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ANDYMG3, THE BASIC PROGRAM OF A SERIES OF MONTE CARLO PROGRAMS

FOR TIME-DEPENDENT TRANSPORT OF PARTICLES AND PHOTONS

by

D. R. Harria

ABSTRACT

ANDYMG3 is the basic program of a aeries of Monte
Carlo programs designed to solve applied problems in time-
dependent particle and photon transport for general geom-
etries. Particle or photon type and energy are identified
ty multlenersy-proup number. Cross sections are read in
SJJ format viMi scattering pattern components up to Pj.
Particle splitting and termination routines permit neg-
ative weights. Particle and photon emission can be de-
layed. A library of reaction i:ross sections is provided
so that practically useful results are computed after ex-
ecution of the Monte Carlo. 1'he AHDYMG3 program, in
FORTRAK-IV for the CDC-66OO and UNIVAC-1108 computers,
requires. 0,5-2 msec per collision (CDC-66OO) and a field
length less than 60gK for most problems.

I. INTRODUCTION

The ANDY series of Monte Carlo transport pro-

grams, in FORTRAN-IV for the CDC-66OO and UNIVAC-

1108 computer?., are variously designed for specific

time-dependent particle and photon transport appli-

cations. Thase programs are intended to be small,

transparently programmed, system-independent, and

fast.

In this report is described ANDYMG3 (ANDY,

Multigroup, General geometry, version 3), the basic

program of a series of programs in which particle

and photon type and energy are identified by raulti-

energy-group. Well-understood multigroup cross-sec-

tion sets can be used in these programs which thus

provide extension of familiar multigroup SJJ and dif-

fusion theory methods to complex geometries. Any

complex geometry formed by segments of planes,

spheres, cylinders, ellipsoids, and cones can be

treated. Geometrical and real-time properties of

particle and photon flight are not approximated.

Scattering patterns in the simulation are continuous

in scattering angles and treat scattering cross sec-

tions up to order P, in the laboratory coordinate

system. Particles and photons frcra collisons can

be delayed as from the decay of radioactive nuclei.

The applications of the ANDY programs are suf-

ficiently varied, requiring different routines for

various sources,, collision products, geometry op-

tions, variance reducing devices, tallies, etc.,

that a series of ANDY programs rather than a single

program with nany options has been created for spe-

cific nuclear design applications. In consequence,

problem inputs are simplified, the programs can be

small and fast, and specialized modifications can be

introduced simply into the programs. Derivative

programs based on ANDYMP3 include AHDYMS1, including

aelayed particle and photon effects primarily for

nuclear safeguards applications; ANDYMtL, treating

moving material problems; ANDYMV1, for vulnerability

studies; ANDYMP1, for nucleon-meson cascade calcula-

tions; and ANDYME1, for air transport and electro-

magnetic-pulse studies. These programs typically

require a field length less than 60(}K and a running



time (CDC-6600) ^om 0.5 msec to 2 msec per particle

collision, depending on the problem. Each program

consists of approximately 1000 statements lines plus

about koo comment lines.

Considerable attention has been directed toward

the development for the ANDY programs of a fast gen-

eral geometry routine with simple input. The geom-

etry routine is described in Section II-A and in Ap-

pendixes B and C. Several geometry-routine devel-

opment problems and their resolutions are described

in Section II-A. Problem input and output are de-

scribed ir. Section III-A and Section IV, respec-

tively. Programming is discussed in Section II-D.

The ANDY multigroup collision treatment, described

in Section II-B, is a Monte Carlo simulation of the

collision treatment used in S_ programs. This con-

straint results both from the objective that ANDY

multigroup and S,. calculations be compatible and

from the objective that the ANDY multigroup programs

use well-understood Sjj cross-section sets. It is

felt that this constraint has been largely useful.

For example, S cross-section sets often do not con-

tain the fission cross section, but, instead,contain

the fission neutron or photon production cross sec-

tion. For this reason, the ANDY multigroup col-

lision routine does not determine whether a col-

lision has been a fission, but answers the more rel-

evant question of whether a collision product is

from fission. How then can the program yield phys-

ically useful quantities such as fission rate,

HeJ(n,p) detector response, or biological dose?

Many S., cross-section sets contain no cross sections

which are useful for physical tallies because total

and scattering cross sections have been modified by

transport approximations, because scattering cross

sections include a variety of reactions, and be-

cause fission cross sections are absent. The ANDY

multigroup program resolution of this problem is to

introduce a summing library of physically useful

cross sections which are applied after completion

of the Monte Carlo transport calculation to the com-

putation of physically useful quantities. The op-

eration of i,his summing section is described in Sec-

tion IV on output.

Specific design programs in the ANDY series,

e.g., ANDYMS1, are supplied with a transport cross-

section library and a sunning library specific to

the application. Changes in libraries can be ef-

fected, however, by reference to Section III-B on

data library input. The cross-section set currently

supplied with AHDYMG3 is a 25-group neutron cross-

section set with PQ and P^ scattering components in

the Bell-Hansen-Sandmeier1- transport approximation.

This cross-section library contains many negative

cross aections for scattering from group IG to group

IG', and the simulation of such cross sections is

described in Section II-B. Particles or photons

are tracked, split, and terminated in ANDY with equal

facility whether they have positive or negative

weights. Splitting and termination are described

in Section II-C.

Program tests, described in Section II-E, show

that ANDYMG3 and the S program DTF-IV are in good

agreement. Other tests of program accuracy are de-

scribed. Timing tests are described which inter-

compare ANDYMG3, DTF-IV, and the continuous-energy

Monte Carlo program, MCN, for a test prob"°m with

spherical symmetry.

Input and output for a sample problem are listed

in Appendixes D and E,, The sample problem is de-

Fjribed in Section III-A.

II. CALCULATIONS

In turn are described the ANDY general ge imetry

routine, the ANDY collision routine, particle split-

ting and termination, programming, and program tests.

A. AWDY General Geometry Routine

The general geometry routine used in AHDYMG3

and its derivative programs is similar to that which

has been described earlier for the ANDY1G2 and

ANDY1R2 programs. Some of this description is re-

peated here, and changes are noted. A flov chart of

the ANDY general geometry routine is shown in Ap-

pendix B, and a listing of the routine is given in

Appendix C. Geometry input is discussed in Section

III.

The ANDY general geometry routine has been de-

vised to be fast and to simplify problem input for

complex geometries. In ANDY a topological entity,

the surface segment, is interposed between regions

and surfaces, the usual entities characterizing a

Monte Carlo geometry routine. A region,from an op-

erational point of view,is a spatial domain in which

macroscopic cross sections are uniform or are speci-

fied by a. single table or set of functions. A sur-

face, from this operational point of view, is a set



of points in sp«ce which satiefy an algebraic equa-

tion, usually linear or quadratic. A region is

bounded in JUICY, not by surfaces, but by surface

segments. A surface segment is defined as a set of

points all of which lie in a specified containing

surface and which nay be ali or only a pai% of the

containing surface. In the latter case, the seg-

ment is defined by its points having p. jper sense

with respect to other surfaces. In the AHDY pro-

grams, sense is defined as +1 outside a closed sur-

face such us a sphere, cylinder, or ellipsoid and as

-1 inside. For a plane, cone, or other open surface,

sense is defined as +1 on the side of the surface

toward which its normal or axial vector points and

as -1 on the other side.

For example, consider a uniform region* that

is the union of two intersecting spheres numbered 1

and 2. In ANDY this single region is bounded by

two surface segments numbered 1 and 2. Surface

segment 1 is contained in spherical surface 1 and

has sense +1 with respect to spherical surface 2.

Surface segment 2 is contained in spherical surface

2 and has sense +1 with respect to spherical surface

1.

If a Monte Carlo geometry routine is topologi-

cally sound,it should be able to treat unambigiously

(except for a set of trajectories with frequency

measure zero) any configuration defined by turfaces

included in the program (planes, spheres, cylinders,

ellipsoids,and cones in AKDYM53). A plausibility

argument that the ANDY geometry routine is tope-

logically sound is presented in Appendix C of Ref.

When a particle emerges into a region from the

source, from a collision,or from the bank,it is

necessary to compute the distance D along the par-

ticle's trajectory to each surface jegment surround-

ing the region. If D is complex or nonpositive, it

is discarded, and by comparing each positive D with

a precompiled distance to collision the particle is

found to collide or to hit a surface segment. Sim-

ilarly, when a particle hits a surface segment it is

necessary to determine the distance D along the par-

ticle 's trajectory to each surface segment bounding

the new region about to be entered. At this point,

there arise a number of alternatives of which three

This situation would require two regions with Iden-
tical cross sections in some Monte Carlo programs.

have been t«sted in the AHIJY development. These

are as follows.

(a) P-reic-it AWTif Surface Segment Crossing. Each

surface ussd in defining surface segments bound-

ing the new region about to be entered is tested

to see if it also was used in bounding the region

just left. If so, the distance to the surface ha:

already been computed while the trajectory was in

the region just left. This distance then is de-

cremented by the flight distance in the region

just left. This technique saves tiae and com-

putation*, and it Has an additional advantage.

