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13 ABSTRACT

"The combinatorial geometry allows efficient Monte Carlo radiation trans-
port calculations of detailed three~dimensional geometries. Because regions and
media are formed by combination of basic bodies such as boxes, spheres, cylinders
and cthers, the input required of the user is both relatively simple and easily mod-
ified. The MPRSE code is a multigroup neutron and gamma ray transport Monte
Carlo code that may solve either neutron, gamma ray, or coupled neutron-gamma
ray problems in either the forward and adjoint mode. M¢RSE has a wiG> variety of
available input options, including splitting, Russian roulette, exponential transform,
energy biasing, importance regions, albedo surfaces, and the scoring options avail-
able in the SAMBE analysis package. e

This document details the incorporation of a new version of combinatorial
geometry into the MPRSE code and is meant as a user's manual. A1}l new subrou-
tines, including the combinatorial geometry, are documented in déetadl, TntTrding- ~
flow charts Input instructions for all M@RSE optiors and layouts; of all MORSE
commons are given for user reference. The PICTURE code has been modified to
work with the combinatorial geometry, aliowing two-dimensional printer pictures of
combinatorial geometry models. Two MZRSE sample problems and a PICTURE
sample problem 2~~ discussed. Input and output from these problems and the com-
plete code are .. iable from the Radiation Shielding Information Center,
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ABSTRACT

The combinatorial gecmetry allows efficient Monte Carlo
radiation transport calculations of detailed three-dimen-
sional geometries. Because regions and media are formed
by combination of basic bodies such as boxes, spheres,
cylinders and others, the input required of the user is both
relatively simple and easily modified. The MORSE code is
a multigroup neutron and gamma ray transport Monte
Carlo code that may solve either neutron, gamma ray, or
coupled neutron-gamma ray problems in either the forward
or adjoint mode. MQ@RSE has a wide variety of available
input options, including splitting, Russian roulette, expo-
nential transform, energy biasing, importance regions,
albedo surfaces, and the scoring options available in the
SAMBQ analysis package.

This document details the incorporation of a new version
of combinatorial geometry into the MPRSE code and is
meant as a user's manual. All new subroutines, including
the combinatorial geometry, are documented in detail, in-
ciuding flow charts. Input instructions for all MPRSE
options and layouts of all MPRSE commons are given for
user reference. The PICTURE code has been modified to
work with the combinatorial geometry, allowing two-dimen-
sional printer pictures of combinatorial geometry models.
Two MPRSE sample problems and a PICTURE sample
problem are discussed. Input and output from these prob-
lems and the complete code are available from the
Radiation Shielding Information Center.
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1 INTRODUCTION
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The M(DRSE Monte Carlo code was first dlstr1buted(,)

early 1970 with a revised versmn(\ »3) released in the fall of 1970.
There have been several additional feafures( ,8) added in the past year,
Th1s report describes the addition of a version of the MAGI developed
combmatorml geometry( ) (CG) to the M@RSE code and also serves to
document a version which is operational on the UNIVAC 1108. The
definition of variables in labelled commons, layout of blank common
and input data have been collected for easy reference. A descmphon
of the PICTURE program for the combinatorial geometry package and
descriptions of routines required to solve two sample problems are

The replacement of the @5R geometry module with the CG
module required significant modification of the CG package. These
mod1flcat10ns were required so that the CG module could be added to
MORSE . rather than adding MORSE to the CG package. Only those
M@RSE routines that have an interface with the geometry package were
changed and all options in MPRSE are available with the CG module.
To retain all MORSE optl:ons it wa.s\ necessal*y to write several new
routines as part of the CG module. ‘ \
\ Features of MDRSE which are dependent on tlle geometry
nlodule include the ability to (1) determine both the media and an im-
portan:e region given a set of coordinates, (2) to track a particle through
the system including internal voids and surrounded by an external void,
(3) determine the number of mean free paths between any two sets of co-
ordinates (one may be in either an internal or an extern;il void), (4)
determine the vector normal to a surface at any point, and (5) permit
particle ~eflection at a houndary w1thout "getting lost. " Table I lists
the MORSE module routines which were modified to permit an intetface

. 1
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\ \ TABLE I ]
M@RSE Routines, that Depend on Which .
Geometry Module is Used
EUCLID (3) '
). GOMST (2) :
' INPUT1
\ MSQUR (1) \
| with the! CG module. The numbers aiter the routines relate the features 4
mentioned above with the function of the routines. The routines without d
numbers are concerned with the input of geometry information. Table II %
| |
\ TABLE II, §
GeometrJy Module Routiiimes \ ’i
.o
\’ @5R Spherical Geometry Combinatorial Geometry %
GEOM  (2,3)  GENI :
GOMFLP  (5) GTVLIN f
JOMIN | GG (2,9
| LOPKZ (1) : G1 | (2,3) \
NORML  (4) ALBERT ‘
GTVOL PR
\ GOMFLP (5) |
‘ JOMIN
\ LOOKZ (1) \ )
-‘ NORML  (4) ‘
GTVOL ' :
!
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lists the geometry module routines for the @5R spherical and the com-
binatorial geometry packages.

Only minor changes were made to INPUT and MS@UR and no
additional documentation is provided. INPUT was split into two routines,
INPUT1 and INPUT2, to allow a more efficient overlay. Numerous
changes were required for subroutine EUCLID and GOMST and new de-
scriptions and flow charts of these routines are given. A complete
description of the combinatorial geometry package is included and
sample problems are provided.

ke il diur MAGIGT i - Sk




rF

P M om e avad

II. COMBINATORIAL GEOMETRY

2.1 Body Types

Combinatorial geometry (CG) describes general three dimen-
sional material configurations by considering unions, differences
intersections of simple bodies such as spheres, boxes, cylinders, etc.
In effect, the geometric description subdivides the problem space into
unique zones. * Each zone is the result of combining one or more of
the following geometric bodies.

Rectangular Parallelepiped (RPP)

Box (An RPP randomly oriented in space)

Sphere

Right Circular Cylinder

Right Eiliptic Cylinder

Truncated Right Angle Cone

Ellipsoid

Right Angle Wedge

Arbitrary Convex Polyhedron of 4, 5, or 6 sides.

S e L o

«

Body t:pex %-9 may be arbitrarily oriented with respect to
the x, y, z coordinate axes used to determine the space. Body 1, a
special body described below, must have sides which are parallel to

the coordinate axes.

The basic technique for the description of the geometry con-
sists of defining the location and shape of the various zones in terms of

£
To avoid confusion between importance regions and combinatorial

geometry regions, we depart from previous combinatorial geo-
metry descriptions and use the term zone to indicate a combinatorial
geometry region which is designated by the variable IR. The term
region is reserved for an importance region. Thus the zone incex
is IR.




the intersections and unions of the geometric bodies. A special oper-
ator notation involving the symbols (+), (-), and (@R) is used to describe
the intersections and unions. These symbols are used by the program
to consiruct information relating material descriptions to the body de-
finitions.

If a body appears in a zone description with a (+) operator, it
means that the zone being described is wholly contained in the bedy., If
a body appears in a zone description with a (-) operator, it means that
the zone being described is wholly outside the body. If the body appears
with an (@R) operator, it means that the zone being described includes
all points in the body. In some instances, a zone may be described in
terms of subzones lumped together by (OR) statements. When (OR)
operators are used there are always two or more of them, and they re-
fer to all body numbers following them, either (+) or (-).

Techniques for describing a particular geometry are best il- *
lustrated by examples. Consider an object composed of a sphere and a
cylinder as shown in Fig. 1. To describe the object, one takes a spher-
ical body (2) penetrated by a cylindrical body (3) (see Fig. 1). If the
materials in the sphere and cylinder are the same, then they can be
considered as one zone, say zone I (Fig. 1c). The description of zone 1
would be

I=0OR + 20R + 3

This means that a point is in zone I if it is either inside body 2 or inside
body 3.

PP O 2 IR 3
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If different materials are used in the sphere and cylinder,
then the sphere with a cylindrical hole in it would be given a different
] zone number (say J) from that of the cylinder (K).

The description of zone J would be (Fig. 1d):
3 J=+2-3

This means that points in zone J are all those points inside body 2

Caa i R S X

which are not inside body 3.

The description of zone K is simply (Fig. le):
K=4+3

That is, all points in zone K lie inside body 3.

Combinations of more than two bodies and similar zone de-~
scriptions could contain a long string of (+), (-), and (DR) operators.
It is important ho;vever to remember that every spatial point in the
geometry must be located in one and only one zone.

As a more complicated example of the use of the (JR) operator,
consider the system shown in Fig. 2 consisting of the shaded zone A and
the unshaded zone B. These zones can be described by the two BOX's,
bodies 1 and 3, and the RCC, body 2. The zone description would be

A=4+14+2
and

B=0OR+3-10R + 3 -2

Notice that the @R operator refers to all following body numbers until

the next @R operator is reached.

;
.
‘
3
H
!
!
%
1]
j
!
7
H
£




T OTTINRT TRT RIRG RS s AT ALT T TIETIRN AR ST M nt i e T ORAY T e T AT e

e T T
[N '””""'Wm
“Ta

BOK L% k) T Y VTIPS EYTOPY BRI GO ST TR

Fig. 2. Use of OR operators.

The geometry must be specified by establishing two tables.
The first table describes the type and location of the set of bodies used
in the geometrical description. The second table identifies the physical
zones in terms of these bodies. The input routine processes these
tables to put the data in the form required for ray tracing. Because the
ray tracing routines cannot track across the outermost body, all of the
zones must be within a surrounding external void so that all escaping
particles are absorbed. Also no point may be in more than one zone.

The information required to specify each type of body is as
follows:

a. Rectangular Parallelepiped (RPP)

Specify the minimum and maximum values
of the x, y, and z coordinates which bound
the parallelepiped.

.y i anat A di
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Fig. 3. Rectangular Parallelepiped (RPP).

b) Sphere (SPH)

Specify the vertex V at the center and the scalar,
R, denoting the radius.

<l

Fig. 4. Sphere (SPH).

¢) Right Circular Cylinder (RCC)

Specify the vertex V at the center of one base,

a height vector, H, expressed in terms of its

X, ¥, and z comporents, and a scalar, R, '
denoting the radius.

10 "




V(Vx, v, Vz)

d)

)

HxHsz

ARN

N

y R

Fig. 5. Right Circular Cylinder (RCC).

Right Elliptical Cylinder (REC)

Specify coordinates of the center of the base
ellipse, a height vector, and two vectors in
the plane of the base defining the major and
minor axes. Presently this body is nct
implemented.

l’i’
[
|

Fig. 6. Right Elliptical Cylinder (REC).
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e) Truncated Right Angle Cone (TRC)

Specify a vertex V at the center of the

lower base, the height vector, H, expressed
in terms of its x, y, z components, and two
scalars, Ry and Ry , denoting the radii of the
lower and upper bases.

| <

Fig. 7. Truncated Right Angle Cone (TRC).

f) Ellipsoid (ELL)

Specify two vertices, Vjand V2 , denoting
the coordinates of the foci and a scalar, R,
denoting the length of the major axis,

Fig. 8. Ellipsoid (ELL).
12
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g) Wedge (WED)

T Y

Specify the vertex V at one of the corners
by giving its (x,y, 2) coordinates. Specify
a set of three mutually perpendicular

vectors, aj, witha; and a, describing the
two legs of the right triangle of the wedge.
That is, the x, y, and z components of the
height, width, and length vectors are
given.

AT ATATT SR T T TR AT T S 4T T

o |
a3
vie 22

Fig. 9. Right Angle Wedge (WED).

h) Box (BOX)

Specify the vertex V at one of the corners by
& giving its (x, y, z) coordinates. Specify a set
§ of three mutually perpendicular vectors, a;
representing the height, width, and length-;f
; the box, respectively. That is, the x, y,
and z components of the height, width, and
length vectors are given.

13
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Fig. 10. Box (BOX).

Arbitrary Polyhedron (ARB)

Assign an index (1 to 8) to each vertex. For
each vertex, give the x, y, z coordinates.
Each of the six faces are then described by a
four-digit number giving the indices of the
four vertex points in that face. For each face
these indices must be entered in e:ther clock-

wise or counterclockwise order.

V7

Ve

Ln<

Fig. 11. Arbitrary Polyhedron (ARB), "

Detailed input instructions are given in Appendix B.
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2.2 Subroutines

Descriptions of the combinatorial geomefry routines are given
with logical flow charts depicting {heir functions. Two M@KSE routines,
GOMST and LOYKZ required significant modificaticns for use with the
CG package and descriptions of these vsutines are also provided.

2.2, 1 Subroutine G1(S, MA, FPD, LOCREG, NUMB@D, IROR,
IR1, JR2)

G1 is the control routine for the combinatorial geometry. On
one call, it calculates the distance travelled in the present zone, and
the number IR of the next zone to be enterec. Essentially GG is called
for each body adjacent to the present zone, calculating RIN and ROUT,
the distances to entry and exit of the body along the trajectcry. The next
zone to be entered is determined by again calling GG to calculate RIN
and RQUT for each body adjacent to the next possible zone. These next
possible zones are determined by 2xamining a list cf all the previous
zones entered on crossing this body. RIN and ROUT are checked against
the input zone descriptions to determine the correct zone. If it is not
found in the list of previous zones, all other zones are examined in a
similar fashion, and when the correct zoae is found, it is added to the
list of previous zones for that body. If the new zone is different from
the old, G1 returns; otherwise G1 continues tracking until a different
zone is encountered. One change added to the M@RSE version of G1 is
that if the distance to the next boundary is greater than the distance to
scattering, G1 returns without determining the next zone past the bound-

" ary, setting the flag MARKG in common @QRGI.

Called from: GOMST, EUCLID, MESH
Subroutines called: GG
Commons required: PAREM, GOMLOC, DBG, ORGI

15
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Variables required:

1
\

|

v
)

\ i \
|

XB(3) - sfartin\g coordinates of present trajectory,
WB(3) - direction cosines of trajectory, \
IR - present zone, |
DIST - present distance from XB(3),

DISTO -, distance frt|>m XB(3) to next scattering point,
NASC ! less than zero if this is a new trajectery,
KLOOP - trajectory index,

PINF - machine infinity,

MA, FPD, LOCREG, NUMB@D, IRR, \
IR1, IR2 - locations in blank common used for variable

Variables cHanged:

16

KLOOP

NASC
LSURF

‘ \
'DIST '

S
IRPRIM
"MA(INEXT)

MA(INEX)

dimensioning.

\
trajectory index incremented if this is'a
new trajectory,

next i}gody intersected by trajectory,

surface of body NASC crossed at next inter-
section (negatwe if leavmg\ and positive if
entering NASC), \

distance from XB(3) to next intersection or
collision site, \ \

set to 1 if distance to collision (DISTO) is
less than distance to next intersection (other-
wise 0),

dictance travelled oa this call to Gl1,
zone to be entered on boundary crossing,

new zone added to the list of next possible
zones for body NE@,

loca,b on in MA of next item in the next possible
zone list for body, NB@ {these lists leap-frog
through thc end of the MA array).

\ |
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Significant ipternal variables: \
Ni3¢ - absolute value is body being considered
whlle a negative or positive sign indicates
\ that zone IR or IRP is outmge or inside the
body respectively,
ROUT - . distance to exit of body NB@ calculated by
GG, |
RIN - distance to entry of body NB@ calculated by
\ GG, | ‘
LRI - surface of body NBD enf:ered by trajectory,
LRy - surface of body NB@ trajectory exits,
‘ IRP -  zone being considered as next zone.
Limitations:
IOUT - output logical uni§ is set to 6 in data state-
ment.
‘ '1
"‘I B
\
\ |
\ \ .
‘l
17
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Subroutine G1 (S, MA, FPD, LOCREG, NUMB@D, IROR, IR1, IR2)

.

