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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. Harris

ABSTRACT

ANDYMG3 is the basic program of a series of Monte
Cario programe designed to solve applied problems in time-
devendent particle and photon iransport for general geom-
etries, Particle or photon type and energy are identified
ty multienergy-group number, Cross sections are read in
3,, format with scattering pattern components up to P3.
Particle splitting and termination routines permit neg-
ative weights. Particle and photon emissiun can be de~
layed. A library of reaction rross sections is provided
so that practicelly useful results are cowputed after ex-
ecution of the Monte Carlo. The ARDYMG3 progrem, in
FORTRAN-IV for the CDC-6600 and UNIVAC-1108 computers,
requires 0,5-2 msec per collision (CDC-6600) and & field

length less than €0gK for most problems.

I. INTRODUCTIOY

The ANDY series of Monte Carlo transport pro-
grems, in FORTRAN-IV for the CDC-6600 and UNIVAC-
1108 computers, are varicusly designed for specific
time-dependent particle and photon transport appli-
cations. Thace programs are intended to be small,
transparsntly progremmcd, system-independent, and
fast.

In thie 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 multi-
energy-group. Well-understood multigroup crogs-gec-
tion sets can be used in these programs which thus
provide extension of familiar multigroup Sy and dif-
fusion theory methods to complex geometries. Any
complex geometry formed by segments cf planes;
spheres, cylinders, ellipsoids, and cones can be
treated. Ceometrical and real-time properties of
perticie and photon flight are not approximeted.
Scattering patterns in the simulation are continuous
in scattering angles and treat scattering cross sec-

tions up to order P3 in the laboratory coordinate

system., Particles and photons frem collisons can
be delayed as from the decay of radiocactive nuclei.
The applications of the ANDY programs are suf-
ficiently varied, requiring different routines for
various sources, collisinn products, geometry op-
tions, variance reducing devices, tallies, etc.,
tkat a series of ANDY programs rather than a single
program with many options has beea created for spe-
cific nuclear design applications, In consequence,
problem inputs are simplified, the programs can be
smell and fast, and specialized modifications cen be
introduced simply into the programs. Derivative
programs based cn ANDYMG3 include ANDYMS1l, including
aelayed particle and photon effects primarily feor
ruclear gafeguards applications; ANDYMML, treating
moving material problems; ANDYMV1, for vulnerability
studies; ANDYMPl, for nucleon-meson cascade calcnla-
tions;and ANDYMEL, for air transport and electro-
megnetic-pulse studies. These programs typically
require a field length less than 60gK and a running
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time (CDC-t600); Z.om 0.5 msec to 2 msec per particle
collision, depending on the problem. Each program
consists of approximetely 1000 statements lines plus
sbout LOO comment lines.

Considerable ettention has been directed toward
the develcpment for the ANDY programs of a fast gen-
eral geometry routine with simple input. The geom-
etry roatine 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 II1I-A &nd Section IV, respec-
tively. Programming is discussed in Section II-D.

The ANDY multigroup collision treatment, described
in Section II-B, is & Monte Carle simuletion of the
collision treatment used in SH programs. This cone-
straint results both from the objective that ANDY

multigroup and S, calculations be compatible and

from the objectiﬁe that the ANDY multigroup programs
use well-understood SN cross-section sets, It is
felt that this constraint has been largely useful.
For example, SN 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 thir reason, the ANDY multigroup col-
lision routin. does not determine whether a col-
lision has been & fission, but enswers the more rel-
evant question of whether & collision product is
from fisgion. How then can the program yield phys-
ically useful quantities such as fission rate,
He3(n,p) detector response, or biological dose?
Many SN cross-section sets contain no cross sections
which are useful for pnysical tallies because total
and scattering cross sections have been modified by
trausport epproximations, 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 this summing section is described in Sec-
tion IV on output.

Specific design programs in the ARDY series,
e.Z.; ANDYMS1, are supplied with a transport cross-
gection library and & summing library specific to
the mpplication. Changes in libraries can be ef-

fected, however, by reference to Section III-B on
date library input. The cross-section set currently
supplied with ANDYMG3 is B 25-group neutron cross-
section set with Po and P scattering components in
the Bell-Hensen-Sandmeier! transport approximation.
This cross-section library contains many negative
cross sections for scattering from group IG to group
IG', and the Bi.umlation2 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-TV> 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 & test prob”em with
spherical symmetry.

Input and output for a sample problem are listed
in Appendixes D and E. The sample problem is de-
seribed in Section III-A.

II. CAICULATIONS

In turn are described the ANDY general ge smetry
routine, the ANDY collision routine, particle split-
ting and termination, programming, and program tests.
A. ANDY General Geometry Routine

The general geometry routine used in ANDYMG3

and its derivative programs is similer to that which
has been described earlier for the ANDY1G2 and

ANDYIR2 prog;:-mns.l‘L
peated here,and changes are noted, A flow chart of

Some of this description is re-

the ANDY general geometry routine is shown in Ap-

pendix B and & listing of the routine is given in

Appendix C. Geometry input is discussed in Section
iI.

The ANDY zeneral geometry routine has been de-
viged to be fast and to simplify problem input for
complex geometries. In ANDY a topological entity,
the surface scgment, 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 & spatial domain in which
macroscopic cross sections are uniform or are speci-
fied by & single table or set of functions. A sur-
face, from this operational point of view,is a set




of points in space which satisfy an algebrsic egua-~
tiocn, usually linear or quadratic., A region is
bounded in ANDY, not by surfaces, but by surface
segments. A surface segment is defined as a set of
points &ll of which lie in a gpecified containing
gurface and which may be al} or only a part, of the
conteining surface. In the latter case, the meg-
ment is defined by its points having p. sper sense
with respect to other surfacesa. In the ANDY pro=-
grams, sense is defined as +1 cutside a closed sur-
face such us a sphere, cylinder, or ellipsoid and as
«l inside. For a plene, cone, or cther 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 reg:l.on‘l that
is the union of two intersecting spherees 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 apd
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 sble to treat unambigiously
(except for a set of trajectories with frequency
measure zerc) any configuration defined by surfaces
included in the program (planes, spherec, cylinders,
ellipsoids,and cones in ANDYMG3j. A plausibility
argument that the ANDY geometry routine is topo-
logically sound is presented in Appendix C of Ref,
L,

When a particle emerges into a region from the
source, from & coilisicn,or from the bank,it is
neceseary to compute the distance D along the par-
ticle's trajectory to each surface segment surround-
ing the region. If D is complex OF nonpositive, it
is discerded, and by comparing each positive D with
e precomputed distance to collision the particle is
found to collide or to hit a surface segment. Sim=
ilarly, when & particle hits a surface segment it is
siecegs&ry to determine the distance D along the par-
ticle's trajectory to each surface segment bounding
the new region ahout to be entered. At thie point,
there arise & number of alternatives of which three

*This gituation would require two regions with iden-
tieal cross sections in some Monte Carlo programs.

have been tested in the ANDY development., These
are as follows.

(a) Prescut ANDY Surface Segment Crossing. Eech
surface used in defining surface segments bound-
ing the new region sdout 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 iz de-
cremented by the flight distence in the region
Just left, This techniquc saves time and com-
putations, and it has an additicnal advantege.
The surface segment about to be crossed is sure.
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 a3 a candidate
for a hit following further flight because D is
nonpositive.

(b) Another Surfece Segment Crossing. A new ar-
ray, ICALC(IS2), IS2 = 1, HSUR, is zeroed,except
that ICALC(IS2) is set equal to 1 when a distance
to a surface is calculated. When & particle is
about to enter a new region,the array ICAIC is ex-
amined and if the distence to a surface has ever
been calculated along the uninterrupted trajectory
in any previously entered region the distance is
sultably decremented. This techmique (b) is found
to be several per cent slower than technique (a)
for the problem illustrated in Fig. 1, presumsbly
because the decrementing is more complicated and
because ICAIC must be rezeroed frequently in sourc
and collision events and in bank withdrawals.