The surface segment about to be crossed is sur>..

held in common by the new and old regions, and

this technique yields a distance, D, to it which is

zero to the last bit. Hence, the surface segment

about, to be crossed can be rejected as a candidate

for a hit following further flight because D is

nonpositive.

(b) Another Surface Segment Crossing. A new ar-

ray, ICALC(IS2), IS2 = 1, HSUR, is zeroed,except

that ICAI£(IS2) is set equal to 1 when a distance

to a surface is calculated. When a particle is

about to enter a new region,the array ICALC is ex-

amined and if the distance to a surface has ever

been calculated along the uninterrupted trajectory

in any previously entered region the distance is

suitably decremented. This technique (b) is found

to be several per cent slower than technique (a)

for the problem illustrated in Fig. 1, presumably

because the decrementing is more complicated and

because ICALC must be rezeroed frequently in sourc

and collision events and in bank withdrawals.

(c) Previous AHDY Surface Segment Crossing. In

ANDY1G2 and ANDY1R2,1* a particle arriving at a sur-

face was "bumped" into the new region a distance e

along the trajectory. Then all flight distances

to surface segments surrounding the new region

were calculated, whether or not they had been cal-

culated before. Not only is this technique (c)

slower by % than technique (a) for the problem

illustrated in Fig. 1, but technique (c) when used

on the UNIVAC-1108 sometimes iaproperly calculated

2 to the surface segment Just crossed. This

.failure resulted from loss of significence whea e

was omall compared to physical dimensions in the

problem. No failures of technique (c) iiavg been

observed on the CDC-66OO.
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Fig. 1. F^-number contributions from groupn 1-25

calculated by OTF and by ANDYMG-I.

Surface segment crossing technique (a) is used

ir. current ANDY programs including ANDYMfl-3.

3. Collision Kout-.ie

If tiie computed distance to collision is less

than any distance to hit a surface segmeit.t, then *

collision occurs. The space and time coordinates

of the particle or photon are translated to the

pj^nt of collision, and collision tallieu, if any,

are incremented >oy the particle weight,W., If there

are delayed particles or photons in the problem

{NTPD£L positive), then quantities WDEL 1ITPDEL)

are incremented by V times the collision yield of

delayed specie* of the type ITPDEL = 1, NTPDEL.

Collision products can be divided into two

classes according as their phase space distribution

(normalized per product) does ("scattering") or does

not (•'fisjiion") depend significantly on the energy

of the incident particle <>r photon. Thi-! nuclear

fission procea* exentplifiea the latter c:la«», and,in-

deed, wtf sh»il refer to this alternative a* "fission."

fheae two alternatives are treated as different

branches in the present ANDT collision routine. It

may be objected that no collision process is really

BO exothermic and simple that the normalized product

distribution is independent of the incident channel.

Nevertheless, the present AHDY coUiBon treatment

conforms to current S program usage,3 and such con-

formity is an immediate objective of the ANDY de-

velopment. Of course, all prompt collision products

can be placed into the "scattering" transfer matrix

in ANDY, in which case the "fission" branch will be

unused.

The first step in the ANDY treatment of promptly

emitted collision products is the multiplication of

the particle or photon weight, W, by the expected num-

ber, P., of prompt products per collision. Here the

prompt products include particles and photons of

positive or negative weights which are to be trans-

ported by ANDY. For a collision induced by a par-

ticle or photon in group g,

(1)

where £ is the collision cross section in group g,
ES

,̂
is the "fission" particle or photon production

cross section in group g, and 2 , is the "scat-

tering" cross section for transfer from group g to

group g'. It may be recalled that group g identifies

particle or photon type as well as energy; e.g.,

groups 1-25 might be neutrons and groups 26-37 might

be gammas, la typical usage "scattering" includes,

for example, (n,2n) cross sections, cross sections

for electromagnetic slowing down of charged particles

and gammas, and cross sections for production of

other types of particles or photons such as n -• y,

f — e", n -» p, and p -• TT+.

The prompt collision product next is chosen to

be from "scattering" or from "fission" according

as a chosen random number in the interval (o.,l.) is

smaller or larger than

(2)

In the fission branch,a particle is emitted isotrop-

icully in the laboratory coordinate system into a

group chosen at random using the cumulative ''prompt

fission spectrum" probability distribution,CHIP. In

the "scattering" branch,the exit group g" is chosen

from the probability distribution
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and the exit direction, Q", is chosen from some

probability distribution,pgim(fl'), selected to im-

prove problem statistics. Finally, the particle

or photon weight is multiplied by

(3)

JdQ'P^O') 3
j=o

where fi is the incident direction, P.(OST') ia the
™ ^ j — —

Legendre polynomial of order j, j is the order of

scattering treated, and Ej' n is t ne d'th-order

coefficient in the legendre polynomial expansion of

the "scattering" cross section,

,,(o-n") = J:
s j=o

(5)

Then the expected number of par-j.cles or photons

transferred per collision from group g to group g"

through an angle whose cosine is fl*Q" is

as it should be.

There are two noteworthy features of this col-
lision treatment, aside from the branch distin-
guishing "fission" and ".scattering" which has been
discussed already. In the first placd, the "scat-
tering" pattern, p . (Cl), used in the simulation

sun ~*

is chosen to suit the application rather than to fit

the physical nuclear or atomic scattering pattern.

For example, if the design objective is penetration

in the direction of the z-axis^ then the simulation

pattern can be chosen to be largely in the z direc-

tion. If the objective is scattering from a target

to detectors at right angles to a beam moving in the

z direction,then the simulation pattern might be,

for example, 1 - u. If a wide variety of objectives

are contemplated,then the simulation pattern can be

taken to be isotropic, and this is the basic pattern

found in .AMDYMG3. Many physical cross sections con-

tain a preponderance of forward scattering, so the

basic isotropic pattern in ANEMJ3 is more suited

for albedo and near-to-the-source applications. For

deep penetration problems, the simulation angular

pattern can be altered. However, directional split-

ting often can accomplish the same result.

In the second place, the AHDY collision treat-

ment is devised to be able to deal with multigroup

cross-section sets which may contain some negative

"scattering" transfer cross sections, Z
'g-g"

The

Bell-Hansen-3andmeier transport approximation, for

example, frequently leads to negative in-group

"scattering" cross sections, £ ,2 When,in the

AflDY collision treatment, the particle or photon

weight, W, is multiplied by F^ as defined in Eq.

CO , W will change sign if 2 „ is negative or if

the scattering pattern is negative as a result of

truncation to order 3 of the Legendre expansion of

the scattering cross section. The truncation order

3 is 0, 1, 2, or 3 in ANDYMG3. Very little penalty

in increased run time per collision is paid for the

capability of treating negative cross sections. The

factor EgHg-'/lEg-g" I appearing in F^, Eq. (fc), is

stored as the algebraic sign, +1 or -1, of the non-

negative cummulative distribution of F,, Eq.. (3).

Thus, no more storage is required than for the case

where all cross sections can be guaranteed to be

nonnegative. Of course, the AHDY collision routine

does not require negative cross sections, and non-

negative cross-section sets may be preferred for

operational reasons.

Delayed particles or photons of type ITPDEL,

ITPDEL = 1, HTPDEL from collisons are stored in a

bank when WDEL(ITPDEL) exceeds an input level,WDELF.

This level may be set low so that every delayed par-

ticle is banked and subsequently tracked, or set

high so that few delayed particles or photons are

ever followed.

C. Particle Splitting and Termination

Negative and positive weight particles or pho-

tons are split when |w| exceeds an input-splitting

level, WSPLT. In this event, one particle with weight

W/2 continues, and one particle with weight W/2 is

stored in a bank to be followed later when the con-

tinued particle is terminated. The particle weight,

W, can increase in absolute value because I', Eq. (l),

exceeds unity and/or because F^, Eq. (h), exceeds

unity in absolute value.



Negative and positive weight particles or pho-

tons are terminated when they leave the cuter bound-

ary of the geometry, when they live longer than the

last tally time box,or when |w| falls below an in-

put termination level,WCO. In the last case,the

termination is made nearly unbiased by adding W to

a quantity WCOC. When a particle termination causes

|WCOL ' to exceed an input level,WCOCF, the particle

is continued with weight WCOC. This technique is

unbiased except in that a small weight, < WCOCF, may

still be in WCOC at the end of the problem, and this

weight will not be continued. Typical yalues for

WSPLT, WC0, and WCUMF are 2, 0.0001, and 0,001.

One motivation for programming ANDY in the sim-

plest manner consistent with speed and compactness,

is to enable the uirar to easily add variance-reducing

treatments pertinent, to his problem. For exai 'le,

statements car. be placed anywhere in the Monte Carlo

section of the form IF( ) G0 T0 210, where-

upon the particle or photon will be split, one half

being banked and "one other half continued.