(New trajectcr??)-———Yes-— Increment trajectory

index and zero DIST.
No i

Loop over all code produced zone IRR corresponding to input zone IR
to find next intersection.

T TINT S T
s X

A .

Loop over all bodies defining zone IRR

s Call GG

PP

¢ (Is RGUT negative Yes
' I
1 Yes——— (Is NBP negative ————No

No.]/ I RIN greater \ If ROUT greater NoJ]
than DIST and than DIST and less
less than SMIN than SMIN

Yes Yes

. Set SMIN, NASC, LSURF Set SMIN, NASC, LSURF
3 and ISAVE and ISAVE
] { {
t
Set DIST and S to either boundary crossing
SMIN, or scattering distaace, DISTO.

!

{
If scatteringt——=Yes-| MARK=1 { ,
IRPRIM:=IR

No

18
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Get next possible zone

Is next possible zone
(' IRP zero? )“ Yes—(c)

No

Loop over all hodies NBQ) defining zone
IRP to determine if IRP is next zone.

Call GG

!
(E NBQ negative ';}—.No

/1s ROUT < 0 or Not this Is RIN< DIST
RQUT < DIST "N"' zone [ NO and
or RIN >DIST ?, @ DIST < RQUT?

Yes Yes

Yes-

i

Found a zone

Set IRPRIM

(ILIRPR‘IM = IR No

Yes

Move point to next boundary !
and begin again. l

6

19
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Loop over all remaining regions IRP to determine next zone. ‘

Loop over all bodies NB@ defining zone IRP.

Call GG

yes————~( NB@ negative? ——no

| |

Is RPUT <0 or no no [ Is RIN< DIST |

RQUT < DIST and ¢

or RIN>DIST / \ DIST < RQUT !
3 ] yes yes

c 3 | ‘

3 Found a zone. Error

E Store it in Zone not

] MA(INEXT). defined.

: é) Dump MA set
: IRPRIM = 0

RETURN

20
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2.2.2  Subroutine LOPKZ (X, Y, Z, MA, FPD, LOCREG,
NUMB®D, IRPR, NSOR

The purpose of this routine is to return the combinatorial geo~
metry zone of point (X, Y, Z) so that tracking can be initialized. The
coding has been borrowed from the second half of subroutine G1 and
adapted to determine the zone of a source particle. For efficiency
LOOKZ builds a list of possible source zones to search on future calls.
If the region is not found on this list, all other zones are examined and
upon determining the new source zone, it too is added to the list. Notice
that the starting direction cosines (.8, .6, 0.0) are assumed in LOOKZ,
but may be changed elsewhere.

Routines called: GG
Commons required: @RGI, PAREM, GOMLOC, and DBG.
Variables required:
XY2Z - coordinates for which a zone is desired,
MA, FPD, LOCREG, NUMB@D, IROR, NSOR
- locations in blank common used for variable

dimensioning.
Varaibles changed:
KLOOP - trajectory index is incremented,
NMED - common @ORGI variable set to correct zone
number,
NSOR(INEXT) - new zone added to list of possible source
zones.

Significant internal variables:

WB(3) - setto.8, .6, 0.0 so that LOPKZ need not
be called with a direction

CG version.
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Subroutine LOPKZ (X, Y, Z, MA, FPD, LOCREG, NUMB@D, IROR,

NS¢R)
Is position identical 4 .
( to last point ? ) Yes @ g

Increment KLOMP and initialize .
XB(3), WB(3) and DIST, :

Do over 20 possible source zones IRP.

) — e

Loop over all bodies adjacient to IRP.

A k. M s A0 o

[ PR

y]es ——{Is NBO negative_?_)———-nlo
Is RQUT < 0 or\ Is RINSDIST )
RQUT < DIST no no and
or RIN > DIST ? ! \ DIST<RQUT? :
t

Not tﬁis zone.

Yes 7 Yes §
C N i
Found a zone, v i

[NMED : IRPRIM | s

ﬂ ‘

22
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Save index for adding a zone
to the source list

Loop over all zones IRP,

Loop over all bodies defining zone IRP.

Call GG

yes —————Es NBO negative—?)—— no

|

Is ROUT<O0 or Is RIN= DIST
RQPUT s DIST }-no——e <~ .——no— and
. or RIN >DIST ? DIST < RHUT ?

B\Iot this zomﬂ
Yes J Yes

a1

=
3 { Found a zone | [ No zone |

{Add it to source list] [Write error stale-
ment and sot
NMED =0

=

23




2.2.3 Subroutine GG (LOCAT, MA, FPD)

GG is the workhorse of the combinatorial geometry, comput-
ing distances to intersections for all body types. It is called from G1
or LOOKZ to compute distance to entry and distance to exit to a body
whose location in the MA array is flagged by the argument LOCAT. Each
time a distance to entry, RIN, and a distance to exit, ROUT, are calcu-
lated for a body they are stored in the MA array together with LRI and
LR, the indices of the entry and exit surfaces of the body. Also stored
at this time is KL@PP, the particles trajectory index. On a subsequent
call to GG for that body, KLOOP is checked agains. the earlier value,
now LO@P. If they are the same, the old values of RIN, ROUT, LRI,
and LR@ are retrieved so that GG can return immediately.

If it is necessary to compute a new trajectory a different area
of coding is entered for each body type to calculate RIN, ROUT, LRI
and LR@.

Called from: G1 and LOOKZ
Subroutines called: none

Commons required: PAREM, GEQOM2
Variables required:

LOCAT - starting locati. n in the MA array of integer
data for the apyropriate body,
KLOOP - trajectory index,

PINF - machine infinity (stored in RIN and ROUT
when the trajectory misses the body),

MA, FPD

locations in blank common required for
variable dimensioning.

BRI S YOI b 5 AN bt Yersamn A
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. Variables changed:
P RIN - distance to entrance,
L ROUT - distance to exit,
LRI - surface of entrance

; LR - surface of exit.

Significant internal variables:

L - same as LOCAT, starting location in MA
array of body data for the appropriate body,
K -  starting location in FPD array of floating

point data for the appropriate body.

25
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Subroutine GG (LY)CAT, MA, FPD) o

& o

Retrieve K, LOOP, and

)
4 ]
: ITYPE from MA. | L
i !
{ Set LRI, LRQ, RIN i
3 Has this trajectory previously Yeg—» and ROUT from MA i
been calculated for this body ? and FPD arrays. ’
no :

(Is ITYPE valid? }———no+| Write error| (R

message.

Yes

Store KLOOP in MA arraﬁl

for this body.

Maooin

Ao v WA S S 1t

(‘Transfer on ITYPE to compute RIN, ROUT, LRI, and LRQ.)

BEIIITIIIL ]

Store LRI and LR in MA array.

Set RIN or ROUT to DIST when

é one is within roundoff of DIST. . @ ‘
= >
If RIN2ROUT Write
- TTe I "*Type not
{ROUT —R{?UT*I. 00001 < [ROUT = - infinity] implemented!

Store RIN and ROUT R
in FPD array.

a4 25 eI
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2.2.4  Subroutine GENI (MA, FPD, LOCREG, NUMB@D, IR®
MRIZ, MRCZ, MMIZ, MMCZ, KRl, RRZ, 11, 1JUT, IN)

Although subroutine JOMIN is used to read in all of the com-

binatorial geometry data except the region volumes, that data is put into

the proper storage location in blank common by GENI. This is accom-
plished by having JOMIN write the body and zone data on a mass storage
unit, so that GENI can retrieve that data. GENI assigns the data to
blank common in the area set aside by JEMIN. For an arbitrary poly-
hedron body, GENI calls ALBERT to handle a portion of the data. In
addition, GENI outputs the input information concerning the geometry
data. GENI computes certain geometry dependent data needed during

the random walk.

Called from:
Subroutines called:

Commons required:
Variables required:

I1
IOUT
IN

Variables input:

Variables changed:

JOMIN
ALBERT
Blank, GOML®C, PAREM

-  input unit,

- output unit,

-  bulk storage logical unit.
Geomnaetry data for zones and bodies is retrieved
from mass storage unit IN.

MA(I), FPD(I), LOCREG(I), IROR(I), MRCZ(I),
MMCZ(I), KR2(I)--see Fig. 13, layout of com-
binatorial geometry storage in blank common.

27
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Subroutine GENI (MA, FPD, LOCREG, NUMBOD, IROR, MRIZ, MRCZ

28

e s et T

MMIZ, MMCZ, KR1, KR2, IN)

Zero out MA array.

’T/Q) body data, and store data in blank common
calling ALBERT when body is ARB.

|

3

1/0 input zone data, generate code zone data,

determine data for LOCREG, NUMB@D, IROR,
MRCZ, MMCZ, and store data in blank common.

|

@: IROR, LOCREG, NUMB@D,
MRCZ and MMCZ.

J
Calculate and output KR1 and KR2,

y R L L

e A e e i e
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2.2,5  Subroutine ALBERT (F, IERR)

ALBERT is called by subroutine GENI to process the arbi-
trary polyhedron (ARB) body data before storage in the FPD array. The
ARB body data as read by GENI consists of the coordinates of all corners
(eight for a six-sided figure), foiiowed by a packed decimal number for
each side indicating which corner points make up that side. ALBERT
processes this data, returning a unit normal vector and a minimum
distance to origin for each plane containing a side of the ARB. An ARB
can have up to six sides. These unit vectors and distances then replace
the original ARB data in the FPD array. The number of sides and a
distance that is characteristic of the ARB's minimum dimension are
also stored in the FPD array. This minimum distance is later usc .. for
round-off tests.

Cailed from: GENI
Subroutines called: none
Commons required: none
Variables recquired:
F - FPD array read from GENI
Variables changed:
F - FPD array changed to contain unit normals
and distances to origin for each plane., Num-
ber of sides and a minimum distance are

also stored.

Significant internal variables:

X(8, 3) - coordinates of corne: points,

IS(6, 4) - indicates corners contained in each of the
possible six surfaces,

V(3,4) - edge vectors for a given surface (an inner

cross product then gives the normal vector).

29
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Syoroutine ALBERT (F, 1IERR)

sram)

Etore coordinates of corner points in X(8, 3) and zero F a}'ray.

.

[Count the side§ and store coruer indices in IX(6, 4).]

[Calculate minimum distance between poin_ts_l.1

[Begin a calculation for each side. |

[Comute two adjacent edge vectors. |
; :
Compute normal vectors as the cross products
of two adjacent edge vectors.

\

4 '
Compute minimum distance to orgin as dot product of
normal vector and coordinates of the corner.

!
' 1
\ {Count the number of points on either side of the planc—.}

(ﬁre all points on the far side of the plane ?)————-—Yes

No

[Chavze sign of the normalizing factor. |
1 r T

: 1

Normalize normal veztors to unity. Also

normalize the distauce by the s2me facfor.
: =2

[L? this the iast side ? }» ——————— no ~—— —
I ves!
. — {
Store normal vociors, distances, minimum side lengtn
and nunwer of sides in FPD array.
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|- - 2.2.6 Subroutine PR (Combinatorial Geomeéry)

Subroutine PR is called from various locations in the combi-
natorial geometry package (GENI, Gl, LO®YKZ and NORML) whenever
; intermediate or debugging output i\s required. The amount of geometry
t‘ ‘-.! data which is output depends on the value of the argument, iIf this argu-
‘ ment is 1 or 8, all of the geometry data in blank common is printed,
E : otherwise only selected variables are output. B§/ comparing the argu-
ment value given in the output with the s&urce listing, the geometry data
at a\,given time in the execution can be determined. The call to PR is
initiated b;,\i setting thé IDBG variable to a nonzero value, Because of

the large almount of output gené'rated,' this option should not be used dur-
; ing a normal executinn, \\

3 }

' Called from: 'GENI, G1, LOOKZ, NORML

Subroutine called: none

i Commons required: blank, PAREM, GOMLOC, DBG

31
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Subroutine PR (K)

: START

9: K, XB(I), WB(I), IR
IR, IRPRIM, NASC, LSURF, LRI, LR®, KLO®P,
LOGP, ITYPE, N, NUM, LOCAT, ISAVE,
INEXT, IRP, INEX, LDATA, RIN, ROUT, SMIN,
DIST

O: GOMLAC Array

; MA Array

; FPD Array

LOCREG, NUMBOD, IROR, MRIZ, MRCZ, MMIZ,
MMCZ, KR!, KR2, and NSOR Arrays

Region Volume Array

@m |
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. 2.2.7  Subroutine NORML (MA, FPD, LOCREG, NUMB@D)

4 The purpose of subroutine NORML is to return a unit vector

p to a combinatorial geometry body NASC at point-fﬁ +D ' *WB which
must be on the surface LSURF of body NASC. This unit vector is useful
either for albedo scattering or bouadary crossing flux estimates. The
sign of the unit vector is chosen so that WB. i is negative meaning that
the unit vector will point against tke particle direction.

Called from: ALBDQ

Commons required: N@ORMAL, GOMLOC, PAREM
Variables required:

5 NASC - body number particle is on,
: LSURF - surface of body NASC,
XB(3)
WB(3) - trajectory parametars,
DIST

MA, FPD, LOCREG, NUMB@®D
- locations in blank commor used for variable

dimensioning.
Variables changed:
UN(3) - direction cosines of unit vector stored in
common NORMAL.

Significant internal variables:

XP(3) -  set to XB + DIST * WB,

X(3) - usually used to relate the intersection point
to a body centered coordinate system,

H(3) - usually used as a body orientation,

L -  body location in MA array,

K -~  body location in ¥PD array.

¥ CG version.
33
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Subroutine NORML (MA, FPD, LOCREG, NUMB@D)

LSUR = LSURF, XP =XB + DIST * WB .

Determine K, and L, the body
locations in the FPD and MA arrays.

Transfer on body type. )

seblutios

Calculate unit vector . )

Change sign of unit vector so that i - WB is negative.J

RETURN

mented in NORMAL".

Write "Type not imple-
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2.2.8  Subroutine ~VLIN (FPD, MRIZ, VNOR, IVOPT, NIR,

NIZ, 11, 10,

This routine is called by JOMIN to read in or to calculate the
volume of each region in the geometry. The four options available are

(1) to set each volume to 1., (2) to calculate the volumes for concentric

spheres, (3) to calculate the volumes for slabs (not coded at present),

or (4) to read in the volumes for each region from cards. The volumes

are stored in blank common and are only used by the track length and

collision density estimators.

Called from: JOMIN

Subroutines called: none
Commons required: none
Variables required:

FPD -
MRIZ -

VNOR -
IVOPT -
NIR -
NIZ -
11, 10 -

Variatles changed:

array containing zone description data,

array which relates MORSE region to input
zones,

array containing the MORSE volumes,
options for determining volumes,
aumber of regions,

number of zones,

input and output logical units.

Variables in blank common starting at KVOL.

35
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Subroutine GTVLIN (FPD, MRIZ, VNOR, IVOPT, NIR, NIZ, I1, 10)

S

[@: Option and region numbers. |

Set volume
to 1,0

VOPT=0 Option? I: volugg_&lj

IVOPT=3
IVOPT=1 IVOPT=2

Yes
re there

more ‘
zones ?

No

Not coded.

[Determine region for current zone.|

Yzs (Region same as previous one? )

No

Lt Calculate volume. |

| Yes(Are there the correi)
number of zones?

36
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2.2.9 Subroutine JOMIN (NADD, 11, 10)

The input of the geometry data is controlled by the JOMIN

subroutine, which performs the following tasks:

e Reads all geometry input data except the region volumes.

Writes the body and zone data on a mass storage unit

(IQUT=16).

® Determines the length of all geometry arrays.

Calculates the beginning location in blank common of

geometry arrays.
Initializes geometry arrays.

e (Calls the GTVLIN subroutine which returns region

volumes.