(c) Previous ANDY Surface Segment Crossing. In
ANDYIG2 snd ANDYIR2Y a particle arriving at a sur-
face was "bumped" into the new region & distance ¢
along the trajectory. Then all flight distences
to surface segments surroundirg the new region
were calculeted, whether or not they had been cal-
cuisted before. Not only is this technigue (e)
slower by 7% ttan technique (&} for the problem
illustrated in Fig. 1, but technique (¢} when used
on the UNIVAC-1108 sometimes Ilmproperly caleulated
T to the surfece segment just crossed. This
failure resulted from loss of gignificeunce when ¢
was small compared to physical dimensions in the
problem, No failures of technique (c¢) hevz been
cbserved on the CDC-66€00.
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Surfece megment crossing technique (&) is used
ir current ANDY pregrang including ANDYMG3.
B, Collision Rout'ue

If the computed distance to collisicn is less

than any distsnce to hit & surface segmeitl, then a
crllision occurs. The space and time courdinates
of the particle or photon are translated to the
puunt of coliision, sad coll:gion tallies, if any,
are incremented by the particle weight,W. If there
are delayed particles or photons in the problem
/NTPDEL pesitive), then quantitiea WDEL | ITPDEL)
are incremented by W timer the collision vield of
delayed specied of the type ITPDEL = 1, NTPDEL.
Coliision preducts van be divided iata two
ciagses eccording as their phase space diatritution
(normelized per product) dres ("scattering") or dces
not {“fission") depend significantly on the energy
of the incident particle or photon. The nuclear
Tission process exemplifies the latter lass,and,in-
deed,we shall refer t¢ this alternative as "fission,”
Thege twu slternatives are treated as different

pranches in the present ANDY collision routine, It

mby be objected that no collision process is really
80 exothermic and simple that the normalized product
distributicn is independent of the incident chennel.
Nevertheless, the present ANDY col.ison treatment
conforms to current SN program usage,3 and such con-
formity is an immediate objective of the ANDY de-
velopment, Of cnurge, all prompt collision products
can be piaced into the “scattering” transfer matrix
in ANDY, in whick came the "fission" branch will be
unused,

The first step in the ANDY {rectment of promptly
emitted collision products is the multiplication of
the particle or photon weight, W,by the expected num-
ber, Fl, 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 & collision induced by a par-
ticle or photon in grouwp g,

vE, +5 |T A
lz_fs_ff__ﬂs:s_, W

F
g

where Zg is the collision cross section in group g,
vE,g is the "fission" particle or photon production

cross section in group g, and I , is the "scat.

tering" cross section for trans;g;gﬁ'om 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, Ia typical usage "scattering” includes,
for example, (n,2n) cross sections, cross sections
for electromegnetic slowing down of charged particles
and gammas, and cross sections for preduction of
other types of particles or photons such as n —~ 7,
y=2",n-p, andp ~n'.

The prompt collision product next is chosen to
be from "scattering” or from “fission" according
as & chosen random number in the intervel (0.,1.) is

smaller or larger than

P

F, = —L—-E,'ﬁ-——r . 2)
2 v:f8+§c lzg"S' (

In the fission branch,s particle is emitted isotrop-
ically in the laboratory coordins‘e system into a
group chosen at random using the cumulative “promt
fission apectrum" probability distribution,CHIP. In
the "geattering” branch,the exit group g" is chosen
from the probability distribution
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F, = :——%5-‘—‘ , (3)
gl g.g

and the exit direction, {1, is chosen from some
probebility distribution,p, m(g'), selected to im-
prove proolem statistics, Finally, the particle
or photon weight is multiplied by

L 03
b= ng-.g"‘ g
rd.Q'PEim(n') 3 o
~— ~— T (23+1) gﬂ- P, (Q-0") (¥
Pgim 3=0 zg" 9 ’

where () is the incident directior:, PJ(Q-_Q") i8 the
Legendre polynomial of order J, J is the order of
scattering treated, and L‘;_.g.. ig the j'the~order
coefficient in the Legendre polynomial expansion of
the "scattering" cross section,

J
2
Zg_‘gn(g.:g") = I 2+l 21

z D on By, (5)

Then the expected number of par:i.cles or phutons
transferred per collision from group g to group g"
through an angle whose cosine is (0" is

FiF PR D Q) [p y,(00) = £, 0. (8R")/5, (8)
as it should be.

There are two notewerthy features of this col-
lision treatment, aside from the branch distin-
guishing "fission" and "scattering” which hes been
discussed already. In the first place, the "scat-
tering" pattern, psim(g) 5 used in the simulation
is chosen to suit the epvlication 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 simuation
pattern ¢can be chosen to be largely in the z direc-
tion. If the objective is scattering from & target
to detectors at right angles to & beem moving in the
z direction,then the simulation patiern might be,
for example, 1 - ng. 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 ANDYMG3, Many physical cross sections con-
tain a preponderance of forward scattering,so the

basic isotropic pattern in ANDIMG3 is more snited
for wlbedo and near-to-the-source applications.
deep penetration problems, the simulation angular
pattern can be altered, However, directional split-
tirg often can accomplish the same result.

In the second place, the ANDY collision treat-
ment is deviged to be able to deel with multigroup
cross-gection sets which may contain some negative
"scattering” transfer cross sections, Em,. The
Bell-Hansen-Sandmeier transport approxima.tion,l for
extmple, frequently leads to negative in-group
"scattering” cross sections, L g-'g'z When, in the
ANDY collision treatment, the particle or photon
welght, W, is multiplied by Fh as defined in Eq.
(1), w will change aign if Zg-'g" is negative or if
the scattering pattern is negative as & result of
truncation to order 3 of the Legendre expansion of
the scattering cross section. The truncation order
3 18 0, 1, 2, or 3 in ANDYMG3. Very little penalty
in increased run time per collision is paid for the
The

For

capability of treating negative cross sections.
factor z“.,/lzn,,] appearing in F), Eq. (¥), is
stored as the algebraic sign, +1 or ~1, of the non-
negative cummulative distribution of Fp» Eq. (3).
Thus, no more storage is required than for the case
where all cross sections can be guaranteed tc be
nonnegative, Of course, the ANDY 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, NTPDEL from collisons are stered in a
bank when WDEL(ITPDEL) exceeds an input level,WDELF.
This level mey be set low so that every delayed par-
ticle is banked and subseguently 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,
W/2 continues, end 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 increage in absolute velue because F, Eq. (1),
exceeds unity and/or tecause F,» Ea. (L), exceeds

In this event, cne particle with weight

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. Tn the last case,the
termination is made nearly unbiased by adding W to
a quantity WCOC. When & particle termination causges
WCOL ! to exceed an input level,WCOCF, ‘he particle
is continued with weight WCCC. Thie technique is
unbiased except in that a small weight, < WCOCF, may
still be in WCOC at the end of the problen, end this
weight will not be continued, Typical values for
WSPLT, WC@, end WCUMF are 2, 0,0001, and 0,001,

One motivation for programming ANDY in the sime
plest manner consistent with speed and ccmpactness,
is to eneble the ucear to easily add variance-reducing
treatments pertinent to his probl-wm. For exan ‘le,
statements can be placed anywhere in the Monte Carlo
section of the Torm IF(«ses.csas) GP TP 210, where-
upon the particle or photon will be split, one half
being banked and tvhe other half continued.

De Programming

ANDYMG3 is transparently progrezimed in FORTRAN-
IV for the CDC-6400 and UNIVAT-120f computers. The
program consists of about 1000 statement lines plus
All progream variables are
at the front of the pro-
All input and
output quantities are labeled by these variable
Also listed in Appendix A are comment lines

about LOO comment lines.
defined in comment lines

gram; these are listed in Appendix A,

names.
deteiling time box selection, surface descriptions,
and sense conventions.

The program is variably dimensioned to reduce
field length., The main progrem allocates siorage,
calls subroutine PREP to process #nd 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
variebles, but the CDC SCOPE 3 compiler will treat
only about ¢ arrays plus dimensioning variables,
and the UNIVAC~1108 EXEC 8 compiler will treat only
about 15 to 19 arrays through a subroutine, CALL,
Hence, many small arrays ere asgsigned fixed dimen-
sions in lebeled common. These fixed dimensions
are identified by adjacent comment lines and must
be altered tc accommodate very large problems,
Variably dimensioned arrays are stored in large ar-

rays IA and A in blank common. Dimensicns of these

arrays and cumulative lengths (LPCINIA and LECINA,
respectively) of errays stored in IA and A are
edited, If these are incompatible, the program EXITS
and the user should ircrease the dimei:sions of IA
and/or A as indicated.