D. Programming

ANDYMG3 is transparently programed in F0RT3AN-

IV for the CDC-66OO and UNIVAC--liO£ computers. The

program consists of about 1000 statement lines plus

about 1*00 comment lines. All program variables are

defined in comment lines at the front of the pro-

gram; these are listed in Appendix A. All input and

output quantities are labeled by these variable

names. Also listed in Appendix A are comment lines

detailing time box selection, surface descriptions,

and sense conventions.

The program is variably dimensioned to reduce

field length. The main progrem allocates storage,

calls subroutine PREP to process ead repor*. input,

and finally calls subroutine BUSY to execute the

Monte Carlo and process and report results. The

program uses more than 60 arrays and 20 dimensioning

variables, but the CDC SCOPE 3 compiler will treat

only about 6c arrays plus dimensioning variables,

and the UHIVAC-1108 EXEC 8 compiler will treat only

about 15 to 1Q arrays through a subroutine, CALL.

Hence, many small arrays are assigned fixed dimen-

sions in labeled common. These fixed dimensions

are identified by adjacent comment lines and must

be altered to accommodate very large problems.

Variably dimensioned arrays are stored in large ar-

rays IA and A in blank common. Dimensions of these

arrays and cumulative lengths (L0CINIA and l^-CEIA,

respectively) of arrays stored in IA and A are

edited. If these are incompatible, the program EXITS

and the user should ir.crease the dimensions of IA

and/or A as indicated.

Program execution has been speeded by removing

from the Monte Carlo section unnecessary divisions

and multiplications and by placing the rendom num-

ber generator in line, i.e., as FORTRAN statements

where required in BUSY, rather than as a FORTRAN or

even an optimized machine language subroutine.

For those cases described in Ref. h, removing un-

necessary operations and placing the random number

generator in line reduced running time by about 10$

and lk%>respectively.

Certain systematica have been followed in the

effort to render the programming transparent. For

example, running indices begin with I with mnemonic

suffixes; e.g., IG always identifies a multigroup.

Upper limits on such indices have the I replaced by

an N; e.g., IG ranges from 1 to NG. Temporaries are

formed by suffix T. Read and numerical print for-

mats are few in number and are collected after the

storage section. Output, identification formats are

placed where required,and use Hollerith rather than

* or ; to permit operation on various computers.

E. Program Tests

In Ref. 3 are described several tests of the

ANDY geometry routine using one energy group. Of

these the most convir.oing consists in construction

of a very large and complicated geometry, assignment

of the same cross sections to each region, and com-

putation for one energy group of the mean-square dis-
2

tance < r > to collision. This should,and does,

agree with the analytic result, 2/Z 2 , where E

is the transport cross section and Z is the ab-

sorption cross section. Comparisons with RZTRAN, a

time-dependent S« program developed by K. D. Lathrop,

were less conclusive (refer to Figure 2 in Ref. h),

aJLthough agreement improved when space and time

meshes were made finer in the Sj. calculation.

In Figure 1 are compared AHDYMG3 and DTF2 cal-

culations of fissions in a fissile region enveloped

by a poisoned hydrogeneous region and concentric

with four other spherical annuli of various materials,

in response to a plane incident wave of lU-MeV neu-

trons. The two programs are in good agreement in

J-number, i.e., in total fissions per kg of fissile



material per incident neutron per square centimeter,

and are in reasonable accord as to the spectral dis-

tribution of fissions. No special variance-reduc-

ing techniques were used in the ANDYMG3 calculation.

The AMDY calculations yield front and back asymmetry

of fissions and the time dependence of the F-number

in a computing time not much greater than required

for the spherical, time-independent DTF calculation.

These AHDYMG3 and DTF calculations utilized

exactly the same cross sections, a 25-gi'oup set

with P and P scattering components. Because these

cross sections employ the Bell-Hansen-Sandmeier

transport approximation, many negative scattering

cross sections are present. In Ref. h an unsuc-

cessful Monte Carlo simulation of this problem is

contrasted with the present successful simulation.

This problem was also calculated using a cur-

rent version of the general-purpose, continuous-

energy Los Alamos Monte Carlo program,MEN. As is

shown in Table I, the product of running time per

collision and field length is 2.8 times smaller for

ANDY in this case. The cross sections used in the

ANDYMG3 and ICN calculations were not all compat-

ible, so the MCN calculation was not run long

enough to compere the times required for a desired

accuracy.

III. HJPUT

Problem and library inputs conform in many

respects to EL. program input formats and usage.

A. Problem Input

Required problem input is listed in Table II,

A sample input, listed in Appendix D, describes a

Fluharty pulsed multiplier with two adjacent mod-

erators in a cavity. A similar geometry with some

dimensions altered is pictured in Fig. 2 with

regions and surface segment numbers indicated.

The first two cards itemized in Table II are

library cards that should not be changed unless the

TABLE I

OPERATING COMPARISON OF ANDYM33 AMD MCN

AITOYM03 MCK

Object Time Field Length 53.I3K ~100gK

Run Time (msec/collision) 0.92 1.73

library is changed. Cards 3 to 2!t +... are the actual

problem input. Following the problem input are many

lines of library data described in the next Section,

III-B, but there is no more problem input. Surface

descriptions, sense conventions, time box selection,

and the notation used in Table II are detailed in

Appendix A.

The input variable KKKN starts the pseudorandom

number generator; NKRN can be taken to be a low posi-

tive prime number. Alternatively, if M0RE is greater

than zero, then M0ItE additional independent runs

will be executed, NKRN being incremented between

runs.

Input quantities for sums are defined in Ap-

pendix A, and are described more fully in Section

IV, Output.

B. Data Library Input

The library cards 1 and 2 in Table II charac-

terize the library and are required to fix its di-

mensions. In Table III is listed data library in-

put for ANDVJ4G3. ANOTM33 contains a generalized

delayed particle and photon treatment with a rather

clumsy input; this is made more efficient in the

specialized program, AKDYMSl, and is dropped from

other specialized programs.

Although decks for scattering components up to

IJLIBSC £ 3 may be included in the library, the

order of scattering actually used in a problem is

NSCAT, an input number less than or equal to IJLIBSC.

Note that the numbers of decks with scattering com-

ponents P-, P,, P_, or P, can differ; e.g., there

might be MATLIB = 20 P decks, NLIBS(l) = 8 decks

with P^ components, and MLIBS(2) = NLIBS(3) = 2

decks with P 2 and P, scattering components.

IV. OUTPUT

Input and output xuantities and tallies are

printed and/or punched. Printed quantities are

labelled by their program varii-t1" names and defined

in Appendix A and on comment cards at tht beginning

of the program. Microscopic cross sections and

other library data are printed,as are time box lira-

its, meci'oscopic cross sections, and the collision

parameters described in Section II-B. Microscopic

cross sections are not printed as read; instead,

printed scattering cross sections for groups IG are

in the form a(from IG) rather than a(to IG).



TABLE II

AHBYMG3 PROBLEM INPUT

Line or
Order

1

2

3

k

5
6

7

8

9

10

11

12+...

13+...

15+...

16+...

17+...

1S+...

19+...

20+ = ..

21+...

22+...

23+ ...

Format

7A6,5I6

1216

16A5

1216

1216

1216

6E12.6

6E12.6

1216

6E12.6

6E12.6

1216

1216

1216

1216

1216

1216

1216

1216

1216

1216

6E12.6

6E12.6

1216

Contents*

Library card 1: LI3RY,MATLIB,»3,HP,NI»G,BTPDEL

Library card 2: (NLIBS(lSCAT),ISCAT=l,NLIBSC),NLIBSM

TITLE

HREG,NSUR,NSEG,NMIX,NSCAT,NSENMA

BT, ITB1,NTALR, HTALSS, NIT,NMATMA,NSUM

NS,NKRN,1#RE,NPUKCH

DELTl,DELT2,pFFSET,TSPLT

WSPLT, WCJ>, WC0CF, WDELF

ITP(IS)

AS(IS),BS(IS),. . . ,FS(IS)

GS(IS),HS(IS)

IDS(lSS),NSEN(lSS)

(ISEN(ISS,IS1),IS1*=1,NSEN(TSS)) /

SAS(IR),IMIX{IR)

(IAS(IR,ISS),ISS=1,HAS(IR))

(H>S( IR, ISS), ISS=1,HAS( IR))

(ITALR(I))I=l,WtALR)

(ITALSS(I),1=1,MTAL3S)

NMAT(IM)

(IMAT(I,IM),1=1,NMAT(IM))

(DENS(I,IM),I=1,NMAT(IM))

(DENSM( I, ISUM) ,1=1, KUBSM) 1

IR0RS(ISUM),ISUMTY(ISUM) /

fi card tr ip le for each surface IS=1,NSUR

A card for each surface segment

No cards for NSEN(lSS)=O

A card tr ip le for each region IR=1,NREG

A cord triple for each mix IM=1,NMIX

A card pair for e»oh sum ISUM=1,NSUM

Variables are defitisd in Appendix A and on cement cards at the beginning of the program.