Since combinatorial geometry input data is dynamically allocated to con-

serve storage area, it is stored temporarily on a mass storage device.

This allows the core storage requirements to be determined. Hence,
much of the coding in JOMIN is similar to GENI, which reads the data

on the mass storage device and puts it into blank common.

Called from: INPUT1

Subroutines called: GENI, GTVLIN

Commons required: Bfank, GOMLOC, PAREM
Variables required: :

L P3N

All variables in GOML@C, I1, 10
P
Variables input: k
IVOPT, IDBG, NAZ, MRIZ(I), MMIZ(D)
A

Variables changed: :

All variableg in GOML@C, IVOPT, IDBG, MRIZ(I), MMIZ(I).

A

CG version. A
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Important internal variables:

IOUT - mass storage unit,

NAZT - tofal number of adjacent zones summed over
all zones,

38

" " ey s lafadabialaie
o o .. Sahbin, 3




“ LaE i P e i il o il e
e e g A e P YR T TN QT 7w - T TR e T N YN T A Y T AT

o
PRS- Y

, Subroutine JOMIN (NADD, 11, I0)

<

(1/@: Card CGA]

Read body data and write on mass storage.
Determine core storage required for FPD and
number of bodies .

1 Read input zone data and write on mass storage.
i Determine core storage required for MA and
number of input zones and code zones.

Calculate starting locations in blank
common of geometry arrays.

) {I/@: Cards CGD and CGE. |

{ Call GENI |

‘ Calculate number of regions (NIR) and total
i storage required for geometry data (NADD).

4

Zero the NSOR array.

Call GTVLIN .

39
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2.2,10  Subroutine GTVOL (MXREG, GNOR) ,

PR

S This routine is called by ENDRUN to calculate the reciprocai
of the volume of each region. It is geometry independent, since it uses
information determined in GTVLIN.

Called from: ENDRUN
Subroutines called: none

( Commons required: GOMLOC, blank
' Variables required:

KVOL - index from common GOML®C,
MXREG - number of regions in the geometry.

Variables changed:

GNOR - reciprocal of the volume .oi ¢ »:i;' 10N,
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Sukroutine GTVQL (MXREG, GNOR)

Calculate reciprocal volume of each region.

RETURN
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; 2.2.11  Subroutine GOMST (TSIG, MARK)"

-

Any boundary crossing between the present and next collision
sites are determined by calling the combinatorial geometry routine G1.
Before the G1 call, combinatorial geometry variables in common PAREM
are initialized, and after the call NUTRON variables are updated.
WATE*S is summed in hlank common as a track length flux estimator.
MARK is set to -1 for an external void and -2 for an inte.nnal void.

Called from: NXTCOL

Subroutines called: G1

Commons required: NUTRON, APOLL®, PAREM, ORGI, GOMLOC
Variables required:

X,Y,Z,U0,V,W,NMED see comrion NUTRON for definitions.

BLZNT - value of IR from last track or from LOPKZ,

XB(3) - starting coordinates of present trajectory,

WB(3) - trajectory direction cosines,

MARK - flag to indicate type of trajectory,

ETATH - distance to be travelled in cmn if the flight
remains in the same media,

DIST - present distance from XB(3).

Variables changed:

: X, Y, 2Z - endpoints of flight,
% DISTO - distance from XB(3) to next collision site,
ETAUSD - mean free paths travelled on this call to
GOMST,

ETATH - cm travelled on this call to GOMST,

CG version.
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. MARK - flag indicating type of termination of flight,
0 - normal boundary crossing,
' 1 - flight within one medium,
-1 - particle escaped,
-2 - pariicle entered an interior void,
NMED and
NREG - medium and region: of end point,
BLZNT - combinatorial geometry region of end point.
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Subroutine GOMST (TSIG, MARK) ‘
\
E g ‘
START |
§ 5 1 \
] Is this the initial {light ’ Yes
i ( of this trajectory? |
; MARK=1
;
1 No TSP :
Initialize combinatoriall
\ geometry variables.
. , !
‘ [l
Set end point distance]
\\ \
\ Call G1
i i '~ ;
\
l Move particle to
L X Y, 2.
4 |
(
- y
. l Sum'track length in '
__flux estimator.’ ;
i
( | Set ETAUSD, IR, NMED, MARE,

44

NREG, and ETATH.

\
RETURN
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. 2.2.12  Subroutine EUCLID (MRK, X1, Y1, Z1, X2; Y2, 72, P1P2,
' IG, ARG, NT, MEDIUM, IBLZ NRE(:N

\

Subroutine EUCLID is used to determme the number of mean
iree paths between two points. However, if the argument NT is non-

v ~ zero only the mean free ‘paths to the first media boundary will be calcu-
lated. The routine works much like NXTCOL and GOMST. After ini-
t1ahzmg the combmatomal geometry variabies, the particle is tracked
from point one to point two‘ Total cross sections are determined by
calling NSIGTA and distances to next interfaces are calculated by call-~

, ing G1. On e\m initial call to EUCLIR, MRK should be 1. If NT is non-
zero, MRK should be 0 on successive calls for the same trajectory, so
that new trajectory pérameters are not initialized. This will be handled
aﬁtomatically if the calling routine &oes not change MRK.

Called from: \ GETETA, RELCOL
Subroutines called: G1, NSIGTA
Commons required: PAREM, @RGI

\

Variables rquired: )

i
'

MRK

- settol for ;uitial call of a trajectory,
\ ¥1,Y1,Z1 - coordinates of starting point,
X2,Y2,Z2 - coordinates of end point,
| P1P2 - distance between starting and end points,
1G ! - energy group index,
NT - 0 for total mean free paths, # 0 for mean
free paths:between intersection points,
MEDIUM - NMED of point one, !
NREGN - NREG of point one, ‘]
IBLZN - IR of point one,

' CG versior. ]
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Variables changed:

MRK -
X1, Y1, Z1 -
ARG -
NT -
MEDIUM -

1 for a flight reaching the end point,

0 for a flight crossing a medium boundary
(NT # 0 only),

-1 for a flight escaping the system,

-2 for a flight encountering an internal void
(NT # 0 only),

returns boundary intersection point if
NT #0,

negative of number of mean free paths,

if NT # 0 on input. will return as -1 if an
escap2 occurs,

medium number of end point.

Significant internal variables:

ETA -
ETAUSD -

45

distance remaining tc point two in em,
distance travelled on last call of G1.
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Subroutine EUCLID

)

(If MARK > 0 }—— No
1 Yes
E [Initialize combinatori:_l]jg—_c_e'f)metry parameters. |
i :
% (Has ‘otal distance been travelled? }—Yes-— (
r ETA< 0
3 No ;
3 I‘»{o——-——-——(ls the media a void ?)———Yes
; 1 1NMED=1000
E Call NSIGTA to get Total cross section
. towxl cross section. set to zero.
' Call G1.
]
Updaie media, MARK, mean free paths
] travelled and distance remaining.
No {1f NT = 0 —7Yes
3 Set X1, Y1, Z1to ( I trajeciory is completed o]
) boundary iniorsection. or enters external void.
Yes
RETURN :
i
H
i
{
i
3
3
i
i
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2.2.13 Subroutine ENDRUN

This subroutine is called at the end of a run. The weight of
the particles at collision and the track length of the particles has been
summed over all collisions within the region for all particles in the run,
Thus, a normalization by the number of particles in the run is required.
In addition, the volume of the region and the total cross section for each
region and energy group is used to determine the average fluence over
the regions for the collision density estimate. For the track length esti-
mate the same coding is used with the total cross section set to 1. Note

that a region cannot contain more than one medium. Since storage al-

locations are flexibly dimensioned, NEX in the SAMB( input must provide
for MXREG + 2 arrays in Blank Common to be used by ENDRUN. A
check is made and if this condition is not met, no output from ENDRUN

is obtained.

There are many manipulations in ENDRUN with the energy
indexes. These manipulations are required in order to treat the six
majci options in M@ORSE. Appendix A gives an example of the six prob-
lems.

Called from: NRUN

Subroutines called: GTV@L, NSIGTA
Commons required: blank, PDET, USER
Variables required:

NMED (REGI@QN) - must be set in data statement,

GNOR - reciprocal of the volume for each
region,

Many variables in blank common.
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Significant internal variables:

FNT
MXREG
LiM1

EBQTI1
EBOT?
NGP3
NQP1

IFLG

total number of source particles in the run,
the number of geometry regions,

the group number for the last primary
particle group,

lowest primary particle group energy,
lowest secondary particle group energy,
the group number for last secondary group,

the group number for last primary group
(negative if gamma-ray only problem),

flag to indicate which fluence estimate is
currently being output. 0-collision density,
1-track length.
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Subroutine ENDRUN

START,

)
‘ (Collision density ?}—-Yes—-+| Set titles]

No IFLG=0

Set titles.

t
3 [Calculate lowest neutron and gamma-ray energy. |

e A T T

{Calculate group widths, AE.|

4

(Adjoint problem ? }——VYes—{ Set 4E = 1]
IADJ >0
No :

3

T

{Call GTVOL calculates 1/volume of each region. |

©-

(Collision densily }——VYes Call NSIGTA ]
INo IFLG=0 to find total

cross section.]
7

NI

Store fluence estimate in blank common,
sum over energy (primary),

(Adjoint problem ?)—-No—={ Divide estimate|
by AE
Yes |« ]

®
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ey

@ vos [ Arc there more prlmary‘)

I < NMGP \- particle groups?

No

No———{ Are there secondary particles? )

Yes
NMTG £ NMGP

¢
{Call NSIGTA to find total cross section. |

] Store fluence estimate in blank common,
) sim over energy (secondary).

(Ejoint problem? No —| Divide estimale
by AE
Yes
TIADJ >0

@._.__Yes ———{Are there more regions?)

o g

No

10

TR
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¥
g l
3 H
(Adj oint problem ?)——Yes—— 0: Heading
IADJ>0 for table. .
No !
i
i
1 [0: Heading for table.]
i
[ O: Results |} !
i
; !
i [Calculate Eo(E) for each primary group. |
No ———{Are there secondary particles?) :
Yes
NGPQTN*NGPQTG > C
E Ealculate Ewn(E) for each secondary groupJ
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Yes——{ Are there more regions?)

No
NREG > MXREG

IFLG=1 No —c{as track length estimator)

IFLG=0 been processed?
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1I1. MODIFICATIONS FOR UNIVAC-1108

In converting the MPRSE-SAMB@-M@RSEC code fron che
IBM 360 to the UNIVAC-1108, there were a considerable number of
changes that had to be made. These changes were connected mostly
with the local library functions of the IBM-360 and an attempt was made
to not add local UNIVAC-1108 library functions. The only reduction in
the code's capability is in the diagnostic module where the ability to
look at a bit string and decide whether it was a floating point or integer
number, convert it to hollerith and output it, does not exist in this version.
However, the diagnostic module is mostly machine independent and still
has the capability of writing out values from common and parts of blank
common. Subroutines BNKHLP and HELPER are dummy routines. A
diagnostic routine for the combinatorial geometry package has been added.

Routines which are still machine dependent (involving coding
other than word lengths, data statements and equivalences) are DATE
and TIMER. Subroutine DATE calls ERTRAN and uses DECODE. Sub-
routine TIMER c. 11s CPUTIM that assumes that the time is returned in

units of microseconds.

Subroutine READSG is still machine dependent in its need to
read each card twice and subroutine ERROR has been added--its only
function is to call EXIT. Subroutine INPUT now calls INPUT1 and
INPUT2 with this change, permitting a better use of overlay. The
first six variables in NXTRA from common APOLLQ are used.

The layout of blank common i< given in Figs. 12-18 for the
different modules of MPRSE. Definitions of variables in blank common
are given in Table III which defines the indexing scheme., Variables in
the labelled commons are defined in Tables IV - XVI.

Preceding page biank
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A description of the energy indexing scheme in MPRSE -
SAMB@-M@RSEC is given in Appendix A.

3.1 Built-In Fluence Estimators

There are two fluence estimators that are "built-in'' the
UNIVAC 1108 combinatorial geometry version of MORSE. The addition
of the collision density estimator to MPRSE has been discussed pre-

(7

to take advantage of a feature o: the combinatorial geometry. The re-

viously' ’ and the track length per unit volume estimator has been added

sulting fluence is averaged over geometry regions and if no regions are
used only the spectrum averaged over the whole system is availabie.

3.2 Collision Density Fluence Estimator

An estimate of the fluence averaged over a region specified
by the geometry input may be obtained irom the weight that has been
summed over all collisions in the region by

Nyi
0. (B) = n>;1 "n
. 9
vYi NSTRT*NITS*VOLV TV(E )
where
wV(Ei) = fluence in region V at energy E.,
NV‘ = number of particles of energy E scatter-
1 ing in region V,
w = weight of the nth particle of energy E

scattering in region V,
NITS*NSTRT = total number of particles,

VOLV = volume ¥ region V,
Z o E) = tota! cross section for groups E. in region
TV'i v i
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3.3 Track Length per Unit Volume Estimator

Another estimate of the fluence averaged over a region may
be obtained from the track length of the neutron or photon in that region.
The track length calculated by the combinatorial geometry package is
stored in a manner similar to the collision weights. The fluence esti-
mate may be obtained by

Nyi
°vE) = STRNTSVOL;
V©¥i TRT v
where
NVi = number of trajectories of energy Ei in region V,
w, = weight of particle on nth trajectory, and
Ln = track length of nth trajectory in region V at energy

E..
i

Subroutine ENDRUN is called to process the weights and
track lengths to obtain estimates of the fluence. In an adjoint problem,
the importance is calculated. The fluence estimate has units of particles /
eV/cmZ/source and in an adjoint problem the units are importance/cmz/
source. The total fluence is integrated over energy from the primary
and secondary energy groups to obtain an integral value for each region.
The only input required for this routine is a data statement giving the
medium number for each region; there is a limitation of only one medium

-=gion. In addition, one of the several options for inputing or calcu-

latise .he volume of each region must be utilized.

The major disadvantage with using these estimators is that
no estimate of statistics is available. The use of this estimator is in-
expensive, however (output routine is called only once), and is meant

to be used as a supplemental estimator.
57

'
t«wnm o




1 Y TR T o i T R T TR A T LATY L VTR TR T TORINESTY T Cab A (B i MWMWM

1
SOOI ot v e e o - )
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i
—

Starting, Munemaonic V_uriah_l.c- o Length
3 —_Location - Name_
3 _ENER
; ven o
5 Fs 44NMTG |
LOCWIS e BFS o .
3 Current Weight ) R
Standards | 3+MGPREG
_ Path | MGPRrs
[ SPLIT and R.R. | esMGPREG
' Counters {
] Initial Weight | 3+MGPREG
. LOCFWI, Standards f
] Current TWLO | -
itia; 1VLO | 2eMXREG
LOCEPR__ | W10 ! NMTG*MXREG
4 LOCNSC___. . EPRDB } NMTG* MXREG
; Scatlering .
Counters } 104NMTG+MYREG |
LOCTSN_____ .| NSCA | MEDIA
FIST { NMTG+*MEDIA g
[ FSE i NMTG*MEDIA .
NGEOM_ .| GMGN ! NMTG+MEDIA ;
Georaelry Data } See Figs, 13-15 for i
NGLAST delails. ©
Permancnt Cross } See Fig. 16 for delails. ;
NSIGL | Sections '
Ten;porary Particle 14*NMOST see Fig, 17
Cross Bank for details.
NMSEC — el _Scciong | --mmen-
s Fission l T*NMOST IF MFIST?>0
NLAST . Bank f sce Fig, 18 for delails,
User Aren NLEFT sce Fig. 19 for >
details. :
Fig. 12, General layout of blank common.
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\ t
\
H

Starting . ) .
L e WH Siz
R Location l\nforx ation (3]

:

. NGE®M=NADD Length of geometry array 1

| KMA !
. MA .
| Integer array l LTMA
KFrD | !
FPD \
Floating point array LFPD 1 \‘

KLCR - !
LOCREG '
Indices {o correlate MA array
data wi'n code zone data | ' \
KNBD - :
NUMBED ’
Number of bodies for each
\ - code zone :
' KIOR

IRGR
Indices to correlate input zone

i
to code zqne L NUMR

KRIZ T \

MRIZ 5 |

\ Indices to correlate MPRSE

. region to input zone IRTRV

KRC? . \

MRCZ !

