECT BEAM

O.6547TE

1.986°9F
Ge5102E
Te2177E
24330RE
Re1496KE
1.2180E
1l.0168E
T«37277E

09

WITH BUTLDOUP

24 4179E

4o B2T2F
20 45%1F
1.8398FE
5« TOR9E
1.9535E
7.8138¢
22279E
1e5394E

10

na
(o1
"
(o2}
0o
0R
o7
07

-)-‘8-




APPENDIX B. QAD DATA SHEETS



QAD DATA SHEET - 1

REQUEST 108 TITLE WRITTEN BY GATE

IDENTIFICATION

IHIHIHHHHIHHHIHHHIIHHHHIHII[]IIIIHHIIHHHH!IIIHﬁ

LSO MSO NSO MAT NCOMP NREG NRGY NBOUND  NSOPT NZSO ISRC INEUT NGPF NGPL NGPi NGINT
[LLITTTTT]

EENENEEENEEENEEEEEEEE RN ENEEEEEEANRENANNEE S EEREEEREENRNRNEEE

TOTAL SOURCE CONSTANTS FOR COSINE SOURCE DISTRIBUTION IF ISRC = | =

UL LT P LT T T LT T T T T LT T T L LTI T T

COORDINATES FOR SOURCE VOLUME ALONG R(CYL.) OR X(CART.) OR P(SPHER.) AXIS (LSO + 1 VALUES)

COORDINATES FOR SOURCE VOLUME ALONG Z(CYL.) OR Y(CART.) OR F(SPHER.) AXIS (MSO + 1 VALUES)

COORDINATES FOR SOURCE VOLUME ALONG ¢(GYL.) OR Z (CART.) OR ¢ (SPHER.) AXIS (NSO + 1 VALUES)

{IF_ISRC = 2) WEIGHTING FACTORS FOR SOURCE STRENGTH AT EACH PQOINT SPEC

FIED ON CARDS D

i L
(F_ISRC = 2) WEIGHTING FACTORS FOR SOURGE STRENGTH AT EAGH POINT SPECIFIED ON GARD E

(IF_ISRC = 2) WEIGHTING FACTORS FOR SOURCE STRENGTH AT EACH POINT SPECIFIED ON CARD F

-68_
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QAD DATA SHEET - 2

REQUEST

NCOMPZN

IV = NUMBER OF BOUNDARIES USED IN DESCRIBING THIS REGION

NCOMPZN = COMPOSITION NUMBER 72

+ LBD

LTI

NTRYZN

EEENEEERRNEREREREEN

+ LBD NTRYZN + LBD NTRYZN + LBD NTRYZN + LBD NTRYZN + LBD NTRYZN

BEEEREREREENEERERENREERERRRAEEEE

J AND K CARDS ARE CONTINUED BELOW FOR EACH REGION N THE ORDER CORRESPONDING TO THE REGION NUMBERS.

EERESEEEEERERERERERRRREEEEREERERREREREREIEEE

HEENEEREEERERNEREERRERRNENNEERRNNENREREEREREN

EEREEEEERENEEERERERERREEREERERIRRENREREEREED

NERNEEEEEREERERREEERENEEN AR NERNNEEEEREREN

SSERERENRRERRENEEREREEREENRRRRNERRRRERRERRREN

HENEREENEEEEERERR AR REREERNNEERRNENNEEED

RN AR RER RN R RR RN RRRR R RRRRREN

EENEEEREERNERRENEEEENERNERRENEEEEERRRRRNEEE

HENEEEENEENEEEENNIEEEN R RRE A REREEENNREREREEEE

ABD BED CBD XBBD YDBD

LBD IS THE BOUNDARY NO.

NTRYZN IS THE PROBABLE REGION
OF ENTRY WHEN THE BOUNDARY
LBD IS CROSSED.

THE SIGN ON LBD INDICATES
WHETHER THIS BOUNDARY IS

+ OR - WITH RESPECT TO THE
REGICN BEING DESCRIBED.

Z0BD DBD

glls

=[=[=]<]

clxlelxlelx [« Ix[e IxToTxTT

il ol o il sl sl O

jo[efo]e]~y [v]olo]nlo]s[s[olo v ]

k=3

[efe]~lofolalolp]~] [3]

38213

]

S

uuuuuuuu
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QAD DATA SHEET - 3

REQUEST

JOB TITLE

WRITTEN BY

Ionz

NBLD MATZ (1) MATZ(2) MATZ(3) ETC. (MATZ = ATOMIC NUMBER OF ELEMENT)

HAEEEEEEEEREEESEENENENEEE R IR NN NN EREREENEERREEEEENEEERRNEE!

T

DENSITY OF ELEMENTS IN COMPOSITION NUMBER t

CONTINUE ELEMENT DENSITY CARDS FOR EACH COMPOSITION
4+
]
EBAR (MEAN GAMMA ENERGY FOR EACH ENERGY GROUP)
GAMEN {GAMMA SQURCE INTENSITY FOR EACH ENERGY GROUP)
!
CONV (FLUX TO DOSE CONVERSION FACTOR FOR EACH GAMMA ENERGY GROUP)
FEABSG (GAMMA FLUX TO HEAT CONVERSION IN Fe FOR EACH GAMMA ENERGY GROUP)
WIDTHT (TOTAL WIDTH OF GAMMA ENERGY RANGE. FOR EXAMPLE 0.1 - 4.0)

=
k=)

EH [

[z]z]z[z]=z]=z]=]=]
[Blo[o]v]olalalwl]

o]v] [olo]olo]
s oo 1=] [alolm=]

o000
ES -

o D | 0| DD
slwin|

Ucn-szee
3 een

_-[6_



QAD DATA SHEET - 4

REQUEST 108 TITLE

WRITTEN BY

DATE

WIDTHG (WIDTH OF EACH GAMMA ENERGY GROUP. FOR EXAMPLE 0.1 - 1.0) 72
7 :
~—————— UNITS FOR GAMMA FLUX UNITS FOR GAMMA DOSE =———————— > < UNITS FOR GAMMA HEATING IN Fo o
EEEEEEREAENEREEEERREREEARNERERENNEEEERENEEENAEEENEENERENRNR RN ENEREEEED
(USE ONLY IF NGINT -0 CONVERSION FACTORS FROM GAMMA FLUX TO OTHER DESIRED UNITS FOR EACH GAMMA ENERGY GROUP
1 \ _ |
(USE ONLY IF NGINT >0) UNITS OF THE QUANTITIES CALGULATED FROM CONVERSION FACTORS OF CARD Vv
T T
T N SERERARNARNARRRNARRRR T .
¢
Bl | i ' _ C ol L
1 ARNARNNREN T T T
RAC 2RC PHIRC NRCOPT  NGPF NGPL NGPI
[ T RRC — THE R OR X OR o DETECTOR COORDINATE
: i
|
11 ] ZRC - THE Z OR Z OR & DETECTOR COORDINATE
PHIRC — THE ¢ OR Y OR ¢ DETECTOR COORDINATE
DR NRCQPT -~ RECEIVER GEOMETRY OPTION
0 - GYLINDRICAL
1 - GARTESIAN
2 - SPHERIGAL
NGIPF) SAME MEANING AS ON CARD B.
NGPL IF THESE ARE NOT ZERO THEY
NGPI ) OVERRIDE THE VALUES ON CARD B.
g,}_ il
i i

HENENENEEENEEERRERREERERNRED!

[><]x]
[of=]

T T [ Tox o [ [ [ = [ = [ x

B8 =]

< T

<

[c] [FT=]=]=]<
o (slolina]g

<<t <
s lwiro]a

[z]=[=]=]=

o [olelp]~]

o o oo alaTe

2

Blals

ue!

@

N-028

o
ser)

-86'
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APPENDIX C. LISTING OF QAD-P5A(360)

The following pages contain the complete FORTRAN IV listing of QAD-

PSA(360) for the IBM 360 computer. This program contains the following

subroutines: Pg. Mo
1. Main Prograll =eeecemcccccmcamcc oo ——————————————————— ol
2. Subroutine INPUT ==========c=sscecsrrerccr e~ 102
3. Subroutine LENGTH ===-=======-==-=-=-c-—c-ecrceccoc--o- 110
4. Subroutine KERNEL, -==-eec-e—meme—ccccccccccccccccmena——— 115
5. Subroutine SOURCE ~e~rrreccececcceccccccccccccccccman=a 117
6. Subroutine XSECQD ==-=—==m==mmmmmmmmmmm o meem 123
T. Subroutine PRINT  ========----seccm e 125
8. Subroutine TITLE  —meecememcccccec e cc e ccee—cceeem 128
9. Subroutine SLITEl ~-cemcmemcmcoccmcmercemccc e 129
10. Subroutine SLITE. —cecmcmm oo 129
11. Subroutine WEIGHT wecmeeemcceem e 130
12, MOMENT  mommmmm e e oo oo oo e e 133

13, XSECO — mmmmmesm s o e e e e e 138



COMPTLFR NPTTANS - NAMF=

C PROCGCRAM QAD-P5A
C CRISS~SECTIONS AND NFUTRON PARAMETERS ADDED JULY 1965 GePoLAHTI
CQAD-P5  MAIN PRNGRAM WITH NEUTRON MOMENTS CALCULATIONe 5 NEUTe SETSe
C CARTFSTAN, SPHERIC, AND CYLINDRIC SOJRCE AND DETECTOR OPTIONS
r AND THE EXPANDED PRINT
TSN nrrD DIMENSTON DGAM(30), UDGAM(30), FNFUT(15,5), AGAM(37), UAGAM(30C),
1 A NEUT(1645), SREG(2N)
ISN aem2 DIMENSION IS MAX(3), IS MIN(3)
TSN PAT4 DIMENSTON C DET(3), TOTAL G(6), TOQTAL N(5,5), GRP G(30,6),
1 GRP N(15,5,5), TOTL GI(6), TOTL NI(3,5), GRP GI(30,6),
? GRP NI(15,3,5), EG AV(2), EN AV(5)
TSN pres DIMENSION  UNIT G(18}), UNIT GI(27),
? FE ABS G(3C), WIDTHG(20,3),WT G(30,43), NSIND(5,3)
TSN nPnng COMMON /OADNM/  NBMID(18,3), NASET(3), RMXSEC(3), BREAK(3,2),
1 XNMMC(5,30,3), CONVN(10) , HISTN(IM), EN(10) , FEABSN(1QC),
2 WIDTHN(10,2) 4 WTN(1rR,3), UNITN(12), UNITNI(27),UNITND(3),
3 WIDTHT(2,2)
ISN Cnr7 COMMON /QADATA/
1 NSET (30) RSO (101) y» PAISO (101) , ZSO (1N1) 1
2 NBNDZN(5n) s NCMPZN(50) s LBD (6450) 4 NTRYZN(6,50) ,
3 NEQRD (50) sy ABD (50) s+ BRD (50) s CBD (50) ’
4 XCBRD  (5N) s YOBD (5M) s I3BD (50) sy DBD (50) 1
5 HYDRAT(3n) + XSECN (37) » XSECG (20,30), BILDN (30) '
& BILD1 (30) s BILDZ (30) s RILD3 (30) s GAMEN (30) '
T CONV  (73n) s COMP  (20,40), EG (30) y MATZ (20) ’
8 FL (1n1)y 4, FN (1c1y , FM (101) s+ XISO (2,32) ,
9 ASO s IU s+ RRC s+ IRC s PHIRC ,ALF1 sy ALF2 4 ALF3
X ALF4 4, EPSLN , FUDGE , NBLD ,ID(18)

MAYN,UPT=0“,LINECNT=SF,SOUPCE,EBCDIC,NOLIST,NODECK,LDAD,MAP,NOEDIT,NOID

QAD-001C
QAD-0020
QAD-0030
QAD-0G50
QAD-0N60
QAD-0070
QAD-0180
QAD-0190C
QAD-0200
QAD-0210
QAD-0230

-f(6 -



ISN

ISN
ISN

ISN
ISN
ISN

ISN

ISN

ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN

ores

IalaYols)
onlo

col1
npnl12
c013

€014
an15

0016
cn0l7
onis
rr1g
€029

co21
€022
fn23
o024
ce25
oN26
0nQ27
ne2s8
rn29
c030
€n31
0e32
0P 23
rN34
tn 35
0036
0Ny

FQUIVALENCE (LSO, NSET(1)), (MSO, NSET(2)), (NSO, NSET(3)),
1 (MAT, NSET(4)), (NCOMP, NSET(5)), (NREG, NSET(6)),
2 (NRGY, NSET(7)), (NBOUND,NSET(8)), (NS OPT, NSET(9)),

3 (ISRC, NSET(11)),
1 FORMAT  ( 3E9¢4y 2( 15, 14 ))
4 FORMAT ( 1H2, 20X, 38HGEOMETRY PRINT FOR PSEUDO SOURCE POINT,
1 25H AT THE COORDINATE CRIGIN )

(I NEUT, NSET(12))

5 FORMAT ( 1H4 )
6 FORMAT ( 1H1, 10X, 18A4 )
7 FORMAT ( 1HO, 2X, 4HRCVR, I3, 2X, 2HR=, 1PEl12.4, 2Xy 2HZ=,

1 1PE1244,y, 2X, 4HPHI=,
8 FORMAT (

1PE12.4, 2X,
1HO0, 2Xys 4HRCVR, I3, 2X,

12ZHSOURCE POINT, 313 )
2HX=4y 1PE12¢4, 2Xy 2HY=,

1 1PE12.4, 2X, 2HZ=, 1PE12.44 2X, 12HSOURCE POINT, 313 )
9 FORMAT  ( 1HO, 2X, 4HRCVR, I3, 2X, 4HRHO=, 1PE12e%, 2Xy 6HTHETA=,
1 IPE12.4, 2Xy 4HPHI=, 1PE12.4, 2X, 12HSOURCE POINT, 313 )

10 FORMAT ¢ 1H , 10X,
160 CALL SLITE (0)
NGO RC = 0O

IPp = 3
CALL INPUT
1 ¢ N1PT, UNITG,

IF ( NS OPT )
119 IF ( ISRC )
120 CALL SOURCE
1300 READ (5
X NL MAX
X NL MIN
C DET(1)
C DET(2)
C DET(3)
IF
1305 MRC =
NO RC
IF
131 N GPF
132 IF |«
133 N GPL
134 IF (

4HTYPE, 12, 29HGEOMETRY ERROR AT THIS POINT )

UNITGI, WIDTHG, NGINT,
1300,119,110
1300,130C,120

NNINT, FEABSG, WTG)

s 1)RRC,
c.0
1000.0
RRC
PHIRC
ZRC
OPT )
OPT + 1
NO RC + 1
GPF ) 131,131,132
NSET(13)

GPL ) 133,133,134
NSET(14)
GPI ) 135,135,136

ZIRCy PHIRCy N RC OPT, N GPF, N GPL, N GPI

100,1305,1305

222
o 0
OO oo

prs

Z 210

QAD-0430C
QAD-0440
QAD-0450
QAD-0460
QAD-0720
QAD-0730
QAD-0740
QAD-075C
QAD-0760
QAD-0770
QAD-0780
QAD-0790
QAD-080G
QAD-0810
QAD-0820
QAD-0830
QAD-0860
QAD-0N87C
QAD-0880

QAD-0960C
QAD-0990
QAD-10CO
QAD-1010
QAD-1020
QAD-1030
QAD-1040
QAD-1050
QAD-1080C
QAD-1090
QAD-1100
QAD-1110
QAD-1120
QAD-1130
QAD-1140
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ISN
ISN
TSN
ISN
ISN
TSN
ISN
ISN
1SN
ISN
ISN
ISN
TSN
TSN
TSN
ISN
TSN
ISN
ISN
TSN
ISN
TSN
ISN
ISN
ISN
ISN
TSN
ISN
TSN
ISN
ISN
ISN
TSN
ISN
TSN

0038
0r 39
[aleXYal
0041
rn4?
rN43
0044
0N4s
0N46
0n47
0048
0049
nng5n
nns51
0ns2
rnss3
0054
0nss
oNs6
ons7
cnsg
nOs9
C060
0r61
nNe?
0063
Cr 64
0N6S
nNe6
o0neT
SaTY:!
nN69
6rT7o
0071
0072

135
136
180
182

184

186

210

220

224

N GPT =
NGPT= MA
G0 TO (
XRCVR =
YRCVR =
ZRCVR =
60 TO 2
XRCVR =
YRCVR =
ZRCVR =
G0 TO 2
XRCVR =
YRCVR =
XRCVR =
ZRCVR =
N GP C =
TERR3 =
NERR = 0O
DO 210
UDGAM(T)
DGAM( )
CONTINUE
DO 220
DO 220
F NEUT(I
CONTINUE
AW NEUT
MS OPT =
CALL SLI
CALL TI
IP = 10
XSRC = 0
YSRC = N
ZSRC = 0
CALL LFE
( SRE
1€

N SET(15)
X0( 1, NGPI)

182, 184, 186 ), MRC
RRC * COS( PHIRC )
RRC * SIN( PHIRC )
LRC
00
RRC
PHIRC
ZRC
o0
RRC * SIN( ZRC )
XRCVR * SIN( PHIRC )
XRCVR * COS( PHIRC )
RRC * COS( ZRC )

0
0

1=1,30

= 0.0
= 0.0

I=1715

J=175
1J) = 0.0
= 0.0

MAXO({ NSOPT+ 1, 1 )
TE (1)

TLE ( 3, MRC, NORC, CDET(1),
0

oD

o0

NGTH

G(1l), XRELL, SSO, XSRC, YSRC,
RR1 )

ID(1))

ZSRC,

XRCVR,

YRCVR,

ZRCVR,

QAD-1150
QAD-1160
QAD-1170
QAD-1180
QAD-1190C
QAD-1200
QAD-121C
QAD-1220
QAD-1230
QAD-1240
QAD-1250
QAD-1260
QAD-1270
QAD-1280
QAD-1290
QAD-1300
QAD-1310
QAD-1320
QAD-1330
QAD-1340
QAD-1350C
QAD-1360
QAD-1370
QAD-1380C
QAD-1390
QAD-1400
QAD-141G
QAD-1420C
QAD-1430
QAD-1440
QAD-1450
QAD-1460
QAD-1470
QAD-1480
QAD-1490
QAD-1500
QAD-1510
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ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
1SN
ISN

nnT3
n0T74
nrT7S
rnyé
el i
ne78
neTo
0ngo
onel
tnNg2
cna3
NN RG
tcngs
ongeé
c087
nrrgs
rrgeo
00on
neol
neg?
neg3
CNo4
0na9s5
~No6
onoy
nnos
£N99
c100
c101
ninp
n1n3
n1rs
0105
n1neg
r107
r1os
t1N19
c110

230

231

232

250

251

252

253

260
270

271
272
280
190
291

292
293

294
295
296

297

DO 500 N=1,NSO
Go O ( 231, 232, 231 ), MS OPT

SINS = SIN( PHISO(N) )
CO0SS = COS( PHISO(N) )
GO TO 257

YSRC = PHISO(N)
Do 5¢0 L=1,LS0O
GO 70 ( 2514 252, 253 ), MS OPT

XSRC = RSO(L) * COSS
YSRC = RSO(L) =* SINS
G0 TO 260

XSRC = RSO(L)

GO TOo 260

SPHX = COSS * RSO(L)
SPHY = SINS * RSO(L)

FLN = FL(L) * FEN{N)
po 500 M=1,MSO
GO 70 ( 271, 271, 272 ), MS OPT

ZSRC = ZSO(M)

GO TO0 280

XSRC = SPHX * SIN( ZSO(M) )

YSRC = SPHY * SIN( ZSO(M) )

ZSRC = RSO(L) * COS( ZSO(M) )

FLMN = FLN * FM(M)

NGPC = NGPC + 1

IF ( N GPC — N GPF ) 400,293,291
IF ( N GPC - N GPL ) 292,295,400
IF ( N GPC = N GPJ ) 400,294,400
N GPJ = N GPF + N GPI

WRITE (6 1611D

G0 70 296

N GPJ = N GPJ + N GPI

WRITE (6 15)

caLL SLITE (1)

Ip = 10

GO TO ( 297, 298, 299 ), MRC
WRITE (6
GO TO 400

+ 7TINO RC, RRC, ZRC, PHIRC,

Ly

M,y

N

QAD-1520
QAD-1530
QAD-1540
QAD-1550
QAD-1560
QAD-1570
QAD-1580
QAD-1590
QAD-1600
QAD-1610
QAD-1620
QAD-1630
QAD-1640
QAD-1650
QAD-1660
QAD-1670
QAD-1680
QAD-1690
QAD-1700
QAD-1710
QAD-1720
QAD-1730
QAD-1740
QAD-1750
QAD-1760
QAD-1770

" QAD-1780C

QAD-1790
QAD-1800
QAD-1810
QAD-1820
QAD-1830
QAD-1840
QAD-1850
QAD-1860
QAD-1870
QAD-1880C
QAD-1890
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ISN
ISN
ISN
ISN

TSN
TSN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISM
ISN
ISN
ISN
TSN
ISN
ISN
TSN
ISN
ISN
ISN
TSN
ISN
ISN

n111
n112
n113
N114

0115
f116

0117
0118
119
p1l2n
n121
nlz2
0123
0124
r125
r126
r1z27
n128
¢129
f130
01321
~132
n133
€134
r135
Nn136
n137
138
tc139
Nl 40
r141
Nl142
r143
rl44

298

299
400

420

421
422

430

431

433
434

436

480

1
2

1

WRITE (6
GO TO 400
WRITE (6
CALL LENGTH
( SREG(1),
IERR1)
IF ( IFRR1 )
CALL KERNEL

( SPREG(1), XRELL, ANEUT(1,1),
IF  ( N ERR } 430,430,421
IF (N ERR = 5 ) 422,422,430
NS IND(N ERR,1)
NS IND(N ERR,2)
NS IND(N ERR,3)
IF (X NL MAX -
X NL MAX =
IS MAX(1)
IS MAX(2)
IS MAX(3)
IF  ( X NL MIN -
X NL MIN =
IS MIN(1)
IS MIN(2)
IS MIN(3)
A = FLMN / (
AN = 2.46% A
DO 440 J=1,NRGY
D GAM(J) D GAM(J)
unp GAM(J) uD GAM(J)
CONTINUE
IF (T NEUT )
DO 48C

s 8)NO RC, XRC, YRC, ZRC, L,y My, N

19 )NO RC,y XRC, YRC, ZRCy Ly My, N

XRELL, SS0O, XSRC,s YSRC, ZSRC,

420,420,800

AW A, AGAM(1)},

L

M

N
X REL L)
X REL L

431,431,433

[ |
Z2=Xr

X REL L )
X REL L

436 4434 4,434

I on
Z2z=Zrr

12.5663706 * SSO ** 2 )

+ A GAM(J) *
+ UA GAM(J) *

GAMEN(J)
GAMEN(J)

A %
A %

500,500,460
J=1,1 NFUT

J NEUT = N SET(20Q)

DO 480 I=1,J NEUT

F NEUT(I,J) = F NEUT(TI,J)
CONTINUE
AW NEUT =

+ AN * A NEUT(I,J)

AWNEUT + AN * AW A

XRCVR,

YRCVR,

UAGAM(1}),

ZRCVR

NERR)

QAD-1900
QAD-1910
QAD-1920
QAD-1930
QAD—-1940
QAD-1950
QAD-1960
QAD-1970
QAD-1980
QAD-1990
QAD-2000
QAD-2010
QAD-2020
QAD-2030
QAD-2040
QAD-2050
QAD-2060
QAD-2070
QAD-2080
QAD-2090
QAD-2100
QAD-2110C
QAD-2120
QAD-2130
QAD-2140

QAD-2160
QAD-2170
QAD-2180
QAD-2190
QAD-22C0
QAD-2210
QAD-2220
QAD-2230
QAD-2240
QAD-2250
QAD-2260
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ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
1SN
ISN
TSN
TSN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN

500
501

540

CONTINUE
CONTINUE
b0 510 K
TOTL GI(K)
TOTL GI(K+
DO 51C L
TOTL NI(K,
CONTINUE
Do 520 K=1,
TOTAL G(K) =
CONTINUE
DO 53¢
pO0 53¢
TOTAL N(K
CONTINUE
EG AV(1) =
EG AV(2) =
BU FLX T =
DO 540 J
GRP G (Jy1
TOTAL G (1

GRPG(J,3)=U

- X

?
= UD GAM(J)
= TOTAL G(1l) + GRP G(J,1)

D GAM(J)*CIANV(J)
TOTAL G(3) = TOTAL G(3) + GRP G(J,3)
GRP G(Js4) =D GAM(J) * CONV(J)
TOTAL G(4) = TOTAL G(4) + GRP G(J,4)
GRP G(J42) = GRP G(Jy4) / GRP G(J,y3)
GRP G(J,5) = UD GAM(J) * FE ABS G(J)

TOTAL G(5) TOTAL G(5) + GRP G(J,5)
GRP G(J,46) D GAM(J) * FF ABS G(J)
TOTAL G(6) TOTAL G(6) + GRP G(J,6)

EG AV(1l) = EG AV(1) +EG(J) * GRP G(J,y1)
EG AV(2) = EG AV(2) +EG(J) *= D GAM(J)
BU FLX T = BU FLX T + D GAM(J)

CONTINUE

EG AV(1) = EG AV(1l) / TOTAL G(1)

FG AV(2) = EG AV(2) / BU FLX T

TOTAL G(2) = TOTAL G(4) / TOTAL G(3)
IF ( NG INT ) 600,600,550

QAD-2270C
QAD-2280
QAD-2290
QAD-2300
QAD-2310
QAD-2320
QAD-2330
QAD-2340
QAD-2350
QAD-2360
QAD-237C
QAD-2380
QAD-2390
QAD-2400
QAD-241C
QAD-2420
QAD-2430
QAD-2440
QAD-2450
QAD-2460
QAD-2470

QAD-2480
QAD-2490
QAD-2500
QAD-2510
QAD-252¢C
QAD-2530
QAD-2540
QAD-2550
QAD-2560C
QAD-2570
QAD-2580
QAD-2590C
QAD-2600
QAD-2610
QAD-2620
QAD-2630
QAD-2640
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ISN
ISN
ISN
ISN
TSN
1SN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

n183
0184
r185
r18é6
0187
r18s
0189
c190
"9l
0192
0193
f194
0195
0196
r197
0198
0199
c200
0201
nz2n2
c203
€204
fc2ns
nze06
0207
n208
6209
¢210
nz211
€212
r213

550

560
600
610

62n

630

640
650

750 CALL
1

DO
DO

560
560

TOTL GI(2%*K)

CONTINUE

I ( I NEUT ) 750,750,610
nn 650 K=1,1 NEUT

J NEUT = NSET(20)

DO 620 J=1,J NEUT

GRP N(J,1,K)
GRP N(Jqs24K)

TOTAL N(1,K) = TOTAL N(1,K)
GRP N(J,43,K)} = GRP N(J,2,K)
TOTAL N(2,K) = TOTAL N(2,K)
GRP N(Js4,K) = GRP N(Jy24K)
TOTAL N(3,K) = TOTAL N(3,K)
GRP N(Jy54K) = GRP N(Jy24K)
TCTAL N(4,K) = TOTAL N(4,K)
CONTINUE

EN AV(K) = TOTAL N(2,K)

IF ( NN INT } 650,650,630
DO 640 TI=1,NN INT

DO 640 J=1,J NEUT

GRP NI(J,I,K) =

TOTL NIC(I,K)
CONTINUE
CONTINUE
TOTAL N(5,1)
PRINT
( ID(1),

K=14,NG INT
J=14NRGY
GRP GI(J,2%K-1) =
GRP GI(J,2%K) =
TOTL GI(2*K-

ud GAM(J)
D GAM(J) *
1) =
= TOTL GI(2x%K)

F NEUT(J,K)
F NEUT(J4+K)

= TOTL NIC(I,K)

= AW NEUT

NBMID(1,1),

TOTL GI(2%K-1)

GRP N(J,424K)

UNITG(1),

* WT G(J,K)
WT G(J,K)

+ GRP GI(J,2%K)

¥ HIST N(J)

GRP N(J,y2,K)
ENC(J)

GRP N(Jys3,K)
CONV N(J)
GRP N(Js44K)
FE ABS N(J)
GRP N(Js5,4K)

+ 3%+ + # o+

/ TOTAL N(1,K)

* WT N(J,I)
+ GRP NI(JsI,K)

UNITN(L1),

+ GRP GI(J,2%K-1)

UNITGI(1),

UNITNIC(1),

QAD-2650
QAD-2660
QAD~-2670
QAD-2680
QAD-2690
QAD-2700
QAD-2710
QAD-2720
QAD-2730
QAD-274C
QAD-2750
QAD-2760
QAD-2770
QAD-2780
QAD-2790
QAD-28C0
QAD-2810
QAD-2820
QAD-2830
QAD-2840
QAD-2850
QAD-2860
QAD-2870
QAD-2880
QAD-289C
QAD-2900C
QAD-2910
QAD-292C
QAD-293C
QAD-2940
QAD-295C
QAD-2960
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ISN
TSN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

N214
r215
£216
c217
n218
n21¢e
n22n
n221
r222
n223
0224
n225
rz226
0227

800
820

830

340

866G

880

890

ZUNTTND(

1),

WIDTHT(1,1),

WIDTHG(1,1),

WIDTHN(1,1),

EG(1),

NGINT,
EN(1), E

s TOTALN(1,1),

3 NNINT, NJRC, MRC, CDET(1),
4GAV (1), ENAV(1), TOTALG(1)
56RPG(1l,1), GRPN(1l,s1,1),
6}y TOTLNI(1,1)y GRPGI(1,41)y GRPNI(1,1,1),

7 NRGY, NSET(2C), NFRR, NSIND(l,1), NSET(12),
8 XNLMAX, XNLMIN, TSMAX(1), ISMIN(1))

G0 TO 1300

GO 10 ( 820,830,840 ), MRC

WRITE (6 + TINO RC, RRC, ZRC, PHIRC, Ly M, N

GO TO 860

WRITE (6 9+8INO RC, XRC, YRC, ZRC,y Ly M, N

GO To 860

WRITE (6 +9INO RC,y XRC,y YRC,y ZRC, L,y M, N

WRITE (6 +17) TERR1

NERR = NERR + 1

IF (NERR-2) 1300,1300,880

READ (5 2 1) XX, XX2, XX3, IXX

IF(IXX)89C, 880,880

GO TO 100

END

TOTLGI(1

QAD—29 v
QAD-2980
QAD-2990
QAD-3000
QAD-3010
QAD-3020
QAD-3030

QAD-3050
QAD-3060
QAD-3070
QAD-3080
QAD-3090
QAD-31C0
QAD-3110
QAD-3120

QAD-3140

QAD-3160

=101~




SR ENTIAR A TR R ONRY SRR TR M TR e AR

TSN 0ONR2 SUBROUTINE INPUT

CINPT-P SUBROUTINE USED WITH QAD-PR 0020
1 ( N1PT, UNITG, UNITGI, WIDTHG, NGINT, NNINT, FEABSG, WTG)
ISN 0003 DIMENSTION NAM(20)
ISN NOC4 DIMENSION UNIT G(18), UNIT GI(27), QAD-0210
2 FE ABS G(20), WIDTHG(30,3),WT G(3043), NSIND(5,3) QAD-0230
ISN 0OPns COMMON /QADNM/ NBMID(18,3), NASET(3), RMXSEC(3), BREAK(3,2),
1 XNMMC(5,30,3), CONVN(10) , HISTN(10), EN(10) , FEABSN(1C),
2 WIDTHN(10,2) , WTN(10,3), UNITN(12), UNITNI(27),UNITND(3),
3 WIDTHT(2,2)
ISN "NNe COMMON /QADATA/
1 NSET (30) , RSO (101) , P4ISO (101) o, ZSO (101) ’
2 NBNDZN(5C) s NCMPZNI(50) y LBD (6450) 5, NTRYZN(6,450) ,
3 NEQBD (50) , ABD (50) , BBD (50) , CBD (50) ’
4 X0BD (50) , YOBD (50) , Z0BD (50) , DBD (50) ’
5 HYDRAT(30) s XSECN (30) , XSECG (20,30), BILDO (30) ’
6 BILD1 (30) , BILD2 (30) , BILD3 (30) » GAMEN (30) ’
7 CONV  (30) , COMP (20,40), E5 (30) sy MATZ (20) ’ A
8 FL (101) , FN (101) 4 FM (101) , XISO (2,3) , 2
Q ASD , TU s RRC s ZIRC , PHIRC ,ALF1 , ALF2 , ALF3 , !
X ALF4 , EPSLN , FUDGE , NBLD ,ID(18)
ISN £NQY COMMON /STDATA/
1 NAME (100) , ENRG (20) , XSECO (20,100)4XSECEA(20) ’
2 C (44649) 4 EMINBB(8) , NAMB(12) , XSECNT(100) ,DCONST
ISN nnosg EQUIVALENCE (LSO, NSET(1)), (MSD, NSET(2)), (NSO, NSET(3)), 0330
1 (MAT, NSET(4)), (NCOMP, NSET(5)), (NREG, NSET(6)), 0340
2 (NRGY, NSET(7))y, (NBOUND,NSET(8)), (NS OPT, NSET(9)), 0350
3 (ISRC, NSET(11)), (I NEUT, NSET(12)) 0360
ISN ©£C09 EQUIVALENCE ( NSET(20), J NEUT ), ( NSET(20), KK NEUT ) 0370
ISN 0PO10 INTEGER ZFERO
ISN 0n11 ZERO = 0
ISN £N12 DO 984 K=1,30
ISN £013 984 NSET(K) = 0
ISN ON14 DO 986 K=1,6
ISN C015 DO 985 J=1,50
ISN 0016 985 LBD(K,J) = 0

ISN NC17 986 CONTINUE




ISN

ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN

ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN

[QIAR 2]

6r19
0N 20
rn21
oe22
cn23
nO24
0n25
0026
en27
re?28

cn29
ne 30
INARCD ]

nO32
0033
on 24
0N 35
nr 36
037
cr2g
£039
0040
N4l
Cng2
0043
0044
0N 45
CN46
0047
0Ns4s
0N 49
ansn

oesl

1
1

NP W NN DOONOANLN

P e

X

1
16
17
18
185
100
101
102
103
104
105
106
107
109
11c
111
112
113
114
115

1
116

1

FORMAT ( 1H-, 5X, 21HGEQOMETRY CHECK SOURCE / 10X,

55HONE POINT AT THE COORDINATE ORIGIN WITH UNIT INTENSITY

FORMAT ( 1H-, 1P9E12¢4 / ( 1X, 9E12.4 ) )
FORMAT(33H1 NO SOURCE. RUN TERMINATED.)
FORMAT(18A4%)

FORMAT(8(1I5,14))

FORMAT( 8E9.4)

FORMAT(15,14,7E9¢4)

FORMAT(6H1 18A4/13H0 CONTROL161I6/ 25X, 1416 )
FORMAT ( 1H1 )

FORMAT(18H0 ZONE BNDS COMP6(12H BND PKY/7)
FORMAT(1516)

FORMAT(27HO BND EQ PARAMETERSeee//)

FORMAT(216,1P7E1244)
FORMAT (4H1XNM,5X,A4, 16H BUILDUP IS USED//

81HO GRP EPS/E DELTA/K A1/80
1 A3/8B2 A4/B377)
FORMAT (I17,5X1P9E12e4,-1PF7.2)
FORMAT (10HL GRP/MAT 9(4X,A444X))
FORMAT (1CH1 COMP/MAT 9(4X,A4,4X))
FORMAT (12X, 1P9El12.4)
FORMAT(12HO SOURCEL1P8EL1Z2.4)
FORMAT(12HC R1P8E12+4/(12X8E1244))
FORMAT(12HO Z1P8E1244/(12X8E1244))
FORMAT(12HO PHI1P8E1264/(12X8E1244))
FORMAT(12HO F(L)1P8E1244/(12X8E1244))
FORMAT(12HC FI(M)1P8F12.4/(12X8E1244))
FORMAT(12HO FIN)1PB8E1244/(12X8E12.4))
FORMAT (5E12.8)
FORMAT (1HQ,27X,29HNEUTRON REMOVAL CROSS-SECTION)
FORMAT (1H0,27X929HGAMMA ATTENUATION COEFFICIENT)
FORMAT (1H1,25X,30HNEUTRCN CURVE FIT COEFFICIENTS)

FORMAT (1HC,10X,32HREFERENCE MATERIAL CROSS-SECTION,1PEl12.4)

FORMAT (1HO,10X,11HBREAK POINT, 2F12.4 )
FORMAT (7X,1P5E12.4)

)

A2/8B

FORMAT ( 1H1, 10X, 18A4 / 10X, 8HI NEUT -, I3, 10X, 8HJ NEUT —,

13, 10X, 11HNA SET(L) -, I3 )

FORMAT (1H-, 10X, 36HNEUTRON INTEGRAL WEIGHTING FACTORS -/

(1CX, 1P5F16.8})

058C
0590
0600
062G

0640
0650
0660
0670
0680
0690
0700
0710
0720

0730
0740

0780
0790
0800
0810
0820
0830
0840
0850
0860
0870
0880
o8oc
0900
0910
0920

€940
0950
ros6e

-£0T-




TSN

ISN
ISN

TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN

TSN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

nes2

ons3
AT

0055
nnse
Q0s7
nnse
~oe0
nnegl
nne2
0ne3
oné4
nO65
0N 66
0067
c068
LAIANCAS)
0070
onTl

onT2
ne73
0074
rN 75
nOT76
0n77
onTs
0n79
0080
cral
nngo
00e3
0084
c08s

C
C

117 FORMAT (1H-, 10X, 29HNEUTRON INTEGRATING FACTORS -/
1 (10X, 1P5E16.8))
118 FORMAT ( 1HO, 27X, 25HMATERIAL HYDROGEN DENSITY
900 FORMAT( 12710 )
READ (5 15 sEND = 666) 1ID
READ (5 s 6V (NSET(T),1=1,16)
NG INT = N SET(16)
TF(NSET(12).GT.0) NSET(12)=3
INEUT=NSET(12)
NSET(19)= 1-NSET(12)
NNINT=3
NSET(22)=3
JNEUT=10
N SET(21) = NG INT
N SET(18) = N SET(¢) - 9
IF ( N SET(9) - 9} 5997,5997,5996
5996 N SET(9) = N SET(9) - 10
5997 IF ( N SET(19) ) 5999,5999,5G98
5998 N SET(22) = 0O
5999 WRITE (6 +911D, N SET
ISRC=NSET(11)
IF(ISRC)I19,19,20
19 IF(ASO)191,191,30
191 WRITE (6 14)
CaLL EXIT
2N LU=LS0+1
MU=MSO+1
NU=NSO+1
24 READ (5 s 7TVASD, (( XISO(I,J)}, I=1,2), J=1,3
WRITE (6 s100)AS0, (( XISO(I4Jd), I=1,2 ), J=
25 READ (5 s+ 7TY(RSO(L) ,L=1,LU)
WRITE (6 s101)(RSO(L),L=1,LU)
READ (5 s 71 (2SO (M) ,M=1,MU)
WRITE (6 #102)(ZSO(M) 4M=1,MU)

)

0970
0980
0990

1000
1010

1030

1120
1140
1150
1160
1170
1180
1190
12C0
1210
1220
1230
1240
1250
1260
1270
1280
1290
13060
1310
1320
1330
1340

..1-(0-[-




ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
TSN
ISN
ISN
ISN
TSN

cnes
rog7
rose
nrngo
nneo
orol
cnao?
cno3
onog
ongs
rN96
cno7
ceos
cnog

0100
r101
c102
0103
n104
0105
0106
f‘lﬁ?
ning
n1n9
c110
~f111
"2
n113
114
t115
n11é
0117
n118
n119

30

221

9876

222
3n1

32
6N

34

READ (5 2+ TY(PHISO(N) ¢ N=1,NU)

WRITE (6 +103) (PHISO(N) ,N=1,NU)

GO TO(30,22),ISRC

READ (5 27 7TYIFL{L)Y,L=1,LU)

WRITE (6 1104) (FL(L),L=1,LU)

READ (5 1 TY(FM(M)yM=1,MU)

WRITE (6 1105) (FM(M),M=1,MU)

READ (5 2 7Y (EN(N) 4 N=1,NU)

WRITE (6 1106) (FN(N),N=1,NU)

Ne9 = 6

IF ( N SET(18) ) 222,222,221

READ (5 » 71 GAMEN(I), I=1,NRGY )
WRITE (6 19876) ( GAMEN(I), I=1,NRGY )
FORMAT ( 1HO, 10X, 21HGAMMA SOURCE SPECTRUM / ( 3X, 1P7El6e4 ) )

IF ( NSET(6) ) 301,301,31
NSET(N99) = TABS( NSET(N9S9) )

GO TO 1000

CONTINUE

DO 32 J4=14NREG

READ (5 16) TU,NCMPZN(J)

NRNDZN(J)=TU

XTu=IU

IUAB=ABS (XIU)

READ (5 16) (LBD{I,J)4NTRYZN(I,J),1=1,1UAB)
WRITE (6 111)

N 62 J=1,NREG

TU=NBNDZN(J)

XTu=1U

TUAB=ARS (XIU)

WRITE (6 1121 J3TU4NCMPZN(J) , (LBD(I,4J) ¢yNTRYZN(I,J),1=1,1IUAB)

Nog = 8

IF ( NSET(8) ) 301,301,334

CONTINUE

READ (5 18) (Ky NEQBD(K),ABD(K) 4BBD(K),CBD(K)4XCBD(K), YCBD

1(K),Z0BD(K),DBD(K) ,K=1,NBOUND)

1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510

1530
1540

1560

1570
1580
159¢C

1610
1620
1630
1640
1650

-G0T~




ISN
ISN

ISN
ISN
TSN
TSN
ISN
TSN
ISN
TSN
TSN
TSN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
TSN
TSN
TSN
TSN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
TSN
ISN
TSN
ISN
TSN
ISN
TSN

0120
r21

n122
r123
0124
n125
G126
c127
r128
n129
n130
n132
n133
C134
¢135
n136
~137
~138
0139
"1 40
0141
0142
n143
N144
0145
nl46
n147
148
0149
c150
0151
n1s52
n153
0154
£155
n1s56
n157

40

44

45

69

43

70

6551
6552

WRITE (6 113)

WRITE (6 +14) (I ,NEQBD(I),ABD(I),BBD(I1),CBD(I),XOBD(I),
1),70BD(I),DBD(I),1=1,NBOUND) '

N99 = 5

IF ( NSET(5) ) 301,301,40

CONTINUE

READ (546) NBLD,(MATZ(1),1=1,MAT)
DO 44 1=1,MAT

L = MATZ(I)

NAM(TI) = NAME(L)

HYDRAT(I) = 0,0

XSECN(I) = XSECNT(L)

DO 45 J=1,NCOMP

READ (5 1 7V (COMP(T,4J),1=1,MAT)
DO 69 K=1,MAT, 9

Tu= MINO(K+8,MAT)

WRITE (6,18) (NAM(I),I=K,1U)

DO 69 J=1,NCOMP

WRITE (6 116VJ,(COMP(T,4J),1=K,TU)
N99 = 4

IF ( NSET(4) ) 301,301,43

CONTINUE

READ (5 1710 EG(K) 4y K=14NRGY )

CALL XSECQD

DO 70 K=1,MAT,9
IU=MIND(K+8,MAT)

WRITE (6,17) (NAM(I),1=K,IU)

WRITE (6 1109)

WRITE (6 1185) (XSECN(1), I=K,IU)
WRITE (6 1118)

WRITE (6 1185)( HYDRAT(I), I=K,IU )
WRITE (6 1 110)

DO 70 J=1,NRGY

WRITE (6416) Jy(XSECG(I,J),1=K,IU),EG(J)
IF (N SET(18) ) 6551,6551,6552

READ (5 2 7) (GAMEN(I),I=1,NRGY)

READ (5 2 7)(CONV(I),1=1,NRGY)

YOBD(I

1660
1670
1680
1690
1700
1710

1720
1730
1740
1750

177C
1780
1790
1800
1810
2400

1840
1850

1870
1880
1890
1900
1910
1920

1940
1950
1960

_90-[..