Basic program tallies include: WIR(lT,ITALY,

IG), the weight of particles or photons colliding

ir. each time box, II, in each group, IG, and in

each region with identification number ITALR(ITALY)

and order number ITALY=1,HTALR; Wi'SP(lT,ITALY;IO),

the weight in each time beat, IT, of particles in each

group,IG,crossing the surface segment with identi-

fication number ITALSS(ITALY) and order number

ITALY=1,NTALSS, from a region with lower identi-

fication number (Roman numerals in Fig. 2) to one

with higher number; and WISN(IT,ITALY,IG), the

same quantity for particles or photonB moving in

the opposite direction. The printed WIR, WISP, and

WISN arrayc have been divided by the number, NS,

of starters. In addition, an array WIT(IT,IW), Ikfc

1,STS, is dimensioned, initialized, printed,and/or

punched for arbitrary tallies to be introduced <<l

the discretion of the user.

Program execution registers are printed,such

as ISPLC, the number of splita; NC0L, the number

of collisions; and KDEL, the number of delayed par-

ticles followed. The termination and splitting

parameters described in Section II-C are printed;

in particular,the printed quantity HC0C represents

the terminated particle weight untracked at the end

of the problem. Similarly, the delayed particle or

photon weights WDEL(ITPDEI.), rrfDEL=l,KTF0EL un-

tracked at the end of the problem are printed.

Punched output c&n be read into the auxiliary

program AIHJYAV (not described here) for computation



Seal.: Jfe
AN0YMG3 MONTE CARLO

REGIONS: ROMAN NUMERALS
SURFACE SEGMENTS:ARABIC NUMERALS

F i g . 2 . Accelerator pulsed 3-MW reactor layout showing regions and surface
segments for ANIJYMG3 sample problem.

TABLE I I I

AHDYMG3 DATA LIBRARY INPUT

Line or
Order

25+...

26*...

27+...

2&+...

29+...

3O+...

31+...

32+...

33+...

3"»+...

35+...

Format

6E12.6

6E12.6

6E12.6

6E12.6

6E12.6

7A6,5l6

6E12.6

7A6,5l6

6E12.6

7A6,5l6

6E12.6

Contents

(V(IG),IG-=1,NG)

(CHIP(lG),IG=l,NG)

DO NOT INCLUDE CHID OR DELPC IF NTPDELK)

(( CHID( ITPDEL, IG) , IG-1, NG), ITPDEU1, NTPDEL)

(((DELPC(lTPDEL,IG, IMIX),IG«1,

(TD(ITPDEL),ITPDEL-1,NTPDEL)

ALPHANUMERIC TITLE

), ITPDKL-1,NTPDEL), DDX=1,KMIX)

ALPHANUMERIC TITLE, IDMAT

MICROSCOPIC CROSS SECTIONS IN DTF FORMAT

ALPHANUMERIC TITLE, IDMAT

"1 FOR EACH OF SUMMING

JDECKS 1=1 , NLIBSM.

\FOR EACH OF MATLIB DECKS IN L I -

JBRARY FOR SCATTERING ORDER P 0 .

"IFOR EACH OF NLIBS(ISCAT) DECKS

MICROSCOPIC CROSS SECTIONS IN DTF-IV FORMAT LlN LIBRARY FOR SCATTERING ORDER

PISCAT A N D roJPI



of standard errors, for plotting, for computation

of autocorrelation functions, etc.

The very large number of tallies in the WIR,

WISP, and WISN arrays are reduced to useful design

results by summing calculations after execution of

the Monte Carlo section. A library of summing cross

sections, o(I,IG),IG=1,NG,I=1,NLIBSM, is provided

for each applied program (refer to Section III-B).

For example, cr(l,IG) usually is unity for each group

IG=1,NG, while o(2,IG) usually is l/V(l&) f o r e a c h

group. Similarly, other summing cross sections might

be o?^ 2? or the biological dosf- in each multi-
Fissaon

group. Macroscopic summirg cross sections,

NLIBSMCSUM(ISUM,IG) X
1=1

DENSM(l,ISUM)o(l,ICJ), (7)

are formed from input densities and summing cross

sections. Then,after conpletion of the Monte Carlo

portion,sums ISUM=1, NSUM are computed. If IR0RS

(ISUM)^O, the computed and printed sums are

SUM(IT)
NG
Z WIR(1T,ISUMTY(ISUM),IG)«CSUM(ISUM,IG)/Macro-

IG=1

sccpic total cross section in the region with
order number ISUMTY(ISUM) in the list of region
tallies ITALY=1,NTALR, for the designated tally
region.

(8)

If IR0RS(ISUM)=O, the computed and printed sums are

KG
SUM(IT) = £ WIS'?(lT,ISUMrY(lSUM),IG)*CSUM(lSUM,IG),

IG=1 , x

(9)

and

NG
SUM(IT) = £ WISN(IT,ISUMTY(ISUM),IG)*CSUM(ISUM,IG),

IG=1
(10)

for the surface segment with order number ISUMTY

(ISUM) in the list of surface segment tallies ITALY"

1,NTALSS. Printed with each sum, SUM(lT),IT«l,BT,

are the identification numbers of the relevant re-

gions and surface segments, i.e., those whose order

numbers in tally lists have just been described.

By suitable use of these sums,the output can yieid

directly useful quantities such aa, fission rata,

total flux, and biological dose.

Listed in Appendix E is the last section of

output from the test problem whose input is listed

in Appendix D. This problem required 61 seconds of

CP time on the CDC-66OO,of which about 19 seconds

is required for compilation and input processing.

In Figure 3 is displayed output from longer runs of

this problem.
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APPENDIX A. NOTATION, TIMS BOX SELECTION, SURFACE DESCRIPTIONS, SENSE CONVENTIONS, AND COLLISION DESCRIPTION.

C NOTATION
C A S U O .BS< I S ) . . . . .^PARAMETERS DEFINING SURFACE WITH I D NUMBER I S
C C-DRORABILITr THAT SCATTERED PARTICLE I S EMITTED WITH SCATTERING ANGLE
C WHOSE COSINE IS COSCAT
C CH1PUPJ ^PROMPT NON-SCAITER PARTICLE YIELD FRACTION PER COLLISION INTO
r FNF.RGY GROUPS 1 THROUGH IG
C CHTO(TTt'PFL. IG) rTYPF ITPDEL DFLAVED PARTICLE YIELO FRACTION PER DECAY
C INTO ENERGY GROUPS 1 THROUGH IG
C CL ( I P . IG )=MICROSCOPIC CROSS SECTION I N POSITION I P FOR ENERGY GROUP IG AS
C KEAO FROM THE LIBRARY
C C^'( I P . I G . r M ) rMAt<?OSCOPIC CROSS SECTION OF TYPE IP IN ENERGY GROUP IG IN
C "IX I M . THLN THESE Q U A N T I T I E S ARE PROCESSED TO THE FOLLOWING
C C K ( 1 . I G . ] M ) T N U M R E R OF PROMPT SECONDARIES PER C O L L I S I O N FROM F I S S I O N + S C A T
C r n i ? . 7 r , . JM)=PROBABlL JTY SECONDARY PARTICLE I S FROM F I S S I O N
C CM ( 3 , I G . I f " ) :TRANSPORT MEAN FREE PATH
r CM I T" . T G . IM) . I P - ' i . N G - P R O B A B I L I T Y OF S C A T I E R I N G FROM FNERGY GROUP IG
C TNTO FNERC-Y GROUPS I G M I N I I G J THROUGH I P
C C M 1 ( T P i I G . I M ) = M A C R O S C O P I C P I COMPONENT FOR SCATTERING I N MIX TM FROM
C C.HOUP I G TO GROUP I N P O S I T I O N I P
C C M 2 ( T P . 1 G . I M J - M A C R O S C O P I C P? COMPONENT FOR SCATTERING I N MIX I H FROM
C CROUP I G TO GROUP I N POSTT ION I P
C C M 3 ( T P . I G . I M ) ^ M A C R O S C O P I C P3 COMPONENT FOR SCATTERING I N M I X IM FROM
C GROUP IG 10 GROUP I N P O S I T I O N I P
C THEN THE C H I . CM2, AND CM3 COMPONENTS ARE CHANGED TO COEFFICIENTS OF
C °OWEP.S OF COSCAT
f COSCAT = COS1NF OF SCATTERING ANGLF I N LAB COORDINATE SYSTEM
r CSUMI I S I I " . IG) =MACROSCOPIN CROSS SECTION TO BE USED IN GROUPIG FOR SUM ISUH
r D=PAPTICLE FLIGHT PATH LENGTH 70 SURFACE OR TO COLLISION POINT
C O M T A S T ) : M O R E P O S I T I V E DISTANCE TO SURFACE SEGMENT WITH I D NUMBER I A S T
f n ? ( I » S T ) r L E S S P O S I T I V E DISTANCE TO SURFACE SEGMENT WITH I D NUMBER I AST
C D F L P C f T T P P E L i I G t I M ) = N U M « C R OF OELAYE& SECONOARY PARTICLES OF TYPE I T P D E L
C F M I I T F D I N ENERGr GROUP IG PER C O L L I S I O N I N MIX IM
f O F L M = » I D r H OF TIME BOX I I ( 2 . L E . I T . L C . I T B 1 t . D E L T 1 I I S INVERSE
r D F L T ? = » I D r H OF TIME BOX I T ( I T . G T . I T B 1 . A N D . I T . L E . N T > . D E L T 2 I I S INVERSE
C D E N S I T . I M ) = N U C L E A R OR MOLECULAR DENSITY OF MATERIAL WITH ORDER NUMBER
f T I N M I X IM
f OFNSMt [ . ISUM) IUEMSITY OF I - T H DECK TO BE USED IN SUM ISUM
C DTRY-PARTICLE FLIGHT PATH LENGTH TO CURRENT SURFACE
C F R N - T A L NUMBER IN ( 0 . . 1 . ) FORMED 3Y PSEUDORANDOM NUMBER GENERATOR
C 1AB(TO. ISS>=1C NUMPER OF REGION ON OTHER SIDE OF TSS-TH SURFACE SEGMENT
C THOM REGION I R . I A R U R . I S S I EXCEEDS NREG I F ISS I S ON SYSTEM BOUNDARY
C I A S ( I R . I S S l r l O NUMBER OF ISS-TH SURFACE SFGMENT ADJACENT TO REGION WITH 10
C NUMBFR I R . ( I R r l . N R F G ) . ( I S S = 1 . N A S ( I R ) > .
f TOENI T<;S»IS1S - I D NUMBER OF THE IS1 -TH SURFACE BOUNDING SURFACE SEGMENT ISS
T T O S ( I S S ) : T D NUMBtR OF SURFACE CONTAINING SURFACE SEGMENT WITH I D ISS
f 1GMAXUG):HIGHESTNUMb£RED ENERGY 1R0UP FROM SCATTERING IN ENERGY GROUP IG
C IGMINC I C l H O K f U NUMBERED ENERGY GROUP FROM SCATTERING IN ENERGY GROUP IG
C 1GSPL ( !SPL)=ENERGY GROUP OF I S P L T H BANKED PARTICLE
C I H I T z T O NUMBER OF SURFACE SEGMENT H5T BY PARTICLE AND IS 7ERO OTHERWISE
f I M A T f T , I M ) - I D NUMBER OF MATERIAL W.TH ORDER NUMBER I IN MIX IM
r IMTX(IR)ACROSS SCCTTON MIX NUMBER I N REGION IR
r IRMULT= MULTIPLIER IN PSEUDORANDOM NUMBER GENERATOR
f TNDICFS/ IT FOR TIME BOX. IS FOR SURFACE. ISS FOR SURFACt SEGMENT?
r 1ST fOR STARTER. IR FOR REGION. IG FOR ENERGY-TYPE GROUP. ITPOEL
f r Off DTLAYED PARTICLE TYPE. ISCAT t OR SCATTERING PATTERN COMPONENT.
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APPENDIX A. (Continued)