Indices to correlate MRSE
region lo code Zone

NUMR

KMIZ
NMIZ , ‘
; ' Indices to correlate MPRSE !
media to input zonc ! IRTRV

KMCZ

I NMCZ _
Indlges to correlate MPORSE NUMR ‘-;

media to code zone ‘

KKR1 :
Keil i
Indices to correlate first code

zone {0 "nput zones IRTRV

KKR2
\ KR2

) Indices to correlate last code
\ " zone to inpul zone \ TRTRV \
KNSR - | '
’ NSPR .
Indy.cs of code zones in which
source particles have bcen found

NUMR

KVOL
VNOR

\Volume of cach MORSFE region NIR ,

NGLAST | \

|
Fig. 13. Layout of combinatorial geometry data in bla<k common.
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Location Information Size
IRSG = NLAST List of Mixing Table 3*NMIX
- = NGLAST+1
INGS :
Index to ng, (Primary) NGP
INSG Index to Egg (Secondary) NGG
IDEL
List of Element I.D. Numbers NELEM«NCOEF
é INNN if IXTAPE >0 ;
Number of Downscatters for each NGP :
primary group
1GGG Number of Downscatters for each NGG
ISTART secondary group
z T NTG .
ISCCHG = i
s NTG t
INing /% NTG !
IGAB .
r /z T NGP
IFPPRG X :
‘ INUS VIt y NTG :
PN NTG :
INGN .
EN/ZT not used at present NGG
INGNP .
z, not used at present NGG*NGP ;
IFNGP —2=N :
Za. NGP*NGG i
IFSPYG N-y s
) N, NDSNGP !
IDSG@G il .
Y NDSNGG
"
IPRBNG il
PN, NDSNGP» NSCT
IPRBGG E7¢
pg,“ ¢ NDSNGG*NSCT
ISCANG N
A o g NDSNGP+NSCT
: ISCAGG >
3 Ag g NDSNGG*NSCT
] ISPORG + ISTART -
) If ISTAT >0 ISPORT Repeal Tor nex{ medium ISPORG
' ¥, Coefficient Primary NDSNGP
P, Coefficient Secondary NDSNGG
Repeat for Py, Coefficient INFPOG+(NCOEF-2)
glb;IACST or NNIC Repeat for next medium INFPOGHNCOEF-1)
Index to point cross sections for (IGQPT+1)*NMED if
each multigroup boundary IP6RT>0; otherwise
zero
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ERLE A O s £ s e

] % oAt e o o N
¥
;%
. Location Information Size
NXSECT(1) Point cross total
. sections for
Medium 1 scattering NPT (1)*(NEGPS-1)*
NXPM
v {
NXSECT(J) i’oint Cross total
sections for
Medium J scattering NPT (J)* (NEGPS-1)*
NXPM
vEf
NLAST

Fig. 16. Layout of permanent cross sections in blank common.
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Location Variable

~;N® = NSIGL IG

Variables are from
NUTRON common,
see Table VI ior
definitions.

e oo oo

BLZNT
NAME
NAMEX
NMED '
NREG
NNOQ + 14
Repeat for Particle 2

! NNO + 14*NM@ST = NLAST
= NFISBN IF MFISTP >0

Fig. 17. Layout of particle bank in blank common.
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Location Variable

{ NFISBN X
| Y
Z
WATEF
AGE
IG
NAMEX
NFISBN + 7
Repeat for particle 2 |

NFISBN + T*NM@ST = NLAST

Fig. 18. Layouut of fission bank in blank common.
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|
- ; Mnemonic
:- Location Labels Variable Name Length
! NLAST* + 1 ——
E’ LOCRSP LABELS 20*NRESP
RESP NRESP*NMTG
: LOCXD EXTR NEX*NMTG
; XD
s YD
fiﬁn 6*ND
TO
FACT
LOCIB EXTR NEXND*ND
IB
EP 3*NE
LOCCE N DELE
LOCT | Ces NA
T 2*¥ND*NT
t LOCUD DELT
UD
SUD 3*ND*NRESP
LOCSD . SUD2
SD
SsD 3*ND*NRESP
_Sssp2_ _ _ _ _ |
LOCQE SUD & SSD Units 20

*NO'I‘E: NLAST must not be changed after SCORIN is called.
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Mnemonic

Location Labels Variable Name

Length

QE
SQE 3*NE*ND
SQE2

LOCQT SQE Units 20

QT
SQT 3*NT*ND*NRESP
SQT2

—— e s — e e S wm— em

LOCQTE SQT Units 20

QTE
SQTE 3*NT*NE*ND
SQTE2

LOCQAE R SQTE Units 20

T TR T ST

QAE
SQAE 3*NA*NE*ND
) SQAE2

LMAX SQAE Units 20

b T

Fig. 19. Layout of user area {analysis) in blank common.
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91 + IDXVW(I-DIUN) + DITIOWAIT + SLMOGT = I
OI + dDXVIN(I-DFYUN) + DTUIDN0T + SLMOGT = I

OI * dOXVINX(T-DFUN) + DTIIDN6 + SLMOGT = I

OI + dOXVIN(I-DHUN) + DTYIDN+8 + SLMOGT = I

OI + dOXVINA(I-DFYUN) + DIUIDOWL + SLMOGT = I

OI + IOXVINX(I-DTUN) + DTUIDN9 + SLMOGT = I

OI + dOXVIN+(I-DHUN) + DTUIDNE + SLMIGT = I

OI + dDOXVIN«(I-DHYN) + DHYIDN+F + SLMOGT =1 ¢ (DON

(DTAN ‘DI)NSEAM
(OFUN ‘DNSYH
(DHYUN ‘O THIM
(DFUN ‘OI)'T3Y
(DFAN ‘D1 SENM
(DTUN ‘DIdSGN
(DHFYUN ‘DI TISM
(DFYN ‘DI)TdSN

OI + dOXVINX(T-DHYUN) + DIUIDOWE + SLMOPT =1

(DTN ‘DIYHILVA
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DI + OLNN*(I~DHUN) + DIUXNADLINAG + OSNO@T =1 - (1)0o9d
DI + DLNN(I-DFTUN) + DEFYXNLDLINNF + OSNOGT =1 ¢ ()ON

Z14M
ZIAN
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TABLE V.

Definition of Variables in APOLL® Common

UINP, VINP, WINP
WTSTRT

XSTRT, YSTRT,
ZSTRT

TCUT

i XTRA(10)
; 10, 11
MEDIA
TADJM
ISBIAS

ISOUR

ITERS
ITIME
ITSTR

Variable Definition
AGSTRT Input starting age of source particle.
DDF Starting particle weight as determined in SORIN.
i DEADWT(5) The summed weights of the particles at de«th. The
1 four deaths are: Russian roulette, escape, energy,
and age limit. DEADWT(5) is unused.
‘ CTA Mear ~free-path between collisions.
ET:TH Distance in cm to the next collision if the particle
does not encounter a change in total cross section.
ETAUSD Flight path in m. f. p. that has been used since the

last event.
Input direction cosines for source particle.

Input starting weight.

Input starting coordinates for source particle.

Age limit at which particles are retired.

Not used.

Output and input logical units,

Number of media for which there are cross sections,
Switch indicaiing an adjoint problem if >0.

Switch indicating that source energy distribution is
to be biased if > 0.

Input source energy group if >0; otherwise, SORIN
is called to read input spectrum.

Number of batches still to be processed in the run.
Not used.

Switch indicating that secondary fissions are to be
the source for the next batch if > 0.
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TABLE V. (Cont'd.)

Variable Definition

LOCWTS Starting location in blank common of the weight standards
and other arrays MGPREG long.

LOCFWL Starting location in blank common of the fission weights,

LOCEPR Starting location in blank common of the energy-biasing
parameters.

LOCNSC Starting location in blank common of the scattering
counters.

LOCFSN Starting location in blank coramon of the fission and
gamma-generation probabilities for ea.h medium and
group.,

MAXGP Maximum number of energy groups for which there are
weight standards or path-length stretching parameters.

MA.. .M The elapsed clock time at which the problem is termin-
ated.

MEDALB Medium number for the albedo medium.

MGPREG Product of number of weight standard groups (MAXGP)
and regions (MXREG).

MXREG Maximum number of regions in the system.

NALB An index indicating that an albedo scattering has occurred
if >0.

NDEAD(5) Numlber of deaths of each type (see DEADWT).

NEWNM Name of the last particle in the bank.

NGEOM Location of first cell of geometry data storage in blank
commg

NGPQTI* The lowest energy :,roup (largest group number) for
which primary particles are to be followed.

*
NGPQT2 The number of primary particle groups.
NGPQTB* The lowest energy group (largest group number) for

which any particle is to be followed.

See Appendix A for diagram of energy group structure.
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TABLE V. (Cont'd.)

Variable Definition

NGPQTG Number of energy groups of secondary particles to be
followed.

*

NGPQTN Number of energy groups of primary particles to be
followed.

NITS Number of batches per run.

NKCALC The first batch to be used for a k calculation. If 0, k
is rot calculated.

NKILL An index to indicate that Russian roulette is to be
played if > 0.

NLAST The last cell in blank common that was used by the
cross-section storage or is set aside for banking.

NMEM The location of the next particle in the bank to be pro-
cessed.

*

NMGP The number of primary particle groups for which there
are cross sections.

NM@ST The maximum number of particles that the bank can hold.

*

NMTG The total number of energy groups (both primary and
secondary, for which there are cross sections.

NOLEAK An index which indicates that nonleakage path-length
selection is to be used if > 0.

NORMF An index to indicate that the fission parameters are to
be renormalized if >0.

NPAST An index to indicate that the exponential transform is
to be used if > 0.

NPSCL(13) An array of counters of events for each batch:

1. sources generated

2. splittings occurring
3. fissions occurring
4,

gamma rays generated

FF YTV

See Appendix A for diagram of energy group structure.
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TABLE V. (Cont'd.)

Variable

Definition

R

NQUIT
NSIGL
NSPOUR

NSPLT

TSR e T MR E R TS TR TN

NXTRA(1-5)
NXTRA(S)

NXTRA(7-10)

real collisions
albedo scatterings
boundary crossings
escapes

S e R

energy cutoffs

10. time cutoffs

11. Russian roulette kills

12. Russian roulette survivors

13. gamma rays not generated because bank was full.
Number of runs siill to be processed.

Starting location of the bank in blank common.

An index input to indicate that fissions are to be the
source for future batches.

An index to indicate that splitting is to be considered
if >0.

Used to separate INPUT1 ana INPUT2.

NGPREG calculated in MPRSE and used in GOMST as
an index for track length estimation.

Not used.
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TABLE VI.

Definition of Variables in NUTR@N Common

Variable Definition

NAME Particle's first name.

NAMEX Particle's family name. (Note that particles do not
marry.)

15 Current energy group index.

IGO Previous energy group index.

NMED Medium number at current location.

MED@LD Medium number at previous location.

NREG Region number at current location.

u, VvV, W Cuarrent direction cosines.

UOLD, VOLD,

WOLD Previous direction cosines.

X, Y 2 Current location.

WATE Current weight.

OLDWT Weight at previous collision.

WTBC Weight just before curreni collision.

BLZNT Current block and zone number (packed) for @5R geo-
metry, and current zone number IR for combinatoria.
geometry.

BLZ®ON Previous block and zone number (packed) for @5R geo-
metry, and previous zone number IR for combinatorial
geometry.

AGE Current age.

OLDAGE Previous age.
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Definitions of Variables in USER Common

%

TABLE VII.

Variable Definition

AGSTRT Initial chronological age to be assigned to source
particles.

WTSTRT Initial weight to be assigned to source particles.

XSTRT Initial x position to be assigned to source particles.

YSTRT Initial y position to be assigned to source particles.

IZSTRT Initial z position to be assigned to source particles.

DFF Normalization for adjoint problems.

EBOTN Lower energy boundary (eV) of last neutron group
(group NMGP).

EBQTG Lower energy boundary (eV) of lact gamma-ray group
(group NMTGQG).

TCUT Chronological age limit.

I0 Logical unit for output.

I1 Logical unit for input.

IADJM Adjoint switch (>0 for adjoint problem).

gggggl Problem-dependent energy group limits (see Appendix

NGPQT3 A).

NGPCTG Group number of lowest energy gamma-ray group to k2
treated.

NGPQTN Group number of lowest energy neutron group to be
treated.

NITS Number of batches to be run,

NLAST Last cell in blank common used by random walk package.

NLEFT Number of cells in blank common available to user.

NMGP Number of primary particle energy groups.

NMTG Total number of energy groups.

NSTRT Number of source particles for each batch.
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TABLE VIIL

Definitions of Variables in Common GOML@C

Variable

Definition

KMA
KFPD

KLCR

KNBD

KIOR

KRIZ

KRCZ

KMIZ

KMCZ

KKR1
KKR2

KNSR

Starting location for the array MA containing integer
data for each code zone.

Starting location for the array FPD containing real data
for each code zone.

Starting locaticn for the array LOCREG(I) wh1ch contains
the starting location in the MA array for the I th code
zone data.

Starting location for the array NUMB@D(I) which con-
tains the number of bodies for the Ith code zone.

Starting location for the array IROR(I) which contains
the index of the corresponding input zone for the Ith
code zone.

Starting location for the array MIRZ(I) which contains
the index of the MPRSE region corresponding to the th
geometry input zone.

Starting location for the array MRCZ(I) which contains
the index of the MPRSE region corresponding to the Ith
geometry code zone.

Starting location for the array MMIZ(I) which contains
the index of the MPRSE media corresponding to the Ith
geometry input zone.

Starting location for the array MMCZ(I) which contains
the index of the MORSE media corresponding to the Ith
code zone.

Starting localion for the array KR1(L) contains the first
code zone which was made from the Lth input zone.

Starting location for the array KR2(L) contains the last
code zone which was made from the Lth input zone.

Starting location for array NS@PR which contains the code
zones in which source particles have been found.
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TABLE VIII. (Cont'd.)

Variable Definition

KVOL Starting location for the array VNOR(I) which contains
the volume for MPRSE region (I).

NADD Starting location for the geometry data length and
changed in JOMIN to the total number of words re-
quired for geometry data.

LDATA Length of the integnr data in the MA array excluding
the words set aside for zone search information.

LTMA Total length of the MA array.

LFPD Length of the FPD array

NUMR Number of code produced zones,

IRTRU Number of input zones.

NUMB Number of bodies.

NIR Number of MPRSE geometry regions.
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TABLE IX.

Definitions of Variables in Common LOACSIG

Variable Definition

ISTART Starting location for the total cross-section vector for
the first medium,

ISCCOG Starting location 1. . the scattering cross-section vercor
for the first medium.

INABOG Starting location for the non-absorption vector for the
first medium.

IGABOG Starting location for the gamma-ray production vector
for the first medium.

IFPORG Starting location for vZ¢, the fission neutron production
vector for the first medium.

IFNGP Starting location for the primary-secondary transfer
probability matrix,

IFSPOG Starting location of the primary downscatter probability
matrix.

IDSGOG Starting location of the secondary downscatter prob-
ability matrix.

IPRBNG Starting location of the primary scattering angle prob-
ability maftrix.