TSN
ISN
TSN

TSN

ISN
TSN
ISN

ISN
TSN
ISN

ISN
1SN
ISN
TSN
TSN

TSN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

r158
nN159
0160

0161

0162
0163
0164

C165
N166
n1é67

0168
0170
0171
c172
nf173

0174
0175
0176
r1TT
0178
£179
n18N
cl1al
p1le?
0183
n184
n185
0186
r187
n1es
r189

65

OO0

530
540

3000
90N1
90n02
o3
9004
9005
anNne

WRITE (6 115) NAMB(NBLD)

DO 65 T=1,NRGY

1W§IT§ (6 116)1,GAMEN(T),CONV(I) ,BILDN(T),BILDI(I),BILD2(T),BIL
D3(1

ALF1= 0.2655E-7
ALF1= 0.2655F-7 (RAD/SEC)/(NEUT/SEC) = .653E-7 RAD/FISSION
= 2435E-4(RAD/HR)/(FISS/SEC) eee 2035E-4(REP/HR)/(FISS/SEC)

AN OLD WESTINGHOUSE NUMBER
USED WITH 0.29, 0.83, 0,58

ALF2 = 429

ALF3 = .83

ALF4 = ,58

EPSLN = 1.0E-6

FUDGE = 1.0E-3

WRITE (6 +16)ZERO,EPSLNsFUDGE, ALF1,ALF2,ALF3,ALF4

IF(CINEUT.LE.Q) GO TO 7778
KER PL = O

KKNEUT=JNEUT

DD 540 L=1,1 NEUT

WRITE (6 4+115)( NBMID(K,L), K=1,18 )}, T NEUT, J NEUT, NA SE
1T(L)

WRITE (6 +112)RM XSEC(L)

WRITE (6 9s113)BREAK(L,1)y BREAK(L,2)

NN SET = J NEUT * NA SET(L)

DO 53C J=1,NN SET

WRITE (6 s114)( XN MM C(I,J,L), I=1,5)
CONTINUE

CONTINUE

WRITE (6 2116)( CONV N(K), K=1,KK NEUT )
WRITE (6 2117V (HIST N(K), K=1,KK NEUT)
FORMAT ( 1H+, 20X, 18A4 / ( 21X, 18A4 ) )
FORMAT ( 1H-, 3HEG- )

FORMAT ( 1H-, 3HEN- )

FORMAT ( 1H-, 9HFE ABS G- )

FORMAT ( 1H-, 9HFE ABS N- )

FORMAT ( 1H-, BHWIDTH T- )

FORMAT ( 1H-, BHWIDTH G- )

1990
2000
2010

2030
2040

2070
2110
2120
2130
2140
2150
2160
2180
2190
2200
2220
2240
2250
2260
2270
2280
2290
230C
2310

-L0T-



TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
TSN
ISN

1SN
ISN

TSN
ISN
ISN
ISN

ISN
ISM
ISN
ISN
ISN

n190
0101
0192
r193
n194
n195
0196
c197
r19s
n199
c200
n2n1
0202
0203
204
02n5
n206
0207
0208
n209
n210
n211
212
€213

n214
n215

rz216
£217
n218
0219

0220
rz221
r222
223
n224

9007
9008
9nng
9010
9011
912
9013
7778

610

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
WRITE
WRITE
WRITE
READ
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
READ
WRITE
WRITE
READ
WRITE
WRITE
WRITE

WRITE
READ(5

WRITE
WRITE
WRITE
WRITE
1)

IF
DO 62
READ
WRITE
WRITE

(6
(6
(6
(5
(6
(6
(6
(6
(6
(6
(5
(6
(6
(5
(6
(6
(6

(6

(6
(6
(6
(6

NG
c

(5
(6
(6

+5)
1 UNITG(3%I+7),

SBHWIDTH N-
THUNIT G-
THUNIT N-
4HWT G4 5X
4HWT Ny 5X
8HUNIT GI-
SHUNIT NI-
2 10)

19001)

12)( EG(K),
s 7)( FE ABS
19003)

12)(
19002)

12)( EN(K),
+9004)

12)( FE ABS
+5) ( WIDTH
19005)
49000} (( WID
15)(( WIDTH
19C06)
19000 ((
y90Q7)

49000 ((
UNITG(3*xI-2

WID

+»9C08)
1 9000) (
1y9009)
19000) (

UNIT
UNIT

INT ) 630,630,6
I=14NG INT
2 7Y WT G(J,
+19010)1
220 WT G(J,

FE ABS G(K),

WIDTH N(J,I),

UNITG(3%I+8),

)
)
)
» 4HSET , 12 )
y 4HSET , 12 )
)
)

K=1, NRGY )

G(K)y K=1,NRGY )
K=1,4NRGY )
K=1,KK NEUT )

N(K), K=1,KK NEUT
T(l,yJd)y J=1,2 )

TH T(I,4.J),
G(J,yI),

J=112
I=113 )1
TH G(J1I)1 I=113

I=112
)y UNITS(3%1-1),
UNTITG(3%I+9)

?

G(I), I=1,18 )
N(T), I=1,12), (
190

1)y J=1,NRGY )
1)y J=1,NRGY )

)

)y J=1,NRGY )

)1 J=11 KKNEUT)
UNITG(3%1I),
I=1,3 )

UNIT ND(I), I=1,3

2320
2330
2340
2350
2360
2370
2380

2410
2420
2430
2440
2450
2470
2480
2500
2510

2530
2540
2550
2560
2570
2590
2600
2610
2620
2630
2640
2670
2680
2690
2700
2710
2720
2730
2740

—80'[—




ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

n225
n226

c227
nz228
n229
nz3n
rz231
nz23z2
r233
n234
0235
r236
r237
r23e
0239

620

630
640

650

1000
666

CONTINUE
READ (5
1 GI(2%I+5

2 GI(2%I+12), I=1,3 )
WRITE (6 19012)
WRITE (6 1y9000) (
IF ( INEUT) 1000,
DO 650 I=1,NN INT
WRITE (6 +9011)1
WRITE (6 12) (. WT
CONTINUE
WRITE (6 19C13)
WRITE (6 19000 (
RETURN
CALL EXIT
RETURN

END

#5)(C UNIT GI(2%1-1),
)y UNIT GI(2%I+6),

UNIT GI(I),
1000, 640

N(JyI)v J=11KK NEUT

UNIT NICI),

UNIT GI(2*I},
UNIT GI(2%*I+11),

I=1,27

I=1,27

)

)

)

UNIT
UNIT

2750
2760
277C
2780
2790
2800

2820
2830
2850
2860
2900
2910

2930

-60T-




ISN

ISN
ISN

coe2

WLE
rNog

ISN €005

TSN
TSN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
TSN
ISN

npoece

nnpy
onns
nnNNg
cn1o
nn11
nnl2
ne13
0n1i4
nel1s
tn16
co17
018
rN19
o020
no21
nnoo
0n23

RCy ZRC

y L1717
s+ NTRYZ
s CBD

s DBD

s+ BILDO
» GAMEN
v MATZ
+ XISO
1 4, AL

(NSO,

s TERR )

(101) ’
N(6,50) ,
(50) ’
(50) ’
(30) ’
(30) ’
(20) 1
(2,3) ’
F2 4 ALF3

NSET(3)),

NSET(6)),

Ty NSET(9
I NEUT,

V),
NSET(12)

SUBROUTINE LENGTH
CLEN-N SUBROUTINE USED WITH QAD-NM AND QAD-PR
1 ( SMAT, XRELL, SSO, XSO, YSO, 7SO, XRC, Y
DIMENSION R(6),SMAT(20C)
COMMON /QADATA/.
1 NSET (30) + RSO (101) y P4ISO (101)
2 NBNDZN(590) s NCMPZN(5N) s LBD (6,50)
3 NEQBD (50) s+ ABD (50) sy BBD (50)
4 X0BD (50) + YOBD (50) » ZIBD (50)
5 HYDRAT(30) s XSECN (30) + XSECG (20,30)
6 BILD1 (30) + BILD2 (30) s+ BILD3 (30)
7 CONV  (30) » COMP (20,40), EG (30)
8 FL (1e1) , FN (101) , FM (101)
9 ASO v IU s+ RRC + LRV s PHIRC ,LALF
X ALF4 4 EPSLN , FUDGE , NBLD ,ID(18)
EQUIVALENCE (LSO, NSET(1)), (MSO, NSET(2)),
1 (MAT, NSET(4)), (NCOMP, NSET(5)), (NREG,
2 (NRGY, NSET(7)), (NBOUND,NSET(8)), (NS OP
3 ( NZSOQ, NSET(10) )y ( ISRC, NSET(11) ), (
5 FORMAT(67HO ZONE BOUNDARY DISTANCE
1 Z)
6 FORMAT(2(17,5X)41P6E1244)
X REL L = 0,0
9 CALL SLITET(4,K0O0Q0OFX)
GO TO(10,10) ,KO0NOFX
10 CALL SLITET(1,K000FX)
GO T0(101,102),KO00OF X
101 CALL SLITE (1)
WRITE (6 15)
102 DO 11 M=1,MAT

11

SMAT(M)=0,0

X=XS0

Y=YSO

£=7S0

ALPHA=XRC-X

BETA=YRC-Y

GAMMA=7RC-7 ‘
SRC=SQRT(ALPHA**2+BETA%%2+GAMMA*%2)

X

)

Y

LEN-0020
LEN-0O10
LEN-CO030
LEN-0040

LEN-0310
LEN-0320
LEN-0330
LEN-0340
LEN-0530
LEN-054C
LEN-0550
LEN-0560
LEN-0O570
LEN-0580
LEN-0530
LEN-06CO
LEN-~-0610
LEN-0620
LEN-0Q630
LEN-0640
LEN=-0650
LEN-C660
LEN-0670
LEN-0680
LEN-0690
LEN-0700
LEN-0T10

-0TT-



~TtT-

ISN 0024 ALPHA =ALPHA/SRC EN-
ISN 0025 GAMMA=GAMMA / SRC tEZ—gggg
ISN 0026 BETA=BETA/SRC LEN-074C
ISN 0027 $S0=SRC LEN-0750
ISN 0028 SMIN=FUDGE LEN-0760
ISN 0029 NP=NZ SO LEN-0770
ISN 0030 100 X=X+ALPHA*SMIN LEN-0780
ISN N031 Y=Y+BETA%SMIN LEN-0790
ISN 0032 Z=7+GAMMAXSMIN LEN-0800
ISN NN33 SRC=SRC~SMIN _
ISN 0034 50 IL=NP LEN-0810
, - LEN-0820
ISN 0035 TU=NREG LEN-0830
ISN £O36 25 DO 42 I=1L,IU LEN-0840
ISN 0037 XJU=NBNDZN(1)
ISN 0038 JU=ABS (XJU)
ISN 0039 DO 41 J =1,JU LEN-0860
ISN 0040 XK=LBD(J,1)
ISN G041 K=ABS (XK)
TSN 0N42 NEQ=NEQBD(K) LEN-0880
ISN 0N43 GO TO(31,32,33,34,35,36),NEQ LEN-089(
ISN 0944 31 RP(J)=X*(ABD(K)%*X+XOBD(K))+Y*(BBD(K)*Y+YOBD(K) ) LEN-0900
1+2% (CBD(K)*Z+Z0BD(K) )—DBD (K) LEN-0910
ISN 0045 GO TO 40 LEN-0920
ISN 0046 32 R(J)I=ABD(K)*( X=XOBD (K))#*%2+BBD(K) *( Y=YOBD(K) ) ** LEN-0930
1+CBD(K) *(Z—20BD (K) ) %% 2-DBD (K ) LEN-0940
ISN 0047 GO TO 40 LEN-0950
ISN 0048 33 R(J)=(X=X0BD(K) ) %%2+(Y=YCBD(K))*%x2-DBD(K) LEN-0960
ISN 0049 GO TO 40 LEN-0970
ISN 0050 34 R(J)=X-DBD(K) LEN-0980
ISN 0051 GO TO 40 LEN-0990
ISN 0052 35 R(J)=Y-DBD(K) LEN-1000
ISN 0052 GO TO 40 LEN-1010
ISN ONG4 36 R{J)=2-DBD(K) LEN-1020
ISN 0055 40 TF(ISIGN(1,LBD(Jy 1) )*R{J)) 41,41,42
ISN 0056 41 CONTINUE LEN=-1040

ISN 0057 GO T0O 50 LEN-1050




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
TSN
ISN

TSN
ISN

ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
TSN
ISN

0058
tNs59
0060
eNne6l
nne2
no63
Cne4
o0re6s5
0066
nnev

N068
0N69
0070
0071
0072
nO73
nN74
nOT7s5
0n76
0077

0078
an79

nngo
0081
nego
cneas
0ngs
noes
0086
0087
nngs
ongg
nNnagn
neol

42

43

45

46

51

1

62 E=ABD(K)*ALPHA*(X-XOBD(K))+BBD(K)*BETA*(Y-YOBD(K))
14C30(K)*GAMMA=(Z-203D(K))

H=ABD (K)*ALPHA%*2+BBD(K)*BETA**2+4CBD(K)*GAMMA**2

620

63

64
65
66

660
70

CONTINUE
IF(TU-NP)45,43,43
IL=1

Tu=NP-1

GO TO 25

TIERR=1

CALL SLITET(1,K000FX)
GO TO(300446),KO00FX

CALL SLITE (1)

GO 70 9
SMIN=SRC
KK=0

ITF(NBNDZN(I))99,99,51
N0 98 J=1,J4U
K1=LBD(J,1)
XK=LBD(J, 1)

K=ABS (XK)
NEQ=NEQBD(K)

GO TO(61,624+63,64,65,66),NEQ
61 E=(ABD(K)*X+XNBD(K)/2.0)*ALPHA+(BBD(K)*Y+YOBD(K)/2.0)*BETA
+ (CBD(K)*®Z+ZJ3BD(K)/2.0)*GAMMA

GO TO 620

GO TO0 70

E=ALPHA®(X~-XO0OBD(K))+BETA*(Y-YOBD(K))

H=1+.0-GAMMA=%D

GO TO 70
E=ALPHA/240
GO TO 660
E=BETA/2.0
GO TO 660

E =GAMMA/2.0
H=0.0

IF(H)71L,75,75

LEN-1060
LEN-1070
LEN-1080
LEN-1090
LEN-1100
LEN-1110
LEN-1120
LEN-1130
LEN-114G
LEN-115C
LEN-1160
LEN-1170
LEN-1180
LEN-1190C
LEN-120C

LEN-1220
LEN-1230
LEN-1240
LEN-1250
LEN-1260
LEN=-1270
LEN=1230
LEN-1290
LEN-1300
LEN-1310
LEN-1320
LEN-1330
LEN-1340
LEN-1350
LEN-1360
LEN-1370
LEN-1380
LEN-1390
LEN-1400

=211~




1SN
ISM
ISN
TSN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
TSN
ISN

TSN
TSN
ISN
ISN
ISN
ISN
ISN
ISN

0092
nno93
0094
0095
nnag
6097
0n93
nnaoo
~c1oN
0101
n102
niN3
N104
0105
N106
010z
n108
f109
0110
N1l
n112
0113
0114
N115
n116
n117
n118
n119
0120

r121
ry22
~123
c124
n125
n126
~127
r128

71

75
76
7
78

80
81

85
86
87

90
91

92

95
96

98

99

991

H=—H

E=-E

R(J)=-R(J)

Kl=-K1
TF(H-EPSLN)T76476,85
TF(R(J))IBC, 77,80

TERR=2

CALL SLITET(1,KQ00FX)

50 TO(300,78),KO00FX
CALL SLITE (1)

GO T0O 9
IF(ABS(E)-EPSLN)98,98,81
SBD=-R(J)/2.D/E
IF(SBD)98,98,95
TF(R(J))IB6,T77,90
TF(H®XSMIN**x242, O%E*SMIN+R (J))98,98,87
QUAD=E*%*2-H*R{J)

50 10 92

IF(E)91,98,98
QUAD=E**2—-H*R (J)
IF(QUAD-EPSLN}98,98,92
S1 = K1

SBD = (—-E+SIGN(SQRT(QUAD),S1))/H
IF(SBD-SMIN)96,98,98
CALL SLITE (4)

SMIN=SBD

KK=K1

NP =NTRYZN(J,1)

CONTINUE

SMIN=SMIN+FUDGE
CALL SLITET(1,KOCOFX)
GO TN(991,992) ,KOOOFX
CALL SLITE (1)
WRITE (6 26) T 4KKy SMINyX,Y,7Z

2 N=NCMPZN(TI)

DO 994 M=1,MAT
SMAT(M) = SMAT(M) + SMIN * COMP(M,N)

LEN-1410
LEN=-1420
LEN-1430

LEN=1450
LEN=1460
LEN-1470
LEN-1480
LEN-1490
LEN-1500
LEN-1510
LEN-1520
LEN-1530
LEN-1540
LEN-1550
LEN-1560
LEN-1570
LEN-1580
LEN-1590
LEN-1600
LEN-1610

LEN-1630
LEN-1640
LEN-1650

LEN-1670
LEN-1680
LEN-1690
LEN=1700
LEN-1710
LEN-1720
LEN-1730
LEN-1740
LEN-1750
LEN-1760
LEN-177C
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ISN
ISN
TSN
TSN
ISN
TSN
ISN
ISN
ISN
ISN
ISN

n129
130
0131
r132
n1323
0134
n135
N136
c137
n128
0139

994

105

300

301

1000

X REL L = X REL L + SMIN * COMP(M,N) * X SEC N(M)
CONTINUE
CALL SLITET(4,KOQOFX)

GO T0O(100,105),K000FX
TERR=0
CALL SLITET(1l,KOO0QFX)

GO TO(201,301),KO000FX
CALL SLITET(4,4KOCOFX)

GO T0O(1000C,1700) ,KOD0FX
RETURN

END

LEN-1780
LEN-1790
LEN-1800
LEN-1810
LEN-1820
LEN-1830
LEN-1840
LEN-1850
LEN-1860
LEN-1870
LEN-1880
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ISN

ISN
ISN

ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

cee?

UE!
0O0G

neos

0nos

ocny
opnsg
ococg
£n10
0on1tl
on12
cN13
onls4
ton1s5
fN16
nG17
cn18
oo

CKER-

100
200

210
220

230
240

SUBROUTINE KERNEL
P SUBROUTINE USED WITH QAD-PR

1 ( S MAT, X RELL, A NEUT, AW A,
DIMENSION SMAT(20), ANEUT(16,5)
COMMON /QADNM/ NBMID(18,3), NASE
1 XNMMC(5,3C,3), CONVN(10) , HIST

2 WIDTHN(1C,2) 4 WTIN(10,3),

3 WIDTHT(2,2)

COMMON /QADATA/

1 NSET (30) + RSO (101) s PA
2 NBNDZN(5C) s NCMPZN(50) y LB
3 NEQBD (50) s+ ABD (50) s+ BB
4 XO0BD (50) s+ YOBD (50) s 20
5 HYDRAT (3C) s+ XSECN (30) 1+ XS
6 BILD1 (30) s BILDZ2 (30) s BI
7 CONV  (30) » COMP  (20,40), EG
8 FL (1n1) 4 FN (101) , FM
9 ASQG s IU 1+ RRC s ZRC 1
X ALF4 4 EPSLN 4, FUDGE , NBLD ,ID
EQUIVALENCE (LSO, NSET(1)), (MS]
] (MAT, NSET(4)), (NCOMP, NSET(5
2 (NRGYs NSET(7))y, (NBOUNDsNSET(
3 (ISRC,y NSET(11)), (I NEUT, NSE
J NEUT = NSET(20)

IF (I NEUT ) 300,300,200

DG 250 L=1,1 NEUT

L NEUT = 0

TAU = X RELL / RM XSEC(L)

IF ( TAU - BREAK(L,1) ) 240,240
IF ( TAU - BREAK(L,2) ) 220,220
L NEUT =1

GO T0O 240

L NEUT =2

DO 25C 1I=1,J NEUT

N = NA SET(L) * ( T -1 ) + 1 + L
A NEUT(I,L) = EXPCC(C( XN MM C(1,N
1TAU + XN MM C(3,N
2TAU + XN MM C(5,4N

A GAM, UA
+ AGAM(30),
T(3),
N(10),

RMXSEC(3),
EN(10)

GAM, N ERR )
UAGAM(30)

BREAK (342),
FEABSN(10),

UNITN(12), UNETNI(27),UNITND(3),

IS0 (1¢1) 4 ZSO (101) 1

D (6,50) 4 NTRYZN(6,50) ,

D (5C) s CBD (50) 1

BD (50) s+ DBD (50) ’

ECG (20,430), BILDO (30) ’

LD3 (30) + GAMEN (30) '
(30) + MATZ (20) ’
(101) , XISO (2,3) ,

PHIRC ,ALF1 , ALF2 4 ALF3

(18)

s+ NSET(2)), (NSO, NSET(3)),

)) s (NREG, NSET(6)),

8)), (NS OPT, NSET({9)},

T(12))

1210

12320

NEUT

s L)
1LY )
L) )

* %*

TAU + XN MM C(24N,yL)
TAU + XN

MM C(44NyL)

)
)

?

3 3t

KER-0020
KER-0010
KER-0OC3G
KER-0040

KER-0300C
KER-0310
KER-0320
KER-033C
KER-051C
KER-0520
KER-0530
KER-0540
KER-0550
KER-0560
KER-0570
KER-0580
KER-0590
KER-060GC
KER-0610
KER-0620
KER-0630
KER-0640
KER-0650
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
TSN
ISN
ISN

ISN
ISN
ISN
ISN
ISN

~n20
ne21
0022
0n23
r024
ce25
ne26
on27
no28
ee29
0030

np31
0032
cC33
0034
0035
cn36
6037

cn 38
nn39
0040
0041
0042

250 CONTINUF

S HYD = C.0
DO 260 M=1,MAT
S HYD = S HYD + HYDRAT(M) % S MAT(M)
260 CONTINUE
S HYD = S HYD / 0.1119
If (S HYD ) 270,270,280
270 AW A = ALF1 % EXP( - X RELL )
N ERR = N ERR + 1
GO 70 3¢0
280 AW A = ALF1 * S HYD %% ALF2 *
1 EXP( 0.0669 * S HYD — XRELL - ALF3 * S HYD %% ALF4
300 DO 400 J=1,NRGY
AG = 0,0
DO 350 I=1,MAT

320 AG=AG+SMAT(I)*XSECG(I,J)
350 CONTINUE

369
270

380
350
400

1

U GAM = EXP( -AG )

GAM = (( BILD3(J) =
+ BILDO(J)

A GAM(J) = UGAM * GAM

UA GAM(J) = U GAM

CONTINUE

1000 RETURN

END

AG + BILD2(J)

)

*x AG + BILD1(J)

)

)

* AG

KER-067C
KER-0680
KER-0690
KER-0Q700
KER-0710
KER-0720
KER-0730
KER-074G
KER-0T75G
KER-QT760
KER-0770

KER-0780
KER-0790
KER-C800
KER-0810
KER-0820
KER-C830
KER-0840
KER-G850
KER-0860
KER-0870
KER-0880
KER-089C
KER-090C
KER-0910

_9II_




ISN

ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN

ISN

ISN

ISN
ISN

con2

con3
na04

nnes

nooe
onny
poneg
¢Cco9
cel0
ce11l

oniz2
0013
0014
en1s
0016

co01Y

0018

c019
oc 2N

CCcsScC

OO0

100

150

SUBROUTINE SOURCE

SUBROUTINE USED WITH QAD—-NM AND QAD-PR
DIMENSION FT(3), ISO(3)
COMMON /QADATA/

1 NSET (30C) s CSO (101,3) ,

2 NBNDZN(50) s NCMPZN(50) s LBD (6450) 4 NTRYZIN(6,50) ,
3 NEQBD (50) s+ ABD (50) sy BBD (50) s CBD (5C) '
4 X0BD (50) s+ YOBD (50) y 20BD (50) s DBD (50) 1
5 HYDRAT(30) s XSECN (30) s+ XSECG (20,30), BILDO (390) '
6 BILDL (3n) s BILDZ2 (30) y BILD3 (30) + GAMEN (30) ’
7 CONV  (30) s COMP (20,40}, EG (30) y MATZ (20) ’
8 F (101,3), XISO (243) ,
9 ASO y IU s RRC y ZRC s+ PHIRC ,ALF1 , ALF2 4 ALF3
X ALF4 , EPSLN , FUDGE , NBLD ,ID(18)

EQUIVALENCE (LSO, NSET(1)), (MSO, NSET(2)), (NSO, NSET(3)),
1 (MAT, NSET(4)), (NCOMP, NSET(5)), (NREG, NSET(6)),

2 (NRGYy NSET(7)}), (NBOUND,NSET{(8)), (NS OPT, NSET(9)),
3 (ISRCy NSET(11)), (I NEUT, NSET(12))

FNS(QCOOFL) =SIN(C XI * ( QOCOFL- ETA })

FNC(QOO1FL) =COS( XI * ( QOCOlFL- ETA ))

1S0(1) = LSO
1S0(2) = NSO
I1S0(3) = MSO

I ( ISRC -1 ) 150,150,450

INTENSITIES COMPUTED FROM XI-S
DO 400 N=1,3

FT(N) = 0.0

KOUNT = 3 x NS OPT + N

MAX = TSO(N)

IF ( XISO(1l,N) ) 300,200,300

XI=0
R PHI /A X Y z RHO PHI THETA
GO 70 ( 230, 210, 210, 210, 210, 210, 250, 210, 270 ), KOUNT
PHI, Z, Xy Yy Z, PHI

DO 220 M=1,MAX
F(MyN) = CSO(M+1,4N) — CSG(M,4N)
CSO(M4N) = Qo5 * ( CSO(M+1,4N) + CSO(M,N) )

CSC
CSC
CSC

CSC
CsC
CSC
CscC
CSC
CscC
CSC
CscC
CSsSC
CSC
csc
CscC
Csc
CsSC
CscC
CscC
CSC
CsC
(O
CscC
CsSC
CSC
CsSC

0020
0010
0040

0120
0130
0140
0150
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
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ISN
ISN
ISN

ISN
TSN
ISN
ISN
ISN
TSN

ISN

ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN

ISN

ISN
ISN

TSN
ISN
ISN
ISN

ce21
on?2
on23

0024
cn2s5
0026
nG27
0028
eN29

N30

£n31
no 32
ne33
0034
0n35

00 36
6N 37
nr38
0639
ce4n
cn4l

nNO42
Cr43

W PAA

onas
€046

NG
0048
r049
6050

O

220

230

25¢C

260

270

28N

300

310

320

FTI(N) = FT(N) + F(M,N)
CONTINUE
GO TO 400
R
DO 240 M=1,MAX
F(MsN) = ( CSO(M+1,N) *%* 2,0 — CSO(MyN) *x 2,0 ) /
CSO(M,yN) = Ce5 * ( CSO(M+1,N) + CSO(M,N) )
FTIN) = FT{N) + F(M,N)
CONTINUE
GO TO 400
RHO
DO 260 M=1,MAX

F(MyN) = ( CSO(M+1,4N) ** 3,0 - CSO(M,N) ** 3,0 ) /
CSO(MyN) = 05 * { CSO(M+1,N) + CSO(M,N) )
FT(N) = FT(N) + F(M,N)
CONTINUE
GO TO 400
THETA
DO 28C M=1,MAX
F(M,N) = COS( CSO(M,N) ) — COS( CSO(M+1,N) )

CSO{M,N) = Ce5 % ( CSO(M+1,N) + CSO(M,N) )
FT(N) = FT(N) + F(M,N)
CONTINUE
GO TO 400

X1 NOT ZERO
XI = XISO(1l,N)
ETA = XISO(2,N)

R PHI z X Y z RHO PHI
Go T0O ( 33¢, 310, 310, 310, 310, 310, 350, 310,
PHTI, Z, Xy Yy I, PHI

DO 32C M=1,MAX
F(MyN) = ( FNS( CSO{M+1,N) ) — FNS( CSO(M,N) ) )

1 /7 XI

CSO(MyN) = 0.5 * ( CSO(M+1,N) + CSO(M,N) )
FT(N) = FT(N) + F(M,sN)
CONTINUE
GO TO 400
R

2.0

3.0

THETA

370

),

KOUNT

Ccsc
CSC
Ccsc
CscC
CScC
CSC
CcscC
CsScC
CSC
CcscC
CsSC
CSC
CsScC
CSC
CcscC
CSscC
CcscC
Ccsc
CcscC
CsSC
CcscC
CSC
CcsScC
CSC
CcscC
CcscC
CsC
CcscC
CscC
(]
CscC
csc
CcscC
CscC
CscC
CcsC
CcscC
e

0380
0390
0400
0410
0420
04306
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0576
0580
0550
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
07G0
0710
0720
0730
0740
0750




ISN CN51 330 DO 340 M=1,MAX CSC 0760
ISN 0052 FOMyN)=(FNC(CSO(M+1,N))-FNC(CSO(M,N))+
IXT*(CSO(M+14NIRFNS(CSO(M+1,N))
2=CSO(MyN)*ENS(CSO(My;N)))) /XI%%2
ISN 0053° CSO(MyN) = Qa5 * ( CSO(M+14N) + CSO(M,N) ) CSC G79¢C
ISN G054 FTIN) =FT(N) + F(M4N) CSC 0800
ISN {655 340 CONTINUE CSC 0818
ISN €056 GO TOo 400 CSC 0820
C RHO CSC 0830
ISN 0057 35C DO 360 M=1,MAX CSC 0840
ISN 0r58 FIM,N) = CSC 0850
1 (CC XT *CSO(M+1,N) ) %% 2,0 — 2,0 ) % FNS( CSO(M+1,N) ) CSC 0860
2 -0 XI *CSO(M,N) ) ¥k 240 = 240 ) * FNS( CSO(M,N) ) CSC 0870
3+ 2,0 * XI % ( CSO(M+1,N) * FNC( CSO(M+1,N) ) CSC 0880
4= CSO(M,N) * FNC( CSO(M4N) 1)) / XI %% 3,0 CSC 0890
ISN 0059 CSO(MsN) = 0.5 * ( CSO(M+1,1) + CSO(M,4N) ) CSC 0900
ISN 2060 FT(N) = FT(N) + F(M,N) CSC 0910
ISN €061 360 CONTINUE CSC 0920
ISN 0062 GOT0400 CSC 093¢
C THETA CSC 0940
ISN 0063 370 IF ( XI - 1.0 ) 380,390,380 CSC 0950
C XTI NOT ONE CSC 0960
ISN 0064 380 DO 385 M=1,MAX CSC €970
ISN 0065 F(MyN) = ( SINC CSO(M+1,N) ) * FNS( CSO(M+1,N) ) CSC 0980
1 - SIN(C CSO(M,N) ) * FNS( CSO(M,N) ) ' - CSC 0990
2 XI * (COS{ CSO(M+1,N) ) * FNC( CSO(M+1,N) ) - C CSC 1000
30S( CSO(M4N)Y ) * FNC( CSO(M4N) ) )) / ( X CSC 1010
41 *% 2,0 - 1.0 ) CSC 1020
ISN C066 CSO(MsN) = 0s5 * ( CSO(M+14N) + CSO(M,N) ) CSC 1030
ISN 0067 FT(N) = FT(N) + F(M,N) CSC 1040
ISN €068 385 CONTINUE CSC 1050
ISN 0069 GO TO 400 CSC 1060
C XI =1 CSC 1C70
ISN 0070 390 DO 395 M=1,MAX CSC 1080
ISN 0071 FIMyN) = Qo5 * ( SIN( CSO(M+1,N) ) * FNS( CSO(M+1,N) ) CSC 1090
1 - SIN(C CSO(M,N) ) * FNS( CSO(MsN) ) - CSC 1100
2 ( CSO(M+14N) — CSO(M,N) ) * SIN( ETA ) ) CSC 1110

ISN 0072 CS50(MyN) = 0.5 * ( CSO(M#1,N) + CSO(M,N) ) CSC 1120

_6'[-[_



ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

ISN

ISN
ISN

ISN
ISN
ISN
ISN

ISN
TSN

ISN
ISN
TSN
ISN

ISN
TSN

ISN

c073
0074
co7s5
oOT76

neTv
coTs
coT9
onsge

o008l

c082
€083

nN84
0085
rn86
ne87

00 8s
cos9

cnan
0ool
or9?
nno3

r0os
nnos

0096

395
400

450

510

1
520

530
1

2
3

540
550

1
2
3

FTI(N) = FT(N) + F(M,N)
CONTINUE
CONTINUE
GO TO 800
INTENSITIES COMPUTED FROM INPUT F~Seee
DO 600 N=1,3
FT(N) = 0.0
KOUNT = 3 % NS OPT + N
MAX = ISO(N)
R PHI z X Y YA RHO PHI THETA

G0 To ( 530, 510, 510, 510, 510, 510, 550, 510, 57C ), KOUNT

PHI X Y 1 PHI
DO 520 M=1,MAX
F(MsN) =

( F(M+1,N) + F(M,N) ) * ( CSO(M+1,N) — CSO(M,N) )

CSO(MyN) = 045 * ( CSO(M+1,N) + CSO(M,N) )

3

2

FT(N) = FT(N) + F(M,N)
CONTINUE
GO TOoO 600
R
DO 540 M=1,MAX
F(MsN) =
2.0 * ( F(M+14,N) * CSO(M+1,N) %k 2 — F(MyN) * CSO(M,N} *%x 2
- ( F{(M+1,N) * CSO(MyN) = F(MyN) * CSO(M+1,N) )
* ( CSO(M+1,N) + CSO(M,N) )
CSO(M4N) = 0,5 % ( CSO(M+1,N) + CSO(M,N) )
FT(N) = FTIN) + F(M,4N)
CONTINUE
GO 70 é0¢C
RHO
DO 560 M=1,MAX
FIM,N) =
360 ¥ ( F(M+1,4N) * CSO(M+1,N) *%x 3 — F(M,N) * CSO(M,N) *x*
-  F(M+1,4N) % CSO(M,N) - F(MyN} * CSO(M+1,N) )
* ( CSO(M+1,N) **% 2 + CSO(M+1l,4N) * CSO(MyN) + CSO(MsN) =%k

CSO(M4N) = Qa5 * ( CSO(M+1,N) + CSO(M4N) )

)

)

)

CSC
CSC
CsC
CcSC
CSC
ye
CsC
CscC
CsC
CsC
CcscC
CscC
CSC
Csc
CsC
CsScC
CsSC
CscC
CsC
Ccsc
CSC
CscC
CscC
Csc
CSC
CcscC
CscC
CSscC
CscC
cscC
CscC
CscC
CScC
CSc
CSC
CSC

1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1286
1296
1300
1310
1320
1330
1340
135C
1360
1370
1380
139C
1400
1410
1420
143C
1440
145C
1460
1470
1480
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ISN ©097 FTI(N) = FT(N) + F(M,N) CSC 1490

ISN rnog 560 CONTINUE CSC 15C0
JSN £0Q9 GO TO 600 CSC 1510
C THETA CSC 1520

ISN 0100 570 DO 580 M=1,MAX CSC 1530
ISN f£1C1 FIM,N) = CSC 1540
1 ( C SINC CSO(M+14N) ) = SIN(C CSO(M,N) ) CSC 1550

2 — ( CSO(M+1,N} = COS( CSO(M+1,4N) ) CSC 15690

3— CSO(M,N) * COS( CSO(M,N) 1} ) ) * CSC 1570

4 ( F(M+1,N) — F(M4N) ) - CSC 1580

5 ( COS( CSO(M+14N) ) - COS(C CSO(M4N) ) ) * ( CSC 1590

6 CSO(M+1,N) * F(M4,N) — CSO(M,N) * F(M+1,N) ) ) / ( CSC 1600

7 CSO(M+14N) — CSO(M,aN) ) CSC 1610

ISN 0102 CSO(MyN) = Qo5 * ( CSO(M+1,N) + CSO(M,N)} ) CSC 1620
ISN 0103 FTI(N) = FT(N) + F(M,N) CSC 1630
ISN C104 580 CONTINUE CSC 1640
ISN C105 600 CONTINUE CSC 1650
C SOURCE NORMALIZATION CSC 1660

ISN 0106 800 ASO = ABS( ASC /7 ( FT(1) * FT(2) * FT(3) ) ) CSC 1670
ISN €107 MAX = T150(3) CSC 1680
ISN ©108 DO 820 M=1,MAX CSC 1690
ISN C109 F(M,3) = F(M,3) * ASO CSC 1700
ISN P10 820 CONTINUE . CSC 1710
ISN €111 DO 840 N=1,3 CsSC 1720
ISN 0112 M = ISO(N) + 1 CsSC 1730
ISN 0113 CSO(M4N) = Q.0 CSC 1740
ISN €114 F(MsN) = 0,0 CSC 1750
ISN n115 840 CONTINUE CSC 1760
C SOURCE COORDINATES AND INTENSITIES PRINT CSC 1770

ISN 0116 1 FORMAT ( 1HO, 12X, 16H R COORDINATE ) CsSC 1780
ISN f117 2 FORMAT ( 1HG, 12X, 16H PHI COORDINATE ) CSC 1790
ISN 0118 3 FORMAT ( 1HO, 12X, 16H Z COORDINATE ) CSC 1800
ISN f119 4 FORMAT ( 1HO, 12X, 16H X COORDINATE ) CSC 1810
ISN €120 5 FORMAT ( 1HG, 12X, 16H Y COORDINATE ) CSC 1820
ISN 121 T FORMAT ( 1HC, 12X, 16H RHO COORDINATE ) CSC 1830
ISN 0122 9 FORMAT ( 1HO, 12X, 16HTHETA COORDINATE ) CSC 1840
ISN 0123 11 FORMAT ( 1H1, 34X, 15HCOORDINATE TYPE, 12, 10X, CSC 1850

1 23HSOURCE INTENSITY OPTION, I2 ) CSC 1860
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ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
TSN
ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
TSN
TSN
TSN
ISN
ISN
ISN
TSN
TQN
ISN
ISN

0124
c125
C126
c127
~128
0129
N130
n131
0132
n133
0134
0135
0136
0137
c138
0139
0140
nl141
0142
N143
0l 44
0145
N146
C147
N148
n12o
N1s0

n1s51

12
13
910

901

902

93

904

905

an7

909
91¢0

o IY 0}

NN
> 2

'—l
2
ki e

FORMAT ( 1H 4, 4X, 4( 4X, 10OHCOORDINATE,
FORMAT ( 1H , I5, 1PBEl4.4 )

WRITE (6 +11)NS OPT, ISRC

DO 940 N=1,3

KOUNT = 3 % NS OPT + N

GO 10 ( 901, 902, 903, 904, 905, 903,
WRITE (6 11)

GO 70 91cC

WRITE (6 12)

GO0 TO 910

WRITE (&6 13)

GO 70O 910

WRITE (6 14)

GO TO 910

WRITE (6 15)

GO TO 910

WRITE (6 1 7)

GO TOo 91¢

WRITE (6 19)

WRITE (6 112)

MAX = TSO(N)

DO 920 M=1,MAX,4

MAX P =M + 3

WRITE (6 +13¥M, ( CSO(TI4N)y F(I4N),
CONTINUE

CONTINUE

RE TURN

END

4Xy

907, 902,

I=M,MAX P

)

909

QHINTENSITY

)y

/7 )