r t ' M TOR THE REGION JUST LEFT. IW FOR INTEGRAL TALLY. ISUM FOR SUM
f TPORSC IMJH) = 1 I F A REGION TALLY IS TO BE USED I N SUM. 0 I F « SURFACE SE Gfr-
r TROR', ( 1SU») =1 IF A REGION TALLY I S TO BE USED I N SUM. 0 I F A SURFACE SECr
C M E M TALLY IS TO BE USED I N SUM
C 1RSPI ( ISPL)=REGION OF I S P L ' T H BANKED PARTJCLE
( I S E N f T S S . [ S I ) = S E N S E OF I S 1 - T H SURFACE BOUNOING SURFACE SEGMENT ISS
C ISPL-N'JMBER OF BAf.KED PARTICLE
C ISPLC-CUHULATIVE NUMBER OF SECONDARY PARTICLFS
T ISUKTYCTSUMlrORDER NUMBER OF INTEGRAL TALLY ITALY YO BE USED IN SUM
f TSPLO-NUMBER OF SECONDARIES OVERFLOWING BANK
f 1TB1-LAST T HE BOX OF WIDTH DELT1 I 1 . L E . 1 T B 1 . L E . N T . L C . 1 0 0 )
C T T A L » ( I ) - [ D NUMBER OF I - T H REGION FOR WHICH KIR I S TO 8E TALLIED
C T T A L < S < H : I O NUMBER OF I - T H SURFACE SEGMENT FOR WHICH WISP AND M S N ARE
C TO RF TALLIED
C TTPtJS)=TYPF NUMBER OF SURFACE IS
r WHfTHEP PLANE i l l . SPHERE < 2 ) . CYLINDER «3>. ELLIPSOID <»» . CONE CST1
C KRN-INTEGrR PSEUDORANDOM NUMBER
C LFNCA-DfMFNSTON OF STORAGE ARRAY A
C l_rNGT«=niMENSION OF STORAGE ARRAY IA
C LlflRY^LIBPARY DESCRIPTION
C LOCTN*=NUMBEfi OF LOCATIONS REQUIRED TO SET UP ARRAYS TO BE STORED I N A
f LOCINI =NUf*BER OF LOCATIONS REQUIRED TO SET UP ARRAYS TO BE STORED I N 1A
C HATLIBrNUMBER OF MATERIALS IN CROSS SECTION LIBRARY
f MOr>f»l rNU"bER 0\- CASES I N THIS JOB
C <MSt TPl^NUMBF* OF SURFACE SEGMENTS ADJACENT TO (BOUNDING) REGION IR
f NPANK=BANX DIMENSION
C NCOL^UMFER OF COLLISIONS IN THIS JOB
f NF)El DUMBER OF DELAYED PARTICLES FOLLOWED I N JOB
r NG:NUMBFfc OF ENERGY GROUPS
C NTNG=P0SIT10\E OF IN-GROUP SCATTERING I N CROSS SECTION TABLE
C NITzNUKbFR OF INTEGRAL TALLIES
r NKRN-FACrOk ( 1 . i . S . 7 > . . . ) FOR STARTING PSEUDORANDOM NUMBER GENERATOR
f NL I H C ( ISCAD^NUHbER OF MATERIALS I N LIBRARY WITH ANISOTROPIC SCATTERING
C COMPONFNT ISCAT:1.NLTBSC
C NLIR'iC =M4xIMUM NUMBER OF ANISOTROPIC SCATTERING COMPONENTS I N LIBRARY
f NL I t W - N U M R F R OF DATA SETS IN SUMMING LIBRARY
C NMAT'IM)zNUHBER OF MATERIALS IN CROSS SECTION MIX I N
C NMATMA :MAX[1UH NUMBEP OF MATERIALS PER CROSS SECTION MIX
C N M I X T N U K R E R OF CROSS SECTION MIXES
f NP=NU«BEt OF POSITIONS PER ENERGY GROUP I N CROSS SECTION TABLE
f NRFGrUUMBFR OF REGIONS ( 1 . L E . N R E G . L E . 2 0 )
r NS-NIJMBFR OF SOURCE PARTICLES
r NSCAT:\HM3LR OF ANISOTROPIC SCATTERING COMPONENTS TO BE USEO IN PROBLEM
C NSEC = NUMRER OF SURFACE SEGMENTS <\ . LE .NSEG.LE •<( 0)
r NSENfrsS!-NUMBER OF SURFACES B0UND1NC SURFACF SEGMENT ISS
C NSEN1« ^MAXIMUM NUMRER OF SENSE RELATIONS PER SURFACE SEGMENT
C NSUM = nESTF<tD NUMBER OF SUMS
C NSUH-NUHRER OF SURFACES ( 1 . L E . N S U R . L E . 2 0 1
f NI:NUMKER OF TIME BOXES t I . . L E . I T B 1 . L E . N T . L F . I O O »
C NTALR=NUMAER OF REGIONS FOR WHICH WIR I S TO BE TALLIED OE.1
C NTAL*.S=NUMBER OF SURFACE SEGMENTS FOR WHICH WISP AND Wl SN ARE TALLIED 6 E . 1
c NTPOFL=NUMBFR OF TYPES OF DELAYEO P A R T I C L E S
C OFFSETzUPPER L I M I T OF FIRST TIME BOX (D .LE .OFFSET.LT .OELT1) . I F
C OFFSFT^O. . TIME BOX I T = 1 WILL BE EMPTY. I E . FIRST NON-ZERO TALL*
C WILL BE I N TIME BOX I T = 2
C R H O D T P E R I O D OF PSEUOORANDOM NUMBER GENERATOR
C RNS-NUMRFR OF SOURCE PARTICLES IN PROBLEM(RNS=NS>NB)
C S l ) M ( I T I = A SUM IN TIME BOX I T
C SUMSCA -TEMPORARY SUM OF MACROSCOPIC OUTSCATERING FROM AN ENERGY GROUP
C TzCU«ULATIVE PARTICLE FLIGHT TIH£=REAL TIME AGE OF PARTICLE AT EVENT TINE
C T R ( I T ) r u P P F R BOUND OF TIME BOX I T = 1 . ? . . . . N T
C T O ( I T P D E l ) - M E A N L I F E FOR DELAYED PARTICLES OF TYPE ITPDEt
C TITLF=PRORLFH DESCRIPTION
C T S P L f I S P L ) -REAL TIME AGE OF I S P L ' T H BANKED PARTICLE
C U X . U V . U 7 - D I R E C T I 0 N COSINES OF PARTICLE
C UXSPL I ISPL) . U Y S P L U S P L ) .UZSPLdSPLJ ^DIRECTION COSINES OF I S P L ' T H
C RANKED PARTICLE
T V ( IG I :PART1CLE SPEFD I N ENERGY GROUP I G . INVERSE SPEED AFTER PRECOMPUTE
C WCO=A PARTICLE HISTORY IS TERMINATED IF ITS WEIGHT DROPS BELOM K O
C WCOCF-VALUr WHICH TF EXCEEDED BY WCOC PERMITS A LOi WEIGHT I t t .LT.MCO)
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APPENDIX A. (Continued)