IPRBGG Starting location of the secondary scattering angle prob-
ability matrix.

ISCANG Starting location of the primary scattering angle matrix.

ISCAGG Starting location of the secondary scattering angle
matrix.

ISPORG Size of storage needed for each medium, not including
Legendre coefficients.
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TABLE IX. (Cont'd.)

Vacriable Definition
*
ISPORT Starting location for temporary storage of downscatter
matrix.
INPBUF Starting location for temporary storage of the P0 table.
ISIGOG Starting location for temporary storage of total cross
section for element 1.
*
INFPOG Starting location for temporary storage of vZ¢ for
element 1.
IABSOG Starting location for temporary storage of downscatter
matrix for P; coefficients (primary groups, element 1),
*
ITOTSG Totai storage required for temporary storage.
NGP The number of primary groups to be treated.
NDS Number of downscatters for NGP (usually equal to NCP).
NGG Number of secondary groups to be treated.
NDSG Namber of downscatters for NGG (usually equal to NGG).
INGP Number of groups for which cross sections are to be
inp .,
INDS Nunsber of downscatters for the INGP groups.
NMED Number of media for which cross sections are to be
stored--should be same as MRDIA as read on Card B
of MPRSE input,
NELEM Number of elements for which cross sections are to be

read.

If Legendre coefficients are to be restored, then:

INFPOG
ITOTSG

ISPORT

Redefined by JNPUT as number of locations required
for sach coefficient (both primary and secondary).

Redefined by JNPUT as total sterige required for all
coefficients for each medium.

Redefined by JNPUT as starting locatioa of Py co-
efficient for primary groups for medium 1.
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TABLE IX. (Cont'd.)

Variable Definition

NMIX Number of elements times density operations to be per-
formed.

NCOEF Number of coefficients, including Py .

. , e

NSCT Number of discrete angles (usually I\C(DEF/ZIntegral).

NTS Number of downscatters for combinea primary and
secondary groups (usually egqual to NTG).

NTG Total number of groups (primary + secondary) = NGP
+ NGG.

NDSNGP The number of locations needed for tue downscatter
matrix for the primary particles.

NDSNGG The number of locz*ions needed ior the downscatter
matrix for the seconc ry particles.

IADJ Same as JADJM.

NME Indicator for stripping gamma rays irom a coupled
neutron gamma-ray cross-sectior net--set equal to
number of neutrons groups + 1.

LOC Same aus LOCEPR.

INGS Starting location of the indices fi =~ starting location of
the downscatter vector for each group for nrimary
particles.

INSG Starting locat’- of the indices for starting location of
the downscatte. vector for each group for secondary
particies.

I1, 10 Input and output logical unit numbers.

KKK A running index of the number of cross sections that
have already been read in (used in checking the element
numbers obtained from tape).

IXTAPE Logical tape number of the multigroup cress-section
tape if >0, or logical tape number of the processed
cross-section tape if <0,

IDEL Starting location for element identifiers which determine
the element cross sections to be read from tape.
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TABLE IX, (Cont'd.)

Variable Definition

ITEML Apiount of storage for primary and secondary group
downscatters per element.

ITEMG Starting location for temporary storage of downscatter
matrix for Py, coefficients (secondary groups) for
element 1.

IRSG Stalting location of the mixing parameters.

IRDSG Switch to print the cross sections and to test the card
sequence as they are read if >0 (test card sequence
only if = ¢, and does neither if <0).

ISTR Switch to print cross sections as they are stored if
>0.

IPRIN Switch to print angles and probabilities if >0.

IFMU Switeh to print intermediate results of p's calculation
if >0.

IMPM Switch to print moments of angular distribution if > 0.

IDTF Switch to signal that input format is DTF-IV format if
>0; otherwise, ANISN format is assumed.

ISTAT Flag to restore Legendre coefficients for next-flight
estimates if >0,

IPUN Switch to print results of bad Legendre coefficients if
>0.

NUS Number of groups of upscatter.

NGN Not use 1 presently.

IHT Location of T ¢ in the cross-section table, currently
set tc 3 in XSEC.

INUS Starting location for the upscattering vector for the
first medium.

INUSN Number of impossible first moments found in the cross
sections.

INGN Starting location for the photoneutron production vector

for the first medium (not used at present--same as
INUS).
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TABLE IX. (Cont'd.)

E Variable

Defiuition

INGNP

INNN

IGGG

. < g TR T T

Starting location for the secondary-priimary transfer

probability matrix (not used at present--same as INUS).

Starting location for the array of the number of down-
scatter groups for each primary group.

Starting location for the array of the number of down-
scatter groups for each secondary group.
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TABLE X.

Definitions of Variables in Common GTSC1

Variable Definition

NPT(16) Number of points per supergroup for each medium.
(Only 16 media are allowed.) Redefined at end of
GTSCT as the total storage required for each cross
section for each medium.

NXSECT(17) Starting location of point cross sections for each
medium,

NDSGP Total storage required per supergroup for all media.

I1, 10 Input and ouiput logical unit numbers.

IO6RT Logical tape number of @6R point cross-section tape.

IGQPT Last M@PRSE multigroup for which point cross sections
will be used (< NMGEF".

NEGPS Number of supergroup boundaries.

ESPD(100) Energy boundaries (in eV) of the supergroups (only 100
supergroups are allowed).

NNIC Starting location of the point cross sections.

NXPM Number of cross sections per medium
=1 if total only
= 2 if total + scattering
= 3 if total, scattering, and v*fission.

NINC Index for locating point cross sections. Used as flag in

FISGEN to determine if transport process has begun.
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TABLE XI.

Definitions of Variables in Common PDET

Variable Definition

ND Number of detectors (= 1).

NNE Number of neutron energy bins.

NE Total number of energy bins.

NT Number of time bins.

NA Number of angle bins.

NRESP Number of energy response functions (= 1).
NEX Number of extra arrays of length NMTG to be set aside.
NEXND Number of extra arrays of length ND to be set aside.
NEND NE*ND.

NDNR ND*NRESP.

NTNR NT*NRESP.

NTNE NT*NE.

NANE NA*NE.

NTNDNR NT*ND*NRESP.

NTNEND NT*NE*ND.

NANEND NA*NE*ND.

LOCRSP Location of cell zero of response functions.
LOCXD Location of cell zero of detector positions.
LACIB Location of cell zero of energy bins.
LOCCO Location of cell zero of angle (cosine) bins.
LOCT Location of cell zero of time bins.

LOCUD Location of cell zero of array UD.

LOCSD Location of cell zero of array SD.

LOCQE Location of cell zero of array QE.

LOCQT Location of cell zero of array QT.
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: . TABLE XI. (Cont'd.)
Variable Definition
§ .
g LOCQTE Location of cell zero of array QTE.
LACQAE Location of cell zero of array QAE.
LMAX Last cell used in blank common.
EFIRST Upper energy limit of first energy bin.
EGTOP Upper energy limit of first gamma-ray bin.
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TABLE XII.

& Definitions of Variables in Common FISBNK

Variable Definition
; MFISTP Index to indicate that fissions are to be treated if >0.
' NFISBM Location in blank common of cell zero of the fission
bank.
NFISH Number of fissions produced in the previous batch
(generation).
FTOTL Total fission weight from all collisions in this batch
(generation).
FWATE Total weight of fission neutrons stored in bank in this

batch (generation).
WATEF Weight of fission neutron stored in bank.
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TABLE XIII.

Usfinitions of Variables in Common GE@MC
as found in @5R Geometry

Variable Definition

X2, Y2, 22 Coordinates at tentative end-of-flight or if the trajectory
is in an internal void; X2, Y2, Z2 are the direction
cosines of the trajectory.

X1, Y1, Zi Starting coordinates for the particle.

ETA Number of mean free paths to be traversed if flight goes
to X2, Y2, Z2.
¢ ETAUSD Number of mean free paths actually traversed after the
s call to GEQM.
i IBLZ An index to the medium number for the special geometry

packages. For GENERAL GEQM, IBLZ is a packed
work giving the block and zone of the end of flight.

IBZN A dummy variable,

MARK A flag set by GE@M indicating the results of the trajec-
. tory calculation

=1 for completed flight

0 for boundary crossing

-1 for escape

-2 for entering an internal void.

N on

NMED Medium number at end of flight or of medium about to
be entered at a boundary crossing.
3 NREG Region number at end of {light; not set at boundary
crossings.
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TABLE XIV.

Definitions of Variables in Common PAREM
as found in Combinatorial Geometry

Variable Definition

XB(3) Coordinates of the starting point of the preseut path.

WB(3) Direction cosines of particle trajectory. Equal to U,
V, and W,

IR Combinatorial zone of present particle position.

WP(3) Temporary storage of WB(3).

XP(3) Temporary storage of XB(3).

IDBG Set non-zero to initialize a debug printout.

IRPRIM Next region to be zatered after a call of G1,

NASC Body number of last calculated intersection. Set negative
to indicate source or collision point not on a body sur-
face.

LSURF Surface of body NASC where intersection occurred.
Positive if particle is entering the body and negative
when exiting.

NBO Body number and a sign used to define zones. Input in
zone description as positive when zone is contained in
body and as negative if zone is outside body.

LRI Entry surface calculated in GG.

LRO Exit surface calculated in GG.

RIN Distance to entsy calculated in GG.

ROUT Distance to exit calculated in GG.

KLOOP Trajectory index of present path incremented in Gl1,

LOOP Index of last trajectory calculated for body NBO. If
LOOP is equal to KLOPP, GG returns immediately with
old values of RIN, ROUT, LRI, and LRQ.

ITYPE Body type of body NB@ (indicates BOX, SPH, etc.).
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i TABLE XIV. (Cont'd.)

Variable Definition

: PINF Machine infinity.
NOA Not used.
DISY’ Distar.ce from XB(3) to present point.
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TABLE XV.

*
Definitions of Variables in Common @GRGI

; Variable

Definition

NMEDG

Set 1 in G1 if trajectery end point is reached before
next intersection. Otherwise set to 0.

Distance from point XB(3) to next scattering point.
Used in G1 to avoid calculating the next zone if a
scattering event occurs before the intersection.

Zone number IR from a LOPYKZ call. Stored in BLZNT
by MSQUR.

96

Note: Variabl names are not the same in all routines.




F-_ A SR p e TE TRTOOTAAATY TEAS ARTE MRSV ST TR

I AT R VNI R G VT AT T T O T A T

e Tia i et e L H R St e 4 A Al A L L

 Jbaes

TABLE XVI.

Definitions of Random Walk Variables in Blank Common

Mnemonic
Variable
Name

Definition

ENER(IG)
VEL(IG)

FS(IG)

BFS(IG)

WTHI(IG,
NREG)

WTLO(G,
NREG)

WTAV(G,
NREG)

PATH(IG,
NREG)

NSPL(IG,
NREG)

WSPL(IG,
NREG)

N@SP(IG,
NREG)

WNOS(IG,
NREGQG)

RRKL(IG,
NREG)

Upper energy boundary of group IG (in eV).

Velocity corresponding to the mean energy for neutron
groups and the speed of light for gamma-ray groups
(in cm/sec).

Unbiased source spectrum--unnormalized fraction of
source particles in each energy group--transformed to
c.d.f. by SORIN,

Biased source spectrum--relative importance of each
energy group--transformed to biased c. d. f. by SORIN.

Weight above which splitting is performed (vs. group
and region).

Weight below which Russian roulette is performed (vs.
group and region).

Weight tc be assigned Russian roulette survivors (vs.
group and region),

Exponential transform parameters (vs. group and region).

Splitting counter (vs. group and region).

Weight equivalent to NSPL.

Counter for full bank when splitting was requested (vs.
group and region).

Weight equivalent to NQSP.

Russian roulette death counter (vs. group and region).
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TABLE XVI. (Cont'd.)
Mnemonic
Variable Definition
Name
WRKL(IG,
NREG) Weight equivalent to RRKL.
RRSU(IG, Russian roulette survival counter (vs. group and
( NREGQG) region).
' WRSU(IG,
NREG) Weight equivalent to RRSU.
INIWHI (IG,
] NREG) Initial values of WTHI array.
; INIWLO(IG,
] NREG) Initial values of WTL{) array.
] INIWAV(IG,
NREG) Initial values of WTAV array.
FWLO(NREG) Weights to be assigned to fission daughters (vs.
region).
INIFLO(NREG) Initial values of FWLQ.
GWLO(G, Weights to be assigned to secondary particles (vs.
NREQG) group and region).
EPRB(IG, Relative importance of energy groups after scatter-
NREG) ing (vs. group and region).
NSCT(IG,
3 NREG) Number of real scatterings (vs. group and region).
1 WSCT(IG,
NREG) Weight equivalent to NSCT.
NALB(IG, Number of albedo scatterings (vs. group and
{ NREG) region).
3 WALB(IG,
; NREG) Weight equivalent to NALB.
NFIZ(IG,
. NREG) Number of fissions (vs. group and region).
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TABLE XVI. (Contld.)

3
¥

v
I

Mnemonic y \
-Variable Definition

Name
WFIZ(IG,

NREG) Weight eguivalent to NFIZ.

NGAM(G, \ “

NKEG) Number of secondary productions (vs. group and region).
WGAM(IG, ‘

NREG) |, Weight equivalent to NGAM. !
NSCA(IMED) Scattering counter (vs. cross-section medium). \
FISH(IG, Probability of generating fission neutron (vs. group

IMED) and medium).

FSE(IG, Source spectrum for fispion-induced neutrons for each

IMED) group--input as frequency of group IG. ‘\‘
GMGN(IG, Probability of generating secondary particle (vs. group

IMED) _ and medium).

Al
'
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Iv. THE PICTURE PROGRAM

\
|

This program is used to obtain printer plots of twn -dimensional
slices through the three-dimensional geometry described by the combi-
natorial geometry (CG) package. The @5R geometry w'/ersion(m\) has

been modified for use with CG and some minor changes to the program
have been made. It is now possible to obtain a picture the full width of

a ccruputer page and the logic for deterrx;ining the medium and/or region
number has been changed so that a test of the geometry ray tracing cap-
ability is also made. That is, instead of just testing the routine LOYKZ,
this modification forces the geometry package to execute the routines

and logic used during the random walk process. This program has been
very useful in debugging geometry input. It is suggested that any com-
plex geometry be tried in this program before using it in the MORSE
code. A sample problem is provided. Besides the geometry package,

a main program, PICTURE, and"two routines, MESH and PRINT, are re-
quired., A discussion of these routines is included and a definition of

the variables in common, PICT, is given §n Table XVII.

Preceding page blank
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4,1 Program PICTURE

discussions of the input.

g ey

1 INT
] iPT
NADD(1)

NCK

102

3 PICTURE is the executive routine for the PICTURE program
i and reads in the input, calculates the coordinates of the picture to be
plotted and controls the calls to other routines. There are several dif-
ferent ways in which a two-dimensional slice through the geometry may
] be obtained. These different options arz discussed in Appendix B with

The characters to be printed for corresponding

media or regions may be changed by altering the valves in ATABLE as
given in the data statement.

Subroutines called: JOMIN, PRINT

Commons required: PICT

Variables required: Several input cards are read.
Variables changed: All variables in coramon PICT.
Significant internal variables:

input logical unit,
output logical unit,

first location in blank common for storage
of geometry Jata,

flag to indicate which set of input options
was used to define the two~dimensional
slice,
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. Program PICTURE

{ Set input/output devices to 5 and 6. ]

T T

[1/0: Symbol option. ]

| Read symbol table if required |

f [Call JOMIN to input geometry data.]

<¢5)~ -
[1/0: Options, number of pictures for this
geometry, media or region title.

1/@: picture coordinates upper left and
lower right covner.

[[/@: _direction numbers for U and v axes.]