KOUNT

Csc
CSC
csc
CscC
CSC
CSC
CsC
CSC
Csc
CscC
Csc
CSC
CSsC
CSsC
CsC
CSsSC
CscC
CsScC
CscC
CsScC
csc
CSC
CscC
CscC
CscC

~gr
vou

CscC
csc

187G
1880
1890
1900
191G
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110

~ o~

ZL1Lev
2130
2140

A




ISN D062
ISN €003

ISN 0004

ISN 00QCS5
ISN 0Nn06

ISN 0007
ISN 0008
ISN 0009
ISN 0011
ISN 0012
ISN NnC 14
ISN 0716
ISN nn18
ISN 019
ISN 0029
ISN 0021
ISN CcC22
ISN 0N24
TSN 0025
ISN ©N26
ISN 0027
ISN 00?28
ISN €029

SUBROUTINE XSECQD

COMMON /STDATA/

1 NAME (10C) , ENRG (20) s XSECO (20,100),XSECEA(20) ’
2 C (4,6,49) , EMINBB(8) + NAMB(12) y XSECNT(100) ,DCONST
COMMON /QADATA/

1 NSET (30) y RSO (101) s PHISO (101) , ZSO (101) ’

2 NBNDZN(50) s+ NCMPZN(50) s LBD (6,50) , NTRYZN(6,50) ,

3 NEQBD (50) s ABD (50) s BBD (50) s CBD (50) ’

4 X0BD (50) s YOBD (50) sy Z0BD (50) sy DBD (50) ’

5 HYDRAT(30) + XSECN (30¢) » XSECG (2¢,30), BILDO (30) ’

6 BILD1 (3C) » BILDZ2 (30) s BILD3 (30) + GAMEN (31) ’

7 CONV  (30) » COMP (20,40), EBAR (30) sy MATZ (20) ’

8 FL (101) 4 FEN (101) , FM (ic1y , XISO (2,3}

9 ASO s IU s+ RRC s ZRC s PHIRC ,ALF1 , ALF2 4 ALF3 ,
X ALF4 4 EPSLN , FUDGE , NBLD ,ID(18)

DIMENSION BILD(3C,s4), XSEC(19,30),SLOPE(19,30)
EQUIVALENCE (NSET(4),MAT) , (NSET(7),4NRGY)
CALCULATE QAD BUILDUP COEFFICIENTS.
NBLD=1y 24 34 4y = H20, AL, FE, OR PB DOSE BUILDUP
NBLD=5, 64 7y 8, = H20,4 AL, FE, OR PB ENERGY ABSORPTION BUILDUP
DO 12 T=1,NRGY
E= EBAR(I)
IF(NBLD.GE.8) GO TO 5
LIM=5
IF(NBLD«EQe4) LIM=6
IF(E«LTLEMINBB(NBLD)) E=EMINBB(NBLD)
TF(NBLD.NE«s4) E=140/E
NB=NBLD
GO 10O 9
5 TF(E-4e0) 64647
6 LIM=4
IF(EsLTe Ce5) E=0.5
E=1.0/E
NB=8
GO 10 9
7 LIM=3
NB=9
9 DO 10 1I1=1,4

-£21-




ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0N 30
np31
nC32
0n33
ne 34
0N35
0036

0037
on3s8
¢039

N0 40
0N 41

0042
0043
0n44
N045
0046
ce47
0048
0049
neso
ensy

10

12

15

20

22

25

BILD(I,I1)=0,

DO 10 J=1,LIM

BILD(I,II) = BILD(I,IT)+ C(II,J,sNB) *Edxx(J-1)
BILDO(I)= BILD(I,1)

BILD1(I)= BILD(I,2)

BILD2(I)= BILD(1,3)

BILD3(I)= BILD(I,4)

SELECT CROSS-SECTIONS FROM LARGE TABLE
DO 15 M=1,MAT

L= MATZ(M)

DO 15 NE=1,19

XSEC(NEsM)= XSECO(NE,L)

SLOPE(NEsM)= (XSECO(NE+1,4L)—XSECO(NE,L))/(ENRG(NE+1)~ENRGI(NE))
CALCULATE CROSS-SECTIONS AT ENERGY EBAR(I)

DO 25 I=1,NRGY

DO 20 NE=1,19

]
IF(EBAR(I)—ENRG(NE+1)) 22,22,20 M
CONTINUE T
NE=19
DO 25 M=1,MAT

XSECG(M,1) = XSEC(NEsM)+ SLOPE(NE,M)*(EBAR(I)—ENRG(NE))
CONTINUE

RETURN

END




TSN

ISN
ISN

TSN
ISN

ISN
1SN

nne?

nno3
alelar”

0005
cone

oeeT

foeg

SUBROUTINE PRINT
CPRINT SUBROUTINE USED WITH QAD-PR

1 ( 1D, NBMID, UNIT Gy UNIT N, UNIT GI, UNIT NI,
2 WIDTH T, WIDTH Gy WIDTH Ny NG INT, NN INT,
3 NO RC, MRC, C DET, EG, EN,y, EG AV, EN AV,
4 TOTAL G, TOTAL N, GRP G, GRP N,

5 TOTL GI, TOTL NI, GRP GI, GRP NI, -
6 NRGY, I NEUT, N ERR, NS IND, NEUT ,

K X NL MAX, X NL MIN, IS MAX, IS MIN )
DIMENSION IS MAX(3), IS MIN(3)

DIMENSION ID(18), NBMID(1843),

UNIT GI(27)y UNIT NI(27), WIDTH T(2,2),
WIDTH G(30,43), WIDTH N(10,2),C DET(3), EG(30),

TOTL GI(6), TOTL NI(3,5), GRP GI(30,6), GRP NI
EG AV(2), EN AV(5), NS IND(5,3)
COMMON/QADATA/ NSET{30)
2 FORMAT ( 1H-, 3HGRP,
5Xy &4HMEAN, 7X, 6HENERGY, 8X, L1HDIRECT BEAM,
2Xy 12HMEAN BUILDUP, 1CX, 9HDOSE RATE, 13X,
21HHEATING RATES IN IRON / 3H NO, 5X,
6HENERGY, 3Xy 12HGROUP LIMITS, 8X, 4HFLUX,
8X, 7THFACTORS, 6X, 25HDIRECT BEAM
3Xy 25HDIRECT BEAM WITH BUILDUP

1
2
3 TOTAL G(6), TOTAL N(545)y GRP G{3D,6)s GRP N(15,5,5},
4
5

/ 9X, 3HMEV,

VWONOVPHWNH-

3( 1P2E1344, 2X ) / 6H W/BU 4, 1X, OPF7.4 // )

3 FORMAT ( 1H 4, 12y Flle4, 3X, 3A%4, 2X, 3(1P2E13.4,
4 FORMAT

4H-GRP, 5X, 4HMEAN, 6X, 6HENERGY,11X, 6HNUMBER,
7X, 6HNUMRER, 8X, 6HENERGY, 6X, 9HDOSE RATE,
2X, 12HHEATING RATE / 3H NO, 5X, 6HENERGY, 3X,

4HFLUX, 23Xy THIN IRON / 9X, 3HMEV, 9X, 3HMEV,
8HNEUT PER, 5X, BHNEUT PER, 5X, THMEV PER, 6X,

DO N PN -

3Xy 20 2A4, 1X ) )

1X, 3A4 / 32X, 13HSQ-CM-SEC-MEV, 2( 2X, 9HSQ-CM-SEC,

UNIT NDy

UNIT G(18), UNIT N(12),UNITND(3),

EN(10Q),

1543,5),

WITH BUILDUP,

9Xy, 3HMEV,10X, 3A4, 22X, 3A4, 16X, 3A4 /) 34X, 3A4,
22Xy 3A4, 16Xy, 344 / 6H TOTAL, 11X, F7e4y 3Xs 2A4, 6X,

2X Y )

12HGROUP LIMITS, 6X, B8HSPECTRUM, 7X, 4HFLUX, 9X,

11X,
3A4,

2X

PRINOG2C
PRINOOI1C
PRINOC30
PRINQO4O
PRINOOS50
PRINGO60
PRINOOTC
PRINQCOSBO
PRINOCOSO
PRINOQ110

PRINO130

PRING150
PRINO160C
PRINO170C

PRINO490
PRINGC500
PRINO510
PRINO520
PRING530
PRINO540
PRING550
PRINO560
PRINO57O
PRINO580
PRINO590
PRINOG60OGC
PRIND610O
PRINO620
PRINQ630O
PRINQO640
PRINO650
PRINQ660O
PRINQ6TO
PRINO680

~-Gg1-




ISN

ISN

ISN

ISN

ISN

TSN

TSN
ISN
ISN

ISN

ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN

0009

nnilp

0011

cOo14

0015
0016
np1Y

nO18

oN19
rnaon
no21

onz2
ce23

0024
025
en2é6
ocn27

41 FORMAT

1

2 2
5 FORMAT

1 1P 2
6 FORMAT

1

2 3H
3 8X,
4 36X
5 2A4
7 FORMAT

8 FORMAT
1

2 3(
3 77X,
4 /7))

81 FORMAT

1 /7 6
9 FORMAT

( 1H"1

1P2E13.4,
{ 1H
El3.4 )
( lH_q
4X,y
NO,s 4X,
r 30
s 9Xs 3
( 1H ,

(

3A4,
3(

4X )
3A4,

( 1H—1
H TOTAL,

112,

4HMEAN,
6HENERGY,
3HMEV,10X,

4X )

23X,

2X ) 1/
Flle4,

3HGRP

3HMEV,

28HDIRECT BEAM

1P2E13¢4,
12,

4H GRP,
/ 3H NGO,

23Xy

11X, 2A4,

8X,

F1Ce4,

4Xy
/ 99X,

18A4

18A4 //
6H TOTAL,

)
3 Xy

4X,
19X,

2X )

4Xy

6 X,

2A4,

6HENERGY,

4X,y

4HMEAN 4

3HMEV

F8e4,

6X,

3( 3A4,
/7 )
3A4,

8X,
6HENERGY
99Xy

17X,
12HGROUP LIMITS,

5Xy

2X,

1P3E13.4,

3(

16X )

WITH BUILDUP )

EX

2A4,

20X,
2X,
3A4,

14X,
/

16X} /
3( 3A4,

// 6H TOTAL,

1P2E13.4,

6HENERGY 10X,
12HGROUP LIMITS,

4 Xy

3HMEV,

1P3E16.4 // )

12X, 3(

2X

3A4,

)

911

912
1

913

FORMAT

FORMAT
3

FORMAT

(
(
(

313,

(

1 3HMA X,
2 3HMIN,

10 FORMAT
100 CALL

WRITE

10TAL G(I),

Do 12

TITLE (
+2)UNIT G,
Izlyé )1

(6

C

1RP G{I4J),

120

200

10TL GI(I),

WRITE (6

CONTINUE
TF  { NG
NG T =

WRITE (6

(

1H 4 12,

F1Ce4,

4Xy 2

AG,

6X,

1H+

1H+
3X

1H

?
1

?

)

54X,
54X,
/ 85X, {

313,

15H (UNDEFINED FOR
30H-UNDEFINED FOR SOURCE POINTS

3X ) )

1P3E16.4
y 15,

28HFAST NEUTRON REMOVAL LENGTHS

1PE12.4,
1PE124 4,
1HO ,
1,

I=1,NRGY

14H(
14H(

MRC,

EG AV(2)

INT

,3)17
J=1,6 )

)

EG(I)

300,300,

2 % NG INT

1S)UNIT GT,

I1=1,NG I )

y

2C0

( WIDTH T(1,J),

SOURCE POINT ,
SCURCE POINT ,
29HTHE ALBERT-WELTON DOSE RATE
NCRC,
EG AV(1l), (

CDET(1),

WIDTH G(I,4J),

313,
313,

1H)
1H)

InD(1))

J=1,3

J=1,2

)

k4
k4

)

?

WIDTH T(1l,J),

)

)y

5X,
5X,

1PE1Q 4,

J=112)1

?

16X
11X,

)

4X )

1X,

)

15H SOURCE POINTS)

/

)

3A4)

(

(

(

T

PRINO69SO
PRINOT0O
PRINOT10
PRINO720
PRINOT730
PRINOT740
PRINOT50
PRINO760C
PRINO770
PRINOT8O
PRINOT790
PRINQSOC

PRINO810
PRINO820
PRINO830
PRINO840O
PRINO850
PRINO860
PRINO8T70O
PRINO8SO
PRINO890
PRINOGSOO
PRINOS10
PRINO920
PRINO930
PRINOS4G
PRINOQO950
PRINO960
PRINO9 O
PRINO980
PRINO990
PRIN10CO
PRIN1O10
PRIN1020
PRIN1030
PRIN1040
PRIN1050
PRIN1060

_92-[-



ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
TSN
ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN

ISN

nnezs
nn29

0030
0031
cN32
nn33
ne34
aC35
S cT)
6nN37
aNn3g
0039
o040

0041
nO4D
N043
0044
0045
N046

0ng7
N048

0049
0050
0051
rns5
0053
0054
rn55
nnse
nos57
LY

nes9

DO 220 1=1,NRGY
WRITE (6 1 7)1, EG(I)y, ( WIDTH G(I,J)}, J=1,3 ),
IRP GI(I4d)y J=14NG T )
220 CONTINUE
300 IF ( N SET(19) ) 301,301,1000
301 CALL TITLE ( 2, MRC, NORC, CDET(1), ID(1))
IF ( TOTAL N(5,1) ) 400,400,305
305 WRITE (6 »10)TOTAL N(5,1), UNIT ND
IF ( NERR ) 340,340,310
31C IF ( NERR - 5 ) 320,320,330
320 WRITE (6 v912)(C ( NS IND(I,J),y J=1,3 ),I=1,NERR
GO TO 340
330 WRITE (6 1911 )NERR
340 WRITE (6 1913)X NL MAX, ( IS MAX(I), I=1,3 ),
1 X NL MIN, ( IS MIN(I), I=1,3 )
400 WRITE (6 14)UNIT N
DO 440 N=1,NEUT
IF (N - 4 ) 420,410,420
410 CALL TITLE ( 2, MRC, NORC, CDET(1), ID(1))
WRITE (6 s 4)UNIT N
420 WRITE (6 141) ( NBMID(K,N), K=1,18 ),
1AV(N)7 ( WIDTH T(27J)1 J=112 )7 ( TOTAL N(IvN)?
DO 430 1I=1,1 NEUT
WRITE (6 9511y EN(I)y ( WIDTH N(I,J), J=1,2 )
1RP N(I4JyN)y J=1,5 )
430 CONTINUE
440 CONTINUE
IF ( NN INT ) 1000,1000,500
500 CALL TITLE ( 24 MRC, NORC, CDET(1), ID(1))
WRITE (6 s 8)UNIT NI
DO 540 N=1,NEUT
IF (N -4) 520,510,520
510 CALL TITLE ( 2, MRC,y, NORC, CDET(1), ID(1))
WRITE (6 »8YUNIT NI
520 WRITE (6 981) ( NBMID(K,sN), K=1,18),
1TH T(2,J)y J=1,42)y ( TOTL NI(I,N),y I=1,NN INT
DG 530 I1=1,1 NEUT

I=1 v 4

)

(

(G

EN

WID

PRIN1070
PRIN1C80C
PRIN1090
PRIN1100
PRINI1110
PRIN1120
PRIN1130
PRIN1140
PRIN1150
PRIN1160
PRIN1170
PRIN1180
PRIN1190
PRIN12CO
PRIN1210
PRIN1220
PRIN1230
PRIN1240C
PRIN1250
PRIN1260
PRIN1270
PRIN1280
PRIN1290
PRIN130C
PRIN131C
PRIN1320
PRIN1330
PRIN1340C
PRIN1350
PRIN1360
PRIN1370
PRIN138C
PRIN1390
PRIN1400O
PRIN1410
PRIN1420
PRIN1430

=121~




ISN

ISN
ISN
ISN
ISN

ISN

ISN
ISN

ISN

ISN

ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

rne0n

no61l
0062
0063
0064

ono2

non3
0004

00ns

ne06

cony

nooes

0009
0010
0011
cniz
fO13
0014
0015
n016
0017
nn1s
no19o

1
530
540
1000

CTITL

1

1

11
1
12
1
13
1
2
1
1190

101
102
103
200

201
1000

19)1, EN(I)y ( WIDTH N(I,J), J=1,2 ),

WRITE (6
RP NI(IsJyN)y J=1,NN INT )
CONTINUE
CONTINUE
RETURN
END
SUBRGUTINE TITLE ( Ny MRC, NO RC, C DET, ID )
SUBROUTINE USED WITH QAD-P5 PRINTS PAGE TITLES
DIMENSION C DET{(3), 1D(18)
FORMAT ( 1H1, 23X, 18A4 //6X, 15HRECEIVER NUMBER,
13, 4X, 13HCOORDINATES - )
FORMAT ( 1H+, 46Xy, 3HR 4 1PEl2.4, 5X, 3HPHI, 1PE12.4,y 5X,
1PE1264 )
FORMAT ( 1H+, 46X, 3HX 4 1PEl2e4y 5Xs 3HY , 1PE12¢%4, 5X,
1PE12.4 )
FORMAT ( 1H+, 46X, 3HRHO, 1PEl12.4, 5X, 3HPHI, 1PEl2.4s 5X,
Ay 1PE12.4 )
FORMAT( 1HC, 20X, 38HGEOMETRY PRINT FOR PSEUDO SOURCE POINT
25H AT THE COORDINATE ORIGIN )
WRITE (6 +1)IDy NO RC
Go TO ( 101, 102, 103 ), MRC
WRITE (6 +11)C DET
GO TG 200
WRITE (6 112)C DET
GO T0O 200
WRITE (6 113)C DET
GO 70O ( 1000, 1000, 201 ), N
WRITE (6 12)
RETURN
END

( G

3HZ
3HZ

S5HTHET

PRIN1440
PRIN1450
PRIN1460
PRIN14T70
PRIN1480
PRIN1490

TITLOG20
TITLOO1lO
TITLOO30O
TITLOL100
TITLOL110
TITLO12C
TITLO130
TITLO14C
TITLO150
TITLO160
TITLO17G
TITLO180
TITLO190
TITLO200
TITLOZ210
TITLC220
TITLO230
TITLOZ240
TITLO250
TITLO260
TITLO27O
TITLO280
TITLO290
TITLO3GO




ISN 00N2
ISN 2n032
ISN 0N04
TSN 0005
ISN ON06
ISN noO07
ISN 0008
ISN N009
TSN Cce10

TSN
iSN
ISN
ISN
TSN
TSN
ISN
ISN
ISN

none
cen3
neos
alelels
nONe
coo7
ceos
nono
0010

W N

SUBROUTINE SLITET(N,K)
COMMON/SLITEX/LITES(4)
IF(LITES(N)) 1,2,1

2 K = 2

RETURN

1 LITES(N) = €

K=1
RETURN
END

SUBROUTINE SLITE(N)
COMMON/SLITEX/LITES(4)
IF(N) 14241

DO 3 I=1,.4

LITES(I)=0

RETURN

LITES(NI=1

RETURN

END

=621~



ISN
ISN

ISN

TSN

ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN

nQo?2
0003

nP004

coos

cO06

anov

nnes
o0ng
npln
0011
nni12
no13
Ch14
0015
£n1e6
Alaniyg
0oN1s
no1s
np20
0021
nnz2
oez3
0024
0025

500
501
502

10

SUBROUTINE WEIGHT
COMMON /QADATA/

1 NSET (30) + RSO (101) s PHISO (101) 4 ZSO (101) '
2 NBNDZN(50) + NCMPZN(50) s+ LBD (6450) 4 NTRYZN(6,50) ,
3 NEQBD (50) s ABD (50) s+ BBD (50) s CBD (50) ’
4 X0BD (50Q) s YOBD (50) s+ Z0BD (50) s+ DBD (50) ’
5 HYDRAT(30) + XSECN (30) + XSECG (20,30), BILDO (30) ’
6 BILD1 (30) + BILD2 (30) y BILD3 (30) + GAMEN (30) ’
7 CONV  (30) + COMP (20C,40), EBAR (30) + MATZ (20)

EQUIVALENCE(LSOyNSET(1)),(MSO4NSET(2)),(NSO,NSET(3)),
1(MAT,NSET(4)),(NCOMP4NSET(5)) 4 (NREG4NSET(6)), (NRGY,NSET (7)),
2(NBOUND 4NSET(8Y) 4 (ISRCyNSET(11)), (INEUT,NSET(12})

DIMENSION RSQ(6)y X(6)y, Y(6)y, Z(6), NQB(6), CFLAG(6), QFLAG(6),
1 XFLAG(6)y YFLAG(6), ZFLAG(6), V(16), W(Ll6)

DATA V /0e529953E-240e277125E-1,0.671844E-1,0.122298,
X0e191062,4270992,04359198,0.45249440.547506,0.640802,0, 729008,
Y0e808938,e877702906932816404972288,069947/

DATA W /040135762 +0.0311268,0.0475793,0.0623145,
X0e0747980,060845783,040913017,2%060947253,0.0913017,0.0845783,
Y0.0747980,0.0623145,040475793,04,0311268,0.0135762/

DATA PI/241415927/

FORMAT(28H1 J VoL WEIGHT)

FORMAT(I4,1P2E1244)

FORMAT(4HOSUM1P2E12,4)

WRITE(6,500)

VIOTAL=0,0

WTOTAL=N.0

DO 99 J=1,NREG

IFCNBNDZN(J)) 99,99,10

TU= NBNDZN(J)

VOL=0.0

NX=0

NY=0

NZ=0

NC=0

NQ=0

DO 20 1=1,1U

KK=LBD(I,J)

~0ET~




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN

ISN
TSN
ISN
ISN
ISN
TSN
ISN
ISN
TSN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

C026
0027
rnosg
0029
0030
0Nn3]
0r32
0033
0n34
f035
0n36

0037
£N38
6039
0040
cnal
N0 42
0043
C044
£n4s5
0046
noaT
o048
0049

onsn
0051
rns2
INARE
C054
0055
nnseg
nnsy
cess8
€059
onen

12

14

15

16

20

22

24

25

K=TABS(KK)

FLAG=KK /K
NEQ=NEQBD(K)

GO TO(99,12,13,14,15,16),NEQ
NQ=NQ+1

NQB (NQ) =K
QFLAG(NQI=FLAG

GO TO 20

NC=NC+1
RSQ(NC)=DBDI(K)
CFLAG(NC)=FLAG

GO TO 20

NX=NX+1

X(NX)}=DBD(K)
XFLAG(NX)=FLAG

GO 10 20

NY=NY+1

Y(NY)=DBD (K)
YFLAG(NY)=FLAG

GO TO 20

NZ=NZ+1

Z(NZ)=DBD(K)
IFLAG(NZ)=FLAG
CONTINUE

CALCULATE VOLUMES
IF(NZ-2) 99,26,422
IMAX=+1.0E+8
IMIN=-7ZMAX

DO 25 TI=14NZ
IF(ZFLAG(I))23,99,24
IMIN=AMAX1(ZMIN,Z(T1))
GO TO 25
IMAX=AMIN1I(ZMAX,Z(1})
CONTINUE
DZ=ZMAX-ZMIN

GO TO 261
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ISN
ISN
ISN
ISN

ISN
ISN
TSN

ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN

ISN
ISN

TSN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0061
0062
0064
0065

0066
0067
0068

0069
0070
N071
0072
co73
on74
c075
0076

o077
nn7sg

cnTo
oosn
oogl

0082
0083
0084
0085
0e8se
nnaT
ce8s
0089
onoQ
n0al

26
261

27

28

30
32
35

45
50
75

80

99

Dz ZFLAG(1)*Z (1) + ZFLAG(2)%*Z(2)

IF( (NXeNEes2) +OR. (NY.NE.2) )} GO TO 27

DX XELAG(1)*X(1) + XFLAG(2)%*X(2)

DY YELAG(L)*Y (1) + YFLAG(2)%*Y(2)
RECTANGULAR PARALLELPIPED

VOL=DX*DY*DZ

IF(NC) 99,32,28

DO 30 1=1,NC

CIRCULAR CYLINDER

VV=CFLAG(I)*PI*RSQ(I)*DZ

VOL=VOL+VV

IF(NQ)99,75,35

NQQ=NQ

DO 50 L=1,NQQ

NQ=NQB(L)

vVv=0,0

DO 45 1=1,16

CALCULATE VOLUME OF FULLY ROTATED QUADRATIC SURFACE (TYPE 2),
BOUNDED BY Z(1) AND Z(2), BY 16 POINT GAUSS QUADRATURE.
Z7=7CL)Y+V(I1)%(Z2(2)-2(1))
RR=(DBD(NQ)-CBD(NQ)*(ZZ—-ZCBD(NQ) ) *%2)/ABD(NQ)
CROSS—-SECTION IS ASSUMED CIRCULAR IN Z PLANE
VV =VV +W(T)*PI*RR

VOL=VOL+ QFLAG(L)=*VV=*DZ

WT=0.0

CALCULATE WEIGHT

K=NCMPZN(J)

DO 80 T1=1,MAT

WT=WT+VOL*COMP(I,K)

WRITE(65501) J,VGLyWT

VTOTAL=VTOTAL+VOL

WTOTAL=WTOTAL+WT

CONTINUE

WRITE(6,502) VTOTAL,WTOTAL

RETURN

END

=21



COMPILER OPTIONS - NAME= MAIN,OPT=02,LINECNT=569SUURCE,BCD,NILIST,DECK,LUAD)MAP,NJEDIT,NOID

ISN 0002 BLOCK DATA
C % 3ok el o ok ek %
C MUMENT BLOCK DATA
C 3 otk ok ke i i ke
ISN 0003 COMMON/QADNM/ NBMID(18,3) , NASET(3) , RMXSEC(3) , BREAK(3,2) ,

1 XNMMC(5,30,3) 4 CONVN(LO) , HISTNIlO) , EN{10) , FEABSN(10) ,
Z WIDTHN(10+2) 4y WTN(1043) 4, UNITN(L2) , UNITNI(27) y UNITND(3) ,
3 WIDTHT(2,2)

ISN 0004 DIMENSION WIX{2)

[SN 0005 DIMENSION HZOI(S),HZGZ(S);H233(5),H204(5),H205(5),H206(5),HZO?(S)
1'H208(5),H209(5)9H2010(5),H2011(5)vH2012(5)1H2313(5)7H2U14(5)9
2H2015(5)1H2016(5)7H2017(5)vHZUl8(5)vH2019(5)7H2020(5)1H2021(5)7
3H2022(5),HZU23(5)1H2024(5)'HZOZS(S)VHZOZb(5)1H2027(5)7H2028(5))
4H2029(5),H20G30(5) ‘

ISN 0006 DIMENSION BEl(S),BEZ(S),BEB(S),BEQ(S),BES(S)yBEb(b)'dET(S)'5E8(5)1
lBE9(5)yUth(5)yBEll(5),BELZ(S)'BE13(5)18E14(5)1BE15(5)oBElb(S)v
2BEL1T7(5),BELB(5),4BELS9(5),BE20(5)

ISN 0007 DIMENSION Cl(5),C2(5),C3(5),C4(5)oC5(b),C6(5),C?(S)'CB(S),C9(S)'
1C10(5)yCll(5)1C12(5)vC13(5),C14(5).C15(5)vC16(5)qu?(S)vClS(S)v
2C19(5),C20(5)

ISN 0003 EQUIVALENCE  (XNMMC(1ly1ly1),H201) , (XNMMC(142,41),H202) ,
LIXNMMC(1493451)4H203) 4 (XNMMC{Ll,4,1),H204) , (XNMMC(19591),H205) ,
ZIXNMMC(L1436491),H206) 5 (XNMMC(ls7,1),H207) , (XNMMC(1,841),H208) ,
3IXNMMC(L9991)yH209) » (XNMMC(1910,1),H2010) , (ANMMC(141141),H2011
4) 9 (XNMMC(1,412,1),H2012) » (XNMMC(1ly13,41),H42013) v (XNMMC(1l,14,1)
5,H2014) 5 (XNMMC(1,15,1),H2015) , (XNMMC(1l,16,1)4H2016) ,

6 (XNMMC(1y1791),H2017) 4 (XNMMC(1ly18,1)4H2018) r (XNMMC(1,19,1),
7 H2019) , (XNMMC(1,20,41),H2020) , (XNMMC(1,21,1),H2021) ,
SUXNMMC(142251)9H2022) 4y (XNMMC(Lly23,1),H2023) y (XNMMC(1424,1),
9r2024) » (XNMMC(1425,1),H2025) , (XNMMC(1426,41)4,H20208) , .
SIXNAMC{L42741),H2027) 4 (XNMMC(1,28,1),H2028) v (XNMMC(1,29,1),
$H2029) 4, (XNMMC(1,3041),H2030)

-E€1-




ISN 0009

ISN 0010

I5N 0011
ISN 0012

ISN 0013

ISN 0014

EQUIVALENCE (XNMMC(1,1,2)y8E1) » (XNMMC(1,242),B8E2) ,

LIXNMMC(1,392),BE3)
2IXNMMC(Ly64+2),BEOG)
3IXNMMC(1+942)4BES)

?
?
?

(XNMMC({19492) +BE4) » (XNMMC(Ll,5,2),8BE5) ,
(XNMMC{1s742)+BE7) 4 (XNMMC(1,842),4BE8) ,
(XNMMC{1y10,42),BELO), (XNMMC(1l,11,2),BELlL) ,

G{XNMMC(1,12,2),BE12) s {XNMMC{1+13,2),BE13),{XNMMC{L1,14,2),BEL14) ,

S5TXNMMC(L91592)9BELS) 9 IXNMMC (19 1642)4BELS) y (IXNMMC{L1,17,2),BELT)

6 (XNMMC(1,18,2)+BELB) s (XNMMC(191952)4BEL9)y (XNMMC(1,20,2),8BE20)
EQUIVALENCE (XNMMC{1,1,3),C1) 5 (XNMMC{142+3),02) 5 (XNMMC(1+3+3),

1C3) 4 (XNMMC{14443)9C4) 4 (XNMMC(1,593)4C5) , {XNMMC{l,6,3),C6) ,

(XNMMC(19843),C8) 4y (XNMMC(14943),C9)

2IXNMAMC(Ly743),C7)
3(XNMMC(1,410,43),C10)
4 (XNMMC(1,13,3),C13)
S{XNMMC(Ls1643)4,C16)
6 {XNMMC{1,4,19,3),C19)

?
’
?
?

(XNMMC(141143)4C11) 4 (XNMMC(1,12,3),C12)
(XNMMC(1914,3),C14) , (XNMMC(1,15,3),C15) ,
{XNMMC(Lly17,3),CLl7) » (XNMMC(l,18,3),Cl18) ,
(XNMMC (19204 3),C20)

EQUIVALENCE (WIDTHT(2,1),4WIX)
DATA NBMID/4H r4H

4H33 4y 4HMEV /

~NO VLN

4HAVG.94H 63 44H(3)
4H33  ,4HMEV ,4H

4H63  44H(2) 44H109894H 959594 H 49 394H 92919411 0.644HT9y0eyaH33
4HMEV 4y 4H y4H
4H 20 QLI'HNDV 14H 63.y4H101874H1615,4Hy4,374”,2’1'4H100674H7’001

» 4H »4H y 4HWATE, 4HR DA, 4HTA.1,
24H10sBy4H 69594 H 493 94Hy29194H106644HT,04,
y 4H y4HBERLy4HLIUMy4H DAT,4HA 20,4H NOV,

v 4H r4H v4H r 4HCARB, 4HON  ,»4HDATA,

yNASET/ 3,242/ » RMXSEC/ 0.101,0.0717+0.0407/,

BREAK/ 3%20,0,120.0.2%1000.0/

DATA CONVN/ T.0E=9,7.08E-946.62E-995.80E-9,5.10E-9,4.53E-9,4.15E-9
1 13.80E-992.66E-9,1.95E-9 / HHISTN/ 3.0424091e5,4%12040.665,0.335,
2 0s4 / 43 EN / 10.048.0956.095.0y 42093.0y 2.091.0,0.67,0.33/

DATA FEABSN/2.25E-15,

[sABRN P SERVSIN NI S

3.07E-16, 2.16E-16,
T.4TE-14, 6.85E—14,
B.24E-159 5.09E-15,
6.12E-15, 7.18E-15,

1.82E-15, 1l.42E~-15,

9,2TE-16y 5.47E-16, 4.68E-16, 3.80E-16,
1.04E-16y 8.35E-17y 4.6TE-17/4HTN /
4.9TE-14y 3.94E- 14y 3.01lE—-14y 2.47E-14,
3.98E-15y 2.8B6E-154+6.09E-15, 6.82E-15,
8.62E-15y 0.44E-15, 4.24E-15, 2.72E-15,
2.10E-15, l.44E-15,+7.14E-15y 5.00E-15, 3.53E-15, 2.53E-15,
9.85E-16y 5.5TE~16y 4.38E-16, 3.35E-16/

_ng-[_



ISN

ISN

I SN
I SN
ISN
I SN
ISN
[SN
ISN
I SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
I SN
I SN
ISN
ISN
ISN
ISN
I SN
ISN
I SN

0015

0016

0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
Go27
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044

1

2
3
4
5
6

DATA WIDTHN / 4H12.—,4H9.0—y4H7.0-,4H5.5—,4H4.S~,4H3.5—,4H2-5-,

4HLle5~94H0.83,4H0.5-94H9.0 ,4147.0 ,4HS5.5 14H4 .5

4H2.5 ,4H083 14H--5 '4H-10 /

’41"‘1.5

DATA UNITN / 4H
L4HR SE&,4HC

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

v 4H

Ry 4HAD
Ge4HRAM 44H

? 4H 14H WAT,4HTS P, 4HER

""HS.S ) ]

v4H  PE,

/yUNITND/4H RADy4H PER,4H SEC/,

UNITNL / 4HHEAT»4HING 2 4HRATE,4HHEAT ,4HING y 4HRATE y 4HHEAT,

4HING +4HRATEs4HIN By4HERYL, 4HLIUM, 4H

INy4H CAR,4HBON

4H IN »4HALUMy 4HINUMy 4HWAT Ty 4HS PE,4HR GMy4HAATT ,4HS PE,
4HR GMy4HWATT 4 4HS
4H—010 /

H201
H202
H203
H20 4
H205
H206
H2G7
H208
H239
H2010
H2011
H2012
H2013
H2014
H2015
H2016
H2017
H2018
H2019
H2020
H2U21
H2022
H2023
H2024
H2025
H2026
H2027T
H2028

\‘\\x\‘\\\\‘\\.\‘\\~\‘\\~\‘\\~\‘\\\\‘\\~\‘\\~\

2%0.0,
2%040,
2%0.0,
2*¥0.0,
2%040,
2%0.0,
2%0.0,
2%0.0,
2*0'07
2%0.0,
2*0001
2%0.0,
2%0.,0,
2%0.0,
2*0.01
2% ,0,
2%0.0,
2%040,
2%0,0,
2%0.0y
2%0 .0,
2%0.0,
2%0,0,
2%040,
2%0.,0,
2%0e0,
2%0.0,
2¥0.0,

PE,4HR GM/ 4, WdIX

~4e7904E~44~6,T966E-2,~7.0632
—~3e0930E-54-8.2070E-2,-6.9569
0«0 1-8.9493E-2,-6.,5115
~3.3783E~44~7.5141E~2,-5.4968
~4.0707E-5,-8.5463E-2,-5,4023
0.0 1—~9+5233E~-2,-4.8161
~3.1T00E-4,-8.6042E-2,-3.9954
+7.0389E-69-9.8633E-2,-3.8668
0.0 1=9e6949E-2,-3.95632
—4.2298E-4%44-9.0754F~2,-3.2834%
5.2499E-5,-1.0890€~1,-3.1062
0.9 1—9.6300E-2,-3.8622
—1.2208E-3,-8.2429E~-2,-2.60064
le3977€E-44~-1.2T748E~-1,-2,2293
0.0 1= 943935E-29-4.2420
-1.2836E-3,-8.3271€6-2,~-1.9805
1.9605E-4,-1.3378E~-14-1.5573
0.0 1= 9.1 728E-24-4.,3804
—lel2418E-3,-9.4567F~2,-1.4313
244563E-4,-1.4801E-1,-.933056
0.0 1=8.9059E-2,-4.,5201
~1le8744E£-3,~7.9836E-2,-1.0584
241B69E-44-1.5372E~1,-.50610
0.9 1~ 8¢6834E-2,-4.5192
~3.4538E~3,~3.9416E-2,-1.D0272
2.5256E-44-1.5000E-1,-+35757
O.0 1-8.9386E-2,-3.9944
—“0.2191E-3, 3.2164E-2,-1.1394%

\\\\\\\\\\\\\\\\\\\\\\\\\\\\

/4H12'O'

WATER

H201
THUR
H2030

-GET~



I SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
LSN
ISN
ISN
ISN
I SN
ISN
I SN
I SN
ISN
ISN
ISN
ISN
{SN
ISN
ISN
I SN
ISN
ISN
ISN
I SN
ISN
ISN
I SN

0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
00560
0061
0062
0063
0064
0065
0066
0067
0068
0069
00670
0071
0072
0073
0074
0075

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

H2029
H2030
8El
BEZ2
B8E3
BE4
BES5
BEb
BE7
BES8
BE9
BElO
BEL1
BEL12
BEL13
BEl4
BELS
BEL16
BEL7Y
BELS
BEL9
BE20
cl
ce
Cc3
C4
C5
Co6
cv
cs
c9

2%0 .0,
2%0,0,
2¥0.0,
2%0 40,
2%0 ,0,
2*%0 .0,
2%0.04
2%040,
2%0 .0,
2%0.0,
2%0 .0,
2%0 .0y
2%0,.0,
2%0.0,
2%¥0.0,
2*0.0,
2%0 .0,
2%0 0y
2%0 .0,
2%0.0,
2%0 .0y
2% .0y
2%0 .0,
2%0.0,
2%0.0y
2% .0,
2%0.,0,
2%0.0)
2%0.0,
2¥0,0,
2%0.,0,

2.0862E-4,-1+4348E-14-.23550
0.0 1—=9.3411E~-2,-3.,2396
—1.2234E-2, 8.4637C-24y-4.9920
3.1479E—4y-lo1907E“1y“5.3351
—1.3287E-2, 943035E-2,-3.2217
1e1774E-44-8.e9409E-24-4.6527
=3.2261E-3,-8.6706E-3,-3.7324
1.2690E-4,-9.4605E-24y-3.0843
~1.4289E-3,-2.5401£-2,-3.3992
l.3444£-4,~1.0010E-1,~2.1737
~1.9288E£-3,-2.3220E-2,-2.6014
1.4753E-44~1.0897E~-14-1.1695
~2.9436E-3, 1.1843E-2,-1.9739
l1.7318E~-4,-1.1873E-1,-.06274
~4.2407c-3, T7.6123E-2,-1.4296
1.0318t-4,-1.0137€-1, 1.0190
~4.5813E-3, 9.,6429E-2,-.92533
B840586E-5,-9.6399E~2, 1.6951
~4.016lc-3, 7.9664E-2,-.34376
Be3197E-54-9.7349E-2, 2.1672
—1.0296c-2, 2.7853E-1,-1.1086
8eV001E-5,-9.7011E-2, 2.8446
=1.7273€-3, 2.0088E-3,-6.9812
~1.8451E-5,~3,1912E-2,~7.02561
—1.4388E-3,-2.1235E-3,-5.4195
—241208E-54-3.0424E-2,-5.45601
=1.7930E-3, 1.3715€-2,-3.9687
~245302E-54~-3.1902E-2,-3.7930
—2.2111E-3, 2.9124E-2,-3.2849
~2.1849€E-5,-3.3753E-2,-2.9216
—2.7899E-3, 4.9526E~-2,-2.628%

NN NN NN NN NN NN NSNS NSNN NS NN N NN N NNNN N

BERYLL-
UM

BEL
THUR
BE20

CARBON

Cl
THUR
C20

_9ET_



I SN
I SN
I SN
ISN
15N
I SN
ISN
{SN
ISN
ISN
ISN
ISN

0076
QoT7
uvoT18
0079
0030
00381
0082
0083
0084
0085
0686
0087

DAT A
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
UATA
DATA
END

Cc10
Cll
€12
Cl3
Cla
Cl5
cl6
c1i7
c13
Cl9
C20

N NN N NNNNSNNS

2%0.0y
2%0 .0,
2%0.0y
2%¥0.0,
2%0 .0,
2%0 .0,
2%0,0,
2%0,0,
2%0 40,
2%0,0)
2%0.0,

~3.0730E-59-3.6346E-2,-2.0249
-3.37T00E-3,y 7.3850E-2,-1.9553
—1.3790E-5,-443441E~-2,-1.0494
~4.0514E-3, 1.0095E-1,-1.4500
=543192t-5,-3.9586E~2,-.21493
—4.1276t-3, 1.2751E-1,-1.0624
-1.0727E-4,-3.0980E-2, 55133
~%4+4253E-3, 1.3942C-1,-.92133
~1le3370E-4,-2.6230E-2, .72443
~4.0448E-3y 1.0579E-1,-1.0145
~1.0182E-4,-3.1616E-2, .18439

NN N NN NNNNN N

-LET-




COMPILER OPTIONS = NAME=  MAIN,OPT=00,LINECNT =565 SOURCEsBCHoNOL IST +DECK L OAD s MAP NOEDTToNGTD

ISN 0002 BLOCK DATA
L% e e o e Ao 3 ook ek
o XSECO BLUOCK DATA
% e e o e ofe ok el ok
ISN 0003 CUMMON /STDATA/
1 NAME (100) , ENRG (20) + XSECO (20,100)4XSECEA{20) ’
2 C ( 216 ) , EMINBB(38) » NAMB(12) » XSECNT(100) 4DCONST
ISN 0004 REAL * 4 NITROG, NEONyMAGNS y MANGO, IRON,NIOB, INDIUM, IODINE,
LLANTH,LUTET, IRD ,MER, LEAD
ISN 0005 REAL*4 LITHX
I[SN 0006 REAL * 4 LITH , NICKEL + KRYPT , MOLY , NEOQOD
ISN 0007 DIMENSIUN LITHX(20)
ISN 0008 DIMENSION CALCI(20)
ISN 0009 DIMENSIONHYORO(20) yHELIUM(20),LITH(20),PROT(20), '
LANT(20),EUROP{20),60LD(20) 5
ISN 0010 UIMENSION BERLI(20)+B0ORON(20),CARBON{(20)NITROG(20),0XYGEN(20) , P