Program executior. 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 statementz
where required in BUSY, rather then as a FORTRAN or
even an optimized mechine language subroutine.h
For those cases described in Ref, 4, removing un-
necessary operations and placing the random number
generetor in line reduced running time by about 10%
and 14%,respectively,

Certein syetematics heve 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 muwerical print for-
mats are few in numver and are collected after the
storage section. OQutput identification formsts 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 convincing consists in construction
of a very large and complicated geometry, assignment
of the same crc¢ss sections to each region, and come
putation for one energy group of the mean-square dis=-
tance < r® > to collision. This should,and does,
agree with the analytic result, E/Etrza’ where T
is the transport cross section and Ea is the ab-
sorption cross section., Comparisons with RZTRAN, a
time-~dependent SN program developed by K. D. Lathrop,
were less conclusive {refer to Figure 2 in Ref. L),
al“hough agreement improved when spece and time
meghes were made finer in the SN calculation.

In Figure 1 are compared ANDYMG3 and DIT cal-
culations of fissions in a fissile region enveloped
by & poisoned hydrogeneous region and concentric
with four other spherical annuli »f various materials,
in response to & plane incident wave of 1lL-MeV neu-
trons. The two programs are in good agreement in

F-number, i.e., in totel fissiocns per kg of fissile



material per incident neutron per squere centimeter,
and are in reasonable accord as to the apectral dis-
tribution of fissions. No &pecial variance-reduc=
ing technigues were used in the ANDYMG3 cal.ulaticn,
The ANDY calculations yield front and beck 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 ANDYMG3 and DTF calculations utilized
exactly the same cross sections, a 25-group set
with PO and Pl scattering components. DBecause thesge
cross sections employ the Bell-Hansen-Sendmeier
transport approximation,l nmany negetive scattering
cross sections ere present. In Ref, I an unsuc-
cessful Monte Carlo simdation of this problem is
contrasted with the present successful similation.
This probiem was also calculated uveing a curs
rent version of the general-purpose, continuous-
energy Los Alamos Monte Carlo program MCN. 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
ANDYM;3 end MCN calcuwlations were not all compat-
ible, so the MCN calculation was not run long
enough to comptre the times required for a desired

accuracy.

IXT. INPUT

Problem and library inputs conform in many
respects to SN program input formates and usage.3
A, Problem Input

Required problem input is iisted in Table II,

A semple input, listed in Appendix D, describeg a
Fluherty 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 cerds itemized in Table II are
library cards that should not be changed unless the

TABLE I
OPERATING COMPARISCN OF ANDYMG3 AND MCN
ANDYMG3 MCR

Object Time Field Length 53.18]{ ~'_|_008|(

Run Time (msec/ccilision} 0.92 1.73

library is changed. Cards 3 to 24 +,.. are the actusl
problem input. Following the problem input are many
lines of library date deacribed in the rext Section,
III-B, but there is no more problem input, Surface
descriptione, sense conventions, time box selection,
and the notation used in Table II are detailed in
Appendix A.

The input ‘veriahle NKRN starts the pseudorandom
muber generator; NKRN can be taken to be & low posi-
tive prime number. Alternatively, if MPRE is greater
than zero, ther MPRE additional independent runs
will be executed, NKRN teing incremented between
runs.

Input quantities for sums ere 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 charace

terize the library and are required to fix its di-
mensions. In Table III is listed data library in-
put for ANDYMG3. ANDYIMG3 contains & generalized
delayed particle and photon treatment with & rather
clumgy input; this is made more efficient in the
specialized program, ANDYMSL, and is dropped from
other specialized programs.

Although decks for scattering components up to
NLIBSC = 3 mey be included in the library, the
order of scattering actually uszed in & problem is
NSCAT, ean input number less than or equal to NLIBSC.
Note that the numbers of decks with scattering come
ponents Po, Pl, Pe, or P3 can differ; e.g., there
might be MATLIB = 20 P, decks, NLIBS(1) = 8 decks
with P, components, and NLIBS(2) = NLIBS(3) = 2
decks with P2 and P3 scattering components,

Iv. CUTPUT

Input and output juantities and tallies are
printed and/or punched, Printed guantities are
labelled by their program variitle names and defined
in Appendix A and on comment cards at the “eginning
of the program. Microscopic cross sections uad
other library data are printed,as are time box lim=
its, mecroscopic cross sections,&and the collision
peraneters 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 o(from IG) rather than o{to IG).
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TABLE II

ANDYMG3 PROBLEM INPUT

Line or

Crder Format Contents*

1 TA6,516 Library card 1: LIBRY,MATLIB,NG,NP,NING,NTPDEL

2 1216 Library caerd 2: (NLIBS(ISCAT),ISCAT=1,NLIBSC),NLIBSM

3 16A5 TITLE

A 1216 NREG, NSUR, NSEG, NMTX , NSCAT , NSENMA

5 1216 NT,ITB1,NTAIR, NTALSS, NIT, NMATMA , NSUM

6 1216 NS, NKRN, MPRE , NPUNCH

7 6E12.6 DEIT1,DELT2,$FFSET, TSPLT

8 6E12,6 WSPLT , WC@, WCSCF, WDELF

Q 1216 ITP(1S)

10 6E12,.6 AS(1S),BS(IS),..,FS(IS) A card triple for each surface IS=1,NSUR
11 6E12.6 Gs(1s),Hs(1S)

12+... 1216 IDS(1SS),NSEN(1ISS) A card for esch surface segment
13+,,. 1216 (IDEN(1S5,I51),IS1=1,NSEN(ISS)) No cards for NSEN(ISS)=0

b+, 1216 (ISEN(ISS,IS1),IS1=1,NSEN(ISS))

15+,.. 1216 NAS(IR), IMIX(IR)

16+... 1216 (1AS(1IR,1SS),IS5=1,RAS(IR)) A cerd triple for each region IR=1,NREG
17+... 1216 (IDps(IR,ISS),IS8=1,RAS(IR))

16+... 1216 { TTATR(I) ,I=1,NTALR)

19+... 121€ {ITALSS(I),1=1,NTAL3S)

20+... 1216 NMAT( IM)

21+... 1216 (IMAT(I,IM), I=1,NMAT{IM)) A cord triple for each mix IM<l,NMIX
22+ .4 6£12.6 (DENS(I,IM),I=1,NMMAT( IM))

23+... €E12,6 ( DENSM(I,ISUM), I=1, NLIBSM) A card pair for esch sum ISUM<l,NSUM
2h+,., 1216 IRPRS(ISUM) , ISUMTY(ISUM)

*Variables are defiried in Appendix A and on ccvment cards at the beginning of the progra.:.

Basic program tallies include: WIR(IT,ITALY,
IG), the weight of particles or photons colliding
i each time box,IT, in each group IG,and in
each region with identificstion number ITALR(ITALY)
and order number ITALY=l,NTALR; WiSP(IT,ITALY;IC),
the weight in each time box, IT, of particles in each
group, IG, crossing the surface segment with identi-
fication number ITALSS{ITALY) and order number
ITALY=1,NTALSS, from 8 region with lower identi-
fication number (KRoman nuwerals in Fig. 2) to one
with higher number; and WISN{IT,ITALY,IG), the
same quantity for particles or photons 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), IWe

1,NIT, is dimensioned, initialized, printed,and/or
punched for arbitrary tallies to be introduced i
the discretion of the user,

Program execution registers are printed,such
as ISPIC, the number of splits; NC@L, the number
of collisions; and NDEL, the number of delayed par-
ticles followed, The termination and spiitting
parameters described in Section II-C are printed;
in particular, the printed quantity WC@C represents
the termineted particle weight untracked at the end
of the problem. Similarly, the delayed psrticle or
photon weights WDEL(ITPDEL), ITFDEL=1,NTFDEL un-
“racked at the end of the problem are printed.