C PARTICLE TO CONTINUE V ITH HEIGHT *COC
C WrtFL itTPDEL)-CUMULATIVE WEIGHT OF DELAYED PARTICLES OK TYPE ITPOEL
C « D f L r - A DELAYED PARTICLE IS FOLLOWED IF WOEL EXCFEDS WDELF
C W I R j T T . r TALY.IG):rCUMULATIVE WEIGHT OF PARTICLES COLLIDING I N TIME BOX IT
C I N ENERGV GROUP IG IN REGION 5 T A L R ( I T * L T )
C WISM f T T . I T A L Y . ] G ) : C U M U L A T I V E WEIGHT OF PARTICLES CROSSING SURFACE
C SEGMENT I T A L S S ( I T A L Y ) IN TIME BOX IT I N ENERGY GROUP I G FROM REGION
C WITH HIGHER 10 NUMBER TO REGXON WITH LOWER TO NUMBER
C » I S P ( T T . I T A L Y , I G ! ^ C U M U L A T I V E WlIGHT OF PARTICLES CROSSING SURFACE
C SEGMFNT I T A L S S ( I T A L Y ) IN V IMF BOX IT I N EMERGY GROUP I G FROM REGION
C WITH LOWER TO NUM9ER TO REGION WITH HIGHER TO NUMBER
C y I 7 I I T . I w ) r l w - T H INTFGRAL TALLY IN TIME BOX I T
C WSPL(TSPL)^WEIGHT OF JSPL'TH BANKED PARTICLE
C WSPLTrPARUCLE WEIGHT MINIMUM FOR SPLITT ING
C X.Y.7 . rSEClANGULAR COORDINATES OF PARTICLE
C X I I S P L ) . Y ( 1 S P L ) . ? I I S P L ) ^ R E C T A N G U L A R COORDINATES OF I S P L ' T H BANKED PARTICLE
C XU.YU.XYU.R2U ARE TEMPORARIES I N DIRECTION FINDER
C A1.B1 . C l . . . . . E [^TEMPORARIES IN GEOMETRY ROUTINt . OTHER TEMPORARIES
C ARE FORMED BY ADDING SUFFIX T
C
C TI MF BOXES
C AN EvFNT AT T IMt T I S TALLIED IN TIME BOX I T I F TB( I I - 1 > .LE .T .L T.TB I t ) •
C WHERE T B ( I T ) I S THE UPPE" L I M I T OF TIKE BOX I T - TIME BOX I T = 1 COVERV. THE
C INTERVAL ( U . . O F F S E T ) . TIME BOXES I T = 2 . I T B 1 ARF OF WtDTH D E L T l . AND TIME
r BOXES I T : f T B l « l . N T ARE OF WIDTH DELT2
r
f SURFACE DFSCRTPTIONS
C PLANF ( I f . A VECTOR (AS«8S.CS) IS NORMAL TO PLANE A NO I S DIRECTED CENER-
C ALLY OUT FROM O R I G I N . LEAST DISTANCE FROM ORIGIN TO PLANE IS
C D S / S O T I AS«»2»BS« • ? * C S « « 2 ) .
f SPHFPF <?). RADIUS DS CENTERED AT (AS.BS.CS)
c C I R C U L A R C Y L I N D E R I D . R A D I U S G S W I T H A X I S P A S S I N G T H R U ( A S . B S . C S ) I N

C D I R E C T I O N ( D S . E S . F S )

C E L L I P S O I D ( " ( ) . C E N T F S E O A T ( A S . B S . C S ) W I T H A X E S P A R A L L E L TO X . Y . 7 C O O R -

f O T N A T E A x E S A N D W I T H R A D I I O S « E S . F S . R E S P E C T I V E L Y .

C C O N E C O . A P E X AT ( A S . B S . C S 1 W I T H A X I S P A R A L L E L TO J O S . E S . F S ) A N D O P E N I N G

C A N G L F 2 . . G S W H E R E G S I S I N U N I T S O F R A D I A N S

r
r TNSE CONVENTIONS
C » POTN! IN SPACE HAS POSITIVE SENSE WITH RESPECT FO A PLANE I F THE SPACE
C POINT I S ON THE SIDE OF THE PLANE TOWARD WHICH THF NORMAL (AStBS.CSI
C °O INTSt WITH RESPECT TO A SPHERE. CYLINDER" OR ELLIPSOID I F THE SPACE
C POINT IS OUTSIDE THE SURFACE, wlTH RESPECT TO A CONE
f
T eULTTGPOuP CR1SS SECTION LI8RARY
C N E G A T E SCATTERING CROSS SECTIONS AND L E G F N D R E COMPONENTS ARE OK
C
C COLLISION PROCESSES
C *HfN A COLLISION OCCURS I T IS TALLIED !N WlR. DELAYED PARTICLE TALLIES ARE
C INCREMENTED,AND THE CONTINUING P A O T T C L E WEIGHT IS MULTIPLIED BY THE DROMPT
f SECONDARIES PER COLLISION YIELD C M l l . I G . I H ) . THE CONTINUING PARTICLE
C FMFRfFS PPOMPTLY AND I SOTPOPICALLY AND IS CHOSEN TO BE A F I S S I O N PARTICLE
C <¥ITH PROBABILITY C M I 2 . I G . l M ) ) OR A SCATTERED PARTICLE. IF FROM F ISS ION
C ITS FMERGY SPECTRUM IS CHOSEN FROM C H I P . I F FROM SCATTERING THE
C CONTINUING PAPTICLFS SPECTRUM I S CHOSEN FROM CM(I P . 1 6 . 1 Ml . 1 P . G E . t . ITS
C WEIGHT I S MULTIPLIED BY A FACTOR PROPORTIONAL TO THE SCATTERING CROSS
C SECTION AS A FUNCTION OF SCATTERING ANG..E. I F THIS FACTOR IS NEGATIVE THE
C PARTICLE I S TERMINATED BY WCO AND WCOCF I S INCREMENTED NEGATIVFLV.
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APPEHPDC B . FU)W CHART 0 ? AMJY GEOMETRY TREATMENT.

I
CHOOSE TRIAL DtSTANCE
0 TO COLLiSICN
IHIT'O

1NAST'NAS(1R)|

TAST-IASOIMSS)!
IDST» IDS OAST) |

,NSEN(IAST)»O

XI »X*DTSW«UX
Yl *Y*OTHY»UY
21 •Z-»DTRY«IJZ
NSEHT'NSENU/kST)lNASTT»WAS(IRT)|

IOENT>IOEN(IA!rr,lS0
IDST*IOS(IRT,tSSO)

OKIOST) « 01 HOST)-OT
D2IIDST) • D2(IDST)-DT

[SENSE •NOBMALYI-DSI
ITPTMTPODST)
D[«DST)»O
Oi.(IOST) « 0

ISENIMST.ISI)
• J3EN-0 CT<*Y*O!{H>ST)

NPRT-!