LFLUO(20) 4 NEON(20),SODIUM(20) yMAGNS(20) ALUMI(20),SILIC(20),PHOS(20
2) 9 SULPH{20),CHLOR(20) s ARGUN(20),POTAS(20Q) ,SCAND(20) ,TANTO(20),
3VANAD(20) 4 CHRUM(20) y MANGO(20) 4 IRON(20) y COBALT(20) 4yNICKEL(20),

4 LINC (200 ,GALL{20) yGERMAN{20) 4ARSEN(20)+SELEN(20),BROMINI( 20
5) o KRYPT(20) yRUBID(20), STRONT(20) s YFTRIU(20),ZIRCON{20),NIOB(20)
64+COPPER(20)

ISN 0011 DIMENSION MOLY (20) y TECHNE{20)yRUTH{20) 4RHOD(20) ,PALL{20) SILVER(20
1)+CAD(20), INDIUM{20),TIN{20) TELL(20),I0ODINE(20), ENON(20)+CESIUM
20200y BARIUM{20) s LANTH(20) yCERIUM(20)4PRAS(20), NEGD(20) «PROME(20),
35AMAR(20)4GADOL(20), TERB(20)4,0YSP(20),HOL{20) ,ERBIUM{20) ,THUL{20),
4YTTERBL20)yLUTET(20) yHAF(20)+ TANT{20) ,TUNG(20) yRHEN(20),OSMIUM(20)
59IRDI20),PLAT(20) yMER(20) s THALL(20) ,LEAD(20.) +BIMUTH(20),POLON(20),
6ASTAT(20) 4 RADON(20) 4 FRAN(20) 4RADIUM(20),ACTI(20),THUOR(20),URAN(20)

ISN 0012 UIMENSION DOH20(24) o DOALUM(24) , DOIRON(24) ,

1 DULEAD(24) » ENH20{(24) o ENALUM(24) , ENFE(24) ,
2 ENPBLE(24) , ENPBHE(24)
ISN 0013 EQUIVALENCE (C(1),DGH20) 4 (C(25),DOALUM)
1 (C(49),D0IRON) 4 (C(73),D0LEAD) ,
2 {C(97),ENH20) 4 (C(L21),ENALUM) ,



ISN 0014

ISN 0015

ISN 0016

ISN 0017

ISN 0018

ISN 0019

ISN 0020

ISN 0021

3(CC1L45)5ENFE) o (C(169),ENPBLE) ,
4 (C(193),ENPBHE)

EQUIVALENCE(XSECO(1),,HYDRO) » {XSECU(21) 4HELIUM),
L{XSECO(41)+sLITH) »{XSECO(1801),PROT)

EQUIVALENCE (XSECO(61),BERLI) 5 (XSECO(B1).BORON) , (XSECO(101),
LCARBON) » (XSECO(121)4NITROG) o (XSECO(141),0XYGEN) , (XSECO(161),
2FLUO) , (XSECU(181),NEON) , (XSECO(201),SUDIUM) , (XSECO{(221),
3MAGNS) » (XSECU(241),ALUMI) o {(XSECO(261),SILIC) 4 (XSECD(281),
4PHOS) o (XSECO(301)4SULPH) 4 (XSECQ(321),CHLOR)

EQUIVALENCE (XSECO(341),ARGON) 4 (XSECU(361),P0OTAS) , (XSECD(381),
1CALCI)  (XSECU(401),SCAND) 4 (XSECG(421),TANTO) + (XSECO(441),
ZVANAD) » (XSECO(461),CHROM) o, (XSECD(481),MANGD) 4 {(XSECD(501),
3IRON) » (XSECO{521)+COBALT) » (XSECO(541),NICKEL) , (XSECO{561),
4COPPER) » (XSECU(581),ZINC) 4 {XSECD(601),GALL)

EQUIVALENCE (XSECO(621),GERMAN) 4, (XSECO(641),ARSEN) +» (XSLCCO(661
1)oSELEN) » (XSECO(681),BROUMIN) 4 (XSECO(701),KRYPT) 4 (XSECO{721),
ZRUBIV) » (XSECO(T741),STRONT) o (XSECO(761),YTTRIU) o (XSECO(781).
3ZIRCON) » (XSECO(801),NIOB) , (XSECO(821),MOLY) , {XSECD(841),
4TECHNE) o (XSECU(861)yRUTH) (XSECO(881)4RHODY 4 (XSECO(901) ,
5PALL)Y » (XSECO{S21)4SILVER) , {(XSECD(941)+CAD)

EQUIVALENCE (XSECO(961),INDIUM) , (XSECO(981),TIN) , (XSECO(1001),

LANT)y (XSECU(1021),TELL) 4 (XSECO{1041),IUDINE) , {XSECO(1061),
2 ENON) » [XSECO(1081)+CESIUM) , (XSECU(1101),BARIUM) , { XSECO{1121
3)oLANTH) » (XSECO(1141),CERIUM) , (XSECO(1161),PRAS) , (XSECO(1181
4)yNEUD) y (XSECO(1201),4PROME) o, (XSECO(1221),SAMAR) , {XSECO(1241)
5yEUROP)y  (XSECO(1261),GAD0L) o, (XSECO(1281),TERB)

EQUIVALENCE (XSECO(1301),DYSP) 5 (XSECD(1321),HOL) + (XSECO{1341)
1yERBIUM) , (XSECO(1361),THUL) , (XSECO(1381),YTTERB) » (XSECD(1401
2)9LUTET) +» (XSECO(1421),HAF) , (XSECO(1441),TANT) , {(XSECO{1461),
3TUNG) » (XSECU(148B1),RHEN) » (XSECU(L1S01),0SMIUM) , (XSFCO(1521),
4 IRD) o (XSECO(1541),PLAT) 4 (XSECO(1561)4GOLD)s (XSECO(1581), MER)
5 9 (XSECO(1601),THALL) 4 {XSECU(1621),LEAD)

EQUIVALENCE (XSECUO(1641),RIMUTH) , [XSECOJ(1661)sPOLON) , (XSECH(
11681)4ASTAT) , (XSECO(1701)4RADON) , {XSECU(1721).FRAN) , (XSECO(
21741) 4RADIUM) » (XSECO{1761),ACTI) » (XSECO(L781),THOR) , {XSECO!
31821),URAN)

EQUIVALENCE (KSECD(1981)vL!THX)

-6£T-



ISN 0022

ISN 0023

ISN 0024

ISN G025

ISN 0026
ISN Q027

DA
12.
DA

1
2
3
4
5
6
7
8
9
X
Y
¥

0
DA
X

ba
N4H
X4H
P4H
Q4H
R4H
S4H
T4H
UgH
V4H
Wa4H
X4aH
DA
DA

SN -

TA ENRG /e0590069¢0Bvsl10159e21032e%105106108+1091le5,
'30140'5.96.'8.’10./

TA XSECNT/.bOZvO.14989v0.08763'0.07153c0.05401'0.04063'0.04283,
0.03728,0.04091,0.0343770.03213'0.03121.0.02925.0.02898.0.02755.
0.02706.0.02570:0.02416,0.02443o0.02412'0.02270,0.02200,0.02131c
0.02109'0.02050'0.02136,0.01977.0.01940.0.01934'0.0187410.01813'
0.0177590.01747'0.01700.0.01690.0.01649.0.01632'0.01611'0.01599'
0.01559.0.0l563'0.01537v0.01513,0.01496.0.01483,0.01455.0.01447.
0.01417'0.01401v0.01378,0.01360'0.01327v0.01331o0.01308q0.01299,
0.01278.0.0127070.01264,0.01261vO.01246'0.01242'0.01219.0.01212.
0.01191.0.01185,0.0l171.0.01162,0.01154v0.01148.0.01134.0.01128.
0.01116.0.01108,0.01101.0.01092.0.01080.0.01074.0.01066,0.01061.
0.01051.0.01041,0.01026,0.01006v0.01026'0.01024;0.00997.0.00994.
0.00988.0.00986v0.0097490.00977v0.00911,0.00964q0.00954.0.00952v

¢00948y0400940+0+009404+0.00930,0.,187/
TA NAMB/4HH20 +4HAL D,4HFE D44HPB Dy4HH20 ,4HAL Ey
4HFE Eys4HPB E,4H +4H v4H v 4H /
TA NAME /4H H  44H HE 44H LI 44H BE ,4H B ,4H ’

N 94H O s4H F  ,4H NE 44H NA ,4H MG o,4H AL ,4H SI +4H4 P
S e4H CL »4H-AR +4H K 44H CA ,4H SC 44H TI ,4H V ,4H CR
MN s4H FE +4H CO +4H NI 44H CU +4H IN +4H GA ,4H GE ,4H AS
SE »4H BR 44H KR 44H RB 44H SR ,4H Y ,4H IR ,4H NB v 4H MO
TC +4H RV 94H RH +4H PD 44H AG ,4H CD 44H IN 4+4H SN ,4H S8
TE 94H I 44H XE 44H CS 44H BA ,4H LA 44H CE ,4H PR »4H ND
PM 94H SM 44H EV +4H GU ,4H TB ,4H DY ,4H HO ,4H ER ,4H TM
YB 94H LU +4H HF 44H TA 44H W 44H RE ,4H 0OS ,4H IR ,4H PT
AU 44H HG +4H TL 44H PB 44H BI ,4H PU +4H AT ,4H RN .4H FR
RA y4H AC 44H TH 24H PA 44H U o4H NP ,4H PU ,4H AM ,4H CM
BK s4H CF +4H ES s4H LIH/

TA  EMINBB/ 0¢255, 3%0.5, 04255, 3%0,5/

TA DOH20/
+1.01094E+0v+1.16772E-1.-7.65869(5—3'+1.6706BE-4,-~6.00394E~-2,

+2.32125E+01‘1.79023E—2,+5.69295E—4,+7.20778E-2,-2.128015‘*0,

+2.41735E“1.'7.96332E-3v-3.01498E-27+7.67783E-1,-4.34443E-2,

+7.23758E°3'+3.94733E—3c—9.08139E-2c-l.34203E'37-9.872375-4/

T 4 e e e e e e e e D

1-7

8-15
16-23
24-31
32-39
40-47
48-55
56-63
64-T1
72-79
80-87
88~=95

96-100

ot
|
o

7-15
16-24
25-33
34-42
43-51
52-60
61-69
70-78
79-87
88-96

97-100

"'OYL(_["
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0028

0029

J030

0031

0032

0033

0034

U e N e

1
2
3
4

DATA DOALUM/
+1.,00768BE+0,
~1.03B07E-2y+1e30705E-2+y-3629348E~4+-4498085E~2,+3.32216E+0,
~1e58l6TE~1y+4e60315E-3,+7623425E-29-5e5242TE+0++6.89496E~1,
—2e04255E-29-3e693841E-2+4+4e16T7T00E+09—-5.59836E~-1+4+2.00554E~2,
+7e357T78E-3,~-1.04638E+0y+1.41308E-1,-5.29934E-3/

UDATA ODOIRON / +1.01460E+04-4.12104E~-2,
+1.880T4E=-3,+1e20198E~3,-1.8865TE-1+42.72752E+4+0++1.00217E-1,
~3eB3313E-3,+6e38649E-19y-3,76728E4+0,~1.31988€~1,+2,06002E=-2,
—6e55159E-1,4+24423834E4+0,+1,68976E-14~1e75251E-2++1.90742E~1,
~—5654657TE—19y-5e¢807T10E~2,+4475673E~-3/

DATA DOLEAD/

9e59342E-1+464T8254E-2+-2426626E-2,
+6e39BT72E—49+1413722E~14+4e50412E—-1+4+7.55191E~-3,+%1452094E-4,
—7e39810E—2y—241503TE-1,45410254E-34-6e0483TE-4++1B8TT6ETE-2,
+4405189E-2y=1e89332E-3++2e42263E~4+-2.04254E-3+4-3.,40802E-3,
+1693415E~49-2493B65E-5,47e93621E-5:+1e06510E-49y-6.24306E-6,
+1.13914E-6/

DATA ENH2U / +1.00935E+0+46475909E—2+-2.88512E-3,+3.,54158E~5,
~5e05187E-2++2e73952E4+0+—Te1l1B006E-29+1.98272E—-34+45.93863E-2,
=~2e82306E409+3e9B736E—-19-1e19564E-2¢-2443T17E~2++1.11668E+0,
~1e50948E~1y+9¢52922E-3+43414T779E-39-1e41350E~14+1.65266E-2,
-le36541E-3/

DATA ENALUM/
+9e5T7130E-19-3e85219E-24+1427Bl0E-24-3e33093E-4++6.54640E-2,
+3,27946E+0,y~1464393E-1++5.04304E~3,-2.68716E~1+1-4.74349E+0,
+Te45T95E~19~2BB346E~2,+2.84508E-1++3e639495E4+0+-6.26720E~1,
+245365BE=24—=8e3317TTE-2y-Re37392E-14+1466032E-1+,-7.07268E~3/

UATA ENFE/ +1.,00009E+0,
—9eT6981LE=24+3,07T480E~3345043036E-4,—-2.69391E-2+42,8156TE+0,
+54T069E~29-3e05850E-39+1e067G7E-14-3e14590E40+~1+33763E~4,
+2043681lE-3,-1611725E-1++1e91566E+0,+1s03003E-1+~1457016E~3,
+3e27028E-21-4e17820E~1,-479248E-2++5.35111E~4/

DATA ENPBLE/

‘ +9.99305E-1+-3,49764E-1,
+208G88B6E-Zy+1e28555E-3++1e13017TE-2+42.79914€E+04-T7410002E-2,
40 T7560TE-34-344436TE-3+-2.20399E+0,-1.11108E-2,+7.04R43E~-3,
+2e04092E-3,+5,02301E-1y+1.45444E-24-2,31052E-3/

-ThT~
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0036
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0043

0044

U045

0046

0047

DATA ENPBHE/ +l.02626E*O.*4.15814E—1,*5.64179E—2.
1 —4.83073&—3,—7.447245-3,—6.14701E-2,-l.42153E-2'+1.76866E—3'
2 *3.8109OE—4,+3.09491E—3'*7.33689E—4y-1.07370E—4/

DATA HYDRO /.335'.326'.309y.295,.265..243'.212,.189'
X.173v.160,.l40p.126,.105'.0876,.0691'.0579y.0502'.0446¢.0371'
Y0321/

DATA HELIUM /o1688p.1640..1560'.1480'.1330'.1220..1060,
X.O953,.0870'.0805'.0707,.0635'.0516'.0442'
Y.0349p.0295..0257'.0231,.0194'.0169/

UDATA LITH /.1469,.1423'.1347'.1268y.1150v.1060,.0921,
X.0825..O754,.0696'.0612..0550,.0447'.0382,
Y00304000257'00225000203900172’00152/

DATA BERLI /.151..146'.138..132,.119..109;.0945,.0847.
X.O773,.O715,.0628..0565,.0459'.0394'.0313,.0266v.0234..0211'.018'
YeGlol /

DATA BORON /01608001536v.1463v01380y01237v01139v00985|
X.0881'.0805..0?45..0654'.0588..0478,.0410'
Y.OBZl;.OZ?Q..0247,.0224;.0193..0175/

DATA CARBON /o178p.169v.157v.1490-134v.122v-106v.0953'
X.OB?..0805'.0707,.0636'.0518..0444'.0356'.0304'.027'.0245'.0213.
Y0194 /

DATA NITROG /.185'.173..159..15,.134..123..106,.0955'.0869'
X.0805'.0707,.0636..0517'.0445..0357'.0306'.0273,.0249y.0218v
Y02 /

DATA OXYGEN /.197'.18..162..151'.134c.123..107g.0953'
X.087g.0806..0708..0636g.0518..0445..0359'.0309'.0276'.0254'.0224'
Ye02086 /

DATA FLUO /.1987..1786'.1565'.1448v.1275v.1780'.1016v
X.0905p.0826..0?62..0670-.0602g.0491'.0422v
Y.O342-.0296g.0266..0245..0218'.0203 /

DATA NEUN /.231'.1992'.1688..1536..13371.1226,.1054'
X.0947,.0863p.0797,.0701v.0630'.0514'.0442'
Y.0359p.0312g.0281'.0260y.0233g.0218 /

DATA SODIUM /.248..206..168..151..13'.118'.102'.0912.
X.0833'.077p.0076'.0608..O496p.0427p.0348..0303v.0274'.0254'.0229v
Y.0215 /

DATA MAGNS /0293g023290181g01600135'0122'0106!009449
X.UBb'.0795'.0699'.0627,.0512p.0442'.036g.0315..0286..0266,.0242o
Ye0228 /

HYDROGEN

HEL TUM

LITHIUM

BERYLIUM

BORON

CARBON

NITROGEN

OXYGEN

FLUORINE

NEON

SODTUM

MAGNSTUM

—Z-W'[-



ISN

ISN

ISN

ISN

ISN

1SN

1SN

ISN

ISN

ISN

I SN

ISN

0u48

0049

Q050

U051

0052

0053

0054

0055

0059

DATA ALUMI /.326,-248..186..161..134..12..103..0922-
X.084..0777,.0683..0614o.05'.0432..0353,.031..0282..0264o.0241o
Y.0229 /

DATA SILIC /.389..288,.205,.172'.139..125,.107..0954.
X.0869,.0802..0706..0635'.0517..0447..0367..0323..0296'.0277..0254o
Ye0243 /

DATA PHOS /.432..311.-211..174..137o.122..104..0928'
X.0846,.O78..0685v.0617o.0502..0436..0358..0316..029q.0273..0252'
Ya0242 /

UATA SULPH /.518..363..234.-188..144..127..108..0958.
X.0874,.0806..0707..0635..O5l9..0448y.0371..0328..0302o.0284..0266o
Ye0255 /

DATA CHLUR /.584..3957..2451..1902..1403..1223'.1033o
X.0922..0839,.0775..0680,.0609..0498,.0432'
Ye0358+60318+¢0255¢002804+40262,40252 /

DATA ARGON /.629..420-.249;.188..135o.117..0977..0867
X..O79..073..0638'.0573..0468..0407..0338o.0301,.0279..0266,.0248'
Ye0241 /

DATA P@aTaAs /.782..514..293..215v.149o.127..106'.0936'
X.0852..0786..0689..0618..0505,.0438..0365,.0327'.0305..0289..0274.
YeO267 /

DATA CALCI /.929..597..33..238o.158..132p.109..0965.
x.0876'00809'00708900634100518v004510003760o0338000316000302v002850
Ye028 /

DATA SCAND /.999..6317'.3387..2377..1507..1247..1025.
X.O902..0819,.0755,.0662o.0593..0484v.0421o
Ye035340031890¢02994002874+40273440267 /

DATA TANTO /1.125y.7062..3677..2517..1531..1253'.101'
X.0892y.0809..0745..0653..0586..0478y.0416o
Ye0350+e0316+0029B8440287+e027%440269 /

DATA VANAD /1.250v.7850o.3999..2661..1565-.1249..100.
Xe0B809e079791e073490064240057650604704¢0410,
Ye0345940313,40296900285,5402744.0270 /

DATA CHROM /1.443'.9005,.4516'.2930..1665'.1302o.103.
X009040o08179.0751900657v00589900482v004190
Ye0354740322+403054.0295,40285,.0282 /

ALUMINUM

SILICON

PHOS-

PHNRUS

SULPHER

CHLORINE

ARGON

POTASTUM

CALCTUHM

SCANDTUM

TITANTUM

VANADTUM

CHROMIUM

-EWI-



ISN

ISN
ISN
[SN
ISN
ISN
ISN
ISN
ISN
TSN
I SN
ISN

ISN

0060

0061

0062

0063

0064

0065

0066

0067

0068

0069

0070

Q071

0072

DATA MANGO /16599909942+04925,.3108,441709,.,1316,.102,
Xe089590e08077407421406484+605829e04741.0414,
Ye03519003205¢0304940295+40286,,0283 /

DATA IRON /168391¢1316555+4344490183+40138,410649.,0919,
Xe0B28ye076271+0064340595460485940424+20364+4033,0,0313,.0304,.02595,
Y. 0294 /

DATA COBALT /2¢01916235445999,9436699.1880,413874+41052,
Xe09105408177e075090055+e0588906047949.0419,
Ye03564e03279403129403044+40297+.0296 /

DATA NICKEL /26321104279 e68324e4127+025509148R441108,
Xe0951 9e08549e078394006829e0611940499,.0437,
Ye0372+40343940329940320+403144.0314 /

DATA COPPER /2645y 1e51l9eT71390427+0206+0147+4108+40915,
XeOB29eUT7514600549e05854940476940418440357,4.033,.0316,.0309,.0303,
Y.0305 /

DATA ZINC /20719166610 eTT7340463049¢2182+41519+41055,
Xe0927 1082714075694 0659,9.05909e048194.0422
Ye0362194033544032244,0316440312+.0313/

DATA GALL /2:8891aT6840815004841002228+01527441074%,
X.O‘)O‘n 00806000734,0063(;!.05719004670004100
Ye0353400327440315+40309,.03074.0309/

DATA GERMAN /3012+1e¢905,088769451941623204e1562+41081,
AeQ9049e0802920731960634+405689.04634.0407,
Ye03519e0327+40315+40310+,00308,44.0311/

DATA ARSEN /303992e084096064e55929024404016174+41099,
XeU9109e0806900733+4600636+e0568900464,+40407,
Ye03539¢0329940318,403134.0313,4.0316/

DATA SELEN /3662922091029 445585902515441634,.1087,
XeOB979e07929e0720440623+605569e0454,4.0399,
Ye03469y460324440315440310+0310,440314/

DATA BRUMIN /3699424439101 3590664369e206914a1T727401124%,
Xe09229608104407354006354405671+60462440406,
Y+0354,440332,.0323+403189403204.0325/

DATA KRYPT /40249225641 6203,43e679119427854e1753441122,
Xe09139e0800ye0727940625+405571900454+40400+
Ye03434403299.0320940317+.0318,.0324/

DATA RUBID /4e6092e¢797163099e733549e62963+9018264+41145,
Xe09289008119e07329e0630+4056290604584+40404,
Ye03534940333+003259¢0322+00325440331/

MANGANES

IRON

COBALT

NICKEL

COPPER

ZINC

GALLTUM

GERMAN

ARSENIC

SFLEN

BROMIN

KRYPTON

RUBIDIUM



ISN

ISN

1SN

I SN

ISN

ISN

1SN

ISN

I5SN

TSN

ISN

ISN

0073

0074

0075

0076

0o7r7?

0078

0079

0080

0081

00s2

0083

0084

DATA S

TRONT

/46969300391e4069e78824031224019004,41176,

XeU9419eU81l7+e0736940633440564960459,,04605,
Ye0355400336,40329940326440330,.0337/

DATA Y

TTRIY

/50409342599 14542+e8555443328,42002441212,

XeU9605¢0832+00743,60642+005724¢04654.0411,
YeU361940343,40336940334940338,4.0346/

VATA [

IRCUN

/5¢789305241e¢658949100,43517+.2085,.1239,

XeO9T8+008399e0752+20644940573460466,.0412,
Ye030391¢0345940339,403374.0343,,0351/

DATA

NIQOB

/60231368091 1e764909820143724942178,41275,

KeU9961e08509e07664606504¢05789e0470900416,
YeO03673140350940344440343,40349,,0359/

DATA

X.0851'-0761,.0648,.0575,.0467..0414,.0365,.0349..0344,.0344..0349,

Ye 0359/
DATA T

MOLY

ECHNE

/6062v4004v1086v1.03!.389!.2259.139009989

/7002+4028+109589160894440654423284.1310,

X01003000851700757!00646100573100465!00412'
Ye0365+00349440345,40344,40353,,0363/

DATA R

UTH

/7439405442007 59101564e42T4442411,41327,

XelOll+e0855+007599e0645400571 920464400411,
YeU365+e0351440347400347+003564.0367/

DATA R

HUD

/T10659+14e8942e2209162434.4548,42543,41373,

Xel0399e0B72+e07739606554405799¢04704.0417,
YeO03714e0357+e0354400354440364,,0376/

DATA P

ALL

/863995412+24330+914301444710,.2608,.1391,

x.1048,.08b9,.0767,.0648..0573,.0464..&413.
Y003680c0354900352900353100363900375/

DATA S

{LVER

/8e9715e4912e509163885¢5014%90275%0 01447,

XelOT69e0B869e0781960659,40582940470,40418,
YeO0374540361+40359440360440371,.0384/

DATA C

AD

/3e3195e¢7192¢599164372051684428164941455,

Ael065420878ye07TLlye0648440571460462,40410,
YeU3684203564403554940357+.0368,,0382/

UATA

INDIUM

/9e851600212475416515445436442940,.1492,

AKelOB3+e0837+e077896065290405749e04644e0412,
YeU3709e0359,40358,40360,.0372,.0387/

STRONT~
T'UM

YTTRIUM

ZIRCON-

TUM

NIOBTIUM

MOLYBR-

DENUM

TECHNE~
TIUM

RUTHEN=-
TUM

RHODIUM

PALLAD-

TUM

SILVER

CADMIUM

INDTUM

_gnT_



ISN

ISN

ISN

1SN

ISN

ISN

ISN

1SN

ISN

1SN

ISN

ISN

ISN

0085

0uBo6

o087

0088

0089

0090

0091

0092

0093

0094

0095

DATA TIN /1002962892879 1e5896563+030340153,4109,
Xe0BB6yeUTT6920064710605689404599404085¢0367+460355,.0355,.0358,.0368,
Y.0383/

DATA ANT /1067496657 93401914650465980443150441557,
Xell0lye0B929ye07809e06471e60568,540458,.0407,
YeO03675e03579e0357+40361940374,,0389/

DATA TELL £1160340675936104167005e56040+63191441557,
Xel030+e08797ye0767960633,460555,4.0447,40397,
Ye03599060350+403519¢0354440367,.0383/

DATA TOUDINE 711e997e¢2693634+1e834+4648163399416546114%,
Xel0F1319e07921e0653560571+60469e04091e0374¢6036+120361+4.0365+.0377,
Ye0394/

DATA ENON 712114 7e4743e4691e9051e6640963471461679,
Xell46ye09105e07879ye06479040565940453440404,
Ye03661¢0358960360940365+.03794.0396/

DATA CESIUM /126609788913 e6792e¢0129e70009e3642,41745,
Xell749e60929960800y406554+05729004584,0408,
Ye03719e0363,403669+0371+60385,,0403/

DATA BARIUM 713610+8e1693e67992e079+447180+43719+61763,
Xell74ye09289e07984400650940566440453,.,0404%,
YeO036T1e0360+e0363440369,40384,.0402/

DATA LANTH /13669+8e¢5514¢00126195967560443891,.1839,
Xel2il9e0347940812+e0659,e0573440458,4.0408,
YeU372+403659e0369903759003904.0409/

DATA CERIUM /1462898699146221263129+7990+44081,41869,
Xeld499e09739e0828y4067096058240046%5.0414,
YeOU377+4e0370+4037544038B2+4039849.0417/

DATA PRAS /156064964594 44992e¢460+e8440464281,419853,
XellB63009919e0847+e0683+,40591940470+40420,
YeU3833e0377+40383+440390+0e0407940427/

DATA NEOD 71565699eT51446492e560448720444425,42037,
Xel3044901000,e08529.0684440591940469,4.0419,
Ye03839003789¢0384,40391+40408,,0429/

DATA PROME /16615910el494e849266690910444578,.2093,
Xel3229e10195e08619e0688560594454604704.0420,
YeU03849e¢0U3809403869¢0394+40411,.,0432/

UATA SAMAR /16. 54) 1004475.02!2.7670940'047230021407

TIN

ANT I MONY

TELLUR-

TUM

IODINE

ENDN

CESTUM

BARTUM

LANTHAN-

UM

CERIUM

PRASEOD~

YMTUM

NEODYM=-
TUM

PROMETH-
TUM

SARAMTIUM

-9*7'[-



ISN 0098
1SN 0069
ISN 0100
ISN 0101
ISN 0102
ISN 0103
ISN 0104
ISN 0105
ISN 0106
ISN 0107
ISN 0108

ISN 010

X.135l,.1028,.0867..0690,.0594..0469y.0419y
Y.0384..0380..0387,.0395..0412-.0434/
DATA EUROP /17.23q10.83v5.24v2.9ﬂy.986y.4924y.22169
Xel3881e10477408829e07009e0601ye047%se0424,
Ye0389+00385+40393,4404014+00419,.0441/
/2.56,10.93.5.35,2.96.1.015,.5031,.2245,

DATA GADOL
AKel397421056+e08804e00954¢05964e0469,4.0419,
Ye0385+920382ye03909e0398,460419,440439/
DATA TEKB /2064111.3205.5713.0911.054105233002311’
X.l455,.1075..0893..U?OZ,.O&OO'.0472o.O421,
YeO03889403849040393y404029e0420,40443/
DATA DYSP /2.75111.52y5.76'3.20y1.093o.5407,.2368y
X.1454,.1084;-0900y.0706;.0602,.0471;.0422y
Ye0389+e03859003954404044004224.0446 /
DATA HOL /2.91.11.80;5.98,3.3291.131..55999.24349
X.l492'.11037.0914p.07l3y.0607o.04740004249
Ye0392+40388940398+e0408440426,00450 / k
DATA ERBIUM /3.05'12.1016-21'3045'1.1801.5791v.25109
X.l530p.1121p.0928,.0720p.06129.0477y.04279
Ye0394940392y004029404129060431440455 /
DATA THUL /3.19912.39vb.4213.58’l.228y.6012'.25869
x-15689o1150900943'00729900618900481v.04301
Ye0397940395940406940416940435,40460 /
/3.3412.0196.60'3.7091.257'.6177v.2639

DATA YTTERSB
X.1596,.1159,.0951..0732..0620'.04819.0428.
V.O398,.0396..04067.0417v.04369.0462 /
DATA  LUTET /3.47v2.13)6.8893.83v1.3lbv.6430;.2719c
x.1634v011881.0966,00743900627130486v00433v
Ye0402+e0400+004119ye04214940441,40467 /
/3.61.2.19v7-04y3.92,1.354v.6620¢.2777o

DATA HAF

Xel662901206900975960747+140628440485,40433,

Ye04029e04019e0411900422,¢0442,.0469 /
/3676926269 70291400891¢402406350,42853,

Xel7009e¢12259e0954900757+20635400489,60436,
/3-94’2-34'7.49’4&21'1.449o708'm293'¢174'

DATA TANT
YeOu04906040592004159.04264+0044749.0474 /
X.125v.lOlv.0763'.064v.O492o.0437,.O4OS;-04OZ..O4DQv.041R

DATA TUNG

9
Ye0465 /

EURGPIUM

GADOLIN-
TuM

TERBTIUM

DYSPROS~-
Tum

HOLMTUM

'LWT'

ERBIUM

THULTUM

YTTERR-
TUM
LUTETTUM

HAENT UM

TANTALUM

TUNGSTEN

10438,



1SN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

0110

0111

0112

0113

Oll4

0115

Olleé

0117

0118

0119

0120

0121

DATA RHEN 7401242439 767234¢3531450044729,43005,
Xoel78T+9el2729e1l0221e0774960645460494,4.044%41,
Ye040956040996042]19e0431+40453,,0481 /

DATA GSMIUM /4¢25902e5007269294e46916539,4.750443063,
XelBl554129]19e10329e0778960647+4049544,0440,
Ye0409,50041090042149404319604544,0482 /

DATA IRD /404l 92660+8e1494e¢61l91e5879e771903140,
XelB8629e13109610514e07874e065244049649.0443,
YelU4llee04129e0423+460433+,404564400485 /

DATA PLAT /445892eT198e€lr4eT511e6490e79590324494191,
Xel35+1e107+e08y0065914050196044590041%49004119.0418,,0427,.0448,
Ye04177 /

DATA GOLD /4475928391631 946919146944.825443331,

Xel3579el3779e10989e08Ll19e0668,540506440451,
Ye04199e0421940432+e04421e0466440495 /

DATA MER 74e9192e6940163495e05914742,+,.843,43398,
Xel9959213969611089¢0819+406734.0508,40452,
YeU4219e0423900433400443440468440497 /

DATA THALL £5060393¢60191036+5e1611eB19e866903464.204,
Xel439e1121e0824900675900508+e0452900425e041649404234.0433,4.0454%,
Ye0484 /

DATA LEAD /50619930151 1e41+562991e849e39646356,4208,
Xel459e1149e08369006849e0512900457140421400424+00426440436,40459,
Y.0489 /

DATA BIMUTH /56389 3¢2911e%69504691690844924443667,
Xe21409014829¢11659008509405945e0518440461,
Ye0429960432,00442760450440477+40507 /

DATA PULON 7566293042+ 1e549546641697594962,43772,
Xe22079e15309¢1193,40871460707+440527,40468,
Ye04354e043990e04489¢0457440484,.0515 /

DATA ASTAT /5¢8593e¢5811e6215e8792¢05341.001443916,
Xe22849¢15779¢1232940891+40722+e0536,40476,
YeU4429e044679e04564004549004924.0523 /

DATA RADON 756830936579 1e¢62915e679+124025+49824,43861,
Xe22469015491e12039408689407019e05194.0450,
YoeU4289e0432440441940449+404764.0507 /

RHENIUM

OSMIUM

IRIDIUM

PLATINUM

GOLD

MERCURY

THALLTUM

LEAD

BIMUTH

POLONTUM

ASTATINE

RADON



I[5N

1SN

[SN

1SN

ISN

I[SN

ISN

ISN

U122

0lZ3

0125

0lz6

0127

0128

0129

DATA FRAN /6.05v3.65v1-68,.92012.103'10021039869
Red323 901587401241 4e088710e07169¢e0528,440467+
Ye043449e0438140468ye045550604834,.0514 /

VDATA KADIUM /6026930679910 721093042e161,1.039,.4103,
Xel3T71lyel6269e12614e0900+0e0723940531,4.0470,
Ye04364e0440400448,00458+00485,,0517 7/

DATA ACTI /6652936509 168090970+2¢239931e078464227,
Xel44890167490¢12999e092190073844054049.0477,
Ye0443400446900456400456460492,.0524 /

DATA THOUR /6070'400691.8211.0092.20901.097v.43079
X.2478y.1693y-13097009251.0739y005391004769
Ye04429004%44900452900464400490,,0522/

DATA PROT /7.04v4.2391.9091005v2037éo1.1450.44890
X02583y.l7b0yo1357900954100762100553v004889
Yal4521e04549004644¢04754e05014.0534/

DATA URAN /7.17'4.289109311006’2.4291.170-4520.259,
X.17b'01361.0952,00757y.05480004841o04451.0449.D446v00455v004790
Y«0511/

DATA LITHX /el714+e16606157+e1524613444123,4107,
1609694087840 081190e0711y4064+6052,.0445,,0353,
2002984940269e0234+40197,40174/

END

FRANCTUM

RADTIUM

ACTINTUM

THORITUM

PROTACT~

INIUM

URANTUM

LITHIUM
HYDRIDE

-6h T~




~150-~

APPENDIX D. LISTING OF QAD-GEOM (360)

The following is a FORTRAN IV listing of QAD-GEOM (360) for the IBM-

360 computer. The program contains the following subroutines:

1. Main Program, p. 151 16. Subroutine JOM5, p. 192
2. Subroutine INPUT, p. 158 17. Subroutine JOM6, p. 194
3. Subroutine LENGTH, p. 165 18. Subroutine JOM7, p. 197
4. KERNEL, p. 168 19. Function JOM8, p. 199
5. SOURCE, p. 170 20. Subroutine JOM9, p. 200
6. XSECQD, p. 176 21. Subroutine JM1O, p. 202
7. PRINT* 22. Subroutine JMI1l, p. 204
8. TITLE* 23. JMl2, p. 206
9. SLITE* 2k, JM13, p. 208
10. SLITET* 25. JM1h, p. 211
11. Subroutine GEOM, p. 178 26. JML6, p. 212
12. Subroutine JOMIN, p. 181 27. JML7, p. 213
13. Subroutine LOOKZ, p. 186 28. LoC*
14. BLOCK DATA, p. 188 29. MOMENT*
15. Subroutine JOM4, p. 189 30. XSECO*

¥ Subroutine LOC is available only as a HEX DECK.

*Listings for these subroutines are not included here since they are
identical to ones previously listed under QAD-P5A (360).