Punched cutput c&n be read into the auxiliary
program ANDYAV {not described here) for computation



Scals: Yo
ANDYMG3 MONTE CARLO
REGIONS . ROMAN AUMERALS
SURFACE SEGMENTS | ARABIC NUMERALS

Fig. 2. Accelerator pulsed 3-MW¥ reactor layout showing regions and surface
segments for ANDYMG3 sample problem.

TABLE IIX
ANDYMG3 DATA LIBRARY INPUT

Line or

Order Format Contents

25+, ., 6E12.6 (v{16),1G=1,NG)

26+, .. 6E12.6 (cHIP(1IG),16=1,KG)

DO NOT INCLUDE CHID OR DELPC IF NTPDEL=O

27+... 6E12.6 ( (CHID(ITPDEL, IG) , 1G=1,NG) , TTPDEL=1, NTPDEL)

28+ ... 6E12.6 ((DELPC( ITPDEL, IG, IMIX) , IG=1,NG) , TTPDEL.1, NTPDEL) , IMIX=1 ,MMIX)

29+... 6E12.6 ( TD( ITPDEL) , TTPDEL=1, NTPDEL)

30+,.. TA6,516 ALPHANUMERIC TITLE FOR FACH OF SUMMING

31+,., 6E12.6 {o(1,1G),1G=1,NG) DECKS I=1, NLIBSM.

32+,,. 7A6,516 ALPHANUMERIC TITLE, IDMAT FOR EACH OF MATLIB DECKS IN LI-
33+.., 6E12.6 MICROSCOPIC CROSS SECTIONS IN DTF FORMAT BRARY FOR SCATTERING ORDER Pg.
34+, ., 746,516 ALPHANUMERIC TITLE, IDMAT FOR EACH OF NLIBS(ISCAT) DECKS
35+, .., 6E12.6 MICROSCOPIC CROSS SECTIUNS IN DTF-IV FORMAT \IN LIBRARY FOR SCATTERING ORDER

PISCAT AND FOR ISCAT=1,NLIBSC.



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 sfter execution of
the Monte Carlo section. A library of summing cross
sections, o( I,1G),IG=1,NG,I=1,NLIBSM, is provided
for each applied progrem (refer to Section III-B).
For example, ¢{1,IG) usually is unity for each group
1G=1,NG, while o(2,IG) usually is 1/V¥(IG) for each

group. Similerly,other summing cross sections might
PU?:
be ¢ 33 or the biological dose in each multi-

Fission

group., Macroscopic summirg cross sections,
NLIBSM

CSUM(ISUM,IG) = I  DENSM(I,ISUM)e(I,IG), (7)
I=1

are formed from input densities and summing cross
sections. Then,after completion of the Monte Carlo
portion, sums ISUM=1, NSUM are computed. If IRPRS
(ISUM)#£0, the computed and printed sums &re

SUM(IT)

NG
= £ 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 IRPRS(ISUM)=0, the computed and printed sums ere
NG
SUM(IT) = £ WIS?(IT,ISUMIY(ISUM),IG)*CSUM(ISUM,IG),
IG=1
(9)
and
NG
SUM(IT) = L WISN(IT,ISUMIY{ISUM),IG)*CSUM(ISUM,IC)
1G=1
(10)

for the
(ISUM) in the list of surface segment tallies ITALY=
1,NTALSS. Printed with each sum, SUM(IT),IT=1,NT,
are the identification numbers of the relevant re-

gurface segment with order number ISUMTY

gions and surface segments, i.e., those whose order
numbers in tally lists heve just been described,
By suitable use of these sums,the output can yield
directly useful quentities such a8, fission rate,
total flux, and biological dose,
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Listed in Appendix E is the last section of
output from the test problem whose input ie listed
in Appeadix D. This problem reguiresd 61 seconds of
CP time on the CDC-6600,0f which about 19 seconds
is required for compilation and input processing.
In Figure 3 is displayed output from longer runs of
this problen.
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AFYPENDIX A. NOTATION, TIME BOX SELECTION, SURFACE DESCRIPTIONS, SENSE CONVENTIONS, AND COLLISION DESCRIPTION.

C NDTATION

C ASI{TS) sBS(1S)sasse=PARAMETERS DEFINING SURFACE WITH ID NUMBER IS

C C=OROPABILIYY THAT SCATTERED PARTICLE IS EMITTED WITH SCATTERING ANGLE

4 WHOSE COSINE IS COSCAT

C CHIP(TCG) ZPROMPT NON-SCATTER PARTICLE YIELD FRACTION PER COLLISTON INTO

c FNERGY GROUPS 1 THROUGH IG

C CHTD(TTPRELLIG)=TYPF ITPDEL DFLAYED PARTICLE YIELD FRACTION PER DECAY

C INTO ENERGY GROUPS 1 THROUGH 16

4 CLUIP+IGI=MICROSCOPTC CROSS SECTION IN POSITICN IP FOR ENERGY GROUF IG AS
C READ FROM THE L IBRARY

C CMIIPeIGsTHM)MACROSCOPTC CROSS SECTION OF TYPE TP IN ENERGY GROUP 16 IN

C “IX IM, THEN THESE GUANTITIES ARE PROCESSED TO THE FOLLOVWING

C CM{1+16+IM)=NUMRER OF PROMPT SLCONDARIES PER COLLISION FROM FISSION+SCAT
C CMIZ+TGe IMI=PRDHABILITY SECONDARY PARTICLE IS FROM FISSION

C CM(3sIGyIMI=TRANSPORT MEAN FREE PATH

c TM (TP+TGeIM) s IP=HNG =PROBABILITY OF SCATIERING FROM FNERGY GROUP IG

C TNTD ENERGY GROUPS IGMIN(IG) THROUGH IP

C CMI{TP+IGsIM)=MACROSCOFPIC Pl COMPONENT FOR SCATTERING IN MIX IM FROM

[4 GROUP IG TO GROUP IN POSITION [P

C CHM2{TFP+1G+IM} ZMACROSCOPIC P2 COMPONENT FOR SCATTERING IN MIX IM FROM

C GROUP IG YO GROUP IN POSITION IP

C CM3(TPsTGeIM) =MACROSCOPTIC P3 COMPONENT FOR SCATTERING IN MIX IM FROM

c GROUP IGC 70 GROUP [N POSITION IP

¢ THEN THE CHls C£M2, AND CM3 COMPONENTS ARE CHAWGED TO COEFFICIENTS OF

C DPOVYERS OF COSCATY

c COSCAT-COSINF OF SCATTERING ANGLF IN LAB COORDINATE SYSTEM

c CSUMITISUM, IG) =MACROSCOPIN CROSS SECTIOMN TO BE USED IN GROUPIG FOR SUM ISUM
c D-PAPTICLE FLIGHT PATH LENGTH TO SURFACE OR TO COLLISION POINT

C OY(TAST) =MORE POSITIVE DISTANCE TO SURFACE SEGMENT wITH TD NUMBER IASY

c D2(TAST)=LESS POSITIVE DTSTANCE TO SURFACE SEGMFNT WITH TD NUMBER 1AST

C DFLPZ(TTPNEL vIGe IM) =NUMBER OF OELAYED SECONDARY PARTICLES OF TYPE ITPDEL
C FMITTFD IN ENERGY GROUP G PER COLLISION IN MIX IN

c DELTY=wIDTH OF TIME BOX IT (Z2.LE.IT.LE.ITB1). DELTII IS INVERSE

[ ODFLT?=»TDTH OF TTME BOX 1T (JT.GT.ITBL1,AND.IT.LE.NT}. DELTZ2] IS INVERSE

C DENS{TIMi=NUCLEAR OR MOLECULAR DENSITY OF MATERTAL wlITH ORDER NUMBER

¢ T IK MIX IM

c DENSM{ L ISUM) ZDEMNSITY OF I-TH DECK TG BE USED IN SUM ISUM

C NDTRY-PARTICLE FLIGHV PATH LENGTH TO CURRENT SURFACE

c FRNZRC AL NUMBER IN (O.e1.) FORMED 2Y PSEUDORANDOM NUMBER GENERATOR

C TAR(TIN«ISS)ZIL NUMPER OF REGION ON OTHER SIDE OF ISS=TH SURFACE SEGMENT

C FROM REGION IR. TAR(CIR.ISS) EXCEEDS NREG IF ISS IS ON SYSTEM BOUNDARY
C TASUIR-ISS)=ZID NUMBER OF ISS~TH SURFACE SFGMENT ADJACENT TO REGION WITH 1D
[4 NUMBFR TR. (IR=1eNRFG) +({ISS=1eNAS(IR)}),