BI'DS-XNORMAL
OI<mST)-BI/AI
DTRY'DIUOST) |32 'B I»«2 -A I»C I |

flHJT > IAST
IJSST I S S
JO DTRY

All * I /AI
DKIDST) > (-BKB3) • All
D200ST) '(-SI-B3) "All

DTRY • D20DST)
NPRT*2

CTRY • DIHOST)
NPRT



APPENDIX C . AOTW GENERAL GEOMETRY ROUTEJE,

r CHOO'.r T f i lAL DISTANCE TO C O L L I S I O N
ET5 7 KHW-TI<MtJLI »KRN

I M I X T •: IM I X I I R )
0 : - A L n C ( r R N ) * C H ( 3 f I C < I H ( X T I
IHIr-n

r
C OF BUG P H I N I HHHHz? G OF S HFRE
C
C REOMFTRr SECTION
C
C MASf FS THf NUMBCR OF SURFACE SEGMENTS A U A C F N T TO HEGION I R

y i S KiASr^N AS( TRJ
oo r>r>o TSS=I .NAST

r iAsr i s inr 10 NO. or THE SURFACE SEGMENT WITH OROES NO. ISS ADJACENT TO
c or G r ON i a

IUST I S 1HF 10 NO. Or THE c ,UKFACf CONTAIN ING SURf SE6 WITH rO N O . I » S T
3 D S T : I O S ( I A S T )
I T t IPT . 1 ( 5 . 0 1 GO TO 51 J

no s i v T S S I = I . N A S T T

I A S I ? - 7 A S ( I R T . I S S 1 )
IF (1D1T . N E . l O S t l A S T ? ) ) GO TO 5 1 2
n i < ir>sT) =011 l o s n - o r
P 2 1 1DST) : [ J 2 < 1 O S T ) - O T
GO TO 5 1 i

'jl 7 CONTINUE
C H P T I S THE X1PC NO. OF iURFACF « I 7 H 10 NO. I D S f

51 1 ! T P T = I I P 1 I D S T )
[ j l ( i n S T ) = 0 .
D?(rns i i=n .
to TO (5ni.so2<soj.so"t. ' ios j . i / p r

C PLANE SURFACE MITH NORMAL (AS.BS.CS) AND WITH CLOSEST DISTANCE TO
C 0P1GIN DS/SOPT(AS" ?*BS«•?•CS••?)

I l l « l : A « ; ( [ O S T ) . U X * I J S I I D S T ) » U Y * C S ( I D S T ) « U Z
IF ( A^S( A |J .L T . I . F - 7 0 1 r-0 TO SOO

I F r n (fn<;T) , L E . O . O » <;o TO 500
nrivyrn 1 ( TOST)
NPRT= 1
CO TO 5?T
SPHERE or HAUlU'j OS CCNTFnEO AT (/.S.BS.CS?

rO ? A 1 - 1 .
61:(X-AS(insn)«UX*{Y-BSIlDSTU»UY*(Z-CS(I0ST»l*U?
Cl=(X-AS(II)ST))«'2->tY-BS<IDST))«»?+(Z-CSII0ST)>««?-0S<I0STI»»2
GO 10 blO
CJHCULAR C Y L I N C t R OF RADIUS CS WITH A X I S PASSING THRU (AS»QS«CS1 I N

O l r f L ' t l l O N I D S . F S . F S > . NOTE ( D S . E S . F S > WAS NORHALWEO I N 7 N T r '

)»D C . ( i n S T ) + ( Y - B S ( I D S » i : - ' L S ( I O S T ) * I Z - C S J I D S t l l
1 FS( rosn

A l = l . - W ? « « 2

GO TO 5 1 0
C E L L I P S O I C CTNTEPED AT ( A S . B S . C S ) WITH AXFS PARALLEL TO X . Y . Z AXES WITH
C OAD1I D S . L S . F S . R E S P F C r I V E L Y . THEN I N I N I T I A L I Z E O S . E S . F S ARC
C REPLACED BY THFIR RECIPROCALS SQUARED

SQM A U U X . «2«DS( I O S T ) + U Y . « ? « F S ( ID^.T ) * U Z " 2 » F S ( I D S n
B U U X * ( X - A S I I D S ! ) ) » n S I I D S T > +UY« ( Y - B S C I D S T 1 J < E S ( I O S T I

» F S ( I O S V >
2 » D S ( I D S T ) * ( Y - B S ( I O S T ) > • »2«r S< IOST J

1 + ( J - C S ( r 0 S T ) ) « « 2 « F S » I 0 S T )
GO TO 6 1 0

C CONE WITH APEX AT ( A S . B S . C S ) AND AXIS P A R ' L L F L TO ( O S . E S . F S ) WITH
C nPLNTNG ANGcE ? . « G S . NOTr" (OS . E S . F S ) WAS NORMALIZED AND ( C O S G S 1 " 2
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im>m>IX C>. (Continued)

C * * « . M O R C O ( N O S IN I M I I I A L I 7 C

MIS * . \ m . P ' n n s i )*o -rs<rosn«u7»rsi JOST )
v; . - i t - ( M I r>c.111 - U K * ( Y - R S < i G S T ) J " i t r * ( Z - C S M D S T M » u *
v«.i i r. - * s i r o s i ) i . » ? » t t - - s s < t n s n i • • ? • « Z - C S I I D S T S » • • ?
V ' r : l « • * S < I O S ] ( ) « Q S ' I O S T J + ( 1 1 - 8 * . < I O S T ) ) » £ S I I O S T ) * ( Z - C S t l D S T ) ) •

H ' . U O S I I
A) - V'•'• ' ^ -OS f IOOT»
n i - . y . ' • v s - r s s i ( O S T I -w i
c i - v ' - • • / - < ; ' - « J O S t i «vs»

'•II H/>- H i • • ? - * i «C i

r AWE Mir PTSTANCF ROOTS COMPLEX
i r (5. ». t r . r , o O > c o TO son
r !.- '»Tf r t o ? !
I f i i i ? < S ( A ( ) . L T . l u i - 2 0 1 C O T O 5 0 0
A 1 I - I . / A I
n ) i m r . T s ; £ - a ; *p j i • « i [
0?' . if.S-Tl : J - R ! - B 5 t •< I I

'.I ' r oN i i n u f
r
r f>F°UG M l i i S «JNr;N:5 T.Of. S H( RE
r
r <i?r TUT ^ I S I A N C F Pfioi"; foi'H NrcAiivc

M- ( i t 1 1 ! ^ , D .tr_ , a . r n G.T TO SOO
r: r <- v .- •-. •> t ; : r , f i
Uf'R 1 7 ?
i r ( |MK'» . i . f . u . a > CO 10 SI'*)
CO ' '' ' i . * ! !

«-i a r - ruv -1 ) \ u n s i :
r.c>i-11 - i

r->p ;r c . ' i i . v . i - T . D ) GO TO son
r
f \i ! " [ ' P O I M i s B r A C K E O T H f N kE H A V E A C A N T I O A T T D TR t FOR THE S H O R T E S T
f r.. | (.m TP A MiUf »Ct. '.~n-"CMT AOJACfNJ TO PEGXON I R . NO* TEST SENSES TO
t < i » i !< i . t H K . j [ > i i C T U J L L f IH THE S U R F A C E SEGMENT W I T H I D I » S T .

; ! " . ' > >:; I A M ) . t ' G . O ) CO 10 SSfl

» i -•.» »r ' f / » • 11 x
t l ; » » n i » r « i l »

I ' M •. ' - -NS! N1 ( ] A S 7 }
;»n '•. ' t : f « , I : i , f < s f M

i n t ' . T - i n ! " ' ) f r . t s f . i ? i )
T 11> i - r i ;> i i i n N r }

r,n T " c , <> . ' , i < ? . S 5 J . S ^ i . S r 5 ) . 1 T P T
' • ! M ' I M .•,'-( ! r r NT ) . x 1 vR'' i I')i M )»1'1 »CS( IDEN r ) « ? 1 - D S 11 CENT )

(,% 7 r> ' - » "

<-! * •.; •<>..; r ( » ! - 4 « , U U E N f ) ) » . ? • ? V I - e s t I O f N H ! • » 2 • I Z J - C S 1 f O E N T I J » » 2

I (IS Mi> i * I > • •?

cn ; r- • i, f)
r t '• 4 ••< . t ' I • A ' . ' l u t N t ) ) > • ? * ( » l >stS ( I O E N I 11 • • ? • C 7 1 - C S ( T O f N T )> » » 2

>• .-. ( t i - « S I i r . ( M ) ! « D S f l D P l ' l » ( f 1 - R S ( I C F N T ) ) « E S « I O E N T I
1 • i / i • •' ' < ! ' f M r n »> S ( I DC N i l

r i I f ̂ <<n
' M i ' f N V - {« I - A S I S O I N T I ) « « ? » n S ( I P F N T ) • (y l - B S I I O E N T ) ! « • 2»

l l - i i ( ^ > \ T ) « ( / ! - C S ( l O f « T »> • • 7 « F S I I D E N T ) - J .
r.;> ' •'< T'»n

' . 5 1 V I ; I ' I - f t ' , t .'.DCN?) ) • • ? • ! V J - 1 S I ! O F N T ) » • • 2 * 17 1-CS « I Of NT »» » » 2

V . : I » ! -A' ( 11) I NT I ) .UMin iNT I • ( r l - 8 5 t IOEN.'» )»ES(10ENT>

r.'i D v i s , r r*; |

il I'.! NSi . L T . 0 . 0 )
r
f 0! BUT PP1NI \N\«J: - I» COE'i MEHF

i r i I M N< r » S T , i s i ) * j ; s f » i . r o . o f GO TO
C ! « i S SfNSE IE SI HAS (J£i1« PASSFO

co rn b in

f I»MS r , rN* , f f L S ! MAS



APPENDIX C. (Continued)

" i l I T ( N P i f T . F Q . l ) GO TO SOO
n r Q v r o j ( T o s r f
NPRT^l
GO TO S70

M l CONTINIIF
f ALL TFSTS HAVE HEEN PASSED SO I H I T IS THE ID NUH8FR OF THE CLOSEST STRUCK
C MIRTACE SrGMENI OF TMOSF Yf T TESTFD

r r , n ! H I T = I AST

n=n TRY
cnn CONTINUE

APPENDIX D. SAMPLE INPUT FOR ANDYM33.