II/Q): interval number and size.l

1,
3

Were both upper left and lower .
right coordinates given? / Yes—Calculate

DELU given
3 No NU or NV
1 1CK=1 given DELU

repeat for Vv

{Use input DELU or DELV values and NU, NV

C. )} PRINT

@— INCT>0—Ts There anolior geometry input ?)

@._~__.._
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4,2 Subroutine PRINT (KXX, KYY, ATABLE)

This routine controls the printing of the picture. First it is
determined if the picture is to be more than one ""page' (130 columns)
wide and then for each iine of the picture on the first page the infor-
maticn to be printed is determined by calling MESH and printed with a
130A1 format. The next lines are then calculated and printed until that
"page' is finished. Note that a page refers to width not length. Thus,
as much detail may be obtained as necessary in both directions by piec-
ing together the output.

Called from: PICTURE
Subroutine called: MESH
Commons required: PICT
Variables required:
KXX - number of intervals in the U direction

(direction of paper movement through
the printer),

KYY - number of intervals in the V direction !
(line),

ATABLE -  table of characters to be printed.

Significant interval variable:

NPAGES - number of subpictures required to cover
the width of the total picture,
10T - output logical unit,
NV - number of characters per line (characters/ )

page width).
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, Subroutine PRINT

s

| Initialize interval parameters.]

{Set output device to 6.}

{Calculate number of pages. ]

, [Set coordinates for one line.]

Call MESH to store media or region number
d . in NSTOR for one line.

Change media or region numbers
to output symbol.

Output one line of picture.

— Yes ————{Is there another line ?)

MM<KXX
No
Yes {Is there another page?)
N<NPAGES No
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4,3 Subroutine MESH (XS, YS, ZS, NV)

Subroutine MESH is used by the PICTURE package to set up
one line of print in the array NSTOR. Both for efficiency and to debug
the combinatorial geometry package, this version has been modified to
work exactly like particle tracking. LOOKZ is first called to deter-
mine the zone of the first grid point. A trajectory to the last grid point
:_ is then initialized, and successive calis to G1 "track' a particle to the
last point, setting the region of each grid point in NST@PR. By setting
IRG negative, ".=vo, or positive, either NREG, IR, or NMED will be
stored in the print array NSTOR.

T

Called from: PRINT

Subroutines called: LOPKZ, Gl

Commons required: PICT, GOMLOC, PAREM, ORGI, blank.
Variables required:

XS, YS, ZS - coordinates of first grid point,
NV - number of grid points,
: DELV - distance between grid points,

IRG - flag to print NREG, IR, or NMED if IRG
is negative, zero, or positive. .

Variables changed: NSTOR - print array.
Significant internal variables:

J -  grid point index,

ISTOR - value to be stored in NSTOR between
successive boundary crossings.

e, mb Y

L e ——




T s s R TR ERT R e T Bl i bt St e A 2R

Subroutine MESH

START

[Cal LHNKZ to determine IR of first region.]

[ Store NRE_Q‘_.]R, or NMED in NSTOR (1) depending on IRG.]

Initialize combinalorial geometry trajectory from
the first to the last grid point.

[Set next grid point to 2.}

t { Call GI. ]
!

[Set ISTOR to NREG, IR, or NMED depending on JRG]

From DIST, determine last grid point before
boundary crossing or trajectory completijon.

Yes I last grid point less than the next grid point?
(Distance is less than grid resolution. )

No

Loop from next {o last grid points.

[Store ISTPR in NSTPR array. |

,Set next point to last point +1. |

IR = IRPRIM]

(Ts trajeciory complete? } No
Yes
RETUR
P
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TABLE XVIIL

*
Definition of Variables in Common PICT

Variable

Definition

DELU
DELV
X0, Y0, 20
XU, YU, ZU
XV, YV, ZV
NST@R(130)

IRG

The increment in geometry units between lines in the
picture in the U direction.

The increment in geometry units between lines in the
picture in the V direction.

The coordinates in geometry units defining the first
point (upper left hand corner) of the picture.

The length (in direction U) of the picture in geometry
units.

The width (in direction V) of the picture in geometry
units.

An array used to store the medium, region, or zone
number for one line of the picture.

A flag indicating that region, zone, or medium geo-
metry parameter should be printed if IRG is negative,
zero, or positive, respectively.

Used in the PICTURE program.

108

———

:
J
5
et i e b e




T

v o b kL

V. M@RSE SAMPLE PROBLEMS

5.1 Sample Problem Number 1

(7)

which calculates neutrons and secondary gamma rays in infinite homo-

This sample problem is similar to that used previously

geneous air. The source is a 12, 2- to 15-MeV neutron source. Two
types of estimators are used in the analysis of the particle histories.
First, a boundary-crossing estimatcor is used for five spherical shells.
(This part of the problem is similar to the MORSE sample problem.)
Second, a collision density estimator is used in RELC@L for nine de-
tector regions {detectors 6-14). By choosing the spherical shells as
the midpoints of the regions, an internal check is provided. Also, by
choosing the geometry regions to correspond to the collision density
detectors, the resuits from SAMB( can be compared with results from
ENDRUN. With the inclusion of the combinatorial geometry package,
an additional estimator based on track length/unit volume has been
added with results also output in ENDRUN. Both the collision density
and track length per unit volume estimators are obtained for the geo-

metry regions without s_ecific coding.

Since the collision density estitnator in RELC@L scores
417Riz(p there will be some differences between these estimates and
those from the collision ..ensity estimator output in ENDRUN which
scores 4m(R) 2 ¢©. (The symbols ¢’ denote an average over a spatial

region. )

Table XVIII illustrates the comparison for one of several
sets of answers as calculated by the various estimators. Descriptions
of the user routines INSCOR, RELCOL, and BDRYX required for the

sample problem are given.
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TABLE XVIII,

Comparison of Results of Sample Problem 1

Result
. Response #1 Group 1
Detector No. Type and Location 47R4 fluence fluence/eV
of Detector
top group
3 Boundary crossing 8.19(-2) 2.92(-8)*A |
at 450 meters. = 8,19(-2)
9 Collision density for 7, 59(-2) 2. 71(-8)*A
volume between 400 - = 7,59(-2)
500 meters.
Region 4 Volume between Real 1.11(-18)*A*B
400-500 meters Collision = 7, 76(-2)
(ENDRUN results). Region 4
Top Group
Volume between Track 1. 18(-18)*A*B
400-500 meters Length = 8.36(-2)
(ENDRUN results). Region 4 )
Top Group

—

A = width of the top group 2. 8(+6) eV.
B =4an{R"2 for 4 region = 2. 5(:10).
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5.1, 1 Subroutine INSCOR - Sample Problem Number 1

This user routine is used to calculate the volume of each of
the detector regions (detectors 6-14) in the sample problem. The re-
ciprocal of the volume is stored in the array in blank common set aside
for FACT, a detector-dependent normalization. Because two types of
estimators are used in the problem, normalization values of 1 are
stored for the boundary detectors. The detector number NDC for the
last boundary crossing detector (in this case, 5) must be input.

Called from: SCORIN

Subroutines called: None

Commons required: PDET, USER, DETCUT, blank.
Variables required:

NDC - the number of the last boundary crossing
detector. Detector radii from blank
common.

Variables changed:

Normalization array in blank ccmmon.

111




R C - e =2 1o N G s s el il Sty

P A e PTPIITRIEN

Subroutine INSCOR

Are there
more

Is detector\ Yes |[Store 1.0
number in
>NDC ? FACT

No

last detector ? to 1.5(+5)
No

( Is this the Yes Set outer radius

'
Calculate volume between spherical su:ells.

)

3 -—Yes (I}re there more detectorsﬂ
I<ND
3 No
1
RETURN
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5.1.2 Subroutine RELCQL - Sample Problem Number 1

1 This subroutine estimates the tluence from the density of
L collisions. For comparison purposes, 41rRi2 times the fluence is stored
) where Ri is the radius to each collision site, Thus, the contributicn is

2 WTBC
4n B ~— ,
T
3
3 where
& R, = X? + Yz + Z.z,
E i j i i
R
WTBC = particle weight before collision,
3 ) ¢ = cross section for the group (IG@) of the incoming

particle.

A detector number from NDC + 1 to ND is chosen depending
on the value of Ri .

Called from: BANKR(5)

Subroutines called: FLUXST, NSIGTA

Commons required: PDET, NUTRON, USER, DETCUT
Variables required:

] X, Y, Z, IGP, NMED, AGE, WTBC from NUTR®N common
' TSIG and detector radii.

Significant internal variables:-

R - radial distance to collision site,

CON - fluence estimate.
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; Sgbroutine RELCQL \
E i

\ v

3 : \ 4 i \ !
s | @T , \ :
3 \

Calculate radii of collision site from origin. |

: |
£ . - \ \

Call NSIGTA to find total cross section.

-y

|Calculate contribution.|

% \ | Determine detector number ] \,
' !

3 i [ Was detector Y 3
outside of R :f{ \ ’
! \ range ? MAX \

L | \ \ :

‘ No \ \ ,

\

[Call FLUXST to store coatribution. |
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5.1.3 Subroutine BDRYX - Sample Problem Number 1 E

This subroutine is called whenever the particle in the random
walk encounters a change in geometry media. If the source-to-collision
distance corresponds to a detector position, the reciprocal of the cosine

of the angle from the radius vector is used as a fluence estimate.

Called from: BANKR(7) , :
Subroutines called: ERROR

Coiiimons required: USER, NUTR®N, ‘DET

Variables required:

X, Y, Z, U, V, W, WATE (from comimon NUTR®N).

Significant internal variables:

R21 - \i‘adial distance to boundary crossing,
| R2 - 99% of R2I,
R22 .- 101% of R21, \ \
Cos - cosine of angfe between particle direction
and radius vector, :
ABCOS -  absolute value of C@S,
CON -  fluence estimate,
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Subroutine BDRYX

T

Calculate R21, distance from origin
to boundary crossing.

Does RR21 correspond to a

o No_, /1s R21 greater
requested detector position? than largest

detector No
Yes | {detector indicated position ?
by index I)

E Yes
2
: Calculate CQ@S, cosine of Increent
3 angle between particle

direction and surface.

R Yes Is the cesine exactly zero?)
3 No '
3 ]
] PRINT >1.001 What is the range of absolute> <.01 ABCOS -
MESSAGE valie of COS? 0.005 -

{ABC@S = _|cosl]

Call FLUXST Increment
|ICON . WATE/ABC@S| to store NN
contribution
: RETUR

116




TR T et IR A S ML T2 YR LRI AT TR T T ST TR R T T TR R W TR R ST w1 ot T YITNTON ¥ T R AT RA T ey
. . Sy - f e TR TR
F;!
P e T —— o r—. e e e - [ p—
i

5.2 Sample Problem Number 2
(11)

This sample problem is used to illustrate the next event
estimator. The neutron and secondary gamma ray spectra at several
point detectors located 104 cm from a polyethylene slab is calculated.
The source is a beam of neutrons with a fission spectrum energy dis-
tribution. The use of the point detector routines to estimate the energy
dependent fluence is illustrated and in particular, for secondary gamma
rays the contribution of the uncollided or first flight gamma rays are
scored in subroutine SGAM. The estimates from real collisions are
made in subroutine RELCQL. Results are recorded in Table XIX in

. . 2
units of particles cm™ source neutron,

TABLE XIX.

Results of Last Flight Estimator
Sample Problem

Neutrons /cm2 G:a.mmas/cm2
Detector Per Per
Source Neutron Source Neutron
1 6.24(-11) 2. 36(-11)
2 6. 44(-10) 4, 82(-11)
3 1.32(-9) 4, 93(~11)
4 1. 56(-9) 4, 94(-11)
2 6.92(-1) 2. 15(-3)
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5.3 Sample Problem Number 3

This sampie problem serves two purposes by (1) demonstrat-
ing the use of the PICTURE code, and (2) verifying the tracking capability -
of the combinatorial geometry package in 2 moderately complex three~
dimensional system, In the PICTURE program, subroutine G1 is called
from MESH in the exact manner that it is called from GOMST during a
M@PESE calculation. As such, PICTURE works by tracking rays and
thus can be used to debug a combinatorial geometry input.

The sample problem itself is a picture of a tank. The tank
model itself was constructed purely as an illustration of the combina-
torial geometry and is in no way accurate or detailed. Notice that the
use of both the @R operator and the ARB body is demonstrated.
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APPENDIX A
ENERGY INDEXING SCHEME

For most problems the user does not need to worry about the
energy-indexing scheme used in the MORSE Monte Carlo code. Energies
corresponding to the group boundaries in the forward group structure
are input and the code takes care of the rest. The analysis package
SAMB@ performs the proper bookkeeping for labeling. A diagram for
the energy group structure is given in Fig. A1, However, some clarifi-
cation of the indexing scheme for several types of problems is advanta-
geous. This clarification can perhaps best be made through the use of
examples. Consider a five-group coupled neutron-gamma-ray problem

with the following group boundaries:

Group Energy (eV) with NMGP = 3, NMTG = 5,
1 15(+6) NGPQTN = 3, NGPQTG = 2
2 5(+6)
3 1(+6)

EBPTN 3(+3)
4 10(+6)
5 2(+6)

EBPTG 4(+5)

There are several options which might be considered; namely,
(1) a forward coupled problem, (2) a forward neutron-only problem, (3)
a forward gamma-ray-only problem, (4) an adjoint coupled problem, (5)
an adjoint neutron-only problem, and (6) an adjoint gamma-ray-only
problem. Table Al gives the energies as they are indexed during a
MORSE run. Table AIl gives the values of variables NQT1, NQT2, and
NQT3 as they appear in USER common for the same six problems.

Preceding page biank 123




—~— ~ XY Phi 2 g W, { Gl 7 bl
Forward Adjoint
1 NMTG ~ NGPQT3
‘ -
' NGPQTI ~ | NGPQTN
- NMTG - NGPQTN ~ NGPQT2
NGPQT2 ~ | NMGP
. —-Z
- NMTG - NMGP -~ NGPQT!

NGPQT3" - | NMGP + NGPQTG

- NMTG - NMGP - NGPQTG |~ NGPQTO

NMTG 1

Fig. Al. Diagram of energy group structure.

*
NGPQT3 = NGPQT1 for neutron only or gamma ray only problem.
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APPENDIX B

INPUT INSTRUCTIONS

B.1  MORSE Input Instructions

The input read’ by subroutine INPUT is as follows:

CARD A (20A4)

Title card.

(Any character other than a blank or alphameric in

column one will terminate the job.)

CARD B (1315)
NSTRT
NM@ST

NITS
NQUIT

NGPQTN
NGPQTG
NMGP"

number of particles per batch,

bank(s); may equal NSTRT if there is no splitting,
fission, and secondary generation during ex-
ecution. If bank size is exceeded by more than
50 due to fission or secondary gamma ray gen-
eration the job is terminated,

- number of batches,

number of sets of NITS batches to be run without
calling subroutine INPUT,

number of neutron groups being analyzed,

number of gamma-ray groups being analyzed,

number of primary particle groups for which
cross sections are stored; should be same as
NGP (or the same as NGG when NGP = 0) on

Card XB read by subroutine XSEC,

i Input and output logical unit members are defined in MAIN and i1 Gl.

Unit 16 is a temporary storage unit used by JOMIN.