[ TOENITSS»IS1I =D NUMBER OF THE ISi~TH SURFACE BOUNDING SURFACE SEGMENT ISS
(9 TDS{TSS)=TD NUMBER OF SURFACT CONTAINING SURFACE SEGMENT WITH ID ISS

c IGMAX (TG} =HIGHESTNUMBERED ENERGY SROUP FROM SCATTERING IN ENERGY GROUP IG
C IGMINCIG)IZLOWEST NUMBERED ENERGY GROUP FROM SCATTERING IN ENERGY GROUP IG
C IGSPLUTISPL)ZENERGY GROUP OF ISPL'TIH BANKED PARTICLE

C THIT=TD NUMBER OF SURFACE SEGMENT MIT BY PARTICLE AND IS Z2ERO OTHERWISE

c TMATITTH)ZID NUMBER OF MATERIAL W.TH ORDER NUMBLR I IN MIX IM

c THTX(IRI =CROSS SCCTTON MIXx NUMBER IN REGION IR

c TRMULT= MULTIPLIER IN PSEUDORANDOM NUMBER GENERATOR

¢ THDICFS/TT FOR TIME BOXs IS FOR SURFACE. ISS FOR SURFACE SEGMENT.

(4 IST #NR STARTERs IR FOR REGION. IG FOR ENERGY~TYPE GROUPs ITPDEL

c FOr DILAYED PARTICLE TYPEs ISCAT fOR SCATTERING PATTERN COMPUNENT.
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APPENDIX A. (Continued)

[aleRaleNe e le Nl Na N Walle le lalale e le il Yie Nalie el Wa il ﬂ‘\ﬂﬁﬁ-’\‘\fﬂﬂ‘\‘\ﬂn"\-"lﬁ"\ﬂ'ﬁﬁ‘\ﬁﬁﬁ<ﬁﬂ'\ﬁﬁﬁﬁ‘\ﬁ‘\ﬁﬂﬂf'\ﬂ‘\"‘l'ﬁ

12

IRT FOR THE REGIGN JUST LEFTe T4 FOR INTEGRAL TALLYe ISUM FOR SUM
TPORSIISUMIZ] IF A REGION TALLY 1S TO BE USED TN SUMe O IF A SURFACE SEGH
TRORS(TISUMI=]1 IF A REGION TALLY 1S TO BE USED IN SUM. O IF A SURFACE SEGr

MENT TALLY IS TO BE USED IN SUM
IRSPLIISPLI=REGION OF ISPL®*TH BANKED PARTJICLE
ISENI{TSSeIS1)=SENSE OF IS1~TH SURFACE BOQUNDING SURFACE SEGMENT ISS
[SPL-MYUMRER OF BAMKED PARTICLE
ISPLC=CUMULATIVE NUMBER OF SECONDARY PARTICLFS
ISUMTY(TSUM)-ORDER MUMBER OF INTEGRAL TALLY ITALY YQ BE USED IN SuM
TSFLO=NUMBER OF SECNNCQARIES OVERFLOWING RANK
ITBYZLAST 1 ME 80X OF WIDTH DELT]1 {1.LE.ITBl1.LE.NT.LE.J0O)

TTALRP ({1 =1D NUMBER OF I-TH REGION FOR wHICH WIR IS T0 BE TALLIED
ITALSS(INZID NUMBER OF I=-TH SURFACE SEGMENT FOR WHICH WISP AND VWISN ARE

TO AF TALLIED
TTPIIS)=TYPE NUMBER OF SURFACE IS

wWHi THER PLANE (1), SPHERE (2}, CYLINDER (3)e ELLIPSOID (%) o CONE (51}
KRN=TINTEGFR PSLUDGCRANDNM NUMBER
LFNGAZDIMFNSTON OF STORAGE ARRAY A
LENGTAZDIMENSION OF STORAGE ARRAY IA
LIRRY=LIBRARY DESCRIPTION
LOCTINAZNUMBER OF L OCATIONS REQUIRED TO SEY UP ARRAYS TO BE STORED IN A
LOCTINT =NUMBER OF LOCATIONS REQUIRED TO SET UP ARRAYS TO BE STORED IN 1A
MATLIA-NUMBER OF MATERIALS IN CROSS SECTION LIBRARY
MOPF +1 SNUMBER OF CASES IN THIS JOB
NAS{TRI=NUMBER OF SURFACE SEGMENTS ADJACENT TO (BOUNDING) REGION IR
NPARK-BANKX DIMENSION
NCOL=MUMRER OF COLLISIONS IN THIS JOB
NDEL ZMUMEBER OF DELAYED PARTICLES FOLLOVWED IN JOB
NG=NUMBFR OF ENERGY GRUOUPS
NTING=POSITIONE OF TN-GROUP SCATTERING IN CROSS SECTION TABLE
NIT=NUMBEFR OF INTEGRAL TALLIES
NKRNZF ACTOR (193454 754¢.) FOR STARTING PSEUNORANDOM NUMBER GENERATOR
NLTIB<{ISCAT)=NUMBER OF MATERIALS IN LIBRARY ¥ITH ANISOTROPIC SCATTERING

COMPNNENT TSCAT=1.NLIBSC
NLTRSC =MaxXIMUM NUMBER OF ANISOTROPIC SCATTERING COHPONENIS lN LIBRARY
NLIBSM-NUMAER 2F DATA SETS IN SUMMING LIBRARY
NMATITM) cNUMBER OF MATERIALS IN CROSS SECTION MIX IN
NMATMA =MAXTMUM NUMBER OF HMATERIALS PER CROSS SECTION MIX
NMIXx-NUMBER OF CROSS SECTION MIXES
NP=NUMBER OF POSITIONS PER ENERGY GROUP IN CROSS SECTICN TASLE
NREG-HUMBER OF REGIONS (! .LE.NREG.LE.20)

NS-NUMBFR GF SOURCE PARTICLES

NSCAT=NIMIER OF ANJSOTROPIC SCATTERING COMPONENTYS TO BE USED iN PROBLEM
MSEC=NUMRER OF SURFACE SEGMENTS (1.LE.NSES.LE.40) .
NSENTTSSI-NUMBER OF SUIFACES BOUNDINC SURFACF SEGMENT ISS

NSENYA —MAx[MUM NUMBER OF SENSE RELATIGNS PER SURFACE SEGMENT
NSUM-DESTRED NUMBER OF SUMS

NSUR-NUMBER OF SURFACES (1.LE.NSUR.LE.20!?