COMPILER OPTIONS - NAME= MAIN,OPT=0C,LINECNT=50,SOURCE,EBCDIC,NOLIST,NODECK,LOAD,MAP,NIEDIT,NOID

C PROGRAM QAD P5A
C CROSS-SECTIONS AND NEUTRON PARAMETERS ADDED JULY 1965 GePeoLAHTI
C USES GERERALIZED GEOMERTY
CQAD-P5 MAIN PROGRAM WITH NEUTRON MOMENTS CALCULATION. 5 NEUT. SETS. QAD-C0O10
C CARTESIAN, SPHERIC, AND CYLINDRIC SOURCE AND DETECTOR OPTIONS QAD-CC2C
C AND THE EXPANDED PRINT QAD-0030
ISN €002 DIMENSION DGAM(30), UDGAM(30), FNEUT(15,5), AGAM(30), UAGAM(3C), QAD-0050
1 A NEUT(1645), SREG(20) QAD-006C
ISN 0003 DIMENSION 1S MAX(3), IS MIN(3) QAD-06070
ISN 0004 DIMENSION C DET(3), TOTAL G(6), TOTAL N(5,5), GRP G(30,6), QAD-0180
1 GRP N(154545), TOTL GI(6), TOTL NI(3,5), GRP GI(30,6), QAD-0190
2 GRP NI(1543,5), EG AV(2), EN AV(5) QAD-0200
ISN €G0S5 DIMENSION UNIT G(181), UNIT GI(27), QAD-0210
2 FE ABS G(30)y, WIDTHG(30,43),WT G(30,3), NSIND(5,3) QAD-C230
ISN CC06 COMMON /QADNM/ NBMID(18,3), NASET(2), RMXSEC(3)y, BREAK(342),
1 XNMMC(5,3043), CONVN(1G) , HISTN(1Q), EN(10) , FEABSN(1CQ), A
2 WIDTHN(1C,2) 5 WTN(10,3), UNITN(12), UNITNI(27),UNITND(3), ]
3 WIDTHT(2,2) !
ISN neaT COMMON /QADATA/
1 NSET (30) s RSO (101) , P4ISO (101) , ZSO (101) 1
5 HYDRAT(30) s+ XSECN (30Q) s XSECG (20,30), BILDO (30) 1
6 BILD1 (30) sy BILD2 (30) sy BILD3 (30) s+ GAMEN (30) 1
7 CONV  (30) sy COMP (20,40), EG (30) s MATZ (20) 1
8 FL (161) 4 FEN (101) » FM (1c1) 4 XISO (243)
9 ASO 4 RRC , IRC 4 PHIRC 4 ALF1 4 ALF2 yALF3 1
X ALF4 5 NBLD , ID(18)
ISN 0008 EQUIVALENCE (LSO, NSET(1)), (MS3DO, NSET(2)), (NSO, NSET(3)), QAD-0430
1 (MAT, NSET(4))y (NCOMP, NSET(5)),
2 (NRGY, NSET(7)), (NBOUND,NSET(8)), (NS OPT, NSET(9)), QAD-0450
3 (ISRC, NSET(11)), (I NEUT, NSET(12)) QAD-0460
ISN &0n9 1 FORMAT ( 3E9¢4y 2( I5, 14 1)) QAD-0720
ISN €010 5 FORMAT ( 1H4 ) QAD-075C
ISN 0011 6 FORMAT ( 1H1, 10X, 18A4 ) QAD-0760
ISN €012 7 FORMAT ( 1HN, 2X, 4HRCVR, I3, 2X, 2HR=, 1PELl2.4, 2Xy 2HI=, QAD-0770
1 1PE12e4y 2X, 4HPHI=, 1PE12.4, 2X, 12HSOURCE POINT, 3I3 ) QAD-0780
ISN 0013 8 FORMAT ( 1HC, 2X, 4HRCVR, I3, 2X, 2HX=, 1PElZ2.4, 2Xy 2HY=, QAD-079C

1 1PE12e4y 2Xy 2HI=, 1PE12.44 2Xy 12HSOURCE POINT, 313 ) QAD-080C



ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ro014

0015
0016
0017
0018
0019

0020
0021
0022
€023
0024
0025
0026
€027
n028
0029
0030
0n31
0032
€033
0034
0035
0n36
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051

9 FORMAT ( 1HO, 2X, 4HRCVR,
1 1PEL12+4, 2X, 4HPHI=,

10 FORMAT ( 1H , 10X,
100 CALL SLITE (0)

NG RC = 0

IPp = 3

CALL INPUT

1 ( N1IPT, UNITG, UNITGI,
13¢0,110,110
1300,1300,120

IF ( NS OPT )
110 IF ( ISRC )
120 CALL SOURCE
1300 READ (5 1 1) RRC,
X NL MAX = 0.0
X NL MIN = 1000.0
C DET(1}) = RRC
C DET(2) = PHIRC
C DET(3) = ZRC
IF ( N RC OPT )
1305 MRC = N RC OPT + 1
NO RC = NO RC + 1
IF (N GPF )
131 N GPF = NSET(13)
132 IF ( N GPL )
133 N GPL = NSET(14)
134 IF ( N GPI )
135 N GPI = N SET(15)
136 NGPI= MAXO( 1, NGPI)

180 GO TO ( 182, 184, 186

182 XRCVR = RRC * COS{ PHIRC
YRCVR = RRC * SIN( PHIRC
ZRCVR = ZRC
GO TO 206

184 XRCVR = RRC
YRCVR = PHIRC
IRCVR = ZRC
G0 TO 200

186 XRCVR = RRC * SIN( ZRC
YRCVR = XRCVR * SIN(
XRCVR = XRCVR * COS(
ZRCVR = RRC * COS( ZRC )

1PE12.4,

NGINT,

100,1305,1305

131,131,132
133,133,134

135,135,136

2X1 4HRHO:1
2X 4

N RC OPT,

NNINT,

1PE1244, 2X,

12HSOURCE POINT,
29HGEOMETRY ERROR AT THIS POINT )

N GPF,

FEABSG,

N GPL,

WTG)

6HTHETA=,
313 )

N GPI

QAD-0810
QAD-0820
QAD-0830
QAD-0860
QAD-0870
NAD-0880

QAD-0960
dAD-0990
QAD-1000
QAD-1010
QAD-1020
QAD-1030
JAD-1040
QAD-1050
QAD-108C
QAD-1090
QAD-110C
QAD-1110
QAD-1120
QAD-1130
QAD-1140
QAD-115C
QAD-1160
QAD-1170
QAD-1180
WAD-1190
QAD-1200
QAD-1210
QAD-1220C
QAD-1230
QAD-1240
QAD-1250
QAD-1260
QAD-1270
QAD-1280
QAD-1290

~gST-



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
ISN
TSN
ISN

052
ons3
CN54
0ns55
cn56
rnsy
rnsS5eA
G059
£060
co6l
0ne?
no63
ONES
c065
066
neev
~rN68
N0 69
co70
nn71

onT2
cn73
0074
anTs
no76
on77
nn78
0N 79
nean
r081l
nng?2
rNg3
rneg
©nes
rnge
CNR7
fORK
nego

200

210

220

230

231

232
250

252

253

260
270

N GP C =0
IERR3 = €
NERR = 0

0o 210 1=
UDGAM(TI) =
DGAM(I) = ©
CONTINUE

DO 220 I=1,15

Do 220 J=1,5

F NEUT(I,J) = 0.0

CONTINUE

AW NEUT = 0.0

MS OPT = MAXO( NSOPT+ 1, 1)
CALL SLITE (1)

1,30
0.0
.0

CALL TITLE ( 3, MRC, NORC, CDET(1),

IP = 10

XSRC = 0.0
YSRC = 0.0
ISRC = 0.0

CALL LENGTH
( SREG(1l), XRELL, SSOy XSRC,
IERRL )
PO 500 N=1,4NSO
GO T0 ( 231, 232, 231 ), MS OPT

SINS = SIN( PHISO(N) )
COSS = COS( PHISO(N) )
GO 10 250

YSRC = PHISO(N)

DO 500 L=1,LS0
GO TO0 ( 251, 252, 253 ), MS OPT

XSRC = RSO(L) * COSS
YSRC = RSO(L) % SINS
GO TG 260

XSRC = RSC(L)

GO TO 260

SPHX = COSS * RSO(L)
SPHY = SINS RSO(L)

Frp s

FLN = FL(L) FN(N)
Do 500 M=1,MSC
GO TO ( 271, 271, 272 ),y MS OPT

QAD-1300
QAD-1310
QAD-1320
QAD-1330
QAD-1340
QAD-1350
QAD-1360
QAD-1370
QAD-1380
QAD-1390
QAD-1400
QAD-1410
QAD-1420
QAD-1430
QAD-1440
QAD-145C
QAD-1460
QAD-1470
QAD-1480
QAD-1490
QAD-1500
QAD-1510
QAD-1520
QAD-1530
QAD-1540
QAD-1550
QAD-1560
QAD-1570
QAD-1580
QAD-1590
QAD-1600
QAD-1610
QAD-1620
QAD-1630C
QAD-1640
QAD-1650
QAD-1660
QAD-1670
QAD-1680
QAD-1690

-£oT-




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0090
c091
0no2
rnNo3
0094
0095
0096
c097
£nasg
0099
G100
¢101
0102
c1e3
0104
€105
n1cCe
c1e7
0108
G109
0110
fl11
0112
0113

ISN
ISN

Cll4
0115

ISN €116
ISN 0117
ISN €118

271
272
280
190
291

292
293

294
295
296
297
298

299
400

4290

421
422

1
2

1

ZSRC = ZS50(M)
GO TO 280
XSRC = SPHX * SIN( ZSO(M) )
YSRC = SPHY % SIN( ZSO(M) )
LSRC = RSO(L) * COS( ZSO(M) )
FLMN = FLN * FM(M)
NGPC = NGPC + 1
IF (N GPC - N GPF ) 400,293,291
IF { N GPC - N GPL } 292,295,400
IF (. N GPC - N GPJ ) 400,294,400
N GPJ = N GPF + N GPI
WRITE (6 16} 1D
GO TO 296
N GPJ = N GPJ + N GPI
WRITE (6 15)
CALL SLITE (1)
Ip = 10
GO 70 ( 297, 298, 299 ), MRC
WRITE (6 + 7INO RCy, RRC, ZRC,y, PHIRC, Ly M, N
GO TO 400
WRITE (6 +8)NO RCy XRCy YRC, ZRC, L, M, N
GO TO 400
WRITE (6 +9)NO RC, XRCy YRC, ZRC, Ly M, N
CALL LENGTH
( SREG(1)y XRELL, SSO, XSRC, YSRC, ZSRC, XRCVR,y YRCVR,

IERR1)
IF ( TERR1 )} 420,420,80C
CALL KERNEL

{ SREG(1)y XRELL, ANEUT(1,1), AW A, AGAM(1), UAGAM(1),

IF (N ERR ) 430,430,421
IF (N ERR = 5 ) 422,422,430

NS IND(N ERRs1}) = L

ZRCVR,

NERR)

QAD-17C0
QAD-1710
QAD-1720
QAD-1730
QAD-1740
QAD-1750
QAD-1760
QAD-1770
QAD-178C
QAD-1790
QAD-180C0
QAD-1810
QAD-1820
QAD-1830
QAD-1840
QAD-1850
QAD-1860
QAD-1870
QAD-1880
QAD-1890
QAD-1900
QAD-1910
QAD-1920
QAD-1930
QAD-1940
QAD-1950
QAD-1960
QAD-1970
JAD-1980
QAD-1990
QAD-2000
QAD-2010

-179-[..



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

f119
612
0121
c122
0123
€124
r1zs
C126
G127
c128
n129
0130
0131
C132
0133
0134
0135
C136
0137
C138
0139
€149
0141
N142
N143
N144
0145
0146
0147
Cl48
0149
C150
0151
0152
0153
G154
€155
0156
0157

430
431

433
434

436

440

460

480

500
501

NS IND(N ERR,42) = M

NS IND(N ERR,3) = N

IF (X NL MAX - X REL L ) 431,431,433

X NL MAX = X REL L

IS MAX(1) = L

IS MAX(2) = M

IS MAX(3) = N

IF (X NL MIN — X REL L ) 436,434,434

X NL MIN = X REL L

IS MIN(1) = L

IS MIN(2) = M

IS MIN(3) = N

A = FLMN / ( 12.5663706 * SSO %% 2 )

AN = 2.46% A

DO 440 J=1,NRGY

D GAM(J) = D GAM(J) + A GAM(J) % A * GAMEN(J)
UD GAM(J) = UD GAM(J) + UA GAM(J) * A * GAMEN(J)
CONTINUE

IF (I NEUT

DO 480 J=1

) 500,500,460
+I NEUT

J NEUT = N SET(20)

DO 480 1=1
F NEUT(I,J)
CONTINUE

vJ NEUT
= F NEUT(I,J) + AN * A NEUT(I,J)

AW NEUT = AWNEUT + AN * AW A

CONTINUE
CONTINUE

DO 516 K=1,

TOTL GI(K)
TOTL GI(K+3)
DO 51C L=1
TOTL NI(K,L)
CONTINUE
DO 520 K
TOTAL G(K)
CONTINUE
DO 530 K
DO 536 L
?

=1
=1
TOTAL N(K,L)

1,

?

3
0.
5

6
0.0

?
?

it v,

0.0

QAD-2020
QAD-2030
QAD-2040
QAD-2050
QAD-2060
QAD-2070
QAD-2080
QAD-2090
QAD-2106C
QGAD-21106
QAD-2120
QAD-213C
QAD-2140

QAD-2160
QAD-2170
QAD-2180
QAD-2190
QAD-2200
QAD-2210
QAD-2220
QAD-2230
QAD-2240
QAD-2250
QAD-2260
QAD-227C
QAD-2280
QWAD-2290
QAD-2300
wAD-2310
QAD-2320
QAD-2330
QAD-2340
QAD-2350
QAD-2360
QAD-237C
QAD-2380
QAD-2390
NAD-24C0

-GGT-



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0158
N159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
n176
0177
0178
0179
0180
0181
0182
0183
184
ci85
0186
nig7
0188
¢189
0190
0191
c192
0193
Cl94
0195

530

540

550

560
600
610

CONTINUE
EG AV(1l) =
EG AV(2) =
BU FLX T =
DO 540 J
GRP G (J,1 UD GAM(J)

TOTAL G (1 TOTAL G(1) + GRP G(J,1)
GRPG(J,3)=UD GAM(J)*C3NV(J)

0.0
0.0
0.0
14N

)
)

TOTAL G(3) = TOTAL G(3) + GRP G(J,3)
GRP G(Js4) = D GAM(J) * CONV(J)

TOTAL G(4) = TOTAL G(4) + GRP G(Jys4)
GRP G(Js2) = GRP G(Jy4) / GRP G(J,3)
GRP G(J,5) = UD GAM(J) * FE ABS G(J)
TOTAL G(5) = TOTAL G(5) + GRP G(J,s5)
GRP G(J,6) = D GAM(J) * FE ABS G(J)
TOTAL G(6) = TOTAL G(6) + GRP G(J,6)
EG AV(1) = EG AV(1) +EG(J) * GRP G(J,1)
EG AV(2) = EG AV(2) +EG(J) * D GAM(J)
BU FLX T = BU FLX T + D GAM(J)
CONTINUE

EG AV(l) = EG AV(1l) / TOTAL G(1)

EG AV(2) = EG AV(2) / BU FLX T

TOTAL G(2) = TOTAL G(4) / TOTAL G(3)

IF ( NG INT ) 600,600,550

DO 560 K=14,NG INT

DO 560 J=1,NRGY

GRP GI(Jy2%K—-1) = UD GAM(J) * WT G(J,K)

GRP GI(J,2%K) = D GAM(J) * WT G(J,4K)

TOTL GI(2%K-1) = TOTL GI(2%K-1) + GRP GIL(J,2%K-1)
TOTL GI(2%K) = TOTL GI(2%K) + GRP GI(Js2%K)
CONTINUE

IF (I NEUT ) 750,750,610

DO 650 K=1,I NEUT

J NEUT = NSET(20)

DO 620 J=1,J NEUT

GRP N(J,y1,sK) F NEUT(J,K)

GRP N(Jy2sK) F NEUT(JsK) % HIST N(J)
TOTAL N(1,K) TOTAL N(1,4K) + GRP N(Jy24K)

QAD-2410
QAD-2420
QAD-2430
QAD-2440
QAD-2450
QAD-2460
QAD-2470
QAD-2480
QAD-2490
QAD-2500
QAD-2510
QAD-2520
QAD-2530
QAD-2540
QAD-2550
QAD-2560
QAD-257G
QAD-2580
QAD-2590
QAD-2600
QAD-2610
QAD-2620
QAD-2630
QAD-2640
QAD-2650
QAD-2660
QAD-2670
QAD-2680
QAD-2690
QAD-2700
QAD-2710
QAD-2720
QAD-2730
QAD-2740
QAD-2750
QAD-2760
QAD-2770
QAD-2780

'99T'



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISNM
ISN
ISN
ISN
ISN
ISN

n196
C197
0198
n199
naco
n2n1
0202
0203
0204
n205
cz206
0207
0208
0209
~210
N211
€212

0213
6214
¢215
n216
0217
nz18
r219
0220
n221
0222
c223
0224
0225
€226

630

640
650

s

8090
820

830
840
860

880

g8an

GRP N(Js34K) = GRP N(Jy24K) * EN(J)

TOTAL N(24K) = TOTAL N(24K) + GRP N(Jy3,4K)

GRP N(Jy44K) = GRP N(Jy24K) * CONV N(J)

TOTAL N(3,K) = TOTAL N(34K) + GRP N(Jy4,K)

GRP N(Jy54K) = GRP N(Jy24K) * FE ABS N(J)

TOTAL N(44K) = TOTAL N(44K) + GRP N(Jy54K)

CONTINUE

EN AV(K) = TOTAL N(2,K) / TOTAL N(1,K)

IF ( NN INT ) 650,650,630

DO 640 I=14NN INT

DO 640 J=1,J NEUT

GRP NI(JsyIq+K) = GRP N(Jy24K) * WT N(JyI)

TOTL NI(ILK) = TOTL NI(I4K) + GRP NI(J,yI,K)

CONTINUE

CONTINUE

TOTAL N(541) = AW NEUT

CALL PRINT
1 ( ID(1)y NBMID(1l41)y UNITG(1l)y UNITN(Ll), UNITGI(1), UNITNI(1),
2UNITND(1), WIDTHT(l41)y WIDTHG(141)y WIDTHN(141)y NGINT,
3 NNINT, NJRC, MRC, CDET(l), EG(1l)y EN(l}, E
4GAV(1), ENAVI(1), TOTALG(1l})y TOTALN(L,41),
5G6RPG(1,1}), GRPN(1,1,1), TOTLGI(1
6)y TOTLNI(141)Yy GRPGI(141)y, GRPNI(1,1,1),

7 NRGY, NSET(20), NERRy, NSIND(1,1), NSET(12),

8 XNLMAXy XNLMIN, ISMAX(1l), ISMIN(1))

GO TO 1300

GO TO ( 820,830,840 ), MRC

WRITE (6 s 7TYNO RCy RRCy ZRCy PHIRC,y Ly My N

GO T0O 860

WRITE (6 +8)NO RCy XRCy YRCy ZRCy Ly My N

GO TO 860

WRITE (6 +3INO RCy XRCy YRCy ZRCy Ly My N

WRITE (6 +10) IERRL

NERR = NERR + 1

IF (NERR-2) 1300,1300,880

READ (5 s 1) XX1y XX24 XX3, IXX

IF(IXX)890,880,880

GO TO 100

END

QAD-2790 -

QAD-2800
QAD-2810
QAD-2820
QAD-2830
QAD-2840
QAD-2850
QAD-2860
QAD-2870
QAD-2880
QAD-2890
QAD-2900
QAD-2910
QAD-2920
QAD-2930
QAD-2940
QAD-2950
QAD-2960
QAD-2970
QAD-2980
QAD-2990
QAD-3000
QAD-3010
QAD-3020
QAD-3030

QAD-3050
QAD-3060
QAD-3070
QAD-3080
QAD-3090
QAD-3100
QAD-3110
QAD-3120

QAD-3140C

QAD-3160

~lST-



ISN

ISN
ISN

ISN

ISN

ISN
ISN

ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN

0002

neons
Co04

0005

0006

0007
o0ng

0009

¢celn
N1l

nni1z
013
nNol4
AN1S5
nale
nolvy

CINPT

1

O~

SUBROUT INE INPUT

-P SUBROUTINE USED WITH QAD-PR 0020
1 ( N1PT, UNITG, UNITGI, WIDTHG, NGINT, NNINT, FEABSG, WTG)
DIMENSION NAM(20)
DIMENSION UNIT G(18), UNIT GI(27), QAD-0210
2 FE ABS G(30), WIDTHG(3043),WT G(30,43), NSIND(5,3) QAD-0230
COMMON /QADNM/ NBMID(18,3), NASET(3), RMXSEC(3), BREAK(3,2),
1 XNMMC(5,30,3), CONVN(10) , HISTN(10), EN(10) , FEABSN(10),
2 WIDTHN(10,2) 5, WTN(10,3), UNITN(12)y UNITNI(27),UNITND(3),
3 WIDTHT (2, 2)
COMMON /QADATA/
1 NSET (30) » RSO (101) s PHAISO (101) , ZSO (101) ’
5 HYDRAT(30) s XSECN (30) s XSECG (20,30), BILDO (30) ’
6 BILD1 (30) s BILDZ2 (30) s BILD3 (30) s GAMEN (30) ’
7 CONV  (30) y COMP (20,40), EG (30) y MATZ (20) ’
8 FL (101) + FN (101 4, FM (101) 4 XISO (2,3) ,
9 ASO , RRC s IZRC 4 PHIRC 4 ALF1 , ALF2 s ALF3 ’
X ALF4 4, NBLD , ID(18)
COMMON IDDR (10009)
COMMON /STDATA/
1 NAME (100) , ENRG (20) s+ XSECO (20,100),XSECEA(20) ’
2 C (4,6,9) 4 EMINBB(8) s NAMB(12) s XSECNT(100) ,DCONST
EQUIVALENCE (LSO, NSET(1)), (MSO, NSET(2)), (NSO, NSET(3)), 0330
1 (MAT, NSET(4)), (NCOMP, NSET(5)),
2 (NRGY, NSET(7)), (NBOUND,NSET(8)), (NS OPT, NSETI(9)), 0350
3 (ISRC, NSET(11)), (I NEUT, NSET(12)) 0360
EQUIVALENCE ( NSET(20), J NEUT ), ( NSET(20), KK NEUT ) 0370
FORMAT ( 1H-, 5X, 21HGEOMETRY CHECK SOURCE / 10X, 0580
1 S5HONE POINT AT THE COCRDINATE ORIGIN WITH UNIT INTENSITY ) 0590
FORMAT ( 1H-, 1P9E12e4 / ( 1X, 9El2.4 ) ) 0600
FORMAT(33H1 NO SOURCE. RUN TERMINATED.) 0620
FORMAT(18A4%)
FORMAT(8(I5,14)) 0640
FORMAT(8ES.4) 0650
FORMAT(I5,1447E944) 0660

-89'[..




ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

ISN
ISN

€018
€019
€020
o021
cn22

€623
0N 24
cn2s5
€026
0027
c028
0029
0020
r031
ce32
G033
0034
¢035
f036
oo 37
~038
0029
cogn
0041
042

0043
CO44
0045

C046

n047
€048

9
10
12
14
15

16

17

18

20
185
100
101
102
103
104
105
106
107
109
110
111
112
113
114
115

116
117
118
9C¢0
C
C

984

FORMAT(6H1 1
FORMAT ( 1HL )
FORMAT(1516)
FORMAT( 216, 1P7EL

FORMAT (4H1XNM,5
81HO G
11 A3/B2

FORMAT (I7,5X1P9
FORMAT (1CHL GKR

8A4/13H0O CONTROL16I6/ 25Xy 1416 )

2e%)

XyA4, 16H BUILDUP IS USED//

RP EPS/E DELTA/K Al/BO A2/8B
A4/B3//)

E12.41‘1PF702)
P/MAT 9(4Xy3A4,4X))

FORMAT (10H1 COMP/MAT 9(4X.A4,4X))
FORMAT( 29H0 ALBERT-WELTON COEFFICIENTS/5X,1P4E12.4)

FORMAT (12X, 1P
FORMAT(12HO
FORMAT(12HO
FORMAT(12HO
FORMAT(12HO
FORMAT(12HO
FORMAT(12HO
FORMAT(12HO
FORMAT (5E12.8)
FORMAT (1HG,27X
FORMAT (1HO,27X
FORMAT (1H1,25X
FORMAT (1HO,10X
FORMAT (1HN,10X
FORMAT (7X,1P5E

9E12.4)

SOURCELPBEL12.44)
R1IP8BE1244/(12XBE1244))
Z1P8E12.4/(12X8E12.4))

PHI1PBEl1Z2.4/(12X8E1244))
F(L)1PBEl12.4/(12X8E12.4))
FI(M)1IP8EL1244/(12X8E12.4))
FIN)LP8E1244/(12X8E12.4))

»y 29HNEUTRON REMOVAL CROSS-SECTION)

1y 29HGAMMA ATTENUATION COEFFICIENT)

» 30HNEUTRON CURVE FIT COEFFICIENTS)

s 32HREFERENCE MATERIAL CROSS-SECTIGCN,1PE12.4)
» 1 1HBREAK POINT, 2F1244 )

12.4)

FORMAT ( 1M1, 10X, 18A4 / 10X, 8HI NEUT -, I3, 10X, 8HJ NEUT -,

13, 10X, 11HN
FORMAT (1H-, 10
(1¢X, 1P5Elé6
FORMAT (1H-, 1C
(10X, 1P5Eléb.

A SET(L) -, I3 )

Xy 36HNEUTRON INTEGRAL WEIGHTING FACTORS -/
«8))

Xy 29HNEUTRON INTEGRATING FACTORS -/

8))

FORMAT ( 1HQ, 27X, 25HMATERIAL HYDROGEN DENSITY )

FORMAT( 12710 )

NO 984 K=1,30
NSET(K) = O

0670
068C
07CeC
0720

0730
6740

0780
075¢C
0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
09CC
¢910
0920

0940
0950
0960
0970
0980
0990

1000
1016

-6GT~




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0049
0050
cos1
0052
0054
0055
0056
0057
0058
0059
0060
0061
ong2
0063
0064
0065

cO66
coée7
0068
0069
oo7ve

co71
0072
0073

074
C075
0076
0077
0078
eo79
noso
npgl
nNg2
noa3
0084
0085
0086
nosg7

5996
5997
5998
5999
700
51
52

701

19
191

2020

24

25

READ (5 15 +END = 666) 1D
READ (5 16) (NSET(I),I=1,16)
NG INT = N SET(16)
IFONSET(12)«GT«0) NSET(12)=3
INEUT=NSET(12)

NSET(19)= 1-NSET(12)

NNINT=3

NSET(22)=3

JNEUT=10

N SET(21) = NG INT

N SET(18) = N SET(9) - 9

IF (N SET(9) - 9 ) 5997,5997,5996
N SET(9) = N SET(9) - 10

IF (N SET(19) )

N SET(22) = 0
WRITE (6

IF ( NSET(6)

5999,5999,5998
+9)IDy N SET

) 701, 701, 700

CALL JOMINC(IDDR)

IFC(IDDR(1) -
WRITE(6, 52)

FORMAT(1H1,57H THE NO. OF DOUBLE WORD CELLS REQUIRED BY THE GEOMET
IRY (=16, 48H) EXCEEDS THE DIMENSION OF IDDR IN PROGRAM INPUT)

CALL EXIT
ISRC=NSET(11)
IF(ISRC)19,19

IF(ASO)191,19
WRITE (6
CALL EXIT

LU = LSO + 1
MU=MSO+1
NU=NSQO+1
READ (5
WRITE (6
READ (5
WRITE (6
READ (5
WRITE (6
READ (5
WRITE (6

5000 ) 701, 701, 51

12020

1,30
14)

2 7T)ASO, (( XISO(I.J),y I=

1 100)AS0O, (( XISO(I4J),
17)(RSO(L)1L=11LU)

#1101 ) (RSO(L) 4L=1,LU)

2 7)) (ZSO (M) 4M=1,4MU)
1102)(Z2SO(M) 4 M=1,MU)

2 7Y (PHISO(N)} yN=1,NU)
1+103)(PHISO(N) ¢N=14NU)

1,

1020
1030

1120
1140
1150
1160
1170
1180
1190
1200

1210

1230
1240
1250

1270
1280
1290
1300
1310
1320
1330
1340
1350
1360

~-09T~



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

cnge
nn89g
0090
0091
nnNG2
093
€094
0095
NG9k
nna9v
cno9s
0099

r100
0101
n102
€103
0104
0105
G106
0107
G108
0109
~111
C112
f113
ti14
0115
116
¢117
f1118
n119
€120
¢121
0122
n1z3

2

98

2
3

40

43

30

21

76

22
01

44

45

69

GO TO(30,22),ISRC

2 READ (5 s T)(FL(L) yL=1,LU)
WRITE (6 2 104) (FL(L)yL=1,4LU)
READ (5 s TY(FM(M) 4 M=1,MU)
WRITE (6 +105) (FM(M),M=1,MU)
READ (5 17)(FN(N)1N=11NU)
WRITE (6 +106) (FN(N),N=1,NU)
N99 = 5
IF (N SET(18) ) 22242224221
READ (5 +7) ( GAMEN(I),y I=1,NRGY
WRITE (6 +9876)( GAMEN(I), I=1,NRGY
FORMAT ( 1HO, 10X, 21HGAMMA SOURCE SPECTRUM /

IF ( NSET(5) ) 301,301,40
NSET(NS9) = TABS( NSET(N99) )

GO TO 1000

CONTINUE

READ (5,6) NBLD,(MATZ(I),1=1,MAT)
DO 44 I=1,MAT

L = MATZ(I)

NAM(T) = NAME(L)

HYDRAT(TI) = 0.0

IF (LeFQel) HYDRAT(I}=1.0C
XSECN(I) = XSECNT(L)

DO 45 J=1,NCOMP

READ (5 2 7) (COMP(I,4d)41=1,MAT)
DO 69 K=1,MAT,O9

Iu= MINO(K+8,MAT)

WRITE (6,18) (NAM(I),I=K,IU)

DO 69 J=1,NCOMP

WRITE (6 116)J,(COMP(I,4d),1=K,1U)
N99 = 4

IF ( NSET(4) ) 301,301,43

CONTINUE

READ (5 +7)( EG(K)y K=1,4NRGY )

CALL XSECQD

1P7E16.4

1370
1380
139G
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510

1710

1720
1730
1740
1750

1770
1780
1790
1800
1810
2400

-T9I-




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN

ISN
ISN
ISN
ISN

TSN
TSN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN

0124
0125
0126
0127
0128
€129
N130
0131
0132
0133
0134
6135
n13e6
0137
0138
€139

0140

0141
C142
n143
0144

0145
Cl47
~148
0149
¢15¢C

(151
0152
0153
0154
0155

OO0

DO 70 K=1,4MAT,O

TU=MINO(K+8,MAT)

WRITE (6417) (NAM(I),I=K,IU)

WRITE (6 +109)

WRITE (6 +185) (XSECN(I), I=K,IU)

WRITE (6 »118)

WRITE (6 +185)( HYDRAT(I), I=K,IU )

WRITE (6 +1110)

DO 70 J=1,4NRGY

70 WRITE (6416) Jy(XSECG(I,J),1=K,IU),EG(J)
IF (N SET(18) ) 6551,655146552
6551 READ (5 9 7) (GAMEN(I),I=14NRGY)
6552 READ (5 »7) (CONV(I),I=1,4NRGY)
WRITE (6 115) NAMB(NBLD)
DO 65 I=1,NRGY
65 WRITE (6 +y16) I,GAMEN(I),CONV(I),BILDO(I),BILD1(I),BILD2(1),BIL

1D3(1)

ALF1= 0.2655E-7

ALFl= Q.2655E-7 (RAD/SEC)/(NEUT/SEC) = +653E-7 RAD/FISSION

= 2.35E~4(RAD/HR) /(FISS/SEC) eee 2435E-4(REP/HR)/(FISS/SEC)

AN OLD WESTINGHOUSE NUMBER
USED WITH 0.29, 0.83, 0.58

ALF2 = .29

ALF3 = .83

ALF4 = 58

WRITE (6 v20) ALFl, ALF2, ALF3, ALF4

IF(INEUT.LE.O) GO TO 7778

KER PL =0

KKNEUT=JNEUT

DO 540 L=1,1 NEUT

WRITE (6 +115)( NBMID(K,L)y K=1,18 ), I NEUT, J NEUT, NA SE

1T(L)

WRITE (6 +112)RM XSEC(L)

WRITE (6 y113)BREAK(Ls1), BREAK(L,2)

NN SET = J NEUT * NA SET(L)

DO 530 J=1,NN SET

WRITE

(6 y114)( XN MM C(TI,J,L)y I=145)

1840
1850

1870
1880
1890
1900
1910
1520

1940
1950
1960

1990
2000
2010

2040

2070
2110
2120
2130
2140
215G
2160
2180

-29T~




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0156
0157
€158
n159
0160
0l61l
0162
0163
0164
0165
0166
0167
0168
N169
c17n
0171
0172
0173
N1L74
¢l75
0176
0177
0178
0179
n18o0
0181
0182
¢183
0184
n185
r18e
n187
0188
n189
¢190
f191
0192

530
540

000
SN0l
90GC?2
3003
9004
9005
5006
9007
9008
9009
S010
9011
9012
9013
7778

CONTINUE

CONTINUE

WRITE (6 1116)( CONV N(K)y K=1,KK NEUT
WRITE (6 s 1L7)(HIST N(K), K=1,KK NEUT)
FORMAT ( 1H+, 20X, 18A4 / ( 21X, 18A4 ) )
FORMAT ( 1H-, 3HEG- )

FORMAT ( 1lH-4 3HEN-~ )

FORMAT ( 1H-, SHFE ABS G- )

FORMAT ( 1H-4 SHFE ABS N- )

FORMAT ( 1H-4 8HWIDTH T~ )

FORMAT ( 1H—-4y 8HWIDTH G- )

FORMAT ( 1H-y BHWIDTH N- )

FORMAT t 1H-, 7HUNIT G- )

FORMAT ( 1H-, 7HUNIT N- )

FORMAT ( 1H-, 4HWT G, 5Xy 4HSET , I2 )
FORMAT  ( 1H-4 4HWT Ny 5X, 4HSET , I2 )
FORMAT ( 1H-, BHUNIT GI- )

FORMAT ( 1H-, 8HUNIT NI- )

WRITE (6 110)

WRITE (6 1G001)

WRITE (6 12)( EG(K),y K=1,NRGY )

READ (5 17)( FE ABS G(K)y K=1,NRGY )
WRITE (6 19003)

WRITE (6 12)( FE ABS G(K)y K=1,NRGY )
WRITE (6 19002)

WRITE (6 12)( EN(K)y K=1,KK NEUT )
WRITE (6 19004)

WRITE (6 12)( FE ABS N(K),y K=1,KK NEUT
READ (5 15) ( WIDTH T(1l,J)y J=1,42 )
WRITE (6 1 9005)

WRITE (6 19000)(( WIDTH T(IyJ),y J=1,2
READ (5 #5000 WIDTH G(Jy1),y I=1,3 ),
WRITE (6 y 3006)

WRITE (6 19000) (( WIDTH G(J,I), I=1,3
WRITE (6 1 G007)

WRITE (6 19C00) (( WIDTH N(J,yI)y I=1,2

READ(5 45} (
1 UNITG(3*I+7),

UNITG(3%1-2),

UNITG(3%xI+8),

UNITG(3*I-1),

UNITG(3%I+9),

)

)

)y

J

I=112
1 4NRGY

)
)

)y J=1,4NRGY )

)1 J=11

1:113

)

KKNEUT)

UNITG(3%I},

219G
2200
2220
2240
2250
2260
2270
2280
2290
2300
2310
2320

2330
2340
2350
2360
2370
2380

2410
2420
2430
2440
2450
247G
2480
2500
2510

2530
2540
2550
2560
2570
2590
2600
2610
2620

'S9T—



ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN

0123
0194
0195
0196

0197
c198
0199
6200
0201
0202
0203

0204
0205
0206
0207
0208
0209
06210
0211
0212
0213

0214
nN215
0216

610

620

630
640

650

1000
666

WRITE (6
WRITE (6
WRITE (6
WRITE (6
1)

IF ( NG
DO 620
READ (5
WRITE (6
WRITE (6
CONTINUE
READ (5

TUNITGI(3*I+7) UNITGI(3%I+8)

19008)

+9000) ( UNIT G(I),

19009)

+90G0O) ( UNIT N(I),
INT ) 630,630,610
I=1,NG INT

1 7)0 WT G(J,yI), J=1

y9C10) I

12)( WT G(JyI)y J=1

s S)(UNIT GI(3%I-2),UNITGI(3%I-1),UNITGI(3*I),
tUNITGI(3%I+9) ,UNITGI(3*1+16),

2QUNTITGI(3%I+17),UNITGI(3*I+18), I

WRITE (6 19012)
WRITE (6 190C0) ( UNIT GI(I),
IF ( INEUT) 100¢,1000,640
DO 650 I=14NN INT

WRITE (6 19011) 1
WRITE (6 12) (. WT N(J,I),
CONTINUE
WRITE (6 19013)
WRITE (6 19000) ( UNIT NIC(I),
RETURN
CALL EXIT
RETURN

END

I=1,18 )

I=1,12),

s NRGY )

1 NRGY )

=113)

I=1,27

J=1, KK NEUT

I=1,27

)

)

(

)

UNIT ND(I},

I=1,3

2630
2640
2670
2680
2690
2700
2710
2720
2730
2740
275G

2790
2800

2820
2830
2850
2860
2900
2910

2930

—‘W 9‘[-




ISN

ISN
ISN

ISN
ISN

ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

aoe2

coe3
0004

cocs
cone

conT

cocs

anece
onie
col11l
6012
~N13
t014
€015
nnl6
o1y
nnis8
cel9
ce20
€021
ce22
nn23
No 24
0025

SUBROUTINE LENGTH

CLEN-N SUBROUTINE USED WITH QAD-NM AND QAD-PR
1 ( SMAT, XRELL, SSO, XSO, YSO, ZS0O, XRC, YRC, ZRC, IERR )
DIMENSION R(6),SMAT(2Q)

COMMON /QADATA/

1 NSET (30) 1
5 HYDRAT(30) 1
6 BRILDL (30) 1
7 CONV  (30) 1
8 FL (101) ’
S ASO 4 RRC '
X

ALF4 4 NBLD

RSO (101) s P4ISO (101) , 2ZZ (101) ’
XSECN (30) s+ XSECG (20,32), BILDO (30) ’
BILD2 (30) sy BILD3 (30) s+ GAMEN (30) ’
COMP  (20,40) 4 EG (30) y MATZ (20) ’
FN (101) , FM (101) 4 XISO (2,4,3)

ZRV 4 PHIRC 4, ALF1 4 ALF2 1 ALF3 1
ID(18)

REAL*8 XONE, YONE, ZONE, ETA, ETAUSD, BLZON, XTWO, YTWO, ZTWO
CGMMON/ GEOMC/XTWO,YTWO,ZTWOy XONEy YONE 4 ZONE,ETA,ETAUSD, BLZON,

1 MARK yNMED,NREG

EQUIVALENCE (LSO, NSET(1)), (MSO, NSET(2)), (NSO, NSET(3)),

1 (MAT, NSET(4)), (NCOMP, NSET(5)),

2 (NRGY, NSET(7)), (NBOUND,NSET(8)}), (NS OPT, NSET(9)),

3

( ISRCy NSET(11) ), ( I NEUT, NSET(12)

5 FORMAT(67HG ZONE BOUNDARY DISTANCE X

1 Z)

6 FORMAT(I7,17X,1P6E12.4)

X REL L = €¢.0

9 CALL SLITET(1,KCCOFX)
GO T0O(101,102) ,KOOOFX

101 CALL SLITE (1)

WRITE (6 v5)

102 DO 11 M=1,MAT
11 SMAT(M)=0.0

CALL LOOKZ ( DBLE(XSO), DBLE(YSO), DBLE(ZSO) )

MARK=1
ALPHA=XRC-XSO
BETA=YRC-YSO
GAMMA=ZRC-250

SRC=SQRT(ALPHA*x*
ALPHA =ALPHA/SRC
GAMMA=GAMMA/SRC

BETA=BETA/SRC

2+BETAXX2+GAMMAR%2)

)

Y

LEN-0020
LEN-0C10
LEN-0C30
LEN-QC40

LEN-0310

LEN-0330
LEN-0340
LEN-0530
LEN-0540

LEN-0560

LEN-0600
LEN-0610
LEN-0620
LEN-0630
LEN-0640

LEN-0680
LEN=-0690
LEN-07CO
LEN-OT71C
LEN-0720
LEN-0730
LEN-0740

-99I'



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

no26
0027
0028
cN29
030
0031
€032
€033
0034
0035
0036
0037
0038
r039
0040
0041
0N42
0043
00 44
€045
0046
0047
n048
0049
0050
0051
0052
0053
0054
0055
0056
0057
r058
0059
0060

10

100

110
111

103

104

105

994

995

106

107

108
109

SSO0=SRC
ETA=SRC LEN-0750

MEDTMP=NMED
XONE=XSO
YONE=YSO
Z0ONE=ZS0
XTWO=XRC
YTWO=YRC
ZTWO=ZRC
CALL GEOM

IF(MEDTMP-1000)111,110,111
ETAUSD=DSQRT( (XTNO—XONE)**2+(YTWO—YONE)**2+(ZTWO—ZONE)**2 )

CALL SLITET(1,KOQOFX)

GO TO(1C3,1C4), KOOOFX

CALL SLITE(1)

WRITE(6 ,6) MEDTMP , ETAUSD , XONE , YONE , ZONE
ETA=ETA-ETAUSD

IF{MEDTMP-1000)105,995,105

DO 994 M=1,MAT
SMAT(M)=SMAT(M)+SNGL(ETAUSD)*COMP(M,MEDTMP)
XRELL = XRELL + SNGL (ETAUSD) *COMP (M4 MEDTMP ) *¥XSECN(M)
CONTINUE

CONTINUE

MEDTMP=NMED

IF(MARK 108,107,106

TERR=0

GO TO 300

XONE=XTWO

YONE=YTHWO

ZONE=ZTWO

GO 70 10

IF(MARK+1)109,106,106

XONE=XTWO

YONE=YTWO

ZONE=ZTWO



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

noeéel
0062
N063
ne64
0065
0066
co67
0ces8

300

1000

XTWO=ALPHA
Y TWO=BETA
ZTWO=GAMMA
GO TO 100
CALL SLITET(1,KOCNFX)
GJ TO(1000,10CH) ,KO00OFX
RETURN
END

_L9'[_




ISN

ISN
ISN

ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002

0003
C004

Q005

0006

0007
6008
0009
0n10
0011
no12
0013
0014
0015
0016
co17
0018
0019

CKER-

100
200

210
220

230
240

p
1

1
2
3

XV O~NOV =

1
2
3

1
2

A NEUT(I,L)
TAU
TAU

= EXP(((( XN MM C(14NyL)
+ XN MM C(3,4N4L) )
+ XN MM C(57N7L) )

* TAU + XN MM C(24N,L)
* TAU + XN MM C(4,N,L)

)
)

- SUBROUTINE KERNEL
SUBROUTINE USED WITH QAD-PR
( S MAT, X RELL, A NEUT, AW A, A GAM, UA GAM, N ERR )
DIMENSION SMAT(20), ANEUT(1645)y AGAM(30), UAGAM(30)
COMMON /QADNM/ NBMID(18,3), NASET(3), RMXSEC(3), BREAK(3,2),
XNMMC(5,30,3), CONVN(10) 4 HISTN(10), EN(10) , FEABSN(10),
WIDTHN(1C92) s WTN(10,+3), UNITN(12)y UNITNI(27),UNITND(3),
WIDTHT (2, 2)
COMMON /QADATA/
NSET (30) s RSO (101) s PHISO (101) 4 ZSO (101) ’
HYDRAT(30) s+ XSECN (30) s+ XSECG (20,30), BILDO (30) ’
BILD1 (30) s BILD2 (30) s BILD3 (30) s+ GAMEN (30) ’
CONV  (30) s COMP (20,40}, EGS (30) s MATZ (20) '
FL (101) 4, FN (101) , FM (101) 4 XISO (2,43) ,
ASO 4 RRC s IRC 4, PHIRC 4 ALF1 4 ALF2 s ALF3 ’
ALF4 4 NBLD , ID(18)
EQUIVALENCE (LSO, NSET(1)), (MSB, NSET(2)), (NSO, NSET(3)),
(MAT, NSET(4)), (NCOMP, NSET(5)),
(NRGY, NSET(7)), (NBOUND,NSET(8)), (NS OPT, NSET(9)),
(ISRCy, NSET(1l1)),y (I NEUT, NSET(12))
J NEUT = NSET(20)
IF ( I NEUT ) 300,300,200
DO 250 L=1,1 NEUT
L NEUT =0
TAU = X RELL / RM XSEC(L)
IF ( TAU - BREAK(Ls1) ) 2404240,210
IF ( TAU — BREAK(L,2) ) 220,220,230
L NEUT =1
GO TO 240
L NEUT =2
DO 250 1I=1,J NEUT
N = NA SET(L) ¥ ( I -1 ) + 1 + L NEUT

3 s

KER-0020
KER-0010
KER-GO3GC
KER-0040

KER-0300

KER-0320
KER-0330
KER-0510
KER-0520
KER-0530
KER-0540
KER-0550
KER-0560
KER-0570
KER-0580
KER-0Q590C
KER-06GO0
KER-0610
KER-0620
KER-0630
KER-0640
KER-0650

H
:
A
i
i
:
3




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
TSN

ISN
ISN
ISN
ISN
ISN

nez2c¢
£021
re22
ne23
0024
ce2s
€026
coz27
0028
cn29
nC20

c031
ce32

nn33
NN 34
0n3s
ne3e
0037

" 38
Q39
o0ns0
041
ce4?