See Table BI for sample input.
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NMTG total number of groups for which cross sections .
are stored; should be same &s NGP + NGG as

read on Card XB read by subroutine XSEC,

NCOLTP -‘r set greater than zero if a collision tape is de-

sired; the collision tape is written by the user |

routine BANKR,
IADJM - set greater than zero for an adjoint problem, ‘\ 5'
MAXTIM - maximum clock time in minutes allowed for the

. problem to be cn the computer,

MEDIA - number of cross-section media; should agree |

w'*h NMED cn Card XB read by subroutine XSEC,
MEDALB - albedo scattering medium is absolute value ot

\‘ MEDALB; if \
" = 0, no albedo information to be read in,

<0, albedo only problem--no cross sections i
| are to he read,

>0, coupled albedo and transport problem,

CARD C (415, 5E10. 5)

ISOUR - source energy group if >0, if ISPUR <0,
SPRIN is called for input of Cards E1 and E2,

NGPFS - rumber of groups for which the source spectrum
is to be defined. If ISDUR =0, NGPFS = 2,

ISBIAS - | no source gnergy biasing if set equal to ﬁero; .

- otherwise the source energy is to be biased,

and Cards E2 are required,

NOTUSD - an unused variable,

WISTRT -  weight assigned to each source particle,

EBOTN - lower energy limit of lowest neutron group (eV)
{(group NMGP),

EBOTG - lower energy limit of lowest gamma~ray group

. (aV) (group NMTG),
| |

See Table BI for sample input\
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: CARD D (7E10. 4)
3y XSTRT
# YSTRT | -
ZSTRT
! AGSTRT -
UINP
VINP
WINP

L}

. CARDS F (TE10. 4)

\ }
‘ !

age in sec at which particles are retired; if
TCUT = 0, no time kill is performed,

velocity of group NMGP when NGPQTN >0; i.e.,
thermal-neutron velocity (cm/sec).
|

}
coordinates fqr sourc¢,L partirles,

'
|

starting age for source particles,

source particle direction cosines; if all are
zero, isotropic directions are chosen.

Source data on Cards C and D may be overrldden by changes
in subroutine SOURCE.

g CARDS E1 {7E10. 4) (omit if ISOUR on Card C >0)

NGPFS values of FS, where FS equal the unnormalized fraction
of source particles in each group.

CARDS E2 (7E10 4) (omit if ISOUR >0 or if ISQ)UR s 0 and ISBIAS = 0)

If ISBIAS >0, NGPFS values of BFS, the relative importance of
a source in group I, are required.

\

NMTG values of ENER, the energies (in e¢V) at the upper edge of
the energy group boundanes (Note: The lower energies of
groups NMGP and NMTG were read on Card C.)

] CARD G (215, 5X, 3611, 1311) (omit if NCOLTP on Card B =0)
NHISTR -
\ NHISMX -

logical tape number for the first collision tape,

the highest logical number that a co'lision tape
may be assigned,

131




R T R

CARD H (Z12)
RANDGM

CARD I (715)
NSPLT
NKILL

NPAST
N@OLEAK
IEBIAS

1-
MXREG

MAXGP

1

NBIND({J), J=1, 36 -~ an index to indicate the collision para-

meters to be written on tape,

NCOLLS(J), J=1, 13 - an index to indicate the types of collisions

to be put on tape. (See Table BII for in-
formation concerning NBIND's and
NCOLLS.)

starting random number.

index indicating that splitting is allowed if >0,

index indicating that Russian roulette is allowad
if >0,

index indicating that exponential transform is in-
voked if >0 (subroutine DIREC required),

index indicating that non-leakage is invoked if
>0,

index indicating that energy biasing is allowed
if >0,

number of regions described by geometry input
{(»1ill be set to one if <0),

group number of last group for which Russian
roulette or spiitting or exponential transform is
to be performed.

1-
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CARD J (615, 4E10. 5) (omit if NSPLT + NKILL + NPAST = 0)

NGP1 )
NDG
NGP2
NRG1
NDRG
NRG2

WTHIH
WTLOW
WTAVE

PATH

from energy group NGP1 {o energy group NGP2,
inclusive, in steps of NDG and from region NRG1
to NRG2, inclusive, in steps of NDRG, the follow-
ing weight standards and path-stretcl.ing para-
meters are assigned. If NGP1 = 0, groups 1 to
MAXGP will be used; if NRG1 = 0, regions 1 to
MXREG will be used (both in steps of one). Us-
ually NDG = 1 and NDRG = 1.

weight above which splitting will occur,
weight below which Russian roulette is played,

weight given those particles surviving Russian
roulette,

path-length stretching par. .ieters for use in ex--
ponential transform (usualiy 0 s PATH <1).

The above information is repeated until data for all groups and
regions are input.

End Cards J with negative value of NGP1 (ex., -1 in columns 4

and 9).

CARDS K (7TE10. 4) (omit if IEBIAS on Card I s 0)
((EPROB(IG, NREG), IG = 1, NMTG), NREG = 1, MXREG)

Values of the relative energy importance of particles leaving a
collision in regicn NREG. Input for each region must start on a

new card,

CARD L (415)
NS@UR

MFISTP

NKCALC

set <0 for a fixed source problem; otherwise the
source is from fissions generated in a previous
batch,

index for fission problem, if <0 no fissions are
allowed,

the number of the first batch to be included in the
estimate of k; if <0 no estimate of k is made,

r 3
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NORMF - the weight standards and fission weights are un- '
changed if = 0; otherwise fission weights will be
multiplied, at the end of each batch, by the latest
estimate of k and the weight standards are mul- !
tiplied by the ratio of fission weights produced in
previous batch to the average starting weight for
the previous batch. For time-dependent decay-
F‘ ing systems, NORMF should be > 0.

CARDS M (7E10. 4) (omit if MFISTP on Card L <0) ;

(FWLO(I), I=1, MXREG) values of the weight to be assigned to ?
fission neutrons.

hrnms - -

CARDS N (7E10. 4) (omit if MFISTP on Card L <0)

(FSE(IG,IMED), 1G = 1, NMGP), IMED = 1, MEDIA) the fraction
of fission-induced source particles in group IG and medium IMED.

Note: Input for each medium must start on a new card.

rorm

CARDS 0 (7E10. 5) (omit if NGPQTN = 0 or NGPQTG = 0, i.e., include
if coupled neutron-gamma-ray problem)

((GWLO(G, NREG),IG = 1, NMGP or NMTG - NMGP), NREG = 1,

MXREG) _ average number of secondary particles to be
generated. NMGP groups are read for each
region in a forward problem and NM1\G -
NMGP for an adjoint. Input for each region
must start on a new card.
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TABLE BI.

Sample Group Input Numbers fog Some
Representative Problems

Case A - Neutron Only Cross Sections (22 groups)
Case B - Gamma-Ray Onlv Cross Sections (18 groups)
Case C - Neutron-Gamma-Ray-Coupled Cross Sections (22-18 groups)

Problem Type
=
e, fg
(4]
&8 & gB & g&E
o o 5 o) g ° O g g
B & ab B 120
<< M Uow Ugb OO un
o™ o™ ol o £ T okT &
. 2 ne 9o o w3 a3
mput variable |88 S 828 858 8888¢
MORSE Input:
NGPQTN 14 0 14 0 14
NGPQTG 0 17 0 17 17 CARD B,
NMGP 22 18 22 18 22 Variables
NMTG 22 18 22 18 40
NGP 22 18 22 0 22
NGG 0o 0 0 18 18 CARD XB
INGP 22 18 40 40 40 Variables

-
For cross sections with full downscatter, NDS = NGP, NDSG = NGG,
INDS = iNGP, and ITBL = number of downscatters + number of up-
scatters + 3. Usually, ISGG = number of upscatters + 4.
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TABLE BIL.

BANKR Arguments (NCOLLS)

BANKR Called
Argument from Location of Call in Walk
-1 M@RSE After call to INPUT-~to set parameters
for new problem
-2 MORSE At the beginning of each batch of NSTRT
particles
-3 MQ@RSE At the end of each batch of NSTRT
particles
-4 M@RSE At the end of each sct of NITS batches--
a new problem is about to begin
1 MSOUR After a source event
2 TESTW After a splitting has occurred--com-
mented in colvmn 1
3 FPROB After a firsion has occurred
4 GSTORE After a secondary particle has been
generated
5 M@RSE After a real collision has occurred-~
post-collision parameters are avail-
able
6 MORSE After an albedo collision has occurred-~
post-collision parameters are available
7 NXTCOL After a boundary crossing occurs (the
track has encountered a new geometry
medium other than the albedo or void
media)
8 NXTCOL After an escape occurs (the geometry
has encountered medium zero)
9 MORSE After the post-collision energy group

exceeds the maximum desired--com-
mented in column 1
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TABLE BII. (Cont'd.)

BANKR Called
Argument from Location of Call in Walk

10 MPRSE After the maximum chronological age
has been exceeded--commented in
column 1

11 TESTW After a Russian roulette kill occurs--
commented in column 1

12 TESTW After a Russian roulette survival
occurs--commented in column 1

13 GSTORE After a secondary particle has been

generated but no room in the bank is
available~-commented in column 1.
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B.2 @5R Geometry Input Instructions

Read by subroutine JOMIN and the specitic input depends on the
geometry packages used.

B.2.1 Spherical GEOM

CARD GA (15, D10. 5)

MED - medium number interior to R(>0),
R - outer radius of sphere or spherical shell contain-
ing MED.

Repeat Card GA for all radii (< 20) in increasing order. End
Card GA input with blank card.

CARD GB (D10. 5)

R - region radius of sphere or spherical shell con-
taining regions. Region numbers are assigned
in consecutive order starting with 1, and R must
be in increasing order.

Repeat Card GB for all radii (< 20) in increasing order. End Card
GB input with blank card. If no regions are desired, a blank card
must be used to signal no region geometry.

B.2.2 Slab GEPM
CARD GA (15, D10. 5)

MED - medium with Z as lower bound (> 0),
Z - lower limit of medium MED.

Repeat Card GA for all boundaries with the last card containing
MED = 0 and the boundary of the system.




B e P

. CARD GB (D10. 5)
7 -

CARD GC (4D10. 5)

: XL -
; XU -
YL -
YU -

Repeat Card GB for all region boundaries.

End Card GB input with a blank card. If no region geometry is
desired, a blank card is required.

B.2.3 Cylindrical GEOM

- P TR TR TR, T i e o
. g g T < v T Y B C 3t ol skt

lower limit of region boundary. Region numbers
are assigned in consecutive order starting with
1, and Z must be in increasing order.

lower boundary of system in X direction,
upper boundary of system in X direction,
lower boundary of system in Y direction,
upper boundary of system in Y direction.

NREGIN -

SEX -

CARD GB (E10. 5)

R -

CARD GA (15, 5X, A8)

flag to indicate material media (=2) or both
region and material media (=1),

sex of programmer.

radii of the cylindrical shells describing the
material media in ascending order.

Repeat Card GB until all radii have been input.
End Card GB input with a blank card.
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CARD GC (Ei0. 5, 12I5/8I5) ! :

H - upper height of medium M(I) (>0), cylinders as-
sumed to start at H = 0,

r M(I) - media for the cylindrical shells for this height.
g Repeat Card GC until all height intervals have been input.

End Card GC input with g blank card or if there are more than 12
radial intervals, 2 blank cards.

it a2

CARD GC (E10. 5) (omit if NREGIN = 2)

RG - radii of the cylindrical shells describing the
region geometry in ascending order.

Repeat Card GD until all region geometry has been input.
End Card GD with a blank card. i

CARD GE (E10. 5, 1215/815) (omit if NREGIN = 2)

HG - upper height of region MG(I),
MG(I) - region numbers for the cylindrical shells for this
height.

Repeat Card GE until all height intervals have been input.

End Card GE input with a blank card or if there are mors than 12
radial intervals, 2 blank cards.

B.2.4 General GEOM

CARD GA (I5, 5X, A6, 1X, A7) hollerith left adjusted

NSTAT - flag to indicate material media only if 2 and both
region and material media if 1,

SEX - sex of the programmer (select one from MALE,
FEMALE, or blank indicating uncertain),

STATUS marital status of programmer.,
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CARD GB (2A4, A3, 5(D10.5, Al))

DUMMY(3) - bollerith characters not used,

FIN(T) - zone boundaries increasing order along the x
axis,
BCD(I) - flag to indicate end of input if blank, comma

means to continue.
Repeat in format (6(D10. 5, A1))if more than five boundaries

along the x axis are needed.
CARD GC - same as CARD GB except for y axis.
Repeat in format (6(D10, 5, Al)) if more than five boundaries
along the y axis are needed.
CARDGD - same as Card GB except for z axis.
Repeat in format (6(D10.5, Al)) if more than five bounaar.es

along the z axis are needed.

CARD GE (A4, A2, 3I5)

BCD1 - hollerith Z@NE,

BCD2 - dummy,

NXZNQ integers which specify the zone as being the

NYXNQ _ NXZN@th zone in the x direction, NYZN@th zone

NZZNQ in the y direction, and NZZN@th zone in the z
direction.

CARD GF (2A4, A3, 5(D10.5, Al))

DUMMY(3) - hollerith characters not used.

FIN(I) - block boundaries in increasing order along the
X axis,
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BCD(I) - flag to indicate end of input if blank, comma
means to continue.

Repeat in format (6(D10. 5, Al)) if more than five boundaries
along the x axis are needed.

CARD GG - same as Card GF except for y axis.

Repeat in format (6(D10.5, Al)) if more than five boundaries
along the y axis are needed.

CARD GH - same as Card GF except for z axis.

Repeat in ‘ormat (6{D10. 5, Al)) if more than five boundaries
along the z axis are needed.

CARDS GI to G@ describe the geometry for a black and must be included
for each block in wne zone.

CARD GI (A4, A2, 3I5)

BCD1 - hollerith BL@C,

BCD2 -  dummy,

NXBND integers which specify the block as being the
NYBND - NXBNDth in the x directicn, the NYBNDth in the
NZBND y direction, and the NZBND in the z direction.

CARD GJ (3A4, 10(15, Al))

NAM?2 - hollerith MEDJ,

DUM(2) - dummy,

INP(I) - a list of media sector by sector in the block,
BCD(]) - flag to indicate end of input if blank, a comma

means to continue.
Continuation with 12(I5, Al).
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CARD GK (3A4, 10(I5, A1)

NAM?2
DUM(2)
INP(I)

BCD()

i

hollerith SURF,
dummy,

a list of quadratic surfaces appearing in the
block Numbers must appear in the order the
surfaces are described on Card GQ,

flag to indicate end of input if blank, a comma
means to continue,

Continuation of Card GK in 12(I5, Al) format is permissible.

CARD GL (A4, A2, 1813)

S1
DUM
IND(I)

holierith SECT,

dummy,

the designation of each sector which describes
the position of the sector relative to quadratic
surfaces,

+1: sector is on positive side of surface,

-1: sector is on negative side of surface,
0: surface is not needed to define sector.

There must be a Card GL for each sector and references to

quadratic surfaces must be in same order as they are listed
on Card GQ.

CARD GM (3A4, 10(15, Al)) (omit if NSTAT on Card GA = 2)

NAM2
DUM(2)
INP{D)
BCD(I)

hollerith REGI,
dummy,
a list of regions sector by sector in the block,

flag to indicate end of input if blank, a comma
means to continue.

Continuation with 12(I5, A1) format is permissible,
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CARD GN (3A4, 10(15, A1)) (omit 1f NSTAT on Card GA = 2)

‘: NAM2 - hollerith SURF, !
! y
DUM(2) . - dummy,
INP(I) _ same as for Card GK except for region input in-
BCD(I) stead of muterial input.

CARD GO (A4, A2, 18I3) (omit if NSTAT on Card GA = 2)

s1 - hollerith SECT, \ |
DUM - dummy, !
\ IND(I) - same as for Card GL except for region input in-

stead of material input.
RepeatiCards GI to GO for each block.

CARD GP (15, 16A4, A2) -

NOBD - total number of quadré.ﬁc surfaces in ihe entire
system,
D?’M(I) -  hollerith characters ignored by the code. (Help-

ful in identifying input at a later time.) |

CARD GQ (4 (D10. 5, A4, 1X, Al))

COF(J) - coefficient of the term, '

BCD1(J) - hollerith indicating which term of the equation.
i XJQ, YSQ, Z8Q, X7, YX, YZ, XY, ZX, YZ,
' X, Y, Z, or blank are the possibilities, .