NI=NUMHER OF TIME BOXES (1s.LE.ITBl.LE.NT.LF.100)

NTALR=NUMAER OF REGTIONS FOR WwHICH wIR IS TO BEf TALLIED GE.l
NTALSSZNUMBER OF SURFACE SEGMENTS FOR WHICH WwISP AND wISN ARE TALLIED GE.1
NTPDFL:-NUMBER OF TYPES OF DELAYED PARTICLES

OF FSET-UPPER LIMIT OF FIRST TIME BOX (QeLE.,OFFSETLLT,DELTYI)e 1IF

NFFSFT=0.s TIME BOX IT=1 WILL BE EMPTYe IEe FIRST NON=-ZERO TALLY

WwILL Bf IN TIME BOX IT=2
RMOD-PERIOD OF PSEUNORANCOM NUMBER GENERATOR
RNS=NUHMAER OF SOURCE PARTICLES IN PROBLEM (RNS=NSeNB)

SUM(TITIZA SUM IN TIME BOX IT

CSUMSCSA =TEMPORARY SUM OF MACROSCOPIC OUTSCAYERING FROM AN ENERGY GROUP
T=CUMULATIVE PARTICLE FLIGHT TIMEZREAL TIME AGE OF PARTICLE AT EVENT TIME
TR{ITYZUPPER BNUND OF TIME BOX IT=1+2seeoNT

ITNCITPDELY=MEAN LIFE FOR DELAYED PARTICLES OF TYPE ITPDEL

TITLFzPROARLEM DESCRIPTION

TSPLUISPLYZREAL TIME AGE OF 1SPL®TH BANKED PARTICLE

UXsUY UZ=DIRECTION COSINES OF PARTICLE

UXSPLOTISPLY eUYSPLITISPL) »UZSPLIISPLY SDIRECTION COSINES OF ISPL’TH

RANKED PARTICLE
VIIGY=PARTICLE SPEFD IN ENERGY GROUP IG. INVERSE SPEED AFTER PRECOMPUTE
WCO=A PARTICLE HISTORY IS TERMINATED IF IT7S WEIGHT DROPS BELOVW ¥CO
WCOCF-VALUE YHICH JF E£XCFEDED BY wCOC PERMITS A LOW WEIGHT ¥.LT.wWO)
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AFPENDIX A. (Continued)

PARTICLE TO CONTINUE ¥ITH WEIGHT w(OC
¥DFLITTPREL)=CUMULATIVE WEIGHT OF DELAYED PARTICLES OF TYPE ITPODEL
WOTLF-A DELAYED PARTICLE IS TOLLOWED IF wDEL EXCFEDS wDELF
WIR{TT«lITALYIG)=CUMULATIVE WFIGHT OF PARTICLES COLLIDING IN TIME BOX IT
TN ENTRGY GROUP IC€ IN REGION ITALR(ITALY)
WISNITT.ITALY 1G)=CUMULATIVE wEIGHT OF PARTICLES CROSSING SURFACE
SEGMENT JTALSS(ITALY) IN TIME BOX IT IN ENFRGY GROUP J1G FROM REGION
YITH HIGHER 1D NUMBER TO REGION WITH LOWER TD NUMBER
WISP(TTo1TALYsIGY=CUMULATIVE wEIGHT OF PARTICLFS CROSSING SURFACE
SEGMFNT JTTALSSUETALY) IN VIMF BOX IT IN ENERGY GROUP IG FROM REGION
YITH LOWER TO NUMBER 70 REGION WITH HIGHER 1D NUMBER
WITEIToIwW)-Tw=TH INTFGRAL TALLY IN TINME BOX IT
WSPL{TSPLYZWEIGHT OF ISPL*TH BANKED PARTICLE
WSPLT=PARFTICLE WEIGHT MINIMUM FOR SPLITTING
Xe¥¢7+=RECTANGULAR COORDINATES OF PARTICLE
XUISPL) oY CISPLYZ{ISPL)SRECTANGULAR COORDINATES OF ISPL®TH BANKED PARTICLE
AUs YUeXYULR2U ARE TEMPORARIES IN DIRECTION FINDER
AleBleCleeoesEICZTEMPORARIES IN GEOMETRY ROUTINE. OTHER TEMPORARIES
ARE FORMED BY ADCING SUFFIX T

™M ROXES
AN EVENT AT TIME T TS TALLIED IN TIME BOX IT IF TRB(IT=1)oLE.T.LT.TBUI[).
WHERF TR(IT) [S THE UPPER LIMIT OF TIME Box IT. TIME BDX IT=1 COVERS THE
INTERVAL (U.+OFFSETY. TIME BROXES IT=2.1TB1 ARF OF wIDTH DELTle AND TIME
ROXES [T=[TBI+LksNT ARE QF wIDTH DELT2

UPFACE DFSCRIPTIONS
PLANF 1)+ A VECTOR (AS+BS«CS) IS NORMAL TO PLANE AND IS DIRECTED GENER-
ALLY OUT FROM ORIGIN., LEAST DISTANCE FROM ORIGIN TO PLANE IS
DS/SORT(AS*s24BSs e24({Sse2),
SPHERE (2}« RADIUS DS CENTERED AY (ASBS+CS)
CIRCULAR CYLINDER (3)es RADIUS GS WITH AXIS PASSING THRU (AS ¢BS+CS) IN
DIRECTINN (DS.FS»FS)
ELLIPSOID (4), CENTFREOD AT (AS+BS¢CS) WITH AXES PARALLEL TO XsY 7 CQOR-
NINAJE AxES AND wlTH RADIT DSeES<FSe RESPECTIIVELY.
CONE(R)e APEX AT (ASeBSsCS) WITH AXIS PARALLEL TO {DS+ES+FS) AND OPENING

ANGLF 2.2GS wHERE GS IS IN UNITS OF RADIANS

TFNSE COMVENTTONS
B3 POTNT IN SPACE HAS POSITIVE SENSE WITH RESPECT FO A PLANE IFf THE SPACE
POINY IS ON THF SIDE OF THE PLANE TOwWARD wHICH THFE NORMAL (AS.BSLCS)
PHINTSe WiTH RFSPECT T0 A SPHEREs CYLINDERs OR ECLLIPSOID IF THE SPACE
POINT IS OUTSTIDE THE SURFACE. WITH RELSPECT TO A CONE

MULT TGROUP CRNSS SECTION L IBRARY
NEGATIVE SCAYTERING CROSS SECTIONS AND LEGENDRE COMPONENTS ARE OK

CH1LISTON PROCESSES
#HEN A COLLISION OCCURS IT IS TALLIED IN wIR. DELAYED PARTICLE TALLIES ARE
INCRFHUENTED,AND THE CONTINUING PARTTCLE WEIGHT IS MULTIPLIED BY THE PROMPTY
SECONRARIES PER COLLISION YIELD CM{141G+IM) o THE CONTINUING PARTICLE
FMERCFS PROMPTILY AND ISOTPOPICALLY AND IS CKUSEN TO BE A FISSION PARTICLE
(wITH PRRBABILITY CM{2+IG+s1M)) OR A SCATTERED PARTICLE. IF FROM FISSION
ITS FTMERGY SPECTRUM IS CHOSEN FROM CHIP. IF FROM SCATIERING THE
CONTTMUING PARTICLFS SPECTRUM IS CHOSEN FROM CMIUTP(IGsIM) oTP.GE s TTS
wFIGHT IS MULTIPLIFD BY A FACTGR PROPORTIONAL TQ THE SCATTERING CROSS
SECTINN AS A FUNCTTON OF SCATTERING ANG.E., IF THIS FACTOR IS NEGATIVE THE
PARTICLE 1S TERMINATED B8Y wCO AND WwCOCF IS INCREMENTED NEGATIVELY.
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APPENDIX B. FLOW CHART OF ANDY GEOMETRY TREATMENT.

10ST = IDS(IRT,ISSD)

F;mosn = DI{I0ST)

D2(IDST) = D2(IDST)-DT

1ITPT=ITPODST)
DI(IDST) = O
0:{I0ST) = O

Al*NORMAL-U

Bt s (X-Xo}-
w0t LA

Bi=DS-X-NORMAL
DI{IDST) =Bt /Al
DTRY = DI(IDST)

{IDST).
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Atn
B =
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DI{IDST) = £8{+83) « All
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'DT'

(1aST) 2 Q

X1 =X + DTRY % UX
Yl Y « DTRY #1JY
ZI=Z+«DIRY®UZ
NSENT = NSEN{IAST)
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IDENT » IDEN(IAST,ISH
ITPT=1TP (IDENT)

ISEN (IAST,ISH
+JSEN*O




AFPPENDIX C. ANDY GENERAL GSEOMETRY ROUTINE.