250

270

280

300

320
350

360
370

380
390
400

CONTINUE

S HYD = 0,0

DO 260 M=1,MAT

S HYD = S HYD + HYDRAT(M) =*
CONTINUE

S HYD = S HYD / 0.1119

IF (S HYD )} 27C,270,280
AW A = ALF1 * EXP( X RELL )
N ERR = N ERR + 1

G0 TO 300

AW A = ALF1 * S HYD

EXP(
DO 400
AG = Ooo

DO 350

0.0669 ®* S HYD -

J=1,NRGY

I=1,MAT

¥% ALF2

AG=AG+SMAT(I)V*XSECG(I,4)

CONTINUE
U GAM =
GAM = ((

EXPI(

BILD3(J)

+ BILDG(J)

A GAM(J)

UA GAM(J)

CONTINUE

1900 RETURN

END

A

= UGAM %
= U GAM

-AG )

* AG + BILD2(J)

GAM

S MAT(M)

XRELL - ALF3 S HYD =% ALF4

* AG + BILD1(J)

KER-0670
KER-0680
KER-0690
KER-0T700
KER-0710
KER-Q72C
KER-0730
KER-Q0740
KER-0750
KER-076C
KER-0770
KER-C78C
KER-0790
KER-0800
KER-0810
KER-0820
KER-0830
KER-0840
KER-0850
KER-0860
KER-Q0870
KER-0880
KER-0890
KER-0900
KER-0910

'69T-




ISN

ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN

onec2

0003
0004

0oes5

0006
coeT
c0Cs
oeng
0010
co011

0012
0013
0014
0n15
0016

nol7

co18
0019
0n20
0021
nnz2
on23

CCSC

[aNe]

100

150

200

210

220

>xX O o ~NOUl -

1
2
3

SUBROUTINE SOURCE

SUBROUTINE USED WITH QAD-NM AND QAD-PR
DIMENSIGON FT(3), 1S0(3)
COMMON /QADATA/

NSET (30) y CSO (101,3) ,

HYDRAT (3C) y XSECN (30) y XSECG (20,30), BILDO (30) ’
BILD1 (30) y BILDZ (30) s BILD3 (30) sy GAMEN (30) ’
CONV  (30) y COMP (20,40), EG (30) y MATZ (20) ’
F (101,3), XISO (243)

ASO , RRC y ZRC 4 PHIRC 4 ALF1 , ALF2 sy ALF3 '
ALF4 , NBLD , ID(18)
EQUIVALENCE (LSO, NSET(1)), (MSO, NSET(2)), (NSO, NSET(3)),
(MATy NSET(4)), (NCOMP, NSET(5)),
(NRGY, NSET(7)), (NBOUND,NSET(8)), (NS OPT, NSET(9)),

(ISRCy, NSET(11)), (I NEUT, NSET(12))
FNS(QOOOFL) =SIN( XI * ( QOOOFL- ETA 1))
FNC(QOO1FL) =COS( XI * ( QOOlFL- ETA 1))
ISO(1) = LSO
150(2) = NSO
ISO0(3) = MSO
IF ( ISRC - 1) 150,150,450

INTENSITIES COMPUTED FROM XI-S
DO 400 N=1,3

FT(N) = 0.0

KOUNT = 3 % NS OPT + N

MAX = TISO(N)

IF ( XISO(l,N} ) 300,200,300

XI=0
R PHI z X Y z RHO PHI THETA
Go TO0 ( 230, 210, 210, 210, 210, 210, 250, 210, 270 ), KOUNT
PHI, Z, Xy Yy I, PHI

DO 220 M=1,MAX
F(MyN) = CSO(M+1,N) - CSO(MyN)
CSO(MyN) = 0.5 * ( CSO(M+1,N) + CSO(MyN) )
FT(N) = FT(N) + F(M,N)
CONTINUE
GO TOo 400

R

e
CsC
CSC

cscC

CsC
CSC
CcscC
CscC
CSC
CSC
CcscC
CscC
CscC
CscC
Csc
CcscC
CscC
CscC
CcsC
csc
CscC
CsSC
Ccsc
CcscC
CscC
CsSC
CsC
CsSC
CsC

0026
0010
0040

0120

0140
0150
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410

-0LT-




ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN

ISN

ISN
ISN

ISN
ISN
ISN
ISN

0024
0025
0026
0027
0028
c029

co30
c031
0032
0033

0034
0035

c036
Co37
0c 38
0039
04N
€04l

0042
0043

0044

0045
0046

co47
€048
€049
0050

230 DO 240 M=1,MAX CSC

FI(MyN) = ( CSO(M+14N) %% 2,0 — CSO(M,N) *%x 2,0 ) / 2.0 csc
CSO(M,N) = 0.5 * ( CSO(M+1,N) + CSO(M,4N) ) cscC
FT(N) = FT(N) + F(M,N) CcscC

240 CONTINUE CSC
GO TO 400 CSC

RHO cScC

250 DO 260 M=1,MAX csc
F(MsN) = ( CSO(M+1,N) %% 3,0 — CSO(M,N) ** 3,0 ) / 3.0 csc
CSO(MyN) = 0.5 % ( CSO(M+1,N) + CSO(M,N) ) cscC
FT(N) = FT(N) + F(M,N) cscC

260 CONTINUE csc
GO TO 400 csc
THETA €SC

270 DO 280 M=1,MAX csc
F(M4yN) = COS( CSO(M,N) ) — COS( CSO(M+1,N) ) csc
CSO(MyN) = 0.5 * ( CSO(M+1,N) + CSO(M,yN) ) csc
FTIN) = FTIN) + F(M,N) csc

280 CONTINUE cScC
GO TO 400 csc

XI NOT ZERO csc

300 XI = XISO(1,N) csScC
ETA = XISO(2,N) cscC

R  PHI z X Y z RHO PHI THETA cscC

Go TO0 ( 330, 310, 310, 310, 310, 310, 350, 310, 370 ), KOUNT CSC
PHI, Z, Xy Yy Z, PHI cscC

310 DO 320 M=1,MAX e
F(MyN) = ( FNS( CSO(M+1,N) ) — FNS( CSO(M,N) ) ) csc

1 / XI CScC
CSO(MyN) = 0.5 * ( CSO(M+1,N) + CSO(M,N) ) cscC
FT(N) = FT(N) + F(M,yN) csc

320 CONTINUE csc
GO TO 400 : csScC

R , cscC

0420
0430
044C
0450
0460
0470
0480
0490
0500
0510
0520

0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750

~TL1-




ISN c0s1 330 DO 34C M=1,MAX CSC 0760
ISN 0052 FOMyN)=(FNC(CSO(M+14N))I—FNC(CSO(M,sN) )+

IXI*(CSO(M+1,N)*FNS(CSO(M+1,N))

2—=CSO(MyN)*FNS(CSO(MyN)))) /XTI %%2

ISN 0053 CSO(MyN) = 0.5 * ( CSO(M+1,N) + CSO(M,N) ) CSC 0790
ISN €054 FT(N) =FT(N) + F(M,N) CSC 080G
ISN 0055 340 CONTINUE CSC 0810
ISN 0056 GO TO 400 CSC 0820
C RHO CSC 0830

ISN 0057 350 DO 360 M=1,MAX CSC 0840
ISN €058 F(M,N) = CSC 0850
1 ((C XI *CSO(M+1,N) ) %% 2,0 = 2.0 ) * FNS( CSO(M+1,N) ) CSC 0860

2 —(( XI *CSO(M,N) ) k% 240 = 240 ) % ENS( CSO(MsN) ) CSC 0870

3 +# 2.0 % XI % ( CSO(M#1,N) * FNC( CSO(M+1,N) ) CSC 0880

4= CSO(M,N) * FENC( CSO(M,N) ))) 7/ XI %% 3.0 CSC 0890

ISN 0059 CSO(MyN) = 0.5 * ( CSO(M+1,1) + CSO(M,N) ) CSC 0900
ISN €060 FTI(N) = FT(N) + F(M,N) CSC 0910
ISN 0061 360 CONTINUE CSC 0920
ISN 0062 GOT0400 CSC 0930
C THETA CSC 0940

ISN 0063 370 IF ( XI - 1.0 ) 380,390,380 CSC 0950
C XI NOT ONE CSC €960

ISN 0064 380 DO 385 M=1,MAX CSC 0970
ISN 0065 F(MyN) = ( SINC CSO(M+1,N) ) * FNS( CSO(M+1,N) ) CSC 0980
1 - SIN( CSO(M,N) ) * FNS( CSO(M,N) ) - €CSC 0990

2 XI % (COS( CSO(M+14N) ) * ENC( CSO(M+1,N) ) - C CSC 1000

30S( CSO(MsN) ) * FNC( CSO(M,N) ) )) / ( X CSC 1010

41 %% 2,0 — 1.0 ) CsC 1020

ISN 0066 CSO(MyN) = 0.5 * ( CSO(M+1,N) + CSO(M,N) ) CSC 1030
ISN 0067 FT(N) = FT(N) + F(M,N) CSC 1040
ISN 0068 385 CONTINUE CSC 1050
ISN 0069 GO TO 400 CSC 1060
C XI = 1 CSC 1070

ISN 0070 390 DO 395 M=1,MAX CSC 1080
ISN 0071 FI(MyN) = 045 % ( SIN( CSO(M+1,4N) ) * FNS( CSO(M+1,N) ) CSC 1090
1 — SIN( CSO(MyN) ) * FNS({ CSO(M,N) ) - CSC 11c¢0

2 ( CSO(M+1,N) — CSO(M4N) ) * SIN( ETA ) ) CSC 1110

-2.,T-



ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

ISN

ISN
ISN

ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN

0072
G073
0074
0075
0076

covr7
0078
0079
0080

008l

ces2
0083

0084
0085
0086
cos7

0088
c089

0090
0091
c0g2
0093

0094
0095

0096
cQoT
0098
0099

CSO(MyN) = 045 * ( CSO(M+1,N)
FT(N) = FT(N) + F(M,N)
395 CONTINUE
40C CONTINUE
GO TO 800
INTENSITIES COMPUTED FROM INPUT F-=Sese
450 DO 600 N=1,3
FT(N) = 0.0

+ CSO(M4N} )

KOUNT = 3 % NS OPT + N
MAX = ISO(N)
R PHI Z X Y z RHO PHI THETA
G0 TO ( 530, 510, 510, 510, 510, 510, 550, 510, 570 ), KOUNT
PHI X Y Z PHI
510 DO 520 M=1,MAX
F(MyN) =
1 ( F(M+1,N) + F(M,N) ) % ( CSO(M+1,N) - CSO(M,N) )

CSO(MyN) = Co5 * ( CSO(M+1,N) + CSO(M,N) )
FT(N) = FT(N) + F(M,N)
520 CONTINUE

* CSO(MyN) *x 2 )

GO TO 6900
R
530 DO 540 M=1,MAX
F(MyN) =
1 2.0 % ( F(M+1l4N) * CSO(M+1,N} %% 2 — F(M,N)
2 - ( F(M+14N) * CSO(M4N) — F(MyN) * CSO(M+1,N) )

3 * ( CSO(M+1,N)
CSO(MsN) = 045 *

+ CSO(M,N) )

( CSO(M+1,N) + CSO(M,N) )

* CSO(M,yN} %% 3 )

+ CSO(M,N) *x 2 )

FT(N) = FT(N) + F(M,N)
540 CONTINUE
GO T0O 600
RHO
550 DO 560 M=1,MAX
F(M,N) =
1 3.0 % ( F(M+1,N) * CSO(M+1,N) ** 3 - F(M,N)
2 — ( F{M+1,4N) * CSO(MsN) - F(MyN) * CSO(M+1,N) )
3 ¥ ( CSO(M+1,N) *% 2 + CSO(M+1,N) * CSO(M,N)
CSO(MsN) = 0.5 * ( CSO(M+1,N) + CSO(M,N) )
FT(N) = FT(N) + F(M,N)
560 CONTINUE
GO TO 600

CSC
CcscC
CSC
CsScC
CsC
CcscC
Ccsc
cscC
CsSC
cscC
CsSC
CcscC
CcscC
CcSC
CcscC
CcscC
CSC
CcscC
Ccsc
CcscC
CcsScC
CSC
cscC
CsC
CcscC
CsSC
cscC
CcscC
CSsC
(e
CscC
CSC
CsC
CSC
CSC
CSC
CSC
CcSC
csc
CSC

1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
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C THETA CSC 1520

ISN 0100 570 DO 580 M=1,MAX CSC 1530
ISN 0101 FI(M,N) = CSC 1540
1 ( € SINC CSO(M+14N) ) = SIN( CSO(M4N) ) CsC 1550

2 — ( CSO(M+1,N) * COS( CSO(M+1,N) ) CSC 1560

3— CSO(M,N) * COS( CSO(M,N)Y ) ) ) * CSC 1570

4 ( F(M+14,N) - F(M,N) ) - CSC 1580

5 ( COS( CSO(M+1,N) ) — COS( CSO(MyN) ) ) ¥ ( CSC 1590

6 CSO(M+14N) * F(MyN) — CSO(MyN) * F(M+1,N) ) ) / ( CSC 1600

7 CSO(M+1,N) - CSO(M,N) ) CSC 1610

ISN €102 CSO(MyN) = 045 * ( CSO(M+1,N)} + CSO(M,N) ) CSC 1620
ISN 0103 FTO(N) = FT(N) + F(M,N) CSC 1630
ISN 0104 580 CONTINUE CSC 1640
ISN ©105 600 CONTINUE CSC 1650
C SOURCE NORMALIZATION CSC 1660

ISN C106 800 ASO = ABS( ASO / ( FT(l) * FT(2) * FT(3) ) ) CSC 1670
ISN 0107 MAX = 1S0(3) : CSC 1680
ISN 0108 DO 820 M=1,MAX CSC 1690
ISN 0109 F(M,3) = F(M,3) * ASO CsC 1700
ISN 0110 820 CONTINUE CsSC 1710
ISN G111 DO 840 N=1,3 CsC 1720
ISN 0112 M = ISO(N) + 1 CSC 1730
ISN 0113 CSO(M,N) = 0.0 CSC 1740
ISN €114 F(MyN) = 0.0 CSC 1750
ISN €115 840 CONTINUE CSC 1760
C SOURCE COORDINATES AND INTENSITIES PRINT CsC 1770

ISN €116 1 FORMAT ( 1HO, 12X, 16H R COORDINATE ) CSC 1780
ISN Q117 2 FORMAT ( 1HO, 12X, 16H PHI COORDINATE ) CSC 1790
ISN €118 3 FORMAT ( 1HO, 12X, 16H Z COORDINATE ) CSC 1800
ISN 0119 4 FCRMAT ( 1HO, 12X, 16H X COORDINATE ) CsC 1810
ISN €120 5 FORMAT ( 1HO, 12X, 16H Y COORDINATE ) CSC 1820
ISN 0121 7 FORMAT ( 1HO, 12X, 16H RHO COORDINATE ) CSC 1830
ISN N122 9 FORMAT ( 1HO, 12X, 16HTHETA COORDINATE ) CSC 1840
11 FORMAT ( 1H1, 34X, 15HCOORDINATE TYPE, 12, 10X, CSC 1850

ISN n123
' 1 23HSOURCE INTENSITY OPTION, I2 ) CSC 1860
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ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN

0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
c136
0137
0138

0139
0140
0141
0l42
0143
0144
0145
Q146
0147
0148
0149
0150
0151

12
13
900

901

902

903

904

905

907

909
910

920
940
1000

FORMAT ( 1H 4, 4X, 4( 4X, 10HCOORDINATE,
FORMAT ( 1H 4 I5, 1P8El4e4 )

WRITE (6 +11)NS OPT, ISRC

DO 940 N=1,3

KOUNT = 3 % NS OPT + N

GO T0 ( 901, 902, 903, 904, 905, 903,
WRITE (6 '1)

GO TO 910

WRITE (6 12)

GO TO 910

WRITE (6 13)

GO TO 910

WRITE (6 14)

GO T0 910

WRITE (6 15)

GO TO0 910

WRITE (6 1 7)

GO TO 910

WRITE (6 19)

WRITE (6 112)

MAX = ISO(N)

DO 920 M=1,MAX,4%

MAX P = M + 3

WRITE (6 +13)My, ( CSO(I4N), F(I4N),
CONTINUE

CONTINUE

RETURN

END

4Xy GHINTENSITY

907, 902,

[=M,MAX P )

909

)y

/7 )

KOUNT

CcscC
CSC
CSC
CsC
cscC
CscC
CSC
cscC
cscC
CcscC
cscC
CcscC
CcscC
CSC
CSC

csc
CcsSC
CscC
CcscC
csc
cscC
CscC
CcscC
CcscC
cscC
CscC
cscC
cscC

1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010

2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
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ISN
ISN

ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

n002
0003

0004

ooos
0006

0007
0008
cCo9
0011
0012
0014
Co16
0018
co19
0020
0021
0022
0024
0025
0026
0027
0028
0029
0030
0031

1
2

X OO~

SUBROUTINE XSECQD
COMMON /STDATA/
NAME (10C) , ENRG (20) + XSECO (20,100) ,XSECEA(20) '

c (446,9) , EMINBB(8) y NAMB(12) + XSECNT(100) ,DCONST

COMMON /QADATA/

NSET (30) + RSO (101) + PHISO (101) 4, ZSO (101) ’
HYDRAT (30) » XSECN (30) + XSECG (20,30), BILDO (30) ’
BILD1 (30) + BILDZ (30) s+ BILD3 (30) + GAMEN (30) ’
CAONV  (30) + COMP (20,40), EBAR (30) y MATZ (20) '
FL (161) , FN (101) 4, FM (101) , XISO (2,3) ,
ASOC , RRC + ZRC 4 PHIRC 4 ALF1 , ALF2 +ALF3 '

ALF4 4 NBLD , ID(18)
DIMENSION BILD(30,4), XSEC(19,30)4SLOPE(19,30)
EQUIVALENCE (NSET(7)4NRGY) , (NSET(4) ,MAT)
CALCULATE QAD BUILDUP COEFFICIENTS.
NBLD=1, 2, 3, 4, H20, AL, FE, OR PB DOSE BUILDUP
NBLD=5, 6, 7, 8, H20, ALy FE, OR PB ENERGY ABSORPTION BUILDUP
DO 12 I=1,NRGY
E= EBARI(I)
IF(NBLD.GE«8) GO TO 5
L IM=5
IF(NBLD+EQe4) LIM=6
IF(E«LT<EMINBB(NBLD)) E=EMINBB{(NBLD)
IF(NBLD «NE«e4) E=1.0/F
NB=NBLD
GO T0O 9
IF(E~4.0) 6,6,7
LIM=4
IF(EelTe 0e5) E=0.5
E=1.0/E
NB=8
GO TO 9
LIM=3
NB=9
DO 10 IT=1,4
BILD(I,I1)=0,
DO 10 J=1,LIM
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ISN
ISN
ISN
ISN
ISN

TSN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0032
N033
034
0035
0036

on37
0038
0039
0040
0041

0C42
0043
0044
Cc045
0046
0047
0048
0049
0050
0051

10

12

15

20

22

25

BILD(I,IIl) = BILD(I,II)+ C(II,J,NB) *EXx*x(J-1)
BILDO(I)= BILD(I,1)
BILD1(I)= BILD(I,2)

BILD2(I)= BILD(I,3)

BILD3(I)= BILD{(I,4)

SELECT CROSS-SECTIONS FROM LARGE TABLE

DO 15 M=1,MAT

L= MATZ(M)

DO 15 NE=1,19

XSEC(NEyM)= XSECO(NE,L)

SLOPE(NEsM)= (XSECO(NE+1,L)-XSECO(NE,L))/(ENRG(NE+1)~ENRG(NE))
CALCULATE CROSS—-SECTIONS AT ENERGY EBARI(I)

DO 25 I=1,NRGY

DO 20 NE=1,19

IF(EBAR(I)-ENRG(NE+1)) 22,22,20

CONTINUE

NE=19

DO 25 M=1,MAT :
XSECG(M,I) = XSEC(NE,M)+ SLOPE(NE,M)*(EBAR(I)-ENRG(NE))
CONTINUE

RETURN

END
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ISN 0002 SUBROUTINE GEGOM GEOM 1
ISN 0003 IMPLICIT REAL*8(A-H,0-7) GEOM 2
C MARK=1 FOR COMPLETED PATH GEOM 3
C =0 FOR NORMAL BOUNDARY CROSSING GEOM 4
C =—1 FOR ESCAPED FROM SYSTEM GEOM 5
C =-2 ENTERED INTERIOR VOID GEOM 6
ISN 0004 C OMMON/GEOMC /XTWO s YTWO s ZTWO y XONE y YONE 3 ZONE s ETA, ETAUSD, BLZON, GEOM 7
2 MARK, NMED s NREG GEOM 8
TSN 0005 COMMON/GEQOM4/X14Y14214X24Y2,22,DIST,DISTQ, GEOM 9
2 NCUE,NCR GEOM 10
ISN 0006 COMMON/GEOMA/IDyNSTAT GEOM 11
ISN 0007 COMMON/JOMIN1/BIG GEOM 12
ISN 0008 COMMON/GEOM9/NZ s NBL yNXBL s NYBL 4 NZBL GEOM 13
ISN 0009 DATA 1/2/ GEOM 14
ISN 0010 IF(NMED.EQ.1000) GO TO 175 GEOM 15
ISN 0012 100 IF(MARK)145,150,105 GEOM 16
ISN 0013 105 ID=1 GEOM 17
ISN N014 CALL JOM14 GEOM 18 _g
C JOM14 IS UNPCK GEGM 19 &
ISN G015 110 X1=XONE GEOM 20 !
ISN 0016 Y1=YONE GEOM 21
ISN 0017 Z1=70NE GEOM 22
ISN 0018 X2=XTWO GEOM 23
ISN €019 Y2=YTWO GEOM 24
ISN 0020 72=7TWO GEOM 25
ISN £rn21 DISTD=0.0 GEOM 26
ISN 0022 115 DIST=1.0-DISTD GEOM 27
ISN 0023 CALL JOM4 GEOM 28
C JOM4 1S BOUND JOM5 IS INTER GEOM 29
ISN €024 CALL JOMS GEOM 30
ISN €025 IF (NCR.LE.O) GO TO 135 GEOM 31
ISN €027 XTWO=X2 GEOM 32
ISN ©N28 YTWO=Y2 GEOM 33
ISN 0029 ZTWO=22 GEOM 34
TSN ~N3Q ETAUSD=ETA*(DIST*DISTQ+DISTD) GEGM 35
ISN €031 IF(NMED.EQ.0) GO TO 125 GEOM 36
ISN 0n33 IF(NMED.EQ.1000) GO TO 130 GEOM 37

ISN 0035 MARK=0 GEOM 38




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

0036
co37
0038
0039
0040
0041
N043
0044
c045
0046
0047
0048
0049
co50

0051
0052
0053
0054
0055
C056
0058
0059
c060
0061
0062
0063
0064
0065
0066
o067
0068

0n70
co7l
0072
o073

125

130

135

140

145

150

155

160

165
170
175

GO TO 165

MARK=-1

GO TO 165

MARK=-2

GO TO 165

IF(NCUE+.LE.O0) GO TO 140
DISTD=DIST+DISTD

X1=X2

Yl=Y2

11=12

X2=XTWO

Y2=YTWO

22=72TWO

CALL JOM1O

JOM10 IS NEWB

ID=1

IF(NZ)155,155,115

MARK=1

ETAUSD=ETA

GO TO 160

IF(MARK«.GE«—1) GO TO 105
ID=2

GO TO 110

MARK=~1

XTWO=X1

YTWO=Y1

ZTWO=Z71

ETAUSD=ETA*DISTD

NMED=0

BLZON=0.

GO TO 170

IF(NSTATJNE.O) CALL JOMO6E(XTWO,YTWOy ZTWO4+34NREG)
JOM6 IS FINDR JOM15 IS PCK
CALL JOM15
IF(I-1)180,180,185
S=DABS(XTWO)+DABS(YTWO)}+DABS{ZTWO)
S=B1G/S

GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEGM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEGOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOM

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0074
nNQ75
0076
Q77
c078
co79
coso
081
0082

XTWO=XONE+S*XTWO
YTWO=YONE+S*YTWO
ZTWO=ZONE+S*ZTWO
I=1
GG TO 100

180 I=2
ETAUSD=0.0

185 RETURN

END

GEOM
GEOM
GEOM
GEOM
GEOM
GEOM
GEOGM
GEOM
GEGM

16
17
78
79
80
81
82
83
84
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

noo2
0003
co04
00os
€006
cnoT
0008
0009

0010
0011

no12
cnl3
014
¢015
0016
c017
c018
0019
021
0022
0023
0024
0026
c028
co29
0030
0031
€033
€034
0035
c036
0037
0038
0039
co40

8000

8005

100

105

110

115

SUBROUTINE JGMIN(ADDR)

REAL*8 BIGy.XPBD,XMBD,YPBD,YMBD,ZPBD,ZMBD,+X

DIMENSION N(1),X(1),ADDR(1)
COMMON X
COMMON/GEOMA/ID,NSTAT
COMMON/JOMINL1/BIG

COMMON/ JOMIN2/XPBD 4 XMBD ,YPBD y YMBD y ZPBDy ZMBD y NOX y NOY y NOZ y NOXY s NOXYZ
C OMMON/ JOMIN3/NXZBDyNYZBD4NZZBD 4NOXB s NOYBsNOZByNNX,
LNNY gy NNZ y NMyNMEL1 ,NME2 y NME3 yNS4NB yNMS yNME1S s NME2S y NME3S,

2NSSeNBS
COMMON/GEOMT/TITLE(2)

COMMON/ GEOMH/HMALE,FEMALE yHIT,COMMA ,ZONE,BLOCK,MEDI Ay SURFAC,
$SECTOR, COFS(13) yREGIONy SIRyHMADAM,HMISS yHMARR s SINGLE

EQUIVALENCE (X4N)
DATA SPACE,AM/4H v 4HM /

READ (5,8000) NSTAT,SEX,EX,STATUS,US

FORMAT(I5:5X,A4,A241XyA4,A3)

WRITE (6,8005) NSTAT,SEX,EXsSTATUS,US
FORMAT(1HL1,I5,5X3A4,A2,1XsA4,A3)

NSTAT=NSTAT-2
IF(SEX.NE.HMALE) GO TO 100
TITLE(1)=SIR

TITLE(2)=SPACE

GO T0 115

IF(SEX.NE.FEMALE) GO TO 110
IF(STATUS.NE<.HMARR) GO TO 105
TITLE(1)=HMADAM

TITLE(2)=AM

GO TO 115
IF(STATUS«NE.SINGLE) GO TO 110
TITLE(1)=HMISS

TITLE(2)=SPACE

GO TO 115

TITLE(L1)=HIT

TITLE(2)=SPACE

CALL JOM13(5)
NADD1=(LOC(ADDR)}-LOC(X})/4+1
NADD=(NADD1+1)/2+1

JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI

VoO~NoUVprWNOH-
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0041
0042
0043
0044
c045
0046
ARy
€048
0049
o050
0051
0052
0053
0054
C055
0ns56
D057
0058
¢c059
0060
0061
Qr62
063
0064
0065
0066
0067
0068
0069
anTo
co71
0073
c074
0075
no76
o077
0078
0079

NXZBD=NADD
NOX=JOM16(NADD)
NADD=NADD
XPBD=X(NADD-1)
XMBD=X(NXZBD)
NYZBD=NADD
NOY=JOM16(NADD)
NADD=NADD
YPBD=X(NADD-1)
YMBD=X(NYZBD)
NZZBD=NADD
NOZ=JOM16(NADD)
NADD=NADD
ZPBD=X(NADD-1)
IMBD=X(NZZBD)
NOXY=NOX*NOY
NOXYZ=NOXY*NOZ
NNX=2%NADD-2
NNY=NNX+NOXYZ
NNZ=NNY+NOXYZ
NM=NNZ+NOXYZ
NME 1=NM+NOXYZ
NME 2=NME1+NOXYZ
NME 3=NME2+NOXYZ
NS=NME3+NOXYZ
NB=NS+NOXYZ
NOXB=NB+NOXYZ
NOYB=NOXB+NOXYZ
NOZ B=NOYB+NOXYZ
NADD=NOZB+NOXYZ+1
IF (NSTAT.EQ.0) GO TO 125
NMS=NADD~1
NME 1S=NMS+NOXYZ
NME2S=NME 1S+NOXYZ
NME 2S=NME 2S+NOXYZ
NSS=NME 3S+NOXYZ
NBS=NSS+NOXYZ
NADD=NBS+NOXYZ+1

JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76

-28T-



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0080
nosl
0082
0083
0084
0085
o087
0088
0089
0090
¢091
0092
0093
0094
0095
0096
0098
0099
0100
0101
0102
0103
N104
0105
c107
0108
0109
0110
c1l11
0112
C113
0114
0116
0117
0118
0119
0120
0121

125

8010

8015

DO 140 I1Z=1,NOXYZ
READ (5,801C) BCD1,BCD2,NXZNO4sNYZNO,NZZNO
FORMAT(A4,A2,315)
WRITE (6,8015) BCD1,BCD2,NXZNQO,NYZNO,NZZNO
FORMAT(1HO,A4,A2,315)
IF(BCD1 .NE«ZONE) CALL JCOM13(7)
NZNO=(NZZNO-1)*NOXY+(NYZNO-1) *NOX+NXZNO
LNX=NNX+NZNO
NADD=(NADD+11}/2
N(LNX)=NADD
NT1=NADD
LOXB=NOXB+NZNO
N{LOXB)=JOM16(NADD)
NADD=NADD
LXZ=NXZBD+NXZNO

IFCXONT1) eNEaX(LXZ=-1)eORe X{NADD—1) e NEaX(LXZ))

LNY=NNY+NZNO
N(LNY)=NADD
NT1=NADD
LOYB=NOYB+NZNO
N(LOYB)=JOM16{(NADD)
NADD=NADD
LYZ=NYZBD+NYZNO

IF(X(INTL) e NE«X(LYZ-1)}+s0ReX{NADD-1)«NE«X(LYZ)) GO TGO 145

LNZ=NNZ+NZNO
N(LNZ)=NADD
NT1=NADD
LOZB=NOZB+NZNO
N(LOZB)=JOM16(NADD)
NADD=NADD
LZZ=NZZBD+NZZINO

TF(X(NT1)eNEoX(LZZ-1)+0ReX(NADD-1)eNE.X(LZZ))

NOB=N{(LOXB)*N(LOYB)*N(LOZB)
NMA=NM+NZNO
NME1A=NME1+NZNO
NMEZ2A=NME2+NZNO
NME3A=NME3+NZNO
NSA=NS+NZNO

GO TO 145

GO TO 145

JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI

77
78
79
80
81
82
83
84
85
86
87
88
86
9C
91
92
S3
94
95
%6
97
98

99
100
101
1062
103
104
105
106
107
108
105
110
111
112
113
114

-€8'|:..



TSN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
C134
0135
0136
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157

NBA=NB+NZNO
NMB=2%NADD-2

N (NMA)=NMB

NME 1B=NMB+NOB
N(NME1A)=NME1B
NMEZ2B=NME 1B+NOB
N(NME2A)=NME2B
NME3B=NME2B+NOB
N(NME3A)=NME3B
NSB=NME3B+NOB
N(NSA)=NSB
NBB=NSB+NOB
N(NBA}=NBB
NADD=NBB+NOB
IF(NSTATLEQ.0) GO TGO 130
NMSA=NMS+NZNO
NME1SA=NME1S+NZNO
NME 2SA=NME2S+NZNO
NME3SA=NME3S+NZNO
NSSA=NSS+NZNO
NBSA=NBS+NZNO
NMSB=NADD
N(NMSA)=NADD
NME1SB=NADD+NOB
N(NME1SA)=NME1SB
NME2SB=NME1SB+NOB
N{NME2SA)=NME2S8B
NME3SB=NME2SB+NGB
N(NME3SA)=NME3SB
NSSB=NME3SB+NORB
N(NSSA)=NSS8B
NBSB=NSSB+NOB
N(NBSA)=NBSB
NADD=NB SB+NOB

130 DG 135 11B=1,NOB

JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JAMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

_f—(8'[s




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN

ISN
ISN

0158
0159
0160
0162
n163
N164
0165
0166
0167
0168
0169

0170
0172
0173
0174
N175
C176
0177
c178

0179
o180
0181
0182

£183
€184
0185
0186
6187

0188
0189

135

140

145

READ (5,801C) BCD1,BCD2,NXBNO,NYBNO,NZBNO
WRITE (6,8015) BCD1,BCD2yNXBNO,NYBNO,NZBNO
IF(BCD1.NE.BLOCK) CALL JOM13(7)
NBNO=((NZBNO-1)%N(LOYB)+NYBNO-1)*N(LOXB)+NXBNO
NMC=NMB+NBNO

NME 1C=NME 1B+NBNO

NME2C=NME 2B+NBNO

NME3C=NME3B+NBNO

NSC=NSB+NBNO

NBC=NBB +NBNO

CALL JOM11(NADDsyN(NMC),N(NSC) ,N(NMELC),N(NME2C),
IN(NME3C),sN(NBC),1)

JOM1l IS JOMR

IF(NSTAT.EQ.0) GO TO 135

NMSC=NMSB+NBNO

NME1SC=NME1SB+NBNO

NME2SC=NME2SB+NBNO

NME3SC=NME3SB+NBNO

NSSC=NSSB+NBNO

NBSC=NBSB+NBNO

CALL JOM11(NADDsyN(NMSC),NINSSC),N(NME1SC),
INC(NME2SC)yN(NME3SC)N(NBSC),-1)

JOM11 IS-JOMR

CONTINUE

NADD=NADD +1

CONTINUE

CALL JOM12(NADD)

JOM12 TS JOMQ

BIG=3.*DMAX1(XPBD-XMBD,y YPBD-YMBD+ZPBD-ZMBD)
ID=1

N(NADD1}=NADD—-NADD1

RETURN

CALL JOM13(3)

JOM13 IS DGNSTK

RETURN

END

JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOM]
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI
JOMI

150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

_98-[..




ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002
nno3
N4
0005
ccee
0007

c008
0009
0010
c011
0012
co13
0014
Colé6
0017
oN1s8
fO19
€021
rozz
0023
0024
0026
0027
0028
0029
0031
nn32
0033
C034
0036
o037
0038
0039
0041
c042
nea3
C044

100

105

110

115

120

125

SUBROUT INE LOOKZ ( XONE » YONE 5 ZONE)
IMPLICIT REAL*8(A=-H,0-Z)

REAL*4 DUMMY,SGNF,SGNF2

DIMENSION X(1)

COMMON X

COMMON/ GEOMC/XTWO,YTWO»ZTWO 4X19Y1,21,ETA,ETAUSD,BLZON,
2 MARK , NMED s NREG
COMMON/GEQOM9/NZ yNB,NXBL yNYBL y NZBL
COMMON/GEOMA/ID yNSTAT

COMMON/ JOMIN2/DUM2(6) yNOX, NOY 4 NOZ y NDUM(2)
COMMON/JOMIN3/NXZByNYZB,NZZB,DUMMY(18)
COMMON/ GEOMT77/NBOUND 4 SGNF 4 NBD2 y SGNF 2
COMMON/GEOM39/NERR
IF(XONE.LT.X(NXZB)) GO TO 135

DO 100 I=1,NOX

I=1

LXZB=NXZB+I

IF(XONE .LE.X(LXZB)) GO TO 105
CONTINUE

GO TO 135

NXZ=1

IF(YONELLT.X(NYZB)) GO TO 135

DO 110 I=1,NOY

I=1

LYZB=NYZB+I

IF(YONELLE.X(LYZB)) GO TO 115
CONTINUE

GO TO 135

NYZ=1

IF(ZONE.LT.X(NZZB)) GO TO 135

DO 120 I=1,NOZ

I=1

LZZB=NZZB+I

IF(ZONE.LE.X(LZZB)) GO TO 125
CONTINUE

GO TO 135
NZ=((I-1)%*NOY+NYZ—-1)%«NOX+NXZ
IF(NERR.GT.0) GO TO 130

LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
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ISN
ISN

ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN

0046
N047

0048
0049
0050
€051

0052
0053

0055
0056
0057
0058

NERR=1

CALL JOMS(XONE,YONE, ZONE)

JOMS IS LOOCKB
NBOUND=Q
SGNF=0.

CALL JOM15

JOM15 IS PCK

CALL JOM6(XONE,YONE,ZONE,1,NMED)

JOM6 IS FINDR
NREG=1
IF(NSTAT.NE.O)
JOM6 IS FINDR
130 RETURN
135 CALL JOM13(4)
STOP
END

CALL JOM6( XONE 5 YONE 9 ZONE 3 34NREG)

LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ
LOKZ

LOKZ
LOKZ
LOKZ
LOKZ

39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
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ISN
ISN

ISN

ISN
ISN

ISN
ISN

ISN

0002
0003

0004

0005
0006

0007
cocs

0009

BLOCK DATA

COMMON/GEOMH/HMALE,FEMALE,HIT,COMMA,ZONE,BLOCK,MEDIA, SURFAC,

2SECTOR,COFS(13) yREGIONySIRyHMADAM,HMI SS, HMARR, SINGLE

COMMON/GEOM39/NERR

COMMON/NRC/NR(31)

DATA HMALE,FEMALE,HIT,COMMA,ZONE,BLOCK,MEDIA,SURFAC,SECTOR,
COFS(1),COFS(2)4COFS(3)4COFS(4),COFS(5),COFS(6),COFS(7),COFS(8),
COFS(9),COFS(10),COFS(11),COFS(12),COFS(13),REGION,SIR,HMADAM,
HMISS,HMARR, SINGLE/ ‘
4HMALE, 4HFEMA, 4HIT , 4H, y 4HZONE, 4HBLOC, 4HMEDI,
4HSURF, 4HSECT, 4HXSQ , 4HYSQ , 4HZSQ + 4HXY , 4HXZ ,
4HYZ 4 4HX r 4HY y 4HZ y 4H s 4HYX o 4HZIX
4HZY 4 4HREGI, 4HSIR 4 4HMADA, 4HMISS, 4HMARR, 4HSING/

DATA NERR/O/

DATA NR/

1 192+498916432464,128,256,51241024,2048,4096,48192,16384%,

2 32768,655369131072,262144,524288,1048576,2097152,4194304,

3 8388608416777216433554432,67108864,134217728,268435456,

4 536870912,1073741824/

O~NOWwm PN

END

GOMH
GOMH
GGOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
GOMH
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ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

n0o02
ceo3
0004
0005
co0e6
0007

0008
0009
¢n10
0011
tn12
0013
0014
€015
0N16
col7
co1ls
€019
0020
0021
ce22
co23
0024
cn25
co26
0Q27
¢028
0029
co30
0031
0032
0033
0034
0035
0036

100
105
110

115
120
125
130
135
140

2

BOUND

SUBROUTINE JOM4

IMPLICIT REAL*8(A-H,0-7)
REAL*4 DUM1,DUM2,DUM3
DIMENSION X(1)4N(1)
COMMON X

. COMMON/ GEOM4/ XONE 4 YONE 9 ZONE s XTWO, YTWO,ZTWO,DIST, DUM4,

NCUE,DUM1

COMMON/GEOMS/NZ sNBLyNXBLyNYBL sNZBL
C OMMON/ JOMIN3/DUM2 (6) ¢NX14NY1,NZ1,DUM3(12)

EQUIVALENCE(X4N)

NX2=NX1+NZ

NY2=NY1+NZ

NZ2=NZ1+NZ

NNX=N(NX2)+NXBL
NNY=N(NY2)+NYBL
NNZ=N(NZ2)+NZBL

NB=0O

NBX=0

NBY=0

NBZ=0

NCUE=0

XDIST=XTWO-XONE
YDIST=YTWO-YONE
ZID1ST=ZTWO-Z0ONE

IF(XDIST) 100,125,105
IF(XTWO-X(NNX-1)) 110,125,125
TF(XTWO-—X{NNX)) 12551254115
NBX=—-2

GO T0O 120

NBX=1

NB=1

IF(YDIST) 130,155,135
IF(YTWO-X(NNY-1)) 140,155,155
IF(YTWO-X{NNY)) 15541554145
NBY==4

GO TO 150

JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0037
0038
€039
0040
0041
0042
0043
0044
0045
0046
0048
0049
cos0
0051
0052
0Ns53
N0 54
ness
0056
0057
c058
0059
0060
0062
0063
N064
0neés5
0066
0067
0068
0069
0071
0072
0073
0075
0076
0077
Q78

145
150
155
160
165
170

175
180
185
190

195
200

205
210

215
220

225
230

235
240

245

250

NBY=3
NB=1
IF(ZDIST)160,185,165

IF(ZTWO-X(NNZ-1)) 170,185,185

IF(ZTWO-X(NNZ)) 185,185,175
NBZ=-6

GO TO 180

NBZ=5

NB=1

IF(NB.LE.O) GO TO 280
DIST4=2.0

IF(NBX) 190,205,195

XBOND=X (NNX~-1)

G0 TO 200

XBOND=X (NNX)

DIST4=( XBOND-XAONE)}/XDIST
NB=1

IF(NBY) 210,225,215
YBOND=X(NNY-1)

GO TO 220

YBOND=X(NNY)

DIST2=( YBOND-YONE)/YDIST
IF(DIST44LE.DIST2) GO TO 225
DIST4=DIST2

NB=2

IF(NBZ) 230,245,235
ZBOND=X(NNZ-1)

GO TO 240

ZBOND=X{NNZ)
DISTZ2=(ZBOND-ZONE)/ZDIST
IF(DIST4.LE.DIST2) GO TO 245
DIST4=DIST2

NB=3

IF(NBeNEs1) GO TO 250
XTWO=XBOND

NCUE=IABS (NBX)

GO TO 255

XTWO=XDIST*DIST4+XONE

JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JaM4
JOM4
JOM4
JUM4
JOM4
JOM4
JOM4
JUM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0079
0081
r082
0083
0084
0085
0087
0088
nO89
0090
0091
0092
0093

255

260
265

270
275
280

TF(NB.NE.2) GO TO 260
YTWO=YBOND
NCUE=TABS (NBY)
GO TO 265
YTWO=YDIST*DIST4+YONE
IF(NB«NE«.3) GO TO 270
ZTWO=ZBOND
NCUE=IABS (NBZ)
GO TO 275
ZTWO=ZDIST*DIST4+ZO0ONE
DIST=DIST*DIST4
RETURN

END

JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4
JOM4

16
17
78
79
80
81
82
83
84
85
86
87
88

-161-




ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002
0003
0004
0005
0006
coov
coces

c009
0010
0011
0012
0013
0014
0015
DO16
co17
0018
0020

0021
0022
0023
€024
0025
0026
0027
no29
¢0 30
0031
0032
0033
0034
0035
0036
0038
0039

100

105

INTER

SUBROUTINE JOM5

IMPLICIT REAL*8(A-H,0-7)

REAL*4 R,yDUM1,DUM2,DUM4,DUM64RGBD 4 SGNFy SGNF 2, AND
DIMENSION X(1)4N(1),R(1)
COMMON/NRC/NR(31)

COMMON X

COMMON/ GEOM4/XONE 5 YONE » ZONE s X TWOy YTWO s ZTWO,DIST4,DIST,
2 NCUE,NCR

COMMON/GEOM9/NZ yNBLyNXBLyNYBL 4NZBL
COMMON/GEOM56/RGBDyNOBD

COMMON/ JOMIN3/DUM1(13) 4NS4NB,DUM2(6)
COMMON/GEOMT7/X143Y1,42194X24Y249224DIST14NCR1
COMMON/GEOMA/ID4NSTAT
COMMON/GEGMC/DUM5(6) 4DUMT (3) , DUM4  NMED, DUM6
COMMON/ GEOMT77/NBOUND y SGNF 4 NBD2 y SGNF 2
EQUIVALENCE(R4NR) ,(NRGBD4yRGBD)
EQUIVALENCE(X,N)

IF(ID.GT.1l) GO TO 100

CALL JOM6(XONE, YONE, ZONEy1,NEWMED)

JOM6 IS FINDR

NS1=NS+NZ

NB1=NB+NZ

NS2=N(NS1)+NBL

NB2=N(NB1)+NBL

NOS=N(NS2)

NBD=N(NB2)

IF(NEWMED.EQ.NMED) GO TO 1CO

NMED=NE WMED

XTWO=XONE

YTWO=YONE

ZTWO=ZONE

DIST=0.