BCD2(J) - a flag which indicates the quadratic equation

continues. Any non-blank character ends the
f?eld. The next function must start on n2w card,

Repeat Caras GQ‘until all surfaces have been described.
A sar\nple of the input is shown in Table BIII.

\
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B.3 Combinatorial Geometry Input Instructions

The combinatorial gecmetry input data is read by the JOMIN

subroutine, except for the region volumes VNOR(I), which are read by

e GTVLIN subroutine whenever IVOPT = 3. For clarity of terminology,
the terms '"regions' and '"media'' have essentially the same meaning as
in the @5R Geometry Package, but are constructed in a different manner.
The term '"zone' is the same as the "region'" as defined in the original
combinatorial geometry package. The term 'body' has the same mean-
ing as in the original combinatorial geometry package.

CARD CGA (215, 10X, 10A6)
IVOPT - option which defines the method by which region
volumes are determined; if
IVOPT =0, volumes set equal to 1.,

IVOPT = 1, concentric sphere volumes are cal-
culated

IVOPT = 2, slab volumes (1-dim.) are calculated, *
IVOPT = 3, volumes are input by card,

IDBG - if IDBG >0, subroutine PR is called to print re-
sults of combinatorial geometry calculaticis
during execution. Use only for debugging,

JTY - alphanumeric title for geometry input (columrns
21-80).

CARDS CGB (2X, A3, 1X, 14, 6E10.3)

One set of CGB cards is required for each body and for the END
card (see Table B IV). Leave columns 1-6 blank on all continu-
ation cards.

Not operational.
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ITYPE -  specifies body type or END to terminate reading
of body data (for example BOX, RPP, ARB, etc.).
Leave blank for continuation cards,

IALP - body number assigned by user (all input body
numbers must form a sequence set beginning at
1). If left blank, numbers are assigned sequen-
tially. Either assign all or none of the numbers.
Leave blank for continuation cards,

FPD(I) - real data required for the given body as shown
in Table B IV.

CARDS CGC (2X, A3, I5, 9(A2, I5))

148

Input zone specification cards. One set of cards required for
each input zone, with input zone numbers being assigned sequen-
tially.

IALP - JALP must be a nonblank for the first card of
each set of cards defining an input zone. If
IALP is blank, this card is treated as a con-
tinuation of the previous zone card,

IALP = END denotes the end of zone description.

NAZ -  total number of zones that can be entered upon
leaving any of the bodies defined for this input
region (some zones may be counied more than
once). Leave blank for continuation cards for a
given zone. (If NAZ s Qon the first card of the
zone card set, then it is set to 5). This is used
to allocate blank common,

Alternate IIBIAS(I) and JTY(I) for all bodies de-
fining this input zone.

OBIAS(I) - specify the "@R'" operator if required for the
JTY(I) body,
JTY(I) - body number with the (+) or (-) sign as required

for the zone description

. tn r—
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, CARDS CGD (1415)

MRIZ(I)

CARDS CGE (1415)

MMIZ() -

VNBR() -

B e e T S ML T

P LT T YT LTl oot R S A it diebiatiasit et T

MRIZ(I) is the region number in which the "Ith"

input zone is contained (I = 1, to the number of
input zones). Region numbers must be sequen-
tially defined from 1,

MMIZ(I) is the medium number in which the
itht input zone is contained (I = 1, to the
number of input zones). Medium numbers must
be sequentially defined from 1.

CARDS CGF (7E10. 5) (omit if IVOPT # 3)

volume of the "Ith" region (I = 1 to MXREG, the
number of regions).

Note: If ENDRUN is used to obtain collision density and track
length per unit volume estimate of fluence, then a data
statement in ENDRUN must give a relationship between

' region and media. In this case only one medium may be
in a region. -
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B.4 MORSEC--Cross-Section Module Input Instructions

CARD XA (20A4)

Title card for cross sections., This title is also written on tape
if a processea tape is written; therefore, it is suggested that the
title be definitive.

CARD XB (1315)

Column Name Description

5 NGP - the number of primary groups for which
there are cross sections to be stored.
Should be same as NMGP input in MORSE,

10 NDS - number of primary downscatters for NGP
(usualiy NGP),

15 NGG - number of secondary groups for which there
are cross sections to be stored,

20 NDSG - number of secondary downscatters for NGG
(usually NGG),

25 INGP - total number of groups for which cress
sections are to be input,

30 ITBL - table length, i.e., the number of cross

sections for each group (usually equal to
number of downscatters + number of up-
scatters + 3),

35 ISGG - location of within-group scattering cross
sections (usually equal to number of up-
scatters + 4),

40 NMED - number of media for which cross sections
are to be stored--should be same as MEDIA
input in MORSE,

45 NELEM - number of elements for which cross sections
are to be read,
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CARD XB (Cont'd.)
Column Name Description
50 NMIX - number of mixing operations (elements

times density operations) to be performed
(must be = 1),

55 NCOEF - number of coefficients for each element,
including P,

60 NSCT - number of discrete angles (usually
NCOEF/ 2Integral)’
65 ISTAT - flag to store Legendre coefficients if

greater than zero.

CARD XC (1115)

Column Name Description
5 IRDSG'r - switch to print the cross sections as they

are read if >0, if <0 card sequence is not
checked,

10 ISTR1~ - switch to print cross sections as they are
stored if >0,

15 IFMU f - switch to print intermediate results of y's
calculation if >0,

20 IM¢M1~ T - switch to print moments of angular dis-
tribution if >0,

95  IPRIN' - switch to print angles and probabilities if
>0,

30 IPUNf - switch to print results of bad Legendre co-
efficients if >0,

+

35 IDTF - switch to signal that input format is DTF-IV
format if >0; otherwise, ANISN format is
assumed,

' Switches are ignored if IXTAPE <0.
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CARD XC (Cont'd.)

Column Name

Description

40 IXTAPE

45 JXTAPE

50 IQ6RT

55 I1IGQPT

logical tape unit if binary cross-section
tape, set equal to 0 if cross sections are
from cards. If negative, then the pro-
cessed cross sections and c her necessary
data from a previous run will be read; in
this case (IXTAPE <0) no cross sections
from cards and no mixing cards may be in-
put. The absolute value of IXTAPE is the
logical tape unit,

logical tape unit of a processed cross-
section tape to be written. This processed
tape will contain the title card, the vari-
ables from common L@TSIG and the per-
tinent cross sections from blank common,

logical tape unit of a point cross-section
tape in @6R format,

last group (M@PRSE multigroup structure)
for which the @6R point cross sections are
to be used ‘< NMGP).

CARD XD (1415) (omit if IXTAPE < 0)

Element identifiers for cross-section-tape. If element identifiers
are in same order as elements on tape, the efficiency of the code
is increased due to fewer tape rewinds.

CARD XE (omit if IXTAPE # 0)

Cross sections in ANISN format if IDTF <0, otherwise, DTF-IV
format. Cross sections for INGP groups with a table length ITBL
for NELEM elements each with NCOEF coefficients.
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CARDS XF (215, E10.5) (NMIX cards are required, omit if

KM

KE

RHQ

IXTAPE <0)

medium number (media numbers from 1 to
MEDIA, see Card B, must appear on some XF
card),

element numbker occurring in medium KM (neg-
ative value indicates last mixing operation for
that medium and at least one negative value is
required for each medium),

density of element KE in medium KM in units of
atoms/(barn cm).

CARDS XG (I5) (omit if IO6RT < 0)

NXPM

number of point cross-section sets per medium
found on an @6R tape,

= 1, total cross section only,
= 2, total and scattering cross section,

= 3, total, scattering, and v*fission cross
section.

XCHEKR Card (415) Cross sections and cross-section input data may
be checked independently of MPRSE utilizing XCHEKR. () The
input to XCHEKR consists of the cross-section cards XA through
XG preceded by a card as follows:

1ADIM
MEDIA

NMGP

NMTG

set greater than zero for an adjoint problem,

number of cross-section media; should equal
NMED on Card XB,

number of primary particle energy groups for
which cross sections are to be stored; should
equal NGP (or NGG if NGP = 0) on Card XB,

total number of energy groups for which cross
section are to be stored. Should be equal to
NGP + NGG on Card XB.
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B.5 SAMB@ Analysis Input Instructions

The following data are read from cards by SCORIN:

CARD AA (20A4)

Title information--will be immediately output.

@ CARD AB (815)

t ND - number of detectors (set =1 if <0),
1 NNE - number of primary particle energy bins to be
used, (must be < NE),
NE - total number of energy bins (set =0 if < 1),
NT - numver of time bins for each detector {may be

negative, in which case | NT |values are to be
read and used for every detector) (set =0 if

INT| s 1),

NA - number of angle bins (set =0 if < 1),

NRESP - number of energy-dependent response functions
to be used (set =1 if <0),

NEX - number of extra arrays of size NMTG to be set

aside (useful, for example, as a place to store
an array of group-to-group transfer probabilities
; for estimator routines. If the subroutine

; ENDRUN which outputs fluence estimates from
collision and track lengths is used, then this
number must be at least MXREG + 2 (see Lard I
for MXREG),

NEXND - number of extra arrays of size ND to be set
aside (useful, for example, as a place to store
detector -dependent countevs).

T
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CARDS AC (3E10. 4) (ND cards will be read)

X, Y, Z - detector location. (If other than point detectors
are desired, the point locations must still be in-
put and can be combined with additional data
built in to user routines to fully define each de-
tector. )

Note that the distanc: between the above points and the XSTRT,
YSTRT, ZSTRT values and the initial age, AGSTRT, will be
used to define the lower limit of the first time bin.

CARD AD (20A4)

Title or units for total responses for all detectors. Will be used

e

in columns 54 through 133 of the title for the print of these arrays.

CARD AE (20A4)

Title or units for each total response for all detectors.

CARDS AF (7E10. 4)

Response function values. NMTG values will be read in each set
of AF cards. Input order is from energy group 1 to NMTG (order
of decreasing energy).

Note: Cards AE and AF are read in the following order: AE;j,
AFy,...,AF,, AEy, AFy,...,AF), etc. NRESP sets of
AE, AF cards will be read.

CARD AG (20A4) (omit if NE < 1)

Units for energy-dependent fluence for all detectors.
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CARDS AH (4I5) (omit it NE = 1} )

\ ‘ |
Energy grou) humbers deﬁ'ning lower limit of energy bins (in
order of increasing group numbeér). The NNE (if >0) eptry must
equal NGPQTN; the NE entry must be set to NMGP i NGPQTG

for a combined problem, or else NGPQTG or NGPQTN.

\

CARD AI (20A4) (omit if | NT| . 1) | “

|
{

\
i

"\ ' Units for time -dependent'total responses for all detectors.

CARD AJ (20A4) (omit if |NT ! slorNE=<1) ‘
, ' | '
Units for t:me and energy-dependent fluence for all detectors.

i
]
i

\

CARDS AK (7E10.4) (omit if [NT| s 1)

NT val-es of upper limits of time bins for each detector (in order
f increasing time and detector number). . The values for each

detector must start on a new card. ]NTE values only are read

iIf NT is negative. They are then used fur every detector.

i

1
1

CARD AL (20A4) (omit if NA s 1)
|

Units for angle- and eneréy-dependent fluence for all detectors.

\
CARD AM (7E10. 4) (omit if NA < 1) | \ X
‘ H
: NA values or upper limits of angle b;ns (actually cosine bins ;
the NAL? value must equal one)

Following the input for the SAMB® analysis module, input cards
for user le’iﬂZE{l routines INSCOR, SOURCE, and ENDXUN.
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iInput to YICTURE

Card PA: Format (I5) \

NUSE: The number of characters to read on Card B to replace
the standard values of ATABLE. Leave Card A blank
and omit Card B if the standard ATABLE is desired.
NUSE £50. '

|
Card PB: Format (50A1) (omit if NUSE = 0)

ATABLE(l), I = 1, NUSE: The list of characters that are to be
printed for each medium. For medium N, ATABLE
(N+1) is printed.\ If N = 47, ATABLE (48) is printed.

The stlandard values of ATABLE are:
Medium Number Character Printed

0 (external void)

1 through 9 1 through 9
10 through 35 | A through Z
36 throug:. 46 various special
characters
\ 2 47 (including
| internal voids) (blank)

GE@M input: Combinatorial geometry input.

Card PC: Format (212, 18A4)

= 0" After this picture, return to Card PC for another
ICNT: picture with the same geometry.

= 1 Affer this picture, return to Card PA tc readina
nev GE@M input.
= -1 Display the region geometry.
IRG: = 0 Display the zone geometry.
=1 Dispiay the material geometry.
TITLE(, 1= 1, 18: 72 characters to be printed as a title.

\
1

159

Tl



160

Card PD:
UL
UL

UL

xR
Yir
21R
NOTE:

NOTE:

Card PF:
NU:

NV:

Format (6E10. 5)

X, Y, and Z coordinates in the combinatorial geometry
of the upper left corner of the picture.

X, Y, and Z coordinates in the combinatorial geometry
of the lower right corner of the picture.

Card PD partially describes the plane of the slice by
defining two points in the plane and designates the tnp,
bottom, left and right sides of the picture.

Format (6E10. 5)

Direction numbers proportional to the direction cosines
for the U axis of the picture. The U axis points down the

printed page in the direction the page moves through the
printer.

Direction numbers for the V axis of the picture. The V
axis points to the right across the page.

Card PE completes the description of the plane of the
slice by giving a line in the plane, also specifies the
orientation of the picture on the output.

Format (215, 2E10. 5)

Number of intervals to print along the U axis (overrides
DELU).

Number of intervals to print «long the V axis (overrides
DELV).

L dal ROy
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° DELU: Spacing .n GE@M units) of intervals along the U axis.
DELV: Spacing (in GE@M units) of intervals along the V axis.

NOTE: All four entries are not required as input on Card PF, '
see below for explanation.

Options:

1, XLR = YLR = ZLR = 0.

For this case NU and NV must be specified. In addition, either
DELU or DELV must be specified. If the other is left blank, the
code will produce an undistorted picture. If both DELU and DELV
are specified the picture is likely to be distorted. Tk~ standard
printers give 10 characters to the inch across a line but only 6
lines per inch down the page. Because of this DELV = . 6*DELU
is necessary to produce an undistorted picture.

2. X orY

LR °F Yy p OF Zpp # 0.

If any one variable on Card PD is specified, the code will calculate
: the others to produce an undistorted picture.

If both NU and DELU (or both NV and DELV) are specified, DELU
(cr DELV) will be ignored.

The U and V axes may have arbitrary orientation. (If they are not
orthogonal, the resulting picture will be distorted.) In Option 1,
_ the first point will be at (X, Y, Z)y,, and the remaining points in
» the directions and at the distances specified. In Qption 2, the
range from Xyj, to Xi,Rr is “*vided into intervals and the calcu-
lated points will be at the n..dpoints of the intervals. The first
point will be 1/2 interval past (X, Y, Z)yr, and the final point will
be within 1/2 interval of (X, Y, Z)pg. If (X, Y, Z)p g does not
lie on the U-V plane, or if the U and V axes are not orthogonal,
the location of the final point is not readily predictable.

The simplest method to obtain the correct results is to specify two
diagonal corners of the plane of the slice on Card PD, with the top
having the short dimension, if it is not square, and the side having
the long dimension. Then, on Card PE, specify the U axis to be
parallel to the edge of the slice with the large dimension (left or

T R
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right side), and the V axis to be parallel to the edge of the slice
with the small dimension (top or bottom). Finally, let the only
entry on Card PF be NV equal to maximum number of characters
per line on your printer, this will provide the largest undistorted
picture.
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