¢

e Wil e Na Ny

~

(o Mo

e Xal

a7

M3

a4

CHOO TRIAL NDISTANCE TO COLLISION
KRNI TRMULT sKRN

FRNIKRFNs RMOD

TMIXTTHIX(IR)
Oz-ALCGIFRN)eCHM{3e1GTMIXT) '
HiT=n

DFBUG PRINT NNNNZ2 GOES HERE
REOMFTRY SECTION

NAST IS THE NUMBER OF SURFACE SEGMENTS AT JACENY T0 REGION IR
NASTSNASITR)
DO 500 ISSzLeNAST
IAST IS THF 1D NO. OF THE SURFACE SEGHENT WITH ORGER NO. 1SS ADJACEHMT TO
REGTON R
JAST=TA5(TR.1SS)
IOST IS THE 1D NO. OF THE SURFACE CONTAINING SURF SEG WITH ID NO. 18ST
IOST=IDSCLAST)
1If tIRPT1.LG6G.0) GO TO S1}
NASTIZNASLIIRT)
No 517 TSSESLoNASTT
1ASTIP-JASLIRTLISSI)
IF {1DST.NECIJDSETAST2))Y GO TO S12
DLCINST)=DILIDST)=-OT
L2L10ST)Y=02(10ST)-0T
GO TO0 513
CONTINUE
TIPT TS TME VYPE NO. OF SURFACE wlITH ID NO. JDSY
ITPT=YIPLIDST)
LLOIDST) =0,
D2¢INsTY=N.,
6O TH (501+502:503.504.506 }eliPT
PLANE SURFACL wITH NORMAL (AS.BS+LS) AND WITH CLOSEST DISTANCE TOQ
OPTGTIN DS/SART{ASes?24BSee28CSee?)
AtZAS{IDSTYeUXx+BS{INSTYeUY+CS{IDST) aU2
IF (ARS{Al)}.LT.1.F=~20) GO 7O 500
RIS CIDSTI~ASEIDSTIeX-ASIINST) sY-CS{JOST )2
DIEINSTY=NR /4]
IF (P1¢ins7),LE.G.0) GO TO 56O
NDTIRY=CL{INST)
NPRTz1
60 10 520
SOHERE OF KALLUS DS CONTFRED AT (AS+8SeCS?
Alz). '
S1Z(X=ASTIDNSE)) oUX+ {(Y-~B8SLIDSTY) »YY+ (Z-CSCIOST )02
CIZiX~AS{TDSTI) we 24 (Y-BSCIDST)) 0w (2 -CS{IDST)) #0205 (IDST) €92
6o 17 %10
CIRCULAR CYLINECUR OF RADIUS GS WwWITH AXIS PASSING THRU (AS5S0CS) IN
ODIRECTION (DSeFSeFS), NOTE (DSeESFS) WAS NORMALIZED IN INITIALTZE
V2-ULeDSTTIDSTI+BYSTSUINSTI«UZ«FS(IDST)
V32 ix~ASLTIDS1) ) eUiXe {y~BSUINSTI) sUYs (Z-CS(IDSTIY 5UT
Ve (x~ASETDST) P es2¢ (Y~BSITDST)) w024 (2-CS(IDST)) »e
VS (X -AS(IDST ) e DSUIRSTI+ (Y ~BSCIDST I} sESCIDST I IZ~-CSIIDSTI) o
FFSOINST)
Al=le-V2ee2
RlzvI-Vy5ey2
Clzvu-vS5=e2-GS(IDSTIee2
GO0 10 S10
ELLTPSOIL CENTERED AT (AS+BSCS) WITH AXFS PARALLEL TO Xe¥eZ AXES ¥WITH
RADII DSelSesFSe RESPECTIVELY. THEN IN INITIALIZE DS+ESeFS ARE
REPLACED BY THFIR RECIPROCALS SGUARED
A1ZUXe 02*DSEIDST)+UYe e 2ef S{IDCT)*UZes2eFS{IDST]
BlzUX*{X~AS{IDST}I)eDNSLIDST) +UYs (Y-RS{IDSTI) =ESCIDST)
1+4U2e{7-CSLIDST)IFSIDSYY
CIZUX~AS{TIDST) ) eo2eDNSLIDST) «+(Y~ASLIDST) 2o s2+F SLIDST?
1¢€2=-CS{IDSTI)ee2eFSLIVST)
GO o si0
CONE wITH APEX AT (ASeBS+CS) AND AXIS PAR/LLEL Y0 (DS ESsFS) WITH
OPLNING ANGLE 2.96S. NOTT (DSESeFS) WAS NORMALIZED AND (COSGS)ee2



JPPEXDIX €. (Continued)

Y Y Y

"

N -

(o]

MRS

R

N

i

w4 STORED 6N GS IN INMITIALIZE
VILLR e LIRSy cEFAITOSTIo U7 oFSLIDST)
VT 2N IIDST ) s Ue {Y-RASITOST)) sUYe {2-CSLIDSTII eU2
VLR -ASTTOST) Y en 2oty -SSAI0ISTI 0024 {2-CSITIDSTI) 00?2
VO ASUEANT )« DSTIDS T 4 (U=BS(IDSTI) «ES{IDST)+ {Z2-CSLIDST )i 6
FSOIDS Y
L)Yl en 205105 TY
Rioy?oyb~GLEEDSTI-V S
Ci-Vere/?-GLl)BSTeva
RI:HE»wP~njal
ARE IHE DISTANCEF ROOYS COMPLEX
1F (22,0 1.6.,8)Y GO YO 500
Pl:udvitazy
I otaastAlt L TLl.E~-20) 50 TO %00
AlTZV /A8
MIEINaysc {~Risp3yeall
N2410STYzt~R1-~-BEYer 1 ]
CONT INUE

RESGEC PIINY ANENT S GOES HERE

ARE TN DISTANCE AAGTIGS MOTH NFGATIVE
Tr Pt eidsT) o LL0.0Y G Ty S00
NIGY R 2880580

NPRIT?

IT TRy LE.U.3Y GO 1D <19

G I sy

PrRy- 1IN0

BORT

ifo gty .Y DY GO To S01

1
[
4
¥ o v ITART) LEGLOY GO 10 5SSO0

Kl ira7 iy atlx

c1CYENTRYy sify

P1-2¢T Qv 7

Pt P SNSENTTASTR

DN ST Tl Tl W KSENT

INFRLT-INYNI{aAST IS5}

TIer T {Tur NT}

N TN 1580554055545 %6.505 11TPT

AE AN CAVLIDT MY e XL oRE TN NT e V1 ¢LSLINENT) 2 1=-DS {INENT)
TN ty”

ML T NV ACUIGERT) Y e e et YI-BS{DENTY J0 o200 Z1-CSITDENT) }o 02
P OSTINENTY e

coofs AR

vi g ATIIDLNEY ) 2o 23 (Y] CAS LIDENT)) 00 2¢ (7 1=CSITDENT)) ve2

» AT i ~ASEITENTY I oDSTIDIVT) (Y1 ~ASTICFNT) DES(TDENT)
Pot/zi " LICENTRYSISIIDENTY

CENLE Y6 VHee 2GS ETINENT)ee2

€Y A0 Sag

CENGE A -ANTILERTY Y e 2eNSEINENT) +(Y1-BS {TDENT)) ee 2o
PrAadtne Rty st ~CSIDENT)) »e2sFSIIDENT) -le

Gy i By

55 VUYL ~ACTIDINTY)ee 28y ~QS(I0CNT)) ¢o2¢ 171~CSITOENT I 002

TN

V0T ta b ~aC CIDINT Y)Y eNSHTTENTI ¢ (Y1 =BSLIDENT) JoESIIOENT)
Ea1l1-CCOIDENTYY oFSIYDERS)

NG TG e 2~GS LIDENT) sad eyl

GSF P}

HOISENST . ToDLD)Y JSENSF)

BEBUC PRINT NANNCG GOEY HERE

WWOLIATMNITAST IS 1)« J4SFR.FQ.D} GO TO 541
T3S SINSE TEST HAS QEF¢ PASSED

Co ThH L0

THIS SFNSF TLST waS BEF( FAILYD

foTure POINT IS RPACHED THEN ¥ HAVE A CANTIDATE DTRY FOR THE SHORTEST
LT TN A SURY ACE SEGUENT AGJACENT TO REGION IR. NOw TEST SENSES TO
fr if CeUYRYsY IS ACTUALLY IN THE SURFACE SEGMENT wITH 1D IAST,



APPENDIX C. (Continued)

'nl 1IF (NPRT.FG.1) GO TO 500
NTRY=01(T0S8T}
NPRT=1
GO TO 520
nXC CONTINUFE
c ALL TESTS HAVE SEEN PASSED SO IHIT IS THE ID NUMBFR OF THE CLOSEST STRUCK
C SUYRFACE SCGHMENT OF THOSE YFT TESTED
R THIT=TAST
1SST=1ISS
DzDTRY
0N CONTINUE

APPENDIX D. SAMPLE INPUT FOR ANDYMG3.