NCR=1

GO TO 130

IF(NOS.GT.C) GO TO 110

NCR=0

NBOUND=0

JOM5
JOM5
JOMS5
JOMS
JOM5
JOM5
JOMS5
JOMS
JOMS
JOM5
JOM5
JOM5
JOM5
JOM5
JOMS
JOMS5
JOM5
JOM5
JOM5
JOM5
JOMS5
JaM5
JOM5
JOM5
JOM5
JOM5
JOM5
JOMS5
JOM5
JOM5
JOMS5
JOMS
JOM5
JOM5
JOM5
JOM5
JOM5
JOMS5
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ISN
1SN
ISN
ISN
ISN
ISN
1SN
1SN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050

nosl
0052
0054
0055

0056
c058
c059
c060
Coel
0062
0064
nQés5
6Ne6

co67
0069
co70
cO071
0072
0073
0074
6075
onTé6
o077
0078
0079
nnan
cesl

110

115

120

125

130

SGNF=0,
GO TO 130
NIST=0.
DIST2=1.0
X1=XONE

Y 1=YONE
Z1=70NE
X2=XTWO
YZ2=YTWO
22=72TWO
NCR=0

DO 12C I=1,NOS

IFC(IAND(NRGBD 4NR(I))<EQs0O) GO TO 120

NBD1=NBD+I
CALL JOM7(N(NBD1))
JOMT7 IS CROSS
IF(NCR1.LE.C) GO TO 120
NCR=NCR1
NGBD=1
DIST2=DIST2*DIST1
CONTINUE
IF(NCR.EQ.C) GO TO 105
NBOUND=NBD2
SGNF=SGNF2
CALL JOM6(X24Y29722424NEWMED)
JOM6 IS FINDR
IF(NMED .NE.NEWMED) GO TO 125
X1l=X2
Yl=Y2
11=72
DIST=DIST+DIST?2
DIST2=1.0-DIST
GO TO 115
NMED=NEWMED
XTW0o=X2
YTWO=Y2
LTWO=22
DIST=DIST+DIST?2
RETURN

END

JOM5
JOM5
JOM5
JOMS5
JOM5
JOM5
JOM5
JOM5
JOMS
JOM5
JOMS5
JOM5
JOM5
JOMS
JOMS
JOM5
JOMS5
JOMS
JAOM5
JOM5
JOMS
JOM5
JOM5
JOM5
JOM>5
JOM5
JOMS5
JOM5
JOM5
JOM5
JOM5
JOM5
JOMS5
JOM5
JOM5
JOMS
JOM5
JOMS
JOMS
JOMS

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
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C FINDR JOM6 1
ISN 0002 SUBROUTINE JOM6(XONE, YONE,ZONE,ID4sNMED) JOM6 2
ISN 0003 IMPLICIT REAL*8(A-H,0-2) JOM6 3
ISN 0004 REAL*8 JOM8 JOM6 4 E
ISN 0005 REAL*4 X4R,DUMMY,REG,O0K4RGBDsSGNF4SGNF2,AND,3R,COMPL JOM6 5 ;
ISN 0096 DIMENSION X(1)4R(1),N(1) JOM6 6 !
ISN C0o07 COMMON X JOM6 7
ISN 0008 COMMON/ GEOMS/NZ 4 NBL y NXBL 9 NYBL yNZBL JaMé 8
ISN €009 COMMON/GEOM56/RGBD,NOBD JOM6 9
ISN 0010 COMMON/ JOMIN3/DUMMY(9) 4 NMyNMEL 4 NME2 yNME3 4, NS 4 NB, NMS, JOM6 10
$NME1SyNME2S4NME3S4NSSyNBS JOM6 11
ISN €011 COMMON/ GEOM77/NBOUNDy SGNF 4NBD24 SGNF 2 JOM6 12
ISN 0012 EQUIVALENCE (R4NR),(I0K,0K), (RGBDsNRGBD) JOM6 13
ISN 0013 EQUIVALENCE(X,4N) JOM6 14
ISN CN14 COMMON/NRC/NR(31) JOM6 15
ISN 0015 IF(ID«GT«1l) GO TO 140 JOM6 16 :
ISN 0017 NS1=NS+NZ JOM6 17 i
ISN 0018 NB1=NB+NZ JOM6 18 A :
ISN ©019 NM1=NM+NZ JOM6 19 2
ISN €020 NME 4=NME1+NZ JOM6 20 !
ISN 0021 NMES5=NME2+NZ JOM6 21
ISN 0022 NME6=NME3+NZ JOM6 22
ISN €023 100 NS2=N(NS1)+NBL JOM6 23
ISN 0024 NB2=N(NBL1)+NBL JOM6 24
ISN €025 NM2=N(NM1)+NBL JOM6 25
ISN CD26 NME7=N(NME4)+NBL JOM6 26
ISN 0027 NMEB8=N(NMES5)+NBL JOM6 27
ISN C¢C28 NMES=N(NMEG6)+NBL JOM6 28
ISN 0029 NOR=N(NM2) JOM6 29
ISN NG 39 NMD=N(NME9S) JOM6 30
ISN C031 IF(NGR.GT.1) GO TO 105 JOM6 31
ISN 0033 NMED=N(NMD+1) JOM6 32
ISN €034 RGBD=0. JOM6 33
ISN 0035 GO TO 160 JOM6 34
ISN 0036 105 NOS=N(NS2) JOM6 35
ISN 6Nn37 NBD=N(NB2) JOM6 36
ISN 0238 NPOS=N(NMET7) JOM6 37

ISN 0039 NNEG=N(NMES8) JOM6 38




ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0040
0041
0042
0043
0045
0046

0047
0049
0050
no51
0052
0053
0054
0056
nos57
0058
0060
No6l

0062
0063
0064
0065
0066
0068
0069
0070
0072
Co73
0074
co76
0077
0078
0079
0080
008l

110

115
120
125

130

135

140

145
150

155

REG=0.

DO 120 I=1,N0S

NBD1=NBD+I

IF(N(NBD1) NE.NBOUND) GO TO 110
IF(SGNF)120,115,115
FO=JOM8 ( XONEs YONE 4 ZONEsN(NBD1))
JOM8 IS FUNC

IF(FOL.LTL0.) GO TO 120
REG=0R(REG,R(I})

CONTINUE

DO 130 I=1,NOR
NPOS1=NPQOS+I
OK=AND(COMPL(REG) s X(NPOS1))
IF(IOK«NE.C) GO TO 130
NNEG1=NNEG+I
OK=AND(REGyX(NNEG1))
IF(I0OK.EQ.0) GO TO 135
CONTINUE

CALL JOM13(1)

JOM13 IS DGNSTK

NMD1=NMD+I

NMED=N(NMD1)
RGBD=0OR(X(NPOS1) 4 X(NNEG1))
GO TO 160

IF(ID.GT.2) GO TO 155

REG=0R (AND(COMPL(REG) +yR(NOBD) )4 AND(REG,COMPL(R(NOBD)})))

DO 150 I=1,NOS

IF (IAND(NR(I),ICOMPL{(NRGBD)).EQ.0O)

NBD1=NBD+I

FO=J0OM8 (XONE, YONE y ZONE s NCNBD1))
IF(FO.GEsOs) GO TO 145
REG=AND(REG,COMPL(R(I)))

GO TO 150

REG=0R(REG,R(I))

CONTINUE

GO T0 125

NS1=NSS+NZ

GG TO 150

JOM6
JOM6
JOMé
JOMé
JOM6
JOMé6
JOM6
JOM6
JOM6
JOMé
JOM6
JOM6
JOM6
JAMé6
JOM6
JOM6
JOM6
JOM6
JOMe6
JOM6
JOM6
JOM6
JOM6
JOM6
JOM6
JOM6
JOM6
JOMé6
JOM6
JOM6
JOM6
JOM6
JOM6
JOM6
JOM6
JOM6
JOM6

39
40
41
42
43
44
45
46
47
48
49
50

51

52

53

54
55

56
57

58
59
60
61

62
63
64
65
66
67
68
69
70
71
72
73
T4
75
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ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN

0082
0083
0084
0085
0086
oo87
0088
0089

160

NB1=NBS+NZ
NM1=NMS+NZ
NME 4=NME1S+NZ
NMES=NME2S+NZ
NME 6=NME3S+NZ
GG TO 100
RETURN

END

JOM6
JUM6
JOMé
JOM6
JOM6
JOM6
JOM6
JOM6

16
17
18
19
80
81
82
83
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ISN
ISN
ISN
ISN
ISN
ISN
ISN

TSN
ISN
ISN
ISN
ISN
1SN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN

0002
€003
0004
0005
€006
co07
cocs

0QC9
001n
0011
0013
0014
0015

Co1le
0017
0018
0019
0020
021
c022
0023
0024
0025
0026
co27
no28
0029
0030
0031
€032
0033
0034

0C 35

100

105

CROSS FOR 0O5R GEOMETRY

SUBROUT INE JOMT7(ID)

IMPLICIT REAL*8(A-H,0-2)

REAL*8 JOMS8

REAL*4 SGNF,SGNF2,SNGL

DIMENSION X(1)

COMMON X

COMMON/ GEOMT7/XONE s YONE 3 ZONE y XTWO, YTWO4ZTWO,DIST,
2 NCR

COMMON/ JOMINB/NASNByNCyNDyNEyNF4NGyNHyNI 4NJ
COMMON/ GEQM77/NBOUND y SGNF yNBD2 4 SGNF 2
IF(ID.NE.NBOUND) GO TO 100

FUN=Q,

GO TG 105

FUN=JOM8( XONE yYONE 4 ZONE,ID)

JOM8 IS FUNC

LA=NA+ID

LB=NB+ID

LC=NC+ID

LD=ND+1D

LE=NE+ID

LF=NF+ID

LG=NG+ID

LH=NH+ID

LI=NI+ID

U=XTWO- XONE

V=YTWO-YONE

W=ZTWO-ZONE

AU=X(LA)*U

BV=X(LB)*V

CW=X(LC)*W

AUDVEW=AU+X(LD) *V+X(LE) *W

BVFW=BV+X(LF)*W

P=AUDVEWkxU+BVFW*V+CW*W

Q=(AU+AUDVEW) *XONE+(BV+BVFW+X (LD) *U) *YQONE+
LOCWHCW+X(LE)*U+X(LF)*V)*ZONE+X(LG)*U+X(LH) %V
2+X(LTI)*W

NCR=0

JOM7T
JOM7
JOM7
JOM7T7
JOM7
JOM7
JOM7
JOM7
JOM7
JOM7
JOM7
JOMT
JOM7T
JOMT
JOM7
JOM7T
JOM7
JOM7T
JOM7T
JOM7T
JOM7T
JOM7T
JOM7T
JOMT
JOM7T
JOM7
JOM7
JOM7
JOMT
JOM7
JOM7T
JOM7
JOM7
JOM7
JOM7T
JOMT
JOMT
JOM7T
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ISN
TSN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
TSN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN

0N 36
C0 38
0040
0041
0042
0044
CN 46
c047
0049
cos0
0052
0053
0054
Q055
0056
0057
cos58
0059
cC60
0061
cné62
0064
0Nés
0067
0068
0069
6070
coTl
0073
COT74

110

115
120

125

130
135

IF(P.EQ.0.) GO TO 125
IF(FUNsEQsO.) GO TO 130
F1=FUN+P+Q

Q=Q/2.0

IF(FUN¥Fl.LT.0.) GO TO 120
IF(P*QeGE«Os) GO TO 115
DISCR=P*FUN

IF(DISCR+LT.0.) GO TO 115
DISCR=Q*Q-DISCR
TF(DISCReLE.O«0.OR.DABS(P).LE.DABS(Q)) GO TO 115
DIST=(-Q+DSIGN(DSQRT(DISCR)+Q)) /P
NCR=1

XTWO=U*DI ST+ XONE

YTWO=V*DIST+YONE

ZTWO=WxDIST+ZONE

NBD2=1D

SGNF2=—SNGL (FUN)

RETURN

DIST=(—~Q-DSIGN(DSQRT (Q**2-P*FUN),FUN))/P
GO TO 110

IF(QeEQ.0.) GO TO 115
DIST=-FUN/Q

IF(DIST.LE.Q.) GO TO 115
IF(1.0-DIST)115,110,110
IF(P*DBLE(SGNF))135,115,115
DIST=-Q/P

FUN=SGNF

IF (1.0.GE.DIST) GO TO 11C

RETURN

END

JOM7T
JaM7
JOM7
JOM7
JOM7
JOoM7
JOM7
JOM7
JOM7T
JOM7
JaM7
JOM7
JOM7T
JOM7
JOM7
JOM7
JOM7T
JOM7
JOM7
JOoM7
JOM7
JOMT
JOoM7
JOM7
JOMT
JOMT
JOM7
JOMT
JOM7
JOM7

39
40
41
42
43
44
45
46
47
48
49

50

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

-86"[-




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN

0002
0003
0004
0005
0Ccos
noo7
0008
0o09
c0190
co1ll
0012
0013
C01l4
0015
0016
o017
co18

0019
0020

FUNC

FUNCTION JOMS8(XONE,YONE,ZONE,ID)

IMPLICIT REAL*8(A-H,0-7)

REAL*8 JOMS8

DIMENSION X(1)

COMMON X

COMMON/ JOMIN8B8/NAsNBsNCyNDyNEyNF4NGyNHo NI 4NJ
LA=NA+ID

LB=NB+ID

LC=NC+ID

LD=ND+ID

LE=NE+ID

LF=NF+ID

LG=NG+ID

LH=NH+ID

LI=NI+ID

LJ=NJ+ID
JOMB=(X{LA)*XONE+X(LD)*YONE+X(LE)*ZONE+X(LG))=*
1IXONE+(X(LB)*YONE+
$X(LF)*ZONE+X(LH))*YONE+(X(LC)*ZONE+X(LI))*ZONE+X(LJ)
RETURN

END

JOMS8
JOM8
JOMS8
JOM8
JOM8
JOMS8
JOMS8
JOM8
JOMS8
JOM8
JOMS8
JOM8
JOM8
JOMS8
JOMS8
JOM8
JOMS8
JOMS8
JOMS8
JOM8
JOM8
JOM8
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ISN
ISN
TSN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002
0003
0004
C005
0006
oony
0008
0009
0010
0nll
0012
0013
0014
o015
0016
cC17
0018
0019
0020
0n22
0023
0024
0025
0026
on2s
0029
N30
0031
n033
C034
0N35
0036
Q037
039
0040
0041
€042

100

105

110

115

120

LOOKB

SUBROUT INE JOMS( XONE, YONE, ZONE)

IMPLICIT REAL*8(A-H,0-7)

REAL*4 DUMMY,DUM2
DIMENSTON N(1),X{1)
COMMGON N

COMMON/GEOMS/NZ yNByNXB,NYB,NZB
COMMON/ JOMIN3/DUMMY (3) yNOX4NOY,NOZ 4 NXBB,NYBBy,NZBB, DUM2(12)

C OMMON/ GEOM39/NERR
EQUIVALENCE (X4N)
LNOX=NOX+NZ
LNOY=NOY+NZ
LNOZ=NOZ+NZ

L XBB=NXBB+NZ
LYBB=NYBB+NZ
LZBB=NZBB+NZ
KXBB=N( LXBB)
KYBB=N(LYBB)
KZBB=N(LZBB)
ITF(XONE LT« X(KXBB))
TEND=N(LNOX)

DO 105 I=1,1END

I=1

MXBB=KXBB+I
IF(XONEsLE«X(MXBB))
CONTINUE

GO TO 135

NXB=1
IF(YONE LT« X(KYBB))
TEND=N(LNOY)

DO 115 I=1,1END

I=1

MYBB=KYBB+I
IF(YONE «LE« X(MYBB))
CONTINUE

GO TO 135

NYB=1
IF(ZONELT«X(KZBB))

GO

GO

GO

GO

GO

TO

TO

TO

T0

TO

135

110

135

120

135

JOM9
JOMS
JOMS
JOM9
JOMS
JOMS
JOM9
JOMS
JOM9S
JOMS
JOMS
JOMS
JOM9
JOM9
JOM9
JAaM9
JOM9
JOM9
JOMS
JOM9
JOM9
JOM9
JOMS
JOM9
JOM9
JOMO
JOM9
JOM9
JOM9
JOMS
JOMS
JOM9
JOMS
JOM9
JOMS
WJOMS
JOMS
JOMS
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN

0044
0045
C046
0047
0048
0nN50
co51
tns52
nos53
€054
0055

0056
0058
¢o59
0060
ocel

125

130

135

TEND=N(LNOZ)

DO 125 I=1,IEND

I=1

MZBB=KZBB+I
IF(ZONE.LE«X(MZBB)) GO TO 130
CONTINUE

GO TO 135

NZB=1
NB=((NZB~1)%N(LNOY)+NYB—-1)%*N(LNOX)+NXB
NERR=0Q

RETURN

IF(NERR.GT.C) CALL JOM13(4)
NERR=1
CALL LOOKZ{XONE,YONE,ZONE)
GO TO 100

END

JOM9S
JOMS
JOM9
JOM9
JOM9
JOM9
JOMS
JOMS
JOM9
JOM9
JOM9

JOM9
JOM9
JOM9S
JOMS
JOM9

39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

n002
c003
0004
0005
0006
0007
0008
0009
0010
0011
0N12
0013
0014
0015
0016
0017
CO19
0020
0021
0c22
0024
0025
€026
€027
0n29
0030
0031
0032
0N 34
0035
0036
0037
0039
0040
0041
0N42
0044

100

105

110

115

120

125

NEWB

SUBROUTINE JM10

IMPLICIT REAL*8(A-H,0-2)

REAL*4 DUM2,DUM4

DIMENSION N(1)

COMMON N

COMMON/ GEOM4/XONE 3 YONE 3 ZONE ¢ X24Y2422,DUM1 4DUM5,NCUE s NDUM
COMMON/ GEOM9/NZ yNBL yNXBLyNYBL ¢yNZBL
COMMON/ JOMIN2/XPBD, XMBD,YPBD,YMBD,ZPBD,ZMBD ¢yNOX yNOY 4 NOZ yNOXY s NOXYZ
COMMON/ JOMIN3/DUM2(3) 4NXB4NYB,yNZB,DUM4(15)
ENTRY JOM10

NOXB=NXB+NZ

NOYB=NYB+NZ

NOZB=NZB+NZ

G0 T0(100,105,110,115,120,125),NCUE
NXBL=NXBL+1

IF(NXBL.GT«N{NOXB))} GO TO 130

NBL=NBL+1

GO TO 170

NXBL=NXBL-1

IF(NXBL.LE.Q) GO TO 135 !
NBL=NBL-1

GO TO 170

NYBL=NYBL+1

IF(NYBL.GT.N(NOYB)) GO TO 140
NBL=NBL+N{NOXB)

GO TO 179

NYBL=NYBL~-1

IF(NYBL.LELO) GO TO 145

NBL=NBL-N{NOXB)

GO TG0 170

NZBL=NZBL+1

IF(NZBL.GT«N(NOZB)) GO TO 150

NBL=NBL +N{NOYB)*N(NOXB)

GO TO 170

NZBL=NZBL-1

IF{NZBL.LE.O) GO TO 155
NBL=NBL-N(NOYB)*N{NOXB)

JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
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ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
1SN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

0045
0046
0048
0049
0050
0052
0053
0054
0056
0057
0ns58

0060
0061
0062
0064
0065
0066
0068
0069

0070
0071
0072
0073

130

150

155

160

165
170

GO TO 170

IF(XPBD«LE «XONE)

NZ=NZ+1
GO TO 160

I1F ( XMBD «GE « XONE)

NZ=NZ-1
GO TO 160

IF(YPBD.LE«YONE)

NZ=NZ+NOX
GO TO 160

IF(YMBD .GE« YONE)

NZ=NZ-NOX
GO TO 160

IF(ZPBD.LE.ZONE)

NZ=NZ+NOXY
GO TO 160

GO

GO

GO

GO

GO

TO

T0

T0

T0

T0

165

165

165

165

165

IF(ZMBD «GE.ZONE) GO TO 165

NZ=NZ-NOXY

CALL JOM9(XONE,YONE,ZONE)

JOM9 1S LOOKB

GO TO 170

NZ=0

RETURN
END

JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM10
JM 10
JM10

- JM10

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
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ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002
0003
00C4
00CS

0006
oooQ7
0008
0010
C011
0012
0013
0015
0016
C017
0018
0019
cozo0

0022
0023
0024
0025
0026
cn27
noz2s8
0029
0030
0032
0033
0034
0035
0036
0037
0038
G039
0040

100
105

110

8000

8005

115

120
125

JOMR
SUBROUTINE JOM11(NADD1,NOM,NOSyNME1 yNME2,NME3,NBD,ID)
DIMENSION IND(18)

COMMON N(1)
COMMON/GEOMH/HMALE,FEMALE,HIT,COMMA,ZONE,BLOCK,MEDIA,SURFAC,
$SECTOR,COFS(13),REGIONy SIRyHMADAM,HMISS yHMARRy SINGL E
NADD=NADD1+1

NME3=NADD1

IF (ID.GE.0) GO TO 100
NOM=JOM17(NADD,REGION)

GO TO 105

NOM=JOM17(NADD4MEDIA)

IF(NOM.GT.1) GO TO 110

NADD1=NADD-1

NOS=0

GO TGO 135

NBD=NADD-1

NOS=JOM17(NADD,y SURFAC)

IF(NOS.GT«31) CALL JOM13(2)

JOM13 IS DGNSTK

NME1=NADD-1

NME 2=NME1+NOM

NADD 1=NME 2+NOM

DO 130 I=1,N0OM

READ (5,80C0) S1,S2, (IND(J) ,J=1,N0OS)
FORMAT(A4,A2,1813)

WRITE (6,8C05) S1,S2,(IND(J),J=1,N0OS)
FORMAT(1X,A4,A2,1813)
IF(S1.NE.SECTOR) CALL JGCM13(7)

NSP=0

NSN=0

DO 125 J=1,N0S

IF(CIND(J))120,125,115
NSP=NSP+2%%(J-1)

GO TO 125

NSN=NSN+2%% (J~1)

CONTINUE

NP=NME1+1
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JM11
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JM11
JM11
JM11
JM11
JM11
JM11l
JM11
JM11
JM11
JM11
JM11
JM11
JM11
JM11l
JM11
JM11
JM11
JM11
JM11
JM11
JM11
JM11
JMl1l
JM11
JM11
JM11
JM11l
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ISN
ISN
ISN
ISN
ISN

0041
D42
0043
0044
0045

NN=NME2 +I
N{NP)=NSP
130 N(NN)=NSN
135 RETURN
END

JM11
JM11
JM11
JM11
JM11

39
40
41
42
43
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ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
TSN
ISN
ISN
ISN

nne2
0003
G004
0005
cnne
noey
0coes

0009
c010
tn1l1
0012
no13
0014
to1lé
A
0018
0019
0n20
c021
no22
o023
0024
nozs
nn26
co27
0028
c029
nn3n
0c31

80G0

8005

100

105

JOMGQ

SUBROUTINE JOM12(NADD)

REAL*8 X,COF

DIMENSION X(1)

DIMENSION BCD1{(4),BCD2(4),COF(4),10(17)
COMMON X

COMMON/ JOMIN8/NA4NB ¢y NCyNDyNE,NFyNG4sNH4sNI 4NJ

CCOMMON/ GEOMH/HMALE, FEMALE yHI T,COMMA ,ZONE,BLOCK,MEDI Ay SURFAC,
$SECTOR,COFS(13) ,REGIONy SIRyHMADAM,HMI SSyHMARR ySINGLE

EQUIVALENCE{(COFS(1C) 4BLANK)

READ (5,8000) NOBD,(I0(I),I=1,417)
FORMAT(I5,16A4,A2)

WRITE (6,8005) NOBD,(I0(I),I=1,17)
FORMAT(1HO,15,16A4,A2)
IF(NCBD.LE.O) GO TO 130
NA=NADD/2

NB=NA+NOBD

NC=NB+NOBD

ND=NC+NOBD

NE=ND+NOBD

NF=NE+NOBD

NG=NF +NOBD

NH=NG+NGBD

NI=NH+NOBD

NJ=NI+NOBD

NADD=2% (NJ+NOBD) +1

M=NADD-2

DO 100 I=NA,M

X{(I+1)=0.

DO 125 I=1,NOBD

READ (5,801C) (COF(J),BCD1(J),BCD2(J)4J=1,4)
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JM12
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JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

c032
0033
0034
0N 35
0637
c038
0039
0040
004l
0043
0044
0045
Go47
on4s
0049
0050
nos51
0052

8010

110
8015

115

120

125
130

FORMAT(4(D10.5yA4,1X,A1))
DO 120 J=1,4
DO 110 K=1,13
IF(BCD1(J).EQ.COFS(K)) GO TO 115
CONTINUE
WRITE (6,48015) (COF(JJ),BCD1(JJ),BCD2(JJ),ydd=1,4J)
FORMAT( 1Xy4(E13454A4,1XyA1))
CALL JOM13(8)
IF(KeGT&10) K=K-7
NL=NA+(K-1)*NOBD+I
X{NL)=X(NL)+COF (J)
IF(BCD2(J)«NE.BLANK) GO TO 125
CONTINUE
WRITE (6,8015) (COF(J),BCD1(J),BCD2(J)yd=1,4)
GO TO 105
WRITE (6,8015) (COF(JJ),BCD1(JJ),BCD2(JJ)ydd=1,J)
RETURN
END

JM12
JM1l2
JdM12
JM12
JdM12
JM12
JM12
JM12
JM12
JM12
JM12
JM12
JdM12
JdM12
JM12
JdM12
JM12
JM12
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ISN
ISN
ISN
ISN

ISN
ISN
ISN

ISN
ISN
ISN

ISN
ISN

oon2
0003
C004
cnons

0006
coov
cooes

0009
0010
no11l

0012
0013

DGNSTK
SUBROUTINE JOM13(1I)
COMMON/GEOMT/TITLE(2)

WRITE (6,8000) TITLE(1),TITLE(2)

8000 FORMAT( 120HO * * * * * * * * *
$ * 3k * * * . * * * * * /
$6H DEAR ,2A4/86H WITH THE DEEPEST REGRET I MUST INFORM YQU THAT

1 A DREADFUL MISFORTUNE HAS OCCURRED)
G0 TO (100,1C5,110,115,120,125,130,135),1
100 WRITE (6,8005)

8005 FORMAT(120H THE PRESENT MEDIUM CANNOT BE DETERMINED. THE INPUT WA
$S PROBABLY INCORRECT. CHECK THIS BLOCK TG SEE IF IT WAS PROPERLY/
122H DIVIDED INTO SECTORS.)

GO TO 140
105 WRITE (6,8010)

801N FORMAT(63H YOU HAVE FOOLISHLY ASKED FOR MORE THAN 31 SURFACES IN A

1 BLOCK.)
GO TO 145
110 WRITE (6,8015)

JM13
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JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
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ISN

ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN

014

0015

0016
coLl7
0018
©o019
0020

0021
0022
0023
0024
€025
0026

0027
cc28

8015 FORMAT(120H THE FIRST OR LAST ENTRIES IN A LIST OF BLOCK BOUNDARIE
$S DOES NOT AGREE WITH THE ZONE BOUNDARIES. EITHER THE BOUNDARY /
$36H LIST OR THE ZONE NUMBERS ARE WRONG.)

GO TO 145
115 WRITE (6,8020)
8020 FORMAT(14H YOU ARE LOST.)
GO TO 140
120 WRITE (6,8025)
8025 FORMAT(56H YOU HAVE FAILED TO MENTION YOUR SEX AND MARITAL STATUS.
1)
GO TO 150
125 WRITE (6,8030)
8030 FORMAT(49H THIS BOUNDARY LIST SEEMS TO HAVE ONLY ONE ENTRY.)
GC TO 145
130 WRITE (6,8035)

8035 FORMAT(65H YOU HAVE EITHER MISPELLED A WORD OR YOUR CARDS ARE NOT

$IN ORDER.)
GO TO 145
135 WRITE (6,8040)

JM13
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JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
JM13
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29
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31
32
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

029
o030
0031
Cc032
0033
0034
0035
036
0037
0038

8040

140
8045

145

150

FORMAT(40H THIS QUADRATIC FUNCTION IS NOT CORRECT)

GO TG
WRITE

FORMAT(60X, 19HRESPECTFULLY YOURS, /60X 44HGEOM)

145
(648045)

CALL EXIT

WRITE

(6,8045)

CALL ERROR

WRITE
RETURN
END

(6,8045)
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ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
1SN
ISN

0002
coe3
nNO04
noes
noceé
o007
0008
0009
0010

0011
0012
0013
Col4
N0 15
0016
0017
c018
c019
0020
cn2l
0022
0023
0024
0025
no2é6
oo 27
0028
0029
c030

100

SUBROUT INE JM14

IMPLICIT REAL%8(A-H,0-7)

INTEGER BLZON,SGNF

REAL*4 DUMMY,DUM2,SGNF2

COMMON N(1)

COMMON/GEOM9/NZ 4NBL yNXBLy NYBL,NZBL

COMMON/ GEOMT7/NBOUND y SGNF 4NBD2 4 SGNF 2

C OMMON/ JOMIN3/DUMMY (3) yNOX,NOY,NOZ,NXBB,NYBB,NZBB, DUM2(12)

COMMON/GEOMC/XTWO ,YTWO,ZTWO9X14Y1,Z1,ETA,ETAUSD,BLZON, IBL,
MARK, NMED,NREG

ENTRY JOM14

SGNF = BLZON

IBLZON = IABS(BLZON)

JBLZON = IBLZON/128

NZ = IBLZON - 128 * JBLZON

IBLZON=JBLZON/64

NXBL=JBLZON-64%*IBLZON

JBLZON=IBLZON/ 64

NYBL=IBLZON-64*JBLZON

IBLZON=JBLZON/ 64

NZBL=JBLZON-64*IBLZON

NBOUND=IBLZON

LNOX = NOX + NZ

LNOY = NOY + NZ

NBL = ((NZBL — 1) * N(LNOY) + NYBL - 1) * N(LNOX) + NXBL

GO TO 100

ENTRY JOM15

BLZON=ISIGN(((( (NBOUND%*64+NZBL)*64+NYBL) *64+NXBL)*128+NZ), SGNF)

RETURN
END

JM14
JMl4
JM1l4
JM1l4
JM14
JM1l4
JM14
JM14
JM1l4
JM14
JM14
JM14
JM14
JM1 4
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
JM14
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ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002
0003
0004
0005
CoCe6

coov
co0s
0009
ro10
0011
0C12
0014
c015
Co1le6
0n17
0018
0019
0020
cn21
0022
0023
0025
0026
0027
N0 28
0029
0030
0031
0032
0033
0034
0036
0037
€038
0039
0040

8000

110

8015

115

120
125

FUNCTION JOM16(NADD1)

REAL*8 X,FIN

DIMENSION X(1),FIN(6),BCD(6)

COMMON X
COMMON/GEOMH/HMALE,FEMALE,HIT,COMMA,ZONE,BLOCK,MEDIA,SURFAC,

$SECTOR,COFS(13),REGION,SIR,HMADAM,HMISS,HMARR,SINGLE

K=0
NADD=NADD1
READ (5,8000) A4B,Cy(FIN(I),BCD(I),1=1,5)
FORMAT (2A4,A3,5(D10.5,A1))
DO 1060 I=1,5
IF(BCD(I)«NE.COMMA) GO TO 120
X(NADD)=FIN(TI)
NADD=NADD+1
K=K+1
WRITE (648005) A4B,Cy(FIN(I),BCD(I),I=1,5)
FORMAT(1Xy2A44A3,5(E13.5,A1))
K=5
READ (5,8010)(FIN(I)4BCD(I),I=1,6)
FORMAT (6(D10.5,A1))
DO 110 I=1,6
IF(BCD(I)eNE.COMMA) GO TO 115
X(NADD)=FIN(I)
NADD=NADD+1
K=K+1
WRITE (658015) (FIN(I)4BCD(I),1=1,6)
FORMAT(1X36(E13.5,A1))
GO TO 105
WRITE (6+8015) (FIN(II),BCD(II),II=1,1)
GO TO 125
WRITE (6,8005) AyByCy (FIN(II),BCD(IT),I1=1,1)
IF(KeLELO) CALL JOM13(6)
X{NADD)=FIN(I)
NADD1=NADD+1
JOM16=K
RETURN
END

JM16
JM16
JM16
JM1 6
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM1l6
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM16
JM1leé
JM16
JM1l6
JM16
JM16
JM16
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ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

nonz2
0003
0004
coes

C006
ncov
onos
cocC9
cn11l
0012
0013
0014
0015
GC16
0017
0019
0020
cezl
cn22
o024
cNn25
C0 26
o027
0028
0029
0031
0032
0033
0034
nn35
on3é6
0037
oe 38
0039
0040
6041
C042

8000

8005

100

105

110
go10

115

8015

120

125
130

FUNCTION JGOM17(NADD1,NAME1)
DIMENSION N(1),BCD(12),INP(12)
COMMON N

COMMON/GEOMH/HMALE y FEMALE yHIT,COMMA,ZONE,BLOCKyMEDI A, SURFAC,
$SECTOR,COFS(13) yREGIONy SIRyHMADAM,HMISS yHMARR,SINGLE

NADD=NADD1

READ (5,8000) NAME2,D1,D2,(INP(I),BCD(I),I=1,10)
FORMAT(3A4,10(I5,A1))

IF(NAME1.EQ.NAME2) GO TO 100

WRITE (6,8005) NAME2,D1,D2
FORMAT(1X,3A4,10(I5,A1))

CALL JOM13(7)

NCNADD)=INP(1)

NADD=NADD+1

DO 105 1=2,10

IF(BCD(I-1).NE.COMMA) GO TO 125
N{NADD)=INP(I)

NADD=NADD+1

WRITE (6,8005) NAME2,D1,D2,(INP(I),BCD(I),I=1,10)
IF(BCD(10).NE.COMMA) GO TO 130

READ (5,8010) (INP(I),BCD(I),I=1,412)
FORMAT(12(I5,A1))

N(NADD)=INP(1)

NADD=NADD+1

DO 115 I=2,12

IF(BCD(I-1).NE.COMMA) GO TO 120
N(NADD)=INP(I)

NADD=NADD+1

WRITE (6,8C15) (INP(I),BCD(I),1=1,12)
FORMAT(1X,12(I5,5A1))

IF(BCD(12)-COMMA) 130,110,130

WRITE (6,8015) (INP(II-1),BCD(II-1),I1=2,1)
GO 70O 130

WRITE (6,8005) NAME2,D1,D2,(INP(II-1),BCD(II-1),11=2,1)

JOM17=NADD-NADD1
NADD1=NADD
RETURN

END
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APPENDIX E. LISTING OF QAD-PSA(360) WITH
LITHIUM HYDRIDE KERNEL

The following pages contain a listing of the subroutine KERNEL for
QAD-PSA(360) with a lithium hydride kernel. The complete program contains

the following subroutines:

1 Main Program*

2. INPUT*

4. LENGTH*

L. KERNEL - p. 215
5. SOURCE*

6. XSECQD*

7. PRINT*

8. TITLE*

9. SLITE*
10. SLITET*
11. WEIGHT
12. MOMENT (with lithium hydride kernel  p.217)
13. XSECO*

*Listings of these subroutines are not included here since they are
identical to those listed for QAD-PSA(360).