7S r.POI'P NTUIHONS. P I . B-H-T TRANSPORT 12 25 17
1 1 6

Pill*". FH MULTFPLIF^ IN CAVITY

7.
? .

n.
i .

n.
n .

n.
n.

0.
•>.

n.
n.

p .

n.

n.
so

D.
0 .

o..
n.

n.
sf;

n.
0 .

0 .
p .

p .
f .

i .
n.

?n
innn

l

l

T

7

7

?

7

7

1

17 18
10 4
|9 0

7Q .
.ooni

0 .
0 .

0 .
r;.

0 .
0 .

n.
0.

a.
a.

n.
0 .

0 .
0 .

0
0 .

0 .
0 .

0 .
0 .

0 .
0 .

0 .
0 .

n.
0 .

n.
n.

5
j
0

7 .
. 0 1

0 .

1 .

- 1 .

0 .

- 4 .

4 .

0 .

- s n .

so.

0 .

-so .

5 0 .

0 .

0 .

i
i

2
7

100.
1 .

0 .

0 .

4 .

n.

1 0 .

1 0 .

0 .

100.

100.

0 .

106.

106.

1 .

6 .

'I

0 .

0 .

0 .

0 .

G .

0 .

0 .

0 .

0 .

0 .

0 .

0 .

0 .

0 .

1 .

0 .

0 .

1 .

D .

0 .

1 .

0 .

0 .

1 .

0 .

0 .

0 .

0 .
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APPENDIX D. (Continued)

n.

- i
n.

0,
o.

o.
o.

1 0 .

to.

0 .

- I

n.
1
7.

-1
7.
I

-1

7
3

- I
1

t
- I

M

-1

?
f>

- 1

t
-1

R
<i

-1
1
8

-1
fl
7

-1
9
7

- I
in
n
i?

?
1
?
3
I
?

-1
1

n
n
n
7

is
-l

1 5
-1

\\
-1
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-1
]fi
1?
- I
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U
-1

5
1

?
17

1
1
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u
?
6
7
3
3

n to

6
2

9
3
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7
1
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9

8
>i

II
9

9
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12
9
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S

l«t
5

1 5
S

16
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6
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6
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APPENDIX D. (Continued)

3

1G
3
1
7
6

303
.nil 7857

517
.0?

7
3 1?

•cnaooi

51?
.ni

7
51?

.onn 7

.0
p.

l
n.

l
n.

i
p.

i

3
5
17
J
14
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306
•
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•
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•

391

5q<*
.

0
1
1

1

\

(i

3
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jl

5
16

307
000767

315
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000001
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07

315
1?

•

•

•

6

350 iU2
•23 .00001

516 350

.me

31B 350
.018

316 350
.0

0.

0.

0.

0.

331
.0179459

.0010

.0018

351 3H7
.0

0.

0.

0.

0.

.0135957

.ons

.01

.03

1 .

0.

0.

n.

.0

.0

0.

0.

0.

0.

.00736668

APPENDIX E. LAST PART OF OUTPUT FOR AMDYMG3 SAMPLE PROBLEM.

Q.
0.
0.
0.
0.

0.
0.

a.
• 1 J

</•

u.
0.
0.
0.

0.
0.
0.
0.

<?rsui

W I R U

W J R I I

TS

T.

Ft

i

roft

ITALY

0.
0.
0.
a.

'IMf INTERVAL

»roi»IG=I»NG

IT<,LY«I3) elGsl.NG

0.
0.
•
•

ITALY

C.
0.
0*
0.

IT4LY

0.
U.
U.
0.

16P058E-03
105316E-U3

»IG) . IGsl.NC,

»IG)tlGsltNG !

row
0.
0.
Ot
0.

?0R
0.
0.
•

™ •

F0»

0*
0.
0.
«

roR
0.
0.
0.
0.

20 "0 T8(IT)

REGION

REGION

261632E.03
259763E-03

REGION

173160E-06

REfjjON

1
0
0
0
0

4

0
0

5

0
0
0

6
0
0
0

> .220000E

•
t

•

•

t

•

.123823E.02
• «(>4O13E-O6

•
•
•
.517399E-03

•
•
•
O660105E-03

•03

c.
0.
0.
0.

0.
o.
-I850899E-06

0.
0.
0.
-,183005E»02

0.
0.
0.
.3B9335E.02

0.
0.
0.
0.

0.
0.

ol

0.
0.
0.
,133?07E-01

0.
0,
0,
,1256»2E-01

-.596383E-0J
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APPENDIX L.

U .

(Continued)

IT,1 I , I 6 = 1 | N G FOR SURFACE SEGMENT 7
0 , 0 . 0 ,
0 . 0 . 0 ,

3 .217137F. 32 0 .

0 .
0 .
0 .

0 . 1 / . 0 . 0.

I T » I

u .
u .
0 .
0 .
0 .

f l .

J •
0 .

0 .

J •
0 .

WISP. IT, I rnn

I . .
'-• •

•i •

0 •

0.

> I 5 ) i l G = l t N G FOR SURFACE SEGMENT 7

0 . 0 .
0 . l>.

# * ? 4 7 M £ - 0 O . 6 4 7 5 0 1 E - 0 3

0 . 0 .

,10=1 .NG FOR SllKFACE SEGMENT

,1-3 = 1 ,HG FOR

0 •
0 ,
0 ,

SEGMENT

0•
0 •
0>

IS

1<5

0.
0.
.119099E-0*

0.

0.
0,
-,
0.

0,
0.
0.

a.

c.
o.
o.

i i T , ; T 4 L ' , I ,) , I 3 = 1 , %

U .

J .

• j .

o .

FOR SUWFttCE SEGMENT

0 . 0 .
C. 0 ,
o, 0 .
0 . 0 ,

16

0.
0.
0.
0.

0,
0.

0.
0.

I TAL^, 13) ,IG=1,NG FOR SURFACE SEGMENT

J <. 0 . 0 •
J • 0 • 0 •
J . 0 . 0 .
u . 0 . 0 .

0 .
0 .
0 .
0 .

0 .
0 .
0 .
- . 1 7 6 6 6 2 E - 0 *

1 0 0 0

•15

w f j

>" IS^LO MHS NCOL NDEL
0 3505

UC *COCF

2 .100000 t -01

• t't.!_ { ITPUEu) ,ITPI)EU»1 .NTPOEL

S J M 1 FOR TALLY

W l « S . « ( I T i • 1 T = l t r i T

i<i .<:«7*97E»00 . 7 7 3 3 0 1 E - 0 1
l . » c 8bS iE -0? 0 .

. l»6616E- 'J l U. 0 .
0. 0.

? F3R ITALY"

•200000E«01

1 FOR REGION

. _ -_>02 .229960E-01 ,144269E*OO

.2675146-02 .*66523c-01 -.21350SE-03
-.17290SE-0* .670930E-03 0.

2 FOR REGION IH* 4

.40T877E»00



APPENDIX E. (Continued)

.25437?E*00 .2io575E*0Q .193422E*00 .201244E»00 ,765364E»00 .335344C»00

.1Q1902E*00 ,lS1973E*00 .62806*E-01 .447S0SE-01 .229587E-01 .617394E>01

.187332E-01

REGION SUM ISOMC 3 FOR TALLY IT*LY» 3 FOR REGION IR» 5

WIR SUM(IT)«lT«iiNT
.H*39oE*OO .294»35E*00 .27459iE*00 .146536E*00 .498529E-01 .-
•l02305!:»O0 .l03942E*00 .895665E-01 -.2223&3E-01 ,9S4626E»OO .1O13S4E*C1
*lOl37oE»Ol «^S7336E*00 -,5o2855£«00 ».*00l5lE*00 -,255398E«00 ,478337E»00
-,668645E«0(»

REGION SUh ISUM= 4 FOR TALLY IT»LY« 4 FOR REGION IR»

WIR SUM(IT)ilT«l»NT
)0 ,3*5e35E-0X .942177E-01 -.390135E-01 -,18B502E*00

.553846E-01 .4?S43!E-01 .l36420E«00 . 2 9 O 8 2 6 E « O O ,365703E«00 ,l!ol*9E*01

.2CI5448E*O1 .t33424E*01 -,288299E*00 ,4736l7E«00 «?60466E«00 ,1767*1E*O1

.1PO46SE»O1 .l64770E*01

KT/sv: 313 (50)