25 G ROUP NIUTRONS, Pl. 8-H-T TRANSPORT 12 2S 17 4 0

1 1 6
PULSFD MULTIPLIFR IN CAVITY

& 17 18 S 1 2

n 10 4 3 1 7 ()

nnn i9 0 g

2. 20. 2. 100.
2. .00 .0) 1.

3
n. 0. D. 0. 0. 1.
q, G.

1
N. 0. 1. 4, 0. 0.
N. Te

1
0. 0. -1. 4. a. O.
n. Q.

3
0. n. 0. 0. 0. 1.
Se 0.

?
N, [1 9 -4, 10. C. Q.
n. C.

2
n, 0. 4o 10. Q. 0.
c. [N

3
. 0. 0. O. [0S 1.
sq . 0.

4
D. 0. =-SN. 100. 0. 0.,
0. 0.

2
n. 0. s0. 100. 0. O.
(118 0.

3
0. 0. 0. 0. 0. 1.
56 . 0.

?
n. 0. -50. io6. [1]8 O.
0. 0.

2
0 0. 50. 106. 0. O.
n, 0.

3
n. 0. 0. | 8 0. O.
5. De

|
1. 0. 0. 6. 0. 0.

n, Ne



(Continued)

APPENDIX D.

O.

10.

0.

0.
0.

Os

10,

.

[ 3

6.

ag.

M ot -— N =Nt (N M oam A v oo -

wN oM 4]
-

18



APPENDIX D. (Continued)
3 3 3
3 s
16 17 i8
3 3 ki
1 4 S 6
7 15 16
6
Ins 306 3a7 350 342 331
N1y 2857 000767723 .00001 «0129459 .0135952 .00736668
l',
347 371 345 346 350
.07 .ana .018 .0018 .0NS
?
342 331
.03001 .000001
[
342 394 345 346 3150
Ou 07 .018 «0018 .01
7
342 3ay 345 346 3sg 251 347
.0N07 a4 .0 .0 .03 .0
.0
0. 0. 0. 0. 1. 0.
1 1
n. 1. 0. 0. G. 0.
1 ?
n. t, 0. 0. 0. 0.
1 T
n. 1. 0. 0. 0. .
1 u
APPENDIX E. LAST PART OF OUTFPUT IFOR ANDYMG3 SAMPLE PROBLEM.
RFSULTS FOR TIMF INTERVAL 20 TO TB(IT)=2 ,L220000E*03
WIRtLITHITALY*IG) o JG=19sNG FOR REGION 1
0. e 'Y 0, [/
G, Qe Ge Qe 0,
[ Qe Qe 0. o.
Vs Ue Oe 0, 0.
[ %
WIR(ITeITALY15)41G=1sNG FOR REGICN 4
0. O' 0' 0- O'
O O 0. 0. 0,
O « 16005803 +201632E403 «121823E.02 2 147282E-02
e117066E=02 «105316E-y3 ~=s259763E«03 2464013606 =,850899E=06
Ve
WIR(ITHITALY»1G)»IG=19MG FOR REGION s
De Ge 0o 0. 0.
00 0. 0- 0- OI
00 Oe 00 0- o-
0. O «173160E=06 =+517399€-03 =,183005€-02
0256575E-02
WIR(IT2ITALY1G)sIG=1eNG FOR REGION [
Oe 0. Do O 0o
(VIS [{ [ Y O no
0 U Do [ 0o
Ue U O 2660105€-03 «389335€-02
~,596383E-0J3

LR
O
0.
0.

0.

0,
,332853E402
00

0.
0.

0.
»133207E-01

0.
C.
0,
+125642E«01

19



APPENDIX k. (Continued)
WISPIITLITALY 4 I1G) 1651 ,NG FOR SURFACE SEGMENT 7
[ Ve 0. 0.
Ve Je O, 0.
0, «295609E-046 eelué334E~D3 «217137F 92
[V v. ['IS MY
AISHILTeITALY 151 416G214NG FOR SURFACE SEGMENT 7
Ue Je 0, [+ 18
Us U 0. (1Y
be J. e42474]1C-00 +647501E=03
Ve Ve [ Coe
()-
WISP . ITe{TubLYel%)4I=14NG FOR SURFRACE SEGMENT 156
e (e 0, O
[ D Qe O»
Le Ve Qe O
Je Ce [ O
0,
RIS i T lTaul Y4 1G) G321 ,NG FOR SURFACE SEGMENT 1%
Ve {1a 00 00
Use Ve Qe O
Ve Ce [/ [
Cw Ue Oe Do
NATLELIS N
AISF AT eITALY 135141551 4NG FOR SURFACE SEGMENT 16
U, De e 0.
Ve Je Oe (/%
[ Ue Oe O
Va (3% 0. 0.
Le
AISIA LT e[ TALYA15) 0I5 eNG FOR SURFACE SEGMENT 16
Je Jo Qe 0,
e de Qo Coe
L Je De Coe
Ua [ Oe [
AT i el elms] 11T
Ue
1S 1$2LC IsPLO NHS NCOL NDEL
1000 2305 0 35905 26458 0
wl o wCOC wCOCF wsoLT
«l00000E=c3 «2335741E=92 «100000t=~01 +200000E+01
Wt {ITRUEC) o I TPNEL =] ,NTPDEL
W46 1T762EeS Y
RESIUW Sum ISums 1 FQJR TaLLY ITALY=x 1 FQR REGION
WIR S M{IV)relTz1enT
«30246TEene «€aT497E400 «7733p01E-~01 «T®13285-02
«4HI820E=p1 245865 ,E-02 [ +267514E=02
«lnB6l6E-D1 Ge 0. =, 172905E=04
[N 'S
REGI.. s Sum [oum= 2 FOR TALLY ITALYR 2 FOR REGION
WIR SuM([TIelTa)enY
»1923Qa%L 00 «4RB562(C+00 «5%2372€+00 +524213E+00

™0

0.
Ue
0.

Qe

0,

0.
«119099E=04
0o

'Y
O
[
O

Oe
X

0.

IR= )

«€29960E-01
«466523c=01
+870930E-03

IR= LY

«40T8TTECD

0,
0,
~,121417E=04

Ceo

Co
0-
0.
[

Ge
Oe

[
~+329R96E~04

O
0.

o

0.
Qs
0.
-, 176652E=04

o 164269E+00
=.213505€=-03
0.

«304626Es00D



APPENDIX E,

«2543T2E«090
+121902€+00
«187332E=01

(Continued)

«2)0575E+00
«121973E+00
«217380E-01

REGION Sum ISume

WIR SUM(IT)slT=]eNT

KT/sv: 313 (50)

2144390E¢060 «294435E+09
«102305E+00 2103942E«00
«101370E+01 «787336E+00
=e568645E+00 «Z220705E401
REGION Sum ISUMs
WIR SUM(1T)elTeE]»NT
«105419E+0y «181694E+00
+553846E=01 +925431F=01
«205448E+01 2 133424E001
«120668E+01 +16477pE+01

+193422E+00
+62806%E=01

3 FOR TALLY ITALYa

2274591E+00
«895665E=01
«,502855€¢00

4 FOR TALLY ITALYs

«345035E+01
«1354206E400
-, 28829900

«201244E400 «T65364E000
+447508E=01 2 22958TE=0]
3 FOR REGION IRs 5
+146536E¢00 +498529E 01
*,222353E-0} +1954626E+00
=s400151E¢00 =,255398E+00
4 FOR REGION [Rs 6
+942177E-01 =¢390135€-01
+290826E¢00 +365703E400
o473617E400 «T60466E+00

«335344E400
+«517354E~0)

«168594E+00
«101354E4+G1
+478337E+0p

=,188502E+00
«110149E401
«176741E401
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