COMPILER CPTIONS - NAME= MAIN,CPT=00,LINECNT=50,SCURCEsBCDyNOLISTyCECK,LCADsMAP,NCEDIT,NCID

ISN C0C2 SUBRCUTINE KERNEL KER-0CZ2C

1 (S MAT, X RELLy A NEUT, AW A, A GAM, UA GAM, N ERR ) KER-0030
ISN 0003 DIMENSICN SMAT (2C), ANEUT(16,45), AGAM(30), UAGAM(30) KER-0020
ISN CCO04 COMMCN/QABNM/ NBMILC(1841)y NASET(1),RMXSEC(1),BREAK(142},

1XNMMC(€41C431) 5 CCNVN(10) , HISTN(10), EN(10) ,FEABSN(1C),
2WIDTHN(1C,2) 5 WTN(10,3) , UNITN(12), UNITANI(27),UNITNC(2),

BWIDTET(2,42)
ISN €005 COMMCN /QACATA/

1 NSET (30) + RSO (101) + PHISC (101) , ZSO (101) ’

2 NBNCZN(E0) + NCMPZNI(50) s LBD (6+450) 4, NTRYIN(6,50) ,

3 NEQBD (50) + ABD (50) s+ BBD (50) s CBD (50) ’

4 XCBD (50) s YCBD (50) + ZOBD (50) + CBD (50) ’

5 HYDRAT(20) + XSECN (30) » XSECG (20,30), BILDO (30) ’

6 BILD1 (30) + BILDZ (30) s+ BILC3 (20) » GAMEN (3C) '

7 CONV  (30) » COMP (20+40), EG (30) + MATZ (20) ’

8 FL (1¢1) 4 FN (101) , FM (101) , XISC (2,3) ,

S ASO s IU + RRC + ZRC + PHIRC ,ALFl , ALF2 , ALFZ2 ,

X ALF4 4 EPSLN 4 FUCGE , NBLD ,ID(18)
ISN 0006 EQUIVALENCE (LSC, NSET(1)), (MSQ, NSET(2)), (NSO, NSET(3)), KER-0300

1 (MAT, NSET(4))s (NCCMP, NSET(5))s (NREG, NSET(6)), KER-03160

2 (NRGYs NSET(7)), (NBOUND,NSET(8)), (NS CPT, NSET(S)), KER-032C

3 (ISRC,y NSET(11)),s (I NEUT, NSET(12)) KER-03230
ISN 0007 J NEULT = NSET(20) KER-0510
ISN GOcCs 1C0 IF (I NELT ) 3€0,300,200 KER-QEBZzC
ISN 00CS 200 DO 25C L=1,1 NEUT KER-0520
ISN Q010 L NEUT = C KER-054C
ISN 0011 TAU = X RELL / RN XSEC(L) KER-CEE
ISN 0012 IF ( TAU - BREAK(L,1) ) 240,240,210 KER-0560Q
ISN 0013 210 IF ( TAU - BREAK(L,2) ) 220,220,230 KER-CE70
ISN 0014 220 L NEULT =1 KER-C&580
ISN Q015 GO TC 24¢C KER-0E60

ISN €016 220 L NEUT =2 KER-0€GQ

=STg-



ISN Q017 240 DGO 250 1I=1,J4 NEUT KER-Q€10

ISN 0018 N = NA SET(L) * ( I - 1) + 1 + L NEUT KER-0€¢20
ISN 0Q015s X=0eC
ISN 0020 DC 259 MJ=1,3
ISN 0021 X=X+ (XN MM C(MJI4yNyL)/XN MM C(MJI+3,N,L)IXEXP (~TAU/SQRT (
1XN MM C(MJI+3,N,L)) )
ISN 0022 256 CCNTINLE
ISN 0023 ANEUT(I,L) = X*TAU
ISN 0024 250 CONTINLE KER-Q670
ISN 0025 S HYD = 0.0 KER-Q€8C
ISN G026 DO  26C M=1,MAT KER-C€SC
ISN 0027 S HYD = S HYD + HYCRAT(M) * S MAT(M) KER-GT7CC
ISN 0028 260 COCNTINUE KER-0710
ISN €029 S HYD = S HYD / 0.1119 KER-Q72C
ISN 0030 IF (S HYD ) 27C,27C4280 KER-0730
ISN 0021 270 AW A = ALF1 * EXP( - X RELL ) KER-C74C
ISN 00322 N ERR = N ERR + 1 KER-Q0750
ISN 0033 GO TC 3cCcC KER-Q7¢€0
ISN C034 280 AW A = ALF1 % S HYD *% ALF2 =* KER-0Q0770
1 EXP( CeCh6S * S HYD - XRELL = ALF3 * S HYD ** ALF4 ) KER-Q78G
ISN 0035 300 DG 40C J=1,NRGY KER-C7¢<0
ISN 0026 AG = CoC KER-QECGC
ISN 0037 DO  25C 1I=1,VMAT KER-Cg1C
ISN 00328 220 AG=AG+SMAT(I)*XSECG(I,J) KER-CEZ20
ISN 0036 35C CONTINUE KER-CE83C
ISN 0040 360 U GAM = EXP( -AG ) KER-CE4(
ISN 0041 370 GAM = (( BILJ3(J) * AG + BILD2(J) ) * AG + BILD1(J) ) * AG KER-GCESO
1 + BILEC(J) KER-CE€C
ISN 0042 280 A GAN(J) = LGAM x GAM KER-QE7C
ISN 0043 360 UA GAM(J) = i GAM KER-C8E&C
ISN 0044 40C CCNTINLE KER-GC89Q
ISN CG45 1000 RETURN KER-0¢<SCO

ISN CG46 END KER-GC1C
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15N

ISN

15K

I 5i

I5N
I 5N

iSn

I SN

I SN

IS

CIOMPILER UWPTIUNS -

Quu2

0003

0004

0005

Couob
0007

UG0s

U009

0Jlo

Goll

U012

NAME=

BLUCK DATA

e 3 e e e e g R o 30 Rk
MUMENT BLOCK DATA

Rk kR R

g
4
&
%

¥
3*
%*
3
3¢

AR OR R R R Rk
CUNTAIN LIH MOMENY SPECTRA
R R FORRR Frok kA kAol
CUMMUONSQIADNIM/
lXNMMC(ﬁyIUyl)y
ZAWIVDTHN(LO92)
3WIDTHT(Z2,2)
DIMENSIGN X1(6) 3 X2(6) 4 X3(6)
1X7(o) 4y X3(6) » X9(6) 4, X1U(6)
EQUIVALENCE (XNAMCI{Lyls1)9X1l) o

3¢

OO CO0OO

c
95
*
w*
34

NaMiotla, 1),
CUNVNILO)
WTN{l0,3)

JATA

NASE:(I),KHXSEC(l)yBREAK(172)9
HIsTn(lQ0),
JNITN(L2),

EN{10) SFEABSN(1U),
UNTINI(Z27)yUNITND(3),

vy Ka(b6) y X5{6) » Ab{o) ]

“(iéf'ﬁ“‘(.(l'Z,l)y)(Z) y

1 (Xi‘ii"'ji\’iC(l,ayl))X;B’ y
2 ()\NM“"(.(].)S:].’:XZJ) y
3 {XNMMCL Ly T91),XT)
4 (KAH’!M(;(1.1911)'>\9) )

(ANMMELLy%ye 1)y X&)
{ANMMC{Lybrl ),y XE)
{XNMMC(Ls8s1),X8) ,
(XNMMC{L21091)4X10)

cWLUIVALENCE  (WIDTHT(Z2,1),wl)

DATA N8Mlu/aH y 4H raH

1 4H A=y 41006

z Gy « 33,41 MEV,4H

3 SREAK/1U000.040.0/
UATA X1 /le55740~4%,

2 T.53882c£+1,
uATA X2 /2.9793E-4,

4 7T«11l45c+l,
DATA X3 /De58U3E—%,

o 0327341,
DATA X4 /1.067T45~3,

3 2.9882E£+1,
DATA X /l1.6179c~-3,

X 2e1325E+1,

' (NIDTHT(292),54W2)
14"' y #HLIH y 4HDAT A, 4H UKT,

y4H10y81'+51107574H1473,4i‘1y291,43"1,.0'1,

y i /yNASET/L / 2RMXSEC/0.187/7,
3¢9919E~3,
44 (D99%4LE+0,
l.a375E-2,
4,0018E+0,
D.4320E£-2,
3.2186C+40,
l.3474E-1,
3.()220E*0,
2.3834¢-1,
248459E+0,

3.1305E-3,
3.0008E+1 /
l.1189E-2,
2.7366E+]1 /
4.52713€E-2,
22755E+1 /
T TH306E-2,
2.U0126E+]1 /
1.9346E-1,
1.3300E+1 /

MO#
MOM
MOM
MOM

MAIN)UPT=02 L INCONT=509 SOURCEyBUD 9y NOLISTyDECK,, LUAD, MAP , NGEDIT,NGID

101
102
103
104

-T2~




I5i

ISN

ISN

I >N

15N

15N

I 5N

IoN

1S

F Y
[ 5N
I SN
I SN

guls

501«

Udls

0dlos

G017

Gulsg

gol9

(JOFAV)

U021

V22
gdzs
024
§5025

DATA Xo
Z

UATA X7
4

DATA X8
O

DATA X9
”

DATA X10
X

GATA

1 43.80E-992.6065~9y1e95E-9 /
EN /
DATA FEABSN/2425(~-15,
2e lob—16,
Dednt—14,
b-UE’L‘_‘lSy
T-13—15,
l.adE—15447. 14E=-15,
Lot 2815,

z Ut / b}

1 3.,07E-loy
2 Teaiil-1la,
3 d.Z’ft—i‘J,
4 Hal2E-15,
5 2.10C=15,
o leseb-1iv,

4495206F=1,
2.7408E+0,
3.U5421E— 1y
2o 1536E+0,
l.3454E+40,
3. 1683E+0,

/2 743 1E"Jq
3.5181lctl,
/44061 8E~3,
543200+,
/3427093,
5.1010E+1,
/1026152y 1.5054£+0,
S5.130%E+1ly 3.0208E+0,
/1.2554E—291.93538E+0,

5. 2033E 1y 4. 774540,

10401‘-13-01(’.)-\))5-09 4-073-01
9.27t-1lor D416,
1.04i—10y B.35E-11,
GoGTE~14y 3.94E— L4,
3.98E~15,
B.5620~15%y 0.44E—15,
5. UE=L5,

9.850L-1or 5.51E-16,

ei'ﬂ_sJE—l.S, "'OA\J')E—lS)

443045E—1,
1.7069C+1 /
8.,0253E~1,
l.6130E+1 /
Le5334E+0,
l.54776+1 /
2.1083E+0,
1.5360E+1 /
2. T486E+0,
le®574E+1 /

2.0491.0,0,67,0.33/
4.68E~16y 3.30E-1lo,
G4e6TE=L1T/794TN /
J.Olt‘l‘fy 2.‘*7&:—141
Ogth‘lSy

4olat—15y ZoeT2E-15,
3.93E-15, 2.93E-15,

CONVIN TeUE=0 9T 408E~930e02E-795.80E-995.10E-994.53E-9,4.15L-9
s HISTN/ 3.(),2-071.594*1.:\)10-6(3590-335y

UAIA NlUTH“ / 4“12-‘14HqaU—74H7.U_94H5-5_74H405—14d3.5_,4H2-5—1

y4H3.5

4”1.5',‘1%'10.8314?‘“_).5‘14“9-0 s 7.0 y 45« H y Al D )
GHZ2 oD 94l e5 9aH. 33 4H—.D salie 1O 7/

DATA UNIIN / 41 Ry i AD y 4 v ail @AT 4TS Py4iieR 2 4H Py
1L4HR bty‘}HC 94&‘] b,/'fHRAM r Fid /,U»\.‘IT“‘A)/’QH ﬂADy“tr“l PtR,‘fH SEC/,
2 UNITNI / 4HAEAT,4HING y AHRATE 9y 4HAEAT y4HING y4HRATE y4HHEAT,
3 gHING y4rRATE»4HIN ByaHERYLy 4HLIUM, 4H INy4H CARyGHBUN
4 411 IN 7*ﬁﬁLUM94dINUM,#HWATT,Qﬁb PE4HR GMy4HWATT y4HS Pl
5 4R Gy GHWATT 3 4HS PEy iR oM/

UDATA wl /4Hl2.0/

DATA W2  J4H=-.10/

RETURN

END
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APPENDIX F. LISTING OF QAD-GEOM(360)-CYLINDRICAL

The following is a FORTRAN IV listing of the geometry subroutines
for QAD-GEOM(360)-CYLINDRICAL. The complete program contains the fol-

lowing subroutines:

1. Main Program* 12. JOMIN
2. INPUT* 13. LOOKZ
3. LENGTH* 14, JOML
L. KERNEL* 15. JOMS
5. SOURCE* 16. JOM6
6. XSECQD* 17. JOMy
7. PRINT* 18. JOM9
8. TITLE* 19. JOMLO
9. SLITE* 20. MOMENT*
10. SLITET* 21. XSECO*
11. GEOM

*Listing for these subroutines are not included here as they are identical
to the ones previously listed for QAD-GEOM(360).



COMPILER OPTIONS — NAME= MAIN,OPT=0C,LINECNT=50,SOURCE,EBCDIC,NOLIST,NODECK,LOAD,MAP,NOEDIT,NOID

ISN 0002 IMPLICIT REAL*8(A-H) ,REAL*8(0-Z)
ISN 0003 SUBROUTINE GEOM GEOM
ISN 0004 INTEGER * 4 BLZON , BLZ?2
C MARK=1 FOR COMPLETED PATH
C =0 FOR NORMAL BOUNDARY CROSSING
C = FOR ESCAPED FROM SYSTEM
C =—2 ENTERED INTERIOR VOID
ISN 0N0S5 COMMON/TAPENO/IN1,IN2
ISN 0006 COMMON/ GEOMC/XTWOsYTWO,ZTWO, XONE,YONE 4ZONE,ETA,
1ETAUSD,BLZON,BLZ24yMARK, NMED,NREG
ISN 0007 COMMON/JOMIN1/NORADyNOHGT ,RADIUS(20,20) yMED(20,20),HIGHT (20),
1HMAX,RMAX,BIG,IVOID,y IRAD, IHGT
ISN 0008 C OMMON/ JOMIN2/NORADGyNOHGTG4RADIUX(20420),
IMEDG(20420) yHIGHTG(20), IRADGy IHGTG, HMAXG yRMAXG 4NREGIO
ISN Q009 COMMON/GEOM4/X1,Y14214X2,Y2,224DIST4NCUE,NCR &
ISN 0010 DATA IDUM1 , IDUM2/4032,63/ 5
ISN 0011 51 IF(NMED-1000)50,11,50 !
ISN €012 50 IRAD = TAND(SLZON,IDUML)
ISN 0013 IRAD=1RAD/64
ISN 0014 IHGT = TAND(BLZON,IDUM2)
ISN 0015 NCR=BLZON/4096
ISN 0016 13 X1=XONE
ISN 0017 Y1=YONE
ISN €018 Z1=70NE
ISN 0019 X2=XTWO
ISN 0Nn20 Y2=YTWO
ISN 0021 22=1TWO
ISN €022 DISTD=0.0
ISN 0023 8 DIST=1.0-DISTD
ISN 0024 CALL JOM4
C JOM4 IS BOUND JOM5 IS INTER
ISN 0025 CALL JOMS GEOM

ISN 0026 TF(NCR) 434,45




ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0027
0028
0029
¢030
cn31
0n32
0033
0034
0035
on3e6
0037
0038
c039
0040
Co41
c042

0043
0044
€045
0046
0047
0048
0049
0050
0051
0052
£o53
0055
0056
0057
0058
0059

15
17

18

16

111

103
100

XTWO=X2

YTWO=Y2

LTWO=22

ETAUSD = ETAX(DIST+DISTD)
IF(NMED) 15,418,415
IF(NMED-1000)17,16,417
MARK=0

GO TO 103

MARK=-1

NCR= O

GO TO 103

MARK=-2

GO TO 103
IF(NCUE)T0,6,70

CALL JOM10
IF(NCUE)S54 7,45

DISTD=DIST+DISTD
X1=X2

Yl=Y2

11=172

X2=XTWO

Y2=YTWO

12=7TWO

GO TO 8

MARK=1

ETAUSD=ETA
IF(NREGIO.EQ.1) GO TO 111
GO TO 103

CALL JOM6(X2,Y2412)
GO TO 103

BLZON=TRAD*64+IHGT+NCR*4C96

IF(IVOID)98,498499

R A



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

nO6O
0061
roe2
0063
f064
0065
0066
co67
0068
0069

11 S=ABS(XTWO)+ABS(YTWO)+ABS(ZTWO)
XTWO=XONE+BIG*XTWO/S
YTWO=YONE+BIG*YTWQO/S
LTWO=ZONE+BIG*ZTWO/S
1voID=1
GO TO 50

99 1vOID=C
ETAUSD=0.0

98 RETURN

END

=33d-




 COMPILER OPTIONS -

ISN
ISN
1SN
I SN
I SN
I SN
ISN

I SN

1SN
ISN
ISN
I SN
I5N
ISN
I SN
ISN
I SN
ISN
ISN
I SN
1SN
ISN
ISN
ISN
I SN
ISN
ISN
I SN
1SN
ISN
1SN
1SN

0002
0003
0004
0005
00ueo
0007
0008

0009

0010
0011
0olz2
0ul3
00l4
0015
00le6
ool7
oo1ls
0019
0020
0021l
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0034

NAME=

MAIN,OPT=0C,LINECNT=50,SOURCE, EBCDIC,NOLISTyNODECKsLOADyMAP,NOEDIT,NOID

411
130

111

112
100
105

10

110

L5

IMPLICIT REAL*8(A—H) REAL*8({0-1)
SUBROUTINE JOMIN(ADDR)

DIMENSION M(21),RAD(20),ADDR(2)
DIMENSIONMG{21)sRADG(20)

DIMENSIUN SEX{2)
COMMON/TAPENU/INL,INZ
CUMMUN/JUMINl/NURAD,NUHGT,RADIUS(20120)yMED(ZOyZO)'HIGHT(ZO)v
lHMAXyRﬂAXyBIG,IVUIU,IRAD,IHGT
CDMMDN/JOMINZ/NORADG,NDHGTG,RADIUX(20;20)p
1MtDG(20120)yHIGHTG(20)yIRADG,IHGTG,HMAXG,RMAXG,NREGIU
IN1L = 6

IN2 = 5

WRITE (INLl,411)
FORMAT(1H1,49X,16HCYLINDRICAL GEOM)
FORMAT({LHO ,5Xy 6HHEIGHT)

READ (IN2,111) NREGIOQs ISEXUL)yI=192)
FORMAT(I545Xy2A4)

WRITE (IN1,112) NREGIO, {SEX{I),1I=1+2)
FORMAT(* 0", 1545Xy2A4%)

ADDR{1)=0.0

NORAD=0

WRITE (IN1,100)
FORMAT(1HOy5Xy5HRADII)

NORAD=NORAD+1

READ (IN24105) R

FORMATI{ELO.5)

IF{R)15415,10

WRITE (IN1,110) R

FORMAT(1HO,E1545)

RAD{NORAD) = R#*R

G0 TO 5

NORAD=NORAL-1

IF{NURAD.EQ.21) GU TOU o

G0 10 7

-Ca2-



iSN
ISN

ISN
ISN
ISN
ISN
ISN
{SN

ISN
ISN
ISN
1SN
ISN
ISN

ISN
ISN
I SN
ISN
ISN
I SN
I SN
ISN
I 5N
1SN

0035
0036

0037
0038
0040
0041
0042
0043

0044
0045
00406
0047
0048
0049

0050
0051
0052
0053
0054
0055
0057
0058
0059
U060

6 WRITE (IN1,117)
117 FORMAT(1HO,31HNUMBER OF RADII EXCEEDS MAXIMUM,
19H ALLOWED.)}
CALL EXIT
7 IFINORADLEQ.1)GO TO 637
DOZ201=24NURAD
IF{RAD(I)-RAD(I-1))18,18,20
18 WRITE (IN1,11%) 1

115 FORMATI(1HOy20HRADEI ARE NOT GIVEN
119HIN INCREASING ORDER//1HO,.5HERROR,
27TH AT NOa.,15)

CALL EXIT

20 CUNTINUE

637 MINORAD+1)=-1
NOHGT =0

300 WRITE (IN1,301)

301 FORMAT(L1HK 357X ySHMEDIA/1HO 92Xy 6HHE IGHT 5 6 X,
1BHRADIUS 1,2X+8HRADIUS 2,2X,8HRADIUS 3,
22Xy BHRADIUS 4,2X, BHRADIUS 5,2X,8HRAUIUS 6,
32X3 BHRADIUS 7,2X,BHRADIUS 8,2Xy8HRADIUS 9,
42X 4 9HRADIUS 10)

21 NOHGT=NOHGT+1
READ (IN2,120) Hy (M{I),I=14NURAD)

120 FORMAT(EL0.5,1215/815)
IF{H)30,30,25

25 HIGHT{NOHGT ) =H
IF{NORAD.LE.1D) GO TO 304
GO TO 322

304 WRITE (IN1,305) He {MII),y =1,y NORAD)
305 FORMAT(lHOvEll-4p5XyI5:9(5Xt15}’
GO TO 31e

_1-{22_



I SN
ISN
I SN
I SN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
I SN
1SN
I SN
ISN
I SN
ISN
ISN

ISN
£ 5SN
I SN
ISN
ISN
I5SN
I SN

0061
0062
0063
V0o 4
0065
0066
0067
G069
0070
GoT1
0072
0073
0074
0076
0078
0079
0080

00381
0082
0083
0084
0a85
0087
00388
0089
0090
0091
0092

0093
0094
0095
0096
0097
0098
0099

322

321
3le6

92
50
30
349
350
405
31
32

33

35

38

39

41

WRITE L[INL1,305) He (M{I)eI=1910)
WRITE (IN1,321) (M{I),I=11,NORAD)
FORMAT(1HO 316X, I5+9(5X,15))
IRAD=1

DG 50 I =1,NURAD

MEDINUHGT, IRAD) = MtI)
IF(M{I+1).EQ.M{1I)) GO TO 50
RADIUS (NOHGT, IRAD) = RADI(I)

IRAD = [RAD+1

CONTINUE

GO TU 21

NOHGT=NUHGT-1

IF (NUHGT .EQ.21) GO TO 350

IF (NCHGT.EQ.O0) GO TO 31

GO 710 33

WRITE (INl,405)

FORMAT{1HO,29HTHE NUMBER OF HEIGHTS EXCELEDS,
128H THE MAXIMUM NUMBER ALLUWED.)
CALL EXIT

WRITE (IN1,32)
FORMAT(1HO 4 25HFIRST HEIGHT IS INCURRECT)
CALL EXIT

IFI{NOHGT.EQ.1) GO TO 41
D0351=2yNUHGT
IF{HIGHT{1)~-HIGHT{I-1) )38,38,35
CONTINUE

GO TO 41

WRITE (IN1,39)
FORMAT{1HO,25HHEIGHTS ARE NOT GIVEN IN ,
116HINCREASING ORDER)

CALL EXIT¥

HMAX=HIGHT { NOHGT)

RMAX = RAD(NORAD)

BIG = 3.0%SQRT(IHMAX*¥2+4*RMAX)
IvOoib = 0

NCR = 0

IF {NREGIU.EQ.1) GO TO 55
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ISN
ISN
ISN
1SN
ISN
ISN
ISN
1SN
ISN
1SN
ISN
I SN
I SN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
I5N
ISN
ISN
ISN
1SN

0101
0102
0103
0104
0105
0106
olo07
Oivs
0109
ol10

0l11

0112

0113

Oll4
0115
0116

o117
0l18
0119
0120
0121

0122
0123
0124
0125
U126
0127
0128
0129
0130
0131
0132

45
55
199

200
205

210

215

218

220

221

225

140

NREG=1

RETURN

WRITE (INl,y199)
FORMAT(LH2,15HREGION GEUMETRY)
NORADG=0

WRITE (IN1,200)

FURMAT (1HKs5Xy SHRADI )
NORADG=NUORADG+1

READ (IN2,105) RG

IF(RG) 215,215,210

WRITE (IN1,110) RG
RADGI{NORADG)=RG*RG

640 TO 205

NORADG=NUORADG—-1
D0220I=2,NORADG
IF{RADG(I)-RADG(I-1))218,218,220
WRITE (INL,115) 1

CALL EXIT

CUNTINUE

WRITE {IN1,130)

MG INORADG+1)=-1

NOHGTG=0

NOHGTG=NOHOLTG+1

READ (IN24120) HGy (MG(L)sI=1,NUORADG)
IF{HG) 230,230+225
HIGHTG(NOHGTG) =HG

WRITE (INl,y140) HGy{MG(I),I=1,NURADG)
FORMAT({1HO,E11.4,2015)

IRADG=1

DU2501=1+NORADG

MEVG(NOHGLTG, IRADGY=MG( )
IFIMGII+1).EQ.MG(I)) GO TO 250
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1SN
I SN
I5N
ISN
1SN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
I SN

Ul34
0135
Q136
0137
0138
0139
Olal
0142
0143
Ol44
0145
OlL46
0147
0148
0149
0150
0151
0l52
0153

250

230

231

233

235

238

241

RADIUXINOHGTG,IRADG) = RADGILI)
IRADG=IRADG+1

CUNTINUE

60 Tu 221

NOHGTG=NOHGTG—1
IFINOHGTG.EQ.0) GO TO 231

60 TU 233

WRITE (IN1l,32)

CALL EXIT

D02351=24NOHGTH

IF(HIGHTGII)~HIGHTG{I-1))238,238,235

CONTINUE

GO TO 24l

WRITE (IN1,39)

CALL EXIT
HMAXG=HIGHTG{NOHGTG)
RMAXG=RADG (NORADG)
RETURN

END

-l22-



COMPILER OPTIONS - NAME=

ISN
ISN
ISN
ISN
ISN

ISN

ISN

ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

coo2
0003
0004
0005
Co06

0007

0008

Q09
0010
0011
0012
0013
0014
0015
0016
0017
0o1ls
0019
0020
0021
cn23
CN24
0025
0026

25
100

30

35

40

44
45

MAIN,OPT=00,LINECNT=50,SOURCE, EBCDIC,NOLIST,NODECK,LOADyMAP,NOEDIT,NOID

IMPLICIT REAL*8(A-H),REAL*8(0-2)

SUBROUT INE LOOKZ(XsY,2Z)

INTEGER * 4 BLZON , BLZ2

COMMON/TAPENO/IN1,IN2
COMMON/JOMIN1/NORAD,NOHGT sRADIUS(20,20) 4MED(20,20) 4HIGHT (20),
1HMA X, RMAX,BIGyIVOID,IRAD, IHGT
COMMON/GEOMC/XTWOsYTWO,ZTWO, XONEs YONE, ZONE,ETA,
1ETAUSD,BLZON,BLZ2,MARK,NMED,NREG

COMMON/ JOMIN2/NORADGyNOHGTG,RADIUX(20,20) ,
IMEDG(20,20)4yHIGHTG(20) ,IRADG, IHGTG 4 HMAXG yRMAXG4NREGIO
NREG=1

IF(Z2)25,30,30

WRITE (IN1,100) Z

FORMAT(1HO, 13HYOU ARE LOST.,4HZ2 =,E15.4%)

2=0.,0

DO 35 THGT=1,NOHGT

IF(Z-HIGHT(IHGT)) 40,40,35

CONTINUE

WRITE (IN1,100) Z

CALL ERROR

CALL JOMS(X,Y)

BLZON=64%IRAD+IHGT

IF(NREGIO.EQ.1) GO TO 44

GO TO 45

CALL JOM6(XsYyZ)

RETURN

END

~-Q22-




COMPILER OPTIONS -

ISN
ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002
coce3
n004
o005
0006

cooT
£008

elelels)
0010
011
co12
0013
0014
no15
0016
col7
0018
0019
no20
cn2l
0n22
c023
€024
©025
6026
0027
0028
0029
0230

NAME=

MAIN,OPT=00,LINECNT=50,SOURCE,EBCDICyNOLIST,NODECK,LOADsMAP,NOEDIT4NOID

10
12

11
14

100

13

IMPLICIT REAL*8(A-H) ,,REAL*8(0-7)

SUBROUT INE JOM4

INTEGER * 4 BLZON , BLZ2

COMMON/7 TAPENO/IN1,IN2

C OMMON/GEOMC /XTWO,YTWOyZTWO ¢ XONE,YONE+ZONE, ETA,

1ETAUSD,BLZCON,BLZ2 yMARK,NMED,NREG

COMMON/ GEOM4/X14Y142Z14X24Y24,22,DIST4NCUE,NCR
C OMMON/ JOMIN1/NORAD, NOHGT ,RADIUS(20,420) 4MED(20,20),HIGHT (20),

1HMAX, RMAX 4BIG,IVOIDy IRADs IHGT

W=Z72-171
IF(W)1,13,3
IF(IHGT-1)10,10,11
1IF(Z22)12,13,13
22=C.

NCUE=-1

GO TO 100
IF(Z2-HIGHT(IHGT—-1}114,13,13
12=HIGHT(IHGT-1)
NCUE=-1

GO TO 100
IF(Z2-HIGHT(IHGT))13,13,31
712=HIGHT(IHGT)
NCUE=1
RHO=(Z2-Z1) /W
X2=X1+( X2-X1)*RHO
Y2=Y1+(Y2-Y1)*RHO
DIST=DIST*RHO
RETURN

NCUE=0

RETURN

END

=622~



COMPILER OPTIONS - NAME= MAIN,0PT=00,LINECNT=50,S0URCE,EBCDIC,NOLIST,NODECK,LOAD,MAP,NOEDIT,NOID

ISN 0002 , IMPLICIT REAL*8(A-H) REAL*8(0-2)
ISN 0003 SUBROUT INE JOMS
ISN 0004 INTEGER * 4 BLZON , BLZ2
ISN 0005 COMMON/ TAPENO/IN1,IN2
ISN 0006 COMMON/ GEGMC /XTWO, YTWO , ZTWO , XONE , YONE , ZONE , ET A,

1ETAUSD, BLZON,BLZ2 ,MARK,NMED , NREG
ISN 0007 COMMON/ GEOM4/X1 4 Y1,Z1 4X2,Y2,22,DIST4NCUE4NCR
ISN 00C8 COMMON/ JOMINL/NORAD, NOHGT ,RADIUS(20,20) yMED(20,20) 4 HIGHT(20) 4

LHMAX,RMAX ,BIG,IVOID, IRAD, IHGT {
ISN 0009 RSQ=X1**2+Y 1%%2 {
ISN 0010 U=X2-X1 %
ISN no11 v=Y2-Y1
ISN 0012 P=U*U+V*V
ISN 0013 IF(P)500,13,500 \
ISN 0014 500  Q=U%X1+V*Y1 &
ISN 0015 IF(Q)1,1,2 S
ISN 0016 1 IF(IRAD-1)22,22,10
ISN 0017 10 DISCR=Q*Q-P*(RSQ-RADIUS(IHGT,IRAD-1))
ISN £n18 IF(DISCR)22,22,11
ISN nO19 11 RHO = (-Q-SQRT(DISCR))/P
ISN 0020 IF(RHO-14)12,13,13
ISN 0021 12 IRAD=IRAD-1
ISN 0n22 100 NMED=MED(IHGT,IRAD)
ISN 0023 101 X2=X1+RHO*U
ISN 0024 Y2=Y1+RHO*V
ISN €025 22=71+RHO*(22-21)
ISN 0n26 NCR=1
ISN 0027 DIST=DIST*RHO

ISN 0028 RETURN




ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0029
ro31
0032
033
£0 34
n036
0037
0038
€C39
0040
€041
0042
0043
0044
C045
0046
G047

22

23

24

25

26

34
13

IF{NCR.EQ.1) GO TO 23

GO TO 2

RHO={(-2.)%Q) /P

IF(RHO-1.)24,13,13
IF(RADIUS(IHGTyIRAD).LT<RMAX) GO TO 25
GO TO 26

IRAD=IRAD+1

GO TO 100

NMED=0

GO TO 101
DISCR=Q*Q-P*(RSQ-RADIUS(IHGT,IRAD))
RHO = {(-Q)+SQRT(DISCR))/P
IF(RHO-1e)34,13,13

IF(RHG) 13,13,24

NCR=0

RETURN

END

-T€2~




COMPILER OPTIONS - NAME= MAIN, OPT=0C,LINECNT=50,S0OURCE,EBCDIC,NOLIST,NODECK,LOAD,MAP,NOEDIT,NOID

ISN 0002 IMPLICIT REAL*8(A—H) ,REAL*8(0-Z2)
ISN 0003 SUBROUT INE JOM6(X2,Y2,22)
ISN 0004 COMMON/ TAPENO/INL,IN2
ISN 0005 COMMON/ JOMIN2/NORADG s NOHGTG yRADIUX (20,20) ,
IMEDG(20,20) yHIGHTG(20) , IRADG, IHGT Gy HMAXG, RMAXG s NREG IO
ISN 0006 IF(22)25,30,30
ISN 0007 25 WRITE (IN1,100) 2
ISN 0008 100 FORMAT(1HC,24HYOU ARE LOST REGIONWISE«y4Xy4HZ2 =,E15.4)
ISN 00C9 CALL EXIT
ISN 0N10 30 DO35IHGTG=1,NOHGTG
ISN 0011 IF(Z2-HIGHTG(IHGTG)Y40,40,35
ISN NO12 35 CONTINUE
ISN CO13 WRITE (IN1,100) 72
ISN 0014 CALL EXIT .
ISN 0015 40 CALL JOM7(X2,Y2) 0
ISN N016 45 RETURN $

ISN 0017 END



COMPILER OPTIONS -

ISN
ISN
ISN
ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN

0002
0003
004
noos5
cn0s6

0007

o008
0009
0011
0012
0013
0014
c015
co17
0018
0019
¢ 20
nn21

NAME= MAIN,OPT=00,LINECNT=50,SOURCE, EBCDIC,NOLIST,NODECK,LOAD,MAP,NOEDIT,NOID

IMPLICIT REAL*8{(A-H),REAL*8(0-Z)

SUBROUTINE JOM7(X,Y)

INTEGER * 4 BLZON , BLZZ

COMMON/ TAPENG/IN14INZ2
COMMON/GEOMC/XTWO,sYTWO+ZTWO . XONE.YONEsZONESETA,
1ETAUSD,BLZON,BLZ2 yMARK, NMED s NREG
CCMMON/JOMIN2/NORADGyNOHGTGsRADIUX(20,20),
IMEDG(20,20) yHIGHTG(20),IRADGy IHGTGy HMAXG,RMAXG,NREGIO
R=X*X4+Y*xY

IF(R.LE.RMAXG) GO TO 1

WRITE (IN1,50) R

FORMAT(1HO, 24HYOU ARE LOST REGIONWISE.+4X,5HRSQ =4E1544)
CALL ERROR

IRADG=1

IF(ReLERADIUX(IHGTG,IRADG)) GO TO 3

IRADG=IRADG+1

GO TO0 5

NREG=MEDG(IHGTG,IRADG)

RETURN

END

-tee-



COMPTILER OPTIONS - NAME= MAIN,OPT=OO,LINECNT=501SOURCE,EBCDIC1N0LIST,NODECK,LOAD,MAP,NOEDIT,NOID

ISN NOO2 IMPLICIT REAL*8(A-H) ,REAL*8(0-7)
ISN 0003 SUBROUT INE JOMI(X,Y)
ISN 0004 INTEGER * 4 BLZON , BLZ2
ISN 0005 COMMON/ TAPENO/INL,IN2
ISN 0006 COMMON/ GEOMC /XTWO s YTWO ,ZTWO s XONE 3 YONE s ZONE 4 ET A,
1ETAUSD, BLZON,BLZ2 yMARK,NMED, NREG
[SN 0007 COMMON/ JOMIN1/NORAD yNOHGT yRADIUS( 20 ,20) yMED{(20,20) , HIGHT (20),
1HMAXyRMAX yBIG,IVOID, IRADy IHGT
ISN oocCs R=X*kX+Y %Y
ISN 0009 IF{R.LE.RMAX) GO TO 1
ISN 0011 2 WRITE (IN1,50) R
ISN 0012 50 FORMAT(1HO,13HYOU ARE LOSTes5HRSQ =4E15.4)
ISN 0913 CALL ERROR
ISN 0014 1 IRAD=1
ISN 0015 5 IF(R.LELRADIUS(IHGT,IRAD)) GO TO 3 .
ISN 0017 4 IRAD=IRAD+1 o
ISN nr018 GO 10 5 T
ISN 0019 3 NMED=MED(IHGT,IRAD)
ISN r020 RETURN

ISN 0021 END



COMPILER OPTIONS -

ISN
ISN
ISN
ISN
ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0002
coc3
nOO4
005
0006
coe7

c008

0009
0010
0011
0012
0013
CO01l4
0015
co1l7
no1s
019
0020
oc21
0022

NAME=

11
12

(o

MAIN,OPT=00,LINECNT=50,SOURCE, EBCDIC 4NOLIST,NODECK,LOAD,MAP,NOEDIT,NOID

IMPLICIT REAL#*8(A-H),REAL*8(0-2)

SUBROUTINE JOM10

INTEGER * 4 BLZON , BLZ2
COMMON/TAPENO/INL,IN2
COMMON/GEOM4/X14Y14214X24,Y2422,DISToNCUE4NCR
COMMON/GEOMC/XTWO,YTWO,ZTWO s XONE s YONE 4 ZONE,ETA,
1ETAUSDyBLZON,BLZ2 ,MARK,NMED,NREG
COMMON/JOMIN1/NORADyNOHGT,RADIUS(20,20) 4MED(20,20),HIGHT (20},
1HMA Xy RMAX+sBIGyIVOID s IRAD, IHGT

IHGT=THGT +NCUE

IFC(IHGT-NOHGT}11,11,13

IF(IHGT)13,13,12

CONTINUE

OLDMED=NMED

CALL JOM9I(X2,Y2)

IF(NMED.EQ.OLDMED) GO TO 1

GO TO 2

NCUE=0

RETURN

NMED = 0

RETURN

END

-gtz-
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APPENDIX G. LISTING OF QAD-GEOM(360)-SPHERICAL

The following is a FORTRAN IV listing of the geometry subroutines for
QAD-GEOM(360)-SPHERICAL. The complete program contains the following sub-

routines:

1. Main Program*
2. INPUT*

3. LENGTH*

4. KERNEL*

5. SOURCE*

6. XSECQD*

7. PRINT*

8. TITLE*

9. SLITE*
10. SLITET*
11. GEOM, p. 237
12. JOMIN, p. 239
13. LOOKZ, p. 241
1Lk, MOMENT*
15. XSECO*

*Listing for these subroutines are not included here as they are identical
to the ones previously listed for QAD-GEOM(360).



COMPILER OPTIONS - NAME= MAIN,OPT=OO,LINECNT=50,SOURCE,EBCDIC,NOLIST,NODECK,LOAD,MAP,NDEDIT,NOID

ISN €002 SUBROUTINE GEOM
ISN 0003 IMPLICIT REAL*8(A-H) yREAL*8(0-7)
ISN CO04 COMMON/GEGMC /X2 yY29Z24X19Y1 421 ,ETA,ETAUSD,IBLZy IBLDyMARK,NMED,

INREG
ISN 0005 COMMON/ JOMI X/DMAX ,RADSQ(20) yREGRSQ(20 ) y MAXMED yMAXREG, IVOID,

IMEDIA(20)
ISN 0006 RSQ=X1¥X14Y1%Y1+Z1%71
ISN 0007 IF(NMED-1000)1,2,1
ISN 0008 1 U=x2-X1
ISN N009 V=yY2-v1
ISN 0010 W=22-21
ISN 6011 6 P=UXU+VHV+WENY
ISN €012 Q=U%X14+VkY L+W*Z 1
ISN 0013 IF(Q)4,5,5
ISN COl4 4 TF(IBLZ-1)5,5,3 \
ISN 0015 3 F1=RSQ-RADSQ(IBLZ-1) &
ISN 0016 DISCR=Q*Q-P*F1 =
ISN 0017 IF(DISCR)545,11
ISN 0018 11 DIST=(-Q-SQRT (DISCR)})/P
ISN 0019 IF(DIST-1.)12,5,5
ISN 0020 12 IBLZ=1BLZ-1
ISN 0021 NMED=MEDIA(IBLZ)
ISN 0022 GO TO 70
ISN 0023 5 TF(MARK)14,14,13
ISN 0024 13 F1=RSQ-RADSQ(IBLZ)
ISN 0025 DISCR=Q*Q-P*F1
ISN 0026 DIST=(-Q+SQRT (DISCR))/P
ISN 0027 19 IF(DIST-14)15,16,16
ISN 0028 15 IF(IBLZ-MAXMED)25426,26
ISN 0029 25 NMED=MEDIA(IBLZ+1)
ISN ©N30 GO TO 70
ISN 0031 26 MARK=-1
ISN 0032 NMED=0

ISN €133 GO 10 71
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0041
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0045
0046
0047
0048

€049
0050
0051
t052
no053
0n54
€055
Q056
0057
0058
0059
060
€061
c062
nG63
C064
Po 65
0066
G067
068
0069
no70

14
18

17

70
73

12
71

75

74

16

103

104

101

102

IF(Q)17,18,18
IBLZ=1IBLZ+1

GO TO 13
DIST=-2.%Q/P

GO T0 19
IFO(NMED-1000)72,73,72
MARK=-2

GO 10 71

MARK=0
X2=U*DIST+X1
Y2=VxDIST+Y1
L2=WxDIST+Z1
IF(IVOID)74,74,75
ETAUSD=0

IvoiD=0

RETURN

ETAUSD=ETA*DIST

RETURN

MARK=1

ETAUSD=ETA
IF(MAXREG)103,103,104
NREG=1

RETURN
R2SQ=X2*X2+Y2*Y2+712%72
DO 101 NREG=1,MAXREG
TF(REGRSQ(NREG)-R2SQ)101,102,102
CONTINUE

NREG=MAXREG

RETURN

S=ABS (X2)+ABS (Y2)+ABS (22}
D=DMAX/S

U=X2%D

V=Y2%D

W=Z72%D

IvOoID=1

GO TO 6

END

-8€Z-



COMPILER OPTIONS -

ISN 0002
ISN 0003
ISN 0004

ISN 0005
ISN 0006
ISN 0007
ISN 06008
ISN €009
ISN 0010
ISN 0011
ISN 0C12
ISN 0013
ISN 0014
ISN 0015
ISN 0016
ISN 0017
ISN 0018
ISN 0019
ISN 0020
ISN 0021
ISN 0022
ISN 0023
ISN 0024
ISN 0025
ISN 0026
ISN 0027
ISN 0028

NAME=

MAIN,OPT=00,LINECNT=50,SOURCE,EBCDIC,NOLIST,NODECK,LOAD,MAP,NOEDIT,NOID
SUBROUTINE JOMIN(NADD)
IMPLICIT REAL*8(A-H),REAL*8(0-2)
COMMON/ JOMIX/DMAX,RADSQ(20) yREGRSQ(20) y MAXMED yMAXREG, IVOID,
IMEDIA(20)
COMMON/TAPENO/IN1,IN2
IN1 = 6
IN2 = 5
NADD=0
IvoID=C
MAXMED=0
WRITE (IN1,10)
10 FORMAT(15H1SPHERICAL GEOM/18HO MEDIUM RADIUS)

4 READ(IN2,1)MED,R
1 FORMAT(I5,E10.5)
IF(MED)2,2,3
3 WRITE(IN1,11)MED,R
11 FORMAT(1H ,415,E15.5)
MAXMED=MAXMED+1
RADSQ(MAXMED)=R*R
MEDIA(MAXMED)=MED
DMA X=6¢ %R
GO T0 4
2 CONTINUE
WRITE(IN1,12)
12 FORMAT(18HO REGION RADIUS)
MAXREG=0
5 READ(IN2,6)R
6 FORMAT(E10.5)

=6E2~
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IF(R)T7,748

MAXREG=MAXREG+1
REGRSQ(MAXREG)=R*R
WRITE¢IN1,11)MAXREG,R

GO TO 5

IF(MAXREG)S1,91,9
WRITE(IN1,13)

FORMAT(19HONO REGION GEOMETRY)
RETURN

END

_sz_




COMPILER OPTIONS -

ISN
ISN
ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

con2
0003
0004
0nosS

0006

cony
00os
0009
0010
0011
0012

0013
0014
ne15
0016
0017
co1s
0019
0020
021
0022
¢co23

NAME=

MAIN,OPT=00,LINECNT=50,4SOURCE, EBCDIC,NOLIST,NODECK,LOAD,MAP,NOEDIT,NOID
SUBROUTINE LOOKZ(XyY,sZ)
IMPLICIT REAL*8(A-H),REAL*8(0-27)
COMMON/TAPENO/IN1,IN2
COMMON/GEOMC/X24Y249229X14Y142Z1,ETA,ETAUSD,IBLZ, IBLDyMARK,NMED,
INREG .
COMMON/JOMIX/DMAX,RADSQ(20) ,REGRSQ(20)  MAXMEDyMAXREG, IVOID,
1IMEDIA(20)
RSQ=X*X+Y*Y+Z*Z
DO 1 IBLZ=1,MAXMED
IF(RSQ-RADSQ(IBLZ)) 24241
1 CONTINUE
WRITE(IN1,10)
10 FORMAT(60HOYOU OAF, YOU HAVE PICKED A SOURCE POINT OUTSIDE THE SYS
1TEM.)
CALL ERROR
2 NMED=MEDIA(IBLZ)
IF(MAXREG)54546
5 NREG=1
RETURN
6 DO 3 NREG=1,MAXREG
IF(RSQ-REGRSQ(NREG) ) 444,43
3 CONTINUE
NREG=MAXREG
RETURN
END

-Thz-
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